AMINO ACID PRODRUGS SCOPE OF THE INVENTION The invention relates to amino acid
derivatives of pharmaceutical compounds, methods 5of treating particular ailments, which are ameliorated
by the administration of these drugs and pharmaceutical compositions containing these drugs. The
current invention involves improving many physicochemical, biopharmaceutical, and clinical efficacy of
various drugs using amino acids as covaleniyipQuodsd-eprrrehr these drugs. 10 The development of
chemical compounds for the treatment of disorders, maladies and diseases has become increasingly
difficult and costly. The probability of success for such development is often discouragingly low. Further,

the time for develeryENCRTHRISAANTRYSEEd ten years, leaving large numbers of patients without
remedy for an 15extended period of time. Even in cases in which effective pharmaceutical compounds

have been develbRet TSR BRI Aty AL¥BLPitBBAIC NS T A GRS b A e hiede

disadvantages caftiasingeapriaticilangoharnacekingichatfies affeatingihe-ftectiveress of some
20existing pharmaceutical compounds, For example, unpleasant taste or smell of a pharmaceutical

compound or cofip8SAshPRar s Ursh ARIBRPHEMRS CRBLER RGN Hikéte with respect to the

administration regi@emditeiRdasialeiselubiliys characieyiplicsieicahrunasspiical cempaund can lead
to difficulty in formulation of a homogeneous composition. QOther disadvantages associated with known

pharmaceutical 2BESTHHGU RIS SACK ey BB 4548t pHUR SFURIRF S AT St SRt ARbTsdSHE pS dPT
bioavailability of ikgdfaigsaceutical compounds in oral formulations; lack of dose proportionality; low
stability ofﬁ)harmaceutical compounds in vitro and in vivo; poor penetration of the blood/brain barrier;
excessive %t-pass metabolism of pharmaceutical compounds as they pass through the liver; excessive
enterohepatic retifsulaiiaopionSsalsaipivodaissiiaefeativacampauncdicleass, ahihelisieunf action;
excessive irritation, for example, gastro-intestingl irritability and/or ulceration: painful injection of
parenterally adnﬂiﬂ%%é?%%%t’?§ﬁ%‘é‘8éﬂ‘f?€é‘? pdg%ﬁﬁﬂ%ta%‘éy &8 Bo@ﬁf‘oﬁ@%@%&‘é% éﬁfﬁ%éﬁ 9684gbs
required for soméepblapnree Wicatsanpairagis ayd sonmesitonss ane athaewndpsisablacharacteristics.
Some pharmaceutical com oundi are#)roci?se.d b?/ the bocg 5t05produce taxic b -?prc%gu?egs with harmful
effects. The art 8PESAEALGNIFSEEKiIG HEW cHfaMRal BEFBYTRES £ rpt%e‘&‘ééi‘ﬂﬁbor‘n’t‘é AWideVaiety of
disorders, with irspeved peciparsieste.overcome the disadvantages of known pharmaceutical compounds
mentioned above. 10 The present invention has overcome many problems associated with currently
marketed drugs by making prodrugs. The concept of prodrugs is well known, and there are a number of
examples of suchwioilregseeinumisichtetféotihe pheratvenaod toaipoaielalavsbamaiqgradpagsieailable in
the market, including_such. diyerse groups as statin 1%drug§, ACE inhibitggs, a tivi5§I dralgs such as
Acyclovir and th&'fike “Fha i Jé‘él#{gﬁ%%?&ﬁt% WED P AU Mt Bt FHOIRRAS ke the
prodrugs. The pradiugisaefitei prese phinreiotiinééybadflrumibtc oh advaotigdasea3s eXaompe, when amino

acid prodrygs are admini%tered bgta riumber of routes such s oraf, WA r";etctztil or othtﬁr sfuch methods,
these prodfilgs 478 CEIREREETRES Lt BROY MibICELRETpple: unpléasdnt dte or smell of a

pharmaceutical compound or composition can be a significant barrier to patient
compliance with respect to the administration regimen. The undesirable solubility
characteristics of a pharmaceutical compound can lead to difficulty in formulation of a
homogeneous composition. Other disadvantages associated with known pharmaceutical
25  compounds include: poor absorption of orally administered formulations; poor
bioavailability of the pharmaceutical compounds in oral formulations; lack of dose
proportionality; low stability of pharmaceutical compounds in vitro and in vivo; poor
penetration of the blood/brain barrier; excessive first-pass metabolism of pharmaceutical
compounds as they pass through the liver; excessive enterohepatic recirculation; low

30  absorption rates; ineffective compound release at the site of action; excessive irritation,
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20significant advantage of the amino acid prodrug is that it is non-toxic, and hence either assimilated into
the body or safely excreted. This is quite unlike the characteristics exhibited by a number of prodrugs
available in the market, where the promoiety itself is toxic, as is the case with statin drugs, Enalapril,
Benazapril and the like group of ace inhibitors, and a number of antibiotics such as pivoxil, isopropyl,

Axetil, Cilexetil apg ath@ ke AR pFewnian Rigtighxn@sicaiheraby; reduainthibaithesapeutic index of the
active drug. On the other hand, the amino acid prodrugs of the present invention also impart a number of

advantages as sPFRHRNEAdIRIRFCSY RIIIREARIEDEOMARUINSY RIMERIRP OIS BreSishE I htion is

directed to a phafiprestiicalh:aative foradiHe phaving AmiaP-R6HP savalanl - hapeat dasaplasimaceutical
compound to form said acicrjq%ré)drug, which is administered in this form to the subject, such as a mammal.

The amino acid ERSHRRIF TSI RS HE st PR TR I 3L EA RO YIS @t BERECSTAD MG DaR¥US types

of linkages Betweepriggtbangiths $reduBy dafinitignfarmeatgo acid has at least two functionalities
thereon, an amino group (NH2) and a carboxy group (COOH). For example, the a- amino acids have the

well known structure H2N C-COOH Ro

H2NC - COOH wilieraves Radniae sidelgnguiewichbai Afdhiapymiae Reithethammsdelinediberein, is the
main chain of the amino acid. Thus, for example, beside the amino group and the carbo>§yl group on the

main chain, the Sif&BAl Y Hn B HIABHBRFGROOPT HEE F8 N SRR LU AO YA BREY BN amino

acid moiety that dhpatpistihe eoviplanidinkagedeeacedrdetween the amino acid and the drug. The drug
or medicament useful in the present invention contains functional groups thereon that permit the drug to

react with aid form a covalent bond with the amino acid. Examples of functional groups present on the

drugs include NHRe@Hs&GOHRMIoacd2Odecatvesiprepik sy absasi astevsianigessnddhedike. The
mode of attachmdent bEtween the ?E?rma%%utical compound and the amino acid glln be via: 1) An
ester bond (-00-8&HEHG RS REAIERSalRh SPSRABREIHE S Y SAEHBBASIDF BFefolic hydroxyl

group, or throughiransestekifioplieyvifon@xprogiess enumerated) iMiheethapbannacaytieakhcompound has
an aliphatic or aromatic hydroxyl group, an ester bond can be formed with the backbone carboxylic acid
Grou of the amiTTUIEL 3 AHEVERBATEHIE A SRR, B OamE Sechy by ro BB bt
compound 1Ras admaliphalie ahashorationbhiydraxlsgialmand Yo aming aeidikas a side chain carboxylic
acid group, an egter bond can be.forg{ed therebetween under rification conti(iti(gﬁs; or

)
Wherb the pharmEEUEs Br B NS Y LS N A S AP RS TR RISSSide chain

aliphatic or arontbtie fiydroxyogthuprarmesterhood icar bedaibeedithévabaiwedrtodangiterifieation
condition; or 10d€/}%/.here the Earmaceu jcal coméadound has an eﬁter roup, with aISLlestitute or

nsubsiituted acHiey (6 PEIRBIST ¥ ANTARERTEI Sy Ry RS ShoAY Sopdidnpral TV rectal or
(compound-O-Coirubsatiiuesthedd ths appddouasiakhasna drackhnoacadardimatiduirawp, an ester bond
can be forrES d ths?gggl Fctgyl?ggvtzbnrtoalég r(])ft rt.ﬁg Sa?nslgleor iIligl tilg)rg;dgurg is that it is non-toxic, and hence either

assimilated into the body or safely excreted. This is quite unlike the characteristics

exhibited by a number of prodrugs available in the market, where the promoiety itself is

toxic, as is the case with statin drugs, Enalapril, Benazapril and the like group of ace

inhibitors, and a number of antibiotics such as pivoxil, isopropyl, Axetil, Cilexetil and

25  the like groups, which are highly toxic, thereby reducing the therapeutic index of the
active drug.
On the other hand, the amino acid prodrugs of the present invention also impart a

number of advantages as shown herein below.
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e)Where the pharmaceutical compound has an ester group with a 15substituted or unsubstituted acyloxy
(e.g., alkoxy- or arylalkoxy-, aryloxy carbonyl) substituent (compound-O-CO-substituent) and the amino
acid has a side chain carboxylic acid group, an ester bond can be formed therebetween through
transesterification; or OWhere the pharmaceutical compound has an ester group with a 20substituted or

unsubstituted allgpviaagealPHE N YENIFesRony! substituent (compound-00-0-Substituent) and the
amino acid has a side chain aliphatic or aromatic hydroxyl group, an ester bond can form therebetween

though transestelfcRIfSAR G vention is d?ﬁ@%é%ﬁ&@ﬁ‘@%‘ﬂ&?}j%aﬁe&ﬁem% haxnBaBHhe same

molecule such theyican i pbdnieinal £ptarmher examRit fkritain eempaundsilika <hEakanentin can
form an internal ester under ester forming conditions, is also included with the scope of the present

invention.  2) AACTRERBRhER (BT 9 BeSIHR $ForUEBAg 8riBatBRT a carboxylic acid and an amine,
for examples a) Where the pharmaceutical compound has an amino group and the amino acid
has a backbone carboxylic acid group, an amide can be formed under amide forming conditions; or

b) Where the phdhaBE0AAILEmMBdte Medeliolfilts §asParirigebsaming Scsamiklefide chain
carboxylic acid griinaR afvide RRb LRI taarebeinernMNdRr &IHJS {odstingicaNsitiansicor

c) Where the pharmaceutical compound has a carboxylic acid group and the amino acid has a backbone

amino group, an®5iliB& BOHEL AN PR RS Ot RS OHRINY GO AaHiB Far Y G fRihere the

pharmaceutical coDPIBNd-BasxaBpIbaKY|ic agichgrai: Mddhg:aminRmsid basceuside chain amino group,
an amide bond can be formed therebetween under an}:ki_Fe forming conditions. Thus, the present invention

is directed to the prodrugs thus formed. As shown 15 hereinbelow the prodrug thus formed has
advantages not realized relative to the drug without thejamino acid attached thereto. For example, it can
improve bioavailability, efficacy, be less toxic, élNbitg [OBility in water and/or improve the ability
of the drug to pass into the cell membrane or through bjood brain barrier, exhibit less side effects, such as
gastro-intestinal irritability, enhanced therapeutic indexgnd the like. 20 Thus, the present invention is
directed to @method of improving the therapeutic qualityoof a drug wherein the improvement in the
therapeutic quality is selected from the group consisting of improved efficacy, enhgpced therapeutic
index, increased solubility in the mammal's internal fluid, improved assagezmweu@—the ceopembrane,

improved 25 pas¥8gfe YRF&egh feskle saonrm shatier! tscrauaeddibieldfects, such as significantly

decreased irritatigryappéaridleaiafians Iess dRXF b (RORARES d AP samiioRratio ape theddike rrlative to the
corresponding drug administered to the patient in the non-prodrug form, said method comprising reacting

the drug with an ARNc2ERYE {9 90he AdsvraleHoBBY the rapdnian SasilsRiidtermoNe product thereof
(hereinafter "progiygtid a1 ARAPRIRREHhaRLadrgs Qfdha Rressohimentian haversigaashane improved

quality. In fact, they exhibit preferably at least two of the improved qualities cited hereinabove. Other
advantageddf tHEPrYag rovitlaet ekagadoReaNRRY et Aine adidanhidenkigase in which the
reactions take place. The reaction to form the amide is generally efficient and yield are very high,

presumably above about 70% and more preferably 5 above about 80% and most preferably above about
90%. The drug or medicament useful in thé present invention contains functional groups

thereon that permit the drug to react with and form a covalent bond with the amino acid.
Examples of functional groups present on the drugs include NH,, OH, COOH or acid

20  derivatives thereof, such as esters, amides and the like.

The mode of attachment between the pharmaceutical compound and the amino acid can
be via:
1) An ester bond (-CO-O-) arising from condensation of a carboxylic acid and an

25  alcohol or phenolic hydroxyl group, or through transesterification, for example:



BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 graphically compares the efficacy of L- serine
ester of () Ibuprofen (F1), Lthreonine ester () Ibuprofen (F2) and L-hydroxyproline ester of (+) Ibuprofen
(F3), (+) 10Ibuprofen (i.e., the racemic mixture) and lbuprofen (S)(+), after one hour dosing, based on the
antagonizing property of Acetylcholine induced writhe in Albino mice. Figure 2 graphically compares the

efficacy of L- serine ester of ()Jdpuprofened-hb phareRoie @stesnpohdrratan phadclehydinxyproline
ester of (+) Ibuprofen (F3), + 15lbuprofen and S(+) Ibuprofen after 3 hour dosing, based on the

antagonizing prdpEligrst ARRIRK6HSE BRadcan Deirrsecth withnBerhrekbengra e yEliiAsid isHR Sy the

dose response rejatignslipriaparrclRting dhmeh (Adadiibndniutes for the L-serine ester of acetylsalicylic
acid (Formulation 1). 20 Figure 4 depicts graphically the dose response relationship to mean clotting time

(MCT) minutes for the L-hydrdXyproliNe &€ theor it B reaicohic JRRPYEE Mab ARiBHPBSIC O ECdepicts

the dose responggdelajionship iadnneasmaiitiegitimea(Mée bhinminvtss B6tRidhedughracrisesRsier of
acetylsalicylic acid (Formulation 3) Figure 6 depicts the dose respanse relationship to mean clotting time

(MCT) in minute§¥ PSP ARerhsiesh e adst s Eigind o pHLans: @mpares the relative efficacy of

L-serine (ester of acetyl salicyglic acighifest)ile-Phaanioaesietahpeaiv saligvhenasiidadld group
L-hydroxyproline ester of acetylsalicylic acid (F.3), and acetylsalic%‘{llic acid (PC) as a function of mean

clotting time in nfRGIBE 38 BR ¥ ke B E paisRiNAEECT A SENT I GONFr BN S IKE RRIEY here, the

term "drug”, "megligaspestime @Nekrehanvacendcals@rgibging vsadiivigrehangeably and refer to the active
compound that is administered to the\ﬁatient without attachment of the ﬁmino acid thereto, Moreover, as

used hereifVthe drug 10contafis a fulCABNDCRBUTPATERLSA! SOPRBENSE SR GY HigRoMR WMo acid, such
as NH2, OH, CObinraybatinguderinasyasorieef 46 gkastesr anykide. amilsyandsielike) and the

like. When the drug is linked to an amino acid, the term "amjno acid prodrug” or "prodrug of the present
invention" or sy H’P’tﬁ‘é&&%@é’?ﬂﬂl@&@ ARRSHY AR ﬁ?f{rﬁlﬁ? é‘l‘:‘?&%%é%ﬂ%&&?&%%‘?&ﬁégéf%i?é%ﬂﬂéacnng
with the drugs) aseidhesep;antaininpdie fiaearsinanieébeaskexylicoagitgrnsps ofiedieanventional

amino acids. Of those, some preferr emb%di ents includ? those a Lﬂo acids havinégiarel ively high
solubility in aqueous media, foP examPIESTh HERMYBASTHEH SOUMSURE B 45 Fal SR NEH'A 25C, of at

least 100 gIk, anditearerqt efarahlysaluedsicahlx gle, @ndieven a0mankpreferablyat daasih00 g/L. For
1620 gl rospecHlB ISP DSk Gt S OB Al e L SobARIG Bheic amimo sde
chains, such as lystnayoraexbgnple, isiehasnsiodubibityfitdeiahizebewvaier airdbgh of
transesterification; or
f) Where the pharmaceutical compound has an ester group with a
20  substituted or unsubstituted alkoxy- or arylalkoxy- or aryloxy carbonyl substituent
(compound-CO-O-Substituent) and the amino acid has a side chain aliphatic or aromatic
hydroxyl group, an ester bond can form therebetween though transesterification; or
g) The alcohol and carboxylic acid moieties may be on the same
molecule such they can form an internal ester. For example, certain compounds like
25  Gabapentin can form an internal ester under ester forming conditions, is also included
with the scope of the present invention.
2) An amide bond (-CO-NH -) arising from condensation of a carboxylic acid

and an amine, for example:



25 approximately 700 g/L. Among other amino acids useful as promoieties are those containing hydroxyl
side chains, such as hydroxyproline, serine, and threonine. For example, threonine, hydroxyproline and
serine have solubilities in deionized water at 25C of approximately 30100 g/L, 369 g/L and 420 g/L,
respectively. Other preferred embodiments include those amino acids with relatively low solubility in

aqueous media, for example, ify deionizpgewaighatRaleRfcal Baass kA @hasanieneiREBIH Aldwest 2 g/L,
or for example at most 0.6 g/L. For example, the solubility of 5 tyrosine in deionized water at 25C is

approximately 0 810, 35irR3s b BRGKROS R b vle s SR BRHIAAABIRG iRt ekidntse arifsase
characteristics, dugnimih@liaitegsselubility of the prodrugs. Among other amino acids useful as
promoieties are those containing carboxylic acid side 10chains, such as glutamic acid and aspartic acid.

Other amino acids useful as pPdmoiele¥ L dhthRPABRAESULTRIACRRRINA Lefsam AR IR S5 B1RRA ARty

occurring argino afids.acidigatall \iehrachivn sgRemrRELepikhiharrrRAGNBAisebigsed hereinabove with
respect to reaction of hydroxyl, carboxyl and amine containing drugs with various amino acids. 15 In the

schemes below, REFSRARY BFAGREEE 2RUdS RIS ORLIEBS A or NH2 group whichever is present, and R1
is wherein Ro is the side chainpf thewRdRaRchlisiedheeinbsipviund IReadishosghemeddripere the
hydroxyl group of the drug.is reacted with the carboxyl 20 group of an amino acid to from the ester
prodrug R-OH +#6BEaR410\A5H! 138 HDasklng 19 2SRy ANARE & GaRdHbQER BLRRBYSERug
Reaction SchemgnBer\Minere fheneaskexdigsastoef the drug is reacted with the hydroxyl 25 group of a
hydroxy amino acid wherein the hydroxy group is on the Si%i chain to form the agétierprodrug. R-COOH +

HO-R1-NH24 R-(C=0)-0-R1-{H2 CoNBREBE BIGESHEK! AMREUAL BAAY MR AT Br8HPUg 5

Reaction Scheman€ihd/heiadheiaming giuehahthe @oigrisipeastadivitbdhe carboxyhgedup of the amino
acid to from the gmide Prodrug R- NH2 + HOOC-R1- NH2 4 R-NH(C=0)-R1- NH2 10 DrugAmino
AcidAmino Acid RRFES B SAR RUBISH CBHBME B {AMEre the carboxyl group of the drug is reacted

with the carboxyl group of the amino acid to form the anhydride prodrug. 15 R-COOH + HOOC-R1- NH2 4
R-(C=0)-0-(C=0)-R1- NH2 DrugAmino.AcidAmino Acid Anhydride Prodrug Reaction Scheme E: Where
the amine group %éwﬁrﬁbe?g'%elggfié’&l%ﬂ?ﬁ'\ﬁe% e t&&@%?ﬁé%ﬁ%%g& d ésfﬁ)[i?ﬁ’vfhe azo prodrug
derivative. 15  hereinbelow the prodrug thus formed has advantages not realized relative to the drug
without the amino acid attached thereto. For example, it can improve bioavailability,
efficacy, be less toxic, exhibit greater solubility in water and/or improve the ability of
the drug to pass into the cell membrane or through blood brain barrier, exhibit less side
effects, such as gastro-intestinal irritability, enhanced therapeutic index and the like.
20
Thus, the present invention is directed to a method of improving the therapeutic quality
of a drug wherein the improvement in the therapeutic quality is selected from the group
consisting of improved efficacy, enhanced therapeutic index, increased solubility in the
mammal’s internal fluid, improved passage through the cell membrane, improved
25  passage through the blood brain barrier, decreased side effects, such as significantly
decreased irritation and/or ulcerations, less toxicity, enhanced absorption ratio and the
like relative to the corresponding drug administered to the patient in the non-prodrug
form, said method comprising reacting the drug with an amino acid to form a covalent
bond therebetween and administering the product thereof (hereinafter “prodrug”) to a

30 patient. The prodrugs of the present invention have at least one improved quality. In
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20 R- NH2 + NH2-R1- COOH 4 R-N=N-R1-COOH DrugAmino AcidAmino Acid Azo Prodrug  Reaction
Scheme F: Where the carboxyl group of the drug is reacted with amine group 25 of the amino acid to form
the amide prodrug. R-COOH + NH2-R1- COOH 4 R-(C=0)NH-R1- COOH DrugAmino AcidAmino Acid
Amide Prodrug 30 In the above schemes A-F, the preferred amino acids used are shown hereinbelow: .
9, 0 0 N- 0+ glycing (@l¥ysancosingeeANBAPR AR RIn 8 alvdplio-(vghhlitRs HeeARRRIAbIRR term "amino
acid" refers to an organic compound having therein a carboxyl group (COOH) and an amino group (NH2)

or salts thereof. ATRFIGHSAN eSO EPIafBAreilstEsoKide 48 RS UBRABHI2EG 19R verall

neutral entity idegtifiad aaiewilieriensiohie.REpI-domates At slaetBmhiaib amRIPRY taup and the ionic
ends are stabilized. in aqueous solution by polar water molecules, 10 1t is the side groups that distinguish

the amino acids HOH@ACADLIRE 86 YL RiEE Rl x bRy f/aheut KAV ah M g IIGEL e Wihe side
chain; othersaminpoAeidsJua 80 BideChdNDHLIBIMNNDBVEEBXUIIOUPS, such as threonine, serine,
hydroxyproline, and tyrosine; 5some amino acids have carboxy groups on the side chain, such as
glutamic acid or aspartic acid. These functional groups on the side chain also can form a covalent bond

with the drug, SUBRBSIEBERG RIPIEO NS aik® RMWINigesse side groups become involved in these

linkages, such as hydroxy group, the bond may be depicted as OAA,
Figure 1 graphicaily compares the efficacy of L- serine ester of (+) Ibuprofen (F1), L-

threonine ester (+) Ibuprofen (F2) and L-hydroxyproline ester of (+) Ibuprofen (F3), (+)
10 Ibuprofen (i.e., the racemic mixture) and Ibuprofen (S)(+), after one hour dosing, based

on the antagonizing property of Acetylcholine induced writhe in Albino mice.

Figure 2 graphically compares the efficacy of L- serine ester of (+) Ibuprofen, (F1), L-
threonine ester of, (I) Ibuprofen (F2), L-hydroxyproline ester of (+) Ibuprofen (F3), +
15  Ibuprofen and S(+) Ibuprofen after 3 hour dosing, based on the antagonizing property of

Acetylcholine induced writhes in albino mice.

Figure 3 depicts graphically the dose response relationship to mean clotting time (MCT)
in minutes for the L-serine ester of acetylsalicylic acid (Formulation 1).

20
Figure 4 depicts graphically the dose response relationship to mean clotting time (MCT)

minutes for the L-hydroxyproline ester of acetylsalicylic acid (Formulation 2).

Figure 5 depicts the dose response relationship to mean clotting time (MCT) in minutes

25  for the L-threonine ester of acetylsalicylic acid (Formulation 3)

Figure 6 depicts the dose response relationship to mean clotting time (MCT) in minutes

for control (acetylsalicylic acid).



wherein AA is an amino acid residue having a side chain with a hydroxy group, but 10without the hydroxy
group. Thus, AA by this definition, refers to the amino acid without the hydroxy side group since it took

part in the reaction in forming the ester. Moreover, when an ester is formed between the hydroxy group of
the amino acid and the OH group of the drug, the hydroxy group on the carboxy group forms a byproduct

with the hydrogep; @fthe fyvgreemIgrestaphRbisthib R raskting drgdiot degad@sRave iba @ Ehildanaup on the
carboxy group, but just the acyl moiety. When the bond is depicted as C(=0)-NHAA, this means that the

amino acid form&4¢ GhlantidBreeravetreehiase b srioxpodd o e iy arieheeaHi P Eroup of the
amino acid. Howgyefisagyrittasidsipey, el iyamithe @ride onss comesi oot theaamip@iacid, AA is the
amino acid without the amino group. 20 The preferred amino acids are the naturally occurring amino
acids. It is more PreteRr8HHSE the amino acids are the V-amino acids. It is also preferred that the amino
acids are inghe L-configuration. The preferred amino acids include the twenty essential amino acids. The

preferred amino acids are Lysine (Lys), Leucine (]Leu Isoleucine (lle), 25Glycine (Gly), Aspartic Acid
(Asp), Glutamic REI AL EDIAESCRIE LN Ol mm%mwgﬁwe (Pro), Histidine (His),
Tyrosine (Tyr), Sgsing3RN:, NRrtexaing(Nory nAmHRentATGh PhenRyiakpiR {Phed bEpi@Raan (Trp),
Hydroxyproline (Hyp), Homaserine (Hsr), Carnitine (Car), Ornithine (Ort), Canavanine (Cav), Asparagine
(Asn), emmM@%@?ﬁ%ﬁ?&ﬂi@ (1R OTRRATE e PORRIIERE SO RIBITISIRS, (- Hfiistyric Acid
(GABA), Cysteingi(ho(s)tixstinenetheSaitasihel (Raeto T Meenine: (1husanHelkelike: dfg even more
preferred amino acids areé?e twenty essential amino acids, Lys, Leu, lle, Gly, Asp,,glu, Met, Ala, Val,
Pro, His, TV, ThtORRINPhERFHOE) sTowherson rapehle o 15 Bl S NS HRSHIa oS drug having
a group thereon MHIGIDERIT@OE! Wit §ieiagniee agidesTiherpseierped duigamihalrake seadiednditheamino
acids in accordapce with varjous schemes are as follows: 10Reaction Schemes DrugsABCDEF
Cyclosporinov ESRey AT e M R e R Er s VRSV ES vES vES
ZileutonYESY EYddtuptetingvirda S ¥iE Y fr&s frlauoxaieoE oY Ea¥indh Gatdesanieny&S YES YES YES
YES 20 PropofolYES NisoldipineYES YES YES YES YES

15  Among the amino acids useful as promoieties (i.e., reacting with the drugs) are those
containing the free amino and/or carboxylic acid groups of all conventional amino acids.
Of those, some preferred embodiments include those amino acids having relatively high
solubility in aqueous media, for example, in deionized water at unbuffered aqueous
solution at 25°C, of at least 100 g/L, and more preferably, at least 250 g/L, and even

20  more preferably at least 500 g/L.. For example, glycine and proline have solubilities in

deionized water at 25°C of approximately 250 g/L and 1620 g/L, respectively.

Other amino acids useful as promoieties are those containing basic amino side chains,
such as lysine. For example, lysine has solubility in deionized water at 25°C of

25  approximately 700 g/L.

Among other amino acids useful as promoieties are those containing hydroxyl side
chains, such as hydroxyproline, serine, and threonine. For example, threonine,
hydroxyproline and serine have solubilities in deionized water at 25°C of approximately

30 100 g/L, 369 g/L and 420 g/L, respectively.
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AmlodipineYES YES YES YES YES CiprofloxacinYES YES YESYES OfloxacinYES YES YESYES 25
FosinoprilYESYESYES EnalaprilYESYESYES RamiprilYESYESYES BenazeprilYESYESYES
MoexiprilYESYESYES 30 TrandolaprilYESYESYES CromolynYES YESYESYES AmoxicilinYES YES
YES YES YES YES CefuroximeYES YES YES YES YES YES CeftazimideYES YES YES YES YES YES
5 CefpodoximeYES YES YES YES YES YES AtovaquoneYES GancyclovirYESYESYES
PenciclovirYESYESYES FamciclovirYESYESYES 10 AcyclovirYESYESYES NiacinYESYESYES
BexaroteneYES SRS BFEH SHAMERSYE Sduficiarss arinpsidr Witk &clpg vebedamitdphidivvies

IbuprofenYESY Egudes media, for example, in deionized water at 25°C of at most 10 g/L, or for
example, at most 2 g/L, or for example at most 0.6 g/L.. For example, the solubility of
5  tyrosine in deionized water at 25°C is approximately 0.5 g/L. Such prodrugs could be
used to produce formulations with extended release characteristics, due to the limited

solubility of the prodrugs.

Among other amino acids useful as promoieties are those containing carboxylic acid side
10 chains, such as glutamic acid and aspartic acid. Other amino acids useful as promoieties

are the non-essential amino acids, and the non-naturally occurring amino acids.

The following reaction schemes depict the reactions discussed hereinabove with respect
to reaction of hydroxyl, carboxyl and amine containing drugs with various amino acids.
15  In the schemes below, R is the drug less the functional OH, COOH or NH, group
H

0

whichever is present, and R is ,

wherein R is the side chain of the amino acid listed hereinbelow:

Reaction Scheme A: Where the hydroxyl group of the drug is reacted with the carboxyl

20  group of an amino acid to from the ester prodrug

R-OH + HOOC-R;-NH; = R-0-(C=0)-R;- NH,
Drug Amino Acid Amino acid Ester Prodrug

Reaction Scheme B: Where the carboxyl group of the drug is reacted with the hydroxyl
25  group of a hydroxy amino acid wherein the hydroxy group is on the side chain to form

the ester prodrug.



LovastatinYES YESYESYES SimavastatinYES YESYESYES AtorvastatinYES YESYESYES 20
PravastatinYES YESYESYES FluvastatinYES YESYESYES NadololYES ValsartanYESYESYES
MethylphenidateYES YES YESYES 25 Sulfa DrugsYESYES SulfasalazineYES Methylprednisolone YES
Medroxyprogesterone YES EstramustineYES 30 MiglitolYES MefloquineYESYES CapacitabineYES

DanazolYES Epragel ES YEOYRSNIRIValproqg(ES-OYRSNagnofibrateYESYESYES
Gabapentin*YES YES YES YES Y(ES OmeprazoleYES LansoPrazoIeYES 10 MegestrolYES

MetforminYES COOH COOH
Drug Hydroxy Amino Acid Amino Acid Ester Prodrug
5
Reaction Scheme C: Where the amine group of the drug is reacted with the carboxyl
group of the amino acid to from the amide prodrug
R-NH; + HOOC-R;-NH; = R-NH(C=0)-R;- NH;
10  Drug Amino Acid Amino Acid Amide Prodrug

Reaction Scheme D: Where the carboxyl group of the drug is reacted with the carboxyl

group of the amino acid to form the anhydride prodrug.

15 R-COOH + HOOC-R;-NH; - R-(C=0)-0-(C=0)-R;- NH;
Drug Amino Acid Amino Acid Anhydride Prodrug

Reaction Scheme E: Where the amine group of the drug is reacted with the amine group
of the amino acid to form the azo prodrug derivative.
20
R-NH; + NH,-R;-COOH - R-N=N-R;-COOH
Drug Amino Acid Amino Acid Azo Prodrug

Reaction Scheme F: Where the carboxyl group of the drug is reacted with amine group

25  of the amino acid to form the amide prodrug.

R-COOH + NH,-R;-COOH - R-(C=0)NH-R;- COOH
Drug Amino Acid Amino Acid Amide Prodrug

30  In the above schemes A-F, the preferred amino acids used are shown hereinbelow:



TazoroteneYESYESYES SumitriptanYES NaratriptanYES 15 ZolmitriptanYES AspirinYESYESYES
OlmesartanYESYESYES SirolimusYES TacrolimusYES 20 ClopidogrelYESYESYES Amphotericin BYES
YESYESYES TenofovirYES UnoprostoneYESYESYES FulvestrantYES 25 CefditorenYESYESYES
EfavirenzYES EplerenoneYESYESYES TreprostinilYES YESYESYES AdefovirYES 30 The prodrug of
the present invention contains amino groups and as sych are ba§|c in nature. They are capable of forming
a wide variety of pharmaceutically acceptable salts yvith various. rganlcﬁ rganig.écids: These acids

that may be used terxepare :pHapmac cceptable acid tion saltsf such c compounds
are those that 5form non- tomgogngsqr addition salts, i.e., n§§Iﬂts Couﬂf[n%'(ﬂ'ng pholgmne}cgutlcilul / acceptable
anions, such as the hydrochforlde hydrobromlde hydr0|od|de nltrlée suifate, bisulfate, plhosphate

formate, acetate, citrate, tartate, lactate, and the like. As indicated herein, in one embodiment, the present

invention is directed,to a prodriig ;LO wh%reln the prodrug comprises a drug,.£.9.,cyclogpbring and an
amino acid esterified-to the Me ﬂCH) r dlhypro MeBmt rnmetya =CH2CHZ2Jj. The amino
acid is attached to tf cyclospo ine an he o :drugs«by%\cpvale t bond. 0=y

serine (5ar) homoserine threonine (thr) carnitine chaline aspartate (asp) glutamate (glu)

~N FER

IH ’ H—
1+ / ” [
~N* N Ly
arnithine I yine (lys) | ™ calanine .f canavanine arginine (arg)
ul u}
!+ s !+ 0 u]
+ a N2 0= Mz |+ l'-’
a, M g M
) ‘.‘ ~N \‘n’/—n\_-—'
d Pl 0 W T
i} ~N R -
J'“ u]
proline {pra) asparagine (asn} glutamine {gln} histidine (his) carmosine
u} u}
T RS T !+ o} . D |
0 N o= NZ ° } R
N o L. g ~
N =Y N M7=
-
pherylalanine (phe) tyrosine (hyr) tryptophan ctrpd lyurenine kyurenic acid hypaphorine
0 S N FTI -
ot |+ 0= HZ - C
c:-)), N2 )? |
HE ="~ NZ
HE h / f‘%\
H= s oysting djenkalic acid /
oystaine (oys) homooysteine cysteamine N o0 . ’Z‘/ methionineg (met) taurine
i . =N 0
u] + ! 8 o

o

As used herein the term “amino acid” refers to an organic compound having therein a

carboxyl group (COOH) and an amino group (NH>) or salts thereof. In solution, these
5 two terminal groups ionize to form a double ionized, through overall neutral entity

identified as zwitterions. The amine donates an electron to the carboxyl group and the

ionic ends are stabilized in aqueous solution by polar water molecules.
10



The compounds of the present invention are prepared by art recognized techniques. For 15examples, if
the drug contains an OH group, said as cyclosporin, then an amino acid or an acylating derivatives
thereof, such as the acid halide, e.g., amino acid fluoride, amino acid chloride, or an amino acid alkyl
ester wherein alkyl group contains 1-6 carbon atoms is reacted with the carboxy group of the drug, e.qg.,
cyclosporine under esterification condition. Preferably, the reaction is conducted in the presence of an
acid, 20such as hydrochloric acid, hydrogbromic acid, p-toluenesulfonic acid and the like. Alternatively, as

described hereinkioths, sidh&rarRg hat dstiagnis froapirrstls, fioshard sthfifo SemeARY A feted with

the drug under agpigiea{ayNg KARMIHAAS RJIGFELANIRIBIME Aaille tRYARM PN BivE the drignbas a
carboxy group or acylating derivative thereon, it may be reacted with the amino group of the amino acid to

form an amide 250N RYGEOHHALPS o AR AR TS 18IS 2R R B er¥PEYERe &9 ifo acid and the
drug. Additignallyghihenliga0rE BLar0a%% 0 Gupuiiiess ihethia sy aoup Qhthaisigabain of the

amino acid may be reacted with the carboxy group or acylating derivative, therein under esterification

conditions to forAPRABIESRIiAKESS BaaieRH #aubmpbiiciide v giniogast rpwntkaidbove. 30

If the amino acidwWiastBcaiaup dheregrwdNchis deacivanybies. theHaaaliep Gapdikeps Bdsopiotected by a
protecting group_known in the art, After the completion of the reactjon, the protecti,r%? %rou&%s removed.
€

Examples of protBEhg G sk E8Ea HEN ALty dre* e Be tiPane! ByBkbs R f\ve Group in

Organic Synthesimdayid heodora MhiRGHeaanesidab Mgy & &ofsmid 98ih the eanterisogs, which are
incorporated by re{ir?ence. For example, if amino acids with carboxylic groups in their side chains, for

example, alpartit D94 dhe dEivieun, Afdtisan P HESHOPAHERHETEY HMABTNGRASLE will generally

require protectiow@hdbetbideyahaip sasesylicsacid iSuiRplatirleeing Whnupsotheas the @sters, such as
cyclohexyl esterir,lt-but

| esters, benzyl esters, allyl esters, 9- fluorophenyl-methyl groups or adamantyl
roups, such as TIPS SHAMERI ATFEHS QAP SPARR AR S eEHet DR FERER o B eted
using techniqueOrngw i@ ONe afardinahy &l jrtbeparh theIE aburg aeids fvithshyyexyldgrowps in their
side chains, for example, serine, threonine, hydroxyproline, and the like and aming acids with phenolic
aroups i their silE RIS CHBFRE e (i FHRd UhE it i ARG Al
esterificatians, reaetion othety Wilbdesikablyp réqujstpretecyion G the Wiainthy duexylsatephaadlic group.
Suitable for protecti for. the hydroxyl side chain.groups can be ethers, such as 20benzyl ether or
Cbutyl ether, ReNoual OFtHE a3y e AN BB IS TR A ARG TAIBRER! SohEne tbutyi
ether can be remangsk pyisepionant Wity iifluoroacetic aciap Stitableproteddingloraups ervpheaglic side
chain groups can.be ehhel\r%[ sab‘%ve, in Ingin ben?zg/%or t- uté%%er Oé ,6-dichlorobenzyl, 2-
bromobenzyloxyCAfSSHYI 2 AT ARTEpHEIT B tHRMRE B! K6 B A prodid Egﬂné)e%]ﬁlrified to be
made substantiafythouetby dechaigiteap.known to one of ordinary skill in the art, such as by
chromatography, e.g., HPLC, crystallization and the like. By substantially "pure" it is meant that the
product coftains no more than about 10% impurity therein. 30 The prodrugs can be made into

pharmaceutical dampaditiosd anchodioglp poe thig abrall pberindag uiitabaciéptdbie malisppandceutical

acceptable solvates, esters, enantiomeys, diastereomers, N-Oxides, polymorphs, thereof,.as described
meren. along witl B CA A e A EAU sl HORETEH RLSoRP BRI tically

5acceptable excipignts usinGdaekioUEakpesirtd anenof Ridinactuskililie thentyteskbaipragiugs utilized in
the present methaggldgrerﬁg %(rjei er&ggrafar?uenlgiggg)s/ aegef}t/is\{gea{ﬂ?;i?}?éucine (Leu), Isoleucine (Ile),
25  Glycine (Gly), Aspartic Acid (Asp), Glutamic Acid (Glu), Methionine (Met), Alanine
(Ala), Valine (Val), Proline (Pro), Histidine (His), Tyrosine (Tyr), Serine (Ser),
Norleucine (Nor), Arginine (Arg), Phenylalanine (Phe), Tryptophan (Trp),
Hydroxyproline (Hyp), Homoserine (Hsr), Carnitine (Car), Ornithine (Ort), Canavanine
(Cav), Asparagine (Asn), Glutamine (Gln), Carnosine (Can), Taurine (Tau), djenkolic
30  Acid (Djk), y-aminobutyric Acid (GABA), Cysteine (Cys) Cystine (Dcy), Sarcosine

11



10The physician will determine the dosage of the prodrugs of the present invention which will be most

suitable and it will vary with the form of administration and the particular compound chosen, and

furthermore, it will vary depending upon various factors, including but not limited to the patient under

treatment and the age of the patient, the severity of the condition being treated and the like and the

identify of the presigg-iadhministensdntiemwitkaenaralyawishhio jiliate draatmentinit smalkegsages

substantially less than the optimum dose of the compound and increase the dosa %b¥ small increments
d

until the optimurS AN FTIEP tdSirbymdiethdds ChedtRe Gt Wity heri, be pat Wihen the

composition is agipiniered,0Eiy . A’fgeryquantdigs of the active agent will be required to produce the
same effect as a smaller quantity given 20 parenterally. The compounds are useful in the same manner

as the corresponding drug in the non-prolong form and the dosage level is of the same order of
magnitude &s is grogratluepoyRG Wil ibase athehihaiapawticpgrRisn WhRR eivaedeatamaraly, the
compounds are administered generally in dosages of, for example, about 0.001 to about 10,000
mg/kg/day, also ?J‘Bﬁbon‘éﬁﬁjg upon the host and the severity of the condition being 25treated and the
compound utilized. In a preferred embodiment, the compounds utilized are orally administered in amounts
ranging from about 0.01 mg to about 1000 mg per kilogram of body weight per day, depending upon the
particular mammaaR RGSESF detiBaLes 1556 ¢ QAR AHIGAE MReresFiRIEOR DotV to about 500
mg/kg body weighh@paeday aksidasage regimen may be adjusted by the physician to provide the
optimum therapeutic response. For example, several divided doses may be administered daily or the
dose may Be proportionally reduced as indica%?ﬁ%é%?@@ﬁcies of the therapeutic situation. 5 The
prodrug may be pemginistered in any gonvergent manner, puch ag by orgl, intravenous, intramuscular or
subcutaneous roytes. The prodrug mg é)e orally administered, for example, with an inert diluent or with
an assimilable eé%‘f OEE?FFQ)F, or it ma?% enclosed in hard or soft shell gelatin capsules, or 10it may be
compressed intoiggiketsiror it may beymgorporated vigsctly into theg®od of the diet. For oral therapeutic
administration, tr%e[grodrug may be i%]ggporated Wﬁgxcipienti\gﬁg used in the form of ingestible tablets,
buccal tablets, trotH88 Eapsules, elixirssuspensiors; syrups, s, and the like. Such compositions
and preparggionsCshdidlel contain at least 1%yafShe YBEsdrugeShe yEscent&ge of the compositions and 15
preparations may,, of course, be vari d may c niently b ween about 5 to about 80% of the
weight of the uni .ILFHEOQmount of the prodrug use((}gﬁguch therzg}é/eétic compositions is such that a
suitable dosage Wiltherabtained. Prefgrsed compoditisns or prepaEstions according to the present
invention contaiﬁ)etween about 200 mg angl?gbout 4000 of prodru F;g'le tablets, troches, pills,
capsules and th ﬁ?’é”hai%\ey also contain 20the following: A bifider such asgum tragacanth, acacia, corn
starch or gelatinCaxdigitéa such as dicalciufEghosfittate Y& sisiMEgratiigsagent such as corn starch,
potato star;jB, aI%inic ?c'd and the Iikgr; lubricant such as magnesium stearate; and a sweetening agent
such as sutrose, [a8t08e or saccharin ay be added or a flavoring agent such as peppermint, oil of
wintergreen, or diBsuiif@veoring. When the dvESge YIBR foMiES a YBSap3dHa, it may contain, in addition to
materials of the gbove, type, a liquid carrier. iou er materigls.m ]%3 present as coatings or
otherwise modify%[]ﬁltlaob1 ﬁlﬁ:al form of the dcglgée Lﬁlﬁg]FoFﬁﬁngstar'g:E,stab e § pills, or capsules may be
coated with shell@prsflgasicn both. A syrup &fESixirfidy cwii&in the actvBSSompound, sucrose as a
30sweetening a f'i'(t)k%%hyl and prqpylparapﬁgs a%fées%\égtives, ad nd flavoring such as cherr_y or
orange flavor. Ot course, any material used In"preparing any dosage unit form should be pharmaceutically
pure and s2bstaRtisihpopioh-toxic in the amoiES employedy B$ addition, ¥ESactive compound may be
incorporated intqﬂﬁgfggriﬁed-release prepara.&ig:gs and fornﬁggtions. For%gmple, sustained release
dosage forms are

Ramipril YES YES YES
Benazepril YES YES YES
Moexipril YES YES YES
30  Trandolapril YES YES YES
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5contemplated wherein the active ingredient is bound to an ion exchange resin which, optionally, can be
coated with a diffusion barrier coating to modify the release properties of the resin or wherein the prodrug
of the present invention is associated with a sustained release polymer known in the art, such as
hydroxypropylmethylcellulose and the like. 10The prodrug may also be administered parenterally or
intraperitoneally dtds,especially advaptageoyg o formulatggmgrenteral oppypositions in dosage unit form

for ease of administration and uniformity of dosage. Dispersions can also be prepared in glycerol, liquid
polyethylene glye8RO%YLIPEG 100, PEY 286 5PEEE00, PEG 408 and e like, and mixtures thereof

and in oils. Under@tginaryeconditionsygisstorage angrgse tipsse ¥pyeparagions contain a preservative to
prevent the growth of microorganisms. The §harmaceutical forms suitable for injectable use include sterile

agueous solutior@f%ﬁ‘é‘?éd%ater solug@%r Eﬁerggﬁs axggter?@ﬁowﬁg% for the extemporaneous

preparation of stedfpdaiggtable solutigisor gispersigss. iy BR cages theyfosm is usually 20sterile and must
be fluid to the extent that syringability exists. It must be stable under the conditions of manufacture and

storage and usué@‘fﬁw[ﬁe preserv §gainst the contaminating action of microorganisms such as
bacteria and fungiaddigieairier can beygsolvent or gispersion medign containing, for example, water,
ethanol, polyol (for example, glycerol, propylene glycol, and one_or more liquid polyethylene glycol, e.g.
as 25disclosed HETRIIF N the like), stft3ble mixturéEnereof, antfregetable oils. The proper fluidity can
be maintained, feungxample, by the usggf a coatingygigch as lecithigs by the maintenance of the required
particle size in the case of dispersions and by the yse of surfactants. The prevention of the action of
microorgan]igms 8% & Brought abouf Fo§ various ahfiBacterial aﬁ{(}ggntifungal agents, for example,
parabens, chlorabiatanol, 30phenol, sorbic agil thimerosatEgnd the likeyig many cases, it will be
preferable to include isotonic agents, for exgmple, sugars or sodium chloride. Prolonged absorption of
the injectable cortfP8ERiENs can be brought t by the Sg%qn the con?ﬁ% itions of agents delaying
absorption, for erasppigpakninum npRestearate and gelatin. 5Sterile injectable solutions are prepared
by incorporating the prodrug in the required untin th ropriate ;c[% ent with various of the other
ingredients enu 8%‘5@66above, as rggﬁé ‘Zg#gwed by fi d sterilization. Generally, dispersions are
prepared bysincasperaiitgphenvariousyggrilized active ingredient into a sterile vehicle which contains the
basic dispersion ediL%m and the required % ingredie om those numerated above. In the case
of sterile powde e '§Bove solutions are éum dried eeze-dried, &s necessary. The prodrug can
also be applied thpicathtias e.g., throygR a F&sh using tegAgiques knovi3o one of ordinary skill in the
art. The prodrug can be administere%c\fg y 15preparing a suitabl #ﬁ rmulation of the prodrug of the
present inventio lé?ﬁi’%ﬁfﬂgfhg proce S ﬁ nown tot?f e skilled ir? %art. These formulations are
prepared with sukahleasiatintoxic phariEgeutieslly acceptatiis ingredien¥& S hese ingredients are known to
those skilleg.in the preparation of bu do forms. of these jpngredients can be found in
Remingtor?és% Phgrrl%%ég%ﬁlcal Sciencggl?“i 7th edition, 198?%.5620 standagﬁeference in the field. The
choice of suitabl€loaskeurmis highly défdenhdeviESpon the eXas nature ofYis buccal dosage form desired,
e.g., tablets, Ioz«m&i%? ﬁels, patches?ﬁg the like. All of these buccal dosage forms are contemplated to
be within the scope 0 6t e present invention and they are formulated in a conventional manner. 25 The
formulation of th& ghatmaceutical compositigiks may be pidp@red usingYd@siventional methods using one
or more physiologically and/or pharmaceuti a ta rriers or ipients. Thus, the compounds
and their pharmolagcfgtl%xc% ?/nég(l):actgptable Sa|t8%a#§ Sgﬁlﬁé esb#ne%%/abe formulated for administration by
inhalation @sinsi§tidtidrdesther through the mouth WE$e nose) oYBsal, buccal, parenteral, or rectal
3Oadministrationsl|1:1?arsg gzlhellgministration, the pharmaceutical co%gsitions may take the

Methylprednisolone YES

Medroxyprogesterone YES

Estramustine YES

30 Miglitol YES
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form of, for example, tablets or capsules prepared by conventional means with pharmaceutically
acceptable excipients such as binding agents (for example, pregelatinized maize starch,
polyvinylpyrrolidone, or hydroxypropylmethyl cellulose); fillers (for example, lactose, microcrystalline
cellulose or calcium hydrogen phosphate); 5 lubricants (for example, magnesium stearate, talc, or silica);
disintegrants (fongxasmpige Potato staygly or sodiunystarch glycolate); or wetting agents (for example,
sodium lauryl sulfate). The tablets may be coated by methods well known in the art. Liquid preparations
for oral administedR5i B ¢ake the form of, for exarhple, solutions, 10syrups, or suspensions, or they
may be presentgo,agzidry product forgonstitution with water or other suitable vehicles before use. Such
liquid preparations may be prepared by conventional means with pharmaceutically acceptable additives,
such as suspend@ﬁboéf&éarﬂs (for example, sorbitol syrup, msyrup, celldidse derivatives or hydrogenated
edible oils and fatsyagryelsifying agents (foreggmple, lecithiig or acaciay gn-aqueous 15vehicles (for
example, almond olil, gily esters, ethyl alcohgl or fractionated vegetable_gils); and preservatives (for
example, methyIF(?Pﬁ@(]?ﬁ%ep-hydroxybenzoa‘gsgor sorbic a@g’) The preggtsottions may also contain buffer
salts, flavoring, agl@kipenand sweetening agaris asyapprogiEse. repargtigns for oral administration may
be suitably formulated to give controlled release of the active prodrug. 20 The prodrug of the present
invention may bRBRRTATAEd for parenteral administrtion by injection, for example, by bolus injection or
continuous infusigghsbprapsil@tions for injection mayytgs presented in unit dosage form, for example, in
ampoules, or in multi-dose containers, with an added preservative. The compositions may take such
forms as 2%8us W(’éolutions or grlﬁﬁlsions in oily or aqueous vehicles, and may contain formulatory
agents such as susgending, stabilizing and/or dispersing agentsyfkernatively, the prodrug may be in the
powder form for constitution with a suitable yehicle, for example, sterile_pyrogen-free water, before use.
The prodrugs ofﬁ‘?é%?é%t invention may ai56 be formulgge%) in rectal positions such as
suppositories or sataftipmenemas, for example, conisning conventional suppository bases such as
cocoa butter or (illherrgl cerides. 5In addition to th mulations described previously, the prodrug of the
present invention A éﬁ% be formulated as a dep éreparation. Such long acting formulations may be
administered by Hoplamrtation (for example, subcutare®usly or intramuscularly) or by intramuscular
injection. Thus, for example, the prodrugs n#a%ébe formul (%With suit polymeric or hydrophobic
materials (for ex [&! as an emulsion in a acceptab%%") orione %nge resins, or as sparingly
soluble derivativesnfesaeample, as a sparingissoluble ssftEThe pharntéesutical compositions containing
the prodrugs of the present invention , if desired, be presented in a pack or dispenser device which
may contain one 3 HOrE 15 unit dosﬁgorms containing the active ingredients. The pack may for
example comprigandialgr plastic folIssich as blister pack. The pack or dispenser device may be
accompani @ byérﬂstrgctio s for administratg?g In tablet f?%% itis desi%ée to include a lubricant which
facilitates t pr008 08 manufacturing the gosage units; Tubricants may also optimize erosion rate and
drug flux. If a lubfiegmioiegcasBnt, it WiEISe prasent on theYBder of 0.01YiES% to about 2 wt. %, preferably
about 0.01 wt. %Ito 0f5 wt, %, of the Q.%gage unit. Suitable lubricants include, but are not limited to,
magnesium steargfleo, &Altium stearate, Stearic acid, sodium stearylfumarate, talc, hydrogenated

vegetable oils aridnpplyethiydene glycol. As wilESe YES YES

Fulvestrant YES

25  Cefditoren YES YES YES
Efavirenz YES
Eplerenone YES YES YES
Treprostinil YES YES YES YES
Adefovir YES

30
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25appreciated by those skilled in the art, however, modulating the particle size of the components in the
dosage unit and/or the density of the unit can provide a similar effect-- i.e., improved manufacturability
and optimization of erosion rate and drug flux--without addition of a lubricant. Other components may
also optionally be incorporated into the dosage unit. Such additional optional components include, for

example, one orpersslsites A isesiinanisnbing s aRO antR o fhadikes Fa@mplas gt disintegrants
that may be used include, but are not limited to, crosslinked_polyvinylpyrrolidones, such as crospovidone

5(e.g., Polyplasd¥iE) XiewHrranaRlen Sumingd wass vsmiesy WRre s ApreRtdligyRtuloses,

such as croscanmiglosg i dindve:irsai) oMehith 1R, PerRbéaIbRY fhanhfal ke uaiigagisseand sodium
carboxymethyl starches (e.g., Explotab ?‘}tWhiCh may be obtained from Edward Medell Co., Inc.), agar

bentonite and algMERSeH Ay B ehabitedrrdlblensai L Jebrsis R meatndh PR AR Bttical

formulationss pre path dQUSNg LUMABESIPBIBCHRIGUEE @ Braidiaalpiimbesphale ditydsste (e.9.,
Di-Tab(r), which may be obtained from Stauffer), sugars that have been processed by crystallization with

dextrin (e.g., co-ERARIIAEE & Mo Ay AEhRIdRn S drrPE e 5ot Ulfpes BhiinBEHERS- Amstar),

calcium phosphaige g0 sankasineneRiehsaditie dalesideatiymsialeh, powdered sugar and the like.
Binders, if used, are those that 15enhance adhesion. Examples of such binders include, but are not

limited to, starch, gelatin and sugars such as sucrose, dextrose, molasses, and lactose. Permeation

enhancers may alsende-pkeBRAtin, tieone el siepagatuiitspiR Ridehtenncresseriie dateairodieh the active
agents pass through the puccal mucosa. Examﬁles of permeation enhancers include, but aire not limited

to, dimethylSulfoXiBe PHINRSRICS HnTEIRPISE b it CHMEPP NNHAR AL ST PlEsthL),

decylmethylsulfoxid ®1€8iaNS R0 Hatyigihy ans aly oat Bianalaisiaiex“REGMLH),) glyeerahmeonelaurate,

lecithin, the 1-supstituted azacycloheptan-2-ones, particularly 1-ndodecylcyclazacycloheptan-2-one
(avalable under S RIS STTIE SRS P ERCE. mvine. Gl

lower alkanols (e.g., ethanol), 25 SEPA(r) (available from Macrochem Co., Lexington, Mass.), cholic acid,
taurocholic acid, Rile salt type enhancers, and surfactants such as Tergitol(r), .Nonoxyno1-9(r) and
TWEEN 800, TH SOOI 8 BBy THCRBGE PARYANS e S R BHRons. Any
30suitable favorégmpies g tisatiug ¢niasaialHegioss, saiarificiel yesicnass suahas ddidaspartame.
Coloring agents may he added, although again, such agents are not required. Ex les, of coloring
agents include a1y 57 LR AT A BICHESRIC SR R Aae Bh e csBmid BO el REFEL ANy Iakes.
5In addition, if dasiteschltikipresentdosageidnits s be Horeiw lakgd witipaima@innore gheésarvatives or
bacteriostatic agents, e

% me&%]tnygroxi enzoate, pro%]l iwxdrox benioate,. chlorgcresol,
benzallconium cAIBRdES B e ivE N ARS RO RIAUP S AP it e 5L VAR B Ffier” includes any
and all solvents, ék@disperisioonditien. coattoghl antibactetiah andoadtitiyal agantsciretonit ani,
absorption ég?elayin agents for pharmaceuti aLIactive substances well.known in the art. Except insofar as
2y converonal AT S GO WA R ML AroUruge LI Lo 8 B dbour
compositions is edntenrplaiecasSigppldaehéatinalodive ingiedientsasam alambeiogptheraisdthietotiee
compositions. 15amino acid may be reacted with the drug under amide forming conditions to form an
amide as the covalent bond. Or if the drug has a carboxy group or acylating derivative
thereon, it may be reacted with the amino group of the amino acid to form an amide
25  under amide forming conditions to form an amide bond between the amino acid and the
drug. Additionally if the drug has a carboxy group therein, the hydroxy group of the
side chain of the amino acid may be reacted with the carboxy group or acylating
derivative, therein under esterification conditions to form the ester linkage between the

amino acid and the drug, as described hereinabove.

30
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Dosage unit form as used herein refers to physically discrete units suited as unitary dosages for the
subjects to be treated; each unit containing a predetermined quantity of prodrug calculated to produce the
desired therapeutic effect in association with the required pharmaceutical carrier. 20 The prodrug is
compounded for convenient and effective administration in effective amounts with a suitable

pharmaceuticallyageepialieGariey ANARsP@e b Jaiithas Recanbehate teserbiesh Aot sasage, for

example, contains the principal active compound in amounts ranging from about 10 mg e.g..in humans, or

as low as 1 mg (F5P'9SEMEN ARFIERING HBERLESONE Hghf PlacelThBerRBALIHN YR ATALHOR  of the
prodrug preferakbyeraeesi o Byt medmetanahey b2 pRhivaiml oo dpe wase.aicompeaitians

containing supplementary active ingredients the dosages are determined by reference to the usual dose

and manner of aBrSHREFRILIOPASE afHIRy rddRiAt Y mGHIBAR Osttlic hid¥atiederd Yodrugs
are preferaly inthe:helcrinunwitidpgagem0 fosm resent st AmeHN¢anainshier Bheeteldte. about 50
mg. The prodrugs of the present invention are effective in treating disease or conditions in which the
corresponding drug (without the amino acid prodrug of the present invention) normally are used. 5 As

used herein the tesextieplgl 1efes dadevarsiogbalontabng sy ifmbitingithenrmgressxahspiisease,
disorder or condition, or one or more symptoms of such disease, disorder or condition, to which such term

applies. As used®iR¥EIR 2L ARH GRS GRS &rS s 4 Ut FBe ARG tREP BRSNS h ARFSA &8 1bt the
occurrence of a dispagey eigarasoictQORCIlORidR ahaamrasicatpakdiiolapianteaegreapirol
population, gr as compared to the same mampmal prior to treatment. For example, as used herein,
"treating” M3y ref&f {5 SHEFEntieg 3%%%1838’5ﬂi%ﬁé’r%‘?”&%ﬁﬁf%ﬁ, ayrln‘aa?eﬁ‘?cﬂﬁyj SLF5/ing or preventing
the onset of a disrsepiklinprdespylcandlion: Qldelaying-eiRIeventing hexsytapiamd assogiated with a
disease, disorder or condition, As used herein, "treating” 15may also refer to reducing the severity of a
disease. disordePoPOSFHiLHEF Qﬁﬁﬁ%&%ﬂﬁggdﬁﬁf&%ﬁwwgﬁt SR GUES 5%88’H&ﬁi8ﬂeprior to a
mammal's afflictisfovdihatiysdiseasge: sisorder or condition. Such prevention or reduction of the severity of
a disease, disorder or condition prior to affliction relates to the administration of the composition of the
present invention, as described herein, to a subject that is not at the 20time of administration afflicted with
the diseasea sdisardaiiiab eofiditiam Msitsed heigin iitneatingdorayialstorefeiip llseaAtNGidmiagurrence of
a disease, disorder or condition or of one or more symptoms associated with such disease, disorder or
condition The (eSSBS O e G AR GHGAN, S TSLPRGRETA AP R OF B, os
"treating" is defirfetlextagde 25rdsnised herelikthederad patienifoarmsubiject esfetsitatmarm blooded
animal, and preferang m?}mmalg, uch as, for .exam;tale,. cats %(%%zl h%@%% cgfws, igs, mice, rats and
primates, includifg AUMAEY THE (rerai R B RIASL FREpP IR eSS encion
exhibit the sameSuiitityl asoihgreeuwsp erdipg fdrubeviydasitythe cnohzinagiclis kag ée i produbgaexhibits an
enhanced therapeutic quality. That is, the hibit at least one and more preferably at least fwo enhanced
therapeic fualt e FLRIVE L AR on R raLhat Bt sTfeat 5 A-SIBhP P ile spresent
invention prior tchadrogristilabeide TWwate iheluolaybethare niobdineiiad ¢d hy hneptowadwasie, smell b. Desired
octanol/water patrtiHon coeqjcienh(i.§.,ts ubilit irt\. water/fat)fThehvarigus. mina acids have different
solubility in aque(r:)lué1 olttions” y se ed |negp & ‘%fplélr%i%ﬂ‘r&P%rﬁf a8 ,Ctﬁleeo% ahoF WY 3r063r ftion
coefficient can betlaffeciedbéay, including benzyl or t-butyl ether or 2,6-dichlorobenzyl, 2-

bromobenzyloxycarbonyl, 2,4-dintrophenyl and the like.

25
Moreover, the products can be purified to be made substantially pure by techniques
known to one of ordinary skill in the art, such as by chromatography, e.g., HPLC,
crystallization and the like. By substantially “pure” it is meant that the product contains
no more than about 10% impurity therein.

30
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example, many drugs in the following list are highly hydrophobic. The amino acids are highly hydrophilic.
For example, assume propofol is the drug and lysine is the amino acid. Propofol is completely insoluble in
water, while lysine is soluble to the extent of 700 mg/ml. When these two diverse molecules are esterified
via an ester bond, the 15resulting lysine ester of propfol has a solubility in water in excess of 250 mg/ml.

On the other hanehCparnAlye sedbemiriOiaypnaiahcAublechapaldacticalawppagiriids Aobabsorbed
when administered orally. By affecting its water solubility one could improve absorption. In this case, one

would look for calEfRHSUHpbereRiaps sl auBMIEAue?! Aceci!fssR) @l wear SN MBiity. By

choosing apporafigateoioaryvatan,sakib i MO REItrSHICAAS s DeRAIR, R AGHIGVE Proper
hydrophilic/lipophilic balance. c. Impraoved stability in-vitro and in-vivo d. Enhanced penetration of

blood-brain barriRPBRCRHHRM AG6TPEOHT Sapis AibeRiomily hut depebhy giremarstisoied in liver and

therefore mgre dipgprapystadisieylation fefRadicianehantesachanatimregisrulatiane(this improves
bio-availability) g. Painless injections with parenteral formulations h. Improved bio-availability 30i.
Improved changes in the rate of absorption (increase vs lack thereof) j. Reduced side effects k. Dose

proportionality ATiesgrpaapartionadidyicidieprequirafthad Wherdhedhdgeadininiggeedyp escalating
5doses, proportionally escalating amounts of active drug is delivered into the blood stream. This is
measured by def8fAlfig the area under the plasma concentration vs. time curve obtained after
administering a drug via any route other than IV route and measuring the same in plasma/blood. A simple

mathematical procedure js as follows: For example, a drug is administered at e.g,, 3 different. doses, 10,
100 and 100b mg;"$ BB3if4B ‘é{lﬂél?é?ﬁf’fﬂs GedONRr HE BFé’g?‘i’fﬁSc s w&&%@k’ﬂbq is

measured. Thenveiache eialALIGHE divided by the dageirmdihefeduisbeubbedd espaedorall three
more of the pharHROKLARIHAr A UIBUTEAN e il 7 S EAUTS R A eTRg Abrpton,
metabolism or thadumiebaf feCePiesd to the patient under treatment and the age of the patient, the
severity of the condition being treated and the like and the identify of the prodrug
15  administered. He will generally wish to initiate treatment with small dosages
substantially less than the optimum dose of the compound and increase the dosage by
small increments until the optimum effect under the circumstances is reached. It will
generally be found that when the composition is administered orally, larger quantities of
the active agent will be required to produce the same effect as a smaller quantity given
20  parenterally. The compounds are useful in the same manner as the corresponding drug
in the non-prolong form and the dosage level is of the same order of magnitude as is
generally employed with these other therapeutic agents. When given parenterally, the
compounds are administered generally in dosages of, for example, about 0.001 to about
10,000 mg/kg/day, also depending upon the host and the severity of the condition being

25  treated and the compound utilized.

In a preferred embodiment, the compounds utilized are orally administered in amounts
ranging from about 0.01 mg to about 1000 mg per kilogram of body weight per day,
depending upon the particular mammalian host or the disease to be treated, more

30  preferably from about 0.1 to about 500 mg/kg body weight per day. This dosage
17



15sites available for pharmacological response. For example in the above study, assume the AUC values
of 100, 1000 and 10,000 are obtained, in this case the dose proportionality is inappropriate. When there is
lack of dose proportionality, there is either more or less amount of drug in the plasma, 20depending upon

which mechanism is saturable. The following are the possibilities: Saturable Absorption. If this is the case,

as the dose is inggAsarmRIORORINANY ISSBapRhiasRREShRHive iBeaknarns dnenss Ay REgIoAkC will
decrease as the dose is increased. Saturable metabolism of elimination. If thus is the case, then more

and more of the BPH§2EWF 06 rabttidsdrasessrodartmmdsigise diymebstositiandeasing dose.

Saturable pharmgaeplagisliiecemicsSitesaditibia 6aske sineenalbths tREaRIRSIIas Willgvantually be
occupied by the drug, any additional drug will not increase the response. Thus, increasing dose will not

result in increasing response. 30 Dose proportionality is an excellent response profile, since one can

predict accusatelybersbarmnaspgicahissRBSMmany condtiMRRAVERE, ahelosesy bams dose
proportionality is a desirable quality for any drug. Furthermore, achievement of dose proportionality is also

dependent upon BB YSRH N aRH TSGHEE AL SHOG RS AUS CRYSS 1. Selective hydrolysis of the prodrug at

site of action m. Controlled release properties n. Targeted drug delivery 0. Reduction in toxicity, hence,
improved therapeutic ratio 10p. Reduced dose g. Alteration of metabolic pathway to deliver more drug at

the site of action TIritASAUR a8y BB AT Y ditdisrshidabrramelh it anefTa S LY UaABUs dosage

forms available withrainatle egislPeardengs: anddney aielssapal edri oo shtivraldmethpdsies Qial liquid
dosage (Controlled release and immediate release liquids Qontainin%%suﬂgar and sugar Eree, ye and dye

free, alcohdPand'dRBhRT FBREHIABEHEOIELAAG M e RaBE tRBIAISY SBRESRIYSITRY ©®ntrolled
release and imm@diatEoieleasadaplaitc capstlestidd, aaplpisdniganensesndojpetiaes waath ready to use

and lyophilized pe?(chi?)?gﬁzs and used in the form of ingestible tablets, buccal tablets, troches, capsules,

elixirs, suspensions, syrups, wafers, and the like. Such compositions and preparations
should contain at least 1% of the prodrug. The percentage of the compositions and

15  preparations may, of course, be varied and may conveniently be between about 5 to
about 80% of the weight of the unit. The amount of the prodrug used in such therapeutic
compositions is such that a suitable dosage will be obtained. Preferred compositions or
preparations according to the present invention contain between about 200 mg and about
4000 mg of prodrug. The tablets, troches, pills, capsules and the like may also contain

20  the following: A binder such as gum tragacanth, acacia, corn starch or gelatin; excipients
such as dicalcium phosphate; a disintegrating agent such as corn starch, potato starch,
alginic acid and the like; a lubricant such as magnesium stearate; and a sweetening agent
such as sucrose, lactose or saccharin may be added or a flavoring agent such as
peppermint, oil of wintergreen, or cherry flavoring. When the dosage unit form is a

25  capsule, it may contain, in addition to materials of the above type, a liquid carrier.

Various other materials may be present as coatings or otherwise modify the physical
form of the dosage unit. For instance, tablets, pills, or capsules may be coated with
shellac, sugar or both. A syrup or elixir may contain the active compound, sucrose as a

30 sweetening agent, methyl and propylparabens as preservatives, a dye and flavoring such

18



iv. Intramuscular (Injections, both ready to use and lyophilized powders) v. Subcutaneous (Injections, both
ready to use and lyophilized powders) 25vi.Transdermal (Mainly patches) vii. Nasal (Sprays, formulations
for nebulizer treatments) viii. Topical (Creams, ointments) ix. Rectal (Creams, ointments and
suppositories) x. Vaginal (Creams, ointments and pessaries) 30xi.Ocular (Drops and ointments)

xii.Buccal (Chewahigardonowmshenakle ioblesiriany, dhiasidisaeasaphromeing aapeeialbeindie table

hereinbelow are characteristically highly hydrophobic and readily precipitate in the presence of even very

minor amounts 8RNI be RIERAehiGHTY BHESSEdys (RSN EURM ACR TR HSIN IR AReB Eingly extremely
difficult to providengythy@ralifPsnuHrsioseubick abtnpeaataRledo e patiast imdssnsaidernand taste,

which are stable on storage and which can be administered on a regular basis to provide suitable and

controlling patieM e EBIJSETULLHGEN FRTSIRMBISs SBSFinest Gla st LB 8f% number of

drugs shown hergjptémihartabinbauethe Riofeia g hasedupidnmasily on dienise: et athanpiand oils or
similar excipient as carrier media. Thus, the commercially available drink-solutions of a number of drugs

employ ethanol RHYIRIE oiPBPESAE 1L AL IS BRSO URE R M RHIEY JBR B e S REMRE EEMnprising

e.g., ethanol anchiABRIFH-o2Rehd gtV PRI eXGIPIRObAS SATIREAIOE 2. fe6@xeMplRh theusemeercially
available Cyclosporin drink solution employs ethanol and olive oil or corn oil as carrier medjum in

conjunctions witfFeX EePelNRY Xonm tidht Bbsushyashereymiopxie e sssbdosa3ed Breli&drink

solution and similar composition as proposed in the art is however accompanied by a variety of

difficulties. 20 Further, the palatability of the known oil based system has proved problematic. The taste of
the known b‘?ink.EBﬁRra)ﬂfa}Ega%Pslfﬁﬁ?g%dfgmﬁtﬁgﬁ%@&fgﬁtﬂﬁm@aggﬁf?wa%m whHSA YRS S priate

flavored drink, fardexamgeushoasiaid Asipkrprepar atiopoatiughifilvieseimmediately prier o ingestion has

generally been practiced in order to 25make regular therapy at all acceptable. Adoption of oil-hased
systems has als8 S RARddB ﬂfﬁﬂtgﬁiﬁ‘&a&n&‘ﬁ%ﬁw méﬁ?gbﬂ‘fﬁﬁffﬁ Ehity'tilGesirable, in

particular where laglimirpstyationeiee ghileen) ésforexee 0] PBGAIHONPEAROIANBG ailthevedhBatke.g., from
capsules (adopted jn large part, to meet problems of palatability, as discussed or other forms (e.g., when
openec)) resuts P RMLTSIHERES Ay LIRS HAGLOSSG, BB HbNE ol hosented i
for example; sofpgelatini encapsuiategrigematthisipariculatiifficuih ngceissilatempackaging of the
encapsulated product in an airtight component, for example, an air-tight blister or aluminum-foil blister

package. This in turn renders the product both bulky and more expensive to produce. The storage
characteristics offtiiepatenesaistitainiciaticns e, fir addiias e fasefiaouidieatrile aqueous solutions

(where water soluble) or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersions. In all cases the form is usually
20  sterile and must be fluid to the extent that syringability exists. It must be stable under
the conditions of manufacture and storage and usually must be preserved against the
contaminating action of microorganisms such as bacteria and fungi. The carrier can be a
solvent or dispersion medium containing, for example, water, ethanol, polyol (for
example, glycerol, propylene glycol, and one or more liquid polyethylene glycol, e.g. as
25  disclosed herein and the like), suitable mixtures thereof, and vegetable oils. The proper
fluidity can be maintained, for example, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of dispersions and by the use of
surfactants. The prevention of the action of microorganisms can be brought about by
various antibacterial and antifungal agents, for example, parabens, chlorobutanol,

30  phenol, sorbic acid, thimerosal, and the like. In many cases, it will be preferable to
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5 Bioavailability levels achieved using existing oral dosage system for a number of drugs described herein
are also low and exhibit wide variation between individuals, individual patient types and even for single
individuals at different times during the course of therapy. Reports in the literature indicates that currently
available therapy employing 10the commercially available drug drink solution provides an average

absolute bioavailabitity: ¥RemEOxdeIEH O AAMONM Wi toaiMARURS R IatRLRsEYasLIpdidual
groups, e.g., between liver (relatively low bioavailability) and bone-marrow (relatively high bioavailability)

transplant recipi@htbeRYBTARY Camagshif braaRaRisHar by Sbpseinihs cpRRes She or a few

percent for some gatieatsayindARSHUGH as 3R PleMMich fan Athryso Antasalieatitinoted, marked
change in bioavailability for individuals with time is frequently observed. Thus, there is a need for a more

uniform and high bioavailability of a number drugs shown herein in patients. Use of such dosage forms is

also characterizerdpyeaxiemply abiationdAkepiebetpatient 29dasing Hopashiey enaffectyeitherapy, drug
blood or blood serum levels have to be maintained within a sgecified range. This required range can in

turn, vary, deperitRyBAnHRe SRRTCARA e SRR BliNG iRttt gherirdedienty Sy Stevent one or

more pharmacolggical actiepsred Fsneciciragasd whan aieinaive theyagypssivwlayegrepaeamitantly
with principal therapy. Because of the wide variations in bioavailability 25levels achieved with

conventional dod3g@9BmEtREIhadeLgus Herdticy! /5 UXhIDGErAgifR BISsH SeremrievdIEWil also vary
considerably frogvingividualgindivigduabanckauen iad ahsingleivdivieiah dreditiis feasandtenay be
necessary to monitor blood/blood-serum Iev%/IéTof patients receiving drug therapy at regular and frequent

intervals. MOnitof YT BrsbihBISo B i fe Vet e HES ARSI Sa AR APSUE SRIAH T BALn Hhdis

inevitably time constedingiaat Rer¥sAENt and adds substantially to the overall cost of therapy. It is also
the case that blood/blood serum levels of a number of drugs described herein 5 achieved using available
dosage systems exhibit extreme variation between peak and trough levels. That is for each patient,

effective drug levials padine blechiaryevipisiy betpiean asineinistiatiogs opincividing Woissgass There is also
a need for providing a number fgru s described herejn, especiall tge 10beta-lactum anﬂg tics,
Cyclosporin, cepHsId&ISMYE %tioé’F f&%%ﬂfﬁ!ff&ﬁ%ea%ﬁrtﬁ?ﬁég‘gﬁa%% SO MRt ;‘f&?ﬁ?} ¥ form for
injection. Itlis weprkpamwg thatiGhataphoraib(r b{@iebyaidsed of ¢rpeadciarnuationsuad adiznger of drugs
described hereinbelow is a oxyethylated deriyative of castgr oil and is a toxic vehicle. There have
peon & number SPEIL AR IS o o Reitr DTS BRI BICRSRTFRIE 160
formulation that wntalsl o tnda yiafrthasadenigs docbprabladuaediselulibssatitideedancentsations needed
due to poor water solubiligsof tr)%!’fr#g. Eeyond aII.thesF vercy egidentpractic I diffi\c;uhties lies the
occurrence of unteiRBId G SFAHES oS I PAERA A RTHRS Bb Lt SHBoy iy &dll&Hie oral dosage
forms. 20 Severahgrapassisiobnéaithes®variauspsdtiemsdave Hdseivsuggesteedinshe @8 5including

both solid and liguid pral dosage forms. overriding difficulty which has.howeyer. remajned is the
oot e s e ST e B e e e e S
preventing the uge: ekacdasage dorhe Wiichl dosage form desired, e.g., tablets, lozenges, gels, patches

and the like. All of these buccal dosage forms are contemplated to be within the scope

of the present invention and they are formulated in a conventional manner.

25  The formulation of the pharmaceutical compositions may be prepared using
conventional methods using one or more physiologically and/or pharmaceutically
acceptable carriers or excipients. Thus, the compounds and their pharmaceutically
acceptable salts and solvates may be formulated for administration by inhalation or
insufflation (either through the mouth or the nose) or oral, buccal, parenteral, or rectal

30  administration. For oral administration, the pharmaceutical compositions may take the

20



25can contain the drugs in sufficiently high concentration to permit convenient use and yet meet the
required criteria in terms of bioavailability, e.g. enabling effective absorption from the stomach or gut
lumen and achievement of consistent and appropriately high blood/blood-serum levels. The particular
difficulties encountered in relation to oral dosing with these drugs have inevitably led to restrictions in the

use of specific drgenihgrapyelamipe: tigplenent QlpeiRtRbpless SeYsieQisntanesiing disease conditions.
For example, taking Cyclosporin as a test drug, a particular area of difficulty in this respect has been the

5adoption of CydBEBuHTHHER My saeatle sxTiRifnSt ststbrnRbfe SRS SUfE HIRE-conditions affecting
the skin, for examRle-faiihedreatmRemohatepiciHormadiRiIand ssriasieyprshamale widelyseioposed in

the art, for hair growth stimulation, e.g. in the treatment of alopecia due to ageing or disease. 10Thus

while oral CyclodHi#in $E PR s BGtRe i eneyditine cldas e cprumbidias e RtRbtients

suffering e.g fromupRAMASIfortBRFiFH Ohsidackeantionfallowing araliherapyhas mevented capnunon use.
Various proposals have been made in the art for apPIication of Cyclosporins, e.g. Cyclgsporin, in topical

form and a numtPLBP ek FeiRERPss e e YeRld He oh Heriogheg Nkt Eh e RPIspiediUp i on have

however 15faileddg4Epvitie amy-eemensirabiicefsativertiisrapy. kloweyeththatpresent invention
overcomes the problems described hereinabove. More specifically, the prodrug of the present invention

significantly enhances its solubility in aqueous solutions relative to the non-prodrug form of the
pharmaceutical, thgiebyrePavaisingotheneaehiai thiigenantar fidle Suchoas eihanRekantgastesliatioien

administered as a solution. Moreover, the prodru%s of these drugs, in ac ordfance with the present
[ ’[Pr“ﬂcl"?

invention, d8 not SHRBICIY AR IS B hBBYiBF BFETOMRTIRNOAS PIRTHS I KL HERHIOUNE that when

many of the drugsairtbe dalleshirisivhelawds mdorinistersddn itguaaasepaiaisndmagay gaseeedivhy the
present invention, there is enhanced. qral 25absorptiqn, there%gr%grancing sigg;ficant%ri?%bioavailability

and its efficacy. THY BRERIER LY TR RGaH SRR OACGR THECACRYS He YO Wrodrugs are
listed hereinbeloygéathedodomini:iableiand fhe besafitsipyuoe laresasidistad vestbepenodidmata column of

the table. In the tﬁ'?lT’ tr‘]f Iﬁ%%s aﬁ follows:.30a) Igmﬁré)ved taStT smell . bg Desired Octanol/water
partition coeficiht Qe LoilI h SVAHL F  ARrBUL SR i 6L RSO o AUt SHon of
blood-brain barrighicles (fo) EXiapipaijamesdirsipaty eftes!, itlien&ihf eddetion ofentemhsatic
recirculation g) Pajnless injections with parenteral formulations h) Improved pioavailability i) Increased
g)- ﬂ(’ﬁ& and ereservatslves Qfgr examp?e, met yllaor propyl p—gy(c)iroxygenzoates or s)()l%fc
rate of absorptio
acid). The preparations may also contain buffer salts, flavoring, coloring and sweetening
agents as appropriate. Preparations for oral administration may be suitably formulated to
give controlled release of the active prodrug.
20
The prodrug of the present invention may be formulated for parenteral administration by
injection, for example, by bolus injection or continuous infusion. Formulations for
injection may be presented in unit dosage form, for example, in ampoules, or in multi-
dose containers, with an added preservative. The compositions may take such forms as
25  suspension, solutions or emulsions in oily or aqueous vehicles, and may contain
formulatory agents such as suspending, stabilizing and/or dispersing agents.
Alternatively, the prodrug may be in the powder form for constitution with a suitable

vehicle, for example, sterile pyrogen-free water, before use.
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J) Reduced side effects 10k) Dose proportionability 1) Selective hydrolysis of the prodrug at site of actions
m) Controlled release properties n) Targeted drug delivery 0) Reduction in toxicity, hence improved
therapeutic ratio 15p) Reduced dose q) Alteration of metabolic pathway to deliver more drug at site of
action. Moreover, the table indicates the utility of the prodrug. The utility of the prodrug is the same as the

corresponding drgig (iRt B pRAcaeiH vERIRY AtacNeMe Thienuliwlyig i desshipadiibibe literature

such as the Physicians Desk Reference, 2004 edition, the contenets of which are incorporated by

reference. AminB'%titi BHIARUIHYIG ALIMEAENE BRARAAGE Bt E HUEBEEARYENRIE Preferred Dose
Range Amino AgigispiiiabepBaiesraadiad withatberdiug taHearg)fhaigigr/amide/azo/anhydri de prodrugs

Preferred Amino Acids Most Preferred Amino Acids Improvem ents with prodrugs utility immuno Utility

5 In addition to the formulations described previously, the prodrug of the present invention
may also be formulated as a depot preparation. Such long acting formulations may be
administered by implantation (for example, subcutaneously or intramuscularly) or by
intramuscular injection. Thus, for example, the prodrugs may be formulated with
suitable polymeric or hydrophobic materials (for example, as an emulsion in an

10 acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, for example,

as a sparingly soluble salt.

The pharmaceutical compositions containing the prodrugs of the present invention may,
if desired, be presented in a pack or dispenser device which may contain one or more

15  unit dosage forms containing the active ingredients. The pack may for example
comprise metal or plastic foil, such as blister pack. The pack or dispenser device may be

accompanied by instructions for administration.

In tablet form, it is desirable to include a lubricant which facilitates the process of

20  manufacturing the dosage units; lubricants may also optimize erosion rate and drug flux.
If a lubricant is present, it will be present on the order of 0.01 wt. % to about 2 wt. %,
preferably about 0.01 wt. % to 0.5 wt, %, of the dosage unit. Suitable lubricants include,
but are not limited to, magnesium stearate, calcium stearate, stearic acid, sodium
stearylfumarate, talc, hydrogenated vegetable oils and polyethylene glycol. As will be

25  appreciated by those skilled in the art, however, modulating the particle size of the
components in the dosage unit and/or the density of the unit can provide a similar
effect-- i.e., improved manufacturability and optimization of erosion rate and drug flux--

without addition of a lubricant.
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Cyclosporin Preferred Forms Oral Tab/Cap Oral Liquid P1 Injections All doses expressed as drug base
Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ort, Cav,
Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar or dipeptide of combination of any two amino
acids especially AA-Gly, where Gly is a spacer attached to cyclosporin and AA is the above-cited amino

acids. Lys, Leu, tgn&s bortisondaty Mg hiddapvidhdn§ondiseotybrdba. i@ iRNRs 160 v, SR, Cys and Ser,

Hyp, Sar or dipeptides of combination of any two amino acids especially AA-Gly, where Gly is a spacer

attached to cycldIFiraRPAAY R BRRRAE dudnify SEdePleyeners IROESIGISRE SiRstides of Lys- Gly,

Pro- Gly, Gly- Glyil@itf, Birdels, tnBarieés PR BB MMaxisohgyBarn f eiskiiessaatg tkidngy vivgeand heart
allogenic transplants, treatment of rheumatoid arthritis and psoriosis 5-1000 mg 1-25 mg/ml 10-250 mg

per 5 ml 20-250 I 1% PGNP T TG 5EP 5 HK &5 PO HY RY RN SOV T OSPLARMEvir
Preferred Farms@sal Fabjfaaiotia Xigwichith daseseatnasseaan dAp)bassliskéetartex @y, Asp, Glu,
Met, Ala, Val, Pr?n’eldhi}sffclﬁ{flossgg’, SI\IIJ%{I a'?érgch’ol:s)ct]aen’rr-ll;:rle)’sc|e_| ?épé.l,_lg[:’—c(i:i—asrélgft\’vhich may be obtained from
FMC), alginic acid, and sodium carboxymethyl starches (e.g., Explotab®, which may be
obtained from Edward Medell Co., Inc.), agar bentonite and alginic acid. Suitable
diluents are those which are generally useful in pharmaceutical formulations prepared
10 using compression techniques, e.g., dicalcium phosphate dihydrate (e.g., Di-Tab®,
which may be obtained from Stauffer), sugars that have been processed by
crystallization with dextrin (e.g., co-crystallized sucrose and dextrin such as Di-Pak®,
which may be obtained from Amstar), calcium phosphate, cellulose, kaolin, mannitol,
sodium chloride, dry starch, powdered sugar and the like. Binders, if used, are those that
15  enhance adhesion. Examples of such binders include, but are not limited to, starch,
gelatin and sugars such as sucrose, dextrose, molasses, and lactose. Permeation
enhancers may also be present in the novel dosage units in order to increase the rate at
which the active agents pass through the buccal mucosa. Examples of permeation
enhancers include, but are not limited to, dimethylsulfoxide ("DMSO"), dimethyl
20  formamide ("DMF"), N,N-dimethylacetamide ("DMA"), decylmethylsulfoxide
("C1oMSQ"), polyethylene glycol monolaurate ("PEGML"), glycerol monolaurate,
lecithin, the 1-substituted azacycloheptan-2-ones, particularly 1-n-
dodecylcyclazacycloheptan-2-one (available under the trademark Azone.RTM. from
Nelson Research & Development Co., Irvine, Calif.), lower alkanols (e.g., ethanol),
25  SEPA® (available from Macrochem Co., Lexington, Mass.), cholic acid, taurocholic
acid, bile salt type enhancers, and surfactants such as Tergitol®, Nonoxynol-9® and

TWEEN-80®.

Flavorings may be optionally included in the various pharmaceutical formulations. Any

30  suitable flavoring may be used, e.g., mannitol, lactose or artificial sweeteners such as
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Cav, Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val,
Pro, His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Lys, Pro, Gly, & Ala b, h, j, k, and o
treatment of HIV infections, e.g., AIDS 0.1-1g m 0.1-1 gm/5 ml 200-800 mg 0.2-0.8 g/5 ml 400-500

mg 400 mg/5m1l

Cefdinir Preferred Forms Oral Tab/Cap Oral Liquid P1 Infusions All doses expressed

as drug base Lygspfthile, @horieiidehs Mafphladdéal, a‘ﬁ%ugiﬁagam SR Nentéd\ige Rh@ediinellyp, Hsr,
Car, Ott, Cav, Asn, GIn, Can, Tau, Djk, GABA, Cys, Dc%(tThr and S

10

15

20

25

30

Examples of coloring agents includé any of the water soluble FD&C dyes, mixtures of

the same, or their corresponding lakes.

In addition, if desired, the present dosage units may be formulated with one or more
preservatives or bacteriostatic agents, e.g., methyl hydroxybenzoate, propyl

hydroxybenzoate, chlorocresol, benzalkonium chloride, or the like.

As used herein, "pharmaceutically acceptable carrier" includes any and all solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents for pharmaceutical active substances well known in the art. Except
insofar as any conventional media or agent is incompatible with the prodrug, their use in
the therapeutic compositions is contemplated. Supplementary active ingredients can also

be incorporated into the compositions.

Dosage unit form as used herein refers to physically discrete units suited as unitary
dosages for the subjects to be treated; each unit containing a predetermined quantity of
prodrug calculated to produce the desired therapeutic effect in association with the

required pharmaceutical carrier.

The prodrug is compounded for convenient and effective administration in effective
amounts with a suitable pharmaceutically acceptable carrier in dosage unit form as
hereinbefore described. A unit dosage, for example, contains the principal active
compound in amounts ranging from about 10 mg e.g. in humans, or as low as 1 mg (for
small animals) to about 2000 mg. If placed in solution, the concentration of the prodrug
preferably ranges from about 10 mg/mL to about 250 mg/mL. In the case of
compositions containing supplementary active ingredients, the dosages are determined
by reference to the usual dose and manner of administration of the said ingredients. In
the case of buccal administration, the prodrugs are preferably in the buccal unit dosage

form present in an amount ranging from about 10 to about 50 mg.
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Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp,
Sar Ser, Hyp, Tyr, & Thr a, b, e, f, h, i, 0, and p antibiotic treatment of diseases caused by Haemophilus
influenzae, including B-lactamase producing strains, e.g., Haemophilus parainfluenzae (including
3-lactosamase producing strains) and moraxella catarihalis (including 3- lactamase producing strains),
and streptococcus pyogenes; such as pneumonia, bronchitis and sinusitis, pharyngitis and tonsillitis
0.1-1gm 0.1-1 gm/5m1 0.01- 1tgm/100 ml 0.2-0.5 gm 0.2- 0.5gm/5m 1 20-500 mg/100 m] 200-400 mg 0.2-
0.4gmi5m1 50-1585REIFBEMI ¢ ezﬁr&a?ahI@Y@P@ﬁ@arf:8#{%&%?&%%}@&&1&118&6gég%&s@ééa as drug

base Lys, Leu, lighfalyihe corresponding drug (without the amino acid prodrug of the present invention)

normally are used.

As used herein the term "treating” refers to reversing, alleviating or inhibiting the
progress of a disease, disorder or condition, or one or more symptoms of such disease,
disorder or condition, to which such term applies. As used herein, “treating” may also
refer to decreasing the probability or incidence of the occurrence of a disease, disorder or
10 condition in a mammal as compared to an untreated control population, or as compared
to the same mammal prior to treatment. For example, as used herein, “treating” may
refer to preventing a disease, disorder or condition, and may include delaying or
preventing the onset of a disease, disorder or condition, or delaying or preventing the
symptoms associated with a disease, disorder or condition. As used herein, “treating”
15  may also refer to reducing the severity of a disease, disorder or condition or symptoms
associated with such disease, disorder or condition prior to a mammal’s affliction with
the disease, disorder or condition. Such prevention or reduction of the severity of a
disease, disorder or condition prior to affliction relates to the administration of the
composition of the present invention, as described herein, to a subject that is not at the
20  time of administration afflicted with the disease, disorder or condition. As used herein
“treating” may also refer to preventing the recurrence of a disease, disorder or condition
or of one or more symptoms associated with such disease, disorder or condition. The
terms “treatment” and “therapeutically,” as used herein, refer to the act of treating, as
“treating” is defined above.
25
As used herein the term "patient” or "subject" refers to a warm blooded animal, and
preferably mammals, such as, for example, cats, dogs, horses, cows, pigs, mice, rats and

primates, including humans. The preferred patient is humans.
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Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ott, Lys, Leu, lle, Gly, Asp,
Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and Gly, Lys, Sar, Ala, Pro b, h, i, |, k,
0, p treatment of asthma 200-1200 200-800 300-400 mg  Oral Liquid mg mg 200-400 Cav, Asn, GIn,
Can, Ser, Hyp, Sar  200-1200 200-800

The prodrugs of the present invention exhibit the same utility as the corresponding drug
without the amino acid linkage. The prodrug exhibits an enhanced therapeutic quality.
That is, they exhibit at least one and more preferably at least two enhanced therapeutic
qualities relative to the drug which has not been transformed to the prodrug of the
5  present invention prior to administration. These include, but are not limited to
a. Improved taste, smell

b. Desired octanol/water partition coefficient (i.e., solubility in water/fat)

The various amino acids have different solubility in aqueous solutions. By selecting a

10 particular amino acid, the octanol water partition coefficient can be affected. For
example, many drugs in the following list are highly hydrophobic. The amino acids are
highly hydrophilic. For example, assume propofol is the drug and lysine is the amino
acid. Propofol is completely insoluble in water, while lysine is soluble to the extent of
700 mg/ml. When these two diverse molecules are esterified via an ester bond, the

15  resulting lysine ester of propfol has a solubility in water in excess of 250 mg/ml.

On the other hand, cromolyn sodium is highly water soluble. For all practical purpose, it
is not absorbed when administered orally. By affecting its water solubility one could
improve absorption. In this case, one would look for conditions opposite to that of

20  propofol, i.e., the goal is to decrease water solubility. By choosing apporoprieate low
water soluble amino acids, such as tyrosine, one can achieve proper
hydrophilic/lipophilic balance.

Improved stability in-vitro and in-vivo
d. Enhanced penetration of blood-brain barrier
25 e. Elimination of first-pass effect in liver, i.e., the drug not metabolized in liver and

therefore more drug in system circulation

f. Reduction of entero-hepatic recirculation (this improves bio-availability)
g. Painless injections with parenteral formulations
h. Improved bio-availability

30 Improved changes in the rate of absorption (increase vs lack thereof)

—
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mg/5m1l Tau, Djk, GABA, Cys, mg/5m1 mg/5ml Dcy, Thr, and Sar  Nelfinavir Preferred forms All
Doses expressed as drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Lys, Leu, lle,
Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Gly, Lys, Sar, Ala, Pro b, h, i, |, k, 0, p treatment of HIV,
infected patients, e.g., AIDS 0.05-1 gm 0.1-0.5

j.  Reduced side effects

k. Dose proportionality

A dose proportionality claim requires that when the drug is administered in escalating
5  doses, proportionally escalating amounts of active drug is delivered into the blood
stream. This is measured by determining the area under the plasma concentration vs.
time curve obtained after administering a drug via any route other than IV route and
measuring the same in plasma/blood. A simple mathematical procedure is as follows:
For example, a drug is administered at e.g., 3 different doses, 10, 100 and 1000 mg,

10  orally to a patient, the area under the plasma concentration time curve (AUC) is
measured. Then each total AUC is divided by the dose, and the result should be the same
for all three doses. If it is the case, then there is dose proportionality. Lack of dose
proportionality indicates any one or more of the pharmacokinetic/pharmacological
mechanisms are saturable, including absorption, metabolism or the number of receptor

15  sites available for pharmacological response.

For example in the above study, assume the AUC values of 100, 1000 and 10,000 are
obtained, in this case the dose proportionality is inappropriate. When there is lack of
dose proportionality, there is either more or less amount of drug in the plasma,

20  depending upon which mechanism is saturable. The following are the possibilities:
Saturable Absorption. If this is the case, as the dose is increased, proportionally less and

less of the drug is absorbed, hence overall AUC will decrease as the dose is increased.

Saturable metabolism of elimination. If thus is the case, then more and more of the drug

25  will be circulating in the blood, and the AUC will increase with increasing dose.

Saturable pharmacological receptor sites: In this case, since all the receptor sites will
eventually be occupied by the drug, any additional drug will not increase the response.
Thus, increasing dose will not result in increasing response.

30
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0.2-0.4 gm

10

15

20

25

30

Oral Tab/Cap 10-250 gm 40-100 mg/gm Nor, Arg, Phe, Trp, Thr, Arg, Phe, Trp, Oral
Powder mg/gm 20-200 40-100 Hyp, Hsr, Car, Ott, GIn, Asn, Cys and P1 10-250

Dose proportionality is an excellent response profile, since one can predict accurately the

pharmacological response and curative power at all doses. Thus dose proportionality is

a desirable quality for any drug. Furthermore, achievement of dose proportionality is

also dependent upon the formulation, and fed/fasted differences.

e

Q2 e

=

Selective hydrolysis of the prodrug at site of action

Controlled release properties

Targeted drug delivery

Reduction in toxicity, hence, improved therapeutic ratio

Reduced dose

Alteration of metabolic pathway to deliver more drug at the site of action
Increased solubility in aqueous solution

Enhanced efficacy

Thus, various dosage forms available with amino acid pro-drugs and they are prepared

by conventional methods:

1.

1l.

iii.

1v.

Vi.

Vii.

Vviil.

iX.

X1.

Oral liquid dosage (Controlled release and immediate release liquids
containing sugar and sugar free, dye and dye free, alcohol and alcohol free
formulations, including chewable tablets)

Oral solid dosage (Controlled release and immediate release tablets, capsules
and caplets

Intravenous (Injections, both ready to use and lyophilized powders)
Intramuscular (Injections, both ready to use and lyophilized powders)
Subcutaneous (Injections, both ready to use and lyophilized powders)
Transdermal (Mainly patches)

Nasal (Sprays, formulations for nebulizer treatments)

Topical (Creams, ointments)

Rectal (Creams, ointments and suppositories)

Vaginal (Creams, ointments and pessaries)

Ocular (Drops and ointments)
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mg/gm mg/100m1 Cav, Asn, GIn, Can, Ser, Hyp, Sar Formulation mg/100 20-200 Tau, Djk, GABA,
Cys, mlmg/100m Dcy, Thr, and Sar

10

15

20

25

30

Xii. Buccal (Chewable and now chewable tables)

Many drugs discussed herein, especially in the table hereinbelow are characteristically
highly hydrophobic and readily precipitate in the presence of even very minor amounts
of water, e.g., on contact with the body (e.g., stomach fluids). It is accordingly
extremely difficult to provide e.g., oral formulations which are acceptable to the patient
in terms of form and taste, which are stable on storage and which can be administered on

a regular basis to provide suitable and controlling patient dosing.

Proposed liquid formulations, e.g., for oral administration of a number of drugs shown
herein in the table have heretofore been based primarily on the use of ethanol and oils or
similar excipient as carrier media. Thus, the commercially available drink-solutions of a
number of drugs employ ethanol and olive oil or corn oil as carrier medium in
conjunction with solvent systems comprising e.g., ethanol and LABRIFIL and
equivalent excipient as carrier media. For example, the commercially available
Cyclosporin drink solution employs ethanol and olive oil or corn oil as carrier medium
in conjunctions with a Labroid as a surfactant. See e.g., U.S. Patent NO. 4,388,307. Use
of the drink solution and similar composition as proposed in the art is however

accompanied by a variety of difficulties.

Further, the palatability of the known oil based system has proved problematic. The
taste of the known drink-solution of several drugs is, in particular, unpleasant.
Admixture with an appropriate flavored drink, for example, chocolate drink preparation,
at high dilution immediately prior to ingestion has generally been practiced in order to
make regular therapy at all acceptable. Adoption of oil-based systems has also required
the use of high ethanol concentrations which is itself inherently undesirable, in particular
where administration to children is foreseen. In addition, evaporation of the ethanol,
e.g., from capsules (adopted in large part, to meet problems of palatability, as discussed
or other forms (e.g., when opened)) results in the development of a drug precipitate.

Where such compositions are presented in, for example, soft gelatin encapsulated form,
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1 Flavoxate Preferred Forms Oral Tab/Cap Oral Liquid All doses expressed as drug base Lys, Leu,
lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ott, Cav, Asn, GIn,
Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr,
Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Hyp, Ser, Tyr, & Thr b, h, i, |, k, 1, 0,& p treatment of
urinary spasms  ¢his baRRang 4309 a0 palRag8 20 aR0-maRm e p2o@ie1gmir 430 mg/sml

tight component, for example, an air-tight blister or aluminum-foil blister package. This
in turn renders the product both bulky and more expensive to produce. The storage

characteristics of the aforesaid formulations are, in addition, far from ideal.

Bioavailability levels achieved using existing oral dosage system for a number of drugs
described herein are also low and exhibit wide variation between individuals, individual
patient types and even for single individuals at different times during the course of
therapy. Reports in the literature indicates that currently available therapy employing
10 the commercially available drug drink solution provides an average absolute
bioavailability of approximately 10-30% only, with the marked variation between
individual groups, e.g., between liver (relatively low bioavailability) and bone-marrow
(relatively high bioavailability) transplant recipients. Reported variation in
bioavailability between subjects has varied from one or a few percent for some patients,
15  to as much as 90% or more for others. And as already noted, marked change in
bioavailability for individuals with time is frequently observed. Thus, there is a need for

a more uniform and high bioavailability of a number drugs shown herein in patients.

Use of such dosage forms is also characterized by extreme variation in required patient
20  dosing. To achieve effective therapy, drug blood or blood serum levels have to be
maintained within a specified range. This required range can in turn, vary, depending on
the particular condition being treated, e.g., whether therapy is to prevent one or more
pharmacological actions of a specific drug and when alternative therapy is employed
concomitantly with principal therapy. Because of the wide variations in bioavailability
25  levels achieved with conventional dosage forms, daily dosages needed to achieve
required blood serum levels will also vary considerably from individual to individual
and even for a single individual. For this reason it may be necessary to monitor
blood/blood-serum levels of patients receiving drug therapy at regular and frequent

intervals. Monitoring of blood/blood-serum levels has to be carried out on a regular
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Candesarten Preferred Forms Oral Tab/Cap Oral Liquid All doses expressed as drug base Lys, Leu, lle,
Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ott, Cav, Asn, Glin,
Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr,
Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Hyp, Ser, Tyr, & Thrb, c, e, f, h,i,j,k, 1,0, p, g
treatment of hypgsteNsits 1s 1QQ 161318 faalaming v Meodvenitid/ A hdtShbseh P the

overall cost of therapy.

It is also the case that blood/blood serum levels of a number of drugs described herein
5 achieved using available dosage systems exhibit extreme variation between peak and
trough levels. That is for each patient, effective drug levels in the blood vary widely

between administrations of individual dosages.

There is also a need for providing a number of drugs described herein, especially the
10 beta-lactum antibiotics, Cyclosporin, cephalosporins, steroids, quinolone antibiotics and
Cyclosporin, in a water-soluble form for injection. It is well known that Cremaphore L®
(CreL) used in current formulations of a number of drugs described hereinbelow is a
polyoxyethylated derivative of castor oil and is a toxic vehicle. There have been a
number of incidences of anaphylaxis due to the castor oil component. At present there is
15  no formulation that would allow many of these drugs to be in aqueous solution at the

concentrations needed due to poor water solubility of the drug.

Beyond all these very evident practical difficulties lies the occurrence of undesirable
side reactions already alluded to, observed employing available oral dosage forms.
20
Several proposals to meet these various problems have been suggested in the art,
including both solid and liquid oral dosage forms. An overriding difficulty which has
however remained is the inherent insolubility of the several of the drugs shown in the
table hereinbelow in aqueous media, hence preventing the use of a dosage form which
25  can contain the drugs in sufficiently high concentration to permit convenient use and yet
meet the required criteria in terms of bioavailability, e.g. enabling effective absorption
from the stomach or gut lumen and achievement of consistent and appropriately high

blood/blood-serum levels.
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Propofol Preferred Forms P1 Infusions All doses expressed as drug base Lys, Leu, lle, Gly, Asp, Glu,
Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ott, Cav, Asn, GIn, Can, Tau, Djk,
GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg, Phe, Trp,
GIn, Asn, Cys and Ser, Hyp, Sar Gly, Lys, Sar, Pro, Ala, & Val b, c, d, g, h, j, k, 1, m, n, 0, p, 9 provides
central nervous gyrigahaNeinagidcdiiR? Sneiméredid rABiBholamaifihg whitseleipiae Rralgered Forms

Oral Tab/Cap Oral Liquid All doses expressed as drug base

10
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20
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inevitably led to restrictions in the use of specific drug therapy for the treatment of
relatively less severe or endangering disease conditions. For example, taking
Cyclosporin as a test drug, a particular area of difficulty in this respect has been the
adoption of Cyclosporin therapy in the treatment of autoimmune diseases and other
conditions affecting the skin, for example for the treatment of atopic dermatitis and
psoriasis and, as also widely proposed in the art, for hair growth stimulation, e.g. in the

treatment of alopecia due to ageing or disease.

Thus while oral Cyclosporin therapy has shown that the drug is of considerable potential
benefit to patients suffering e.g. from psoriasis, the risk of side-reaction following oral
therapy has prevented common use. Various proposals have been made in the art for
application of Cyclosporins, e.g. Cyclosporin, in topical form and a number of topical
delivery systems have been described. Attempts at topical application have however

failed to provide any demonstrably effective therapy.

However, the present invention overcomes the problems described hereinabove. More
specifically, the prodrug of the present invention significantly enhances its solubility in
aqueous solutions relative to the non-prodrug form of the pharmaceutical, thereby
avoiding the need to utilize a carrier, such as ethanol or castor oil when administered as a
solution. Moreover, the prodrugs of these drugs, in accordance with the present
invention, do not exhibit the side effects of the prior art formulations. Further, it has
been found that when many of the drugs in the table hereinbelow is administered in its
prodrug form in accordance with the present invention, there is enhanced oral

absorption, thereby enhancing significantly its bioavailability and its efficacy.

The preferred drugs used in combination with the amino acids are forming prodrugs are
listed hereinbelow in the following table and the benefits found are as listed in the
penultimate column of the table. In the table, the key is as follows:

a) Improved taste smell
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Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ott, Cav,
Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro,
His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Gly, Lys, Ser, & Hyp b, e, h, i, j, 0 calcium
channel blocker, treatment of hypertension 2-100 mg 2-100 mg/5m1 2.5-75 mg 2.5-75 mg/5m1 5-50 mg
5-50 mg/sml  AmlodipipgsReafeired dowarfpakitioh/ Caprira: kiquishbabinasasveatprpssed as drug

base w e e .
¢) Improved stability in vitro and in vivo

d) Penetration of blood-brain barrier
e) Elimination of first pass effect in liver
5 f) Reduction of enterohepatic recirculation
g) Painless injections with parenteral formulations
h) Improved bioavailability
1) Increased rate of absorption
j) Reduced side effects
10 k) Dose proportionability
1) Selective hydrolysis of the prodrug at site of actions
m) Controlled release properties
n) Targeted drug delivery
0) Reduction in toxicity, hence improved therapeutic ratio
15 p) Reduced dose

q) Alteration of metabolic pathway to deliver more drug at site of action.

Moreover, the table indicates the utility of the prodrug. The utility of the prodrug is the
same as the corresponding drug (without the amino acid moiety attached). The utiluity
20  is described in the literature such as the Physicians Desk Reference, 2004 edition, the

contenets of which are incorporated by reference.
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Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr,
Car, Ort, Cav, Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp,

Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Gly, Lys,

Ser, & Hyp b, e, h, i, j, o calcium channel blocker, treatment of hypertension 0.1 - 20 mg

0. LA { AR A HmE T ERERgES T Mod-5-5 MO 2 RiRo HBRMA can GIRFAHREAECTT Prefenpg Improvem | Utility
Fonrms Gyl Tabioap Oral|liguid Pl Bufk(3terile Al dagesienpresseshas dag base Lysfds@ul, | ents with
llg, Gly, Asp, GlRahet, AlaRutak Pro,Ddss Rings Sedrudor folwghPhe, Trp, Hyp, Hsr, Car) Gripo prodrugs
Cav, Asn, GIn,|Can, Tau, Djk, GABA, Cys, Dcy, | Tfff/2ayfls/Bgfanhydri Acids | utility
de prodrugs immuno
Cyclosporin All doses expressed as drug base Lys, Leu, Ile, Gly, Lys, Leu, Ile, Gly, Lys, Pro, b.e, f, g, h, | prophylaxis of organ
Preferred Asp, Glu, Met, Ala, Asp, Glu, Met, Ala, | & Gly and | k, 1, 0, and | rejection, e.g., kidney,
Forms 5-1000 mg | 20-250 25-100 mg Val, Pro, His, Tyr, Ser, | Val, Pro, His, Tyr, dipeptides | p liver and heart allogenic
Oral Tab/Cap | 1-25 mg 10 mg/ml Nor, Arg, Phe, Trp, Thr, Arg, Phe, Trp, | of Lys- transplants, treatment of
Oral Liquid mg/ml 5-15 50 mg/5ml Hyp, Hsr, Car, Ort, Gln, Asn, Cys and Gly, Pro- rheumatoid arthritis and
IV Injections 10-250 mg | mg/ml Cav, Asn, Gln, Can, Ser, Hyp, Sar or Gly, Gly- psoriosis
per 5 ml 25-100 Tau, Djk, GABA, Cys, | dipeptides of Gly
mg per 5 Dcy, Thr, and Sar or combination of any
ml dipeptide of two amino acids
combination of any especially AA-Gly,
two amino acids where Gly is a
especially AA-Gly, spacer attached to
where Gly is a spacer | cyclosporin and
attached to AA is the above-
cyclosporin and AA is | cited amino acids.
the above-cited amino
acids.
Lopinavir All doses expressed as drug base Lys, Leu, Ile, Gly, Lys, Leu, Ile, Gly, Lys, Pro, b, h,j, k, treatment of HIV
Preferred Asp, Glu, Met, Ala, Asp, Glu, Met, Ala, | Gly, & and o infections, e.g., AIDS
Forms 0.1-1 g 200-800 400-500 mg Val, Pro, His, Tyr, Ser, | Val, Pro, His, Tyr, Ala
Oral Tab/Cap m | mg 400 mg/5ml Nor, Arg, Phe, Trp, Thr, Arg, Phe, Trp,
Oral Liquid 0.1-1 gm/5 | 0.2-0.8 Hyp, Hsr, Car, Ort, Gln, Asn, Cys and
ml g/5 ml Cav, Asn, Gln, Can, Ser, Hyp, Sar

Tau, Djk, GABA, Cys,

Dcy, Thr, and Sar
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Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and
Ser, Hyp, Sar Hyp, Ser, Thr, Gly, &Lys a, b, c, g, h, i, j, k, 0, p Antibiotic; inhibits various

ba (&&fdfhic 9 MQQ%%SQPJML@%% S[apn) 'Q?Q‘E@HQI@@SUS or ﬁfﬂuﬂé§ ﬂé'r@f}“'s Ser, a,b,e, f,h, antibiotic treatment of diseases caused
treaenentiof carneal ulcers, conjunctivitis, acute|otfis@xtemanld).1-1.8sgro10. 0t 198/bmp, 2-251, 0, andp | by Haemophilus influenzae, including
mgkarh®.1-1.0g h10.98-1 (ghaf8m1l 3-200rHY/md 0.2VE13 B, T2=15¢/S5nvkbFtS Hig/Mmt. | Rar&iprl B-lactamase producing strains, e.g.,
Pré?é"rlrléﬂ’/ﬁel?rr ddyal TabR%p Ora 9 uid Al dodes AxpidssEas drﬂg B‘é%é’ll_ygrPLe ue, Haemophilus parainfluenzae (including
ChAgSh Wi v (1 S MRS b i i on. o, = o o ot
A$n. GIn d@ k, G ABA-C Thr, & 353 moraxella catarlhghs (mc}udmg 3-

I E@ML | ! ySmQ 0 k. GABA, Cys, lactamase producing strains), and
20-500 Dcy, Thr, and Sar streptococcus pyogenes; such as
mg/100 pneumonia, bronchitis and sinusitis,
ml pharyngitis and tonsillitis

Zileuton All doses expressed as drug base Lys, Leu, Ile, Gly, Lys, Leu, Ile, Gly, Gly, Lys, | b,h,1,j,k, | treatment of asthma
Preferred Asp, Glu, Met, Ala, Asp, Glu, Met, Ala, | Sar, Ala, | o,p
Forms Val, Pro, His, Tyr, Ser, | Val, Pro, His, Tyr, Pro
Nor, Arg, Phe, Trp, Thr, Arg, Phe, Trp,

Oral Tab/Cap 200-1200 | 200-800 300-400 mg Hyp, Hsr, Car, Ort, Gln, Asn, Cys and
Oral Liquid mg mg 200-400 Cav, Asn, Gln, Can, Ser, Hyp, Sar

200-1200 | 200-800 mg/5Sml Tau, Djk, GABA, Cys,

mg/5ml mg/5ml Dcy, Thr, and Sar
Nelfinavir All Doses expressed as drug base Lys, Leu, Ile, Gly, Lys, Leu, Ile, Gly, Gly, Lys, | b,h,1,]j,k, | treatment of HIV, infected patients,
Preferred Asp, Glu, Met, Ala, Asp, Glu, Met, Ala, | Sar, Ala, | o,p e.g., AIDS
forms 0.05-1 gm | 0.1-0.5 0.2-0.4 gm Val, Pro, His, Tyr, Ser, | Val, Pro, His, Tyr, | Pro
Oral Tab/Cap | 10-250 gm 40-100 mg/gm | Nor, Arg, Phe, Trp, Thr, Arg, Phe, Trp,
Oral Powder | mg/gm 20-200 40-100 Hyp, Hsr, Car, Ort, Gln, Asn, Cys and
v 10-250 mg/gm mg/100ml Cav, Asn, Gln, Can, Ser, Hyp, Sar
Formulation mg/100 20-200 Tau, Djk, GABA, Cys,

ml mg/100m Dcy, Thr, and Sar

1
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Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and
Ser, Hyp, Sar Hyp, Ser, Thr, Gly, & Lys j, o treatment of hypertension 0.1-20 mg 0.1-20

m mwmmm u, Ile; 'lLf' rg&gr[godr}prm Hyp, Ser, Tyr, | b, h,1,j,k, | treatment of urinary spasms
(0] airélfatymar@rdl Liquid All doses expressed as d ugubaﬁe Aysyhieeto]l 2 AG\GIAINt Qlld, ML Thr 1,0,&p
AlaONETab¢ap His| Torp&eatig Norg-A0gmhesorzp) iny p, HsTE aerOds, Gay, | Ash PSIRTCE, Tau,
DiKOGABRICys, Déyl0Phr, andGHOLys, L¥2Ne, Gly IRSE‘PGWP -Whet, Alg, ValArRrEhHISP Tyr,
Thr, Arg, Phe, Trpm&fMAsn, (C3&8hd Ser$/H, Sar % Ca Gly 5_5}’% C{?‘%ﬂ%ent of
hypertension GABA, Cys, Dcy, Thr,
and Sar
Candesarten All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, | Lys, Leu, Ile, Gly, Hyp, Ser, Tyr, | b, c,e,f, treatment of hypertension
Preferred Forms Glu, Met, Ala, Val, Pro, | Asp, Glu, Met, Ala, & Thr h,1,j,k 1,
Oral Tab/Cap His, Tyr, Ser, Nor, Arg, | Val, Pro, His, Tyr, 0,p,q
Oral Liquid i-}gg me g;g me j_gg Phe, Trp, Hyp, Hsr, Thr, Arg, Phe, Trp,
mg/5ml mg/5ml mg/5ml Car, Ort, Cav, Asp, Gln, Asn, Cys and
Gln, Can, Tau, Djk, Ser, Hyp, Sar
GABA, Cys, Dcy, Thr,
and Sar
Propofol All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, | Lys, Leu, Ile, Gly, Gly, Lys, Sar, b,c,d, g, provides central nervous
Preferred Forms Glu, Met, Ala, Val, Pro, | Asp, Glu, Met, Ala, | Pro, Ala, & h,j, k, 1, system anethesia
IV Infusions His, Tyr, Ser, Nor, Arg, | Val, Pro, His, Tyr, Val m, n, 0, p,
1-25 mg/ml 2.0;2? 5-15 mg/ml Phe, Trp, Hyp, Hsr, Thr, Arg, Phe, Trp, q
mem Car, Ort, Cav, Asn, Gln, Asn, Cys and
Gln, Can, Tau, Djk, Ser, Hyp, Sar
GABA, Cys, Dcy, Thr,
and Sar
Nisoldipine All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, | Lys, Leu, Ile, Gly, Gly, Lys, Ser, b, e, h,1,j, | calcium channel blocker,
Preferred Forms Glu, Met, Ala, Val, Pro, | Asp, Glu, Met, Ala, & Hyp 0 treatment of hypertension
Oral Tab/Cap His, Tyr, Ser, Nor, Arg, | Val, Pro, His, Tyr,
Oral Liquid 2-100 mg 2.5-715mg | 5-50 mg Phe, Trp, Hyp, Hsr, Thr, Arg, Phe, Trp,
2-100 2.5-75 5-50 Car, Ort, Cav, Asn, Gln, Asn, Cys and
mg/5ml mg/5ml mg/5ml Gln, Can, Tau, Djk, Ser, Hyp, Sar

GABA, Cys, Dcy, Thr,

and Sar
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0.1-10 mg 0.1-10 mg/5m1 0.5-7.5 mg 0.5-7.5 mg/5m1 1-4 mg 1-4 mg/5m1
Preferred Forms Oral Tab/Cap Oral Liquid All doses expressed as drug base Lys, Leu, lle,

Fosinopril

Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, HST, Car, Ort, Cav,

AS$ . ) 11 e ééseﬁ’y§drh'gcyase| nr, and s,LIY(§u, H(.e,'d}l}l!e’ G yILfs\,SJEbqué;' GW?I’ '@’ly, Lys, Ser, | b, e, h, 1, ], | calcium channel blocker,
Valp B e di mbyr mhr, Arg, Phe, Trp, GIn, Asn, Cys aﬂiﬂ),m,, NiypIRar S@rspl-t}dp,, M Aﬁjy, Q& Hyp o treatment of hypertension
Lys j, o treatment of hypertension 1-100 mg 1-100 | Val, Pro, His, Tyr, Ser, | Val, Pro, His, Tyr,
Oral Tab/Cap 0.1 —20mg | 1-10 mg 2.5-5mg Nor, Arg, Phe, Trp, Thr, Arg, Phe, Trp,
Oral Liquid 0.1-20 1-10 2.5-5 Hyp, Hsr, Car, Ort, Gln, Asn, Cys and
mg/5Sml mg/5ml mg/5ml Cav, Asn, Gln, Can, Ser, Hyp, Sar
Tau, Djk, GABA, Cys,
Dcy, Thr, and Sar
Ciprofloxacin All doses expressed as drug base Lys, Leu, Ile, Gly, Lys, Leu, Ile, Gly, Hyp, Ser, a,b,c,g, Antibiotic; inhibits various
Preferred Forms Asp, Glu, Met, Ala, Asp, Glu, Met, Ala, Thr, Gly, & h, 1, j, k, o, | bacteria, e.g., pseudomonas
Oral Tab/Cap 0.1-1.5 gm 0.1-1.0 g |0.2-0.8 gm Val, Pro, His, Tyr, Ser, | Val, Pro, His, Tyr, Lys p aeruginosa, staphylococcus
Oral Liquid 0.05- m | 0.12-1 g/5ml | Nor, Arg, Phe, Trp, Thr, Arg, Phe, Trp, aureus or proteus mirabilis;
IV Bulk (Sterile) | 1gm/5ml 0.08-1 5-15 mg/ml | Hyp, Hsr, Car, Ort, Gln, Asn, Cys and treatment of corneal ulcers,
2-25 mg/ml | gm/5ml Cav, Asn, Gln, Can, Ser, Hyp, Sar conjunctivitis, acute otitis
3-20 mg/ml Tau, Djk, GABA, Cys, externa,
Dcy, Thr, and Sar
Ramipril All doses expressed as drug base Lys, Leu, Ile, Gly, Lys, Leu, Ile, Gly, Hyp, Ser, j,0 treatment of hypertension
Preferred Forms Asp, Glu, Met, Ala, Asp, Glu, Met, Ala, Thr, Gly, &
Oral Tgb/Cap 0.1-20 mg 05-12mg 1-10 mg Val, Pro, His, Tyr, Ser, | Val, Pro, His, Tyr, Lys
Oral Liquid 0.1-20 0.5-12 1-10 me/5ml Nor, Arg, Phe, Trp, Thr, Arg, Phe, Trp,
. . g/5m
mg/5ml mg/5ml Hyp, Hsr, Car, Ort, Gln, Asn, Cys and
Cav, Asn, Gln, Can, Ser, Hyp, Sar
Tau, Djk, GABA, Cys,
Dcy, Thr, and Sar
Trandolapril All doses expressed as drug base Lys, Leu, Ile, Gly, Lys, Leu, Ile, Gly, Ser, Hyp, j,0 treatment of hypertension
Preferred Forms Asp, Glu, Met, Ala, Asp, Glu, Met, Ala, Thr, Gly &
Oral T.ab/.Cap 0.1-10 mg 0575mg | 14 mg Val, Pro, His, Tyr, Ser, | Val, Pro, His, Tyr, Lys
Oral Liquid 0.1-10 0.5-75 1-4 me/5ml Nor, Arg, Phe, Trp, Thr, Arg, Phe, Trp,
: e & Hyp, Hsr, Car, Ort Gln, Asn, Cys and
mg/5Sml mg/5ml ’ ’ P ’ ’

Cav, Asn, Gln, Can,
Tau, Djk, GABA, Cys,
Dcy, Thr, and Sar

Ser, Hyp, Sar
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mg/5m1l 2-75 mg 2-75 mg/5m1 5 50 mg 5-50 ingismi

Enalapril Preferred forms Oral

Tab/Cap Oral Liquid All Doses expressed as drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala,
Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ort, Cav, Asn, GIn, Can, Tau, Djk,

G qﬁﬁ\n&p\fﬁi DCY,[ W o AL spetlsded As tlal bdlEs SIY, ASPLRIYeVIfE, sWa, Val iyt0 &ylpe, \dME, 11, Ser, Hyp, j,0 treatment of hypertension
Arprithed Fepm$GIn, Asn, Cys and Ser, Hyp, Sar Ser,|Hyp,cilnéIni& Lys jsp, teavpendQf | Thr, Gly, &
hyperidhsicm 0.5-1000mg 0.5-108 mo/5m 1] 5-50mag |1VB0ReglBaily2526 MGI2PRE irgiemi | Lys
Oral Liquid 1-100 2-75 mg/5ml 5-50 Nor, Arg, Phe, Trp, Thr, Arg, Phe, Trp,
mg/5ml mg/5ml | Hyp. Hsr, Car, Ort, Gln, Asn, Cys and
Cav, Asn, Gln, Can, Ser, Hyp, Sar
Tau, Djk, GABA, Cys,
Dcy, Thr, and Sar
Enalapril All Doses expressed as drug bas Lys, Leu, Ile, Gly, Lys, Leu, Ile, Gly, Ser, Hyp, j,0 treatment of hypertension
Preferred forms 0.5-100 mg 1-50 mg 2-25 mg Asp, Glu, Met, Ala, Asp, Glu, Met, Ala, Thr, Gly &
Oral T.ab/.Cap 0.5-100 1-50 mg/5ml 225 Val, Pro, His, Tyr, Ser, | Val, Pro, His, Tyr, Lys
Oral Liquid mg/5ml mg/5ml Nor, Arg, Phe, Trp, Thr, Arg, Phe, Trp,
Hyp, Hsr, Car, Ort, Gln, Asn, Cys and
Cav, Asn, Gln, Can, Ser, Hyp, Sar
Tau, Djk, GABA, Cys,
Dcy, Thr, and Sar
Benazepril All doses expressed as drug base Lys, Leu, Ile, Gly, Lys, Leu, Ile, Gly, Hyp, Ser, j,0 treatment of hypertension
Preferred Forms Asp, Glu, Met, Ala, Asp, Glu, Met, Ala, Thr, Gly, &
Oral Tab/Cap 1-100 mg 2-75 mg 2.5-50 Val, Pro, His, Tyr, Ser, | Val, Pro, His, Tyr, Lys
Oral Liquid 1-100 2-75 mg/5ml mg Nor, Arg, Phe, Trp, Thr, Arg, Phe, Trp,
mg/Sml 2.5-50 Hyp, Hsr, Car, Ort, Gln, Asn, Cys and
mg/Sml Cav, Asn, Gln, Can, Ser, Hyp, Sar
Tau, Djk, GABA, Cys,
Dcy, Thr, and Sar
Perindopril All doses expressed as drug base Lys, Leu, Ile, Gly, Lys, Leu, Ile, Gly, Hyp, Ser, j,0 treatment of hypertension
Preferred Forms Asp, Glu, Met, Ala, Asp, Glu, Met, Ala, Thr, Gly, &
Oral T.ab/.Cap 0.1-20 mg 0.5-15 mg 1-10 mg Val, Pro, His, Tyr, Ser, | Val, Pro, His, Tyr, Lys
Oral Liquid 0.1-20 0.5-15 me/5ml | 1-10 Nor, Arg, Phe, Trp, Thr, Arg, Phe, Trp,
. . g
Hyp, Hsr, Car, Ort, Gln, Asn, Cys and
mg/5Sml mg/5ml

Cav, Asn, Gln, Can,
Tau, Djk, GABA, Cys,
Dcy, Thr, and Sar

Ser, Hyp, Sar
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Benazepril Preferred Forms Oral Tab/Cap Oral Liquid All doses expressed as drug base Lys,
Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car,
Ort, Cav, Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu,

M M&é@prﬁal’ FT0, AMbosty ExpretsedMBdriid Wase! TP, SN AT taYRABE, 2&h; MYRs, P, MYBiy2€T, | Ser, Hyp, Thr, j,0 treatment of hypertension
ThipEibye&Fbiss ], 0 treatment of hypertension 1-100 ong Mied, 00amvglaml Paép @ RredAmg/3rely & Lys
2.5%50 fayub-50 lllg()q,hgl ljtm[d{éupnl Prefegred PdsnisCral YabA@ap QeaPiodlidTAtl doses
exPEssEYids drugibaseslsys, |Lew Hes@ly, s Gly, et rl@xIHYlVHFrPro Hig" 1%, Ber™Ror,
Atg, Phe, Trp, Hyp, Hsr, Car,|Ort, Cav, Asn,n@limCa arT% iﬂjk FABA, | GYS Q?p%sggj’ﬁ?fl and
Sar GABA, Cys, Dcy, Thr,
and Sar
Cromolyn All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, | Lys, Leu, Ile, Gly, Ser, Hyp, Thr, & | b, c, h, 1, j, | inhibits release of histamine
Preferred Forms Glu, Met, Ala, Val, Pro, | Asp, Glu, Met, Ala, Pro k,1,n, o, and leukotrienes from mast
Oral T.ab/.Cap 10-200 mg 20-100 mg | 20-50 mg His, Tyr, Ser, Nor, Arg, | Val, Pro, His, Tyr, p-q cell; treatmfent of
Oral Liquid 10-200 20-100 20-50 Phe, Trp, Hyp, Hsr, Thr, Arg, Phe, Trp, mastocytosis, asthma
mg/5ml mg/5ml mg/5ml Car, Ort, Cav, Asn, Gln, Asn, Cys and
Gln, Can, Tau, Djk, Ser, Hyp, Sar
GABA, Cys, Dcy, Thr,
and Sar
Amoxicillin All Doses expressed as drug base Lys, Leu, Ile, Gly, Asp, | Lys, Leu, Ile, Gly, Ser, Hyp, Thr, a,b,c,h, antibiotic effective against
Preferred forms Glu, Met, Ala, Val, Pro, | Asp, Glu, Met, Ala, Gly & Lys i,j,k, 1,0, | 3-lactamase negative strains
Oral Tab/Cap* 0.1-1.5 gm 0.2-1.2 0.25-1gm | g Tyr, Ser, Nor, Arg, | Val, Pro, His, Tyr, p causing infections of ear,
Oral Liquid 0.1-1.5 gm 0.25-1 Phe, Trp, Hyp, Hsr, Thr, Arg, Phe, Trp, nose, throat, e.g.,
gm/5ml 0.2-1.2 gm/5Sml Car, Ort, Cav, Asn, Gln, Asn, Cys and streptococcus,
Oral Powder 0.1-0.75 gm | gm/Sml 0.125-0.5 | Gin, Can, Tau, Djk, Ser, Hyp, Sar staphylococcus or H
(*also chewable) 0.1-0.6 gm GABA, Cys, Dcy, Thr, influenzae;treatment of
gm and Sar infections of genitourinary
tract due to E. coli, P.
mirabilis, E. faecalis,
infections of skin due to
streptococcus,
staphylococcus or E. coli,
infections of lower
respiratory tract due to
streptoccus, staphyloccus or
H. influenzae, and
gonorrhea
Cefuroxime All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Hyp, Ser, Thr, b, c, e, f, antibiotic; treatment of
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Gly, & Lys h, 1, j, k, o, | pharyngitis/tonsillitis caused
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Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and
Ser, Hyp, Sar Hyp, Ser, Thr, Gly, & Lys j, o treatment of hypertension 0.1-20 0.1-20mg

mm@@?TMWW7% 10 '119@% m ﬁ@,ﬁ:yr, Ser,r\ﬂ‘gg)g&ii P“‘%/"&Hf%!' ﬁi@,rﬂﬁ Qrat p by streptococcus, acute
Tahjgﬁpqaﬂal Liq 10-Adbeloses ax@ressed a%drUQ baﬂ&,'ﬂﬁ» III-@UHMeC@Jy: Alm,/@mﬂh/lﬂtpA a, bacterialotitis media caused
Val, Pro, His, Tyr| 8gfnMor, ArgSPRE) Trp, BpHSsT, @ataOtbsCal. Ssn, GliinCean, GyaupDjk, by streptococcus, H
GABA, Cys, Dcy,| Thr, and Sar [L98°1bu, |1@2GR), Asp2GRikEEBAIGYval, Pres; HiB, SEyr, Thr, influenzae, moraxella
Alg, Phe, Trp, GIf, Asn, Cys and Ser, Hylp, Sar Set, Pp! TrP Gy & Lys catarihalis or streptococeus,

urinary tract infections
caused by E. coli or
Klebsiella pneumonia,
gonorrhea, skin infections
cause by staphylococcus or
straptococcus
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J, 0 treatment of hypertension 1-30 mg 1-30 mg/5m1 2-20 mg 2-20 mg/5m1 5-15 mg 5-15

mg/5m1

Cromolyn Preferred Forms Oral Tab/Cap All doses expressed as drug base Lys,

Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Lys, Leu, lle, Gly, Asp, Glu,

M
hi

behla¥l P

: ’A_liliﬁ_os-gy Ex ﬁé%Eed'L){ Bru-yﬁﬁség‘ Pro b’ CIL}IQ; beh, Iﬁe,leﬂugp,iD’ %ULQG,SH@?@?,SG Q-fyp, Ser, Thr, a,b,cg, antibiotic, treatmtent of
staeninel &bghieukotrienes from mast cell; treatmentcd, 10,2080 mg 20-100ApgAE0%6 My, | Gly, & Lys h,i,j,k 1, | lower respiratory tract
Powder for IV 0.1-5 gm 0.25-4 gm 0.52 gm His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, o,p,q infections., including
Oral Tab/Cap Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp, pneumonia caused by
. 0.1-1 gm 0.25-1 gm | 0.5-1 gm
Oral Liquid Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and pseudomonas, H.
0.1-2.5 0.25-2 0.5-1 Tau. Dik. GABA. C Ser. Hvp. S infl Klebsiell
gm/5ml gm/5ml gm/5ml au, Djk, , Cys, er, Hyp, Sar influenzae, Klebsiella,

Dcy, Thr, and Sar

Enterbacter, E. coli, proteus
mirabilis, streptococcus,
staphylococcus; skin and
skin structure infections,
caused by pseudomonas
aeruginosa, Klebsiella, E.
coli, Proteus enterbacter,
staphylococcus,
streptococcus, urinary tract
infections casued by
pseudomonas aeruginosa,
enterbacter, proteus,
Klebsiella, E. coli; bone and
joint infections caused by
pseudomonas, eruginosa,
Klebsiella, Enterbacter, or
staphylococcus;
gynecologic infections
including endometritis,
pelvic cellulits and
infections of the female
genital tract caused by E.
coli, intra-abdominal
infections and central
nervous system infections,
including meningitis
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Oral Liquid 10-200 20-100 20-50 Phe, Trp, Hyp, Hsr, Thr, Arg, Phe, Trp,

mastocytosis,

asthma mg/s5ml1 mg/5m1l mg/5m1l Car, Ott, Cav, Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy,

Thr, and Sar GlIn, Asn, Cys and Ser, Hyp, Sar

D
N

Amoxicillin Preferred forms Oral Tab/Cap* All

i@&m‘ﬁ%se An HELY &%@séﬂya%’dh@ba%e , Bly, HS]E&S,L?_!HI, M:?Glﬁ‘@spya" '1:99,7L'E'l!1,511é, ley,be ' Ser, Hyp, Thr, a,b,c,g h,i, antibiotic especially
DB GedSmb-eU, lle, Gly, Asp, Glu, Met, Ala, Val, Eﬂ@,,MH@AE}/MaL Pro, Asp, Glu, Met, Ala, | Gly & Lys -k 1,0,p,q against streptococcus,
Oral T.ab/.Cap 10-500 mg 25350 mg | 50-250 His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, H. influenzae, .
Oral Liquid 10-500 25350 m Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp, moraxella catarrhalis;
g .
mg/5ml mg/5ml 50.250 Ort, Cay, Asn, Gln, Can, Gln, Asn, Cys and treatment of acqtfz otis
Tau, Djk, GABA, Cys, Ser, Hyp, Sar media, pharyngitis,
mg/5Sml L .
Dcy, Thr, and Sar tonsillitis, pneumonia,
bronchitis, gonorrhea,
and rectal infections
in women
Atovaquone All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Lys, Gly, Sar, a,b,h,i,j,k, treatment of malaria
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Ala, Pro & Ser o,p caused by plasmodium
Oral Tab/Cap 50-1000 mg 100-500 200-300 His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, parasite
Oral Liquid above/5 ml mg mg Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp,
For Pediatric Use | 1(-150 above/5 ml | above/5 | Ort, Cav, Asn, Gln, Can, | Gln, Asn, Cys and
mg/5ml 25-100 ml Tau, Djk, GABA, Cys, Ser, Hyp, Sar
mg/5ml 50-75 Dcy, Thr, and Sar
mg/5Sml
Acyclovir All Doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Lys, Sar, Hyp b,c, h,1,j, k, treatment of human
Preferred forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Pro & Ser 0,p cytomegalovirus
Oral Tab/Cap His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, (HCMYV)
Oral Liquid 50-1000 mg 100-750 ml | 150-500 Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp,
50-1000 100-750 mg Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and
mg/5ml mg/5ml 150-500 | Tau, Djk, GABA, Cys, Ser, Hyp, Sar
mg/5ml Dcy, Thr, and Sar
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Ser, Hyp, Thr, Gly & Lys a, b, c, h, i, ], k, 1, 0, p antibiotic effective against 3-lactamase

negative strains causing infections of ear, 0.1-1.5 gm 0.2-1.2 0.25-1 gm
0.1-1.5 gm 0.25-1 Phe, Trp, Hyp, Hsr, Thr, Arg, Phe, Trp,

an

Oral Liquid

nose, throat, e.g., gm/5m1 0.2-1.2

n@ﬁ@c@@{r ott, g&ﬁ\ﬁoé?@xpressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Hyp, Ser, Thr, b,c,e, f, h,i,j, | treatment of human
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Gly, & Lys k,o,p cytomegalo virus
Oral Tab/Cap 0.1-1 gm 0.2-0.8 gm | 0.2-0.6 His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, (HCMV)
Oral Liquid 0.1-1gm/5ml 0.2- gm Phe, Trp, Hyp, Hsr, Car, | Thr, Arg, Phe, Trp,
IV Infusions 10-200 mg/ml | 0.8mg/5ml | 0.2- Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and
25-100 0.6mg/5 | Tau, Djk, GABA, Cys, Ser, Hyp, Sar
mg/ml ml Dcy, Thr, and Sar
30-60
mg/ml
Penciclovir All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Hyp, Ser, Thr, b,c,e, f, h,i,]j, | treatment of human
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Gly, & Lys k,o,p cytomegalovirus
Powder for IV 10-1000mg/ml | 25-750 50-500 His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, (HCMYV)
Topical Cream Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp,
0.1-5% mg/ml mg/ml
Oral Cap/Tab Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and
10-500 mg 0.25-3% 0.5-2.5% .
Tau, Djk, GABA, Cys, Ser, Hyp, Sar
20-300 mg | 25-250
Dcy, Thr, and Sar
mg
Niacin ER All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Ser, Hyp, Thr, a,b,h,i,j,1, lipid management, e.g.
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Tyr,Gly & Lys | m,n,0,p,q reducing lipid
Oral Tgb/Cap 022 gm 025-15 05-1 gm His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, concentration
Oral Liquid Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp,
0.2-2 gm/5ml | gm 0.5-1
0.25-1 gm/5ml Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and
m/5ml Tau, Djk, GABA, Cys, Ser, Hyp, Sar
& Dcy, Thr, and Sar
Bexarotene All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Ser, Hyp, Thr, b,c,h,1,j,k, 1, | treatment of skin
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Gly, & Lys o,p conditions, especially
Oral Tab/Cap 10-500 mg 25-250 mg 50-100 | His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, those requiring
Oral Liquid above/5ml above/5m mg Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp, activation of retinoid
Topical Gel 0.1-5% 025-2.5%1 | above/5 | Ort, Cav, Asn, GIn, Can, | Gln, Asn, Cys and X receptors
ml Tau, Djk, GABA, Cys, Ser, Hyp, Sar
0.5- Dcy, Thr, and Sar
1.5%
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GIn, Asn, Cys and streptococcus, Oral Powder 0.1-0.75 gm gm/5m1 0.125-0. 5 GIn, Can,
Tau, Djk, Ser, Hyp, Sar staphylococcus or H (*also chewable) 0. 1-. 6 0 gm GABA, Cys,
Dcy, Thr, influenzaeareatment of gm

Propoxyphene All Doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Ser, Hyp, Thr, a,b,c,h,1,j, treatment of pain
Preferred forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Gly, & Lys k,1,0,p
Oral Tab/Cap His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr,
Oral Liquid 20-400 mg 25-250 mg 30-150 | phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp,
20-400 25-250 mg Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and
mg/5ml mg/5ml 30-150 | Tau, Djk, GABA, Cys, Ser, Hyp, Sar
mg/5ml Dcy, Thr, and Sar
Salsalate All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Hyp, Ser, Thr, Gly, | b, c, h,1,]j, treatment of
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | & Lys k,o,p inflammatory
Oral Tab/Cap 0.2-2 gm 0.25-1.5gm | 0.3-1 His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, conditions
Oral Liquid 0.2-2 gm/5ml 0.25-1.5 gm Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp,
gm/Sml 0.3-1 Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and
gm/5ml Tau, Djk, GABA, Cys, Ser, Hyp, Sar
Dcy, Thr, and Sar
Acetaminophen | All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Hyp, Ser, Sar, Gly, a,b,c,e, h, | treatment of pain or
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | & Lys Lj,k 0,p fever
Oral T.ab/.Cap 20-1000 mg 50-800 mg 100-600 His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr,
Oral Liquid 20-1000 50-800 m Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp,
g
mg/5ml mg/5ml 100-600 Ort, Ca.v, Asn, Gln, Can, Gln, Asn, Cys and
me/5ml Tau, Djk, GABA, Cys, Ser, Hyp, Sar
Dcy, Thr, and Sar
Ibuprofen All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Ser, Hyp, Thr, Tyr, a,b,h,i,j,1, | treatment of pain, fever
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Gly & Lys m, n, 0, p,q | or inflammation
Oral T.ab/.Cap 20-1000 mg 50-800 mg 100-600 His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr,
Oral Liquid 20-1000 50-800 - Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp,
g
mg/5ml mg/5ml 100-600 Ort, Ca'v, Asn, Gln, Can, Gln, Asn, Cys and
mg/5ml Tau, Djk, GABA, Cys, Ser, Hyp, Sar
Dcy, Thr, and Sar
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and Sar

to streptoccus, staphyloccus or

infections of genitourinary tract due to E. coli, P. mirabilis, E. faecalis, infections of
skin due to streptococcus, staphylococcus or E. coli, infections of lower respiratory tract due
H. influenzae, and gonorrhea Cefuroxime Preferred

F TdvastitiOSES 'mfﬁfo“s%?&ﬁ%&@lﬁ d}ﬁlggaécy S, Leu, i *Lﬁ!)ﬁeﬁ‘,‘qﬁ,’ GTWALYJ,E 7@@,L¥§he‘,”dﬁ}!, Ly:‘Ser, Hyp, Thr, Gly, b, c, e, f, | lowers choloesterol
Lewrdter&orAsp, Glu, Met, Ala, Hyp, Ser, Thr, Gly, & GyisMay, 8)€ VhLIPrb, j, KsQ GRONRIONE, | & Lys h,1,j,k, | concentration;
tre&hﬂé}ab/@ﬁ]pharymgmﬁﬁé)nsn“ |3_g@h|1§ed @_@ln]'gab/ ,a*i)s, Tyr, Ser, Nor, Arg, | Val, Pro, His, Tyr, Lo,p inhibits HMG-CoA
Oral Liquid 1-100 mg/5ml | 2-80 5.50 Phe, Trp, Hyp, Hsr, Thr, Arg, Phe, Trp, reductase
mg/5ml mg/5ml Car, Ort, Cav, Asn, Gln, Asn, Cys and
Gln, Can, Tau, Djk, Ser, Hyp, Sar
GABA, Cys, Dcy, Thr,
and Sar
Simavastatin All Doses expressed as drug base Lys, Leu, Ile, Gly, Asp, | Lys, Leu, Ile, Gly, Ser, Hyp, Thr, Gly, b, c,e, f, | lowers choloesterol
Preferred forms Glu, Met, Ala, Val, Pro, | Asp, Glu, Met, Ala, | & Lys h, 1, j, k, concentration;
Oral Tab/Cap His, Tyr, Ser, Nor, Arg, | Val, Pro, His, Tyr, Lo,p inhibits HMG-CoA
Oral Liquid 1-200 mg 2-150 mg 2.5-100 mg | ppe, Trp, Hyp, Hsr, Thr, Arg, Phe, Trp, reductase
1-200 mg/5ml | 2-150 2.5-100 Car, Ort, Cav, Asn, Gln, Asn, Cys and
mg/5ml mg/5ml Gln, Can, Tau, Djk, Ser, Hyp, Sar
GABA, Cys, Dcy, Thr,
and Sar
Atorvastatin All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, | Lys, Leu, Ile, Gly, Ser, Hyp, Thr, Gly, b, c, e, f, | lowers choloesterol
Preferred Forms Glu, Met, Ala, Val, Pro, | Asp, Glu, Met, Ala, | & Lys h, 1, j, k, concentration;
Oral Tab/Cap 1-250 mg 2-125 mg 5-100 mg His, Tyr, Ser, Nor, Arg, | Val, Pro, His, Tyr, Lo,p inhibits HMG-CoA
Oral Liquid 1-250 mg/5ml | 2-125 5-100 Phe, Trp, Hyp, Hsr, Thr, Arg, Phe, Trp, reductase
mg/Sml mg/Sml Car, Ort, Cav, Asn, Gln, Asn, Cys and
Gln, Can, Tau, Djk, Ser, Hyp, Sar
GABA, Cys, Dcy, Thr,
and Sar
Pravastatin All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, | Lys, Leu, Ile, Gly, Ser, Hyp, Thr, Gly, b, c, e, f, | lowers choloesterol
Preferred Forms Glu, Met, Ala, Val, Pro, | Asp, Glu, Met, Ala, | & Lys h,1,j, k, concentration;
Oral T.ab/.Cap 1-250 mg 2-125 mg 575 mg His, Tyr, Ser, Nor, Arg, | Val, Pro, His, Tyr, Lo, p inhibits HMG-CoA
Oral Liquid 1-250 me/5ml | 2-125 575 Phe, Trp, Hyp, Hsr, Thr, Arg, Phe, Trp, reductase
g/5m
Car, Ort, Cav, Asn, Gln, Asn, Cys and
mg/5Sml mg/5Sml

Gln, Can, Tau, Djk,
GABA, Cys, Dcy, Thr,
and Sar

Ser, Hyp, Sar
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10-1000 mg 50-750 100-600 His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, p by streptococcus,
acute Oral Liquid 10-1000 mg mg Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp,

media caused mg/5m1 50-750 100-600 Ott, Cav, Asn, GIn, Can, GIn, Asn, Cys and by

bacterialotitis

SUGRIPLLHHIS: P ALl doses expressed as drug base Lys, Leu, Ile, Gly, Asp, | Lys, Leu, Ile, Gly, Ser, Hyp, Thr, Tyr, b, c, e, f, | lowers choloesterol
Preferred Forms Glu, Met, Ala, Val, Pro, | Asp, Glu, Met, Ala, | Gly & Lys h,1,j, k, concentration;
Oral T.ab/.Cap 1250 mg 2125 mg 575 mg His, Tyr, Ser, Nor, Arg, | Val, Pro, His, Tyr, Lo,p inhibits HMG-CoA
Oral Liquid 1-250 me/5ml | 2-125 575 Phe, Trp, Hyp, Hsr, Thr, Arg, Phe, Trp, reductase
g/5m
mg/5ml meg/5ml Car, Ort, Cav, Asp, Gln, Asn, Cys and
Gln, Can, Tau, Djk, Ser, Hyp, Sar
GABA, Cys, Dcy, Thr,
and Sar
Nadolol All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, | Lys, Leu, Ile, Gly, Lys, Gly, Sar, Ser, b, h, 1, j, treatment of angina
Preferred Forms Glu, Met, Ala, Val, Pro, | Asp, Glu, Met, Ala, | & Pro k,Lo,p pectoris and
Oral Tab/Cap 1-250 mg 5-225 mg 10-200 His, Tyr, Ser, Nor, Arg, | Val, Pro, His, Tyr, hypertension; 3-
Oral Liquid 1-250 mg/5ml | 5-225 mg Phe, Trp, Hyp, Hsr, Thr, Arg, Phe, Trp, adrenergic receptor
mg/Sml 10-200 Car, Ort, Cav, Asn, Gln, Asn, Cys and antagonist
mg/5ml Gln, Can, Tau, Djk, Ser, Hyp, Sar
GABA, Cys, Dcy, Thr,
and Sar
Valsartan All Doses expressed as drug base Lys, Leu, Ile, Gly, Asp, | Lys, Leu, Ile, Gly, Hyp, Ser, Thr, Lys, b, f, 1, j, treating hypertension,
Preferred forms Glu, Met, Ala, Val, Pro, | Asp, Glu, Met, Ala, | Gly & Sar k,Lo,p angiotension II
Oral Tab/Cap His, Tyr, Ser, Nor, Arg, | Val, Pro, His, Tyr, antagonist
Oral Liquid 10-500 mg 25-250 mg 50-200 Phe, Trp, Hyp, Hsr, Thr, Arg, Phe, Trp,
10-500 25-250 mg Car, Ort, Cav, Asn, Gln, Asn, Cys and
mg/5ml mg/5ml 50-200 Gln, Can, Tau, Djk, Ser, Hyp, Sar
mg/Sml | GABA, Cys, Dey, Thr,
and Sar
Methyl All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, | Lys, Leu, Ile, Gly, Lys, Gly, Hyp, Sar, a, b, c, h, | treatment of attention
phenidate Glu, Met, Ala, Val, Pro, | Asp, Glu, Met, Ala, | & Ser -k Lo, deficit disorders and
Preferred Forms His, Tyr, Ser, Nor, Arg, | Val, Pro, His, Tyr, P narcolepsy
Oral Tab/Cap 1-50 mg 2-40 mg | 2.5-25 mg Phe, Trp, Hyp, Hsr, Thr, Arg, Phe, Trp,
Oral Liquid 1-50 mg/5ml 2-40 2.5-25 mg/5ml Car, Ort, Cav, Asn, Gln, Asn, Cys and
mg/5ml Gln, Can, Tau, Djk, Ser, Hyp, Sar

GABA, Cys, Dcy, Thr,
and Sar
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mg/5m1 mg/5m1 Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Ser, Hyp, Sar influenzae,
moraxella catarihalis or streptococcus urinary tract infections caused by E. coli or
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a,b,eh,j,
k,o,p

antibiotic; inhibits
bacteria such as E.
coli, pseudomonas,
aeruginosa, H.
influenzae,
streptococous,
Klebsiella,
staphylococcus,
mycoplasma
pneumoniae,
peptostreptococcus,
prevotella; treatment
of pneumonia,
postsurgical
infections;
gynecolgic and
pelvic infections,
such as
endomyometritis,
parametritis, septic
abortions,and post-
partum infections;
skin infections, e.g.,
diabetic foot
infections

5-AS*
Preferred Forms
Oral Tab/Cap
Oral Liquid
(*5-Amino-
Salicylic acid)

All doses expressed as drug

base

1-200 mg
1-200 mg/5ml

5-150
mg
5-150
mg/5ml

10-125 mg
10-125
mg/5Sml

Lys, Leu, Ile, Gly, Asp,
Glu, Met, Ala, Val, Pro,
His, Tyr, Ser, Nor, Arg,
Phe, Trp, Hyp, Hsr, Car,
Ort, Cav, Asn, Gln, Can,
Tau, Djk, GABA, Cys,
Dcy, Thr, and Sar

Lys, Leu, Ile, Gly,
Asp, Glu, Met, Ala,
Val, Pro, His, Tyr,
Thr, Arg, Phe, Trp,
Gln, Asn, Cys and
Ser, Hyp, Sar

Glu, Gly, Tyr & Lys

bv C, ivjy 17
m, 1, o, py
q

treatment of
tuberculosis

47




a,b,c g hijk 1, o0,p, gantibiotic, treatmtent of lower respiratory tract infections, including

pneumonia caused by pseudomonas, H. influenzae, Klebsiella, Enterbacter, E. coli, proteus

mirabilis, streptococcus, staphylococcus; skin and skin structure infections, caused by

PS %E’tﬁﬁ'onas a rﬂﬁm&%xwﬁlﬁﬁugbﬁp"’ Frote Ey@fﬂ&i‘iﬁ?&ﬁ{zg §g9pny QSQPEéﬁ,SIle, Gly, Lys, Gly, Pro, b,c,g,j,1, | treatment of
streptaspecks, utinary tract infections casued by psesdomenas sgreginosasgntaib@etesla, | Sar & Ser m, n,o,p, | inflammation
prokedistddlBsiel(a, E. coil; bome and jgint infectionsg bau$edloy Beeadomondd, Brufindsa, q especially from
KleBsiairsti®nterhactes narrstapiyloeoccus:; efynecolp ’ﬂ;ﬁé&Yﬁﬁésingl’ﬂdingTéhMﬁitTép’ g‘fecuons’l ltlssue ;
pelyic cellulits and infections of t#é"femalé/génital tr ?%ﬁs‘éﬁ@?% Lbli, rﬁ}%@f‘d&%ﬁ? I amage, a° ergy an
! pical Crea 1.59 . . ay, ; 3A, Cys; er, Hyp, Sar auto-immune
infections and centr&l msfvous system rH‘zStz,%ms, mcb@n@lmg@gagltls 0.1t5gm (5).1-1gm disease
0.1-2.5 gm/5m1 0.25-4 gm 0.25;5gm 0.25-2 gm/5m1 0.5-2 gm 0.5-1 gm 0.5-1 gm/5m1
CeM&ﬂGXjfme PrE‘TQITBGSESQHﬁ}SSQJa& Eﬁ@b Basap Oral Ll@WéﬂL@dl ﬂ@@ﬁ gypres Sﬁ%ﬁiﬂﬂlbg@ﬁse Lys, Gly, Pro, b,c, g, j,1, | providing
LyrogestedeneGly| Asp, Glu, Met, Ala, Val, Pro, His, |T§in, Bet, AloNaARye.Phe ATrpGlHwktHds, | Sar & Ser m, n,0,p, | contraception
CabreucCayrAsn, GinCan, Tat, DikrGABAEys) DeylTHicralel 8 Lys, {2 di1éhGly-Asp, q
GIUMMBERE, Val. Rrp. s, Tyrorhy. Aray b Tro| G shEyTantt Selr HiyRiesgle: '
gm/ml 2 gm/ml | gm/ml Tau, Djk, GABA, Cys, Ser, Hyp, Sar
Dcy, Thr, and Sar
Estramustine All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Gly, Lys, Pro, Ala, b,c, h,i,j, | treatment of cancer
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Sar & Val k,Lo,p especially treatment
Oral Tab/Cap 10-500 mg 25-250 | 50-200 mg His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, of metastatic or
Oral Liquid 10-500 mg 50-200 Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp, progressive
mg/5ml 25-250 | mg/5ml Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and carcinoma of
mg/5ml Tau, Djk, GABA, Cys, Ser, Hyp, Sar prostate
Dcy, Thr, and Sar
Miglitol All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Lys, Gly, Sar, Pro, & b, c,1,j,n, | treatment of type II
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Ser q diabetes
Oral Tab/Cap His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr,
Oral Liquid 1_528 me 2-150 10-125 mg Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp,
-250 mg/5ml | mg 10-125
2-150 mg/5ml Ort, Cay, Asn, Gln, Can, Gln, Asn, Cys and
Tau, Djk, GABA, Cys, Ser, Hyp, Sar
mg/5ml

Dcy, Thr, and Sar
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Ser, Hyp, Thr, Gly & Lys a, b, ¢, g, h, i, ], k, 1, 0, p, q antibiotic especially against
streptococcus, H. influenzae, moraxella catarrhalis; treatment of acute otis media, pharyngitis,
tonsillitis, pneumonia, bronchitis, gonorrhea, and rectal infections in women 10-500 mg

1CW- \ 1 S - Wﬁ“— L%Ql@ﬁgﬁ@@fy, Lys, Gly, Sar, Pro, a,b,c, h,i, | treatment of malaria
PraferradifForms [Oral Tab/Cap Oral Liquid For Ped|attic Mseahll vioges, exprepssed, asedialg | val, Ala ik, 1, 0,p,
basyd.Jsh/Cau, e, Gy AsP Gldves 7te Y@t-Bro, His TiypeStnrMar, ArgyRHeo T, Hyp, q
HsO@didestt, Cav dsm, Gin, Can, Tau, Bika@ABA, @%gEPc YFRBr it Sar iy ediel[BpGly,
Asp, Glu, Met, AlamyahiPro, Hig5F§e, Thrg/Any, Phe, %? Dagé’l i{gﬁ@;}é anz§§g?ys‘]4§/§ ad
Lys, Gly, Sar, Ala, Pro & Ser amhli,j, k, o, p tregtmenfiof madaria cause By plasmodiunt
arasite
P Danazol All Doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Hyp, Pro, Ala, Val, a,b,c,e,f, | treatment of
Preferred forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Ser & Thr g, h,1,j,k, | endometriosis and
Oral Tab/Cap His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, I, n, 0, p,q | fibrostatic breast
Oral Liquid 2-500 mg 10-350 mg | 25-250 mg Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp, disease
2-500 10-350 25-250 Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and
mg/5ml mg/5ml mg/5ml Tau, Djk, GABA, Cys, Ser, Hyp, Sar
Dcy, Thr, and Sar
Eprosartan All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Ser, Hyp, Thr, Lys, b, c,h,1,j, | ACE inhibitors,
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Gly & Val k,Lo,p treatment of
Oral Tab/Cap 0.1-1 gm 200-800 300-750 mg | His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, hypertension
Oral Liquid 0.1-1 mg 300-750 Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp,
gm/5ml 200-800 mg/5ml Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and
mg/5ml Tau, Djk, GABA, Cys, Ser, Hyp, Sar
Dcy, Thr, and Sar
Divalproex Na All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Ser, Hyp, Thr, Lys, a, b, c, f, h, | treatment of epilepsy
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Gly, & Val i,j,k 1,0,
8;2} Eiab/%ap 50-800 mg | 75-750 mg ] 100-600 mg II—)Illls, Tryr, ?{er, Ngr, Arg, Val, Pro, His, Tyr, p
qui 50-800 75-750 100-60 e, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp,
mg/5ml mg/5ml mg/5ml Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and
Tau, Djk, GABA, Cys, Ser, Hyp, Sar
Dcy, Thr, and Sar
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50-1000 mg above/5 ml 10450 mg/5m1 100-500 mg above/5 ml 25-100 mg/5m1 200-300 mg
above/5 ml 50-75 mg/5m1
expressed as drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His Tyr, Ser, Nor, Arg,

Acyclovir Preferred forms Oral Tab/Cap Oral Liquid All Doses

Pl

@’eﬂ(ﬁﬂ)rlﬂxp’ Alfd@gesk&brégégaﬁﬁ[ﬂg 152%11 Can, T aHysLﬂgu ‘H’é'\gfi) Asy S CI)./ys 'Iﬂiru @Q%BaraJ Ser, Hyp, Thr, Lys, b,c, h,i,j, | treatment of
Lyrtetd@yialy, Asp, Glu, Met, Ala, Val, Pro, His, [Tow, Tibt, Aoy ivey, Trp, AR CMS, ndly, & Ala k.1, 0,p,q | hypercholestemia
SeQwlyipbSar Lys, §ate HyP PSSR [0id6-ddo mk 1050 tre@mentothumail e iiedatovirus
(H @W\qu%-loo() 0800 20-750 100-600 Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp,

mg/5ml me/5ml mg/5ml Ort, Cgv, Asn, Gln, Can, Gln, Asn, Cys and
Tau, Djk, GABA, Cys, Ser, Hyp, Sar
Dcy, Thr, and Sar

Gabapentin All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Cyclic Deriv. & Tyr b,c,d, e, f, | treatment of

Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, h,i,j, k, 1, convulsions

Oral Tab/Cap 10-800 mg 25-750 mg | 50-500 mg His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, n, o, p, p

Oral Liquid 10-800 25-750 50-500 Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp,

mg/5ml mg/5ml mg/5ml Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and
Tau, Djk, GABA, Cys, Ser, Hyp, Sar
Dcy, Thr, and Sar

Lansoprazole All Doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Gly, Lys, Pro, Sar, b,e, f, h, i, suppression of gastric

Preferred forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Ser & Val k1 o,p acid secretion by

Oral Tab/Cap His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, inhibition of (H+, K+)

Oral Liquid 1-60 mg 2-50 mg 10-40 mg | ppe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp, ATP-ase enzyme

1-6- 2-50 mg/5ml | 10-40 Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and system at the secretory
mg/5ml mg/5ml Tau, Djk, GABA, Cys, Ser, Hyp, Sar surface of the gastric

Dcy, Thr, and Sar parietal cell; treatment

of gastric hyperacidity

Omeprazole All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Lys, Gly, Val, Pro & | b, e, f, h, 1, suppression of gastric

Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Sar Bk Lo,p acid secretion by

Oral Tab/Cap 1-200 mg 2-100 mg 5-60 mg His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, inhibition of (H+, K+)

Oral Liquid 1-200 2-100 5-60 Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp, ATP-ase enzyme

mg/Sml mg/5ml mg/Sml Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and system at the secretory
Tau, Djk, GABA, Cys, Ser, Hyp, Sar surface of the gastric

Dcy, Thr, and Sar parietal cell, treatment

of gastric hyperacidity
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50-1000 mg/5m1 100-750 ml 100-750 mg/5m1 150-500 mg 150-500 Ing/51n1
Preferred Forms Oral Tab/Cap Oral Liquid P1 Infusions All doses expressed as drug base

Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr,

Gancyclovir

Ci viegbbtroldV, A nAlH&eske@ﬂes'séHJas ld’ﬂifg M@BA, LYS; L&EYLeh,”ﬁe,Qﬁ?, RQJ, Ly DL&se,Eed,'@le,Lﬁ'Mﬁ, A R}ly, Lys, Sar, Pro, b, c, h, 1, ], treatment of anorexia;
Glwrbtetddamval, Pro, His, Tyr, Thr, Arg, Phe, Trp| Gl MysmCysianel SeraklypuSastHyp, | Ser & Ala k,1,n,0,p | improving appetite in
SeRrAhfBlR & LysiHyGre T ijgé,rjl,gk, 0, )jb%%g:‘l tidis, AymSe. dptomegal o Xakuso(HE N W) anorexic and patients
0. 191%4‘0'.11-1gm5m)b 10-20 QMBQIZ'OZ6W 0.2-})@’8 ilsr, Car, Thr, Arg, Phe, Trp, suffering from AIDS
mg/5ml meg/5ml Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and
Tau, Djk, GABA, Cys, Ser, Hyp, Sar
Dcy, Thr, and Sar
Metformin All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Asp, Glu, Lys & Azo | o,p treatment of
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | dimer hyperglycemia; aids
Oral Tab/Cap His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, insulin to improve
Oral Liquid 8; _1 3 gm 8;2_12 gm 82_} gm Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp, transport of glucose
gm/5ml me/5ml gm/Sml Ort, Ca.V, Asn, Gln, Can, Gln, Asn, Cys and into cells
Tau, Djk, GABA, Cys, Ser, Hyp, Sar
Dcy, Thr, and Sar
Tazarotene All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Ser, Hyp, Thr, Lys, & | B, c, h,I,j, | treatment of psoriasis
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Gly k,1,0,p and acne especially
Topical Gel 0.01-0.3% 0.02-0.25% 0.025- His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, those caused by
0.125% Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp, pathogenic
Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and microorganisms, allergy
Tau, Djk, GABA, Cys, Ser, Hyp, Sar and inflammation
Dcy, Thr, and Sar
Sumatriptan All Doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Lys, Gly, Ala, Pro, b,c,d, g, h, | 5HT subtype receptor
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, Sar & Val i,j, kI, n, agonist, treatment of
Oral Tab/Cap His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, 0,p,q migraine headaches
Oral Liquid 5-250 mg 10-200 mg 20-125 mg | ppe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp,
5-250 10-200 20-125 Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and
IM Injections mg/5ml mg/5ml mg/5ml Tau, Djk, GABA, Cys, Ser, Hyp, Sar
1-36 mg/ml | 2-24 mg/ml 4-20 Dcy, Thr, and Sar
mg/ml
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25-100 mg/ml 0.2-0.6 gm 0.2- 0.6mg/5 ml 30-60 mg/m|

Penciclovir Preferred Forms

Powder for w Topical Cream Oral Cap/Tab All doses expressed as drug base Lys, Leu, lle,
Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ort, Cav,

A"'Na@liﬁi %‘rﬁn’ T %il@&es%ﬁéed:\ay %rdg GyseThr’ an ‘13?5{ i:éﬁ?lli:—,%’ly,ii@sp,Giy f&%PLéE‘,i ﬂe,i@gft,’ A e}z,ys, Gly, Sar, Val, b, h,1i,j, k, 5 HT subtype
ValPIEf@cg'llFSrrﬂéyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys andMaerakywn, $ar, Hypysperu e, @Gly, & Ala, & Pro l,o,p receptor agonist;
Lyl Ea@Chph, i, j0.k;10 2 treatmsniof hiiman aytomdigaloyiFasNHCIRY) 1Vl G8ORig)/ iyl treatment of
0.1953419g500 m@. 250750 meAnf 0.25-308-20-300 n%ad}%@uséb 11140, 5-2 B0 05 Phs (T pg migraine headaches
mg/Sml mg/5ml mg/5ml rt, Cav, Asn, Gln, Can, Gln, Asn, Cys and
Tau, Djk, GABA, Cys, Ser, Hyp, Sar
Dcy, Thr, and Sar
Zolmitriptan All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Lys, Gly, Sar, Val, b, h,1i,j, k, 5 HT subtype
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Ala, & Pro Lo, p receptor
Oral Tab/Cap N N R His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, agonist;treatment of
Oral Liquid 0.1'12mg ) 0.5-10mg 1-7.5 mg Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp, migraine headaches
1-12 0.5-10 1-7.5
mg/5ml mg/5ml mg/5ml Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and
Tau, Djk, GABA, Cys, Ser, Hyp, Sar
Dcy, Thr, and Sar
Aspirin All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Ser, Hyp, Thr, Lys, a,b,c,e f, | antipyretic, anti-
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Gly, & Ala g, h,j,k I, | inflammatory,
Oral Tab/Cap - ; " His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, m, n, o, p, q | analgesic,
Oral Liquid 10-1000 20-800 mg 25-600 Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp, thrombolytic;
mg 20-800 mg
10-1000 mg/ml 25-600 Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and treatment of
me/ml me/ml Tau, Djk, GABA, Cys, Ser, Hyp, Sar hyperthermia,

& & Dcy, Thr, and Sar myocardial
infarction and
thrombolysis

Olmesartan All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Ser, Hyp, Thr, Lys, b, h, 1, j,k, 1, | ACE inhibitor,
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Gly, & Ala 0,p treatment of
Oral Tab/Cap 1-100 mg 2-80 mg 4-50 mg His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, hypertension
Oral Liquid 1-100 2-80 4-50 mg/5ml | Phe, Trp, Hyp, Hsr, Car, | Thr, Arg, Phe, Trp,
mg/5ml mg/5ml Ort, Cav, Asn, Gln, Can, | Gln, Asn, Cys and
Tau, Djk, GABA, Cys, Ser, Hyp, Sar
Dcy, Thr, and Sar
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Niacin ER Preferred Forms Oral Tab/Cap Oral Liquid All doses expressed as drug base Lys,
Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car,
Ort, Cav, Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu,

M

Giddlnuyal, PT

AT ostY Ex Jii¥se A4 0arld Wasel TP, GIN

BTLGYR2HH, 385, HYRySEESRE, &P,

Ser, Hyp, Thr, Lys, b, h, 1, j,k, I, | immunosuppressant
Thfl?ra_fyfr,e@yr&sL_/S a, b, h, 1, 1, mn,o,p,qQ Iipid T@ﬁa@am@jwﬂ,.grofedUAZisﬁgjiﬁliKIIet, Ala, | Gly, & Ala 0,p in surgical human
corieehtration 0. _021”m 0.2-2 “gn/';ml ".12g‘3 1.5 gm| (RS Ir giw/Hiorl AG5-1 | gral B Higrfidsm 1 patients with
Bescarbtétyis Prefeargqizgfg?ms 5@‘3"35/(3?@ Al LiqUIEETORIERP GBI Al dosdreXjsré8sddPas transplants;
drug hase.Lys, Lewella Gly, Aspskalu, Met, Ala, Va fl%"? Calzligsngﬁlngé‘f)’ Nog AR RS2 antibiotic; treating
n ect101¥s 1 - ! 9/5 ! ! N ! auOD K, GABA]CyS, !’ I Sar™’ P, vitiligo psoriass,
Hyp, Hér, Car, Ort, Cav, Asn| GIn, Can| Tau, Djk, Gﬁﬁﬁ,ﬁyghd}bgy, Thr, and SarpLys, Leu, |le, acne
G Yrdepdhinrasd, M JAN@sey@Jp 3804 ﬁ'@ﬁug Whsel 0T, Arg, 'ﬁ?@Léd:me,Lﬂl}; R‘@l L)ﬁ%@,—‘ﬂ@ugﬁfadﬂy P, Lys, Gly, Ala, Thr, b, c, g h,i, | immunosuppressant
Sarkerredypmbhr, Gly, & Lys b, ¢, h, i, |, k, 1, 0, p freatventaof, skinreand|tipscrspecially | Sar & Pro .k, Lo, p in surgical human
th o@@lr@dlfmng activationgof netinoing receptonsg His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, patients with
Oral Liquid above/5ml above/5ml | above/5ml Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp, transplants;
IV Infusions 1-20 mg/ml 2-15 2.5-8 mg/ml Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and antibiotic; treating
mg/ml Tau, Djk, GABA, Cys, Ser, Hyp, Sar vitiligo psoriass,
Dcy, Thr, and Sar acne
Pimecrolimus All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Lys, Gly, Ala, Thr, b,c, g, h,i, | immunosuppressant
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Sar & Pro Ik Lo,p in surgical human
Oral Tab/Cap 0.1-20 mg 0.2-15mg | 0.25-10 mg His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, patients with
Oral Liquid above/5ml above/5ml | above/5ml Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp, transplants;
Ointment Cream | 0.01 - 10% 0.1-5% 0.5-2% Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and antibiotic treating
Tau, Djk, GABA, Cys, Ser, Hyp, Sar vitiligo psoriass,
Dcy, Thr, and Sar acne
Clopidogrel All doses expressed as drug base 20-125 mg 25-100 mg Ser, Hyp, Thr, Lys, b,c, h,i,j, | treatment of
Preferred Forms 20-125 mg/5ml 25-100 mg/5ml Ala, & Gly k, 1, m, o, p, | myocardial
ora Tab/Cap 170250 mg [ 20-125 | 25-100 mg q infections
q 10-250 mg 25-100
mg/5Sml 20-125 mg/5Sml
mg/5Sml
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10-500 mg above/5m1 0.1-5% 25-250 mg above/5m 0.25-2.5%1 50-100 mg above/5 ml 1.5%
Propoxyphene Preferred forms Oral Tab/Cap Oral Liquid All Doses expressed as drug base
Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr,

Ci %mﬁofeﬁé{n’u\ nAM&e%Bnes%@djasldfﬁg bﬁé’éB'L\’ LysS By%YLéllUf]!e,a@l?, R%, Ly L&s,eﬂed,lﬁe,‘ﬁ‘ll)ﬁ; A @er, Hyp, Thr, Lys, b,c, g 1,], treatment of fungus,
Glug Met, Ala, Val, Pro, His, Tyr, Thr, Arg, Phe, Trp, Gim,mmlgﬁlﬂﬂd’ SGEIAJﬂ,mth,S&d’,, Ala, & Gly I, m, n, o, p, | expecially those
H‘/[B,rerIfqu('Etyf,n& ¥S389 0, C ik K L z_wotreatmuﬁ}ile;f"{‘)aiﬂer,zﬁwr@(?,mg 21?14’@@ W}fg?Bml q aCtin% on Celﬁ
g i _ ) Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp, membrane changing
2% 12/5]0 HS@HZS 23 Q&%’l%gg 1 gf@%day gg{l;(g%/)day Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and its permeability
Topical Cream Tau, Djk, GABA, Cys, Ser, Hyp, Sar
Dcy, Thr, and Sar
Tenofovir All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Lys, Gly, Ala, Pro, b, c, h, 1, ], inhibitor of HIV
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Ser & Sar k,1,0,p virus, treatment of
Oral Tab/Cap 10-900 mg 50-750 mg | 100-500 mg His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, AIDS infections
Oral Liquid 10-900 50-750 100-500 Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp,
mg/5ml mg/5ml mg/5ml Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and
Tau, Djk, GABA, Cys, Ser, Hyp, Sar
Dcy, Thr, and Sar
Unoprostone All Doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Ser, Hyp, Thr, Tyr, b,c, h, i,j, treatment of
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Pro, & Lys k.1, n,0,p, | glaucoma,
Ocular Drops His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, q especially caused by
0.01-1% 0.05-0.5% | 0.01-0.25% Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp, age; lowers
Ort, Cav, Asn, Gln, Can, Gln, Asn, Cys and intraocular pressure
Tau, Djk, GABA, Cys, Ser, Hyp, Sar
Dcy, Thr, and Sar
Fulvestrant All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Gly, Lys, Pro, Ala, B,c,g,j,1, treating cancer,
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Val & Sar 0,p especially breast
IM Injection 2-1250 10-1000 20-500 His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, cancer
mg/Sml mg/Sml mg/Sml Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp,

Ort, Cav, Asn, Gln, Can,
Tau, Djk, GABA, Cys,

Gln, Asn, Cys and
Ser, Hyp, Sar

Dcy, Thr, and Sar
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30-150 mg 30-150 Ing/51n1

Salsalate Preferred Forms Oral Tab/Cap Oral Liquid All

doses expressed as drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser,
Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ott, Cav, Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr,

AN drdn: L€ ’Mﬁ'dbé'éye@%gse?ys' dllﬁéq;as’é“& vdl, 'Jf_gls,'me%’, Ilé{ rGlﬂl,rKsﬁ:\r ’Ir)'/gl,q_zed,rﬂe, Gfﬂ’ A §er, Hyp, Thr, Gly, b, c, h, 1, ], antibiotics, for
Cysanrdsdesddyp, Sar Hyp, Ser, Thr, Gy, & Lys b, |ogh, Mdi, k10 vpltreatmenp afinflammatoryys & Ala k1o, p treatment of
cqriditidias Cap2-2 gyt 5\'6(;25% oMy SasLiEh 2D -1]'5@395118. HHis, T gndBriver0A8e1 grval 34, gim/Bym 1 infection by
Oral Liquid 20-500 m 150-300 Phe, Trp, Hyp, Hsr, Car, | Thr, Arg, Phe, Trp, microorganisms,
g . R
me/5ml 100-400 | mg/5ml Ort, Cay, Asn, Gln, Can, | Gln, Asn, Cys and esp.emally inhibits
me/5ml Tau, Djk, GABA, Cys, Ser, Hyp, Sar H. influenzae;
Dcy, Thr, and Sar Haemophilus para-
influenzae,
streptococcus,
Maraxella
catarrhalis;
treatment of
bronchitis,
pharyngitis,
tonsillitis, skin
infections
Efavirenz All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Gly, Lys, Pro, Ala, b, c, h, 1, ], inhibitor of HIV-1
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Sar, & Val k,Lo,p specific, non-
Oral Tgb/Cap 02-12 gm 300-800 200-750 His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, nucleqside, reverse
Oral Liquid 02-12 m m Phe, Trp, Hyp, Hsr, Car, | Thr, Arg, Phe, Trp, transcirptase;
- & & Ort, Cav, Asn, Gln, Can, | Gln, Asn, Cys and treatment of AIDS
gm/5Sml 300-800 400-750 . . .
mg/5ml mg/5ml Tau, Djk, GABA, Cys, Ser, Hyp, Sar infections
Dcy, Thr, and Sar
Eplerenone All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Ser, Hyp, Thr, Lys, b, c, h, 1, ], treatment of
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Gly & Val k,Lo,p hypertension, blocks
Oral Tab/Cap 10-250 mg 15-200 20-150 mg | His, Tyr, Ser, Nor, Arg, | Val, Pro, His, Tyr, binding of
Oral Liquid 10-250 mg 20-150 Phe, Trp, Hyp, Hsr, Car, | Thr, Arg, Phe, Trp, aldosterone to
mg/5ml 15-200 mg/5ml Ort, Cav, Asn, Gln, Can, | Gln, Asn, Cys and mineralo-corticoid
mg/5ml Tau, Djk, GABA, Cys, Ser, Hyp, Sar receptors
Dcy, Thr, and Sar
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Acetaminophen Preferred Forms Oral Tab/Cap Oral Liquid All doses expressed as drug base
Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr,
Car, Ott, Cav, Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp,

Gl ’Amrﬁosa'%xp&ééged zﬂrdrﬁg gas'é'ne Trp E}}p 1L"\§rﬂlek@{_§ Q;Elg S FMQJ ff@@f}'f}’p’ Gly, Lys, Val, Hyp, b, c, g, h,i, | Inhibits platelet
Semréiafecﬁlym& Lys a, b, c, e, h, i, j, k, 0, p treatmentaf, prRiNADK, fexaro20f ]éQ@Q}m,g\/QQﬂQOC Thr & Ser j.k,Lo,p | aggregation and
mpAsTu50s800 mg-50-800-mg/5m1-100-600-mg-100LE 00 mdg/Svai Arg, Ibuprbfen, Frefented vasodilation of
RO°1-1007 19250 0.5-20 Phe, Trp, Hyp, Hsr, Car, | Thr, Arg, Phe, T temic and
Forms Oral Tab/C C4 e, Trp, Hyp, Hsr, Car, r, Arg, Phe, Trp, systemic an
Oral Tab/Cap Q/ ml mg/ml mg/ml Ort, Cav, Asn, Gln, Can, | Gln, Asn, Cys and pulmonary vascular
10-1000 mg | 20-800 mg | 25-500 mg | Tqy, Djk, GABA, Cys, Ser, Hyp, Sar bed, treatment of
Dcy, Thr, and Sar cardiovascular
related conditions
Adefovir All doses expressed as drug base Lys, Leu, Ile, Gly, Asp, Lys, Leu, Ile, Gly, Lys, Gly, Val, Ser, b, c, h, i, ], HIV reverse
Preferred Forms Glu, Met, Ala, Val, Pro, Asp, Glu, Met, Ala, | Hyp, & Pro k,Lo,p transcriptase
Oral Tab/Cap 1-100 mg 2-50 mg 5-20 mg His, Tyr, Ser, Nor, Arg, Val, Pro, His, Tyr, inhibitors; treatment
Oral Liquid 1-100 2-50 5-20 Phe, Trp, Hyp, Hsr, Car, | Thr, Arg, Phe, Trp, of HIV infections
mg/5ml mg/Sml mg/5ml Ort, Cav, Asn, Gln, Can, | Gln, Asn, Cys and and AIDS

Tau, Djk, GABA, Cys,

Dcy, Thr, and Sar

Ser, Hyp, Sar
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Oral Liquid All doses expressed as drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr,
Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ott, Cav, Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar
Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp,
Sar Ser, Hyp, Thr, Tyr, Gly & Lys a, b, h, i, j, 1, m, n, 0, p, q treatment of pain, fever or inflammation
20-1000 mg 20-1000 mg/5m1 50-800 mg 50-800 mg/5m1 100-600 mg 100-600 mg/5m1 Lovastatin

Preferred Forms1Qeablia/aamdarahlitnicMhfrser aKkprersachaskikygveassd:ys, Leu, lle, Gly, Asp, Glu,
Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ott, Cav, Asn,

Synthesis of Various Amino Acid Derivatives of Selected Drugs

5 L Propofol Derivatives

Propofol (2,6-diisopropylphenol) is a low molecular weight phenol which widely used as
a central nervous system anesthetic, and posses sedative and hypnotic activities. It is
administered intravenously in the induction and maintenance of anesthesia and/or

10 sedation in mammals. The major advantages of Propofol are that it can induce anesthesia
rapidly, minimal side effects and upon withdrawal, the patient recovers quickly without

prolonged sedation.

PROPOFOL

CHy OH CHy

HsC CHa

15  Propofol has been shown to have a large number of therapeutic applications, which are
quite varying and somewhat surprising. For example, it has been shown to be an
effective antioxidant, anti-emetic, anti-pruritic, anti-epileptic, anti-inflammatory, and

even seems to possess anti-cancer properties.

20  Mechanism of Action:
The mechanism of action of Propofol has been extensively studied. Its central nervous
system anesthetic activity has been shown to be related its high affinity for a specific
subclass of GABA receptors (Collins G.G.S., 1988, Br. J. Pharmacology. 542, 225-232).
However, there are a number of different receptors in the brain which are substrates for

25  propofol, hence its varied activities.
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GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His,
Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Ser, Hyp, Thr, Gly, & Lys b, c, e, f, h, i, }, k, 1, 0,
p lowers choloesterol concentration; inhibits HMG-CoA reductase 1-100 mg 1-100 mg/5m1 2-80 mg 2-80
mg/5m1 5 50 mg 5-50 mg/5m1  Simavastatin Preferred forms Oral Tab/Cap Oral Liquid All Doses

expressed as dripgopassl ke, H8WidlariEls KR g, d¥tet AdanViaki FXidahtis Badauze bk Arg, phe, Trp,
Hyp, Hsr, Car, Ott, Cav, Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp,

Glu, Met, Ala, vaCsialirad asgyiyit pippobeltTs shesritizally espBibithseirepiRengat LRI O hr, Gly,

& Lys b, c, e, f, NnfldnkmasoBy Brocesses where oxidation is an important factor. For example,
cyclooxygenase mediated prostaglandin synthesis results in inflammation. By inhibiting
5  oxidation in the respiratory tract, one could use propofol in the treatment of acid
aspiration, adult/infant respiratory distress syndrome, airway obstructive diseases,

asthma, cancer and a number of other similar pathological conditions.

Since oxidative tissue damage is a very common occurrence, it has been suggested that
10 propofol could be useful in the treatment of Parkinson’s disease, Alzheimer disease,
Friedrich’s disease, Huntington’s disease, multiple sclerosis, amyotrophic lateral

sclerosis, spinal chord injuries, and various other neurodegenerative diseases.

Propofol is currently available in the US market as an intravenous emulsion marketed by

15  Astra Zenaca under the brand name Diprivan®. It is one the most widely used short
acting central nervous system anesthetics in the market. The concentration of propofol is
10 mg/mL in non-pyrogenic sterile emulsion and the formula contains soybean oil,

glycerol, egg lecithin, disodium edetate and sodium hydroxide.

20 A significant disadvantage of Propofol is that it is completely insoluble in water. Even at
very low concentrations of 10 mg/mL, the drug precipitates out of an aqueous solution in
room temperature. Therefore, manufacturers of this formulation use heroic methods to
emulsify this product in water using extraordinarily complex and toxic emulsifying
agents. For example, manufacturers of the IV formulations use egg lecithin, Cremaphor

25  L®, castor oil, and other similar emulsifiers.

However, use of such emulsifiers is associated with number of problems. It is well now
that various types of Cremaphor L® emulsifiers can precipitate allergic reactions. Egg
lecithin and castor oil have been shown to produce anaphylactic shock in some patients.

30  Furthermore, maintenance of stability of propofol in these emulsions is short lived and
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lowers choloesterol concentration; inhibits HMG-CoA reductase 1-200 mg 1-200 mg/5m1 2-150 mg
2-150 mg/5m1 2.5-100 mg 2.5-100 mg/5m1  Atorvastatin Preferred Forms Oral Tab/Cap Oral Liquid All
doses expressed as drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg,
Phe, Trp, Hyp, Hsr, Car, Ott, Cav, Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle,
Gly, Asp, Glu, Mgforlaxpéabi v avibiso v tHpréSeGicP BE e J¢Re GlinARD EXSIPRKe HYRnRASE, HYP,

Thr, Gly, & Lys b, c, e, f, h, i, ], k, 1, 0, p lowers choloesterol concentration; inhibits HMG-CoA reductase
1-250 mg 1-250 ?ﬁ@}smngq?@%érow h. It may be possible to dissolve propofol in water by

complexing it with cyclodextrin, but cyclodextrin has not been approved by the FDA for

use in intravenous therapy.

5
Heretofore, no one has made a safe prodrug of propofol. The British patents 1,102,011,
and 1,160,468 and US Patent 3,389,138 describe the various phenol esters of amino
acids, wherein the propofol is attached to a number of side chains which when released
in the body produce toxic effects.
10

US Patent 6,451,854 describe a number of substituted alpha amino acetic acid esters of
propofol, wherein propofol and the side chain were substituted with a number of
different chemical groups. All the N,N-disubstituted glycine esters of propofol have not
shown to be non-toxic and there many of the compounds described are derivative of

15  propofol. Thus when released in the body after the cleavage of ester by the enzymes,
many of the active drugs released are not propofol, and hence they do not possesses any

toxicity data and are entirely new molecules with unknown therapeutic efficacy in man.

In yet another published paper on the water soluble salts of amino acid esters of

20  anesthetic agent propofol, (Int. J. Pharmaceutics, 175[2]: 195-204, 1998) authors have
synthesized a number of water soluble derivatives of propofol. However, when these
prodrugs are cleaved by esterase enzymes, substituted non-natural amino acids with

unknown toxicity profile are released in the body.

25  Until now there has been no pharmaceutical preparation has been available in the market
that can deliver propofol without harmful side effects. The present invention however,
has produced a number of water soluble, non-toxic derivatives of propofol which are
suitable for delivering propofol in the body without any harmful side effects and without

the needs for toxic and expensive additives, solubilizers and emulsifiers.
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2-125 mg/5m1 5-100 mg 5-100 mg/5m1  Pravastatin Preferred Forms Oral Tab/Cap Oral Liquid All
doses expressed as drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg,
Phe, Trp, Hyp, Hsr, Car, Ott, Cav, Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle,
Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Ser, Hyp,

Thr, Gly, & Lys bage@dfnBlyl, iih bnd aSp IOWE B+ GRAIGRSIAIRICRNGRNATIRY 1HNDES Sthifartsaf reductase

1-250 mg 1-250 mg/5m1l 2-125 mg 2-125 mg/5m1 5-75 mg 5-75 mg/5m1 ) .
Propofol. The prodrug cons1sts of the carboxyl group of an amino acid esterified to the

free hydroxyl group present on the propofol molecules.

5  More specifically, one aspect of the present invention is directed to, the compounds of

the formulae

AA PROPOFOL
I

CHy O CH3

HsC CHx

or pharmaceutically acceptable salts thereof; wherein AA is an amino acid, in which the
carboxyl group of AA is reacted with the hydroxyl group of the Propofol.

10
In antoher aspect, the present invention is also directed to a pharmaceutical composition
comprising a therapeutically effective amount of the various Propofol prodrugs above

and a pharmaceutical carrier therefor.

15  In another embodiment, the present invention is directed to a method of treating a patient
in need of propofol therapy, which method comprises administering to said patient an

effective amount of the Propofol.

In a further embodiment, the present invention is directed to a method of enhancing the
20  solubility of propofol in an aqueous solution comprising reacting the hydroxyl

functionality of the Propofol and isolating the products thereof.

In a still further embodiment, the present invention is directed to a method of
substantially and in a therapeutically efficacious manner, reducing or eliminating the

25  potential toxic side effects of current formulations containing toxic exepients when
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Fluvastatin Preferred Forms Oral Tab/Cap Oral Liquid All doses expressed as drug base Lys, Leu, lle,
Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ott, Cav, Asn, Glin,
Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr,
Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Ser, Hyp, Thr, Tyr, Gly & Lys b, c, e, f, h, i, j, k, 1, 0,
p lowers choloesigrahtaaeant atjipmicithitishMiE G4 HedHARER HydRR yNehAcdBRamg/eMfe2-125 mg
2-125 mg/5m1 5-75 mg 5-75 mg/5m1l ) ) )

propofol molecule with carboxyl function of selected amino acids to form an ester

covalent bond respectively and isolating the product thereof and administering said

product to the patient.

The current invention shows that when unsubstituted naturally occurring amino acids are
esterified to propofol, the resulting prodrugs are highly water soluble, (>200 mg/L in
water), release non-toxic amino acids upon cleavage in the body and require none of the
toxic emulsifier, additives and other exepients.

10
Furthermore, it has been shown that the current invention also produced drugs, while
they are prodrugs of propofol of the present invention are highly effective central
nervous system anesthetics. Thus the current amino acid prodrugs are effective central
nervous system anesthetics, with or without releasing the active parent drug.

15
The amino acid esters of the present invention are at least 10 times more soluble that
propofol in water in room temperature. Especially the glycine, proline and lysine esters
of propofol are soluble at the range of more than 100 mg/ml, and in case of lysine it is
greater than 250 mg/mL.

20
While the prodrugs of the present invention are not expected to possess any antioxidant
activity due to blockage of the phenolic group responsible for such; however the present
inventor has found that the prodrugs of propofol are effective anesthetics with or without
releasing propofol. The propofol prodrugs described release the propofol when

25  administered in vivo and the resulting drug maintains its pharmacological and anti-

oxidant properties.

The prodrug of propofol of the present invention clearly provides a number of
advantages over propofol, for example, all of the side chains cleaved from these

30  prodrugs are naturally occurring essential amino acids and hence are non-toxic. This
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Nadolol Preferred Forms Oral Tab/Cap Oral Liquid All doses expressed as drug base Lys, Leu, lle, Gly,
Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ott, Cav, Asn, GIn, Can,
Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg,
Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Lys, Gly, Sar, Ser, & Pro b, h, i, |, k, 1, 0, p treatment of angina

pectoris and hypeK@rsiaish adreparaiCiraegPiReMURgANSE fredd0drd 228K eI8Mddar2ae My 5-225
mg/5m1 10-200 mg 10-200 mg/5m1

10

15

20

25

body to release propofol. Furthermore, due their high water solubility, they can be easily
administered by either forming an in-situ solution just before IV administration using
lyophilized sterile powder or providing the drug in solution in prefilled syringe or bottles
for infusion. The aminoacid esters are more stable than propofol since OH group in
propofol is blocked to oxidation. Thus the propofol prodrugs of the present invention are
more effective then propofol itself without the toxicity and other pharmaceutical

problems associated with current marketed formulations.

The prodrugs of propofol of the present invention possess anti-inflammatory, anti-

oxidant, anti-cancer, anti-convulsive, anti-emetic and anti-pruritic properties.

These prodrugs of propofol of the present invention are effective in treating diseases or
conditions in which Propofol normally are used. The prodrugs disclosed herein are
transformed within the body to release the active compound and enhances the
therapeutic benefits of the Propofol by reducing or eliminating biopharmaceutical and
pharmacokenetic barriers associated with each of them. However it should be noted that
these prodrugs themselves will have sufficient activity without releasing any active drug
in the mammals. Since the prodrugs are more soluble in water then Propofol, it does not
need to be associated with a carrier vehicle, such as alcohol or castor oil which may be
toxic or produce unwanted side reactions. Moreover, oral formulations containing the

prodrugs of Propofol are absorbed into the blood and are quite effective.

Thus, the prodrug of the present invention enhances the therapeutic benefits by removing

biopharmaceutical and pharmacokenetic barriers of existing drugs.

Furthermore, the prodrugs are easily synthesized in high yields using reagents which are

readily and commercially available.
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Valsartan Preferred forms Oral Tab/Cap Oral Liquid All Doses expressed as drug base Lys, Leu, lle, Gly,
Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ott, Cav, Asn, GIn, Can,
Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg,
Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Hyp, Ser, Thr, Lys, Gly & Sar b, f, i, j, k, 1, o, p treating
hypertension, angikaigyigien |l antagonist 10-500 mg 10-500 mg/5m1 25-250 mg 25-250 mg/5m1 50-200

mg 50-200 Ing/51n1  Methyl ) ) ) )
he procedure for the synthesis of the glycine, L-proline, and L-lysine esters of Propofol

is depicted hereinbelow. However, these are exemplary and any amino acid produrugs
thereof can be prepared using the following methodology. The complete procedure and
5  analytical data is given in the Experimental Section. In general, as shown in the
following scheme Propofol (10 g) was coupled with the N-Boc protected amino acid (1
equivalent) with 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide, hydrochloride (EDC)
in the presence of a catalytic amount of 4-(N,N-dimethyamino)-pyridine (DMAP). The
EDC was removed by extraction with water. After drying over sodium sulfate, filtration,
10 and concentration the crude protected amino acid ester of Propofol was purified by flash
chromatography to generate the protected esters in 50-60% yield. The protecting groups
were then removed by stirring the protected esters in diethyl ether saturated with
hydrochloric acid (gas) at room temperature. Yields for the deprotection step were
generally 60-95%. After filtration and drying the hydrochloride salts of the glycine and
15  L-proline esters of Propofol did not require additional purification. The hydrochloride
salt of the L-lysine-Propofol ester was crystallized once from ethanol to remove a trace

of mono-protected L-lysine-Propofol ester.

Synthetic Sequence:
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phenidate Preferred Forms Oral Tab/Cap Oral Liquid All doses expressed as drug base Lys, Leu, lle, Gly,
Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ott, Cav, Asn, GIn, Can,
Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg,
Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Lys, Gly, Hyp, Sar, & Ser a, b, ¢, h, j, k, 1, o, p treatment of
attention deficit diserut@® and narcolepsy 1-50 mg 1-50 mg/5m1 2-40 mg 2-40 mg/5m1 2.5-25 mg 2.5-25
mg/5m1 Trov acin Preferred Forms Oral Tab/Cap Oral Liquid All doses expressed as drug base
Lys, Leu, lle, Gly, Blu, Mef, Afa, Val, Pre) His, Ser, Nor, Arg, Phe, Trp HHsr, CarCOtt, Cav,
Asn, Gin, Can, T ik, GABA, )h}srf)@% Thr-an & MHe,Gly, Asp, MQLVAJI@IE' Val, Pro,
His, Tyr, Thr, Arg, Phe] Trp, Gin, Asfl, Cys and Ser, Kyp, Sar “SIE ly, Ser, Pro, ypo& Thr a, b, e, h, j, Kk,

0,p Propofol Boc-glycine SP10010
2. SPI0011
@) 0 »L H cr
O o) b) o]
@ L& = Ly gﬁm
HO™ ™ o7 Y
SP10011
Propofol Boc-L-proline
3. SPI0013

NN S e
+ f - N0
&r HO)\% ﬁo % OJ\THJLOX

|
Propofol Boc-L-lysine H

SCHEME
Synthesis of the glycine, L-proline, and L-lysine esters of Propofol: a) EDC,
5  DMAP, CH,Cl,; b) HCI (g), Et;O.

Experimental Section:
The synthesis of SP10010, SPI0011 and SPI0013 were conducted in batches. Generally
a small-scale experiment was performed first followed by a larger batch. Reagents

10 mentioned in the experimental section were purchased at the highest obtainable purity
from Aldrich, Acros, or Bachem, except for solvents, which were purchased from either

Fisher Scientific or Mallinkrodt.

15
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antibiotic; inhibits bacteria such as E. coli, pseudomonas, aeruginosa, H. influenzae, streptococous,
Klebsiella, staphylococcus, mycoplasma pneumoniae, peptostreptococcus, prevotella; treatment of
pneumonia, postsurgical infections; gynecolgic and pelvic infections, such as endomyometritis,
parametritis, septic abortions,and postpartum infections; skin infections, e.g., diabetic foot infections
10-500 mg 10-5G9 gy 50-300 mg 50-300 mg/5Sm1 80-250 mg 80-250 mg/5Sm1  5-AS* Preferred
Forms Oral Tab/Cap Oral Lig(%uid Salicylic acid) All doses expressed as drug base ’Iﬁ; Leu, lle, Gly, Asp,

Glu, Met, Ala, VAITPRIOHI 2Py, Bet POy Bheissaetijpdisioeacteste €Y min, B0 ®an, Tau,
Djk, GABA, Cys t&eyerhtiiicaifdSadl-¥sonaitmidtphehs. ASR. BaltylMetaf¥aa Ml RiRe His, 2Ty 6T bi, Arg, Phe,
Trp, Gin, Asn, Cys and Ser, Hyp, Sar Glu, GIIy, Tyr&Lys . L
mmole) was added along with T-(3-dimethylaminopropyl)-3-ethylcarbodiimide,
5 hydrochloride (EDC, 11.1g, 57.9 mmole) and 4-(N,N-dimethylamino)-pyridine (DMAP,
1.5 g, 12.27 mmole). After stirring for 21 hours under an argon atmosphere at room
temperature, water (200 mL) was added and the layers were separated. The
dichloromethane layer was washed again with water (200 mL) and dried for 1 hour over
sodium sulfate (5 g). After filtration and concentration under reduced pressure, the
10  remaining oil was purified by flash chromatography on silica gel (250 g), eluting with
hexanes/ethyl acetate (10:1). The procedure generated the protected N-BOC protected

glycine ester of Propofol as a white solid (11.34g, 60% yield).

A o

0]

tert-Butoxycarbonylamino-acetic acid 2,6-diisopropylphenyl ester:

15
'H NMR (300 MHz, CDCl3): & = 7.25-7.13 (m, 3H), 5.18 (br s, 1H), 4.22 (d, 2H, J=5.7
Hz), 2.89 (m, 2H), 1.46 (s, 9H), 1.18 (d, 12H, J= 6.9 Hz).

C NMR (75 MHz, CDCly): § = 169.35, 155.75, 145.22, 140.35, 126.90, 124.14, 80.32,
20 42.66, 28.54, 27.79, 23.57.

The Propofol-Boc-gycine ester (11.28 g, 33.6 mmole) was dissolved in anhydrous
diethyl ether (200 mL) at room temperature. Hydrochloric acid (gas) was passed
through the solution for 45 minutes while stirring. The mixture was allowed to stir at

25  room temperature for 48 hours under an argon atmosphere. After 48 hours hexanes (200

mL) were added and the precipitate was filtered. The white solid was dried under high
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b,c,i,j,1, m n,o,p, 9 treatment of tuberculosis 1-200 mg 1-200 mg/5m1 5-150 mg 5-150 mg/5m1
(*5-Amino- 10-125 mg 10-125 mg/5m1 Methy! prednisolone Preferred Forms IM Injection Topical
Cream All doses expressed as drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser,
Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ort, Cav, Asn, Gin, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys,

Leu, lle, Gly, AspoGltmM&tsAGurY @t f3rec Hifhel Hpdiith M PréliRed SPI0010AS 3y 9 800 Red, Hyp, Sar
Lys, Gly, Pro, Sar & Ser b, c, g, | 1, m, n, o, p, 9 treatment of inflammation especially from infections,

tissue damage, &M Aol iae Hshiigeolid.

cl
H
1 e
N\
0 H

SP10010

Amino-acetic acid 2,6-diisopropyl-phenyl ester, hydrochloride:

5
'H NMR (300 MHz, CDCl3): § = 8.77 (br s, 3H), 7.20-7.08 (m, 3H), 4.14 (m, 2H), 2.87
(m, 2H), 1.11 (d, 12H, J="7 Hz).
C NMR (75 MHz, CDCls): § =166.42, 144.84, 140.42, 127.10, 124.06, 40.47, 27.61,
10 23.55.

CHN analysis:
calc.: C61.87,H8.16, N 5.15; found: C 61.14, H 8.20, N 5.14.

15  2) SPI0011
Propofol (10.03 g, 56.23 mmole) was dissolved in dichloromethane (100 mL) at room
temperature, under an argon atmosphere. N-t-Butyloxocarbonyl-L-proline (14.04 g,
65.22 mmole) was added along with 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide,
hydrochloride (EDC, 11.95 g, 62.33 mmole) and 4-(N,N-dimethylamino)-pyridine

20 (DMAP, 1.1 g, 9.0 mmole). After stirring for 3 hours under an argon atmosphere at
room temperature, water (100 mL) was added and the layers were separated. The
dichloromethane layer was washed again with water (100 mL) and dried for 1 hour over
sodium sulfate (5 g). After filtration and concentration under reduced pressure, the
remaining oil was purified by flash chromatography on silica gel (250 g), eluting with

25  hexanes/ethyl acetate (10:1). The procedure generated the protected N-BOC protected
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2-200 mg/ml 0.001-5% 5-150 mg/ml 0.01- 2.5% 10-100 mg/ml 0.1-2%  Medroxy Progesterone
Preferred forms IM Injections All Doses expressed as drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala,
Val, Pro, His Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ort, Cav, Asn, Gin, Can, Tau, Djk, GABA, Cys,
Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg, Phe, Trp, Gin, Asn,

Cys and Ser, Hyp.ppalite/Sstézlit Propotal & S6lchr 6i191 1. 34 gNe6w:0yiBldd MER\VSIEcasragaRtias 1 mg -4
gm/ml 10 mg - 2_grtr}11/mfl 40 mg - 1 gm/ml
1n the Ireezer.

Pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-(2,6-diisopropyl-phenyl) ester:

'H NMR (300 MHz, CDCl3): & = 7.31-7.20 (m, 3H), 4.73 (m, 1H), 3.70-3.50 (m, 2H),
3.20-2.94 (m, 2H), 2.46-2.20 (m, 2H), 2.20-2.0 (m, 2H), 1.55 (m, 9H), 1.25 (m, 12H).

C NMR (75 MHz, CDCly): § = 171.87, 171.01, 154.34, 153.93, 145.35 145.23, 140.06,
10 140.21, 126.69, 126.53, 123.95, 80.28, 79.89, 59.14, 46.67, 46.42, 31.10, 30.17, 28.61,
28.56, 28.56, 27.44, 27.18, 23.47.

The Propofol-Boc-L-proline ester (13.95 g, 37.14 mmole) was dissolved in anhydrous
diethyl ether (100 mL) at room temperature. Hydrochloric acid (gas) was passed

15  through the solution for 60 minutes while stirring. The mixture was allowed to stir at
room temperature for 22 hours under an argon atmosphere. After 22 hours hexanes (50
mL) were added and the precipitate was filtered. The white solid was dried under high
vacuum for 5 hours at 88 °C. The experiment produced SPI0011 (9.1 g, 81% yield,
purity 99.1% by HPLC) as a white solid.

cl

2
)\“_N;H
O \'

20 SPI10011

Pyrrolidine-2(S)-carboxylic acid 2,6-diisopropyl-phenyl ester, hydrochloride:
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Estramustine Preferred Forms Oral Tab/Cap Oral Liquid All doses expressed as drug base Lys, Leu, lle,
Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ort, Cav, Asn, Gin,
Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr,
Thr, Arg, Phe, Trp, Gin, Asn, Cys and Ser, Hyp, Sar Gly, Lys, Pro, Ala, Sar & Val b, c, h, i, ], k, 1, 0, p

treatment of canognesireciatniaAlnsrlOf BIStASIANiIGPL PFPgressive LarRinomA AfRresiate;19-500 mg
10-500 mg/5m1 25-250 mg 25-250 mg/5m1 50-200 mg 50-200 mg/5m1
Hz), 3.56 (m, 2H), 2.85 (m, 2H), 2.64 (m, 1H), 2.40 (m, 1H), 2.20 (m, 1H), 2.05 (m,

1H), 1.18 (m, 12H).

5  CNMR (75 MHz, CDCly): § = 168.30, 144.23, 139.74, 126.98, 123.96, 51.58, 38.21,
29.32,26.64, 26.18, 23.71, 23.02, 21.67.

CHN analysis:
calc.: C 65.48, H 8.40, N 4.49; found: C 65.50, H 8.43, N 4.50.

10
3) SPI10013
The dicyclohexylamine salt of di-N-boc-L-lysine (23.62 g, 0.0447 mole) was added to
diethyl ether (200 mL) and potassium hydrogen sulfate (9.14 g) in water (200 mL) that
was cooled in an ice/water bath. After strirring for 20 minutes, the layers were

15  separated. The ether layer was extracted three times with cold water (100 mL). The
ether layer was then dried over sodium sulfate (15 g) for one hour, filtered, and
concentrated under reduced pressure. The procedure generated the free acid of N,N’- di-

boc-L-lysine (15.5 g, 100% recovery).

20  Propofol (8.0 g, 45 mmole) was dissolved in dichloromethane (100 mL) at room
temperature, under an argon atmosphere. N, N’-di-t-Butyloxocarbonyl-L-lysine (15.5 g,
44.7 mmole) was added along with 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide,
hydrochloride (EDC, 8.62 g, 45 mmole) and 4-(N,N-dimethylamino)-pyridine (DMAP,
0.55 g, 4.5 mmole). After stirring for 3 hours under an argon atmosphere at room

25  temperature, water (100 mL) was added and the layers were separated. The
dichloromethane layer was washed again with water (100 mL) and dried for 1 hour over
sodium sulfate (5 g). After filtration and concentration under reduced pressure, the
remaining oil was purified by flash chromatography on silica gel (250 g), eluting with
hexanes/ethyl acetate (9:1). The procedure generated the protected N-BOC protected L-

30  lysine ester of Propofol as a white foam (12.42 g, 55% yield).
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Miglitol Preferred Forms Oral Tab/Cap Oral Liquid All doses expressed as drug base Lys, Leu, lle, Gly,
Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ort, Cav, Asn, Gin, Can,
Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg,
Phe, Trp, Gin, Asn, Cys and Ser, Hyp, Sar Lys, Gly, Sar, Pro, & Ser b, c, i, j, n, 9 treatment of type Il
diabetes 1-250 mg 1-250 m g/5m1 2-150 mg 2-150 mg/5m1 10-125 mg 10-125 mg/5m1 Mefloquine
Preferred Forms Oral Tab/Cap Qral quu\(;;dl doses expressed as drug base Lys, Leu, lle, Gly, Asp, Glu,
I NoCarg) Phe, Trp, Hyp, Hsr, Car, Ort, Cav, Asn, Gin, Can, Tau, Dk,
8, i{HgDe Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg, Phe, Trp,

Met, Ala, Val, Pro, His, T
GABA, Cys, Dcy, Thr, a
Gin, Asn, Cys and Ser,

2(S),6-Bis-t-butoxycarbonylamino-hexanoic acid 2,6-diisopropyl-phenyl ester:

'H NMR (300 MHz, CDCl3): § = 7.28-7.15 (m, 3H), 5.22 (d, 1H, J= 8.4 Hz), 4.70 (m,
5 1H),4.59 (m, 1H), 3.17 (m, 2H), 2.93 (m, 2H), 2.09 (m, 1H), 1.86 (m, 1H), 1.67-1.54
(m, 4H), 1.48 (s, 9H), 1.46 (s, 9H), 1.20 (m, 12H).

C NMR (75 MHz, CDCls): § = 171.82, 156.10, 155.65, 145.25, 140.30, 126.80,
124.03, 80.14, 79.28, 53.76, 40.29, 32.09, 28.66, 28.54, 27.48, 23.91, 23.10.

10
The Propofol-di-Boc-L-lysine ester (12.34 g, 24.37 mmole) was dissolved in anhydrous
diethyl ether (250 mL) at room temperature. Hydrochloric acid (gas) was passed
through the solution for 60 minutes while stirring and cooling in an ice/water bath. The
mixture was allowed to stir at room temperature for 48 hours under an argon

15  atmosphere. After 48 hours the precipitate was filtered and crystallized from ethanol
(100 mL). The white solid was dried under high vacuum for 4 hours at 90 °C. The
experiment produced SPI0013 (5.5 g, 60% yield, purity 98.6% by HPLC) as a white
solid.

SP10013

20  2(S),6-Diamino-hexanoic acid 2,6-diisopropyl-phenyl ester, dihydrochloride:
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Lys, Gly, Sar, Pro, Val, Alaa, b, c, h, i, j, k, 1, o, p, 9 treatment of malaria 10-500 mg 10-500 mg/5m1
100-400 mg 25-400 mg/5m1 150-300 mg 150-300 mg/5m1 Danazol Preferred forms Oral Tab/Cap
Oral Liquid All Doses expressed as drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr,
Ser, Nor, Arg, phe, Trp, Hyp, Hsr, Car, Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg,

Phe, Trp, Hyp, Pig.MNgR VahoReii& ECR) D6 S €05 @R, BHpKs B5NbPs B1W), 7.26-7.13 (m, 3H),

10

15

20

4.43 (t, 1H, J=6 Hz), 3.0-2.6 (m, 4H), 2.09 (m, 2H), 1.80-1.50 (m, 4H), 1.10 (d, 12H, J=
7 Hz).

C NMR (75 MHz, CDCls): § = 168.30, 144.23, 139.74, 126.98, 123.96, 51.58, 38.21,
29.32,26.64, 23.71, 23.02, 21.67.

CHN analysis:
calc.: C56.99, H 8.50, N 7.38; found: C 56.48, H 8.56, N 7.30.

I1. PRO DRUGS OF NON-STEROIDAL ANTI-INFLAMMATORY DRUGS
(NSAIDs)

The NSAIDs comprise a class of structurally distinctive, carboxylic acid moiety attached
to a planar aromatic functionality, Examples include: acetyl salicyclic acid, salicyclic
acid, diflunisal, ibuprofen, fenoprofen, carprofen, flurbiprofen, ketoprofen, naproxen,
sulindac, indomethacin, etodolac, tolmetin, ketorolac, diclofenac, and meclofenamate.

The NSADIs posess anti-inflammatory, analgesic, antipyretic and anti-clotting activity.

Examples of the chemical structures of this uniques class of compounds showing wide

variety of pharmacological activities are shown below.
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treatment of endometriosis and fibrostatic breast disease 2-500 mg 10-350 mg 25-250 mg 2-500
10-350 25-250 Ort, Cav, Asn, Gin, Can, Gin, Asn, Cys and mg/5m1 mg/5m1 mg/5ml Tau, Djk, GABA,
Cys, Dcy, Thr, and Sar Ser, Hyp, Sar

@ﬁi\ﬁ

Salicylic Acid . .
Acetylsallcyllc Acid Diflunisal
CHy o E
o 13
SReE
Fenoprofen c Carprofen
o] CHy o CHy 0
oo oo = 5
s CH30 el B CHOH
Ketoprofen MNaproxen Etodolac
0 L]
a
F. o CHO on OH
CH; 3 ) 0K
N : |
o N
]
CHi.,__.
s
% |
Sulindac Indemethacin Tolmetin Ketorolac

NSAIDs are widely used for the treatment of acute and chronic pain, management of

edema, tissue damage resulting from inflammatory joint diseases and also, effective anti-
5  clotting agents in the treatment of myocardial infraction. A number of the agents also

possess antipyretic activity in addition to analgesic and anti-inflammatory action, thus

useful in reducing fever.

Some drugs in the above group have also been prescribed for Rheumatoid Arthritis,

10 Osteoarthritis, acute gout, ankolysing spondylitis, and dysmenorrhea.
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Eprosartan Preferred Forms Oral Tab/Cap All doses expressed as drug base Lys, Leu, lle, Gly, Asp, Glu,
Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser,
Hyp, Thr, Lys, Gly & Val b, c, h, i, j, k, 1, o, p ACE inhibitors, treatment of hypertension 0.1-1 gm 200-800
300-750 mg  Oral Liquid 0.1-1 mg 300-750 Phe, Trp, Hyp, Hsr, Car, Thr, Arg, Phe, Trp,

Mechanism of Action:
The major mechanism by which the NSAIDs produce their therapeutic effect is via
inhibition of prostaglandin synthesis. Specifically NSAIDs inhibit cyclooxygenases,
such as COX-1 and COX-2 enzymes, where these two enzymes are responsible for

5  synthesis of prostaglandins. While COX-1 enzyme is important for the regulation of
platelet aggregation, regulation of blood flow in kidney and stomach, and regulation of
gastric acid secretion, COX-2 enzyme plays an important role in the pain and
inflammatory processes. NSAIDs significantly increase clotting time and can be used for
prophylaxis of thromboembolism and myocardial infarction.

10
All NSAIDs are relatively medium to strong organic acids with pKa’s in the 3-6 range.
Most of them are carboxylic acid derivatives. Acidic group is essential for COX
inhibitory activity and in physiological pH, all the NSAIDs are ionized. All of them have
quite varying hydrophilic lipophilic balance, and these are functions of their aryl,

15  aromatic and aliphatic side chains and other heterocyclic variations in their structures.
Most of the NSAIDs are highly bound to plasma proteins and often competitively
replace other drugs which have similar affinity for plasma proteins. Hence concomitant
administration of NSAIDs with other therapeutic class must be carefully evaluated to
prevent drug interactions. Most of the drugs, due to acidic carboxyl group are

20  metabolized by the mammals via conjugation. The major pathway of metabolic

clearance of a number of NSAIDs is glucuronidation followed by renal elimination.

Use of acetylsalicylic acid (aspirin) in the prophylaxis of coronary heart diseases is now
well known, and this drug has proved to be a lifesaver for a number of patients with

25  myocardial infarction. Several additional uses have already been documents for aspirin,
for example, it was recently reported in the medical journal Lancet (Vol 349, p 1641)
that aspirin reduces the risk of stroke in patients with early warning signs of transient
ischemic heart attacks. Pre-eclampsia and fetal growth retardation, both caused by
blockages of the blood vessels of the placenta, are two of the commonest complications

30  of pregnancy — there are millions of cases of pre-eclampsia in the world each year. In a
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gm/5m1 200-800 mg/5m1 Ort, Cav, Asn, Gin, Can, Gin, Asn, Cysand mg/sml Tau, Djk, GABA, Cys,
Dcy, Thr, and Sar Ser, Hyp, Sar Divalproex Na Preferred Forms Oral Tab/Cap Oral Liquid All doses
expressed as drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp,
Hyp, Hsr, Car, Ort, Cav, Asn, Gin, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp,
Glu, Met, Ala, Va}i R igvblising Yot MhargodNRomidh 16 Asithtds 2065 lodd P 6BaIc28pidityP, Thr, Lys,
GIy,&VaIa,b,c,fh,ig’k,.l o,p . . . _ .

reduced the risk of pre-eclampsia by 13 per cent. (Aspirin Foundation website). Aspirin

has also been shown to be effective in some studies to prevent colon cancer, lung cancer

and pancreatic cancer in post-menopausal women. Since aspirin can improve blood flow,

5  its usefulness in the treatment of diabetes certain forms of dementia such as Alzheimer’s

disease are becoming increasingly clear.

Because of their unique pharmaceutical potential, the NSAIDs have attracted
considerable attention in the press. The primary area of clinical investigation for above
10 drugs has been as non-steroidal anti-inflammatory agents, in particular in relation to their
application to patients suffering from pain, arthritis, (Rheumatoid and Osteo) other
inflammatory reactions, fever and for the prophylaxis of coronary heart diseases. These
drugs are also used in the treatment of migraine headache, menstrual syndromes, back
pain and gout.
15
Despite the very major contribution which NSAIDs have made, difficulties have been
encountered in providing more effective and convenient means of administration (e.g.,
galenic formulations, for example, oral dosage form, which are both convenient and for
the patient as well as providing appropriate bioavailability and allowing dosaging at an
20  appropriate and controlled dosage rate) as well as the reported occurrence of undesirable
side reactions; in particular severe gastric and duodenal ulcers, mucosal erythema, and
edema, erosions, perforations, blood in stool, ulcerative colitis have been obvious serious
impediments to their wider use or application. The dual injury theory involves NSAID-
mediated direct damage, followed by a systemic effect in which prostaglandin synthesis
25 s inhibited. Topical injury may also occur as a result of the biliary excretion of active
hepatic metabolites and subsequent duodenogastric reflux. (Arthritis and Rheumatism
1995; 38(1):5-18) The effects are additive; either topical or systemic mechanisms alone

are sufficient to produce gastro duodenal mucosal damage.
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treatment of epilepsy 50-800 mg 50-800 mg/5m1 75-750 mg 75-750 mg/5m1 100-600 mg 100-60
mg/5m1 Fenofibrate Preferred Forms Oral Tab/Cap Oral Liquid All doses expressed as drug base
Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ort, Cav,
Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro,

His, Tyr, Thr, Arg 1586 Rh&BoAtShcfiySnedNSANLDIWRe Sl &) Hich¥ph GlYophdbR Bng. h. i, |, K,
1, o, p, g treatment of hypercholestemia 10-800 mg 10-800 mg/5m1 20-750 mg
readily precipitate in the presence of even very minor amounts of water, e.g., on contact

with the body (e.g., stomach fluids). It is accordingly extremely difficult to provide e.g.,
oral formulations which are acceptable to the patient in terms of form and taste, which
5  are stable on storage and which can be administered on a regular basis to provide

suitable and controlling patient dosaging.

Proposed liquid formulations, e.g., for oral administration of NSAIDs, have heretofore
been based primarily on the use of natural gums, like Xanthan, cellulose, citric acid, and
10 lime flavor etc. See e.g., U.S. Patent NO. 5,780,046. Commercially available NSAIDs
drink-solution employs incompatible orange color and berry flavor, citric acid, Xanthan
Gum, polysorbate 80, pregelatinized starch, glycerin, sodium benzoate, and additional
artificial colors and flavors. Use of the drink solution and similar composition as
proposed in the art is however accompanied by a variety of difficulties.
15
Further, the palatability of the known oil based system has proved problematic. The
taste of the known drink-solution is, in particular, unpleasant. Admixture with an
appropriate flavored drink, for example, chocolate drink preparation, at high dilution
immediately prior to ingestion has generally been practiced in order to make regular
20  therapy at all acceptable. Adoption of oil based systems has also required the use of
high ethanol concentrations to itself inherently undesirable, in particular where
administration to children is forseen. In addition, evaporation of the ethanol, e.g., from
capsules (adopted in large part, to meet problems of palatability, as discussed or other
forms (e.g., when opened) results in the development of a NSAID precipitate. Where
25  such compositions are presented in, for example, soft gelatin encapsulated form; this
particular difficulty necessitates packaging of the encapsulated product in an air-tight
component, for example, an air-tight blister or aluminum-foil blister package. This in
turn renders the product both bulky and more expensive to produce. The storage

characteristics of the aforesaid formulations are, in addition, far from ideal.

74



20-750 mg/5m1 100-600 mg 100-600 mg/5m1  Gabapentin Preferred Forms Oral Tab/Cap Oral Liquid
All doses expressed as drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg,
Phe, Trp, Hyp, Hsr, Car, Ort, Cav, Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle,
Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Cyclic

Deily. & Tyr b, ¢ hsid iftithtillty bfthO NS ABCAHNBELPE €Y Hsians: @O tend Pr8Bmg/5Sm1 25-750

mg 25-750 mg/5m1 50-500 mg 50-500 mg/5m1 . )
physicians and ‘as well as patients. Acute uses of aspirin, fenoprofen, flurbiprofen,

indomethacin, ketorolac, meclofenamate, mefanamic acid, and piroxicam produce
serious GI side effects. Even Ibuprofen is shown to cause severe gastric lesions upon
5 long term use. Gastrointestinal toxicity is the most frequently encountered side effect

associated with NSAIDs and presents considerable concern. Approximately one half of
all hospital admissions for a bleeding ulcer are attributed to the use of NSAIDs, aspirin,
or the two taken in combination during the week prior to admission. (Faulkner G,
Prichard P, Somerville K, et al. Aspirin and bleeding peptic ulcers in the elderly. Br Med

10 J.1988;297:1311-1313). A survey of Tennessee Medicaid patients who were
hospitalized with GI complications showed that patients who used NSAIDs had
approximately a fourfold greater risk for developing GI hemorrhage or peptic ulcer
disease than patients not taking NSAIDs. (Griffin MR, Piper JM, Daugherty JR, et al.
Nonsteroidal anti-inflammatory drug use and increased risk for peptic ulcer disease in

15  elderly persons. Ann Intern Med. 1991; 114:257-263). Serious GI events, according to
the FDA, occur in as many as 2% to 4% of patients per year who are taking continuous
NSAID therapy for rheumatoid arthritis. The relative risk of gastric ulcer (4.725),
duodenal ulcer (1.1 to 1.6), bleeding (3.8), perforation, and death are all increased by
NSAID use when such patients are compared to those who do not take these products. In

20 1989, patients with rheumatoid arthritis had approximately 20,000 hospitalizations per
year with an estimated cost of $10,000 per stay. (Fries JF, Miller SR, Spitz PW, et al.
Toward an epidemiology of gastropathy associated with nonsteroidal anti-inflammatory

drug use. J Gastroenterology. 1989; 96:647-655).

25  There is also a need for providing some of the NSAIDs in a water soluble form for
injection. It is well known that high concentrations of alcohol and tromethamine used to
form a salt in the current formulations of Ketorolac are toxic. At present there is no
formulation that would allow the NSAIDs to be in aqueous solution at the concentrations

needed due to poor water solubility of the drug.
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Lansoprazole Preferred forms Oral Tab/Cap Oral Liquid All Doses expressed as drug base Lys, Leu, lle,
Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, phe, Trp, Hyp, Hsr, Car, Ort, Cav, Asn, GIn,
Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr,
Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Gly, Lys, Pro, Sar, Ser & Val b, e, f, h, i, ], k, 1, 0, p

suppression of %é%ﬁ&ﬁiﬁtﬁ@&f etpnRydethipitiencaf fiticin Ak BeQ QEWHE DISIRI @tdhie secretory
surface of the gastric parietal cell; treatment of gastric hyperacidity 1-60 mg 1-6- mg/5m1 2-50 mg 2-50

mg/5m1 10-40 nifia 6cagiinnyaleady abedia g %Y%@&%HW&?&%V@?Q?}F%%%SE‘&%f‘l_fia&d All doses

expressed as drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp,
Hyp, Hsr, Car, Ort, Cav, Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp,
Glu, Met, Ala, VaS 3! PRPSRHS ﬁ%m%réhﬁsﬁé/aﬁlfwsgrﬁbl&% esye berp sl SRS, Gly, val, Pro &

Sarb, e, f, 15 |, jikelhdmgoth solid and liquid oral dosage forms. An overriding difficulty which has
however remained is the inherent insolubility of the NSAIDs in aqueous media, hence
preventing the use of a dosage form which can contain NSAIDs in sufficiently high
concentration to permit convenient use and yet meet the required criteria in terms of
bioavailability, e.g. enabling effective resorption from the stomach or gut lumen and

10 achievement of consistent and appropriately high blood/blood-serum levels.

The present prodrugs of NSAIDs overcome the problems described hereinabove. More
specifically, an embodiment of the present invention is directed to a prodrug of NSAID
which significantly enhances its solubility in aqueous solutions, thereby avoiding the

15 need to utilize a carrier, such as ethanol or castor oil when administered as a solution.
Moreover, the prodrugs of NSAID, in accordance with the present invention, do not
exhibit the side effects of the prior art formulations. Further, the prodrugs of the present
invention are almost completely devoid of gastric irritability upon oral administration,
thereby enhancing significantly the therapeutic index of the prodrugs tested and their

20  efficacy.

Accordingly, in one aspect, the present invention is directed to a prodrug of NSAIDs.

The preferred prodrugs of the NSAIDs have the formula
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suppression of gastric acid secretion by inhibition of (H+, K+) ATP-ase enzyme system at the secretory
surface of the gastric parietal cell, treatment of gastric hyperacidity 1-200 mg 1-200 mg/5m1 2-100 mg
2-100 mg/5m1 5-60 mg 5-60 mg/5m1 Megestrol Preferred Forms Oral Tab/Cap Oral Liquid All doses
expressed as drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp,
Hyp, Hsr, Car, Ort, Cav, Asn Gln, CanGTau Djk, GABA Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp,

Glu, Met, Ala, Val, Pro, His , Tyr, Allg, Phe, Tr, ‘
Ser & Alab, c, h, | nyo p tmeﬁlf of anorex

iy Asn, Cys and Ser, Hyp, Sar Gy, pys, Sar, Pro,
ing agpetite incan {ean Qatients
CH;

suffering from AID o.e
Sallcyllcﬂcld ) ) . Ibuprofen
Acetylsallcyllc Acid Diflunisal
CH3 (¥} E EI—I3 (8] CH! [u)

o]
SACER "

Fenoprofen . Carprofen

0 CHy 0
3 g L
cEeH, BTy
Ketoprofen Naproxen Etodolac
0 Q
F. ¥  cHo Y i
CH; ) S ¢ _ Y
N ; |
o I
8]

CHy,

{’xto C1
Sulindac Indomethacin Tolmetin Ketorolac

or pharmaceutically acceptable salts thereof; wherein Y is either NH-AA or O-AA and
5  AAis an amino acid, in which either an amine group or the hydroxyl group of AA is

reacted with the carboxylic acid group of the NSAIDs.
The present invention is also directed to a pharmaceutical composition comprising a

therapeutically effective amount of the various NSAIDs above and a pharmaceutical

10  carrier therefor.
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2-100 mg/5m1 4-80 mg 4-80 mg/5m1 20-60 mg 20-60 mg/5m1  Metformin Preferred Forms Oral
Tab/Cap Oral Liquid All doses expressed as drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro,
His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ort, Cav, Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr,
and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and

Ser, Hyp, Sar AR, dabihdshfbAEREHM BT ristigatveii of RYRRIGBCRMIA Al BsHRHRIMPLaYS:
transport of glucose into cells 0.23 gm 0.2-1 gm/5m1 0.25-1.5 gm 0,25-1.5 mg/5m1 0.5-1 gm 0.5-1
gm/5m1 in need of NSAID therapy, which method comprises administering fo said patient an

effective amount of the NSAIDs.

5  In a further embodiment, the present invention is directed to a method of enhancing the
solubility of NSAID in an aqueous solution comprising reacting the carboxyl

functionality of each of the NSAIDs and isolating the products thereof.

In a still further embodiment, the present invention is directed to a method of

10  substantially and in a therapeutically efficacious manner, reducing or eliminating the
gastric mucosal damage of NSAIDs when administered to a patient which comprises
reacting the carboxyl functionality of each of the NSAID molecule with either amine or
hydroxyl function of selected amino acids to form either an amide or ester covalent bond
respectively and isolating the product thereof and administering said product to the

15  patient.

A. Synthesis of Ibuprofen Amino Acid Derivaties
Overview:
The procedure for the synthesis of the L-serine, L-threonine, and L-hydroxyproline
20  esters of Ibuprofen is outlined in Synthetic Sequence section. The complete procedure
and analytical data is given in the Experimental Section. Again, these synthetic
schemes are exemplary. The scheme is applicable for other amino acids in the
preparation of the NSAID prodrugs of the present invention. In general, (£)-Ibuprofen
(4-10 g, in batches) was coupled with the N-benzyloxy/benzyl ester protected amino
25  acids (1 equivalent) with 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide,
hydrochloride (EDC, 1 equivalent) in the presence of a catalytic amount of 4-(N,N-
dimethyamino)-pyridine (DMAP). Once the reactions were complete, any excess EDC
was removed by extraction with water, DMAP was removed by extraction with dilute
acid, and Ibuprofen was removed by extraction with sodium bicarbonate. After drying

30  over sodium sulfate, filtration, and concentration the crude protected amino acid esters
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Tazarotene Preferred Forms Topical Gel All doses expressed as drug base Lys, Leu, lle, Gly, Asp, Glu,
Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser,
Hyp, Thr, Lys, & Gly B, c, h, |, j, k, 1, o, p treatment of psoriasis and acne especially those caused by

0.01-0.3% 0.02-0.25% 0.025- 0.125% Phe, Trp, Hyp, Hsr, Car, Ort, Cav, Asn, GIn, Can, Tau, Djk,

GABA, Cys, Dcyy Tt g rofin M @ndt e d HireEty: APriE¥E BPHRB HYRaRREaphy on silica

gel to generate the protected esters in good yield (85-95%). The column chromatography
was generally not necessary if a slight excess of Ibuprofen and coupling agent were
used, and a thorough extraction procedure was conducted. The protecting groups were
5 removed by hydrogenation (25-35 psi Hy) in the presence of 10% palladium on carbon

and hydrochloric acid. Yields for the deprotection step ranged from 70-90%. After
filtration and drying the hydrochloride salts of the serine and threonine esters of (1)-
Ibuprofen were purified by crystallization. The hydrochloride salt of the L-
hydroxyproline-Ibuprofen ester was a gel that would not solidify/crystallize. In this case

10 the hydrogenation was repeated without the use of acid and the neutral compound was

purified.

Because the Ibuprofen started as a mixture of enantiomers, the final products were
delivered as a mixture of diastereomers except for the threonine ester. In the case of the

15  threonine ester of Ibuprofen, washing with water, acetone or acetonitrile could readily
separate the final diastereomeric salts. The insoluble isomer (SPIO016A) was
determined to be the active isomer by comparison with an authentic standard prepared
from S-(+)-Ibuprofen. The serine and hydroxyproline esters of (x)-Ibuprofen could not
be readily separated in this fashion.

20
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pathogenic microorganisms, allergy and inflammation Sumatriptan Preferred Forms Oral Tab/Cap Oral
Liquid All Doses expressed as drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser,
Nor, Arg, phe, Trp, Hyp, Hsr, Car, Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg, Phe,
Trp, Lys, Gly, Ala, Pro, Sar & Val b, ¢, d, g, h, i, ], k, 1, n, 0, p, g 5 HT subtype receptor agonist, treatment
of migraine headaghipstie-S&ghiie:0-200 mg 20-125 mg 5-250 10-200 20-125 Ort, Cav, Asn, GIn,

Can, GIn, Asn, C1ys and
(0]
OH o Obz > e
+ nN—cbz \_HJ\ \—ﬁOH
/N\ HZ P >H _
H Cl

SPI0015
(#)-lbuprofen Z-Ser-OBz SPI001501 SPI0015

2. SPI0016A and SPI0016B

o/_ﬁk
— N
/N H/|1| H
/N\ cl

+)-lbuprofen Z-Thr-OBz SP1001601 SP10016
c)/
o) (0] B (@]
OH }—HkOH
o/_(lk (¢] _NL
H™ I H + HoLH
Hog cr
SPI0016A SP10016B
3. SPI0017
o
OH HOn O)Lom i
,,,O)LOH
N,
+)-lbuprofen Z-Hyp-OBz
SP1001701 SPI0017

Synthesis of the L-serine, L-threonine, and L-hydroxyproline esters of
5  (¥)-Ibuprofen: a) EDC, DMAP, CH,Cl,; b) HCI, 10% Pd/C, EtOH c) acetone,
d) 10% Pd/C, EtOH.
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TM Injections mg/5m1 mg/5m1 mg/5m1l Tau, Djk, GABA, Cys, Ser, Hyp, Sar  1-36 mg/ml 2-24 mg/mi
4-20 Dcy, Thr, and Sar mg/ml

10

15

20

25

Experimental Section:

The synthesis of SPI10015, SP10016 and SPI10017 were conducted in two or three
batches. Reagents mentioned in the experimental section were purchased at the highest
obtainable purity from Sigma-Aldrich, Acros, or Bachem, except for solvents, which

were purchased from either Fisher Scientific or Mallinkrodt.

1) Preparation of (+)-Ibuprofen-L-serine ester, hydrochloride (SPI10015).
(£)-Ibuprofen (5.04 g, 24.4 mmole), N-carbobenzyloxy-L-serine benzyl ester (8.11 g,
24.6 mmole), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide, hydrochloride (EDC,
4.87g, 25.4 mmole), and 4-(N,N-dimethylamino)-pyridine (DMAP, 0.40 g, 3.27 mmole)
were dissolved in dichloromethane (150 mL) at room temperature, under an argon
atmosphere. After stirring for 22 hours under an argon atmosphere at room
temperature, water (100 mL) was added and the layers were separated. The
dichloromethane layer was washed again with water (100 mL) and dried for 1 hour over
sodium sulfate (5 g). After filtration and concentration under reduced pressure, the
remaining oil was purified by flash chromatography on silica gel (250 g), eluting with
hexanes/ethyl acetate (3:1). The procedure generated the protected L-serine-(+)-
Ibuprofen ester (SPI001501) as a colorless solid (11.4 g, 90% yield).

SPI1001501
2(S)-Benzyloxycarbonylamino-3-[2(R,S)-(4-isobutyl-phenyl)-propionyloxy]-propionic

acid benzyl ester:

'H NMR (300 MHz, CDCl3): & = 7.40-7.20 (m, 10H), 7.14-7.01 (m, 4H), 5.50 (d, ¥2H,
J=8.4 Hz),5.29 (d, ¥2H, J= 8.4 Hz), 5.11-5.02 (m, 2.5H), 4.90 (d, ¥2H, J= 12 Hz), 4.62
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Naratriptan Preferred Forms Oral Tab/Cap Oral Liquid All doses expressed as drug base Lys, Leu, lle,
Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ort, Cav, Asn, GIn,
Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr,
Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Lys, Gly, Sar, Val, Ala, & Pro b, h, i, j, k, 1,0, p5HT

subtype receptoyageRist Yoatme ol Ayouaine: eadaches Ds5H-4A, ma)021390me/em 21g)25-8mg 0.25-5
mg/5m1 0.5-4 m O 5-4 mg/5m1l  Zolmitriptan Preferred Forms Oral Tab/Cap Oral Liquid All doses
expressed as dr 42-1.39 (m, 3H), 0.85 (d, 6H, J= 6.6 Hz).

C NMR (75 MHz, CDCls): § = 174.05, 169.19, 169.07, 155.68, 140.73, 137.20,
5  136.12,135.05, 134.91, 129.44, 128.67, 128.65, 128.60, 128.41, 128.33, 128.30, 128.19,
127.19, 127.16, 67.75, 67.32, 64.51, 64.32, 53.71, 45.16, 45.02, 30.35, 22.60, 18.27.

The protected Ibuprofen-L-serine ester (22.50 g, 43.4 mmole) was dissolved in ethanol
(200 mL) at room temperature and added to a Parr bottle that contained 10% palladium

10 on carbon (3.86 g, 50% wet) under a nitrogen atmosphere. Hydrochloric acid (10 mL
37% HCI in 30 mL water) was added and the nitrogen atmosphere was replaced with
hydrogen gas (25 psi). After 4 hours of shaking, the palladium catalyst was removed by
filtration through celite. The ethanol/water was removed under reduced pressure. The
remaining white solids were washed with water (25 mL), acetone (20 mL) and dried

15  under high vacuum (4 hours at 88 °C). The experiment produced (*)-Ibuprofen-L-serine

ester, hydrochloride SPI0015 (11.3 g, 80% yield) as a colorless solid.

SPI0015
2(S)-Amino-3-[2(R,S)-(4-isobutylphenyl)-propionyloxy]-propionic acid, hydrochloride;
((R,S)-Ibuprofen-L-Serine ester, hydrochloride):
20
'H NMR (300 MHz, DMSO): & = 8.92 (br s, 3H), 7.22 (t, 2H, J= 7.5 Hz), 7.10 (d, 2H,
J=1.5 Hz), 4.56 (m, 1H), 4.37-4.20 (m, 2H), 3.83 (q, 1H, J= 6.9 Hz), 2.41 (d, 2H, J=6.9
Hz), 1.80 (m, 1H), 1.41 (d, 3H, J= 6.9 Hz), 0.85 (d, 6H, J= 6.9 Hz).
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Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ort, Cav,
Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro,

His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Lys, Gly, Sar, Val, Ala, & Pro b, h, i, j, k, 1,
0, p 5 HT subtype receptor agonisktreatment of migraine headaches 0.1-12 mg 1-12 mg/5m1 0.5-10 mg

0.5-10 mg/5m1 13¢. KM 173-Rifrg/ BNk 0): Aspirin Reefierser FrygnssOras habiGan©ialslaguid All doses
expressed as drug base Lys, Leu, Ile, Gly, Asp, Glu, Met, Ala, Vai, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp,

Hyp, Hsr, Car, O3y |1A 806137@érﬁ2r% ﬁj;|§9GSABFR #4738 D063 SHdZQQSL% 2803118, Gly, Asp,
Glu, Met, Ala, Vglg Bs0, His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Ser, Hyp, Thr, Lys,
Gly, & Ala a, b, c, e, f, g, h,j, k, 1, m n, o, p, qantipyretic, anti-inflammatory, analgesic, thrombolytic;
treatment of hyperthermia, myocardial

5 HPLC analysis:
99.13% purity; rt = 3.133 min; Luna C18 5u column (sn 167917-13); 4.6x250 mm; 254
nm; 50% ACN/50% TFA buffer (0.1%); 35 C; 20 ul inj.; Iml/min; 1 mg/mL sample

size; sample dissolved in mobile phase.

10  CHN analysis:
calc.: C58.27, H 7.33, N 4.25; found: C 58.44, H 7.46, N 4.25.

Melting point: 169.5 - 170.5 °C

15 2a) Preparation and Separation of ()-Ibuprofen-L-threonine ester, hydrochloride
(SPI0016A and SP10016B).
(£)-Ibuprofen (4.15 g, 20.11 mmole), N-carbobenzyloxy-L-threonine benzyl ester (6.90
g, 20.11 mmole), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide, hydrochloride (EDC,
3.95 g, 20.6 mmole), and 4-(N,N-dimethylamino)-pyridine (DMAP, 0.25 g, 2.0 mmole)

20  were dissolved in dichloromethane (50 mL) at room temperature, under an argon
atmosphere. After stirring for 19 hours, the dichloromethane layer was washed with
water (50 mL), 5% hydrochloric acid (2x25 mL), water (25 mL), saturated sodium
bicarbonate (2x25 mL), and water (50 mL). After drying for one hour over sodium
sulfate (5 g), filtration, and concentration under reduced pressure, the remaining oil was

25  used without further purification. The procedure generated the protected L-threonine-
(2)-Ibuprofen ester (SPI001601) as a light yellow oil (10.2 g, 95.3% yield), which

solidified on standing.
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infarction and thrombolysis 10-1000 mg 10-1000 mg/ml 20-800 mg 20-800 mg/ml 25-600 mg 25-600
mg/ml  Olmesartan Preferred Forms Oral Tab/Cap Oral Liquid All doses expressed as drug base Lys,
Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ort, Cav, Asn,
GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His,
Tyr, Thr, Arg, Phe, Trp, GIn, Asn,£Lys and Ser, Hyp, Sar Ser, Hyp, Thr, Lys, Gly, & Ala b, h, i, j,k, 1,0, p
ACE inhibitor, treatment of hypertgnsion 1:100 mg 1-100 mg/5m1 2-80 mg 2-80 mg/5m1

H\N

SP1001601

2(S)-Benzyloxycarbonylamino-3-[2(R,S)-(4-isobutyl-phenyl)-propionyloxy]-butyric

acid benzyl ester:

5 'HNMR (300 MHz, CDCl3): 8 = 7.40-7.15 (m, 10H), 7.14-7.01 (m, 4H), 5.48-5.25 (m,
2H), 5.11-5.01 (m, 3H), 4.90 (d, 2H, J= 12 Hz), 4.68 (d, ¥2H, J= 12 Hz), 4.48 (m, 1H),
3.60-3.48 (m, 1H), 2.39(m, 2H), 1.79 (m, 1H), 1.42-1.35 (m, 3H), 1.27 (d, 1.5 H, /= 6.6
Hz), 1.17 (d, 1.5 H, J= 6.6 Hz), 0.85 (m, 6 H).

10  C NMR (75 MHz, CDCl3): § = 173.32, 169.70, 169.30, 156.55, 140.75, 137.38,
137.22, 136.14, 135.07, 134.99, 129.45, 129.41, 128.65, 128.39, 128.22, 127.21, 127.14,
70.97,70.70, 67.81, 67.66, 67.53, 57.83, 45.19, 30.39, 22.61, 18.57, 18.30, 17.18, 16.87.

The protected Ibuprofen-L-threonine ester (10.15 g, 19.0 mmole) was dissolved in warm
15  ethanol (150 mL) and added to a Parr bottle that contained 10% palladium on carbon
(3.4 g, 50% wet) under a nitrogen atmosphere. Hydrochloric acid (6 mL 37% HCI in 20
mL water) was added and the nitrogen atmosphere was replaced with hydrogen gas (30
psi). After 3 hours of shaking, the palladium catalyst was removed by filtration through
celite (30 g). The ethanol/water was removed under reduced pressure. The experiment
20  produced (£)-Ibuprofen-L-threonine ester, hydrochloride (SPI0016A and SP10016B, 6.4
g, 97% crude yield) as a colorless solid. The crude mixture of diastereomers was stirred
in acetone (200 mL) for 2 hours at room temperature under an argon atmosphere. After
2 hours the solids (2.84 g, SPI0016A) were filtered. The filtrate (SPI0016B, 3.0 g) was

concentrated under reduced pressure.
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4-50 mg 4-50 mg/5m1 Sirolimns Preferred Forms Oral Tab/Cap Oral Liquid TM Injections All Doses
expressed as drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp,
Hyp, Hsr, Car, Ort, Cav, Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp,
Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Ser, Hyp, Thr, Lys,
Gly, & Ala b, h, i1j)kplrificRIHNBHSPIYOPSASERAL I syr@oal human patients with transplants; antibiotic;

treating vitiligo pz%{ia%sb acne 0.1-20_mg 0.1-29 II:I /51111 0.5-10 mg 0.5-10 mg/5m1 1-8 mg 1-8
Ing/51n1 er 3 batches of the S-Ibuprofen-L-threonine ester (SPID016A) had been completed,
the batches were combined (8.78 g total) and crystallized three times from DIUF water
(100 mL). Each time a small amount of zwitterion was generated. In order to regenerate
5  the salt, the solid generated (from each crystallization) was dissolved in 1% hydrochloric
acid in ethanol (3 mL 37% hydrochloric acid in 100 mL ethanol). The ethanol solution
was then concentrated under reduced pressure at room temperature. After the third
crystallization and regeneration procedure, the salt (5.6 g) was stirred in acetonitrile (100

mL) for 44 hours at room temperature, under an argon atmosphere. The salt was then

10  filtered and dried under high vacuum at 50-55 ° until the weight was constant (5.5 g).

SPI0016A

2(S)-Amino-3(R)-[2(S)-(4-1sobutyl-phenyl)-propionyloxy]-butyric acid;
(S-Ibuprofen-L-threonine ester, hydrochloride, active isomer):

15
'H NMR (300 MHz, DMSO): & = 8.76 (br s, 3H), 7.19 (d, 2H, J= 8.1 Hz), 7.11 (d, 2H,
J=8.1 Hz), 5.28 (dq, 1H, J= 6.3, 3.6 Hz), 4.14 (q, 1H, J=3.6 Hz), 3.80 (q, 1H, J=7.2
Hz),2.41 (d, 2H, J="7.2 Hz), 1.80 (m, 1H), 1.37 (d, 3H, J=7.2 Hz), 1.21 (d, 3H, J=6.3
Hz), 0.85 (d, 6H, J= 6.6 Hz).

20
C NMR (75 MHz, DMSO): § = 172.66, 168.24, 139.68, 137.24, 128.95, 126.97, 67.98,
55.35,44.23, 43.83, 29.66, 22.24, 18.52, 16.47.

CHN analysis:
25  calc.: C59.38, H7.62, N 4.07; found: C 59.17, H 7.63, N 4.04.
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Tacrolimus Preferred Forms Oral Tab/Cap Oral Liquid P1 Infusions All doses expressed as drug base
Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ort, Cav,
Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro,
His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Lys, Gly, Ala, Thr, Sar & Pro b, ¢, g, h, i, ], k,
1, o, p immunosgparessa i surgical human patients with transplants; antibiotic; treating vitiligo
psoriass, acne 0.1-20 mg above/5m1 1-20 m%WéO .2-15 mg above/5m1 2-15 mg/ml 0.25-10 mg

above/sm1 2.5-8 ¥gfifaIPUripikéa Sitmbawrefdived Eord Bratofasreianisis Ligtidmtintdert Cream All

doses expresseq agadrug, Baselumn (SN 167917-13), 4.6x250 mm; 22 ul injection.
5  Optical rotation: +24.5 °
Melting Point: 189-190 °C

2) Purification of SP1I0016B (inactive isomer):

10 After 3 batches of the R-Ibuprofen-L-threonine ester (SPI0016B) had been completed,
the batches were combined (9.02 g total) and crystallized from DIUF water (50 mL). A
small amount of zwitterion was generated during the crystallization. In order to
regenerate the salt, the solid generated was dissolved in 1% hydrochloric acid in ethanol
(3 mL 37% hydrochloric acid in 100 mL ethanol). The ethanol solution was then

15  concentrated under reduced pressure at room temperature. The remaining salt (5.93 g)
was crystallized three times from hot toluene (100 mL) with the addition of a small
amount on acetone (1 mL). The salt was then filtered and dried under high vacuum at

room temperature until the weight was constant (5.1 g).

20 SPI0016B
2(S)-Amino-3(R)-[2(R)-(4-isobutyl-phenyl)-propionyloxy]-butyric acid;

(R-Ibuprofen-L-threonine ester, hydrochloride, inactive isomer):
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Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ort, Cav,
Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro,
His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Lys, Gly, Ala, Thr, Sar & Pro b, ¢, g, h, i, ], k,
1, o, p immunosuppressant in surgical human patients with transplants; antibiotic treating vitiligo psoriass,

acne 0.1-20 mg'gpRugo MV, BVEB 2§35 mgzq!aws%é@ml&@@?@ﬁ;%@-m mg)ahqued o 0-5-2%
Clopidogrel Preferred Forms Oral Tab/Cap Oral Liquid All doses expressed as drug base 20-125 mg

20-125 mg/sm1 $519bmg2h. (o0 Hhg/sm 8 @er LHYyE-ShraL VE. A/ & 1day B.Ad, (. 25 k=7, 349, p, 9
treatment of myocgydigl infBCloNs(d, 3H, J= 6.9 Hz), 1.34 (d, 3H, J= 6.3 Hz), 0.85 (d, 6H, J= 6.3 Hz).

5  C NMR (75 MHz, DMSO): § = 72.56, 168.08, 139.64, 136.98, 128.84, 127.14, 68.8,
55.29, 44.28, 29.69, 22.28, 18.24, 16.41.

CHN analysis:
calc.: C59.38, H7.62, N 4.07; found: C 59.30, H 7.60, N 4.05.
10
HPLC analysis:
98.43% purity; r.t.= 6.19 min.; 60% TFA (0.1%)/40% acetonitrile; 1 mL/min; 37.5 C;
Luna C18, 3u column (SN 167917-13), 4.6x250 mm; 22 ul injection.

15  Optical Rotation: + 10.4 °
Melting Point: 176-177 °C

2b) Preparation of the S-(+)-Ibuprofen-L-threonine ester, hydrochloride standard
20  (SPI0016S).
S-(+)-Ibuprofen (2.0 g, 9.69 mmole), N-carbobenzyloxy-L-threonine benzyl ester (3.25
g, 9.91 mmole), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide, hydrochloride (EDC,
1.90 g, 9.91 mmole), and 4-(N,N-dimethylamino)-pyridine (DMAP, 0.12 g, 1.0 mmole)
were dissolved in dichloromethane (25 mL) at room temperature, under an argon
25  atmosphere. After stirring for 4 hours, the dichloromethane layer was washed with
water (25 mL), 5% hydrochloric acid (25 mL), saturated sodium bicarbonate (2x25 mL),
and water (25 mL). After drying for one hour over sodium sulfate (5 g), filtration, and
concentration under reduced pressure, the remaining oil was used without further
purification. The procedure generated the protected S-(+)-Ibuprofen-L-threonine ester

30  (SPI001601S) as a light yellow oil (5.01 g, 98 % yield), which solidified on standing.
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10-250 mg 10-250 mg/5m1 20-125 mg 20-125 mg/5m1 25-100 mg 25-100 mg/5m1 Amphotericin B
Preferred Forms P1 Infusion Topical Cream All doses expressed as drug base Lys, Leu, lle, Gly, Asp,
Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ort, Cav, Asn, GIn, Can, Tau,
Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg, Phe,
Trp, GIn, Asn, Cys and Ser, Hyp, Sas Ser, Hyp, Thr, Lys, Ala, & Gly b, ¢, g, i, j, 1, m, n, 0, p, 9 treatment
of fungus, expecially those a 0 Ocq}l membrane changing its permeability 0.5-20 mg/kg/day
0.01-10% 1-15 mg/kg/day O %0 MO

5
)

2(S)-Benzyloxycarbonylamino-3-[2(R,S)-(4-isobutyl-phenyl)-propionyloxy]-butyric

SPI001601S

acid benzyl ester:

5  'HNMR (300 MHz, CDCly): § = 7.35-7.23 (m, 10H), 7.10 (d, 2H, J= 7.8 Hz), 7.05 (d,
2H, J="7.8 Hz), 5.48-5.25 (m, 2H), 5.17-5.01 (m, 4H), 4.50 (dd, 1H, J/=9.6, 1.8 Hz),
3.50 (q, 1H, J=7.2 Hz), 2.40 (d, 2H, J="7.2 Hz), 1.80 (m, 1H), 1.37 (d, 3H, J="7.2 Hz),
1.17(d, 3 H, J=6.3 Hz), 0.86 (d, 6 H, J= 6.6 Hz).

10  >C NMR (75 MHz, CDCl3): § = 173.29, 169.69, 156.51, 140.68, 137.21, 136.08,
135.06, 129.40, 128.70, 128.66, 128.57, 128.38, 128.24, 127.14, 70.70, 67.80, 67.53,
57.87,45.19,45.11, 30.39, 22.61, 18.57, 16.87.

The protected S-(+)-Ibuprofen-L-threonine ester (5.0 g, 9.40 mmole) was dissolved in
15  warm ethanol (100 mL) and added to a Parr bottle that contained 10% palladium on
carbon (1.0 g, 50% wet) under a nitrogen atmosphere. Hydrochloric acid (1 mL 37%
HCl in 10 mL water) was added and the nitrogen atmosphere was replaced with
hydrogen gas (32 psi). After 2 hours of shaking, the palladium catalyst was removed by
filtration through celite (30 g). The ethanol/water was removed under reduced pressure.
20  The experiment produced S-(+)-Ibuprofen-L-threonine ester, hydrochloride (SPI0016S,
2.8 g, 85% crude yield) as a colorless solid. The salt was stirred in acetone (50 mL) for
3 hours at room temperature under an argon atmosphere. After 3 hours the solids (2.24
g, 69% yield) were filtered and dried under high vacuum at room temperature, until the

weight was constant.
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2-10 mg/kg/day 0.5-2%  Tenofovir Preferred Forms Oral Tab/Cap Oral Liquid All doses expressed as
drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car,
Ort, Cav, Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala,
Val, Pro, His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Lys, Gly, Ala, Pro, Ser & Sar b, c,
h, 1], k, 1, 0, p inhibitor of HIV virgs, treatment of AIDS infections 10-900 mg 10-900 mg/5m1 50-750 mg

50-750 mg/5m1 100-500 mgp

10

15

20

25

SP10016S

2(S)-Amino-3(R)-[2(S)-(4-isobutyl-phenyl)-propionyloxy]-butyric acid;

(S-Ibuprofen-L-threonine ester, hydrochloride, active isomer):

'H NMR (300 MHz, DMSO): & = 8.76 (br s, 3H), 7.19 (d, 2H, J= 8.1 Hz), 7.11 (d, 2H,
J=8.1Hz), 5.28 (dq, 1H, J=6.3, 3.6 Hz), 4.14 (q, 1H, J=3.6 Hz), 3.80 (q, 1H, J=7.2
Hz),2.41 (d, 2H, J="7.2 Hz), 1.80 (m, 1H), 1.37 (d, 3H, J=7.2 Hz), 1.21 (d, 3H, J=6.3
Hz), 0.85 (d, 6H, J= 6.6 Hz).

C NMR (75 MHz, DMSO): § = 172.66, 168.24, 139.68, 137.24, 128.95, 126.97, 67.98,
55.35,44.23, 43.83, 29.66, 22.24, 18.52, 16.47.

HPLC analysis:
98.28% purity; r.t.= 6.951 min.; 60% TFA (0.1%)/40% acetonitrile; 1 mL/min; 37.5 C;
Luna C18, 3u column (SN 167917-13), 4.6x250 mm; 22 ul injection.

Optical rotation: + 26.5 °

Melting Point: 189-190 °C

3) Preparation of the (1)-Ibuprofen-L-hydroxyproline ester (SP10017).
(£)-Ibuprofen (5.10 g, 24.7 mmole), N-carbobenzyloxy-L-hydroxyproline benzyl ester
(8.80 g, 24.7 mmole), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide, hydrochloride
(EDC, 5.10g, 26.0 mmole), and 4-(N,N-dimethylamino)-pyridine (DMAP, 0.30 g, 2.40

mmole) were dissolved in dichloromethane (100 mL) at room temperature, under an
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Unoprostone Preferred Forms Ocular Drops All Doses expressed as drug base Lys, Leu, lle, Gly, Asp,
Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ort, Cav, Asn, GIn, Can, Tau,
Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg, Phe,
Trp, GIn, Asn, Cys and Ser, Hyp, Sar Ser, Hyp, Thr, Tyr, Pro, & Lys b, ¢, h, i, ], k, 1, n, 0, p, 9 treatment of

glaucoma, espegialhh Garosshbie adRdQWRFS HBtIaPSY IRGREasRICaDPdoh Ul ddpHere % R8hAr0.25%
Fulvestrant Preferred Forms TM Injection All doses expressed as drug base Lys, Leu, lle, Gly, Asp, Glu,

Met, Ala, Val, PrisTHIS 28 SSHENORONRS, P, 25 A, thestaxsay Wit serr2ikdn, 1B, can, Tau, Djk,
GABA, Cys, Dcydithlordntiaid ek Qs NeastdY, A8 ity Wigdr Moo Mal) B, fisutybickbofi@, Phe, Trp,
GIn, Asn, Cys and Ser, Hyp, Sar Gly, Lys, Pro, Ala, Val & Sar B, c, g, ], 1, 0"? treating cancer, especially
breast cancer 2(2%89 W{g{gﬁﬁdrled for 1 hour over sodium sulfate (5 g?. After filtration and
5 concentration under reduced pressure, the remaining oil was used without further
purification. The procedure generated the protected (t)-Ibuprofen-L-hydroxyproline

ester (SP1001701) as a light yellow oil (11.5 g, 85% yield).

SPI001701
4(R)-[2-(4-Isobutyl-phenyl)-propionyloxy]-pyrrolidine-2(S)-carboxylic acid;
10 ((R,S)-Ibuprofen-L-hydroxyproline ester):

'H NMR (300 MHz, CDCl3): § = 7.33-7.02 (m, 14H), 5.25-4.95 (m, 5H), 4.51-4.19 (m,
1H), 3.75-3.50 (m, 3H), 2.40 (d, 2H, J= 6.9 Hz), 2.15 (m, 1H), 1.81 (m, 1H), 1.44 (d,
3H, J=7.0 Hz), 0.87 (d, 6H, J= 6.6 Hz).

15
C NMR (75 MHz, CDCls): § = 173.99, 171.93, 171.72, 154.68, 154.15, 140.70,
137.23, 137.04, 136.23, 135.44, 135.23, 129.41, 128.59, 128.47, 128.35, 128.19, 128.08,
127.89, 127.02, 72.86, 72.16, 67.40, 67.18, 67.09, 58.12, 57.83, 52.66, 52.49, 52.13,
45.15, 36.63, 35.67, 32.07, 30.33, 29.23, 22.90, 22.58, 18.36.

20

The protected Ibuprofen-L-hydroxyproline ester (11.40 g, 43.4 mmole) was dissolved in
ethanol (150 mL) at room temperature and added to a Parr bottle that contained 10%
palladium on carbon (2.73 g, 50% wet) under a nitrogen atmosphere. The nitrogen
atmosphere was replaced with hydrogen gas (34 psi). After 5 hours of shaking, the

25  palladium catalyst was removed by filtration through celite. The ethanol was removed

90



10-1000 mg/5m1 20-500 mg/5m1 Cefditoren Preferred Forms Oral Tab/Cap Oral Liquid All doses
expressed as drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp,
Hyp, Hsr, Car, Ott, Cav, Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp,
Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Ser, Hyp, Thr, Gly,

Lys & Ala b, ¢, hyhdekscliuBePpRBdiRIRtICBhEQE HaRime MRkiInbeelqB. BY Miceewadtsmyi@Ipreially inhibits
H. influenzae; Haemophilus parainfluenzae, streptococcus, Maraxella catarrhalis; treatment of bronchitis,

pharyngitis, tonsiiti& SihredithE! ohesde @%iﬁ?bw high- %y iy U B 0VRighs was 150-300

mg 150-300 mg/@Rdiant. The experiment produced (+)-Ibuprofen-L-hydroxyproline ester SP10017
(5.64 g, 84% yield) as a colorless solid.

0 } H
(@)

5 SPI10017
4(R)-[2-(4-Isobutyl-phenyl)-propionyloxy]-pyrrolidine-2(S)-carboxylic acid;
((R,S)-Ibuprofen-L-hydroxyproline ester):

'H NMR (300 MHz, CDCls): & = 7.22 (d, 2H, J= 7.2 Hz), 7.09 (d, 2H, J= 7.2 Hz), 5.27

10 (m, 1H), 4.40 (t, 0.5H, J=7 Hz), 4.24 (t, 0.5 H, J=9 Hz), 3.75 (m, 1H), 3.61(m, 1H),
3.28 (d, 0.5H, J= 13 Hz), 3.15 (d, 0.5H, J= 13 Hz), 2.42-2.10 (m, 4H), 1.78 (m, 1H),
1.40 (brt, 3H, J=6 Hz), 0.82 (d, 6H, J= 6 Hz). (mixture of diastereomers)

3C NMR (75 MHz, CDCl5): 6 = 173.28, 173.23, 168.98, 139.88, 137.33, 137.23,
15 129.12, 127.26, 127.17, 72.58, 57.60, 57.50, 50.24, 50.12, 44.34, 44.15, 34.31, 34.16,
29.77,22.34, 18.43, 18.23. (mixture of diastereomers)

HPLC analysis:
100% purity; r.t.= 5.35, 5.22 min.; 55% TFA (0.1%), 45% ACN; 1 mL/min; 32.3 C,
20  Luna C18, serial # 188255-37; 20 ul inj..

CHN analysis:
calc.: C67.69, H7.89, N 4.39; found: C 67.47, H 7.87, N 4.30.

25  Melting Point: 198-199 °C
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Efavirenz Preferred Forms Oral Tab/Cap Oral Liquid All doses expressed as drug base Lys, Leu, lle, Gly,
Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ott, Cav, Asn, GIn, Can,
Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Thr, Arg,
Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Gly, Lys, Pro, Ala, Sar, & Val b, c, h, i, |, k, 1, o, p inhibitor of

HIV-1 specific, npfrieieie@sisdQveptR ¢ poRGIIRIBIT S18rHBRS b PIdpfRE L NRrBofihe S1a 0.2-1.2
gm/5m1 300-800 mg 300-800 mg/5m1 400-750 mg 400-750 mg/5m1  Eplerenone Preferred Forms

Oral Tab/Cap Ofathydurxyretine sstersebsEs huproten ke employing acetylcholine induced

abdominal constriction method in male albino mice:

5 The present study was conducted to evaluate the efficacy of L-serine, L-threonine, and
L-hydroxyproline esters of (£)-Ibuprofen taking into account the antagonizing property
on acetylcholine induced writhe as an index in albino mice. Ibuprofen (racemic mixture)

and ibuprofen (S)-(+) served as reference controls.

10  Different new formulations of ibuprofen and reference controls viz., ibuprofen (racemic
mixture) and ibuprofen (S)-(+) were administered by gavage to male albino mice (Swiss
strain), using 5% (v/v) Tween 80 in milli Q water as the vehicle. The study was
conducted at two dose levels viz. 50mg and 100mg/kg body weight along with a vehicle
control group. At each dose level 10 animals were used. All the doses were expressed as

15  ibuprofen molar equivalents. The doses used as well as the molar equivalents are

presented below.
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Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr, Car, Ott, Cav,
Asn, GIn, Can, Tau, Djk, GABA, Cys, Dcy, Thr, and Sar Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro,
His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Ser, Hyp, Thr, Lys, Gly & Val b, c, h, i, J, k,
1, o, p treatment of hypertension, blocks binding of aldosterone to mineralo-corticoid receptors 10-250

Treprostinil Preferred
Forms SC infusion-Oral Tab/Cap All Doses expressed as rlrlm hase | Vs, | e, Ilp (‘I\/ Acn Glu, Met, Ala,

mg 10-250 mg/5mybid 2200 Maater2 M dne/BaudveRnto0 mg 20-150 mg/5m1

Val, Pro, His, Tyr,
Dcy, Thr, and Sar
Cys and Ser, Hyp

Ser, Nor, ArrF@HHJI?FWMVn Hsr, Car, Ort, (‘a\/MQl?F t
Lyss keHbl6rGih AR GlinMaleAla, Vel 3Praty u@WlwiﬁnAPa T qfrp
Sar Gly, Lys, Val, Hyp Thr & Ser Ibuprofen

GABA, Cys,
GIn, Asn,

(¥)-Ibuprofen-L-serine ester

Ibuprofen

1.6 units are equivalent to 1 unit of

(¥)-Ibuprofen-L-hydroxyproline ester

Ibuprofen

1.55 units are equivalent to 1 unit of

Table 3: Test Item: Group: Dose(mg/kg): Equivalent wt. Of the test item:

Dose (mg per kg) Egulvalent
. weight of the
Test Item Group [in terms of Test item
Ibuprofen]
[mg/kg]
Vehicle Vehicle control 0.0 --
Group
S-(+)-Ibuprofen-L- Test Group 1 50.0 41.65
threonine ester Test Group 2 100.0 83.30
(¥)-Ibuprofen-L- Test Group 3 50.0 80.0
serine ester Test Group 4 100.0 160.0
(Ibuprofen S)
(3)-Ibuprofen-L- Test Group 5 50.0 77.5
hydroxyproline ester Test Group 6 100.0 155.0
Ibuprofen (racemic Test Group 7 50.0 50.0
mixture) Test Group 8 100.0 100.0
Test Group 9 50.0 25.0
Tuprofen S + Test Group 10 100.0 50.0

5  The efficacy in terms of antagonizing effect on acetylcholine induced single writhe at

two dose levels — 50.0 and 100.0 mg/kg for the three formulations and reference controls

are presented below.
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b, c, g, h,ij k, 1, 0, p Inhibits platelet aggregation and vasodilation of systemic and pulmonary vascular
bed, treatment of cardiovascular related conditions 0.1-100 Ing/1111 10-1000 mg 0.2-50 mg/ml 20-800
mg 0.5-20 mg/ml 25-500 mg  Adefovir Preferred Forms Oral Tab/Cap Oral Liquid All doses expressed
as drug base Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Tyr, Ser, Nor, Arg, Phe, Trp, Hyp, Hsr,
Car, Ort, Cav, Agnpfeln; €anidal RiuSHBAR, Rtk OCKuliYe Poth PRy Shé®thd g il¥e ASRirSlE, Met,
Ala, Val, Pro, His, Tyr, Thr, Arg, Phe, Trp, GIn, Asn, Cys and Ser, Hyp, Sar Lys, Gly, Val, Ser, Hyp, & Pro
b,c, hi,jk, 1, d‘,’rbt IPYEOE transcriptase inhibitors; treatment of HIV infections and AIDS 1-100 mg

1-100 mg/5m1 Number of animals
showing absence of single
Dose (mg . .
er kg) writhe (number of animals
Test Item Group  perke per dose = 10)
[in terms of
Tbuprofen] One hour Three hours
after after dosing
dosing
Vehicle Vehicle control 0.0 0 0
S-(+)-
Ibuprofen-L- Low dose 50.0 1 0
threonine High dose 100.0 3 0
ester
Low dose 50.0 4 2
-
Touprofen-L-|  pop) qose 100.0 6 4
serine ester
Low dose 50.0 5 4
-
Ibuprofen-L-
hydroxyprolin High dose 100.0 7 7
€ ester
Tbuprofen Low dose 50.0 4 2
(racemic High dose 100.0 6 6
mixture)
Low dose 50.0 5 1
Tbuprofen S+ | 1ioh dose 100.0 6 6

Statistical analysis employing Chi — square test procedure did not show any statistically
5  significant difference among the formulations in comparison to reference control, while
comparing the number of animals not showing writhe in each groups, as the respective

[IPN13

p* was found to be greater than 0.05, the level of significance.

From clinical observation based on the number of animals not showing writhes due to

10 administration of acetylcholine, (*)-Ibuprofen-L-hydroxyproline ester was found to be
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2-50 mg 2-50 mg/5m1 5-20 mg 5-20 mg/5m1

invention:

The following non-limiting examples further illustrate the
Synthesis of Various Amino Acid Derivatives of Selected Drugs 5I. Propofol Derivatives

Propofol (2,6-diisopropylphenol) is a low molecular weight phenol which widely used as a central nervous
system anesthetic, and posses sedative and hypnotic activities. It is administered intravenously in the

induction and maiRienance @f ANafHIesiiARHeL0SRIRIRR IRdN&INAike MEMiaiRVRRIagRs of
Propofol are that it can induce anesthesia rapidly, minimal side effects and upon withdrawal, the patient

recovers quickly RAitRBI RS8R L RERfsR SFcemic) ang oepsed S Li:

a; OH CH 15Propofol has been

shown to have a large number of therapeutic applications, which are quite varying and somewhat
surprising. For example, it has been shown to be an effective antioxidant, anti-emetic, anti-pruritic,

anti-epileptic, ant4Ri&
Action: The snechapisrf5aiRp RAERD

?

matermary o diflieasy of hoeting drrihrsarine apddesly
LOASNPSERITERTMBNeFsierhu i SRATS) NBVOs RStem

MEm of

anesthetic activity has been shown to be related its high affinity for a specific subclass of GABA receptors

(Collins G.G.S., 1agtagonizing Praperéyof avetylokoling\Indyged, &Y rits dnaAdbingMiser of different

receptors in the braifmwhich are subit)rates for 25propofo], NeRGR e ¥ Reid URswing’POT0! also has
significant biological leffectggggn antioxidant. Because of| thig, aeje'sfigadid GHMMOfRIpimRio! | it is
theoretically useful in the et af a number of inflammatoryiRrRSRSSWAGEE Lfgation is an
important factor. For exg EmSNod xygeﬁﬁblﬁﬁéuiate PR dRSY MNefis-Le o 4N inflammation.
By inhibiting Ibuprofen] dosing after dosing
Vehicle control 0 0
S-(+)-Ibuprofen-L- 1 0
threonine ester
(£)-Ibuprofen-L- 4 >
serine ester
50mg/kg (2)-Ibuprofen-L-
hydroxyproline 5 4
ester
Ibuprofen 4 )
(racemic mixture)
Ibuprofen (S)-(+) 5 1
Table 6:
Vehicle control 0 0
S-(+)-Ibuprofen- 3 0
L-threonine ester
(£)-Ibuprofen-L- 6 4
serine ester
100mg/kg (3)-Ibuprofen-L-
hydroxyproline 7 7
ester
Ibuprofen 6 6
(racemic mixture)
Ibuprofen (S)-(+) 6 6
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5oxidation in the respiratory tract, one could use propofol in the treatment of acid aspiration, adult/infant
respiratory distress syndrome, airway obstructive diseases, asthma, cancer and a number of other similar
pathological conditions. Since oxidative tissue damage is a very common occurrence, it has been
suggested that 10propofol could be useful in the treatment of Parkinson's disease, Alzheimer disease,
Friedrich's diseagge duatingtons dissass smutioke SelRiasSnproypiEaiic lajesal aelgsrsisdsiingl chord
injuries, and various other neurodegenerative diseases. Propofol is currently available in the US market

as an intravenoU® &Rt 8B M AR By e AR AP IORS HUS RS EYh P ARG BB RIS £ s one the

most widely usedshes A NG CRIKAAMEEHALS SYSiem mfiesthatigs ihtbamaikeate Thensacanrtiation of
propofol is 10 mg/mL in non-pyrogenic sterile emulsion and the formula contains soybean oil, glycerol,

egg lecithin, disoRPESR ST aet AR drdRla s OBWATEIg i APaR R TS BROBARS! is that it is
completely insolylignininaieh. Eyeps 3 very ipeeaneerratignfoehd bhgsriatdhehaiugopragipitatas out of
an aqueous solution in.room temperature. Therefore, manufacturers of this formulation use heroic
methods to emulSif/4RIEE S uct in water using extraordinarily complex and toxic emulsifying agents. For
example, manufacturers of the IV formulations use egg lecithin, Cremaphor 25L(r), castor oil, and other
similar emulsifiers. However, use of such emulsifiers is agsociated with number of problems. It is well now
that various typeStr&R RN MAEHHSHEIOCal Brddpitdmuabipliel RREHLE GG {Rhin and castor

oil have been shgwerieFtRddamanaRb¥aRtic shetk$ same2paticntniBE uitheenoranmairtgsance of
stability ofiropofol in_ these emulsions is short lived and more expensive. Moreover, the presence of egg

lecithin and RastShOHIAsRE s dHsURHHPRSEEONREASHIXI VR FOnREPEIBo5s L o YREEhGe
propofol in watergy,coMAKKIAGI Y IucY elosertEim Qhktagﬁﬁlgﬁ@@ﬁwaé@m%ﬁﬁ@ma@w&)‘ﬁﬂw the FDA

for use in intravenous therapy. S Heretofore, no one has made a safe prodrug of propofol. The British
patents 1,102,0 N ehePMREGhisseRhd (gnslidnrsaagdbipsode iseife %ﬁi‘a&m@aéﬁé—é@rs of amino

acids, wherein the propofol is attached to a number of side chains which when released in the body
produce toxic effects. 10 US Patent 6,451,854 describe a number of substituted alpha amino acetic acid
esters of propofMﬁ%ofol and the side chain were substituted with a number of different

chemical gygupsTid shadNiNrshisubstitied olvgine: estele eforonatel TavecHUIShawWR i RIg RAR-6pXic and

there many of the compounds described are derivative of 15propofol. Thus when released in the body

after the cleavagBU R lsy this heintrsonizing Roppse wefivefogariadaesanaechdebiporol, and

hence they do neirpAssessasiany i iR RRchalg-ant iRMDe elesWemWitHakiew: therapeutic
efficacy in man. In yet another published paper on the water soluble salts of amino acid esters of

20anesthetic agdRIRIpBISICAmEC P dbRoley 691 (Wgsryed a5 885U e Bnthesized a
number of watersspdybie desivatives AftRwpsdoletaween b andiese/kg) along with a vehicle

20  control group.

The efficacy in terms of antagonizing effect of acetylcholine induced single writhe at
two dose levels — 50.0 and 100.0 mg/kg for the three formulations and reference controls
are presented below.

25

30
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prodrugs are cleaved by esterase enzymes, substituted non-natural amino acids with unknown toxicity
profile are released in the body. 25 Until now there has been no pharmaceutical preparation has been
available in the market that can deliver propofol without harmful side effects. The present invention
however, has produced a number of water soluble, non-toxic derivatives of propofol which are suitable for

delivering propofplifthetRodiamtirsuanphar i) isigdenesfegtenane yWHuuh hanards faidgric and

expensive additives, solubilizers and emulsifiers. Accordingly, in one aspect, the present invention is

directed to a clas¥’
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Statistical analysis employing Chi — square test procedure did not show any statistically

significant difference among the formulations in comparison to reference control, while

comparing the number of animals not showing writhe in each groups, as the respective

[IPN13

p

was found to be greater than 0.05, the level of significance.

However from clinical observation based on the number of animals not showing writhes

10
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The prodrug of propofol of the present invention clearly provides a number of advantages over propofol,
for example, all of the side chains cleaved from these 30prodrugs are naturally occurring essential amino
acids and hence are non-toxic. This results in high therapeutic index. Secondly all the prodrugs are
readily cleaved in the body to release propofol. Furthermore, due their high water solubility, they can be

easily administeggth®yneiherréeriming andBodit SOtHE QR IRREeIYLadMinigiEalinenuS R AYaPhilized
sterile powder or providing the drug in solution in prefilled syringe or bottles 5for infusion. The aminoacid

esters are more SBHIEFEHIGHABA bR G GrsspiR 1efBl ket o oxidation. Thus the propofol
prodrugs of the present invention are more effective then propofol itself without the toxicity and other
pharmaceutical problems associated with current marketed formulations. 10The prodrugs of propofol of
the present inveGiastrpossessalrtiritdtompatentialnf-losicane, hathvemuee, and-tehydisivepeslinemetic
a_nd anti-prugitic rg&g%?@_%'_rll@se (&reodlruggsgg Pro gfgllb% thle Esresent invent_ion are eﬁect_ive in treating
diseases or'conditions In whic B]Fopcl)]fo normalﬁ} are used. The prodrugs disclosed herein are
15transformed within the body to release the active compound and enhances the therapeutic benefits of
the Propofol by §8 ' o liminating biopharmaceutical and pharmacokenetic barriers associated with
each of them. Hovvevi{&-e\m uld be noted that these prodrugs themselves will have sufficient activity
without releasinglaap@stivies trdig waslve miaetah absd Senoentheh @ rerugspatentnd ref sehvblenmilugtersthen
Propofol, it does oé 20 nee to be ajf_(t)giated Wit?}ﬁ?LC' rrger vehicle, su<t:h asfazLr QFPOI orfc%ftor oil which
may be toxic or [())ro1 URE tiwanted Side TE§H0Hs *MoredVer, sial rofmuiations con alf‘lﬂlfﬂge éoprodrugs of
Propofol arabsarinedinte thedetoatliaid thre/igsita sifiefativel mald bibsnshatpridipiofehtiiacpresent invention
enhances the thera eu?gc bém??ﬁtso%y Ellr{gmoé}/in 25bio rmaceutic%l and pharmacokenetic barriers of
existing drugs. F'ﬁlﬁf&g? oFe, thep ME R |I§755% RS 8K Nigh yields using reagents which are
readily and commercially available. Overview: The procedure for the synthesis of the glycine, L-proline,
and L-lysine esteﬁsﬂof Pliot{)ofo# is d ;icted |£| reinb%ow. (J—i Wev%-]r, ct]{;ese are exem Iarg and any amino
acid produrugs t elreecr)?%anegeoprrne“ﬁ HE UG HRE YR SRAG HREHTS r?Seg‘r)r/{lchéxé%r peig e procedure and
5analytical data isugiueon(Sihe- ExparudariiadtSedtiongdnagene fakted mhlpvdibindhetsgMovimgssaheme
Propofol (10.g) was cquple with$ N-Bog prote e%amino acjd (1 eqpivalent) with

o dimett i S SRS e LS ) D SIS e L e Rk Pandagtihic
amount of 4-(N,Ntdwoethyaleves)pyrizite LMAR)0 M Hk Eha ywwas gembwedviayhextraddtiencaitiowater. After
drying over sodium sulfate, filtration, 1Qand concentration th de protected amino acid ester of
Prapofol ias pUATEH b TEESH CHFG SAEbg LA GE ot (o o sBta ST SELeit yield. The
protecting groupgwerdethanaaniowect toyestiiihg thei pabiestathe siexs insciethyw dthetisatnodded with
hydrochloric aci%gglavs ee};[ r%)rpeterrgspe{g&lge o Yields for the deprotection step were generally 60-95%.
After filtration and’drying %ﬁe %y ochlofide salts of the glycine and 15 L-proline esters of Propofol did not
require additional purification. The hydrochloride salt of the L-lysine-Propofol ester was crystallized once
from ethanol to remove. a trac ng mopjesprqiecte L-lysine-Propofol ester. Synthetic Sequence:

ormulation: Mo quivalent
Formulation Molar equivalent
S-(+)-Tbuprofen-L-threonine ester 0.833 units are equivalent to 1 unit of

Ibuprofen

(4)-Tbuprofen-L-serine ester %560 units are equivalent to 1 unit of
uprofen

. 1.55 units are equivalent to 1 unit of

+)- -L-

(¥)-Ibuprofen-L-hydroxyproline ester Tbuprofen
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1. SPI0010 SCHEME  Synthesis of the glycine, L-proline, and L-lysine esters of Propofol: a) EDC, 5
DMAP, CH2C12; b) HC1 (g), Et20. Experimental Section: The synthesis of SPI0010, SPI0011 and
5P10013 were conducted in batches. Generally a small-scale experiment was performed first followed by
a larger batch. Reagents 10mentioned in the experimental section were purchased at the highest
obtainable purityifierafildiichrobss @se @b RBaAGhEM & XeRhBRIPIVents, which were purchased from either
Fisher Scientific or Mallinkrodt. 15 1) SPI0010 Propofol (9.98 g, 55 97 mmole) was dissolved in
dichloromethane (200 mL) at room temperature, under an argon atmosphere.

N-t-Butyloxocarbpmik9lyeineifdh: 23 ﬁés@‘(ﬁ@ﬂ%)g%&@%l@@t aleng with

imid de, 5 h\/drnr‘hlnrldp (Fn(‘ 11 1n 579 mmnlp\ and

nnrnn\/1\ 3. pfh\/lr‘nrhnd

1-(3-dimethylami
4-(N,N-dimethylan
atmosphere at rog
dichloromethane |
g). After filtration &
chromatography

mno) pyrldlne (DMAP 1
m temperature, water (3

50, 12 27 mmole). A
00 mL) was added a

fter stirring for 21 Hol4UiFRIERL argon

POsE (BERETAR

the protected N-B

epigteLtTh

tert-Butoxycarbony
7.25-7.13 (m, 3H)
Hz).
2042.66, 28.54, 2
anhydrous diethyl

solution for 45 mir]
under an argon at

filtered. The white

ayer PP LTAT again|with wa 0 mL) and é‘r‘i’e’&‘fﬁ’rsi’ﬁou over%lum ulfate (5
and concentration under|reduced pressure, the 10 Tawpy ﬁf& oil wa Bﬂrfﬁ%‘& by flash
n silica gel (250 g), eluting with hexanes/ethyl acetate (10:1). T enerated
DC protegtagglycine ester of Pilsaterisla white sollcﬁ)@tl 34g, 60% yield).
/lamino-acetic acid 2, 6-diisoproSHE NVl ester: 15 1H NMR (300 MHz,_CDC18): =
5. Da(toribuprafenbo (d| oH BesEGraupyl > gol(m 2130006 (s _oh)y 1 94(d _12H, J=6.9
13C NMR (ftyagpine e8813): |= 16306 Cranpzs 14522, 140%8, 126 4 80/32,
7. 79; PRmpfank-Fropofol-BodasySireuadter (11.28 g, 2098 mmole) wakii8solved in
ether (208 ) at room|tempE&itG@updrochloric adidBas) was pads8dthrough the
ute WHibestirditng.-The mixturesiasoaliolved to stir a08.0oom tempef@ike for|48 hours
mdsphiexgpAftiec48itours helasesi@go2mL) were addi¥ddand the presigitdte was
solldupagdrigdcamiler high Test Group 1 200.0 465.0
mixture) Test Group 2 300.0 300.0
Test Group 1 200.0 100.0
Touprofen (5)- (+) Test Group 2 300.0 150.0

The rats were fasted for a period of 18 to 22 hours before dosing. The test item was

administered as a single dose by gavage. Three hours after drug administration, the

animals were killed humanely by CO, gas inhalation. The stomach was dissected out and

observed for

[
10

the quantity of mucous exudate,

degree of hyperemia and thickening of stomach wall,

hemorrhagic spots (focal or diffuse), nature of hemorrhages (petechial or

ecchymotic) along with the size and

perforations or any other lesions
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vacuum for 5 hours at 88 C. The experiment produced SP10010 (8.73 g, 95% yield, purity 99.9% by
HPLC) as a white solid. Amino-acetic acid 2,6-diisopropyl-phenyl ester, hydrochloride: S 1H NMR (300
MHz, CDC13): =8.77 (br s, 3H), 7.20-7.08 (m, 3H), 4.14 (m, 2H), 2.87 (m, 2H), 1.11 (d, 12H, J= 7 Hz).
13C NMR (75 MHz, CDC13): =166.42, 144.84, 140.42, 127.10, 124.06, 40.47, 27.61, 1023.55. CHN
analysis: calc.: C 61.877Hk&PLr Mirohd ol uadiie RidecbdalHiBidQoMNoB diftmbds 2 S Li3pRaield10.03 g,

56 23 mmole) was dissolved in dichloromethane (100 mL) at room temperature, under an argon

atmosphere. N-tSBIAEGPSIY

[-L-proline (14.04 g, 65 22 mmole) was added along with

1-(3-dimethylaminopropy1)-3-ethylcarbodiimide, hydrochloride (EDC, 11.95 g, 62 33 mmole) and
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L-threonine ester
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evidence of gastric
mucosal irritation.

(¥)-Ibuprofen-L-
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animal out of 5
animals dosed.
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The Propofol-Boc-L-proline ester (13.95 g, 37 14 mmole) was dissolved in anhydrous diethyl ether (100
mL) at room temperature. Hydrochloric acid (gas) was passed 15through the solution for 60 minutes while
stirring. The mixture was allowed to stir at room temperature for 22 hours under an argon atmosphere.
After 22 hours hexanes (50 mL) were added and the precipitate was filtered. The white solid was dried

under high vacuun
99.1% by HPLC) a
ester, hydrochlorid
7.8 Hz), 3.56 (m, 2
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5

aﬂge two dose levels tested (200mg and 300mg/kg body weight). In contrast both

ibuprofen (racemic mixture) and ibuprofen (S) — (+) had caused irritation of gastric

mucosa at the two dose levels tested. Further ibuprofen(S ) - (+) was found to be more

gastric mucosal irritant than ibuprofen (racemic mixture).

Overview Ketoprofen S(+) Threonine Ester Synthesis:

10

The procedure for the synthesis of the L-threonine esters of Ketoprofen is outlined in

Synthetic Sequence section. This synthesis is exemplary and is equally applicable for

the other amino acids. The complete procedure and analytical data is given in the

Experimental Section. In general, (+)-Ketoprofen (5 g) was coupled with N-boc-L-

threonine t-butyl ester' (1 equivalent) with 1-(3-dimethylaminopropyl)-3-

15

ethylcarbodiimide, hydrochloride (EDC, 1 equivalent) in the presence of a catalytic

amount of 4-(N,N-dimethyamino)-pyridine (DMAP). Once the reaction was complete,

any excess EDC was removed by extraction with water, DMAP was removed by

extraction with dilute acid, and Ketoprofen was removed by extraction with sodium

bicarbonate. After drying over sodium sulfate, filtration, and concentration the crude

1

01



N 0< 2(S),6-Bis-t-butoxycarbonylamino-hexanoic acid 2,6-diisopropyl-phenyl ester:  1H NMR (300 MHz,
CDC13): =7.28-7.15 (m, 3H), 5.22 (d, 1H, J= 8.4 Hz), 4.70 (m, 51H), 4.59 (m, 1H), 3.17 (m, 2H), 2.93
(m, 2H), 2.09 (m, 1H), 1.86 (m, 1H), 1.67-1.54 (m, 4H), 1.48 (s, 9H), 1.46 (s, 9H), 1.20 (m, 12H). 13C
NMR (75 MHz, CDC13): =171.82, 156.10, 155.65, 145.25, 140.30, 126.80, 124.03, 80.14, 79.28, 53.76,
40.29, 32.09, 28&§Ee%?¢@ﬁ%1e6§i&3é£ﬂK%?ng)fé9J&Lepﬁfﬁ%f%qja@peﬂfdﬁ%%ﬁ Igréﬁ%iﬁéagge% 37
mmole) was dissolved in anhydrous diethyl ether (250 mL) at room temperature. Hydrochloric acid (gas)
was passed throlfggesaatolbeiorefested nihtresngrircs inrBR Auie kbR Te)in e iRerReiBE I850HPT he
mixture was allowedl tQ stk & B%Q%éﬁﬁéﬂ?%m@l\fpﬁﬁﬁ&&%ﬁ@&q&ﬁﬁﬁi@{ RiherahResRRGHR tfter 48

hours the precipitate was filtered and crystallized from ethanol (100 mL) The white solid was dried under
high vacuum for @MUl 4o geddy trategss e AtiHRsioted SIo0 3w oYy tBoob il §sistirity 8. 6% by
HPLC) as asNhﬂ&@ﬂlgj-th%%@n%-inmmeaaﬁz@mgﬁ?q@e@f&fw&r@%% gRiphydinydrochloride:
1H NMR (300 MHz, CDC13): = 9.05 (hr s, 3H), 8.35 (hr s, 3H), 7.26-7.13 (m, 3H), 4.43 (t, 1H, J= 6 Hz),
3.0-2.6 (m, 4H), . pdatkv.apie, frogoagceson{iriles Hiha ngleroplelsaly ¢f thed rgaenmR-& (5 MHz, CDC13):
168.30, 144 25, KR IAI26.08. 2R, 3150 2RI 00420 Th AR ALRTHGHanalysis
calc.: C 56.99, H 8.50, N 7.38; found: C 56.48, H 8.56, N 7.30. 10 Il. PRO DRUGS OF NP)N-S EROIDAL
ANTI-INFLAMMATO RiRUGS pRSAIDSYIHaNG A DsHidivipnseen drisworpstisenurAifietibtmetive,
carboxylic acid mgiety. allacheds iR fRIpNahAIOMALS (NRIRHH e RTAIRS NRIAR: 266ty 5aligyclic acid,
salicyclic 15 acid, diflunisal, ibuprofen, fenoprofen, carprofen, flurbiproferi, ketoprofen, naproxen,
sulindac, indometnasitedieuplte, ®KAEEN, ketorolac, diclofenac, and meclofenamate. The NSADIs
posess anti-inflammatory, analgesic, antipyretic and anti-clotting activity. = Examples of the chemical
structures of this uniques class of compounds showing wide 20variety of pharmacological activities are
shown below. NSymtbstigSegemngeised for the treatment of acute and chronic pain, management of

edema, tissue dagppgesiesulting from inflammatory joint diseases and also, effective anti-
(0]
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15  Synthesis of the L-threonine esters of (f)-Ketoprofen: a) EDC, DMAP, CH,Cl,; b)
HCI1 (2M); ¢) TFA; d) ACN (crystallization).

Experimental Section:
The synthesis of SPIO018A was conducted in a single batch. Reagents mentioned in the

20  experimental section were purchased at the highest obtainable purity from Sigma-
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5 clotting agents in the treatment of myocardial infraction. A number of the agents also possess
antipyretic activity in addition to analgesic and anti-inflammatory action, thus useful in reducing fever.
Some drugs in the above group have also been prescribed for Rheumatoid Arthritis, 100steoarthritis,
acute gout, ankolysing spondylitis, and dysmenorrhea. Mechanism of Action: The major mechanism by
which the NSAIDg @iedUserthictitBarapsL i @iecbisdve bR dfpEqnirglapdinsynthigsis. Specifically
NSAIDs inhibit cyclooxygenases, such as COX-1 and COX-2 enzymes, where these two enzymes are
responsible for Sé%ﬂﬁgﬁ’é’lﬁffb‘f&t%@gﬁ’éﬁmtwmle COX-1 enzyme is important for the regulation of
platelet aggregation, regulation of blood flow in kidney and stomach, and regulation of gastric acid
secretion, COX-2 enzyme plays an important role in the pain and inflammatory processes. NSAIDs
significantly incré€BBHMyN Serrr atiamef fad Katppspianathseonisseiembeteaciogifty ocardial
infarction. 18 All BRI Ale relatively medium to strong organic acids with pKa's in the 3-6 range. Most
of them are carboxylic acid derivatives. Acidic group is essential for COX inhibitory activity and in
physiological pH{ KRN SEISS - dfeZiotHZEdRIPbs %ﬁéfﬁ%@ﬁ%@%ﬂﬂﬁ@%Fﬂ%ﬁﬂl@ﬁ%bﬁﬂf‘c balance,
and these are fupgiiensel $efrand ERiARIAYE ARGkl UG e SRR RNAAIIEE Natesocyciic

e

variations in their structures. Most o AIDs are highly bound to plasma proteins and often
competitively repstipetikeniaamsenphicreHaleshedizmidenyiror bladdsd pRiteths. 188 e8rbomitant
administration of,NPA(RSNVHHRIAGTIBIGPEHEG FAGSVINIST ReCay iUy BYRIHAEH to prevent drug

interactions. Most of the drugs, due to acidic carboxyl group are 20 metabolized by the mammals via

conjugatior OThelirhipropatinag (6F MethHIROBId SRR ER Y E aidRi BEr B NSIITENaSFu chSHidation
followed by renaiglipinasionhdise efasrhiislisrinRcidy@spiring isnhewnariuaxisohegranary heart

diseases is now well known, and this drug has proved to be a lifesaver for a number of patients with

25myocardial infaYefiRil gisacldl eachiionbl (s Havative sy BES S bEOHasREP RIS IR folexample, it
was recently repgtedinthsonadical iRt anseidy b3 d dedbhibhatasyip regsesnthgdisk of
stroke in patients with early warning signs of transient ischemic heart attacks. Pre-eclampsia and fetal
growth retardatii®NBeH iarseedsy BibirRdguesorindhsi semajsenl ¢f thd Placemaibed Rycdpme
commonest LOMEicAIARS M BREIRANsY 118679 AR YR BbcaRETalItcastamPs)a Kyihie world each

year. In a trial involving more than 9000 women in 16 countries, a daily dose of 60mg aspirin reduced the
risk of pre-eclanfslPNEIhscpedHE GRBEIHANZI LU NCRRISEE 1 sy KIHARZMEd Bdbghshown to be
effective in some, stygiasiie BIOVERH-CURNL GRIF Bl bBECRAGCHARGRARES RIS HRBRST dgpost-menopausal
women. Since aspirin can improve blood flow, 5its usefulness in the treatment of diabetes certain forms of
dementia such aSRISAEFALr2s distesod (@ B oMy YidBasingly clear. Because of their unique
pharmaceutical potential, the NSAIDs have attracted considerable attention in the press. The primary
Qdrygs has been as non-steroidal anti-inflammatory agents, in

5 n to [patients suffering from pain, arthritis, (Rheumatoid and Osteo)
other inflammatory reactioss, feverand for tije pr8phylaxis of coronary heart diseases. These drugs are
also used in the treatment of migraine h@@\%gch?, menstrual syndromes, back pain and gout.

\
boc ©

SPI001801
20 3-[2(R,S)-(3-Benzoyl-phenyl)-propionyloxy]-2(S)-tert-butoxycarbonylamino-butyric

acid tert-butyl ester: (mix of diastereomers)

'H NMR (300 MHz, CDCl5): & = 7.83-7.42 (m, 9H), 5.43 (dd, 1H, J= 13.2, 6.9 Hz), 5.10
(dd, 1H, J=120.7,9.3), 4.29 (t, 1H, J= 11.7 Hz), 3.75 (g, 1H, J= 7.2 Hz), 1.50-1.42 (m,
25 19.5H), 1.30-1.18 (m, 4.5H).
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15 Despite the very major contribution which NSAIDs have made, difficulties have been encountered in
providing more effective and convenient means of administration (e.g., galenic formulations, for example,
oral dosage form, which are both convenient and for the patient as well as providing appropriate
bioavailability and allowing dosaging at an 20appropriate and controlled dosage rate) as well as the

reported occurrerigenidesiblecisie1parions: Ikpftasdar sevsrs aassiq andicyedanal ulcers,

mucosal erythema, and edema, erosions, perforations, blood in stool, ulcerative colitis have been obvious

serious impedimé&fisits 18 Videf-88eldr apléattin. PR Hulal linjtiry theSn it B d NS AIBHhEYiated
direct damage, feigwed by a.systemic effegtdn whigh psostagtandinsyithesis 25 issinbibisesh Topical

injury may also occur as a result of the biliary excretion of active hepatic metabolites and subsequent
duodenogastric FSft%. TARBr#iS &thd RbbuRdisly 1698638(1):5-18) The effects are additive; either topical
or systemic gnechanisms alone are sufficient to produce gastro duodenal mucosal damage. Moreover,
the above mentioned NSAIDs are characteristically highly hydrophobic and readily precipitate in the

presence of everl ReRjHsiHEH SRnduktetomirisesldhicopme sHgadOuitretHs Boaynely vatshsseedias). It is

accordingly eXtr%ﬁBﬁlﬁﬁmﬁﬁﬁd@(Qmﬂﬁlﬁr&r %%EHM@H%WP&@%%&% é?&ﬁéi‘a’%@i@. to\ g aatient in _
terms of form and taste, which 5are stable on storage and which can be administered on a regular basis

to provide suitablyHrahiome-amicdnstisent ahsadig: Propbsadvisddadsriaanbrivnegd s oral

administration of¥3MPRabaMseIesAlaredagmbased RigmathRate Ussotnriurakams, like Xanthan,
cellulose, citric acid, and 10lime flavor etc. See e.g., U.S. Patent NO. 5,780,046. Commercially available

NSAIDs drifk-sdignerneaeldidfideiisatime sHRgd RO NSty mador 2eiras diieelxethiRan Gum,

polysorbate 80, piggglatinidraistarabmahcerinmsgdivimhenseateiandiadeitang! arilicialealers and
flavors. Use of the drink solution and similar compaosition as proposed in the art is however accompanied

by a variety of dfAEItIERPEE fEFHREO thBPasdfbifl TRNER SERAT Bk Brsy SeaHE HAR BVEd
problematic. ThertaigteOfibeHNaWR Stk SOINEGRHR: HInR TG LY RRlaasa WL ATUXHFRNIEh an

appropriate flavored drink, for example, chocolate drink preparation, at %i%h dilution immediately prior to

ingestion has getf&rAf) HBEn Hradss oh Shasriehake ahybttsaratificeediblcRyoption of
oil based systemgihasasoagulyehinfuseal ighsthanpheoreantitiens ientsetiinhesgntly

undesirable, in particular where administration to children is forseen. In addition, evaporation of the

ethanol, e.g., frofYARBIAREE g ASHUR K RRAHS £ TRRB BRAMEINE o f iafaRasimG bR akIS Esed or other
forms (e.g., wheponensshoresulisHrdaend VRIORMEBERLARIIMR AraciRtaismiéyiiers 2esosh,
compositions are presented in, for example, soft a%zlatln encapsulated form; this particular difficulty
necessitates packaginydeiine sheHpstittealslodhstanidn miciighetdnpeisemeof eR@nPrRs, an air-tight

blister or aluminypstailibligterRackages: athtsindwnienggrs thearadusiRath fulky aRe mere expensive to
produce. The storage characteristics of the aforesaid formulations are, in addition, far from ideal. Gastric

irritability of¢he NEDZ¥DEHA A Hesal topscdordiedes bigle MacBumebpActicime b HisIEpagi 31d as well as

patients. Acute g oh AP ENORLale IERIRIRE g omRURAINsKeINelag Raciafenamate.

mefanamic acid, and piroxicam produce Serious Gl side effects. Even Ibuprofen is shown to cause severe
gastric lesions uppérotbiyiter SPRA8182a it d8fin i alshdesrp iISRHY h3041-frequently encountered side
effect associated with NGAIDs and presents considerable concern. Approximately one half of all hospital
admissions for a blgeding ulcer arée attriButed to the use of NSAIDs, aspirin, or the two taken in

e admission, (Faulkner G, Prichard P, Somerville K, et al. Aspirin and

: c.elderly. BPW 1988; 297:1311-1313). A survey of Tennessee Medicaid
patients who were hospitalized with Gl condplicagipns showed that patients who used NSAIDs had
approximately a fourfold greater risk for é\kﬁal ing Gl hemorrhage or peptic ulcer disease than patients
not taking NSAIDs. (Griffin MR, Piper JM, Daughert§lﬁ9,0é§él. Nonsteroidal anti-inflammatory drug use

and increased riskSpIRERHCIICLIM$E@SBel0y1-phenyl)-propionyloxy]-butyric acid, hydrochloride
25 (L-threonine-S(+)-Ketoprofen ester, hydrochloride):
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15elderly persons. Ann Intern Med. 1991; 114:257-263). Serious Gl events, according to the FDA, occur
in as many as 2% to 4% of patients per year who are taking continuous NSAID therapy for rheumatoid
arthritis. The relative risk of gastric ulcer (4.725), duodenal ulcer (1.1 to 1.6), bleeding (3.8), perforation,
and death are all increased by NSAID use when such patients are compared to those who do not take

these products. IRAYAE, NS BRI CIEIDAABAR 1 sPRsPXmaIeh 2009 pspplzations

per year with an estimated cost of $10,000 per stay. (Fries JF, Miller SR, Spitz PW, et al. Toward an
epidemiology of @%Ebﬂﬂhh@éo@@séjd]\ﬁlfﬁlnbﬂéftér &l éﬁhiﬁf@t%ﬁ@té&%ﬁég%@ =169d#benterology.
1989; 96:647-65ph b Thereis,ale,q need for providing some of the NSAIDs in a water soluble form for
injection. It is well known that high concentrations of alcohol and tromethamine used to form a salt in the
current formulations of Ketorolac are toxic. At present there is no formulation that would allow the NSAIDs

to be in aqugous ROIHPR @t 5“%@1%?@1@'[&??“%”5 npesied d64opeolwalgsolpily ofiflefrug. Beyond

all these very evident practical difficul ies the occurrence of undesirable’side reactions already alluded
to, observed empiR/Aly bv/aftabledis. ddSatfe 18RS, $&¥8rhio8raposaltlicti¥btlhdde Matibus problems
have been suggested in the art, 5including both solid and liquid oral dosage forms. An overriding difficulty
which has however remained is the inherent insolubility of the NSAIDs in aqueous media, hence
preventing the uS&1df andbsége form which can contain NSAIDs in sufficiently high concentration to permit
convenient use ang. ye@r@pgbttpg%gumeg §1ltﬁ;{§1gﬁ @egmgpf}p@ggaﬁa@g@y e.g. enabling effective
resorption from the stomach or gut lumen and 10achievement of consistent and appropriately high
blood/blood%erum levels. The present prodrugs of NSAIDs overcome the problems described
hereinabove. Mq@]g@eﬁgg@ﬂy:, an embodiment of the present invention is directed to a prodrug of NSAID
which significantly enhanceés its solubility in aqueous solutions, thereby avoiding the 15need to utilize a

carrier, such as @thah®l BrEastdrol Whenad MRt water $B1LToRE Mbte Gy arctiva ooy N SAID,
in accordance wifg the. Rresent iventialnAeetexhinit the 5!9? 2iest) of ihepriesgeLfrrmulations.

Further, the prodrugs of the present invention are almost completely devoid of gastric irritability upon oral
administration, thereby enhancing significantly the therapeutic index of the prodrugs tested and their

20efficacy. ;ACCopslingly R Pl a5PEH “1190%6%%% NEAUIMISHHIREIEILS APLORUg Of PAIDS. The

preferred prodrugs of the NSAIDs have the formula  ‘or pharmaceutically acceptable salts thereof:
wherein Y is eithBsNH7AK or 0-AA and 5 AA is an amino acid, in which either an amine group or the
hydroxyl group of AA is reacted with the carboxylic acid group of the NSAIDs. The present invention is
also directed to a pharmaceutical composition comprising a therapeutically effective amount of the
various NSAIDs Biepag atiehao p Har 19 e USieipiotanrleithreonioe ekteanbjivioehbaddinsenidivd.present

invention is directed 1o a m th tre a pati SAID thera h me d comprises
administering to %@ patient an eﬁz |\?§%§rj{nng£r?t)t of %Bﬂ\%ﬁ[g 1élslrili5 urt er% ﬁrﬁggg.?ﬁtgﬁt the present
invention is?@hreéfbd‘fb&un%m 8fldnhenudipgetrecsoiubiityrddiS wib ihahtagteeusesoddiioh Gomprising

reacting the carbgyyl IRGHARINGIH SRE I INBMRAIRS AN IRRIBHAY (RHETAXSE B685hon),
and 4-(N,N-dimethylamino)-pyridine (DMAP, 0.1 g) were dissolved in dichloromethane
(25 mL) at room temperature, under an argon atmosphere. After stirring for 4 hours, the
dichloromethane layer was washed with water (25 mL). After drying for one hour over
25 sodium sulfate (5 g), filtration, and concentration under reduced pressure, the remaining
oil was used without purification. The procedure generated the protected L-threonine-

(+)-Ketoprofen ester as a clear oil (4.01 g, ~100% yield).
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In a still further embodiment, the present invention is directed to a method of 10substantially and in a
therapeutically efficacious manner, reducing or eliminating the gastric mucosal damage of NSAIDs when
administered to a patient which comprises reacting the carboxyl functionality of each of the NSAID
molecule with either amine or hydroxyl function of selected amino acids to form either an amide or ester
covalent bond respectively and isolating the product thereof and administering said product to the
15patient. A. Synthesis u ofer Amding Acid Derivaties Overview: The procedure for the synthesis of

the L-serine, L-threoning d L- oxyproline 20esters of Ibuprofen is outlined in Synthetic Sequence
section. The complete pro¢edure afd ana(fy cal data is given in the Experimental Section. Again, these
synthetic schemes are exemplary. The s¢h s gpplicable for other amino acids in the preparation of
the NSAID prodrugs of the present inventiorgogn@jzgral, ()-1buprofen (4-10 g, in batches) was coupled
with the N-benzyloxy/benzyl ester protected amino 25acids (1 equivalent) with

1-(3-dimethylaminopro ’@](}3-eth Icarbodiimide, hydrochloride (EDC, 1 e uivalent@n the presence of a
catalytic amount 8 AR GIRaIPOR by aihe (ONABY: GHbe s (Radhin Wi dbhiTele) any
excess EDC wag remeyveH, by @¢ aetjos witty watey-OMAR yasoemoves, by xtiacsion sithydilete acid,
and Ibuprofen was removed by extraction with sodium bicarbonate. After drying 30over sodium sulfate,
filtration, and contentration the crude protected amino acid esters of ()-lbuprofen were either used

directly or pgrified by flash chromatography on silica gel to generate the protected esters in good yield
(85-95%). The cplumn chromatoggrag)héwas generally not necessar;{ if a slight excess of Ibuprofen and
hohy

coupling agentwe(FeNM&i(jz;’nM h }jh 8xtrbdidn orodeal 8- Whad 2ordu f'gcﬁ“'rﬂyp?gtel&' 1groups

were 5 removed iy Bydriogenation (253 psi it2) irs thepresenge of ILR%mRMaskugy oa, carbon and
hydrochloric acid. Yields for the deprotection step ranged from 70-90%. After filtration and drying the

hydrochloride salts OF-the terifedndS e dfing d&éfs of ()- Ibuprofen were purified by crystallization. The

hydrochloride salt of the Lhydroxyproline-lbuprofen ester was a gel that would not solidify/crystallize. In
this case 10 the h%drogenation was repeated without the use of acid and the neutral compound was

purified. Bééausd MR TGRSR Ky e lmiierBine eMghtibitets’ e minalp sl dleid Welivered as

a mixture of diasigrgaroasnh oM eicthadhienping egier (IMIBDGABS Afdkeridthseaninguesigr of
Ibuprofen, washing with water, acetone or acetonitrile could readily separate the final diastereomeric

salts. The insoluBI@TsBREF WO BANRAL G SR TRRETNtE S HdEdEIESEd RIEF B comiBarison with an

authentic standagghiranareshfrom HSefv-dbupieiesd The sextuedTdbydbneialire @stars ahd-1buprofen

could not be readiJH separated in this fashion. 20 Synthetic Sequence: I. SPI0015
trifluoroacetic acid (20 mL). After stirting at room temperature for 6.5 hours the

15  solution was concentrated under reduced pressure. Toluene (25 mL) was added to the
remaining oil and the mixture was concentrated a second time. A mixture of ethanol (20
mL) and anhydrous hydrochloric acid in diethyl ether (2M, 20 mL) was added and the
solution was concentrated a third time. After drying under high vacuum for 2 hours at
room temperature, the experiment produced S(+)-Ketoprofen-L-threonine ester,

20 hydrochloride (3.05g crude) as an off-white solid. The crude material was stirred with
acetone (50 mL) for 2 hours at room temperature under an argon atmosphere. The
remaining white solid was filtered and dried under high vacuum at 50 °C until the weight
was constant (4 hours). The experiment produced L-threonine-S(+)-Ketoprofen ester,
hydrochloride (2.04 g, 67 % yield).

25
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2. SPIO016A and SPI0016B 3. SPI0017 ()-Ibuproten OH H00,0Obz 'cbz Z-Hyp-OBz Synthesis of the
L-serine, L-threonine, and L-hydroxyproline esters of 5 ()-lbuprofen: a) EDC, DMAP, CH2C12; b) HC1,
10% Pd/C, EtOH c) acetone, d) 10% Pd/C, EtOH. Experimental Section: The synthesis of SPI0015,
5P10016 and 5P10017 were conducted in two or three batches. Reagents mentioned in the experimental

section were purghagesk asioevighestaenainablecauiysirom SigmasAdsal, AsiosserBagkgm, except

for solvents, which were ﬁurchased from either Fisher Scientific or Mallinkrodt. 1) Preparation of

()-Ibuprofen-L-seYitt skl FytrdEbridtd (@P 16015} 9( Mbuldlefent3.04)y | #2.4dmiHole) 0.9 Hz),
N-carbobenzyloxy--gerifie pepzykester (8.11 g,

5 C NMR (75 MHz, DMSO): § = 195.34, 172.26, 168.21, 140.42, 137.05, 136.74,
132.66, 131.66, 129.48, 128.73, 128.49, 128.30, 68.23, 55.31, 44.00, 18.44, 16.45.

HPLC analysis:
99.43% purity; r.t.= 25.14min.; 55% DIUF water (0.1% TFA)/45% methanol; 1 mL/min;
10 36.4 C; Luna C18, 5u column (serial # 211739-42), 4.6x250 mm; 20 ul injection.

Optical rotation: + 27.1 ° (20 C, 177.8 mg/10 mL ethanol, 589 nm); Melting Point:
166-167 °C

15 C. Amino Acid Derivaties of Aspirin
Overview:
The procedure for the synthesis of the L-serine, L-threonine, and L-hydroxyproline
esters of acetylsalicylic acid is outlined in Synthetic Sequence section and is exemplary
for other amino acids. The complete procedure and analytical data is given in the

20  Experimental Section. In general, acetylsalicyloyl chloride (10 g-25 g, in batches) was
coupled with the N-benzyloxy/benzyl ester protected amino acids in the presence of
pyridine. Once the reactions were complete (24 to 48 hours at room temperature), the
mixture was poured into ice-cold 2N hydrochloric acid. The dichloromethane fraction
was then washed with sodium bicarbonate, water and brine. After drying over sodium

25  sulfate, filtration, and concentration the crude protected amino acid esters of
acetylsalicylic acid were purified by flash chromatography on silica gel. The procedure
generated the protected amino acid esters of acetylsalicylic acid in yields ranging from
68% to 95%. The protecting groups were removed by hydrogenation (20 psi Hy) in the
presence of 10% palladium on carbon. The amino acid esters of acetylsalicylic acid

30  were extracted away from the palladium catalyst with water, concentrated, and dried.
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1024 6 mmole), 1-(3-dimethylaminopropy1)-3-ethylcarbodiimide, hydrochloride (EDC, 4.87g, 25.4
mmole), and 4-(N,N-dimethylamino)-pyridine (DMAP, 0.40 g, 3 27 mmole) were dissolved in
dichloromethane (150 mL) at room temperature, under an argon atmosphere. After stirring for 22 hours
under an argon atmosphere at room temperature, water (100 mL) was added and the layers were

separated. The 15,gichiptQmpHiang RerWisRew aseshREAN WA MEI6EOAcBtb)iaMe, di@gbfor 1 hour

over sodium sulfate (5 g). After filtration and concentration under reduced pressure, the remaining oil was
purified by flash SFORTAtRIPAPRY NSRS B (oisd Yidertish VATH HBMakE /eIt Yatenta¥ ey, The
procedure genergigdyh@ protected L-serine-()- Ibuprofen ester (SPI001501) as a colorless solid (11.4 g,
90% yield). 20SP1001501 2 (S)-B enzyloxycarbonylamino-3- [2 (R,S )- (4- is
obutyl-phenyl)-propionyloxy] -propionic acid benzyl ester: 1H NMR (300 MHz, CDC13): =
7.40-7.20 (m, 10$'9mtﬂeli4:‘§e%1e(ﬁ@e4|‘|), 5.50 (d, 1/2H, 25.1= 8.4 Hz), 5.29 (d, 1/2H, .1= 8.4 Hz), 5.11-5.02
(m, 2.5H), 4.90 (d, 1/2H, .1= 12 Hz), 4.62 5 (m, 1H), 4.49-4.43 (m, 1H), 4.36-4.32 (m, 1H), 3.59 (m, 1H),
2.39-2.35 (m, 2H), 1.78 (m, 1H), 1.42-1.39 (m, 3H), 0.85 (d, 6H, J= 6.6 Hz). 13C NMR (75 MHz, CDC13):
8= 174.05, 169.19,shé®in2155.68, 140.73, 137.20, 136.12, 135.05, 134.91, 129.44, 128.67, 128.65,
128.60, 128.41, 128.33, 128.30, 128.19, 127.19, 127.16, 67.75, 67.32, 64.51, 64.32,53.71, 45.16, 45.02,
30.35, 22.60, 18.27. gtected lbupgofen-lrserine gster{2256g, 43,4 mmole) Was.dissolyed in
ethanol (200 mL) at r temperatus &dded't arrODQJ; le-that contamed 10% BalladiHm 10 on
carbon (3.86 g, 50% wgtlander a'?%itm{jemzatmosphere. dydrochloric acid (10 mL 3% HE1 in 30 mL
water) was added and the hitrogen atmosphere was Pep iced with hydrogen gasO 25 psi). After 4 hours of
shaking, the palladrseaislyst was zeémaoszed by filtratiosrtimaezgh celite. The ethangd{wyaigr was removed
under reduced pressure. The remaining white solids were washed with water (25 mL), acetone (20 mL)
and dried 15 undergmghovacuum (4 hours at 88 C). The experiment produced ()-Ibuprofen-L-serine ester,
hydrochloride SP10015 (L1.3 g, 80% yield) as a colorlesspsolid. SP10015 2(S)-Aming-3- o
2(R,S)-(4-isobutylph -QLopionyloxykpropignic actd, b dmalgﬂ%r'tqg@; (B.S)-1b ._--- ester,
hydrochloride): 20 1 R (300 M S0)8=8.92 (b? s,,3H)}7 .22t 2H @ 5Hz),N2.10 (d, 2H, J=
7.5 Hz), 4.56 (m, 1H)04_H§7-4.20 (M, 2My03.83 (g, 1H, J3%6.9 Hz), 2.41 (d, 2H, JX6,0 HzJ' 1.80 (m, 1H),
1.41 (d, 3H, J= 6.9 Hz), 0.85 (d, 6H, J= 6.9 Hz). 13CNMR (75 MHz, DMS0): ="T73.36, 173.32, 168.08,

168.04, 139.70, 128¢H&xicylic acid Z-Ser-OBzI SPIB0010101 SPIB00101
3. SPIB00103
]
o) o 0] o
@(‘LOH HO» OBl a) CﬁLo/"" OBz b) oy, O)\OH
o N o N, o §
cbz

OZQ o ‘ cbz OZQ

Acetylsalicylic acid Z-Hyp-OBz SPIB0010301 SPIB00103
10

Synthesis of the L-serine, L-threonine, and L-hydroxyproline esters of

acetylsalicylic acid: a) pyridine, CH,Cly; b) 10% Pd/C, EtOH, EtOAc.

Experimental Section:
15  The synthesis of SPIB00101, SPIB00102 and SPIB00103 was conducted in one or two

batches. Reagents mentioned in the experimental section were purchased at the highest
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129.92, 127.20, 127.05, 62.47, 51.59, 51.49, 44.28, 44.00, 43.90, 29.68, 22.28, 18.70, 18.42. 5 HPLC
analysis: 99.13% purity; rt = 3.133 min; Luna C18 5u column (sn 167917-13); 4.6x250 mm; 254 nm; 50%
ACN/50% 1FA buffer (0.1%); 35 C; 20 ul inj.; Iml/min; 1 mg/mL sample size; sample dissolved in mobile
phase. 10 CHN analysis: calc.: C 58.27, H 7.33, N 4.25; found: C 58.44, H 7.46, N 4.25. Melting point:

169.5 - 170.5 C dbiZarbieanaigtinpmndranaratomat Arbdpraferdd. sheanane estepivdeeniaride
(SPI10016A and SPI0016B). ()-Ibuprofen (4.15 g, 20.11 mmale), N-carbobenzyloxy-L-threonine benzyl

ester (6.90 g, 20" WETe PU PR Ea Sty 25 snstiy REMAERKIRY: hydrochloride (EDC, 3.95 g,
20.6 mmole), and 4-(N,N-dimethylamino)-pyridine (DMAP, 0.25 g, 2 0 mmole) 20 were dissolved in
dichloromethane (50 mL) at room temperature, under an argon atmosphere. After stirring for 19 hours,

the dichloromethin@TABA0N whlnss WhAlGETS A0 () S HyiFr6eRIBTESEid (2x25 mL), water (25
mL), saturated sadisiRubicarderatBolzRg 1ok 1andvales KeRM kR iter dnyingHer, oneg neusyer sodium

sulfate (5 g), filtration, and concentration under reduced pressure, the remaining oil was 25used without

further purificatidﬁmﬂ@ prdaudifingenarld drrrhy fspusidishioraasiinee (B arko A odefsBb1601) as
a light yellow oil {d0xdt8.v513 ¥nyligldhiwbieh satidiideren statdinadicyloyl chloride (17.63 g, 88.76

2(S)-Benzyloxycarbonylamino-3-P(R,S)-(4-isobutyl-pheny1)-propionyloxyl-butyric acid benzyl ester: 51H
NMR (300 MHz, BSBR93)4 added i fBe ixtpy)as AAloG! (A 1 14818 SERefabiss 84 56 o1 (m,
3H), 4.90(d, 1/2KvdmibBiH2(tdr6B (huté2tie I didre B)adpdrod idid) c 8 &d3248h{arcbhorZe3{(m, 2H), 1.79
(m, 1H), 1.42-1.3%@m, 3H)_,‘A%,.27 (d,.1.5H, 1]: 6.6 Hz), 1.17 gd 15H, J= %g) Hz), 0.85 ﬁm, 6 H). 10 13C
NMR (75 Mz, G0 13))- %3 Baxingethe layses Jrs1s sePakiiqd ansetiy dichloronicthane fraction Was

washed with water (500 mL), saturated sodium bicarbonate solution (500 mL), water

(500 mL), brine (500 mL) and dried over sodium sulfate (25 g). After filtration,

concentration under reduced pressure, and drying under high vacuum, the remaining

yellow oil (35. 43 g) was purified by flash chromatography on silica gel (300 g, 0.035-

15 0.070 mm, 6 nm pore diameter), eluting with hexanes/ethyl acetate (3:1). After
concentration of the product containing fractions under reduced pressure and drying

under high vacuum until the weight was constant, the experiment produced the protected

acetylsalicylic-L-threonine ester SPIB0010201 (28.1 g, 88% yield) as a colorless oil.

O 5 O
E;ﬁLO/_/NHkO ( )
H o
=
SP1B0010201

20
'H NMR (300 MHz, CDCly): & = 7.74 (1H, d, J= 7.5 Hz), 7.51 (1H, dt, J=7.5, 1.5 Hz),
7.34-7.17 (11H, m), 7.06 (1H, d, J= 7.2 Hz), 5.62 (2H, m), 5.13 (4H, m), 4.65 (1H, dd,
J=9.6,2.4Hz), 2.29 (3H, s), 1.38 (3H, d, /= 6.6 Hz).
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137.22,136.14, 135.07, 134.99, 129.45, 129.41, 128.65, 128.39, 128.22, 127.21, 127.14, 70.97, 70.70,
67.81, 67.66, 67.53, 57.83, 45.19, 30.39, 22.61, 18.57, 18.30, 17.18, 16.87. The protected
Ibuprofen-L-threonine ester (10.15 g, 19 0 mmole) was dissolved in warm 15ethanol (150 mL) and added
to a Parr bottle that contained 10% palladium on carbon (3.4 g, 50% wet) under a nitrogen atmosphere.

Hydrochloric acid®¢6 4R 7epsHGEIN 2 water) was:added and fhe niragematmaspiiere ywasreplaced
with hydrogen gas (30 psi). After 3 hours of shaking, tf{;{galladium catalyst was removed by filtration

through celite (30)0ThEéiRanbiviter #adrehid @9 .-rédled PradSure3tHe Exp&limdri20
produced ()-lbupsofen-k7thkegnipe ester, hydigchloride (SPIO016A and SPI0016B, 6.4 g, 97% crude yield)
as a colorless solid. The crude mixture of diastereomers was stirred in acetone (200 mL) for 2 hours at
room temperature under an argon atmosphere. After 2 hours the solids (2.84 g, SPI0016A) were filtered.

The filtrate @Pmﬁﬂeﬁﬁoéﬁé@é@é\??ﬁl’ﬂ@%m@@%&ﬂﬂ% EQEHSPIBIEFG208 (1450 %g iINGR0NAHRPI0016A
orine o-

(active isomer): After 3 batches Ibuprofen-L-threonine ester (SPI0016A) had been completed, the

batches were colasided by eramPhd @ ipdafinebetipt sscites! O MID VY FORRHES P PORIHIE) B ch time a

small amount of Z(YM@E?{MMﬁ_so%ﬁe{l?é%bd&fﬂ@dﬁfd%_@ﬂﬁaﬁﬁ[ﬁi%@&%ﬁ|b3¥bQg,sﬁbi% 9&@?&%&9 4from each
crystallization) was dissolved in 1% hydrochloric acid in ethanol (3 mL 37% hydrochloric acid in 100 mL

ethanol). The etHaEBESHRTMMMRISS thERE CBHeErRABaSRREE Yad irRlacsFey sl BYSr p8emetsiibPatlire. After

the third crystalliagtion@RdRISNERIN HosedMRNa GRS/ E:Fbas-atisyad inaseiaritbg (100 mL) for
44 hours at room temperature, under an ar?on atmosphere. The salt was then 10filtered and dried under

high vacuu at 5655 Theirereiningetids(Baidies kg pnéreiign peae washed with water

(600x4 mL) until the product was removed. The ethanol and water fractions were
concentrated under reduced pressure at room temperature. The remaining solids were
washed with water (20 mL) and dioxane (20 mL) for 48 hours. After filtration, the
remaining white solid was dried at room temperature under high vacuum until the

15  product weight was constant (16 hours). The experiment produced acetylsalicylic-L-

threonine ester, SPIB00102 (4.40 g, 55% yield) as a white solid.

0 0
3 H
o}_gko/
H’N\H
0
o{

SPIB00102

'H NMR (300 MHz, D,O-DCI): § = 8.00 (1H, dd, J= 7.8, 1.5 Hz), 7.74 (1H, dt, J= 7.8,
20 1.5Hz),7.47 (1H, dt,J="7.8, 1.5 Hz), 7.27 (1H, dd, J="7.8, 1.5 Hz), 5.76 (1H, dq, J= 6.9,
3.0Hz),4.49 (1H, d, J=3.0 Hz), 2.39 (3H, s), 1.55 (3H, d, J=6.9 Hz).

C NMR (75 MHz, D,O-DCI): & = 173.03, 168.84, 163.97, 149.56, 135.32, 131.26,
126.85, 123.48, 121.49, 69.16, 56.36, 20.45, 15.86.
25
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2(S)-Amino-3(R)-[2(S)-(4-isobutyl-pheny1)-propionyloxy1-butyric acid; (S-Ibuprofen-L-threonine ester,
hydrochloride, active isomer): 1H NMR (300 MHz, DMSO0): =8.76 (br s, 3H), 7.19 (d, 2H, J= 8.1 Hz), 7.11
(d, 2H, J= 8.1 Hz), 5.28 (dq, 1H, J= 6.3, 3.6 Hz), 4.14 (q, 1H, J= 3.6 Hz), 3.80 (q, 1H, J= 7.2 Hz), 2.41 (d,
2H, J=7.2 Hz), 1.80 (m, 1H), 1.37 (d, 3H, J= 7.2 Hz), 1.21 (d, 3H, J= 6.3 Hz), 0.85 (d, 6H, J= 6.6 Hz).
13C NMR (75 MHpy oMsfysiss 172.66, 168.24, 139.68, 137.24, 128.95, 126.97, 67.98, 55.35, 44.23,
43.83, 29.66, 22.24, 18.52, 16.47. CHN analﬁsis: 25calc.: C 59.38, H 7.62, N 4.07; found: C 59.17, H

f ,
7.63, N 4.04. HPIEC dhanyaiy; 58 $834Hmity; r4na 668 DinidlugtvssrER (Bl Tohf1ub 0 del B4
mL/min; 37.5 C; a3 SESNROTOEEN (3 1@/ BT - 8= 41602585nM; 28 Wl inigctiombapticahiptation: +
24.5 Melting Point: 189-190 C 2) Purification of SPIO016B (inactive isomer): 10 After 3 batches of the
R-Ibuprofen-L-thf&SAlNelda@opss pree i thab Bar RwiMEeCithe batches were combined (9.02 g total)
and crystalliged from DIUF water (50 mL) A small amount of zwitterion was generated during the
crystallization. In order to regenerate the salt, the solid generated was dissolved in 1% hydrochloric acid
in ethanol (3 mL Q7% ?{V&Y@éhloric acid in 100 mL ethanol). The ethanol solution was then 15concentrated

under reduced pEgRSUKE 5% FI0M $e3BPRIatoge fdina rersgismgisstd»3.q9).was crystallized three times
from hot toluene (100 mL) with the addition of a small amount on acetone (1 mL) The salt was then

filtered and dried under high vacuum at room temperature until the weight was constant (5.1 g). ClI

20SP10016B 2(tAmiBpad)- 136D <4¢@-iaebytyl-phenyl)-propionyloxyl-butyric acid;
(R-lbuprofen-L-threonine ester, hydrochloride, inactive isomer): 1H NMR (300 MHz, DM50): =8.82 (hr s,

3H), 7.23 (d, 2H, J= 7.10.(d, 2H, J=.7.8 Hz), 5,27 (m, 1H), 4.18 (M, 1H), 3.80 (q, 1H, J= 7.2 Hz),
2.41 (d, 2r€°a= 72.% %%@9%‘%6?%?{& ,azlélé?g 9y He(8§t§‘i4r,na= 6.3 Hz), 085 d, 6H, J= 63
Fo). SL3C NMR (75 MHe, M50 72860368 08, 199,680 128 841201y 68,9795 20, 44.28

29.69, 22.28, 18.24, 16.41. CHN analysis: calc.® C 59.38, H 7.62, N 4.07; found: C 59.30, H'7.60, N 4.05.
10 70.34 mmole) and pyridine (30 mL) in anhydrous dichloromethane (500 mL) was cooled

in an ice bath while under a nitrogen atmosphere. Acetylsalicyloyl chloride (21.07 g,
106.1 mmole) was added and the mixture was allowed to warm to room temperature and

15  stir over two days. After 48 hours, the mixture was poured into ice-cold 2N
hydrochloric acid (400 mL). After mixing, the layers were separated and the
dichloromethane fraction was washed water (500 mL), saturated sodium bicarbonate
solution (500 mL), water (500 mL), brine (500 mL) and dried over sodium sulfate (25
g). After filtration, concentration under reduced pressure, and drying under high

20  vacuum, the remaining brown solid (47.19 g) was purified by flash chromatography on
silica gel (200 g, 0.035-0.070 mm, 6 nm pore diameter), eluting with hexanes/ethyl
acetate (3:1). After concentration of the product containing fractions under reduced
pressure and drying under high vacuum until the weight was constant, the experiment
produced the protected acetylsalicylic-L-serine ester SPIB0010101 (32.97 g, 95% yield)

25  as a white solid.
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HPLC analysis: 98.43% purity; r.t.= 6.19 min.; 60% IPA (0.1%)140% acetonitrile; 1 mL/min; 37.5 C; Luna
C18, 3u column (SN 167917-13), 4.6x250 mm; 22 ul injection. 150ptical Rotation: + 10.4 Melting Point:
176-177 C  2b) Preparation of the S-(+)-Ibuprofen-L-threonine ester, hydrochloride standard 20
(SP10016S). S-(+)-Ibuprofen (2.0 g, 9.69 mmole), N-carbobenzyloxy-L-threonine benzyl ester (3.25 g, 9
91 mmole), 1-(3-dimethygaminopropy1)-3-ethydearbodiimide, hydrochloride (EDC, 1.90 g, 9.91 mmole),
and 4-(N,N-dimethylamirp)-pyriding (DMAR g, 1 0 mmole) were dissolved in dichloromethane (25
mL) at room temgerature, @tder a%on 25atmosphere. After stirring for 4 hours, the dichloromethane
layer was washedwith\water (28 §% hydrochloric acid (25 mL), saturated sodium bicarbonate (2x25
mL), and water (25 mL) @fter dryin or oii iour over sodium sulfate (5 g), filtration, and concentration

under reduced pressurg, the remainig-g used without further purification. The procedure generated
the protected S-(+)-lbupr fen L- threonln astér 30(SPI001601S) as a light yellow oil (5.01 g, 98 % yield),
which solidified on sta d

2(S)- Benzyloxycarbonylamlno -3-P(R,S)- (4 isobutyl-pheny1)- propionyloxyl butyric acid benzyl ester: 51H
NMR (300 MHz, CDC13): = 7.35-7.23 (m, 10H), 7. 10§g 2H, J= 7.8 Hz), 7.05 (d, 2H, J= 7.8 Hz),
5.48-5.25 (m, 2Hﬁ§¢MRs(@q0(MP11HFQ @(§d= 14 1118 6, i=a7|-Bz?12§ (i, =/ 3 ﬁz} %Ii@(d 2H,

J=7.2 Hz), 1.804r93 5 11371 (¢h3H.0d5 12 119 T.5748), 3 bR grﬂﬁ 3 H2) Q- ﬁ@é d4(711r §,65H3). 10
13C NMR (75 MHz, CDC13): = 173.29, 135.06, 129.40, 128.70, 128.66, 128.57,'57.87, 45.19, 45.11,

30.39, 22.65, 18(BH, %946757 144, 38). 16087 1 b 1417 29 44 31«’4@168,41%77.<111ﬂ,1®7.é3,1113‘8.é83, Fao,
67.80, 67.53, T%rgﬁgggd S-(+)-lbuprofen-L-threonine ester (5.0 g, 9 40 mmole) was dissolved in

C NMR (75 MHz, CDCL): § = 169.45, 169.09, 163.68, 163.35, 155.57, 150.77,
135.87, 134.75, 134.07, 131.44, 128.50, 128.43, 128.27, 128.14, 128.04, 125.92, 123.71,
10 122.18, 67.83, 67.27, 64.63, 53.55, 21.03.

The protected acetylsalicylic-L-serine ester SPIB0010101 (21.0 g, 42.7 mmole) was
dissolved in ethanol (100 mL) and ethyl acetate (100 mL) at room temperature and
added to a Parr bottle that contained 10% palladium on carbon (4.20 g, 50% wet) under a
15  nitrogen atmosphere. The nitrogen atmosphere was replaced with hydrogen gas (20 psi).
After 5 hours additional 10% palladium catalyst (4.26 g) was added and the hydrogen
atmospere was returned (20 psi). After an additional 20 hours of shaking at room
temperature, the palladium catalyst was removed by filtration through celite. The
remaining solids (palladium/celite and product) were washed with water (15002 mL)
20  until the product was removed. The ethanol and water fractions were concentrated under
reduced pressure at room temperature. The remaining solid (7.17 g) was dissolved in
DIUF water (4.3 L), filtered through celite to remove insoluble material, and
concentrated under high vacuum at room temperature. The white solid was then washed
with 1,4-dioxane (100 mL) and DIUF water (50 mL) overnight. After 24 hours the solid

25  was filtered and dried under high vacuum until the weight was constant (24 hours).
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15 warm ethanol (100 mL) and added to a Parr bottle that contained 10% palladium on carbon (1.0 g,
50% wet) under a nitrogen atmosphere. Hydrochloric acid (1 mL 37% HC1 in 10 mL water) was added
and the nitrogen atmosphere was replaced with hydrogen gas (32 psi). After 2 hours of shaking, the
palladium catalyst was removed by filtration through celite (30 g). The ethanol/water was removed under
reduced pressuren2Q<pes AxREpiRanaTduCet SalityIRUDrafeeleseopinaRie Iy Timslaride
(SP10016S, 2.8 g, 85% crude yield) as a colorless solid. The salt was stirred in acetone (50 mL) for 3
hours at room te}ﬁﬁﬂg?&wé”@ﬁﬁéf’gﬂ' argon atmosphere. After 3 hours the solids (2.24 g, 69% yield) were
filtered and dried under ligh vacuugn at room temperature, until the weight was constant. CI SPI0016S
2(S)-Amino-3(R)-12(S)-(4-isobutyl- nyHl)-propionyIoxyl-butyric acid; (S-lbuprofen-L-threonine ester,
hydrochloride, ac somey): 514 N (300 MHz, DM50): =8.76 (hr s, 3H), 7.19 (d, 2H, J= 8.1 Hz),
7.11 (d, 2H, J= 8l 5.28 (ddj, 1F J= 6.3, 3.6 Hz), 4.14 (q, 1H, J= 3.6 Hz), 3.80 (q, 1H, J= 7.2 Hz),
2.41 (d, 2H, J= 7.2 Hz),9.80 (m, 1H), 1.37 (d, 3H, J= 7.2 Hz), 1.21 (d, 3H, J= 6.3 Hz), 0.85 (d, 6H, J= 6.6
Hz). 1013C NMR ( z, DM50): =172.66, 168.24, 139.68, 137.24, 128.95, 126.97, 67.98, 55.35,
44.23, 43.83, 29.66, Zgﬁqopﬁ%&, 16.47. HPLC analysis:  98.28% purity; r.t.= 6.951 min.; 60% TEA
(0.19%)140% acetonitrite; Lfmin; 37.5 C; 15Luna C18, 3u column (SN 167917-13), 4.6x250 mm; 22 ul
injection. Optical rotation: + 26.5 Melting Point: 189-190 C 20 3) Preparation of the
()-lbuprofen-L-hydroxyproline ester SPIOON).é)-Ibu rofen (5.10 g, 247 mmole_?,

N-carbobenéylox§7lll\-I r@%%ﬁ?@ é@z@p&t r=(8g.8% é}li4dﬁlrﬂr_n6|§’),l-5 Hz), 775 (1H, dt, J= 7.8,

1-(3-dimethylaminepiopyik-athylgarRodignigle, fygdrechiqiite (&DC, Psl Qs 26,9 mmO{@H,a&ﬂ J=
4-(N,N-dlmethylamln%-%ldme g;MAP, 0.30 g, 2.40 25 mmole) were dissolved in dichloromethane (100

mL) at room tempefattireHahdef 2 tardén athidsph@id2afér<tifingdid=22hdit Siahded b3 Brgon

atmosphere at room temperature, water (100 mL) was added and the layers were separated. The
dichloromethanejayer was washed again with water (100 mL), 5% sodium bicarbonate (2x50 mL) and

dried for 1 hour overNMlRuMSMEe B0 DHr filtratioh tnd 68 A8ecitation! 4Adar redABd!Ble28ure, the

remaining gf) wasgsesl \Withgyit fyither pyrfication. g procedure generated the protected
()-Ibuprofen-L-hydroxyproline ester (SPI001701) as a light yellow oil (11.5 g, 85% yield). SP1001701

4(R)-[2-(4-1sobutyl-pheny1)-propionyloxy]-pyrrolidine-2(S)-carboxylic acid,;
10((R,S)-Ibuprofﬁrp]ld_@y&le[%yg;roline ester): 1H NMR (300 MHz, CDC13): = 7.33-7.02 (m, 14H),

5.25-4.95 (m, 5H), 4.51-4.19 (m,
98.1% purity; r.t.= 5.839 min.; 65% TFA (0.1%)/35% methanol; 1 mL/min; 35 C; Luna

C18, 3u column (SN 184225-37), 4.6x250 mm; 22 ul injection; DADI1B, Sig= 240, 4
15 Ref=550,100.

CHN analysis:
calc.: C53.93, H4.90, N 5.24; found: C 54.02, H 5.00, N 5.23.

20  Melting point: 147.0 °C (dec.)

3) SPIB00103: 2-O-Acetylsalicylic acid (2S, 4R)-4-hydroxyproline ester

A mixture of N-carbobenzyloxy-L-hydroxyproline benzyl ester (Z-Ser-OBzI,
21.5 g, 60.5 mmole)1 and pyridine (25 mL) in anhydrous dichloromethane (500 mL) was

25  cooled in an ice bath while under a nitrogen atmosphere. Acetylsalicyloyl chloride (13.2
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1H), 3.75-3.50 (m, 3H), 2.40 (d, 2H, J= 6.9 Hz), 2.15 (m, 1H), 1.81 (m, 1H), 1.44 (d, 3H, J= 7.0 Hz), 0.87
(d, 6H, J= 6.6 Hz). 15 13C NMR (75 MHz, CDC13): =173.99, 171.93, 171.72, 137.23, 137.04, 136.23,
135.44, 135.23, 129.41, 128.59, 127.89, 127.02, 72.86, 72.16, 67.40, 67.18, 67.09, 58.12, 154.68,
154.15, 140.70, 128.47, 128.35, 128.19, 128.08, 57.83, 52.66, 52.49, 52.13, 45.15, 36.63, 35.67, 32.07,

30.33, 29.23, 22906228 0lkd was 20dE0a R e GH R R aNowbY 6 RXYRRANS SRR pdrAl:8, 43 4

mmole) was dissolved in ethanol (150 mL) at room temperature and added to a Parr bottle that contained

10% palladium dHEaHEEY Enially, A66h Wit dtintdgertasabenelehieridsr dhertdtosphere was
replaced with hygieges) gas 4ddeRSihdAfe iixhakre &f atakiagothe: 29LaladiunTeatayisukastemoved by

filtration through celite. The ethanol was removed under reduced pressure. The remai‘ninﬁt white solids

(6.60 g) were waBHEHGRATIKESHRE (&0od) L Tibmi bl sei P mldriet (haur BigHacuum until

the weight vgas qanstaiert RepaxRed mRNhBIOdHRS Orhkiba efeitdn el OadpealinaiesiaesSBH017 (5.64 g,
84% vyield) as a colorless solid. OH 5SPI10017

4(R)-P-(4-IsobutfHph 81355t S PR SISABY A RGN 300 BY oy Nkl 200 mL), brine (500 mL)
((R,S)-IbuprofengkdydsmemiolinmestantaH MR (@06 MitaiGDEdknFaldRuibdird2 Hz), 7.09 (d,
2H, J= 7.2 Hz), 5.27 10 (m, 1H), 4.40 (t, 0.5H, J= 7 Hzl)l, 4.24 (t,0.5 H, J= 9 Hz), 3.75 (m, 1H), 3.61(m,
1H), 3.28 (d, 0.5PfeSE3A09\drying padgrayighvaguum, ths remaimige yellgw oil () deiws RUsHIEdy t 31, J=
6 Hz), 0.82 (d, 6bly d=s6 Habrhabdrishefdiagiesaamenst) 3COBMMBRGIPMIS, Kafoks Hiaméibs)28, 173.23,
168.98, 139,88, 137.33, 137.23, 151%3,.12, 127.26 127,17, 72.58, 57.60, 57.50, 50.24, 50,12, 44.34,
44.15, 34,31 34l ingith bepianeraihyd aqelase 3k vien £ aneniraBoREE G PIREUSH SRISRNING 10004

purity; r.t.= 5.35,fldZominuide®Yod RAIPE¥o)d 2fd AGMNp Lifak/Miph 3dcdm dlilihe wdighsars! #

188255-37; 20 ul inj.. CHN analysis: L ,
coantant, the exp>e/rslment produced the protected acetylsalicylic-L-hydroxyproline ester

SPIB0010301 (21.31 g, 68% yield) as a colorless oil.

SPIB0010301
15
'H NMR (300 MHz, CDCl3): § = 7.92 (1H, d, J= 7.8 Hz), 7.56 (1H, t, J= 7.8 Hz), 7.34-
7.21 (10H, m), 7.09 (1H, d, J= 7.8 Hz), 5.48 (1H, s), 5.21 (2H, m), 5.03 (2H, d, J=15
Hz), 4.57 (1H, m), 3.85 (2H, m), 2.53 (1H, m), 2.28 (4H, m).

20 *C NMR (75 MHz, CDCL): & = 171.72, 171.49, 169.25, 163.47, 163.30, 154.52,
153.93, 150.54, 136.05, 135.94, 135.21, 135.00, 134.17, 134.12, 128.43, 128.32, 128.28,
128.20, 128.05, 127.98, 127.94, 127.79, 125.89, 123.70, 122.46, 122.38, 73.24, 72.59,
67.33, 67.11, 66.97, 58.02, 57.69, 52.47, 52.15, 36.74, 35.65, 20.90.
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calc.: C 67.69, H 7.89, N 4.39; found: C 67.47, H 7.87, N 4.30. 25Melting Point: 198-199 C Efficacy (anti
nociceptive potential) of Synthesis of the L-serine, L-threonine, and L-hydroxyproline esters of
()-lbuprofen by employing acetylcholine induced abdominal constriction method in male albino mice: 5The
present study was conducted to evaluate the efficacy of L-serine, L-threonine, and L-hydroxyproline

esters of ()-Ibuprpigrpiatte dAQBEGAIHIIE -ANIRGNIEIIB PERS P IB0BEORIEh e nsused writhe as an

index in albino mice. Ibuprofen (racemic mixtur@ and ibuprofen (S)-(+) served as reference controls.
10Different new FoRAlALNAENSisr sk StEAR (dRerehtandaibrel dGaAteib( b Pt (FARBHTEWRIALHS) and
ibuprofen (S)-(+)awera RAiniSigresobY-aaYEGH ta B f0aihinnanice CAWISSSHrain) gusivg &%)(v/v) Tween
80 in milli Q water as the vehicle. The study was conducted at two dose levels viz. 50mg and 100mg/kg

body weight alortg ¥ BLUERFAS CPEF ot B AESST ALRESRIRET FPSFMATEIEHS hedtpsal §38 doses
were expressed @9 poihupreienmelas edvhikients: Hoedespsdaad, asweltasihe matawaguivalents are

presented below. Table 2: Formulation: Maolar Equivalent; Formulation Molar equivalent

S-(+)-Ibuprofen-PARReB Mt B&fsF 83 LNHL AN ald e B 8 f L BYIbUBPI KA GETBAYFE AL -serine

ester 1.6 units agRadivaEmtiRhdonl Rl upio farfid bhpipiprdity draxyrieliTaastarwlabs units are
equivalent to 1 unit of Ibuprofen Table 3: Test Item: Group: Dose(mg/lﬁ%): Equivalent wt, Of the test item:
Test Item GroupcBB%eélw]%dp%qqgé)reduced pressure at room temperature. The remaining solid (6.71 g)

was then washed with anhydrous dichloromethane (35 mL) overnight. After 24 hours

10  the solid was filtered and dried under high vacuum until the weight was constant (24
hours). The experiment produced acetylsalicylic-L-hydroxyproline ester, SPIB00301
(2.87 g, 47.7 % yield) as a white solid.

0 @)
Loy
O,
(@) N\
o=_ H

SPIB00103

15 'H NMR (300 MHz, D,O-DCI): § = 8.09 (1H, d, J= 7.5 Hz), 7.75 (1H, t, J= 7.5 Hz),
7.48 (1H, t, J="7.5 Hz), 7.28 (1H, d, J= 7.5 Hz), 5.69 (1H, m), 4.76 (1H, t, J=7.5 Hz),
3.86 (1H, dd, J=13.5, 3.9 Hz), 3.74 (1H, d, J= 13.5 Hz), 2.81 (1H, dd, J=15.0, 7.5 Hz),
2.60 (1H, m), 2.40 (3H, s).

20 “C NMR (75 MHz, D,O-DCI): & = 173.13, 170.25, 164.31, 149.65, 135.36, 131.54,
126.87, 123.54, 121.37, 73.86, 58.34, 50.95, 34.38, 20.48.

HPLC analysis:
98.3% purity; r.t.= 7.201 min.; 65% TFA (0.1%)/35% methanol; 1 mL/min; 35 C; Luna
25  Cl18, 3u column (SN 184225-37), 4.6x250 mm; 22 ul injection; DADIB, Sig= 240, 4

Ref=550,100.
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[in terms of Ibuprofen] Equivalent weight of the Test item [mg/kg] Vehicle Vehicle control Group 0.0
S-(+)-1buprofen-L- threonine ester Test Group 1 50.0 41.65 Test Group 2 100.0 83.30 ()-Ibuprofen-L-
serine ester (Ibuprofen S) Test Group 3 50.0 80.0

CHN analysis:
calc.: C57.34,H5.16, N 4.78; found: C 57.09, H 5.23, N 4.91.

Melting point: 162 °C (dec.)

Gastric Mucosa irritation potential of the L-serine, L-threonine, and L-

Hydroxyproline esters of acetylsalicylic acid compared to acetylsalicylic acid:-

The present study was conducted to determine the relative potential of new formulations
10 of aspirin (L-serine, L-threonine, and L-Hydroxyproline esters of acetylsalicylic
acid) to cause gastric mucosal irritation/lesions in fasted male albino rats. Aspirin served

as reference control.

Different new formulations of aspirin and aspirin were administered by gavage to fasted
15  male albino rats (Wistar strain), using 0.5% (w/v) Carboxymethylcellulose (CMC) in
Phosphate Buffer (pH 2.6) solution as the vehicle. The study was conducted at two dose
levels viz. 100mg and 200mg/kg body weight along with a vehicle control group. At
each dose level 5 animals were used. All the doses were expressed as aspirin molar
equivalents. The doses used as well as the molar equivalents were presented below.
20

Table 11:Formulation: Molar equivalent

Formulation Molar equivalent
L-serine ester of acetylsalicylic | 1.483 units are equivalent to 1 unit of aspirin
acid
L-Hydroxyproline ester of
acetylsalicylic acid
L-threonine ester of
acetylsalicylic acid

1.628 units are equivalent to 1 unit of aspirin

1.561 units are equivalent to 1 unit of aspirin.
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Test Group 4 100.0 160.0 ()-Ibuprofen-L- hydroxyproline ester Test Group 5 50.0 77.5 Test Group 6
100.0 155.0 Ibuprofen (racemic mixture) Test Group 7 50.0 50.0 Test Group 8 100.0 100.0 Ibuprofen S +
Test Group 9 50.0 25.0

Table 12: Test Item: Group: Dose (mg per kg) [in terms of acetylsalicylic acid] :
Equivalent weight of the Test item [mg]

Dos.e (mg per kg) Equivalent
Test Item Group [in tern}s Ot.‘ weight of the
acetylsalicylic Test item [mg]
acid]
Vehicle control Vehicle control 0.0 --
Group
L-serine ester of Test Group 1 100.0 148.3
acetylsalicylic Test Group 2 200.0 296.6
acid
L-Hydroxyproline Test Group 1 100.0 162.8
ester of Test Group 2 200.0 325.6
acetylsalicylic
acid
L-threonine, ester Test Group 1 100.0 156.1
of acetylsalicylic Test Group 2 200.0 312.2
acid
Reference control Test Group 1 100.0 100.0
acetylsalicylic Test Group 2 200.0 200.0
acid

The rats were fasted for a period of 18 to 22 hours before dosing. The test item was

5 administered as a single dose by gavage. Three hours after drug administration, the
animals were killed humanely by CO, gas inhalation. The stomach was dissected out and
observed for

° the quantity of mucous exudate,

10 o

degree of hyperemia and thickening of stomach wall,

hemorrhagic spots (focal or diffuse), nature of hemorrhages (petechial or

ecchymotic) along with the size and

perforations

The observations on gastric mucosal irritation of animals of various groups were

15 summarized below
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Test Group 10 100.0 50.0 5The efficacy in terms of antagonizing effect on acetylcholine induced single
writhe at two dose levels -50.0 and 100.0 mg/kg for the three formulations and reference controls are
presented below. Table 4: Test Iltem: Group: Dose (mg/kg): Number of animals showing absence of
single writhe (out of 10) Test Item Group Dose (mg pkg) kg [in terms of Ibuprofen] Number of animals

showing absence g singlefithenGraRerod RWRAlS RRILe88sTIikYlic 4218: lsHieafigdosing Three hours

after dosing - ok
ose mg/kg
(as
acetylsalicylic
acid

Test Item Group Observation

. None of the animals showed
) Vehicle ) .
Vehicle control 0.0 any evidence of gastric
control Group e
mucosal irritation
None of the dosed animals

Test Group 1 100.0 showed any evidence of
L-serine ester of gastric mucosal irritation
acetylsalicylic acid None of the dosed animals

Test Group 2 200.0 showed any evidence of

gastric mucosal irritation.
None of the dosed animals

Test Group 1 100.0 showed any evidence of
L-Hydroxyprolin ester gastric mucosal irritation.
of acetylsalicylic acid None of the dosed animals

Test Group 2 200.0 showed any evidence of

gastric mucosal irritation
None of the dosed animals

Test Group 1 100.0 showed any evidence of
L-threonine, ester of gastric mucosal irritation
acetylsalicylic acid None of the dosed animals

Test Group 2 200.0 showed any evidence of

gastric mucosal irritation
None of the dosed animals

Test Group 1 100.0 showed any evidence of
Reference control gastric mucosal irritation
(acetylsalicylic acid) All the 5 animals dosed,

Test Group 2 200.0 showed evidence of gastric

mucosal irritation.

In conclusion it was observed that none of the L-serine, L-threonine, and L-
Hydroxyproline esters of acetylsalicylic acid induced any evidence of irritation of gastric
5  mucosa at the two doses tested viz., 100 and 200mg/kg body weight In contrast, aspirin
(acetylsalicylic acid) has caused irritation of the gastric mucosal in all the fasted male
albino rats at the dose level of 200mg/kg. However at the dose level of 100mg/kg aspirin

failed to cause any evidence of gastric mucosal irritation in the male rats.
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Vehicle Vehicle control 0.0 0 0 S-(+)- Ibuprofen-L- threonine ester Low dose 50.0 1 0 High dose 100.0 3
0 ()- Ibuprofen-L- serine ester Low dose 50.0 4 2

Further none of the animals of different test groups showed any clinical symptoms of

toxicity through out the observation period of three hours.

Efficacy of L-serine, L-threonine, and L-Hydroxyproline esters of acetylsalicylic
5 acid compared to acetylsalicylic acid on Clotting Time in rats estimated one hour

after dosing

Observations of blood clotting time
The data on the mean clotting time (MCT) of the animals of low, intermediate and high
10 dose groups of different formulations, vehicle control and positive control groups

estimated one hour after dosing were presented below (Table 14):

Table 14: Summary of Mean Clotting Time (+ S.D.) in Minutes - L-serine, L-threonine,
and L-Hydroxyproline esters of acetylsalicylic acid and Aspirin (Positive control): Low

15  dose: Intermediate dose: High dose

Low Dose | Intermediate Dose | High Dose
Vehicle control 49+1.10
L-serine ester of 5.7+1.34 6.8 + 1.48 6.9 +1.37
acetylsalicylic acid
L-Hydroxyprolin ester 6.1 £1.10 5.7+£0.82 7.5+1.18
of acetylsalicylic acid
L-threonine, ester of 52+1.14 5.6 +0.84 7.4 +0.97
acetylsalicylic acid
Positive control 6.2 £1.40 8.1+1.97 9.8 +1.32
(acetylsalicylic acid)

FIG. 3-6 depict the group mean data of animals regarding the dose relationship + mean

clotting time in minutes for the L-series ester of aspirin and for the control.

20  The statistical analysis showed a significant improvement at 5% significance level in the

efficacy for the high dose and mid dose when compared to the vehicle control group

(Figure 7).
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High dose 100.0 6 4 ()- Ibuprofen-L- hydroxyprolin e ester Low dose 50.0 5 4 High dose 100.0 7 7
Ibuprofen (racemic mixture) Low dose 50.0 4 2 High dose

FIG. 4 shows the group mean data of animals. It provides the dose response relationship
to mean clotting time (MCT) in minutes with respect to L-hydroxyproline ester of
asperin. The statistical analysis of FIG. 4 showed a significant improvement at 5%
significance level in the efficacy for the high dose and low dose when compared to the

5  vehicle control group (Figure 6)

FIG. 5 depicts the dose response relationship to mean clotting time (MCT) in minutes of
L-threonine ester of acetylsalicylic acid. The statistical analysis showed a significant
improvement at 5% significance level in the efficacy for the high dose when compared

10  to the vehicle control.

FIG. 6 depicts the dose response relationship to mean clotting time for acetylsalicylic
acid. The statistical analysis showed a significant improvement at 5% significance level
in the efficacy for the intermediate and high dose when compared to the vehicle control.

15  The dose response effect were statistically significant and clearly evident (Figure 7).

CONCLUSION

The present study was conducted to evaluate the efficacy of new formulations of aspirin

using blood clotting time as an index in albino rats. Aspirin served as positive control.
20  The study was conducted at three dose levels with the new formulations and positive

control along with a vehicle control group.

Doses

The doses for the main study were selected based on the dose range finding experiments
25  with acetylsalicylic acid. All the doses were expressed as aspirin molar equivalents. The

doses used for the main experiment for different formulations and positive control were

same and presented below.
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100.0 6 6 Ibuprofen S + Low dose 50.0 51 High dose 100.0 6 6 Statistical analysis employing Chi -
square test procedure did not show any statistically 5significant difference among the formulations in
comparison to reference control, while comparing the number of animals not showing writhe in each

groups, as the respective was found to be greater than 0.05, the level of significance.

observation basegiqe theTusmiagh of sRiMals NALARYWIRSrMELMS due hidreminisiration Rfe/ke)

acetylcholine, ()-lbupr

From clinical

acetylcholine induced writhe Whp&pp@ﬂpared to

(S)-(+). Table 5: Sumi
()-1buprofen, Ibuprofen
Acetylcholine Induced

fen-| h\/rlrm(\/nmllnp ester was found to be more effective in nnmnnnmnn he
)thér%’rmm‘ﬁtlors Amflfﬂlﬁﬂ’éfén racléfgﬁ s IbJprofen
e, Fnrppsﬁ\ g‘kﬂf)m ine 418
(Faé%rh‘?f?;erﬁﬁ&ﬁfe) and Iby profenl(g)-(+) Based quAntagonlzing Ryoperty of
e splishiRaMice Do (mg/kg) [in terms of |buprofen]

L- Hydro?(yp‘rohn‘ester of 1.0 40 10.0

acetylsalicylic acid

L—threon}ne,‘ester‘ of 1.0 40 10.0

acetylsalicylic acid

Aspirin (Positive control) 1.0 4.0 10.0

Efficacy (Blood clotting time)

The efficacy in terms of time required for the blood clotting time at different dose levels

5 —low, intermediate and high dose for different formulations and acetylsalicylic acid are
presented below.
Table 16: Low dose: Intermediate dose: High dose
Low Dose | Intermediate Dose | High Dose
Vehicle control 49+1.10
L-serine ester of 5.7+1.34 6.8+ 1.48 6.9 +1.37
acetylsalicylic acid
L-Hydroxyprolin ester 6.1£1.10 5.7+£0.82 7.5+1.18
of acetylsalicylic acid
L-threonine, ester of 52+1.14 5.6 +0.84 7.4 +0.97
acetylsalicylic acid
Positive control 6.2 +1.40 8.1+1.97 9.8 +1.32
10 L-serine, L-threonine, and L-Hydroxyproline esters of acetylsalicylic acid are as
significant as acetylsalicylic acid with respect to clotting time observed after one hour
but are far superior in terms of the absence of gastric irritation at all levels compared to
acetylsalicylic acid.
15  Efficacy of L-serine, L-threonine, and L-Hydroxyproline esters of acetylsalicylic

acid compared to acetylsalicylic acid on Clotting Time in rats estimated two hours

after dosing
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Test Item Number of animals showing absence of single writhe (number of animals per dose = 10) One
hour after dosing Three hours after dosing 50mg/kg Vehicle control 0 0 S-(+)-lbuprofen-L- threonine ester
1 0 ()-lbuprofen-L- senile ester 4 2 ()-lbuprofen-L-

The present study was conducted to evaluate the efficacy of L-serine, L-threonine, and
L-Hydroxyproline esters of acetylsalicylic acid compared to acetylsalicylic acid using
blood clotting time, estimated 2 hours (£ 10 minutes) after dosing, as an index in albino
rats. Aspirin served as positive control. Male albino rats were exposed to aspirin and to 3
5 new formulations of aspirin at one dose level of 20mg/kg body weight. No vehicle
control group was used. The doses were expressed as aspirin molar equivalents. The
doses used for the main experiment for different formulations and positive control was

presented below.

10 Table 17: Test Item: Dose in terms of Acetylsalicylic acid 9mg/kg)

Dose in terms of
Acetylsalicylic acid (mg/kg)
L-serine ester of acetylsalicylic acid 20.0
L-Hydroxyproline ester of

Test Item

acetylsalicylic acid 200
L-threonine ester of acetylsalicylic acid 20.0
Aspirin (Positive control) 20.0

Efficacy (Blood clotting time)
The efficacy in terms of time required for the blood clotting time at the dose level of 20
mg/kg body weight for different formulations and aspirin (positive control) are presented

15  Dbelow.

Observations of Blood clotting time
The data on the mean clotting time (MCT) of the animals, estimated 2 hours (£ 10
minutes) after dosing, at the dose level of 20mg/kg body weight for different

20  formulations, vehicle control and positive control are presented below
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hydroxyproline ester 5 4 lbuprofen (racemic mixture) 4 2 Ibuprofen (S)-(+) 51 Table 6: 100mg/kg
Vehicle control 0 0 S-(+)-lIbuprofen- L-threonine ester 3 0 ()-Ibuprofen-L-

10

15

20

Table 18: Summary of Mean Clotting Time (+ S.D.) in Minutes of L-serine, L-threonine,
and L-Hydroxyproline esters of acetylsalicylic acid compared to acetylsalicylic acid

(Positive control)

Dose
(20mg/kg)

L-serine ester of 3.8+0.92
acetylsalicylic acid
L-Hydroxyproline 4.2+1.32
ester of
acetylsalicylic acid
L-threonine ester of 5.3+£1.06
acetylsalicylic acid

Positive control 54+1.17
(acetylsalicylic acid)

L-serine, L-threonine, and L-Hydroxyproline esters of acetylsalicylic acid were found to

be effective on clotting time.

In conclusion, it was observed that based on the time required for the blood to clot
(clotting time), when estimated 2 hours after dosing, the amino acid prodrugs were
efficacous. However, the L-threonine ester of acetylsalicyclic acid was found to have

relatively better efficacy than the other two formulations.

As shown by FIG. 7 the statistical analysis showed that L-threonine, and L-
Hydroxyproline esters of acetylsalicylic acid are as effective as acetylsalicylic acid there
is no significant difference at 5% significance level for L-Hydroxyproline ester of
acetylsalicylic acid and L-threonine ester of acetylsalicylic with respect to positive
control for the mean blood clotting time observed after two hours. However, combined
with the gastric irritation potential, the L-serine, L-threonine, and L-Hydroxyproline

esters of acetylsalicylic acid are far superior.
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serine ester 6 4 ()-lbuprofen-L- hydroxyproline ester 7 7 lbuprofen (racemic mixture) 6 6 Ibuprofen
(S)-(+) 6 6 The data were subjected to statistical analysis employing Chi - square test procedure for
evaluating the efficacy of the new formulations in comparison to the reference controls. The test did not
show any statistically significant difference among the formulations in comparison to reference control,

while comparingtherauraRelei RIS O SHWINE MR @rchiBrpePshasiueuesaestie "p" was
found to be greater than 0.05, the level of significance. The data is also summarized in FIGS. 1 and 2.

From clinical obS&RARSAHE HicksgtaatRodgohpiatire drmbal ride AR bV DOSeEern 18 the
number of animajgmed 0showing writhes due to administration of acetylcholine,
()-lbuprofen-L-hydroxyproline ester was found to be more effective in antagonizing the acetylcholine
induced writhe when compared to other formulations and Ibuprofen (racemic) and Ibuprofen (S)-(+).

CONCLUSI®N The in vitro methods include acid/base hydrolysis of the prodrugs, hydrolysis in pig
pancreas hydrolysis in rat intestinal fluid, hydrolysis in human gastric fluid, hydrolysis
in human intestinal fluid, and hydrolysis in human blood plasma. These assays are
described in Simmons, DM, Chandran, VR and Portmann, GA, Danazol Amino Acid
Prodrugs: In Vitro and In Situ Biopharmaceutical Evaluation, Drug Development and

10 Industrial Pharmacy, Vol 21, Issue 6, Page 687, 1995, the contents of all of which are

incorporated by reference.

The compounds of the present invention are effective in treating diseases or conditions
in which NSAIDs normally are used. The prodrugs disclosed herein are transformed

15  within the body to release the active compound and enhances the therapeutic benefits of
the NSAIDs by reducing or eliminating biopharmaceutical and pharmacokenetic barriers
associated with each of them. However it should be noted that these prodrugs themselves
will have sufficient activity without releasing any active drug in the mammals. Since the
prodrugs is more soluble in water then Ibuprofen or other NSAIDs, it does not need to be

20  associated with a carrier vehicle, such as alcohol or castor oil which may be toxic or
produce unwanted side reactions. Moreover, oral formulations containing the NSAID

prodrugs are absorbed into the blood and are quite effective.

Thus, the prodrug of the present invention enhances the therapeutic benefits by removing

25  biopharmaceutical and pharmacokenetic barriers of existing drugs.

Furthermore, the prodrugs are easily synthesized in high yields using reagents which are

readily and commercially available.
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15The present study was conducted to evaluate the relative efficacy of new formulations of ibuprofen. For
this the antagonizing property of new formulations on acetylcholine writhes was taken as an index to
determine the relative efficacy of the formulations. Ibuprofen (racemic mixture and ibuprofen (S)-(+)
served as reference controls. The study was conducted at two dose levels (50.0 and 100.0 mg/kg) along

with a vehicle 20ppnprigievrrivat fdfisiasyeigiepiéantagonizing effect of acetylcholine induced single
writhe at two dose levels -50.0 and 100.0 mg/kg for the three formulations and reference controls are

presented belowO¥S3iE%able 7: Test Item: Group: Dose (mg/kg): No. of animals showing absence of

single writhe (outrRé pRcE@st RMIeraHNSAs (e P s dissterarsieédhbpiyral Nwnhaeeianimals

showing absence of single writhe (number of animals per dose = 10) _One hour after dosing Three hours
after dosing vehhygthetic Sequence section. The synthesis is exemplary. The complete procedure™and

5 analytical data is given in the Experimental Section. Acetaminophen (10 g) was

coupled with Boc-L-proline with EDC in the presence of a catalytic amount of DMAP.
Once the reaction was complete (3 hours at room temperature), the solution was washed
with water. After drying over sodium sulfate, filtration, and concentration the crude
protected amino acid ester of acetaminophen was purified by flash chromatography on

10  silica gel. The procedure generated the protected L-proline ester of acetaminophen in
72%. The protecting group was removed by dissolving the ester in dichloromethane and
passing hydrogen chloride through the solution at room temperature. After filtration, the
final salt was stirred in tetrahydrofuran until pure. The yield for the deprotection step
was 91.4% after filtration and drying under high vacuum at 90 °C for 4 hours.

15

Synthetic Sequence:
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Vehicle control 0.0 0 0 S-(+)-lbuprofen- L-threonine ester Low dose 50.0 1 0 High dose 100.0 3 0
()-1buprofen L serine ester Low dose 50.0 4 2 High dose 100.0

@)

O
W M . .
WA #@ - QOO#@
o ~- A ~-

Acetaminophen boc-L-proline SPI001401

SPI10014

Synthesis of the L-proline ester of acetaminophen: a) EDC, DMAP, CH,Cl,; b) HCI1
5 (g), CH2C12.

Experimental Section:

The synthesis of SP10014 was conducted in one batch. Reagents mentioned in the

experimental section were purchased at the highest obtainable purity from Lancaster,
10 Sigma-Aldrich, or Acros, except for solvents, which were purchased from either Fisher

Scientific or Mallinkrodt.
SPI0014: Pyrrolidine-2(S)-carboxylic acid 4-acetylamino-phenyl ester, hydrochloride

15 A mixture of Boc-L-proline (14.39 g, 68.80 mmole), acetaminophen (10.02 g, 66.28
mmole), EDC (12.9 g, 67.29 mmole) and DMAP (1.10 g, 9.0 mmole) in anhydrous

dichloromethane (100 mL) was stirred for 3 hours at room temperature under an argon
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6 4 ()-Ibuprofen-L- hydroxyproline ester Low dose 50.0 5 4 High dose 100.0 7 7 Ibuprofen (racemic
mixture) Low dose 50.0 4 2 High dose 100.0 6 6

10

15

20

25

atmosphere. After 3 hours, water (120 mL) was added. After mixing for 5 minutes, the
layers were separated and the dichloromethane fraction was washed with water (120
mL) and dried over sodium sulfate (5 g). After filtration, concentration under reduced
pressure, and drying under high vacuum, the remaining oil (24.10 g) was purified by
flash chromatography on silica gel (100 g, 0.035-0.070 mm, 6 nm pore diameter),
eluting with hexanes/ethyl acetate (1:2). After concentration of the product containing
fractions under reduced pressure and drying at high vacuum until the weight was
constant, the experiment produced the protected acetaminophen-L-proline ester

SPI1001401 (16.71 g, 72.3% yield) as a white solid (foam).

A,
0 @
H\N/©/ o§
A O%

'H NMR (300 MHz, CDCl3): § = 8.83 (1/2 H, s), 8.70 (1/2 H, s), 7.58 (1/2 H, d, J= 7.5
Hz), 7.46 (1/2 H, d, J=7.5 Hz), 6.96 (2 H, m), 4.47 (1 H, m), 3.59-3.45 (2H, m), 2.36 (1
H, m), 2.17-1.90 (6 H, m), 1.46 (9 H, m).

o)

SP1001401

3C NMR (75 MHz, CDCls): & = 171.91, 171.75, 169.02, 154.44, 153.78, 146.36,
146.21, 121.44, 121.23, 120.82, 80.41, 80.17, 59.16, 46.78, 46.55, 31.06, 30.11, 28.50,
24.57,24.28,23.78.

The protected acetaminophen-L-proline ester SP1001401 (16.60 g, 47.64 mmole) was
dissolved in dichloromethane (400 mL) and hydrogen chloride gas was passed through
the solution for 2 hours at room temperature. The remaining solids were allowed to
settle (for 1 hour). The dichloromethane was carefully decanted away from the white
precipitate. Tetrahydrofuran (200 mL) was added to the precipitate and the mixture

stirred for 2 hours under an argon atmosphere. After filtration, the remaining white solid
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Ibuprofen (S) (+) Low dose 50.0 51 High dose 100.0 6 6 Statistical analysis employing Chi - square test
procedure did not show any statistically 5significant difference among the formulations in comparison to
reference control, while comparing the number of animals not showing writhe in each groups, as the
respective was found to be greater than 0.05, the level of significance. =~ However from clinical

observation baseh o {8 (HRIELRNARINAIS e <D n %W%PB&?&%@&%Q RinisiRtamotasetylcholine

()-Ibuprofen-L-hydroxyproline ester was found to be more effective in antagonizing the acetylcholine
induced writhe wHEnCEBRAPBeBHPKO GRRG AepRAtTEIIS rhdPHslipeotels ¢ raxdienbloalde RIAYKEA1ET-(+).

Gastric mucosal jriitption peigniial affiasssing. L-threonine, and L-hydroxyproline Sesters of ()-Ibuprofen in
fasted male albino rats SUMMARY The present study was conducted to determine the relative potential
of new formulations of ibuprofen (L-serine, L-threonine, and L-hydroxyproline esters of ()-lbuprofen) to

10cause gastric pucRER! EHRIAN esions I rﬂﬁﬁqﬁer@alq@tbﬂ Qpliety- éPLiBr%egﬁ agegs MYiUEE) and

Ibuprofen(S)-(+) served as reference controls. Different new ormulations of ibuprofen and ibuprofen

(racemic mixture) ahdQddProteltS)H#) Widre(@Hminiksté & byt §avagdid #a%t‘élﬁ?hakﬁélb?% waks (Wistar
strain), 15 using %4 ﬁ)ﬁjt&gp gfz'gvmangp m@ @Fwaquaéqungehlcle The study was conducted at two

dose levels viz. 200mg and 300mg/kg body weight along with a vehicle control group. At each dose level
5 animals were used. All the doses were expressed as

C NMR (75 MHz, CDCL3;-DMSO): & = 168.08, 167.25, 144.55, 137.40, 121.12,
10 119.64, 58.53, 45.33, 27.74, 23.86, 23.08.

HPLC analysis:
99.45% purity; rt= 5.733 min; Luna C18 5u column (sn 167917-13); 4.6x250 mm; 254
nm; 15% MeOH/85% hexane sulfonate buffer (110mMol, pH= 6); 35 C; 20 ul inj.;

15  1ml/min; 5 mg/mL sample size.

CHN analysis:
calc.: C54.84, H 6.02, N 9.84; found: C 54.66, H 5.98, N 9.65.

20  Melting point: 221-222 °C

V. Amino Acid Derivative of Cyclosporine A
The macrocyclic immunosuppresants comprise a class of structurally distinctive, cyclic,
poly, N-methylated undecaptides, and similar semi-synthetic macrolide structures

25  commonly possessing pharmacological, in particular immunosuppressive, anti-
inflammatory and/or anti-parasitic activity. The first of the cyclosporine to be isolated
was the naturally occurring fungal metabolite Ciclosporin or Cyclosporine also known as

cyclosporine A, which has the formula:

30
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ibuprofen (racemic mixture) molar equivalents. The doses used as well as the molar equivalents were
presented below. 20 Table 8: Formulation: Molar Equivalent Formulation Molar equivalent
S-(+)-lbuprofen-L-threonine ester 0.833 units are equivalent to 1 unit of Ibuprofen ()-lbuprofen-L-serine
ester 1.60 units are equivalent to 1 unit of Ibuprofen ()-lbuprofen-L-hydroxyproline ester 1.55 units are
equivalent to 1 unit of Ibuprofen The various groups used are tabulated hereinbelow: Table 9: Test item:

group: Dose (mg/kgﬁﬁ uivalent wt. Test item Group Dose (mg per kg) [in terms of Ibuprofen] Equivalent
RGPV M eRIRERFGHIED A2 MeLcu-Mel eu MeVal

weight of the T
TH 1 2 3 4 5 6 7 8 9 10 11 —‘

5 wherein MeBmt represents N-methyl-(4R)-4-but-2E-en-1-yl-4-methyl-(L) threonyl

residue of the formula

CH,

A
CH,

CH
(R) ™ coH,

HO__(R)
\CH/

— N—CH— CO
©
CH,
in which —x-y- is CH=CH —(trans). Other similar products include, sirolimus (b),

tacrolimus (c), and pimecrolimus (d), having the following structures:
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0.0 S-(+)-Ibuprofen-L- threonine ester Test Group 1 200.0 0.0 Test Group 2 300.0 166.6
()-1buprofen-L-serine ester Test Group 1 200.0 249.9 Test Group 2 300.0 320.0 ()-Ibuprofen-L-
hydroxyproline ester Test Group 1 200.0 480.0

(b)

HsC

Sirolimus

Tacrolimus
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Test Group 2 300.0 310.0 Ibuprofen (racemic mixture) Test Group 1 200.0 465.0 Test Group 2 300.0
300.0 Ibuprofen (S)- (+) Test Group 1 200.0 100.0 Test Group 2 300.0 150.0 5The rats were fasted for a
period of 18 to 22 hours before dosing. The test item was administered as a single dose by gavage.
Three hours after drug administration, the animals were killed humanely by CO2 gas inhalation. The
stomach was disggcted out and observed for the quantity of mucous exudate, 10 degree of hyperemia
and thickening of stomach wall, hemorrhagic spots (focal or diffuse), nature of hemorrhages (petechial or
ecchymotic) along Wi ize and

HsCO

Pimecrolimus

5 The class comprised by the cyclosporines is thus now very large indeed and includes, for
example, [Thr]z—, [Val]z—, [Nva]z— and [Nva]2—[Nva]5—Ciclosporin (also known as
cyclosporines C, D, G and M respectively), [Dihydrop-MeBmt]'-[Val]*-ciclosporin (also
known as dihydro-cyclosporine D), [(D)Ser]*-Ciclosporin, [Melle]''-Ciclosporin,
[(D)MeVal]''-Ciclosporin (also known as cyclosporine H), [MeAla]6—Cic10sporin,

10 [(D)Pr0]3—Ciclosp0rin and so on.

In accordance with conventional nomenclature for cyclosporines, these are defined
throughout the present specification and claims by reference to the structure of
cyclosporine (i.e., Cyclosporine A). This is done by first indicating the amino acid

15  residues present which differ from those present ion Ciclosporin (e.g., “[(D)Pro]*” to
indicate that the cyclosporine in question has a —(D)Pro- rather than —Sar- residue at the
3-position) and then applying the term Cyclosporine to characterize remaining residues

which are identical to those present in Cyclosporine A.

131



perforations or any other lesions The observations on gastric mucosal irritation of animals of various
groups were summarized below Table 10: Test item: Group: Dose (mg/kg): Observation Test Item Group
Doe mg/kg ( as per ibuprofen) Observation Vehicle control Vehicle control Group 0.0 None of the animals
showed any evidence of gastric mucosal irritation S-(+)-lbuprofen- L-threonine ester Test Group 1 200.0

Noneof thedosedhanipalssbpivar amhevidapgeaidastistanicoarl iHHation pEe s GyekRp23a%.aNoneof

thedosed

10

15

20

25

30

which x-y in the MeBmt residue has a cis or trans CH=CH or in which x-y therein is
also included in those derivatives in which one or more of those amino acids in positions
2-11 of Cyclosporine A is replaced by a different amino acid. It is preferred; however,
that not more than two of the amino acids are replaced in the formula of cyclosporine A
and more preferentially not more than one of the amino acids is replaced by an amino

acid.

In addition, amino acid residues referred to by abbreviation, e.g., -Ala-, -MeVal- and -
V Abu-, are, in accordance with conventional practice, to be understood as having the
(L)-configuration unless otherwise indicated, e.g. as in the case of “-(D)Ala-*. Residue
abbreviations preceded by “Me” as in the case of “~-MeLeu-”, represent V-N-methylated
residues. Individual residues of the cyclosporine molecule are numbered, as in the art,
clockwise and starting with the residue -MeBmt-, dihydro-MeBmt- etc...in position 1.
The same numerical sequence is employed throughout the present specification and

claims.

Because of their unique pharmaceutical potential, the macrocyclic immunosuppressants
have attracted considerable attention in the press. The term “macrocyclic immuno-
suppressants’ includes various natural and semi-synthetic derivatives of cyclosporine,
and other macrolides such as sirolimus, tacrolimus and pimecrolimus. The primary area
of clinical investigation for above drugs has been as immunosuppressive agents, in
particular in relation to its application to recipients of organ transplants, e.g., heart, lung,
combined heart-lung, liver, kidney, pancreatic, bone-marrow, skin and corneal
transplants, and in particular allogenic organ transplants. These drugs are also used in
the treatment of psoriasis, atompic dermatitis, rheumatoid arthritis and nephritic

syndrome.

Macrocyclic immunosuppressants are also useful for treating various autoimmune
diseases and inflammatory conditions and especially inflammatory conditions with an
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animalsshowed any evidenceofgastric mucosal irritation. ()-lbuprofen-L- serine ester Test Group 1 200.0
Noneof thedosed animalsshowed any evidenceofgastric mucosal irritation. Test Group 2 300.0 Noneof
thedosed animalsshowed any evidenceofgastric mucosal irritation ()-lbuprofen-Lhydroxyproline ester Test
Group 1 200.0 Noneof thedosed animalsshowed any evidenceofgastric mucosal irritation Test Group 2

aetiology, including an autoimmune component, such as arthritis (for example,
rheumatoid arthritis, arthritis chronica progredient and arthritis deformons) and
rheumatic diseases. Specific autoimmune diseases for which cyclosporine therapy has
been proposed or applied include, autoimmune hematological disorder (including, e.g.,
5  hemolytic anemia, aplastic anemia, pure red cell anemia, and idiopathic

thrombocytopaenia), systemic lupus erythematosus, polychondritis, sclerodoma,
Wegener granulamatosis, dermatomyositis, chronic active hepatitis, myasthenia gravis,
psoriasis, Steven-Johnson syndrome, idiopathic sprue, autoimmune inflammatory bowel
disease, including, e.g., ulcerative colitis and Crohn’s disease), endocrine

10 opthalmopathy Graves disease, sarcoidosis, multiple sclerosis, primary billiary cirrhosis,
juvenile diabetes (diabetes mellitus type 1), uvetis (anterior and posterior),
keratoconjunctivitis sicca and vernal keratoconjunctivitis, interstial lung fibrosis,
psoriatic arthritis, atopic dermatitis and glomerulonephritis (with and without nephrotic
syndrome, e.g., including idiopathic nephritic syndrome or minimal change

15  nephropathy).

Furthermore, macrocyclic immunosuppressants also have applicability as an anti-

parasitic, in particular anti-protozoal agent, and are suggested to be useful for treating

malaria, coccidiomycosis and schistomsomiasis. More recently, they have been taught
20  to be useful as an agent for reversing or abrogating anti-neoplastic agent resistance

contumors, and the like.

Despite the very major contribution which macrocyclic immunosuppressants have made,
difficulties have been encountered in providing more effective and convenient means of
25  administration (e.g., galenic formulations, for example, oral dosage form, which are both
convenient and for the patient as well as providing appropriate bioavailability and
allowing dosaging at an appropriate and controlled dosage rate) as well as the reported
occurrence of undesirable side reactions; in particular nephrotoxic reactions have been

obvious serious impediments to its wider use or application.
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300.0 Noneof thedosed animalsshowed any evidenceofgastric mucosal irritation Ibuprofen (racemic
mixture) Test Group 1 200.0 Gastricmucosal irritationwas observedinone animaloutof5 animals dosed.
Test Group 2 300.0 Gastricmucosal irritationwas observedintwo animalsoutof5 animals dosed. Ibuprofen
(S) - (-0 Test Group 1 200.0

Moreover, the above mentioned macrocyclic immunosuppressants are characteristically
highly hydrophobic and readily precipitate in the presence of even very minor amounts
of water, e.g., on contact with the body (e.g., stomach fluids). It is accordingly
extremely difficult to provide e.g., oral formulations which are acceptable to the patient
5 interms of form and taste, which are stable on storage and which can be administered on

a regular basis to provide suitable and controlling patient dosaging.

Proposed liquid formulations, e.g., for oral administration of macrocyclic
immunosuppressants, have heretofore been based primarily on the use of ethanol and

10  oils or similar excipients as carrier media. Thus, the commercially available
macrocyclic immunosupressant drink-solution employs ethanol and olive oil or corn-oil
as carrier medium in conjunction with solvent systems comprising e.g., ethanol and
LABRIFIL and equivalent excipients as carrier media. Thus, the commercially available
macrocyclic immunosupressant drink solution employs ethanol and olive oil or corn-oil

15  as carrier medium in conjunctions with a Labrifil as a surfactant. See e.g., U.S. Patent
NO. 4,388,307. Use of the drink solution and similar composition as proposed in the art

is however accompanied by a variety of difficulties.

Further, the palatability of the known oil based system has proved problematic. The

20  taste of the known drink-solution is, in particular, unpleasant. Admixture with an
appropriate flavored drink, for example, chocolate drink preparation, at high dilution
immediately prior to ingestion has generally been practiced in order to make regular
therapy at all acceptable. Adoption of oil based systems has also required the use of
high ethanol concentrations to itself inherently undesirable, in particular where

25  administration to children is forseen. In addition, evaporation of the ethanol, e.g., from
capsules (adopted in large part, to meet problems of palatability, as discussed or other
forms (e.g., when opened) results in the development of a macrocyclic
immunosupressant precipitate. When such compositions are presented in, for example,
soft gelatin encapsulated form an additional problem arises. This particular difficulty

30  necessitates packaging of the encapsulated product in an air-tight component, for
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Gastricmucosal irritationwas observed in all the 5 animals dosed. Test Group 2 300.0 Gastric mucosal
irritation was observed in three animals out of 5 animals dosed. The results of the present study showed
that none of the formulations of ibuprofen had caused any evidence of irritation of gastric mucosa in
fasted male albino rats of male sex at the two dose levels tested (200mg and 300mg/kg body weight). In

contrast both Sikyprafae treraichHKtEe AR HRYRIRIRA Bhsttplrebeausad ikritalioBnataasiiic mucosa
at the two dose levels tested. Further ibuprofen(S)) - (+) was found to be more gastric mucosal irritant

than ibuprofen (RIOSHAERAIRDILY ERE NG RREBHNSTEN RSPt rdBRiF ARG S VRIFREHSS P e procedure

for the synthesisgfthaili-threaninemesiers hdairpraterisoutliped in Synthetic Sequence section. This
synthesis is exemplary and is equally applicable for the other amino acids. The complete procedure and

analytical data is given in the Experimental Section. In general, ()-Ketoprofen (5 g) was coupled with

N-boc-Lthregningohvivheaier ) életoninpientuiith dx(Sidimeibwacingprennnsickaptbydgarbodiimide,

hydrochloride (EDC, 1 equivalent) in the presence of a catalytic amount of 4-(N,N-dimethyamino)-pyridine

(DMAP). Once tHEYSECHGIF ML indRteanthy*bibit sddeparipenBrtweer B sidrals srdivifidlater, DMAP

was removed byRxRCHpRWIRA eileter@cithaachiietapinfandias ¢anivvaecday extrrRciarwidh sodium
bicarbonate. After drying over sodium sulfate, filtration, and concentration the crude protected

L-threonine-()-K A6 Ye RGP iRt b5 SR BAIGHTABGF SHRSP Y NEHGS 1BGEmer B! e Srotected

L-threonine estethin @edorigldl (984i)adibenatete sbng RIS WpFes e avad yldtRamenidyitaneM
hydrochloric acid in diethyl ether to cleave the boc group, followed by treatment with trifluoroacetic acid to
remove the L-butlY B2 ARRar S Bromg Y ol FRREP TS OhilEere 8y R B b o R st ¥ separated
by crystallizationsésarecacatanitiigl. dbepiydchioneendaltofithetvdireanivie-SHibiaigpiafevester

preferentially preci itate%f om acetonpigrile. A s le of an optically pure tand%g was prepared starting
with S(+)-ketoprdteH 48t Bi;q’fb‘gi‘éghg fB?WrgngR&rﬁﬂ%ﬁ Lrep éﬁ%bﬁ‘e %?H’_QIE SHIHE“SH-Ketoprofen
ester, hydrochlotge(3iiabig)yrswilisendiatediiomitied mixiusee SyntketipehRauesnc®&me patients,
to as much as 90% or more for others. And as already noted, marked change in
15  bioavailability for individuals with time is frequently observed. Thus, there is a need for

a more uniform and high bioavailability of macrocyclic immunosupressant in patients.

Use of such dosage forms is also characterized by extreme variation in required patient
dosaging. To achieve effective immunosuppressive therapy, blood or blood serum levels
20  compounds of the cyclosporin have to be maintained within a specified range. This
required range can in turn, vary, depending on the particular condition being treated,
e.g., whether therapy is to prevent transplant rejection or for the control of an
autoimmune disease, or condition and on whether or not alternative immunosuppressive
therapy is employed concomitantly with any of the immunosuppressants of the formula
25  a-d therapy. Because of the wide variations in bioavailability levels achieved with
conventional dosage forms, daily dosages needed to achieve required blood serum levels
will also vary considerably from individual to individual and even for a single
individual. For this reason it is necessary to monitor blood/blood-serum levels of
patients receiving macrocyclic immunosuppressant therapy at regular and frequent

30 intervals. Monitoring of blood/blood-serum levels, which is generally performed by
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SPI0018A 15 Synthesis of the L-threonine esters of ()-Ketoprofen: a) EDC, DMAP, CH2C12; b) HC1
(2M); c) 11-A; d) ACN (crystallization). Experimental Section: ~ The synthesis of SPIO018A was
conducted in a single batch. Reagents mentioned in the 20experimental section were purchased at the
highest obtainable purity from Sigma- Aldrich, Acros, or Bachem, except for solvents, which were

purchased from githesrRighenisgighiichMajlikrastiue, RreRaiplinmandonserialiant®ody based
S(+)-Ketoprofen-L-threonine ester, hydrochloride 5 (SPI0018A). ()-Ketoprofen (5.32 g, 20 92 mmol),

N-t-butylcarbonyicEhiMIOSHiAEs- 1Ry eEkis BB O otBlar Bapis g 118 1iRsHkb b FEparodshiai®ordance

with the literaturghdlidSorflisaathyiamiiRamiang-giicatedimideshytipghlefide (EDC, 4.0 g, 20 9
mmol), and 4-(N,N-dimethylamino)-pyridine (DMAP, 0.22 g) were dissolved in 10 dichloromethane (50

mL) at room temperature, under an argon atmosphere. After stirring for 5 hours, the dichloromethane

layer was washegl iwithowites {20 matdi SSdyarsdHari Graeid (7xZbi Mt pllambibveafurated sodium
bicarbonate (2x25 mL), and water (50 mL) After drying for one hour over sodium sulfate ESrﬁg#{ filtration,

and concentratidtf liAdeT Fetgdirbledneasn e Y BIHPIEe R Y L IBR ARbUeEY Pet
15chromatograpfayun siNed 9eihk 59 19), ltHipgisith diexanesipthvt acetatatddos pfinsscamiiving the

product containing fractions, concentration and drying under high vacuum, the procedure generated the
protected L-thredhiRE RjaRd pRora L R YIS ot B § pLigns QL s g Ui 09894 yield).
203-[2(R,S)-(3-Benzoyl-phenyl)-propionyloxy1-2(S)-tert-butoxycarbonylamino-butyric acid tert-butyl
ester: (mix of diastereomers) %}—1 NMR (300 MHz, CDC13): =7.83-7.42 Em, 9H), 5.43 (dd, 1H, .1=
13.2, 6.9 HY), 5. 70 P10 J0ser 708 P vAdbee agrpcy<lic; iminygosuppressantinga waser saluplen 1 45 (m,
2519.5H), 1.30-¥ckéh (o thipttonl ICINMIR ko WMiHEaCREAShoFe LABBinler&ifiZnil fiodihblali6Bsa5, 168.58,
155.81, 140.33, 140.23, 11,37,.86, 137.39, 132.46, 132.42, 131. 31.38, 130'?gés1t§9<')?llénlc?i%'%3’ 129.02,

54
128.54 macrocyclic immunosuppressants 1s a polyoxyethylated derivative o
toxic vehicle. There have been a number of incidences of anaphylaxis due to the castor
oil component. At present there is no formulation that would allow the macrocyclic

15 immunosuppressants to be in aqueous solution at the concentrations needed due to poor

water solubility of the drug.

Beyond all these very evident practical difficulties lies the occurrence of undesirable
side reactions already alluded to, observed employing available oral dosage forms.

20
Several proposals to meet these various problems have been suggested in the art,
including both solid and liquid oral dosage forms. An overriding difficulty which has
however remained is the inherent insolubility of the macrocyclic immunosuppressants in
aqueous media, hence preventing the use of a dosage form which can contain

25  macrocyclic immunosuppressants in sufficiently high concentration to permit convenient
use and yet meet the required criteria in terms of bioavailability, e.g. enabling effective
resorption from the stomach or gut lumen and achievement of consistent and

appropriately high blood/blood-serum levels.
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128.27, 82.50, 82.37, 80.05, 71.38, 71.22, 57.59, 57.52, 45.46, 45.31, 28.40, 27.98, 27.84, 18.54, 18.48,
17.19, 16.84. 5 The protected (R,S)-Ketoprofen-L-threonine ester (9.42 g, 18 41 mmol) was dissolved in

dichloromethane (25 mL) under an argon atmosphere, at room temperature. Anhydrous hydrochloric acid
in diethyl ether (2M, 25 mL) was added to the solution and the mixture was allowed to stir for 17 hours at

room temperaturgnel haabhit@ fiasiddconcrniaied vndaisedveed aressuewliieramrinine foam (8.2 g)
was dissolved in a mixture of dichloromethane (10 mL) and trifluoroacetic acid (20 mL) After stirring at

room temperatuf@BFROSIRBIFS AL LaKF SR IARE St EntratEationadt Retieal prasmelifoluene (25 mL)

was added to thenigimaiRipREARtHS P BB MASGaPsEM RIBGRISaENE TiRCo FelixiuEei  ethanol (20
mL) and anhydrous hydrochloric acid in diethyl 15ether (2M, 20 mL) was added and the solution was

concentrated a tAFGAIAE RISy ih§ B HE ARG FARLAIERS HBY Bl sRed s Rerpdiaddeptng of

experiment produgRebbyKeiopiateRduaipregainenesipy intdeoshiarics (hi e AiRsies aNnRES ahd 1 9, 98%
crude yield) as an off-white solid. The crude mixture of diastereomers (7.0 g) was crystallized 3 times

from acetonitrile {86 TARYIARRT 2Hs RS DA i AHEH Rl S0 Hin SraHRsHHeA g demehistafider high

vacuum at 50 C pagtit 4hie wmaightanasiGasstpabidsBouishe khe R¥NRINeRL I odhie@dion, e.g. in the
L-threonine-S(+)-Ketoprofen ester, hydrochloride SPI0018A (2.2 g, 30% vyield from SP1001801).
SPIO018A 2('é‘ﬁ-K’Pr‘?mé’-%?k?}l‘icéfégfﬁfb%%f:i{}%l%ﬁésr‘?ﬁi§=propionyloxyl-butyric acid, hydrochloride
25(L-threonine-S(+)-Ketoprofen ester, hydrochloride): 1H NMR (300 MHz, DMSO0): = 14.08 (hr s, 1H),
8.72 (hr s, 3H), 7.74-7.51 (m, 9H), 5.29 g 1H, J=4.5Hz), 4.16 (m, 1H), 3.97 (q.th J= 6.3_H§, 1.42 (d,
3H, J= 6.9 117), 1B EPEROTRL B 195y HE SRR HRINAD! BNIGE) IS Tavashibotiugs 91, 140 42,
137.05, 136.74, d36rabdd fofte k29 ¥helid 8 1211k 28 4d28a30g GB0ABpSsriddis AhDAs K 8144del 6.45. CHN
analysis: calc.: C 61'30’1H ]5.66, N 3.57; foung: C 61.02, H 5.58, N 3.58, 10 HPLC analysis:

reaction following oral therapy has prevented common use. Various proposals have

been made in the art for application of macrocyclic immunosuppressants, e.g.

cyclosporine, in topical form and a number of topical delivery systems have been

15  described. Attempts at topical application have however failed to provide any

demonstrably effective therapy.

However, the present invention overcomes the problems described hereinabove. More
specifically, an embodiment of the present invention is a prodrug of macrocyclic

20  immunosuppressant which significantly enhances its solubility in aqueous solutions,
thereby avoiding the need to utilize a carrier, such as ethanol or castor oil when
administered as a solution. Moreover, the prodrugs of macrocyclic immunosuppressant,
in accordance with the present invention, do not exhibit the side effects of the prior art
formulations. Further, the inventor has found that the macrocyclic immunosuppressant

25  prodrugs of the present invention enhance its absorption when administered in the
prodrug form to a patient, thereby enhancing significantly its bioavailability and its

efficacy.

Accordingly, in one aspect, the present invention is directed to a prodrug of macrocyclic

30  immunosuppressants. The prodrug consists of an amino acid esterified to the free
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98.28% purity; r.t.= 25.14min.; 55% DIUF water (0.1% 11-A)/45% methanol; 1 mL/min; 36.4 C; Luna C18,
5u column (serial # 211739-42), 4.6x250 mm; 20 ul injection. 150ptical rotation: + 27.0 (20 C, 174.4
mg/10 mL ethanol, 589 nm); Melting Point: 166-167 C Preparation of the S-(+)-Ketoprofen-L-threonine
ester, hydrochloride standard. (+)-Ketoprofen (1.87 g, 7 74 mmol), N-t-butylcarbonyl-L-threonine t-butyl
ester (Boc- 20ThiyiBY, Zap Pr&ditt 1R, sueRALRH I Aeteustange ywdhthes litesasrgunatheethet-(3-
dimethylaminoprop;lq%}-s-ethylcarbodiimide hydrochloride (EDC, 1.65 g, 8 60 mmol), and
4-(N,N-dimethyl&® tﬁlhm@‘@@ﬂﬂﬁﬂfs@itﬁ? RErecHigaenals Hhloromethane (25 mL) at room
temperature, under an argon atmosphere. After stirring for 4 hours, the dichloromethane layer was
washed with water (25 mL) After drying for one hour over 25sodium sulfate (5 g), filtration, and
concentration unddr dPrBREHOLHE RIASSIiIY SRR dLissedib drptrmestsas $hrocedure
generated te prejestes L-threonine(+)-Ketoprofen ester as a clear oil (4.01 g, -100% yield). 1H NMR
(300 MHz, CDC13): 8 = 7.81-7.42 (m, 9H), 5.43 (m, 1H), 5.10 (d, 1H, .1=9.3), 4.29 (d, 1H, J= 9.6 Hz),
3.75(q, 1H, J=7.2 Hz), 1.50-1.42 (m, 21H), 1.18 (d, 3H, J=6.3Hz). 5 13C NMR (75 MHz, CDC13): =
196.4, 172.79, 168.99, 155.94, 140.44, 137.99, 137.51, 132.59, 131.50, 130.13, 129.31, 129.25, 129.15,
128.66,

CH,

X

Y
CH, |

AAO CH
HC CH,

—— N—CH—CO—CYCLO——,
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128.40, 82.68, 80.24, 71.37, 57.71, 45.43, 28.53, 28.10, 18.99, 16.96. 10The protected
(S)-Ketoprofen-L-threonine ester (3.92 g, 7 66 mmol) was dissolved in anhydrous hydrochloric acid in
diethyl ether (2M, 50 mL) and stirred for 17 hours at room temperature. The mixture was concentrated
under reduced pressure. The remaining foam (3.4 g) was dissolved in a mixture of dichloromethane (20
mL) and trifluoroacetic acid (20 mL) After stirring at room temperature for 6.5 hours the 15solution was
concentrated under reduced pressure. Toluene (25 mL) was added to the remaining oil and the mixture
was concentrate®h second time. A mixture of ethanol (20 mL) and anhydrous hydrochloric acid in diethyl
ether (2M, 20 mL) was added and the solution was_congentrated a third time. After drying under high
vacuum for 2 hours at room temperature, the e ent praducetyS(x)-Ketoprofen-L-threonine ester,
20hydrochloride (3.05¢g crude).as an off-white™sg lhe crude material was stirred with acetone (50 mL)
for 2 hours at room temperpature unger arhar'on atmosphéte. The remaining white solid was filtered and
dried under high vacuum at 50 C-gntil theyweight was constant (4 hours). The experiment produced

K, 7.104-7.51.(m,.08H), 5.29 (t, did o] FpfiisH2), 4.16 (m, 1H), 3.97 (q, 1H, J=
6.3 Hz), 1.42 (d, 3H, J=6. H@,‘ii.zs (d, 3H,/J= 6.3 Hz). 513C NMR (75 MHz, DMS0): = 195.34, 172.26,
168.21, 140.42, 13+ 36.74, 132.66, 13466, 129.48, 128.73, 128.49, 128.30, 68.23, 55.31, 44.00,
18.44, 16.45. HPLC an Iysis:ciba_|43% p'ﬂfﬁty; r.‘ = 25.14min.; 55% DIUF water (0.1% Ifmethanol; 1
mL/min; 1036.4 C; Luna~C18;/%u column (serigt# 2LDF39-42), 4.6x250 mm:; 20 ul injection. Optical
rotation: + 27.1 (20 C, 177.8 mg/10 mL etH%lcnoI, 589 nm); Melting Point: 166-167 C 15 C. Amino Acid
Derivaties of Aspirin OverviewThe Fckbedur%cl;or he synthesis of the L-serine, L-threonine, and
L-hydroxyproline esters of acetylsal Fylic acid’is outlined in Synthetic Sequence section and is exemplary
for other amino acids. The complete~procedure and-& aMicaI data is given in the 20Experimental
Section. In general, acetylsalicyloyl chl4)ride (10 g£25 g, in batches) was coupled with the
N-benzyloxy/benzyl ester protected aming-&Cids i) the presence of pyridine. Once the reactions were
complete (24 to 48 hours at room temperature), thémixture was poured into ice-cold 2N hydrochloric
acid. The dichloromethane fraction was then washed with sodium bicarbonate, water and brine. After
drying over sodi

5

AAGLY or AA— 0. TACROLIMUS

OCH;
OCH;
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25sulfate, filtration, and concentration the crude protected amino acid esters of acetylsalicylic acid were
purified by flash chromatography on silica gel. The procedure generated the protected amino acid esters
of acetylsalicylic acid in yields ranging from 68% to 95%. The protecting groups were removed by
hydrogenation (20 psi H2) in the presence of 10% palladium on carbon. The amino acid esters of
acetylsalicylic agigh30were extracted away from the palladium catalyst with water, concentrated, and
dried. The final compounds were washed with solvent (water, dioxane, acetonitrile, and/or
dichloromethane) ufithpw d driedpidE ORIV SNt a constant weight was achieved.
5Synthetic Sequence: S sis of the L-serine, L-threonine, and L-hydroxyproline esters of
acetylsalicylic aci|g: apoyridine; H2C18';_|b) 10% Pd/C, EtOH, EtOAc. Experimental Section: 15 The
synthesis of SPIBG0101, SPIBOq 02 and ‘'SPIB00103 was conducted in one or two batches. Reagents
mentioned in the experimenﬁaé\ stiop-trereadUrcHHS 88 B X highest 0HO 0\H-1\i"-cbz 108 obtainable
purity from Lancaster, SigmaZAldrich, Acros, or Bachem, except for solvents, which were purchased from
either Fisher Scientific orivia]li BOg

warm to room temperature and _stir overnight. After 24 hours, the mixture was poured into ice-cold 2N
hydrochloric acid 10(408 MLy HHer ik g, the layers were separated and the dichloromethane fraction
was washed with water(500/nt); saturated sodium bicarbonate solution (500 mL), water (500 mL), brine
(500 mL) and dried ovér sodium sulfate/(25 g). After filtration, concentration under reduced pressure, and
drying under high vacuum, the remairiing yellow oil (35. 43 g) was purified by flash chromatography on
silica gel (300 g, 0.035- 150.07Qq mm, Bavn pore diameter), eluting with hexanes/ethyl acetate (3:1). After
concentration of the product corttafffing fractions under reduced pressure and drying under high vacuum
until the weight was constant, the experiment produced the protected acetylsalicylic-L-threonine ester
SPIB0010201 (28.1 g, 88% yield) as a colorless oil. 00 O,N H \rO

or pharmaceutically acceptable salts thereof;

5 wherein CYCLO represents the residues at positions 2-11 of the cyclosporine molecule;
x-y is CH=CH or CH,CH; and AA is an amino acid or a dipeptide of the formula GLY-
AA. In the latter case, GLY is glycine and AA is any V-amino acid. In the dipeptide
structure, an AA is attached to the drug via OH group using glycine as the spacer.
Glycine is esterified to cyclosporine and then glycine is bonded to any AA via amide

10 linkage using amino group of glycine and carboxylic acid group of AA.

The present invention is also directed to a pharmaceutical composition comprising a
therapeutically effective amount of the compounds of the Formulas a-d above and a
pharmaceutical carrier therefor.

15
In another embodiment, the present invention is directed to a method of treating a patient
in need of macrocyclic immunosuppressant therapy (or cyclosporin therapy), which
method comprises administering to said patient an effective amount of the compounds of

Formulas a-d.
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0 SPIB0010201 20 1H NMR (300 MHz, CDC13): 8 = 7.74 (1H, d, .1= 7.5 Hz), 7.51 (1H, dt, .1= 7.5, 1.5
Hz), 7.34-7.17 (11H, m), 7.06 (1H, d, J= 7.2 Hz), 5.62 (2H, m), 5.13 (4H, m), 4.65 (1H, dd, J= 9.6, 2.4 Hz),
2.29 (3H, s), 1.38 (3H, d, J= 6.6 Hz). 13C NMR (75 MHz, CDC13): 8 = 169.35, 169.22, 162.73, 156.26,
150.41, 135.79, 134.67, 133.77, 131.24, 128.35, 128.24, 128.08, 127.95, 125.78, 123.51, 122.61, 71.22,

67.72, 67.26, 5714, (2398, cHb88inRd e piestad iaceivisalic vt s anineHRI e STHBRHENRERL (14.50

g, 28 68 mmole) was dissolved in ethanol (100 mL) and ethyl acetate (100 mL) at room temperature and

added to a Parr BRI{RaP CBRERREGIOUTBENSEHRRI SRR AR {9US Y S50 0Bt URBKF BETEEES
atmosphere. ThenRikogGRR pTRSRASHR VIRshkepiaad wh-Rystrpaan@as d2theshecidfigs# hours of

shaking, the palladium catalyst was removed bgyfiltration through 10celite. The remaining_solids

(palladiumicelite BAE PRSI StEhasdhraBreidistity dratet! dsoekanmin fonmudas Db it WM 8YEd. The

ethanol andvatgy flaatiang deraaopeasiated déndelefeoHARM: RIRRBEEA LS B9 IsIEMPSIApIke. The
remaining solids were washed with water (20 mL) and_dioxane (20 mL) for 48 hours. After filtration, the

remaining white ¥0RAASY Qia A RERSsIn SERSHE AT R ART RigH AR (AGI s 188G B ASight was

constant (16 houfi) s Jherexeronair diad ucaaincahdsabayiie theitORiRthesterasithB00102 (4.40 g, 55%

yield) as a white solid. 000 H SPIB00102 . 1H NMR (300 Msz D20-DC1): 8 =8.00 (1H, dd, J= 7.8,

1.5 Hz), 7.74 (LIMROS9NS, D6 PEssaD) mYatiorHs dirested 1 4 Bathnd olephaneingthedoss 1 5 Hz), 5.76

(1H, dq, J= 6.9, 38gdaof=Aity(dFtydlckpatia tbahpaist A Bk cohglithbhirirt:d; m&i8dn)y iBthAMR (75 MHz,

D20-DC1); 8 = 173,03, 168.84, 163,97, 149,56, 135.32, 131.26, 126.85, 123.48, 121.49, 69.16, 56.36,

20.45, 15.8](9. 25MeBm‘E moiety at position 1 of the cyclosporin molecule with an amino acid or ‘acylating
derivative thereof under ester forming conditions and isolating the product thereof and

administering the product to a patient.

In a still further embodiment, the present invention is directed to a method of enhancing
15  the bioavailability of macrocyclic immunosuppressants when administered to a patient
which comprises reacting the hydroxy functionality in the MeBmt moiety in position of
the cyclosporine molecule with an amino acid or acylating derivative under ester
forming conditions and as well as the specified hydroxyl functions in formulas b-d with
an amino acid or acylating derivative thereof under ester forming conditions or by using
20  asimple amino acid or a dipeptide structure wherein the AA is attached to drug using
glycine as the spacer and isolating the product thereof and administering said product to

the patient.

Overview:

25  The procedure for the synthesis of the N-(L-proline)-glycine and N-(L-lysine)-glycine
esters of Cyclosporine A is outlined in Synthetic Sequence section. These examples are
exemplary of the synthetic scheme using amino acids. The complete procedure and
analytical data is given in the Experimental Section. Cyclosporine A (15 g) was
coupled with chloroacetic anhydride (4 equivalent) in anhydrous pyridine. The

30  experiment produced the chloroacetate ester of Cyclosporine A (SP1001201, 14 g, 88%
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HPLC analysis: 98.7% purity; rt= 6.233 min; Luna C18 5u column (sn 167917-13); 4.6x250 mm; 254 nm;
35% MeOH/65% LEA (0.1%) pH= 1.95; 35 C; 20 ul inj.; Iml/min; sample dissolved in mobile phase with 1
drop phosphoric acid. 5 CHN analysis: calc.: C 55.51, H 5.38, N 4.98; found: C 55.37, H 5.40, N 5.03.
Melting point: 153.5 C (dec.) 102) SPIB00101: 2-0-Acetylsalicylic acid (2S)-(+)-serine ester A mixture of
N-carbobenzyloxyeliseliBsoasnan. epRr ddopeictIRE s (10.9.27 vad tiumaledand @y Jeinent3RimL) in

anhydrous dichloromethane (500 mL) was cooled in an ice bath while under a nitrogen atmosphere.

Acetylsalicyloyl dRIBAE (@097 8te1h6 ZiAsienecagi Ca drPtitn ik (YRIOMS Wiotvd &-18 \farm to room

temperature andyi&alir PHELIMR ARY S AN A8/ROH S tREUIISIWIEhWRAS RRIHEH (LD 66repltte2e
hydrochloric acid (400 mL) After mixing, the Iaéeérs were separated and the dichlorgmethane fraction was

washed water (SH05HE)C¥GE Nt SRIHPEHICEH B bR (30 &l §iRGLRLF (BDE YAIOPSFRE (500 mL)

and dried over sadisPIe0iZ08)(Rasahefftaupit@tion sansavlmdiardndetdrdveed Prasiser Byd-drying
under high 20 vacuum, the remaining brown solid (47.19 ?gﬁ\{vas purified by flash chromatography on

silica gel (200 g,l0/988% 618 FHRE 851h SOHE Hametan , AR Wt HER DX ORI acetate (3:1). After
concentration of ¢ praduehpe9NRiHog piaedians BhelglsradHcrindResstinand dpdpadéendarrhiigh vacuum

until the weight was constant, the experiment produced the protected a(:ﬁ\?lsalicylic-l_,-ser.ine ester
SPIB0010101 (32Y1OR Y Sidld YIaRBEimiHE soiift) IR rsoa it Rygreddpris acydia (14, d, 1=
7.8 H2), 7.55 (1diclhy airlsd. 18 HE) el (bt oo Ot (ldofind 4 a)e & 6811, d, J= 3.4
Hz), 5.20 (2H, s), 5.12 5(2H, s), 4.77 (1H, m), 4.66 (1H, dd, J= 11.4, 3.3 Hz), 4.57 (1H, dd, J= 11.4, 3.3
Hz), 2.30 (34, sﬁ%@ﬂﬁ(ﬂw iR et srigl= Tholapralges cdyaigs sicrigl. a5 Cyslosppringg 77,
135.87, 134.75, A3 Fscli3hAticldhSOrb2Gi 10l 283 EribdGolthe 128 Bdsd 35492 didm 71, 10122.18,
67.83, 67.27, 64.63, 53.55, 21.03. The protected acetylsalicylic-L-serine ester SPIB0010101 (21.0 g, 427
mmole) was disSUrARORAERAAGLRERS Y filiFiatihrasehidica goldalyingouH feriprthtdie 4l added to
a Parr bottle that@niiNesHA.PRIAMWPLNGRIAAR (4R GnpRi Niaty WadRIoAd REIdregeRlmosphere.
The nitrogen atmosphere was replaced with hydrogen gas (20 psi). After 5 hours additional 10%
palladium catalyst (4.26 g) was added and the hydrogen
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atmospere was returned (20 psi). After an additional 20 hours of shaking at room temperature, the
palladium catalyst was removed by filtration through celite. The remaining solids (palladiumicelite and
product) were washed with water (1500x2 mL) 20 until the product was removed. The ethanol and water
fractions were concentrated under reduced pressure at room temperature. The remaining solid (7.17 g)
was dissolved indylidfetietiiferde); filtered through celite to remove insoluble material, and concentrated
under high vacuum at room temperature. The white solid was then washed with 1,4-dioxane (100 mL)
and DIUF water (50 mL) overfight. After 24 hours the solid 25was filtered and drigdiunder high vacuum

until the weight was constan, ( 4 hours) The experiment produced the acetylsa*rff'syll -L-serine ester
SPIB00101 (6.17 g, 4% Vi€l hite solid. S PI B00101 51H NMR (300 MH| D C1): 8=8.05
(1H, dd, J=7.8,1.5 5(I—H 7.8, 15Hz)747(1H dtJ 7.870 J727 (TH, Y, J= 7.8,

10126.87, 123.62, 12 2 52.05, 20.44. HPLC analysis: 98.1% pu in.; 65% TEA
(0.1%)135% methanol; 1 mL/m n; 35 C; Luna C18, 3u column (SN 184225- 37) 4 6x 50 mm, 22 ul
injection; DAD1B, Sig= 5’2(¥ fx 550,100. CHN analysis: calc.: C 53.93, H 8F@11203.24; found: C
54.02, H 5.00, N 5.23. 20Melting p |nt 147.0 C (dec.) 3) SPIB00103: 2-0- Acetylsatl)I‘:yllc acid (25,

0.9 Hz), 4.87 (1H, dd 126 4.2 H2),\8.79 (1H, ddul12 62 éLH dd J= 42,30 Hz), 2.39
(3H, s). 13 1‘.\1‘ %ﬁh -DC1): 8 = 173.01, 168 58, 164 >/\§5 0131 59,
3

4R)-4-hydroxyproline ester A mixture of N-carbobenzyloxy-L-hydroxyproline er‘?zyl ester
(Z-Ser-OBz1, 21.5 g, 60 5 mmole)1 and pyridine (25 mL) in anhydrous dichlorome
25cooled in an ice bath while undef a nitrogen atmosphere. Acetylsalicyloyl chlor
was added and the mixture vﬁﬁsv&l)lo ed to warm to room temperature and stit g

additional acetylsalicyloyl chloﬁﬁyg . %ﬁ%mmole) was@dded and the\mix{
overnight. After 48 hours)fﬁﬁ'fimmt'ure was pgured into ice-cold IN hydroc)Moa&ld (’500 mLY-After

mixing, the /(f )Kr ? LQ/\( {f J\r j J\X

SPI001203 SPI001202
’ \
d,f
Hbe cl N /

-NSy

ane (500 mL) was
13.2 g, 66 6 mmole)

cl %Air
o

SP10022

SP10023

Synthesis of the N-(L-proline)-glycine and N-(L-Lysine)-glycine esters of
5  Cyclosporine A: a) pyridine; b) NaN3, DMF; c¢) SnCl,, methanol; d) boc-L-lysine,
EDC; e) boc-L-proline, EDC; f) HCI, Et,0.
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Slayers were separated and the dichloromethane fraction was washed with water (500 mL), saturated
sodium bicarbonate solution (500 mL), water (500 mL), brine (500 mL) and dried over sodium sulfate (25
g). After filtration, concentration under reduced pressure, and drying under high vacuum, the remaining
yellow oil (40.7 g) was purified by flash chromatography on silica gel (460 g, 0.035-0.070 mm, 6 nm pore
diameter), 10elufiRgaithdirpideeifihy! acetate (3:1). After concentration of the product containing
fractions under reduced pressure and drying under high vacuum until the weight was constant, the
experiment prod HBE ARG DS I U2 Hd REAO2 3R 6D Ars itk R bt se Berieedbradnadl ¢, 68%
yield) as a colorlggcikgr MRS Mitined RIGLAN Svred B12a(irdl bkeh? Rddznts Behbidndd = 7.8
Hz), 7.34- 7.21 (10H, m), 7.0941H, d, J=7.8 Hz), 5.48 (1H, s), 5.21 (2H, m), 5.03 (2H, d, J=15 Hz), 4.57
(1H, m), 3.85 (21N A}PSTEBCAR Seitionsseramuchasssid R MED eysoRipDaIDRYT Y. amyAkdrieh.1 71 49,
169.25, 163547, Aefo3brlpduhem 138t fbPYodfbnt3eviuhlwerd puichaséd ficth Sehek Fshés 134.12, 128.43,
128.32,128.28, 128.20, 128.05, 127.98, 127.94, 127.79, 125.89, 123.70, 122.46, 122.38, 73.24, 72.59,

67.33, 67.11, 66-5CHHI6 o Malinaksody dheSyelgsparias 4 U gsads s dieies procedures

acetylsalicylic-L-Rygisypieling ssigioR|BRAE30dcHK618¢.20.5 mmole) was dissolved in ethanol (75
mL) and ethyl acetate (75 mL) at room temperature and added to a Parr bottle that contained 10%

palladium on carbon (3.0 g, 50% wet) under a nitrogen atmosphere. The nitrogen atmosphere was
replaced with hygyogProgez0%(20 psi). After 17 hours of shaking at room temperature, the reaction mixture
was washed with water (500 mL) for two hours. The organic layer (top) was removed via pipette and the
aqueous layer was filtered thrgugh celite. The water fraction was concentrated under reduced pressure at
room temperature. The repailing solid (6.71 g) was then washed with anhydrous dichloromethane (35
mL) overnight. After 24 h 108 sﬂ%ﬂ was filtered and dried under high vacuum until the weight was
constant (24 hours). e%ﬁm’ ﬂproa ed acetylsalicylic-L-hydroxyproline ester, SPIBO0301 (2.87 g,
47.7 % yield) as a whit id”  SPIB00103151H NMR (300 MHz, D20-DC1): 8 = 8.09 (1H, d, J= 7.5

Hz), 7.75 (1H, t, J= 7.55dz), 7.48 (1H t,H\N]%/?\S(Hz), 7.28 (1H, d, J= 7.5 Hz), 5.69 (1H, m), 4.76 (1H, t,
J=7.5 Hz), 3.86 (L}-gﬁ-tf’d F 3.5)3,9 , 3.74\(1H, d, J=13.5 Hz), 2.81 (1H, dd, J= 15.0, 7.5 Hz), 2.60
(1H, m), 2.40 (3H, s). gbyg N/I:I%YS z, D20-DC1): 8 =173.13, 170.25, 164.31, 149.65, 135.36,

131.54, 12(13 7,123.54,121.37,78.86, 58.34, 50.95, 34.38, 20.48. HPLC analysis: 98.3% purity; r.t.=

7.201 min.; 65% TEA (0.1%)135% methanol; 1 mL/min; 35 C; Luna 25 C18, 3u column (SN 184225-37),
4.6x250 mm, 22GYHHeRaBne DADLE! &ifHbxpmpiRprwandissplyed in anhydrous pyridine (35 mL) at

room temperature, under an argon atmosphere. The solution was cooled to 5 °C in an
ice/water batch and chloroacetic anhydride (9.10 g, 0.053 moles) was added. After
stirring for 10 minutes, the ice bath was removed and the solution was allowed to stir
15  under an argon atmosphere at room temperature for 17 hours. After 17 hours, diethyl
ether (200 mL) was added. The ether was washed with water (2x100 mL) and dried for
1 hour over sodium sulfate (10 g). After filtration and concentration under reduced
pressure, the remaining yellow foam was dried under high vacuum (1 hour at room
temperature) and purified by flash chromatography on silica gel (200 g), eluting with
20  heptane/acetone (2:1). After combining and concentrating the product containing
fractions, the remaining light yellow foam (14.8 g) was purified a final time by
crystallization from hot diethyl ether (140 mL). After cooling (-10 °C, 2 hours),
filtration, and drying under high vacuum, the procedure generated the chloroacetate ester

of Cyclosporine A SP1001201 as a white solid (14.0 g, 88.3% yield).
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CHN analysis: calc.: C 57.34, H 5.16, N 4.78; found: C 57.09, H 5.23, N 4.91. Melting point: 162 C (dec.)
5 Gastric Mucosa irritation potential of the L-serine, L-threonine, and L- Hydroxyproline esters of
acetylsalicylic acid compared to acetylsalicylic acid:- The present study was conducted to determine the
relative potential of new formulations 100f aspirin (L-serine, L-threonine, and L-Hydroxyproline esters of
acetylsalicylic acid) to cause gastric mucosal irritation/lesions in fasted male albino rats. Aspirin served as
reference control. Different new formulations of aspirin and aspirin were administered by gavage to fasted
15male albino ratsfiRABRIGAIRY T8RS B84 ER/v) Carboxymethylcellulose (CMC) in Phosphate Buffer
(pH 2.6) solution as the vehicle. The study was conducted at two dose levels viz. 100mg and 200mg/kg
body weight along with a vehicle control group. At each dose level 5 animals were used. All the doses
were expressed g%ﬁi@%’o%ﬁéqﬁﬁ@éﬁts. The doses used as well as the molar equivalents were
presented belows 20 Fahle, 1ikFermglaton biolar aquivalentizormationiMelas equiyatens Liserine ester

of acetylsalicylic acid 1.483 units are equivalent to 1 unit of aspirin L-Hydrox%/ roline ester of
acetylsalicylic acld 1-.%2@11ﬁi@ﬁé%é@iﬂbﬁéﬁi’t@-ydﬁiﬂHF §§ﬁr' Zintelgnifle «éété? éﬁ&c@ﬁ)}s%ﬁgylic acid

1.561 un@ts are %ym,'qﬁ_tlt@.il’-lﬁﬁ Q.HQSQHiGn,'ﬁ@tIIB,%-E%E&?GH)@Z@JPSSQ&S,%PPE pstkg)din terms of
acetylsalicylic acslg] H )Equwalent weight of the Test item [mg] Test Item

10  "C NMR (75 MHz, CDCl;):
§=173.78, 173.37, 172.86, 172.61, 171.28, 171.18, 170.91, 170.79, 168.78, 167.64,
167.18, 128.77, 126.68, 75.46, 65.95, 58.89, 57.47, 55.80, 55.31, 54.86, 54.34, 50.19,
48.91, 48.35, 48.02, 44.80, 40.96, 39.44, 37.07, 35.93, 33.85, 33.25, 32.40, 31.74, 31.50,
30.38, 30.12, 29.82, 29.53, 25.13, 24.92, 24.78, 24.40, 23.99, 23.75, 22.85, 21.94, 21.41,
15 21.25,20.84, 19.85, 18.79, 18.32, 17.89, 17.82, 15.46, 15.24, 10.08.

2) SP1001202

The chloroacetate ester of Cyclosporine A SP1001201 (10.10 g, 7.89 mmole) was

20  dissolved in anhydrous N,N-dimethlformamide (30 mL) at room temperature. Sodium
azide (2.15 g, 33.0 mmole) was added. The mixture was allowed to stir at room
temperature for 24 hours in the dark, under an argon atmosphere. After 24 hours, diethyl
ether (150 mL) was added and the precipitate was filtered. The ether was washed with

water (2x100 mL), dried over sodium sulfate (15 g) for 30 minutes, filtered, and
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Group Dose (mg per kg) [in terms of acetylsalicylic acid] Equivalent weight of the Test item [mg] Vehicle
control Vehicle control Group 0.0 L-serine ester of acetylsalicylic acid Test Group 1 100.0 148.3 Test
Group 2 200.0 296.6 L-Hydroxyproline ester of acetylsalicylic acid Test Group 1

concentrated under reduced pressure. The remaining white solid was dried under high
vacuum for 1 hour at room temperature. The experiment produced the azidoacetate ester
of Cyclosporine A SP1001202 (9.90 g, 97% yield) as a white solid, which was used

without further purification.

Cyclosporine A azidoacetate ester:

'H NMR (300 MHz, CDCl5):

8 =18.48 (d, 1H, J=9.3 Hz), 7.95 (d, 1H, J= 6.9 Hz), 7.45 (d, 1H, J=9.0 Hz), 7.39 (d, 1H,
10 J=7.8 Hz), 5.5-4.5 (m, 15 H), 4.31 (t, 1H, J= 6.6 Hz), 4.04 (d, 1H, J= 17.3 Hz), 3.53 (d,

1H, J= 17.3 Hz), 3.45-3.0 (m, 15 H), 2.8-2.5 (m, 6H), 2.5-1.5 (m, 16H), 1.5-0.7 (m, 53

H).

C NMR (75 MHz, CDCl5):

15 8§=173.76, 173.32, 172.82, 172.53, 171.13, 170.89, 170.76, 170.69, 169.70, 168.20,
167.49, 128.63, 126.61, 74.96, 58.91, 57.39, 55.56, 55.21, 54.80, 54.23, 50.14, 48.99,
48.23,48.24, 47.93, 44.71, 40.89, 39.33, 39.22, 37.02, 35.83, 33.81, 32.96, 32.31, 31.67,
31.42,30.31, 30.09, 29.76, 29.47, 25.08, 24.92, 24.84, 24.67, 24.51, 24.40, 23.94, 23.82,
23.71,21.85,21.33,21.25,20.82, 19.79, 18.71, 18.25, 17.92, 17.81, 15.17, 10.03.

20
3) SP1001203

The azidoacetate ester of Cyclosporine A SP1001202 (9.80 g, 7.62 mmole) was

dissolved in methanol (250 mL) at room temperature. Water (40 mL) was added
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100.0 162.8 Test Group 2 200.0 325.6 L-threonine, ester of acetylsalicylic acid Test Group 1 100.0 156.1
Test Group 2 200.0 312.2 Reference control acetylsalicylic acid Test Group 1 100.0 100.0 Test Group 2
200.0 200.0

followed by tin (II) chloride (5 g, 26.3 mmole). The solution was allowed to stir for 1
hour at room temperature when an additional quantity of tin (II) chloride (4 g, 21.0
mmole) was added. The solution was allowed to stir for an additional 2 hours at room
temperature. Water (200 mL) containing ammonium hydroxide (40 mL, 29%) was
5 added. After filtration, the solution was concentrated (to 200 mL) under reduced

pressure. The remaining aqueous solution was extracted with ethyl acetate (2x200 mL).
The ethyl acetate fractions were combined, dried over sodium sulfate (20 g), filtered and
concentrated under reduced pressure. The remaining clear foam was purified by
filtration through silica gel (150 g), eluting with dichloromethane/methanol (20:1). The

10 procedure generated the glycine ester of Cyclosporine A as a clear, solid foam (8.54g,

89% yield).

Glycine ester of Cyclosporine A:

15  'HNMR (300 MHz, CDCl;):
6 =28.60 (d, 1H, J=9.6 Hz), 8.06 (d, 1H, J= 6.9 Hz), 7.53 (d, 1H, J= 8.4 Hz), 7.51 (d, 1H,
J=6.6 Hz), 5.7-4.52 (m, 15 H), 4.41 (t, 1H, J= 6.9 Hz), 3.5-3.0 (m, 17 H), 2.82-2.5 (m,
8H), 2.5-1.5 (m, 16H), 1.5-0.7 (m, 53 H).

20 "CNMR (75 MHz, CDCl5):
§=174.10, 173.67, 173.23, 172.72, 172.55, 171.18, 171.10, 170.73, 170.61, 169.68,
167.77, 128.82, 126.42, 73.83, 58.57, 57.32, 55.99, 55.20, 54.74, 54.31, 50.08, 48.82,
48.28, 47.90, 44.70, 43.81, 40.74, 39.33, 39.24, 37.02, 35.84, 33.72, 33.07, 32.39, 31.72,
31.41,30.25, 29.98, 29.74, 29.51, 25.05, 24.81, 24.73, 24.54, 24.31, 23.91, 23.78, 23.68,
25 21.86,21.33,21.25,20.68, 19.76, 18.74, 18.24, 17.94, 17.79, 15.18, 10.03.

4) SP10022
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The rats were fasted for a period of 18 to 22 hours before dosing. The test item was 5administered as a
single dose by gavage. Three hours after drug administration, the animals were killed humanely by CO2
gas inhalation. The stomach was dissected out and observed for the quantity of mucous exudate,
degree of hyperemia and thickening of stomach wall, 10hemorrhagic spots (focal or diffuse), nature of
hemorrhages (pete%h'@’r or ecchymotic) along with the size and perforations  The observations on
gastric mucosal ifritation of anlmal f various groups were 15 summarized below Table 13: Test Item:
Group: Dose mg/ﬁg (asa ls\a;l%y' acid): Observation Test Item Group Dose mg/kg (as acetylsalicylic
acid Observation Vehiclé ,ﬁ ;rol Group 0.0 None of the animals showed any evidence of
gastric mucosal irritation\L- seh( "etyfsallcyllc acid Test Group 1

(ﬁ ;*&N

The glycine ester of Cyclosporine A (SPI001203, 2.0 g, 1.59 mmole) was dissolved in
anhydrous dichloromethane (25 mL) with boc-L-lysine (1.31 g, 3.78 mmole) and EDC
(0.75 g, 3.9 mmole), under an argon atmosphere at room temperature. The boc-L-lysine
5 was prepared from the dicyclohexylamine salt (2.0 g in 50 mL ether) by extraction with

cold potassium hydrogen sulfate solution (1 g in 50 mL water) followed by cold water
(2x50 mL). The ether containing the boc-L-lysine was dried over sodium sulfate (5 g),
filtered, concentrated and dried under high vacuum for one hour at room temperature. A
few crystals of DMAP were added to the mixture of EDC, boc-L-lysine, and the glycine

10  ester of Cyclosporine A and the solution was allowed to stir for 4 hours at room
temperature. The dichloromethane solution was extracted with DIUF water (50 mL),
5% sodium bicarbonate solution (50 mL), and with DIUF water (50 mL). After drying
over sodium sulfate (10 g), the dichloromethane solution was filtered and concentrated
under reduced pressure. The remaining white foam (3.01 g) was purified by flash

15  column chromatography on silica gel (50 g), eluting with heptane/acetone (2:1). The
product containing fractions were combined, concentrated under reduced pressure, and
dried under high vacuum. The purified protected intermediate (2.34 g white solid,
92.8% yield) was placed in a flask under an argon atmosphere, which was cooled in an
ice-water bath. Cold anhydrous 2 M hydrochloric acid in diethyl ether (20 mL) was

20  added and the solution stirred for 8 hours (at 5 °C). The mixture was slowly allowed to
warm to room temperature overnight. After stirring for a total of 20 hours, the flask was
cooled again in an ice-water bath for 30 minutes. The product was filtered and dried

under high vacuum for 1 hour at room temperature and then at 50 °C for 4 hours. The
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100.0 None of the dosed animals showed any evidence of gastric mucosal irritation Test Group 2 200.0
None of the dosed animals showed any evidence of gastric mucosal irritation. L-Hydroxyprolin ester of
acetylsalicylic acid Test Group 1 100.0 None of the dosed animals showed any evidence of gastric
mucosal irritation. Test Group 2 200.0 None of the dosed animals showed any evidence of gastric

mucosal irritatior kythiaeninte Asied ofarapdsalickliv-acity ipsh-CrruR ko0 SNar& Rcig.dosed animals
showed any evidence of gastric mucosal irritation Test Group 2 200.0 None of the dosed animals

showed any evid&hedated MO udoxhBirftaliGr iskhbrs Acktibmipbidacetylsalicylic acid) Test Group 1

100.0 None of the dosed animals showed any evidence of gastric mucosal irritation
'"H NMR (300 MHz, CDCl3, NMR data is for the free base):
5 &= 8.58(d, 1H,J=9.3 Hz), 8.04 (d, 1H, J= 6 Hz), 7.80 (d, 1H, J= 6 Hz), 7.49 (d, 2H, J=
8.4 Hz), 5.70-4.6 (m, 17 H), 4.41 (m, 1H), 4.28 (dd, 1H, J=17, 7.2 Hz), 3.67 (d, 1H, J=
17 Hz), 3.46 (s 3H), 3.4-2.8 (m, 16 H), 2.8-2.5 (m, 8H), 2.5-1.35 (m, 24H), 1.5-0.7 (m,
50 H).

10  "*C NMR (75 MHz, CDCl3;, NMR data is for the free base):
8= 175.23, 173.77, 173.34, 172.75, 172.63, 171.34, 171.22, 170.94, 170.84, 170.91,
169.89, 169.70, 128.74, 126.67, 74.41, 58.82, 57.43, 55.91, 55.21, 54.81, 54.42, 50.17,
48.89,48.31, 47.98, 44.78, 41.92, 40.82, 40.69, 39.44, 39.32, 27.19, 35.91, 34.88, 33.71,
33.25,33.12, 32.44, 31.83, 31.50, 30.38, 30.06, 29.81, 29.55, 25.14, 24.90, 24.52, 24.43,
15 24.00,23.76,21.93,21.42, 21.29, 20.81, 19.84, 18.82, 18.32, 17.96, 17.86, 15.21, 10.10.

CHN analysis:
Calculated for C;oH25C1,N14045-3H,O: C 55.50, H 8.92, and N 12.74; found: C 58.28,
H 8.98, and N 13.16.

20
HPLC analysis:
99.60% purity; r.t.= 14.763 min.; 80% acetonitrile/20% Tris base in DIUF water; 1
mL/min; 60C; Synergi Hydro RP, 4u column (serial # 163383-7), 4.6x250 mm; 20 ul;
UV=210 nm.

25
Melting point: 196.0-198 °C (uncorrected)

30
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Test Group 2 200.0 All the 5 animals dosed, showed evidence of gastric mucosal irritation. In conclusion
it was observed that none of the L-serine, L-threonine, and LHydroxyproline esters of acetylsalicylic acid
induced any evidence of irritation of gastric 5mucosa at the two doses tested viz., 100 and 200mg/kg
body weight In contrast, aspirin (acetylsalicylic acid) has caused irritation of the gastric mucosal in all the
fasted male albing fg@jhe dose level of 200mg/kg. However at the dose level of 100mg/kg aspirin
failed to cause any evidence of gastric mucosal irritation in the male rats. Further none of the animals of
different test groups showe® an cllnlcal symptoms of toxicity through out the observation period of three
hours. Efficacy of L- sé‘q J\Ath onlne and L-Hydroxyproline esters of acetylsalicylic 5 acid compared
to acetylsalicylic acicion ing. rats estimated one hour after dosing Observations of blood
clotting time The data on |me (MCT) of the animals of low, intermediate and high
10dose groups of dlr&a&fom‘ulmlms ve (?Ie control and positive control groups estimated one hour
after dosing were pres ted below (Table Table 14: Summary of Mean Clotting Time ( S.D.) in
Minutes - L- senntﬁéonmq@ Y ox roline esters of acetylsalicylic acid and Aspirin (Positive
te{d

Z

control): Low 15d

m‘lj(d \High dose Low Dose Intermediate Dose High Dose Vehicle
control 4.9 1.10 L-serine est

etylsallcyllc acid5.7 1.346.8 1.486.9 1.37
The glycine ester of Cyclosporine A (SP1001203, 7.50 g, 5.95 mmole) was dissolved in
anhydrous dichloromethane (50 mL) with boc-L-proline (2.56 g, 11.90 mmole) and EDC

S  (2.28 g, 11.9 mmole), under an argon atmosphere at room temperature. A few crystals

of DMAP were added to the mixture of EDC, boc-L-proline, and the glycine ester of
Cyclosporine A and the solution was allowed to stir for 3 hours at room temperature.
The dichloromethane solution was extracted with DIUF water (50 mL), 5% sodium
bicarbonate solution (2x50 mL), and with DIUF water (50 mL). After drying over

10 sodium sulfate (10 g), the dichloromethane was filtered and concentrated under reduced
pressure. The remaining white foam (9.50 g) was purified by flash column
chromatography on silica gel (150 g), eluting with heptane/acetone (2:1 followed by
1:1). The product containing fractions were combined, concentrated under reduced
pressure, and dried under high vacuum (7.94 g white solid, 91.7% yield) for 10 minutes

15  atroom temperature.

The purified protected intermediate (6.46 g) was placed in a flask under an argon
atmosphere, which was cooled in an ice-water bath. Cold anhydrous 2 M hydrochloric
acid in diethyl ether (150 mL) was added and the solution stirred for 8 hours (at 5 °C).
20  The mixture was slowly allowed to warm to room temperature overnight. After stirring
for a total of 20 hours, the flask was cooled again in an ice-water bath for 30 minutes.
The product was filtered and dried under high vacuum for 30 minutes at room
temperature. The Cyclosporine A N-(L-proline)-glycine ester, hydrochloride (5.17 g,
84.6% yield, and 90% purity by HPLC) was converted to the free base by dissolving the
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L-Hydroxyprolin ester of acetylsalicylic acid 6.1 1.105.7 0.82 7.5 1.18 L-threonine, ester of
acetylsalicylic acid 5.2 1.14 5.6 0.84 7.4 0.97 Positive control (acetylsalicylic acid) 6.2 1.40 8.1 1.97
9.8 1.32 FIG. 3-6 depict the group mean data of animals regarding the dose relationship + mean clotting
time in minutes for the L-series ester of aspirin and for the control. 20The statistical analysis showed a

significant improvamgmRIp % &ig kcangenavelimihe effinasy Raibenaeh Idoserard b sleseawhen
compared to the vehicle control group (Figure 7). FIG. 4 shows the group mean data of animals. It

provides the doseresfshwéhel thspad AN orbng i (e Hi1Rd RTRULSd s st 8-
L-hydroxyprolinerggier af asRatthdheistatistical analy sig MG Fidtowrd A sigiican impigygment at

5% significance level in the efficacy for the high dose and low dose when compared to the Svehicle
control group (FigriP8 ) Tica gelieHiBts iraidingendl 96pion el REMIBAT AEAT B HAFG M SVAVECT) in
minutes of LsthreeniRsesteb/iAtak P aliaicatitdhesstalslicelinpaVsiR ShRed A sig kot

improvement at 5% significance level in the efficacy for the high dose when comgared 10to the vehicle

control. FIG. 6 dEPREHH 198 F8apRIntEcreiBiR REAIpR oridasatoran geare R h bt Issiome ®8id. The
statistical analysjg.shawed 8 %ﬁwtﬁ%ﬁw MR\ EF BRI aha%udiapificanss Javslin e rificamyder the
intermediate and high dose when comgared to the vehicle control.
acid (5 mL) in heptane (50 mL), while cooling in an ice-water bath. After 20 minutes at
5 °C, the white solid was filtered and dried under high vacuum for 6 hours at room
10 temperature. The experiment produced Cyclosporine A N-(L-proline)-glycine ester,

hydrochloride (SP10023, 3.8 g) as a white solid.

'H NMR (300 MHz, CDCls):

0 =14.20 (br s, 2H), 8.62 (d, 1H, J= 10 Hz), 8.06 (d, 1H, J= 6.9 Hz), 7.61 (d, 1H, J=8.1
15 Hz),7.48 (d, 1H, J=9 Hz), 5.70-5.50 (m, 3H), 5.40-4.60 (m, 12H), 4.37 (m, 1H), 4.20

(d, 1H, J= 18 Hz), 3.97 (d, 1H, J= 18 Hz), 3.70 (m, 1H), 3.45 (s, 3H), 3.23-3.08 (m,

12H), 2.66 (s, 3H), 2.60 (s, 3H), 2.50-1.80 (m, 15H), 1.78-1.20 (m, 15H), 1.15-0.66 (m,

46H).

20 "“CNMR (75 MHz, CDCls):
&= 174.15, 173.49, 172.67, 172.59, 171.86, 171.20, 171.13, 171.02, 170.83, 169.68,
168.77, 167.55, 128.30, 127.10, 80.09, 75.58, 62.65, 59.35, 57.36, 55.53, 55.30, 54.78,
54.35, 53.60, 50.25, 50.09, 48.92, 48.18, 48.12, 44.62, 40.59, 40.02, 39.43, 39.30, 37.13,
35.88, 33.74, 33.07, 32.19, 32.01, 31.86, 31.50, 31.43, 30.43, 29.93, 29.72, 29.30, 29.16,
25 27.56,26.04, 25.00, 24.86, 24.74, 24.39, 20.96, 19.81, 18.71, 18.26, 18.09, 17.85, 17.79,
15.09, 14.30, 10.00.

CHN analysis:
Calculated for CqoH20CIN{3014: C 59.48, H 8.83, and N 13.07; found: C 59.84, H 9.02,

30  and N 12.65.
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15The dose response effect were statistically significant and clearly evident (Figure 7). CONCLUSION
The present study was conducted to evaluate the efficacy of new formulations of aspirin using blood
clotting time as an index in albino rats. Aspirin served as positive control. 20 The study was conducted at
three dose levels with the new formulations and positive control along with a vehicle control group. Doses
The doses for thgppainghugyswere selected based on the dose range finding experiments 25 with
acetylsalicylic acid. All the doses were expressed as aspirin molar equivalents. The doses used for the

main experimentfor YifrHEHY 6l AR SoditRAsEBHELY ke Shrbasait BIESEre bbow. Table

15: Test Item: Lowi Rese (01 Kehckdiennadirte, dase Mme/kalidighadoss -(malkah I shitteny kpw Dose
(mg/kg) Intermediate Dose (mg/kg) High Dose (mg/kg) L-serine ester of acetylsalicylic acid 1.0 4.0 10.0
L-Hydroxyprolin B{Erdd8tylisalicylic acid 1.0

5
Melting point: 197.0-199 °C (uncorrected)

These prodrugs of cyclosporin of the present invention are effective in treating diseases
or conditions in which macrocyclic immunosuppressants normally are used. These

10 prodrugs are transformed within the body to release the active compound and enhances
the therapeutic benefits of the macrocyclic immunosuppressants by reducing or
eliminating biopharmaceutical and pharmacokenetic barriers associated with each of
them. However it should be noted that these prodrugs themselves will have sufficient
activity without releasing any active drug in the mammals. Since the prodrugs are more

15  soluble in water then cyclosporine or other macrocyclic immunosuppressants, it does not
need to be associated with a carrier vehicle, such as alcohol or castor oil which may be
toxic or produce unwanted side reactions. Moreover, oral formulations containing the

prodrugs of the prodrugs are absorbed into the blood and are quite effective.

20  Thus, the prodrug of cyclosporin of the present invention enhances the therapeutic

benefits by removing biopharmaceutical and pharmacokenetic barriers of existing drugs.

Furthermore, the prodrugs are easily synthesized in high yields using reagents which are
readily and commercially available.

25
VI. Valproic Acid Esters
Valproic acid (2-Propylpentanoic acid) is low molecular weight carboxylic acid
derivative which is widely used as an anti-convulsive agent, useful in the treatment of

epilepsy and also possess vasodilatation activity in the brain to relieve migraine
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4.0 10.0 L-threonine, ester of acetylsalicylic acid 1.0 4.0 10.0 Aspirin (Positive control) 1.0 4.0 10.0
Efficacy (Blood clotting time) The efficacy in terms of time required for the blood clotting time at different
dose levels 5- low, intermediate and high dose for different formulations and acetylsalicylic acid are
presented below. Table 16: Low dose: Intermediate dose: High dose Low Dose Intermediate Dose High

Dose Vehicle copdl4s 11 hds@rineRASK Al PELOHSRICYHARRIE &ifodedbhBmbiftSiRddalio3 7

alleviate severe pain associated with migraine headaches.

HsC

oH
HsC

8]

VALPROIC ACID

Valproic acid has been shown to have a large number of therapeutic applications, which

5  are quite varying and somewhat surprising. For example, in addition to its efficacy in the
treatment of epilepsy and migraine headaches, it has been shown to be effective in the
treatment of certain psychiatric illnesses, such as bipolar disorder, mood stabilization,
control of aggression, impulsivity in personality disorder, agitation in dementia, and has
also been of use as adjunct therapy in the treatment of post traumatic stress disorder

10 (PTSD).

Mechanism of Action:
In spite of being used in the treatment of epilepsy for a number of years, the exact
mechanism of action of Valproic acid is still unknown. It has been postulated that it

15  exerts its action by increasing concentration of gamma-amino butyric acid (GABA) in
the brain. Gamma-amino butyric acid is a neurotransmitter, a chemical that nerves use to

communicate with one another.

Valproate is the drug of choice in myoclonic epilepsy, with or without generalized tonic-
20  clonic seizures, including juvenile myoclonic epilepsy of Janz that begins in adolescence
or early adulthood. Photosensitive myoclonus is usually easily controlled. Valproate also
is effective in the treatment of benign myoclonic epilepsy, postanoxic myoclonus, and,
with clonazepam, in severe progressive myoclonic epilepsy that is characterized by
tonic-clonic seizures as well. It also may be preferred in certain stimulus-sensitive

25  (reflex, startle) epilepsies.
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L-Hydroxyprolin ester of acetylsalicylic acid 6.1 1.105.7 0.82 7.5 1.18 L-threonine, ester of
acetylsalicylic acid 5.2 1.14 5.6 0.84 7.4 0.97 Positive control 6.2 1.408.1 1.97 9.8 1.32 10L-serine,
L-threonine, and L-Hydroxyproline esters of acetylsalicylic acid are as significant as acetylsalicylic acid
with respect to clotting time observed after one hour but are far superior in terms of the absence of gastric

irritation at all levelg6eMPAIRHIXCRRTY IBalietici AC I IEAitasYRis;SEINRIABIep R Albated

L-Hydroxyproline esters of acetylsalicylic acid compared to acetylsalicylic acid on Clotting Time in rats

estimated two hobQEAEN JNE Svep s slie R BYPRIEL cHirdRidRHAD ehtd sl the BeiRYCof L-serine,

L-threonine, andkrithedisnapigliba astarsiel. asebisalicutisnacitheampaieddpaes v patiewtic wgid using
blood clotting time, estimated 2 hours ( 10 minutes]%(?fter dosing, as an index in albino rats. Aspirin served

as positive contrbENVRIECANMY FRdRBIe % oL IT AP LAY Y B TR PTG SR SIS B¥in at one

dose level of 20medkadiedy wRighteNarveniele SpiuehgrawR WasusedsJiridesar aiemexpessed as
aspirin molar equivalents. The doses used. for the main experiment for different formulations and positive

control was pres&itEdASIY 11 6% Qe AtieRUEGIBES s 8 AR LBt ERA A MEHE &lld amg/kg) Test

Item Dose in termsn@fsponsive patients regardless of seizure type.

In spite of it usefulness, hepatotoxicity may be fatal, but is idiosyncratic and not

10 preventable by routinely monitoring liver enzymes. Hepatotoxicity occurs in very young
children, most often those on multiple anticonvulsants. Valproate-induced cytopenias
may be dose-related and warrant monitoring of complete blood counts during therapy.
Encephalopathy with hyperammonemia without liver function test abnormalities may
occur. Pregnant women in first month are at risk for neural tube defects.

15
Valproic acid is a low molecular weight liquid with characteristic odor. Taken orally it
has unpleasant taste and can severely irritate mouth and throat. In order to convert
Valproic acid into a solid dosage form convenient for oral administration, a number of
derivatives with covalent and ionic bond with the carboxylic acid have been made. A

20  simple sodium salt of Valproic acid, resulting in Valproate sodium is available as a solid.
However a stable coordination complex, know as Divalproex sodium was formed by
partial neutralization of two molecules of Valproic acid with one atom of sodium. This
product is the most widely available Valproic acid hemi salt marketed by Abbott
Laboratories in the USA under the brand name Depakote®. Depakote® is also available

25 in extended release formulation for oral administration.

A significant disadvantage of Valproic acid is that it in liquid form it is difficult to
administer. Furthermore, administration of Valproic acid in different forms does not
uniformly produce desired bioavailability. For example, the overall bioavailability of

30  Valproate from Valproic acid, its sodium salt, Divalproex®, and their extended release
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Acetylsalicylic acid (mg/kg) L-serine ester of acetylsalicylic acid 20.0 L-Hydroxyproline ester of
acetylsalicylic acid 20.0 L-threonine ester of acetylsalicylic acid 20.0 Aspirin (Positive control) 20.0

Efficacy (Blood clotting time) The efficacy in terms of time required for the blood clotting time at the dose

level of 20 mg/kg body weight for different formulations and aspirin (positive control) are presented

15below. ObserygHanmebilardnelofing fimechhe-dai ositbe franueiaiinehitatenMEfhahihe animals,

estimated 2 hours ( 10 minutes) after dosing, at the dose level of 20mg/kg body weight for different

20formulations, PEMilfeelorbBiinacib Lirecnbatrans e prasdmRlas BRI SRNCPaBRt 98 8% FrkAYESE Mean

Clotting Time ( SiPhdmoMinuiasPhdvebReafkcthrpinanangdutitysiexmEoline esters of acetylsalicylic
acid compared to acetylsalicylic acid (Positive control) Dose (20mg/kg) L-serine ester of acetylsalicylic

acid 3.8 0.92 L-Hydroxyproline ester of acetylsalicylic acid

5

10

15

20

In order to improve the therapeutic effectiveness, uniform blood profile, develop
pharmaceutically elegant formulation and reduce first pass metabolism, present
invention discusses prodrugs of Valproic acid which overcome some of the difficulties

stated above.

Until now there has been no pharmaceutical preparation has been available in the market
that can deliver Valproic acid with out harmful side effects. The present invention
however, has produced a number of water soluble, non-toxic derivatives of Valproic acid
which are suitable for delivering Valproic acid consistently in the body without any

harmful side effects and without the needs for expensive additives, and exepients.

Accordingly, in one aspect, the present invention is directed to a class of prodrugs of
Valproic acid. The prodrug consists of the hydroxyl group of an amino acid esterified to
the free carboxyl group present on the Valproic acid molecules. In another embodiment,
the amine group of the amino acid is reacted with COOH group to form an amide

linkage.

More specifically, an embodiment of the present invention is directed to, the compounds

of the formula

VALPROIC ACID

155



4.2 1.32 L-threonine ester of acetylsalicylic acid 5.3 1.06 Positive control (acetylsalicylic acid) 5.4 1.17
5 L-serine, L-threonine, and L-Hydroxyproline esters of acetylsalicylic acid were found to be effective on
clotting time. In conclusion, it was observed that based on the time required for the blood to clot
10(clotting time), when estimated 2 hours after dosing, the amino acid prodrugs were efficacous.

However, the L-threaning @ieOfacebladicyalis arikbyrashierid roihaxrralatvely Hetea gffigacy than the
other two formulations. As shown by FIG. 7 the statistical analysis showed that L-threonine, and L-

15Hydroxyprolin@&dfett SPReAsisaivyhRich i thes HAsaonaeRre s draiedieyb sierp didrasedo

significant differepige @b 2%erdepificangeievsloiov kplyrraxyproline ester of acetylsalicylic acid and
L-threonine ester of acetylsalicylic with respect to positive control for the mean blood clotting time

observed after two hours. However, combined with the gastric irritation potential, the L-serine,

L-threonine sandtiréydeexy RiadneR Ao ales iRt asatdsapkytia Reidiaie danpoRgtfcompeienarg a number of
screening tests to determine the utility of the Erodrugs created according to the disclosed methods. These

include both in VIR HS AN S LErLERIAG MBSO H Eatipd i KRS ARG ARSI A0 B /M5R hydrolysis of
the prodrugs, hygratysisditiig pameiaasbisirolysis in rat intestinal fluid, hydrolysis in human gastric fluid,
hydrolysis in human intestinal fluid, and hydrolysis in human blood plasma. These assays are described
in Simmons, DM, Chandran, VR and Portmann, GA, Danazol Amino Acid Prodrugs: In Vitro and In Situ

Biopharmaceutiqal nveluateboBiiienb eve [apseeiihaseiba ndusttrRbarmaayd \bek2hiilssueficRage 687,
1995, the contents of all ?f which are . . . . .
10 1n need of Valproic acid therapy, which method comprises administering to said patient

an effective amount of the Valproic acid.

In a further embodiment, the present invention is directed to a method of converting
liquid Valproic acid into a solid powder by reacting the carboxyl functionality of the
15  Valproic acid with either amine or hydroxyl functionality of an amino acid and isolating

the products thereof.

In a still further embodiment, the present invention is directed to a method of
substantially and in a therapeutically efficacious manner, reducing or eliminating the
20  potential first pass metabolism thereby improving the consistent therapeutic effect by
administering to a patient a prodrug which comprises reacting the COOH functionality
of the Valproic acid molecule with either NH2 or OH functionality of selected amino
acids to form an ester or amide covalent bond respectively and isolating the product
thereof and administering said product to the patient.
25
It has been found that when unsubstituted naturally occurring amino acids are esterified
to Valproic acid, the resulting prodrugs are pharmaceutically elegant free flowing
powders, and are rapidly absorbed into the body and release non-toxic amino acids upon

cleavage in the body and require none of the emulsifiers, additives and other exepients.
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incorporated by reference. The compounds of the present invention are effective in treating diseases or
conditions in which NSAIDs normally are used. The prodrugs disclosed herein are transformed 15 within
the body to release the active compound and enhances the therapeutic benefits of the NSAIDs by
reducing or eliminating biopharmaceutical and pharmacokenetic barriers associated with each of them.

However it should,Rgdipted thata1ess RHH IS thaEas as ivilk e SiTisianicRatidiyvilinget releasing

any active drug in the mammals. Since the prodrugs is more soluble in water then Ibuprofen or other

NSAIDs, it does &Y REeB RSB ¥ abuRiteritiayca i Plahicrbicstivr quisfebisBlict “uSWFSil which
may be toxic or RrnibieR & BAREEsidenfe i MaiRaY BhiatAAIRI rél@tiRR s caiTtalNing dhe- NSAID

prodrugs are absorbed into the blood and are quite effective.  Thus, the prodrug of the present

invention enhanE83FARCHHEM YTkl BheftsabpsRinbding DR ShRaYAUHEGHLAFsHE HrbeATiREkenetic

barriers of existiRgcfrpgenfurtbrIBRrGiERatREQLRIGS MEcacasdpanthasized in high yields using reagents
which are readily and commercially available. 30 IV. Proline Derivative of Acetaminophen Overview: The

procedure for the synthesis of the L-proline ester of acetaminophen is outlined in Synthetic Sequence
section. The synthrsigipexemeRIgHvIHIE aRMate procadireiane Sanabdicahdaiadgigventiothe
Experimental Sectjon. Acetaminophen (10 g) was coupled with Boc-L-proline with EDC in the presence of

a catalytic amoufft 5 BIMASY B I Felol FORALL RS MFHE Y (& dAPLL: 48D 5P erature), the solution

was washed witlFuvatermofteirdiyiag waxsasismspiiate afilratigiuad bdoc @icRaValisdithgrrude protected
amino acid ester of acetaminophen was purified by flash chromatography on 10silica gel. The procedure

generated {fe protected L-proline ester of acetaminophen in 72%. The protecting group was removed by
dissolving the esterir disheamnathanmaadipassinghydipeea ehisvide thioughdheselitioniatsoom
temperature. After filtration, the final salt was stirred in tetrahydrofuran until pure. The yield for the
deprotection steE %":L‘?%%“aﬁ’é?’ﬂﬁ? ik rﬁi"dﬁ@/ﬁ?ﬁpﬁﬁé%? ﬁﬁs\‘}ﬁaﬁu]ﬁ?ﬁ’ﬁ f‘édté%%%% P15
Synthetic Sequem@gihe pioyinipesis effftlae leproliasileptrss fidcetaminopherasihk DelpEARICH2C12; b)

ggj 5(9), CHZCﬁ%%Egg{eg{E%%ig tio?g:‘@'%? }?? thesia of SEI 214 v%?%%ﬁndu.cte in one baatch.
gents menti if-th DOFCHAREL S thie HighBst oi5HR46IE A from
Lancaster, (0Signd-Alldtichhafrcobsgiexcant foysalvenivs, papehiaere purchased from either Fisher
Scientific or Mallinkrodt.
The prodrug of Valproic acid clearly provides a number of advantages over Valproic
acid, for example, all of the side chains cleaved from these prodrugs are naturally
occurring essential amino acids hence are non-toxic. This results in high therapeutic
20  index. Secondly all the prodrugs are readily cleaved in the body to release Valproic acid.
Furthermore, due their high water solubility, they can be easily administered by either
forming an in-situ solution just before IV administration using lyophilized sterile powder
or providing the drug in solution in prefilled syringe or bottles for infusion. The
aminoacid esters are more stable than Valproic acid since COOH group in Valproic acid
25 s blocked to reaction with bases. Thus the Valproic acid prodrugs invented here are
more effective then Valproic acid itself without the toxicity and other pharmaceutical

problems associated with current marketed formulations.

The procedure for the synthesis of the L-serine, L-threonine, and L-hydroxyproline

30 esters of valproic acid (2-propylpentanoic acid) is outlined in Synthetic Sequence
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5P10014: Pyrrolidine-2(S)-carboxylic acid 4-acetylamino-phenyl ester, hydrochloride 15A mixture of
Boc-L-proline (14.39 g, 68.80 mmole), acetaminophen (10.02 g, 66.28 mmole), EDC (12.9 g, 67.29
mmole) and DMAP (1.10 g, 9 0 mmole) in anhydrous dichloromethane (100 mL) was stirred for 3 hours at
room temperature under an argon atmosphere. After 3 hours, water (120 mL) was added. After mixing for

5 minutes, the laygksowera sepaiaiad-ane-ine gichieiaoieshaneiactiopwas yashad wikereater (120 mL)
and dried over sodium sulfate (5 g). After filtration, concentration under reduced pressure, and drying

under high vacutiWetHe e hbsriA I eRr aes &6 ARt Bl Bt i et i ARSdraBRy B Mtk a gel (100

g, 0.035-0.070 nypetioAMIRet@ ciamelprbiekiiaggth hexanasistyt acefta (i) fier concentration of
the product containing fractions under reduced pressure and, dr%r%)c;t high vacuum until the weight was

constant, the exBERMERPRERST IR @ISRt MG Ho it RISEEPSMIDD 146 (iF6.71 g,

72.3% yieldyas amdite spivd/(foRnn kiRl wercléd Mipte (BOhMInZaGBSal BpeR@i(l/2 H, ),
8.70 (1/2H,s), 7.58 (L/12H,d,J=7.5 Hz), 7.46 (1/2 H, d, J= 7.5 Hz), 6.96 (2 H, m), 4.47 (1L H, m),
3.59-3.45 (2H, n%l’ez*{gétﬁe W?Wt?it?gl\_@aé) ,]?n‘)’,aﬁ_‘?ﬂéj@eﬁ ONgY: sodium sulfate, and concentrated

under reduced pressure. The crude material was either used directly for the deprotection
step or purified by column chromatography. The procedure generated the protected
amino acid esters of valproic acid in yields ranging from 72% to 92%. The protecting

10 groups were removed by hydrogenation (30 psi H») in the presence of 10% palladium on
carbon. The amino acid esters of valproic acid were extracted away from the palladium
catalyst with ethanol, concentrated, and dried. The final salts were formed by
acidification with hydrochloric acid. The crude salts (yields ranging from 57% to 92%)

were then purified by the methods described in the Experimental Section.
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15 13C NMR (75 MHz, CDC13): =171.91, 171.75, 169.02, 154.44, 153.78, 146.36, 146.21, 121.44,
121.23,120.82, 80.41, 80.17, 59.16, 46.78, 46.55, 31.06, 30.11, 28.50, 24.57, 24.28, 23.78. 20 The
protected acetaminophen-L-proline ester SP1001401 (16.60 g, 47 64 mmole) was dissolved in
dichloromethane (400 mL) and hydrogen chloride gas was passed through the solution for 2 hours at
room temperaturgypth&iteseaining solids were allowed to settle (for 1 hour). The dichloromethane was
carefully decanted away from the white precipitate. Tetrahydrofuran (200 mL) was added to the
precipitate and tle ?’ﬁ&g{?ﬂe 25stirred for 2 hours under an argon atmosphere. After filtration, the remaining
white solid was driey under high vacuym at 90 C until the pfioduct weight was constan o(4 hours). The
experiment produced a; taminopkﬁ%ﬁ{;ygineisler, hydr ch?gﬁ\e SPI10024 (12.4 9,191 %% Yield) as a
white solid. 51H NMR (300 MHZ°CDGL3;DMS0): = 10.41 (1H, fir $)5210.2§ (1H, s),(9.55 mﬁ s), 7.70
(2H, d, J= 9 Hz), 7.12 (2H, d, J= 9 Hz), 4.66 (t, 1H, J= 8.4 Hz)13.38 (2H, m), 2.43 (1H, m);%28(1H, m),
2.08 (s, 3H), 2.04 (2H, m). 13C NMR (75 MHz, CDCL3-DMS0): = 168.08, 167.25, 144.55,1.37.40,
121.12, 10119.64" 8¥E32YUE 33, 2774054 86, 23.08. HPLC SHIY4s: 99.45% purity: rtSMCP8S min; Luna
C18 5u column (sn 167917-13); 4.6x250 mm; 254  nm; 15% MeOH/85% hexane sulfonate buffer
(110mMol, pH= &); 8% yl inj.;

0}
o 0} 0 I6) o]
HOI/,.O)LOle a) o “'O)kOBﬂ b) (¢} ,,,ON)LOH
on + N\ N\Cbz ‘H
cbz

Valproic acid Z-Hyp-OBz SPIC00201 SPIC002
3. SPIC003
o . 0 o : 0
- O E ?
o /—(lk 3) 0 OBz _>b) © or
+ HO > OBzl —_— N N
OH H-N~cbz H™ bz ©) P
Valproic acid Z-Thr-OBzI SPIC00301 SPIC003

Synthesis of the L-serine, L-threonine, and L-hydroxyproline esters of
valproic acid: a) EDC, DMAP, CH,Cl,; b) H,, 10% Pd/C, EtOH, EtOAc; ¢) HCL.
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15Iml/min; 5 mg/mL sample size. CHN analysis: calc.: C 54.84, H 6.02, N 9.84; found: C 54.66, H 5.98, N
9.65. 20 Melting point: 221-222 C V. Amino Acid Derivative of Cyclosporine A The macrocyclic
immunosuppresants comprise a class of structurally distinctive, cyclic, poly, N-methylated undecaptides,
and similar semi-synthetic macrolide structures 25commonly possessing pharmacological, in particular
immunosuppresgxgeﬁmielmﬂag@mﬂwy and/or anti-parasitic activity. The first of the cyclosporine to be

isolated was the natural g}%occurrl Riﬁ ial metabolite Ciclosporin or Cyclosporine also known as
cyclosporine A, Which Ades st 0%,SPIC002 and SPIC003 was conducted in one or two

MeBmt-VAbu-Saaidielse RVl lintiacDi e Mﬁﬂ@éeM@V@Efé%ﬁéﬁ@s%ﬁ%l%elmlgt@Mherem
MeBmt represents N- methyl (4R -4-but-2E-en- 1 -y1-4-methyl-(L) threonyl residue of the formula CH3 CH2

CH(R) "OH - N -eRaie8l¢RyreygamArgasiely Sigenalihranys St S s IS hette,
sirolimus (b} tacmﬂmu@e(&)paﬁ%@éaq%ﬂhmuﬁl(@)sm\@,@gem&immurﬁ&mures (b) (c) Sirolimus

1) SPICO001: 2-Propylpentanoic acid 2(S)-amino-2-carboxy-ethyl ester, hydrochloride

(L-Serine-valproic acid ester, hydrochloride)

10
A mixture of 2-propylpentanoic acid (valproic acid, 6.48 g, 44.93 mmole), N-
carbobenzyloxy-L-serine benzyl ester (Z-Ser-OBzl, 14.80 g, 44.93 mmole), EDC (8.61
g, 44.91mmole), and DMAP (549 mg, 4.49 mmole) in anhydrous dichloromethane (50
mL) was stirred under an argon atmosphere at room temperature for 20 hours. After 20

15  hours, the dichloromethane was washed with water (3x50 mL), dried over magnesium
sulfate (5 g), filtered and concentrated under reduced pressure. The remaining colorless
oil (20.87 g) was purified by column chromatography on silica gel (150 g, 0.035-0.070
mm, 6 nm pore diameter), eluting with hexanes/ethyl acetate (3:1). After concentration
of the product containing fractions under reduced pressure and drying under high

20  vacuum until the weight was constant, the experiment produced the protected L-serine-

valproate ester SPIC00101 (18.9 g, 92% yield) as a colorless oil.

(@) 0O
%OKQ
_N
H 740
(0]
SPIC00101 \—Q
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(c) (d) Tacrolimus Pimecrolimus 5The class comprised by the cyclosporines is thus now very large
indeed and includes, for example, [Thr]2-, [Val]2-, [Nva]2- and [Nva]2-[Nva]5-Ciclosporin (also known as
cyclosporines C, D, G and M respectively), [Dihydrop-MeBmt]1-[Val]2-ciclosporin (also known as
dihydro-cyclosporine D), [(D)Ser]8-Ciclosporin, [Melle]11-Ciclosporin, [(D)MeVal]ll-Ciclosporin (also
known as cyclospennar)z &l corigosrein 3Q[(RIPI0JR-Giclasporinsandisoms) sinaegerdance with

conventional nomenclature for cyclosporines, these are defined throughout the present specification and
claims by refereAc®te thes sttt ird ooy A3SdBlhéng. 8. 22 (Hibsporinelal. 2P tHs morle28y Hit8t indicating

the amino acid 15igsidyiesgeresgnt whigh giffer from those present ion Ciclosporin (e.g., "[(D)Pro]3" to
indicate that the cyclosporine in question has a -(D)Pro- rather than -Sar- residue at the 3-position) and
then applying the term Cyclosporine to characterize remaining residues which are identical to those

present in Cyclosogigry7 S RESHRASEN S8 1188 OHYOSPqERES EJE1R1q S3eyafiausdypes of

cyclosporines, in which x-y in the MeBmt residue has a cis or trans CH=CH or in which x-y therein is also
included in thosd &&difalivéd Tn WHidh.dAd o7 rhbréZop s arhind petd42podridns32-19: &P BYclosporine

A is replaced by gdifferent amino acid. It is preferred; however, 5that not more than two of the amino
acids are replaced in the formula of cyclosporine A and more preferentially not more than one of the
amino acids is replaced by an amino acid. In addition, amino acid residues referred to by abbreviation,

€.g., -Ala-, -MeVa a0 J0Y ARz RS IPraHeUIanSpIed VAN W@‘ﬁﬂ‘ﬁ(%i??lxpe?s undgretgod as

having the (L)-configuration unless otherwise indicated, e.g. as in the case of "-(D)Ala-". Residue

abbreviatioH} prétedeadyoralaand eHebagdast (0allewat roepréaapendtNeiatiddesdoasiaies.
Individual residugs,qf 339(%)% sherisqdpkactie B REMBRSE LA 316 &$oclogkyyiskaepd starting with
Iny -

the residue -MeBmt-, eBmt- etc.. .in position 1. 15The same numerical sequence is employed
throughout the phéisegrnspareipheisn ARe eaRgagn atmosphere was replaced with hydrogen gas (30 psi).

After 4 hours of shaking, additional palladium catalyst (1.0 g) in ethanol\ethyl acetate
(1:1, 100 mL) was added and the reaction mixture shook overnight under hydrogen gas
15 (30 psi) at room temperature. After 24 hours the catalyst was removed by filtration
through a thin layer of activated carbon. The ethanol and ethyl acetate were concentrated
under reduced pressure at room temperature. After drying under high vacuum, the
remaining solids were acidified with hydrochloric acid in diethyl ether (2M, 24.6 mL).
The mixture was stored in a refrigerator for two hours before filtration and washing with
20  additional cold diethyl ether (10 mL). After filtration, the remaining white solid was
dried at room temperature under high vacuum until the product weight was constant (24
hours). The experiment produced L-serine-valproic acid ester, hydrochloride SPIC001

(6.34 g, 57% yield) as a white solid.

SPIC001
25
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Because of their unique pharmaceutical potential, the macrocyclic immunosuppressants have attracted
considerable attention in the press. The term "macrocyclic immuno- 20suppressants” includes various
natural and semi-synthetic derivatives of cyclosporine, and other macrolides such as sirolimus, tacrolimus
and pimecrolimus. The primary area of clinical investigation for above drugs has been as

immunosuppressﬁq\mﬁq%d WF@MS@): r@@@%t&)}@, @PB!_@%P(H&? fﬁ@iplem,@_pj,_@fﬂ%l fransplants,
e.g., heart, lung, combined heart-lung, liver, kidney, pancreatic, bone-marrow, skin and corneal

u
25transplants, aféfir2Padiiclia?-allodenicietgdm tidhsgraftenTRdsel di? 9 ot B als 3 U s8e 4 e $featment of
psoriasis, atompjg ggrmatitig,sheumatoid arthritis and nephritic syndrome. Macrocyclic
immunosuppressants are also useful for treating various autoimmune 30diseases and inflammatory
conditions and especially inflammatory conditions with an 132 aetiology, including an autoimmune
component,ﬁsucm@smﬁrktﬁ_ Q{@Hg’xgmg@);rggumg_@g pggh{gl’sé ﬁgq]rgpltg]m@} @g@;g;reg%@t and arthritis
deformons) and rheumatic diseases. Specific autoimmune diseases for which cyclosporine therapy has
been proposed G0dppliedihclddy . ddtdnmune hematological disorder (including, e.g., Shemolytic
anemia, aplastic anemia, pure red cell anemia, and idiopathic thrombocytopaenia), systemic lupus
erythematosus, polychondritis, sclerodoma, Wegener granulamatosis, dermatomyositis, chronic active
hepatitis, myastiéR&galissipsoriasis, Steven-Johnson syndrome, idiopathic sprue, autoimmune

inflammatory bowglidizeage. Inelugings &g, UiFRral¥esaUs ARAE 19 Frissasek BRdARTna4

10opthalmopathy Graves disease, sarcoidosis, multiple sclerosis, primary billiary cirrhosis, juvenile
diabetes (dibetégnEifieuS @)HEATe IRIEHS atrEror @ndpdstaridinlkatatd0onpmdsipiiciacand vernal
keratoconjunctiv%&ﬂ@q&g@l&wgf}ﬁ&g@ psQiatic arthritis, atopic dermatitis and glomerulonephritis (with
and without nephrotic syndrome, e.g., incl%ding idiopathic nephritic syndrome or minimal change
15nephropathy). Furthermore, macrocyclic immunosuppressants also have applicability as an
anti-parasitic, in pgfticiy|af,@ti-protozoal agent, and are suggested to be useful for treating malaria,
coccidiomycosis and schistomsomiasis. More recently, they have been taught 20to be useful as an agent
for reversing or &Blegdtng-amithd 388t 2y dpundsistthéd. dbRtdmdrs #hd the like. Despite the very
major contiipution which macrocyclic immunosuppressants have made, difficulties have been
encountered in providing more effective and convenient means of 25administration (e.g., galenic
formulations, forMgHmpleoivtal dGshefe Yorm, which are both convenient and for the patient as well as
providing appropriate bioavailability and allowing dosaging at an appropriate and controlled dosage rate)
as well as the reported occurrence of undesirable side reactions; in particular nephrotoxic reactions have
been obvious sefib$kaPoditdhts2d epwidenisse dpapphicanbdinp/@ocebake igieie mentioned
macrocyclic immunosuppressants are characteristically highly hydrophobic and readily precipitate in the
presence of even very minor amounts of water, e.g., on contact with the body (e.g., stomach fluids). It is

accordingly extremely difficult to provide e.g., oral formulations which are acceptable to the patient 5in
terms of forth an@té&@,wm%vﬁlgﬁﬁcﬁ%{éfﬁé and which can be administered on

A mixture of 2-propylpentanoic acid (valproic acid, 4.32 g, 30 mmole), N-
carbobenzyloxy-L-hydroxyproline benzyl ester (Z-Hyp-OBzl, 10.66 g, 30 mmole)’,
EDC (5.74 g, 30 mmole), and DMAP (366 mg, 3 mmole) in anhydrous dichloromethane
(30 mL) was stirred under an argon atmosphere at room temperature for 20 hours. After
25 20 hours, the dichloromethane was washed with water (3x30 mL), dried over
magnesium sulfate (5 g), filtered and concentrated under reduced pressure. The
remaining colorless oil SPIC00201 (11.95 g, 24.7 mmole, 82.4% yield) was used

without purification.
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a regular basis to provide suitable and controlling patient dosaging. Proposed liquid formulations, e.g., for
oral administration of macrocyclic immunosuppressants, have heretofore been based primarily on the use
of ethanol and 10oils or similar excipients as carrier media. Thus, the commercially available macrocyclic
immunosupressant drink-solution employs ethanol and olive oil or corn-oil as carrier medium in
conjunction with solvent systems comprising e.g., ethanol and LABRIFIL and equivalent excipients as
carrier media. Thus, mercially Javailable macrocyclic immunosupressant drink solution employs
ethanol and olive oil or ¢ rn-&l"@%&ﬁ&mm in conjunctions with a Labrifil as a surfactant. See
88,307.'08 o the solution and similar composition as proposed in the art

has proved problematic. The 20taste of th@
with an appropriate flavoregpjgglgoiej €xampte, chocolate drink preparation, at high dilution immediately
prior to ingestion has generally been practiced in order to make regular therapy at all acceptable.
Adoption of oil based systems has also required the use of high ethanol concentrations to itself inherently

undesirable, in pgrti 5 inistratic ildren i additjor, evaporatjon of the
ethanol, e.g., fr%ﬁ%é@ %%ﬁﬁti%ﬂ#@rgge_ggé?t@%&)pSd%%%ﬁ@dgfg Igiglg'lé;,%ér%%g%%ed or other
forms (e.g., wherlppened)ivesllis/ia sheAlev8mpreenaf mmaddeydicImMmynosopressSaH precipitate.
When such compaositio re presented j ex , latin encapsulated form an additional
problem ari§es. r@b§é@ﬂ%5§ﬁ§%§ﬁ§@n@{égﬁgﬁé§ 6§%ﬁ§§ng of the encapsulated product in an
air-tight component, for example, an air-tight blister or aluminum-foil blister package. This in turn renders
the product both bulky and more expensjve to pr e, The stor characteristics of the aforesaid
formulations are, i# EMH%F 34?%151@@1: §.6§£§%B.ﬂ&%@v&?§§§hi‘é§e@gu ' g%xi%f 84oral macrocyclic
immunosupressanbdwsags.sysism mel aksedoveand, axhiby witegrniat®y betwsen mdpdduaisi individual
patient types and even for sin%le individuals at different times during the course of thera%{ Reports in the

literature indicatés that/dutreffly*2vidbe’ thefapy- Enproging tHE comhiettidtly Saiadte’matr8¢yclic

immunosupessantalrink . selumoopiovides amol@average absolute bioavailability of approximately 30%
only, with the marked variation between individual groups, e.g., between liver (relatively low
bioavailability) and bone- marrow (relatively high bioavailability) transplant recipients. Reported variation

in bioavailability Deéweewsedbjecisdiasypasiatt frarprone ester SRIE020N (o 30me paventsolo) asasnuch as
90% or more for gthers. And as already noted, marked change in 15bioavailability for individyals with time
o requenty ob<UR G A0 LR (oA S St G B GABR A, B8 A boyclc
immunosupressashiRapabietls (306endf sthelh dossgedo0Tsps Ak aharaciboiz €8l Dy, exigemer variation in
required patient do&agin . To achieve effectjve immunose‘l}:,}ﬁpreﬁagive thergé?%/é tgoogh%?ood serum levels
20 compounds oFfe A LESHARARE be A GRSy AN RATR SR A SR R ERfiPedftange can
in turn, vary, dep@ogisig arftbelpaidictslar chalditignheeingliraaiad renthy sdnstiartempydadh preirent
transplant rejec:ﬁ%n or f rigle co(?trol Oftgi gﬁgoim une dis(ﬁ?se 0 Q(;\:’ondition and on whether or not
alternative immuiiSSUBHFELGRIHITRRSE GRSy LaF ARy W&%ﬁﬁi‘ il 4Ry SR fftinosuppressants
of the formula  concentrated under reduced pressure at room temperature. After drying overnight under

high vacuum at room temperature, the experiment produced L-hydroxyproline-valproic

20  acid ester SPIC002 (9.2 g, 99.8% yield) as a white solid. In order to remove trace
impurities, the zwitterion was purified by reverse-phase column chromatography (50 g
ODS silica gel) in two batches. The zwitterion was placed on the column in DIUF water

and eluted with mixture of DIUF water/methanol (2:1, 1:1, 1:2, 100% methanol).

163



25a-d therapy. Because of the wide variations in bioavailability levels achieved with conventional dosage
forms, daily dosages needed to achieve required blood serum levels will also vary considerably from
individual to individual and even for a single individual. For this reason it is necessary to monitor
blood/blood-serum levels of patients receiving macrocyclic immunosuppressant therapy at regular and

frequent 30intervis. JMRRIEOEIE A IO PEldlBRdRGEEBIRIRE, WhticEnieSanerally RaHQMREBYrERM o

equivalent immunoassay technique, %E. employing monoclonal antibody based technology, has to be

carried out on a fgtdrbis; FrldidehavdabaihvecomsahirfiisaRiEave HEHtha Y 8ighs ¥bstantially

to the overall cogl,gfther@Rh IS0 WheCastdthalhlqegyblood serum macrocyclic immunosuppressant
levels achieved using available dosage systems exhibit extreme variation between peak and trough
levels. That is for each patient, effective macrocyclic immunosuppressant levels in the blood vary widely
between administrations otindividual %osages. 10 There is also a need for providing macrocyclic
immunosuppressant i ter solublgform for injection. It is well known that Cremephore L used in a
current formulations of mjacrdty¢lic jinm@Hosuppressants is a polyoxyethylated derivative of castor oil and
is a toxic vehicle. There-have beer™ number of incidences of anaphylaxis due to the castor oil
component. At present there is no formulation that would allow the macrocyclic 15immunosuppressants to
be in aqueous solution at thgppRggatrations needed due to poor water solubility of the drug. Beyond all
these very eVident practical difficulties lies the occurrence of undesirable side reactions already alluded
to, observed employing available oral dosage forms. 20 Several proposals to meet these various
problems have by int W I_ur?' both sﬁ['ﬁ rES?rIi uid oral % age far S.Q]n overriding
difficulty which L ﬁﬁ@%@ﬁ@i\?ﬁ%@?ﬁ%ﬁﬁ o I’i%/ (ResniiDo %%Ii&%\]‘?ﬁrlj’]n% dbressants
in aqueous medigihpnge MeySngihelliss oflatdesage ferm \which, casnanpiaim 25m)acieryichic
immunosuppressants | icjently high cancentration to permit co lept use and yet meet the required
criteria in terms m%ig;jgéldté&g@ %ﬁ?ﬁt}hﬁaéf@éﬁ%%éréécfﬁ Eﬁ? The u{%ﬁach or gut lumen and
achievemeng of consistent and appropriately high blood/blood-serum levels. The particular difficulties
encountered in rejation to oral dosaging with macrocyclic immunosu 9oressants have inevitably led to
restrictions in the %W&E%E%ﬁlﬁﬁ% 0§L}66r %\Z’?’r%ﬁe?ép%ﬁfo‘f tRE-tdatinént ¥ ﬁéét%ely less
severe or endanggrngxisgase gpnditions. A particular area of difficulty in this respect has been the
adoption of 5 macrocyclic immunosuppressant therapy in the treatment of autoimmune diseases and
other conditions affecting the skin, for example for the treatment of atopic dermatitis and psoriasis and, as
also widely propegaddnthgast, for hair growth stimulation, e.g. in the treatment of alopecia due to ageing
or disease. 10 Thus while oral macrocyclic immunaosuppressant therapy has shown that the drug is of
considerabld potShALlbBHER ol paliRiE oG DB, rorHBLONASE THA e bFRIdEN PodBirs following

oral therapy hasipigy€NteGeRNAN WeHaMalers|proppsibs isymheen magrdidhesaitjrr application of
macrocyclic immunosuppressants, €.g. cyclosporine, in topical form and a number of topical delivery
systems have béBA8E LR MR RbdRGnts at topical application have however failed to provide any
demonstrably effective therapy. However, the present invention overcomes the problems described
hereinabove. More specifically, an embodiment of the present invention is a prodrug of macrocyclic
20immunosuppr @g) ithr significantly enhances its solubility in aqueous solutions,

20 calc.: C60.68, H9.01, N 5.44; found: C 60.58, H9.12, N 5.48.

Melting point: 179.0-180.0 °C

3) SPIC003: 2-Propyl-pentanoic acid 2(S)-amino-2-carboxy-1(R)-methyl-ethyl ester,
25  hydrochloride
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thereby avoiding the need to utilize a carrier, such as ethanol or castor oil when administered as a
solution. Moreover, the prodrugs of macrocyclic immunosuppressant, in accordance with the present
invention, do not exhibit the side effects of the prior art formulations. Further, the inventor has found that
the macrocyclic immunosuppressant 25 prodrugs of the present invention enhance its absorption when
administered in the prodrug form tqE PREAInth16RYiIEABRNGIRG, HaMmifigabtindts bioavailability and its
efficacy.  Accordingly, in one aspect, the present invention is directed to a prodrug of macrocyclic
30immunosuppressants. The prodrug consists of an amino acid esterified to the free 137 hydroxy group
present on the side chain of cyclosporine, sirolimus, tacrolimus and either one of the hydroxyl groups of

the pimecrolimus,| Gl f2(5@%2@“}35%990?P‘?a%%%iﬁf%%%@f@%ﬂ é§ jrected to, the

compounds of the 5 formulas or pharmaceutically acce salts thereof; 5wherein

CYCLO representshviecrasidupd-athpouitioncazyl esiahe’cybloaialing md Bcillensglds, ERECHBr CH2CH2
and AA is a3 aminq gichof.5 REBNARIOLBE IR INOE ST G5y Chiaia gipine and Aa s

any V-amino acid. In the dipeptide structure, an” AA is attached to the drug via OH group using glycine as
the spacer. Glychies igigstérifider encyelusponipreate ahervglyenpersbsntedihams AANGE Hinide 10

Inkage usin aning rURCEAYSING NS GRS ARIINP CLANTheIErsILIEIRN 7 ol

directed to a pharmaceutical compaosition comprising a therape ective amoun e compounds
of the Formulas sutfab 6veafittaquhaminaceativaicchuriderthahedod. pibshuandthe remibodeehirltye present

invention is directed to a,method of .treatin atient in need of macrogyclic;i no r t therapy
Ei%l?@l ﬁrﬁ‘gﬁs rﬁlel{#(i)eé?gj rgﬁglgmn chdroma ot%ra Yy, on s(i)gé% aigrtfl:(le t%gﬁ%@? 5"

(or cyclosporin ther py), prises administéring-to sal ective amount of the

compoundd®f Formubasapdreldianiarthe c ko dirdentx thesfidséacémrertdidn. is directed to a method of
enhancing the s ility of r I ImmunQs in.an . a S tion_comprising reacting
the hydroxy fu nc(:%ll(lgkgg |tynfr? %%qﬁgéﬁ%‘%%%@%f%%%ﬁ@ﬁgﬁ }gﬂ %él Scyc oggg?ﬁ%%}’éfesgﬁ% %nsawell as the
specified hydroxgffurgtiote in gbrvaciasobsativitre aremhtine acit Santatd atipgrdeeivativd thed ¢lof under
ester forming copeifions:qt tnrdisiNg 3 SITRIR 3PSPRRSG IPRIde e NETPIL AN 1S
attached to drugBusEng gqyciné asl#%e spEcher andé ?s% ating and%sd@%i%’g%e f)n%guaét §1ereo . I%lSthher, in
another embodimint, the present invention is directed to a method of enhancing the dose proportionality
of cyclospolrgn comprising reacting the hydroxy functionality in the

?A Y@

SPIC00301

'H NMR (300 MHz, CDCls): & = 7.40-7.05 (11H, m), 5.45 (1H, m), 5.17-5.02 (4H, m),
4.53 (1H, d, J=9.6 Hz), 2.24 (1H, m), 1.58-1.40 (2H, m), 1.40-1.15 (9H, m), 0.86 (6H,
m).

20
C NMR (75 MHz, DMSO): § = 174.24, 169.29, 156.48, 136.61, 135.34, 128.26,
128.20, 127.74, 127.67, 127.58, 69.04, 66.33, 65.78, 57.62, 44.50, 33.89, 33.80, 20.03,
19.91, 16.40, 13.87.
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10 MeBmt moiety at position 1 of the cyclosporin molecule with an amino acid or acylating derivative
thereof under ester forming conditions and isolating the product thereof and administering the product to a
patient. In a still further embodiment, the present invention is directed to a method of enhancing 15the
bioavailability of macrocyclic immunosuppressants when administered to a patient which comprises
reacting the hydrony frnetienalighisothadaBmdameicty SPPOBIBU of 2 @/ desperngdneigcule with an
amino acid or acylating derivative under ester forming conditions and as well as the specified hydroxyl
functions in form%%lﬁ?& g ArAddianst sbylas G gdn04nte thereds rpsraddte ARy conditions
or by using 20a simPerABYAR asid AH19 diperiide sttuctreuibRiain BiecAdds attlssbesiin diely using
glycine as the spacer and isolating the product thereof and administering said product to the patient.
Overview: 25Th&MBRALFASH HRUPRTE SIS R HIEORER 2BROTRRS TG YEHERIRECA YN RHE) S5R &e esters

of Cyclosposne {isRutlinge:inSKbthetie 2eavRcmsestioned besBRXINesSaEexkamyanoef the
synthetic scheme using amino acids. The complete procedure and anaIP/ticaI data is given in the

Experimental Set4HRRE AP sHng Wity ahanel (mdalithha el s dialiedtivalent) in

anhydrous pyridigghcEheagQ) @xaerireaiidarpeidsad thesdnoransetateeshaiafdyalosnasing# (5P1001201,
14 g, 88% yield) in good yield. The chloroacetate ester (10.1 g) was then treated with sodium azide in

DMF to generate' #BU% fSatapata Bas s (3 dro gpdrtie K (8B 01 80D B s ildii). he

azidoacetate (9.3d@kVyas DIEIF iegleeesowith) timeblasided® i steilpsrpibie dbwn g higioenestghof Cyclosporine
A (8.54 g, 89% vyield). The glycine ester of Cyclasporine 5 AéSPI001203) was then coupled with a
two-fold extdss BFEYHET BTOI BRSNTEcGr BELLENSIAG srfg ERE ad & RUBRABL R5&M Sttt purification

by column chrontixiagriaphyalphei b PEtesHyd GRSy ST 008 Ve d Ironsdliesdipeptids esiditof
Cyclosporine A at low temperature (5 C) by treatment with 2M hydrochloric acid in diethyl ether. The

L-lysine-glycine & salt of Cyclosporine A did not require 10additional purification and was dried. The
L-proline-glycine ester salt of Cyclosporine A required purification. The salt was converted to the

calt was then oIS AEOFELFDRFA S i GIERB EATGURBS POt o S8 A T ey metc.
Sequence:15 CyRlvgparsncApubif K0 0d sGRIARA form acetonitrile. After the salt was dissolved in

hot acetonitrile (225 mL), the material was treated activated acrbon, filtered, and placed

in a 5 °C refrigerator overnight. The white solids were filtered after 18 hours, washed

with cold acetonitrile (10 mL), and dried under high vacuum at room temperature until

the product weight was constant (24 hours). The process recovered L-threonine-valproic

20  acid ester, hydrochloride SPIC003 (6.82 g, 77.5 % recovery) as a white solid.
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Synthesis of the N-(L-proline)-glycine and N-(L-Lysine)-glycine esters of 5Cyclosporine A: a) pyridine; b)
NaN3, DMF; c) SnC12, methanol; d) boc-L-lysine, EDC; e) boc-L-proline, EDC; f) HC1, Et20.
Experimental Section: The synthesis of 5P10022 and 5P10023 was conducted in batches. Generally a
small-scale experiment was performed first followed by a larger batch. Reagents mentioned in the
experimental section were purchased at the highest obtainable purity from Aldrich, 5 Acros, or Bachem,
except for solvents, which were purchased from either Fisher Scientific or Mallincicrodt. The Cyclosporine
A (USP grade) used in theg§e procedfires was provided by Signature Pharmaceuticals, Inc. 1) 5P1001201
10 Cyclosporine es) was dissolved in anhydrous pyridine (35 mL) at room
temperature, under an argon atm sphere. The solution was cooled to 5 C in an ice/water batch and
chloroacetic anhydridé (9.10 g, 'd. (58 mples) was added. After stirring for 10 minutes, the ice bath was
removed and the solution was allowed to stir 15 under an argon atmosphere at room temperature for 17
hours. After 17 hours, diethy, é Iaedo( 00 mL) was added. The ether was washed with water (2x100 mL)
and dried for 1 hour over sodium Sulfate (10 g). After filtration and concentration under reduced pressure,
the remaining yellow foam was dried under high vacuum (1 hour at room temperature) and purified by

flash chromatogr, % on 5|I|ca el (20 elutln%wnh 20heptane/acetone (2:1). After comblnlng and
concentrating the"g brf% =th ]réh’iaﬁﬁﬁ@ I@ﬁ?ﬁ@lo\ﬁio@\ﬁﬁ(@ hl'b)Jwgs H?r?rfled a final

time by cryssaIIIZ@ggr% omimt 5)691% gkher (49 L) Aften conling 4119 3, @hawrsh B4ralign, aad drying
under high vacuum, the procedure generated the chloroacetate ester of Cyclosporine A 5P1001201 as a
white solid (14. 0%6 ﬁ?h% yield). Cyclosporine A chloroacetate ester: 1H NMR (300 MHz, CDC13): 5 =
8.50 (d, 1H, J=9.6 Hz), 7.95 (d, 1H, J= 6.6 Hz), 7.46 (d, 1H, J=9.0 Hz), 7.40 (d, 1H, J= 7.8 Hz), 5.35-4.52
(m, 15 H), 437(; 1H,J=7.2 Hz), 4.12 (d, 1H, J=14.7 Hz) 389& 1H, J=14.7 Hz), 3.45-3.0 (m, 15 H),
2.8-2.5 (M, 6H), 2G MMRA7 ISz, 58730 hd AR ENMRITB MHAACB B 387878, 173.37,
172.86, 172.61, 3§ 280l 18537939 170.79, 168.78, 167.64, 167.18, 128.77, 126.68, 75.46, 65.95,
58.89, 57. 4170 55.80, 55.31, 54.86, 54.34, 50.19,

HPLC analysis:
98.88% purity; r.t.= 4.864 min.; 70% DIUF water/30% acetonitrile; 1 mL/min; 40C;
Luna C18, 5u column (serial # 211739-42), 4.6x250 mm; 20 ul injection; sample
dissolved in mobile phase.

15
CHN analysis:
calc.: C51.15, H 8.59, N 4.97; found: C 51.29, H 8.59, N 4.98.

Melting point: 144 °C

20
Solubility of the above esters wee determined in water at room temperature by
dissolving excess of each of the drug and allowing them to settle for a few hours. The
resulting solutions were centrifuged at 1500rpm for 3 min and the supernatant liquid was

analyzed. It was shown that these esters possess solubility in water in excess of 50

25 mg/mL.
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48.91, 48.35, 48.02, 44.80, 40.96, 39.44, 37.07, 35.93, 33.85, 33.25, 32.40, 31.74, 31.50, 30.38, 30.12,
29.82, 29.53, 25.13, 24.92, 24.78, 24.40, 23.99, 23.75, 22.85, 21.94,

There are a number of screening tests to determine the utility of the prodrugs created

according to the disclosed methods. These include both in vitro and in vivo screening

methods.

5  The in vitro methods include acid/base hydrolysis of the prodrugs, hydrolysis in pig
pancreas, hydrolysis in rat intesetinal fluid, hydrolysis in human gastric fluid, hydrolysis
in human intestinal fluid, and hydrolysis in human blood plasma. These assays are
described in Simmons, DM, Chandran, VR and Portmann, GA, Danazol, Amino Acid

Prodrugs: In Vitro and In Situ Biopharmaceutical Evaluation, Drug Development and

10 Industrial Pharmacy, Vol. 21, Issue 6, Page 687, 1995, the contents of all of which are

incorporated by reference.

Prodrugs of Valproic acid of the present invention are effective in treating diseases or
condidiotns in which Valproic acid normally are used. The prodrugs disclosed herein
15  are transformed within the body to release the active compond and enhances the
therapeutic benefits of the Valproic acid by reducing or eliminating biopharmaceutical
and pharmacokinetic barriers associated with each of them. However it should be noted
that these prodrugs themselves will have sufficient activity without releasing any active

drug in the mammals.

20
Thus, the prodrug of the present invention enhances the therapeutic benefits by removing
biopharmaceutical and pharmacokenetic barriers of existing drugs.
Furthermore, the prodrugs are easily synthesized in high yields using reagents
which are readily and commercially available.
25

VII WATER SOLUBLE PRODRUGS OF FIBRIC ACID DERIVATIVES
Fibric acid derivatives are useful anti-hyperlipidemic drugs useful in the treatment of
hyperlipidemia in mammals where the symptoms are elevated triglycerides, low HDL
(High density lipoproteins or “good” cholesterol, and elevated cholesterol. Fibric Acid

30  derivatives are also useful in reducing LDL (Low density lipoproteins, or “bad”
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21.41, 15 21.25, 20.84, 19.85, 18.79, 18.32, 17.89, 17.82, 15.46, 15.24, 10.08.  2) SPI001202 The
chloroacetate ester of Cyclosporine A SP1001201 (10.10 g, 7 89 mmole) was 20 dissolved in anhydrous
N,N-dimethlformamide (30 mL) at room temperature. Sodium azide (2.15 g, 33.0 mmole) was added. The
mixture was allowed to stir at room temperature for 24 hours in the dark, under an argon atmosphere.

After 24 hours, digthvdetbsr theQenblavas.edeedrand tinei Prerdritale svas diigredddhs.ilenas washed
with water (2x100 mL), dried gver sodium sulfate (15, g) for 30 minutes, filtered, and  concentrated under

reduced pressuré. TR fHH Lo A LB BT Ya SRERTo AA atY & sdrded
temperature. Thenekpefdmant Rredusestihecazidargriate.ertesipifbyslosROIBM ALRIZI D@ A2 (9.90 g, 97%

yield) as a white solid, which was used without further purification. 5 Cyclosporine A azidoacetate ester:
1H NMR (300 MHEE-CDC13):

5
0
X
OH
HsC CHs
FIBRIC ACID ANALOGS
Typical examples of the chemical moiety X in the above structure are shown below.
O,
Ciprofibric Acid
crocl
Dx,_
/@’ Clofibric Acid
Cl
cl ey
Fenofibric Acid
O
CH;
/@: Gemfibrozil
e DM.—.
10
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= 8.48 (d, 1H, J= 9.3 Hz), 7.95 (d, 1H, J= 6.9 Hz), 7.45 (d, 1H, J= 9.0 Hz), 7.39 (d, 1H, 10 J= 7.8 Hz),
5.5-4.5 (m, 15 H), 4.31 (t, 1H, J= 6.6 Hz), 4.04 (d, 1H, J= 17.3 Hz), 3.53 (d, 1H, J= 17.3 Hz), 3.45-3.0 (m,
15 H), 2.8-2.5 (m, 6H), 2.5-1.5 (m, 16H), 1.5-0.7 (m, 53 H). 13C NMR (75 MHz, CDC13): 158=173.76,
173.32, 172.82, 172.53, 171.13, 170.89, 170.76, 170.69, 169.70, 168.20, 167.49, 128.63, 126.61, 74.96,

58.91, 57.39, 55136rioactd aRASHY ShwR imthd 4irl&HR, h8veh AR Bleiftdh8RnAd HdveAD18%e39.33, 39.22,

37.02, 35.83, 33.81, 32.96, 32.31, 31.67, 31.42, 30.31, 30.09, 29.76, 29.47, 25.08, 24.92, 24.84,
number of therapeutic applications, which are quite varying and somewhat surprising.

Broadly, these derivatives are useful in the treatment dyslipidemia and
dyslipoproteinemia. Dyslipidemia and dyslipoproteinemia are herein defined to include
5  the group selected from hypercholesterolemia, abnormal and elevated levels of

cholesterol, abnormal and elevated levels of LDL cholesterol, abnormal and elevated
levels of total cholesterol, abnormal and elevated levels of plasma cholesterol, abnormal
and elevated levels of triglycerides, hypertrigylceridaemia, abnormal levels of
lipoproteins, abnormal and elevated levels of low density lipoproteins (LDLs), abnormal

10 and elevated levels of very low density lipoproteins, abnormal and elevated levels of
very low intermediate density lipoproteins, abnormal levels of high density lipoproteins,
hyperlipidemia, hyperchylomicronemia, abnormal levels of chylomicrons, related
disorders, and combinations thereof such as those described in The ILIB Lipid
Handbook for Clinical Practice, Blood Lipids and Coronary Heart Disease, Second

15  Edition, A. M. Gotto et al, International Lipid Information Bureau, New York, N.Y.,
2000, which is hereby incorporated by reference.

Mechanism of Action:
The mechanism of action of Fibric acid derivatives seen in clinical practice have been

20  explained in-vivo in transgenic mice and in vitro in human hepatocyte cultures by the
activation of peroxisome proliferator activated receptor alpha (PPAR-alpha). Through
this mechanism, Fibric acid derivatives increase lipolysis and elimination of triglyceride-
rich particles from plasma by activating lipoprotein lipase and reducing production of
apoprotein C-III (an inhibitor of lipoprotein lipase activity).

25
The resulting fall in triglycerides produces an alteration in the size and composition of
LDL from small, dense particles (which are thought to be atherogenic due their
susceptibility to oxidation), to large buoyant particles. These larger particles have greater
affinity for cholesterol receptors and are catabolized rapidly. Activation of PPAR-alpha

30  also induces an increase in the synthesis of apoproteins A-I, A-II, and HDL cholesterol.
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24.67, 24.51, 24.40, 23.94, 23.82, 23.71, 21.85, 21.33, 21.25, 20.82, 19.79, 18.71, 18.25, 17.92, 17.81,
15.17, 10.03. 20 3) SPI001203 The azidoacetate ester of Cyclosporine A SP1001202 (9.80 g, 7 62
mmole) was dissolved in methanol (250 mL) at room temperature. Water (40 mL) was added followed by
tin (1) chloride (5 g, 26.3 mmole). The solution was allowed to stir for 1 hour at room temperature when

an additional quamgity. af i dWi chieederthB ot dunmele )l wasRANSH e S AHQARWBS ieMY&Ki o Stir for

an additional 2 hours at room temperature. Water (200 mL) containing ammonium hydroxide (40 mL,
29%) was Saddetf PEE HFERETHECEBIIRtBHIGS concentrated (to 200 mL) under reduced

Hyperlipidemia types include type I, type Ila, type 1Ib, type 11, type IV, and type V.

5  These types can be characterized according to the levels relative to normal of lipids
(cholesterol and triglycerides) and lipoproteins described above. Different classifications
are derived from Drug Facts and Comparisons, 52nd Edition (1998) page 1066 which is

hereby incorporated by reference.

10 Many of the fibric acid derivatives when administered orally do not have sufficient
bioavilability and absorption are variable, erratic and depended upon food. In fact
absolute bioavialbility of many of the fibric acid derivatives is not possible since the
prodrugs of fibric acids currently marketed as insoluble in water, hence a parenteral
formuation is difficult or not available. Furthermore, since these drugs usually

15  administered as esters, they are in fact prodrugs. These prodrugs have to be metabolized
in the body to release active drug, which are the fibric acids. However, due to the ester
formation of these drugs, they are quite insoluble in water, hence are difficult to

formulate, and are not easily broken down in the body to release active drugs.

20  Many of the Fibric acid derivatives are low to medium molecular weight solids with
characteristic odor. Taken orally it has unpleasant taste and can severely irritate mouth
and throat. Taken with food provides more blood concentration compared to fasting.
This fed/fast difference in bioavailability is more pronounced when Fibric acid
derivatives are compared against their corresponding prodrug derivatives. Overall

25  bioavailability has been reported anywhere between 40-60 and quite variable among

patients.

One of the significant problems associated with currently marketed fibric acid
derivatives being that when these prodrugs are cleaved in the body, they release the

30  prodrug moiety, which themselves are highly toxic. For example, in the case of
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pressure. The remaining aqueous solution was extracted with ethyl acetate (2x200 mL) The ethyl acetate
fractions were combined, dried over sodium sulfate (20 g), filtered and concentrated under reduced
pressure. The remaining clear foam was purified by filtration through silica gel (150 g), eluting with
dichloromethane/methanol (20:1). The 10procedure generated the glycine ester of Cyclosporine A as a

clear, solid foamp(g g 8%nislalivrlyaing sisier Al Guelasperine Aad md EiMR 30MIdRaGDC13): =
8.60 (d, 1H, J= 9.6 Hz), 8.06 (d, 1H, J= 6.9 Hz), 7.53 (d, 1H, J= 8.4 Hz), 7.51 (d, 1H, J= 6.6 Hz), 5.7-4.52
(m, 15 H), 4.41 ha projoejessymsiee Saaqfibricacss. Jtan el knowippisepans] ihighly)toxis yhepm, 53 H).

20 13C NMR (75MudGRE1R): o Fid Athtalita.6ubd3.23, 172.72, 172.55, 171.18, 171.10, 170.73,
170.61, 169.68, 167.77, 128.82, 126.42, 73.83, 58.57, 57.32, 55.99, 55.20, 54.74, 54.31, 50.08, 48.82,

48.28, 47.90, 44.70, 43.81, 40.74, 39.33, 39.24, 37.02, 35.84, 33.72, 33.07, 32.39, 31.72, 31.41, 30.25,
5  Inorder to improve the therapeutic effectiveness, uniform blood profile, develop

pharmaceutically elegant formulation and improve the solubility of the drug in water,
present invention discusses alternative prodrugs of Fibric acid derivatives which

overcome many of the difficulties stated above.

10 Accordingly, in one aspect, the present invention is directed to alternate class of
prodrugs of Fibric acid derivatives. The prodrug consists of the hydroxyl group of an
amino acid esterified to the free carboxyl group present on the Fibric acid derivatives
molecules. In another embodiment, the amine group of the amino acid is reacted with

COOH of the fibric acids to form an amide linkage.

15

More specifically, in one aspect of the present invention is directed to, the compounds of

the formulas

0
X
R
HsC CH;

FIBRIC ACID ANALOGS

20

where x is as defined hereinabove
or pharmaceutically acceptable salts thereof; wherein R is either NH-AA or O-AA and

AA is an amino acid, in which either an amine group or the hydroxyl group is reacted

25  with the carboxylic acid group of Fibric acid derivatives.
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29.98, 29.74, 29.51, 25.05, 24.81, 24.73, 24.54, 24.31, 23.91, 23.78, 23.68, 25 21.86, 21.33, 21.25,
20.68, 19.76, 18.74, 18.24, 17.94, 17.79, 15.18, 10.03. 4) SPI0022

The present invention is also directed in an embodiment to a pharmaceutical
composition comprising a therapeutically effective amount of the various Fibric acid

derivatives prodrugs above and a pharmaceutical carrier therefor.

5  In another embodiment, the present invention is directed to a method of treating a patient
in need of Fibric acid derivatives therapy, which method comprises administering to said

patient an effective amount of the Fibric acid derivatives.

In a further embodiment, the present invention is directed to a method of converting
10 liquid Fibric acid derivatives into a solid powder by reacting the carboxyl functionality
of the Fibric acid derivatives with either amine or hydroxyl functionality of an amino

acid and isolating the products thereof.

In a still further embodiment, the present invention is directed to a method of

15  substantially and in a therapeutically efficacious manner, make the derivatives absorbed
easily upon oral administration thereby improving the consistent therapeutic effect by
administering to a patient a prodrug which comprises reacting the COOH functionality
of the Fibric acid derivatives molecule with either NH, or OH functionality of selected
amino acids to form an ester or amide covalent bond respectively and isolating the

20  product thereof and administering said product to the patient.

It was determined that when unsubstituted naturally occurring amino acids are esterified

to Fibric acid derivatives, the resulting prodrugs are pharmaceutically elegant free

flowing powders, and are rapidly absorbed into the body and release non-toxic amino
25  acids upon cleavage in the body and require none of the emulsifiers, additives and other

exepients.

Furthermore, it has been found that the current invention also produced drugs, while they
are prodrugs of Fibric acid derivatives; they were highly effective anti-hyperlipidemics

30  and were exhibiting such effect intact. Thus the current amino acid prodrugs are
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147 The glycine ester of Cyclosporine A (SP1001203, 2.0 g, 1 59 mmole) was dissolved in anhydrous
dichloromethane (25 mL) with boc-L-lysine (1.31 g, 3 78 mmole) and EDC (0.75 g, 3.9 mmole), under an
argon atmosphere at room temperature. The boc-L-lysine

10

15

20

25

effective anti-hyperlipidemics and useful in the treatment of a number of high
cholesterol related illnesses and exhibit such potential with or without releasing the

active parent drug.

While the prodrugs of fibric acidn of the present invention are not expected to possess
any acidic activity due to blockage of the carboxylic acid group responsible for such,
however it has been shown that the prodrugs of fibric acid are effective anti-
hyperlipidemics with or without releasing Fibric acid derivatives. However, all of the
Fibric acid derivatives prodrugs described are released in vivo the active drug with all its

pharmacological and cholesterol lowering properties.

The present invention clearly provides a number of advantages over Fibric acid
derivatives, for example, all of the side chains cleaved from these prodrugs are naturally
occurring essential amino acids hence are non-toxic. This results in high therapeutic
index. Secondly all the prodrugs are readily cleaved in the body to release Fibric acid
derivatives. Furthermore, due their high water solubility, they can be easily administered
by either forming an in-situ solution just before IV administration using lyophilized
sterile powder or providing the drug in solution in prefilled syringe or bottles for
infusion. The aminoacid esters are more stable than Fibric acid derivatives since COOH
group in Fibric acid derivatives is blocked to reaction with bases. Thus the Fibric acid
derivatives prodrugs described here are more effective then Fibric acid derivatives itself
without the toxicity and other pharmaceutical problems associated with current marketed

formulations.

The prodrugs of this invention are anti-hyperlipidemic drugs useful in the treatment of
hyperlipidemia in mammals where the symptoms are elevated triglycerides, low HDL
(High density lipoproteins or “good” cholesterol, and elevated cholesterol. Fibric Acid
derivatives are also useful in reducing LDL (Low density lipoproteins, or “bad”

cholesterol).
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5 was prepared from the dicyclohexylamine salt (2.0 g in 50 mL ether) by extraction with cold potassium
hydrogen sulfate solution (1 g in 50 mL water) followed by cold water (2x50 mL) The ether containing the
boc-L-lysine was dried over sodium sulfate (5 g), filtered, concentrated and dried under high vacuum for
one hour at room temperature. A few crystals of DMAP were added to the mixture of EDC, boc-L-lysine,

and the glycine 18estar of MRS RN thensQIHtiRN WASEIRWREI RSt OL & HRYES BErepm

temperature. The dichloromethane solution was extracted with DIUF water (50 mL), 5% sodium
bicarbonate solufitHi ¢SS thi§ AAEFHATDIE AP eSO IS AREP G RIPLBUEICS RS -stsfe (10 g), the
dichloromethane,selutigiryvas fiiareshrnd eRRERARISH IS LraHE taslRresaWe: VAR e maining white
foam (3.01 g) was purified by flash 15column chromatography on silica gel (50 g), eluting with
heptane/acetone’y .11). The product containing fractions were combined, concentrated under reduced
pressure, and dried under high vacuum. The purified protected intermediate (2.34 g white solid, 92.8%
yield) was placed in a flask under an argon atmosphere, which was cooled in an ice-water bath. Cold

anhydrous 2 M hygiasdui o BaminRatag-Rihevd2Produgss 20added and the solution stirred for 8 hours
(at 5 C). The mixture was slowly allowed to warm to room temperature overniﬁht. After stirring for a total

of 20 hours, the AASPTRSENELIRE Qs thesis Riehedieicrath Forserrintu i Fi giuawee s filtered and

dried under highesagydfréapibiuicat OemIiRsRe SHBarRBhHARNOR &idarhdhpWsenhpRrexperiment
produced Cyclosporine A N-(L-lysine)-glycine ester, dihydrochloride trinydrate (SP10022; 1.59 g, 73.9%
yield) as a Whiteﬁ%fﬁa‘?lfﬁl‘?\tl‘?\/fﬁo@dﬁrﬁﬂﬁﬂ Wyl RRR S R R PP DLY] Sections th 1 3= 9.3
Hz), 8.04 (d01H gdmeba] Z¢n S (chcldH( 190 6 big¢hés# 46 pdparke $rdniiz)elof0-4.6 (M, 17 H), 4.41 (m,
1H), 4.28 (dd, 1H, J=17, 7.2 Hz), 3.67 (d, 1H, J= 17 Hz), 3.46 (s 3H), 3.4-2.8 (m, 16 H), 2.8-2.5 (m, 8H),
2.5-1.35 (m, zmy%%%‘??Z@HF 2.1 8 IENRA W%Héi@, RS %Pﬁﬁbgﬂ%a%%se): =
175.23, 173.77, Wés ShpldPwith héd-63tyl £3tad ol N-Bdc préiRkdlaifind adiddBLe#409,89, 169.70, 128.74,
126.67,74.41,5 .8%, 57.43, 55.91, 55.21, 54.81,,54.]%%@50.17, 15 4%.89, 33.25, (214.00, 48,31, 33.12,

23.76, 47.98, 3othrponine, and L-hydroxyproline) using as the coupling agents and a catalytic
amount of DMAP. The protecting groups were removed at low temperature (5 °C, 3-6
15  days) with a mixture of hydrochloric acid in acetic acid (1M) with dichloromethane.

The amino acid ester salts of fenofibric acid were purified by crystallization from ethyl

acetate, and dried under high vacuum.

Synthetic Sequence:
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21.93, 44.78, 31.83, 21.42, 41.92, 31.50, 21.29, 40.82, 30.38, 20.81, 40.69, 30.06, 19.84, 39.44, 29.81,
18.82, 39.32, 29.55, 18.32, 27.19, 25.14, 17.96, 35.91, 24.90, 17.86, 34.88,

c:C,H+ g e e e
lﬂ

Fenofibric &cid

- : N
.:.><Lr Wi c.ﬁr @iﬂk

u]

SPIBOOZOT0N ,‘)\.\ H. ,lL.:. SRIB02030 1 =
[} ><n/

g l 4
SPIBOOZ0Z0
o .o
e d CQL
0. i _oH ><“,
&l ':'><N' T o B
[} [} H,_Hr_H
SPIBOOZ0T ><"/D o SPIBD0E0
AT Ty
[n] [}
SPIB00I0Z

Synthesis of the L-serine, L-threonine, and L-hydroxyproline esters of
fenofibric acid: a) Boc-Ser-OtBu, EDC, DMAP, CH,Cl,; b) Boc-Thr-OtBu, EDC,
5 DMAP, CH,Cl; ¢) Boc-Hyp-OtBu, EDC, DMAP, CH,Cl,; d) HCI, AcOH, CH,Cl,.
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24.52,15.21, 33.71, 24.43, 10.10. CHN analysis: Calculated for C701-1128C12N14015-3H20: C 55.50,
H 8.92, and N 12.74; found: C 58.28, H 8.98, and N 13.16. HPLC analysis: 99.60% purity; r.t.= 14.763
min.; 80% acetonitrile/20% Tris base in DIUF water; 1 mL/min; 60C; Synergi Hydro RP, 4u column (serial
# 163383-7), 4.6x250 mm; 20 ul; UV= 210 nm. Melting point: 196.0-198 C (uncorrected) 5) SPI0023 The
glycine ester of @xglasRerne $¢&R1001203, 7.50 g, 5 95 mmole) was dissolved in anhydrous
dichloromethane (50 mL) with boc-L- roIineI%(l%.56 11 90 mmole).and EDC 5(2.28 g, 11.9 mmole),
under an argon 3tAYP Saﬁfr%gﬁlﬁﬁgﬂﬂe l}m’&%\ﬂ“@r%ﬁ%} PSP SRRIE b BLORS e Whxture of
EDC, boc-L-prolingeiand He @)eing-aataicafifr M esperine faektha seltdiphrascallaweohigrtis for 3
hours at room temperature. The dichloromethane solution was extracted with DUE water (50 mL), 5%
sodium bicarbor2REEBRIG IS SLP T DAngA it RS\ FEeh Ber ML B aRi g SPEf ATl SN sulfate
(10 g), the dichlospnorthenepus fitaradmraicaraeniraedirdes sgunarpgessure. The remaining white
foam (9.50 g) was purified by flash column chromatography on silica gel (150 g), eluting with
heptane/acetone (2:1 followed by 1:1). The product containing fractions were combined, concentrated
under reduced prgssyrehevislotresondar dvgh vacuum (7.94 g white solid, 91.7% yield) for 10 minutes
15at room temperature. Th purified protected intermediate (6.46 g) was placed in a flask under an argon
atmosphere, which was codled in an ice-water bath. Cold anhydrous 2 M hydrochloric acid in diethyl ether
(150 mL) was added-and zolotion stirred for 8 hours (at 5 C). 20 The mixture was slowly allowed to
warm to room tempetatyre overnight. Atfer sfiyring for a total of 20 hours, the flask was cooled again in an
ice-water bath fof'30 minutes. The pfddudf was filtered and dried under high vacuum for 30 minutes at
room temperature. The Cyclosporine A NqL-proline)-glycine ester, hydrochloride (5.17 g, 84.6% yield,
and 90% purity by R} Wae.aABNeHe e fEsBhRseR Fislysadhe sk Dilyater (25 mL)

that contained sodium bicarbonate (1 g). ee base was extracted with dichloromethane (3x25 mL),

which was Htied xdspxisigiGha aifafd mefp) fitawsioand Icbhvasthanssl tPHeffemtanhbosmwhie solid (5 g)
was purified by fi{ratigniiigihsilicAaak (AR 9. Sliipsith Aeeianes Th&Rrodyehrapisiing feactions

were

g, 1.50 mole) in acetone (300 mL) was added drop-wise. The reaction mixture was
stirred overnight without heating. The mixture was heated to reflux for 8 hours and then
allowed to cool to room temperature. The precipitate was removed by filtration and

15  washed with acetone (100 mL). The filtrate was concentrated under reduced pressure to
give a brown oil. Water (200 mL) was added to the brown oil and was acidified (to
pH=1) with 1N hydrochloric acid. The precipitate, which formed was filtered and dried
under high vacuum. The remaining yellow solid (268 g) was recrystallized from toluene
in 4 batches (400 mL toluene each). After filtration and drying under high vacuum, the

20  experiment produced fenofibric acid (116 g, 73% yield) as a light yellow solid.

'H NMR (300 MHz, DMSO-dg): 8 = 13.22 (1H, s, br), 7.72 (4H, d, J= 8.4 Hz), 7.61 (2H,
d, /=7.8 Hz), 6.93 (2H, d, /="7.8 Hz), 1.60 (6H, s).

25  C NMR (75 MHz, DMSO-de): § = 192.96, 174.18, 159.35, 136.84, 136.12, 131.67,
131.02, 129.12, 128.43, 116.91, 78.87, 25.13.
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5 combined, concentrated under reduced pressure, and dried under high vacuum for 30 minutes at room
temperature. The hydrochloride salt was regenerated by dissolving the free base (3.8 g) in diethyl ether
(25 mL) and adding it to anhydrous 2M hydrochloric acid (5 mL) in heptane (50 mL), while cooling in an
ice-water bath. After 20 minutes at 5 C, the white solid was filtered and dried under high vacuum for 6

hours at room 10ieRIPEEBIIE! : TNREGHRERABAbPIOHeed ey Closporine A N-(L-proline)-glycine ester,
hydrochloride (SP10023, 3.8 g} as a white solid. 1H NMR (300 MHz, CDC13): = 14.20 (br s, 2H), 8.62 (d,

1H, J= 10 Hz), s lssa@iiiuret gegatibyicasidd 114 268 Mgl N-£abqpenzyloxy 445508 Fhusyb (m,

3H), 5.40-4.60 (stddBbAse-OmBd.H) 64203600 iholy EDHZ). HY £d.6Lidmép Leh VA PA 48y 1H), 3.45
(s, 3H), 3.23-3.08 (m, 12H), 2.66 (s, 3H), 2.60 (s, 2.50-1.80 (m, 15H), 1.78-1.20 (m, 15H), 1.15-0.66

(M, 46H). 20 13ERMRG BN soRlstinsy LC%V&%?}%&%%,&W?@@RW@ ]é,d?fﬂqgé}li*}lf%}ﬁl.ls,

171.02, 170583, 49).8fpHase/ A & /1ROaddBo30wd2ohip] 80, e 1o BBHORBFemIvda, andt @ 55.53, 55.30,
54.78, 25 54.35, 35.88, 27.56, 15.09, 53.60, 33.74, 26.04, 14.30, 50.25, 33.07, 25.00, 10.00. 50.09,

32.10, 24.86, 48'63 1R FAix By Way slifigdinder axamondmospheigait room temperature for 20
hours. After 20 hours, the additional dichloromethane (200 mL) was added and the

solution was washed with water (2x200 mL) and brine (200 mL). After drying over
sodium sulfate and filtration, the solution was concentrated under reduced pressure. The
10 remaining yellow oil (21.2 g) was purified by column chromatography on silica gel (400
g, 0.035-0.070 mm, 6 nm pore diameter), eluting with heptane/ethyl acetate (3:1). After
concentration of the product-containing fractions under reduced pressure and drying
under high vacuum until the weight was constant, the experiment produced the protected

L-serine-fenofibric acid ester SPIB0020101 (16.2 g, 87% yield) as a light yellow oil.

i Lk

o7T

15
'H NMR (300 MHz, CDCl3): 8 = 7.75 (2H, d, J= 9.0 Hz), 7.72 (2H, d, J= 9.0 Hz), 7.45
(2H, d, J=8.7 Hz), 6.86 (2H, d, J=8.7 Hz), 5.04 (1H, d, J= 6.9 Hz), 4.55-4.42 (3H, m),
1.66 (3H, s), 1.65 (3H, s), 1.43 (9H, s), 1.39 (9H, s).

20

C NMR (75 MHz, CDCls): § = 193.92, 172.99, 168.07, 159.24, 154.87, 138.24,
136.19, 131.94, 131.06, 130.40, 128.41, 117.26, 82.88, 80.13, 79.24, 65.44, 53.44,
28.27,27.92, 25.70, 25.30.

25  To astirred solution of the protected L-serine-fenofibric acid ester SPIB0020101 (16.2
g, 28.8 mmol) in anhydrous dichloromethane (100 mL) cooled to 5 °C, under an argon

atmosphere was added a solution of hydrogen chloride in acetic acid (400 mL, 1M, 400
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20.96, 44.62, 31.43, 19.81, 40.59, 30.43, 18.71, 40.02, 29.93, 18.26, 39.43, 29.72, 18.09, 39.30, 29.30,
17.85, 37.13, 29.16, 17.79, CHN analysis:  Calculated for C691-1122CINI3014: C 59.48, H 8.83, and
N 13.07; found: C 59.84, H 9.02, 30 and N 12.65. HPLC analysis: 99.59% purity; r.t.= 10.613 min.; 85%
acetonitrile/15% Tris base in DIUF water; 1.2 mL/min; 60C; Synergi Hydro RP, 4u column (serial #

163383-7), 4.6x2p0 500 AR WHsd) FRZAA RGN Thixture stirred for 3 days at 5 °C. After three days the

10

15

20

25

mixture was concentrated under reduced pressure and dried under high vacuum to
remove acetic acid. To the remaining light yellow oil (24.7 g) was added ethyl acetate
(100 mL). The solution was concentrated and dried a second time. To the remaining
light yellow oil (17.0 g) was added ethyl acetate (65 mL). The mixture was heated to
reflux for 5 minutes and cooled to room temperature. The precipitate was removed by
filtration and dried under high vacuum overnight at room temperature, then at 43 °C for

one hour. The experiment produced the L-serine-fenofibric acid ester, hydrochloride

SPIB00201 (7.66 g, 60% yield) as a white solid.

0 cl
H\ +-H
(T Ul o
cl 0 \/\ﬂ/
o) o)

'H NMR (300 MHz, DMSO-dg): 8 = 14.12 (1H, s, br), 8.77 (3H, s, br), 7.72 (4H, m),
7.62 (2H, d, J=8.4 Hz), 6.92 (2H, d, J=9.0 Hz), 4.62 (1H, dd, J=12.0, 4.2 Hz), 4.50
(1H, dd, J=12.0, 2.4 Hz), 4.41 (1H, m), 1.64 (3H, s), 1.63 (3H, s).

nZ

C NMR (75 MHz, DMSO-dg): 8 = 193.06, 171.70, 168.06, 158.72, 136.93, 136.06,
131.73, 131.09, 129.62, 128.49, 117.64, 79.02, 62.99, 51.11, 25.04, 24.94.

HPLC analysis:
100% purity; r.t.= 4.361 min.; 55% TFA (0.1%), 45% ACN; 1 mL/min; 32.3 C, Luna

C18, serial # 167917-13; 20 ul inj., NB275-49.

CHN analysis:
calc.: C54.31,H4.79, N 3.17; found: C 54.37, H4.78, N 3.12.

Melting point: 151°C (dec.)
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Melting point: 197.0-199 C (uncorrected) These prodrugs of cyclosporin of the present invention are
effective in treating diseases or conditions in which macrocyclic immunosuppressants normally are used.
These 10 prodrugs are transformed within the body to release the active compound and enhances the
therapeutic benefits of the macrocyclic immunosuppressants by reducing or eliminating

biopharmaceuticgy IpdgRMaEoHfiestitneaifmRseaciatestavith each of them. However it should be
noted that these prodrugs themselves will have sufficient activity without releasing any active drug in the

mammals. Sincelihe prigtineyel deaatibrie 16ddltbRe dniRdtentivdh dyciospnivglox pihehivrursdyclic
Immunosuppresganis. {4083 N94PR&H O ﬁfg?g,spf@}ﬁglmt&%ﬁ%@ 'Sr\gﬁrg ﬁﬂgra ch,AsAlePhgler castor

oil which may be toxic or produce unwanted side reactions. Moreove ormulations containing the
prodrugs of the fitédhgg 8§ alerabsbrvad IAM AR bidod. ndtl anenglikoelifd ativin ROTrale] tathpraeirug of

cyclosporin gf thSdﬁéﬁsgg%&}‘é%@iﬂ&%}ﬁﬁléﬁ%g@éﬁ‘?ﬁiﬁ?&i‘&%&%‘?@&?@y (RMRYIRg RRRNarmaceutical

and pharmacokenetic ers of existing drugs. Furthermore, the prodrugs are easily synthesized in high
yields using reagemspleihidhedes haditixaaransorshiaccibfiycavtivabia xesesyay slisredcundid Estegenyalproic

acid (2-Propylpejyiag Eé?-%ign?ljéo'ﬂx"\(emgl&&f&?er e GRALoXHIE SERLARIVANEWRIRDS 1yidgly used as

an anti-convulsive agent, useful in the treatment of epilepsy and also possess vasodilatation activity in the

brain to relieve rﬁi@faih@oﬁéa@&m @Q%thqnﬁn?iim@ﬁ W@II%lll@ﬂ@ﬂrmétiépl‘i’épﬂ@eé’mﬁb@é#ahrhgmans and
also alleviate seygie Bain,AssREIAIEA IR M@H&Q?ﬁ?&?ﬁe&xy AHERGE AHB-YAREIE 36if) has been

shown to have a large number of therapeutic applications, which 5are quite varying and somewhat

surprising. Kbr erdmpias ﬁﬁi%ﬁm@ﬁft@ jedusfeisaess iWQH@ﬁééthﬂﬁt%@‘_?ﬁl@ﬁsyaéﬂd?ﬁﬂgl(é@f_élhbhdgches, it
has been shown i@ fe;RffREUNR IR R QAR RS FRIAPEICHRIGARES S5 SHERASRiRRlar disorder,

mood stabilization, control of aggression, impulsivity in personality disorder, agitation in dementia, and

has also been offeditced pigjace: tAdeasyittHE treBawent Opds thas miatidoskhsseodistrder 10(PTSD).
Mechanism of AQHRQM‘&\)?PA}%?BH%W@&“Q&%@G@? Hres8maRi LRI RRY Jof-ATAPREY. efWRR Svillhe exact

mechanism of action of Valproic acid is still unknown. it has been’postulated that it 15exerts its action by
increasing conce¥PEES NG asaing-atiihodileysenseria aBa) the Pre Brefrs o aimiea et butyric acid is
a ”‘?Uro_tra'l%m'ttﬁﬁd@r‘}_@%&?&&%&ﬂé}éﬂ%}}ﬁﬁéﬂﬁwf‘m R M ThAN G @RRIRIAT-WRIPEAGEG S e drug of
choice in myoclonic epilepsy, with or without generalized tonic-

experiment produced the protected L-threonine-fenofibric acid ester SPIB0020201 (34.1

g, 82% yield) as a white foam.
0 0
H\N)LO%
0 __A_0O
cl OK(
Ty~

20 'HNMR (300 MHz, CDCls): § = 7.74 (2H, d, J= 8.4 Hz), 7.72 (2H, d, J= 8.4 Hz), 7.45
(2H, d, J=8.4 Hz), 6.87 (2H, d, J= 8.4 Hz), 5.47 (1H, m), 4.98 (1H, d, J=9.9 Hz), 4,31
(1H, d, J=9.9 Hz), 1.65 (3H, s), 1.64 (3H, s), 1.45 (9H, s), 1.42 (9H, s), 1.22 (3H, d, J=
6.3 Hz).

25  C NMR (75 MHz, CDCl3): & = 193.94, 172.14, 168.70, 159.26, 155.62, 138.28,
136.18, 131.90, 131.08, 130.37, 128.43, 117.40, 82.70, 80.17, 79.38, 72.02, 57.46,
28.30, 27.99, 26.44, 24.79, 16.90.

180



20clonic seizures, including juvenile myoclonic epilepsy of Janz that begins in adolescence or early
adulthood. Photosensitive myoclonus is usually easily controlled. Valproate also is effective in the
treatment of benign myoclonic epilepsy, postanoxic myoclonus, and, with clonazepam, in severe
progressive myoclonic epilepsy that is characterized by tonic-clonic seizures as well. It also may be

preferred in certgip simtldssIanNsHive Be Frilexcatartia:snirpeiestvhitheupkalPeBiR Doy Pe effective
for infantile spasms; it is relatively contraindicated in children whose spasms are due to h%:perglycinemia

or other underlyiftj rh&talfolicito Ehanrinusshehineamedane g ral)teniRddAd afei Is8lzures in
patients with Lenpox;Gasirphandiomeiaie diffithoreRatle PUh AR ORIR dsi dheidrum@hahoice for

Streatment of mixed seizure types. Since this drug has been useful in some patients who are refractory to
all other antiepi|é@ﬁc%g§pqlhﬁ9mwanﬂéqma§qﬁmvy@# M&ﬁr@ﬁgfﬁfsﬁ_/é%ﬁtﬁéﬁ_@@e&é}@less of
seizure types In $pite, of Uvﬁ?%ﬂk}%ﬁ?tmgﬁﬁgf%lﬁﬁ%{[g&gﬁré% Méd%lﬁdé’rs}%’r{ e got 10

preventable by routinely monitoring liver enzymes. Hepatotoxicity occurs in very young children, most

often those on niaipks amhif@)h@@sgmﬁwmmiwmwl@ﬁééﬁwﬁmdd@m&ﬂ@mm(éﬁg warrant
monitoring of complete-plagr eaURtsdhing e FRIBRRAARAUNWIRILY REFaSIMERBENR dthout liver
function test abnormalities may occur. Pregnant women in first month are at risk for neural tube defects.
15 Valproic acid Theapswimsiecutaraenyisdlkjufd atdethadadiiedstidedugmetcanm eyt ghistinpleasant

taste and can S%ﬁ'YeMH&%ﬁd@%@%mfﬁ%htI&Qﬂﬁ_@é&%ﬁ%—\{ﬁ%o\lﬂﬁlg—r@-ﬁ(ﬁ}ﬁjﬂérbt&daé@{‘g dosage form

convenient for oral administration, a number of derivatives with covalent and ionic bond with the
carboxylic 48id HaxdasbéaridradBIR092 M3 AlTh wighddpvalskate sdid; resulting in Valproate sodium is
available as a solid. However a stable cogrdination complex, know as Divalproex sodium was formed by
partial neutralization of twp molecules of Valproic acid with one atom of sodium. This product is the most

widely available Val @ ac m' salt marketed by Abbott Laboratories in the USA under the brand
(Y Q%;ﬁj&hﬁﬁeoz&n extended release formulation for oral administration.

name Depakote(g
A significant disadvantage of Valproicacid is taat it in liquid form it is difficult to administer. Furthermore,
administration of Valproic acid in different forms does not uniformly produce desired bioavailability. For

example, the ové% M&@%MH?@%%FE%Q@ tohd Vb roibradeP 4t b diin-<hit3 ihiBtbex(r), and
their extended rejease ropmpulafions,srg sotayite inteyehangeable fings, sontinypus, Mmenigying)of
plasma profile of Valproic acid is essential, an cﬁange in plasma concentration due to changes in the
formulation adve]rs@;ﬁ%ﬁfeﬁt 6@&&?Hhé¢rdﬁ@ﬁii"éhtcome. 5In order to improve the therapeutic
effectivenegs, uniform blood profile, develop pharmaceutically elegant formulation and reduce first pass
metabolism, pre ent invention discusses prodrugs of Valproic acid which overcome some of the

difficulties stated bdWMR1G UM AJIMAENNA8 B8R Ab paRatesildal prefarkipAthds®E8n available
in the market thaf-gGamdelyefcVaherair asidiwith eulhagnaiyll qidg) edkests Ehe psgsent fiygntion however,

has produced a number of water soluble, non-toxic derivatives of Valiproic acid which are suitable for
delivering Valproic acid consistently in the body without any harmful side effects and without the needs for

expensive additim@ggaqg;ggients. 15
20 98.59% purity; r.t.= 4.687 min.; 55% TFA (0.1%), 45% ACN; 1 mL/min; 32.3 C, Luna
C18, serial # 167917-13; 20 ul inj., NB275-49, DAD1 B, Sig=210.4, Ref=550,100.

CHN analysis:
calc.: C55.27, H5.08, N 3.07; found: C 54.98, H 5.13, N 3.03.
25

Melting point: 160.5 °C (dec.)
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Accordingly, in one aspect, the present invention is directed to a class of prodrugs of Valproic acid. The
prodrug consists of the hydroxyl group of an amino acid esterified to the free carboxyl group present on
the Valproic acid molecules. In another embodiment, the amine group of the amino acid is reacted with
COOH group to form an amide 20linkage. More specifically, an embodiment of the present invention is
directed to, the comgyawds @ thenfrd Poivp rorne R ENriCbdid Rfdpharmaceutically acceptable salts
thereof; wherein R is either NH-AA or 0-AA and AA is an amino acid, in which either an amine group or
the hydroxyl grolje ismasickecohithehibreansukit Aeid rboprel v AmaioheidyBRe present invention is
also directed to ' ithon C iSi e j e \Y ount of the
various Valproic% c%%%ﬁggqilg\s}g%ﬁ gﬁgﬁégﬁggl%a%d é%f%%w&ﬁggﬁ%e’fﬁ%& Iaﬁ%%ﬂ%ﬂr embodiment, the

present inventiondsaiferstet th ghmpthou oktie sting terpation ELUN Hedd:of L alproid el AR, which
method comprisep amipisierie fp Al PRI SHBNE AMOURLATIR Vel AGI A ther

embodiment, the present invention iIs directed to a metho onverting liquid Valproic acid into a solid

powder by reactﬁ@@h?ldadmwiSﬁj'néﬁt@ﬁalﬁwdﬂiﬂh@lwalpﬁm@&idlmqﬁ bmﬂiewmm@mfmy@ddhyl
functionality of ap. amine,AGiE ANFSARLING IR PIRAVESR Hﬁﬁ{&ghéfé _%ﬁ%%ﬁ&’{ﬁ?@g&%%%}‘%t' the present
rapeutically effica

invention is directed to a method of substantially and’in a the ious manner, reducing or

eliminating the zb@bﬁgnﬁﬁleﬁr%ﬁ ba@@,mé@él@@l@rﬁ%(é@iﬁ?ﬁréﬂiﬁ@mé ‘@@hﬁﬁf@hﬂﬂfﬂéf@peutic effectby
administering to & patient, a,Prodiid, WiGRGOMPFISRSYEACHIGIRE QO IRGHORAILY 4 theoyalproic acid

molecule with either NH2 or OH functionality of selected amino acids to form an ester or amide covalent

bond respé&ivel%@ﬁmtiﬁjtmé grodtles sobraon ard W@Ehﬁﬂé@éﬂh‘g%ﬁid%qﬁ@t&@dthé%@é}ﬁl: 25 It has
been found that yien MRsHRSHERIHABHRAIN QAEHE DA HRRACHS asr.gSiERisddR-Valrroic acid, the

resulting prodrugs are pharmaceutically elegant free flowing powders, and are rapidly absorbed into the
body and releasénsish rsiiecdrhingsasidd psrmaeanagelipviial Ko and re quiiéietbbie Gw@emulsifiers,

addiives and othgf sieignihy FHIRIRIS s RRERNERNANG e Sl ankiRvaniap s pipduced

drugs, while they are prodrugs of Valproic acid; they were highly effective anti-epileptics and were

exhibiting such eftdtupteiby I Aaeisthel durrévtermmecasiatiproel tasrapd usteentaang J&piféPtics and useful

in the treatment Qﬁ@ePwHP@d%Q&XﬁQi%ﬁ‘ﬁ%‘?ﬁﬁﬁeﬁ‘ﬁ@gﬁ%@&hﬁ?HﬁﬁlQHéﬁg&%bW@QsQfoW&QRH%Q'easmg

the active parent drug. The Valproic acid prodrug bulk density is much higher than the corresponding

sodium salts, anerfPfaimeitt BiReiisrdrdicdunipeed dghadiexvrighredisnaltivaasihetie S THRMZHBke, their
do not exhibit bitieg taste and Leskal edRrrbhe Valproic acid.

(0]
Q J<
K(o,,,,CRK 0
Cl (6] N
o} 7:0
o)
SPIB0020301 7(

20 'HNMR (300 MHz, CDCls): § = 7.76 (2H, d, J= 8.1 Hz), 7.73 (2H, d, J= 8.1 Hz), 7.46
(2H, d, J=8.1 Hz), 6.84 (2H, d, J=8.1 Hz), 5.32 (1H, m), 4.13 (0.38H, t, J="7.8 Hz),
4.00 (0.62H, t, J="7.8 Hz), 3.67 (1.62H, m), 3.46 (0.38H, d, J=12.6 Hz), 2.29 (1H, m),
2.15 (1H, m), 1.68 (3H, s), 1.66 (3H, s), 1.44-1.38 (18H, m).
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10 While the prodrugs my invention are not supposed to possess any acidic activity due to blockage of
the carboxylic acid group responsible for such, however it has been shown that the prodrugs are effective
anti-epileptics with or without releasing Valproic acid. However, all of the Valproic acid prodrugs described
are released in vivo the active drug 15with all its pharmacological and psychoactive properties. The

prodr_ug of V_alpr@i@ BNERCIE3MIRLO¥iERS & BUmMbar &, Qd?%t,aﬁﬁﬁlq\,/%y@@r@@.@_Qidbjg’._@%ampb, all of
the side chains cleaved from these prodrugs are naturally occurring essential amino acids hence are

non-toxic. This ré3@itdid hlgiPtHeraPeutROZ6inbESA4 Seldareily HIPtRE Blotudl 2ted@aBily%idaved in the
body to release Yalpsoirsagids&bstharmore; duesiiey high waieysolgbilitystheysagybesapsily

administered by either forming an in-situ solution just before IV administration using lyophilized sterile
powder or providing the drug in solution in prefilled syringe or bottles for infusion. The aminoacid esters

are more stable than YalpIQiSIAGis SINGR HOK:ATOMR dRoY aReRifaish 2% s Rlipcked to reaction with

bases. Thus the Valproic acid prodrugs invented here are more effective then Valproic acid itself without

the toxicity and StREPIREINALRGHE S Poblemel hsserbxtiaupidchlnrenehatkéiO8 BIheriRh® 5 The
procedure for thesypihiesis of $bf 46 sm%&%&%awa WD bRuRRingRIRRIsrs. o ielrigic acid

i
(2-propylpentanoic acid) is outlined in Synthetic Sequence 157 section and is exemplary for the
preparation of thet$andus! plodplgsopthdrppesést ihhentiartionhaigtirgpititecdriseetdagsand nalytical data
is given in the E imental Section, In general, valprojc acid (2- ' tch C with the
Nbenzyloxy/benzg;/ﬁ?érg%lrlrpaf%%é% é)r%ﬁlﬁ% \g%dpsoﬂg%]rl%%%?ﬁéﬁgg%g@aﬁ%es SS? g)dcxz:lc?gr)}%%] gfgnrount of
DMAP. Onte théigattiongwereronpietei¢20idoUrs tersomitengpeiioure)] (Ré. nixtwes adalsdxtracted with

DUE water, dried guey soiumifate. #pd GanGRD ﬁ‘égs%&i@&’[?& 5%‘5‘@89 PJEE&HE%I%&JH%%JQ erial was

either used directfy or the deprotection step or puritied by column chromatograp e procedure
generated the protssted amidoedoid dssthighofacalproid adhe ire yighkio gariging dtiohi222810ve2eddTthe
protecting 10 groy IG LGRS DY EiRdsaAtan (RRRRERAL RRERIERFNSES! fPHRiRgladium on
carbon. The aminltl(l)%gc\:é;% esttg(rs of vaI;:')r;)ﬂil}(}:éac%g}iz were extracteg awaye rom ﬁ1e pagﬁadllfum cé?gfyst with
ethanol, concentatethdeditdriecnThafimalusaltd Wepectopiintel Wysacidification tWithtipporadidioeid acid. The

crude .Sa't51@’ie'4§15@{‘91§9 & %%%78/8&%%%?/%} Yol E&%&}e‘?h‘tﬂﬁédﬁ%t metheds desarpgd in the
Experimental Section. Synthetic Sequernce: 1. SPIC0O01 2. SPIC002 HON ,. OH cbz 0
hydroxyproline-fenofibric acid ester, hydrochloride SPIB00203 (15.8 g, 76% yield) as a

white solid.
0
Q
C| O O O%(O'I’IC»OH
N-H
© _H
o

'H NMR (300 MHz, DMSO-d): & = 14.07 (1H, s, br), 10.75 (1H, s, br), 9.40 (1H, s, br),

20 7.71 (4H, d, J= 8.1 Hz), 7.60 (2H, d, J= 8.1 Hz), 6.96 (2H, d, J= 8.1 Hz), 5.42 (1H, m),
424 (1H,t, J=9.0 Hz), 3.61 (1H, dd, J= 13.2, 4.2 Hz), 3.28 (1H, d, J= 13.2 Hz), 2.35
(2H, m), 1.66 3H, s), 1.64 (3H, s).

C NMR (75 MHz, DMSO-dg): 8 = 193.00, 171.52, 169.14, 158.81, 136.87, 136.09,
25 131.81, 131.05, 129.48, 128.46, 117.28, 78.99, 73.79, 57.54, 50.23, 34.13, 25.69, 24.49.

HPLC analysis:
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Valproic addZ-Hyp-OBzl 3. SPIC003 0 a) ..\\)%0 OBz1 SPIC00201 Valproic addZ-Thr-OBzISF
1000301SPIC003 Synthesis of the L-serine, L-threonine, and L-hydroxyproline esters of valproic acid: a)
EDC, DMAP, CH2C12; b) H2, 10% Pd/C, EtOH, EtOAc; c) HC1 Experimental Section: The synthesis of
SPIC001, SPIC002 and SPIC003 was conducted in one or two batches. Reagents mentioned in the

experimental seqiip@vparapuEhasesbahihe dugheatabiainable Uity Aprd-areasirfiSigma-Aldrich,
Acros, or Bachem except for solvents, 5which were{)urchased from either Fisher Scientific or
S

Mallinkrodt. 1) SPleata: 28 p%b%%léuai‘?&}lﬁ(‘s SHAHG-2 X bR - LB A chloride

(L-Serine-valpro;gjggtg)gslpgmy@c&@qm_401&fm>g§mg9(02 propylpentanoic acid (valproic acid, 6.48 g,
44 93 mmole), Ncarbobenzyloxy-L-serine benzyl ester (Z-Ser-OBz1, 14.80 g, 44.93 mmole), EDC (8.61 g,

44.91mmole), and DMAP (549 mg, 449 mmole) in anhydrous dichloromethane (50 mL) was stirred under

an argon atmosgiere V1o ops ternenaiiee far 2ahputsindian e 15 h9urs, the dichloromethane was
washed with water (3x50 mL), dried over magnesium sulfate (5 g), filtered and concentrated under

reduced pressure. The remaining colorless oil (20.87 g) was purified by column chromatography on silica

gel (150 g, 0.03Ri4Q PymAE r¥m pecedizmeter), eluting with hexanes/ethyl acetate (3:1). After
concentration of the product containing fractions under reduced pressure and drying under high

20vacuum until the weight was constant, the experiment produced the protected L-serine- valproate ester
SPIC00101 (18.88uB4% Yl Ao LalRieseRIldQeHHRd in water at room temperature by

10  dissolving excess of each of the drug and let them settle for few hours. The resulting
solutions were centrifuged at 1500rpm for 3 min and the supernatant liquid was
analyzed. It was shown that these esters possess solubility in water in excess of 50

mg/mL.

15 EXPERIMENTAL
Rats were checked for time zero triglyceride level in blood. Then the rats were set on
high sugar diet, such as 30% surcorse in water for 1 week. Then at the end of 1 week,
rats were tested for triglycerides, and were put on normal diet. From day 7-14 the rats

were administered either test or control drug. Triglycerides were again tested on the 14™

20  day in rat blood.

In the Fenofibrate (control) vs L-Serine Ester of Fenofibric acid (test drug), 3 rats each
for each of the drug and control at equivalent doses of 50, 100 and 200 mg/kg were
tested.

25

The results are shown below.
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SPIC00101 1H NMR (300 MHz, DMSO0): = 7.96 (1H, d, .1= 8.1 Hz), 7.35 (10H, m), 5.14 (2H, s), 5.05
(2H, s), 4.51 (1H, m), 4.29 (2H, m), 2.29 (1H, m), 1.50-1.25 (4H, m), 1.25-1.10 (4H, m), 0.80 (6H, t, J= 6.6
Hz). 5 13C NMR (75 MHz, DMS0): = 174.88, 169.15, 155.85, 136.58, 128.18, 127.47, 127.71, 127.57,
66.32, 65.66, 62.47, 53.09, 44.20, 13.85. 135.45, 33.86, 128.26, 33.79, 19.95, The protected

L-serine-valproate estgMEARYOL DIGSERAN ST PINIANEAS PiSBIEH YPOIAPAYRMEE ML) and ethyl

acetate (60 mL) at room temperature and added to a Parr bottle

OFER Yoo dENABEPRALETMNR

on carbon

(3.0 g, 50% wet)

500 mL) that containe
FES DR ATION:

d 10% palladium
s replaced with

hydrogen gas (39 ReQubdter4 -hawsiat shaking FRgditignahralladium catalyst (1.0 g) in ethanonethyl
acetate (1:1, 100 mL) was added and the reaction mixture shook overnight under hydrogen gas 15(30

psi) at room temp&itlfre! Rty A RBPSHY Qg was removed by filtration through a thin layer of
activated cagbon. The ethanol and ethyl acetate were concentrated under reduced pressure at room

temperature_Aﬁedemgmp. mM-the remaining solids were acidified with hydrochloric ac
diethyl ether (2M124.6¢nL) The|mi wag #iaradNp. @ refrigerator forfwhQus beforg filtration and
washing with 20additional cold di ther (10-mL) After filtration, the remaining white solid was dried
room temperature under high vacuum until the product|weidayvwaroconstant RayHours), ThelRxpédmen
produced | -serine-valproic acid|ester, hydrochloride SPIC001§6.34 g, 57% yiedd) as a white sgiid. 0 11
25 1H NMR (300 MétzelPMSO0): |= 8.3 (hr's, 3H), 4.47|(dd, IRgJ= 12.9, 4.5 Hz)1 4.31 (dd, 2HyJx 12.9,
3.6 Hz), 2436 (m, 1H), 1.50 (m, 2H), 1.39 (M, 2H}, 1.20((m, 4H); P.84 (t,[6H, J3 33Hz). 513C NY& (75
MHz, DM$0): =174.67,168.19|, 61.84, 51.16, 44.12, 33.76, 395008, 20.07, 199, 13.94, 13.849PLC
analysis: |98.49% purity; rt= 4.167 rgin; Luna CE8 5u qolumn {sn 167917-13)54HXx250mm; 254 10 nm
33% ACN/66% DIUF water; 35 C; 20 ul inj; imi/r@in, 2 mg/m%@ampie SiZE; Sﬂ;ﬂpie divsoived—}g mobit
phase. Reference control 7 110 204 62
Fenofibrate 100 8 115 195 69
9 96 167 93
10 144 90 48
200 11 56 106 51
12 58 125 38
13 88 148 86
50 14 94 145 86
15 100 127 73
L-Serine Ester of 16 109 - 46
Fenofibric Acid 100 17 129 100 69
18 71 183 47
19 74 240 83
200 20 81 158 61
21 42 77 46

From the above results, it can be concluded the highly water soluble serine ester was

effectively performed.

10

There are a number of screening tests to determine the utility of the prodrugs created

according tio the disclosed methods. These include both in vitro and in vivo screening

methods.
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CHN analysis: calc.: C 49.34, H 8.28, N 5.23; found: C 49.22, H 8.35, N 5.24. 15 Melting point: 159-160 C
2) SPIC002: 4(R)-(2-Propyl-pentanoyloxy)-pyrrolidine-2(S)-carboxylic acid 20 (L-Hydroxyproline-valproic
acid ester) A mixture of 2-propylpentanoic acid (valproic acid, 4.32 g, 30 mmole), N-
carbobenzyloxy-L-hydroxyproline benzyl ester (Z-Hyp-OBz1, 10.66 g, 30 mmole)1, EDC (5.74 g, 30

mmole), and DMAR (364 ehIhounaielifearitydross dichiRpethape (3 k) Was stiredignder an

argon atmosphere at room temperature for 20 hours. After 25 20 hours, the dichloromethane was washed

with water (3x30PHIYCasiBRlEOF Ihiyie SFrtiogk S dshysiralsis dndimesrias ety Rudiol¥tis ced

pressure. The remaiinine ¢oleiass Qi SRHAMIA6I (did Fhamdd. Bl1ooaplas 8. 4Packield wasagsed without
purification.  1H NMR (300 MHz, wm% = 7.29 (10H, m), 5.28-5.00 (5H, m), 4.55 (1/2H, t, .1= 8 Hz),
4.46 (1/2H, 1, I=BHPeBRSIDE9SHDN Chapsiran, &V B and Borrann. S5O AR AidoH m).

1.28-1.20 (484, mpsdaRG {6 Vitto k3@ INWfRu(Biophain SaMRAYal E ddidaltbnl DhAODAVE dPondie3n®, 153.31,
136.34, 136.20, 135.57, 135.38, 128.24. 128.13, 127.95 12787, 127.67, 127.52, 127.28, 127.10, 72.29,

71.53, 66.34, 661HAuHHBEharmasysY ol 2 I Isiee G.Page 88734993, e coniegissal glfoh yhishyaress 35
20.00, 19.91, 13ik&rh3rdRd by reference.

The prodrugs of Fibric Acid of the present invention are effective in treating diseases or

10 conditions in which Fibric acid derivatives normally are used. The prodrugs disclosed
herein are transformed within the body to release the active compound and enhances the
therapeutic benefits of the Fibric acid derivatices by reducing or eliminating
biopharmaceutical and pharmacokinetic barriers associated with each of them. However
it should be noted that these prodrugs themselves will have sufficient activity without

15  releasing any active drug in the mammals.

Thus, the prodrug of the present invention enhances the therapeutic benefits by removing

biopharmaceutical and pharmacokenetic barriers of existing drugs.

20  Furtheremore, the prodrugs are easily synthesized in high yields using reagents which

are readily and commercially available.

The prodrugs of Fibric acid of the present invention are effective in treating diseases or
conditions in which Fibric acid derivatives normally are used. The prodrugs disclosed

25  herein are transformed within the body to release the active compound and enhances the
therapeutic benefits of the Fibric acid derivatives by reducing or eliminating
biopharmaceutical and pharmacokenetic barriers associated with each of them. However
it should be noted that these prodrugs themselves will have sufficient activity without
releasing any active drug in the mammals.

30
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The protected L-hydroxyproline-valproate ester SPIC00201 (17.24 g, 35 79 mmole) was dissolved in
ethanol (50 mL) and ethyl acetate (100 mL) at room temperature and added to a Parr bottle (500 mL) that
contained 10% palladium on carbon (3.5 g, 50% wet) 15 under a nitrogen atmosphere. The nitrogen
atmosphere was replaced with hydrogen gas (30 psi). After 15 hours of shaking, the catalyst was

removed by filtrafigs tife webadulh it iiee Afiaelitnapredsivaiea caiRaRadhe aibanehgngiethyl acetate

mixture was concentrated under reduced pressure at room temperature. After drying overnight under high
vacuum at room teRRBEY RTINS RIeRRERERT TR ] PRYERSCoBFORHE- RAIRFsi CbessinesteresPIc002
(9.2 g, 99.8% yiald)Asrmyvbit@Sphshrik Ot e Ao e BIauR{iAcei inpekijegdthe awitaponwas aisified by
reverse-phase column chromatography (50.g ODS silica gel) in two batches. The zwitterion was placed
on the column ine3A ARtEPIRRFEHEY WitHabisture of DIUF water/methanol (2:1, 1:1, 1:2, 100%
methanol). Fhe product containing fractions were combined, concentrated under reduced pressure at 20
C (or less), and dried under high vacuum at room temperature until the weight was constanté&24 hours,
6.4 g white solid Fels/ rala heebpbayand W the (SHBNMHS (RsE1d5rsoqd thef the S R3S 8182 (br s,
1H), 5.28 (m, 1H}pbding dbFinidion id Ha)od&Rity cddnd 34 (br d, 1H, J= 10.5 Hz), 2.50-2.22 (m, 3H),
1.62-1.50 (m, 2H), 1.50-1.32 (m, 2H), 1.32-1.19 (m, 4H), 0.88 (t, 6H, J= 7.2 Hz). 10 13C NMR (75 MHz,
CDC13): 8,175.99, 173.35, 71.83, 59.56, 49.77, 45.08, 36.19, 34.51, 20.87, 14.31. HPLC analysis:
1599.20% purity; r.t.= 7.228 min.; 70% DIVE water/30% acetonitrile; 1 mL/min; 36.8C; Luna C18, 5u
column (serial # 1679174{13), 4.6x250 mm; 22 ul injection; sample dissolved in mobile phase. CHN
analysis: 20calc.: C.60.68, H QL. N bsdd: found: C 60.58, H 9.12, N 5.48. Melting point: 179.0-180.0 C
3) SPIC003: 2-P?‘épyl-pentanoic acid 2(S)-amino-2-carboxy-1(R)-methyl-ethyl ester, 25 hydrochloride
(L-Threonipg-valproic acid ester, hydrochloride) A mixture of 2-propylpentanoic acid (valproic acid, 4.32 g,
30 mmole), Ncarbobenzyloxy-L-threonine benzyl ester (Z-Thr-OBz1, 10.30 g, 30 mmole), EDC (5.74 5 g,
30 mmole), and DMAPRSEE fiags IR IR URIAREGS e MRS MO NAP WA BEHR] under an
argon atmosphefg:-ahiaPrriapenatim fengP hours. After 20 hours, the dichloromethane was washed
with water (3x30 mL), dried over magnesium sulfate (5 g), filtered and concentrated under reduced
pressure. The remaining colorless oil (13.44 g) was purified by column chromatography on silica gel (100
g, 0.035-0.070 10mm, 6 nm pore diameter), eluting with hexanes/ethyl acetate (4:1).

—ﬂ—O—AA—
15 2 O

AA in this definition is an amino acid residue less the hydroxy group on the side chain.

NH—ﬁ—AA
3) O

20
AA refers to an amino acid group without the carboxy group, either on the main chain or

side group.
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After concentration of the product containing fractions under reduced pressure and drying under high
vacuum until the weight was constant, the experiment produced the protected L-threonine-valproate ester
SPIC00301 (12.65 g, 89.8% vyield) as a colorless oil. 15 1H NMR (300 MHz, CDC13): = 7.40-7.05 (11H,
m), 5.45 (1H, m), 5.17-5.02 (4H, m), 4.53 (1H, d, J= 9.6 Hz), 2.24 (1H, m), 1.58-1.40 (2H, m), 1.40-1.15
(9H, m), 0.86 (6H) A ROTIBCNMERL7SMHZPMSHe 15 ditd 2Bl o6 A8 d 8F 61:bb35-34, 128.26,
128.20, 127.74, 127.67, 127.58, 69.04, 66.33, 65.78, 57.62, 44.50, 33.89, 33.80, 20.03, 19.91, 16.40,
13.87. The prot&&ud pliieemiRe VbR eaibe Ssiecban L talesgime P hintsiy s Bidbived in
ethanol (50 mL) and ethy! acetate (50 mL) at room temperature and added to a Parr bottle (500 mL) that
contained 10% paIIadi% on garbon (2.53 g, 50% wet) under a nitrogen atmosphere. The nitrogen
atmosphere wasgeplaged-wigh-hydipgen gas 5 (30 psi). After 20 hours the catalyst was removed by
filtration through a thin layer gf activatéd carbon, washing with ethanol (25 mL) The ethanol and ethyl
acetate were concentrated under reduced pressure at room temperature. After drying under high vacuum,
the remaining solids (6.13 g) were acidified with hydrochloric acid (3 1 mL conc.) in DIUF water (50 mL)
The solution was filtered a second time through 10activated carbon and dried overnight in a freeze-dryer.
The experinment PlsdeiEeRicLs thecdafrdaialpryioasyl asesTiRgdsEribY SPIC003 (6.52 g, 86.0 % yield)
as a white solid. The combined batches of the L-threonine-valproic acid ester, hydrochloride SPIC003

15(8.8 g) were purified by crystallization form acetonitrile. After the salt was dissolved in hot acetonitrile
(225 mL), the mAERNANER Yrdbtedy defRidRMnsBoROMEFs Y cem P RIEREY N H ' Gethig Eragdvernight.

The white solids werg diRieekalichB:0auIS MashedwithaalbacRioniiiln (A aidyans digshynder high

vacuum at room temperature until the product weight was constant (24 hours)g The process recovered

L-threonine-valptafEconatih st eRpHiv oRRid sliBes Yy Epsite 5 s %rﬂ%éhé%&% solid.

SPIC003  1dH NMR @Mz I MS@Qter1Bilde i sicBY dept@diMelthaBole (i, Irhes/kiz), 52.33
(m, 1H), 1.56-1.40 (m, 2 H), 1.37-1.27 (m, 5H), 1.21-1,13 (m, 4H), 0.84 (t, 6H, J= 6.6 Hz). 13C NMR (75

MHz, DMS0): ="'8e thes§A ety ¢o asgminoacikkwih yBydrpwg eoayippnibegade ghsin, bt HpLC
analysis: 98.88%|@ieid DixA4 BEARIR. wiBuPHER Wl 3050 Repinikdlex J-eH-Ain;i¢atpitkdpa C18, Su

column (serial # 211739-42), 4.6x250 mm; 20 ul injection; sample dissolved in mobile phase. CHN
analysis: calc.: GEPAERTMEE9 N 4.97; found: C 51.29, H 8.59, N 4.98.

15  Itis to be understood that while the invention has been described in conjunction with the
detailed description thereof, the foregoing description is intended to illustrate and not
limit the scope of the invention, which is defined by the scope of the appended claims.
Other aspects, advantages, and modifications are within the scope of the following

claims.
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Melting point: 144 C 20 Solubility of the above esters wee determined in water at room temperature by
dissolving excess of each of the drug and allowing them to settle for a few hours. The resulting solutions
were centrifuged at 1500rpm for 3 min and the supernatant liquid was analyzed. It was shown that these
esters possess solubility in water in excess of 50 25 mg/mL There are a number of screening tests to
determine the utiky@fihe pENIES created according to the disclosed methods. These include both in
vitro and in vivo screening methads. 5The in vitro methods include acid/base hydrolysis of the prodrugs,
hydrolysis in pig bancreAiParbigsirainaddatidPmusd e dieigesatls AprHERS It frolysis in
human intestinalfiuigsndiydrRlMpiscle dediashPine dblastoasithese Aspdvs prandasceed:n immons,
DM, Chandran, VR and Portmann, GA, Danazol, Amino Acid Prodrugs; In Vitro and In Situ
Biopharmaceuti@&W@Q&Qﬁﬁﬁ?@’ﬁ@ﬁ%@%ﬁ%%YHB&G%@%HFQVP%]HW%}\?&WH?@% 6, Page 687,
1995, the contenig Qe pbwyicharepneaspenaied: by reference. Prodrugs of Valproic acid of the present
invention are effective in treating diseases or condidiotns in which Valproic acid normally are used. The
prodrugs disclosed her& BRIV &5 AIed ilithin the body to release the active compond and
enhances the therapeutis) keRalitsRtihel MaergisraaichRyértteing or eliminating biopharmaceutical and
pharmacolcinetic barriers associated with each of them. However it should be noted that these prodrugs
themselves will have sUfcIER¥EdiRPRIENS Ut releasing any active drug in the mammals. 20 Thus, the
prodrug of the present iyesiion@ahaneasdbs dienapewisieaaiits by removing biopharmaceutical and
pharmacokenetic barriers of existing drfu S. Furthermare, the prodrugs are easily synthesized in high
yields usind%eagents Wiicli APEVERRIG &gﬁat@&ﬁ%rﬁéstdW%‘?/H?bele. 25 VIl WATER SOLUBLE
PRODRUGS OF FIBRI@) Afetiach&RiVidvERfatirriccaicishidatvatives are useful anti-hyperlipidemic drugs
useful in the treatment of hyperlipidemia in mammals where the, symptoms are elevated triglycerides, low
HDL (High density Iipogﬁgté’ﬁ}%?sﬂg%ﬁ"o@n‘g%%f@ﬁ?ﬂtﬁ %Pé\]/%\tﬂgg cholesterol. Fibric Acid 30derivatives
are also useful in reducing inbProMbidansitydipgproteins, or "bad" cholesterol). The general structure of
the fibric acid analogs is.represented below,.w{lfre X is.various mixed aliphatic and aromatic
functionalities. Specific%)er ngﬁﬁaﬂb@a A ‘?sr‘ﬂ)erﬁﬂﬂESQFBtb(fBﬁbric acid, fenofibric acid, ciprfibrate and

gemfibroziliand the like(j% reduced side effects

(k) dose proportionality
(1) selective hydrolysis of the prodrug at site of action
(m) controlled release properties
(n) targeted drug delivery
20 (o) reduction in toxicity
(p) reduced dose
(q) alteration of metabolic pathway to deliver more drug at site of action
(r) increased solutility in aqueous solution and
(s) enhanced efficacy,
25  the method comprising (a) reacting the drug with an amino acid under conditions
effective to form a covalent bond between the drug and the amino acid and (b)
administering the product of (a) to a patient in need thereof, wherein said amino acid is a

naturally occurring o-L-amino acid.
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FIBRIC ACID ANALOGS Typical examples of the chemical moiety X in the above structure are shown
below. Ciprofibric Acid Clofibric Acid  Fenofibric Acid Gemfibrozil 10 Fibric acid analogs shown in the
structure above have been shown to have a large number of therapeutic applications, which are quite
varying and somewhat surprising. Broadly, these derivatives are useful in the treatment dyslipidemia and

dyslipoproteinemiarRyslipitamia aam dysipapmoisingmria ae hereindafivguioipslusie, Gthe gyeup
selected from hypercholesterolemia, abnormal and elevated levels of cholesterol, abnormal and elevated

levels of LDL chbi@btdfolChpritnSilint gieditet Ve btitofiPtHtigstdrol T ASHmGraid e edkted levels

of plasma choledgrolGabrarmahanpiklavaed lexalsmwithglyserides, hypertrigylceridaemia, abnormal
levels of lipoproteins, abnormal and elevated levels of low density lipoproteins (LDLs), abnormal 10and
elevated levels of very low density lipoproteins, abnormal and elevated levels of very low intermediate

density lipoprotemsrrnemoaldexstsof tighAensity irariRiains hyResliRidasma: hyRerseylapicronemia,
abnormal levels of chylomicrons, related disorders, and combinations thereof such as those described in

The ILIB Lipid Hasftodk 16 EfticinefakticaeB ok Yiidsanti c6f8nbhy HeBr s £38e 05E¥ond

15Edition, A. M. Gotto et al, International Lipid Information Bureau, New York, N.Y., 2000, which is hereby
incorporated by Eﬁf’lelrl%%gfh'(\)ﬂdegchc%?ciﬁ% ?(]; énc)'giggé of Claims 1 — 3 wherein the the drug is Cyclosporin,
Lopinavir, Ritonavir, Cefdinir, Zileuton, Nelfinavir, Flavoxate, Candesarten, Propofol,
10 Nisoldipine, Amlodipine, Ciprofloxacin, Ofloxacin, Fosinopril, Enalapril, Ramipril,
Benazepril, Perinodopril, Moexipril, Trandolapril, Cromolyn, Amoxicillin, Cefuroxime,
Ceftazidime, Cefpodoxime, Atovaquone, Gancyclovir, Penciclovir, Famciclovir,
Acyclovir, Niacin, Bexarotene, Propoxyphene, Salsalate, Acetaminophen, Ibuprofen,
Lovastatin, Simavastatin, Atorvastatin, Pravastatin, Fluvastatin, Nadolol, Valsartan,
15  Methylphenidate, Sulfa Drugs, Trovafloxacin, 5-amino-Salicyclic acid, Sulfasalazine,
Methylprednisolone, Medroxyprogesterone, Estramustine, Miglitol, Mefloquine,
Capacitabine, Danazol, Eprosartan, Valproic Acid, Gabapentin, Omeprazole,
Lansoprazole, Megestrol, Metformin, Tazarotene, Sumitriptan, Naratriptan,
Zolmitriptan, Aspirin, Olmesartan, Sirolimus, Tacrolimus, Pimecrolimus, Clopidogrel,
20  Amphotericin, Tenofovir, Unoprostone, Fulvestrant, Cefditoren, Efavirenz, Eplerenone,
Treprostinil, Adefovir, Salicyclic Acid, Diflunisal, Fenoprofen, Carprofen, Flurbiprofen,
Ketoprofen, Naproxen, Etodolac, Sulindac, Indomethacin, Tolmetin, Ketorolac,
Ciprofric Acid, Clofibric Acid, Fenofibric Acid, Salazine, or Gembifrozil or a

pharmaceutically acceptable salt of any of said drug.

25
5. The method according to any one of Claims 1-4 wherein AA is Threonine,
hydroxyproline or Serine.
6. The method according toany one of Claims 1-5 wherein the amino acid is Threonine.
30
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The mechanism of action of Fibric acid derivatives seen in clinical practice have been 20explained in-vivo
in transgenic mice and in vitro in human hepatocyte cultures by the activation of peroxisome proliferator
activated receptor alpha (PPAR-alpha). Through this mechanism, Fibric acid derivatives increase lipolysis
and elimination of triglyceriderich particles from plasma by activating lipoprotein lipase and reducing
production of apoprpkeiprGatit(adnhikiterioh RARORINIHRRRSASYIbh 2D TRy eUliAg fidfihe
triglycerides produces an alteration in the size and composition of LDL from small, dense particles (which

are thought to b&FRFOJERIING AL BErOEYsERMiIfR 1B I GBI 18 fSFoE iV RYLMIP SRS These larger
particles have greaigs affinity IRLaalesialdngseRinrziandsars Gatekolized sapidher elivatiasmef

PPAR-alpha 30also induces an increase in the synthesis of apoproteins A-I, A-ll, and HDL cholesterol.
Fibric Acid deriviifREsgiienapcuddrnciion grorhiedssidgyninadeiey &Rt sBasa s Ncid levels in

hyperurecenic pailgpiso1EYRe RIS N AHBIRESHY i’é)/ﬁebtmdﬁ'?ﬁhfé’@?ob]@pcéﬁ%dﬂf type 1V, and type

V. 5These types can be characterized according to the levels relative to normal of lipids (cholesterol and

triglycerides) andYpemotinorIBarHbealdpivisitane Aetfisific Kl dite Gerdrsatront rgifrhcts and
Comparisons, 52acslsian. (998 ARGCHIBRMAISHS DRSRIRIORRRFRIER Ry AsieTPGR0AMaNY of the

fibric acid derivatives when administered orally do not have sufficient bioavilability and absorption are
variable, erratic &s8d&pehdsainiepr iddactiPraetiapdm e thiSaomminmy Smesisil bt therhiolRsaes

derivatives is NO{RASYLIMSITCEINRIPHRICLISRLHRTE, 266k USRI BRIKCIEFas dngeb iR water,
hence a parenteral formuation is difficult or not available. Furthermore, since these drugs usually

15administffed BSeaRirgefEoRaephiaet Srbsakigs Avrasi R JBURioEs o eV AsEaBolized in the body

to release activegifug0hifh AteriRRHIRRICRsiIdSHRVIsYeLs R, Idhe astentarmation of these drugs, they
are quite insoluble in water, hence are difficult to formulate, and are not easily broken down in the body to

release active drit§E IR orrdriBHe AeltrerlariagyE8 wdasit medxlmrasiselas weight solids

with characteristiqQfkypakRRIOGHY, EHASHRAIRANM RS8R GARSERRIYBIHat®Marn and throat.
Taken with food provides more blood concentration compared to fasting. This fed/fast difference in

bioavailability is FRRS35Iho MeEISsEh PReUtis. ddmeairreicalersanis Xifgrtitheir corresponding
prodrug deriyativesovaialrazhioavailshilivpambramneparedanupeie Ostweamnd069iand quite
variable among patients. One of the significant problems associated with currently marketed fibric acid

derivatives beingtFAMHed 2HOdEY b SisS lE e pige LOmP At Hle 28RMW 50 prodrug moiety,

which themselveg g bighly, laxicesnahexanierdn, e Gase Of fenefibrale Ardgrmébiroziisapropyl
alcohol is released as the esterase enzyme cleave the pro-moiet)ﬁ.from the fenofibric acid. It is well know

isopropanol is higHigXOis G fetiurisde derrBrafip e s At R Afe8uBE eFP Bl i fitove the
therapeutic effectivaprsssunmi@ienihipespafiie (develapheiatnacelpicaby e lraant édmm¢latian and

improve the solubility of the drug in water, present invention discusses alternative ﬁerodrugs of Ffibric acid

derivativesaWhiclGVEREEAk FRRATRSI RS tificofldd G et P Evaca kAl S RERTNARIE SRk ctthe
present inventioRgkl direeted WiRlteiinaie £1886 &fid is Thr, Hyp, Ser, Tyr, Lys, Leu, Ile, Gly, Asp, Glu,

Met, Ala, Val, Pro, His, Nor, Arg, Phe, Trp, Hsr, Car, Ort, Cav, Asn, Gln, Can, Tau, Djk,
GABA, Cys, Sar or Dcy.

25 8. The product according to Claim 7 wherein the product is:
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prodrugs of Fibric acid derivatives. The prodrug consists of the hydroxyl group of an amino acid esterified
to the free carboxyl group present on the Fibric acid derivatives molecules. In another embodiment, the
amine group of the amino acid is reacted with COOH of the fibric acids to form an amide linkage. 15 More
specifically, in one aspect of the present invention is directed to, the compounds of the formulas FIBRIC
ACID ANALOGS 20 where x is aggefined hereinabove or pharmaceutically acceptable salts thereof;
wherein R is either NH-AA or 0-AA and AA is an amino acid, in which either an amine group or the
hydroxyl group is reacted 25with the carboxylic acid group of Fibric acid derivatives. The present
invention is also directed in an embodiment to a pharmaceutical composition comprising a therapeutically
effective amount of the various Fi'oric acid derivatives prodrugs above and a pharmaceutical carrier
therefor. 5In another embodimenty the present invention is directed to a method of treating a patient in
need of Fibric acid derivatives theraﬁ/ ich method comprises administering to said patient an effective
amount of the Fibric acid derivatives. In afurther embodiment, the present invention is directed to a
method of converting 10liquid Fibric ach derivatives into a solid powder by reacting the carboxyl
functionality of the Fibric &dd derivativ ith either amine or hydroxyl functionality of an amino acid and
isolating the products thereof. ItH& still further @rbodiment, the present invention is directed to a method
of 15 substantially and in a therppeutically efficacious manner, make the derivatives absorbed easily
upon oral administration thereby improving the consistent therapeutic effect by administering to a patient
a prodrug which cmnpﬁség ﬁ&iﬁgﬂﬁ@@(ﬁl—@fﬁ@b@ ' he Fibric acid derivatives molecule with
either NH2 or OH functior{ality of selected amino acids to form an ester or amide covalent bond
respectively and isolatingGlg, 20product thereof and administer|ng said product to the patient. It was
determined that ¢ i i i cids are esterified to Fibric acid
derivatives, the resulting prodrugs are pharmaceutically elegant free flowing powders, and are rapidly
absorbed into the body and release non-toxic amino 25acids upon cleavage in the body and require none
of the emulsifiers, additives and other exepie@r.more, it has been found that the current

invention also produced drugs, while they arg gs of FBHY &itiferivatives; they were highly
effective anti-hyperlipidemi uc(ljbggfect intact. Thus the current amino acid
prodrugs are effective anti- d useful in the treatment of a number of high cholesterol
related illnesses and exhibi gwithout releasing the active parent drug.

SIROLIMUS

H.C

tHg_

192



5While the prodrugs of fibric acidn of the present invention are not expected to possess any acidic activity
due to blockage of the carboxylic acid group responsible for such, however it has been shown that the
prodrugs of fibric acid are effective antihyperlipidemics with or without releasing Fibric acid derivatives.
However, all of the Fibric acid derivatives prodrugs described are released in vivo the active drug with all
its 10pharmacological and cholesterol lowering properties. The present invention clearly provides a
number of advanfsyE$69effibris acid-derivativesT RCROWIMIASof the side chains cleaved from these
prodrugs are naturally occurring ess amino acids hence are non-toxic. This results in high
therapeutic 15index. Secondly all jre.proedrygs are readily cleaved in the body to release Fibric acid
derivatives. Furthermore, dud'thgir high wate soluﬁiﬂfy, they can be easily administered by either forming
an in-situ solution just before IV administratieh using.lygghilized sterile powder or providing the drug in
solution in prefilled syringe or bottles fof iifusion. The Aminoagid esters are more stable than Fibric acid
derivatives since COOH 20group inbfic acid %erivati eS8 ocked to reaction with bases. Thus the
Fibric acid derivatives prodrugs describe are more ef ec;ig%fibric acid derivatives itself
without the toxicity and other phar i oblems assgciated with current marketed formulations.
25The prodrugs of this invention are antishyperlipittemie-gfugs useful in the treatment of hyperlipidemia in
mammals where the symptoms are elevte‘?riglyceri des, low HDL (High density lipoproteins or "good"
cholesterol, and elevated cholesterdl FbrifAidgerivatives are also useful in reducing LDL (Low density

s’of the Fibric acid derivatives class as well. 5 Synthesis
of Fibric acid derivatives Prodrugs The produre‘gg%tahe synthesis of the L-serine, L-threonine, and
L-hydroxyproline esters of fenofibric acid is 6ittined in Synthetic Sequence section and is exemplary. The
complete procedure and analytical data is given in the Experimental Section. In 10general, fenofibric acid
(100 g batches) wa&'g d from 4]5“;‘?]@% Eyﬂigﬂﬁgzophenone in accordane with the procedures in
as coupled wi I%he -putyl"esters of N-Boc protected amino acid (L-serine,
L- threonine, and L-hygd roljpe) using EDC as the coupling agents and a catalytic amount of DMAP.
The protecting grla dved af temperature (5 C, 3-6 15days) with a mixture of hydrochloric
acid in acetic acid (1M) with dic i omethang® Th&Amitd 4848 ester salts of fenofibric acid were purified
by crystallization from ethyl '&€etate, Tand difed under high vacuum. Synthetic Sequence: Synthesis of

the L-serine, L-threoning-and L-hydfoxyproline sters of fenofibric acid: a) Boc-Ser-OtBu, EDC, DMAP,
CH2C12; b) Boc-Thr-QtBu, BMAP, CH2C12; ¢)Boc-Hyp-OtBu, EDC, DMAP, CH2C12; d) HCL,
ACOH, CH2C12. N e

HsC

'
(Z
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Experimental Section: The synthesis of SPIB00201, SPIB00202 and SPIB00203 was conducted in one or
two batches. Reagents mentioned in the experimental section were purchased at the highest obtainable
purity from Lancaster, Sigma-Aldrich, Acros, or Bachem, except for solvents, 5which were purchased
from either Fisher Scientific or Mallinkrodt. 1) Synthesis of fenofibric acid: 0103rOH O A mixture of
4-chloro-4'-hydroxybezophenone (116 g, 0.500 mole) and sodium 10 hydroxide (120 g, 3.00 mole) in
acetone (1 L) was heated to reflux f . i [

removed. A mixture of chloroform (
reaction mixture was & 8\/érn|g \ L heat@g The mlxtélﬂe was heated to reflux for 8 hours and
then allowed to cool to rodm temperature. The preg|pitate was r 2moved by filtration and 15washed with

acetone (100 mL fi c tr X! ssure to give a brown oil. Water (200
mL) was added to the Prown|pil and was gcidified (to pH=1) hydrochloric acid. The precipitate,
which formed was filt and driecsundethigh vacuum. The aining yellow solid (268 g) was

recrystallized from {bluen& in 4 batch 0 nala toluenB:@ach). After filtration and drying under high
vacuum, the 20experiment produced jfenofifiric acid (116 g. 73% yield) as a light yellow solid. 1H NMR
(300 MHz, DMSO-d6): = 13.22 (1H, $~bn)/7.72 (4t J&’é/ 2), 7.61 (2H, d, J= 7.8 Hz), 6.93 (2H, d,
J=7.8 Hz), 1.60 (6H, s). 2513C NMR (75aMHz, DM§O-d6): = 192.96, 174.18, 159.35, 136.84, 136.12,
131.67, 131.02, 129.12, 128.43, 11_1.%9 78 7, 25.13. 2) SPIB00201: L-serine-fenofibric acid ester To a

mixture of fenofibric acid (11.6 g, 36 3 m ; N p]g[lgylox B-serine t-butyl ester (Boc-Ser-OtBu,
8.62 g, 33.0 mmol), EDC (7.59 g, 39 6 mmol), and DMAP 821 mg, 3 96 mmol) cooled in an ice-water
bath was added anhydrous dichloromethane (15%66HL) ise. r theraddition was complete, the

ice bath was removed and the reaction mixture was stir€d under[an argéﬁ atmosphere at room
temperature for 20 hours. After 20 hopepipgRdditional dichloronmetkade (200 mL) was added and the
solution was washed with water (2x200 mL) and brine (200 mL) After drying over sodium sulfate and
filtration, the solution was concentrated under reduced pressure. The 10 remaining yellow oil (21.2 g) was
purified by column chromatography on silica gely(400 g, 0.035-0.070 mm, 6 nm pore diameter), eluting
with heptane/ethyl acetate (3:1). After concentration d?the preduct-containing fractions under reduced
pressure and drying under high vacuu Al the wel constant, the experiment produced the
protected L-serine-fenofibric acid este 1&7% yield) as a light yellow oil. OH,uok , 1H
NMR (300 MHz, CDC13): =7.75 (2H,d,_1 H’Z (2H d, .1=9.0 Hz), 7.45 (2H, d, J= 8.7 Hz),
6.86 (2H, d, J= 8.7 Hz), 5.04 (1H, d, J= 69Hz) 455442(3H m), 1.66 (3H, s), 1.65 (3H, s), 1.43 (9H, s),
1.39 (9H, s). 13C NMR (75 MHz, CDC13¥g|=ELPREY, 172.99, 168.07, 159.24, 154.87, 138.24, 136.19,
131.94, 131.06, 130.40, 128.41, 117.26, 82.88, 80.13, 79.24, 65.44, 53.44, 28.27, 27.92, 25.70, 25.30.

5
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25To a stirred solution of the protected L-serine-fenofibric acid ester SPIB0020101 (16.2 g, 28 8 mmol) in
anhydrous dichloromethane (100 mL) cooled to 5 C, under an argon atmosphere was added a solution of
hydrogen chloride in acetic acid (400 mL, 1M, 400 mmol) drop-wise. The reaction mixture stirred for 3
days at 5 C. After three days the mixture was concentrated under reduced pressure and dried under high
vacuum to remove acetic acid. To the r aining light yellow oil (24.7 g) was added ethyl acetate (100 mL)
The solution was concentrated and drie eond time. Terthe remaining 5light yellow oil (17.0 g) was

por 5 minutes and cooled to room

erlmnt prOdLEE%j% ine-fenofibric acid ester,

a White solid 00 MHz DMSO-d6): = 14. 12

temperature then at 43 C for one hour.
hydrochloride SPIB00201 (7.66 g, 60%

12. 0 4 2 Hz) 4.50 (1H dd J 12.0, 2 4 Hz) 441CQ1H m), 1 64 (3H s), 1. 63 (3H s) 1513C NMR (75
MHz, DMSO-d6): = 193.06, 171.70, 168.06, 158.72, 136.93, 136.06, 131.73, 131.09, 129.62, 128.49,
117.64, 79.02, 62.99, 51.11 .2 4 24.94. Cranalysis:  100% purity; r.t.= 4.361 min.; 55% TEA
(0.1%), 45% ACN; 1 mL/m 20C18, serial # 167917-13; 20 ul inj., NB275- 49 CHN
analysis: calc.: C 54.31, H 4 ] ; found: C 4.3/, H 4.78, N 3.12. 25Melting point: 151C (dec.) 3)
SPIB00202: L-threonine- fenof bric adid ester To afmlxtt.rre of fenofibric acid (25 50,799 mmol)

removed and the reaction mixture was stirred unde
hours. After 20 hours, additional EDC (1.39 g, 7
stir over the weekend at room temperature under anargon atmosphere. After 4 days, additional
dichloromethane (300 10 mL) was added and the solution was washed with water (300 mL) and brine
(300 mL) After drying over sodium sulfate and filtration, the solution was concentrated under reduced
pressure. The remaining yellow oil (53.5 g) was pugfied by RRMOPOFADAMatography on silica gel (500 g,
0.035-0.070 mm, 6 nm pore diameter), eluting with heptane/ethyl acetate (3:1). After concentration of the
product-containing fractions CHy O CH3

HsC CHx

9
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15 under reduced pressure and drying under high vacuum until the weight was constant, the experiment
produced the protected L-threonine-fenofibric acid ester SPIB0020201 (34.1 g, 82% yield) as a white
foam. 201H NMR (300 MHz, CDC13): =7.74 (2H, d, J=8.4 Hz), 7.72 (2H, d, J= 8.4 Hz), 7.45 (2H, d, J=
8.4 Hz), 6.87 (2H, d, J= 8.4 Hz), 5.47 (1H, m), 4.98 (1H, d, J= 9.9 Hz), 4,31 (1H, d, J= 9.9 Hz), 1.65 (3H,
s), 1.64 (3H, s), 1.45 (9H, s)HL.42 (9H, s), 1.22 (3H, d, 6.3 Hz). 2513C NMR (75 MHz, CDC13): = 193.94,
172.14, 168.70, 184;26, 155\2, 138,28, 136,18 13100, 131.08, 130.37, 128.43, 117.40, 82.70, 80.17,
79.38, 72.02, 57.46, 28.30, 27.99, 26.84, 24.79, 16.90. To a stirred solutiontdf the protected

[oster EPIB0020201 (34.1 g, 59 2 mmol)4fr anhyavous didhldsomethane (100
argon-atmosphere was added a solution of n chloride in acetic acid
(600 mL, 1M, 600 m -wise. The reaction mixture was k&htfor 6.8 C. The 5 mixture was
concentrated underPedUsed prassure and dried under high vacuum td remoye acetR,acid. To the
remaining white solid (45.8 s added ethyl acetate (500 mL) The @uixture was heated to reflux for 10
minutes and cooled to roomtemperature. The precipitate was rer:N ed by filtration and dried under high
vacuum overnight at room temperature. The experiment produced theé t~thfeohine-fenofibric acid ester,
10 hydrochloride SPIB00202 (26.3 g, 97% vyield) as a white solid. CI H.. Dtkii, OH 00 1H NMR
(300 MHz, DMSO-d6): = 14.10 (1H, s, br), 8.84 (3H, s, br), 7.73 (4H, m), ’63(2H, d, J= 8.1 Hz), 6.89
(2H, d, J= 8.7 Hz), 5.44 (1H. m), 4.31 (1H, s), 1.64 (3H, s), 1.62 (3H, s), 1.38 (3H, d, J= 6.3 Hz). 15 13C
NMR (75 MHz, DMSO-d6):R5 193.04, 171.00, 168.13, 158.76, 136.90, 136.0%, 131.70, 131.06, 129.49,
128.48, 117.41, 78.99, 69.40, 55.21, 25.59, 24.22, 16.06. HPLC analysis: 20{)%8.59% purity; r.t.= 4.687

min.; 55% TEA (0H4%), 459NACN;A mL/min; 323 C2Luna C18, sefjat# 167Q17-13; gyul inj., NB275-49,
found:C 54.98, H 5.13,

b b
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25 Melting point: 160.5 C (dec.) 4) SPIB00203: L-hydroxyproline-fenofibric acid ester To a mixture of
fenofibric acid (24.9 g, 78 1 mmol), N-carbobenzyloxy-Lhydroxyproline t-butyl ester (Boc-Hyp-OtBu, 20.4
g, 71 0 mmole, prepared in accordance with the procedure in the literature), EDC (16.3 g, 85 2 mmol),
and DMAP 5(1.04 g, 8 52 mmol) cooled in an ice-water bath was added anhydrous dichloromethane (200
mL) dropwise. After the a I%gg \#@m te, the ice bath was removed and the reaction mixture was
stirred under an argon at Sﬁg emperature for 20 hours. After 20 hours, additional EDC
(1.63 g, 8 52 mmol) was added and xperiment was allowed to stir over the weekend at room
temperature undegan argon 10 atm tggheete After 4 days the solution was washed with water (200 mL)
and brine (200 mL) After rylng over sodium sulfate and filtration, the solution was concentrated under
reduced pressure. ' Ag-yettow-oil (49.4 g) was purified by column chromatography on silica gel
(500 g, 0.035-0.070 mm, 6 n e dlant ter) eIutlng with heptane/ethyl acetate (2:1). After
concentration of the produe 5 under reduced pressure and drying under high
vacuum until the weight was constant the expen ent produced the protected L-hydroxyproline-fenofibric
acid ester SPIB0020301 (26.4 g, 63%Yield) as a colorless oil, 201H NMR (300 MHz, CDC13): =7.76
(2H, d, J=8.1 Hz), 7.73 (2H, d, J= 8.1 Hz), 7.46 (2H, d, J= 81Hz) 6.84 (2H, d, J= 8.1 Hz), 5.32 (1H, m),
4.13 (0.38H, t, J= 7.8 Hz), 4.00 (0.62H, t, J= 7.8 Hz), 3.67 (1.62H, m), 3.46 (0.38H, d, J=12.6 Hz), 2.29
(1H, m), 2.15 (1H, m), 1.68 (3H, s), 1.66 (3H, s), 1.44-1.38 (18H, m). 13C NMR (75 MHz, CDC13): =
193.88,172.98, 171.14, 159.25, 153.48, 13828, 136.16, 131.99, 131.08, 130.36, 128.44, 117.03, 116.91,
81.48, 80.32, 80.20, 79.19, 74.

76, 58,23, 5158, 36.33, 35.31, 31.92, 28.29, 28.00, 25.89.
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5To a stirred solution of the protected L-hydroxyproline-fenofibric acid ester SPIB0020301 (26.0 g, 44 2
mmol) in anhydrous dichloromethane (100 mL) cooled to 5 C, under an argon atmosphere was added a
solution of hydrogen chloride in acetic acid (450 mL, 1M, 450 mmol) drop-wise. The reaction mixture
stirred for 4 days at 5 C. After four days the mixture was concentrated under reduced pressure and dried
under 10 high vacuum to remove acetic acid. Ta:thewremaining yellow oil (31.5 g) was added ethyl acetate
(200 mL) The mixture was sonicated and thefn concentrated under reduced pressure and dried under high

mixture was heated to reflux for 1’ minutgs and ¢ d\to ro*ﬁ%& The precipitate was
removed by filtration and dried 15.under high vac pvernight at room temperature. The experiment
oxyproline-fénofibiic acid_ester, hydrochloride SPIB00203 (15.8 g, 76% yield) as a
white solid. 1H NMR (3J0 MHz, DMSD-d6): = 14.07 (1H, s, br), 10.75 (1H, s, br), 9.40 (1H, s, br), 207.71
(4H, d, J= 8.1 Hz), 7360 (2H, d, J= 8.1 Hz), 6.96 (2H, d, J= 8.1 Hz), 5.42 (1H, m), 4.24 (1H, t, = 9.0 Hz),
3.61 (1H, dd, J=13.2, 4.2 Hz), 3.28 (1H, d, J=13.2 Hz), 2.35 (2H, m), 1.66 (3H, s), 1.64 (3H, s). 13C
NMR (75 MHz, DMSO-d6): =193.00, 171.52, 169.14, 158.81, 136.87, 136.09, 25131.81, 131.05, 129.48,
128.46, 117.28, 78.99, 73.79, 57.54, 50.23, 34.13, 25.69, 24.49. HPLC analysis: 100% purity; r.t.= 8.369
min.; 60% DUE water (0.1% FFA)/40% ae&tonitrile; 1 mL/min; 36.4 C; Luna C18, 5u column (serial #
191070-3), 4.6x250 mnR [P+A, Sig = 210.4, Ref = 550,100. 5 HPLC-MS (ES I):
calculated: M+=431; f . peiit: 187PERIEECIFRIlbIlity of the above esters were
determined in watggt@at room temperat 3,00 Iving excess of each of the drug and let them settle
for few hours. The resulting solutions ed at 1500rpm for 3 min and the supernatant liquid
was analyzed. It was shown that these esters pessess solubility in water in excess of 50 mg/mL 15
EXPERIMENTAL Rats were checked for time zero triglyceride level in blood. Then the rats were set on
high sugar diet, such as 30% surcorse in water for 1 week. Then at the end of 1 week, rats were tested
for triglycerides, and were put on notgnfﬂt% t. From day 7-14 tB%Hrats were administered either test or
control drug. Triglycerides wefe In tested on ! day inrat blood. In the Fenofibrate (control) vs
L-Serine Ester of Fenofibric acid (fest drfig), 3 rats ea each of tiMaEXIRRW control at equivalent
doses of 50, 100 : ,qjhown below.
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SUMMARY - DOSE RANGE FINDING STUDY - HYPOLIPIDEMIC PROPERTY - FENOFIBRATE AND
ITS FORMULATION Test Substance: L-Serine Ester of Fenofibric Acid Vehicle: 1% Tween 80 in milli Q
-water 5 Test Item Dose' Mg/kg) Animal No. Triglycerides (mg/d1l) Day zero Day 7 Day 14 Vehicle 0 1
81168 121 288
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240 83 208115861 214277 46 From the above results, it can be concluded the highly water soluble
serine ester was effectively performed. 10There are a number of screening tests to determine the utility of
the prodrugs created according tio the disclosed methods. These include both in vitro and in vivo
screening methods. The in vitro methods include acid/base hydrolysis of the prodrugs, hydrolysis in pig
pancreas hydrolysis in rat intestinal fluid, hydrolysis in human gastric fluid, hydrolysis in human intestinal
fluid, and hydrolysis in human blood plas These assays are dscribed in Simmons, DM, Chandran, VR
and Portmann, GA, Danazol Amino Acid Jnugs: In Vitro and In Situ Biopharmaaceutical Evaluation,
Drug Development and Industrial Pharmacy;Wol 21, Issue 6, Page 687, 1995, the contents of allof which
are incorporated by reference. The prddrugs of Fibric AdEJHNE BHEEHBAJdRtion are effective in treating
diseases or 10conditions in which Ftric agid deftvatives normally are used. The prodrugs disclosed
herein are transformed within the bg e the active compound and enhances the therapeutic
benefits of the Fibric acid derivatices by educmg or eliminating biopharmaceutical and pharmacokinetic
barriers associated with each of them. However it should be noted that these prodrugs themselves will
have sufficient activity without 15releasing any active drug in the mammals.
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Thus, the prodrug of the present invention enhances the therapeutic benefits by removing
biopharmaceutical and pharmacokenetic barriers of existing drugs. 20Furtheremore, the prodrugs are
easily synthesized in high yields using reagents which are readily and commercially available. The
prodrugs of Fibric acid of the present invention are effective in treating diseases or conditions in which
Fibric acid derivatives normally are used. The prodrugs ¢isclosed 25 herein are transformed within the
body to release the active compound and enhances thegﬁerapeutic benefits of the Fibric acid derivatives
by reducing or eliminating biopharmaceutical and pharm&cokenetic barriers associated with each of them.
However it should be noted that these prodrugs them$§&ies will have sufficient activity without releasing

any active drug in the FfahitAdB 80 INBus, the

therapeutic benefits by removing biopharmaceutica phgrmacokenetic barriers of existing drugs.
Furthermore, the prodrugs are gasily syftiestZed igh yields using reagents which are readily and
commercially available. In the fg amd in the claims it is to be understood that the AA
has the following 8'e“ﬁnjﬁ6'ﬁ‘~iﬂ thefg ents 0 1) C -NH -AA- AA in this definition refers to the

amino acid residue without gn amino group either on the main chain or the side chain. 152) AA in this
definition is an amind*&sid.résidue less the hydroxy group on the side chain. NH-1-AA 3)0 20 AA refers to
an amino acid group without the carboxy group, either on the main chain or side group. 4) OAA- This is a
ester bond between the hydroxy group of the gnug and the carboxy group of the amino acid either on the

main chain or side chain. Thus, as written is o— AR
o NS S MIGLITOL

CFy

MEFLOQUINE
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H 0- C - C- NH2 Ro 5wherein Ro is the side chain amino acid as defined hereinabove. Alternatively, it
may refer to an ester bond between the carboxy group of the drug and the hydroxy group on the side
chain of those amino acids which have a hydroxy group thereon such as threonine, serine,
hydroxyproline, tyrosine and the like. The hydroxy 10 group forms part of the ester linkage which is
depicted hereinabove with 0. Thus, as written, the AA refers to an amino acid with a hydroxy group on the
side chain, but as depicted OAA, the AA is without the h y group since the oxygen atom is depicted
in the formula. 15It is to be understood that while the ipvention has been described in conjunction with the
detailed description thereof, the foregoin is intended to illustrate and not limit the scope of the
invention, which is defined:by th ope“Qf th pepded claims. Other aspects, advantages, and
modifications are within the scope of the folfowing Claints? T\NRTHE CLAIMS: 1.A method for enhancing at
least two of the therapeutic qualities of a drug having a functionaép/ Rﬁﬂgﬁted from the group
consisting of hydroxy, amino, carboxy or acyla dgrivatives of said carboxy group, said improved

therapeutic quality being 5selected from the grp gnsisting of: (a) improved taste or smell (b)
desired octanol/water partition coefficient (c) impreved stabitity (d) enhanced penetration of
blood-brain barrier 10(e) elimination of first pass effect in the liver (f) reduction of intero-hepatic
recirculation (g) painless injection with parental formulation (h) improved bioavailability (i) improved

changes in the rate of absorption 15(j) reduced side effects (k) dose proportionality
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(1) selective hydrolysis of the prodrug at site of action (m) controlled release properties (n) targeted drug
delivery 20(0) reduction in toxicity (p) reduced dose (q) alteration of metabolic pathway to deliver more
drug at site of action (r) increased solutility in agueous solution and (s) enhanced efficacy, 25the method
comprising (a) reacting the drug with an amino acid under conditions effective to form a covalent bond
between the drug and the amino acid and (b) administering the product of (a) to a patient in need thereof,
wherein said amino acid is a naturally occurring a-L-amino acid. 2. The method according to Claim 1
wherein the amino acid is TH{} Hyp, Ser, Tyr, Lys, Leu, lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Nor, Arg,
Phe, Trp, Hsr, Car, Ot, Cav, Asn, @In, Cark"Taw, Djk, GABA, Cys, Dcy and Sar. 53. The method
according to Claim JWherein the amiho acif is Thr, Hyp, Ser, Tyr, Lys, Leu, lle, Gly, Asp, Glu, Met,
Ala, Val, Pro, His, ALg, Phe, T#p, GIr; : S~4-Thegpethod according to any one of Claims 1 - 3
wherein the the drug & Cycld$porin, Lopinavif, Ritonavir, Ce?dinir, Zileuton, Nelfinavir, Flavoxate,
Candesarten, Propofol, 10Nisoldipine, Amlod?"'pi'iine, Ciprofloxacin, Ofloxacin, Fosinopril, Enalapril,
Ramipril, Benazepril, Perinod%%gﬁF)Mﬁdolapril, Cromolyn, Amoxicillin, Cefuroxime,
Ceftazidime, Cefpodoxime, At e, ovir, Penciclovir, Famciclovir, Acyclovir, Niacin,
Bexarotene, Propoxyphene, Salsalate, Acetaminophen, Ibuprofen, Lovastatin, Simavastatin, Atorvastatin,
Pravastatin, Fluvastatin, Nadolol, Valsartan, 15Methylphenidate, Sulfa Drugs, Trovafloxacin,
5-amino-Salicyclic acid, Sulfasalazine, Methylprednisolone, Medroxyprogesterone, Estramustine, Miglitol,
Mefloquine, Capacitabine, Danazol, Eprosa!étan, V&_Iproic Acid, Gabapentin, Omeprazole, Lansoprazole,
Megestrol, Metformin, Tazarotene, SumitriptahgNaratriptan, Zolmitriptan, Aspirin, Olmesartan, Sirolimus,
Tacrolimus, Pimecrolimus, Clopidogrel, 20Agnpnoteicin, Tenofovir, Unoprostone, Fulvestrant, Cefditoren,
Efavirenz, Eplerenone, Treprostinil, Adefowil -Sati ycIi%cid, Diflunisal, Fenoprofen, Carprofen,
ndac, Indomethacin, Tolmetin, Ketorolac, Ciprofric

1€, or Gembifrozil or a pharmaceutically acceptable salt of any
teiany one of Claims 1-4 wherein AA is Threonine,

of said drug. 25 5. The met
hydroxyproline or Serine
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7. The product from a reaction between a drug having a functionality selected from the group consisting of
hydroxy, amino, carboxy or acylating derivative of said carboxy group and a L-a-amino acid under
conditions sufficient to form a covalent bond from the reaction of said functional group and said amino
acid, or the pharmaceutically 5acceptable salt thereof, wherein the drug is selected from the group
consisting of cyclosporin, lopinavir, Cefdinig, Zileuton, Nelfinavir, Flavoxate, Candesartan, Propolfol,
nisolidipine, amlodipine, Ciprofloxacicin, Ofloxacin, Enlarpril, Ramipril, Fosinopril, Benazepril, Perinlopril,
Moexipril, Trandolapril, 8ror&10lyn Amexieili i
Atovaquone, Penuclowr;}ﬁamcm iaciny 10Bexarotene, Propoxyphine, Salsalate, Acetaminophen,
lbuprofen, Lovast'é!ﬁ?hﬁ' ; i AOTvEStatin ~Pravasiatin SUMAIRIRTARYolol, Valsartan,
methylphenidate, Sulfaidrug, Sulfasalazme |vaflo>3bcm methyl prednisolone, Medroxyprogesterone,
Estramustine, Miglitol, Mefloquine, Capacitabine, Danazol, Eprosartan, Valproic acid, Gabapentin,
Omeprazole, Lansoprazole, Megestrol, 15Metform|n Tazarotene, Sumitriptan, Naratriptan, Zolmitriptan,
Olmesartan, Aspirin Sirolimus, Tacrolimus, Pjnecrolimus, Clopidogrel, Amphotericin, Tenofovir,
Unoprostone, Fulvestrant, Cefditoren, Efavirepz, Eplerenone, salicyclic acid, 5-amino salicyclic acid,
diflunisol, fenoprofen, carprofen, Flu eniKetoprofen, naproxen, etodolac, sulindac, indomethacin,
tolmetin, ketorolac, cipgpfibric acid, i¢, 20 gemflbﬁ) Mﬁﬁ r(haud or Salazine or a
pharmaceutlcallyﬁ Prahle-salt of any. of saig dru and wherein the"amino acid is Thr, Hyp, Ser, Tyr,
Lys, Leu, lle, Gly, ASp, GltmMet, Ala, Val, Pro iS, Non, Arg, Phe, Trp, Hsr, Car, Ort, Cav, Asn, GIn, Can,
Tau, Djk, GABA, Cys, S4r of Dcy. 258. The prod ct acrdlng to Claim 7 wherein the product is: |
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or

GOOH GLUTAMIC ACID AZQ
oH  SALICYLIC ACID DERIVATIVE

HDDC-I’\‘:l-N=N

or a pharmaceutically acceptable salt thereof,
wherein
AA is an amino acid without the hydroxyl group on the carboxy group, and is attached
via the acyl group
R is AA; or OAAg,
CYCLO represents the residues at positions 2 — 11 of a cyclosporin molecule;
x-y is CH=CH or CH,=CH,.
R?is OAA or OGlyAA;
AA| is an amino acid without the hydroxy group on the carboxy group and is attached
via the acyl group;
AAgis an amino acid residue having a hydroxy group on the side chain less said
hydroxyl group, and wherein AAgis attached via an ester bond through its side chain
hydroxy group;
R, is
CH,

C—0—CH,—CH; C—O0—CH,~—CH o C—AA,

-
@) O CH, @)

R4 18 AA3 or OAA6;
R5 1S AAZ;
AA; is an amino acid residue less the hydroxy group on the carboxy group, and is

attached via the acyl group;
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0 -AA CO-R Ft R8N=N-AA5-COOH, SULFO DRUG AZO DERIVATIVE, 10 R8NH CO-AA5NH2
SULFA DRUG AMIDE DERIVATIVE 15 5or a pharmaceutically acceptable salt thereof, wherein AA is an
amino acid without the hydroxyl group on the carboxy group, and is attached via the acyl group R is AA3
or OAAG6, 10CYCLO represents the residues at positions 2 - 11 of a cyclosporin molecule; x-y is CH=CH

or CH2=CH2, RIS QA ahHe A\ AL dsh ik S5RING AGId B Qtith ey Es OXYAGEQY R AIRHEE arboxy

group and is attached via the acyl group; 15 AA6 is an amino acid residue having a hydroxy group on the
side chain less SERIAHOEAYoup, and wherein AA6 is attached via an ester bond through its side chain
hydroxy group; R i &hig;-C-0- CH2 - CH3 C- 0- CH2- CH or C-AA3

R, is an amino acid without the carboxy and amino groups;
5 Reis AAj:

R;is O-AA;;
AAs is an amino acid without the amino and carboxy groups;
Rs is a sulfanilamide moiety of the general class of sulfa drugs; and
Ry is AA; or OAAg, and

10  AA, AA;, AA;y, AA3, and AAs are independently L-amino acids and are Thr, Hyp, Ser,
Tyr, Lys, Leu, Ile, Gly, Asp, Glu, Met, Val, Pro, His, Nor, Arg, Phe, Trp, Hsr, Car, Ort,
Cys, Cav, Asn, Gln, Can, Tau, Djk, GABA, Dcy or Sar, and AAg is an L-amino acid
selected from Thr, Hyp, Ser or Tyr.

15 9. The product according to Claim 8 wherein AA;, AA,, AA3, AA4, and AAs are
independently Thr, Ser, Tyr, Lys, Leu, Ile, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Arg,

Phe, Trp, GIn, Asn, Cys or Ser.

10. The method according to Claim 9 wherein AA |, AA,, AAs, AA4, AAs and AAg are

20  independently Threonine, hydroxyproline or serine.

11. The compound according to Claim 10 wherein AA, AA,, AA3, AA4, AAs and AAg
are Thr.

25  12. The compound according to Claim 8 wherein the compound has the formula
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OCH30 20 R4 is AA3 or OAAG, R5 is AA2, AA2 is an amino acid residue less the hydroxy group on the
carboxy group, and is attached via the acyl group; AA3 is an amino acid less the hydrogen atom on the
amino group, and it is attached via the amino group; R3 is ethyl; R1 is an amino acid without the carboxy
and amino groups; 5R6 is AAIl, R7 is 0-AA1; AAS5 is an amino acid without the amino and carboxy groups;
R8 is a sulfanilamide moiety of the gengral class of sulfa drugs; and R9 is AA3 or OAAG, and 10 AA, AAL,
AA2, AA3, and AAS5 are independently L-amiro acids and are Thr, Hyp, Ser, Tyr, Lys, Leu, lle, Gly, Asp,
Glu, Met, Val, Pro, His, Nor, Arg, Phe, Trp, Hsr'<Chr, ort, Cys, Cav, Asn, GIn, Can, Tau, Djk, GABA, Dcy
or Sar, and AAG6 is an L-amino acid selected fro Thr, Hyp, Ser or Tyr. 15 9. The product according to
Claim 8 wherein AAL, AA2, AA3, AA4, and AAS @afe independently Thr, Ser, Tyr, Lys, Leu, lle, Gly, Asp,
Glu, Met, Ala, Val, Pro, His, Arg, Phe, Trp, GIn, |Asn, Cys or Ser.  10. The method according to Claim 9
wherein AA1, AA2, AA3, AA4, AA5 and AA6 are 20independently Threonine, hydroxyproline or serine.
11. The compound according to Claim 10 wherbiAAL, AA2, AA3, AA4, AA5 and AA6 are Thr. 25 12.
The compound according to Claim 8 wherein the\qompound has the formula HC CHCH CH2 N H
CH-CH3 AAO I/ H CH-CH,

AADR(L/ 5

heval —nN — CH— C Abu —MeGly

Melau heleu

Meleu — DAla— Ala— Meley— Yal

5  13. A pharmaceutical composition comprising a therapeutically effective amount of a
compound according to any one of Claims 8 — 12 and a pharmaceutically acceptable salt

thereof.

14. A method of enhancing the bioavailability of a drug having a functionally selected

10 from the group consisting of hydroxy, amino, carboxy or acylating derivative of said
carboxy group, said drug being selected from the group consisting of Cyclosporin,
Lopinavir, Cefdinir, Zileuton, Nelfinavir, Flavoxate, Candesarten, Propofol, Nisoldipine,
Amlodipine, Ciprofloxacin, Ofloxacin, Fosinopril, Enalapril, Ramipril, Benazepril,
Moexipril, Trandolapril, Cromolyn, Amoxicillin, Cefuroxime, Ceftazidime,

15  Cefpodoxime, Atovaquone, Gancyclovir, Penciclovir, Famciclovir, Acyclovir, Niacin,
Bexarotene, Propoxyphene, Salsalate, Acetaminophen, Ibuprofen, Lovastatin,

Simavastatin, Atorvastatin, Pravastatin, Fluvastatin, Nadolol, Valsartan,
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0 MeVal-N -CH- C- Abu -MeGly MeLeuMeLeu Meleu - DAla- Ala- MeLeu- Val 513. A pharmaceutical
composition comprising a therapeutically effective amount of a compound according to any one of Claims
8 - 12 and a pharmaceutically acceptable salt thereof. 14. A method of enhancing the bioavailability of a
drug having a functionally selected 10from the group consisting of hydroxy, amino, carboxy or acylating

derivative of said\famiy®e81@HP, BRIG {rpehaigose!entad amsths greaRArRsIsting of Cyclosporin,
Lopinavir, Cefdinir, Zileuton, Nelfinavir, Flavoxate, Candesarten, Propofal, Nisoldipine, Amlodipine,

Ciprofloxacin, O%%W@Bgﬁ%ﬂﬂ%ﬁﬁﬁ'ﬁm?%nﬁﬁmlﬁﬂeﬁgiéﬂ?ﬂ,WSeMEﬁHWrMS%?QBFHFCrOmolyn ,

Amoxicillin, Cefuraxiipel, Epftazidim il alpRIBe AT A0 \GHBABBS S WIRYsIRYH e RetfisHyibIEamciclovir,
Acyclovir, Niacin, Bexarotene, Propoxyphene, Salsalate, Acetaminophen, Ibuprofen, Lovastatin,

Simavastatin, At¥eE&TERh MeHOSB AN ZRIOEE N RILdRR, VaTaLipen- KRIRYTHMER X Methy!

Prednisolong, Swfienbyieih, Subasalazinerdadionppiegesiarne] spsciriusing@mingsalicyclic acid,
Miglitol, Mefloquine, Danazol, Eprosartan, Divalproex, Fenofibrate, Gabapentin, Omeprazole

Lansoprazole, MEGSERO BABFSIARCr A3UYSEHABL SGHHHORtaNE X o RlCH R EribESRT&LBikin,

SOImesartan, Siglinuefdaerolind sdthineesaliphdim CrloRtdnoned, daphnteiicimmihenefavihdenoprostone,
Fulvestrant, Cefditoren, Efavirenz, Eplerenone, Treprostinil, and Adefovir" said method comprising

reacting the drug WHQRSFHiIFII ST (TR oMMt RARERvETL RS A8d AN A BNA B AL the drug

and the amino agithanidiadng metpritm chepradustibereat 10 epatipnt o, Rarddnerpehnminsrainisaid amino
acid is 10 a L-amino acid se.lict?d fro%the groups consisting of Tfkr{, Hyp, Ser, Tyr, Lys, Leu, lle, Gly,
Asp, Glu, M8t AfaL-9EITIS e ReTRgt5d N Bife2rphps Sepseupe St BlallRsnet ek F4Y: Bk, ABA,

%/fs S?r or RCY-GJ§;tAﬁm@?\@é@M@Wﬂﬂgﬁi@HﬁlﬂiﬂgyAmaP@gH’QQLISSSQGI.H&Q(D@I GTatdjcu%dh,a@ﬂm? a f
unctionality selec r roup,consisting of hydroxy, amino, carboxy or acylating derivative o
said carboxy gro%f)‘,l’ i‘i‘&’(ﬁﬂb E@%}s&@& g'fP5m e group consisting of lopinavir, cefdinir, amlodipine,
nisoldipine, zileuton, nelfinavir, flavoxate, candesartan, cromolyn (sodium), atovaquone, niacin,
bexarotene, propexyphene, salsalate, acetaminpphen, ibuprofen, valsartan, methyl phenidate, methyl
prednisolons, mASroRy B AR SSILRES CHpHIBELEH i AR SR S RAGHEIDE b ioquine
danazol, eptosafiaittidivaipycekclendfitanade; gabprentiiRimegesidib-eiiamanddoakoteney Rspign,
olmesarten, clopédo.%re.l, ﬁph%eri%n, tenofovir, ?%pro%tone, f Iveat ant, gﬁefditoren, efavirengz,
eplerenone, trep GENAH SRSt SR WL SAG Mdeh %"&)Srﬁ%ﬁgﬁl P& ﬁ]érﬂlil@ E80RMEE8Nnd with an
amino acid undelopingittpoe &ffectingdoiZbdonioddiiing , belsvear) Hatid v aiel thataysintaaidaand
administering ther;éro U(I:bt hereof to a)%?tient in need thereof, wherein sajd amin%? cid is a L-amino acid

selected from th&"GFd SHURY BPHGU MEE R AT AR SSRGS 53 fnet, Ala, Val, Pro,
His, Nor, Ara, PheethrpindphiefdbupiidfdnavalbammarGineGanyhbaid kSRR A éayss Saeoniddyoxy

20  progesterone, cephalosporin antibiotic, estramustine, miglitol, mefloquine, danazol,
eprosartan, divalproex, fenofibrate, gabapentin, megestrol, metformin, tazarotene,
aspirin, olmesarten, clopidogrel, amphotericin, tenofovir, unoprostone, fulvestrant,
cefditoren, efavirenez, eplerenone, treprostinil adefovir and salazine, said method
comprising reacting the covalent bond with an amino acid under conditions effective to

25  form a drug between the drug and the amino acid and administering the product thereof
to a patient in need thereof, wherein said amino acid is a L-amino acid selected from the
group consisting of Thr, Hyp, Ser, Tyr, Lys, Leu, Ile, Gly, Asp, Glu, Met, Ala, Val, Pro,
His, Nor, Ara, Phe, Trp, Hsr, Car, Ort, Cav, Asn, Gln, Can, Tau, Djk, GABA, Cys, Sar
or Dcy.
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30 16. The method according to Claim 14 or 15 wherein the amino acid is Thr, Hyp, Ser, Tyr, Lys, Leu,
lle, Gly, Asp, Glu, Met, Ala, Val, Pro, His, Arg, Phe, Trp, GIn, Asn, or Cys. 517. The method according to
Claim 14 or 15 wherein the amino AA is threonine, hydroxyproline or serine. 18. A method of enhancing
the safety profile with longer anesthetic effect of propofol in 10an agueous solution comprising reacting

the hydroxy functignaiity pédheiRkepaial gnelesula witbrars srpineiaid ahakylRing denvatyedbereof under
ester forming conditions and isolating the product thereof. 19. A method of enhancing the solubility of a

quinolone antibidttHaXinked- oGk 158r&ilE- MeleyMaingelrBim i s ddud QoitH miPrising
reacting the carhoyylic acid functionality of the quinolone antibiotic with an amino acid or acylating
derivative thereof under either ester or amide forming conditions and isolating the product thereof. 20. A
method of enhancing the bioavailability of a quinolone antibiotic having a 20 carboxyl group or acylating

group whensadministerechterdPatientiwbighcamprises reactingithecanasyNaasigfesigtienality of the
guinolone antibiotic with an amino acid or acylating derivative under ester or amide forming conditions,

isolating the prodEfPHEPE L A8fristering said product to the patient. 2521. A method of enhancing
the solubility of ace inhibitors having a carboxy or acylating group in an aqueous solution comprising
reacting the carboxylic acid functionality of the ace inhibtor molecule with an amino acid or acylating
derivative thereof under either ester or amide forming conditions and isolating the product thereof. 22. A

method of enhan@ngtheiicavatabiity of acesimbipisessRavinglsncarbo¥y i RCHIRIIDGIFRIHMVNEN
administered to a patient which comprises reacting the carboxylic acid functionality of the ace inhibitors
molecule with arfAAIHE 48 lﬁeﬁgffﬁﬁlﬁgﬁ\fﬁﬁ?fg“ﬁﬁﬁ‘éPé@%@?%ﬁ%ﬁ&@%’fmﬁ&%’ﬁﬂﬁ%ﬂs, isolating the
product thereof anel@atkvinibiaiingisdiddatuciiaihe Ratient e 2erfomatbaceokradtiaing the gastric
irritation of ibuprofen.comprisjng reacting the carboxylic acid functionality of the ibuprofen molecule with
an amino acid orc%gﬂgﬂ% de? Hﬂ\géll?rﬁftg %?MBPrggfer or amide forming conditions and administering
the product to a patient in need thereof, said product resulting less gastric irritability then ibuprofen. 24. A

method of enhancing, the sol b?ity of a.proton pump. inhibitor jn an aquepus. solutjon comprising reacting
the amine functidainy bR RS SIGRORPBCS A0 G AN LB AL K1 PRy SPRE mino acid o
acylating desivatiredpeieafylinter anigenfamaing eongditions aoehistaiing dbengroducitoeseefaczd. A
method of enhancing.the bioayailability of a profon pump inhibitor when administered.to a patient which
Comprises react I B I RORAIR) S THE DS AT IBR A e SRR acid morety
of an amino acidiiracyiaideg cleiivatiee dhareafubdaimaomeliosmingdcootitiogshégaiading thadpduct
thereof and administering said product to the patient.

20. A method of enhancing the bioavailability of a quinolone antibiotic having a

20  carboxyl group or acylating group when administered to a patient which comprises
reacting the carboxylic acid functionality of the quinolone antibiotic with an amino acid
or acylating derivative under ester or amide forming conditions, isolating the product

thereof and administering said product to the patient.

25  21. A method of enhancing the solubility of ace inhibitors having a carboxy or acylating
group in an aqueous solution comprising reacting the carboxylic acid functionality of the
ace inhibtor molecule with an amino acid or acylating derivative thereof under either

ester or amide forming conditions and isolating the product thereof.
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26. A method of enhancing the solubility of Selective 5-HT receptor agonists in an 25aqueous solution
comprising reacting the amine functionality of the Selective 5-HT receptor agonists molecule with the
carboxylic acid moiety of an amino acid or acylating derivative thereof under amide forming conditions
and isolating the product thereof.  27. A method of enhancing the bioavailability of Selective 5-HT
receptor agonistawhem3BrR[ANINAIRRGIHL BISBa ARG MR IsRSIRGG!NG e Armipsxiypetionality of
the 217 Selective 5-HT receptor agonists with the carboxylic acid moiety of an amino acid under amide

forming conditioRSY 1&0NSEG RS BrORIEPIRSIISHANG BRfSRSBIChE SapriSrs deretiBa e AR 8o 8. A

method of reducipgqthe aastttdfdedlitciiie sosaeicasuliting froimasPiin administiadion to a mammal
which method comprises reacting the carboxylic acid functionality of the aspirin molecule with an amino

acid or acylating FENOLE G RHEFESTEL RH ML I iR s B ELeas B bR dtRsrst Sidebatlistering the

formed prodsict tisaid siearinald whereinthe@pstidadrritability is reduced relative to aspirin. 10 29. A
method of enhancing the solubility of immunosuppresants in an aqueous solution comprising reacting the

hydroxy functionality of the immunosuppresants with an amino acid or acylating derivative thereof under
ester forming conditions and isolating the product thereof. 30. A method of enhancing the bioavailability
of immunosuppresants when administered to a patient which comprises reacting the hydroxy functionality

of the immunosupprés LUt AFLRRSI A BH QSR QERMRIOL D FaEPESaL st nditions,

isolating the produgidhaieat RnAladviAIste dRehsaith Prefdh chittigepatieah addind d@tbpacgfemaancing the
solubility of a sulfa drug in an aqu%%)us solution comprising reacting the aming of the s Ifaéjor@g with an
|

amino acid!Or acTENAY Fe R AR AT OhaBH s hdmiD8 conshiioRs /ihidg BURGHIbh DS REOLShting

product thereof. t33.pAtiaathodeoll endranting dheddiga vadabilty lof aguife drugvvhgniagnbistean to a
patient which comprises reacting the amine functionality of the sulfa drug with an amino acid or acylating

derivative under azo or amide forming conditions, isolating the product thereof and administering said
product to the patienh m3thdd oTasfiathahprdvidingbaliclast Bptdeapunipavanotss farnulqitmeomprising a

Sulfa drug when administered.to a patient which comprises reacting the amine of the Sulfa drug with an
2mino acid or acHTAHY AEPRRINBR AR M6 BRI RSHATHY B OB ORGPt thereof

and adminigieringsaigbpsadidcida theipatishmhpargiie (il ordstyfungthedvatiealkiarestgitidersohitidlity in an
agueous solution of a nuclegside an I\%(%E havin%gm OH functionality comprising reacting the hydroxyl
|

functionality of t SAURREUEE RS F‘?‘&ﬂga RES8H g}eé% ating derivative thereof under ester

forming conditions or isolating the product thereof. 35. A method for enhancing the bioavailability of a

nucleoside analqg hgving an (%F oup thereqgn which. comprise reating the h cgox | functionality of the
nucleoside anal W?fh"&%hg%l oeg%?&%?%&ﬁiﬂ%"é%?k)ﬁ%@ﬂﬁé’lré)é?rh dﬂ%’ }tgg?éblefgrming conditions
and isolating theadrothicttbé re of @itd mdhicisteringrides Rretugt te ampaiiefinctionality of the proton
20  pump inhibitor with the carboxylic acid moiety of an amino acid or acylating derivative
thereof under amide forming conditions, isolating the product thereof and administering

said product to the patient.

26. A method of enhancing the solubility of Selective 5-HT receptor agonists in an
25  aqueous solution comprising reacting the amine functionality of the Selective 5-HT
receptor agonists molecule with the carboxylic acid moiety of an amino acid or acylating

derivative thereof under amide forming conditions and isolating the product thereof.

27. A method of enhancing the bioavailability of Selective 5-HT receptor agonists when

30  administered to a patient which comprises reacting the amine functionality of the
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Selective 5-HT receptor agonists with the carboxylic acid moiety of an amino acid under
amide forming conditions, isolating the product thereof and administering said product

to the patient.

28. A method of reducing the gastric irritability in the stomach resulting from aspirin
administration to a mammal which method comprises reacting the carboxylic acid
functionality of the aspirin molecule with an amino acid or acylating derivative thereof
under either amide or ester forming conditions, and administering the formed product to

said mammal, wherein the gastric irritability is reduced relative to aspirin.

29. A method of enhancing the solubility of immunosuppresants in an aqueous solution
comprising reacting the hydroxy functionality of the immunosuppresants with an amino
acid or acylating derivative thereof under ester forming conditions and isolating the

product thereof.

30. A method of enhancing the bioavailability of immunosuppresants when
administered to a patient which comprises reacting the hydroxy functionality of the
immunosuppresants with an amino acid or acylating derivative under ester forming

conditions, isolating the product thereof and administering said product to the patient.

31. A method of enhancing the solubility of a sulfa drug in an aqueous solution
comprising reacting the amine of the sulfa drug with an amino acid or acylating
derivative thereof under either azo or amide forming conditions and isolating product

thereof.

32. A method of enhancing the bioavailabilty of a sulfa drug when administered to a
patient which comprises reacting the amine functionality of the sulfa drug with an amino
acid or acylating derivative under azo or amide forming conditions, isolating the product

thereof and administering said product to the patient.
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33. A method of providing a clear aqueous intravenous formulation comprising a Sulfa
drug when administered to a patient which comprises reacting the amine of the Sulfa
drug with an amino acid or acylating derivative under azo or amide forming conditions,

isolating the product thereof and administering said product to the patient parenterally.

34. A method of enhancing the solubility in an aqueous solution of a nucleoside analog
having an OH functionality comprising reacting the hydroxyl functionality of the
nucleoside analog with an amino acid or acylating derivative thereof under ester forming

conditions or isolating the product thereof.

35. A method for enhancing the bioavailability of a nucleoside analog having an OH
group thereon which comprise reating the hydroxyl functionality of the nucleoside
analog with an amino acid or acylating derivative thereof under under ester forming

conditions and isolating the product thereof and administering the product to a patient.
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