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Noncardiotoxic Pharmaceutical Compounds Cross-Reference to Related
Applications 5 This patent application claims the benefit of prior filed
copending provisional application numbers 60/600,699 filed August 11,
2004, and 60/673,545 filed April 21, 2005 each titled Noncardiotoxic
Pharmaceutical Compositions, which are hereby incorporated by
reference in their entirety. 10 Background of the invention The present
invention relates to novel noncardiotoxic compounds and pharmaceutical
compositions useful in the treatment of a variety of disorders including the
treatment of NouRpdisdonicllbamacssite@isesmifestisis cancer and
gastrointestinal disorders. The compounds and pharmaceutical
compositions of the present invention are useful in the prevention and/or
reduction of sev&fEOE Fﬁﬁéeéﬁﬁﬁﬁé&ﬁ?éaéﬂg AnaligatigRtm
disturbances and the cardiac arrhythmias such as torsade de pointes that
lead to sudden cardiac death. 20 The annual incidence of sudden cardiac

Thideaibhis-palimaatediohe Greatarthan 480 R99 cBBé%QG@ ip thbinitetviication
ates alone, and accounts for approximately 50% of all deaths f
2004, 7564

St f rom
nunebt RUSK A led b aErubh Nrmefiedhee drigerdr 2005 sach
titieC dtdickogipiddic P2EEEREEHZ0DnboSti@enterscforRiseaskeyContrpbrated by
refdrti@inahal Sifirutlation 102:649 25 654 (2000)). Although the occurrence

of sudden cardiac death in the general population is high, the incidence

(as a percent of the total) in patients over 64 years of age and in patients

with cardiovascular disease is considerably higher (Huikuri et al. New

England Journal of Médadkgeddrs| 2)f 1423Irv81{2001); Morbidity and

Mortality: 2004 Chart Book on Cardiovascular, Lung and Blood Diseases,

The!\lﬁ'ggg JR%HH&%%QI%QS%% M yﬁ%%%@%@@%%&%@ﬁ@é}%ﬁﬂ%%ﬁkm

Internal Medicine 119:1187-1197 )3)). Accor to the W Hea
congpRFHivRatSRIUHE Kisntearareniadcug g gd ARReesminabnipa i Erataent of
depnéﬁ??iumr,saifﬁmgitgp_phytemhﬂvm@m@%m&l&% @d@@r@&swin@eﬁﬁmhers. The
con%HUHE‘ECAW@pf%!?ﬂn%%%‘ﬁéé%ﬁw@;%@%‘i%ﬂ@h% Qs%Hé'.Rﬁké%B{lca%gSQéﬁn in the

Moreover, antipsychotic, 1 antidepressant and cardiovascular drugs
PreyRRiiftht oY BUeTeABOHSY fataffike ForcalFiac 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 College of Cardiology 44:
1268-1275 (2004); U.S. Centers for Disease Control; Chugh et al. Circutation 102:649-
654 (2000)). Although the occurrence of sudden cardiac death in the general population
is high, the incidence {as a percent of the total) in patients over 64 years of age and in
patients with cardiovascular disease is considerably higher (Huikuri et al. New England
Journal of Medicine 345(2):1473-1482(2001); Morbidity and Mortality: 2004 Chart Book
on Cardiovascular, Lung and Blood Diseases, National Institutes of Health (May 2004);
and Myerburg et al. Annals of Internal Medicine 119:1187-1197 (1983)). According to the
World Health Organization, the non-cardiovascutar drugs most commonly associated
with forsade de pointes between 1983 and 1999 are gastrointestinal, aniiinfective,

antidepressant, antihistaminic and antipsychotic agents. Moreover, antipsychotic,
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pharmaceutical agents (The 2002 Annual Report of the American
Association of Poison Control Centers Toxic Exposure Surveillance
System (AAPCC-TESS)). 5 It has been reported that the incidence of
sudden cardiac death is clearly associated with increasing amounts of
antidepressant and antipsychotic drugs at therapeutically relevant doses
(Ray, AR et al. Clinical Pharmacology and Therapeutics 75(3): 234-241
(2004); Ray, AR et al. Arc ives General Ps |atr 8;1162-1167 .
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associated with sudden cardiac death. Not only is the |nC|dence of
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hese rugs considera Iy (6} her than patlents without cardiovascu
W*“ﬂ.%&%@e‘sﬂmeamemé% ghtegatRsIaIL &R R iiesichatiefuiss gbdhgyapeutically
reisairetates Wiy tiRsevaliyiofosh Riiavascoilagy HodliteaspdRiay, 78R et2ak-241

(206\552 %?Sl&e&eeﬁah?ﬂggg%ré/ﬂétadl %’1‘9&1&3&9%@99&)1 %‘ft &wh)o%ﬁhough low

primarily antagonlze central opamlnerglc D2 receptor neurotransm|SS|on
theﬁﬂlﬂ?&ﬂ@ﬁ"?ﬁ@? sisthess SRR atfoRpR et suEBkrInEe SbRssarited with
sudaeadrerergizatinchtdehistaaih eiglicifecepiais . ddeea vs ehandipBygh oHCD0 mg

daifSaPISAE URRH AR SPIRIVES 48 35 ARJICMEHRS: fx?oFBﬂFy%th&Wédé%ce of

treat %r%gralne headaches, and as antidotes for drug-induced psychosis,

sudfiRn R e RIIGRID U H SEYRRU TRV Hof 2 RRBdUieRBEy Wifatiese drugs
corpateeaitsy Atasythoticatimecapdiet ofcdissingathakdatiscantisenatence of
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can result in arrhythmias. Antipsychotics account for about'1
disigheraie f(ﬁr@ﬁahﬁe@ay%éﬁaw%famazm%ﬂrfé%ﬂﬂégté%ﬁ%nox.c.ty

and 17% of the fatalities of all pharmaceuticals. Tricyclic antidepressants
Anigaysacife sUeRUheRmiFRP IR eeaiTef donRidiprIgisdat [eRIAIMPUIPIaRSMIssion,
altttd0Rdralates rﬁﬁb@l@%@&ﬂ@f%@\ﬁxt@w metalibicthe MRk Ry ere- HeRY gic,

curs in the cardiovascu stem Anti e ressants account for about
and H o S PTG & S0P (o r S SO IR e 280 R BPIRE HREA R ARp AtV
as @tieinetfshte facalitd $iotadis pleatericamigicnls. Hestidepeessanteaffiottiomss for

drugrm@m@ﬂ@@yeﬁ&% Qihe intppakcansing cardiptaigidttiab tesidt ft8Mined to

ocardlal depression, cardiac conduction disturbances, effects on

PR (A RO RS e SR o SR M e severe

hymsjetsinn Teewa!line pcivrgsudrtrigyidic QntidepresisantsQiith fdastsodiurasult in
arrFRARRAIS ARGRIIARIES HBount for about 18 % of moderate (pronounced) toxicity,

over 20% of life-threatening toxicity and 17% of the fatalities of all pharmaceuticals.

Tricyclic antidepressants cause the overwhelming majority of antidepressant poisoning
in the United States resulting in morbidity and mortality; the most severe foxicity occurs
in the cardiovascular system. Aniidepressants account for about 15 % of moderate
(pronounced) toxicity and 18% of life-threatening toxicity of the fatalities of alf
pharmacsuticals.

Antidepressants affect the prolongation of the QTc interval causing cardiotoxicity that
result from direct myocardial depression, cardiac conduction disturbances, effects on

peripheral vasomotor tone, and changes in the autonomic nervous system. The
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results in slowed cardiac conduction (e.g. prolonged QRS on the ECG),

impaired cardiac contractility and possible ventricular dysrhythmias and

inhibition of repolarization in His- Purkinje myocytes (e.g. prolonged QTc

on the ECG). 5 Torsade de pointes is a particular cardiac problem

associated with many therapeutic agents and has been implicated as a

possible cause of sudden death, particularly in those individuals with a
.. past history of disturbances of cardiac rhythm, myocardial infarction,
ATl (EBETAr RSB RGHMLS S SAMHE PRRTRToRS SALfFsesHe
reshifpiripiderniardiag ageiubh decbythomadscaQaiamttoe FlGysmalred cardiac
cordRRTiEHIRT arhwsardinassgr ?ﬁﬂm@s RIRICREBAGA TS biSEMAL o in His-

rominent U waves on the E@ . A %%%gh torsade de pointes might remit

Pu %fﬁﬁ%%ﬁ%ﬁx}?i?ié’%?@ﬂﬁgl HE Gée it can progress to

ventricular fibrillation, life-threatening arrhythmias or precipitate sudden

death. 15 Drug-induced QTc interval prolongation may be clinically
TorSARETERNLEMRS ifthe JRRRNINEERASE [SFIMVERLdBEIR& QRX@BIRIaN Eneutic

was wij al prolongation

drug teradiline thdrawn after causing QTc. inter , _
2058 208 GEDERTAA RGP AR T OSSR VOAHFRBCIEE i SAHedRY
thoptadrividoaisentiatorrsef testsdilind distubsottstad witldipcmsathes, impreardial
infa#QHEh CohgiaA 3 BpaiaMbiah Aramigrianitedhgincteasss asrogaind With, as

ulj_nl ine and f}Pren lamine. N@@rtheless, much Iarg%Flncreases occugr,edk
hy‘%"é” 8HtyPBF pafEntd Wh HGRTOBef afrhyiiFias T ES g etPricutar
tactiyosesijaresiispatativiiyy @xistinggaoblemsteeh arprhedrenlisSbageeanth the ECG.

Alt 134 deRRI REZAIO MR AIMBUHESiahBLSe PEDIIR ST RiNIBBMAA because it
rolongation in one sug e_gt mayll]p icate that another more susc,eﬁtlble
carﬁ ? %n QY[I g

RERSHTE TR hY S A R B i B e AR BN PRI Ig AR o RigiPtate sudden

deaifrhythmias with the same drug at the same dose. Furthermore, small
increases in QTc interval might increase the risk of ventricular fibrillation/
torsade de pointes over a large population. The number of excess _cases
Oriy Eliieh SUANIF (R AT GE TR o b GH AR S droaean
incraegengatbremigivactualyxaroke ththoss itetbdismalen mﬂbﬁmofq@@ﬁeatsing
QTWiIRPYEIQMRAGEINE D158 R Ylaneatian: NeYSIeiess, NG RRSNIaLokars,

hedru ;[oc use QTc interrval ro{on‘% tiion isrcgrrent_l believed to be the

e AR AN SRR e SO USRS Bt iR 7521
QTc of only 23 ms, which are similar to the increases associated with quinidine and
prenylamine. Nevertheless, much larger increases occurred in a minority of patients who
developed arrhythmias. These included those predisposed by existing problems such as
heart disease and congenital repolarization abnormalities. Thus, benign QTc¢ interval
protongation in one subject may indicate that another more susceptible patient might
develop extreme QTc interval proiongation and arrhythmias with the same drug at the
same dose. Furthermore, small increases in QTc interval might increase the risk of
ventricular 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 small numbers of patienis with extreme
QTc interval prolongation. Nevertheless, the potential of a drug to cause QTc interval
prolongation is currently believed o be the lower threshoid of determining the

cardiotoxicity of a therapeutic drug.



10

15

20

25

30

To date, the understanding of QTc interval prolongation has focused on
defective repolarization of the heart through blockade of K' channels,
either alone or in combination with Na' channel modulation. Prevailing
theories also suggest that the arrhythmogenic [potential of drugs is based
on elevated plasma levels of parent drug 5 that are not metabolized.
Despite attempts to correlate the blockade of human cardiac K- channels,
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FDINAkVEERRISaIQ atedamtvalgvatedpiasAmailevels of hydroxylated drug
metabolites in clinical studies (Kutcher SP et al. British Journal of

Psychiatry 148: 676-679 (1986); Stern SL et al. Journal of Clinical
Altrghsato egyexisteniFoodecroes wodenoBetr ale eresisarcJodieianos changes

an@ﬁﬂ@%M@Q} 6&%@8%&@%7)1@@@335 3@@%@'@@4%@%&&@%@69@9&/ drug
me bol her eeg;glrc 57 57%@&% S)Jr' 3 ‘é?efgt?g) taa\lte r%?gfca rejatively little

armaco ogy an erapeutlcs N 1soO per use
attepdign: StoeResqsenedsgdversal mr@ﬁwe@mm@m@t@mges reflect significant

chﬁb@é%@&%@ﬂ?ﬁ@%&%l&?(@éjﬁ%@él%&@%@ n &fral m]é?ié"r?%g@fa nd atrial
ca et S udie
Dlog R B EES SORA LA e o e P L 1o e e eSO

hydBeviigoPaied mtmmmama@owgsj;eﬁomsmiz $PoeRy! JBritiyalurmg of

Psﬁﬂfﬁétrﬁﬂ’@mm!ﬁ@@bﬁf]ﬂm gLa@Qgi’g.\bﬂi%a‘ﬂ@BﬂﬂaQa(ﬂWgr»racology 1 é I 93-
te etabolite av rt t on I

%8 I@ré%r ere cgrg OXIC e cR mOL\’/{l ) éf? oﬁ%%%%%y(é%g 9

et b3 :B¥pe2B0aTNag0IF sl dERaeatilinshes: 6?&&%110@%’@1@@@ DE et al

C!uﬁl@élcafﬂiwa%ﬁ%@@féh@rﬂmuﬁéﬁﬁﬂﬁﬁ r;@iya@m@@@hpdﬁrg@étea%@ﬁwedfhean
ot rezslngﬁtru?turjj sztTS {I\t/I ?%& ?rmtca sttr%%tlur t at ar y{%ﬁpdgnséglre % 38

armacological ac any car lovascu ar dI’U S inc

(1988l dviawyeisHids stalcilaw el aimaeRwiise), M@t@@@g@;sﬁﬁw BSIbRKBSNd
in &8MAIRtudies (Pollock BG Ph.D. Dissertation University of Pittsburgh 1887; Pollack

BG and Perel JM Psychopharmacoiogy 108 57-62 (1992); Jandhyala HS et al
European Journal of Pharmacology 42 403-410 (1977)). Hydroxylated drug
metabolites have also been reported to be responsible for severe cardiotoxic effects in
vitro {Chem. Res. Toxicology (17: 823-832 (2004)).

A considerable number of cardiovascular and noncardiovascular therapeutic agents rely
on secondary and tertiary amine structural motifs in their chemical structure that are
responsible for their pharmacological activity. Many cardiovascuiar drugs, including
antiarrhythmics, calcium channel antagonists, adrenergics and B-blockers contain

essential secondary and tertiary amines in their chemical structure. Entire therapeutic
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essential secondary and tertiary amines in their chemical structure. Entire
therapeutic 4 classes of non-cardiovascular drugs, including
antidepressants, antihistamines and antipsychotics rely on the secondary
and tertiary amine functionality for their primary activity. Others, such as
gastrointestinal and antiinfective drugs do not necessarily rely on the
secondary and tertiary amine group for their primary activity; but, include
this 5 tructural motif a a t of their chemlca 6cstlalructure Cardli%};gtéir%ii%s and

S S B A P F Attt JBE' IR RNy ava T iAR)
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ative |notro s in blood ure., orthostatlc h potensmng i
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r(r)long tion have beer]éﬁ rted %{ents takl dIVI ual sec onda@/ |
F SRSl abr?.”ﬁsscd’ﬁ? E’gg%eth PRRE S0l ‘{’o"éﬂ Gmgntricuiar

tacmszeagabmnbmm @frge@mm@Wam@semwyrﬁrm:mmﬂmmmand
deftedgadhatdnbibiedash emeiPdan Sk Erdas kpwn to inhibit

metabolism of secondary and tertiary amine-containing drugs by
cytochrome P450 3A4 include, inter alia, ketoconazole, itraconazole,
Servicd cortiero RiThybieues] Grofclfatae grbropmyeita)) fhtariae dhshatedrdia, ventricuiar
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corﬁﬁw&@é@ﬁlﬁéﬁltﬁ\\{@ %%E%@oﬁ%@tms@rymt@?ggéh@:ié\ﬁﬁ@ilﬁmg@%e%bohsm of

alternate anation Is at Innjoit n of OC
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ﬂut%ﬂ@ﬁ&éo@r‘?dpééﬁl%%ﬂémh@t 4D WWS&@\K@ pare ML ilyrug s

sapri shown belo

P450 d Isid
eI R LA RE St SRt e SESU RO OMALR] OF b gpren
amyEstoirtenihaidisorders: @48, however, this view has not been supported by

rigorous examination and discrimination between plasma leveis of the parent drugs and
their metabolites. An alternate explanation is that inhibifion of cytochrome P450 3A4 by
inhibitors administered concomitantly “switches” the metabolism of the parent compound
from one involving both cytochrome P450 3A4 and cytochrome P450 2D6 to the
metabolism of the parent drug primarily by cytochrome P45 2D8.
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H3CO\/F HN~N H2N O CI 5 Cisapride (Propulsid(c)) was recently
removed from the market by the FDA because of the QTc interval
prolongation and life-threatening ventricular arrhythmias such as torsade
de pointes which produced sudden cardiac death. These cardiotoxic
effects are believed to be due to cardiac conduction delays such as the
specific and potent blockade of human cardiac K' channels, particularly
. the HERG channels. The specific, high affinity block of 10 the human
CisapdfeoREAne SRR OB 6i S5 RSB SFE%0 s FoRl)Ne-LHiRl Ry tbum
as teditapbsenay ddpthe giasoiliisstitiarinydhiais: agent dofetilide (IC50 of .010
pM) and the nonsedating antihistamines astemizole (IC50) of .001 pM)
and terfenadine (IC50) of 0.213 pM). It is further believed that this
blockade of human caédiac K chétihels underlies thﬂaarrhythmic

effects of the drug observed uner certain clinical-se nrguinea pig
15 ventricular myocyte cisam)rid icited centratiof-dependent

block (IC50 of 46.9 nnels suggesting that the
inhibitory effetf of\cisapri

g\.on calei channels might also contribute to
its cardiotoxicity upider path@physiological conditions. Cisapride is
metabolized by Both cytochrome P450 3A4 and cytochrome P450 2D6;

c&%%?@&%" rUB%i&Q%@Jé(s%&%ﬁ@%&%%iﬁﬁﬁ'@ﬁeﬁﬁ’aﬁ?&%ﬂ@%‘iﬂ%&g%ﬁhe

A4. 20 When hi n normal dosages of cisapride are used or

QTR s CARRARTRY BRE SR O sRiRIEO e B HIFRIIS S PTHaR filfdeas forsade de
poiaRitbielias pibtubelieved:thai cisapride isTnetahnligieh o eaediosieelieved to

be g}g%"ilg ﬁ%?a&héé’r%ﬂl&fd '&‘e?i‘éygl %g;% 'ﬁ%o%ggmag | e?gg%(ét%%?ég% &HPhan

. 25 Astemizole (Hisma terfe ine are

cargjgtainiRBEAREY RS thavE=RSchaeiembocRerdin thehmadirét blpck of

thethedri cheauge ahghheiMEREIbPrORREaEGICanst eryEGINpiakiRythmiamat
C (o] e poi ich. pr. e en cardj 6

o e e S i apg e

NORSAAPIBENINEUSEEIIRY ARIBTSER Ot Afe it WYhRRIGATSERMMTC idiopeitRie 13

pMuIrticafiather believed that this biockade of human cardiac K™ channels underiies the
proarrhythmic effects of the drug observed under certain ciinical settings. In guinea pig
ventricular myocytes cisapride eliciied a concentration-dspendent block (ICs, of 46.9 pM)
of L-type Ca2’ channels suggesting that the inhibitory effect of cisapride on calcium
channeals might also contribute to its cardiotoxicity under pathophysiotogical conditions.
Cisapride is metabolized by both cytochrome P450 3A4 and cytochrome P450 2D6;
however the primary metabolic route is believed to be through cytochrome P450 3A4.
When higher than normal dosages of cisapride are used or with concomitant ingestion of
imidazole antifungals or macrolide antibictics, it is believed that cisapride is metabolized
to cardiotoxic metabolites through aromatic hydroxylation primarily by cytochrome P450
208,

Astemizole (Hismanal®) and terfenadine (Seldane®) are H, histamine antagonists that
have also been removed from the market by the FDA because of QTc interval
prolongation and ventricular arrhythmias such as forsade de pointes which produced

sudden cardiac death.
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FCH3 O--<~N-(NOH N~/N 5 Terfenadine (Seldane(c)), shown
below, was commonly used to symptoms associated with seasonal
allergic rhinitis such as sneezing, rhinorrhea, pruritus, and lacrimation. 10
HO OH 20 CH3 H3C CH3 25 Astemizole (Hismanal) and terfenadine
(Seldane) are metabolized by both cytochrome P450 3A4 and
cytochrome P450 2D6, and at least astemizole is believed to be
metaboljzed to cgrdiotoxic metabolites throu h aromatic hydroxylation.
AR AT ol VR BB Metdo1 R T B dETone AEEA TR Gemtoms
asspeimedilyith e@agbnaliphatizic okidétionnd eHemaidi b cgrad fas tetiuande
suppress the HERG current with IC50 of 0.213 uM 30 and 0.001 uM,
respectively. Clinical use of astemizole and terfenadine has been
associated with hypotension, QTc interval prolongation, development of
early after- depolarization, torsade de pointes, cardiac arrest and sudden
death. It is believedthat torsade de pointes occurs when higher than

normal dosages-ef-astemizole are used or concmqgtant ingestion of
imidazole antif or macrolide antibioticg tant administration
of astemizole with-ket

ogona, itracen hromycin,
clarithromycin or, qumlrﬁ%@m i dlcated{ It is believed that these
cardiovascular effgctg resu in electrocardiographic conductance
defects are associatedyyvith 5 elevation of astemizole or its metabolites in
plasma. Norastet e is 13- to 16-fold more potent as an H1 antagonist
f

“!ii’E - -
histamine-induced-bronchoconstriction.

than astemizol 0- to 40-fold more potent in inhibiting

Terfenadine (Seidane®), shown below, was commonly used to symptoms associated

with seasonal aliergic rhinitis such as sneezing, rhinorrhea, pruritus, and

HO
W

lacrimation.

OH

\

CH

3

o CH

/

Astemizole (Hismanal®) and terfenadine (Seldane™) are metabolized by both cytochrome
P450 3A4 and cytochrome P450 2D6, and at least astemizoie is believed to be
metabolized fo cardiofoxic metabolites through aromatic hydroxylation. Terfenadine is
believed to be metabolized to cardiotoxic metabolites primarily through aliphatic
oxidation. Terfenadine and astemizole suppress the HERG current with 1G4, of 6.213 UM
and 0.001 uM, respectively. Clinical use of astemizole and terfenadine has been
associated with hypotension, QTc¢ inierval prolongation, development of early after-
depolarization, forsade de pointes, cardiac arrest and sudden death. 1t is believed that

torsade de pointes occurs when higher than normal dosages of astemizole are used or
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Sertindole, shown below, was an atypical antipsychotic agent commonly
used for the 10 treatment of schizophrenia outside of the United States: F
20 cio N NH 30 In 1996, sertindole (Serlect(r)) 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 19 European countries, but more

_evid f iated arrhythmias Jed to its withd lin E .35 In
R B T RS
admyihiflsatieceiiihg settminsiie, inglidinkei@ st detigeonAttieuglenteremycin,

ciarWﬁérﬁ&bW%@H@iﬁH@%véH Qﬂrﬁ?&%l%@%ﬁ@% tB@%‘vQ@QH&? ARESHNGRIBNRS lar
known to.induce QT mtervaé%})rﬁﬁ)ngatlon in somgfgaﬂents. Other
8Bi4te

e Rig Syt cd h TR A Rt RA Brdlh iR 2kt Wi
elewtidden axiathizois ddisrmetautiteeih wrhnsehivophtenizeid (8 Séedhdaiymore
potéRchicEiay amnpmanhathaidhipRubsiratesJathe e 2oR s HReRing
i tare. |Ip0gh|||% omgg)unds t}gg'ultﬁosses a planar component and are strong
' 8%’5?11‘@ HSEs A gfeo'ﬂ)%% I¥5ted at physiological pH. It is believed that a
charged nitrogen atom on these amines is required to orient the drug
seGREGEI¥MIRAIBERS 429 2416 AelyesiiRyhsHe adBRiRBRIRANIaIRNfor the
redCCULS, At l'%hIS %Iteﬁ.lt |s§%evgﬁt@t.th§]§e§ondary or tertiary amine
it QESTeS QTP s ORISR aton T W fﬁ ef)'ositively-charged nitrogen
(N) atom is oriented towards an anionic location (COQO") on the P450
2D6 protein while the aromatic ring is aligned with a relatively planar,
hydrophobic region of the protein. It is believed that when this
conformation is adopted thanitrogen atom and the metabolic 10 oxidation
are in close proximity and metabolism of the drug occurs. Although
cytochrome P450 3A4 is | d both in the liver and the intestine, P450

In 1996, sertindote (Serlect® 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 19 European

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, Z7 patienis died while
receiving sertindole, including 13 sudden deaths. Although there was no proof that the
drug actually caused these deaths, sertindole was known to induce QT interval
prolongation in some patients. Other anfipsychotics have been associated with QT
interval prolongation, and sudden death has been associated with schizophrenia.
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involves the formation of a pharmacologically active metabolite, and in
other cases it involves the formation of hydroxylated metabolites through
oxidation of an aromatic ring. Although metabolic oxidation to
pharmacologically active metabolites is essential, 20 metabolism of
secondary and tertiary amine-containing drugs to hydroxymetabolites by
cytochrome P450 2D6 and cytochrome P450 3A4 has serious
cardlotOX|C|ty implications to patients, particularly at high oral doses. We

SegRE AN LA RATH) R SRhRHE b OB SUBRE 3R amg}er%§58r?s%|@%vm% are
lipcpaniiatoxinitynds thaop thesp ar ehiree congansanshtediaytraumingscontaisen ghat

areﬂf%ﬁé@%ﬁﬁ%%&@é W"‘!W?‘B@IQEHQKQ{ é"cﬁgae&:#ﬁpgg%@gt m on these

harmacolo erapeutics 19: 584-586 have also shown
amipes iﬁée%ﬁ‘ééi‘ﬂrafﬁﬁt d%‘?h%f ‘f@rﬁaﬂfﬁ%lw&*ﬂ?u% E gred ardraciiGingere
methkolivemdratiormocediaite it phicr siaeadhihglihethaast (Bl 8dimemther teriary

amﬁ@%@@ﬁ@%&%ﬁ@é%?ﬁaﬁ%‘?@%% %%%QH;%NY@%:%%HGH&H@QE N')

hest risk during the first-pass metabolism of the secondary and tertlary

o BT GRS GO PSRBT GG SR GASRED0 Protei whie the
arohyalioxypnstabghiseswgrhig rebsty Oy mtestin &l valhsorgitio meayiuth Mictisd olistirof it is

bell SR ARANGHLH YD BohRURIRRSS Adapisdfram Rﬁ@g&%ra%rﬂ'a&ﬂﬁe %Zpa%onc

OXBHRA| P2 BT R H%{ﬁé‘@ftYnﬁﬂParWﬁgﬁﬂ"ﬁﬂt&% GeiR tBCﬁPéE%ma éi”@ough
cytonhrormd P450 380 R06cA60 bGtbitaha/inrGOcDiT: InteStRe. BEB D4 iblauesed

in the fiver and not the intestine.

Metabolic oxidation of drugs and other xenobiotic substances is a first step in a
biotransformation that the body relies on to distribute active drug metabolites to 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.
Although metaboiic oxidation to pharmacologically active metabolites is essential,
metabolism of secondary and tertiary amine-containing drugs to hydroxymetabolites by
cytochrome P450 2D6 and cytochrome P450 3A4 has serious cardiotoxicity implications
to patients, particularly at high oral doses. We have found that the hydroxymetaboiites
are primarily responsible for the cardiofoxicity and not the parent secondary and tertiary
amine-containing drugs. Published studies in humans (Dencker H et al. Clinical
Pharmacology and Therapeutics 19 584-586 {1978)) have also shown that the
concentration of the tertiary-amine drugs is highest after leaving the liver and
immediately prior to reaching the heart (8-10 times the concentration in the systemic
circulation). Consequently, a patient is at highast risk during the first-pass metabolism of
the secondary and terfiary amine drugs when the conceniration of the cardiotoxic
hydroxymetabolites is highest.



10

15

20

25

30

35

40

15 Published studies in humans (Gram LF and Christiansen J Clinical
Pharmacology and Therapeutics 17: 555-563 (1975) have further shown
that the concentration of the hydroxymetabolites of imipramine in plasma
reaches significantly higher levels that the parent compounds or their
active metabolites. 20 Plasma Concentration for Imipramine and its
Metabolites in Human Subjects Adapted from Gram et al. 1975 25 400
............ 300 Hydroxymetabolites Ratio of Hydroxymetabolites 30 to
Imipramine at C max =11 200 00 100 35 Imipra mine 0048 12 16 20
24 28 Hours 40 10 Likewise, published studies (Segura M et al. Rapid
Communicatipssisi kMasspHpestomainoisth bibbipkdainé2003)) report that
the concentration of the hipdiamamEtdirslites of paroxetine in human
plasma reaches sigfiftdAty ATy RErt&eets ath it the parent compounds or
their active metabolites. 5 Plasma Concentrations for Paroxetine and its
Metabolite Adapte&qf]rc m Segura et al. 2003 10 120 100

800
ﬂ Portal Vein

! \g Ratio of Imipramine in portal
vein to piasma at C = 12

500

400

300 f &
!

200

wfl N
f

0

Imipramine ugl/liter

Cubital Vein

0 05 1 16 2 25 3 38 4

Published studies in humans (Gram LF and Christiansen J Clinical Pharmacoiogy and
Therapeutics 17: 555-583 (1975} have further shown that the concentration of the
hydroxymeiabolites of imipramine in plasma reaches significantly higher levels that the

parent compounds or thelr active metabolites.

Plasma Concentration for Imipramine and
its Metabolites in Human Subjects
Adapted from Gram et al. 1875

400

300

N Hydroxymetabolites Ratio of Hydroxymetabolites

{ \ to imipramine at C 5 = 11
200

Concentration ugfliter

/ T
100 ; N\
f __
. fi e lrlrupran-‘une

0 4 8 12 16 20 24 28
Hours

10
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Hydrozymetabolite m 800 ¢ 60 1540 20 Paroxetine0 048 12 16 20
24 28 20 Hours Adapted from Segura at al. 2003 25 Ratio of Paroxetine
Hydroxylated Metabolite to Metabolite Paroxetine Cmax (ug/L) 8.60 92.40
10.7 Tmax (hours) 5 (3-5) 3 (3-5) - AUC(0-24) (ug/L/h) 96.50 988.10 10.2
30 Consequently, a patient is at greatest risk during the first-pass
metabolism of the secondary and tertiary amine drugs when the
concentration of the cardigtoxic h roxymetabolltes is highest, We
RSy B PE et Thet ﬁﬁ%ﬂ%}gﬁf &cBndarPihdtaniycations in Mass
Speniimestontaining4htig4ao h@?@&»me@ab@htéh&by fytochroreeiR460 206 the
hydREE R DIREETOME BARNSA 8 HRr SIQ8m ATRAHALY WQorRRuchig ARRFIE: ievels

CaI’dIOtOXIC . 11 Inhibition studies on a series of imipramine analogs were
that KeAcES ﬂﬁ’@%ﬁﬁ% " BSIYEMBIBEYESD6 activity, the enzyme that is
responsible for the formation of the cardiotoxic hydroxylated metabolites

(Halliday RC et al. Eprapeanoheunnatiohd g sddetabatism and
Pharmacokinetics 22: 291-R9Hi¢ta@oing Afhptethitoys of imipramine that
were tested were designed to et db<st¥2ly charged nitrogen atom
removed from

126

_ 100
2 .
-__g,} 80 gm\l—irdroxymetabohte
£ &0
LINTEERN
S 40 it
20
; Paroxetine
M r
0 4 8 2 16 20 24 28
Hours
Adapted from
Segura et al. 2003
Ratio of
Paroxetine Hydroxylated Metabolite to
Metabolite Paroxetfine
Cmax (ug/L) 8.60 92.40 10.7
Tmax (hours) 5(35) 3 (3-5) -
AUC(0-24) (ug/ih)  98.50 - 988.10 10.2

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
hydroxymetaboiites is highest. We believe that reventing metabolism of secondary and
tertiary amine-containing drugs to hydroxymetabolites by cytochrome P450 2D8 and

cytochrome 450 3A4 is therefore important to reducing their cardiotoxicity.

11
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the active site of CYP2D6. The three approaches were adjustment of alkyl
chain length, alkyl bond rigidity (restricted bond rotation) and removing
the positive charge on the tertiary nitrogen atom using the prodrug
imipramine-N-oxide. Halliday et al. reported that 10 removal of the
positively charged nitrogen atom of imipramine from the active site of
CYP2D6 either by lengthening the alkyl chain length or altering the pKa of
imipramine with using imipramine-N-oxide abolished the metabolism of
imipramine by CYP2D6 to the hydroxymetabolite. 15 A considerable
inhdhoustusigravlinicaliandTimipes data dsaoad akectisandetingnandiibs thizalogs

tesﬂFA%@??ﬂ?ﬁﬁﬁii§,nmt_esapismetqﬁﬁﬁﬁso S5 a@g#@n{@ hﬁi’%ﬁ%ﬁdrof the
ydroxylation e cargiotoxic [0X abollte cytocnrome
carg A O RO 555 S ar e o R freDri
Metasiiami @i Ellamorcobinefipeadirie Whdh(1997en  Thetatilige dUndieeminerhat
wer‘@\‘hﬁ&é’ﬁ&'?iéte@laﬁéE!t%&ﬂlatG@fﬂﬁ@?@&%mg%%@ﬁf%@b%@ﬁw ineom
and nydrox e oljltes that are not as like Q produce, severe
e B A U ROLEd s AL cAeA R AP LATATEa: Of 1 Chain ength,
alkjnigrachiigesti - Oxietackes hashrahtbom aot peodudedtibecaeditreoxibiayost dnethe
terfSHIR RRHNRA UL iIPIR B RBugNeKR HRRIESS. Jasa uilien pifisulier Aadthat
the g;g]ﬁ)lﬂlt@f of imjpram ne_-N-OX|df? metabalism jn p}asm&\llm@ its e of
TeRE! S5 105 HRSINGE Y “TREEEPETED IB U SPARERYISVERFOR that the St ©
CYpipefiditieeche nergihgrowpthwitikiys cheimargrgihine dieisaghdaitseinmiplamine

witBertindalsipazRd AnsxinefazarieRe. tusRIgNSiSNLIaHanaMiIne GONIVIYISE 1o
heth; cardiac ¢ n?uctlon disturbances and orientation of the drugs within the
t iﬁﬁri?l’ﬁ’g]?é% 8¥fhe cytochrome enzymes responsible 30 for the

responsible metabolism of these drugs by aromatic or cycloalkyl

A dYAIaiQRnol 2 Bt FBiiniddGR AR dateapridgibbM thidNdroARrBEs that
iméb?acr:nli_r'w?éﬁ?{];%rdnéziglgot subject to first-pass metabolism or aromatic hydroxytation to

the cardiotoxic hydroxymetabolites by cytochrome P450 2D6 and cytochrome P450 3A4.
This prodrug is rapidly converted in the systemic circulation to imipramine which is then
metaboiized under much lower systemic plasma concentrations to the active form
(desipramine} and hydroxylated metabolites that are not as likely to produce severe
cardiofoxicity. In published preclinical and clinical studies imipramine-N-oxide has been
shown not produce the cardiotoxicity of the fertiary amine drug imipramine.
Nevertheless, formulation difficulties 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 i{s tertiary amine in cisapride, astemizoie, sertindole, trazadone, nefazadone,
buspirone and terfenadine coniributes to cardiac conduction disturbances and
orientation of the drugs within the binding sites of the cytochrome enzymes responsible

for the responsibie metabolism of these drugs by aromatic or cyciocalkyl hydroxyiation.

12
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HNNOH N-i25N F 35 Sertindole NCIO NN NH 4550 HO
Terfenadine ON CH3 60 H3c CH3 13 It is further believed that the
chemically related piperazine chemical group with its tertiary amine
contributes to cardiac conduction disturbances and orientation of the
drugs within the binding sites of the cytochrome enzymes responsible for
the responsible metabolism 5 of these drugs by for aromatic or cycloalkyl
hydroxylation. Pharmacologic agents containing a piperazine group
known to cause cardiac conduction disturbances include buclizine,
buspirone, cyclizine, doxazost; enazine, gepirone, hydroxyzine,
itraconazole, ketoconazole, Ioegapine meclizine, olanzapine,

perphenazine, quetiapine, o@ nd ziprasidone. By
a&:LFof phariEBiBgical

CH,
f‘@o Astemizole
I

Sartindole

Terfenadine

13
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Cyclizine \NJ/r N 0~~OH \ N~ Hydroxyzine I '5CICH ~~~~~N\3
Meclizine N/ CH3 Cl O~~NY" Nefazodone 1 Cl N, N~(NNN O
Trazadone 15 Fluoroquinolone antibiotics are pharmacologic agents
containing a piperazine group known to cause serious cardiac conduction
disturbances and torsade de pointes. Fluoroquinolone antibiotics
approved for marketing and having a secondary amine on 5 the
piperazine ring include norfloxacin, lomefloxacin, ciprofloxacin, enoxacin,
gatifloxacin, sparfloxacin, temafloxacin, grepafloxacin and moxifloxacin.
It isSexbealbsfithes éhdtubeaieinuialye cgeatsiberaeiadr cbetyiba enogmotraits freotiary
amiRé BAMEIDS LSt 'H&&Wﬁ%%@%&&@%ﬁ%ﬂ&%gr%?%@?%% Rhithin

torsade de pointes. By way of example, the chemical structures of a

the RIRAIRG, PR RPH 15 FUTERIL B RIS AN £ 16 iSSERSRFARRIRBOsm
of dimetise hipgeralzinéomeretyatine shaweicatdgwg@ithEyiddeh CipireffoaadivyitNagents

co%ing a piperazine group known to cause cardiac conduction disturbances include
buclizine, buspirone, cyclizine, doxazosin, fluphenazine, gepirone, hydroxyzine,
itraconazole, ketoconazole, loxapine, meclizine, olanzapine, perphenazine, quetiapine,
trazadone, nefazadone and ziprasidone. By way of exampie, the chemical structures of
a series of pharmacological compounds containing a piperazine moiety and having

aniihistamine activity are shown balow:

14



H 00F HO N N Gatifloxacin 0 NH CH3 15 CH3 OO0 NHS F HO H3
Sparfloxacin N ONH" F CH3 20 16 OH 0 CH3 Grepafloxacin 'NH /-/ IN
CH3 100 F HO Lomefloxacin INNHaF HNHi C500

Cl
K\N/
N s
H,C CH, Buclizine

O/ . Cyclizine

Hydroxyzine
Meclizine
=
| Nefazodone
o
Trazadone
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F HO Norfloxacin N ~NH H3C 0 0 HO F N Temafloxacin /NH CH-F\F
17 Fluoroquinolone antibiotics approved for marketing and having a
secondary amine on the piperidine ring include moxifloxacin as shown
below: 0 0 F HO N N N Moxifloxacin 5 C CH3 It is therefore an object of
the present invention to provide non-cardiotoxic pharmacologically active
compounds having modulated cytochrome P 450 metabolism. 10 Itis a
further object of the invention to provide non-cardiotoxic pharmacologically
active compounds having reduced metabolism by cytochrome P450 2D6.
Fludtrisarfoltheraniijsctaf tre ipvantmnisgto poevidecnotzicargiot@uerprodrugsup
nci 118 RARRBAGOIR0LCAlY ARG CABRG S BREM A RIS BE R

P 450 metabolism, It is a further object of the invention to provide

PR YRR U AT 2RIIRYGRE A7) RetKRINS AN IMERShaRREPRY@0cagine on
themeiadyatism byrgytootitaime RALX2ED6 andrefitochiomeiP450x2h3Adnoxacin,

gatifioxacin, sparfloxacin, temafloxacin, grepafioxacin and moxifioxacin. Several of these
fluoroquinolone agents have aiready been removed from the market because of life-
threatening cardiac conduction disturbance or torsade de pointes. By way of example,
the chemical struciures of a series of fiuoroquinolone compounds containing a

secondary amine on the piperazine moiety are shown below:

Ciprofioxacin

Gatifloxacin

Sparfloxacin

16



A further object 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 CYP2D6
metabolizing enzymes during first-pass 25 absorption. A further object of
the invention is to provide non-cardiotoxic prodrugs that can be
hydrolyzed in the plasma after absorption and be converted directly to the
therapeutically active form of the parent compounds. 30 18 A further
object of the inve on{s to previde non-cardiotoxic prodrugs that lower
the pKa of theféftigry amine-group to a level such that the majority of the
tertiary amine is ung physielegical pH (pH 7.4). For éxaivgflexacin
imipramine has pKa oh9.5 and

“@p etely ionized as it is transported

through the gastrointgégnal tragtAftevroral 5 ingestion, imipramine is
rapidly and completel-absorbed from tHe small intestine, with peak
plasma concentration within two to$f\ee hours. Imipramine is subject to
extensive first-pass metabolism in the liver, and is eliminated by
demethylation to the active metabolite, desipramine and to a lesser extent
by aromatic hydroxylation to 2- hydroxyipramine. Desipramine, in turn, is
metabolized by gromgtic hydroxylation to 2 10 hydroxydesipramine. The
systemic availabljlity of imigramne in healthy subjects ranges from 27% to
80% and theé'@orrespon first= etabolism ranges from_gaP4fiexacin
73%. Imipramine-N-0Qxi itrogen: prodrug of imipramine which
has a pKa of about ZP'? has & 's;g/stel?ni availability of about 100% after
oral administratioQ étﬂgges‘fing f re is no first pass effect. Both
preclinical and clinical studies have shbwn that the 15 cardiotoxicity of
imipramine-N-oxide is significantly reduced over that of imipramine. 19
Brief Summary 8f th%lnvention 5 In accordance with the present

invention, disclased are enzymée-labile compounds having the formula R2

01 U-R1 R3ZCN©Q a
N

—+

Norfloxacin

Temafloxacin

17



10

15

20

25

30

10 where R, and R2 are independently hydrogen, alkyl having from 1 to
about 7 carbon atoms, aryl, aralkyl, and cycloalkyl having from about 3 to
about 6 carbon atoms, Y is (CH2), where nis from 0 to 2, Z is alkyl,
alkoxy, alkoxy, aryloxy, or alkylaryloxy where m is from 0 to about 4, and
R3 is selected from the group consisting of substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
15 alkylaryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted alkylaryloxy, substituted or unsubstituted indole, substituted
Flugioguisalosigtatdithiqble mpthiaEc é;rsubdtitine diot vansod stikateddary amine on
the HBERFAXRABINIAIRLIRBIIREAY JRRYRAILEISH. dibenzathiazepine,
substituted or unsubstituted oxopthalazine, substituted or unsubstituted
quinoline, substituted or unsubstituted dihydroquinoline, substituted or 20
unsubstituted dlbenzodlazeplne substituted or unsubstituted
benzocycloheptapyri stituted or unsubstituted carbazol,
substituted or tmsu {sﬂtut rahydrocarbazols, substituted or
unsubstituted dibenze . subpstituted or unsubstitutgghyifioxacin
benzoimidazoles, sub itute or unsybstituted piperazines, substituted or
unsubstituted benzarmides, substituted of unsubstituted benzhydrol, and
substituted or unsubstituted 25 diazabenzoazulene, substituted or
unsubstituted oxobenzimidazole, 3,4 pyrrolo- dihydroquinoline,
carbamoyl-2,3,4,9-tetrahydro-cabazol, and pharmaceutically acceptable
AR s aHE D Lo AR GOYEL PG o
than their corresp o 30 secondary and ter lary amines, have
Ph%@ﬁﬁ‘i&%ﬁ‘fﬁ}wﬁd&%&%ﬁ?@m@%|'éﬁ‘§)flﬁéfﬁpﬂ#’b§€d§é’&fﬁtﬂ%m¢§’n%ﬁﬁ%tﬁbo“sm-
amines from which they are derived. The compounds of the 20 present
it 'SFEV? %%éfs%fmea%ﬁea%%g'p E)Vl%fé %Q |_|Q£ lttln c?x a@kg,erﬁ) r?&%%@alay active
antinistaminic, ant psychotic antin astic and cardiovascurs

Corﬁﬁ’éké‘ﬂétﬁ‘ﬁé'%@é?ﬁécﬂflﬁ%%é@@&éﬁﬁﬁ@ﬁ@ﬁtﬁéﬁ%@@rﬁlon 5In

accordance with the present invention, disclosed are enzyme-labile
rod n dified |on|zatlo otent| I (pKa) of t nltro en
it Jgtgn@%bch ﬁaé’ic h{é@%}e isnlén cantl?/ f9§§ asic tah B H‘% |gh ] dru%s of
phanitragelvogimiity ofthiegparmmpougssinmooydanceulatidd theyoobsene P 450
melQy gﬁg,l,qn we describe chemical modifications of the highly basic that
amines include formation of phosphoramidates which are stable toward
hydrolysis in the 10 intestine and plasma. Phosphoramidates are

It ieRHIMEE S@anePReSARSKNLS LOFRRHNESH-cardiotoxic pharmacologically active
compounds having reduced metabolism by cytochrome P450 2D8 and cytochrome P450
3A4.

A further object 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 fo the CYP2D6 metabolizing enzymes during first-pass
absorption.

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

hydrolyzed in the plasma after absorption and be converted directly to the therapeutically

active form of the parent compounds.

18



10

15

containing phosphorous-nitrogen bonds. An unexpected advantage of
these organophosphorous compounds over the N-oxides is that they are
enzyme-labile and are selectively hydrolyzed after passage through the
15 intestine to the pharmacologically active drug moiety. Unlike other
prodrug technologies employing esters, phosphonates and peptide bonds,
which are hydrolyzed by esterases, phosphatases and peptidases in the
intestine, enterocytes, hepatic cells and plasma, the organophosphorous
A TR BRIRECH IR & FRERM IS IR EFIBTEIRN SRl th BT R SRTBA IRV Eh e PKa
of tietesocytesmaind plasimao 20 ikvalgseemiat with adjoniedintimhertiafy amine is

undidplished RS m{;@ﬂ?%%H??e&mgpsQy%@xmﬁ@r@@&%&&%yﬁﬁé ie

secondary and tettiary amine-containing drugs are primarily responsible
CorppieiRl d&?ﬂﬁ%@oi‘&itﬁ/ ’énﬁ%?ﬂﬁ*@%é?é?ﬂ%b?ﬂ%oﬁﬁ%[ofﬁtﬁ%t g6k After oral
ingtstilaietrpesinsedisabpitiheand sivdigstsiednsvebde momnsinatedhdhanibwe2s with
I ' s -depe jgnificant. i 0
P e Rl A e
f'erP@ﬁnQﬁiéﬁ’P&ﬁH T tadygal ﬁFE#dﬁg%{ﬁ@ﬁaé?%lichﬁW‘éM%Wﬁd@s&? active
metaboief maea;hagengereaaMmp@mm biyyolasereaid cw_iﬁugytmﬁoe to 2-
nydB %ﬁ%s.oﬁiééﬁa‘#a‘@ﬂme"ir?ﬂ?rﬂf‘%! %‘&%Eéﬂ%% 'g%%&ﬁﬂ&% m?é&’éé(}%é%‘#? '2-

no differences were noted in the affinity of the hydroxyme ites an
hydiRsERRiealllgs IO IRRICAYAIRPUPePAtEtPIAT)HE EaltaahY HalReE ranges
fromeﬁé%tw_@@%th_edHm@aseeemomffmedﬁé@hmaledaiitmaeogedajm 20ith tthe3%.
imiBEERFRLANYGRLON, M. dESCHS %F@iﬂﬁedﬁﬁ’#%ﬂ%ﬁ%@%i% tF§S RN 0wt
d % t yme(s) p y ible

an tertlar¥ amine moiety that mask the enzyme rimarily responsik
47538 HiEBrR RARPI RSP AYUIORYETab SIRe S IHERNen Giegesting that
thetescnbeienzurediibtie B2tprodriigiafl secandasy stnddertiary shown that the
caémﬂé‘ﬁaﬁg AR0G ARNOR et e sﬁkgﬁiﬁéﬁ?ﬁ%&%ﬁ&% VQSREL TSR3 hine.

CYP2D6. We describe enzyme-labile prodrugs of secondary and tertiary

amine-containing drugs having minimal capacity for aromatic

hydroxylation or first-pass metabolism to the cardiotoxic

hydroxymetabolites. These enzyme-label 5 prodrugs are expected to be

rapidly converted in the systemic circulation to the pharmacologically

active form of the secondary and tertiary amine-containing drugs which

are then metabolized under much lower systemic plasma concentrations

that are not as likely to produce severe cardiotoxicity.
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10 These enzyme-Ilabile prodrugs modulate the physicochemical
properties of secondary and tertiary amine-containing drugs such that
these drugs do not bind to the cytochrome P450 2D6 metabolizing
enzymes during first-pass absorption at physiological pH. The nitrogen
atoms on these enzyme-labile prodrugs are significantly less basic (pKa
<5.4) than on the highly basic nitrogen atoms of the parent drugs (pKa
-9.5). Because these 15 prodrugs are enzyme-labile, they can be
hydrolyzed in the body after absorption directly to the non-cardiotoxic
therapeutically active compounds. It is anticipated that specific
therapeutic areas copeiedSuninistgahnplogyvaeitida, among others. all
types of antidepressants, antihistamines, antipsychotics, gastrointestinal

n veral classes of antiinfective drygs, In a preferred embaodiment of
I T B Il itk B e el
havipgHsWerBEIdliotoxic drugs includes formation of phosphoramidates
whose hydrolysis is primarily restricted to the liver and are stable in the
intestine and plasma. Phosphoramidates are organophosphorous
compounds containing phosphoro%s-n'@rgggn bonds. 23 A partial list of
therapeutic compounds having a higl’]hz\basic nitrogen atom that have
reported cases of QT intervakp atien, torsade de pointes or both and
their corresponding pKa values 'M: e the following: dextromethorphan
(9.20), methadone 5 (8.25), propoxyplkehe (8.91), tramadol (9.41),
amoxapine (7.60), citalopram (9.50), clomipramine (9.50), desipramine

10.40), doxepin (8.00), duloxetine (10.00 citalopram (9,60),

e Ao o 8 THTRRERE (o s A A P T S it (& en
atomirtardpinel(s. 190) netinaldoma(n@Opmatrptdite Eovi 6) cpdroxetivres, Y is
(CH.90herelegitinm 0'183). SRTERINRIDROhNSRIafaNRe (-4R)iZiMsidins

, @.OO ,,{ast miﬁ]%le 10 %)9,0), a]zyeia%t?’éep@k({)%?f chlor henirg%‘ni e ( .2,0){ere "
> b eri e T8, 51 Rt 10123 GUEIPAIIAG (5 3cheTtes o
unsiipstisviegorpinisi0108Y doxpisihitit (@3B chorofe saldiiéut¢d. 58 nsubstituted
aikﬂgfﬂ]}eﬂéa_g&lgx{% 109 t%ﬁ%ﬂ@ﬁiﬂﬁ;@g-Q@‘@e%%}f?f,b%&iggtoéfi)’ofrl unsubstituted

alofantrine(9.60), |evofloxacin(7.09), moxifloxaci .01), ofloxacin .
ey B i AE 1 707 RSN (DB crSPONBD g (o BBy pstiuted
phengitapiing (8.20)slibsiapine(7 . 6upudsiitdrind cibqnB6)pifeolaszhpifided  or
uné@?ﬁﬂ'ﬂﬁ%@@ﬁi‘ﬁ?ﬁﬁ%ﬁ%&ﬂﬂe?@_ﬂ@@ﬁl@%&i@@s%ﬁ?ﬂﬂ@&iBQ ghglégézine, substituted
triflu razine (7.98), ziprasidone (8.24), etamine (9.90), )

or LSRR MARL L% SAFRUM BSGpINLCr o) ) ARBERA I gPgttes o
ungebpgfiiviariNbeootzarittarapbRitataiher (1G2SYimethyirheniditee(80p)dine,
sulHyiREEY BINUE Gt DRE AR, 3Lb-stEarPINR(R3R)ted tetrahydrocarbazals,
substituted or unsubstituted dibenzocycloheptenes, substituted or unsubstituted
benzoimidazoles, substituted or unsubstituted piperazines, substituted or unsubstituted
benzamides, substituted or unsubstituted benzhydro!, and substituted or unsubstituied
diazabenzoazulene, substituted or unsubstituted oxobenzimidazole, 3,4 pyrrolo-
dihydroguinoline, carbamoyl-2,3,4 O-tetrahydro-cabazol, and pharmaceutically
acceptable salts thereof.

These enzyme-labile compounds, having lower pKa values than their corresponding

secondary and tertiary amines, have significantly reduced cardiotoxicity than those
secondary and tertiary amines from which they are derived. The compounds of the
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tolterodine (9.87), cimetidine (6.80), cisapride (7.04), cyclizine (8.35),
meclizine (7.32), 20 norcisapride (8.46), ranitidine (8.20), almotriptan
(9.58), eletriptan (10.13), frovatriptan (10.63), naratriptan (9.74),
rizatriptan (9.49), rumatriptan (9.50), and Zolmitriptan (9.52). 25 In
accordance with a preferred embodiment of the present invention, the
pharmaceutical formulations comprise phosphoramidate-based prodrugs
having pKa of less than about 5.4. In accordance with a more preferred

PregfbodiREHPDT tHE pretit iffendBri e RalmARE IR o rmIEgsRESsant.

antitostgonise pitdgpihoratini dateduasedipeodrogsibessng pliservptuds fydhes.
range from about 1 to about 5. In yet an even more preferred embodiment
30 of the present invention, the phosphoramidate-based prodrugs have a
pKa less than 4. It will be appreciated by those skilled in the art that this
reduction in pKa represents a considerable difference in the proportion of
positively charged amines present at physiological pH compared to the
highly basic amine parent drugs. 24 Pharmaceutical compounds in
accordance with the present invention have considerable similarity
because of the similar pharmacologic requirements for therapeutic activity.
Accordingly, the chemical structures of the enzyme-labile prodrugs can be
characterized by a few general structure types. The first type include
those containing cyclic aliphatic 5 groups such as piperidine and
piperazine containing a secondary or tertiary nitrogen atom such as found
in amoxapine, 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 10 formula R2 |1 O 0-R1
R3 L- N O <O(Z)m where R, and R2 are independently hydrogen, alkyl
having from 1 to about 7 carbon 15 atoms, aryl, aralkyl, and cycloalkyi
having from about 3 to about 6 carbon atoms, Y is (CH2), where n is from
0 to 2, Z is alkyl, alkoxy, alkoxy, aryloxy, or alkylaryloxy where m is from O
to about 4, and R3 is selected from the group consisting of substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted
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35

alkylaryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted 20 alkylaryloxy, substituted or unsubstituted indole,
substituted or unsubstituted phenothiazine, substituted or unsubstituted
dibenzoxazepine, substituted or unsubstituted dibenzathiazepine,
substituted or unsubstituted oxopthalazine, substituted or unsubstituted
quinoline, substituted or unsubstituted dihydroquinoline, substituted or
unsubstituted dibenzodiazepine, substituted or unsubstituted
benzocycloheptapyridine, 25 substituted or unsubstituted carbazol,

substituted or unsubstituted tetra drocarbazols, substituted or
unsubstituted dlbé{ﬁt@ Hd%%%‘fé 03 e Y P URBubstituted

benzoimidazoles, substituted or unsubstituted piperazines, substituted or
in amesulmstieitath henzaseitesysiiostititeth srdumsudstitmedhienziogdrgl kandng 2

modHaStIHSL3h YRS M@Q é?'?r@%‘&é‘éﬂza%l?rﬂs?s%@ﬁ'éﬂﬁgyoére significantly

unsubstituted oxobenzimidazole, 3 groo dihydroquinaline,

lest ASMIBYTR 23 et RAsHo ’BHB%%I A R AP ARER g aéee?ft%’ fance
witisdlts theseof . ihvamtioordandeswitle zipreiesl edelifibaidinserit bEtheprebesit that

am%%éﬂMaUHQ @cr’?nbctlgn B? Bh%%%%f@é@g WQ‘Q‘&QL@&H&%B‘ ﬁ?@ﬂ}iyszs in the

invention, nis 2 and m is from 0 to 3. In accordance with another

'“f%ﬁ}%@}ﬁsﬁﬁhgkﬁfé@@m%‘é@ﬁﬁ@ﬁe6%68&?18%59@&%@“8%%951%@5““
cor@ibiRilpiR3mhor¢dymittthernesed?, and R2 are independently hydrogen,
alkyl having from 1 to about 7 carbon atoms, aryl, aralkyl, and cycloalkyl
having from about 3 to about o carbon, X is oxygen, nitrogen or carbon,

An HH@W@W&HVSQ@%BW?%W&EH&P%@*&rEBFn‘b‘HI]%IJW%l&‘f%?&%%%ﬁﬁs 1S
thathiagyrese reannyresatianid asdhedosmediivdip RRirgyil RECN=6sageettedRBlisthe

int&@@%tn@\aﬂgm&&%‘él@ g&?\/’é’d% moiety. Unlike other prodrug technologies
employing esters, phosphonates and peptide bonds, which are hydrolyzed by esterases,
phosphatases and peptidases in the iniestine, enterocytes, hepatic cells and plasma, the
arganophosphorous compounds of the present invention are stable 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 fertiary amine-containing drugs are
primarily responsible for the cardictoxicity and not the parent compound. in Langendorft
isolated perfused rabbit heart studies we have demonsirated that the
hydroxymetabolites demonstrated dose-dependent significant increases in cardiac
conductance, notably in PR interval proiongation, QRS interval proiongation and QT
interval prolongation at clinically relevant doses. None of ithese changes were
accompanied by observed conductance changes associated with K channel blockade.
In receptor binding studies, no differences were noted in the affinity of the
hydroxymetabolites and the parent drugs toward the voltage operated L-type caicium

channel receptors or the Merg receptors of the K’ channel.
in accordance with the present invention, we describe enzyme-labile prodrugs of the

secondary and tertiary amine moiety that mask the enzymei{s) primarily responsibie for

the production of these hydroxymetaboliies in the liver. We describe enzyme-labile
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R6 20 where V is carbon or nitrogen, R6 is hydrogen, alkyl, aryl or aralkyl,
R7 is hydrogen, alkyl, aralkyl, cycloalkyl, alkylcycloalkyl,
alkylsulfonyicycloalkyl, alkylsulfonylaryl, alkylsulfonylaminoalkyl or
alkylsulfonylalkyl and R6 is hydrogen, carbonyl or a direct bond. 26
Preferred compounds in accordance with this embodiment of the present
invention include those where R3 has the formula R7 N R6 In
accordance with the present invention, R7 is preferably selected form the

Progiivfiso Ot SRSRIERG iR BRIy Y SBINoRMENION NS f18 WF APLRUARYEeS of
cytddhridnie IRAFEE BYEILRE e rito dieseriveo feiny prekbiie invenigs, dheecondary and

ten%m%%déo%%r@%%w?n et éDap'é' %P%ﬂétlg?%%{ﬁaﬁ% or
Is a group having the formula 150 R10 R12 1 aI R11 NR
first-pass metabolism to the cardiotoxic hydroxymetabolites. These enzyme-iabel

prodrugs are expected to be rapidly converted in the systemic circulation to the
pharmacoiogically active form of the secondary and terfiary amine—containing drugs
which are then metaboiized under much lower systemic plasma concentrations that are
not as likely to produce severe cardiotoxicity.

These enzyme-labile prodrugs modulate the physicochemical properties of secondary
and tertiary amine-containing drugs such that these drugs do not bind to the cytoechrome
P450 2D8 metabolizing enzymes during first-pass absorption at physiological pH. The
nitrogen atoms on these enzyme-tabile prodrugs are significantly iess basic (pKa <5.4)
than on the highly basic nitrogen atoms of the parent drugs (pKa ~9.5). Because these
prodrugs are enzyme-iabile, they can be hydrolyzed in the body after absorption directiy
fc the non-cardiotoxic therapeutically active compounds. It is anticipated that specific
therapeutic areas covered by this technology include, among others, all types of
antidepressants, antihistamines, antipsychotics, gastrointestinal and several classes 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 resiricied to the liver and are stabie in
the intestine and plasma. Phesphoramidates are organophosphorous compounds
containing phosphorous-nitrogen bonds.
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R9 27 where R9 and R11 are hydrogen, alkyl, aryl, alkylaryl, cycloalkyl or
together form a cyoalkyl or cycloheteroalkyl group, and Rio is hydrogen,
alkyl or a carboxylic acid group, and R12 and R13 are independently
hydrogen, halogen, alkyl, alkoxy or amino. 5 In a preferred embodiment of
the present invention the compounds have the formula 0 R10 R12 R11N
N (Z)m RR13Nr0O ~P 00-R1 R2 10 15 in another embodiment of the
present invention the compounds have the formulaR2 0, ,0 P, NO-R9 N
V1B) ~~(Z)m R14 R15S U 20 28 where V is carbon or nitrogen, W is
A eaitholistrofrogespeuixygemounissdaatian armdhogessicBnisaysinglenoithat have
repgﬁé’ﬁ?'%é%%gdo?’&?ﬁ%{‘e%ﬂ RiRAygiidependanti hygraen: nalgoeROtheir
corresgdnding pka values include the following: dextromethorphan {8.20), methadone
{8.25), propoxyphene (8.91), tramadol (8.41), amoxapine (7.60), ciialopram (5.50),
clomipramine (9.50), desipramine (10.40), doxepin (8.00), duioxetine (10.00),
escitalopram (9.80), femoxetine (9.00), fluoxetine (8.70), maprotiiine (10.20), mianserin
{8.28), mirtazapine (8.10}, nefazodone (7.90), nortriptyline (10.10), paroxetine {9.90),
selegiline (7.53), sertraline {9.50), veniafaxine (9.40), zimeidine (8.00), astemizole
(9.90), azelastine (9.06), chiorpheniramine (9.20), chlorphenoxamine {8.21}, clemastine
(10.23), desloratadine (8.40), diphenhydramine (8.00), doxylamine (9.30), fexofenadine
{9.53), promethazine (8.10), terfenadine {8.60), ciprofloxacin {7.68), halofantrine(S.80},
levefioxacin(7.09), moxifloxacin (10.01), ofloxacin (7.09), rimantadine (11.70), tamoxifen
(8.85}, chiorpromazine (8.30), clozapine (8.20), loxapine (7.64), norsertindole (10.61),
olanzapine (6.37), risperidone (8.24), serindole (9.06), thioridazine {9.50}
trifluoperazine (7.98), ziprasidone (8.24), amphetamine (9.90), atomoxetine (10.12),
carbamazepine (7.00), cyclobenzaprine (8.21), fenfluramine {8.82) meathamphsatamine
{10.28), methyiphenidate (8.90), oxybutynin {8.98), phenytoin (.31}, sibutramine (8.36),
tolteroding (9.87), cimetidine {8.80), cisapride (7.04), cyclizine (8.35), meclizine (7.32),
norcisapride (8.48), ranitidine (8.20), almotriptan (8.58), eletriptan (10.13), frovatriptan
(10.83), naratriptan (©.74), rizatriptan (9.49), rumatriptan (9.50}, and Zolmitriptan (8.52).

In accordance with a preferred embodiment of the present invention, the pharmaceutical
formulations comprise phosphoramidate-based prodrugs having pia of less than about
5.4. In accordance with 2 more preferred embodiment of the present invention, the
pharmaceutical formulations comprise phosphoramidate-based prodrugs having pKa
vaiues in the range from about 1 to about 5. In yet an even more preferrad embodiment
of the present invention, the phosphoramidaie-based prodrugs have a pKa less than 4. it
will be appreciated by those skilled in the art that this reduction in pKa represents a
considerable difference in the proportion of positively charged amines present at

physiological pH compared to the highly basic amine parent drugs.
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5R2 O'F. (D-R1 N NVte) R16 R15-W U where V is carbon or
nitrogen, W is carbon, nitrogen or oxygen, U is carbon or nitrogen, 10 B is
a single or double bond, and R15 and R16 are independently hydrogen,
halogen or alkyl. 15 In still another embodiment of the present invention,
the compounds have the formula R.1 OR2N O R7\'\~N 20 R6 29
where R6 is hydrogen, alkyl, alkylaryl or aralkyl, and R7 is hydrogen, alkyl,

aralkyl, cycloalkyl, alkylcycloalkyl, alk?llsulfonylcyclpalkyl., alkylsulfonylaryl,
PhajiRgrHiGRY FAMRRIARS o ASHRIERRB MTRIGA. BSRRABIRMER]IS hryE R THEEPe
simlaritaibéngsleot limeasialiphatiachainw gle pendirmnisom fr tHedgesuitomtivity.

Acc?thlﬁm@rﬁ %8%%&%‘@9 ¥¥JH&MB“&QHQ%n%@-1§&;e%?9dN& %’g}»ﬁe characterized
by a few general structure types. The first type inciude those containing cyclic aliphatic
groups such as piperidine and piperazine containing a secondary or tertiary nitrogen
atom such as found in amoxapine, and ancther type includes those having and
alkyiamine group such as found in imipramins.

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

where R, and R, are independently hydrogen, atkyl having from 1 to about 7 carbon
atoms, aryl, aralkyl, and cycloalkyl having frcm about 3 to about 6 carbon atoms, Y is
(CH;), where n is from 0 to 2, Z is alkyl, alkoxy, alkoxy, aryloxy, or alkyiaryloxy where m
is from O fo about 4, and R; is selected from the group consisting of substituted or
unsubstituted aryl, substitufed or unsubstiiuted heteroaryl, substituted or unsubstituted
alkylaryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
alkylaryloxy, substituted or unsubstituted indole, substituted or unsubstituted
phenothiazine, substituted or unsubsiituted dibenzoxazepine, substituted or
unsubstituted dibenzathiazepine, substituted or unsubstituted oxopthalazine, substituted
or unsubstituted quinoline, substituted or unsubstituted dihydroguinoline, substituted or
unsubstiiuted dibenzodiazepine, substituted or unsubstituted benzocycioheptapyridine,
substituted or unsubstituted carbazol, substituied or unsubstituted tetrahydrocarbazols,
substituted or unsubstituted dibenzocycloheptenes, substituted or unsubstituted
benzoimidazoles, substifuied or unsubsiituied piperazines, subsiituted or unsubstituted
benzamides, substiiuted or unsubstituted benzhydrol, and substituted or unsubstifuted
diazabenzoazuiene, substituted or unsubstituted oxobenzimidazole, 3.4 pyrroio-
dihydroguinoline, carbamoyi-2,3 4,9-tefrahydro-cabazol, and pharmaceutically

acceptable salis thereof. In accordance with a preferred embodiment of the present
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10 R21 In accordance with this aspect of the present invention, R, and R2
are independently 15 hydrogen, alkyl having from 1 to about 7 carbon
atoms including but not limited to methyl, ethyl, propyl, butyl, isobutyl, and
pentyl, aryl including but not limited to phenyl and pyridinyl, aralkyl such
as benzyl, and cycloalkyl having from about 3 to about 6 carbon atoms
including but not limited to cyclopropyl cyclobutyl, cyclopentyl, and

_ cIohe Aisa Iower I lower hetero |, carbonyl or cycloalk

o o BT S SIE AGRERARTEY hy 8 Gare RN RE g i o

is fralyolitor3carbon atoms, aryl, aralkyl, and cycloalkyl having from about 3 to
about 6 carbon atoms, R26 is hydrogen, phenyl or lower alkyl, and R21 is
selected from the grou isting of substituted or unsubstituted aryl,

I SREATREAT ORI A U SRR PO e utRtReS Reve the

formallglaryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted 25 alkylaryoxy, substituted or unsubstituted indole,
substituted or unsubstituted phenothiazine, substituted or unsubstituted
dibenzoxazepine, substituted or unsubstituted dibenzathiazepine,
substituted or unsubstituted oxopth&kazine, substituted or unsubstituted
quinoline, substituted or unsubstituted dih§idroquinoline, substituted or
unsubstituted dibenzodiazepine, su spfﬁgted or unsubstituted
benzocycloheptapyridine, 30 stitited or unsubstituted carbazol,
substituted or unsubstituted tetr egarbazols, substituted or
unsubstituted dibenzocycloheptenes, substituted or unsubstituted 30
benzoimidazoles, substituted or unsubstituted piperazines, substituted or

whérasBsiiigited abe neaspitesnbubstitotea oskn Substisuieshbenz ardial 7asstbon

bstigut r.u 0f; itu
atorsr% E&F gr%iQ ) ﬁ%ﬁ&%g%azoéﬁ%%hﬁ L&Fg %‘693% E%%SF\ X is oxygen,

unsupstituted oxobenzimi yrrolo roquinolin
”‘t@aﬂﬂe@iﬁ%@ipﬂgFﬁ}@-‘ﬁeﬁé%r%‘ééﬁﬁ% -and pharmaceutlcally 5 acceptable
salts thereof. In accordance with another embodiment of the present

An&'%?f!{}&é‘ oF@SrﬁSSGRS Wgécg%%c%%%qqg M@nﬁz@\vgﬁcigﬁ%ﬁs %Ofm&ia A

where V is carbon cr hitrogen, Rsis hydrogen, alkyl, aryl or aralkyl, R, is hydrogen. alky!,
aralky!, cycloalkyi, alkyicycloalky!, alkytsuifonyicycicalkyi, alkylsulfonylaryl,
alkylsulfonytaminoalkyl or alkyisulfonyialkyl and Rs is hydrogen, carbonyl or a direct
bond.
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I R21 where A is a lower alkyl, lower heteroalkyl or cycloalkyl, R20 is
hydrogen, phenyl or lower 15 alkyl and R21 is a group having the formula
V(B) R23 R24 U W where V is carbon or nitrogen, W is carbon, nitrogen
or oxygen, U is carbon or nitrogen, 20 R23 and R24 are independently
hydrogen, halogen, alkyl or alkoxy, and B is a single or double bond. In
accordance with another aspect of the present invention, the compounds
have the formula 25 31 R2 b~ FO-R1 R20-NO A | R21 where Aisa
Prefsies RPPIRAS: ReRACARGNST WiBJRIRyFESYBEHY orbdeh, IR} Bvention
incllowenhadkyiznd RAdatstiegoompibaving the formula V.(B) 23 b/- RU R24,
W where V is carbon or nitrogen, W is carbon, nitrogen or oxygen, U is
carbon or nitrogen, R23 and R24 are independently hydrogen, halogen,
alkyl or alkoxy, and B is a single or 10 double bond. In accordance with
another embodiment of the presenti

formula R2 R7
N
R6&
5
in accordance with the present invention, R, is preferably selecied form the group
consisting of:
o) D ] CH
N C)\\ - i O | 3
\/S\\ \/S o NH
\\O \./S\\O
HN ©
o & NH o [ =0
o N AN
\/S\\O \/S\\ H
C
10
in yet another embodiment of the present invention, the compounds have the formula
ﬁ?Z
o. COR1
Ps
N
/N\>>{Z)m
R3
where R;is a group having the formula
15
O
R10 R1z
RH1 if R13
R&
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b\p O-R1 R20-N O A 15 R21 where Ais a lower alkyl, lower heteroalkyl
or cycloalkyl, R20 is hydrogen, phenyl or lower alkyl and R21 is a group
having the formula V R24 U/ R23 20 32 where V is carbon or nitrogen, U
is carbon or nitrogen, R23 and R24 are independently hydrogen, halogen,
alkyl or alkoxy, and B is a single or double bond. In accordance with
another embodiment of the present invention, the compounds have 5 the
formula R2_ 0 R1 R20-N o A R21 where A is a lower aIkyI
Wh%srg%sn&%ﬁ &AM ERB0 Ry G A PRy P 98U05Er Oélk?ﬁ%}ﬂafﬁ‘ﬂ” @
cyorkyigroeys| hbstergatel fononpl@id Ry N Womrewi isrcaradroryiinigcga@noup,
andR® '%mﬁngg%lma&ﬁénaém? ris:yArages, ohalasen.

araikyl cycloalkyl, alkylcycloalkyl, aIkyIsuI nylcycloalkyl alkylsulfonylaryl,

15 alkylsulfonylaminoalkyl or alkylsulfonylalkyl. In accordance with another
in seprdfedirn enttokitiepreidbatiresentiowetiercthmpomndsiisveavithéoioTmlde

R2 "O-RI R20-N

0

R?OMQ
[ /L)/\
s
R11 1|v R13 O(Z}m
\ o

\\

/
G ‘a—R1
R2

in another embediment of the present invention the compounds have the formula

R2
o

N\)<

e @m

RO L

U

—
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R25-A | 20 R26 33 where A is a lower alkyl, lower heteroalkyl or
cycloalkyl, Rep is hydrogen, phenyl or lower alkyl, R26 is hydrogen, alkyl,
alkoxy, alkylaryl, alkenylaryl, halogen, halogen-substituted alkyl,
alkylaryloxy, alkanoyl, arylalkanoyl, or a group having the formula R27 5
R28 R29 where R27 R28 and R29 are independently substituted or
unsubstituted alkyl, substituted or unsubstituted aryl, substituted or
unsubstituted aralkyl, su\z\?tituted or unsubstituted alkylaryl.. substituted or
Wh‘?ﬁﬁs\ﬁﬁs‘iﬁ[uﬁg'a %ﬁf&éﬁﬁgﬂ 'S UBER USRSl ARYEG T ¢ 1 Caroen oF nitrogen,
B ishetinpleyolcalkylk bertR2E iS:hypddog ey diydiensdkiy, alitdaeyl, agigen, or
aliygycloalkyl or heteroaryl. In accordance with another embodiment of the
present invention, the compounds have the formula R2 OO P r\0O-R1
R31Rg OR32 15 R3a where R31, R32, R33, R34 are independently
hydrogen, halogen, alkyl, alkoxy or a group having the formula (CH2)
COOH where n = 1 to about 5. 20 Unless otherwise specifically identified
or claimed for preferred embodiments, the following general definitions
are used in accordance with the present i vention. 25 '‘Alkyl" refers to a
branched or straight chain acyclic alkyl groqugomprising one to about ten
carbon atoms, a haloalkyl group, an greup; an alkynyl group, a
bridged cycloalkyl group, a cycloalkyNgro p or a heterocyclic ring. 34
B
\ / R16

R1& / o
U W

where V is carbon or nitfrogen, W is carbon, nitrogen or oxygen, U is carbon or nitrogen,
B is a single or double bond, and R.; and R.; are independently hydrogen, halogen or

alkyl.

In still another embodiment of the present invention, the compounds have the formuia
' R1

ro~ Oy
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"Lower alkyl" refers to a branched or straight chain acyclic alkyl group

comprising one to about six carbon atoms. In accordance with the

present invention, lower alkyl groups include methyl, ethyl, n-propyl,

isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, pentyl, neopentyl, iso-amyl,

hexyl, and the like. 5 "Haloalky!" refers to a lower alkyl group, an alkenyl

group, an alkynyi group, a bridged cycloalkyl group, a cycloalkyl group or

a heterocyclic ring, to which is appended one or more halogens, as
whelgfiedhBHEHTIE ke Alffry HATSHIIGH BFBYs I Be FifVBFGRRBRLY. 2ralkl
cyctiditsbmethyl, Axbromicdiigy|, 1-broaioyRidivioyaspenriyli and thedikgsditnyiaryi,
atk;,‘ huf%gw;m&%%?kw & Q[mq\&g@[aight chain C2 -Clo hydrocarbon

which Can comprise one or more carbon-carbon double bonds. In
accordance with the present invention, alkenyl groups include propylenyl,
Antttitertybeylints ot ehysepentaimihey/ i firreth pliptain- dhyils depending from a
G =12y =1~ =1-yi, octen-1-yl, and the like. 15
nltrﬁﬂ%ﬁ%%ﬁ%%s%oﬁ#%ﬁ%ﬁ%’EQ%@%%Z -Clo hydrocarbon which can
comprise one or more carbon-carbon triple bonds. In accordance with the
present invention, alkynyl groups include ethynyl, propynyl, butyn-1-yl,
butyn-2-yl, pentyl-1-yl, pentyl-2-yl, 3- methylbutyn-1-yl, hexyl-1-yl,
hexyl-2-yl, hexyl-3-yl, 3,3-dimethyl-butyn-1-yl, and the like. 20
"Cycloalkyl" refers to a saturated oFtinsaturated cyclic hydrocarbon
comprising from about 3 to about 8 fbon atoms. Cycloalkyl groups can
be unsubstituted or substituteg.witkyone, two or three substituents
independently selected from alkyl, glkoxy, amino, alkylamino,
dialkylamino, arylamino, diarylaming, alkylarylamino, aryl, amidyl, ester,
25 hydroxy, halo, carboxyl, alkylcarboxylic acid, alkylcarboxylic ester,
carboxamido, alkylcarboxamido, oxo and nitro. In accordance with the
present invention, cycloalkyl groups include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cyclohexenyl, cycloheptyl and the like. 30
"Heterocyclic ring or group” refers to a saturated, unsaturated, cyclic or
in acoonddiccerwib Yoy chigrhydpd caebonesraupveaniong Bbaud3Re @boutiFpendently
hy&BEHRPN BHQMAIVAE! & dri01AROULACA BORAHOMS A SHERAE B RYRNGAled to

mare nitrogen, oxygen and/or sulfur atoms. Sulfur maybe in the thio
medihr I8 BLH%’ﬁyP&%XEdE&BH*’QtaﬁB@ PREMKe AN SRIHE ARG grnot imited to phenyl

and pyridinyl, aralkyl such as benzyi, and cycloalkyl having from about 3 to about 6
carbon atoms including but not limited to cyclopropyl, cyclobutyi, cyclopentyl, and
cyclonexyl, A is a lower alkyl, lower heteroalky!, carbonyl or cycloalkyl, X is 0 or 1, R,
and R; are independently hydrogen, alkyl having from 1 {o about 7 carbon atoms, aryl,
aralkyl, and cycloalkyl having from about 3 to about 6 carbon atoms, Ry is hydrogen,
phenyl or iower alkyl, and R, is selected from the group consisting of substituted or
unsubstituted aryl, substituied or unsubstituted hetercaryl, substituied or unsubstituted
alkyiaryl, substituted or unsubstituted heiercaryl, substituted or unsubstituted
alkylaryoxy, substituted or unsubstituted indole, substituted or unsubstituted
phenothiazing, substituted or unsubstitiied dibenzoxazepine, substituted or
unsubstituted dibenzathiazepine, substituted or unsubstituted oxopthalazine, substituted
or unsubstituted guinocline, substituted or unsubstituted dihydroguinoline, substituted or
unsubstituted dibenzodiazepine, substituted or unsubstituted benzocycloheptapyridine,
substituted or unsubstituted carbazol, substituted or unsubstituted tetrahydrocarbazols,
substituted or unsubstifuted dibenzocycioheptenes, substituted or unsubstituted
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group can be fused to an aromatic hydrocarbon group. Heterocyclic
groups can be 35 unsubstituted or substituted with one, two or three
substituents independently selected from alkyl, alkoxy, amino, alkylamino,
dialkylamino, arylamino, diarylamino, alkylarylamino, hydroxy, oxo, thial,
halo, carboxyl, carboxylic ester, alkylcarboxylic acid, alkylcarboxylic ester,
aryl, arylcarboxylic acid, arylcarboxylic ester, amidyl, ester, 5
carboxamido, alkgjcarboxamido arylcarboxamido, sulfo_nicgﬁcid, sulfonic

benZ Rt BlSn SHRBE AR it B R RS FRRE P RNFE R PR RiVEIRGR e
benzeteirgey clib grotgss omehsdespiuialybedaby rholinghd , SyB<tithizdr or usiitytied
diaﬁﬁéﬂ&%z#ﬁf&'?%%@w@%p Rgﬁ%.?lﬂgmmtélﬁz%Wr%bf@bfﬂH?i'éli’é?&?eﬁp?',gfzdwjtziio—
.oxazolyl, thiazolyl, imidazolyl, indo iophenyl, furanyl, tetrhydrofuranyl,
O R R AR Rl
acciiBadiexaltriyk2@-dioxabicydo[3,3,0]octanyl, 2-imidazonlinyl,
imidazolindinyl, 2-pyrazolinyl, pyrazolidinyl, isoxazolyl, isothiazolyl,
1,2,3-oxadiazolyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl, 2H-pyranyl,
4H-pyranyl, piperidinyl, 1,4-dioxanyl, morpholinyl, 1,4-dithianyl,
thiomorpholinyl, pyrazinyl, piperazinyl, 1,3,5-triazinyl, 1,3,5- trithianyl,
In ReBrRINIABhERYhbenzimitazals tnelouh andiedikse HrlssaRE tve
5 compounds” refer to mono- and polycyclic compounds comprising at
the X% she aryl or heterocyclic ring. "Aryl” refers to a monocyclic, bicyclic,
carbocyciic or heterocyclic ring system comprising one or two aromatic
rings. In accordance with the presept invention, aryl groups include 20
phenyl, pyridyl, napthyl, quinoyl, tqﬁral:@fdmnaphthyl, furanyl, indanyl,
indenyl, indoyl, and the like. Aryl gro@ps (including bicylic aryl groups) can
be unsubstituted or substitute@2dvith one, two or three substituents
independently selected from alkyl, alkoxy, amino, alkylamino,
dialkylamino, arylamino, diarylamingg1alkylarylamino, hydroxy, carboxyl,
carboxylic ester, alkylcarboxylic acid, alkylcarboxylic ester, aryl,
arylcarboxylic acid, 25 arylcarboxylic ester, alkylcarbonyl, arylcarbonyl,
wheiinidys, 2 Eteer @i olearsideietRiddarbescenldd, Carlsomyiogenianienytier, lower
alkUfRNiE, astelgrsulionRamidasanehhio. In accordance with the present
Invention, substituted aryl groups include tetrafluoro- phenyl,
pentafluorophenyl, sulfonamide, alkylsulfonyl, arylsulfonyl, and the like. 30
"Aikylaryl" refers to an alkyl group, Yd®which is appended an aryl group. In
accordance with the present invention, alkyfaryl groups include benzyl,
phenylethyl, hydroxybepzylsflu &Nz piephenylethyl, and the like.
U

where V is carbon or nitrogen, W is carbon, nifrogen or oxygen, U is carbon or nitroegen,
Rgs and R,, are independently hydrogen, halogen, alkyl or alkoxy, and B is a singie or
double bond.

In accordance with another aspect of the present invention, the compounds have the

formula

31



10

15

20

36 "Arylalkyl" refers to an aryl radical, attached to an alkyl radical in
accordance with the present invention, "Cycloalkylalkyl" refers to a
cycloalkyl radical attached to an alkyl radical in accordance 5 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,
cyclopentyloxy, and the like. 10 "Arylalkoxy or alkoxyaryl" refers to an
alkoxy group, as defined herein, to’?\%/h&[) is appended an aryl group in
accordance with the present inverfﬁoy, Indccordance with the present
invention, arylalkoxy groups irp@l@dg’b‘énzyloxy, phenylethoxy,
chlorophenylethoxy, and the like. 1§ "Alkoxyaryl refers to an alkoxy group,
in accordance with the present inv%%ion, appended to an alkyl group. In
accordance with the present invention, alkoxyaryl groups include
methoxymethyl, methoxyethyl, isopropoxymethyl, and the like. 20 In

wh@eCRTdaNER VNG AIESEALIDYRII LR ol H0Ge Ry @R &KYLR&NING: lower
to.about arbon at?ms including but not limited to methyl, ethyl,

from

aik‘dr%ﬂ%/ ,%ﬁﬁ,ﬁ%"c&t?@%{}ﬂgi%ﬁfw d pentyl, an aryl including but not
limited to phenyl, aralkyl such as benzyl, or cycloalkyl having from about
3 to about 6 carbon atoms including.kut not limited to 25 cyclopropyl,
cyclobutyl, cyclopentyl, and cyelaifexyl. cgrz%ance with a preferred
embodiment of the present ify on R drogen, lower alkyl including
but not limited to methoﬁ?%\n ethoxyV In &&cordance with a more
preferred embodiment of the present invention, R2 is hydrogen or OCHS3.
30 In accordance with a preferred embodiment of the present invention R,

wh@ad Re &g INJeRGRgEnt iy diagen syl ’0?{“}%??&{ OPY5 LR niftogen,

accordance with a more preferred embodimen he present invention,
Rosren Fre i RARDPOTSHEIARRER DRI MR P I ShiSeAnditpis or

douhlestpréferred embodiment of the present invention, R,

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

where A is a lower alkyl, lower heteroalky! or cycioalkyl, Ragis hydrogen, phenyl or lower

alkyl and R, is & group having the formula

R23
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and R2 are both ethyl. lllustrative compounds in accordance with a most
preferred embodiment of the present 5 invention include the following:
Methyl-{2-[6-(pyrrolidine-1-sulfonylmethyl)-1H-indol-3-yl]-ethyl}-phosphora
midic acid diethyl ester
[4-(2-Chloro-dibenzo[b,f][1,4)oxazepin-11-y1)-piperazin-1-yl}-phosphonic
acid diethyl ester (1-Methyl-2-phenyl-ethyl)-phosphoramidic acid diethyl
ester Methyl-(3-phenyl-3-o-toIonxy-propyI)-phosﬁghoramidic acid diethyl
wh%rgté/r is carbon or nitrogen, U is Carbon or nitrogen, R,: and Ry, are independently
hydrbddn(Biijenodienaybikenxoahtl ohtbalagia-&-yhtaze pandl-yl}-phosphoni
c acid diethyl ester (Dibenzo[b,flazepine-5-carbonyl)-phosphoramidic acid
diethyl ester
N 3SCRACEHIB N IBRANTIES FURRRHTERN Priosy s RethyIRTESphBiarREiRAeRs have
thedtethykester
{2-[1-(4-Chloro-phenyl)-1-phenyl-ethoxy]-ethyl}-methyl-phosphoramidic
acid diethyl ester 3 0-Rr1
[3-(2-Chloro-phenothiazin-10-yl)-propyl]-methyl-phosphoramidic acid
diethyl ester 1-Cyc|opropyl-7-iF4@(ﬁIi*‘eth63<y-phosphoryI)-piperazi n-1-yl]-6-fl
uoro-4-oxo-1, 4-di hydro-qu i no | ine-3- carboxylic acid
(3-[5-Cyano-1-(4-fluoro-phenyl)-1, ;ézgdihyd ro-isobenzofu ran-
1-ylj-propyl}-methyl-phosphoramidic acid diethyl ester
[4-(8-Chloro-5H-dibenzo[b,e][1,41diazepin-11-y1)-piperazin-1-ylj-phospho
wheie adicedmmtbyblistelower hetercalky! or cycloalkyl, Ry is hydrogen, phenyl or lower
a,kggégh(gq?g@M@gml,gb@g%—%—yyggne-propyl)-methyl-phosphoramidic acid
iethyl ester
[3-(10,11-Dihydro-dibenzo[b,flazepin-5-yl)-propyl]-methyl-phosphoramidic
acid diethyl ester [4-(8-Chloro-5.6-¢:i hydro-benzo[5, 6)cycloheptal
1,2-b]pyridi n-11-yliden e)-pipema{%n-l‘yl}-\}ahosphonic acid diethyl ester
(6-Ethyl-8-methoxy-ll-propyl-l,Zﬁ?é?fé;rahyd ro-4H-2,
6-methano-benzo[d]azoci n-3-yl)-phosph&fic acid diethyl ester
{2-[(2,6-Dichloro-phenyl)-(diethoxy-phosphoryl)-amino]-phenyl}-acetic acid
[3-(6H-Dibenzo[b,e)oxepin-11-ylidene)-propyl]-methyl-phosphoramidic
wheigio/ dietRiiasaemitrogen, Rs is hydrogen, alkyl, aryl or aralkyl, and R; is hydrogen,
halbiRiY 1tk PRBE kY rginrR Hbae XV tbVio R epnbakgMidie agifonyiary!,

lethyl ester

aiki%/ﬁéﬁ%ﬁ’?i’-‘zwgﬁmgfé%ﬂ Ef‘fg)%?y-lil-%iophen-2-y|-ethy|]-phosphoramidic acid
diethyl ester

In §2dE8enzangsianyhetimshHongel mpadaretivinpyH olidinskngdupReshive

the opi(macid diethyl ester

(2- ydaroxy-1-methyl-2-phenyl-ethyl)-methyl-phosphoramidic acid diethyl

ester 38 {3-[5-Cyano-1-(4-fluoro-phenyl)-1,3-dihydro-

isobenzofuran-11(S)-yl]-propyl}-methyl- phosphoramidic acid diethyl ester

o, SR
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[3-(4-Methoxy-phenoxymethyl)-4-phenyl-piperidin-1-yl]-phosphonic acid
diethyl ester
Ethyl-[1-methyl-2-(3-trifluoromethyl-phenyl)-ethyl]-phosphoramidic acid
diethyl ester
Ethyl-[2-phenyl-2-(4-trifluoromethyl-phenoxy)-ethyl]-phosphoramidic acid
diethyl ester (6-Carbamoyl-2,3,4,9-tetrahydro-1
H-carbazol-3-yl)-methyl-phosphoramidic acid diethyl ester
S PO Y BT DB AA B AP e VE PR RARG U -ipver
alkyhéthoryhtdropethwikyi( 4886 RaBa8)vp rdisphdaamicitogeid dachghestestituted
alkyk- GHAQRIERY kA @WIQH&)&MQ%@%%&?H&%H@V%BIF&Wgn_-l-y|]-6-ﬂ
uoro-8-methoxy-4-oxo-1, 4- dihydro-quinoline-3-carboxylic acid
1-Cyclopropyl-7-[4-(diethoxy-phosphoryl)-3-methyl-piperazi n-|
-yl]-6-fluoro-5-methyl-4-oxo-1,4R#ihydrdzquinoline-3-carboxylic acid
Butyl-[3-(6,8-dichIoro-3-trif|uorome}hyhphenanthren-9-yl)-3-hydroxy-propyl
]-phosphoramidic acid diethyl é&tér 9-[#4fDiethoxy-phosphoryl)-piperazi
n-1-yl]-8-fl uoro-6-oxo-2, 3-dihydro-6H-I -oxa-3a-aza-phenalene-
whér<REbaxyhiecerid arddntirthmnip s hesyd- arineisil-Ripanazi substituted or
n:1-y|l:l-ethyl-6, 8-d.ifluoro-4-0x0-1.4-dihyd_rg- guinoline-3-carboxyli '
B L AR A L T e o o
alkgeid digtRylibdesr 79, 1018¢RAHBEhFAEEABY (IOH) SHRSSIERAIN®]-rHesrpstituted
hetphespbargmidiciasid dicthyliestat, hydroxy, alkyl, alkylaryl, aryl, eycloalkyl or
het‘@c—}gepzo[l,3]dioxol-5-yl-I-methyl-ethyl)-methyl-phosphoramidic acid diethyl
Bster [4-(3-Chloro-phenyl)-piperazin-I-yl]-phosphonic acid diethyl ester
Methyl-(1-methyl-4-oxo-3,3-diphenyl-hexyl)-phosphoramidic acid diethyl
In ®sietdvah(braaiby bimhenghethii) phasphoramidie, acideigibyhestelve
th e[é—%gd&thoxy-phosphoryl)-piperidin-2-yl]-pheny|-acetic acid methyl ester
[2-(2-Methoxy-phenyl)-I-methyl-ethyl]-phosphoramidic acid diethyl ester
(3,4,9,13b-Tetrahydro-IH-2,4a-diaza-triB&nzo
[a,c,e]cyclohepten-2-yl)-phosphonic Qe}j)deiethyl ester
(3,4,9,13b-Tetrahydro-1 H-2,4a,5-tria§e=gib@nzo
[a,c,e]cyclohepten-2-yi)-phosphesic-acid diethyl ester 1-Cyclopropyl-7-[
1-(diethoxy-phosphoryl)-oc%l? P 0[3,4-b]pyrid
in-6-yl]-6-fluoro-8-methoxy- 4-oxe-t;4-dihydezguinoline-3-carboxylic acid
[4-(6-Methy|suIfamoylmethyl-lﬁamdol-S-yel;;piperidin-I-yI]-phosphonic acid
diethyl ester 39

where Ry , Ry, Raz . Ry are independently hydrogen, halogen, alkyl, alkoxy or a group
having the formuia (CH2),CO0H where n = 1 {0 about 5.

Uniess otherwise specifically identified or claimed for preferred embodiments, the

following general definitions are used in accordance with the present invention.
"Alkyl" refers to a branched or straight chain acyclic alkyt group comprising one to about

ten carbon atoms, a haloalkyl group, an alkenyl group, an alkynyl group, a bridged
cycloalkyl group, a cycloalkyl group or a heterocyclic ring.
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{4-[1-(4-Fluoro-benzyl)-1

H-benzoimidazol-2-ylamino]-piperidin-1-yl}-phosphoric acid diethyl ester

(4-Pyrimidin-2-yl-piperazin-1-yl)-phosphonic acid diethyl ester

[4-(4-Amino-5-chloro-2-methoxy-benzoylamino)-3-methoxy-piperidin-1-yl]-

phosphonic acid diethyl ester (4-Benzhydryl-piperazin-1-yi)-phosphonic

acid diethyl ester

iethoxy hosphoryl) piperazin-1-yi}-1-ethyl-6-fluoro-4-oxo-1,4-d

“LOMVQ?%‘%J?ISWI B E&%‘Eﬁ@ﬂl@f Sipjght chain acycl:c: alky! group comprising one to
abddt- @x@edn3athmed no- beoaoianigarndth 1thd ) spgseridinvinfibphosehatigl aclips

anclglfeth%’e Lleth i, n-propyl, isopropyl, n-butyl, iscbulyl, sec-butyl, tbuiyl peniyl,
1ﬂiﬁ}D|h ro- di%eﬁ%o a, cy% ohepte¥1 5- yllde%e) propyY} meth;y;l pphosy

“eciﬂﬁ’BMrﬁ?&érH&‘id”S?@{hﬁP%@f‘ePke
{4-[5-Chloro-1-(4-fluoro-phenyl)-1H-indol-3-yl]-piperidin-1-yl}-phosphonic
“H‘?&éﬁ(ﬂ 'eitg%lr #e! 1ower alkyl group, an alkenyl group, an_alkyny! group, a bndged

4-(2-Methyl-4H-3-thia-4,9-diaza-benzo[f]azulen- fO yl)-piperazin-1-yl]-ph
Cy%?ﬁ&?%%r%@d "a@’tﬂ?PMé}f OWQBHMFWM?BW‘%(%HW%{ i 2RAE" ed one or

mof: [(dietiwmsy-qhosirirahHieihy Exmrimdgsprope dipyivd ester include trifluoromethyl,
chibPaRaRACLAION AP Yioumes it (dsfiyorosp gyl piperidin-1-yl]-pho

sphonic acid diethyl ester
(Amino-carbamimidoylimino-methyl)-phenethyl-phosphoramidic acid
"Allcketfiyietsteto @BaDibrd-dr 4tchjpihe niykimiidazelidink beg)sphegptionio: acidprise
onéj'&tm{b?est&frbon carbon double honds. In accordance with the present ipvention,
{2-Hydroxy-3-[2-(3-phenyl- Proplonyl -phenoxy] Propyl} propyl phosphoram
alkgiy g&%qﬁé@ﬁwdgs@é?pyteny buten-1-yl, isobutényl, penten-1-yl| 2, 2-methylbuten-
1-y{ 2t (Rethioxtprphen texppHeyiyhapethyilymariemoliiy: dayid-paadgphonic acid
diethyl ester (1-Adamantan-1-yl-ethyl)-phosphoramidic acid diethyl ester
.. Methy Iﬁi -(5-[1,2,4]triazol-1-yimethyl-1H-indol-3-yl)-ethyl]-phosphoramidic
Alloed iR @Etéf’@“’\/@fﬁ&/??iﬂﬁeﬁyr%ﬂwwdﬁ%ﬁ b9, 1 phGRPITSFARR e
or acickdiethyh-esteon wriple bonds. In accordance with the present invention, alkynyl

groLJ“pé&uﬁcFat%"%ERyH{Ae%pjy&ﬁ ighanydraRapbipaleRrlVH-NENMANOGP 5

e by TP Atk g A OS AsHe
acid diethyl ester

*‘cﬁécléh fi- %\@éoz@'he@xﬁx@é&&o*aPtMBSQfMWEPHFy'hWB%BBa%%@HQ from

diethyl ester 5-Amino-1-cyclopropyl-7-[4-(diethoxy-phosp hor%/
ab%éﬁ?l%ﬁ\grgﬁﬁrtﬂf}@/l?t@n@ OCﬁ{EIB _ﬂ Jgyps can be unsubstitutsd or substltuted
with , 4reihipey oo threslise3ttaebexidteaerdiently selected from atkyl, alkoxy, amine,

alk{}%ﬂ% (Zrbmetivisuiomarmedivib HAgdakg b etivl:Pagsraafamidicier

hyl
hy%%l’[ﬁ (I%CD%ﬁ%‘?ﬂﬂ%u@%yéﬂﬁ%ﬁ%ﬁ?JeWH‘%M"ﬁhSék?ﬁor&%ﬁ*‘?&?@m'da
alkgicatdirthytiester (8, 4iBiflbormephidance with the present invention, cycioalky!
grd“uﬂé %M@@HS&%W%@M@&%%&M{WQﬁ;@&ﬁ%&{y&éd‘ﬂé‘%@wﬂ Q¥Qoheptyl
an‘{j’“ﬁg hydro-quinoline-3-carboxylic aci

~Methylsulfanyl-phenothiazin-10-yl)-ethyl}-piperidin-1-yl}-phosphoni
c acid diethyl ester

"Heterocyclic ring or group” refers i¢ a saturated, unsaturated, cyclic or aromatic or
polycyclic hydrocarbon group having about 3 to about 7 carbon atoms where 1 to about
4 carbon atoms are replaced by one or more nitrogen, oxygen and/or sulfur atoms.
Sulfur maybe in the thio, sulfinyl or sulfonyi oxidation siate. The heterocyclic ring or

group can be fused fo an aromatic hydrocarbon group. Heterocyclic groups can be
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(2-Hydroxy-2-(3-methoxy-phenyl)-cyclohexylmethyl]-methyl-phosphoramid
ic acid diethyl ester
[3-Hydroxy-2-(4-methoxy-phenyl)-3-propyl-hexyl]-methyl-phosphoramidic
acid diethyl ester
[3-(4-Bromo-phenyl)-3-pyridin-3-yl-allyl]-methyl-phosphoramidic acid
d|e | ester Methyl-{2-[5-(2-0x0-0xazolidin-4-ylmethyl)-1

ungy b B’Ieﬁ o BpRFlTOeBR G e 8&?&@%&*&}1%%[@?*%@%‘&%%&%5*”

froraf tmwresanbmvemmﬁocamla@ladmm|St@§@d;alﬁmﬁ buﬁm#rganerailyrblemmc
t

T

a”‘!ﬁféﬁ%&ﬂ E)h%‘i*r?facéﬂhcﬁ E’ﬁéé"q:cﬁc&aﬁw%arﬂ%@éw@%ﬁnd@‘ﬁ‘ﬂﬂﬁe eSter
carpeaanddnveitjaatandatdad mimistareskaratrlly, salthedormiof tabletsic  ester,

sulﬁﬁr%ﬁﬂb%saﬁ&‘%%arﬁk‘:% aﬁl!é'ﬁﬁnﬁ‘%“# %F?o sSht ?Wé’rﬁ%ﬁ"’%@r e kgﬂc{“g%ups

contain flavoring or co orlrsga ents, eit r immediate- X
'nCWEﬁjlﬁﬁ{HO'ﬁusW@'a"“Htﬂ ﬁ“trﬂ“ryé’b?fﬁ'ﬁn@tﬁw&a§éf§ﬁb1‘|ca’t|6ﬁ’é YSkmRIginY
pyrifstyt|atizastafl thercamppunasiodting preserdinventesymayriesiviepaiadoly!,

thléﬂh@ﬂﬁoaﬁﬁgnfpr@trﬁdqﬁﬁﬁgh:"@tﬁ'é{% S%‘%gﬁ@ﬁﬁ?ﬁc\?ﬂq%lmyi pyrrolindinyl

com OSItIOHS for exam lets, ma cipients such

OX%%%N%talluﬂéc%ﬂm@w‘ lacto$é-d6dRRRYERE: Oé%qanvh carb%fﬁa!%am‘myi
imidézasicioalcipypbesphaterstytie/andstarsh| (peetaratayicot z, potathaabiy!,

12t%Rl%%1§Far?@ﬁﬂ1?A@r§z%ﬁﬁnt ?PBW&%FOQW%%?&? g}%ﬁﬁ%ﬁﬁ’ N dioxanyl,

certain comfflex icates an anu1at|

ooty raitRBAY; HYQrBARRIY ImeXFRAGKILRIE FRBR G )3 S-triazinyl, 1.3,6-
tritiigeybxpprepueitrose/|(HRG) raldesane, geliatnnghdaacacia. Additerahscyclic

co%u%%@”gefég DRGHELAS @W‘Sﬁ’é“&@rﬁ Fﬁ}&'crﬂﬁ&r Kin )%dro Q;%% é’r?e aryl or

included. 42 A motriptan (A ) Chem Structure H
helRratbffE9H3C H3C N-CH 3 N-CH3 HO NNJ OiOSNSN

"Aryl" refers 1o a monocyclic, bicyclic, carbocyciic or heferocyclic ring system comprising
one or two aromatic rings. In accordance with the present invention, aryl groups inciude
phenyl, pyridyl, napthyl, guinoyl, tetrahydronaphthyl, furanyl, indanyl, indenyl, indoy!, and
the like. Aryl groups (including bicylic aryl groups) can be unsubstituted or substituted
with one, twe or three substituents independently selected from alkyi, alkoxy, aming,
alkylamine, dialkylamino, arylamino, diarylamino, alkylaryiamine, nydroxy, carboxyi,
carboxylic ester, alkyicarboxylic acid, alkylcarboxylic ester, aryl, aryicarboxylic acid,
aryicarboxyiic ester, alkyicarbonyi, aryicarbonyl, amidy!, ester, carboxamido,
alkyicarboxamido, carbomy!, sulfonic acid, sulfonic ester, sulfonamido and nitro. In
accordance with the preseni invention, subsfituted ary! groups inciude tetrafluoro-

phenyl, pentafiucrophenyl, sulfonamide, alkyisulfonyl, aryisuifonyl, and the like.
"Alkytaryl" refers tc an alkyl group to which is appended an aryl group. in accerdance

with the present invention, alkylaryl groups include benzyi, phenylethyl, hydroxybenzyl,
fluorobenzy!, fluorophenylethyl, and the like.
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O HOH Compound RI R2 Chemical Name Estimated pKa LogP E1229
hydrogen hydrogen Methyl-{2-[6-(pyrrolidine-I-sulfonylmethyl)-1 H-indol-3-
1.86 2.87 yl]-ethyl}-phosphoramidic acid E1230 hydrogen methyl
Methyl-{2-[6-(pyrrolidine-I-sulfonylmethyl)-1 H-indol-3- 1.92 4.79
yl]-ethyl}-phosphoramidic acid monomethyl ester E1231 methyl methyl
Methyl-{2-[6-(pyrrolidine-I-sulfonylmethyl)-IH-indol-3- 1.97 4.21

_yl]-ethyl)-phosphoramidic acid dimethyl ester E1232 phenyl hydrogen
Arwﬁémw{éere Ao HadialrBRgmiratipnEn pllsyldafisaldmgsagance with the

preylrethygnphosphoramidic acid monophenyl ester E1233 phenyl methyl

Methyl-{2-[6-(pyrrolidine-I-sulfonylmethyl)-1 H-indol-3- 3.74 3.77

yI ethyl}-phosphoramidic acid methyl ester phenyl ester 5 R2H CH, HO
O f@i@wkw@%? "ol Beyeat (vical afpohesh o ar 2kl cedice) N esderdance
witiNthe: r&S&hiMntitn, O HHH E1229 E1230 1O, O 0 ~F H30 P H3

0~P'6 " HO N O-CH, NO-H N O-CH, NN-~\"'NJ\isNisNisN OHHH

E1231 E1232 E1233 43
"Alkoxy" refers to RO-, wherein R is an alkyl group in accordance with the present

invention. In accordance with the present invention, alkoxy groups inciude methoxy,
ethoxy, t-butoxy, cyclopentyioxy, and the like.

"Arylalkoxy or alkoxyary!" refers to an alkoxy group, as defined herein, to which is
appended an aryi group in accordance with the present invention, in accordance with the
present  invention, arylalkoxy groups indude  benzyloxy, phenyiethoxy,
chiorophenylethoxy, and the like.

“Alkoxyaryl refers to an alkoxy group, in accordance with the present invention,
appended to an alkyl group. In accordance with the present invention, alkoxyaryl groups
include methoxymethyl, mathoxyethy!, isopropoxymethyl, and the like,

In accordance with the present invention, R, is hydrogen, an alkyl having from 1 to about
5 carbon atoms including but not limited to methyl, ethyl, propyl, butyl, isopropyi,
isobutyl, and peniyl, an aryl including but not limited to phenyl, aralkyl such as benzyl or
cycloalkyl having from about 3 fo about & carbon atoms inciuding but not timited fo
cyclopropyi, cyclobutyl, cyclopentyl, and cycichexyl.

in accordance with a preferred embodiment of the present invention R; is hydrogen,
lower alkyl including but not limited to methoxy and ethoxy. In accordance with a more
preferred embodiment of the present invention, R, is hydrogen or OCH..

in accordance with a preferred embodiment of the present invention R, and R, are

independently hydrogen, methyl, ethyl, propyl or phenyl. in accordance with a more
preferred embodiment of the present invention, R, is methyl, ethyl or phenyi and R, is
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Amoxapine (Ascendin(r)) Chemical Structure Hydroxylated Metabolite DH

(DHJINNN CIHO CI 5 Compound RI R2 Chemical Name Estimated

pKa LogP E1121 hydrogen hydrogen

[4-(2-Chloro-dibenzo[b,f][1,4]oxazepin-11-yl)-piperazin-I- 2.97 4.83

yl]-phosphonic acid E1122 hydrogen methyl

[4-(2-Chloro-dibenzo[b,f][1,4)oxazepin-11-yl)-piperazin-I- 3.03 2.59
ij-phosphonic acid monomethyl ester E1123 methyl methyl

hydeqenc HiGieRensRIFo T PLIgskeFspivd PRREipER Ahthe PEsEiggvention, R,
and/R-phesphosieyacid dimethyl ester E1124 phenyl hydrogen
[4-(2-Chloro-dibenzo[b,f][1,4joxazepin-11 -yl)-piperazin-l - 5.64 2.35
ylj-phosphonic acid monophenyl ester El 125 phenyl methyl

1”“?Ha(tﬁf%ﬁ?@?@%lﬂ@n‘fﬂﬁcﬂ[iaﬁ@(&%pﬁﬁ%wgﬁé? ﬁW‘Pog“?Gré piathe present
invyhitiph asplrenicscieichwmiethyl ester phenyl ester R2t H3C O C C OH O,C (

MetNy i\%)s EF%MHBnQH thi’o%%w i MiNem, g\-‘ﬁth@%!hé é%r&]] & &b ddth ester

CH3C O,0 (N~ O- o NNCI\CiCl
(2 -Chioro-dibenzo[b,fl[1,4loxazepin-11-yl}-piperazin- 1-yf}-phosphonic acid diethyi ester

{1-Methyl-2-phenyl-ethyl)-phosphoramidic acid diethyi ester

Methyl-{ 3-phenyl-3-o-tolyloxy-propyl)-phosphoramidic acid diethyl ester
{4-[4-(3-Chioro-benzyl)-1-oxo-1H-phthalazin-2-yll-azepan-1-yl}-phosphonic acid diethyi ester
(Dibenzolb flazepine-5-carbonyl)-phosphoramidic acid diethyl ester
[3-(4-Chioro-phenyl)-3-pyridin-2-yi-propyl}-methyi-phosphoramidic acid diethy! ester
{2-[1-(4-Chiore-phenyl)-1-phenyi-ethoxyl-ethyll-methyl-phosphoramidic acid diethyi ester
[3-(2-Chlorc-phenothiazin-10-yl}-propyl]-methyl-phospnoramidic acid diethyl ester

1-Cyclopropyl-7-{4-(diethoxy-phosphoryl}-piperazin-1-yli-6-fluoro-4-oxo- 1,4-dihydro-guinoiine-3-
carboxyiic acid

{3-[5-Cyano-1-(4-fluoro~-phenyl}-1, 3-dihydro-isobenzofuran-1-yll-propyl}-methyi-phosphoramidic
acid diethyl ester

[4-(8-Chioro-5H-dibenzolb,e][1,4]diazepin-11-yi-piperazin-1-yl}-chosphonic acid diethyi ester
{3-Dibenzofa,d]cyciohepten-5-yiidene-propyl-methyl-phosphoramidic acid diethyi ester
[3-(10,11-Dihydro-dibenzo[b,flazepin-5-yl}-propyli-methyi-phoesphoramidic acid diethy! ester

[4-(8-Chioro-5,6-dihydro-benzol5 Bicyclocheptal 1, 2-bjpyridin-11-ylidene)-piperidin-1-yl}-phosphonic
acid diethyt ester

(8-Ethyi-8-methoxy-11-propyl-1.2,5,8-tetrahydro-4H-2 8-methano-benzo[dlazocin-3-yl}-phosphonic
acid diethy! ester

{2-{{2.8-Dichloro-pheny!}-(diethoxy-phosphoryl}-aminoj-phenyl}-acetic acid
[3-(BH-Dibenzoib,ejoxepin-11-ylidene}-propyl}-methyi-phosphoramidic acid diethyl ester
Methyi-[2-(1-phenyi-1-pyridin-2-yl-ethoxy)-ethyl}-phosphoramidic acid diethy! ester
Methyl-[Z-(naphthaien-1-yloxy)-Z-thiophen-Z-yl-ethyl]-phosphoramidic acid diethyl ester
{2-]5-(2-Benzenesulfonyl-sthyl}-1H-indol-3-yimethyll-pyrrodidin-1-yi}-phosphonic acid disthy! ester

{2-Hydroxy-1-methyi-2-phenyi-ethyt)-methyl-phosphoramidic acid diethyl ester
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(\:5-0 E1123 E1124 E1125 44 Amphetamine (Adderall(r)) Chemical
Structure Hydroxylated Metabolite NH2 NH2 CH3 HO CH3 5 Compound
R1 R2 Chemical Name Estimated pKa LogP E1222 hydrogen hydrogen
(1-Methyl-2-phenyl-ethyl)-phosphoramidic acid 1.48 1.90 E1223
hydrogen methyl (1-Methyl-2-phenyl-ethyl)-phosphoramidic acid 1.54 6.07
monomethyl ester E1224 methy! methyl

a _1-Metmh¥g-2|-pr;emn I-r(]ath“ I :pihosppioraénidi]cc acid”i di[ne_thyl (|e§ter_E|_1225

U B A S PGB PO AR 3 31 5 61
monophenyl ester E1226 phenyl methyl

3-({MMisthybiphenytrethyhphosphotsamidicactddrdb:3i8Giethy! ester
cyclohexa-1,5-dieny) ester R1 0 -R2 H OOH H O~CH3 O-P=0 0-P=0

g e K Rt RIS Y eV e v Rbess ey el PR SSHC 0" 3 0

E:h%ﬁ&n@wEmﬂzﬁﬁ&o%ﬁé}#wamfy)%m_%%&@nih% Eleddileda E1226

(6-Carbamoyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl}-methyi-phosphoramidic acid diethyt ester

BH-benzofuro[3a,3,2-ef][2)benzazepin-6-cl,4a.5,9,10,11, 12-hexahydro-3-methoxy-11-methyi-,
{4a5,6-R,8aS)-phosphoramidic acid diethyl ester

1-Cyclopropyl-7-[4-(diethoxy-phosphoryl}-3-methyi-piperazin-1-yl}-8-fluoro-8-methoxy-4-oxo-1,4-
dinydro-quinoting-3-carboxylic acid

1-Cyclopropyl-7-[4-{diethoxy-phosphoryl)-3-methyl-piperazin-1-yi}-8-fluoro-5-methyl-4-oxo-1,4-
dihydro-quinoline-3-carboxylic acid

Butyl-{3-(8,8-dichloro-3-triflucromethyt-phenanthren-8-yl}-3-hydroxy-propyll-phosphoramidic acid
diethyl ester

8-{4-(Diethoxy-phosphoryl}-piperazin-i-yl}-8-fluore-6-oxo-2, 3-dihydro-6H-1-oxa-3a-aza-phenalene-
5-carboxylic acid

7-14-(Diethoxy-phosphoryl)-3-methyl-piperazin-1-yli-1-ethyi-6. 8-difluoro-4-oxc-1 4-dihydro-
quinoline-3-carboxylic acic

[4-{8-Chloro-dibenzolb,.f] 1, 4]oxazepin-11-yl}-piperazin-1-yl}-phosphonic acid diethyl ester
[, 10-ethanoanthracene-9{1 0H}-propylaminel-methyl phosphoramidic acid diethyl ester
(2-Benzo[1, 3idioxol-b-yl-1-methyl-ethy)-methyi-phosphoramidic acid diethy! ester
[4-(3-Chloro-phenyl}-piperazin-1-yl}-phosphonic acid disthyl ester
Methyi-{1-methyi-4-ox0-3, 3-diphenyl-hexyi)-phosphoramidic acid diethyl ester

Methyi-{ {-methyl-2-phenyi-ethyl)-phosphoramidic acid diethyl ester
{1-(Diethoxy-phosphoryh-piperidin-2-yll-phenyl-acetic acid methyl ester
[2-(2-Methoxy-phenyi)-1-methyl-ethyl}-phosphoramidic acid diethy! ester

(3.4,9,13b-Tetrahydro-1H-2 4a-diaza-tribenzo [a,¢,ejeycichepten-2-yl)-phosphonic acid diethyl
esier

{3,4,9,13b-Tetrahydro-1H-2 4a,5-triaze-tribenzo {a,c.ejcycichepten-2-yi)-phosphonic acid diethyl
ester

1-Cycloprepyi-7-[ 1-(diethoxy-phosphoryl)-octahydro-pyrrolo[ 3, 4-bipyridin-6-yl}-&-fiuoro-8-methoxy-
4-ox0-1,4-dihydro-guinoline-3-carboxylic acid

[4-(6-Methylsulfamoytmethyl-1H-ingeol-3-yi)-piperidin-1-yl}-phosphonic acid diethy! ester
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Atomoxetine (Strattera(r)) Chemical Structure Hydroxylated Metabolite
CH3 ,CH3 HNHN OO CH3 CH3 /~HO/e~-1Compound Rl R2
Chemical Name Estimated pKa LogP E1021 hydrogen hydrogen
Methyl-(3-phenyl-3-o0-tolyloxy-propyl)-phosphoramidic acid 3.82 3.48
E1022 hydrogen methyl
Methyl-(3-phenyl-3-o0-tolyloxy-propyl)-phosphoramidic acid 3.87 4.18
monomethyl ester E1023 methyl methyl o
H-IatRy P e3Py TR E IR bt oY P OB Br A RO SRERp B oSS Yephy! ester
4-PIHRRERYLAS) )24 PhRRYhENEEQ kL thy: ester
{ F‘Ig/letﬁyl%ﬁp??%rﬁ%g-i&%gy-propyl)q-%hgs%ﬁoramidic acid 5.64 3.75
[4-(4rioniophehiprestecBOOZB pleaayirmettnggthoxy-piperidin-1-yll-phosphonic acid diethy!
esiqethyl-(3-phenyl-3-o-tolyloxy-propyl)-phosphoramidic acid 5.70 4.02

g0t est Qﬂ%’%é}u EMELRRE 439 R, O O-- R1 H3C- N~E. 0, OH
e e e /v CH3 E1221 E1022
T-AGPIEIHO- Do O ODEOHHIENP-IBN- OCHITHBEHD HIE MK
aci

[4-(2-Oxo-2,3-dihydro-benzoimidazol-1-yli-piperidin-1-yl]-phosphonic acid diethyl ester

{3-(10,11-Dihydro-dibenzola.dicycichepten-5-yiidene)-propyl}-methyl-phosphoramidic acid diethyi
ester

{4-[5-Chloro-1-{4-fluoro-pheny!}-1H-indol-3-yl}-piperidin-1-y[}-phosphonic acid diethy! ester
[4-(2-Methyt-4H-3-thia-4,9-diaza-benzo[flazulen-10-yl)-piperazin-1-yi]-phosphonic acid diethyl ester
Cyclonexyl-hydroxy-phenyl-acetic acid 3-{{diethoxy-phosphoryl)-ethyl-aminol-prop-1-ynyl ester
[3-(Benzo[1,3]dioxol-5-yloxymethyl}-4-(4-fluoro-phenyh-piperidin-1-yi]-phosphonic acid diethyl ester
{Amino-carbamimidoylimino-methyl)-phenethyl-phosphoramidic acid diethy! ester

(2,5-Dioxo-4 . 4-diphenyl-imidazolidin-1-yl)-phosphonic acid diethyi ester
{2-Hydroxy-3-]2-{3-phenyl-propionyl)-phenoxyl-propyli-propyl-phosphoramidic acid diethy ester
{2-[{2-Ethoxy-phenoxy)-phenyi-methyll-mormholin-4-yi}-phosphonic acid diethyl ester
(1-Adamantan-1-yi-ethyl)-phosphoramidic acid diethy! ester

Methyl-[2-(5-{1.2 4]triazc}-1-yimethyl-1H-indol-3-yi)-ethyil-phosphoramidic acid dimsthyl ester(1-
Methyl-2-phenyl-ethyl}-prop-2-ynyl-phosphoramidic acid diethy! ester

[4-(3,4-Dichloro-phenyl}-1,2, 3 4-tetrahydre-naphthaien-1-yii-methyl-nhosphoramidic acig diethyl
ester

{1-[1-(4-Chicro-phenyl)-cyclobutyl}-3-methyl-butyl}-methyl-phosphoramidic acid diethy! ester
{1-[1-(4-Chiloro-phenyl)-cyciobutyl}-3-methyi-butyl}-phosphoramidic acid diethyl ester

S-Amino-1-cyciopropyl-7-14-(diethoxy-phosphoryl)-3, 5-dimethyl-piperazin-1-y!}-6, 8-difiuore-4-oxo-
1,4-dihydro-quinoiine-3-carboxylic acid

Methyi-{2-(5-methylsulfamoyimethyl-1H-indoi-3-yi-ethyl}-phosphoramidic acid diethy! ester
{2-14-(1,2-Diphenyl-bui-1-enyll-phenoxyl-ethyi}-methyl-phospheramidic acid diethyl ester

1-(3,4-Diftucro-phenyl}-7-[4-(diethoxy-phosphoryl}-3-methyl-piperazin-1-ylj-6-flucro-4-oxo-1,4-
dihydro-quinoline-3-carboxyiic acid

{2-12-{2-Methylsulfanyl-phenothiazin-10-yl)-ethyij-piperidin-1-yl}-phosphonic acid diethy| ester
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CH30CH3 A% /1 CH3 E1023 E1024 E1025 46 Azelastine (Azelastin(r))
Chemical Structure Active Metabolite Structure Hydroxylated Metabolite 5
ON_CH3 ODNH NfN iNN CICl Compound RI R2 Chemical Name
Estimated pKa LogP E1234 hydrogen hydrogen
{4-[4-(3-Chloro-benzyl)-l-oxo-I H-phthalazin-2-yll- 5.10 3.41
azepan-1-yl}-phosphonic acid E1235 hydrogen methyl

{4-[4-(3- Chloro -benzyl)-1-oxo-l H-phthalazin-2-yl3- 5.1
[2- Hag@gsaa B e P e e R

3~ i—%i'r[ﬂy@_ﬁ WQ{%Q%DB% 9??3}! Hemth@‘ﬁ%@ﬁ%sx”oér%&c aéé diethyl ester

azepan-l-yl}-phosphonic acid dimethyl ester E1237 phenyl hydrogen
[3-({B{d@rEG0rd-beniryByt-alxbrhdthyitrtvatiinradd|ad @E@W&ter

oS PIRE 20 MOISRLE 5 1208 D

azepan-1-yl}-phosphonic acid methyl ester phenyl ester 000 ONP OO
-POON-P-OOR20H/OCH.. NNR1I'N,NVH iNIN/IN

41



10

15

CIC]Cl E1234 E1235 000.,001P~0((_N-P-0N' O -CH- CHNiH3C
INHN IiNININ C1LCICIIT E1236 E1237 E1238 47 Carbamazepine
(Tegetrolo) Chemical Structure Hydroxylated Metabolite 551 N ~~N
H2N~O H 2 N O Compound Rl R2 Chemical Name E1179 hydrogen
hydrogen (Dibenzolb.fjjazepine-5-carbonyl)-phosphoramidic acid E1180
hydrogen methyl (Dibenzo[b.flazepine-5-carbonyl)-phosphoramidic acid
monomethyl ester E1181 methyl methyl

The{@ﬂs@?ﬁtﬁ[@ﬁﬂémmésgr&arates@ﬁw)l,sa&@&rﬁsvamiaﬁf%ftﬁ!w@thw &shgrally be
adrﬁﬂ:ib&ﬁq@hanabimysdwgmﬁmbamfaﬂﬂa flazepiredearbamigrphonphnramidider

set%ﬁ%d ?%%%Qxltﬁgt tel%gi o%p yI m%hs\(ra n and dstan?ﬁ ? pha{rmaceutlcal
enzo[b,f[azepine-5-car osp oraml IC acl y
praﬁw@mﬁ@’sﬁ%@@@ﬁu tpe) Camwwdﬂf{bm 'PE/NWVNRIIONESR, Pe @dpipstened
ora 0 @ ah@ YarN CoHaabldtk 7/ 9ckddB€:. multi-particulates, elixirs, solutions or
suspensions, which may contain flavoring or coloring agents, either for immediate-,
deiayed-, modified-, sustained-, puised- or controiled-release applications. Suitable
formulations of the compounds of the present invention may be in coated or uncoated
form, as desired.

Such solid pharmaceutical compositions, for example, tablets, may contain excipienis
such as microcrystalline cellulose, lactose, sodium citrate, calcium carbonate, dibasic
calcium phosphate, glycine and starch (preferably corn, potato or tapioca starch},
disintegranis such as sodium starch glycollate, and certain complex silicates, and
granulation binders such as polyvinylpyrrolidone, hydroxypropyimethyicelluiose (HPMC),
hydroxypropylcellulose (HPC), sucrose, gelatin and acacia. Additionally, lubricating
agents such as magnesium stearate, siearic acid, may be inciuded.
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O N,P O CH. ON. 0'-H ON,E10-CH,O'00',0p'0 CHIrJ E1181 E1182
E1183 48 Chlorpheniramine (Chlor-Trimetron ) Chemical Structure Active
Metabolite Structure Hydroxylated Metabolite H3C,N CH3 H3C,N,CH3 N
N 5/\ CI HO CI Compound RI R2 Chemical Name E1349 hydrogen
hydrogen
[3-(4-Chloro-phenyl)-3-pyridin-2-yl-propyl]-methyl-phosphoramidic acid
E1350 hydrogen methyl
[3-(4-Chloro-phenyl)-3-pyriditmiglntrophKemiethyl-phosphoramidic acid
mﬁﬁ’ﬁﬁﬁ@*\i’ﬂ\é@fgf* E1351 methyl methyl Hydroxylated Metabolite
[3-(4-Chloro- phé‘m ))-3-pyridin-2-yl-propyl]-methyl- phosphoramldlk‘fa%cl\llq_CH
dimethyl ester E1352 hydfogen phenyl ’

[3 AyT)-3-pyridin-2-yl-propyl]-methyl-p idig—acid
| ester E1353 methyl phenyl HO
OlS}‘é4- yI) -3-pyridin-2-yl-propyl]- met@/l pNos idiey acid
et e-phgnyl ester ~1 /11 CI CI Cl R1H HE 0 ~P2

CH3C P H HSCWD CH_ E1349 E1350 CI CICI NN'VNCHHHCH OC
N C H3C'N ~P,- ~CH3 H3CN~ H3C~~ G C G 0 Ct E1351 E1352 E1353

Compound R1 R2 Chemical Name Estimated pKa
Logk

E1228 hydrogen hydrogen  Methyl-{2-[6-(pyrroiidine-1-sulfonyimethyl)- 1H-indol-3- 1.86 2.87
vil-ethyl}-phospheramidic acid

E1230 hydrogen  methy! Methyk{2-[6-(pyrrolidine-1-sulfonylmethyl)- 1H-indol-3- 1.82 4.79
vlj-ethyl}-phosphoramidic acid monomethyl ester

E1231 methyi methyl Methyl-{2-{6-(pyrrolidine-1-sulfonvimethyl)- 1H-indol-3- 1.87 4.21
yll-ethyl}-phosphoramidic acid dimethyi ester

21232 phenyi hydrogen  Methyi-{2-[6-(pyrrolidine-1-sulfonylmethyl)}-1H-indoi-3- 3.68 435

: . yll-ethyl}-phosphoramidic acid menephenyl ester
£1233 pheny methyl Methyi-{2-16-(pyrrofidine- 1-sulfonylmethyl)-1H-indol-3- 3.74 377

yli-ethy}-phosphoramidic acid methyl ester phenyi
aster

F{E H C‘)i
O : - ~
C. C) e Q\\P/O H,C Up/k
N P ey N,—— o T o
O o S
\ﬁ( \ O\? /N \
N s N
H O H
E1228 E1230
PN
i)
“;\-?J
H3C\ OQF) {}
"
N \O”'CHa
N\
N
H

E1231 E1232 E1233
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49 Chlorphenoxamine (Phenoxenen) Chemical Structure Active
Metabolite Structure Hydroxylated Metabolite H3C O ~\NH N CFi3 1 H3
CH3 CI CI OH 5 Compound R1 R2 Chemical Name E1354 hydrogen
hydrogen {2-[1-(4-Chloro-phenyl)-1-phenyl-ethoxy)-ethyl}-methyl-
phosphoramidic acid E1355 hydrogen methyl
{2-[1-(4-Chloro-phenyl)-1-phenyl-ethoxy]-ethyl)-methyl- phosphoramidic
acid monomethyl ester E1356 methyl methyl
{2-[1-(4-Chloro-phenyl)-1-ffRexARER 3558 -methyl- phosphoramidic

acitetimeitSyuester E1357 phenyl hydrogen Hydroxylated Metabolite
{2-[1-(4-Chloro-phenyl)-1-phenyl-ethoxy)-ethyl}-methyl- phosphoramidic
acid mon | ester E1358 phenyl methyl

{2-[t-(4-C

I{\)? phenyl)-1-phenyl-ethoxy)-ethyl}-methyl- phosphora |d
t

nethyrester phenyl ester R2H 0 0v "O ~ H3C O~ j~ .-R
- ICH3 CH3 CICIE1354 CH., 3 Q,é \ O

acid

Compound R1 R2 Chemical Name Estimated pKa
LogP

£1121 hydregen  hydregen  [4-(2-Chioro-dibenzolb fil1 4joxazepin-11-yi-piperazin-1- 297 483
yll-phosphonic acid

E1122 hydrogen methyl {4-(2-Chiloro-dibenzolb f[ 1 4loxazepin-11-yi)-piperazin-1- 3.03 258
ylil-phosphonic acid menomethyi ester

E1123 methyl methyl f4-(2-Chioro-dibenzoib fi[1 4joxazepin-11-yi)-piperazin-1- 3.83 580
yll-phesphonic acid dimethy! ester

E1124 pheny! hydrogen  [4-(2-Chloro-dibenzofb, fl{1 .4loxazepin-11-yi)-piperazin-1- 5.64 235
yl-phosphonic acid monopheny! ester

E1125 phenyi methyi [4-{2-Chioro-dibenzofb il 1 4Joxazepin-11-yl)-piperazin-1- 570 5.04

yvil-phosphonic acid methyl ester phenyt esier

& e
o, 0 0. oM o, &
P P P
(\N O’Ri (\N o (\N OH
N\) N\) N\)
Nz== Nz== N==
@ D : D
E1i21 =1122
H3C\ H.G
© /O O\“ - OH Feo==nN C}\\ - O r’“ﬂ\\
= = 7 S, [
7 e-C a8 / 7
SNSRI G e
N= Nz N=—
@\ C = j Xy, C j ci
@] \ 7 O = 0O
E1123 Et124 £1128



N O-H N O-CH3 CH3 CH3 CI CI E1355 E1356 HCH-0OH3C O -O 1/
CNrpO_\//\NpCHOf CH33CCIl E1357 E1358 50
Chlorpromazine (Thorazine ) Chemical Structure Active Metabolite
Structure Hydroxylated Metabolite CH3 H CH3 N, CH3 N\CH3 ;N\CH3 N
CI~N~CIN~CI ISHOSIHO S Compound Rl R2 Chemical Name
Estimated Estimated LogP Pka El 154 hydrogen hydrogen
[3-(2-Chloro-phenothiazin-10-yi)-propyl]- 4.58 3.29
th%—é)fl]g%h&r%midic ady LA Methy!
{g’%‘f- Ei'oro-p%enothizatzin-lo-yl)-propyl]- 4.64 4.36
methyl-phosphoramidic acid monomethyi ester El 156 methyl methyl
[3-(2-Chloro-phenothiazin-10-y1)-propyl]- 4.69 3.55

h phosp¥idramidic acid dimethyl ester EI 157 phen e~ NH;
2-Chloro-phenothiazin-10-yl)-propyl]- 6.40 3.93
ethyl-phG$phoramidic acid monophenyl HO CH;

Hydroxylated Metabolite

Compound R1 R2 Chemical Name Estimated pKa
L.ogP
E1222 nydrogen  hydrogen  {1-Methyl-2-phenyi-ethyl)-phosphoramidic acid 1.48 1.90
E1223 hydrogen methyl {1-Methyi-2-phenyi-ethyl)-phospharamidic acid 1.54 8.07
menomethyl ester
£1224 methyi methyl (1-Methyl-2-phenyi-ethyl-phosphoramidic acid
dimethyl ester
E1225 phenyl hydrogen  (1-Methyl-2-phenyl-ethyl)-phosphoramidic acid 3.31 5.81
monophenyt ester
£1228 phenyt methy! {1-Methyl-2-phenyl-ethyl)-phosphoramidic acid 3.36 3.36
cyclohexa-1,5-dieny! ester
RZ ; i oH
Rl 07 59 HooTT
5 I
O—P=0 O“Fﬁ:Q OmPEmO
l
NH NH NH
H,C H,C H.C
£1222 E1223
. N /o N/ _CH,
¢ - AOH, . 9] 3
E—?qk_z Cf N N ] ! o
RN . Py O—F=0
O—P=0 i |
% NH
NH NH |

E1224 =1225 £1226
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ester El 158 phenyl methyl [3-(2-Chloro-phenothiazin-10-yl)-propyll- 6.46
4.11 methyl-phosphoramidic acid methyl ester phenyl ester R1.0 HNC H
C G-P=0 Ct-P=C C-P=C R2 N,CH3 H (N\CH3 H3C CH3 'H O(00 I N CI
as)a- EINCI Sa~_154 E11551H cC 0 C O-P=C 0- P=0O C-P=C F13C
N~HNH3CN CH3CH3~CH3NCINCINCI CS/ E1156 E1157
E1158 51 Ciprofloxacin (Cipro(r)) Chemical Structure Hydroxylated
Metabolite 0 O F HO N N~ h ONH Compound RI R2 Chemical Name
Estimated pKa LogP E1Z$8mRrsidtsdSHtoen

1 ahyelopi®myiebsftuoro-4-oxo-7-(4-phosphono- 1.28 Si§@roxylated Metabolite
pipeﬁijr)e&syl)-l,4-dihydro-quinoline-3-carboxylic CH

-

HN

3

O O
CH, | CH,

HO

Compound R1 R2 Chemical Name Estimated
LogP

E1021 hydrogen  hydrogen  Methyl-(3-phenyi-3-o-tolyioxy-propyi-phosphoramidic acid 3.82

E1022 hydrogen methyl  Methyl-(3-pheny!-3-o-totyioxy-propyt-phosphoramidic acid 3.87
monomethy! ester

E1023 methyt methyt Methyl-(3-phenyl-3-o-tolylaxy-propyl)-phosphoramidic acid 3.93
dimethy! ester

£1024 phenyl nydrogen  Methyl-{3-phenyl-3-c-tolyloxy-propyli-ghoesphoramidic acid 564
monaphenyl ester

E1025 phenyl methyl  Methy-(3-phenyl-3-o-tolyloxy-propyl-phosphoramidic acid 570

methyt ester phenyl ester

R2 HO oH CH,
o o P s ,
\p/o\m MGy \D/oy

HCop H.Cop” v

S
E1021 B1072
;‘CH HO ey {CHz
G o How e O 0. =
3 T 2 e hY ‘».X
N o /‘ N e
/\E\/L T on K
O i 3 Q
- CH; U = | \ I CH,
S 74 \\ — 7 2 \\
}
N / i
E1023 E1024 E1025
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pKa

3.48
418

3.47
375
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acid E1240 hydrogen methyl
1-Cyclopropyi-6-fluoro-7-[4-(hydroxy-methoxy- 1.34 2.03
phosphoryl)-piperazin-1-yl]-4-oxo-1,4-dihydro- quinoline-3-carboxylic acid
E1241 methyl methyl 1-Cyclopropyl-7-[4-(dimethoxy-phosphory)- 1.40
6.70 piperazin-1-yi]-6-fluoro-4-oxo-1,4-dihydro-quinoline- 3-carboxylic
acid E1242 phenyl hydrogen
1-Cyclopropyl-6-fluoro-7-[4-(hydroxy-phenoxy- 3.11 1.56
phosphoryl)-piperazin-1-yl]-4-oxo-1,4-dihydro- quinoline-3-carboxylic acid
E1243 phenyl methyl 1-Cy8{%ﬁ5‘|‘n5,?ﬂiﬂ-@‘-fﬂhﬁ%ﬂ7l[4-(methoxy-phenoxy- 3.16
6. 8 PrBSPA S piperazituS MoaRelte FHftho ikt
acidOOOOHOFF HO NNN/OAOZLOP~O0R20H OY~ F1
E1239HOOQOFF HOHOi N-1-TN'~/N~APO,CH,P,CHs 00

E124600 ‘ 124 Ntl@]llj- 000 OoF ~F£)NH
oo ~
~N O /Ill
oo
»

Compound R1 R2 Chemical Name Estimated pKa
LogP

E1234 hydrogen hydrogen  {4-[4-{3-Chloro-benzyl}-1-oxo-1H-phthaiazin-2-yli- 510 3.41
azepan-1-yl}-phosphonic acid

E1235 hydrogen  methyl {4-[4-(3-Chloro-benzyl}-1-oxo-1H-phthalazin-2-yi}- 518 4.25
azepan-1-yl}-phesphonic acid monomethyl ester

E1238 methyl methyl {4-[4-(3-Chloro-benzyl}-1-oxo-1H-phthalazin-2-yl}- 5.21 4.48
azepan-1-yi}-phosphonic acid dimethyl esier

E1237 phenyi hydrogen  {4-[4-(3-Chioro-benzyl)-1-oxo-1H-phthalazin-2-yi}- 6.92 3.78
azepan-1-yik-phosphanic acid monopheny! ester

51238 pheny methy] {4-[4-(3-Chicro-benzyl)- 1-oxo-1H-phthalazin-2-yi}- 6.98 4.65
azepan-1-yf}-phoesphonic acid methy! esier phenyt
ester

E1236 E1237 E1238
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HO HO\Y NN~NNOOCH-P_0,-HPOAE1242 A~NO E1243 52
Citalopram (Celexa(r)) Chemical Structure Active Metabolite Structure N\\
H3C, N Hoc N-CH3 NH C I C~ FF Compound Rl R2 Chemical Name
Estimated Estimated LogP pKa E1031 hydrogen hydrogen
{3-[5-Cyano-I-(4-fluoro-phenyl)-1,3-dihydro- 3.12 3.35 is obe
nzofuran-1-yll-propyl}-methyl-phosphoramidic acid E1032 hydrogen
methyl {3-[5-Cyano-I-(4-fluoro-phenyl)-1,3{3-[5-Cyano-I-(4- 3.17 4.31
6uoro-phenyl)-I ,3-dihydro-isobenzo'furan-lﬁ:e/l] o
pré)'{)%k}-n}eth@-t%hosphor&ﬁfﬁﬁ@%?ﬁ%"?ﬁ&?@ Bhyl ester E1033 rg%lth Ib it
matAT {3 BreS4S0-1- (4-fluoro-phenyl)-1,3-dihydro- 3. 3% Ec4ated Metaboiite
isobenzofuran-1-yi]-propyl}-methyl-phosphoramidic acid dimethyl ester
hydrogen {3-[5-Cyano-I-(4-fluoro-phenyl)-1,3-dihydro- 4.94
afuran-| -yl]-propyl}-methyl-phosphora Hi icid 1

ohenzofuran-1-yl]-propyl}-methyl-phospk ethyl
ester ghenyl ester .R2 /g
H,N™ ™o HN" ™0
Compound R1 R2 Chemicai Name

E1179 hydregen  hydrogen {Dibenzob. flazepine-5-carbony!)-phospheramidic acid

E1180 hydrogen  methyl {Dibenzofb flazepine-5-carbonyt)-phosphoramidic acid
menomethyl ester

E1181 methyl methyl {Dibenzofb,flazepine-5-carbonyi)-phospheramidic acid dimethy!
ester

E1182 phenyt hydrogen {Bibenzolb flazepine-5-carbonyl)-phosphoramidic acid
monophenyl ester

£1183 phenyl methyl {Dibenzolb, fazepine-5-carbonyl)-phosphoramidic acid methy

esfer pheny! ester

3 L AL 4

N
2 _ H - H —
07 TN TR 07 N OH 0)\”\@’0 i
S e & o
i H !
R2 H CH,
E1179 £1180
é J 3 AU
T N l\il o N
H . H - H .
OZ\N\ pe CH, 0 N‘\Q,O H O)\N SO=CH
G// \? C}// \O O// -\JO
CH 3 rfﬂ’f/j\\ 1/’{; N
L\\\ /‘j \‘\\h/l/
E1181 £1182 £1183
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H,C O, N~H3CICHP-N-P-OH N--OOC)O R1/~/ E1031 F H-CH,
NVAH3CO'"CNH,CO. \~\j\N-OHN-P-OOO/OCt{3 1E1032
E1033FF NH.COrNHCOCHI NP C _/N-P O R/EIO14 G OF Iv
E1035 F 53 Clozapine (Clozaril(r)) Chemical Structure Active Metabolite
Structure Hydroxylated Metabolite CH3HCH3 CCCNNN_N CICICI
NIN HHHO H Compound R1 R2 Chemical Name Estimated Estimated
LogP pKa E1041 hydrogen hygr(_)gen i etron®

Hé‘\se}g:igala %%:%'Et dIbe(HQS[Q\Eg[L%’ﬂé{]%%%@ﬁg;gﬂ-e%‘zh'H‘ba?rZ:xyiated Metabolite

- ﬁ%sphonlc acid

piperazin-1-y
H,C... CH, H,C _CH,
N N
N N
I ~2 ~3 =
- = NS
Cl HO Ci
Compound R1 R2 Chemical Name
£1349 hydrogen  hydrogen [3-{4-Chloro-phenyl}-3-pyridin-2-vi-propyll-methyl-phosphoramidic
acid
E1350 hydrogen  methyl {3-(4-Chloro-phenyl)-3-pyridin-2-yi-propyll-methyl-phosphoramidic
acid monomethyi ester
E1351 methyl methyl {3-(4-Chioro-phenyl)-3-pyridin-2-yl-propyll-methyi-phesphoramidic
acid dimethy! ester
£1352 nydrogen  phenyl {3-(4-Chloro-phenyl)-3-pyridin-2-yl-propyl}-methyt-phosphoramidic
acid monophenyl ester
E1353 miethyt phenyl [3-(4-Chioro-phenyl-3-pyridin-2-yl-propyt-methyl-phosphoramidic

acid methyl ester phenyl esier

o ~ © S / “
‘I\Nw w w

/

/N\ /N\ /N\ g
HC™ P _R2 H,C™ R H H,C™ P _CH.
7 H 174 Q 12 'S 3
O O O
E134% E1350

~N ~ "‘O ~N S
HCT P HCT L
G iij O
ri;;\\.\; /f/ /\\‘
E1351 E1352 E£13563
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E1042 hydrogen methyl [4-(8-Chloro-5H-dibenzo[b,e][1,4]diazepin-I,-yl)-
2.27 2.99 piperazin-1-yl]-phosphonic acid monomethyl ester E1043
methyl methyl [4-(8-Chloro-5H-dibenzo[b,e][1,4]diazepin-1l-yl)- 2-32 5.74
piperazin-1-yl]-phosphonic acid dimethyl ester E1044 phenyl hydrogen
4-(8-Chloro-5H-dibenzo[b,e][1,4]diazepin-11-yl)- 4.04 5.89
piperazin-1-yl]-phosphonic acid monophenyl ester E1045 phenyl methyl
[4 (8-Chloro-5H-dibenzolb e][l 4]d|azep|n -11- yI 4.09 2.52

oagap kgt L ﬁi@%ﬁ‘ﬁegﬁéﬁ"%@&'ﬁ% ARG

CI\ \% 'NHNH E1041 - 1042 OHOOCH3 PNCO. QﬁOOOHS O

O ciN CIN~NIN NN1/~ \/\NH
H,C SN
i
Cl
Compound R1 R2 Chemical Name
E1354 hydrogen  hydrogen {2.{1-{4-Chloro-phenyl}-1-phenyl-ethoxyj-ethyll-methyl-
phosphoramidic acid
E1355 hydrogen  methy! {2-[1-(4-Chicro-phenyh-1-phenyl-ethoxyl-ethyl-methyi-
phasphoramidic acid monomethyl ester
E1356 methyl methyl {2-[1-(4-Chicro-phenyi)-1-phenyl-ethoxyl-ethyil-methyl-
phosphoramidic acid dimethy! ester
E1357 pheny nydrogen {2-11-{4-Chiore-phenyl}-1-phenyl-athoxyl-ethyll-methyi-
phosphoramidic acid monopheny! esier
E1358 phenyi methyt {2-11-(4-Chloro-phenyl}-1-phenyl-ethoxyl-ethyl}-methyl-

phosphoramidic acid methyi ester phenyl ester

?si?.
HC o Q\p,»@
\/\N/\
| 11
CH,
Ci
HC %0
\/\‘N/\
~: ] O—H
| CH;
i
Cl
E1355 E1356
- COCH,
! 0 i
HC o %0 HC 4 W, -0
\/\N/ \\D = T /\O (m
O WO O RO
o () o ()
E1357 E1358
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H 01043 HH E1044 E1045 54 Cyciobenzaprine (Flexeril(r)) Chemical
Structure Active Metabolite Structure Hydroxylated Metabolite CH3 CH3
N,CH3 KN,CH3 ] OH 5 - Compound Rl R2 Chemical Name E1359
hydrogen hydrogen (3-Dibenzo[a,d]cyclohepten-5-ylidene-propyl)-methyl-
phosphoramidic acid E1360 hydrogen methyl
(3-Dibenzola,d]cyclohepten-5-ylidene-propyl)-methyl- phosphoramidic
acid monomethyl ester El}Sﬁ)Gl methyl methyl
(3;Pibenzafa djeyclohe 3* 819 @’;fi thyl ramidic
aCI eqheal yi" e'lsé r E136 pﬁ’l f}gig@?ﬁ I;ﬁﬁre Fﬁ)’g )P va?eglﬂeta%ohte
(3- leenzc&ﬁ ,d]cyclohepten-5-ylidene-propyl)-methyi- phosphoramlgw
ényl ester E1363 phenyl methyl

acid mono
(3- D|benztﬁa{§gpyclohepten 5- yllden 0@#1)3 methyl- phosphor/arf'a\o:H

acid methyl ester phenyl ester R1 H f H,00O00R2~0H~pHCNNS3
iN QO1oCH3CH3E1359 CH3 E1360 /5HCHHC H.C~ C ~ ~~ CAP
l 03N O IT CHB8ICH3 CI—E%@ :O/
: : ; Ho/l\/\
Compound r1 R2 Chemical Name Estimated  Estimated
LogP Pka
E1154 hydrogen  hydrogen  [3-({2-Chioro-phencthiazin- 10-yl}-propyli- 458 3.29
meihyi-phosphoramidic acid
E1155 hydrogen  methyi [3-(2-Chloro-phenothiazin-10-yl}-propyl}- 4.64 4.36
methyi-phosphoramidic acid monomethyi
ester
E1156 miethyt methyl {3-(2-Chloro-phenothiazin-10-yl}-propyl]- 4.69 3.55
methyi-phosphoramidic acid dimethyi ester
E1157 phenyl hydrogen  [3-(2-Chiore-phenothiazin-10-yi-propyi- 6.40 3.83

methyl-phosphoramidic acid monophenyt
ester
£1158 phenyl methyl [3-(2-Chitoro-phenothiazin-10-yij-propyil- 8.48 411
methyl-phosphoramidic acid methyl ester
phenyl ester

F.
o

O—P=0
T

& (N\CH3

!
s L

E1165

N
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E1361 E1362 E1363 55 Desipramine(Norpramin(r)) Chemical Structure
Hydroxylated Metabolite AAOH N NHNH |1 CH3 CH3 Compound R1
R2 Chemical Name Estimated pKa LogP E1056 hydrogen hydrogen
[3-(10,11-Dihydro-dibenzo[b,fjazepin-5-yl)-propyl]-methyl- 4.38 3.01
phosphoramidic acid E1057 hydrogen methyl
13-(10,11-Dihydro-dibenzo[b,f)azepin-5-yi)-propyl)-methyl- 4.44 4.64
Fhosphoramridic aﬂquono[%r;%tor}}gxeag}%r( f}:’Lr%é rr?]ethyl methyl

2 - ro-dibenzo[b,f)azepin-5-yl)-propyl]-m - : .
pgﬁé%%“%c%rfagrﬁ%%%cid dimethyl ester E1059 phenyl hjj?gé%ég@ﬁ fidtabolie
[35(10,1-Dihydro-dibenzo[b,iazepin-5-yl)-propyl)-methyl- 6-21 4.20
bramidic agid monophenyl ester E1060 phenyl methyl
r0-dibenzolb,f)azepin-5-yl)-propyl]-methyl- 6.26 3.83

"HOGH®H IN P "RIN,Py N P CH O E1056 CH O E1057 CH O
3 /N%(CHlCH ONQ OO0 P CH3 N-P\\ IN

Compound R1 294 Chemical Name Estimated pKa
l.ogP
E1239 hydrogen hydrogen  1-Cyciopropyi-6-fluoro-4-oxo-7-(4-phasphono- 1.28 5.63
piperain-1-yi}-1,4-dihydro-quinoline-3-carboxylic
acid
E1240 hydrogen  methyl 1-Cyclopropyl-8-fluoro-7-[4-{hydroxy-methoxy- 1.34 2.03

phosphoryl)-piperazin-1-yll-4-oxo-1,4-dihydro-
quinoline-3-carboxyilic acid

E1241 methyl meihyl 1-Cyelopropyi-7-{4-(dimethoxy-phosphoryl)- 1.40 6.70
piperazin-1-yi}-6-fluoro-4-oxo-1,4-dihydro-guinoline-
3-carboxylic acid

E1242 pheny! hydrogen  1-Cycicpropyl-6-fluoro-7-{4-(hydroxy-phenoxy- 311 1.56
phosphoryl}-piperazin-1-yi}-4-0x0-1,4-dihydro-
quinctine-3-carboxylic acid

1243 pheny! methyt 1-Cyclopropyi-6-fluoro-7-{4-{methoxy-phenoxy- 3.16 5.83
phosphoryl)-pinerazin-t-yll-4-oxo-1,4-dihydro-
quinoline-3-carboxyiic acid
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E1053 0 E1059 10 11 =1060 | 0 CH3 CH3 CH3 56 Desloratadine
(Clarinexo) Chemical Structure Hydroxylated Metabolite CI/Cl gN\ N N
HH Compound R1 R2 Chemical Name Estimated pKa LogP E1111
hydrogen hydrogen [4-(8-Chloro-5,6-dihydro-benzo[5,6)cyclohepta[l,2-
4.21 3.86 b]pyridin-11-ylidene)-piperidin-1-yl]-phosphonic acid E1112
hydrogen methyl [4-(8-Chloro-5,6-dihydro-benzo[5.6)cyclohepta[1,2- 4.27
3.80 b)pyridin-11-ylidene)-piperidin-1-yl]-phosphonic acid monom EI 113
methyl methyl [4-(8-Chloro-5igidigar -plerz8[5,6)cyclohepta[l,2- 4.33
4 .93 Haypyeadsirdcuylide nej-pipasisiiaite\dhpbwsphonic acid dimethyl ester
E1114 phenyl hydrogen

N [4-(8-Ch|oro-5,6Fplj{nydro-bﬁnzo[s.6]cyc|oheppasﬁ.2- 6.04 3.32 b)pyridin-i

lideg e)-iperidiﬁfgb:yanhW monopheny! ester E1115 phenyl
org-5.6-dihydrofbenfo[56)cycloheptali,2- 6.09 5.07
din-Id-ylidene)-piperidin-1 ~yli-phospHonic acid methyl ester phenyl

/[CI-ClI -NA\NNN\'0 OH N\'OH vO F R1 Elill0 OH
rP R2 H3C CI/CI ClI \-NNONNOO

E F
Compound R1 R2 Chemical Name Estimated Estimated
LogP pKa
E1031 hydrogen  hydrogen  {3-[5-Cyano-1-{d-fluoro-phenyl}-1,3-dihycro- 3.12 3.35
isobenzofuran-1-yi-propyfl-methyi-phosphoramidic
acid
E1032 hydrogen  methyt {3-15-Cyano-1-(4-Auorc-phenyl}-1,3{3-[5-Cyano-1-(4- 3.47 4.31
fluoro-phenyi)-1,3-dihydro-tsobenzoturan-1-yi}-
propyl}-methyl-phosphoramidic acid monomethyl
ester
£1033 methyl ~ methyl {3-[5-Cyano-t-{4-fluoro-phenyh-1,3-dinydro- 3.23 4.43
isobenzofuran-1-yil-propyll-methyl-phosphoramidic
acid dimethyl ester
E1034 phenyl hydrogen  {3-[5-Cyane-1-(4-fiuoro-phanyh)-1,3-dihydro- 4.94 3.86
isobenzofuran-1-yil-propyi}-methyl-phosphoramidic
acid monophenyl ester
£1035 phenyl methyl {3-[5-Cyanc- 1-(4-fluoro-phenyl)-1,3-dihydro- 5.00 4,99
isohenzofuran-1-yil-propyll-methyl-phosphoramidic
acid methyl ester phenyl ester
H,C OH
o
N—ﬁ*OH
o!
E1031
LCH,
HO ¢
N—Il?mo\
| '
OI/ I e,
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CHVp.ANOOOHOO\ H.,,CE1113 H3C E1114 E111557
Dextromethorphan (Dextrophan ) Chemical Structure Active Metabolite
Structure Hydroxylated Metabolite N -CH3 N'CH3 NH O CH3 HO HO 5
Compound R1 R2 Chemical Name Estimated pKa LogP E1244
hydrogen hydrogen (6-Ethyl-8-methoxy-I
I-propyl-1,2,5,6-tetrahydro-4H-2.6- 3.57 3.13
methano-benzo[d)azocin-3-yi)-phosphonic acid E1245 hydrogen methyl
(6-Ethyl-8-methoxy- 1 -propyRaapisedGisgeiiytiro-4H-2,6- 3.62 4.54 .
metR R RS azocin-%-t55’%‘?5@5?1’%iﬁtﬁlﬁﬂ‘ﬁonomgfﬁiﬂ"@ﬁ&”\%ﬁ%te
methyl methyl (6-Ethyl-8-methoxy-11 -propyl-1.2,5.6-tetrahydro-4H-2,6
3.68 4.19 tha 0-benzo[d)azocin- -yl5\1 phosphonic acid dimethﬁ er
E1247 phenx]ﬁygrogen (6-Ethyl-8-methgXy-I|
1-propylkl.2;5,6-tetrahydro-4H-2,6- 56.39 4.08

N
ci-metiario-benzefdlazocin-3</M=-phosphenic acid mooephemryleste 248
p ethy Fthyl-8- w/ y-1 yI-1.2,5,6-tet 0-4 @
5.42474.33) metiano-benzo[dfazodin-3yij-phosphonjg-acitmethlyl st

phenyl ester O O O NAP" R2 NAP" H NP CH"

Compound R4 R2 Chemical Name Estimated Estimated
LogP pKa

E1041 hydrogen  hydrogen  [4-(8-Chloro-5H-dibenzolb e[ 1,4]dkazepin-1 1-yl)- 2.21 467
piperazin-1-yl}-phosphonic acid

E1042 hydrogen methyl {4-(8-Chloro-5H-dibenzolb e]l1 4]diazepin-11-yi- 2.27 2.99
piperazin-1-yii-phosphonic acid monomethy! ester

E1043 methyl methyl [4~(8-Chloro-SH-dibenzo[b e} 1 ,4]diazenin-11-yl)- 2.32 574
piperazin-1-yl}-phosphonic acid dimethyt ester

E1044 phenyl hydrogen  4-(8-Chioro-5H-dibenzob,e][1 4]diazepin-11-yl}- 4.04 5.89
piperazin-1-yl}-phosphonic acid monophenyi ester

E1045 pheny! methyl [4-(8-Chloro-BH-dibenzolb.el[1 4idiazepin-11-yl)- 4.08 2.52

piperazin-1-yll-phosphonic acid methy! ester phenyl
ester

bo  OH CH,
e { .
o ORI Pa o JOH
NG Py
< -
N Q
Nz N
Ci = N
cl \
\ L N Ci \\\
H
1041 -
=104z
TR
CH, fi ™
d\p/O—HCHS \\\// ’
AR
N o /OH
Q /?}\
9]
N

E1043 H

54



0GO /RIHOO CH3 CH3 CH3 E1244 E1245000 00\PO N'P CH
N~N 00O H3CH3 000 CH3 CH3 CH3 E1246 E1247 E1248 58
Diclofenac (Voltaren(r)) Chemical Structure Hydroxylated Metabolite OH
OHOHclOCIO NHNH CICI 5 Compound RI R2 Chemical Name
E1249 hydrogen hydrogen
{2-[(2,6-Dichloro-phenyl)-phosphono-amino]-phenyl}-acetic acid E1250
hydrogen methyl _ "

{2-[(2,6-Dichloro-phenyl)S ﬂ?&ﬁfﬁﬁ‘ié‘ﬁ]@‘é‘ﬁﬁﬂ‘oéphowl)-aminoj- _
pﬁ ﬁ?fﬁ%{cséffécﬁgfd E125 lgﬁ,wﬂ?‘%%mﬂ Structure ydroxylated Metabolite
{2-[(2,6-Dichloro-phenyl)-(dimethoxy-phosphoryl)-amino]-phenyl}- acetic
acid E125 enyl hydrogen CH
{2-[(2,6-Dichlcro-phenyl)-(hydroxy-phenoxy-phosphoryl)-amino]-
phenyl}-aceticggid E1253 phenyl methyl /N\CH
{2-[(2,6-D ichIoro-fohenyl)-(methoxy-phenoxy-phosphoryl)-amin 0]- :

3

Compound R1 R2 Chemical Name

E1359 hydrogen  hydrogen (3-Dibenzola,djeyciohepten-5-yiidene-propyl}-methyl-
phosphoramidic acid

E1360 hydrogen  methyl (3-Dibenzola djeyciohepten-S-ylidene-propyl)-methyl-
phosphoramidic acid monomethyl ester

E13681 methyl methyl {3-Dibenzola djcyclohepten-5-yiidene-propyl)-methyi-
nhosphoramidic acid dimethy! ester

£1362 phenyl hydrogen {3-Dibenzola,dlcycichepten-5-ylidene-propyl)-methyi-
phosphoramidic acid monophenyl ester

E1363 phenyl methyl {3-Dibenzofa,d]cyclohepten-S-yiidene-propy)-methyl-

phosphoramidic acid methy! ester phenyl esier

£1361 £1382 E1363
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off off OCI O CI O CI ?0HO P,0-H/O0/CO/a" CIH2CIHCIH,u
E1249 E1250 OHOHOH CIOCIOCIO NH™"-CH; NO-HN O0-CH,o0a
000'O |I' "~'CIH,C CI Cl E1251 E1252 E1253 59 Doxepin (Adapin ,
Sinequan ) Chemical Structure Active Metabolite Structure Hydroxylated
Metabolite CH3 H CH3 ~N\CH3 N,CH3 N,CH3HO _ 5000
Compound RI R2 Chemical Name Estimated pKa LogP E1254 hydrogen
hydrogen [3-(6H-Dibenzo[b,e]oxepin-| 1- ylldene) propyl]-methyl- 3.37 2.91
phosphoramidic acid E1 2385 RiamisdMarrsasyin®)

[FtehkRibeRzalbeejoxepin-11-ylidene)-propyl]-methylHyid ylatdi Metabolite
phos h ramldlc aC|d monomethyl ester E1256 methyl m thyl

)S c aC|d dlmethyl ester E1257 phe | hydroge
[ (6I—PDib zo(b,ejoxepin-11 -ylidene)-propyl]-methyl- I%.19 79

phospheramidic acid monophenyl ester E1258 phenyl rﬁs{yl

[3-(6H-Dibenzo[b,e]Joxepin-1l-ylidene)-propyl)-methyl- 5.2% 4.54
phosphoraqmmdlc acid methyl ester phenyl ester O O N
CH, CH,
Compound R1 R2 Chemical Name Estimated pKa
Logk
E1056 hydragen  hydragen  [3-(10,11-Dihydro-dibenzolb fiazepin-5-yh)-propyil-methyl- 4.38 3.01
nhosphoramidic acid
E1057 hydrogen  methyl 13-(14,11-Dihydro-dibenzolb, flazepin-5-yl}-propyll-methyi- 4.44 454
phosphoramidic acid monemethyl ester
E1058 methyl methyl [3-(10,11-Dihydro-dibenzo{b, fjazepin-5-yh-propyll-methyi- 4.50 3.27
phosphoramidic acid dimethyi ester
E1058 pheny hydrogen  [3-(18,11-Dihydro-dibenzolb, flazepin-5-yh-propyl-methyl- 6.21 420
phospheramidic acid monophenyl ester
E10680 phenyi methyl [3-(10,11-Dihydro-dibenzofb, flazepin-5-yi)-propyll-methyl- 5.28 3.83

phosphoramidic acid methyl ester phenyl ester

L, © 1056 L, O E1057 [0

L J'
N ek \J . \t O/CH{
KN/\E“':/Q\CHS \N/\F\\/O\%g/\\ N/\ \/Q\;z/ﬂ\\\?
E1058 éHs o E1058 ClIHG o U_J etos0 | 3 o [
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| ~1~1HI3C'NJ H3C,N E1254 H3C N E1255 G-P=C O-P=C G--P=0 R1
P2HOOHOUCH3 OOOIIHC,fE1256 H C E1257 HC JE1258 a N 3
NH3Ni OP=00-P=00-P=0 ir1 H300~HO/Hr00. cH3 60
Doxylamine (Mereprin ) Chemical Structure Active Metabolite Structure
Hydroxylated Metabolite OH ZH3C H3CC O NH C_NN HN s CH3 CH3
5 Compound R1 R2 Chemical Name E1369 hydrogen hydrogen
Methyl-[2-(1-phenyl-I-pyridin-2-yl-ethoxy)- ethyl]-phosphoramidic acid
E1370 hydrogen methyl M E?WF@mebﬁéHWf pyridin-2-yl-ethoxy)-
ett‘r}eﬂnrdfad)S}:IhMmMm acid monomethyl ester E1371Hmohyiahaéthytabollte
enyl-4-pyridin-2-yl-ethoxy) ethyl]-phosphoramidi
E1372 phenyl hydrogen
enyl-l-pyridin-2-yl-ethoxy)- HO—¢" \

N N
H H
Compount R1 R2 Chemical Name Estimated pKa
L.ogP
E1111 hydrogen  hydrogen  [4-(8-Chioro-5 8-dihydro-benzo{5 6jcycloheptalt 2- 4.24 3.86
bipyridin-11-ylidene)-piperidin-1-yij-phosphonic acid
E1112 nydrogen methyl [4-{8-Chioro-5,6-dihydro-benzo[5,.6]cycloheptalt,2- 4.27 3.80
bipyridin-11-ylidene)-piperidin-1-yi}-phosphenic acid monom
E1113 methyl methyl [4-(8-Chloro-5,8-dinydro-benzol5,bicycloheptal1,2- 4.33 493

bipyridin-1t-ylidene}-piperidin-1-y{]-phosphonic acid
dimethyl ester

E1114 phenyi hydrogen  [4-(8-Chlore-5,6-dihydro-benzo{5 Bleycioheptal1,2- 6.04 3.32
blpyridin-11-ylidene)-piperidin-1-yi}-phosphonic acid
menopheny! ester

E1115 phenyl methyt [4-(8-Chioro-5 6-dihydre-benzo[5 8]cycloheptal1.2- 8.08 5.07
bipyridin-11-ylidene)-piperidin-1-yi}-phosphonic acid methyl
ester phenyl ester

cl cl _ | cl

72\ 7N 7N .

=y \ SNEE =y N\
N\P‘,O\m N\Q/C}H N\P/OH
~ - 2P E1112 g% s
0 }:} BT 07 S
RZ H,C
_ } Ci Ci

7\ . 7\

VA - X
N N
,/\P\”O““CME ;?\”O‘\T/ B
o O on L

Errz WG E4114
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ethyl)-phosphoramidic acid monophenyl ester E1373 phenyl methyl
Methyl-[2-(I-phenyl-1-pyridin-2-yl-ethoxy)- ethyl]-phosphoramidic acid
methyl ester phenyl ester H,C HOC H3C -~O O O ~N ~~N fZN

H3C_N. O-RI H3C_N O-H H3C_NO-H O"G O'EO O~9 R2 E1369 H
E1370 H3C H2C H3C H3C OO /CN N H3C'Nv. O"CH3 H3C_N O-H
H3C-N O-CH3 R.R. OYO0~0 0O~ 0O z E1371 H3C E1372 77 E1373 "\
I| li., JI 61 Duloxetine (Cymbaltam) Chemical StrLgEcture Hydroxylated

F it
tg.'l%?c!gtfe ﬁ%ﬁtﬁr@iﬁmatﬁéch\fq %Mo t?ﬂltegj;}gjcture glldgl%)ggéteg Metaboliite

Chemical Name S |ma
n~CHe
O
\
CH,
Compound R1 R2 Chemical Name Estimated
LogP
E1244 hydrogen  hydrogen  (6-Ethyl-8-methoxy-11-propyl-1,2.5 B-tetrahydro-4H-2 6- 3.57
methanc-benzofdjazocin-3-y-phosphonic acid
E1245 hydrogen methyl (8-Ethyl-8-methoxy-11-propyl-1,2,5 B-tetrahydro-4H-2 8- 3.82
methane-benzofdlazocin-3-yl)-phosphanic acid
monomethyt ester
E1246 methy! methyl {6-Ethyl-8-methoxy-11-propyt-1,2,.5 6-tetrahydro-4H-2,6- 3.68
methano-benzofdjazocin-3-yl)-phosphonic acid dimethyi
aster
£1247 phenyl hydrogen  {6-Ethyl-8-methoxy-11-propyl-1,2,5 6-tetrahydro-4H-2.6- 5.39

methano-benzo{diazocin-3-yh-phosphonic acid
monophenyl ester
£1248 phenyl methyl (6-Ethyl-8-methoxy-11-propyl-1.2.5.6-tetrahydro-4H-2 6- 5.44
methano-benzofdlazocin-3-yi}-phosphonic acid methy!
ester phenyl ester

0 O G

A S0 A3 0. W /O\
N’P-._‘ R2 N/P\_\ H N/Q\ CH,
/E} /C} /{}
R H \ \\H
° o 9
i
O, CH, CH,
E1244 E1245
% o
NI TCH,
o
7 \ H.GC
S
0
\
CH,
E1248 1047 E1248
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419

408

4.33




LogP pKa E1106 hydrogen hydrogen
Methyl-[2-(haphthalen-1-yloxy)-2-thiophen-2-yl- 3.78 4.48
ethyl]-phosphoramidic acid E1107 hydrogen methyl
Methyl-12-(naphthalen-1-yloxy)-2-thiophen-2-yl- 3.83 3.18
ethyl]-phosphoramidic acid monomethyl ester E1108 methyl methyl
Methyl-[2-(naphthalen-I-yloxy)-2- thiophen -2-yi- 3.89 4.32

ethyl]-phosphoramidic aC|dDd| %th%/cﬁ; ]g)Log phenyl hydrogen
M@s‘i@?ﬂ lhg! Q?r%@ma'en -I- yloxy?_ _’1[ -y1-5. 60l—§ﬁ¥§x lated Metaboiite

ethyl]-phosphoramidic acid monophenyi ester E1110 phenyl methy!

Methyl-[2-(naphthalen-I-yloxy)-2-thiophen-2-yl- 5.66 4.86n

Cl Cl
Compound R1 R2 Chemical Name

E1249 hydrogen  hydrogen {2-[(2 6-Dichioro-phenyl}-phosphono-amino}-phenyl}-acefic acid

E1250 hydrogen  maethyl {2-{{2 B-Dichioro-phenyl}-(hydroxy-metioxy-phosphoryl}-amine}-
phenyl}-acetic acid

£1251 meathyl methyl {2-(2 B-Dichioro-phenyl)-(dimethoxy-phasphoryl-aminoj-phenyll-
acetic acid

E1252 pheny! nydrogen {2-{(2,6-Dichloro-phenyl)-thydroxy-phencxy-phasphoryl}-amino}-
phenyli-acetic acid

E1253 phenyl methyi {2-[(2 8-Dichioro-phenyl)-(meathoxy-phenoxy-phosphoryi}-amino}-

phenyil-acetic acid

OH ?H O OH
cl 0 Gi 0 cl 0

o= VO O~
N~p’ N~p’ N-p!
& o O S
Cl Rz cl oM Cl H,C
£1249 E1250
C;)H \ ~ OM OH
: _
Cl 0 Ci 0 Cl o
G Gy o
SO, Oy O—cH,
SNl T e “pl T
o 0 o O o G
Z ¢ HCI o o
y -
E4251 E1252 \ i E1253 \ i
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0- S0/O N O H Compound RI R2 Chemical Name Estimated pKa LogP
E1169 hydrogen hydrogen {2-[5-(2-Benzenesulfonyl-ethyl)-1
H-indol-3-ylmethyl]- 3.24 2.30 pyrrolidin-1-yl}-phosphonic acid EI 170
hydrogen methyl {2-[5-(2-Benzenesulfonyl-ethyl)-1H-mdol-3-yImethyll-
3.29 5.36 pyrrolidin-1-yl}-phosphonic acid monomethyl ester E1171
methyl methyl {2-[5-(2-Benzenesulfonyl-ethyl)-IH-indol-3-yImethyl]- 3.35
4.45 pyrrolidin-l-yl}-phosphonic acid dimethyl ester El 172 phenyl

h%%rc%‘genl %Zﬁ-éZ-Benz@ﬂ}"éﬁﬁé@?@ﬂ} ﬁi-'qul'iﬁ'?jél-?;-}/iimetq%/gé 5.06 4,88
pyrr% WAL PEEY F]eosphoniccé'c‘:'i% Eﬁ?&%eﬁwcetgfgr E1l °p i ?ﬁ" meetﬁ?ﬁ ite
{2-[5-(2-Benzenesulfonyl-ethyl)-1H-indol-3-ylmethyl]- 5.12 4.52
pyrrolidin-l-yf}-phosphonic acid methyl ester phenyl ester RI~0 H,Q,

()-P=0 0-=0 H~ E1169 O ~0 0 Hr OP=0 O-P=G E1170 H O N'E1171
iLON f,0Ngp S/~~ 11g1t0

ON
O
Compound R1 R2 Chemical Name Estimated pKa
LogP
E1254 hydrogen hydrogen  [3-(6H-Dibenzolb ejoxepin-11-ylidene)-propyli-methyl- 3.37 2,91
phosphoramidic acid
E£1255 hydrogen  methyl [3-{6+-Dibenzolb eloxepin-11-ylidene)-propyi}-methyl- 342 478
phosphoramidic acic monomethyl ester
E1256 methyi methyt {3-(6H-Dibenzoib,eloxepin-1 1-ylidene}-propyl}-methyi- 3.48 389
phosphoramidic acid dimethyl ester
E1257 phenyl hydrogen  [3-{8H-Dibenzelb,eloxepin-11-yiidene}-propyll-methyl- 519 4.31
phosphoramidic acid monopheanyl ester
E12568 pheny! methyl {3-(6H-Dibenzolb,eloxepin-11-yiidene}-propyl}-methyl- 5.25 4.54
phosphoramidic acid methyl ester phenyl ester
O ©
H,Co .~ H,C
k) \N 3 \N £1255
owﬁ«":O O--P=0
¢ i ¢ i
R 0 H O
“R2 “CH,
O

E1257 E1258
HSC\N HSC\N HSC\N
i i 1
G-P=0 s 0—P=0
/ i ! /
E‘“;,.,.C &} B 8 T H.C O
3 “~ 3 N 3 -
K%//} vﬂ
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H H 63 Ephedrine (Broncholate ) Chemical Structure Hydroxylated
Metabolite OH CH OH CH 33 NH NH /' CH3 HO (/ CH3 Compound R1
R2 Chemical Name Estimated pKa LogP E1334 hydrogen hydrogen
(2-Hydroxy-I-methyl-2-phenyl-ethyl)-methyl- 0.49 3.47 phosphoramidic
acid E1335 hydrogen methyl (2-Hydroxy-I-methyl-2-phenyl-ethyl)-methyl-
0.55 4.18 phosphoramidic acid monomethyl ester E1336 methyl methyl
(2 Hydroxyl methyl-2-phe lél ethyl)- methyl rC!)m@O 3.58 phosphoramidic

dimet Iester E1337

y%?‘i??qg thyl-2-phienyice W%z"" VEFHL 3.80Y PReSPRSramte

.aC|d monophenyl ester E1338 phenyl methyl OH

34'/E1335 OH CH OH CH OH CH 13 0-CHS:. |
‘ "3 O OH30 CH CH30 | 0 E1336 E1337 E1338 8

(n)

~ ~
CH, CH,
Compound R1 R2 Chemicai Name

E1368 hydrogen  hydrogen Methyl-{2-(1-phenyl-1-pyridin-2-yi-ethoxy)-
eihyl]-phosphoramidic acid

E1370 hydrogen  methyl Methyl-[2-(1-phenyl-1-pyridin-2-yi-ethoxy)-
ethyil-phospheramidic acid monomethyl ester

E1371 methyl methyl Methyl-{Z-(1-phenyl-1-pyridin-2-yl-ethoxy)-
ethylj-phosphoramidic acid dimethyl ester

E1372 pheny! hydrogen  Methyl-[2-{1-phenyl-1-pyridin-2-yi-ethoxy)-
athyl}-phosphoramidic acid monophenyl ester

E1373 phenyi methy! Methy-[2-( t-phenyi- 1-pyridin-2-yi-ethoxy}-

ethvl]-phosphoramidic acid methyl ester
phenyl ester
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Chemical Structure Active Metabolite Structure N H3C\ N H3C N CH3NH

F F Compound R1 R2 Chemical Name Estimated pKa LogP E1031
hydrogen hydrogen {3-(5-Cyano-1-(4-fluoro-phenyl)-1.3-dihydro- 3.12
isobenzofuran-I (S)-yll-propyl}-methyl-phosphoramidic acid E1032

hydrogen methyl {3-[5-Cyano-1-(4-fluoro-phenyl)-1,3{3-[5-Cyano-I-(4- 3.17
fluoro-phenyl)-1,3-dihydro-isobenzofuran-1 (S)-yll-propyl} 10
methyl-phosphoramidic acid monomethyl ester E1033 methyl methyl
{3-{5-Cyano-I-(4-fluoro-ph&pratisediryaralts’p3
isohenzallsan4téS)-yll-propyl}-methyl-phosphoramidicgaidx ginatmgkabolite
ester E1034 phenyl hydrogen {3-[5-Cyano-1-(4-fluoro-phenyl)-1,3-dihydro-
4.94 15 isobenzofuran-l 1 (S)-yi]-propyl}-methyl-phosphoramidic @pud
monophenyl %ﬁer E1035 phenyl methyl
{3-[5-Cyano-iN#+fluoro-phenyl)-1,3-dihydro- 5.00

HaO OOCH, NH

_CH3 Vi~ N-P-Ol-I N-c-O O O \/ O QlCHi_
1032 E1033 £ E//

OH
Compound R1 ‘R2 Chemical Name Estimated Estimated
LogP pKa
E1106 hydrogen  hydrogen  Methyl[2-(naphthalen-1-yloxy}-2-thiophen-2-yl- 3.78 448
ethyi}-phosphoramidic acid
E1107 hydrogen meihyl Methyl-{Z-(naphthalen-1-yloxy}-2-thiophen-2-yl- 3.82 318
ethyl-phosphoramidic acid monomethyl esier
E1108 methyl methyt  Methyl-[2-(naphthalen-1-yloxy)-2-thiophen-2-yi- 3.89 432
ethyli-phosphoramidic acid dimethyl ester
E1108 phenyl hydrogen  Methyi-[2-(naphthalen-1-yloxy)-2-thiophen-2-yi- 5.60 276
ethwli-phosphoramidic acid monophenyi esier
E1110 phenyl methyi Methyi2-(naphihalen-1-yloxy)-2-thiophen-2-yi- 5.66 4.86
ethyll-phosphoramidic acid methyl ester phenyl
ester
R ~5 OH OH
O HO—P=0 O-P=0
o ! | N.. H“C N
Rz N 7 TCH, ( CH,

E1106 E1107
H.C.. e oy
¢ o g
O—P=0 S
r\j }Q \\\\/\O \/ \‘O
-
C 7 TCH, HO—P=0 0-P=0
S N HC N
0 : " CH, TCH,
\ 5
s 5
s O/\@ TN
i u
e M
E1108 W
£1106 E1110



N H3C OHCHa N-P-GNH,CINP-p OOOCro EIO34FE103520 F
65 Femoxetine (Malexil(r)) Chemical Structure Active Metabolite Structure
Hydroxylated Metabolite CH3CH H3Nr-~NN OO H3COH3CO/
HO Compound RI R2 Chemical Name El 374 hydrogen hydrogen
[3-(4-Methoxy-phenoxymethyl)-4-phenyl-piperidin-I-yl]- phosphonic acid
E1375 hydrogen methyl
[3-(4-Methoxy-phenoxymethyl)-4-phenyl-piperidin-l-yl]- phosphoric acid
monomethyl ester E1376 mEtyiptaptiRaibox®)

[FpervieatRiRyCBie noxy mésiing-MsirRaiie- Bipetivnn - 1-yiv s respies Hetabrlite
dimethyl ester ElSZ?CphenyI hydrogen
[3-(4-Methoxy-phené thyl)-4-phenyl-piperidin-1-ylq
monophenyl ester E1378 phenyl methyl

osphonic acid

(4-Methoxy-phenéxymethyl henyl-piperidin-I-yl]- phosphonic acid
r ster 5 R 3¢ ORL 0=.P-0 0=P-0
=P- 4
N O
© H H
Compound R1 RrR2 Chemical Name Estimated
LogP
E1189 hydrogen hydrogen
¥ereg yerog {2-I5-{2-Benzenesuifonyl-ethyl)-1H-indol-3-yimethyl]- 3.24
oyrrolidin-1-yi}-phosphonic acid
E1170 hydrogen  methyl {2-[5-{2-Benzenesulfonyl-ethyl)-1H-indof-3-yimethyl]- 3.29
pyrrofidin- 1-yl}-phosphonic acid monomethyt ester
E1171 methyl methyl {2-[5-(2-Benzenesulfonyl-ethyl)-1H-indol-3-yimethyl}- 3.35
pyrrolidin-1-yi}-phosphonic acid dimethyl ester
E1172 phenyt hydrogen  {2-[5-(2-Benzenesulfonyi-ethyl}-1H-indol-3-yimethyi}- 5.06
pyrrolidin-1-yi}-phosphonic acid menephenyl ester
E1173 phenyl mathyl 12-15-(2-Benzenesulfonyi-ethyi}-1H-indol-3-yvimethyl]- 512
pyrrolidin-1-yil-phosphonic acid methyl ester phenyl ester
R H
\,Q \Q
R N H &
i
E1168 KD
gy, $v;
/
S X — SI AN
8 N / N
H © H
H. H.,
0 g
PO 0~p=0
. Et171 e y
7 \ f? : \ /O ’J
=8 7N S, 2t
/ /7 4 !
N N
C S H O MH
‘///\H {’7/:\\
gy i\ B
k/\o \Q,/' \O
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H3C O H3C O H3C 0~ E1374 E1375 H3c,0 CH H,-O O=P-0 O=P-O
0=P-ONONNOOOIi H3C,0/H3C,0~H3C,0 E1376 E1377 E1378 66
Fenfluramine (Pondim[n) Chemical Structure Active Metabolite Structure
Hydroxylated Metabolite /CH3 H CAN CH3 HC _N,CH3HCN CH3 FFF
FFFI\\ HO Compound R1 R2 Chemical Name Estimated pKa LogP
E1314 hydrogen hydrogen
Ethyl-[1-methyl-2-(3-trifluoromethyl-phenyl)-et%yl]- 3.48 3.29
phosphoramidic acid E13&8hRgtredBrensstigte )

ERATCHhEWEIE 3-trifluoromethyl-phenyl)-ethyl]- 3.5 % Qylated Metabolite

phosphoramidic acid monomethyl ester E1316 methyl methyl
Ethyl-[1-methyl-2-(3-trifluoromethyl-phenyl)-ethyl]- 3.60 3.60

| pho

Copbund R1 R2
E1334 hydrogen  hydrogen
E1335 hydrogen  methy!
E1336 methyi methyl
E1337 phenyl hydrogen
E1338 phenyl methyt

O—R1
/
R
RZ
OH CH3
|‘l3 O—CH,
X ol -

| e, 9

o 3
* CH,
£1336

phos Hrarﬁi*diac acid dimethyl ester E1317 phenyl hydrogen

|-[1-fAthyl-2-(3-trifluoromethyl-phenyl)-ethyl]- 5.36,4°11
phosphoramidic acid methyl ester phenyl ester CH3F CH3 F R1I-OFHC

Chemical Name

(2-Hydroxy-1-methyl-2-phenyl-ethyl)-methyl-

phosphoramidic acic

{2-Hydroxy-1-methyl-2-phenyi-ethyl)-meathyi-

phesphoramidic acid monomethyi ester

{2-Hydroxy-1-methyl-2-phenyl-ethyl}-methyi-

phosphoramidic acid dimethyi ester

{2-Hydroxy-1-methyi-2-phenyl-ethvl)-methyl-

phosphoramidic acid monophenyt ester

{2-Hydroxy-1-methyl-2-phenyi-ethyli-methyl-
phosphoramidic acid methyi ester phenyl ester

OH CH,
' N O H
<R =
| e
o  CHU
E1334
OH CH,
LT o—n
PSS N\ﬂ/
i i IR
1!\) CHSQ |
2N
E1337 i
S

64

OH C'ZH

3

Estimated pKa
LogP
0.48 347
0.55 418
0.60 3.58
2.31 3.80
237 3.80
OH CH,
f‘\l FO-H
D
! v o
L CH,O ]
Z1338
OH  CH,
LN OCH,
= H \\,- I‘\
; i oAl @
\% CHB{J‘
e
E1338 _
\&/”



FOwWF R20CH3LOCH3E1314 /CH3CH3HONFFH3COIP-NF
FOCHOCHCH3CH3E1315E1316 CH3CH3 H-OFFH3C--ONF F
. P"~POFC~F 0CH3 CH3E1317 E1318 67 Fluoxetine(Prozac(r))
Chemical Structure Active Metabolite Structure Hydroxyiated Metabolite
H30NH2NHOOOH FFF FFF Compound RI R2 Chemical Name

Estimated Estimated LogP pKa E1046 hydrogen hydrogen
Ethyl-[2-phenyl-2-(4-trifluoromethyl-phenoxy)- ethyl] 4.23 4.64
phosphoramidic acid E10&rqi#rergen(saeanys”)
Ethdm2plsenytite(4-triflutamethytapbes eg)cathyl]- 4.29 3.02
phosphoramidic acid monomethyl ester E1048 methyl methyl
N\Ethyl [2 phenyl% -trifluowg ethyl-phenoxy)ie?\hyl] 4.35 3.96

@ E1050 phenyl methyl
henoxy)-ethyl)- 6.11 4.49

Compound R1 R2 Chemical Name Estimated
LogP
E1031 hydrogen hydrogen {3-[5-Cyano-1-(4-fluoro-phenyl}-1,3-dihydro-
isobenzofuran-1{8)-yl}-propyl}-methyl-phosphoeramidic acid
£1032 hydrogen methyl {3-[5-Cyano-1-{4-fluoro-phenyl}-1,3{3-[5-Cyanc-1-(4-
fuore-phenyly-1,3-dihydro-isobenzofuran-1{Si-yi}-propyh-
10 methyl-phosphorarmidic acid monomethy! ester
E1033 methyl mathyt {3-i5-Cyano-1-{4-fuoro-phenyl)-1,3-dihydro-
isobenzofuran-11(S)-yi}-propyll-methyl-phosphoramidic acid
dimethyi ester
£1034 phenyi hydrogen {3-15-Cyano-1-{¢-flucro-phenyli-1,3-dihydro-
15 isobenzefuran-11(S)-yll-propyl}-methyl-phosphoramidic acid
monophenyl ester
E1035 phenyt methyt {3-]5-Cyano-1-{4-flucro-phenyl)-1, 3-dihvdro-
isobenzofuran-11(S)-vl-propyii-methyl-phosphoramidic acid
methyi ester pheny! ester

N H.C OH

Ay {
o EN N—F-~OH
i i O é}
-
—

Vo E1034

20

65
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3.7

3.23

4.94

5.00
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phosphoramidic acid methyl ester phenyl ester 5 P2 OR1 OH H C 0[-? HO
P=0"'0-P=0 O-P=0\n\HCNIH3CNH3CNOO F-\OFFFFFF
E1046 F E1047 CFi3 % CH- H3C, Ol OH C 0-P=0 O P=0 P=0 H3C"N \ n
\H3CN OH3CO /OF/F// FI\FFFFF E1048 F E1049 E1050 68
Frovatriptan (Frova ) Chemical Structure Hydroxylated Metabolite H N
H3C,N H NHZ O Compound RI R2 Chemical Name Estimated pKa LogP
E1319 hydrogen hydrogen (6- Carbamoyl -2,3,4,9- -tetrahydro-1
H-carbazol-3-yl)- 1.27 2.52 ¥& IsdYs lsHamidic acid E1320 hydro
metRgeat é‘é&’ﬁ%\‘r‘ﬁoyl 2,384 Fﬁ}tﬁ’?&eﬁ—‘i‘"‘é%ﬁﬁ%zol §¥;9‘|5°’?t"§§%¥‘1 abolie

N

Compound Chemical Name

E£1374 hydrogen hydrogen [3-{4-Methoxy-phenoxymethyl)-4-phenyl-piperidin-1-yi}-
phosphaonic acid

E1375 hydrogen  methyl [3-{4-Methoxy-phenoxymethyl)-4-phenyi-piperidin-1-yi]-
phesphonic acid monomethyi ester

E1376 methyt methyl [3-{4-Methoxy-phenoxymethyh)-4-phenyl-piperidin-1-yi}-
phosphonic acid dimethyl ester

E1377 phenyl hydrogen  [3-{4-Methoxy-phenoxymethyl)-4-phenyl-piperidin-1-y1]-
phosphonic acid monopheny! ester

£1378 phenyl methyt [3-(4-Methoxy-phenoxymethylj-4-phenyl-piperidin-1-yl}-

phosphonic acid methyl ester phenyl ester

R2 H. H.C..
o R O K o
Qx.ﬁlwo 4 OK?WQ
/?\iW /N
SO
| i :
H,C. L H,C.
S S
5 N,
o // \\} Vi \>
Pl Ho N/ H.C. /
O o O /,::J' O‘ /__
o:;f—o O=p—C 0=P~0
\ N



methyl-phosphoramidic acid monomethyl ester E1321 methyl methyl
(6-Carbamoyl-2,3,4,9-tetrahydro-1 H-carbazol-3-yl)- 1.38 3.65
methyl-phosphoramidic acid dimethyl ester E4322 phenyl hydrogen
(6-Carbamoyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)- 3.09 4.70
methyl-phosphoramidic acid monophenyl ester E1323 phenyl methyl
(6-Carbamoyl-2,3,4,9-tetrahydro-1 H-carbazol-3-yl)- 3.15 3.13
methyl-phosphoramidic acid methyl ester phenyl ester S HH N N H3C'N
H3C,N E1319 O P=0 O PeRiamNg P PPEINH R20 HH N N_H3C,N
H3BERIBLE e300 O=0 B tapPRIE S TS NHYY PRIy e MataPels
N N H3G; ﬂZIBC,N E13221_E1323 O P=0 O-P=0 H NH2 H3(, O NH2

69 calantaming (Reminy/[(r)) miceal Str re Active olite CH,
S%L%iuﬁe rrt((?)_((f/lated Mgab%r%\/ %IY@% - M%

F i
RN
F F Fool P
HO
Compound R1 R2 Chemical Name Estimated pKa
l.ogP
E£1314 hydrogen hydrogen  Ethyi-{1-methyl-2-(3-trifluoromethyl-phenyi-ethyl- 348 3.29
phosphoramidic acid
E1315 hydrogen  methy! Ethyi-[1-methyl-2-(3-trifluoromethyl-phenyh-ethyl}- 3.54 4.36
phosphoramidic acid monomethyi ester
E1316 methy! methyl Ethyl-[1-methyl-2-( 3-trifivoromethyl-phenyl}-ethyl- 3.80 3.60
phosphoramidic acid dimeathy! ester
E1317 phenyl hydrogen  Ethyi-[1-methyl-2-{3-rifluoromethyl-phenyl)-sthyl]- 5.31 4.00
phospheramidic acid monophenyl ester
E1318 phenyt methy cihyk-[1-methyl-2-{3-triflucromethyl-phenyh-ethyil- 5.36 4.11
phosphoramidic acid methyl ester phenyl ester
CH, CH,
F F =
Rt—0 F H—C
v N v N
O A i i I F 0y i\ F
[ O CH, &~ . O cCH,
K2 H
£1314
CH, CH,
4 F g U
H—C ) F H.C—O
v N 3 s N
- -
07N | F o7 F
L © CH, [ O CH,
CH, CH,
' E1315 E1316
CH, CH,
” R NP
O H.C—O |
v N g v N
P P
O o F o7 F
] O cH, - O CH,
o E1317 E1318
S =
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OHOH CH3 0O OOHO NN H3CH3C 5 Compound RI R2 Chemical
Name E1259 hydrogen hydrogen
6H-benzofuro[3a,3,2-ef][2)benzazepin-6-
ol,4a,5,9,10,11,12-hexahydro-3-methoxy-I1- methyl-,
(4aS,6-R,8aS)-phosphoramidic acid E1260 hydrogen methyl
6H-benzofuro[3a.3,2-ef)[2)benzazepin-6- ol,4 a, 5,
9,10,11,12-hexahydro-3-methoxy-| 1- methyl-,
(4aS 6-R,8aS)-phosphoramitite3tiae Rerrdmethyl ester E1261 methyl
CheisAL P BYF BNz ofuro[3a” S Y e MSIRSHIESEITNE 014  Hydroxylated Mctabolite

BaS)-phosphoramidi
-benzofuro[3a,3,2-¢ef]
et;4a,579,10,11,12-hexahyaro-3-methoxy-11- methyl-,
(4#8,6-R,8aS)-phosphoramidgic acid methyl ester phenyﬁ ester OH OH OH

compbldhd C BB ~ H3fZN N N R7~G-RfachiQsRdrhie~ / P ~0 OS#stlmated  Estimated

LogF pKa

E1048 hydrogen  hydrogen  Ethyi-[2-phenyi-2-(4-triflusromethyl-phenoxy}-ethyl]- 4,23 4.64
shesphoramidic acid

E£1047 hydrogen  methyt Ethyl-[2-phenyi-2-(4-triflucromethy-phenoxy)-ethyl]- 4.29 3.02
phosphoramidic acid monomethyl ester

£1048 methy! methyl Ethyl-{Z-phenyl-2-{4-friflucromethyi-phenoxy)-ethyl]- 4.35 3.96
phosphoramidic acid dimethyl ester

E1049 phenyl hydrogen  Ethyl-[2-phenyl-2-(4-trifiucromethyi-phenoxy)-ethyli- 6.06 2.64
phosphoramidic acid monophenyl ester

E1050 phenyl methyi Ethyi-[2-phenyl-2-(4-irifluoromethyl-phenoxy}-ethyl]- 8.11 4,49

vhosphoramidic acid methyl ester phenyl ester
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RC CH- E1259 E1260 CH/OH CH OH CHOH OO OONN

H~G FhC~C0CO CHs E1262 E1263 E1261 \v ~_
(Tequine ) Chemical Structure Hydroxylated Metabolite O OF 11 OH ~N

HN\ H3C'O ~" CH3 Compound Rl R2 Chemical Name Estimated pKa

LogP E1289 hydrogen hydrogen
1-Cyclopropyl-6-fluoro-8-methoxy-7-(3-methyl-4- 1.78 5.15

phosphono-piperazin-1-yl)-4-oxo-l,4-dihydro- quinoiine-3-carboxylic acid

E1290 hydroen methyl 1- Cf)f&l‘f?ﬁ'f‘@fﬁﬂ ErMiBIrb-7-[4-( tﬁ/’droxy methoxy-

82"2“6‘1 B

ﬁ'f?oryl) 3- methyl piperazi n-1-yll-8-me

1-Cyclopropyl-6-fluprq ﬁ;[4-(hydroxy-phenoxy- 3.612.04

Compound R4

£1319
£1320
£1321
E£1322

E1323

hydrogen
hydrogen
methyi

pheny!

pheny!

R’z
hydrogen
methyl
methyl
hydrogen

methyl

Chemical Name

(6-Carbameovt-2,3.4, 8-tetrahydro- 1H-carbazol-3-yl-
methyi-phosphoramidic acid
{6-Carbamoyi-2.3.4,9-efrahydro- 1H-carbazol-3-vi}-
methyl-phosphoramigic acid monomethy! ester
(B-Carbamoyl-2,3 4 9-tetrabiydro-1H-carbazol-3-yi)-
methyl-phosphoramidic acid dimethyl ester
(6-Carbamoyi-2,3 4 9-tetrahydro-1H-carbazol-3-yi)-
methyi-phosphaoramidic acid monophenyi ester
(6-Carbamoyl-2,3 4, 5-tetrahydro-1B-carbazol-3-yi)-
methyi-phosphoramidic acig methyl ester pheny! ester

H.C

|
E1320 o—t=0
|

69

Estimated
LogP
1.27
1.33
1.38

3.09

E1319

'~P, P~ HrC
70 Gatifloxacin

gkgfqitated Meta%:ool:te

pKa
2.52
513
3.65

4.70



phosphoryl)-3-methyl-piperazin-I -yll-8-methoxy-4 oxo-I,
4-dihydro-quinoline-3-carboxylic acid E1293 phenyl methyl
1-Cyclopropyl-6-fluoro-8-methoxy-7-[4-(methoxy- 3.66 6.36 pre
noxy-phosphoryl)-3-methyl-piperazin-| -yll-4-oxo-
1,4-dihydro-quinoline-3-carboxylicacid 50000 OHOH F11F CRI-~-N
N OF) NYH3C-O NJ INYH3CO P~NiZz2 O P HOWE1289 O CH3 0 CH3
OOO00 FIOHFOH HNI/N~CH3N/N ,N®OAE129OANY-O E1291
HC~ .PY HC- HzC., P HC $#!putamigefReminy{} .~ 30 CH30 CH3 0 0 00
FORMeBR e H ¢ N RCRVRINFBRPTRSE B e N ey e S Blgtabelye
C'CH3 E1292 %QHS 71 Grepafloxacin (Raxar ) Chemical Structure OH

d lated Metabolite CH3 O OH F
IcHﬂy r(g)xy etabolite

N
/
H,C
Compound Rt R2 Chemical Name
E1259 hydrogen  hydrogen gH-henzofuralda, 3, 2-efl2lbenzazepin-6-

ol4a,5,9,10,11,12-hexahydro-3-methoxy-11-
methyl-, (4a5,6-R.8aS)-phosphoramidic acid

E1260 hydrogen  methyl GH-benzofuro[da,3 2-efl2lbenzazepin--
ol4a,5,9.10,11,12-hexahydro-3-methoxy-11-
methyl-, (4a5,6-R.8a5)-phosphoramidic acid
monomethyl ester

E1251 methyl methyl 6H-benzofurol3a,3.2-efl[Zlbenzazepin-6-
0148,5,9,10,11,12-hexahydro-3-methoxy-11-
methyl-, (4a5,6-R,8aS)-phosphoramidic acid
dimethy ester

E1262 phenyl hydrogen  SH-benzofurc[3a,3,2-ef[2lbenzazepin-6-
ol4a,5,9,10,11,12-hexahydro-3-methoxy-11-
methyl-, (4a5,6-R 8aS)-phosphoramidic acid
monophenyl ester

E12683 phenyl mathyl 8H-benzofuro[3a,3.2-efl2lbenzazenin-6-
ol,42,5,9,10,11,12-hexahydro-3-methoxy-11-
methyl-, (4a8,6-R.8aS5}-phosphoramidic acid
methyt ester phenyl ester
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NN HNY A CH3 5 Compound R1 R2 Chemical Name Estimated pKa
LogP E1294 hydrogen hydrogen
1-Cyclopropyl-6-fluoro-5-methyl-7-(3-methyl-4
phosphono-piperazin-I-yl)-4-oxo-l,4-dihydro- quinoline-3-carboxylic acid
E1295 hydrogen methyl 1-Cyclopropyl-6-fluoro-7-[4-(hydroxy-methoxy-
phosphoryl)-3-methyl-piperazin-I -yl]-5-methyl-4- oxo-l,
4-dihydro-quinoline-3-carboxylic acid E1296 methyl methyl
1-Cyclopropyl-7-[4-(dimeth@stjfipkessp Ftsau)s@>12.36 6.49
metRpligbRFAgHIE -yI]-6-fluoro-5-methyl-4-oxo-1,4-  Hydroxylated Metabolite
dihydro-quinoline-3-carboxylic acid E1297 phenyl hydrogen

o g-fluoro-7-[4-(methoxy-phenoxy- 4.13 6.63
ynPhosphoryl)-3-methyl-piperazin-| -yl]-5-methyl-4-
Ox0-lk4eadihydrg-guinoline-3-carboxylic acid CH3 0 :0HO NrN R1-ON |
H@QéaN‘JAE1294PYYiiOCH-lOCH3 R2CHOOOHHCH30OHF

COIQ;Q)uNdN NFH'O Yr H?’O'O Chemical Name Estimated  pKa
l.ogP
E1288 hydrogen  hydrogen  1-Cyclopropyl-8-fluoro-8-methoxy-7-{ 3-methyi-4- 1.78 5.15

phosphong-piperazin-1-yl)-4-oxo-1,4-dihydro-
guinoiine-3-carboxyiic acid

E1290 hydrogen  methyt 1-Cyclopropyl-6-fluoro-7-[4-{hydroxy-methoxy- 1.84 2.51
phosphoryl}-3-methyl-piperazin-1-yl}-8-methoxy-4-
oxo-1,4-dihydro-quingline- 3-carboxylic acid

£1291 methyt methyl 1-Cyclopropyi-7-[4-{dimethoxy-phosphoryl}-3-methyl- 1.90 6.22
piperazin-1-yi}-6-fiuorc-8-methoxy-4-oxo-1,4-dihydro-
guinoline-3-carboxylic acid

E1292 phenyt hydrogen  1-Cyclopropyl-6-fluaro-7-l4-(hydroxy-phenoxy- 3.61 204
phosphoryl)-3-methyl-piperazin-1-yl}-8-methoxy-4-
oxo-1,4-dihydro-quinoline-3-carboxylic acid

E1283 phenyl methyi 1-Cyclopropyl-6-fluocro-8-methoxy-7-[4-{methoxy- 3.68 8,36
phanoxy-phosphoryl}-3-methyi-piperazin-1-yl-4-oxo-
1.4-dinydro-guinoline-3-carboxylic acid

Q 0 Q9 0
F F
I X l CH I OH
i (\N N b (\N N)
o o
v N ple; v N 0
Rz P W)HSC A Ho BT j)Hsc A E1289
(O o7
O CH T CH

i—igc\dx@\j L
O CH, C  CH,
0O 0 o O
F F
O | OH | X | OH
CH /l
H o
- N N N N
(?’ ., {}/ (\ E /;5\\‘ 4 K\
| W N .0 o MON 0
S P H.C '\\:/?\O/P\ H,C £1293
O CH, E1292 O CH,
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P NE1296 E1295,~1~~0CHO~0CH CH3 CH;aCH30O0OHCH30
OH FOFO YNN/Y~rNNOP NY AE1297\ 0OOvPNC A E1298 vv v
0 CH3 1 0 CH3 H CH3 72 Halofantrine (Halfan(r)) Chemical Structure

1

Active Metabolite Structure H3CIH HON-.CH3HOCH3 CICICiCl F

F F F FF Compound R1 R2 Chemical Name Estimated Estimated LogP
pKa E1066 hydrogen hydrogen
Butyl-[3-(6,8-dIchloro-3-trifluoromethyl-phenanthren- 6.64 3.57

0- I)-3;hydroxy-propyl]-phd@ﬁﬁ@fﬁamkiid%@ia’%lom hydrogen methyl

B ﬂﬂ'—‘fﬁ’-ﬁb‘f’@'—‘(ﬁ%ﬁﬁ)ro-\?-triﬂuoromethyl-phenanthren-g'
9-y|)-3-hyg![loxy
metrilyl mettiyl
3.77 9:yH-3-

prop E-phosphoramidic acid monomethyl ester E1068
utyl-[3-(6,8-dlchloro-3-trifluoromethyl-phenanthren- 6.75

CH,
Compound R1 R2 Chemical Name Estimated
Logk
E1294 hydrogen  hydrogen

1-Cyciopropyl-6-fuoro-5-methii-7-(3-methyl-4-
phosphono-piperazin-1-yi-4-oxo-1,4-dihydro-
quinoline-3-carboxytic acid

E1205 hydrogen  methy 1-Cyclopropyt-6-fiuoro-7-i4-(hydroxy-methoxy-
phosphoryl)-3-methyi-piperazin-1-ylj-5-methyl-4-
oxo-1,4-dihydro-quinoline-3-carboxylic acid

E1208 meathy! methyl 1-Cyclopropyi-7-[4-{dimethoxy-phosphoryi)-3- 236
methyt-piperazin-1-yi}-6-fluoro-5-methyl-4-oxo-1,4-
dihydro-quinciine-3-carboxyiic acid

E1287 phenyl hydrogen  1-Cyclopropyl-6-fluore-7-[4-{hydroxy-phenoxy- 407
phosphoryD-3-methyi-piperazin-1-yl]-5-methyl-4-
oxo-1,4-dihydro-guinetine-3-carboxylic acid

£1298 phenyl methyl 1-Cyclopropyl-6-flucro-7-[4-{methoxy-phenoxy- 413
phosphoryl}-3-methyi-piperazin-{-yi}-5-methyl-4-
oxo-1.4-dihydro-quinoline-3-carboxylic acid

CH, O OH CH., O OH

o

Dy
>§

72

_yftgo&xjgted Metaboiite

pKa

5.48

1.76

6.63



dimethyl ester E1069 phenyl hydrogen
Butyl-[3-(6,8-dichloro-3-trifluoromethyl-phenanthren- 8.47 3.70
9-yl)-3-hydroxy-propyl]-phosphoramidic acid monophenyl ester E1070
phenyl methyl Butyl-[3-(6,8-dichloro-3-trifluoromethyl-phenanthren- 8.52
4.29 9-yl)-3-hydroxy-propyl]-phosphoramidic acid methyl ester phenyl
ester 5R1 OH H.,0 OH R' 0 Ho-P-O ~0-P-0 0-F-0 HO N CH HO NCH3
HO NCHI ~/~/a,CIICICIr/V/ CIF-F FTF F+F F E1066 F E1067 F
H_ H_CCP0O0C HO~A-Mpigpignadriptady)O--P=0 CIHO, - N, _,,CH,
HEnMKRIER Eikdturel 6, E1QkRive MétdifefSinkd@s0 F 73 Levofloxacin
(Le;vg@qgino) Chemical Structure Hydroxytated Metabolite

|

Compound R1 RrR2 Chemical Name Estimated Estimated
Logk pKa
E1066 hydrogen  hydrogen  Butyl-[3-{6 8-dichioro-3-trificoromethyl-phenanthren- B.64 3.57
S-yl)-3-hydroxy-prepylj-phosphoramidic acid
E1067 hydrogen methyf Butyl-[3-{6, 8-dichioro-3-trifiuoromethyl-phenanthren- 6.70 4.09

G-y1i-3-hydroxy-propyll-phosphoramidic acid
monomethyl ester

E1068 methyl methyt Butyl-[3-(8,8-dichloro-3-rifluoromethyi-phenanthren- 68.75 3.77
9-yl}-3-hydroxy-propyl}-phosphoramidic acid
dimathy! ester

E1068 phenyt hydrogen  Buiyl-{3-(6,8-dichlore- 3-trifluoromethyi-phenanthren- 8.47 3.70
9-vi)-3-hydroxy-propyl}-phosphoramidic acid
menopheny! ester

E1070 phenyl methyl Buty-§3-(8,8-dichioro-3-trifiuoromethyi-phenanthren- 8.52 4.29
9-yD)-3-hydroxy-propyll-phesphoramidic acikd methyl
ester phenyl ester

?H H,C QH
HO—P=0 o-P=0
i HO Ne o CH,  HO._~ __N._~_CH,
HO._~ N~ _.CH, \(\:cn j o
I o=
|
B
. ol " 15 Ci
F——F F—F
F E1088 E £1067
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O OF HO NION, O CH3 5 Compound RI R2 Chemical Name E1383
hydrogen hydrogen 8-Fluoro-6-0x0-9-(4-phosphono-piperazin-I-yl)-
2,3-dihydro-6H-I-oxa-3a-aza-phenalene-5- carboxylic acid E1384
hydrogen methyl 8-Fluoro-9-[4-(hydroxy-methoxy-phosphoryl)-
piperazin-l-ylj-6-oxo-2,3-dihydro-6H-1-oxa-3a- aza-phenalene-5-carboxylic
acid E1385 methyl methyl 9-[4-(Dimethoxy-phosphoryl)-piperazin-I-yl]-8-
6uoro-6-oxo-2.3-dihydro-6HHE-I-oxa-3.a-?éa- phe@r};alene-S-carboxylic acid
E1386 phenyl hydrogen SLENMIR} U {RYRIBIAy I phenoxy-phosphoryl)-
pifBFIYAL %% 0-2,3-dihydro-6H-1-oxa-3a- aza-phé‘Wﬁf@ﬁ@?gée BGRtite
agid E1387 phenyl methyl 8-Fluoro-9-[4-(methoxy-phenoxy-phosphoryl)-
p|erain-I-yI]-6-9xo-2,3-dihydro-6H-I-oxa—3a— aza-phenalene-5-carboxylic
Hoacih O OHOFF HO NN ~O KN,P -R1-10 'V~N~ P"H GO E1383
O/OwHO EHOF N NN--~-coL,~N~ PO0O--H,

N
]\/O ’\/N\CHa

Compound R1 R2 Chemical Name

E£1383 hydrogen  hydrogen 8-Fluoro-6-oxo-8-(4-phosphono-piperazin-1-yi)-
2.3-dihydro-6H-1-oxa-3a-aza-phenalene-5-
carboxylic acid

E1384 hydrogen  methy! 8-Fluoro-8-l4-(hydroxy-methoxy-phosphoryl)-
piperazin-1-ylj-8-oxo-2.3-dihydro-6H-1-oxa-3a-
aza-phenalene-5-carboxylic acid

E1385 methyl methyi 9-i4-{Dimethoxy-phosphoryl)-piperazin-1-yi}-8-
fuoro-8-oxo-2,3-dihydro-6H-1-oxa-3a-aza-
phenalene-5-carboxyiic acid

E1388 phenyl hydrogen 8-Fluoro-8-{4-(hvdroxy-phencxy-phosphoryl)-
piperazin-1-yi}-6-oxo-2,3-dihydro-6H-1-0xa-3a-
aza-phenalene-5-carboxylic acld

£1387 phenyl methy! 8-Fiuoro-9-f4-{methoxy-phenoxy-phosphornyd)-
piperazin-1-yl}-6-oxo-2,3-dinydro-6H-1-oxa-3a-
aza-phenaieneg-5-carboxylic acid

HO f HO 5 N
i i
\N Nﬂ N o N/ﬁ
o g1 Lo Oy
-2 e R ~_-C \/N\P
e E1383 ol
R2 H
o 0 o] ﬁ
; F F
HO | | Sy HO { /“\)\
NJ\%\N/\ N |/ N/\‘
i EoO- ! o
S0 \/N\PA f K/O SN o OH
E1a84 o 0 £1385 oo
CH, v

0 LN YTH
Z \O

£1386 v
s
3
S
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. E1384 O~0E13850~0 CH., : H.

IOXOO0OOHO 7\V'rHOF N N----~i N

~O (\-"N O'H ~O ~N~p-CH E1386 C'0 E1387 O C1 74 Lomefloxacin
(Maxaquin ) Chemical Structure Hydroxylated Metabolite O 0 HO F /CH3

N CH C~ F NH 3 5 Compound RI R2 Chemical Name Estimated

Estimated LogP pKa E1439 hydrogen hydrogen
1-Ethyl-6,8-difluoro-7-(3-methyl-4 phosp hono-pipe razi n-1-yl)-4-oxo-1.4-
dihydro-quinoline-3-carboxylic acid E1440 hydrogen methyl
1-Ethyl-6,8-difluoro-7-[4-(hymiedryasietimepquin®)

plidepHery Prgatethyl-piperazin-1-yl]-4-oxo-

1, 4 dihydro-quinoline-3-carboxylic acid E1441 methyl methyl
C

hosphoryl)-3-methyl-

phos J?\

Compound

£1439
E1440
E£1441
E1442

E1443

R1

hydrogen

hydrogen

methyt

phenyi

phenyt

I3

-1 fethyl-6,8-difluoro-4-oxo-
guinoline-3-garboxylic acid E1442 phenyl hydrogen
-|qu@¥63>1(4 (hyydroxy-phenoxy-
orylr3-methylapiperazin-1-yl)-4-oxo-

R2

hydrogen

methyl

methyl

hydrogen

methyi

Chemical Name Estimated
LogP

1-Ethyl-6,8-diflucro-7-(3-methyi-4-
phosphono-piperazin-1-yli-4-oxo-1,4-
dihydro-guinoline-3-carboxylic acid
1-Ethyl-6,8-diftuoro-7-{4-(hydroxy-methoxy-
phosphoryl)-3-methyl-piperazin-1-ylj-4-oxo-
1.4-dihydro-guinoline-3-carboxyiic acid
7-[4-{Dimethoxy-phosphoryl}-3-methyl-
piperazin-1-yi}-1-ethyl-8,8-difluoro-4-oxo-
1.4-dihydro-guinoliine-3-carboxylic acid
1-Ethyi-6 8-difiuore-7-[4-(hydroxy-phenoxy-
phosphoryl)-3-methykpiperazin-1-yil-4-oxo-
1.4-dihydro-guinotine-3-carboxylic acid
1-Ethyl-6 B-diftuoro-7-[4-{methoxy-
phenoxy-phesphoryl)-3-methyl-piperazin-1-
yl}-4-oxe-1 4-dinydre-guinoline-3-carboxylic
acid; compourd with benzene

Hydroxylaied Metabolite

Estimated
pKa

E1442
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1 4-dihydro-quinoline-3-carboxylic acid E1443 phenyl methyl
1-Ethyl-6.8-difluoro-7-[4-(methoxy-
phenoxy-phosphoryl)-3-methyl-piperazin-1-
yl]-4-oxo0-1,4-dihydro-quinoline-3-carboxylic acid; compound with
benzene OOO0OOHOFHOF NNYCH3NN/ACH3 NO F"/N'O CH3
P,132CHd.H -~OE1439 011 R1HOOO0OO0OHO FHO F ~N NCH/
N_~CFI3 F ~N, O CH3 ~P~ CH, CH3 -P, NCH, E1440 HE1441CH JQ
f1HO F O\ F C i/l NiVCH/tk#piNe{ioxitaRel~ 0 F /N~ 0 CH; P~ H CH -O
CRhepicr! Srpcture? ~~ v| ftiveMeebelite Simectitxitari®yyrondstigdfetabolite
Structure Active Metabolite Structure Hydroxylated Metabolite CH3 NQH

ya 3

sl . o

N=
N— Ne= o
L o w 5 0 o

Compound R R2 Chemical Name Estimated pKa
LogP

E1264 hydrogen  hydrogen . )
[4-(8-Chioro-dibenze[b, Tl 4loxazepin-1 1-yh- 247 4.81
piperazin-1-yll-phosphonic acid

E1265 nydrogen  methy! [4-(8-Chioro-dibenzofb ff1,4joxazepin-11-yi}- 3.03 2.85
piperazin-1-yi}-phosphonic acid monomethyi ester

F1266 methyl methy! [4-(8-Chioro-dibenzo[b 11, 4loxazepin-11-yl)- 308 588
piperazin-1-yil-phosphonic acid dimethyl ester

E1287 phenyl hydrogen  [4-(8-Chloro-dibenzolb f][1,4]oxazepin-11-yi)- 478 2.8
piperazin-1-yl}-phosphonic acid monopheny! ester

E1268 pheny! methy! [4-(8-Chioro-dibenzolb i1 4loxazepin-11-yh- 4.85 6.02

piperazin-1-yl}-phosphonic acid methyi ester phenyl
aster

H
/
o O~H 0. C-CH,
S Ps
(\N Q (\N/ o
Nz N
‘ Ol ¢ Cla ™ 3
| M .
O 0 e
E1284 £1265
CH; H - CH, P
g . B /w\
o O-CH o ,Cw( 6. O
= e el 74
s \@ ; \O 4 \O
N (\N (\N
w5 W, ),
N N N
S Gl 3 Ol
\ \ / P
Ze 70N T
E41267 £1268
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~NCHaHC_

-Chemical Name Estimated pKa LogP E1264 hydrogen hydrogen
[4-(8-Chloro-dibenzo[b,t][1,4]oxazepin-I1-yl)- 2.47 4.81
piperazin-1-yll-phosphonic acid E1265 hydrogen methyl
[4-(8-Chloro-dibenzo[b,f][1,410xazepin-l1-yl)- 3.03 2.85
piperazin-1-yl]-phosphonic acid monomethyl ester E1266 methyl methyl
[4-(8-Chloro-dibenzo[b,f][1,4]oxazepin-1 |-yl)- 3.08 5.88
piperazin-1-yi]-phosphonic Maidodime thytizstéf)E 1267 phenyl hydrogen
[4CtBuTinfd RSrdAseigzob, f][1,4]oxazepin-11-y1)- 4.79 2 Bgiroxylated Metaboiite
piperazin-1-yl]-phosphonic acid monophenyl ester E1268 phenyl methy!

Compound
E1344
E1345
E1346
E1347

E1348

[4- (8 -Chiorg

Ri1

hydrogen
hydrogen
methyl

phenyl

phenyl

-dib

./ N_N~N-NCI/CIO1/00OOH 5 Compound RI R2

nzo[lif{1,41oxazepin-11-yl)- 4.85 6. 02 T
hogphonic acid methyl ester pheny (E
H30NPACN' 0o CD NNN 64
3 0UCHOGOPN
! OH
R2 Chemical Name Estimated pKa
LogP
hydrogen  19,10-ethanoanthracene-9(10H)-propylaminel-methyl 3.58 1.7%
phosphoramidic acid
methy! {9,10-ethanoanthracene-9(1 OH)-propylamine}-methy! 3.61 6.24
phosphoramidic acid monomethyl ester
methyt {9,10-ethanoanthracene-9(10H)-propytamine}-methy! 3.67 2.28
phosphoramidic acid dimethyl ester
hydrogen  [9,10-ethancanthracene-8(10H)-propylamine}-methyi 5.38 557
phosphoramidic acid monophenyl ester
methyl [9,10-ethancanthracene-%{10H)-propylamine}-methyl 5.44 2.89
phosphoramidic acid methyi ester phenyl ester
H - H —
N. /O H N. /C} H
R P FNTR P o
/ | !
| - | O] N | Y]
H CH,
E1344 E1345
H — H :
N\ f.O H N\ /O CH:
. ’/P\O ‘ ~ ‘5 NS ’P\O
! . ' ; ! oL
= 9 ] - e Y]
f'//’,\\; ;‘»4;\“\
E1347 E1348 _
SRy S
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NPONON3NO VNJ CICICI/ 1/0 1/ E1267 E1268 E1266 76
Maprotiline (Ludiomil(r)) Chemical Structure Hydroxylated Metabolite
N~CH3 N7CH3 H H Compound R1 R2 Chemical Name Estimated pKa
LogP E1344 hydrogen hydrogen
[9,10-ethanoanthracene-9(10H)-propylaminej-methyl 3.56 1.73
phosphoramidic acid E1345 hydrogen methyl [9,10-ethanoanthracene-9(|
OH)-propylaminej-methyl 3.61 6.24 phosphoramidic acid monomethyl
ester E1346 methyl methyl [JMDlatEzatasnthracene-9(|
ORI RgsRERY RiftTIRIEMethyl AT MeirholisPiieriifidic AvRIamriedyYieishalite

E1347 phenyl hydrogen

O h asphoramidic acid mefhyl ester phenyl ester 5 A

noagthracene-9(10 2
idic &did monophenyl estef E1348 phenyl

_pr

<)

propyglaminej-meth

lanipe]-methyl 5.38.5.57

ethy

O PO

H X55/0T1 R2

\HCHS E1344 E1345 N &-€H, NO NN O-CH V A ~P. ZOM ~\.. A~ CH3

Compound R1 R2

E1269 hydrogen  hydrogen

£1270 hydrogen  methyi

E1271 methyl methyl

£1272 pheny! hydrogen

E1273 phenyl methyl

E1271

Chemical Name

{2-Benzol[1 3]dioxol-5-yl-1-methyl-ethyl}-methyl-

phosphoramidic acid

(2-Benzo[1 3]dioxol-5-vi-{-methyl-ethyl)-methyl-

phosphoramidic acid monomethyl ester

(2-Benzo[1,3)dioxol-5-yi-1-methyl-ethyl)-methyl-

phosphoramidic acid dimethy! ester

(2-Benzol1,3]dioxol-5-yi-1-methyi-athyl})-methyi-

phosphoramidic acid monophenyl ester

(2-Benzol1,3ldioxo-5-yi-1-methyl-ethyl}-methyl-

phosphoramidic acid methyt ester phenyt ester

@ H
/
ozf~o
_N CH,
H,C
<o
0
£126¢
n’l‘f’ \\
H.
o:%—a
N CH,
H,C
¢ {
0
E1272

78

Estimated pKa
LogP
6.71 2.83
0.76 4,83
0.82 3.46
2.53 442
2.59 3.9¢
HO
@ H
/
OZ?*O
_N.__CH,
H,C
C1
O =
E1270

E1273



E1346 E1347 E1348 77 MDMA (Ecstasy5) Chemical Structure Active
Metabolite Structure Hydroxylated Metabolite HH N,CH3 NH2 Q N,CH3
O/CH3 O r---CH 3HO CH3 O OH 5 Compound RI R2 Chemical Name
Estimated pKa LogP E1269 hydrogen hydrogen
(2-Benzol[1,3]dioxol-5-yl-1-methyl-ethyl)-methyl- 031 2.83 phosphoramidic
acid E1270 hydrogen methyl
(2-Benzo[l.3]dioxol-5-yl-I- meth}/l ethyl)- methyl 0.76 4.83 phosphoramidic

acid mono%nethgl ester EREMRIBRNSIHIRIRTYRZIne

é?]“z:g §j%toxol 5-yi-I-methyl- ethyl) methyl- 0.82 Sfise

aC|d(51|methyI ester E1272 phenyl hydrogen
(2-Bengzo[1,3)dioxol-5-yl-I-methyl-ethyl)-methyl- 2.53 4,42 p

acid Rhenyl ester E1273 phenyl methyl
(2-Be ]dioxol-5-yl-I-methyl-ethyl)-methyl- 2.59 3.99 pk oramidic
acid methyl ester phenyl ester R2. H~ H3C.. OR10HOH ©@=P-O

O#P-8) O=P-O |1l CHCHN CH H3C~3H3C~33C~3®™ 000 E1269
270/1\r 4)

N

H

N
H
Compound R1 R2 Chemical Name Estimated
LogP
E1195 hydrogen hydrogen  [4-{3-Chlorc-phenyl}-piperazin-1-yii-phosphonic acid 1.77
E1196 hydrogen  methyt [4-(3-Chloro-phenyli-piperazin-1-yij-phosphonic acid 1.83
monomethyl ester
E1197 methyi methyi [4-(3-Chioro-phenyh-piperazin-1-yil-phosphonic acid 1.88
dimethy! ester
£1188 phanyl hydrogen  [4-{3-Chioro-phenyi)-piperazin-1-ylj-phosphonic acid 3.60
monophenyt ester
E1192 phenyl methyl [4-(3-Chloro-phenyh-piperazin-1-vlj-phosphonic acid 3.65
methyi ester phenyt ester
i N
i
P
N :] [:N\W
N N N
O=F~0 0= =R
\ N )
/Q R2 LJ/O i %/O CHG
1 o
=1188 E1196
cl Ci \ Ci 2
| L
C Q o

) @ L

N N i
—_ Om=p— Om=pP -0
OM? O\ | '\H | \CH
y C/Q CHB f/q%\i/ ‘{/\\Q\:/O i
- \\/
£1107 E1198 £1189
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pKa

499
267

6.06
2.20

6.20



H3C_H, H3C~ 0CH3 O O/ 0=P-00=10-00=P-011 NCHCHN CH
H3C H3C 3 H3Ca O O O E1271 E1272 E1273 78

Metachlorophenylpiperazine Chemical Structure Hydroxylated Metabolite

CICI OH NJ N-/ HH Compound RI R2 Chemical Name Estimated pKa
LogP EIl 195 hydrogen hydrogen
[4-(3-Chloro-phenyl)-piperazin-1-yl)-phosphonic acid 1.77 4.99 E1196
hydrogen methyl [4-(3-Chloro-phenyl)- plperazm 1-yl]-phosphonic acid
1.83 2.67 monomethyl eststE=rpoF Prigpjimsethy

[ASERIRR RS PHEIR)- piperdZiie o tRpRite Ffb‘ﬁfé‘r&md Heagatedifriabglite

ester E1198 phenyl hydrogen

Compound R1

21208

E1300

E£1301

E£1302

£1303

hydrogen
hydrogen
methy!
pheny!

phenyl

R2
hydrogen
methyl
methyl
hydrogen

methyl

Chemical Name

Methyl-(1-methyk-4-ox0-3,3-diphenyl-hexyi)-
phosphoramidic acid
Methyi-(1-methyl-4-ox0-3,3-diphenyl-hexyl)-
phosphoramidic acid monomethyl ester
Methyl-(1-methyl-4-0x0-3 3-diphenyi-hexyl}-
phosphoramidic acid dimethyl ester
Methyl-(1-methyl-4-oxo-3,3-diphenyl-hexyl)-
phesphoramidic acid monophenyl ester
Methyl-(t-methyl-4-0x0-3,3-diphenyl-hexyl)-
phosphoramidic acid methyt ester phenyl ester

Estimated
LogP
3.54
3.60
3.65
5.36

542

pia
3.28
4.40
3.38
4.01

4.01
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R1/E1195 E1196 CICICI N10=P-G O=P-O O=P-Ol~I1CH3H,O
CHs H'Clj ~Ol E1197 E1198 E1199 79 Methadone (Dolophine )
Chemical Structure Active Metabolite Structure Hydroxylated Metabolite
HO CH3 HC O NCH3 N 3H3CICH3 CH3H3C 5 Compound R1 R2
Chemical Name Estimated pKa LogP E1299 hydrogen hydrogen
Methyl-(1-methyl-4-oxo-3.3-diphenyl-hexyl)- 3.54 3.26 phosphoramidic
acid E1300 hydrogen methyl Methyl-(1-methyl-4-oxo-3,3-diphenyl-hexyl)-
3.60 4.40 phosphoramMétracidhetemirdblegbawtér E1301 methyl methyl

MeRiica-Afeteira-oxo-3,3-diphenyl-hexyl)- 3.65 3.3¢1sRsfretdfistarotite

acid dimethyl ester E1302 phenyl hydrogen

MethyH(l- thyl-4-oxo-3,3-diphenyl-hexyl)- 5.36 4.01 phospho;ﬁnidir{;;_gs

agigmo efyl ester E1303 phenyl methyl Methyl-(l H,C
-methyl-4-oxo-3.3-diphenyl-hexyl)- 5.42 4.01 phosphoramidic \c\id ethyl

Compound R1 R2 Chemical Name Estimated
L.ogP
E1217 hydrogen hydrogen  Methyl-(1-methyl-2-phenyi-ethyl}-phosphoramidic acid 2,03
E1218 hydrogen methy! Methyl-(1-methyi-2-phenyi-ethyl)-phosphoramidic acid 2.08
monomethyi ester
E1218 methyl methyl Methyl-(1-methyl-2-phenyl-ethyli-phosphoramidic acid 2.4
dimethy! ester
£1220 phenyl hydrogen  Methyl-(1-methyi-2-phenyi-ethyl)-phosphoramidic acid 3.85
monophenyl ester
E1221 phenyl metihyt Methyi-{ 1-methyl-2-phenyi-ethyi}-phosphoramidic acid 3.91
methyi ester phenvi ester
R1i.. H. H..
O O C!I
i
/Omi}ﬁ(} G—”:;:C} fO—?EJ"KO
, .G
"2 _N.__CH, Ho N _CH, £ N
H,C H,C H.C
3
E1217 E1218

P“%:O P-h=0
HéiC/N\T/CHS iic”N CH,
~2
i o
E1219 E1220

81

pKa

277
2.89

3.38
4.49

3.92



R2H CH, 0 H3C 0 NP H3C 0 N'r H3C 0 ~N H3C 0--R1 H3C 0-H H,C
O--H CH3 E1299 CH3 E1300 CH, CH,3HCH 0y ~O 0~-00y ,O0 H3CO0
N-H H3C 0 //~'N'P H3C 0 N~P" H3C O_rH H3C Oaf'\\) H3C O-; E1301
CH3 E1302 CH3 E1303 CH3 80 Methamphetamine (Desoxyn(r))
Chemical Structure Hydroxylated Metabolite CH3 H3C CH3 NN Y:- HO/
Compound R1 R2 Chemical Name Estimated pKa LogP E1217 hydrogen
hydrogen Methyl-(1-methyl-2-phenyl-ethyl)-phosphoramidic acid 2.03 2.77
E1218 hydrogen methyl Mi@thyilpﬁbﬂt&mb)(haaph%)nyi ethyl) phosphoramidic
9 .monomethyl.est I Inethy

{/T 9%'?%%‘{?& - -phenyl- %tt'ﬁ'fll pEos oré‘i‘r‘f IC aC|d rox%"aé%d de tab “te
ester E137% phenyl hydrogen
methyl -2-phenyl-ethyl)-phosphoramidic acid 3.85 4 O

Compound R1 R2 Chemical Name Estimated pKa
Logh

£1086 hydrogen hydrogen Phenyl-(1-phosphono-piperidin-2-yi)-acetic acid 2.37 3.57
methyl ester

E£1087 hydrogen methyl [1-{Hydroxy-methoxy-phosphoryli-piperidin-2-yii- 2.42 4.09
phenyl-acetic acid ethyi ester

E1088 methyl metnyl 11-{Dimethexy-phosphoryl)-piperidin-2-ylj-pheny- 2.48 483
acetic acid methyi esier

£1089 phenyl hydrogen {1-(Dimethoxy-phosphoryl)-piperidin-2-yl}-phenyt- 4.19 ez
acetic acid methyl ester

E1090 phenyl pheny! {1-(Meihoxy-phenoxy-phosphoryl-piperidin-2-yil- 4,28 478

phenyl-acetic acid methyl ester

?HafRZ ?Ha ?Hs CH,
O\\\%/O O\Q/O‘“Rf OYO HO om o 0o ¢ » O
i | NQ\O % ; | N/\\\O = N/W\\O
U gU J U
E1086 10987

E10388
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O P=0 O-P=0 =O H H3C NCH3 H CAN CH3 H3 H NCH3 H3C 3 3C
E1219 E1220 E1221 81 Methylphenidate (Ritalin(r)) Chemical Structure
Active Metabolite Structure Hydroxylated Metabolte CHCH O33 0O
HH 3N HO ~N Compound R1 R2 Chemical Name Estimated pKa LogP
E1086 hydrogen hydrogen Phenyl-(1-phosphono-piperidin-2-yl)-acetic
acid 2.37 3.57 methyl ester E1087 hydrogen methyl
[1-(Hydroxy-methoxy-phosphoryl)-piperidin-2-yl]- 2.42 4.09 phenyl-acetic
acid ethyl ester E1088/eiethybhestinyine (Orthoxinine®)
(14Bmieahsiycpiesphoryl)-piperidin-2-yl]-phenyl- 2.48ivie3yhitediMetehpiite
methyl ester E1089 phenyl hydrogen
phosphoryl)-piperidin-2-yl]-phenyl- 4.19 3.62 atletic
ter E1090 phenyl phenyl
Viettioxy-phenoxy-phosphoryl)-piperidin-2-yl]- 4.25 4
& ethyl ester OH3 R2 CH3 CH3 CH3 OyO 0 C1- C-CH
OH"P~81R,R~-NNO O E1086 E1087 CH CH CH3 CH3+

methyl e

@/P 3
—_ 1 —~ | 1 ~ !
OH, OhgHOWY ~ " \N1,0/V~/NQi~N10 CH,
Compound R1 R2 Chemical Name Estimated
LogP
E1304 hydrogen  hydregen  [2-(2-Methoxy-pheny!)-1-methyl-ethyli-phosphoramidic 1.56
acid
E1305 hydrogen  methyl 2-(2-Methoxy-phenyl)-1-methyi-ethyl-ohosphoramidic 1.62
acid monomethy! ester
£1306 methyl methy! 12-(2-Methoxy-phenyh-1-methyl-ethyl}-phosphoramidic 1.68
acid dimethy! ester
E1307 phenyl hydrogen  [2-(2-Methoxy-phenyi)-1-methyl-ethyl]-phosphoramidic 3.38
acid monopheny! ester
E1308 phenyl methyi [2-(2-Methoxy-phenyl)-1-methyi-ethyli-phosphoramidic 3.44
acid methyl ester pheny! ester
i i i
C{\ e Gg\ e 2 O
HCo N H.C. N~ HC N
3 3 3
"]
N
i 0 9
CH, CH, CH,
E1304 E1305
CH, H CH,
9 , |
) /Q C{‘\ /C} C};\ /C}
HCo N H.C g HCo N
’ H o O-cu, ? H @\/\/\‘“}\ : Ho O—
\-‘\// N
|
i i 0
CH, CH, CH,
£1306 E1307 1308

83

pKa
2.28
5.68
3.03
523

3.67



E1088E1089 E1090 82 Methoxyphenamine (Orthoxinine) Chemical
Structure Hydroxylated Metabolite HZN CH3 HZN CH3 HOOO 11
CH- CH3 5 Compound RI R2 Chemical Name Estimated pKa LogP
E1304 hydrogen hydrogen
[2-(2-Methoxy-phenyl)-1-methyl-ethyl]-phosphoramidic 1.56 2.29 acid
E1305 hydrogen methyl

[2-(2-Methoxy-phenyl)-1- methyl ethyl phosphoramidic 1.62 5.68 acid
monomethgl ester E1306 mMi éﬂ""’“

S o At b%ﬁzsﬁtgram.dmvffeé%% Melgolits

dlmethyl ester E1307 phenyl hydrogen
y=phenyl)-1- methyl ethyl] phosphoramllalc

Compound R1 R2 Chemical Name Estimated pKa
LogP

E11684 hydrogen  hydregen  (3,4,8,13b-Tetrahydro-1H-2 4a-diaza-tribenzola c.e] 272 472
cyclochepten-2-yly-phosphenic acid

E1165 hydrogen  methyl (3,4.9,13b-Tetrahydro-1H-2 4a-diaza-tribenzo 2.78 2.94
[a,c.eleycichepten-2-yh-phosphonic acid monomethyl
ester

£1166 methyi methyt {3,4,9 13b-Tetrahydro- 1H-2 4a-diaza-tribenzo 2.83 5.79
{a.c.elcyciohepten-2-yh-phosphonic acid dimethyl ester

E1167 phenyl hydrogen  {3.4,9,13b-Tetrahydro-1H-2 4a-diaza-tribenzo 4.55 2.46
fa,c.elcyciohepten-2-yl}-phosphonic acid monoepheny!
aster

E1168 phenyt methyl (3,4.9,13b-Tetrghydro-14-2 4a-diaza-tribenzo 4.60 5.83

{a.c.eleyclohepten-2-yl)-phesphonic acid methyl ester
phenyl ester

N N N
y y y
[0 PO 1O
Rz, P7 H. _p° HCo P
C} \O O \Q o
R H H
E1164 £1165
] AN
-
N N N
_ _ .
i‘\i/o i?E/'O it " S{’O
HC, P HXQ,P“' mSC\O,
© o O je
HO (wm(\ =
5 3
\E__m_’?// \\ //
E1166 £1167 E1168

84



CH3HCH3 10y, 010 HCR "HIF,1RH 3SQCH3CHHOH3CNH
0--/"111 CH3 CH3 CH3 E1306 E1307 E1308 83 Mianserin (Tolvon)
Chemical Structure Active Metabolite Structure Hydroxylated Metabolite
HO NN NNCH~NNCH 3H3 5Compound R1 R2 Chemical Name
Estimated pKa LogP EIl 164 hydrogen hydrogen (3,4,9,13b-Tetrahydro-1
H-2,4a-diaza-tribenzo[a,c,e] 2.72 4.72 cyclohepten-2-yl)-phosphonic acid
El 165 hydrogen methyl (3,4,9,13b-Tetrahydro-1H-2.4a-diaza-tribenzo
2.78 2.94 [a,c,e]cycloheptéintzai)rptiBephonit) acid monomethyl ester El

1eadnathydmetivd (3.4.9,A3twd RisanydroskrikRda-diagariih P83 alite
5.79 [a.c.e]cyclohepten-2-yl)-phosphonic acid dimethyl ester E1167

Compound R1 R2 Chemical Name Estimated Estimated
l.ogP pKa
E1061 hydrogen  hydrogen  (3.4.5 13b-Tetrahydro-1H-2 4a 5-triaza-tribenzo 2.41 491
[&.c.elcyciohepten-2-yl)-phosphonic acid
E1062 hydrogen methyl (3.4,8,13b-Tetrahydro-1H-2 4a, B-friaza-tribenzo 2.46 2.74

[a.c.eicyciohepten-2.-yi}-phosphonic acid
moncmethyl ester

E1083 methyl methyl {3.4.9,13b-Tetrahydro-1H-2 4a,5-triaza-tribenze 2.52 6.1
fa,c.ejoyclohepten-2-yh-phosphonic acid dimethyt
ester

E1064 pheny! hydrogen  (3,4,9,13b-Tefrahydro-1H-2 4a,5-triaza-tribenzo 4.23 2.14

fa.c.elcyclohepten-2-yi)-phosphonic acid
monophenyl aster
£1065 phenyi methyl (3.4.9,13b-Tetrahydro-1H-2 4a. 5-triaza-tribenzo 4.29 6.25
[a.c.ejoyclohepten-2-yii-phosphonic acid methy!
ester phenyl ester
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NN ON-NOi0 HC~P R2~PH~030 0O R1HN EI164 E1165 N
D~N ONNOi H3cOPHOHOO,P OOI~ H,cEI166 E1167 E1168 84
Mirtazapine (Remeron(r)) Chemical Structure Active Metabolite Structure
Hydroxylated Metabolite OH N N~NIN~IN N NN CH3H CH3
Compound R1 R2 Chemical Name Estimated Estimated LogP pKa
E1061 hydrogen hydrogen (3.4,9,13b-Tetrahydro-1
H-2,4a,5-triaza-tribenzo 2.41 4.91 [a,c,e]cyclohepten-2-yl)-phosphonic
acid E1062 hydrogen metHypxifloxacin (Avaiox®}

(FhenicahSYeaiaFs dro-IH-2,4a,5-triaza-tribenzo 2.46 Jiydroxylated Metabolite

F - P l
HEC/O
Compound R1
E1434 hydrogen
E1435 hydrogen
E1436 methyi
£1437 phenyt
E£1438 ohenyl

c O

H

|

N/

Rz
hydrogen

methyl
methyl
hydrogen

methyl

OH

Chemicai Name
1-Cyclopropyl-6-fiuoro-8-methoxy-4-oxo-7-(1-
phosphono-octahydro-pyrrotof3,4-bjpyridin-G-yi)-1,4-
dihydro-guinoline-3-carboxylic acid
1-Cyclopropyt-6-fluoro-7-[1-(hydroxy-methoxy-
phosphoryh-octahydro-pyrrolof 3, 4-blpyridin-8-yl]-8-
methoxy-4-oxo-1,4-dihydro-guinoline-3-carboxylic acid
1-Cyclopropyi-7-[1-{dimethoxy-phosphoryl}-octahydro-
pyrrolo[3,4-blpyridin-6-yIl-6-fluoro-8-methoxy-4-0xo-1 4-
dihydro-gquingline-3-carboxylic acid
1-Cyciopropyl-6-fiucre-7-11-(hydroxy-phenoxy-
phosphoryl}-octahydro-nyrrotol 3, 4-blpyridin-6-y{}-8-
methoxy-4-oxo-1,4-dihydro-guinotine-3-carboxyiic acid
1-Cyclopropyi-6-fiuoro-8-methoxy-7-[1-(methoxy-
phenoxy-phosaharyl)-octahydro-pyrrelo[3 4-kipyridin-6-
yli-4-oxo-1.4-dihydro-quinoline-3-carboxylic acid
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[a,c,e]cyclohepten-2-yl)-phosphonic acid monomethyl ester E1063 methyl
methyl (3,4,9,13b-Tetrahydro-1H-2,4a,5-triaza-tribenzo 2.52 6.11
[a,c.e)cyclohepten-2-yl)-phosphonic acid dimethyl ester E1064 phenyl
hydrogen (3,4,9.13b-Tetrahydro-l H-2,4a,5-triaza-tribenzo 4.23 2.14
[a.c,e]cyclohepten-2-yl)-phosphonic acid monophenyl ester E1065 phenyl .
methyl (3,4,9,13b-Tetrahydro-I H-2,4a.5-triaza-tribenzo 4.29 6.25
(a,c,e)cyclohepten-2-yl)-phosphonic acid methyl ester phenyl ester 5 /N
INN N -\ -NO -N\ O N\ Creatppti (A8@9PT) 0 O HO OH 0 OH R1/
E&R64iE1 884N N N\ AGHD wiEeabM b Girlibtlre P, P HaC P O vO HO
.O0a H,C ElOQ%ElOM (7 E1065 ~\| 85 MOX|roxaC|n (Avalox(r))
Chemical Strchre Hydroxylated Metaboli,ﬁe 0O

Compound R1 R2 Chemical Name Estimated Estimated
LogP pKa
£1091 hydrogen  hydrogen  4-(8-Methylsulfamoyimethyl-1H-indoi-3-yi)- 1.58 270
piperidin-1-y{l-phosphonic acid
E£1092 hydrogen methyi 4-(B-Methylsulfamoylmethyi- 1 H-indol-3-yl)- 1.63 4.95
piperidin-1-yll-phosphonic acid monomethyl ester
£1083 methy! methyl [4-{B-Methyisulfamoyimethyl- 1H-indel-3-y}- 188 3.77
piperidin-1-yl}-phosphonic acid dimethyi ester
E1094 pheny! hydrogen  [4-(6-Methylsulfamoylmethyi-1H-indol-3-y!)- 3.40 4.48
piperidin-1-yfj-phosphonic acid mondpheny! ester
E1095 phenyl methyl [4-(B-Methyisulfamoyimethyl-1H-indol-3-yi)- 3.46 3.92
piperidin-t-yil-phosphonic acid methyl ester pheny!
esier
R2 CH,
/
A }/O\Ri HO ,OH O, OH
r . PN PR
N © //N O N O
?H3 C‘)Hs (‘ZH3
NH ST NH N NH TN
Os /\)‘\/L O/ O |
//S N / N //S 2N
o H o] 0 H
E1081 E1092
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FOH HNNN tHC_0 A Compound RI R2 Chemical Name E1434
hydrogen hydrogen 1-Cyclopropyl-6-fluoro-8-methoxy-4-oxo-7-(1-
phosphono-octahydro-pyrrolo[34-b]pyridin-6-yl)-1,4-
dihydro-quinoline-3-carboxylic acid E1435 hydrogen methyl
1-Cyclopropyl-6-fluoro-7-[1 -(hydroxy-methoxy-
phosphoryl)-octahydro-pyrrolo[3,4-b]pyrid i n-6-yl]-8-
methoxy-4-oxo-1,4-dihydro-quinoline-3-carboxylic acid E1436 methyl
methyl 1-Cyclopropyl-7-[I-(din¥&¥ 68 phoryl)-octahydro-
pﬁ’i‘%‘i@ﬁ?,’é}(ﬁ)'ﬁﬁﬂ’iﬁin-6-y|]-6-f|uoro-8-methoxy-4-oxo-1,4-

dihydro-qui ﬁ}ne-S-carboxyIic acid E1437 phenyl hydrogen
1-Cyc|opr@-ﬂuoro-?-[l -(hydroxy-phenoxy-

osphoryl-o¢tahydro-pyrrolo[3,4-b]pyridin-6-yll-8-
@g:d?«y—ﬂ-oxo-l.4-dihydro-quinoline-3-carboxylic acid E1438 phenyl
M 1-8yclopropyl-6-fluoro-8-methoxy-7-[I-(methoxy-
phenoxy-phosphoryl)-octahydro-pyrrolo[3,4-b]pyridin-6-
yl]-4-oxo-h-gittydro-quinoline-3-carboxylic acid O O RC O O H 011 HO
O HO~~\~ F GF O \N /N~N ~O-R1 N(N~-~> ~O-H O CH3 ~-1 0 CHa ~-/
E1434 O% HCO%HC HOOORjCHO_0101

Compound hemical Name Estimaied Estimated
LogP pKa
21101 hydrogen  hydrogen  {4-[1-(4-Flucro-benzyl)-1H-benzoimidazol-2- 375 3.82
ylamino}-piperidin-1-yl}-phosphonic acid
£1102 hydrogen methyl {4-[1-(4-Fluoro-benzyl)-1H-benzoimidazol-2- 3.80 374

ylaminol-piperidin-1-yi}-phosphoenic acid
monomethyl ester

£1103 methyt methyl {4-{1-{4-Fluoro-benzyl}-1H-benzoimidazok2- 3.88 4.98
yiaminol-piperidin-1-yi}-phosphonic acid dimethyl
ester

E1104 phenyl  hydrogen  {4-]1-(4-Fluoro-benzyl)-1H-benzoimidazol-2- 557 3.26
ylaminol-pipesidin-1-yl}-phosphonic acid
menopheany! ester

21108 phenyl methyl {4-[1-(4-Fluoro-benzyl)-1H-benzoimidazol-2- 5.83 513
ylaminol-piperdin-1-yl}-phosphonic acid methy! ester
phenyi ester
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\AN/NN_O-INNNO-CH_ (\'CH36,CH3 E1435E1436 O O HIIHNC\
FOAN~y"FO HO-~-NRf-\O O\CH3 U 0\C'H3 E1437 E1438 86
Naratriptan (Amerge(r)) Chemical Structure Active Metabolite Structure
CH3H NN CH3CH30'NHONH sNN OHH Compound RI R2
Chemical Name Estimated Estimated LogP pKa E1091 hydrogen
hydrogen 4-(6-Methylsulfamoylmethyl-1H-indoi-3-yl)- 1.58 2.70
piperidin-1-yl]-phosphonic acid E1092 hydrogen methyl

[4é§-Meth Isulfamoylmethyl-| MoiRg®RigryH)- 1,63 4.95

pipeiid

rR1SHSSHBsphonic acid monomethyl ester E1099TretfgH Matppplite

[4-(6-Methylsulfamoylmethyl-1H-indol-3-yl)- 1.69 3.77
ynpiperidin-1-yll-phosphonic acid dimethyl ester E1094phenyl hydrogen

i&;}-ﬁj};MetﬁylsulfamoyImethyl-lH-indoI-3-yI)- 3.404.4

pipg[idinA|,

ic acid monophenyl ester E1095 phenyl m yl\( =
[4-(6-M Ithyls Ifamoylmethyl-1H-indol-3-yl)- 3.46 3.92 N
piperidin->4l]-phosphonic acid methyl ester phenyl ester OH
Compound R1 RZ Chemical Name Estimated pKa
LogP
£1200 hydrogen  hydrogen  (4-Pyrimidin-2-yl-piperazin-1-yl}-phosphonic acid -0.07 5.04
E1201 hydrogen  methyl (4-Pyrimidin-2-yl-piperazin-1-yi)-phosphonic acid -0.01 1.62
monomethy! ester
E1202 mathy methyl (4-Pyrimidin-2-yl-piperazin-1-yli-phosphonic acid .05 7.10
dimethy! ester
E1203 pherny! hydrogen  {4-Pyrimidin-2-yi-piperazin-1-yl}-phosphonic acid 1.76 1.14
monophenyl ester
E1204 phenyt methyt {4-Pyrimidin-2-yl-piperazin-1-yl)-phosphenic acid 1.81 7.25
methyl ester pheny! esier
7 i i
| —RZ — i —H
O\P/O R O\ /O H (:}\ /O CHO
4 \N/\ df)\N/\l /) \N/\
N N ‘\/ K/
k/ N NYN\ NYN\
| E |
N N~ N =
£1200 E1201
W/ﬁ ‘\QW l//\\\i
CHS \_\E,:;// . /}
| — ‘ — O —
Q\F}’G CH, Q\P’O H Q\p/\: CH,
7 P 7
N { N\ N\IE/N\ N ! N\
|
N._= N. = No_=
E1202 E1203 £1204
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5R2CH3 OF, ~0- R1 HO,OHO POH ~ONON CI"0 ClI CH3 CH3 CH3
NHONHONHI5NiI5NisN OHOHH E1091 E1092 CHsCH3 HOO0O
C>-CHO PPa~P ~~P~ N,ON,0N~0 CH3CH3 CH30NHCO, N"O,
NHisNisNisN OHOHH E1093 E1094 E1095 87 Norastemizole
Chemical Structure H NN HF Compound R1 R2 Chemical Name
Estimated Estimated LogP pKa E1101 hydrogen hydrogen
{4-[1-(4-Fluoro-benzyl)-1H-benzoimidazol-2- 3.75 3.92
ylamino]-piperidin-1-yl}-phosphBnateisanddgl 102 hydrogen methyl

{49 iE B8 zy1)- 1H-benzoimidazol-2- 3.80 3.74Hydroxylated Metabolite

GH oH
O O
HNK/j\ HNT
i |
CH g
NH O e TN on
0 0 S
|
/
NH, i NH,
Cl Ci
Compound R1 R2 Chemical Name Estimated  pKa
LogP
E1144 hycrogen  hydrogen  [4-(4-Amino-5-chioro-2-methoxy-benzoylamino)-3- 0.04 478
methoxy-piperidin-1-yll-phosphonic acid
E1145 hydrogen  methyi [4-{4-Amino-5-chioro-2-methoxy-benzoylamine)-3- 0.10 2.89
methoxy-piperidin-t-yl}-phosphonic acid menomethyl
ester
E1146 methy! methyl [4-(4-Amino-5-chiore-2-methoxy-benzoyiamino}-3- 0.15 5.85
methoxy-piperidin-t-yl}-phasphonic acid dimethyl ester
E1147 phenyl hydrogen  [4-(4-Aminoc-5-chiorg-2-methoxy-benzoyiaming)-3- 1.86 2.41
methoxy-piperidin-1-yll-phosphonic acid monepheny!
ester
Et148 phenyt methyl {4-(4-Amino-5-chlorg-2-methoxy-benzoyiamino}-3- 1.92 500
methoxy-piperidin-1-yil-phosphonic acid methyl ester
phenyi ester
RZ
Cl} O/Q? §§ O/H {;“'HS O/H
CH. / O / :
X ;p\l‘@ 7 P Ol
0 O / S0 =
N \/\ O \/\N/ O
i
? Lo HN
o
.
E1144 HN £1145
Cl
/ : [/ -
H
CHy _C CH, & |
N Of“ 3 O “\\b"/ il vi}/)\\\"/
Ci:H3 O\/ (%i—ig MO CH, O\?/
o N
O / ~0 o) S TO 0 S0
N N
MO t—fN 1Cg HN

e
E4146 E1147 H,N E1148
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ylamino]-piperidin-1-yl}-phosphonic acid monomethyl ester E1103 methyl
methyl {4-[1-(4-Fluoro-benzyl)-1H-benzoimidazol-2- 3.86 4.99
ylamino]-piperidin-Il-yi}-phosphonic acid dimethyl ester E1104 phenyl
hydrogen {4-[1-(4-Fluoro-benzyl)-1H-benzoimidazol-2- 5.57 3.26
ylamino]-piperidin-I-yl}-phosphonic acid monophenyl ester E1105 phenyl
methyl {4-[1-(4-Fluoro-benzyl)-I H-benzoimidazol-2- 5.63 5.13
ylamino]-piperidin-I-yl}-phosphonic acid methyl ester phenyl ester 5RI 0
O HO OH O OH R2~ NP,O NForpy¢ligiNe~E C (.. N~~~-N~-NHHH c
F fremicg ructiio2 HC D, ~Bi O O i0 HO HIG~O, byfijerylptediiqfbelite
NNNNPQ>Q NH~11NHcNHE1103 FE1104/F E1105 F 88
Norbuspirone

HO
NH NH
N N~
8
L
5
Compound R1 R2 Chemical Name Estimated pKa
LogP
E1309 hydrogen hydrogen  (4-Benzhydryi-piperazin-1-yl)-phosphenic acid 2.34 410
E1310 hydrogen  methy {4-Benzhydryb-piperazin-1-yl}-phosphonic acid 2.40 3.56
monomethyl ester
E1311 methyl methyl {4-Benzhydryl-piperazin-1-yi)-phosphonic acid dimethyt 2.45 516
ester
E1312 pherwyl hydrogen  (4-Benzhydryl-piperazin-1-yi)-phosphonic acid 416 3.08
monopheny! ester
E1313 pheny mathy! (4-Benzhydryl-piperazin-1-yl}-phosphonic acid methyi 422 5.31

ester phenyl ester
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Chemical Structure Hydroxylated Metabolite HNHN NN\NNNNOH 5
Compound RI R2 Chemical Name Estimated pKa LogP E1200 hydrogen
hydrogen (4-Pyrimidin-2-yl-piperazin-1-yl)-phosphonic acid -0.07 6.04

E12

01 hydrogen methyl (4-Pyrimidin-2-yl-piperazin-1-yl)-phosphonic acid

-0.01 1.62 monomethyl ester E1202 methyl methyl
(4-Pyrimidin-2-yl-piperazin-1-yl)-phosphonic acid 0.05 7.10 dimethyl ester
E1203 phenyl hydrogen (4-Pyrimidin-2-yl-piperazin-1-yl)-phosphonic acid
1.76 1.14 monophenyl est8pEib2O4miNenytinfethy
(AChsmiptRfr2ciBiperazin-1-yl)-phosphonic acid 1.81H7&rexyiséat jistahsyite
phenyl ester R1 HH O O-R2 O-H 0-CH3 OHN"OHON OP N ~NN NN
NJ NI NJ E1200 E1201 CH 3 av 0--CH3Q O-HO-CHN T~ON//~N

O T
Il
S e
N I\,j/\\i
) L _NH
H3C \/
Compound R1 R2 Chemical Name
E142% hydrogen  hydrogen 1-Ethyil-6-fiuoro-4-oxo-7-(4-phosphono-piperazin-1-yl}-
1.4-dihydro-quinoline-3-carboxylic acid
E1430 hydrogen  methyl 1-Ethyl-8-fluore-7-[4-(hydroxy-methoxy-phosphory) -
piperazin-1-vil-4-oxo-1,4-dihydro-quincling-3-carboxylic
acid
E1431 methyl methyl 7-14-{Dimethoxy-phosphoryl}-piperazin-t-yil-1-ethyl-6-
fiuoro-4-oxo-1,4-dihydro-guinoline-3-carboxylic acid
E1432 phenyi hydragen 1-Ethyi-8-fluoro-7-[4-(hydroxy-phenoxy-phosphoryl)-
piperazin-1-yl}-4-oxo-1,4-dihydro-guinoline-3-carboxyiic
acid
£1433 pheryi miethyl 1-Ethyl-6-fitoro-7-[4-(methoxy-phenoxy-phosphoryl)-

piperazin-1-yl}-4-oxo-1 4-dihydro-quinoline-3-carboxyiic

acid
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E1202 E1203 E1204 89 Norcisapride Chemical Structure Hydroxylated
Metabolite CH3 CH3 HN HN/~!O NH 0-CH3NH OH p | p NHZ NHZ CI ClI
5 Compound RI R2 Chemical Name Estimated pKa LogP El 144
hydrogen hydrogen [4-(4-Amino-5-chloro-2-methoxy-benzoylamino)-3-
0.04 4.78 methoxy-piperidin-l-yl]-phosphonic acid E1145 hydrogen methyl
[4-(4-Amino-5-chloro-2-methoxy-benzoylamino)-3- 0.10 2.89
methoxy-piperidin-l-yl]-phosphonic acid monomethyl ester El 146 methyl
methyl i4-(4-Amino-5-chloro-2-FEBRFieenzoylamino)-3- 0.155.85
mEtRBSRERIFRI-yII-phosphonic acid dimethyl estef B 235N gabolite
hydrogeﬂ [4-(4-Amino-5-chloro-2-methoxy-benzoylamino)-3- 1.86 2.41
metho iperidin-1-yll-phosphonic acid monophenyl ester E1148 phenyl
methyl [4-(4-Amino-5-chloro-2-methoxy-benzoylamino)-3- 1.92 5.99
methoxy-piperidin-1-yl]-phosphonic acid methyl ester phenyl ester R2 "R1
HO.HCHIH CH3 O CH Opp E CH3r0 O~JN/ O N/ N/0 H3C,0 HN" v

XN~ H3C,0 HN
O
N
H
5

Compound R4 R2 Chemical Name Estimated pKa
LogP

E1279 hydrogen hydrogen  [4-{2-Oxc-2,3-dihydro-benzoimidazoi-1-yi)-piperidin-1- .90 292
vil-phosphonic acid

£1280 hydrogen  methy! [4-(2-Ox0-2,3-dihydro-benzoimidazol-1-yl)-piperidin-1- 0.96 474
yil-phosphonic acid monomethyl ester

E1281 methyt methyl {4-(2-Ox0-2, 3-dihydro-henzoimidazol-1-yl}-piperidin-1- 1.01 3.99
vil-phosphonic acid dimethyl ester

E1282 phenyl nydrogen  [4-(2-Oxo-2,3-dihydro-benzoimidazol-1-yl}-piperidin-1- 272 4.26
yl}-phosphonic acid monophenyl ester

E1283 pheny! methyi [4-(2-Ox0-2,3-dihydro-benzoimidazol-1-yh-piperidin-1- 2.78 4.13

yij-phosphonic acid methyl ester pheny! ester
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[T Olll H2N ClI H2N H2N E1145 CI E19 44 q CH3 CH3 CH, CH3/
CH3HOOCH30 OvP.S.OvPO,IO/R0O NNN H3COHNH3COHN
H3COHN 1\O\oo0HzN E4148 H2N E1147 H2N E1148 CICI Cl 90
Norcyclizine Chemical Structure Hydroxylated Metabolite HO ~NH NH
NJ NJ Compound RI R2 Chemical Name Estimated pKa LogP E1309
hydrogen hydrogen (4-Benzhydryl-piperazin-1-yl)-phosphonic acid 2.34
4.10 E1310 hydrogen methyl (4-Benzhydryl-piperazin-1-yl)-phosphonic
acid 240 3.56 monomethyiNedtiatiing (Avensthiyl methyl
(deRamicaysivcRiperazin-1-yl)-phosphonic acid dimethyy&A91adOmesisiite
E1312 phenyl hydrogen (4-Benzhydryl-piperazin-1-yl)phosphonic acid

Compound R1 R2 Chemical Name Estimaied Estimated
LogP pKa
E1051 hydrogen  hydrogen  3-(10,11-Dihydro-dibenzo{a djcyciohepten-5- 432 280
yiidene)-propyil-methyl-phasphoramidic acid
E1052 hydrogen methyl 3-{10,11-Dihydro-dibenzofa dlcyciohepten-5- 4.38 476

ylidene)-propyl}-methyi-phasphoramidic acid
monomethyl ester
methyl  {3-(10,41-Dihydro-dibenzola dicycichepten-5- 4.44 399
ylidene}-propyli-methyi-phosphoramidic acid
dimethyt esier
E1054 pheny hydrogen  [3-(10,11-Dihydro-dibenzofa,d]cyclohepten-5- 615 4.32
ylidene}-propyil-methyl-phosphoramidic acia
monophenyt ester
E10585 phenyl methyl 3-{10,11-Dihydro-dibenzola, dlcyclohepten-5- 820 454
ylidene)-propyll-methyi-phosphoramidic acid
methyl ester phenyl ester

E1053 methy

7
J\ O\p/OH
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94



ester phenyl ester 0, ,\R2~P H~PCH JNi(/JNaO Nom/R1 (N~/H
N, N E1309 E1310 NP CH3cNPHPCH3 001LON lom/ Nom/CFi\
Nom/f~\N 3 E1311 E1312 E1313 91 Norfloxacin (Noroxine) Chemical

Structure Hydroxylated Metabolite 00 F HO ININ K NH H3C
Compound RI R2 Chemical Name E1429 hydrogen hydrogen
1-Ethyl-6-fluoro-4-oxo-7-(4-phosphono-piperazin-1-yl)- 1.
4-dihydro-quinoline-3-carboxylic acid E1430 hydrogen methyl
1-Ethyl-6-fluoro-7-[4-(hydroxy-iietseaigdolrosphoryl)- piperazin-|

-yBbaeigal BerugwRiro-quinoline-3-carboxylic acid E143%drasyiaiedridetagolite

7-[4- (Dlmethoxy phosphoryl)-piperazin-I-ylj-1-ethyl-6-
fluoro-4-pxo-| ,4-dihydro-quinoline-3-carboxylic acid E1432 phenyl
hydrog -Ethyl-6-fluoro-7-(4-(hydroxy-phenoxy-phosphoryl)
piperaj in-/I- [I-4-oxo-1,4-dihydro-quinoline-3-carboxylic

N
1 i
-
Ci
E\\/NH
Compound R4 R2 Chemical Name Estimated pKa
L.ogP
E1149 hydrogen  hydrogen  {4-[5-Chlora-1-{4-fiuoro-phenyl-1H-indol-3-yil-piperidin- 5.08 277
1-yi-phosphonic acid
E1150 hydrogen  methyl {4-[5-Chlaro-1-{4-flucro-phenyl)- 1H-indlol-3-ylj-piperidin- 514 4.89
1-yi}-phosphonic acid monomethyt ester
E1151 methyi methy! {4-15-Chioro-1-(4-fluore-phenyl}-1 H-indol-3-yl}-piperidin- 5.19 3.84
1-yl}-phosphonic acid dimethyl ester
£1152 phenyl hydrogen  {4-[5-Chioro-1-(4-flucro-phenyl)-tH-indol-3-yl}-pineridin- 5.890 4.41
1-yl}-phosphonic acid monophenyl ester
£1183 phenyi methy! {4-15-Chioro-1-(4-fluoro-phenyl}- 1H-indol-3-yl|-piperidin- 6.98 3.08

1-yi}-phosphenic acid methyl ester phenyi ester
F
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acid E1433 phenyl methyl
[-Ethyl-6-fluoro-7-[4-(methoxy-phenoxy-phosphoryl)-
piperazin-l-yl1-4-oxo-i,4-dihydro-quinoline-3-carboxylic acidO O O 0 F I li
F HOHO NN N~\CH, ~N~ 'CH ~N~i0 P.-O-R2aE1429 P~OH RiH
OlIOOI HOVY\YYFHOF IINNANN CH,N,OH "P.CH.aP~CH, i
0"0E14300E14310 H1ICHS 00OOF HOHO N N~NN~~OHCN
rOCH,"',,,N,O3P,0-i-lo~3P,0CH. R E1432 E1433 92

Olanzapine (Zyprexa®)
Chemical Structure Active Metabolite Structure Hydroxylated Metaboiite

/\N/CH5 (\NH ;/\N/CHS

% i

!
N N\/' N N Ne— N
=3 HO
@N / \ CH, @ / S\ CH, @\hwa
H

N
b s H )
Compound R R2 Chemical Name Estimated Estimated
Logk pKa

E1006 hycrogen hydrogen  [4-(2-Methyi-4H-3-thia-4 9-diaza-benzo[flazulen- 1.84 4.96
10-yly-piperazin-1-yi+-phosphonic acid

E1007 hydrogen meithyl [4-(2-Methyl-4H-3-thia-4,9-diaza-benzofflazulen- 1.99 2.70
10-yl}-piperazin-1-yi}l-phosphonic acid monomethy!
ester

E1008 methyl methyl [4-(2-Methyl-4H-3-thia-4,9-diaza-benzolflazulen- 2.05 §.02
10-yi}-piperazin-1-yit-phosphonic acid dimethyl
ester

E1009 phenyl hydrogen  [4-(2-Methyl-4H-3-thia-4,9-diaza-benzo[flazulen- 3.78 222
10-yl}-piperazin-1-yi-phosphonic acid monopheany!
ester

E1010 phenyt methyl {4-(2-Methyl-4H-3-thia-4,9-diaza-benzoffjazuien- 3.82 6.17

10-yl)-piperazin-1-yl}-phosphonic acid methyl ester
phenyl ester

N
H H H
E1006 E=1007
;/Q\\\ E,/’R\\\
o
?HE O \'f/’? \\%
o 1° HO H,C~0 |
e VO : e

A 3 NS 2 N" s 3
E1008 E1006 =101
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Norpimozide Chemical Structure Hydroxylated Metabolite HN ~ O
C::CN N H Compound RI R2 Chemical Name Estimated pKa LogP
E1279 hydrogen hydrogen
[4-(2-Ox0-2,3-dihydro-benzoimidazol-1-yi)-piperidin-1- 0.90 2.92
yi]-phosphonic acid E1280 hydrogen methyl
[4-(2-Ox0-2,3-dihydro-benzoimidazol-I -yl)-piperidin-1- 0.96 4.74
yl]-phosphonic acid monomethyl ester E1281 methyl methyl
[4-(2-Ox0-2,3-dihydro-benguirhideriol (Riptpesip&ridin-1- 1.01 3.99
yiFpeisphdfitctdd dimethsihesigteerisSyNEHPhydrogen
[4-(2-Oxo0-2,3-dihydrétenzoimidazol-1-yl)-pjperidin-1- 2.72 4.26
ylj-phosph

14-(2

Compound Rt

E1116

E1117

E1118

E1118

E1120

hydrogen

hydrogen
methy!

phenyt

phenyl

-dih

R2
hydrogen
methyt
methyl
hydrogen

methyl

d monophenyl ester E1288 phenyl methyl
dro-benzoimidazol-ﬁpi eridin-1- 2.78 4.13
c'atid methyFester @henyl estér R2N H H3C, 000
N N>=0 N>=O N>=O C:CHHH

A\

Chemical Name

Cyclohexyl-hydroxy-phenyk-acetic acid 3-(ethyl-
phosphono-amino}-prop-1-ynyt ester
Cyclohexyl-hydroxy-phenyl-acetic acid 3-{ethy-(hydroxy-
methoxy-phaspheryl)-aminel-prop-1-ynyl ester
Cyclohexyl-hydroxy-phenyl-acetic acid 3-{dimethoxy-
phosphoryl)-athyl-aminol-prog- 1-ynyl ester
Cyciohexyl-hydroxy-phenyl-acetic acid 3-fethyi-(hydroxy-
phenoxy-phosphoryh-aminoj-prop-t-ynyl
Cyclohexyl-hydroxy-phenyk-acetic acid 3-{ethyl-(methoxy-
phenoxy-phosphoryl)-aminol-prop-1-ynyl

Oo_~~

Estimated
LogP
2.35
2.41
2.47
4.18

423

pKa
387
369
444
3.58

4 .48
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0,,P__ CH30orRIO/ITO,RO N~NVPN~ONON>=OHHH E1281
E1282 E1283 93 Nortriptyline (Aventyl(r)) Chemical Structure
Hydroxylated Metabolite HO CC NH NH CH3 CH3 Compound R1 R2
Chemical Name Estimated Estimated LogP pKa E1051 hydrogen
hydrogen 3-(10,11-Dihydro-dibenzo[a,d]cyclohepten-5- 4.32 2.90
ylidene)-propyl]-methyl-phosphoramidic acid E1052 hydrogen methyl
3-(10,11-Dihydro-dibenzo[a,d]cyclohepten-5- 4.38 4.76
ylidene)-propyl3-methyl-phodizoretinitaaiid monomethyl ester E1053
Chepitpy PHYSEHIA [3-(10,11-DihydtetidlptrEpAE| SjeiHEbten-5- 4.44 3.99
ylidene)-propyll-methyl-p horamidic acid dimethyl ester E1054 phenyl
Hydrogen [3-(10.11-Dihydro- ibenzo[a d]cyclohgpten-5- 6.15 4.32
ylidene)-propyl]-methyl-p ramldlccaagld n;»fﬂ‘rephenyl ester E1055

| methyl 3-(10,11- Djh a d]c clohepten-5- 6.20 4.54

)(k[ ethyl hos hor mld c acid me hyI ster phenyl ester 5
CH-IC 00O KO OH ,& TOHAP

CROuZE shea

F
Compound R1 R2 Chemical Name Estimated Estimated
LogP pKa
£1001 hydregen  hydrogen - [3-(Benzof1,3ldioxol-5-yioxymethyl)-4-{4-fluoro- 433 3.80
phenyli-piperidin-1-yll-phesphonic acid
E1002 nydrogen methyl [3-(Benzof1.3]dioxol-5-yloxymethy!)-4-{4-fluoro- 439 3.86

phenyl)-piperdin-1-yll-phosphonic acid
menomethyl ester

£1003 methy! methyl [3-(Benzof1,3]dioxol-5-yioxymathyh-4-4-fuioro- 4.44 4.86
phenyh-piperidin-1-yll-phosphonic acid
dimethy! ester

E1004 phenyt hydrogen  [3-(Benzof1,3ldioxok-S-vioxymethyl)-4-(4-fiucro- 6.15 4.86
chenyl)-piperidin-1-yi-phosphonic acid
monopheny! ester

E™1005 phenyt methy! [3-{Benzo[1,3ldioxol-5-yioxymethyl-4-(4-fluoro- 6.21 5.00
phenyl}-piperidin-1-yll-ohosphonic acid methyl
ester pheny! ester

F 1001 E1002
01// E// ?,&\/
O:Ff---O\ OiF’*—Gri
j
N. CH, //N\\

£1005 F E1004



CH3 E1051 CH3 E1052 CH3 CH3 I CH3 PO HP O P NP3 CH3 NPr NP
[0i010E1053 CH3 E1054 CH3 61C55 CH3 94 Norsertindole Chemical
Structure Hydroxylated Metabolite F N CI NH Compound R1 R2
Chemical Name Estimated pKa LogP E1149 hydrogen hydrogen
{4-[5-Chloro-I-(4-fluoro-phenyl)-IH-indol-3-yl]-piperidin- 5.08 2.77
1-yl}-phosphonic acid E1150 hydrogen methyl
{4-[5-Chloro-I-(4-fluoro-phenyl)-1H-indol-3-yi]-piperidin- 5.14 4.89
1-yl}-phosphonic acid mondthetfyhest@itetia®l methyl methyl

{49 rBIINERIoro-phenyl)-1 H-indol-3-yl]-piperidiftydrexyzigd Metabolite
1-yl}-phosphonic acid dimethyl ester E11.52 phenyl hydro
WE@ -fluoro-phenyl)-1H-indol-3-yl]-piperidin- 6. g@’%fd Y
1-yl}-phosphonic acid monophenyl ester E1153 phenyl methyl
{4-BEEMOId-I-(4-fluoro-phenyl)-IH-indol-3-yl]-piperidin- 6.96 3.58'

1-yl}-phosphonic acid methyl ester phenyl ester F F E1149 NN,
-H R2H I Imo,

HO
Compound R1 R2 Chemical Name

1324 hydrogen  hydrogen . o o
{Amino-carbamimidoylimino-methyl}-phenethyl-phosphoramidic
acid

E1325 hydrogen  methyl {Amino-carbamimidoyiimino-methyl}-ghenethyl-phosphoramidic
acid menomethyl ester

E1328 methyt miathyl (Amino-carbamimidoviimino-methyli-phenethyl-phosphoramidic
acid dimethyi ester

E1327 phenyl hycrogen {Amino-carbamimidoylimino-methy}-phenethyi-phosphoramidic
acid monopheny! ester

E1328 phenyl methy! (Amino-carbamimidoylimino-methyD-phenethyi-phosphoramidic

acid methyi ester pheny! ester

P -Re z //P\C/H : P O
> O O
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=
£1324 E1325
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E1150 E1151 NWT N CICIPi 0-10 C-GHa r CHF Ch; E1152 E1153
i CICI"O N"05H cr-i;, 95 Olanzapine (Zyprexa(r)) Chemical Structure
Active Metabolite Structure Hydroxylated Metabolite N CH3 (NH N CH3
N_NN_NJN_NJHO /H3CH3HSCH31/H6CH3 Compound R1
R2 Chemical Name Estimated Estimated LogP pKa E1006 hydrogen
hydrogen [4-(2-Methyl-4N-3-thia-4.9-diaza-benzo[t]azulen- 1.94 4.96
10-yi)-piperazin-1-yll-phosphonic acid E1007 hydrogen methyl
[4-(2-Methyl-4H-3-thia-4,9-dthzayten dofgaiifen- 1.99 2.70

Chergigal Bslissveezin-1-yl)-phosphonic acid monomethyl esteroRige8 Wetahylite
methyl [4-(2-Methyl-4H-3-thia-4,9-diaza-benzo[flazulen- 2.05 6.02
10 I)-plpera2|n-1-y|]-phosphonic acid dimethyl ester©1009 phenyl

-plperazm -l -yl)- phosphonlc aC|d monophenyl ester
fhyl-4H-3-thia-4,9-diaza-benzo[flazulen- 3.

NH NH
Z 0
Compound R1 R2 Chemical Name
E1126 hydrogen  hydrogen ) . o o
(2,5-Lioxo-4 4-diphenyi-imidazolidin-1-yi)-
phosphenic acid
E1127 hydrogen  methy! (2.5-Dioxo-4 4-diphenyl-imidazolidin-1-yi)-
phosphonic acid monomethyi ester
£1128 methyl methyl (2,5-Dioxo-4 4-diphenyl-imidazolidin-1-yi)-
phosphonic acid dimethyl ester
E1128 phenyl hydrogen (2,5-Dioxo-4. 4-diphenyl-imidazolidin-1-yl}-
phosphonic acid monapheryl ester
E1130 phenyl methyl (2.5-Dioxo-4 4-diphenyl-imidazolidin-1-yi)-

phosphonic acid methyl ester phenyt ester

‘ o
\\F—'}/Q H/\( OM \:Pi
A N OH

o
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10-yl)-piperazin-1-yl]-phosphonic acid methyl ester phenyl ester 5 RI H C-
R2-0 R2-O I HO . -O VROH vpOH rNi rO N~~~NiNN~NNJN._ ~=~/
INSCN3/N3CH3OOHSHHH E1006 E1007 CH3J CHOIHO
H3C-O "PLOVP -0\0 FOO30N~,\0~N NNNN_ NJN.N/NSCHS3
/' N 6\ CH3 GcH. HH E1008 E1009 E1010 96 Oxybutynin (Ditropan(r))
Chemical Structure Active Metabolite Structure /-CH3 HV 0 H3C 0 H3C ~I
0 ~I 0 HO HO Compound R1 R2 Chemical Name Estimated pKa LogP
E1116 hydrogen hydrogeRrayaitmieesyRhyiirosd/iphenyl-acetic acid
3-%eemirab $3:5g7 phosphono-amino)-prop-1-yHyFestepted ¥eebotfogen
yelghexyl-hydroxy-phenyl-acetic acid 3-[ethyl-(hy

OH OH
Compound R1 RrR2 Chemical Name Estimated
LogP
£1081 hydrogen  hydrogen  [2-Hydroxy-3-[2-(3-phenyl-propionyl)-phenoxyl-propyi- 2.98
propyl-phosphoramidic acid
£1082 hydrogen  methyl {2-Hydroxy-3-[2-(3-phenyi-propionyl)-phenaxyl-prapyl- 3.02
propyl-phosphoramidic acid monomethyt ester
£1083 methyl methyl {2-Hydroxy-3-[2-(3-phenyt-propionyi)-phencxyl-propyly- 3.07
propyl-phosphoramidic acid dimethyl ester
E1084 phenyl hydrogen  {2-Hydroxy-3-12-(3-phenyl-propionyl)-phenoxyl-propyl}- 478
propyi-phosphoramidic acid monophenyl ester
E1085 pheny! methyl {2-Hydroxy-3-[2-{3-phenyl-propionyl}-phenoxyl-propyil- 4£.84
propyi-phosphoramidic acid methyl ester phenyl ester
O )
i e
o 2 0
! i o1
§ e = _
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OH CH E1081
f IR
\
P
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L g
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=
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101

4.07
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methoxy-phosphoryl)-amino]-prop-I-ynyl ester E1118 methyl methyl
Cyciohexyl-hydroxy-phenyl-acetic acid 3-[(dimethoxy- 2.47 4,44
phosphoryl)-ethyl-amino]-prop-I-ynyl ester E1119 phenyl hydrogen
Cyciohexyl-hydroxy-phenyl-acetic acid 3-[ethyl-(hydroxy- 4.18 3.58 phe
noxy-phosphoryl)-amino]-pro p-1 -ynyl E1120 phenyl methyl
Cyclohexyl-hydroxy-phenyl-acetic acid 3-[ethyl-(methoxy- 4.23 4.49
phenoxy-phos phoryl)-amino]-prop-I -ynyl R2 H3C 0,0 OH Oi0 /0~RI N
SOH NP"OH O OO HC 0 ORebGxe@O(¥EtraBO, HO HO HO HO EE 1 16
EShaifisa88Ir8ey O~ 0~ OH 0 O ~P 'CH, P P~ 0' NHedo@iae §ladapie
"HC HOQOHO 1"bE1118 E1119 E1120 97 Paroxetine (Paxil(r))

Chepafcal,Structure Active Metabolite Structure H HN N H ",
s
C CH, ®
« o) r’ O
i !
N 0o e OH
N N
H H
Compound R1 R2 Chemical Name Estimated
LogP
E1284 hydrogen  hydrogen  {2-[{2-Ethoxy-phenoxy)-phenyl-methyll-morphofin-4-yi}- 2.37
phosphonic acid
E1285 nydrogen  methyl {2-(2-Ethoxy-phenoxy-phenyl-methyl]-rmorpholin-g-yi}- 243
phosphonic acid menomethyl ester
£1286 methyl methyl {2-[{2-Ethoxy-phenoxy)-phenyi-methyi}-morpholin-4-yi}- 2.48
phosphonic acid dimethyl ester
£1287 phenyl hydrogen  {2-](2-Ethoxy-phenoxy)-phenyl-methyli-morpholin-4-yi- 4.20
phosphonic acid monopheny! ester
£1288 phenyl methyl {2-{{2-Ethoxy-phenoxy)-phenyi-methyi}-morphoiin-4-yi}- 4.25

phosphonic acid methyi ester pheny! ester

o H o H
H H.C
E1284 E1285
l x l x RS
o L | L

|
o)
N e A
0=F—0, 0=P—0_ %y O=P—0 5y
HHC/QE CH3 ﬁ/ﬁbbf’g H E/‘/,:t\\l\z/c) CH,
E1286 e E1287 i E1288
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pKa
5.87
1.78
6.94
1.31
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CHs~-N\\OOO/\OHO\OH Y/OF/OH FF Compound RI R2
Chemical Name Estimated Estimated LogP pKa E1001 hydrogen
hydrogen [3-(Benzo[1.3]dioxol-5-yloxymethyl)-4-(4-fluoro- 4.33 3.80
phenyl)-piperidin-1-yl]-phosphonic acid E1002 hydrogen methyl
[3-(Benzo[1.3]dioxol-5-yloxymethyl)-4-(4-fluoro- 4.39 3.86
phenyl)-piperidin-1-yl]-phosphonic acid monomethyl ester E1003 methyl
methyl [3-(Benzo[1,3]dioxol-5-yloxymethyl)-4-(4-fluoro- 4.44 4.86
phenyl)-piperidin-I -yl]-ph&spamattreciedinng e} ester E1004 phenyl
hyzhegent Br@amg o[ 1, 3]distbleIytakgiite ity ptaré] -fludydrodviet 8Btabolite
phenyl)-piperidin-I-yl]-phosphonic acid monophenyl ester E'1005 phenyl
methyl [3-(Benzo[1,3]dioxol-5-yloxymethyl)-4- (43t ro- 6,21 5.00
phenyl)-piperidin-1-yl]-phosphonic acid methyl estey phenyl ester 5 R1 a'
OH i, Q-P-O O=P-OH O--P-O N~, R2 N N CH, HAN01L-O\(O\%\OV
O (/}_({9~ F FCI%LSOtll F E1002 CHS O" C O" O=F-0 OFP--O O=R;0H

CH

3

OH
Ot
Compound RA1 R2 Chemical Name
£1403 hydrogen  hydrogen (1-Adamantan-1-yl-ethyl}-phosphoramidic acid
E1404 hydrogen methyl (1-Adamantan-1-yl-ethyl)-phosphoramidic acid menomethyl ester
E1405 methyt methyl (i-Adamantan-1-yl-ethyl}-phosphoramidic acid dimethyl ester
E1406 phenyi hydrogen (1-Adamantan-1-yl-ethyl)-phosphoramidic acid monophenyl ester
E1407 phenyi methyl {1-Adamantan-1-yl-ethyl)-phosphoramidic acid methyi ester
phenyl ester
% 1 %
O\\ /O Q\\ /G O\\ /Q
”P\ R4 /P\ /P‘ H
HN O N oM HN O
CH, CH, CH,
E1403 E1404
H3q §_§ E”'S:C
o0 0, © O
N N f'::':\\\ N T
. ch fp\ B /> /P\ F/\/
HN O~ HN 07 HN O\
S—CH, CH CH,
I
i [
E1405 14
E1408 E1407
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NCH.,,rNCHnN 1~ylil FE1003 F E1005 F E1004 98 Phenformin
(Dibotin(r)) Chemical Structure Hydroxylated Metabolite HN\ /NNH2 HN\
/N\ NH2 NH NH NH2 NH HO / 5 Compound R1 R2 Chemical Name
E1324 hydrogen hydrogen (Am
ino-carbamimidoylimino-methyl)-phenethyl-phosphoram idic acid E1325
hydrogen methyl

(Amino-carbamimidoylimino-methyl)- phenethyl phosphoramidic acid
monomethyl ester E1326 mEikatrintenjlaxalt®)
(ArhrdiseAryAITtHRdoylimiAGtiReMRiRRBIHE REtHSIUEh o sphvstrri e ddistpbotite
dimethyl este%E1327 phenyl hydrogen

NAMINO:- mlmldoyllml o-methyl)-pheghethyl- phos,phoma idic_agid
<\m§)nophen‘le er E1328§$nyl ethyl <\ | |
N(Am o-cdrbamimidoylimi ethyl-phospho

methyl ester ph
02-H 1Y a-H H2N-N;H2N N i H2N N i |~ 0fR2 O,H 0/-C'CM, E1324N-cy_
E1325 HN\SN\\/NHZHN\~N\/NH?2 BN NH10_ CHI I'6SH Y
C' CH; HN N, i HN.N' &LNc ZRO fip.O E1326 E1327 E1328

Compound hemical Name Estimated pKa
LogP

E1174 hydrogen  hydrogen  Methyk[2-(5-[1,2 4liriazol-1-yimethyi- 1 H-indol-3-yi)- 1.17 2.64
ethyii-phosphoramidic acid

E1175 hydrogen methyl Methyi-[2-{5-[1,2 4]triazol-1-yimethyl- 1H-indol-3-yl}- 1.23 5.02
ethyll-phosphoramidic acid monomethyl esier

E1176 methyl methyl Methyh{2-(5-{1,2 4lriazol-1-yimethyl- 1 H-indol-3-yf)- 1.29 3.99
ethyll-phosphoramidic acid dimethyl ester

E177 phenyt hydrogen  Methyi-f2-(5-f1,2 4)iriazol-1-yimathyi- 1H-indol-3-y)- 3.00 4 .57
ethyl}-phosphoramidic acid monophenyl ester

E1178 phenyi methyt Meihyi-{2-(5-{1.2 4]friazol-1-yimethyl-1H-indol-3-yi)- 3.65 3.55

ethyl}-phospharamidic acid meihyl ester phenyi ester

S
<\ J% NN <\/N {

ZT

N‘CH OQP N“CH O, MN—cH,
o\ ‘O/F"i Cli S _ Q{ o-H
RZ H CH,
E1174 E1175
y N A
H \ H
NNl s e/ NN / LN 4
0. MN-ch 0. N-cH O, MN—cnH
P _cH, R ¢ AN
Q okt HO O HC—0 O
} :
CH, ,55/’?“\7 ;/\j\,
1 i 1
E1176 E1177 v SUCINNG
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99 Phenytoin (Dilantine) Chemical Structure Hydroxylated Metabolite HO
&HH N-ONHNH UO Compound RI R2 Chemical Name E1126
hydrogen hydrogen (2,5-Dioxo-4,4-diphenyl-im idazoiidin-1-yl)-
phosphonic acid E1127 hydrogen methyl
(2.5-Dioxo0-4,4-diphenyl-imidazolidin-I-yl)- phosphonic acid monomethyl
ester E1128 methyl methyl (2,5-Dioxo-4,4-diphenyl-imidazolidin-1-yl)
phosphonic acid dimethyl ester El 129 phenyl hydrogen
(2,5-Dioxo-4.4-diphenyl-imidsreditine-EpmwRaosphonic acid monophenyl
estBPTECR SHYsHERY| meth§F iy SVisiahelite Bteiptehy |-ifrdaroliaied Kajabolite
phosphonic acid methyl ester phenyl ester 5R2HC OO O P'OVOO.
OHOO /POAEN O,R, N'SOH N OH Ij;@-HON ~O E1126 E1127

H3C H3C PoffO~P/a PNO OO o “O OH3 N N O~~
Compound Chemical Name

E1444 hydrogen hydrogen (1-Methyi-2-phenyl-ethyl}-prop-2-ynyt-
phosphoramidic acid

1445 hydrogen  methyl (1-Methyl-2-phenyl-ethyl}-prop-2-ynyi-
phosphoramidic acid monomethy! ester

E1446 methy! methyl (1-Methyi-2-phenyl-ethyl}-prop-2-yiyl-
phosphoramidic acid dimethy! ester

F1447 phenyl nydrogen (1-Methyl-2-phemyd-ethyl)-prop-2-ynyl-
phosphoramidic acid monophenyi ester

E1448 phenyl methyl {1-Methyl-2-phenyi-ethyl)-prop-2-ynyi-

phosphoramidic acid methyl ester phenyl ester

CH CH CH
/// /// =
. |
HBC N\ /Qw§1 H.C N\ /OMH H,C N\ O
/p\ /FJ\ /§3\
P O Fd (:} ~
/ N O { © ?
R2 | H H,C
=
E1444 E1445
CH
/// ///CH 2N
HSC\/N\P,G"GHA HC N O RGN O=ch,
I3 ™ N KP\
o’ o o 0 o
H,C - -
2 i/’// ; fq
ANE e
E1446 £1447 E1448
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gN ~, 10 N- 1,10 N O E1128 E1129 E1130 100 Propafenone (Rhythmol(r))
Chemical Structure Hydroxylated Metabolite 0 0 HO O~N_/CH3
O-N~/CH= HH OH OH Compound RI R2 Chemical Name Estimated
pKa LogP E1081 hydrogen hydrogen

{2-Hydroxy-3-{2-(3-phenyl-propionyl)-phenoxy]-propyl}- 2.96 4.07

propyl-phosphoramidic acid E1082 hydrogen methyl
{2-Hydroxy-3-[2-(3-phenyl-propionyl)-phenoxy]-propyl}- 3.02 3.59
propyl-phosphoramidic acid Grstrelinet@piedtter E1083 methyl methyl

Chddrl diexdude] 2-(3-phenykiro RigRY bRh G- ropy ik =88 Metabolite
propyl-phosphoramidic acid dimethyl ester E1084 phenyl hydrogen

(2- Hydroxy@ [2-(3- phenyl propionyl)- pir\enoxy] propyl)- 4.78 3.21 ¢

Compound

E1018

E1017

E1018

E1018

£1020

R1

hydrogen

hydrogen

methyl

phenyl

phenyl

R2
hydrogen

mathyi

methyl

hydrogen

methyi

Chemical Name

{4-(3,4-Dichicro-phenyi-1,2,3 4-tetrahydro-
naphthalen-1-yl-methyi-phosphoramidic acid
[4-({3,4-Dichioro-phanyi)-1,2,3 4-etrahydro-
naphthaten-1-yil-methyl-phosphoramidic acid
monomethy! ester

[4-(3.4-Dichioro-phenyl)-1,2,3 4-etrahydro-
naphthaten-t-yil-methyl-phosphoramidic acid
dimethyl ester
[4-(3.4-Dichioro-phernyl)-1,2,3,4-tetranydro-
naphthaten-1-yil-methyl-phospharamidic acid
monophenyi ester

[4-(3 4-Dichloro-phenyl)-1,2,. 3, 4-tetrahydro-
naphthalen-1-yl}-methyl-phosphoramidic acid
methy! aster phenyl ester

[[FpheRoxy]-propyi}- 4.84 4.89
: phenyl ester 5 O _.FR2.&%

Estimated
LogP
4.87

493

4.88

6.70

675

Estimated
pKa
3.50
4.16
3.84

373

4.38
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OH E1082 OH E1083 O O-P OH E1084 OH 61085 101 Reboxetine
(Vestra ) Chemical Structure Hydroxylated Metabolite ~O0CH3 00O ON
CN>OH HH 5 Compound Rl R2 Chemical Name Estimated pKa LogP
E1284 hydrogen hydrogen
{2-[(2-Ethoxy-phenoxy)-phenyl-methyl]-morpholin-4-yl}- 2.37 5.87
phosphonic acid E1285 hydrogen methyl
{2-[(2-Ethoxy-phenoxy)-phenyl-methyl]-morpholin-4-yi}- 2.43 1.79
phosphonic acid monometg}g g{%g{ I% ﬁ%gcﬁwgthyl methyl

iz Eha;phenoxy)-pheIcy -mxeh@s&4-VQg&a&8!9t§éMetabosite
phosghonlc acid 3lmethy ester E1287 phenyl hydrogen
{2-[(2-Ethoxy-phengggy)-phenyl-methyl]-morpholin-4-yl}- 4201.31
phosphonic acid mongpheny|-ester E1288 phenyl methyl
{2-[(2-Ethoxy-phehigxy)- yl=-methyl]-morpholin-4-yl}- 4.25 7.09
phosphenic acid meth enyl ester O (0 CH3 @CH3 O 0 CH3

CNy 0 CNPB'EN /| d0_p G RE@ HH R2H H3C \E1284F1285 0
HETN3 ~0\ O CH3, H3 e NH,  HC OH
5 Cl C Cl
K1

Compound Rz Chemical Name Estimated pKa
LogP

E1138 hydrogen hydrogen  {t-[1-(4-Chioro-phenybi-cyclobutyll-3-methyi-butyl}- 5.32 3.08
methyl-phospharamidic acid

E1140 hydrogen  methyl {1-[1-(4-Chioro-phenyh-cyclobutyl]-3-methyi-butyl}- 5.38 4.57
methyl-phosphoramidic acid monomethyl ester

E1141 methyl methy! {1-[1-(4-Chloro-phenyl)-cyciobutyl]-3-methyl-butyl}- 5.44 314
methyl-phosphoramidic acid dimethyl ester

E1142 pheny! hydrogen  {1-[1-(4-Chloro-phenyl)-cyciobutyl}-3-methyl-butyi}- 7.15 4.19
methyl-phosphoramidic acid monopheny! ester

£1143 phenyl methy! {1-[1-{4-Chloro-phenyl}-cyciobutyil-3-methyl-buiyl}- 72 367
methyi-phosphoramidic acid methyl ester phenyl ester

E1227 hydrogen  hydrogen {1-[1-{4-Chigro-phenyl}-cyclobutyi-3-methyl-buiyl}-
phosphoramidic acid

1228 hydrogen  methyl {1-[1-(4-Chiore-phenyl)-cyciobutyl]-3-methyl-butyl}-
phosphoramidic acid monomethyl ester

LR Ok e OH LCH,
gy O P 3 i - o
Y I HO—P =0 O—B=0 H,C i
O—P=0 H,C |_cH, E | CH T oP=0
H C ‘ - 3 -~ 5 H C
¢ ~CH s | _CH
>\‘ N H.C H,C N s
H.C H.C
N
= } -
1 = o |
o c et1zg B A BN

E1228
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NO=P-O\'"O=0\1C=P0\ CHC)CH30HOCH3 itE1286 E1287
E1288 102 Rimantadine (Flumadine ) Chemical Structure Active
Metabolite Structure Hydroxylated Metabolite H2N CH3 NH OH 20H3
HJ60H 5 Compound RI R2 Chemical Name E1403 hydrogen hydrogen
(1-Adamantan-1-yl-ethyl)-phosphoramidic acid E1404 hydrogen methyl
(1-Adamantan-1-yl-ethyl)-phosphoramidic acid monomethyl ester E1405
methyl methyl (1- Adamantgn ﬁ}f{ yl-ethy ﬁ%ﬁpho horamidic acid dimethyl
ester E1406 phenyl hydrogBH {eXAAFaRth 1 -yl-et hosphoramidic
aéh gﬁlo%ﬁucﬁw ester E1407 phenyl methyl Wyd'gxyia?ed bickabolite
(1- Adamant‘qg 1<¥I ethyl)-phosphoramidic acid methyl ester phenyl ester
R2H 00, G P HN O--'R1 HN P O--H FIN RO-H CH3 CH3

CH3j6 HH,C O,CO,R,0.-~C.j HN C--OH. FIN O
H,JdIN Q_-C 3 J6 E1405 E1406 E1407 103 Rizatriptan
(Maxali{r))
HN F A
CH,
Compound Rt R2 Chemical Name
E1424 hydrogen  hydrogen &-Amino-1-cyclopropyi-7-(3,5-dimethyi-4-phosphono-

piperazin-1-yi)-6,8-diflucro-4-oxo-1,4-dihydro-quinoline-
3-carboxylic acid

E1425 hydrogen  methy 5-Amino-1-cyclopropyl-8,8-difluore-7-[4-(hydroxy-
methoxy-phasphoryl)-3,5-dimethyl-piperazin- 1-yl]-4-oxo-
1.4-dihydre-guinoline-3-carboxylic acid

E1428 methyi methy! 5-Amino-1-cyciopropyl-7-[4-(dimethoxy-phosphoryl)-3,5-
dimethyl-piperazin-1-yl}-6,8-difiuoro-4-oxo-1.4-dihvdro-
quinoline-3-carboxylic acid

1427 phenyl hydrogen 5-Amino-1-cyclopropyl-6.8-diffuoro-7-[4-(hydroxy-
phenoxy-phosphoryl)-3,5-dimethyl-piperazin-1-yi-4-oxo-

1.4-dihydro-guinoline-3-carboxylic acid

E1428 phenyi methyl 5-Amino-1-cyclopropyl-6,8-difluero-7-j4-(methoxy-
phenoxy-phosphaoryl}-3,5-dimethyl-piperazin-1-yil-4-oxo-
1.4-dihydro-guinoline-3-carboxylic acid
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Chemical Structure Active Metabolite Structure Hydroxylated Metabolite
HH Nom.,/ NN N N---1IHC/N,N <v<~N N-NNH C,N'CH3 H-CH,
H,"N-CH3 5 Compound R1 R2 Chemical Name Estimated pKa LogP El
174 hydrogen hydrogen
Methyl-[2-(5-[1,2,4jtriazol-l-ylmethyl-1H-indol-3-yl)- 1.17 2.64
ethylj-phosphoramidic acid E1175 hydrogen methyl
Methyl-[2-(5-[1,2,4)triazol-I-ylmethyl-1H- |ndoI 3-yl)- 1.23 5.02
ethylj-phosphoramidic aciceHeHERRANEERENEL176 methyl methyl
MetbikdR-Senbdsdnditriazol dewlemidaybolint w@dtadryl)- 1.29 3.99

Cﬁzthyl] phosphqramldlc acid glmethyl esterQEll?? phenyl hydrogen

I Meghyl42-(5-{12 ,4]triazol- I-yimethy-Tyt=indol-3-yl)- 3.00 4.57

HNeg‘uyl)- nhofamidic aangﬁno E egter E1178 phenyl methyl

Methyl-[22(5-[1)2,4)triazol-1¢/Iméthyl-TH-Indol-3-yl)- 3.05 3.55

ethyl)-phosphoramidic acid methyl ester phernyl ester HHH \N~\N N\ |

N-N C CH3 O\.P N\N€g3 O\ ~N-CH P 01 10-81®/ 'O-H 0 0.-H R2H CH

E1174 E1175 H HN/INWN/N N N N -Ks& 0.P,N-CH 3 C, N-CH O,

N-CH pJ P

Compound R1 R2 Chemical Name Estimate
d LogP
E1026 hydrogen  hydrogen  Methyl-[2-(5-methyisuifamoyimethyi-1 H-indol-3-yl}-ethyl}- 0,78
phosphoramidic acid
E1027 hydrogen mathyl Methyk-[2-(5-methylsulfameoyimethy- 1H-indoi-3-yt-ethyl]- 0.84
phesphoramidic acid monomethyi ester
E1028 methyl methyl  Methyi-[2-(5-methylsulfamoyimethyl-1H-indol-3-yl)-ethyl- 0.89
phosphoramidic acid dimethyl ester
E1028 phenyl hydrogen  Methyl-[2-(5-methyisulfamoyimethyl- 1H-indol-3-yl}-ethyil- 2.60
phosphoramidic acid monephenyl ester
E1030 pheny methyl Methyk-i2-{5-methyisulfamoyimetnyl- 1 H-indol-3-yl)-ethvl}- 2.66
phosphoramidic acid methyt ester phenyl ester
H
CH.
[ 3 O (\I/N
HN._ 7 i ! Y/
3 S
//
)
O g}fmi
TR N
e 1028 po g OH
s O
H
CH CH, = N
s 0 HN /O l\
4 '
HN._ # ~g o
s 7 !
o ! CH,
Ng MN=pg ™"
~TP~0oH £1028 HC
O

£1030 N =

109

pKa
2.78
4.88
413
444

3.68



0 'O CH3HOOH3"-00 CH3E1176 E1177 E1178 V J 104 Selegiline
(Eldepryl(r)) Chemical Structure Active Metabolite Structure Hydroxylated
Metabolite CHCHHCNHCNHH3CN3CH33YCH3 HOS
Compound R1 R2 Chemical Name E1444 hydrogen hydrogen
(1-Methyl-2-phenyl-ethyl)-prop-2-ynyl- phosphoramidic acid E1445 :
hydrogen methyl (1-Methyl-2-phenyl-ethyl)-prop-2-ynyl- phosphoramidic
acid monomethyl ester E1446 methyl methyl
(1-Methyl-2-phenyl-ethyl)-FiraspezifgnyiNphyedsrioramidic acid dimethyl ester
Etddriphasayidaydrogen (hdviaidtasomedirhriayd)-propddsyted Metabolite
phosphoramidic acid monophenyl ester E1448 ph

-Methyl-2-phenyl-ethyl)- -2-ynyl- phosphora acid methyl e:sterC
| phenyl ester //CH ~CH C CN,0O-RLH3CN © ) "
: o) i;l4cl'§& 14 | NeH ~ H-3 , H3G.N
-HN ,J'CH35 QR O OR¢oR7 oH, L, |
) ) )
B ™ 3o L, A
J g T
2 . OH
Compound R1 R2 Chemical Name Estimated pKa
LogP
E1071 hydrogen hydrogen {2-f4-(1,2-Diphenyl-but-1-enyl}-phenoxyl-ethyll-methyl- 568 4.02
phosphoramidic acid
E1072 hydrogen methyl {2-14-(1,2-Diphenyi-but-1-enyl}-phenoxyl-ethyl}-methyi- 573 3.64
phasphoramidic acid monomethyl ester
E1073 methyt methyt {2-[4-(1 2-Dighenyl-but-1-enyh-phenoxyl-ethyl}-methyl- 579 537
phosphoramidic acid dimethyi ester
E1074 phenyl rydrogen {2-[4-{1 2-Diphenyi-but-1-enyl)-phenoxyl-ethyl-methyl- 7.50 3.20
phosphoeramidic acid monopheny! esier
E1075 phenyl methyl {2-[4-(1.2-Diphenyl-but-1-enyi)-phenoxyl-ethyi}-methyi- 7.56 4.84

phospheramidic acid methyl ester phenyt ester
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H,C E1446 E1447 E1448 105 Sertraline (Zoloft(r)) Chemical Structure
Active Metabolite Structure Hydroxylated Metabolite CI CI CI CI CI CI HN
I H2N FIN OH CH3\\ CH3\5 Compound R1 R2 Chemical Name
Estimated Estimated LogP pKa E1016 hydrogen hydrogen
[4-(3,4-Dichloro-phenyl)-1,2,3,4-tetrahydro- 4.87 3.50
naphthalen-1-yl]-methyl-phosphoramidic acid E1017 hydrogen methyl
[4-(3,4-Dichloro-phenyl)-1,2,3,4-tetrahydro- 4.93 4.16
naphthalen-1-yl]-methy|-pFessgftrosesinitheatfigsiionomethyl ester E1018
meBsTipALBRHCHLE3 4-Dichloro-phenyl)-1,2,3,4-tetrahydiéronytred Hatabolite
naphthalen-1 -yi]-methyl-phosphoramidic acid dimethyl ester E1019
phenylthydrogen [4-(3,4-Dichloro-phenyl)-1.2,3,4-tetrahydro- 6.70 3.73
Hofa ‘-:methyl-phosphoramidic acid monophenyi ester E1020

| methyli[4-(3.4-Dichloro-phenyl)-1,2.3,4-tetrahydro- 6.75 4.39
len=i=yl)-methyl-phosphoramidic acid methyl ester phenyl ester ClI
Cl ~ClI ﬁQf/HPC G~ HOB HHOB ,R1 ON ON H,N CH3\ CH3

CH3
- CH,
F
Compound R1 RrR2 Chemical Name
E1419 hydrogen  hydrogen  1-(3 4-Difluoro-phenyl)-8-filucro-7-

(3-methyi-4-phosphonc-piperazin-1-yi)-4-oxo-1,4-
dihydro-guinoling-3-carboxyiic acid

E£1420 hydrogen  methyl 1-(3 4-Difluore-phenyl)-6-fluore-7-
[4-{hydroxy-methoxy-phosphoryl)-3-methyl-piperazin-
1-yl}-4-0x0-1,4-dinydre-quinoling-3-carboxylic acid

E1421 methyt methy! 1-{3,4-Difiuoro-phenyl)-7-{4-(dimethoxy-phosphoryl)-3-
methyl-piperazin-1-yil-6-iuoro-4-oxo-1,4-dihydro-
quinoline-3-carpoxylic acid

E1422 phenyi hvdregen  1-(3.4-Difluoro-pheny)-6-fluore-7-[4-(hydroxy-
shenoxy-phosphoryh-3-methyl-piperazin-1-yli-4-oxo-
1.4-dihydro-quinciine-3-carboxylic acid

E1423 phenyl methy 1-{3,4-Diftuoro-phenyl)-8-fluore-7-{4-(methoxy-
phenioxy-phosphoryl)-3-methyl-piperazin-1-yl-4-0xo-
1.4-dihydro-guinoline-3-carboxylic acid

o o o 2
. -
HO™ Sy HoT 0 )
H i
P
N/J‘\/)\T/\ N g}l/\?
o 0
ST \/N B
. oo © - CH,o ©
R E1418 i
F F
¢ 0 c 0
!
F — F
=LA Sy
N /\N/\i N s R
oy o o
N._ i N
7 I P 7 el o
e CH,C N CH,C ©
E1420 H i Et421 CH
F F
0 0 o 9
HO = HO =
(1 DD
N N N N
N, P P
= ‘ P M = P CH
N e O N e
| ] J— i s
E N F 7N
1422 N Et423 g
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E1016 E1017 CIICICI HCrClI CiH,C~CCIH3C NCIC CH.NCTP
E1018 QOH 1 CH3 | IN E1020 ~J C CH i\ E1019 106 Sibutramine
(Meridia) Chemical Structure Active Metabolite Structures Hydroxylated
Metabolite H3C\ HN'CH3 H3C NC HC HC OH 3 :30H3 CI CI Compound
RI R2 Chemical Name Estimated pKa LogP E1139 hydrogen hydrogen
{1-[1-(4-Chloro-phenyl)-cyclobutyl]-3-methyl-butyl}- 5.32 3.08
methyl-phosphoramidic acid El 140 hydrogen methyl
{t-[1-(4-Chloro-phenyl)-cyctigatid3smdtendeitityl}- 5.38 4.57

mefspripH Spletiremidic adiativioMeiskaliipl et 14 Hydeekylated tMgtabolite
{1-[1-(4-Chloro-phenyl)-cyclobutyl]-3-methyl-butyl}- 5.44 3.14

methy, phoramidic acid dimethyhester E1142 phenyl hydrogen {1-[|
-(4-Chloro-phenyl)-cyclobutyl)-3-methyl-butyl}- 7.15 4.19

N
-~ -
H.C H.C H,C
R oH GH
N S N S N
/
S S HO S
5
Compound R1 R2 Chemical Name Estimated pKa
L.ogP
E1158 hydrogen  hydregen  {2-[2-(2-Methyisulfanyl-phenothiazin-10-vi)-ethyil- 5.82 2.81
piperigin-1-yl}-phosphonic acid
E1160 hydrogen  methyl {2-[2-(2-Methylsulianyl-phenothiazin-10-yl}-ethyl}- 5.88 4,85
piperidin-1-yl}-phosphonic acid monomethy! ester
E1161 methyl methyt {2-[2-(2-Methylsulfanyl-phenothiazin-10-yi}-ethyl]- 5.94 3.87
piperidin-1-yl}-phosphonic acid dimethyi ester
E1162 phenyl hydrogen  {2-[2-(2-Methylsulfanyl-phenothiazin-10-yl}-ethyil- 7.65 4.38
piperidin-1-yli-phesphonic acid monophenyt ester
£1163 pheny methyl {2-[2-(2-Methylsulfanyl-phenothiazin- 10-yh-ethyl}- T.70 4.02
piperidin-1-y-phosphonic acid methy! ester pheny!
ester
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methyl-phosphoramidic acid monophenyl ester E1143 phenyl methyl
{1-[1-(4-Chloro-phenyl)-cyclobutyl]-3-methyl-butyl}- 7.2 3.67
methyl-phosphoramidic acid methyl ester phenyl ester E1227 hydrogen
hydrogen {1-[1-(4-Chloro-phenyl)-cyclobutyl]-3-methyl-butyl}-
phosphoramidic acid E1228 hydrogen methyl {1 -[1
-(4-Chloro-phenyl)-cyclobutyl)-3-methyl-butyl}- phosphoramidic acid
monomethyl ester R2 O0R1 OH HC OH CH3 H C HO-P--(D H C O-P=0
H,C, H3C N'CH' H 3 C N CHTR/@#pldHI8a#8C O--i_ C CH H3C H N
vEhamisatfieucityq 39 C| etivgdietrhciie Sugtero OHYdrexdated-istpijte
O-P=0 HO-f'=6 O-P-0 H3C 1 CH3 H3C CH H3C 3 N'NH NH H,C H3C

Sp&lg (Zagam ) Chemi al re Hydroxylated NH2
y 13C~F N N HNY E b ompound RI R Name
424 hydrogen;hydroge

. - ]

i-Amlno-l-diﬂ/cloparople- 3,54 -?\J—pﬁb{gphono- s

0., CH, | !

CH, OH CH, OH CH,
Compound R1 R2 Chemicai Name

E132% hydrogen  hydrogen [2-Hydroxy-2-(3-methoxy-phenyl-cyclohexyimethyl]-methyi-

phosphoramidic acid

E1330 hydrogen  methyl [2-Hydroxy-2-{3-methoxy-phenyi-cyclohexylmethyl}l-methyl-

phosphoramidic acid monomethyi ester

E1131 methyl methy! [2-FHydroxy-2-(3-methoxy-phenyl)-cyclohexylmethyl}-methyt-

phesphoramidic acid dimethy! ester

E1332 phenyl hydrogen {2-Hydroxy-2-(3-methoxy-phenyl-cyciohexyimethyil-methyl-

phosphoramidic acid monophenyl ester

£1333 phenyt methyi [2-Hydroxy-2-{3-methoxy-phenyi-cyciohexyimethyll-methyi-

phosphoramidic acid methyt ester pheny| ester
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piperazin-1-yl)-6,8-difluoro-4-oxo-l,4-dihydro-quinoline- 3-carboxylic acid
E1425 hydrogen methy 5-Amino-1-cyclopropyl-6,8-difluoro-7-[4-(hydroxy

m eth o xy-p h o s p h o ryl)-3, 5-d i m eth yl-piperazin- |-yl]-4-oxo-
1,4-dihydro-quinoline-3-carboxylic acid E1426 methyl methyl
5-Amino-I-cyclopropyl-7-[4-(dimethoxy-phosphoryl)-3,5-
dimethyl-piperazin-I -yl]-6,8-difluoro-4-oxo-i.4-dihydro-
quinoline-3-carboxylic acid E1427 phenyl hydrogen
5-Amino-1-cyclopropyl-6.8-¥ifiasasie (EH{Exatfoxy-

phendklepres SRS 5-direthg el m3tipgiyce x Jiydroxylated Metabolite
1.4-dihydro-quiCnl?Iine-B-carboxyIic acid E1428 phenyl methyl
5-Amino-I-cycloptopyl-6.8-difluoro-7-[4-(methoxy-
phenoxy-phB‘h@;yal)-3,5-dimethyl-pipera i '}iiﬁhg-oxo-
1,4-dihydrogguiingline-3-carboxylic acid

Compound R1 R2 Chemical Name Estimated Estimated
LogP pKa

E1011 hydrogen  hydrogen  [2-{1-Hydroxy-cyclohexyl)-2-(4-methoxy-phanyl)- 2.88 3.22
ethyil-methyl-phosphoramidic acid

E1012 hydrogen methyl [2-{ 1-Hydroxy-cyclohexyly-2-{4-methoxy-phenyl}- 2.93 4.44
ethyll-methyl-phosphoramidic acid monomethyl ester

E1013 methyl methyl [3-Hydroxy-2-(4-methoxy-phenyi)-3-propyl-hexyl}- 2.98 2.84
methyl-phosphoramidic acid dimethy! ester

=1014 phenyl hydrogen  [2-(1-Hydroxy-cyciohexyl)-2-(4-methoxy-phenyl)- 4.70 4.02

ethyll-methyi-phosphoramidic acid monophenyt
ester
E1015 pheny! methy! [2-(1-Hydroxy-cycichexy!)-2-(4-methoxy-phenyl)- 4.78 3.38
ethyii-methyi-ohosphoramidic acid methyl ester
phenyl ester

Ri.. OH
O R2 oH R
o=p—0 O=p~0H o=
| N
N ~
/N“‘CHB "CH, M,
o | X
H.C >
MC-\ O HSC\ 3 ‘\-O _
PO © E1011 E1012
HC N
-0 cH ‘
6:%—0/ l\v\'o
]
N\ =R
Men, O=P—OH
N<
N
¢ l
CH,  E1013 G g
E1014
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~"l) HOVA\N''CH F~,N.,,JZ-\F~N, ;0 P,,~0O--H-0 O-CH, CH,0
"CH; E1427 61426 108 Sumatriptan (Imitrex(r)) Chemical Structure
Active Metabolite Structure H CH3 CH3 H /N HN HN, SO SO\ O
N--CH3 NH H3C , H30, Compound R1 R2 Chemical Name Estimate pKa
d LogP E1026 hydrogen hydrogen
Methyl-[2-(5-methylsulfamoylmethyl-IH-indol-3-yi)-ethyl]- 0.78 2.78
phosphoramidic acid E1027 hydrogen methyl
Methyl-[2-(5-methylsulfamoydirestiiztel @eimdbi 3-yI)-ethyl]- 0.84 4.88
pldeiHerrridtEERid monbrHveHieiesRitEr moe Hifethy Hittisepylated Metabolite
Methyl-[2-(5-methylsulfamoylmethyl-1 H-indol-3-yl)-ethyl)- 0.89 4.13
phosphoramiditacid dimethyl ester E1029phenyl hydrogen
ethyl-[2-(5-Methylsulfa -1 H-itttdol-3-yI)-ethyl]- 2.60 4.44
@ oramidic acid monop bnﬂ‘este E1030 phenyl methyl
Methyl-[2<(5-methylsu)famoyl yi=F'H-indol-3-yl)-ethyl)- 2.66 3.69
phospQQ/ﬁgré?ldlc acid methyl esterI\P/ nyl ester 5

Br

v N
Compound R1 R2 Chemical Name

E1449 hydrogen  hydrogen  [3-(4-Bromo-phenyly-3-pyridin-3-yl-alyl}-methyl
phosphoramidic acid

E1450 hydrogen methyl  [3-(4-Bromo-phanyl}-3-pyridin-3-yi-alyll-methyl-
phosphoramidic acid monomethyi ester

£1451 methyl methyl  [3-(4-Bromao-phenyD-3-pyridin-3-yi-allyil-methyl-
phespheramidic acid dimethyl ester

£1452 phersyi hydrogen  [3-{4-Bromeo-phenyd)-3-pyridin-3-yi-allyl-methyl-
phosphoramidic acid monophenyl ester

£1453 phenyl methyl  [3-(4-Bromo-phenyf)-3-pyridin-3-yl-ailyil-methyl-

phaspheramidic acid methyl ester phenyl ester

N™ ™= N7
I P | P
S S
‘. _CH _CH
Br \\w gy N
0=-P=0 0=P=0
71 O O
R H H
E1448
NT X NT TR
E
P | =z
x5 A
CH CH
Br ﬁ” 3 Br &/ ?
O—P=0 0—P=0
H,C O\CHS = O~
\ 7
E1451 E1452
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HH CH3 NCH3Or~NHNHN,S,0R2Z00R1TOH N N OE 1026 H
C'i,-OHH300 HCH3H HNH3PHN~SSCH3QON _OCH3 N__ OH
E1028 H3C Il J E1027 H30~00 HCHN CH3H HN/SOHNOOOEDO
H30, 0 E1029 H3CIN-P_0 E1030 H N_p O 3C 0 109 Tamoxifen
(Nolvadex(r)) Chemical Structure Active Metabolite Structure
Hydroxylated Metabolite Il // N-CH, /0 NCH3 ONH CH3 CH3 CH3CH
CH3j CH3 i\ JI Compound RI R2 Chemical Name Estimated pKa LogP
Zolmitriptan (Zomig®)

Chemical Structure Active Metabolite Structure

0 o)
O’ o%

}

NH NH

HN HIN
N-CH, NH
H,C H,C
Compound R1 RrR2 Chemical Name Estimated pKa
LogP
E1086 hydrogen  hydrogen  Methyi-{2-[5-(2-oxo-oxazolidin-4-yimethyl)-1H-indob- 1.85 2.59
3-yil-sthyl}-phosphoramidic acid
E1087 hydrogen medthyl Methyh-{2-[5-(2-oxo-oxazolidin-4-yimethyl}-1H-indol- 1.71 5.07
3-yli-ethyl}-phosphoramidic acid monometnyi ester
£1098 methyi methyl Methyl-{2-[5-(2-ox0-oxazolidin-4-yimethyh-1 H-indol- 1.76 3.93
3-yl-ethyl}-phosphoramidic acid dimethyl ester
E1089 phenyt hydrogen  Methyl-{2-[5-{2-oxo-0xazolidin-4-yimethyl)-1H-indol- 3.47 4,63
3-yil-ethyl}-phosphoramidic acid monopheny! ester
E1100 phenyi methy! Methyl-{2-{5-{2-oxo-oxazolidin-4-yimethyh-1H-indol- 3.53 3.49
3-yij-ethyl}-phosphoramidic acid methyl ester phenyl
ester
O o}
o~ o~
{_hH ke
{ /
?/ﬁiﬁ,,J g”x§}/,j
N HN™ ==
— e <
2 i / o7 Chy
% i Ay i
N—p—(3H N—=P—DH
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E1096
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5 E1071 hydrogen hydrogen
{2-[4-(1,2-Diphenyl-but-lI-enyl)-phenoxy)-ethyl}-methyl- 5.68 4.02
phosphoramidic acid E1072 hydrogen methyl
{2-[4-(1,2-Dlphenyl-but-1-enyl)-phenoxy)-ethyl}-methyl- 5.73 3.64
phosphoramidic acid monomethyl ester E1073 methyl methyl
{2-[4-(1,2-Diphenyl-but-lI-enyl)-phenoxy]-ethyl}-methyl- 5,79 5.37 10
phosphoramidic acid dimethyl ester EI 074 phenyl hydrogen
{2-[4-(1,2-Diphenyl-butExanipjgseh 8% Leventiaiethyl- 7.50 3.20
phosphoramidic acid monophenyl ester E1075 phenyl methyl
{2-[4-(1,2-Diphenyl-but-1 -enyl)- henoxyi-ethyl}-methyl- 7.56 4.94
phosphoramidic acid methyl est F%H@ﬁ"y ester 1I5R1 R2-OHOOH 0
CH3\ \ §y0HeHPHIC! 8 EXDINYdt;StenaHbrfiazeph-Bi3h-@om1b 0
O"-,,-,N'P a CH3 CilthytpoenrerHdicacitodigiyeHec O Cl iO10 VA
CH3 V A CH3 H3C H3C/E1074 E1075 110 Temafloxacin (OmnifloxO)

Chemical Structure Hyd%mite
™~
\
7N

|

Compound Number £1413

Desipramine hydrochloride {1 equivalent, 0.5 gram) was added drop wise to a stirred
solution of potassium carbonate {2 equivalents, 0.456 gram) in dry DMF at 0°C.
Diethylchiorophosphate (1.2 equivalents, 0.33 ml) which had been dissolved in dry DMF
was added drop wise to this mixture and stirred for 12 hours at room temperature. The
reaction mixture was quenched with water, extracted with ethyl acetate, the organic layer
separated, washed with brine solution and dried over anhydrous sodium sulfate. The
dried material was concenfrated and purified by coiumn chromatography to provide a
pale yellow liquid (yield: 0.33 gram) and anaiyzed by HPLC (purity 83.1%). The FTIR,
MS and 'H NMR spectra were consistent with the assigned with the empirical formula of
CasH31N, 03P,
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OOHO(IF NN Y NHF OH3 F Compound RI R2 Chemical Name
E1419 hydrogen hydrogen 1-(34-Difluoro-phenyl)-6-fluoro-7-
(3-methyl-4-phosphon-piperazin-1-yl)-4-oxo-1,4-
dihydro-quinoline-3-carboxylic acid E1420 hydrogen methyl
1-(3,4-Difluoro-phenyl)-6-fluoro-7 [4-(hyd roxy-m eth oxy-phosp ho
ryl)-3-methyl-pi perazi n- 1-yl]-4-oxo-1,4-dihydro-quinoline-3-carboxylic
acid E1421 methyl methyl
1-(3,4-Difluoro-phenyl)-7-[4-(dinfe@BRiEghosphoryl)-3

methyl-piatagins bryB-Gdluemndesabdeiny geeauingjingresgarboxylic
acid E1422 phenyl hyelepgerarbamic acid methyl ester
1-(3,4-Difluoro-phenyl)-6-fluoro-7-14-(hydroxy-
phenoxy-phosphoryl)-3-methyl-piperazin-1-yl i-4-oxo-
1.4-dihydro-quinoline-3-carboxy
1-(3.4-Difluoro-phenyl)-6-fluo
phenoxy-phosphoryl)-3-methyl-piperazin-1-yl]-4-oxo-
1.4-dihydro-quinoline-3-carboxylic acid 5 8 OOOHOFHOF NN /N?I
N-~N.OD.P.2~P.H 4CH-O0 V ( H,ng F1R1FE1419HFF 0O
00 N o

J i
CH, CH,

Compound Number E1414

Desipramine hydrochloride {1 equivalent, 0.3 gram) was added drop wise o a stirred
solution of potassium carbonate (2 equivalents, 0.27 gram) in dry DMF at 0°C. Methyl
chloroform (1.2 equivaients, 0.1 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
mixture was quenched with water, extracted with ethy! acetate, the organic iayer
separated, washed with brine solution and dried over anhydrous sodium sulfate. The
dried material was concentrated and purified by cotlumn chromatography fo provide a
pale yellow liquid (vield: 0.18 gram) and analyzed by HPLC (purity 87.7%). The FTIR,
MS and "H NMR spectra were consistent with the assigned with the empirical formula of
CaoH24N205.
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fHOFHOF ~N;~ N~ CNOH C OH ™0 AHD O cH E1420 'H F E1421
CH FOOOOF HOIHo~N N~rONP"F"AOHIOOFCH300 FF
E1422 E1423 111 Thioridazine (Mellarii(r)) Chemical Structure Active
Metabolite Structure Hydroxylated Metabolite H3C~N H3C~N H3CIN \\
CH3 CH3 CH3 Ns QSfIHOfISfl Compound Rl R2 Chemical Name
Estimated pKa LogP E1159 hydrogen hydrogen
{2-[2-(2-Methylsulfanyl-phenothiazin-10-yl)-ethyl)- 5.82 2.81
piperidin-l-yl}-phosphonic acid E1160 hydrogen methyl
{2-[2-(2-Methylsulfanyl-phenothiggiphidy1)-ethyl]- 5.88 4.85
piperidin-I-yl}- phosphonic acid monomethyl ester E1161 methyl methyl

{2-[2-(2- %” P(S“?‘i“ii &E}g{gﬁ%é{@ 4 38 opyi-

piperidin-1-y gmcgg yl ester

OO

|
i

|
S

CH

3

Compound Number E1415

Desipramine hydrochloride (1 equivalent, 0.2 gram} was added drop wise to a stirred
solution of potassium carbonate (5 equivalents, 0.45 gram) in dry DMF at 0°C. Propyl
chioroform (1.5 equivalents, 0.1 ml) 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 quenched with waler, extracted with ethyl acetate, the organic layer
separated, washed with brine solution and dried over anhydrous sodium sulfate. The
dried material was concentrated and purified by coiumn chromatography to provide a
yeliow liquid (vield: 0.12 gram) and by HPLC (purity 95.7%). The FTIR, MS and "M NMR
spectra were consistent with the assigned structure with the empirical formula of
CooHagN,Oo
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El 162 phenyl hydrogen {2-[2-(2-Methylsulfanyl-phenothiazin-10-yl)-ethyl]-
7.65 4.38 piperidin-1-yl}-phosphonic acid monophenyl ester E1163
phenyl methyl {2-]2-(2-Methylsulfanyl-phenothiazin-10-yl)-ethyll- 7.70 4.02
piperidin-l-yl}-phosphonic acid methyl ester phenyl ester R1--0HO N
H-O OC'"CC'CR2CH3HHCH3CH3CH3 S\S\S~SVvS SY/
E1159 E1160 ~H30C,NCCN O pC~~P~aC C CH3, CH3 H CH3
CH-Y3aCH3 NS ~~/NAYS N ~~5~ U~Sa ~~SaJ E1161 E1162 E1163
112 Tramadol (Ultram(r)) Chemical Structure Active Metabolite Structure
Hydroxylated Metabolite HO H@,H@p/eGH 3 N N-CH3 N_CH3 O, CH3 | |

CH3 OH@%FIE OH?(_T:PS 18 1‘5 gﬁydtllg%zlgelanl?zcza kg:fr]]aezrggla%?% y%rg%gylszg
hydroge )} vi-carbamic acid isobut r
[2-Hydroxy-2-(3- methoxy heny cycﬁ:%exyl%yet% ﬁ methyi-
phosphoramidic acid

Compound Number E1416

Desipramine hydrochioride {1 eguivalent, 0.3 gram) was added drop wise to a stirred
sotution of potassium carbonate (5 equivaients, 0.68 gram} in dry DMF at 0" C. Isobutyl
chioroform (1.5 equivalents, 0.18 ml) which had been dissolved in dry DMF was added
drop wise to this mixture and stirred for 6 hours at room temperature. The reaction
mixture was quenched with water, extracted with ethyl acetate, the organic layer
separated, washed with brine soiution and dried over anhydrous sodium sulfate. The
dried material was concenirated and purified by column chromatography to provide a
pale vellow liquid (vieid: 0.18 gram) and analyzed by HPLC (purity 96.4%) The FTIR, MS
and 'H NMR spectra were consistent with the assigned structure with the empirical
formula of CaopMaaN.O»
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E1330 hydrogen methyl
[2-Hydroxy-2-(3-methoxy-phenyl)-cyclohexylmethyl]-methyl-
phosphoramidic acid monomethyl ester EI 131 methyl methyl
[2-Hydroxy-2-(3-methoxy-phenyl)-cyclohexylmethyl]-methyl-
phosphoramidic acid dimethyl ester E1332 phenyl hydrogen
[2-Hydroxy-2-(3-methoxy-phenyl)-cyclohexylmethyl)-methyl-
phosphoramidic acid monophenyl ester E1333 phenyl methyl
[2-Hydroxy-2-(3-methoxy-phenyl)-cyciohexylmethyl]-methyl-
phosphoramidic acid methyl ester, phgjayd ester HO RI HO HO\ ,0. P_P.2
P~H//P.CH N-rGNQN QCHCHSO HCH3 O-CHCH3 333

F 1320 EVRDHRIUHE B DG s B IS IR 0.0 0
O CH CH3 O CH CH3' UG TR 77955 e £34 £1332 E1333 113

Venlafaxine (Effexor(r)) Chemical Structure Active Metabolite Structure
Hydroxylated Metabolite N,CH3 N\CH3 N,CH3 H3C~O
H3C,0/ HO Compoun ipal Name Estimated Estimated
LogP pKa E1011 hydroge

[2-(1-Hydroxy-cyclohexyl)-2-(4gjthoxy phenyl)- 2.88 3.22

ethyl)-methyl-phosphoramidic acid CI?

N7 o]

Compound Number E1417

Desipramine hydrochloride (1 equivalent, 0.3 gram) was added drop wise o a stirred
solution of potassium carbonate (2.5 equivalenis, G.34 gram) in dry DMF at 0" C. Octyl
chioroform (1.5 equivalents, 0.429 grams) which had been dissolved in dry DMF was
added drop wise o this mixture and stirred for 12 hours at room temperature. The
reaction mixture was guenched with water, extracted with ethyl acetate, the organic layer
separated, washed with brine solution and dried over anhydrous sodium sulfate. The
dried material was concenirated and purified by column chromatography to provide a
pale yellow liguid {yield: .12 gram) and analyzed by HPLC (purity 85.3%) The FTIR, M3
and 'H NMR specira were consistent with the assigned structure with the empirical
formula of CorHNLC..
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E1012 hydrogen methyl [2-(1-Hydroxy-cyclohexyl)-2-(4-methoxy-phenyl)-
2.93 4.44 ethyl]-methyl-phosphoramidic acid monomethyl ester E1013
methyl methyl [3-Hydroxy-2-(4-methoxy-phenyl)-3-propyl-hexyl]- 2.99 2.84
methyl-phosphoramidic acid dimethyl ester E1014 phenyl hydrogen
[2-(1-Hydroxy-cyclohexyl)-2-(4-methoxy-phenyl)- 4.70 4.02
ethyl)-methyl-phosphoramidic acid monophenyl ester E1015 phenyl
methyl [2-(1-Hydroxy-cyclohexyl)-2-(4-methoxy-phenyl)- 4.76 3.38
ethyl)-methyl-phosphoramidic aExkemetkyd ester phenyl ester 10 RI, OH

a1 13 0 8 BETORT IS e G H YBRG BEn. ocpo”
0=P ON I N N'"CH3 CH3 CH3 E1013 H3C O H3C10O E1014 E1015 114

PodiEReIging. (diekmis (hs iRk HUBTIEAF R MelaR QLS RIM TR York) by
HXdrox lated Metabalite _ . _

coliection into sodium EDTA as the anticoagulant, and was stored at ca -20 °C prior to
use. Prior to use, the plasma defrosted and was spun at ca. 3000 rpm for 5 minutes to
remove any precipitate. The pH of the plasma was adjusted to pH 7.4 by careful

addition of NaH,PQbuffer.

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

For analysis, plasma samples were extracted in 1 part acetonitrile 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 gquantification was
achieved by comparison of the response due to the sample to that of & three point
standard curve. Appearance of the parent drug the hydroxymetabolites were also
monitored at each time interval. The % degradation following incubation at each time

point was caiculated by comparison of the parent conceniration to that at 0 minutes.
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CH3 CH3 Br N Br NH CH3 N 5V Compound RI R2 Chemical Name
E1449 hydrogen hydrogen
[3-(4-Bromo-phenyl)-3-pyridin-3-yl-allyl]-methyl- phosphoramidic acid
E1450 hydrogen methyl [3-(4-Bromo-phenyl)-3-pyridin-3-yl-allyl]-methyl-
phosphoramidic acid monomethyl ester E1451 methyl methyl
[3-(4-Bromo-phenyl)-3-pyridin-3-yl-allyl]-methyl- phosphoramidic acid
dimethyl ester E1452 phenyl hydrogen
[3-(4-Bromo-phenyl)-3-pyridin-3-yl-allyl]-methyl- phosphoramidic acid
Thqﬁ@ﬁ%y@ﬁm stabiily fesinpivdiynaigi@pma are shown in the following table:
[3-(4-Bromo- henyﬂ)-%& _ridin-3;¥l-allgl]-methyl- phosphoramidic acid
methyl ester%%’é‘hy] TEUVK NP BN Ry BPFRMEH3 1110
P=0 O-P=0 O-P=0 R1 O~R2 R O-~HH OCH, 3 E1449 E1450 N\ N\ N~
11 BrNCH3Br NCH3BrNCH3 111 a-P=0P=0 O-P=0 H3C O. CHOH

OUCH 3 E14&k BigthenEddthsoukbanZmlimitniplash{Zemig(r)) Chemical

inbiilatinie AceeolietaRmita StmRctue | RIC-5¢ | RIC-5d
Time {min)

0 0.00 0.00 0.00 0.00 0.00

30 -43 547 7.15 511 -32.74

80 9.04 15.80 6.85 -1.48 -1.44

120 7.93 26.22 | 21.06 25.82 49 54

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

Sprague-Dawley rat plasma was obtained by coliection into sodium EDTA as the
anticoagulant, and was stored at ca -20 °C prior to use. Prior to use, the plasma
defrosted and was spun at ca. 3000 rpm for & minutes to remove any precipitate. The

pH of the plasma was adjusted o pH 7.4 by careful addition of NaH,PO buffer.

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

For analysis, plasma samples were extracted in 1 part acetoniiriie and isotation 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 gquantification 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 aiso '
monitored at each time interval. The % degradation following incubation at each time

point was calculated by comparison of the parent concentration to that at ¢ minutes.
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O0O0--% 11 NHNH HN HN N-CH3 NH H3C H3C Compound RI R2
Chemical Name Estimated pKa LogP E1096 hydrogen hydrogen
Methyl-{2-[5-(2-o0x0-0xazolidin-4-ylmethyl)-1H-indol- 1.65 2.59
33-yl]-ethyl}-phosphoramidic acid E1097 hydrogen methyl
Methyl-{2-[5-(2-ox0-0xazotidin-4-ylmethyl)-1H-indoi- 1.71 5.07
3-yl]-ethyl}-phosphoramidic acid monomethyi ester E1098 methyl methyl
Methyl-(2-[5-(2-o0x0-oxazolidin-4-ylmethyl)-1H-indol- 1.76 3.93
3-yl]-ethyl}-phosphoramidic acid dimethyl ester E1099 phenyl hydrogen
Theavieshijs- {2 {5 Gability teelinglidirepigamnareyp shewin dohsigipyigatable:
3-yl)-ethyl}-phosphoramidic acid monophenyl ester E1100 phenyl methyl
Methyl-{2-[5-(Z-mxe 0 xeanliginadtigathlili gt incok Ahms.49
3- yI] ethyl}- phosphoramidic acid methyl ester phenyl 5 ester 0-// 0 0- ~ 0
L/ £-CH N-t'-O N-P-OH
N NH NH HN

T;HN(HN 0’ CV OH 0 OH; 'N--P-0 N- P-O N-P_O; HnO U CHI HaO O HeO 0

E1098 E1099 4400 0.60 0.00 0.00 0.00

30 4.67 8.81 7471 -14.B9 -8.18

80 11.01 23.43 8.34 -2 .88 41.70

120 9.02 4585 | 2342 32.40 73.48
Exampie 8

Stability Testing of Prodrugs in the Stomach and intestine

The stability of each compound prepared in Bxamples 1-5 was assessed in both
simulated gastric fluids and intestinal fluids alone and intestinal fiuids spiked with

alkaline phosphatase to approximate the enzymaltic activity of the intesiinal wall.

The stability of each compound prepared in Examples 1-5 was assessed in duplicate by
incubation of 10 uM of sach compound at ca. 37 °C and shaking with each of the
following: simulated gastric fiuids (saline pH approximateiy 1, plus pepsin); simulated
intesiinal fluids (phosphate pH 6 with pepsin), and alkaiine phosphatase enhanced
simuiated infestinal fluids (phosphate pH 8 with pepsin and = alkaline phosphatase).
Aliquots were removed at 0, 0.5 1 and 2 hours, extracted with one volume of organic

solvent and stored at ~20°C untii analysis.

Analysis of each compound prepared in Examples 1-5 in gastric fluid and intestinal fluid
extracts was conducted by an LC-MS method at each time interval and quantification
was achieved by comparison of the response due tc the sample o that of a three point
standard curve. Appearance of the parent drug and the hydroxymetabolites were aiso
monitored at each time interval. The % degradation foilowing incubation &t each time

point was calculated by comparison of the parent concentration to that at 0 minutes.
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116 Examples of the Invention Example 1 Synthesis of
[3-(10,11-Dihydro-dibenzo[b,f)azepin-5-yl)-propyll- 5
methyl-phosphoramidic acid diethyl ester -CH3 1 R O OH Ip~ O OH3
Compound Number E1413.10 Desipramine hydrochloride (1 equivalent,
0.5 gram) was added drop wise to a stirred solution of potassium
carbonate (2 equivalents, 0.456 gram) in dry DMF at OC.
Diethylchlorophosphate (1.2 equivalents, 0.33 ml) which had been
dissolved in dry DMF was added drop wise to this mixture and stirred for
Thel?eaﬁmr%%%lgbhﬁg‘@%ﬁw 16 <R RGO WL A, BUE NGRS iWiing
water, extracted with ethyl acetate, the drganic layer 15 separated,
tabigashed with brine solution and dried over anhydrous sodium sulfate. The
dried matesialoips ovneeniratett asichplateficghbyic dkithi¥Chromatography

inctbgirovide BiGpele yellBiFHquidRifeit: 088-gram) &ffethalyzed by HPLC
Time (IR 93.19%). ThelETIR MS$-and-'H NMR spectra-were-consistent with

)

0 o ccinme apol Q00T 0 0, :
l%ﬁ aoolgncd \algtblz}ullc c”[%),?)bal fég HY 0 MH 117 Example

L\

255ynthesis ofi5t10; tEiRydrogizenzofh fiazepin-5-yi)-propyl)-

mefhyl-carbargiCiacid methyl ester 3y INJz. 5 CH3 CH3 Compound

Number E1414 Desipramine hydrochloride (1 equivalent, 0.3 gram) was

added drop wise to a stirred 10 solution of potassium carbonate (2

equivalents, 0.27 gram) in dry DMF at 0"C. Methyl chloroform (1.2
Thesravisentecs by iefERcHaG Dt SSeRIER i AURY BTRIENRMS iadarépliowing
tabie:

Loés of parent compound in simulated intestinal fluid (%)

Incubation  RIC-02 RIC-5a RIC-5b | RIC-5¢ RIC-5d
Time {min)
0. 0.00 0.00 0.00 0.00 0.00
30 11.65 16.75 6.73 1.05 7.73
B0 7.83 22.88 13.57 12.68 -8.72
120 5.29 3518 | 2581 21.78 4.23

No further ioss of RIC-02 in simulated infesiinal fluids enhanced with alkaline phosphatase was
observed up to 120 minuie incubation.

Example 9

Metabolic Stability Testing of Prodrugs - Microsomal Incubations

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

The metaboiic stability of each compound prepared in Examples 1-5 was assessed in
duplicate by incubation of 10 uM compound with 0.5 mg/mL microsomal protein, 1 mM
NADPH in 0.1 M phosphate buffer, pH 7.4 in the presence and absence of a CYP3A4
inhibitor (ketoconazole). The reaction mixture was pre-incubated, in the absence of the
microsomes, at ca. 37 °C for 5 minutes, followed by initiation of the incubation by the
addition of microsomal protein and maintained at ca. 37 °C for a further 0, 30 and 60
minutes. Afier the appropriate incubation time, the mixtures were guenched by the
addition of one volume of acetonitrile and the supernatant was isolated by centrifugation.
Positive control incubations {7-ethoxycoumarin) were performed in the same manner as

the compounds from Examples 1-5 and guenched after 0 and 30 minutes. in addition,
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drop wise to this mixture and stirred for 6 hours at room temperature. The
reaction mixture was quenched with water, extracted with ethyl acetate,

the organic layer separated, washed with brine solution and dried over
anhydrous sodium sulfate. The 15 dried material was concentrated and
purified by column chromatography to provide a pale yellow liquid (yield:
0.18 gram) and analyzed by HPLC (purity 97.7%). The FTIR, MS and 1H
NMR spectra were consistent with the assigned with the empirical formula

ne@ftivG 2024 M2Qiidh8 werampta Sy mhesisdiutes in the absence of NADPH to

asdSs{ QI B,@%mt’glbenzo[b ,flazepin-5-yl)-propyl]- 5 methyl-carbamic acid
propyl ester N 0 CH3 CH3 Compound Number E1415 Desipramine

Anﬁyg@osh @Jﬂé?wélaﬂw aietadh a@r@miéﬁ@s @?Q%zﬁi@ﬁé@i%rt@@@tﬂ’éﬁﬁ)ound
10 s no i nate, |va ts..0.4 in dr
pre S oS U oS A e B TRESor & HE TS L on
theqpssgRied va dY?WF’%V&@ RideMBRBEPNiISE tbetkﬁérﬂml%tdﬁém%ﬂﬂéﬂaﬁopf a
suifableusidiaoflriempassitied The reRchass sRd s senrchedavitandard
oSt R, AR e R e R (o, ashied
t | rous

he solution and rlecT over an ium su ar%e The 15 dried

Thmtﬁﬂﬁbwwgﬂﬁ@&ﬁﬁ%ﬁﬁg &Hﬁéﬁ%ﬂ%ﬁ qmwea\&ha@éa gmﬁ@n of the

id llow | 29 and b it
Pl ERRTITONS TR SHBATR wLTe CortGbIEn W Re LSRRt 7
sagguRRneiidntie @m}aﬁmw@tmumwa@%M@@@@Eﬁam@ndmg and

thehyarepisaftlsitcOntlRiby draritihenze adlazrimmyarpropyl]-
methyl-carbamic acid isobutyl ester 5
The resuits of the metabolic testing in microsomes without inhibitor are shown in the

following table:

Loss of parent compound with no ketoconazole (%)

incubation RIC-02 RiC-8a | RIC-6b | RiIC-bc | RIC-5d
Time (min)
30 768.17 70.94 64.76 54.01 58.12
60 91.40 B7.251 8228 78.36 7417

The results of the metabolic testing in microsomes with ketoconazole inhibitor are shown
in the following table;

Loss of parent compound with ketoconazole (%)

Incubation RIC-02 RIC-5a | RIC-5b | RIC-5¢ | RiC-5d
Time {min)
30 -17.28 27.85 31.89 6.36 15.18
60 11.04 62.37 1 50217 1848 55.88

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

The metabotic stability of each compound prepared in Exampies 1-5 was assessed in
duplicate by incubation of 10 UM compound with recombinant human CYP2D8 and 3A4
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. O NCH3KJCH, CH, Compound Number E1416 10 Desipramine
hydrochloride (1 equivalent, 0.3 gram) was added drop wise to a stirred
solution of potassium carbonate (5 equivalents, 0.68 gram) in dry DMF at
0 C. Isobutyl chloroform (1.5 equivalents, 0.18 ml) which had been
dissolved in dry DMF was added drop wise to this mixture and stirred for
6 hours at room temperature. The reaction 15 mixture was quenched with
water, extracted with ethyl acetate, the organic layer separated, washed

usingthirbiime-saditivon anitclkded Bxamarhy2lrdisgodiuneeutéatevddérdmadsis at
0. SEPARIRvARGRICNITalEA 00 DTRd UGN FBIRRIGARL K Bropriate

provide a pale yellow liquid (yield: 0.18 gram) and analyzed by H
COF(EB?}ﬁtyN%‘M%'”F’I‘?S FTiveRigCa)iqn ﬂfl\FK}ﬁ?déE@WWBFS c‘Efn§?§te?€PWHH was
cortbecassighets stpptie vithot ecamgitical 22 G fesmiglaiofeG22H26N202 120

Example 5 Synthesis of

[3-(10,11-Dihydro-dibenzo[b,ftazepin-5-yl)-propyl)- methyl-carbamic acid
The¢epludstel theoupiabaicNestinHe (erpreonspeuad Teirh iRGZETE FB7e1 hown in
theD@Riptagmip=hydrochloride (1 equivalent, 0.3 gram) was added drop wise

to a stirred solution of potassium carbonate (2.5 equivalents, 0.34 gram)

in dry DMF at 0 C. Octyl chloroform (1.5 equivalents, 0.429 grams) which

had heert-Afs<2{0R M Sh o with CYRAAH ’ﬁﬁ?iﬁmﬁltﬁtfﬂ to this mixture and

fr’:fngg?ﬁ‘r{élg‘ for T Mrs [atH56PA tarRieRr&TAS 1eBIGidH mixture was
quenched-withyyater, extsapted withgethyt gegtatesthggorganic layer
30 87.05 91.32 92.32 72.07 33.66
60 98.62 87968+ 8520 90.69 | 80.64

The resulis of the metaboiic testing in the presence of CYP2DE isozyme are shown in
fhe foilowing table:

Loss of parent compound with CYP2D8 isozyme {%)

Incubation RIC-02 RiC-5a | RIC-5b | RIC-5¢c | RIC-5d
Time (min)
0 0.00 0.00 0.00 : 0.00 0.00
30 13.1¢ 73.91 19.21 43.71 ! 1868
60 37.11 83,13 | 2801 70.07 |
Example 11

Metabolic Stability Testing - Hepatocyte Incubations

The metabolic stability of each compound prepared in Examples 1-5 was assessed in

human hepatocytes obtained from in Vitro Technologies (Baltimore, MD).

The metabolic stability of each compound prepared in Examples 1-5 was assessed in
duplicate by incubation of 10 uM compound with human hepatocytes after thawing of
cryopreserved suspensions. The hepatocytes were mainiained in Modified Williams' &
medium (HMM, Clonetics, MD} suppiemented with 0.1 uM dexamethasone, 0.1 uM

insulin and C.05 % gentamicin immediately after thawing.
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15 separated, washed with brine solution and dried over anhydrous

sodium sulfate. The dried material was concentrated and purified by

column chromatography to provide a pale yellow liquid (yield: 0.12 gram)

and analyzed by HPLC (purity 95.3%) The FTIR, MS and 1H NMR

spectra were consistent with the assigned structure with the empirical

formula of C27H38N202 20 25 121 Example 6 Stability Testing of

Prodrugs in Human Plasma 5 Pooled human plasma was obtained from
Ea®icrautematior@eastiMeaaviedNed Wasrigstad bypllestimidnto sodigateEaiT Ae
heRddiReAHERABHIRANY and WaRBie et Shea M (nedley SAdUseuBir & o, 1, 2

use, the plasma defrosted and was spun at ca. 3000 rpm for 5 minutes fo
anc dhivesatiy Precitite e 5%?%%%&%‘%5@5&%%&% pigHop ) two
volwatafubf adehtion ofditadr 2P Qdbuiterisl OvBasmaretabiity avasiagaassedny the

suBEBAHYLOLIOM: AL BRSI RO oY piRpAtEshIp Jexamples LS with

human plasma, in duplicate, at ca. 37 C with shaking. Each compound
Ne@@mm ipoEiaEElag ol 53&5&@&@%%&&&@5&%@@&&8&@&&% same

cona l EO&ECS% e%ufgg&' tyNe zgl]nv%t%on%? recnba\fr?fg:satf-\g\ gc%b%tlon of

hoursa Sstore analysis. For analysis, pasma

ea%ﬁﬁﬁlé@%@%ﬁ&é&wmﬁﬁhééfowﬁm@e&ﬁa"l&@m.&qrwﬁe(HHM media)
in mpgb@aﬁaatoAﬁedim@éeam cesrpared preRpres iRExgsariegel ihdibations.

h
Pog ﬂ‘%”&%n%'i’% C?rpcu%%‘f %ﬁc&qeveﬁgﬂﬁy ggﬂt?g Z’é%ﬁ\c cl:%arm 100

interval and quantl atlon was y compari

nMyesssopRIECHNECY thdepatisidas em epel tpneeigsdiit sh@t#fc@ﬁ@M@ébe prodrug
inc&meagan,&@awste%m@awwmm@\@VW%)é@mma@&iw MRIe al§@antification of

themoplt(?rgomatosg tlme terv Tcoem% de ra |0n foII Wln mcubatl%n%ac}fa
dELR M BRI WaS @5 Yate %nsgn o?t?le are concentrai3

suitabin gtandaishicuives. Pee 3@@5@2@% ranged between =1% up fo 2100% of the
dosing concentration. The % turnover following 1, 2 and 4 hours of incubation was

calculated by comparison of the parent concentration to that at 0 minutes.

The present invention has been described in specific detail and with particular reference
to its preferred embodiments; however, it will be obvious to those having skill in the art
that modifications and changes can be made thereto without departing from the spirit

and scope of the invention.
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The results of the stability testing in human plasma are shown in the
following table: Table 1- Stability Testing of Prodrugs in Human Plasma 5
Loss of parent compound in human plasma (%) Incubation RIC-02
RIC-5a ; RIC-5b RIC-Sc RIC-5d Time (min) 0 0.00 0.00 0.00 0.00 ' 0.00
30-.435.47117.155.11 -32.74 60 9.94 15.80 6.85-1.48 -1.44 120 7.93
26.22 21.06 25.82 49.54 10 Example 7 Stability Testing of Prodrugs in
Rat Plasma (elevated esterase activity) 15 Sprague-Dawley rat plasma
i clgims obtained by collection into sodium EDTA as the anticoagulant, and
1. WasisesualfmARGdrierto use. Prior to use, the plasma defrosted
and was spun at ca. 3000 rpm for 5 minutes to remove any precipitate.
The pH of the plasma was adjusted to pH 7.4 by careful addition of
NaH2PO4buffer. 20 Plasma stabllltﬁWas assessed by incubation of 10 pM
of each compound prepared in ExdmplésALs with rat plasma, in
duplicate, at ca. 37 C with shakin F ¢h,compound prepared in
Examples 1-5 was also inculdat QHCL 0 pM in PBS as a control for
compound heat stability. Aliquots gyemoved at 0, 0.5, 1 and 2 hours
and stored at - 20C until analysis. 25 For analysis, plasma samples were
extracted in 1 part acetonitrile and isolation of the supernatant. Analysis
whefeeBenoo Rp eum dhpeppadedtin Exdingelesalcd imepiaginaneXtractsona carbon
ato?@%tegﬁyyﬁ%h&c%%Mle% EFFEQH QH&%H%%@&&H%%%EH'%HQ Y is

was achieved by comparison of the response due to the sample to that of
(Chein MREFO MBI LB RIEY AR R Rt BREPArEnPERR AN tffeere ™

is nyar@xyenataboitesnere alseisnienitboed htegrohuginm aingabf Boediuted or
un&%@(ﬁ%H%JP'&W&%ﬂé@%@%H%ﬂ&%ﬁﬁ&@ HQP&oQR}P%W@s?xﬁﬁé%ulﬁtﬁgs'aﬁsmuted

comparison O the parent concentration to that at minutes. 123
oI EShe USR] CSOGTH R PR ECAY <R (Bl oy ostres

alktédol@oxy, substituied or unsubsfituied indole, substituted or unsubstituted
phenothiazine, subsfifuted or unsubstifuted dibenzoxazepine, subsfituted or
unsubsiituted dibenzathiazepine, substituied or unsubstituted oxopthalazine, substituted
or unsubstituted quinoline, substituted or unsubstituted dihydroquinoline, substituted or
unsubstituted dibenzodiazepine, substituted or unsubstiiuted benzocycloheptapyridine,
substituted or unsubstituted carbazol, substifuted or unsubstituted tetrahydrecarbazols,
substituted or unsubstituted dibenzocycioheptenes, substituted or unsubstituted
benzoimidazoles, substituted or unsubstituted piperazines, substituted or unsubstituied
benzamides, substifuted or unsubstituted benzhydrol, and substituted or unsubstituted
diazabenzoazuiene, substituted or unsubstifuted oxobenzimidazole, 3,4 pyrrolo-
dihydroguinoline, carbamoyl-2,3,4,9-tetrahydro-cabazol, and pharmacesuticaily
acceptable salts thereof.

2. The compound of Claim 1 having the formula
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Table 2- Stability Testing of Prodrugs in Rat Plasma 5 Loss of parent

compound in rat plasma (%) Incubation RIC-02 RIC-5a RIC-5b RIC-5¢

RIC-5d Time (min) 0 0.00 0.00 0.00 0.00 0.00 30 4.67 8.81 7.17 14.69

8.16 60 11.01 23.438.34 2.88 41.70 120 9.02 45.85 23.42 33.40 73.48

10 Example 8 Stability Testing of Prodrugs in the Stomach and Intestine

The stability of each compound prepared in Examples 1-5 was assessed

in both simulated gastric fluids and intestinal fluids alone and intestinal
wheleids st vaieh irkspekdBntyphobpbeitaséyd approXieate tiheabnlymaticoon
amﬁh%t,i\ém,%rﬁmegii,néﬁatmlamut HaBrRiaRiinagh aart HRRAIBSHRIE PRI B M gen,

Examples 1-5 was assessed in duplicate by incubation of 10 pM of each

NtregPN B REP R ST & BT LARRAY ith each of the following: simulated
gastric fluids (saline pH approximately 1, plus pepsin); simulated
5 3. NRSIALBWES(RNSAPPRIR R RaviftRRPSIN); and alkaline phosphatase
enhanced 20 simulated intestina[?f%uids (phosphate pH 6 with pepsin and
alkaline phosphatase). Aliquots'were removed at 0, 0.5, 1 and 2 hours,
extracted with one volume ef-grganic solvent and stored at -20C until
analysis. Analysis of each corrﬁpound prepared in Examples 1-5 in gastric
fluid and intestinal fluid extracts was conducted by an LC-MS method at
each time interval and quantific achieved by comparison of
the response due to the sample to thaﬁi@gg point standard curve.
Appearance of the parent drirg%t@d the h ymetabolites were also
monitored at each time interval., Jhe % degradation following incubation at
each time point was calculated By comparison of the parent concentration
that Inu: Its Of.t ili ing.in si ted
i B A S

cyqRalliv RaREEPEREEE fluid (%) incubation RIC-02 RIC-5a RIC-5b RIC-5¢
RIC-5d

10 4. The compound of Claim 3 having the formula

15
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Time (min) 0 0.00 0.00 0.00 ' 0.00 0.00 30 49.94 13.93 58.72 70.64 13.84
60 74.67 31.78 26.67 82.77 120 93.12 81.43 94.37 98.11 5 The results of
the stability testing in simulated intestinal fluids are shown in the following
table: Loss of parent compound in simulated intestinal fluid(%) Incubation
RIC-02 RIC-5a RIC-5b RIC-5¢ RIC-5d Time (min) 0 .. 0.00 0.00 0.00 |
0.00 0.00 3011.6516.756.73"'1.057.73 6C 7.83 22.88 13.57 12.68
-8.72 120 9.29 35.18 25.61 21.78 .1 4.23 No further loss of RIC-02 in
simulated intestinal fluids enhanced with alkaline phosphatase was

. 9RSIYRHHRIRAZRIM UG INFRatAR,L0 Example 9 Metabolic Stability

Testing of Prodrugs - Microsomal Incubations The metabolic stability of
each compound prepared in Examples 1-5 was assessed in 15
microsomal preparations obtglri@d from BD Gentest (Woburn, MA). The
metabolic stability of eachOc_ogﬁr_lpound prepared in Examples 1-5 was
assessed in duplicate by m“éubggi%n of 10 pM compound with 0.5 mg/mL
microsomal protein, 1 mM NABPH in 0.1 M phosphate buffer, pH 7.4 in
the presence and absence CYP3A4 inhibitor (ketoconazole). The

at ca. 37 C for 5 minutes, follewed>hy initiatipn of the incubation by the
addition of microsomal pro nd m
& approp

30 and 60 minutes. After t
supernatant was isolated by centrifugation. Positive control incubations

. (Vhetboryocoodriiyime @parfohmdanmnithe same manner as 25 the

compounds from Examples 1-5 and quenched after 0 and 30 minutes. In
addition, '

TR
O o o, O\RT
X N
[ =

7. The compound of Claim 2 having the formula
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125 negative control incubations were performed for 60 minutes 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 analysis. Quantification of the disappearance on
5 the parent drug was achieved by comparison of the sample response to
that of a suitable standard curve constructed in 0.1 M phosphate buffer,
pH 7.4. The standard curve ranged between :51% up to ?100% of the
dosing concentration. The % turnover following 60 minutes of incubation
8. WAS GHpdatedyIsPMPREisANteE foamparent concentration to that at 0
minutes. The % degradation was calculated in the 10 same manner from
the negative control incubations. Appearance of the parent drug and the
hydroxymetabolites were also monitered at each time interval. The results
of the metabolic testing in microsofmesWifHout inhibitor are shown in the
following table: 15 Loss of p?r%ent clgrﬁp@und with no ketoconazole (%)
Incubation RIC-02 RIC-5a RIC- C c5 RIC-5d Time (min) 30 76.17
70.94 64.76 54.01 59.12 60 91; 7.25 82.29 76.36 74.17 The results of
the metabolic testing in microsomes with ketoconazole inhibitor are shown
in the following table: Loss of parent compound with ketoconazole (%)
whéRgHPaLOR BI62:E 6roadpbsfioR KndbethRBlrdd Time (min) 30 -17.26
27.65 31.69 6.36 15.18 60 11.04 62.37 50.21 19.49 55.88 20 Example
10 Metabolic Stability of the Prodrugs - CYP3A4 and 2D6 Incubations The
9. rhkgalsotieostabilitlleheddedontpedertngiepared in Examples 1-5 was
assessed in the presence of CYP2Dg§ and CYP3A4 obtained from BD

Gentest (Woburn, MA). o, _~
’ v N

o £

R2 CH,
Uy
g ~F

10. The compound of Claim 1 having the formula

whare R; is & group having the formula

AV
R?E\/[ S—R8
7N

RG

where V is carbon or nitrogen, Rsis hydrogen, alkyl, aryl or aralkyl, R;is hydrogen, atky!,

halogen, aralky!, cycloaikyl, alkylcyclealkyt, alkyisulfonyicycloalkyl, alkyisulfonylaryi,
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25 The metabolic stability of each compound prepared in Examples 1-5
was assessed in duplicate by incubation of 10 pM compound with
recombinant human CYP2D6 and 3A4 126 using similar conditions to
those in Example 12. Samples were removed for analysis at 0, 30 and 60
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 metabolites was also monitored. 5
alkyFhif cedaltinopihe aretsthitiditostiniyiretite PrasemsiagieC YRBRah s sy endirect
bordre shown in the following table: Loss of parent compound with CYP3A4
isozyme (%) Incubation RIC-02 RIC-5a RIC-5b RIC-5¢c RIC-5d Time
(min) 0 0.00 0.001 0.00 0.00 0.00 30 97.0591.32 92.32 72.07 33.66 60
11. 98620079695 2080.49 wiete8uRL(s BaesissUiesrothhgmwietabotistiastifg in
the presence of CYP2D6 isozyme are shown in the following table: Loss
of parent compayind with>CYP2D6 isoZyme (%) IncubatigiyRIC-02
RIC-5a RIC-5b RI§-BERIC-5d Tite min)0.001 0.00 0 §,J0 0.00 0.00
30 13.19 73.91°91 9.21 43.71°48:88 60 37.11 83.13 2801 70.07
Example 11 15 Metabolic Stability Tgsting - Hepatocyte Ificubations The
metabolic stability of eachl'ﬁ]é)ﬂwynd prepared in Ramples 1-5 was
assessed in human hepatotytés obtained fr@m)f\ﬂ%%echnologies
(Baltimore, MD). 20 The-thetabolic stability.of €ach gompound prepared in
Examples 1-5 was assessed in duplicate by inclbation of 10 pM
compound with human hepatocytes after thawing of cryopreserved

12 SHRPSISIR TPEAIRREIRYSS WRIRgMAINIAIRGH in Modified Willams' E

Rz

R0 o
s

o7 N

Y)

P

Re

13. The compound of Claim 12 having the formula
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medium (HMM, Clonetics, MD) supplemented with 0.1 M dexamethasone,
0.1 M insulin and 0.05 % gentamicin immediately after thawing. 127 Each
compound prepared in Examples 1-5 was tested by incubation in
duplicate with the hepatocyte suspensions (1.0 x106 viable cells/mL HHM
media) and incubated for 0, 1, 2 and 4 hours at 37C at 5%C02 .
Incubations were terminated by the addition of two volumes of ice-cold
methanol, cell debris was removed by centrifugation and the 5
supernatant was stored at approximately -70C prior to analysis. Negative

14.30d pasibegentralineunationsweie,performed in duplicate under the
same conditions as described for the prodrugs. Negative control
incubations: An incubation of each compound prepared in Examples 1-5
in Modified Williams' E media (HHM*fedia), in the absence of

hepatocytes was performed alongsid%/%é%epatocyte incubations. 10

Positive control incubations: Incubations,with a positive control
(7-ethoxycoumarin; 100 M) waﬁrb;rmed with hepatocytes from each
species for 1 hour alongside the g incubations. Analysis of
metabolic turnover was perfogmed by HPLC. Quantification of the parent
compound was achieved by comparison of the sample response to that of

a suitable standard curve. The standard curve ranged between <_1% up
whee?R 0096 dttieee1 B adrpsingeotin derteaion Rk havingnbeer foltoangtl] 2arbon

atoRRA 4hosI9f IBRHRFHQIA WA LHEURIRLBY SO IBIAN OLESRAURES, X is
concentration to that at 0 minutes. EQ; é}ggﬁggt invention has been
X .

OXygESAedTh %[b%acrﬁfjcndgfgln&ﬁd% i reference to its preferred

embodiments: however, it will be obvious to those having skill in the art
10 20 that modifications and changes can be made thereto without departing

15 R ORI D 4 DB IR (m

R2
o ORI

P -
N
/xj(z)m

R3

15  where R, and R, are independently hydrogen, alkyl having from 1 to about 7 carbon

atoms, aryi, aralkyl, and cycloalkyl having from about 3 to about 6 carbon atoms.

16. The compound of Claim 15 having the formuia

R2
o OR1

/Fj\\“
N @

@(Z)m

20 R3
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5 where R, and R2 are independently hydrogen, alkyl having from 1 to
about 7 carbon atoms, aryl, aralkyl, and cycloalkyl having from about 3 to
about 6 carbon atoms, Y is (CH2), where nis from 0 to 2, Z is alkyl,
alkoxy, alkoxy, aryloxy, or alkylaryloxy where m is from 0 to about 4, and
R3 is selected from the group consisting of substituted or 10 unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
alkylaryl, substituted or unsubstituted heteroaryl, substituted or

17. disudstinsted el bjdary iddyasup stieuftechde unsubstituted indole, substituted
or unsubstituted phenothiazine, substituted or unsubstituted
dibenzoxazepine, substituted or unsubstituted dibenzathiazepine,
substituted or unsubstituted oxopthglza ine, substituted 15 or unsubstituted
quinoline, substituted or unsubstituf%q!D ihyaroquinoline, substituted or
unsubstituted dibenzodiazepine, sukétitated or unsubstituted
benzocycloheptapyridine, substituted or unsubstituted carbazol,
substituted or unsubstituted tetrz rég@rbazols, substituted or
unsubstituted dibenzocyclohéptenes, substituted or unsubstituted
benzoimidazoles, substituted or unsubstituted piperazines, substituted or
unsubstituted 20 benzamides, substituted or unsubstituted benzhydrol,

whergRelbeSINGY DALB AT diazabenzoazulene, substituted or
unsubstituted oxobenzimidazole, 3,4 pyrrolo- dihydroquinoline,
carbamoyl-2,3,4,9-tetrahydro-cabazgpl, and pharmaceutically acceptable
salts thereof. 25 2. The com,gﬂ.ynd 0 i ilzhaving the formula P2 0O
O-R1P, R37NV\0 (\129 Wher, an R2 are independently hydrogen,
alkyl having from | to about 7 carbon_atoms, aryl, aralkyl, and cycloalkyl
having from about 3 to abou® & carlhbn, X &'8xygen, nitrogen or carbon,
and m is from 0 to about 3. 5 3. Th&tompound of Claim 2 having the
formula R2 Rl a

where Ry and R, are hydrogen, alkyl, aryt, alkylaryl, cycloalkyl or together form a
cyoalkyl or cycloheteroalky! group, and R, is hydrogen, alkyl or a carboxylic acid group,
and Ry, and Ry; are independently hydrogen, halogen, alkyl, alkoxy or amino.

18. The compound of Claim 17 having the formuia

o
R10 R12
RV 2l N @m
-
N o
/F};
O o-R1
RZ
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O-P=0 i <N 1Y "OR5 R4 where R4 and R5 are independently hydrogen,
halogen, haloalkyl, alkyl, alkoxy, cycloalkyl or heterocyclic. 10 4. The
compound of Claim 3 having the formula R2 RI 4 O-P=0 O~CH3 15 130
5. The compound of Claim 3 having the formula O RI O=P-0 NR2 0O O
O\ 5 6. The compound of Claim 2 having the formula CHs R2 O O,pR1
N ~O 7. The compound of Claim 2 having the formula 10 O}O CH3 NJ
cO 0=0RORI 2

19. The compound of Claim 18 having the formuia

0O

R1Of}UF
L O
N o
?f o—R1
RZ

20. The compound of Claim 19 having the formula

]
F /i | .OH
(\N 2 '\f)
A
/P'\
Ri—g @
R2

10 21. The compound of Claim 18 having the formuia

>0
e ) 5! Ok
(\N 3 '?‘é
o
oL ,N\g éHSA
R1—¢ \;Q s
R2
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15 131 8. The compound of Claim 2 having the formula R2 b, O-R1 R3-N
0 X 5 wherein R3 is a substituted or unsubstituted phenothiazine. 9. The
compound of Claim 8 having the formulaR1-ON CPOR2CH3 NS S
10 10. The compound of Claim 1 having the formula R2 0-R1 R3\ 15
where R3 is a group having the formulaV R7-~~r '~-R8 N R6 where V is
carbon or nitrogen, R6 is hydrogen, alkyl, aryl or aralkyl, R7 is hydrogen,
alkyl, halogen, aralkyl, cycloalkyl, alkylcycloalkyl, alkylsulfonylcycloalkyl,
alkylsulfonylaryl, 132 alkylsulfonylaminoalkyl or alkylsulfonylalkyl and R8

22_@@@459%;&“%@% %%Qﬁ‘?ﬂh@%%&é—- The compound of Claim 10

wherein R7 is selected form the group consisting of:
CH, C 0
F
= | ; Ok
i
o2
/NJ\ A
Rimg O R
R2
5
10
24, The compound of Claim 18 having the formula
O O
F
S8
| ]
(‘N R ETJ/
.
o. /NJ CH,
Ri—g O
R2
15
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O, NOIIOH3S~~y,~NH OO HNO~0 NHO~R\N VS.O5~ OH 5
12. The compound of Claims 10 or 11 having the formula R2 R1-O, ~O
O'N--I\ (Y) R7 NR6 10 13. The compound of Claim 12 having the
formula R1~ O ,0-P=O R2N O O0H 133 14. The compound of Claim 1
having the formula R2 i 0-R1 Pte, -;,(Z) O

25. The compound of Ciaim 18 having the formula

5  26. The compound of Claim 18 having the formuia

10 27. The compound of Claim 18 having the formuia
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Xm R35 where R, and R2 are independently hydrogen, alkyl having from
1 to about 7 carbon atoms, aryl, aralkyl, and cycloalkyl having from about
3 to about 6 carbon atoms, X is oxygen, nitrogen or carbon, and m is from
0 to about 3. 10 15. The compound of Claim 14 having the formula R2 P,
NW) r X (Z)m 0 R3 15 where R, and R2 are independently hydrogen,
alkyl having from 1 to about 7 carbon atoms, aryl, aralkyl, and cycioalkyl
having from about 3 to about 6 carbon atoms. 16. The compound of Claim
15 having the formula R2 O, Q-R1 p,. C;Pm 20 R3 134 17. The

28. qOBOHPEALIGlalRIAD Badngdie: fRrmula R2 00--R1C3 Pp O (2)0 R3
5 where R3 is a group having the formula R10 12 R11 N R13 R9

R2
0. ©

~

P

(\N" ‘o-Ri
N\)%

V@ {Z)m
@ Tk R14
R15

U w s

where V is carbon or nitrogen, W is carbon, nitrogen or oxygen, U is carbon or nitrogen,
B is a single or double bond, and Ry, and R,; are independently hydrogen, halogen, or
alkyl.

10 29 The compound of Claim 28 having the formula

RZ

1
i

O\‘* /G
N/

Q "o-R1

|24
I
Tl D,

N s
H

=

30. The compound of Claim 16 having the formula

15
%
O\‘ /O
/P\
(\N O«‘Rs
N
(B
e
R16
R150_ ™~y
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where R9 and R11 are hydrogen, alkyl, aryl, alkylaryl, cycloalkyl or
together form a 10 cyoalkyl or cycloheteroalkyl group, and R10 is
hydrogen, alkyl or a carboxylic acid group, and R12 and R,3 are
independently hydrogen, halogen, alkyl, alkoxy or amino. 18. The
compound of Claim 17 having the formula 0 R10 R1211 R11 N R13 N\
~~(Z)mR9 0 P10 0-R1 15 R2 135 19. The compound of Claim 18
having the formula OR10F Nm N (Z) M0 0-R1 R25 20. The

wharepo oot ¢laitieded Natingeattverfonitioted @ exygaff LOIFTRba) 1P nirogen,

B isl®gld BedeRmpednd %B@k@iﬂéﬁ@ﬁ@\&%gﬁ@@p@w@m@ By@rogen, halogen or
alkyl.

31. The compound of Claim 30 having the formula

%2

O\" /O
(\N/ \O-—-'"R‘i
v
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OH NNO 0~ N-~CH3 PNO CH3 RI-O'R2 136 22. The compound of
Claim 19 having the formulaCHOO FOH NC)NJ CH3 R1-OQR2 5
23. The compound of Claim 19 having the formulaNHz00 FOH N O -
RI FCH -O, P R2 10 24. The compound of Claim 18 having the formula 0
O FOH CNN

34. The compound of Claim 16 having the formula

] N

where U is carbon or nifrogen.

9
35. The compound of Claim 34 having the formula
N
<‘N\ O
o ©
R2
10
36. The compound of Claim 34 having the formula
15
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J CH3 O~ R1-0C' R2 15 137 25. The compound of Claim 18 having the
formulaO O F/OH NN\F H3CCH 0~a RI-O"0R2 5 26. The
compound of Claim 18 having the formula00 FOH N/-N O\N CHs F
Ri-C Q R2 F 10 27. The compound of Claim 18 having the formula0 O F
OH N

37. The compound of Ciaim 18 having the formula

where R, and Rs are independently hydrogen, halogen, alkyl, alkoxy or a heterocyclic
group.

38. The compound of Claim 16 having the formula

38, The compound of Claim 16 having the formula

Ci
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O "N PN CH3 R1--0 9 R2 138 28. The compound of Claim 16 having the
formulaR2 C,.,O P N~C-R V(B) N/ (Z)m IE;R14 R15CW 35 where V
is carbon or nitrogen, W is carbon, nitrogen or oxygen, U is carbon or
nitrogen, B is a single or double bond, and R14 and R15 are
independently hydrogen, halogen, or alkyl. 10 29. The compound of
Claim 28 having the formulaR2 C, O 0/P.C)-RI NN S CH3 H 30. The
compound of Claim 16 having the formula 15 R2C,a , /'--N,p C-R1 NJ
V (B)

40. The compound of Claim 16 having the formula

| —
O\JC RZ
=
7
A0
N iN\
[
5
41. The compeund of Claim 15 having the formula
R2
o O-Ri
P
N ©
Q(Z)m
R3
10

where Rg is hydregen, alkyl, alkylaryl or aralkyl, and R is hydrogen, alkyl, aralkyl,
cycloalkyi, alkyicycloalkyl, alikylsulfonyicycioalkyl, alkylsuffonyiaryl,
15 alkylsulfonylaminoalkyt or alkylsulfonylalkyl.

20
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R16 R15 C/W iU 139 where V is carbon or nitrogen, W is carbon,
nitrogen or oxygen, U is carbon or nitrogen, B is a single or double bond,
and R15 and R16 are independently hydrogen, halogen or alkyl. 5 31.
The compound of Claim 30 having the formula R2 O\O p .O-R1 N JJ
C~-i0OD CI 32. The compound of Claim 30 having the formula 10 R2 O~,
0O PNO-R1 NJN ClI~\ ~~NH 33. The compound of Claim 30 having

the formula 15R2 O,0 P.NO__R1
43. The compound of Claim 42 having the formula

m\o
I Rz
O::EDWO/
N
H,N
hAW:
5 S
N
© H
44. The compound of Claim 41 having the formula
F1
o
RQ”O\p’\
PR
NoO©
/\/V
R7 \E N
\/\N\
R&

where V is carbon or nitrogen, Re is hydrogen, alkyl, alkylaryl or aralkyl, and R;is
hydrogen, alkyi, aralkyl, cycloalkyl, aikylcycioalkyi, alkyisulfonyleycloalkyl,
alkylsulfonylaryl, alkylsulfonyiaminoalkyl or alkyisuffonyialkyl.

45, The compound of Claim 44 having the formuia
R
o

R2” TR
e

o O

N
4

Re
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N N- Cl O 140 34. The compound of Claim 16 having the formula ~N
G-R1 P a R2 where U is carbon or nitrogen. 5 35. The compound of
Claim 34 having the formula N NOR1P 0, O R2 10 36. The compound
of Claim 34 having the formula N N ~-N.o0-R1P 0'O R2 15 141 37.
The compound of Claim 16 having the formula 0 ~PR2 N Ri

46. The compound of Claim 45 having the formula

47. The compound of Claim 14 having the formula

7
/om;;mc;
R2 :
_N
R17 (Dym
R18 NH
R10
O

where Ry;, Ry and Ry are independently hydrogen, halogen, alkyl, alkoxy or amino.

10

48. The compound of Claim 47 having the formula




R4 R5 5 where R, and R5 are independently-hydrogen, halogen, alkyl,
alkoxy or a heterocyclic group. 38. The compound of Claim 16 having the
formula R2\ 0 iR1 P NH 10 39. The compound of Claim 16 having the
formula N N 0=P-0 0 R2 15 R1 142 40. The compound of Claim 16
having the formula RI O-R2 0 M1iN ON 5 41. The compound of Claim
15 having the formula R2-6 ()-R1 Rc O N (Z)m

49, The compound of Claim10 or 11 having the formula

10

15
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R3 42. The compound of Claim 41 having the formula 10 R10 0., R2 P
N O R7 N R6 where R6 is hydrogen, alkyl, alkylaryl or aralkyl, and R7 is
hydrogen, alkyl, aralkyl, cycloalkyl, alkylcycloalkyl, alkylsuffonylcycloalkyl,
alkylsulfonylaryl, 15 alkylsulfonylaminoalkyl or alkylsulfonylalkyl. 20 143
43. The compound of Claim 42 having the formulaRlvOR2 G p 6 N
H2N S OH 5 44. The compound of Claim 41 having the formula R1 O
R2R'N R7N

52. The compound of Claim 1 having the formula

53. The compound of Claim 1 having the formula

Yol
T
/N

R1 ;0
Q

\

Rz

OH

54. The compound of Claim 1 having the formuia
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20

25

R6 where V is carbon or nitrogen, R6 is hydrogen, alkyl, alkylaryl or
aralkyl, and R7 is hydrogen, alkyl, aralkyl, cycloalkyl, alkylcycloalkyl,
alkylsulfonylcycloalkyl, 10 alkylsulfonylaryl, alkylsulfonylaminoalkyl or
alkylsulfonylalkyl. 45. The compound of Claim 44 having the formula RI
OO R2P~ON R7N\>N NH R6 15 144 46. The compound of Claim
45 having the formula R10 R2PLO NQ NNH/F 547. The compound
of Claim 14 having the formula R1~0 1a P=0 R2 N R17 (Z)m R18 NH
55.R® compound of Claim 1 having the formula

56. A compound having the formuia

where A is a lower alkyl, lower hetercalkyl, carbonyl or cycloalkyt, X is 0 or 1, Ry and R,
are independently hydrogen, alkyl having from 1 to about 7 carbon atoms, aryl, aralkyl,
and cycloalkyl having from about 3 to about & carbon atoms, Ry is hydrogen, phenyl or
fower alkyl, and R, is selected from the group consisting of substituted or unsubstituied
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted aiky!ary.!,
substituied or unsubstituted hetercaryl, substituted or unsubsiituted alkylaryoxy,
substituted or unsubstituied indole, substituted or unsubstituted phenothiazine,
substifuted  or  unsubstituted  dibenzoxazepine, substifuted  or  unsubstituted
dibenzathiazepine, substituted or unsubstiiuted oxopthalazine, substituted or
unsubstituted quinoline, substituted or unsubstituted dihydroguinoling, substituted or
unsubstituted dibenzodiazepine, substituted or unsubstituied benzocycloheptapyridine,
substituted or unsubstituted carbazo!, substituted or unsubstituted tetrahydrocarbazois,
substituied or unsubsfifuted dibenzocycioheptenes, subsiituted or unsubstituted
banzoimidazoles, substituted or unsubstituted piperazines, substifuted or unsubstituted
benzamides, substituted or unsubstituted benzhydrol, and substituted or unsubstituted
diazabenzoazulene, substituted or unsubstituted oxobenzimidazole, 3.4 pyrrolo-
dihydroguinoline, carbamoyi-2,3,4,9-tetrahydro-cabazol, and pharmaceutically
acceptable salts thereof.
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O where R17, R18 and R19 are independently hydrogen, halogen, alkyl,
alkoxy or amino. 10 48. The compound of Claim 47 having the formula
R1 ~ o0-P=a R2 N O-OH3 HNO H3C | CI NH2 145 49. The compound of
ClaimlO or 11 having the formula R1 R2'C~p\ N R7{{~ ~\R6 550. The
compound of Claim 10 having the formula F NCI~KN O O R O--RI R2
10 51. The compound of Claim 1 having the formula 0 +,5 O N O\ R2

57. The compound of Ciaim 56 having the formula

5
RZ
G /O“R H
R20—N O
0
R21
where A is a lower alkyl, iower hetercalky! or cycloalkyl, R,y is hydrogen, phenyl or lower
alkyl and R, is a group having the formuia
10
\/-(B)
—
R23
R24 U/ W

where V is carbon or nitrogen, W is carbon, nitrogen or oxygen, U is carbon or nitrogen,
Ry and Ry, are independently hydrogen, halogen, alkyl or alikoxy, and B is a single or
15 doubie bond.

58. The compound of Claim 57 having the formula

LD

If\!/\’?’
: RD
™~ o

/Q\
kN/P\.\ R1
Lo

C

Mg
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N R1 I/NCIl 15 146 52. The compound of Claim 1 having the formula
R21 0 0O,, O N',0-,R1 HBO 5 53. The compound of Claim 1 having the
formulaOH CHOON R1,0P,0 0 R2 54. The compound of Claim 1
having the formula CI NN\P Rl O O 10 R2 15 147 55. The compound
of Claim 1 having the formula00R2 FO HO U

58, The compound of Claim 56 having the formula

R2
o O—-Rr1

p
R20—N O
A

R21

where A is a lower alkyl, iower heteroalkyl or cycloalikyl, Ry is hydrogen, phenyl or iower

alkyl and R;. is a group having the formula

where V is carbon or nitrogen, W is carbon, nitrogen or oxygen, U is carbon or nitrogen,
Rz; and Ry are independently hydrogen, halogen, alkyl or alkoxy, and B is a single cor
doubte bond.

6C. The compound of Ciaim 57 having the formuia

R‘i\clj
/O—F!:’:O
RZ N
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Nj~NR1 J/LO\C"H, V 556. Acompound having the formula R2 Q
O-Ri PaR20-N 0 4A)x R21 where A is a lower alkyl, lower heteroalkyl,
carbonyl or cycloalkyl, X is 0 or 1, R, and R2 10 are independently
hydrogen, alkyl having from 1 to about 7 carbon atoms, aryl, aralkyl, and
cycloalkyl having from about 3 to about 6 carbon atoms, R20 is hydrogen,
phenyl or lower alkyl, and R21 is selected from the group consisting of
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted alkylaryl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted alkylaryoxy, 15 substituted or
unsubstituted indgle, substituted or unsubstituted phenothiazine,

61 SR GRTEA A M SUBBLAREE HEERS 8¥E%EBine, substituted or unsubstituted
dibenzathiazepine, substituted or unsubstituted oxopthalazine, substituted
or unsubstituted quinoline, substitutied or unsubstituted dihydroquinoline,
substituted or unsubstituted dibeng}odi/@ze:,qine, substituted or
unsubstituted benzocycloheptapyridi:mg, 20 substituted or unsubstituted
carbazol, substituted or unsub@ﬂﬁu’c@l té%rahydrocarbazols, substituted or
unsubstituted dibenzocycloheptenes, substituted or unsubstituted
benzoimidazoles, substituted or unsihstituted piperazines, substituted or
unsubstituted benzamides, substituted or unsubstituted benzhydrol, and
substituted or unsubstituted diazabenzoazulene, substituted or

wherss lstititee oxbiclvieniteizole| 3| 4 pyreisiatk 25 Riibgdnahiodeolingeny! or lower

alkGREPAMROY 2 38 . Inllalvdcrsahagol, and pharmaceutically acceptable
salts thereof. 148 57. The compound of Claim 56 having the formula 5 R2

R23

where V is carbon or nitregen, U is carbon or nitrogen, Rz and Ray, are independently

hydrogen, halogen, alkyl or alkoxy, and B is a single or double bond.

62. The compound of Claim 61 having the formuia

1561



G 0-R1 ~R20-N~ I A R21 where Ais a lower alkyl, lower heteroalkyl
or cycloalkyl, R20 is hydrogen, phenyl or lower alkyl and R21 is a group
having the formula 10 V.(g) , R23 R24 4~~/ U W where V is carbon or
nitrogen, W is carbon, nitrogen or oxygen, U is carbon or nitrogen, R23
and R24 are independently hydrogen, halogen, alkyl or alkoxy, and B is a
single or 15 double bond. 58. The compound of Claim 57 having the
formula R2 N ,p~. G'-R1 a 20 CH3 149 59. The compound of Claim 56
having the formula R2 0/0-R10 /R 20-N A R21 5 where A is a lower

63.%”%'CBQHY)%Hg'i%@@ilﬁ(leqrh%ﬂaw*o%%is hydrogen, phenyl or lower

5

10
R2
0. O-R

P
R20~r|\i C

i
R21

where A is a lower alkyl, lower heteroalkyl or cycioalkyl, Ry is hydrogen, phenyl or lower
15 alkyl and Ry is a group having the formula

152



10

15

alkyl and R21 is a group having the formula R23 R24 W S U 10 where V
is carbon or nitrogen, W is carbon, nitrogen or oxygen, U is carbon or
nitrogen, R23 and R24 are independently hydrogen, halogen, alkyl or
alkoxy, and B is a single or double bond. 60. The compound of Claim 57
having the formula 15 R1,0 0-P=O R2 N CH3 N CI S 150 61. The
compound of Claim 56 having the formula R2 O O--R1 PN R20-NA 5
R21 where A is a lower alkyl, lower heteroalkyl or cycloalkyl, R20 is
hydrogen, phenyl or lower alkyl and R21 is a group having the formula V

wh&e ¥ tsdamBrar it rW q;;\(ﬁ/,gs FQ&éh%iQW%%QrQ@@:%‘F@ DRGSR

R23 and R24 are independently hydro en halogen, akyl orakoxy, and
*’a'@%‘aagﬂLtijﬂe%Fiaat'fMﬁeaB‘éﬂ?éiC*fa”@é FrbstEApHaNE AR B Wﬁ’ﬂ’the

alkfsuihogiaminoalkyl or alkyisulfonylalkyl.
88. The compound of Claim 65 having the formuia
R2

!
0. FR1

s
R4_71\! &

R?@E{A

RZ
He, Cop O
N" 4
7
PN
Os 2 | ; b
//SMN
O H
68. The compound of Claim 68 having the formula
CH, N
HN._ //O Y
S
G
0 R2.
P K1
1N—m§:}“‘0/
H.C ijf
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0 N30'N O-P=0 ii RI0.R2 20151 63. The compound of Claim 61
having the formula R1 R2'a'N 1 CH3 5 64. The compound of Claim 61
having the formula R2a NiP\R1 10 CH3 10 65. The compound of
Claim 56 having the formula R2 Ola_R1 P R20-Na A R21 where A'is
a lower alkyl, lower heteroalkyl or cycloalkyl, R20 is hydrogen, phenyl or
lower 15 alkyl and R21 is a group having the formulav R7

89. The compound of Claim 66 having the formula

N 8
¢ /

N/N

10 71. The compound of Claim 56 having the formula

15
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N R6 152 where V is carbon or nitrogen, R6 is hydrogen, alkyl, aryl or
aralkyl, and R7 is hydrogen, halogen, aralkyl, cycloalkyl, aikylcycloalkyl,
alkylsulfonylcycloalkyl, alkylsulfonylaryl, alkylsulfonylaminoalkyl or
alkylsulfonylalkyl. 5 66. The compound of Claim 65 having the formula R2
0-R1R4-N~0 1\<A R7N R6 10 67. The compound of Claim 66
having the formula R2 H30 O,, O NAP O-R1 O~N1liS% N OH 68.

The compound of Claim 66 having the formula 15H 130 HN,0S OR2
72. The compound of Claim 56 having the formula

R2
o ORI
P
R
RZO—ET%/ O

R26
where A is a lower alky!, iower heteroalkyl or cycloalkyl, Ry is hydrogen, phenyl or lower
alkyi, Rss is hydrogen, alkyl, alkoxy, alkylaryl, alkenylaryl, halogen, halogen-substituted
alkyl, alkyiaryloxy, alkanoyi, arylalkanoyl, or a group having the formula

R27

>Y:\

R28 R29

where Ry Rz and Ryg are independently substituted or unsubstituted alkyl, substituted or
unsubstituted aryl, substituted or unsubsiituted aralkyl, substituied or unsubstituted
alkylaryl, substituted or unsubstituted cycloalkyl or substituted or unsubstituted
heterocycloalkyl, and Ry is hydrogen, hydroxy, alkyl, alkylaryl, aryl, cycloalkyl or
heteroaryl.

73. The compound of Claim 72 having the formula

¢
/Q—-"[%:Q
R2 N
CH,
O
|
/ AN
o
o
CH
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0 R1 H30'N O O 153 69. The compound of Claim 66 having the formula
H N C\O1l.P,N-CH3 00.RI R25 70. The compound of Claim 66 having
the formulaO 0 NH HN O R2 N-P-O UH3COR 10 71. The compound
of Claim 56 having the formula H N H3C,N0-=0 RNH R2 0 15 154 72.
The compound of Claim 56 having the formula R2 6 ,0-R1

74. The compound of Claim 72 having the formula

RZ
/

O o
o R

o
Hac-_N/ \\Q

0

\ \; )JCHS

S

5 75 The compound of Claim 72 having the formula

R

rRo. ¢
!

10
5 ~
i
o
0 R2
l i
/ 2 R
!i G:?~Q CH
2 O/\l/\f‘\i/\/ 4
OH
15
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R20-N O R25-A R26 where A is a lower alkyl, lower heteroalkyl or
cycloalkyl, R20 is hydrogen, phenyl or lower 5 alkyl, R26 is hydrogen,
alkyl, alkoxy, alkylaryl, alkenylaryl, halogen, halogen-substituted alkyl,
alkylaryloxy, alkanoyl, arylalkanoyl, or a group having the formula R27
R28 R29 10 where R27 R28 and R29 are independently substituted or
unsubstituted alkyl, substituted or unsubstituted aryl, substituted or
unsubstituted aralkyl, substituted or unsubstituted alkylaryl, substituted or

77 Usutsstinaed of itk pEdrasingstitefetmo¥eunsubstituted  heterocycloalkyl,
and R25 is hydrogen, hydroxy, alkyl, alkylaryl, aryl, cycloalkyl or '
heteroaryl. 15 73. The compound of Claim 72 having the formula R1, O
O-P=0 R2 N, CH3 O CH3~ 155 &4, 'I1'he compound of Claim 72 having
the formula R2 O'P C'R1 HS%\F)QI c0 CH3 5 75. The compound of Claim
72 having the formula RlRE{;’ZL,gO{P 0

R25W~*1?\

© =
Rz28
N

where A is a lower alkyl, lower heteroalky! or cycioalkyi, Ry is hydrogen, pheny! or lower
alkyl, Rys is hydrogen, hydroxy, alkyl, alkylaryl, aryi, cycioalkyl or heteroaryl, Ry is
hydrogen, alkyl, alkoxy, alkyiaryl, alkenviaryl, haiogen, halogen-substituted alkyl,
alkanoyl, arylalkanoyi.

78. The compound of Claim 77 having the formula

79. The compound of Claim 56 having the formula

R2
o ORI
P
S
Rog—N O
R25—A

O
|

A,
[ j R30
R26

where A is a jower alkyl, lower heteroalky! or cycioalkyl, Ry is hydrogen, phenyl or lower
alkyl, Rus is hydrogen, hydroxy, alkyl, alkylaryl, arvl, cycloalkyl or hetercaryl, Ry is
hydrogen, alkyl, alkoxy, alkylaryl, alkenyiaryl, haiogen, halogen-substituted alky!,
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H3CAN O F F F 76. The compound of Claim 72 having the formula 10 0

R2 iaR1 O=P-O O~N,--,, ,,CH3 OH 15 156 77. The compound of

Claim 56 having the formula R2 O_R1 Pp R20-N O | R25-A R26 where

A is a lower alkyl, lower heteroalkyl or cycloalkyl, R20 is hydrogen, phenyl

or lower 5 alkyl, R25 is hydrogen, hydroxy, alkyl, alkylaryl, aryl, cycloalkyl

or heteroaryl, R26 is hydrogen, alkyl, alkoxy, alkylaryl, alkenylaryl,

halogen, halogen-substituted alkyl, alkanoyl, arylalkanoyl. 78. The
alkeoeripcuvid kereiaim 7 Tshiawdrpéne fowenyilar Riweg SKPA=RR2SN@B@H 3alkyt,

aIk@y@r alkylaryl, and A, is a lower alkyl, lower hetercalkyl, alkanaoyl or cycloalkyl.

80. The compound of Claim 79 having the formuta

R2
O, ORI
N
R20—N O
R25—A

10

HO
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10 79. The compound of Claim 56 having the formula R2 O -R1 P°
R20-N R25-A 0'-R30 R26 where A is a lower alkyl, lower heteroalkyl or
cycloalkyl, R20 is hydrogen, phenyl or lower 15 alkyl, R25 is hydrogen,
hydroxy, alkyl, alkylaryl, aryl, cycloalkyl or heteroaryl, R26 is hydrogen,
alkyl, alkoxy, alkylaryl, alkenylaryl, halogen, halogen-substituted alkyl,
157 alkanoyl, arylalkanoyl, R20 is hydrogen, phenyl or lower alkyl, R30 is
hydrogen, alkyl, alkoxy or alkylaryl, and A, is a lower alkyl, lower

83 Hereroaikyhral kdfdsinob T peldadiiie 89w compound of Claim 79 having
the formula 5 R2 61,0-RIl, P R20-N 0 | R25-A R30 81. The compound
of Claim 79 having the formula HS;g:2 CN IO H3C-N\P O--R1 010 R2

)

o ORI

Pa

RZO—I\!J/ 0
RZS—-%E\
R21
where A is a lower alkyl, lower heteroalkyl, hydroxyalkyi, akkenyi or cycloalkyl, Ry, is
hydrogen, alkynyl, phenyl or lower alkyl and R, is & substituted or unsubstituied aryi or
cycloalkyl,

84, The compound of Claim 83 having the formuia

| - \
NT ™
S Rﬁ,
0
N/
H,C \;/P\Oﬁaz
o

85. The compound of Claim 83 having the formula

Ri.
o]

O—P=0

3

.

Br

rR2 ¢
/\ (’N\CH
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82. The compound of Claim 79 having the formula R2 0 ONP~C.RI N O
i3c> HO 158 83. The compound of Claim 56 having the formula R2 i O\
O-R1p R20-N\0 1 R25A | R21 where Ais a lower alkyl, lower
heteroalkyl, hydroxyalkyl, alkenyl or cycloalkyl, R23 is 5 hydrogen, alkynyl,
phenyl or lower alkyl and R2, is a substituted or unsubstituted aryl or
cycloalkyl. 84. The compound of Claim 83 having the formula OfH3CI
F~0~R2 10 0 85. The compound of Claim 83 having the formula R1,~0
O-P=0 i ~~R2 N,CH3 Br 15159

86. The compound of Claim 83 having the formula
Rz

\omfxo
NH
H.C

R26

where Ry is hydrogen, alky!, alkoxy, alkylaryl, alkenylaryl, halogen, halogen-substituted
atkyl, alkanoyl, arylalkanoy!.

87. The compound of Claim 83 having the formula

88. The compound of Claim 83 having the formula

/CHB -
o -
F§32 o CH, o

89. The compound of Claim 83 having the formula

OH CH,
TRt

; (e
j H. O]
= o =¥
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86. The compound of Claim 83 having the formula R1 0 R2 O-P=0O NH
H3C 6 R26 where R26 is hydrogen, alkyl, alkoxy, alkylaryl, alkenylaryl,
halogen, halogen-substituted 5 alkyl, alkanoyl, arylalkanoyl. 87. The
compound of Claim 83 having the formula Ri 0- P=0 RH3C N~_r CH3
10 88. The compound of Claim 83 having the formula CH3 R1-O F N
01~~H O CH3 R2 15 89. The compound of Claim 83 having the formula
OH CH3 O-RI CiiioP R2 160 90, The compound of Claim 83 having the
formula RINO CH3 0-p.O O RN CH3

80. The compound of Claim 83 having the formula

Q
¢ ,0‘55:—0
0 RZ N

MO

91. The compound of Claim 83 having the formuia

AN/
HC™ P R2

O

92. The compound of Claim 83 having the formula

§3. The compound of Claim 83 having the formuia
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HO 5 91. The compound of Claim 83 having the formula CI NR1 O N
H3C -.,PLO-R2 0 92. The compound of Claim 83 having the formula R2
O'R1 O-P-0 H3C CH3 N H3C CI 10 93. The compound of Claim 83
having the formula /CH H3C N/O"R1 cxo0 R2 161 94. The compound of
Claim 83 having the formula Ri01 O-P=0R2 N, CH3 OH O CHS3

84. The compound of Claim 83 having the formula

R1.
7
0—P=0
R N
5/ TCH,
OH
?
CH,

95. The compound of Claim 83 having the formula

Ci
Ci
RQ\O
RITTP P
o !
CH,

10 ©6.The compound of Claim 83 having the formuia

HSC% /Q
H.C N4 R1
3 'JP\\Q
O\
B RZ
)
o
NG

15
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5 95. The compound of Claim 83 having the formula CICI R2ZOR1P O
H 1 CH3 10 96. The compound of Claim 83 having the formula H3C H3
NIPOR1 0 P2 O 15 162 97. The compound of Claim 83 having the
formula HC H3 N~pO R1 Y 0 R2 H3C 0 5 98. The compound of Claim
83 having the formula R1_0 R2 0=?-0 H3C-,/NH I~ O CH3 10 99. The
compound of Claim 56 having the formula R2

§7. The compound of Claim 83 having the formula

10 99. The compound of Claim 56 having the formula

100. The compound of Claim 56 having the formula

L H
OAN O—pq
o ©
15 RZ
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6, 0-R1 R20-N/ 0 C=0 R21 100. The compound of Claim 56 having the
formulaN 0~ 0--R1 C 15 R2 163 101. The compound of Claim 56
having the formula R2 O, P HN O-R1 CH3 5 102. The compound of
Claim 56 having the formula R2 ,0 P NIO-R1 R31R 0 R32 R3a 10
where R31, R32, R33, R34 are independently hydrogen, halogen, alkyl,
alkoxy or a group having the formula (CH2),000H where n = 1 to about 5.
103. The compound of Claim 56 having the formula 15 SCI R20" 0

101, The compound of Claim 56 having the formula

102.  The compound of Claim 58 having the formuia

N‘J \O——R'l

R31©©
R32
R

33 R

34

10
where R, Ra2, Ry, Ry are independently hydrogen, halogen, alkyl, atkoxy or g group
having the formula (CH2),CO0H where n = 1 to about 5.

103.  The compound of Claim 568 having the formuia
15

R i1

/\/C 2

;
ST
=
R
|

Ci | S ‘ o
i
L OH

20
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N'OR1 CI/OH 20 164 104. The compound of Claim 56 having the
formula R2 Q 01-RI P, R20-N O 1 R25-A R21 where R25 is hydrogen,
alkyl, alkylaryl, aryl, cycloalkyl or heteroaryl. 5 105. The compound of
Claim 56 having the formula R2 O-R10.p R20-NO | AR35 O0R3 10
where R35 and R36 are independently hydrogen, alkyl, alkoxy, halogen,
cyano or cyanoalkyl. 106. The compound of Claim 56 having the formula

-NHS R2 C N-P-O
104.  The compound of Claim 58 having the formuta

where Ras is hydrogen, alkyl, alkylaryl, aryl, cycloalky!l or hetercaryl,

105.  The compound of Claim 56 having the formula

10 where Rjs and Rjs are independently hydrogen, alkyl, alkoxy, halogen, cyanc or

cyanoalkyl.

108, The compound of Claim 56 having the formuia

15

20
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O OR1 15F 20 165 107, The compound of Claim 56 having the formula
R1 R2 0 O-P=0O HO N~~~CH3 CI CI F-t-F F 5108. The compound of
Claim 56 having the formula H O-R1 N.,, Q R2 10 109. A modified drug
compound having the formula K R37N X~(Z)m 15 where K is a chemical
group attached to the nitrogen of a parent drug by a covalent bond (not a
coordinate covalent bond), said covalent bond being stable in intestinal
fluids, toward alkaline phosphatase enzymes and toward esterase

107%enzyhreeoaneurbpeClaithédhaverdesoPRedatocytes and subcellular
fractions thereof, X is oxygen, nitrogen or 20 carbon, and m is from O to
about 3, Z is alkyl, alkoxy, alkoxy, aryloxy, or alkylaryloxy or where m is
from O to about 4, and R3 is seéegte@from the group consisting of
substituted or unsubstituted aryl,substituted or unsubstituted heteroaryl,
Substituted or 166 HO ﬁl\/\/CH3

Cl

S

F—F

F

108. The compound of Claim 56 having the formula

N'\
1 Peg
N O]
Bz

109, A modified drug compound having the formula

¢

7

R3 N
@{Z)m

X

where K is a chemicat group attached to the nitrogen of a parent drug by a covalent
bond (not a coordinate covalent bond), said covalent bond being stabie in inesiinal
fluids, toward alkaline phosphatase enzymes and toward esterase enzymes, and labile
in the presence of hepatocytes and subcellular fractions thereof, X is oxygen, nitrogen or
carbon, and m is from 0 tc about 3, Z is alkyl, aikoxy, alkoxy, aryibxy‘ or alkylaryloxy or
where m is from 0 to about 4, and R is selected from the group consisting of substituted
or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
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unsubstituted alkylaryl, substituted or unsubstituted heteroaryl, substituted
or unsubstituted alkylaryoxy, substituted or unsubstituted indole,
substituted or unsubstituted phenothiazine, substituted or unsubstituted
dibenzoxazepine, substituted or unsubstituted dibenzathiazepine,
substituted or unsubstituted oxopthalazine, 5 substituted or unsubstituted
quinoline, substituted or unsubstituted dihydroquinoline, substituted or
unsubstituted dibenzodiazepine, substituted or unsubstituted

“”%@ﬁ%&%loﬂgﬁﬂiﬁyn&‘h@’“gﬂ%@tltﬁfedJBF‘l‘R%UB@ﬂtuﬂfdeé%?%zoF“bSt‘t“tEd or
unssitesiiteted sikylangaystiteteditateahydrocarbatzaisiistibstitioted arubstituted  or

un lﬂl@@ﬁﬁ%gtﬁl %\lﬂ%%%c Q?gj%&%? %r?’%tfl[gﬂgg 8fbHH§éQ§EOBiﬁ%d substituted

enzoimidazoles, Substituted or unsubstitute piperazines, 10 substituted
or ohnsHeasiRE e iBRIFAHAERRN S ubYhEBdesH u?fsuB%ﬁfH?é’H%@nz?fﬁRﬂ@Piazme
sut&ﬂﬂxt@ﬂhﬁtltﬂfﬁﬁbﬂﬁth@ﬁubsmm diazstihataz oaz wWenessubstitutegdorquinoline,

sub%ﬂtsg(@ét'tlﬂf 5 Lﬂ’éﬁB&ﬂE Q&da&%%z%ﬁrﬁ%¥gﬂ@ dlgﬁ §9{EM$BO“%? unsubstituted

amo ,3,4,9- tetr dro-cabazol, wherein the nitrogen atom of said

Wﬁ%&iﬁ@ﬂ%ﬁ%ﬂlﬂ% tha%f@a@amﬁﬂy HAsRSEHisk ﬁ%i’ga&‘EJKa%%%”m%H or
unsuds Btk p tatmackutiaby acceptalitieshlis thenasfitifed Hbehzocycloheptenes,

su&%ﬁft@h%?%ﬂ%ﬂb&ﬂ%@&%@%ﬁ%‘?@é‘%@%@gshrb%&%@li%‘ﬂ%&fb@ RIRBS bidralfles

6 or 17 In combination wit armaceutlca acceptable excip lent
SUWU@%@ Br Hﬁ?H@?“W?‘L1@“5@5“%‘1%1&&@6%%@%%%%??@8%Bﬁ%cﬁ‘i’é and
sulsfimpeundrof (Helmsioled 574585 Ehz 68z (f2hd,02s0b4i00téa cambinadidrstituted

ox MR RO MACeH IS AGESRIBRIG AXEPIERL, SHIGS QT8RN d-8abazor,
wherein the nitrogen atom of said modified compound that is covalently attached o K
has a pKa less than 5.4 and pharmaceutically acceptable salts thereof.

110. A pharmaceutical composition comprising the compound of Claims 1, 2,
10, 14, 16 or 17 in combination with a pharmaceutically acceptable excipient, dituent

or carner.
111, A pharmaceutical composition comprising the compound of Claims 56,

57, 89, 61, 65, 72, 102 or 108 in combination with a pharmaceutically accepiable

excipient, diluent or carrier.
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