PHENAZOPYRI DI NE COVPOUNDS BACKGROUND OF THE | NVENTION Field of the

I nvention [0001] The invention describes phenazopyridi ne covalently

att ached wo 208wd70878 conj ugat es. These conpounds and conpogiuscanscare usef ul
for providing increased (oral) bioavailability with reduced side effects.

Rel ated Art [0002] Vario ?gﬁ® ' ' | rein, the disclosures
of which are incorporateg y-@%P@ﬁé%@gipﬁtﬁﬂﬁrbﬁaﬁﬁsreties. However, the
citation of any reference herein should not be construed as an adm ssion
that such reference is available as prior art to the present application.
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pain, burning, irrrtation, an sconfort, as well as urgent and frequent
urination caused by urinary tract infections, surgery, injury, or

exam ndfieldofghededmties. Phenazopyri di ne, while an effective anal gesic,
carries with it a foreboding side effect profile, with nausea, vomting,
and gen@@l] G upseiThbenviptivhealeswites phowazepwpudn sovdlentiynatefchal to variouspr ove

the side effect. profile and expand the use of phenazopyr.idine, it is
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the foryiadviafibiffy Wileredatddvgdedrmgf ol | owi ng transport across the

gastroi ntestinal” epithelium [0004] Phenazopyridine or 2,6-pyridinedi am ne,

3-(pheq¥Iazo), nonochl ori de (CAS nunber 94-78-0) is an azo dye that exerts
t opi calRelatedgedi ¢ or | ocal anesthetic action on the urinary tract nucosa
and provides synptomatic relief of pain, burning, urgency, frequency and
ot her dP8®nf orts aMagpwy pubbeations i arat ¢ited bérelnovibe dis¢losairgs tof aghichaarsed by
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st at us shbuldres Gei gehbtakda’hnOAtRiisdi bve EAURBEEN reference is available as prior art to the
present application.
[0003] Phenazopyridine is an analgesic compound indicated for urinary tract pain,
burning, irritation, and discomfort, as well as urgent and frequent urination caused by urinary
tract infections, surgery, injury, or examination procedures. Phenazopyridine, while an
effective analgesic, carries with it a foreboding side effect profile, with nausea, vomiting, and
general GI upset being the most severe events. In an effort to improve the side effect profile
and expand the use of phenazopyridine, it is proposed to pursue the development of a prodrug
compound that results in the formation of the active drug following transport across the
gastrointestinal epithelium.
[0004] Phenazopyridine or 2,6-pyridinediamine, 3-(phenylazo), monochloride
(CAS number 94-78-0) is an azo dye that exerts topical analgesic or local anesthetic action on-
the urinary tract mucosa and provides symptomatic relief of pain, burning, urgency,
frequency and other discomforts arising from irritation of lower urinary tract caused by
infections, trauma, surgery, endoscopic procedures or use of catheters. Phenazopyridine has
been marketed since 1925 and since 1951 has had a dual status of prescription and over-the-
counter (OTC).
[0005] Phenazopyridine is marketed as single agent 100 and 200 mg tablets under
a number of brand names including Nefrecil, Phenazodine, Pyridiate, Pyridium, Sedural,
Uricalm, Uropyrine, Urodine, and Urogesic. Single agent OTC medications include Azo-
Gesic, Azo-Standard, and Uristat (95 mg tablets), ReAzo (97 mg tablets), and URIRelief and

Baridium (97.2 mg tablets). Phenazopyridine is available as a combined prescription with



(OTC). [0005] Phenazopyridine is marketed as single agent 100 and 200 ng
tabl ets under a nunber of brand names including Nefrecil, Phenazodine,
Pyri di at ewoRyro/digren  Sedural , Uricalm Uropyrine, U odi ReT/iBrebossIgESI C.

Si ngl e agent OTC nedi cations include Azo- Gesic, Azo-Standard, and Uri stat

(95 ng tablets ReAzo (.97 tabl ets), and | Rel i ef .and Bari dium (97.2 ng
t abl et s} lﬁsﬁ@%%éz%ﬁfame xaeoie(lipsGgprin g8 g5 fgmzmdw g frbf%wnatgon

W t hsul‘fvjﬂsgg@@%gn@gn@gébg@mlhoxazol e/trinmethoprimand as Phenazopyri di ne
plus in conbination with hyosci am ne and secbarbitol. [0006] The usual
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fromthe gastrointestinal tract followi ng oral adm nistration. Although the
absol utléleﬁii@wlaﬁimﬁbﬁmkﬂywpn humans has not been determined it is apparently

poorly rbed wit Wsle ' Vi ' Xi mum
o1 asma PR °Det e chtitfolragEl BHPE! KRl aacidliedal WL RUFRAR, O
up to Ghinkthgorgedthonghithembsolite bicwpilabxlityan @lhipnaROBasaiot Bec degdrmintasieis
cleared within 24 hours. Metaboljtes include aniline, o .
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associ atnebanget hint tréweapatht approaselpV0phehaz sipglei déseecleared wdéhiheddhalre, rash
pruritus, st roi ptestinal,  di sturbance , _vomti.ng, and diarrhea),
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cases Qfheh&s Whilinei B4 conBitiile fb'tﬁ@ﬁﬁd]ﬁ%io%fé&%ﬂﬂﬂﬂ%%rﬂﬁi&é@d hd@Sopifidhe
sclera or fluids yellow due to accumnul ati on of the drug. t hemagl obenem a,
henol ytindhawranmratragtemitdosand hepatic toxicity have been reported, usually at
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include headache, rash pruritus, gastrointestinal disturbances (nausea, vomiting, and
diarrhea), orange to red urine discoloration and staining of soft contact lenses. In cases of
insufficient renal clearance phenazopyridine can tinge skin, sclera or fluids yellow due to
accumulation of the drug. Methemaglobenemia, hemolytic anemia, renal and hepatic toxicity
have been reported, usually at overdose levels. Anaphylactoid reactions have been reported.
[0009] Phenazopyridine and the metabolite aniline can cause oxidative stress
within red blood cells by conversion of hemoglobin to methemaglobin. Patients with glucose-
6-phosphate dehydrogenase deficiency may be predisposed to hemolytic anemia.
Phenazopyridine should not be administered to patients with impaired renal function.
Exceeding the recommended dose may lead to increased serum levels and toxic reactions.
Methemaglobinemia generally follows excessive acute overdose. Considering the long
history and fairly widespread use of phenazopyridine, reports of serious toxicity are relatively
uncommon.
[0010] Long term (2 years) administration of phenazopyridine hydrochloride
induced adenomas and adenocarcinomas in the large intestine of rats and lifetime
administration caused hepatocellular adenomas and carcinomas in female mice.
Phenazopyridine has been shown to be mutagenic in bacteria and mutagenic and clastogenic
in mammalian cells. In one limited epidemiological study of 2,214 patients who received

phenazopyridine hydrochloride there was no observed increase in the occurrence of any type



[ 0009] Phenazopyridine and the netabolite aniline can cause oxidative
stress within red blood cells by conversion of henogl obin to nethemagl obin.
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[0012] The acute toxicity LD50 for phenazopyridine has been reported as 472
mg/kg (oral) and 200 (i.p.) in rats; and 180 mg/kg (i.p.) in mice. Adequate safety
pharmacology and repeat dose nonclinical toxicology studies have not been performed for

phenazopyridine.

BRIEF SUMMARY OF THE INVENTION

[0013] The invention provides covalent attachment of phenazopyridine and
derivatives or analogs thereof to a variety of chemical moieties. The chemical moieties may
include any substance which results in a prodrug form, i.e., a molecule which is converted
into its active form in the body by normal metabolic processes. For example, the chemical
moieties may be single amino acids, dipeptides, or polypeptides.

[0014] The chemical moiety is covalently attached either directly or indirectly
through a linker to the phenazopyridine. The site of attachment is typically determined by the
functional group(s) available on the phenazopyridine.

[0015] In one embodiment, the phenazopyridine is attached to a single amino acid
which is either naturally occurring or a synthetic amino acid. In another embodiment, the

phenazopyridine is attached to a dipeptide or tripeptide, which could be any combination of



associ ation was found with major or minor malformations or individual
defects. Surveillance of 229,101 M chigan Medicaid patents identified 469
phenazopywodbra7essposur es during the first trimester. NecaatSaoosmssdebt ai ned
to indicate any association of the drug with abnormalities. [0012] The

acute toxicity LD50 for phenazopyridine.has.been,reported as, 472 ng/.kg
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is covalently attached either directly or indirectly through a linker to
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functional group(s) avail aple on the phenazqpyridine, [0Q15] In one
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obvious fromthis description and practice of the invention. BRI
DESCRI RifpydxpahioriRAW NGS [ 0017] FIG 1 is a graph showing the plasna

Concent[bélfd]ons of Vﬁfg‘ PHSa graph showing mean rat (male) plasma concentration curves of

1) phenazopyridine from phenazopyridine hydrochloride (2.8 mg/kg containing 2.5 mg/kg
phenazopyridine base), 2) phenazopyridine from Gly-PAP (4 mg/kg, containing 2.5 mg/kg
phenazopyridine base), and 3) Gly-PAP intact prodrug from Gly-PAP (4 mg/kg, containing
2.5 mg/kg phenazopyridine base).
[0020] Fig. 4 is a graph showing mean rat (male) plasma concentration curves of
1) phenazopyridine from phenazopyridine hydrochloride (2.8 mg/kg containing 2.5 mg/kg
phenazopyridine base) and 2) phenazopyridine from Gly-PAP (0.9 mg/kg, containing 0.6
mg/kg phenazopyridine base),.

[0021] Fig. 5 is a table showing the solubility of Gly-PAP at room temperature as
a free base and HCl salt.

[0022] Fig. 6 is a table showing the solubility of Gly-PAP salts in water and
bioavailability in rats.

[0023] Fig. 7 is a table showing the results of a stability study of Gly-PAP by UV-
HPLC.

[0024] Fig. 8 is a table showing the results of a stability study of Gly-PAP-HCl in
water solution at 4 °C by UV-HPLC at 0.2 mg/ml.

[0025] Fig. 9 is a table showing the results of a stability study of Gly-PAP-HCI in

water solution at 4 °C by UV-HPLC at 8.8 mg/ml.



phenazopyri di ne-am no acid conjugates in rats follow ng oral adm nistration
of the phenazopyri di ne conjugates. Phenazopyridi ne (PAP) plasma

concent r avpann/o7es78us tinme profiles are shown fol | ow ngPprauniseéessss on of
PAP HCl , dy-PAP, al anyl-PAP, nethionyl- PAP, histidinyl-PAP,

trypto | - PAP, val yl - PAP nd | ysyl,- PAP. 018] .,Fl 2 1.s,.a j.ction of
2- ami nglla@?gm noacet gf‘g{d&l%? ’ta-bg%é‘}?ﬁg% irﬁ?ﬂté[nglﬁ%fl&%ugyi(’é(?ly'[})%g’?g?iﬁ g 3
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phenazopéri dine from phenaz;ggi di ne hydrochloride (2.8 ng/kg containing
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t ai nj .5 i di ; -PAP i nt act d
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Fig. 4 [0028] graph sBpMiagsneablersamnidralof)Glp!reshphaniacekihdtivsifollowingoesl of 1)

phenazopyr.i di ne from phenazopyri di ne hydrochloride (2.8 ng/kg contai ni ng
2.5 ng/AdipreanhGlydiMe monelsyatand 2) * phenazopyri dine from G y-PAP (0.9

/ kg, aining 0 /; i di i 5.iS. .a
Fabl o Rt ha solunrlt Eyor Lyt Eeay Gop Bnah) platloEechirtionalrles® s
and HO ofs)) henjZp2adin€ifpm phérmzapyraidechwhonhioriflet (3¢9 sigllghédnitdiying s flg)skgPAP
salts in water .and bioQayailability. in rats. Fig. 7is .ata
how ngPEREOPELTG S350, 4 RGBT TYine ) Gi-Hely CoAmHRE pisvEne JOBERE Fi g
8 is a JrRRARpeiaNE B%e%%dVWhIP%MBta%t loaRigl frd @%MP @1 ﬁgweggl?&%th{%ing' n

0C by - ng/ m

wat er solution at 4 0C PLC at 0.2 . [0025] Fig. is atable
show ng mgékgmbsndzopymdinabasehbi | ity study of Gy-PAP-HCO in water solution

o 4 SquoUHLC sl S8 il (0000 Moy 0 5 8 Labe she g e
t enper ajoUe&ed YrobVmidR-fogs following a single oral administration of Gly-PAP (Group 1) or
PAP HCI (Group 2).
[0031] Fig. 15 is a table summary of concentrations of PAP and Gly-PAP in urine
following a single oral dose of Gly-PAP (Group 1) or PAP HCI (Group 2) to male dogs.
[0032] Fig. 16 is a synthetic scheme for production of 2-amino-6-

aminoacetamido-3-E-phenazopyridine dihydrochloride.

[0033] Fig. 17 is a table demonstrating oral bioavailability of Gly-PAP salts in
rats.
[0034] Fig. 18 is a table demonstrating reduction of the GI side effect of emesis.

DETAILED DESCRIPTION OF THE INVENTION

[0035] Throughout this application the use of "peptide" is meant to include a
single amino acid, a dipeptide, a tripeptide, an oligopeptide, a polypeptide, or the carrier
peptide. Oligopeptide is meant to include from 2 amino acids to 70 amino acids. Further, at
times the invention is described as being an active agent attached to an amino acid, a
dipeptide, a tripeptide, an oligopeptide, polypeptide or carrier peptide to illustrate specific
embodiments for the active agent conjugate. Preferred lengths of the conjugates and other
preferred embodiments are described herein.

[0036] A "composition” as used herein refers broadly to any composition

containing a described molecule conjugate(s). The composition may comprise a dry



[0027] Fig. 11 is a table summary of phenazopyri di ne pharmacoki netics
follow ng oral adm nistration of Qy-PAP or phenazopyridine HO in male
rats. [OOR®620fH0g18782 is a table sumary of G y-PAP phar mataiseevensssss3
following oral adm nistration of Ay-PAP in male rats. [0029] Fig. 13 is a
gr aph ng nmean dog (nmale) plas oncentr.ati on curves o
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g/ kg ﬁﬂ&@&ﬂ%sbﬁhd&%ebélﬁ Say bR)stdtB@ NAZOMLArdTBrmh A Yoo RER clafedlwitBA kg,
cont ai ni n% ng/ kg phenazopyri di ne base), and 3) A y-PAP intact prodrug

f r om Gs{abpmgmng 8gept r$g¢fkgs acesrcdiydiatey 18 usg/ g mﬂ@pymmubnélebbzyeé) in [a0030]
Fig. 1 a ki ar, e

col i ot auSR shtaR S amMereafty S et arisaiibisce 87 AR R PR TR0y
(G oup aia)io&ferE’&Hp(b'ﬂ@nts(Goup 2). [0031] FI g. 15 is a table sumary of
concentrations of PAP and Gy-PAP in urine following a single oral dose of
G y-PAP (Goup 1) or PAP HO (Goup 2) to nale dogs. [0032] Fig. 16 is a
synt hetyj chene fo# no- 6- am noacet am do- 3-

-phena b&ﬁl di ne di hP}%r ocC %Jrhlﬁge&fa S‘b%g]] Fig. 17 is a table denonstrating
oral bi oavallabl lity of dy-PAP saﬂzt &tHs. [0034] Fig. 18 is a table
denonstrating reduction of the d sid ef ect of enesis. DETAILED

DESCRI PTION OF THE | NVENTI ON [ 0035] ghout this application the use of
“peptide” is meant to include a _singje amno acid, a dipeptide, a
tripeptide, an oligopeptide, a pept| de, or the carrier peptide.

A igopeptide is neant to include om 2 amno acids to 70 am no aci ds.
Further, at times the invention is described as being an active agent
attached to an amno acid, a dipeptide, a tripeptide, an oligopeptide,

pol ypeF{bbi—!ﬁ‘ or carr C%pm b d&uf A thd bxlé%xﬁ ahenfRest fré-:pq'esented by Formula I:
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wherein,
R and R, are independently
(a) hydrogen;
(b) the residue of an amino acid or peptide;

(©)

0

R,

0]
wherein Rj is an optionally substituted alkyl or arylalkyl; or
(d) the residue of an amino acid wherein the amine of the amino acid is protected with
a t-butylcarbonyl;

wherein at least one of R; and R; is other than hydrogen.



enbodi ments for the active agent conjugate. Preferred | engths of the

conj ugates and other preferred enbodi nents are described herein. [0036] A
"conposi twontiewisrsed herein refers broadly to any conp®sritiseonmesysai ni ng a
descri bed nol ecul e conjugate(s). The corrposi t i on nmay conprise a
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f or m anghsgmye &ﬁl@mghgtmsvwgt&aﬁ Ishalol dcfdsnde @%ﬁise& BahiRSuse of A-Refhdr at e.
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| al kyl
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great er percentage changes being preferred. For 1nstance, charige may
al so befraptions thercofidnr R5G%pce3 593, 348%. . or 0.1, 02 0.3, 0.4 etc.
[0043] For each of the recited embodiments, the amino acid or peptide may

comprise one or more of glycine or of the naturally occurring (L-) amino acids: alanine,
arginine, asparagine, aspartic acid, cysteine, glutamic acid, glutamine, histidine, isoleucine,
leucine, lysine, methionine, proline, phenylalanine, serine, tryptophan, threonine, tyrosine,
and valine. In another embodiment, the amino acid or peptide is comprised of one or more of
glycine or of the naturally occurring (D) amino acids: alanine, arginine, asparagine, aspartic
acid, cysteine, glutamic acid, glutamine, histidine, isoleucine, leucine, lysine, methionine,
proline, phenylalanine, serine, tryptophan, threonine, tyrosine, and valine. In another
embodiment, the amino acid or peptide is comprised of one or more unnatural, non-standard
or synthetic amino acids such as, aminohexanoic acid, biphenylalanine, cyclohexylalanine,
cyclohexylglycine,  diethylglycine,  dipropylglycine,  2,3-diaminopropionic  acid,
homophenylalanine, homoserine, homotyrosine, naphthylalanine, norleucine, ornithine, (4-
fluoro)phenylalanine,  (2,3,4,5,6  pentafluoro)phenylalanine,  (4-nitro)phenylalanine,
phenylglycine, pipecolic acid, sarcosine, tetrahydroisoquinoline-3-carboxylic acid, and fert.-
leucine. In another embodiment, the amino acid or peptide comprises one or more amino acid
alcohols, for example, serine and threonine. In another embodiment the amino acid or peptide
comprises one or more N-methyl amino acids, for example, N-methylaspartic acid. In
another embodiment, the amino acid or peptide comprises one or more cyclic amino acids,
for example, cis-4-hydroxy-D-proline.

[0044] In another embodiment, the specific carriers are utilized as a base short
chain amino acid sequence and additional amino acids are added to the terminus or side
chain. In another embodiment, the above amino acid sequence may have one more of the

amino acids substituted with one of the 20 naturally occurring amino acids. It is preferred that
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carrier[go4gje utili ZEdrrﬁﬂat&)riQa@ietk&hﬁkantlon suitable for oral administration can be
presented as discrete units, such as capsules, caplets or tablets. These oral formulations also
can comprise a solution or a suspension in an aqueous liquid or a non-aqueous liquid. The
formulation can be an emulsion, such as an oil-in-water liquid emulsion or a water-in-oil
liquid emulsion. The oils can be administered by adding the purified and sterilized liquids to
a prepared enteral formula, which is then placed in the feeding tube of a patient who is unable
to swallow.
[0047] Soft gel or soft gelatin capsules may be prepared, for example by
dispersing the formulation in an appropriate vehicle (vegetable oils are commonly used) to
form a high viscosity mixture. This mixture is then encapsulated with a gelatin based film
using technology and machinery known to those in the soft gel industry. The industrial units
so formed are then dried to constant weight.
[0048] Chewable tablets, for example may be prepared by mixing the
formulations with excipients designed to form a relatively soft, flavored, tablet dosage form
that is intended to be chewed rather than swallowed. Conventional tablet machinery and
procedures, that is both direct compression and granulation, i.e., or slugging, before
compression, can be utilized. Those individuals involved in pharmaceutical solid dosage form
production are versed in the processes and the machinery used as the chewable dosage form

1s a very common dosage form in the pharmaceutical industry.
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oral f ofufiekPdridUASorBERO i GeiCloPRépaiea ParfOllbit h&dlcAEd SorApbsRRIASI ON in an _
aqueous liquid or a non-aqueous |liquid. The fornulation can be an emnul sion,

such ad08%2loi | - i n- whinderd inepyi deesplécisdoiram & Waleerangn-of matgriply guemassi on.
e T LR 00, A, L A A b
a pati gilvideae, aSrylioaddemiethaswiilt | vd cbHofybher§obhargateuticals @falze 0glirat,i ilk
capsul e(iserig‘aai¥ve2f} su%%ea%avc/}?éj};, sIa?crheg,Xaanrchpclleef‘ivg ives, as well as other conventional binders
known to persons skilled in the art. Exemplary non-limiting solvents are water, ethanol,
isopropyl alcohol, methylene chloride or mixtures and combinations thereof. Exemplary non-
limiting bulking substances include sugar, lactose, gelatin, starch, and silicon dioxide.
[0053] Preferred plasticizers may be selected from the group consisting of diethyl
phthalate, diethyl sebacate, triethyl citrate, cronotic acid, propylene glycol, butyl phthalate,
dibutyl sebacate, castor oil and mixtures thereof, without limitation. As is evident, the
plasticizers may be hydrophobic as well as hydrophilic in nature. Water-insoluble
hydrophobic substances, such as diethyl phthalate, diethyl sebacate and castor oil are used to
delay the release of water-soluble vitamins, such as vitamin B6 and vitamin C. In contrast,
hydrophilic plasticizers are used when water-insoluble vitamins are employed which aid in
dissolving the encapsulated film, making channels in the surface, which aid in nutritional
composition release.
[0054] It should be understood that in addition to the ingredients particularly
mentioned above, the formulations of this invention can include other suitable agents such as
flavoring agents, preservatives and antioxidants. Such antioxidants would be food acceptable

and could include vitamin E, carotene, BHT or other antioxidants known to those of skill in

the art.
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bl i st eracpatdde acessory M@fetjenth sudhmsdminicotant] pesarwmitvesyiuffessant hatios daros,
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cel | ul afgy denhsladddy®$,in a suspension in water or a syrup. Where desirable or necessary,
flavoring, preserving, suspending, thickening or emulsifying agents can be included.
[0057] Liquid dispersions for oral administration may be syrups, emulsions or
suspensions. The syrups may contain as carrier, for example, saccharose or saccharose with
glycerol and/or mannitol and/or sorbitol. The suspensions and the emulsions may contain a
carrier, for example a natural gum, agar, sodium alginate, pectin, methylcellulose,
carboxymethylcellulose or polyvinyl alcohol.
[0058] The dose range for adult human beings will depend on a number of factors
including the age, weight and condition of the patient. Tablets and other forms of presentation
provided in discrete units conveniently contain a daily dose, or an appropriate fraction
thereof, of one or more of the compounds of the invention. For example, units may contain
from 5 mg to 500 mg, but more usually from 10 mg to 250 mg, of one or more of the
compounds of the invention.
[0059] It is also possible for the dosage form to combine any forms of release
known to persons of ordinary skill in the art. These include immediate release, extended
release, pulse release, variable release, controlled release, timed release, sustained release,
delayed release, long acting, and combinations thereof. The ability to obtain immediate

release, extended release, pulse release, variable release, controlled release, timed release,
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met hyl Cigcliilcelljtgn%sae day of the week for administration of the composition. The blister pack or other
combination package may also include a second pharmaceutical product.
[0062] It will be appreciated that the pharmacological activity of the compositions
of the invention can be demonstrated using standard pharmacological models that are known
in the art. Furthermore, it will be appreciated that the inventive compositions can be
incorporated or encapsulated in a suitable polymer matrix or membrane for site-specific
delivery, or can be functionalized with specific targeting agents capable of effecting site
specific delivery. These techniques, as well as other drug delivery techniques, are well known
in the art.
[0063] In another embodiment of the invention, the solubility and dissolution rate
of the composition is substantially changed under physiological conditions encountered in the
intestine, at mucosal surfaces, or in the bloodstream. In another embodiment the solubility
and dissolution rate substantially decrease the bioavailability of the phenazopyridine,
particularly at doses above those intended for therapy.
[0064] For each of the described embodiments, one or both of the following
characteristics may be realized: The toxicity or side effects associated with the

phenazopyridine conjugate are substantially lower than that of phenazopyridine itself. Some

of the additional proposed benefits include the fact that the prodrug is hydrolyzed following
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invention are administered in a therapeutically effective amount to a patient to treat, for

example, urinary tract pain, burning, irritation, discomfort, or urgent or frequent urination
caused by urinary tract infections, surgery, injury, or examination procedures, wherein the
amount administered to the patient is 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10%,
5%, 1%, or other fractional amount of the standard dose of unconjugated phenazopyridine
that would be administered according to standard clinical protocols.

[0070] In one embodiment, the phenazopyridine conjugates of the present
invention are administered to a patient and the levels of observed side effects such as, for
example, nausea, vomiting, and general GI upset, are reduced by 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, or more relative to the levels of side effects observed when a
standard dose of phenazopyridine is administered to a patient.

[0071] For each of the recited embodiments, covalent attachment may comprise
an amide or carbamate bond.

[0072] The abbreviations used herein have their conventional meaning within the
chemical and biological arts, unless otherwise specified. For example: “h” or “hr” means
hour(s), “min” means minute(s), “sec” means second(s), “d” means day(s), “ul” means
microliter(s), “mL” means milliliter(s), “L” means liter(s), “uM” means micromolar, “mM”

means millimolar, “M” means molar, “mol” means mole(s), “mmol” means millimole(s),
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the artaryloxy, arylalkyloxy, alkylthio, carboxamido, sulfonamido, -COR, -SO;R, -N(R)COR, -
N(R)SO2R or -N(R)C=N(R)-amino, wherein R may be an alkyl group. Exemplary substituted
alkyl groups include -CH,OCH3;, -CH,CH,NH,, -CH,CH,CN, -CH,SO,CHj and the like.
[0075] The compounds of the present invention may form salts which are also
within the scope of this invention. Reference to a compound of the present invention herein is
understood to include reference to salts thereof, unless otherwise indicated. The term "salt(s)"
as used herein denotes acidic and/or basic salts formed with inorganic and/or organic acids
and bases. In addition, when a compound of the present invention contains both a basic
moiety and an acidic moiety, zwitterions ("inner salts") may be formed and are included
within the term "salt(s)" as used herein. Pharmaceutically acceptable (i.e., non-toxic,
physiologically acceptable) salts are preferred, although other salts are also useful, e.g., in
isolation or purification steps which may be employed during preparation. Salts of the
compounds of the present invention may be formed, for example, by reacting a compound
with an amount of acid or base, such as an equivalent amount, in a medium such as one in
which the salt precipitates or in an aqueous medium followed by lyophilization.
[0076] The compounds of the present invention which contain a basic moiety may
form salts with a variety of organic and inorganic acids. Exemplary acid addition salts

include acetates (such as those formed with acetic acid or trihaloacetic acid, for example,
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[ 0063] In anot her enbodi nent of the invention, the solubility and

di ssolution rate of the conposition is substantially changed under

physi ol ogvoabiooomstst i ons encountered in the intestine, a&CTrsecawabsisurfaces,
or in the bloodstream In another enbodi ment the solubility and di ssol ution
rate su ant i ec he .bi gav abi | i of, the. phena r.i di ne,
parti cu{)arulo§loa‘§f3 1Cd%c§®s éB% e aﬁ;[og?%egda SPXT%@F%R?& 6‘6‘6 éé?naéeﬁch of
t he desbisiliaes, enbodiateNt s, bdprated) badifated, t heahphdrateh,Ng Gam B@ﬁs@lférﬁwscs may
be realized: The toxicity or side effects associated with t

phenaz ofXFloRENtaEeRIBRPDYE: e diElicendies; asiofeayisplintster e@n%ﬂﬁukfmtes@f fumarates,

e R R L
resul ti ¢forned i with ehﬁcﬁdc}bbmvadld)abhydrbtyr,omeX (fd’rﬁfeéa%th | ydratasait peidyity

and sol ubjlit an 0SSi tive transport PepTl or .other )
t r anspob¥ ?‘Qd%ﬁ\% %g’é’ Toxpet E‘?ﬁ onatesqrlagtaes, p’iné]&?‘éﬁ (rf%")meél é"’dt%pF@\lﬁlﬂeaCFQduced

G eXpoﬁUfh‘ﬁnésglfglﬂ?es( QT @f?ﬂl%ﬁ%ﬁ&s%lfﬁﬁiglég Ofln ﬂhtl?dl sﬁfcjn‘?i Sicotfhafegduced
total dose and | onger duration of action 065 Anot her e I ment oT t he
pr esent nitratesnt oxatatey; opedmsteph epeasubiates) d3-!phelrydp,rapuenatb§4 lprhuspilates, qnyramsngl e
am no aci d which include 'h)ge tvvent natu 1y o CUI’I’I ngf 4 dﬁmsuch as
i sol eucP'NIAIPepIOPIpDates.y alifylateffuge] ﬁﬁeﬁe's“% fRisHCR) aenthees farme o‘?‘ﬁ

trypt opad), sW#rafR. (s@haddi these RERANRY 'h@f%m)a?aP@th@tﬂ%ocfaYﬁtte@' t@ﬁmn&h%ﬁ’zﬁ@st e,
glutam ne, glycine, proline, serine, tyrosine, arginine, or histidine.

[ 0066] Swhaﬁmshbtesewﬁbmn@em,,anéh@ﬂd@opyr| dine is coval ently bound to a

I id h b he d
s coval0BRTH y bound 18 GPIRE. O 6@ S mabioRer ShGArERY coae dheieh "€

phenazogyy ifétd ealisSwigtON a:hﬂap loy obg:mnﬁaﬁdolna;tgahleaﬁ&eso HRebMB} PBicAslts ditlude
addi tional am no acid. [0069] In another enbodi ment, phenazopyri dine

conj ugadBmopm Fatsp alkaki netahsabist sueh aasedizaniltiygme ead Hofassiumhsltspalialine | y

effecti in,

A T BLAD h, , ORIE L
organic amines) such as benzathines, dicyclohexylamines, hydrabamines (formed with N,N-

bis(dehydroabietyl)ethylenediamine), N-methyl-D-glucamines, N-methyl-D-glucamides, t-
butyl amines, and salts with amino acids such as arginine, lysine and the like.

[0078] The stereochemical terms and conventions used in the specification are
consistent with those described in Pure & Appl. Chem 68:2193 (1996), unless otherwise
indicated.

[0079] The term “enantiomeric excess” or "ee" refers to a measure for how much
of one enantiomer is present compared to the other. For a mixture of R and S enantiomers,
the percent enantiomeric excess is defined as | R-S | *100, where R and S are the respective
mole or weight fractions of enantiomers in a mixture such that R + S =1. With knowledge of
the optical rotation of a chiral substance, the percent enantiomeric excess is defined as
([o]obs/ [ ]max)* 100, where [at]obs is the optical rotation of the mixture of enantiomers and
[0 ]max 1S the optical rotation of the pure enantiomer. Determination of enantiomeric excess is
possible using a variety of analytical techniques, including NMR spectroscopy, chiral column
chromatography or optical polarimetry.

[0080] The terms "enantiomerically pure" or "enantiopure" refer to a sample of a
chiral substance all of whose molecules (within the limits of detection) have the same

chirality sense.
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caused by urinary tract infections, surgery, injury, or exam nation
procedures, wherein the anount adm nistered to the patient is 90% 80%
70% 60%weavu/ues 30% 20% 10% 5% 1% or other fraecirarsatooassyant of
t he standard dose of unconj ugat ed phenazopyridine that would be

adm ni s d accordi to st rd ¢l inical 0ot ocal s 070], I n. one
erboai nOBEEC he®hens obfes RRERLERAE, ERietPThE Stk ATbmS 4 o
admi ni sdagipdsl 60 @ phitdle’ubadtet MehdseVehtioeabs eituedissigentaf fraat Sse96h as,
for exanple, nausea, vonmting, and general G upset, are reduced by 5%

10% 155nantigmerieatly ensighed @mmoun@@@anhex&nmweaﬁalhw@ relative to the |evels

of sid ects obs e

adm ni E[t GH d to a p%ggﬁnﬁ%&fﬁﬁmacﬁﬁ ?CQ setB:aeg%t%ggyorIﬁ Qﬁmll%%ﬂse
coval endf aatdrgmﬂrmﬁnnpdm;i thean ipatiaskedato feun different a:tambafrgrtoepsb@fruﬂomi.oon]h The
abbrevi ations used rein have their conventional wi thin the

chemi ca[ﬂhgﬁd bi ol ogit}gﬁf'e"é’r EEe dogipandly” H{eﬁ’ésr%asrétl%ﬁ@éﬁe’f H@H% OR8 exanple: "h"
or "hrajﬂmns hour (She terffi 1 neavl‘@aé}guﬁn SRS fers DR atéFF%P? Eﬁ%ﬁ%@&)m s d”

means day(s), "nmL" means mcroliter(s), "nmL" neans “L" nmeans
I i t er ( s@etachnd\/froneanatom mrgrrm}b ar whatruMbomsa@Isd 0 bd thmrbadual bwltnatim;im ofrﬂiear

m,llino ) Cro
i ST T PRHES] Toaciof Toaide OHBLNG PO SHERP e leAU T TS
aci d( s)inclulie FI’E@]’ISBJ(I@QBFSaHHt}[@ﬂ&S mcro, "O0C' neans degrees Cel sius, "THF"
means tetrahydrofuran "DVE" neans di met hoxyet hane, "DMF' mneans

di met hyl0&¥inanm de, TRMRIMnHsaiatedufor e pwagfﬁ:etof éherlerssﬂmam@ntlmﬂduslgnmans

t-buto o) ' fers a .and "TLC ans
thin | aYGRRaNRE B S mBoR A e S I S N Baai g T s ¢
or part(ﬂ@fenanomhem1gmm1fgflﬁﬁﬁanyopras@t)ra| ght - chaln branched, or cyclic
saturated aliphatic_hydrocarbon havi n(l; fromone to ten car bons or the
number [888®ar bons dBBigRsewGalacesptablayearrsrs1inglyde dillesy Bushsys, saEqkatidear v

al kyl glz,pugag?@ggwg& &estubyds ﬁﬁﬁ}XLa oy RO dﬁgix@egg 8%%% lgﬁaﬁdyér, cab@mPut y!

4, 4- di méokpHapsntorl exampdn:tr;da cidin thésphate or calcium hydrogen phosphate, as well as
binders such as starch paste, using, for example, maize starch, wheat starch, rice starch,
potato starch, gelatin, tragacanth, methyl cellulose, hydroxypropylmethylcellulose, sodium
carboxymethylcellulose, and/or polyvinyl pyrrolidone. If desired, disintegrating agents may
be added such as the above-mentioned starches and also carboxymethyl-starch, cross-linked
polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof, such as sodium alginate.
Auxiliaries are flow-regulating agents and lubricants, for example, silica, talc, stearic acid or
salts thereof, such as magnesium stearate or calcium stearate, and/or polyethylene glycol. In
one embodiment, dragee cores are provided with suitable coatings which, if desired, are
resistant to gastric juices. For this purpose, concentrated saccharide solutions may be used,
which may optionally contain gum arabic, talc, polyvinyl pyrrolidone, polyethylene glycol
and/or titanium dioxide, lacquer solutions and suitable organic solvents or solvent mixtures.
In order to produce coatings resistant to gastric juices, solutions of suitable cellulose
preparations such as acetylcellulose phthalate or hydroxypropylmethyl-cellulose phthalate,
are used. Dye stuffs or pigments may be added to the tablets or dragee coatings, for example,
for identification or in order to characterize combinations of active compound doses.
[0087] Other pharmaceutical preparations which can be used orally include push-
fit capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer

such as glycerol or sorbitol. The push-fit capsules can contain the active compounds in the
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trimethyl pentyl, nonyl, decyl and the like. [0074] The term "optionally
substituted al kyl" as used herein by itself or part of another group refers
to an al kyb 2am/def78ned above that is optionally substit eCcedsesolocsdne t o
three substituents independently selected fromnitro, cyano, arri no,

optional | bst tuted cycl oal tlona subs het

obt | onaPr) o EEEbleb it BidpbfichScairnmaBbRBRPIY hega) Widfffeny RyR psfetose.

al kyl t Fiipders archex atikdhes, andiol Qvaizhiete such@oftalc vBEBnesid Re&i@R and, Bi(tB)nﬁﬁf R or
-N(R) C= ami no, wherein R may be an al kyl ou Exenpl ary substituted
Fu tyl gﬁt%’lh’é)@rﬁ nb1 oRfecmbediments the. aytpesgempeund @u@@qﬁ@m or. se}gm litmae;t hﬁ

i ke n r ormsalts ic
are al slgﬂl\g\ﬁ %ﬁeatsﬁe sc%bglsh(ﬁjf%h%}gff@hgét?@%g%%%%%ﬁhﬁg%yto a conpound of the
present[0088]lent i on h&atey ils Smay ddHPriee tnbmd-j [ udenglgéeirdemchno- sail tamd

t hereof,. unl ess ot se ] ndi cat ed. The term"salt( as _used he
denot edTigyeeRdes a g ‘{SIF\A?B‘?% ]IEat%ﬁ &rived sy Gai €h Gior 13al i4ccén§ﬁ8®p2b?’§g§pc
aci ds apthsbasepldr cﬁgﬁoéﬁd&‘ in¥fH@e, th ¢ Q}Qddﬁﬁelhh% Va‘a[rﬁ‘ﬁ&% |y efedn

contains both a basic lety and an a | ¢ noi et tterions I nner
sal t s" )cappyinkepfio dngyceaides. aﬂrderrnab Itmglwbndm hlc&udeheegetablm dilsafisk( eils, aagmalsed

herein ceutjcall ceptabl e non-t o si a| og | |

Rocept dBFo) MiBreaisflo vEhaRtE B drrtiyg iy RREr el Feecbl uflso “iiiest.
e.g., i 1y§@11&rs QodRfied YFiklt&Rlel 0 frastiGHatedWiti A YceiRYs, DR 8RI %@dloﬂgfchﬁiﬁ
preparatlon Salts of the corrpounds of the present invention nmay be forned,

for examglyeerldw $twmr¢d1g®y0@0dmmrrm:tuh:sahﬁrmfoﬁncmmyamgwcgnd@asdud@uch as

or cci pi S apaL i SRS oil BB MR RitFRf eslal: s b 4l sheontiivey The

corrpouruakm 0111 ctdaenwee@anévdnmgqmm@@e o @hpezedt @il;Npréurddagi 6il;nsedrdl seadoif;or m
salts with a vari ety of organic and inorganic¢c acids. Exerrpl ary acid

addi t i ohive ik galihellppdmdesich ods Peadyt piliaapessed eﬂmﬂi’@ﬂervwk lsesagistqil sharkd or
g
trihal QaeptdC sagre%n &ifrs uglenzoa‘ant h&%ﬁogé}{a?e%cg Onaf @%&@h@?t@ omft! g;nat es,

ascor bates, aspartates, tes zenesu borat es,
but yr attgislrogenatempelm oﬁd‘[ﬁihﬁyeaﬁte& soybaamp bidy Isydrd genateé segetable oil; hydrogenated

cycl opent anepr opj onat e di copat es, cyl qu tes, et hanesul f 0 tes,
f ﬁmar gtc:@gtonsegcﬁ DA castor o:1$l partia ky hydrogenated so;%ea%l/ o1 part?ally soy and cottonseed or}fj‘

glyceryl tricaproate; glyceryl tricaprylate; glyceryl tricaprate; glyceryl triundecanoate;

glyceryl trilaurate; glyceryl trioleate; glyceryl trilinoleate; glyceryl trilinolenate; glyceryl
tricaprylate/caprate; glyceryl tricaprylate/caprate/laurate; glyceryl
tricaprylate/caprate/linoleate; and glyceryl tricaprylate/caprate/stearate.

[0089] Suitable formulations for parenteral administration include aqueous
solutions of the ligand in water-soluble form, for example, water-soluble salts and alkaline
solutions. In addition, suspensions of the active agent as appropriate oily injection
suspensions may be administered. Suitable lipophilic solvents or vehicles include fatty oils,
for example, sesame oil, or synthetic fatty acid esters, for example, ethyl oleate or
triglycerides or polyethylene glycol-400. Aqueous injection suspensions may contain
substances which increase the viscosity of the suspension include, for example, sodium
carboxymethyl cellulose, sorbitol, and/or dextran. Optionally, the suspension may also
contain stabilizers.

[0090] Examples of antioxidants which may be added to the pharmaceutical
compositions include BHA and BHT.

[0091] Pharmaceutical compositions may contain from 0.01 % to 99% by weight

of the active agent. Compositions may be either in single or multiple dose forms. The
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gl ucohept anoat es, gl ycerophosphates, hem sul fates, heptanoates, hexanoates,
hydr ochl ori des (formed with hydrochloric acid), hydrobrom des (forned with
hydr obr ormwo 2amved)§78hydr oi odi des, 2- hydr oxyet hanesul f onate3/usk@otnetoes,

mal eates (fornmed with naleic aci d), methanesul fonates (formed with

met hane n i.d al enesul f.onat es ti nates

oxal at e%%lbngJ ﬁ%%[delg)ahﬁg?’%lc pdma ﬁﬁ%ﬁ}?f@f’ﬁ)‘ﬂ?% Cﬁg%penﬂt%glbﬂ’ﬁ é@cuve

pi cr at edgse phialk, &heaoseﬁé?’lﬂte@mﬁéﬁﬁt th dkdifer| b€ Exprésdfomi R absistessiddl f ates (such
as those fornmed with sulfuric acid), sulfonates (such as those nentioned
her ei n) (0092 t rat es, StHplleyames @%admla!sepéwestm pharaiaseutisakcepnapositiony lindleds,
undeca 0 S. r i nvention
whi ch 2%?1{’ Z’?ﬁcagr:%g%ﬁ% g ﬂ%? ente%rgl Hélui[%gm sa !5'5{% rﬁg‘amﬁl\g‘glrklﬂé n%ea%nog P ga% c and
i nor ganbycndsasastric Extep [tawijl Bmamders&ﬁ)kltb@' thowel skd&daﬁtmmmﬂhhﬁt&hbtpﬁefeﬁé&@hte met al
salts such as. sodium._ljithium and potassiumsalts, al kaline earth netal

salts stcHimymisEation will dependenoastg foadifipn bewg treateg andl @Pljé’ﬁ{kwﬁhsfé%to(sf or

exanpl &ycRLIAR GndfibA B Ihe TGhic alélba

hydr abar%cnes (fo?rred W tﬁ %b (ﬁﬁg& eatl g+r§%&hp({hene iam nesuStered

N- met hydnerghare dimiendsily.N- net hyl - D- gl ucami des tbutyl am nes, and salts wth
am no acids such as arginine, lysine and the like. [0078] The

stereo the specification are

consi st ERT HES S G ERAT S TR BT IBAe © o 65: 2105 (1096) . unl ess
ot herwi se indicated. [0079] The term "enantioneric excess" or "ee" refers
to a me%sui;e folr how much of one_enantioner .is_present conpared to the

ot her . Pothesisghaminoagyl-phenggopyriding (F dPpPerivatiyes per cent enanti oneri ¢
excess is defined as | R- S| *100, where R and 5 are the respective nole
or wei ght fractlons of enantlorrers in a mxture such that R+S = 1. Wth

know edge peraty g1 phegazopyriduhe subst ance, the percent
enanti omeric excess is def ed as ([odobs/[ ] max) *100, where [a]Cbs is the
optical rot Hof F‘ﬁ'é” xture Ofin rs and [ot]max is the optical
rotation of pur e—enanfi-ore ran r. t%@ﬁ\ E@B'ﬁ’cof enanti oneric excess is
©/ﬂ THF @/
[0093] To a solution of 875 mg (5 mmol) of Boc-glycine in 15 mL of THF was

added 955 mg (5 mmol) of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
followed by 1.06 g (5 mmol) of phenazopyridine. The reaction mixture was stirred for 22 h at
room temperature at which point an additional 875 mg (5 mmol) of Boc-glycine and 955 mg
(5 mmol) of 1-(3-dimethylaminopropyl)-3-ethyl carbodiimide hydrochloride were added.
After stirring for an additional 48 h, the precipitated solid was filtered and the filtrate was
concentrated to dryness. The residue was dissolved in 40 mL of ethyl acetate and washed
with two 40-mL portions of saturated aqueous sodium bicarbonate. The organic layer was
dried over sodium sulfate, filtered and the filtrate was concentrated under diminished
pressure to give 2.24 g of the crude product as an orange oil. The product was purified by
column chromatography on 62 g of silica gel using 50:50 hexane-ethyl acetate as the eluant.
Boc-glycyl-phenazopyridine was obtained as an orange oil: yield 330 mg (18%); 'H NMR
(CDCl3) 6 1.58 (s, 9H), 4.00 (d, 2H, J = 4 Hz), 7.47 (m, 4H), 7.80 (m, 2H), 8.17 (d, 1H, J =
9Hz) and 8.29 (br s, 1H). Anal. Calcd for C;3H,,N605-0.25 H,0: C, 57.67; H, 6.05; N, 22.42.
Found: C, 57.86; H, 6.01; N, 22.42.
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possi ble using a variety of analytical techniques, including NVR
spectroscopy, chiral columm chromat ography or optical polarinetry. [0080]
The ter mswbOenswvtzigyseri cal ly pure”™ or "enantiopure” refePCrasaomaspbe of a
chiral substance all of whose nolecules (within the limts of detection)
have t heg i S]L;e. 0081 Theft 5, - i i Ly enriched"
or "ena : e RS ORYIA

enantiomer,ic ratdo i s greaterrat han 50:
conpoundsHﬁg N enmﬁénw%onnﬂtﬁﬁﬁﬂy_pureﬁgT
atom' referg t6 aCarbon atomin a nol ecy®of %n organi c conpound that is
attache \ four different atoms or ps of atoms. [0083] The term
"predo ntly" means in a ratio gre r than 50:50. [0084] The term

"l eavi ng group” or "LG' refers to an atomor group that becones detached

froma m or group 4n_what. is sid to . be.the residual or .main part
of T ha 0B of 5 1P 10 dPhioh B 320 TR & winfol] e BOE shEF Pl
exenpl any20 BRVeMNdcllb@uishand Grdddrlded 3. 10GhL (% BB, mmoGaiSri@nerohbiicl dcke The0085]
The term "isol ated” for the purposes of the present invention designates a

mat er i deaqtiengnixgire e stard @b meou apparaate foad b ah wheghopaiat the geactios vesi gi nal
enviro ho(t o]y i i it 1S ur gl S 0 ]

Phar naceu ﬂ%§|ﬁge§§%%% a§§§&€a9?¥2?§RFnEF%J%ﬁ?§ fgr%xg%%ﬁ %@é%gc%(gggdes,
for exasipdrBora&e$ddstEon theslagerd Sere saparutddoandothe 0gdnid laler wad Whdhed @nce with
preparations and/ or cal ci um phosphates, far exanple trical ci um phosphate or

cal ci urfthPdrdgeRuaed spshumn icagongs soluiton, Afige fiyiag e yer sedivmasutiaicy AliFaionysi ng,
for ex I i . ri.c c :

hol ar ) o8, Emo 0 o Lttt up S fini RN Pheschyel By N1 el BN ik Bbfbed
car boxyasetnhythogd $alidosield 24@ gy (5868)y Vil NMRpGDEh) dre(s, RH)dediT@dn, 3H),

2o B AT B SRR T TR e Gl
al gi ni cAgt] @ for CSAM INI@ B8 8f,0: 8U6H.98SHS9d1 W . @. "BéRd: C, 56.13; H, 5.16;
N, 29.87.

gpa tiomerically enriched

Example 3:  Preparation of Glycyl-phenazopyridine Hydrochloride Salt
2HCI

H H
N]I/\Nj/N\r(\NHBOC HCI HoN I N\ N\n/\NH2
N / o EtOAc ! Pz o)

! )
C Of

[0095] To a cooled (0 — 5 °C) solution of 1.0 g (2.70 mmol) of Boc-glycyl-

H>

phenazopyridine in 20 mL of EtOAc was bubbled slowly dry HCI (g) [prepared by adding a
36% solution of HCl (5 mL) to H,SO4]. The reaction mixture was stirred at room
temperature for 3 h following which HPLC analysis showed that the reaction was complete.
The thick mixture was filtered and the product was washed with four 15-mL portions of
FtOAc and dried under diminished pressure over P,Os at 45 °C for 6 h. Glycyl-
phenazopyridine dihydrochloride was obtained as an orange solid: yield 878 mg (94%); 'H
NMR (DMSO-dg) 6 3.88 (s, 2H), 7.51 (m, 4H), 7.89 (d, 2H, J= 7.2 Hz), 8.09 (d, 1H, /= 8.7
Hz), 8.46 (m, 3H) and 11.10 (s, 1H). Anal. calcd for C;3H;6C1,N¢0-0.80 H,O: C, 43.66; H,
4.96; N, 23.50; Cl, 19.83. Found: C, 43.96; H, 4.64; N, 23.60; Cl, 20.10.
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Auxiliaries are flowregul ating agents and |ubricants, for exanple, silica,
talc, stearic acid or salts thereof, such as nmagnesium stearate or cal ci um
st ear at e,weandionn71§78| yet hyl ene gl ycol. I n one enbodi nent pCUNsg@e/06896ES ar e
provided with suitable coatlngs which, if desired, are resistant to gastric
j ui ces. ?Iutlons may be used,

whi ch &Y SOttt ar - gutt ar ¢ ¢ potyvi nyl pyrrolidone,
polyethylene egcoI and/or tltanlun1d|OX|de Iacquer sol utions and suitable
organi ¢ solvents or solvent mxtures. In order to prod&@éﬁﬁhﬁtlngs
re5|stant}}ﬁ gq@tr“c juices, solutions of syjgable cﬁl ose preparations

such as acé ngéNHBbbaFébﬁod? hydr oxypr opyl | -8 | ul ose
pht hal ate, ar ed.oDye st uf f&ioxane pi gnent s addbd to the tablets or
dr agee coat Nngs, for exanple, for identificatlion or in order to

char ac 8 conbi nations of active conp Hoses. [0087] Ot her

phar mai cal preparations which can be d orally include pushfit
capsul es*frade of gelatin, as well as soft,”seal ed capsul es made of gelatin

and a plasticizer such as glycerol or sorbitol. The push-fit capsul es can

cont ai nf099E acti ve d"ormmlutdm o3AtheidOrd mMmody ehBbeglyoyl- pi&nmzpm@lytidiubéxs 8whi ch
may opti Ly be m x th fillers such as | actose, binders su S
Starohedl "Sindibsina a7 ede Ao 507 1 £ DR RlaPEAR P%eacacﬁd The
option ont &G n

OPL 1Nk tcn HARAL Ve B, BDF, EBOAAEI oo, A6F RO B rkEion
par af f nnas aptivedalAfier il i BS shiapadatizerdsd4 {IO@EB3S mnfal) bymtﬁaﬁesmﬁynmmefm weie

nono-, - or _triglycerides. Mno-, di- and tri %I ycerides, i ncl ude those

t hat araé1 e And) glirring oS centinsd aprpm temperatyng foxsd h. “Ihegprecipitpteshproduet vgsi ds.
Exenpl af'ilYeréH HARES Wﬂ%}a%é‘ﬁ ?oxafo'ﬂs Bgi h'&b‘iaig ’anﬁ'&lﬁ}}eéb-’?nL gbﬂi%hg‘of 2l '?dn’é and
m xed capryl’in-caprin diglyceri . Preferred triglycerides 1nc

veget ahind dviedundér wdeuminlas 45 aQiovet PGt for 18yd r@geﬁlap}&damgﬁﬂmb |n&:s§bla{essalt

partially hydrogenated vegetable oils nthetic tri cerides, nodified
Lri gl ycwss ehésined paot piands Selic i Yoo mai@ssimdd Wﬁﬂdi\!@r@éﬂaﬂln@ 61),

id

trigly e S d lyscar hge ¥t r e ary
trigl y?géél gséiH)’nzﬁggtﬁg n%)}'idg/og?él ggbzssﬁggﬂ t%gr e4t1§ br ac tgm ant
seed oi AnalCaildd @r 0 {H,,N&L 65 CQ4I3|SD3HOCQBEBIOII{| 4. 72;CN nl@m,,S Qetlt)orlF‘@ﬁﬁﬂ @il ;
eveni ng prinrose oil ; gr apeseed oi l; groundnut oil; mustard seed oil;
3547, H,479; N, 15.8
Example 5:  Preparation of Boc-alanyl-phenazopyridine
N B°°HNJ\”/OH HaN- N H\n/\
HzN - NH2 0 X NHBoc
' P EDC NU 0
f;ll THF rill
o8 o
[0097] To a solution of 945 mg (5 mmol) Boc-alanine in 15 mL of THF was

added 955 mg (5 mmol) of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(EDC) followed by 1.06 g (5 mmol) of phenazopyridine. The reaction mixture was stirred
for 65 h at room temperature at which point an additional 945 mg (5 mmol) of Boc-alanine
and 955 mg (5 mmol) of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride were
added. After stirring for an additional 24 h, the reaction mixture was concentrated to dryness,
dissolved in 40 mL of ethyl acetate and extracted with two 40-mL portions of saturated
aqueous sodium bicarbonate solution. The organic layer was dried over sodium sulfate and

filtered. The filtrate was concentrated under diminished pressure to give 2.1 g of an orange
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olive oil; palmoil; palmkernel oil; peanut oil; rapeseed oil; safflower

oil; sesane oil; shark liver oil; soybean oil; sunflower oil; hydrogenated
cast or oiwQ 2bwdr7egyenat ed coconut oil; hydrogenat ed pal mporius2émassygenat ed
soybean oil; hydrogenated vegetable oil; hydrogenated cottonseed and cast or

ol yeer Pl P TR S S PR S e g R o |
t ri undeeaylosictite g8 16 ehight. t Bbd- @luﬁﬁtpﬂmn&b}d?@dlﬁé wak loedaﬁeaas aflloy#8E ¥ll: yield
tr|I|noIeate %%%iceryl trilinol enate; yceryl tricapryl ate/caprate;

gl ycery$ TG megd | at e/ caprate/laurate; glyceryl

tricaprylate/ caprate/linoleate; and glyceryl tricaprylate/caprate/stearate.
[ 0089] Suitable formulations for parenteral adm ni stration include agueous
sol uti OE%@!%l;%he f,lieg Eﬁi d@f&ﬁ}@r &gg EE! Sdm@r m for exanple, water-soluble
salts a suspensi ons of the active agent
as appropriate oily injection suspen5|ons may be adm ni stered. Suitable

| i pophilic solvents or vehicles include fatty oils, for exanple, sesane
oil, or sw t1 acndwesters,HforNema | e, ethyI ol eate or

trlglycerlde OPVe hy#éh%Lgkyeol-4 _JAquedirs injection suspensions may
contain suﬂttances whi ch increase thenvi 03|ty of the suspension include,
for exaEEgef sodi um car boxynet hyl Nul ose, sorbitol, and/or dextran.

Opti ona , the suspension may al ontain stabilizers. [ 0090] Exanpl es of

anti oxi dants which may be added to the pharmaceutical conpositions include

BHA and[0Bp8]. [ 0091] TBhasstat@UbT 68 Hng(TTFHQSﬂnEﬂo@)n@f BBY-alafylitghefadopPiidifle Oth % t 0
99% by meaggt of the active agent sitions may be either 1 n single or

mul tipl B tadged ISt%aWéP (13- faﬁvn?iéuof ite {lnerpagstia rasitk lhei cal
COWPOS'Jeh&fbﬁe ciJeS| PR ngirtaoR HB8 Bffethid Sof9SE at wﬂfﬂcﬁl[@glg @«Qgeéﬂc% v['aesqu' red

to elicit t gene expression or suppression I'€”r out es
of admi mnmlem ffgetlhectmhammHQEUWasaioumdm'msMO omls dfnedtwrded oicakeousd vediar,
i.nt ranuscul ar, |ntravenous

Sﬁgl Ib; &1{80%2 pEory 'L%;)aggrlp fé’e{mﬁ‘ ?P%%gﬁ%gﬂ 0303%%% yehwaewakieq ogge Mitht he
art thajo phCoféRirelel 8duédisBdium bicarbonate. The organic layer was dried over sodium
sulfate, filtered and the filtrate was concentrated under diminished pressure. Alanyl-
phenazopyridine was obtained as an orange solid: yield 290 mg (64%); '"H NMR (DMSO-ds)
6 1.3 (d, 3H), 3.6 (q, 1H), 7.4 - 7.7 (m, 4H), 7.9 - 8.0 (m, 2H) and 8.1 (d, 1H); mass spectrum
(ESI), m/z 285 (M+H)" and 307 (M+Na)".

Example 7:  Preparation of Boc-methionyl-phenazopyridine

Me
jMe
OH =z
B H H
ocHN HoN N

HoN__N_NH, 0 2 s N\ﬂANHBoc
I/ EDC y = 0O
1

ﬂ THF N
[0099] To a solution of 1.24 g (5 mmol) of Boc-methionine in 10 mL of THF was

added 955 mg (5 mmol) of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(EDC) followed by 1.06 g (5 mmol) of phenazopyridine. The reaction mixture was stirred at
room temperature for 24 h at which point an additional 1.24 g (5 mmol) of Boc-methionine

and 955 mg (5 mmol) of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride were
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of admnistration will depend upon the condition being treated and may vary
with factors such as the condition of the recipient. The pharmaceuti cal
conposi t iwoomeay1878 admi ni stered one or nore tines dai | YCTER20MPIES6OF
GENERAL SYNTHETI C METHODS Synthesis of Am noacyl - phenazopyri di ne (PAP)

Deri vat | ve le 1. Pre Boc Ivc - phenazo i.di pe,[0093] To

a sol ut |d8ﬁ§d§§‘§[;§nnlbg fox aﬂﬁgﬁ aflg'golc ﬁg T uigwﬁf;c%“fcg*f—ﬁf ‘tﬁ’ &’&%Té’d 955
my (5 rdidolvedfinl 40 Znldiofetyy Iaaahte%ﬁomﬂa},rea Wit Yive arobedl] periees By databddor i de

follomed by 1.06 g (5 mmol) of phenazopyridine. The reaction m xture was

stirr e@%@@uszgo%uratblﬁob%ateﬁﬂeﬂat ufle Qrcanis Eyepaiantdried @wedi sodimalsuldats, ny (5
nmol ) i n )

05 ai R AL S MBS o SRt TR Bimished e TP §9s0rpes g
After swas pum@ed‘ by c@iunad dhioninadraphy bn 3Che orﬁrﬁwapgetlatsﬁfg SO0 chewage-dthylt er ed
and the filtrate was égncentratid to dryness. The residue was dissolved in

40 niL &ce@t%% th&cf‘étaat RS P42 b taHedias e FRngeiir weldd
aqueousy carbonate The organic |ayer was dried over sodium

sul f at e, tered and the filtrate was concentrated under dim ni shed
pressure to gl ve 2 24 g of the cr ude product as an orange oil. The product

g : sthogy B ding of silica gel using 50:50
hexane- et hyl acetate as the el uant . Boc gl ycyl - phenazopyri di ne was obt ai ned
as an orange oil: yield 330 ng (18%; 1H NWMR (CDCO 3) d 1.58 (s, 9H), 4.00
(d, 2H, J 4 Hz), #v47 (m 4H), 7.80 (m 2H), s 17 (d, IH, J = 9Hz) and
8.29 (br s, IH) . AN |. Calcd for Cl 8H22N6CB-0._ 5 2O C, 57.67; H, 6.05; N,

22.42. Fowu 86, H 61r8l; N, 22 le 2 : Preparation of
d ycyl - phen o yr di"he” (6N CRsytphenadl o) yridr“ﬁe) [0094] To a solution of

330 ny (0. 819 mmol ) of Boc-gl ycyl - phendzopyridine in 20 nL of

di chl or “hane was added 3.10 niL N3 mmol ) of trifluoroacetic acid. The
reactio i xture was stirred at r tenperature for 2.5 h at which point
the reaction was conplete. The reaction m xture was poured into 40 nL of

sat ur at eous sgdi um
u [Sgl(ﬁ)?u ! 9'0 a solution of 700 mg (1.57 mmol) of Boc-methionyl-phenazopyridine

in 15 mL of dichloromethane was added 2.3 mL (31.4 mmol) of trifluoroacetic acid. The

reaction mixture was stirred at room temperature for 2 h at which point the reaction was
complete. The reaction mixture was poured into 60 mL of saturated aqueous sodium
bicarbonate solution, the layers were separated and the organic layer was washed with 40 mL
of saturated aqueous sodium bicarbonate solution. The organic layer was dried over sodium
sulfate, filtered and the filtrate was concentrated under diminished pressure. Methionyl-
phenazopyridine was obtained as an orange solid: yield 247 mg (46%); 'H NMR (CDCl3) &
1.8-1.9 (m, 1H), 2.1 (s, 3H), 2.2-2.4 (m, 1H), 2.6-2.8 (m, 2H), 3.7 (m, 1H), 7.4-7.6 (m, 3H),
7.8-7.9 (m, 3H) and 8.2 (d, 1H); mass spectrum (ESI), m/z 345 (M+H)" and 367 (M+Na)".

Example 9:  Preparation of bis-Boc-tryptophanyl-phenazopyridine

~.NBoc
~.NBoc
H =

BocHN OH

H N -
HaN._Ng_NH; 0 ZNUN\H/\NHBOC
| P EDC = o}

N THF m

" ol
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bi carbonate solution, the |ayers were separated and the organic | ayer was
washed once with 40 nL of saturated sodi um bi carbonate sol ution. After
dryi ng owso 2oidi7ismssul fate, filtration and renoval of tRreT4askaenssIander
di m ni shed pressure, glycyl-phenazopyridi ne was obtai ned as an orange
solid: yield 140 ng (58%; 1H NWR (CDCI3) d 3.5 (s, 2H), 7. 4 7 6 (m 3H),

7.75-7. 3 nd. 8.2 .(d, I H: SS spe (ESI) n12 and
293 (M+ m] A:Dal acgr %S‘#\i‘r“”’d’aﬁ&l\q ’8 E&é Qe-trge{opfn téla of E)HFso 09.
Found 5 5mb6; (5N, 7 1?08)%

GIO;cyI gﬁsengg%%!r?idsl ngljg (o?r orélﬁfl%cl))?l 82%3??@?4 lal?ﬁ ;%ﬁleQSth?chr bé) dllr(n(l)de

0C) sol hxdreghlgfdel(EP G feuowc)i byrbi0p g0 Bmel) gif ;pbynqzmeyramagrhe déastion mlmm of

= 0% 3, B 31 b 0B SRR, S0 8 TS Br O

for 3 hBbotrysreping it ofs SHRE €5 anably wif s - @tkﬁmd]yldﬁﬁhoﬁrb@rw-ea@ﬁylQ@:Beﬁﬁmlde
conplete. The thick m xture was filtered and the Qﬁh uct was washed with
S

four 15hyfroghinrideowsreprdded QABem pirriag i fat an meditionaln Hedrepttivasmirdureveas P25

el C h d
a5 OBytal e o SHEOONALS) 1P AIBRIL L \an SR s
(m 4H) diSS?)l\&ﬁ i(nd40 24, off ethyl .a2ethie) andSexdfhcled, withltwd 40-BL7pdtidns 8f 4ﬁu(afﬁd 3H)

and 11.10 calc for G 3H 6C 2N6O-0.80 H2O C, 43.66; H, 4. 96;
N, 23. SRfuceys S@@%@lcagm opggnigglayey was draed qyer sgdign: sulfate, diteney. #danpl e

4 : Pr eﬂa@ﬁv@tt«atewagzo@exﬁa%a Qﬁk&?a@m@m@ &es&&vgeaé &@g d gﬁ&&%@%@%

sol ution of ny Boc- gt ycy nazop Ine In .
di oxanecrudes paxddestdwasr ppmﬁscb b20:?>hmhn (:BroﬁlaMgndtp)hyodin Aethaheitivh fgehusm@d()ds.o The

reacti on m xt sti,yred at er at for 90, .mn af i ch
only 4% 6‘8’?1?/?&46 %C\r,\?@\iﬁgs glfs%}l%d élﬁ%nértryi’ Cﬁ’hﬁ@' nazopyidias Wag A E’ 6254

nmol ) oindfgﬁ%@ag@ggu}iglqm@ gedlger e added and stirring was conti nued at room
t enperature r h. The precipitated product was

Example 10: Preparation of Tryptophanyl-phenazopyridine

é\ NBoc é\ NH

1-TFA

H Oz
HoN N N
\H/\NHBoc 2- NaHCO, TN
~ 0
N
@N oh

[00102] To a solution of 360 mg (0.60 mmol) of bis-Boc-tryptophanyl-

phenazopyridine  in 15 mL of dichloromethane was added 1.80 mL (24.0 mmol) of
trifluoroacetic acid. The reaction mixture was stirred at room temperature for 1.5 h at which
point the reaction was complete. The reaction mixture was poured into 50 mL of saturated
aqueous sodium bicarbonate solution, the layers were separated and the organic layer was
washed once with 40 mL of saturated aqueous sodium bicarbonate solution. The organic
layer was dried over sodium sulfate, filtered and the the filtrate was concentrated under
diminished pressure. The crude product was purified by chromatography on 41 g of silica gel
using 50:50 hexane-ethyl acetate as eluant. Tryptophanyl-phenazopyridine was obtained as
an orange solid: yield 10 mg (4%). ; '"H NMR (CDCl5) § 3.0 - 3.2 (m, 1H), 3.4 - 3.6 (m, 1H),
3.8-4.0(m, 1H), 7.0 - 7.3 (m, 4H), 7.4 - 7.6 (m, 4H), 7.8 - 8.0 (m, 2H), 8.2 (d, 1H) and 10.0
(br's, 1H); mass spectrum (ESI) m/z 400 (M + H)" and 422 (M + Na)".
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filtered, washed with three 6-nL portions of 1,4-dioxane and three 6-nL

portions of acetone and dried under vacuum at 45 C over P2C6 for 18 h.

A ycyl - prwoaampyns7di ne nesyl ate salt was obtai ned as anprorarsg@Inesdesl: vyi el d

352 ny (94% 1U NWVR (DI\/SOJ 6) d 2.41 (s, 6H), 3.89 (s, 2H), 7.43-7.56 (m
89 H J 7. +1Q

4H), 7.8 ..and 10.87 (s, IH. Anal calcd
for d 3FFAN ’ - 489, N, 16.01; S, 16.19. Found:
C, 35.47; H 4, 79 N, 82 S 15. 85. Exarrple 5 : Preparation of

Boc- al anyl phenazopyy, g or[ 0097] To aHs\Kutl on of 945 ny (5 mmol)

Boc- al ani mgv.in 26, nL_of THF was dd 55 Wiso{ 5 mmol ) of

| - (3-di met hyl_ami nopr opydd - 3- et hyI dia m de hydrochl oride (EDC) followed
by 1.06 ("15 mol ) of pHenazop ine. The reaction mxture was stirred for
65 h at@omterrperature at poi nt an additional 945 ng (5 nmol) of
Boc- al an¥he and 955 ng (5 mmol )™ of

| - (3-di met hyl am nopropyl ) - 3-et hyl carbodi i m de hydrochl ori de were added.
After stirring for an additional 24 h, the reaction m xture was
concent081@3 to dryness, dissolved in 40 nL of ethyl acetate and extracted

th t t t ed eqQus So m_hi car bonat e_sol uti on.
\‘?Mhe org %FéomgQEor I ns éénsrg‘?}gf’? BH‘VBQU%dHfIQtIEEé’EJH : WP%F@@% 1'Hq’ﬁaz‘%f(%-lolt.rat e
was Congaiy r@ftle@ &Wyl;ﬁhﬁbﬁ'cﬁﬂ?@ &ﬁﬁ@a%&ﬁuﬁﬁe %&Hl%clglof]ldg (LQTJC)”‘Q)IB%P%SO! B

The oil was purif By col unm” chr omat ogr aphy on of l'ica ge si ng
50: 50 hbkan@éé mmol)a@feplwnem@yndMe ‘BheumactionBootiak Istlphémazmnytanmemeumas

A any| SReRL8 AR obioeb! 3t e bgieilir BG RS B3ag GribRobiet”
Boc- al any3-dphemazamspiopyD S-éthyllaarbodifiddhgdtbenion®d hane 1eg1acddas ol b

(73.6 mol ) of trifluoroacetic acid. The reaction m xture was stlrred at
r oom t énpleyimaipkolingr were padged.wiiide Hlepmlﬁtlret wes sered ifon aneddisionsl 24 &. Thee

reacti %N&WHIE I}f@ﬁtrgtg# L& erI cﬂ}n?mélh es%ure % égt esgdl{aheeg Rs0 VeCI 1%2%}@1 Was

bi car bonate Sof ution yers vver separa
washed msae wid hvaéﬁ)ednb;v@fnnseat wi’tlﬁits@ﬁhrﬁéw%qulﬁ)us o (i3} lbidaafdn@naaéoeutloﬁherh@r gani c
| ayer was dried over sodium
organic layer was dried over sodium sulfate, filtered and the filtrate was concentrated under
diminished pressure. The crude product was purified by column chromatography on silica

gel eluting with 1:1 hexanes-ethyl acetate to give Boc-valyl-phenazopyridine as an orange
oil: yield 300 mg (10%).

Example 12: Preparation of Valyl-phenazopyridine

1-TFA

~ ~
H H H =
HaNo NN~ HaN Ny NS~
2 S 3 NHBoc 2- NaHCO;4 2 o N ONH,
S 0 ~Z 0
N N
Cr Sf

[00104) To a solution of 300 mg (0.73 mmol) of Boc-valyl-phenazopyridine in 10

mL of dichoromethane was added 1.72 g (1.1 mL, 14.6 mmol) of trifluoroacetic acid. The
reaction mixture was stirred at room temperature for 3.5 h, then was added dropwise to a
saturated aqueous sodium bicarbonate solution. The layers were separated and the aqueous
layer was extracted once with dichloromethane. The combined organic layer was dried over
sodium sulfate, filtered and the filtrate concentrated under diminished pressure. Valyl-

phenazopyridine was obtained as an orange solid: yield 110 mg (48%); '"H NMR (CDCls) &
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sulfate, filtered and the filtrate was concentrated under di m ni shed
pressure. Al anyl phenazopyri di ne was obtai ned as an orange solid: yield 290
ng (64% W(])HONM?IEUEIVBOJ 6) d 1.3 (d, 3H), 3.6 (q, |H), PCTAIS2008/068963 4H),
7.9 - 8.0 (m 2H) and 8.1 (d, IH); mass spectrum (ESI), m'z 285 (MH) + and
307 (M e t hi | ph 0099]
To a sopl@%l on ITRJS éf 3HF§£§%1 ;I!IPT% lgécgﬁnétfr?ozlﬁ ’i%ﬁ r,}az,PQ E’I:—I?gm[

added 98%3 (dgllﬂﬁnmwkpecmﬁml(ESB e zeaBRM-ah) and B PN} NIy et hyI car bod| i mde
hydr ochl ori de (EDC) followed by 1.06 g (5 mol) of phenazopyridi ne. The
d a

reactio mxlt re iq/as St.i rooom errperat ire for 24 h at which point an
addltlogéﬂﬁ—ié—g—w

REPHERSPRMIG 955 ng (5 mmol) of
| - (3-di met hyl am nopr opylgeet- et hyI car bOdI i m de hydrochl ori de wer eadded.
After stirring for an addj

ional 48 h, theéecHeacti on m xture was
concentrated to dryness, dissolved in 40 Zﬁf et hyl acetate and extracted
wth two 40 nL porti ons saturated aquegds sodi um bi carbonate sol uti on.
The organlc I vva@dtﬂ'rl overH dNurﬁs Ifate filtered and the filtrate
was concentr der—di¥ni-shed pfedsuf eM¥he crude or ange oil was

purified by',:] urm chréﬂ?&t ogr aphy ¥wn“32 g of silica gel using 50:50

hexane- acetate as the el @{ Boc- net hi onyl - phenazopyri di ne was

obt ai ne s an orange oil: yie 700 mg (32% . Exanple 8 : Preparation of
Met hi onyl - phenazopyri di ne [00100] To a solution of 700 ng (1.57 nmol) of
Boc- et hi onyl - phenazopyridine in 15 nL of dichloronethane was added 2.3 niL

(31.4 of trlfl oro ceti ¢ d... The re n m.xt ur ed at
room tg@ip 2t ur e for FOTAYO I\A%flaﬁﬁ %6? r‘ﬂm?lﬁ]gfaﬁ C'lééﬂnﬁdgﬁgdﬂ‘;o mﬁ

reacti OﬁudéHHSlﬂrrﬁgV(@Smﬁ@l) rogd - (malmeﬁfylmn@ﬁmwmmaﬁﬁ%aamgﬁﬁ&e ﬁﬁﬁbblm)rlde

bi carbonate sol ution, the | ayers were separated and the organic | ayer was

washed GG fodloped by 106 & amaep! heflrhsoazopptifing Hhemagmanixtae wasistred The
concent PPLEmpERu g E 24N T ST A foficfpd bt dBfinBdh DGl g e Ve
obt ai netsidse avasodiasodecdsinl ettlyl y¢eﬁtei and tvarted 460, wil]iri sbﬂ\(&té&@@xeb);s dodium
bicarbonate solution. The organic layer was dried over sodium sulfate, filtered and the filtrate
was concentrated under diminished pressure to give the crude product as a red oil.
Purification of the crude product on a silica gel column, eluting with 1:1 hexanes-ethyl

acetate, gave bis-Boc-lysyl-PAP as an orange oil: yield 360 mg (13%).

Example 14: Preparation of Lysyl-phenazopyridine

NH, NH,

H ; _ H ;
HzN:ENj/N\(\NHZ ; I:Zﬁcm Hzle/\Nj/N\n/\NHz
N = o N Pz o
o o'
[00106] To a solution of 360 mg (0.66 mmol) of bis-Boc-lysyl-phenazopyridine in

20 mL of dichloromethane was added 3.40 g (2.2 mL, 29.7 mmol) of trifluoroacetic acid.
The reaction mixture was stirred at room temperature for 22 h. An additional 1.53 g (13.4
mmol) of trifluoroacetic acid was added and stirring was continued at room temperature for 2
h. The reaction mixture was added to saturated aqueous sodium bicarbonate solution,

causing an orange solid to precipitate. The product was filtered, washed twice with heptane
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1.8-1.9 (m IH, 2.1 (s, 3H), 2.2-2.4 (m IH, 2.6-2.8 (m 2H), 3.7 (m
IH), 7.4-7.6 (m 3H), 7.8-7.9 (m 3H and 8.2 (d, IH); mass spectrum (ESI),
m z 345 (WbHpto/amis367 (M-Na) +. Exanple 9: Preparation @CT/US2009/068963

bi s- Boc-t rypt ophanyl - phenazopyri di ne[OOlOl] To a solution of 2.0 g (5 nmmol)

Imj ( gl 3 grr@c yérxﬁén%g’h%@ élrn dlgnd% d?rFunT @ssﬂr gaqﬂr?%%oc Or &WE@C‘?(SOT 018 owed

by 1. 06(88%)5 HriMdIRX (@D3©h)3r5a125)p2112|(d1 16131,) Zh({t rzela)c3 VQt) IrH)xV lﬁr-eW\(als A1) 810ed for
6 h at roomte r ture at which point an ad g 5 mmol ) of

bi s- Bo®LE H)ap@, > HAA ngpss SpRGLrpm (Endh 71/%%42 (M+H) and 364 (M Na)".

| - (3-di met hyl am nopropyl )-3-ethyl carbodiimde hydrochl ori de were added.
After stldddlf9sf Brefia@AbBROM -tobA-MstidilR)-pRaaLIRMdHXT ure was filtered
and the TiTtrate was concentrated under drm nished pressure. The residue
was dissolved in 40 nL af ethyl acetate and extracted with two 40-nL
portions of saturated ueous sodi um bi carbonate. The organic | ayer was
dried over sodium sul kafe, filtered and, .t heof il trate was concentrated under
di m ni shed pressure tpo give 5.47 g mf“”an /m;ange foam The crude product was

purified by _col A gmat ngaw% of silica gel using 50:50
hexane- et hyllz?f\g:fgtMe el . Bi s-Boc-trypt ophanyl - phenazopyri di ne
was obtai ndd as an or&gge sqlin: yield 2.43 g (81%. Exanple 10:

Pr eparmﬁ‘ of Trvptop an@enazopyri dine H -NN. .N NH[00102] To a
sol uti f 360 ng (0.60 ) of bis-Boc-tryptophanyl phenazopyridine in 15
mL of dichl oronmet hane was added 1.80 nL (24.0 mmol ) of trifluoroacetic

acid. The reaction m xture was stirred at roomtenperature for 1.5 h at
whi ch point the reaction was conplete. The reaction m xture was poured into

50 nL dPO ¥ ur at ed éqsfémm%b&m&ﬁ?b%%@m&ﬁﬁ@%nms %ﬂdedﬂrhemr RY@iOB touar e
separ ats%ﬂxt%ﬂdoft% f,‘é ‘fmh& & ﬁ@cshlg\gr%g)eém”%%dv}lﬁ oﬁ%nﬁ%d s ggfwrﬁteed

aqueous sodl um onat e | utron organi c | ayer over
sodi umxﬁwtlfoatxﬁl,xtlfre Ivtmrmlrearuﬂ rbbe tehperhiurd fat B0 was, themdeist g d7.68 mundprof

phenazopyridine was added in one portion. The reaction mixture was stirred at room
temperature for 96 h (until no further reaction progress was detected by HPLC). The solvent
was concentrated under diminshed pressure and the residue was dissolved in 200 mL of
EtOAc, washed successively with 150 mL of water, 150 mL of satd. aq. NaHCOj3 solution,
150 mL of brine, and dried (Na;SO4). The solvent was concentrated under diminished
pressure. To remove unreacted phenazopyridine, the oily residue was purified by
chromatography on an alumina oxide column (elution with CHCls, then 99:1 CHCl3-MeOH).
Further purification on a silica gel column (elution with 99:1 CHCl3-MeOH, then 98:2
CHCIl3-MeOHR) afforded the product as an orange solid: yield 0.43 g (10%).

Example 16: Preparation of N-Tosyl-histidinyl-phenazopyridine

Tos Tos
-B 4 ’
g AN OC/ N g NHe N
TFA |
g BTN 11
N N
g o

[00108] A sample of 1.28 mL (17.2 mmol) of trifluoroacetic acid was added

dropwise to a solution of 0.26 g (0.43 mmol) of Boc-(N-tosylhistidinyl)-phenazopyridine in

12 mL of anhydrous CH,Cl,. The reaction mixture was stirred at room temperature for 3 h,
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di m ni shed pressure. The crude product was purified by chromatography on 4
1 g of silica gel using 50:50 hexane-ethyl acetate as eluant.

Tr ypt ophawgl2emhnensrzopyri di ne was obt ai ned as an orange folrius2009i068963 10 ng
(4% . ; IHNW (Ccbd3) d 3.0 - 3.2 (m IH, 3.4 - 3.6 (m IH, 3.8 - 4.

(0 hyanchien pqdeado b Thidlla aqliessofinibn T hiafiCoy Tndarpafiplaffived Shardles (i

Na) +. Exaﬁmﬂﬁedl(Nazﬁbﬁﬁﬁlﬁe?édl\wﬁt @hs &ﬁﬁefy‘tﬁitéﬂ uifee daziaR}ed pheg@rd13NgvdNge NH2
[00103] To a solution of 1. g 57.0 nmol 3 of Boc-valine in 10 nL of THF
was added q_p@gu@t S ANQIHES |s§>llquy1el 200 mg (100%). A pure sample was obtained using

| - (3-di r ) | oned
by 1.5 BePTE rHors (O euhaldy Shilvh Ak Ml d I HFORKH BRbdel BFCHIER? ot o0 e
room t esgeetrah(ESD)fmtz SPE (M -aH) nidc2 7gM ﬂtNaan Ak dalcafat CL,BJA0:§-HGAO: @ynol ) of

Boc- vaI (7 nlnopropyl) 3- et hyl

car bodi t ﬂ?béiﬁiﬁrgé P&% gﬁgﬁié9f5ﬂl %(gﬂ § bf Nmet hyl mor phol i ne were
added, and the m xture was stirred for an additional 24 h. The solvent was
concentrated under dlnlnlshed pressure and the residue was dissolved in

et hyl edraple 13 ppatiaton ok atlineat ed aqueous sodi um

bi car bonat e solutlon The organlc Iayer was dried over sodium sulfate,
filtered and the filtrate was concentrated under dim nished pressure. The
crude product was purlfled by col umm chromat ography on silica gel eluting
with 1:1 hexanes- enm%l gcétate to give Boc val Wy; phgpazopyri dine as an
orange 0i |y (109, Exanplegn L2 Y ath on of
Valyl-phenaiﬁéir i ne ['00104 |(¥ a solutilo p 300 g (0.73 mmol) of
Boc- val yl - phemmazopyridine in 10 nL of dichoronethane was added 1.72 g (1.1
m., 14. | ) of trifluoroacetic a N The reaction mixture was stirred at
roomte rature for 3.5 h, then wa dded dropwi se to a saturated agueous
sodi um bi carbonate sol ution. The | ayers were separated and the aqueous

| ayer was extracted once with dichloronethane. The conbi ned organic | ayer

was dried over
[00109] A sample of 65 mg (0.48 mmol) of 1-hydroxybenzotriazole was added to

a suspension of 12 mg (0.24 mmol) of N-tosylhistidinyl-phenazopyridine (0.12 g, 0.24 mmol)
in 10 mL of anhydrous THF. The reaction mixture was stirred at room temperature for 2 h
before an additional 65 mg (0.48 mmol) portion of 1-hydroxybenzotriazole was added and
the mixture was stirred for an additional 3 h. The solvent was concentrated under diminished
pressure and the residue was dissolved in 15 mL of EtOAc and extracted with two 10-mL
portions of 0.05 N HCI. The combined aqueous layer was adjusted to pH ~8 by the addition
of a saturated aqueous solution of Na,CO; and then extracted with three 15-mL portions of
EtOAc. The combined organic layer was dried (Na,SO4) and the solvent was concentrated
under diminished pressure to give an orange solid. It was purified by preparative HPLC to
give the product as a dark orange solid: yield 40 mg (41%); 1H NMR (500 MHz, DMSO-d)
3 1.86 (s, 6H), 3.19-3.31 (m, 2H), 4.39 (br s, 1H), 7.46-7.53 (m, 6H), 7.88 (d, 2H), 8.07 (d,
1H), 8.45 (br s, 4H) and 9.03 (s, 1H); mass spectrum (ESI) m/z 373 (M+Na"); mass spectrum
(ESD) m/z 373 (M+Na)".
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sodiumsulfate, filtered and the filtrate concentrated under di m nished
pressure. Valyl phenazopyri di ne was obtai ned as an orange solid: yield 110
ng (48% ;woHoNMR17€DCI 3) d0. 95 (d, 3H), 1.05 (d, 3H), 2Pd&T(Uspoobiosssc8. 4 (s,
IH, 7.4 - 7.6 (m 3H, 7.7 - 7.9 (m 3H and 8.1 (d, IH); nmass spectrum
(ESI'), mz 313 (M+H)+ and 335 (MtNa) +. Exanple 13: Preparation of

bi s- Boc- | ysyl - phenazopyri dine [00105] To a solution of 1.73 g (5 mmol) of
bi s- BocSynthesiofi Pheh@zopyritfind HFA MBS agsigited55 mg (5 nmol ) of

| - (3-di net hyl am nopropyl ) -3-ethyl carbodiim de hydrochl oride (EDC) foll owed
by 1.06 g (5 mmmol ) of phenazopyridine. The reaction mxture was stirred at
roomterrperature for 24 h. The sol vent vvas renmoved under di m ni shed
pressurlexag $ dien eidghyicaba azoplyhidineacet at e and washed twi ce

Wi th satur at ed aqueous sodi um bi car bonate sol ution. The or gani c | ayer was
dried over sodiumsulfate, filtered and the f| | tyate was concentrated under
di m ni shed pressure to '@N stMWe& crude prod wOored oil. Purification of
t he crude product on a s gehmso!l um, Fngowith 1:1 hexanes- et hyl
acetate, gave bis-Boc- - PAPemso@n orange oil: yield 360 my (13%.
Exanpl e 14: Preparati of LysyIT”phenazri dine [00106] To a solution of
360 ng (0.66 mmol ) of ™0i s-Boc-1ysyl - phendzopyridine in 20 nL of

di chl or onmet hane was added 3.40 g (2.2 nm., 29.7 nmmol) of trifluoroacetic

aci d. Tbmm?actl on i >s&1uﬁ@nva54sslme(h@8 hi@eI e MRghat Hé)&nfeﬂfyld'@ldildep\”
addi ti onal 53 (13.4 mmol ) of trifluoroacetic acid was added and

stirri ngNMODIAM muBdF hway tdefrmlrscatqyrzlea peniodothl 0 Mireat reamt fewpenatuze,ur e

dded di b |
or ange Dot Ot a5l B SO Ui dS Sr SReRERLIRRE) I8 AL AL TR e 4
hept anezidiiionslofy ﬂlmlacslolut@ﬁd)fdm6%d((MBdﬁL du0inithslhed eiﬁ&B&ﬂbﬂbﬁ)rﬂiaterlﬁgrﬁhL

terrperature yield 200 ng (88%; 1H NVR (CD3CD) d 1.5 -2.2 ( 2.9 (t,
2H), 3.9f THE pp addrdsirorrwrfe torfheaegction roixtyre 02121)%%%&30%5 (gin. | reﬁcﬁ@@

t I f
SPectT Sy BcP 12N AI 0, (M RIBITLE, dicpRERRRLALLC" ¢

mol ) aﬁmE[DéBed\msssmddad t]nmresudee pas purdfied an asmo:h géllo@lumﬁ (13.208 con)( Eldidnnmol )
of Boc- thhs S-srt%f))mse grall ent of Hj?:h fronél‘Qt %rlglflexarnglz(ZO —>%0%) gave the monocarbamate

as an orange solid: yield 203 mg (30%); 'H NMR (CDs0OD) 6 1.32 (t, 3H, J= 7.0 Hz), 4.22

(9, 2H, J=17.0, 14.2 Hz), 7.33 (d, 1H, J = 9.0 Hz), 7.40 (m, 1H), 7.48 (t, 2H, J = 7.2 Hz),

7.82 (d, 2H, J = 9.9 Hz) and 8.06 (d, 1H, J = 9.0 Hz); mass spectrum (ESI) m/z 286 (M +

H)" and 308 (M + Na)".

Example 19: Preparation of Benzylcarbamyl-phenazopyridine

N~ F LIHMDS N~ O
M BnOCOCI N
©/ THF ©/
[00111] A solution of 4.68 mL (4.68 mmol) of lithium hexamethyldisilazide

(LiHMDS) (1M in THF) was added dropwise, over a period of 10 min at room temperature,
to a solution of 0.5 g (2.34 mmol) of phenazopyridine in 10 mL of THF. After an additional
10 min, a solution of 0.41 g (0.34 mL, 2.40 mmol) of benzyl chloroformate in 5 mL of THF
was added dropwise to the reaction mixture over a period of 5 min. The reaction mixture was
stirred at room temperature for 1 h. The solvent was concentrated under diminished pressure

and the residue was purified on a silica gel column (18 x 3 cm). Elution with a stepwise
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reaction mxture was stirred at roomtenperature for 30 mn, then 1.56 g
(7.33 mol ) of phenazopyridi ne was added in one portion. The reaction

m xture e 28to/a71sd at room tenperature for 96 h (until Pow/USaEMINEs963 eact i on
progress was detected by HPLC). The sol vent was concentrated under

d he d.th d | 200 hed
Succosos SUBPETRYTRORAR HaRE o St TS S sftaT et TohEONG il v 120
nL of bthi MEonodRBambicad dNFaREolid: TREI 373 ¥BNGB3YHS '8 MMRNICTROTS) 3159e1(s,

di m ni shed pressure. To renove unréacted phenazopyridine, the oily residue

was purdH d32by TeHr onefld )y r7afin(d, @Al ah= 8. G izhand x 8 .86 (dolHnﬁﬁ&VLItIZ)onmwﬁh
CHA 3, th Fyr ri-fication on a silica gel colum
(eluti of ?%%I)Oj&% @@%& ?ﬁZﬁ@eﬂﬁ‘ t:HCI 3-MeCOH) afforded the product
as an orange solid: yield 0.43 g (10% . Exanple 16: Preparation of
TV- Tosyl - hi sti di nyl - phenazopyri di ne [00108] A sanple of 1.28 nL (17.2 mmol)
of trifEuptoaset 'ﬁreﬁ&ht@onvms@tgﬁﬁgargérﬁﬁ#}%ﬁaﬁgFﬁdlﬁg| ution of 0.26 g (0.43
nmol ) of Boc-( -tosylrhrstidinyl)-phenazopyridine tn 12 nL of anhydrous
CH2C 2. The reaction mxture was stirred at roomtenperature for 3 h, and
then added to a saturated aqueous solutign O NaHCO3. The organic Iayer was
separ at ed and dr| ed (Na2804) The sol ve t Wachonclentr d under
di m ni shet"pr" sdre to gi v & Mchmd‘ej\p solid: yield 200
S ained using p? eg:av?gthe HPLC (93% yi el d);

ng (100%. ur )
elutio swlthﬁf?B“f%C iNn a gradi ent | of CN, mass spectrum (ESI) nlz
505 (M + and 527 (M )+. Anal cal¢d C24H24 OB S- c. C 55.31; H,

5.00; N, 19.85. Found: C, 55.71; H, 4.78; N, 19.57. Exanple 17: Preparation
of Histidinyl - phenazopyri di ne [00109] A sanple ofre65 nmg (0.48 mmol) of

1- hydr opgypex)zot ri azal @oN¥@sn aﬁd%stmai@&@%ﬂ@gm mm&l% H&aﬁféth%ﬂhﬁfﬁﬁid)e of
N-t osyl hi sti di nyl - phenazopyri di ne in 10 nC of anhydrous

THF. TheBMBS (i MninniHiuvas added dIQPrert@domr arpmmltOé r}@@rlatawoe)nf tgmpgraturbebor e an

and ¢ net gt 8 @D Rk Bafiqite Al TS SRRBF CTEERE A0S

concent 1ahid adtieiondif i 32 St0eXl mL, 2.40 mmol) of isobutyl chloroformate in 5 mL of THF

was added dropwise to the reaction mixture over a period of 5 min. The reaction mixture was
stirred at room temperature for 18 h. The solvent was concentrated under diminished
pressure and the residue purified on a silica gel column (17 x 3 cm). Elution with a stepwise
gradient of EtOAc in hexane (0 to 15%) gave the bis-carbamate as an orange solid: yield 140
mg (14%), followed by the monocarbamate as an orange solid: yield 202 mg (27%); '"H NMR
(DMSO-dg) 6 0.93 (d, 6H, J = 6.9 Hz), 1.92 (m, 1H), 3.89 (d, 2H, J= 6.6 Hz), 7.31 (d, 1H, J
= 8.7 Hz), 7.44 (m, 1H), 7.52 (t, 2H, J= 8.7 Hz), 7.86 (d, 2H, J = 8.1 Hz) and 8.02 (d, 1H, J
= 8.7 Hz); mass spectrum (ESI) m/z 314 (M + H)" and 336 (M + Na)" .

Example 21: Preparation of Dodecylcarbamyl-phenazopyridine

H
H o}
H2N|N/\ NH2 leN/\N\g/%
N LIHMDS N
ot R oy
R=Ci2Hzs
[00113] A solution of 4.68 mL (4.68 mmol) of lithium hexamethyldisilazide

LiHMDS (1M in THF) was added dropwise, over a period of 10 min at room temperature, to
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pressure and the residue was dissolved in 15 nL of EtOAc and extracted with
two 10-nL portions of 0.05 N HO. The conbi ned aqueous | ayer was adj usted
to pH ~8 wp 2teen7astdi ti on of a saturated aqueous sol uti orCofUsSka2@E®6nnd t hen
extracted with three 15-nL porti ons of Et QAc. The conbi ned organic Iayer

dried (Na2 dth f ted

or essur e e AR £ P4 B D e PTG RO BB EF P R ¢
give t he piPaust *@sa sl6tainKofou. @@gqo%glmg 2.%0 @drfol H?‘Qfﬂgde(cﬁl%ﬁloro'fdﬁ*rdﬁw ih 300
Miz, DVM6O-J 6) d 1.86 (s, 6H) 19-3.31 (m 2 4.39°(br s, IH)

7 46 7.18B of MHI6E) mL7V\883€¢bd cﬁbpwmstCOﬂ‘le(rcb,ctlbh-l)mxﬁreflﬁ -0 BE aver 4b&r1<ahﬁi nfn03 (s,
s spectrum (ESI) mz 373 ctrum (ESI) 373

( M+Na) W?ﬁw. rgIxgre B8 ST e 15d|%n 0¢ ﬁ)Aﬁﬁy 1 et é’erESPatﬁ‘ﬁ‘P%ra%e gt for 24

Prepar aft i I 68 ni

(4. 68 g ﬁk&;flv f‘%‘% S%ﬁcﬁg%h%taﬁ“ygﬁ 3@@@5% S(JEQ%% %ﬂﬁé Wi fg‘\z}vaé added

dr opwi selicaoged colmnpe(li8od3 ofm).1Elution with Qﬁ%rﬁtﬁ@tmarlm:kmaegavbcnhaslxghtlgmmpnreof

0.50 g (2.34 mo henaz dine, in 10 of  THF, er_an_additional

10 nin élan%{hama%asoafn G Ry b pmductzwa%dlﬁ%md 18#105{5@% GGy SFoMt o 1 n

S m Ofm&HEreVWa% rRadedcsHl QQ%&% tefp ERgirE eisd bf%@lp’ﬂf‘at?éﬁLHer&Y%asaco@l%étb@q)yOf S

mn. The reaction m xture was stlrred at room tenperature for

sol ventfilyator amtémad mdeddmndﬁled orgssure s Hbd pheregeppralizendbdetid mwcahbem‘am

glrJ;:jT Ieﬁ‘? 8‘? tﬂfl%Ll I ca Bld m]lﬂe”iéiﬁ%g &%ﬁﬁ%&&@&%tﬁgggﬁ%ﬂ? € as an

d 25 t 0
o ande ¢8kiA1.9) s lﬁww F R IR 9 Al Bl
| H) 7 @8 I(H), 72H(t 25 JFE 2.6H22), 781 gor  @H)2HS5 {d,218..5= 8) Hand.08.@61Xd/ =1 H, J

vo: pr bt Tk B Bun b Al SRy o i M oS ©

4. 68 mMFEduhd68, 9194 )H, of83: N hsum hexanet hyl di sil azide (Li HVDS) (IMin THF)
was added dropvvi se, over a period of 10 mn at roomtenperature,

Example 22: Preparation of 2-Ethylhexylcarbamyl-phenazopyridine

HoN N _NH, HaN N H\H/OJ\/\/ v\/LoTH N H\rro\j\/\/
N | = LIHMDS NU 0 R S | # O
oyt R oy o8
R=2-ethylhexyl L J
[00114] A solution of 2.81 mL (2.81 mmol) of lithium hexamethyldisilazide

LiHMDS (IM in THF) was added dropwise, over a period of 13 min at -5 °C, to a cooled
solution of 0.3 g (1.40 mmol) of phenazopyridine in 10 mL of THF. After an additional 10
min. at -5 °C, a solution of 0.28 g (0.28 mL, 1.45 mmol) of 2-ethylhexyl chloroformate in 35
mL of THF was added dropwise at -5 °C over a period of 5 min. The reaction was stirred at
0 °C for 1 h and then at room temperature for 24 h. The solvent was concentrated under
diminished pressure and the residue was purified by chromatography on a silica gel column
(17 x 3 cm). Elution with a stepwise gradient of EtOAc in heptanes (0 — 10%) gave the bis-
carbamate as an orange syrup: yield 57 mg (7%), followed by the monocarbamate as an
orange syrup: yield 309 mg (59%); '"H NMR (DMSO-ds) & 0.86 (m, 6H), 1.26 - 1.40 (m, 8H),
1.56 (m, 1H), 4.01 (d, 2H, J=5.7 Hz), 7.31 (d, 1H, J= 8.4 Hz), 7.43 (m, 1H), 7.51 (t, 2H, J =
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to a solution of 0.5 g (2.34 nmol) of phenazopyridine in 10 nL of THF.
After an additional 10 mn, a solution of 0.41 g (0.34 nL, 2.40 mmol) of
benzyl chWonofoormese in 5 nL of THF was added dropw se POTIUSROMMESYES ON
m xture over a period of 5 min. The reaction m'xture was stirred at room

t enpera The e S Lo er m ni shed essure
and t o PeaPua8 SHbal Praonoh B 1A B MRt s (05 B opesebit on

Wth a gisipw/s8m edi-eHy &fd 32 eraet hadecdldd MQ&@N?@ @%@%ﬁzsmh@n 1%
Et 3N i n_di chl or orret hane gave_ the nonocarbamate as an orange solid: vyi el d
273 ny N3d8He. é;ﬁ)gdbﬂd?’é\hzlﬁls 2H), 7.32 - 7.50 (m 9H), 7.81 (d,
2H J =9.0 Hz) and 8 06 (d, IH J 8.7 Hz); mass spectrum (ESI) mz 348
(M+ H+ and 370 (M + Na) + . Exarrple 20: Preparation of

| sobut yEranplag! - Plreaariopyf iegh -BatyYrbol Jibknakopatiding on of 4. 68 ni (4. 68
mrol ) of |ithium hexanethyl di silazide LiHVWS (IMin THF) was added

dr opw se, Hgn/eN nperi od of 1@2Nw8&0 nao&H@ ratee®, to a solution of 0.5

g (2.34 mol phenazopyrl di . Affer an additional 10
mn., a soINJtlon oﬁg%a% g (0M3T7m, 2: of isobutyl chloroformate
in5 ni THF wasrmadded setoth ﬁctlon m xture over a period of
5 mn. reaction m xtur s stirred roomtenperature for 18 h. The
sol vent was concentrated under dim nished pressure and the residue purified

on a silica gel colum (17 x 3 cn). Elution with a stepw se gradi ent of
Et OAc i [00h&Xane (0 t/o sbbffongal é.G8henlbi($68 anbwmiiabe lekiuen hexamykyldisilazide yi el d

140 ny ., | o b th nocar bamat e as a oran solid: yield 202
my (279 &{%S&@QI ﬁ@%@» 2%671 %dgﬂ@@wwa oVgTe pgriod gt § nip gﬁgmﬁelum of 3. 89
d 2H 7 7 ] - < 2H,
( . 05 (726346m%3%ﬂ)’ of ﬁh%ﬁaz()ggmlhhk 131 L8?%%ﬁ{fd,Afl€eé,a(]\r]£Hglln .a%l 1&2(?‘131 %{asss
spect r u?ﬂ (a':'ééln)tlolfdof 03B4 (2M6tmhdod) cﬁ“mEoc’s),% iGN mLNE)HE whxaidpd dropwise at 0 °C
Prepar ation of Dodecyl carbanyl - phenazopyri dine [00113] A solution of 4.68
nL (4. 68veinoreyiogfof | 10tminy T heaieastonrpixgire Wag stiged r_lt fiBdor | W and thelryt ey added

O 00, i 3onel 852 L ey ARTLSRELRAEE g B AR ©°
was purified on a silica gel column (18 x 3 cm). Elution with a stepwise gradient of EtOAc
in hexanes (0 — 10%) gave a mixture of the mono and bis-carbamates. The mixture was
purified further on a preparative HPLC column. The mono carbamate (R, 19.9 min.) was
obtained as an orange foam: yield 451 mg (61%); 'H NMR (DMSO-ds) 6 1.60 (s, 9H), 7.40
(d, 1H, J=9 Hz), 7.56 (m, 1H), 7.63 (t, 2H, J = 7.6 Hz), 7.97 (d, 2H, J = 8.4 Hz), 8.11 (d,
1H, J=9.0 Hz) and 9.89 (s, 1H); mass spectrum (ESI) m/z 314 (M + H)" and 336 (M + Na)".
Anal. caled for C16H19NsO,: C, 61.33; H, 6.11; N, 22.35. Found: C, 61.37; H, 6.26; N, 22.15.
The bis carbamate (R, 22.5 min.) was obtained as an orange syrup: yield 118 mg (12%); mass

spectrum (ESI) m/z 414 (M + H)" and 436 (M + Na)".

Example 24: Preparation of Trichloroethylcarbamyl-phenazopyvridine

H H H
HoN._N._NH, HoN-_N_N._0O._CCly |ChC._O._N._N._N.__ O._CCl
$ 1Ty LY
=

/ K,CO34 N o . o} N e
N Cl3CCH,0COCI N N
©/ THF ©/

minor
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10 mn at -5 C, a solution of 0.59 g (0.65 nL, 2.40 mmol ) of dodecyl
chloroformate in 5 nL of THF (5 nL) was added dropwi se to the reaction

m Xt ure awo0-2610@70876r a period 5 min. The reaction m xt uPeTWB0WOE$HRd at -5
OC- 0Cfor 1 h and then at roomterrperature for 24 h. The sol vent was
concent under hed r and if re5| due,was n a
silica @giﬁ’jol um (%lg IOH')Of%é% E‘?Zﬁ%mihﬁe hlgxaneﬂ é)gg(}aﬁ}t he

sl i ght | yad aqued @. mngs bﬂxﬁﬁb%f&ﬁreﬁl—ﬂn@cﬂ m@e)ﬁfblld)\ded bha phaducd g @iesol ved
in hot EtOAc (5 and the mxture was left to cool to room tenperature.

The pr&8lp? ﬁap@el)mfdaeltlpr%wl ehlorafernaatie By 5r ml; o THE N (addad drapvdseusdepm

di d
a5 an oFpBaRESPlEa ERGURRSNTHAY [ pRRnOR RS ERUAGRIRR TG wifirfRicl, oS
= 6.3 Hoy 4 day2 Thg irk8Hkple thateri@inwa I-ﬂ)ltere#l ﬁlﬁi (He, sa¥¢nt vas @nberhizdted Tind& (d
IH J =8.7 , .43 I 7.51 (t S = 7.6 Hz

7.85 (climjishe )pre Hle?é regidyq Wag puf edfﬂﬂ@l?as&l élﬁa?l (1 b %é? qhﬁ)ng Anal
cal cd fyorn %é;‘%éwg%dﬂen?%f 'L’%@Ac% h@ﬁm%3(o H 8%44‘rhé\‘Fro@1§ct6§aS FRREd afa
63.96; H 7.8 . 2: Preparation o

2- Et hy|hecayk @eﬁmhmmdndﬂmambmapys i Bhuammmwag fractgmiatedi e piep&ative HELC2. 81

i opii GOl o B S P ate e AT i g feenngeh b el s meo. 3 g
(340 roimbay, 9f NARUBARRY s 00718 4, 7 mzeqa TPy A4 st el irgnsls 40 m

solution of 0.28 1. 45 mmol o
chl or onH bt §.9 Hz35. 6r31_(bmt 2]?H[ﬂ|7 8@@ aHdéd: Sj#dﬁw &65 éd IHS JC Bﬁdﬂz)ampét)l@d of 5

m n. action was st h, an mte rature
f or @ hs"%e“?&? %HWME )dﬁézgi?tor@?e 4@&1 ﬁed ﬁlr 8qg‘ﬁ5°the
resi duecm AUNGOhi €dady7; qmrﬁwtngr@@rmwm 36 sxrddnaacgﬁi SGOHUMI (N71x78 cm .
Elution wWith a stepw se gradi ent’ of Et OAc i n hept anes (0 10% gave t he

bi scar Hakaf é6asT®nbls) lcallbg@la@y(rRu P22.Y peh)dwBY obigingd G an fostriggvwetid byieldhe mg

nonocar te as an yield 309 nmg (59%; 1H NVR (DVBO-J 6) d
0.86 ( H)masis% %Sg /%1%%@1\)4) "'1.56 (m IH), 4.01 (d, 2H, J = 5.7 ?—Iz),
7.31 (d, IH, J =84 H), 7.43 (m IH, 7.51 (t, 2H, J =7.5 Hz), 7.85 (d,

2H, J 8.1 Hz) 8 01 (d, T1HJ = 8.7 Hz)l and 10.09 (s, IH; mass spectrum
Example 25:  Preparation of n-Butylcarbamyl-phenazopyridine

HoN-_ Ny -NH; HaN< Ny OBu
| T
N = K2CO3 N = o
N BuOCOCI N
©/ THF ©/
[00117] To a solution of 0.50 g (2.34 mmol) of phenazopyridine in 10 mL of THF

was added 0.64 g (4.68 mmol) of oven-dried K,CO; followed by a solution of 0.32 g (0.31
mL, 2.4 mmol) of n-butyl chloroformate in 5 mL of THF (added dropwise at room
temperature over a period of 10 min). The reaction mixture was stirred at room temperature
for 4 days. The insoluble material was filtered and the solvent was concentrated under
diminished pressure. The residue was purified on a short pad of silica, eluting with 20%
EtOAc in hexane. The product was purified further on a preparative HPLC column. The
mono carbamate (R, 20.1 min) was obtained as an orange solid: yield 252 mg (34%); 'H
NMR (DMSO-dg) 6 0.91 (t, 3H, J= 7.2 Hz), 1.38 (m, 2H), 1.60 (m, 2H), 4.11 (t,2H, J=5.8
Hz), 7.30 (d, 1H, J= 8.7 Hz), 7.44 (m, 1H), 7.52 (t, 2H, J= 7.2 Hz), 7.86 (d, 2H, J = 7.2 Hz),
8.02 (d, 1H, J = 8.4 Hz) and 10.09 (s, 1H); mass spectrum (ESI) m/z 314 (M + H)" and 336
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(ESI') mz 370 (M+ H+ and 392 (M + Na)+. Anal calcd for C20H27N5Q2: C,
65.02; H 7.37; N, 18.96. Found: C, 65.41; H, 7.43; N, 18.51. Exanple 23:
Pr epar at iwo 20fo/7es78. - But yl car banyl - phenazopyri di ne [ 00PtFjustomobisss on of
4.68 nL (4.68 nmol) of Iithium hexamethyldisilazide LiHVDS (IMin THF) was

added 1S, r : ol o
(2.34 %@W‘@f ené%%gﬁefgoﬁ*%%? 8135 BB B 22080 FLRGICOG B HS
at -5 011;aN,90108 i on of 0.53 g (2.46 mmol ) of (Boc)ZO |n 5 nm. of THF was
added dropwi se at O C over a period of 10 mn. The reaction m xture was
stirred at 0 OC for 1 h and then at roomtenperature for 2 h. The sol vent
mas co d resi due was purified on
3%%3éﬂg%§|Eﬁ%ggﬁ%gbp&ﬂtﬁggﬁgﬁﬁﬁ?ﬁﬁlwn.ylgbgfepmnse gradi ent of Et OAc
|n hexanes (0 -> 10% gave a m xture of the nmono and bis-carbamates. The

m xture was pupifiedrdiyycher on a preparative HPLC col um. The nono
car banmaBe oBoeti pyorange foam yield 451 ny
(619 ; 1H NWR ( O . d 1.60 (s, 9H), 7.%0(d IH J =9 Hz), 7.56 (m

IH), 7.63 (t, 2H J Et ‘%6 Hz), 7.97 (d, 2H, J = 8.4 Hz), 8.1 1 (d, IH J =

9.0 Hz) and 9.89 (s, IH) mass spectrum (ESI) mz 314 (M+ H+ and 336 (M +
Na) +. Anal calcd for Cl6HI9NSO2: C, 61 33; H 6.1 1; N, 22.35. Found: C,

61.37; ho113)26; N %% C?]sglutfgﬁ%o?iaﬁn ﬁ ﬁan(l&i&l 28 NB. Blaaﬁg%lﬁ@ﬁl oPLai fred as

an orange syrup: yie ss spect um ( ESI z 414 (M + H)+
and 4365t0¥lc+whﬁ)1ddedl§lx%\3’rgl(é 384nLPIEﬂ)amab])cuf tnéthylamme followed by 2 05 g (1 19

T oY il Rremgomy ire 2 W S BEIE, fom St on
(4.68 bn atﬁfosﬂi’e@@fd;rl%qg Mer%géﬂegﬁ‘@fiiuﬁﬁre%%cﬂo%wdqg r&fm@e Fathf® 34 L,

2.4 mmol ) of trichloroethyl chlorofornmate in 5 nlL of THF (added dropw se at
room teﬁﬂtﬁee(httlumegfo\aeshcmt ped iaddsilofa, 2gastring. wlthTE@Aceamtrcmnvemth@t presipiated

t d .a t 4 da filt d
and 1 narenyaREe DEEPERRE TSR onr sl De Bl P e ahiue "
purifi e pgcalRidel @ﬁn&ﬁéth?loésms a1B10fle3s SPhp whidH dolidified upon standing. The

crude product was used directly in the next step without further purification: yield 2.12 g
(87%); '"H NMR (500 MHz, CDCl3) § 1.45 (s, 9H), 4.05 (d, 2H, J = 5.5 Hz) and 4.79 (s, 2H).

Example 27: Preparation of 6-N-Boc-phenazopyridine and 2.6-N,N-bis-Boc-phenazopyridine

H 2N N NHBoc  BocHN N NHBoc

| N LiHMDS

[00119] To a solution of 3.2 g (15 mmol) of phenazopyridine in 20 mL of

anhydrous THF under argon atmosphere was added 30 mL (30 mmol) of a 1 M solution of
LiHMDS in THF over a period of 15 min. After further 10 min, a solution of 3.27 g (15
mmol) of (Boc),0O in 15 mL of anhydrous THF was added slowly over a period of 20 min and
the reaction was allowed to proceed for a further 3 h at room temperature. The solvent was
concentrated under diminished pressure and the residue was partitioned between 100 mL of

dichloromethane and 100 mL of 0.1 N aqueous HCl. The organic layer was washed with two
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with a stepw se gradient of EtOAc in hexane (0 8% . The product was
obtained as a m xture of nono and bis carbamates. This m xture was

fracti onavecomv7as7pr epar ati ve HPLC col unm. The nono car lpamatseoooBdssgd. 3 mi n)
was obt ai ned as an orange solid yield 169 ng (18%; 1R NWR (DI\/SOJ 6) d

toy sl mofichl Syl aded RSO dpa fodibelhed hiter apRnihed Hitsglen ) “ang

10 69 (Burifiddlion @Scﬁlré‘!ﬁﬁﬁgﬂ’apm ok silicd geli’&ﬂnﬁlﬁ\/'(ﬂo K4+ cancelding (vith heRithey- H) +.
Anal cal cd for Cl4H12C 3NsQ2: C, 43. 27; 1.1; N, 18.02; d, 27.56.

Found: @hylssetste (7 and 6:1) gayg suf_vesmelyci 6 Aéff’ %Bocrﬁbewgpbmntﬁaaﬁa@eorﬁmgezz 9

mn 0 SPRRER ESI
rﬂz)564 ﬁ&?&l@%ﬁg@%@ 5139:9 %lrsgfl oh %f“e(lr%gBlﬁe%}F%ér any -pi’er&gzopytg%‘b(?l Ele -)
OBu [ OOMIF] CIICI@) &D|5lllt($ cm{)pf 5@(@@}9 1.27 34, 1015 70 HHNRBAZQPRY, Udi Né Ha), 10 ni
of THF was added g ) of oven-dried K2CO3 foll owed by a

sol ut i oh83(d.@HRY ‘g9éd‘123,1 ﬁﬁ(t zH4J m"ﬂﬂ Hzpand 148 (8 lblwra@scsfﬂa?qmre(ﬂsdy@/zm of
THF (ad r

Feact; o oD B RCNbETRED 2k Er O UEE VR BEbh A Ry e U2 M 1
mat er i abis\Bas- mehizapgﬁldlaadn e ratid: waeltl MBS gc and e‘ﬂiar1§1t6eN Bmﬁ[ﬂfenﬁholifyﬂdmhed
pressure.. The resid V\B.% rogrlfled on a short pad of sili eluting with

20% Et CHE d.Q«.%éxéﬁetherr@ré QB ogepRepATPPY I Eipe fvaff queYer%framﬁh%@ézftarte e HPLC
col um. Bsuﬂ%@ %ﬁ%hpgﬁ%ﬁ 3% 219ex£%§? (gh%wgc%ta?@t %-N%@aqeggzzo%g@g@ »% i d

yield 25 1H NVR J =
2H), 1. @&faihed a2k ordngt sblift y1eR]—|1 6Jg 6BoB sHih, ge¥? TA@ Re 0.3BHS: ]Jhexaﬂes?ethyl)

M3 Dogtakdi i N3 Yo Btz S0 S ol ot i T 8 oy 30 7)@@?2;8&( Snd
336(M +JN68)0*H2)3§{2P$ 1@?& 91‘#1 DOIS %@gﬂﬁla\%xqgectﬁm g%sﬁ?h/z by Q\dlr By* ajid 336 (WO

Found: C, 61.2 Preparati on
JVA- Boc+ lay’ci ne QIanomat hyI Ester Et OAc

Example 28: Preparation of 2-N-(N*-Boc-glycyl)-6-N-Boc-phenazopyridine

BocHN \/ﬁ\o /\C N
HoN N ~NHBoc LIHMDS BocHN
1 — e A‘r U
S Nes
[00120] To a solution of 215 mg (0.68 mmol) of 6-N-Boc-phenazopyridine in 9 mL
of anhydrous THF was added dropwise 0.69 mL (0.69 mmol) of a 1 M solution of LIHMDS

NHBoc

in THF followed by 147 mg (0.69 mmol) of N*-Boc-glycine cyanomethyl ester. The reaction
mixture was stirred at room temperature for 45 min. Another 0.69 mL (0.69 mmol) of a 1 M
solution of LiHMDS in THF was added dropwise followed by 147 mg (0.69 mmol) of N*-
Boc-glycine cyanomethyl ester. This procedure was repeated four more times every 45 min.
and stirring was continued for another 19 h at room temperature. The reaction was quenched
by slow addition of 25 mL of water and the reaction mixture was extracted with two 25-mL
portions of ethyl acetate. The combined organic layer was dried (Na,SO4) and concentrated
under diminished pressure. Purification by chromatography on a silica gel column (15 x 4
cm) eluting with a stepwise gradient of EtOAc in hexanes (10 —50%) gave 2-N-(N“-Boc-
glycyl)-6-N-Boc-phenazopyridine as a brown solid: yield 94 mg (29%); 'H NMR (500 MHz,
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[00118] To a solution containing 2.0 g ( 11.4 mvol) of L”-Boc-glycine in 25
m. of Et OQAc was added 1.73 g (2.38 nL, 17.1 mmol) of triethylamne foll owed
by 2.05 gwORotod7mizs 17.1 nmol ) of bronpacetonitrile. TheCcTAmewwos8Ias Xt ur e

was stirred at 60 OC under an argon atnosphere for 16 h. The het erogeneous

i 11 a CHEDN PG (i, hd R G EsBue Bho Ta7ets bitbatith Tt Lehgmanihd- I
nydrobr qrigey The fi) U8 MRBRPNEROIS A0 edSTe G178 DhedassarDe, (o

gi ve L"- - gl yci ne tyan ester "as colo s syrup which solidified
upon st&mﬁ] rsg 68The7.e9,uda.7py tﬁﬁ,m 12885 ul§éc29di133306 11¢#5i78, 1512)852.851 E96.28i t hout

furth t I 3 1.45

(ST TR Gy Sl B MDA o Sl o
of 6- - o@g@}alzﬁ’li%b‘ di 9@1@@ 626@‘1\1 31’770‘8' %‘o@ﬁ’& CP*S%QBZHPMWC’N”WM 2 cHNNN
HBo c | o1 ] "To a solution of 3.”2°g ( mmol ) phenazopyridine in 20 nL

of anhydrous THF under argon at m)sphere vvas added 30 nm. (30 mol) of a 1 M
solution of LiHVDS in THF over a period of 15 min. After further 10 mn, a
solution of 3.27 g (15 mml) of (Boc)20 in 15 nL of anhydrous THF was added
sl oW y Bxestpla2fe Prepdradbn 802N-Glyagbplidnazopgaidinediydoachl@ideowed t o proceed for
a further 3 h at roomtenperature. The sol vent was concentrated under

di m ni shed pressure and the residue was partitioned between 100 nL of

di chl oronet hane and 100 nL of 0.1 N aqueous HQ@Hcl The organic |ayer was
washed with t 50 mL I;g')Bortl ons of water, drHed ( SO4) and concentrated
under dBcnsmm/E[he ssur@MF’lelEfdAcathmlW t’ogr aphy on a silica gel
colum (20 x & Mel uting with hexaneset ﬂijcet ate (7:1 and 6:1) gave
successi veli N6 N, -bis-Boc-phenazopyri di %e as an orange foam vyield 1.28

g (209 ; si a gel TLC Rf 0.44 (5:1 he¢ es-ethyl acetate); 1H NVR (500
MHz, CDd 3 1.51 (s, 9H), 1.57 (s, 9+ 7.47 (d, IH J = 7.0 H), 7.52
(t, 2H, J = 7.5 Hz), 7.83 (d, 2H, J = 9.5 Hz), 8.15 (t, 2H, J = 9.7 Hz) and
10. 18 (s, IH) mass spectrum (ESI) mz 414 (M+ H+ and 436 (M+ Na)+, then
a m xtupei2f] 6- - BoTopiemaz0y helbl)efanmk( R/"@&L%&Uﬁw BoBoRpRARZARYIdiL ne in

8:1 ratio: yield 1.15 g, and finally 6-iV-Boc enazo yr|d|ne
was added 2.5 mL (2.5 mmol) of a 1 M solution of HClI in EtOAc. T e reaction mixture was
stirred at 65 °C for 2.5 h. Another 2 mL (2 mmol) of 1 M HCI in EtOAc was added and
stirring was continued at 65 °C for another 45 min. The precipitated product was filtered,
washed with two 5-mL portions of EtOAc and dried under vacuum for 24 h. 2-N-Glycyl-
phenazopyridine hydrochloride was obtained as a brown solid: yield 20.8 mg (84%); 'H
NMR (DMSO-ds, 500 MHz) 6 4.16 (d, 2H, J = 5.0 Hz), 6.49 (d, 1H, J = 9.0 Hz), 7.45 (m,
1H), 7.51 (m, 2H), 7.87 (d, 2H, J = 9.0 Hz), 7.96 (d, 1H, J = 9.0 Hz) and 8.30 (br s, NH); °C
NMR (DMSO-ds, 125 MHz) & 42.70, 106.90, 122.88, 128.01, 129.36, 129.66, 130.60,
148.10, 152.62, 160.15 and 167.58; mass spectrum (ESI) m/z 271 (M + H)", 272 (M + 2H)",

293 (M + Na)".

Example 30: Oral Bioavailability of PAP Prodrug in Rats

[00122] The oral bioavailability of PAP (phenazopyridine) prodrugs was evaluated
in healthy rats. All the PAP amide (amino acid derivatives) bases were dissolved in 0.1N
HCI (the same result can be obtained with a lower molarity), while the carbamates were
dissolved in PEG-400 due to the very poor aqueous solubility of the PAP-carbamates. The

physicochemical properties of various PAP derivatives are shown in Table 1. In general, all
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yield 0.99 g. Another 0.61 g of 6- -Boc-phenazopyridine was recovered from
the m xture by crystallization from32 nL of 7:1 hexanes-ethyl acetate.

6- i V- Boc-wbenwzops/si di ne was obt ai ned as an orange sol i ®#CTySedod/ 048963 g
(34%; silica gel TLC Rf 0.34 (5:1 hexanes-ethyl acetate); 1H NVR (500 Mz,

ana 5, 19F P i e gl il gl e e Sl Pl ol o) o ko336

(M + NepAp-clrbamiles. 38 afytgaamat | ¢iyof PAP-HEI Malt, Gly-PAP-HCI salt and Gly-
-Boc-gl veyl ) -6-./V-Boc- phenazopyri di ne N NHBoc [00{20] To a solution of 215
mg (0. BBAPmEkylatef sa-werBalissplved az oyyar] dffordirigna oleal sadfiticnimyehcb waseTpiion@s
added dropwi se. 0.69 nL (0.69 mmol) of a 1 Msolution of LiHVDS in THF

f ol | oneJHAMIABUZHOY 0 69 nmol ) of LA-Boc- gl yci ne cyanonet hyl ester. The
reaction mxture was stirred at roomtenperature for 45 mn. Another 0.69
mL (0.69 mmol) of a 1M solution of LiHVDS in THF was added dropw se

fol | owel@0123]147 ng ([be 6&swast Yfassdd NverniBbt pgby ti desingy arqpedriniate ambent. ofThi s
procedure was repeat ed, four re times every 45 mn, . and stirrin

Bont i nu@H" FBTPAHEL Wex Adraiiiered t B TiE kgl ot FrdterdineR i ls 2odehcned
by sl owndddh k) Bldo@kardpleswedd wirBlRkvnafen tthe rdteaqhi Qhold ¥lobd Svasasn@irideaact ed
with two 25-nL portions of ethyl acetate. The conbi ned organic |ayer was
dried (INaSeMlyasrdl tippmetant @asta) mae coldgotedni Erearlagpmasamples wergrasfayedfaron by
chr omat iolica gel colum (15 x 4 cm eluting with a stepw se
gr adi enlfggﬁgﬂgmﬁ%éxanes (10 50% gave 2- -(A*-BoCglycyl)-

6-/ V- Boc- phenazopyridine as a brown solid: yield 94 ng (29%; 1H NMR (500
MHz, CDCl 3) d 1.47 (s, 9H), 1.55 (s, 9H), 4.56 (s, 2H), 7.47-7.53 (m 3H),
7.83-7.88 (m 2H), 8.17 (d, IH J =9.0 Hz), 8.35 (s, IH and 10.40 (s,
IH); 13C NMR (125 MHz, CDCl3) d 47.04, 80.21, 81.68, 107.09, 122.71,

129, 24, 129.55, 131.29, 133.06, 145.73, 152.12, 152.81, 156.22 and 169. 71,
mass spectrum (ESI) mlz All (M+ H+ and 493 (M+ Na)+. Anal calcd for
C23H30N6Ch -1.2 H2O C, 56.13; H, 6.64; N, 17.08. Found: C, 56.03; H, 6.47;
N, 17.02. Exanple 29: Preparation of 2-iV-dycyl-phenazopyridine
Hydr ochl ori de
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2HC 1 MACI In EtQAc [00121] To 34 ng (0.07 nmmol) of 2- -(L”~-Boc-glycyl)-6-
- Boc- phenazopyridine was added 2.5 nL (2.5 mmol) of a 1M solution of HO in
Et OAc. Thworermu7ig’8 m xture was stirred at 65 0C for 2. PCmus2ovobs®s3 2 nl (2
mml) of 1 MHA in EtOAc was added and stirring was continued at 65 OC for

anot her The . precipitat fi red w t.h t 5-nL
porti On’g‘4lgl s1c0cr§t§md$ql Lo ‘Hﬁg? g{,@gglﬂﬁo&a "?Zflﬂ mguster oraijdose in ra}ND
-dycyl phenazopyrl di ne hydrochl ori de was obtained as a brown solid: yield
20.8 ng—(84%; 1H NVR (DMSO-J 6,500 MHz) d 4 16 (d,_2H 1 =50 Hz), 6.49
(d, | H Compognd'siGenerir [15Moh | Hyolubility iry OzH)Dosre, Bz/Kgl,| PAP foeetnso Hz),
7.96(d, | H, = 9.0 Hz 8,3 NH) VR ( DVSO- A 125 VHz) d
42.70,| 106.90,"™M%2. 88, 128”01, g’gfggiélzq 66, Pi‘g%"%o 148. E%“‘V?L@E?az

160. 15| and 167. 58; nass $gani1)r Um Py 2 271 (M + H)+, (272 (M + 2H)+ 293
(M + |\:x) + Exan‘p! e 30: IOral Bidsavailabili f\l of PAP Pr odr.i g in_Rats [ 0122]

The orjal bioavail abili ty of PAP (phenazop)rl di ne) prodrugs was evaluated in
heal t hy rat $APANHCIt he PAR4 de (anmPAo acild deriMsives) [bases8.fere

di ssoljved in 0.1N HO ({t he sam result can be obtained wifth a | ower
nmol ar i i baraes—were-ei-ssetved—n DEGW() due—to-thevery
poor oﬁ{ﬁ'ne PAP- 4r bamat es. e physi ¢o cherlnoéal

AP derivatives are|{shown in Table|l. In general,
i de derifvatives of [PAP ttad higher fwater —sotubijlity

proper
al | of

[
t han those I AP- clar tes. | n, anot her PK dy, PAP HC, . salt,
d y- PAP Hﬂﬂgasfl!t}%aﬂr?d € y-fg - esyl ate salt vvereﬁa#ssol ved in1 ter,
affording a clear solutfion in gach case pifior to oral admnistration.
[00123] Thethishyl-mep e flasigqdy oyerni ght priior to @qsing. Appropgpate gnount
of each compound was admi nistered via gasfiric gavages, amd at predeterm ned
time (1, 2, 4, 6, and 24 h) bl pod sanples|were withdrawn|fromthe rat|s. The
whol e bl EtbglcadbemgERAPI flugzss$.3 <0.1 13.4 10.0
Benzylcarbamyl-PAP 347.4 <0.1 8.2 5.0
Isobutylcarbamyl-PAP | 313.4 <0.1 7.4 5.0
Histidinyl-PAP 350.4 >10 8.2 5.0
Tryptophanyl-PAP 399.0 0.5 94 5.0
Valyl-PAP 312.0 >2.5 14.6 10.0
Lysyl-PAP 341.0 >2.5 16.0 10.0
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i nmedi
were a

PAP- pr odrwiQ 2arvd7e&¥®i ni st ered or al

ately,
ssayed for

anal ysi s of PAP prodr ugs foll ow ng oral

under
Bi oava

e of..pl ot

Tl

1 By G

.aspa _C

PRCPB?

centr

A8 )

and supernatant (plasm) was collected. The plasma sanpl es
PAP usi ng LC-Ms-MB. Tabl e 1: Physi cochem cal
dose in ratsTabl e 2. Poarusa@okssyes i c

properties of

adm nistration in rats AUC. area

oottt falp;

0- 24 _hr

g aral @#@?ﬁs rasiodainyg) |

tive .

100 BQgatdel ow quantitation limt (<0.5 ng/nm) Cnax:peak plasna

concentration Tmax tinme to re

ch_npeak Inlaqrm C

ncentration (Crax)

[ 00124]

The phar ra€oripeanics datdetyal s reeed | Bmbabl| i« | THAULskat i ve Relative

bi oavadil ability of PAR pPostr ug whsasd n t h@gml) owilng | ogs/mlgl y Binavailability ne

> ala%ine > histidine Xm@ky) pequiealent 1 ypt ophan > val i ne > i spbut yl(®gr banyl

> benzyl carbanyl > et hyl car bany{mg/kgpx |was | onger for isobutylcarbanyl - PAR

and triypt oppRpYCIPAP, Whije the Tgrax Tor tfie resk jof HAP.derivativegowere

| ess than an hour. [00125] The pharmacokinetics data for various salt forns

of Gy- PAP Gb’ -BABwn i n Tabbe 3. TI'Q free Bdde of <@ m&ih&? el | 285t he

HO andmn satts have i H—Eatit rh nC"d b6 FabiH-ty—as

conparie mﬁf t%é HC sap?ﬁof PAP“EOOL’G])i Ke pha nucéﬂT' 4 Cc$ dat? For

vari ous Siﬁle{fhlcﬁ&[ pppof |G YrPAP TS shown|in giabl e 3] TNgoRLeER DASE Ol 45

Gy-PAP, _as well as the HO and nesylate salts,| have significantly enhanced

bi oavgi Edrbllctarbayn)dsl’ﬁdbnpaﬁéd with the HO BALt ofNBAP. Table 3] PAP 0

Phar —=hre -A—ats—FeolHewingoral—admnt-stratiten—of—PAPHHCLsalt—

G y- PAP ? %‘&%@amé y- PAJ%CI sal 0, and G PAP" fesyl 468 %2 t Exanplid/3 1:

Al ternative $yy hesis |of 2- Ami no- 6- am noacet am|do- 31 - phenazopyri di ne

D hydrlochl oride Chem gal fornmula: C13Hj6C 2N6O| Ml ecul ar Wi ght: 343. 21

[ 00127 BdeslcribptiybRABT| MBrlf acturisng Proce8s deptdted 6A=H gure 16.61G y- PAP

'S Histidinyl-PAP 82 5 137 | <1 | 172234 161

Tryptophanyl-PAP 9.4 5 17.1 2 145+ 4.6 135

Valyl-PAP 14.6 10 213 0.5 225+£25 105
Lysyl-PAP 16.0 10 249 0.5 821 +£97 383

AUC: area under curve of plot plasma concentration vs. time, 0-24 hr

Relative Bioavailability (%)

100

BQL: below quantitation limit (<0.5 ng/mL)

Conax” peak plasma

concentration

Tnax: time to reach peak plasma concentration (C,ay)

[00124]

The pharmacokinetics data is summarized in Table 2.

= [AUC(prodrug)/AUC(drug) X Dose(drug)/Dose(prodrug)]

The relative

bioavailability of PAP prodrug was in the following order: glycine > lysine > alanine >

histidine > methionine > tryptophan > valine > isobutylcarbamyl > benzylcarbamyl >

ethylcarbamyl. Tnax was longer for isobutylcarbamyl-PAP and tryptophanyl-PAP, while the

Tmax for the rest of PAP derivatives were less than an hour.

[00125]

The pharmacokinetics data for various salt forms of Gly-PAP is shown in

Table 3. The free base of Gly-PAP, as well as the HCI and mesylate salts, have significantly

enhanced bioavailability as compared with the HCI salt of PAP.
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an am de prodrug of phenazopyridine with the carboxyl group of glycine
covalently bound to the nitrogen of the 6-am ne of phenazopyridi ne. [00128]
In the fiwetormiemsef the production of G y-PAP, phenazopgriuszene/068963

hydr ochl ori de (PAP) was converted to the free base using aqueous potassium

ConcentBRdh "o Cra o RRo RO kIR u-BREHALRPRE ALY

pr ocessTaHi8NBRO MY bake ¢ Gly-PAT)as avellas the HaY afd WebylalBQRNM, a1 6ipniGOshti
usi ng sodi um hydrl de as the base. The internediate was isol at eg by addi ng

wat er t @hapeeditueavailgnlivyiag compaigh vath the iS4 galt elePHPoduct to precipitate. The
product was isolated by filtration, washed with water and recrystallized
fromisopropyl alcohol to give the internediate in 34%yield. In the third
step BOC-d y-PAP was deprotected by treatnent with HO in ethyl acetate.
The product was isolated in 96%yield by filtration, followed by washing

wi t h ethighle 3c BARt Bhamdrcdkirietigs @it rats el ayvidg oraiaaimimis tEaten R INENTA CIRRBCEDURES
Preparation h z ridi nef basefr t Cl salt [00129] To a

sol ution of QI?"EABE?FE’Q%/"Z y_m)if‘ Saﬁo%%fgglﬁﬁ(?@;m&aa{eéa n 200 nL of water
was added 20.0 grans (80 mmol) of phenazopyri di ne hydrochl oride foll owed by
200 nL of ethyl acetate. The m xture was stirred at roomtenperature for 30
m nut \?\LS-CI oudler $ WeEkickePar atpgkeand| t kg, aqueays, | ayesuogs extragt ed|one

time wth 100 nmL of eggmltoacet he | ehBxn) dceqpt e | S| dri over
ﬁﬁg/ké o) qceliy! € (@Y H/mpR 728

sodi unm sul fate, and f lgstovf‘r dsLt ate wasconcent ra gﬁ under di'm nijshed
pressure and the p1 o g‘fﬁl S hfv egn pr vacuym at rjoom'tenperjature to|give
an orange solid: vyie B P —1H NVR (300 MHz, CDCI|3) d 4.80 (br
s, 4H)|, 6PA&HAl |H), Watsa ( n | I;E)S, 7.48 6K/ 2H0.257.[76 (M5 2H)|, ald 7. 93
(d, IH). Treatnent of Phenazopyridi neffee basg w th N-Bg@eyl ycli ne

succi nf r@ eposhe [ O0XPHE, To[a syspensioniQf 3- 3PoJ (21449 mml) gfs Nat in

500 ni|L mal ntained at 0-5 0C was a:ided drcpvvl se q Ql)tl of 16.0|g
(74. 40—l —of—pherazapyrtdinei-R250+rL BV 'm" he—react|i on—was
stirred _at -V5 0C for lvggterm n| N Bocgl yei nlaﬁ2 L0 23T
PAP-mesylate (51
Gly-PAP-free 0.1 N HCI 2.8 211 0.5 378 1.7
base (57)
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succinimde ester (25.4 g, 93.50 mmol) in DVF (190 nL) was added dropw se
at 0-5 0C then the m xture was warned to roomtenperature and stirred for
1.5 h. | swpropyi7isgBcohol (25 nl) was added dropw se andPChaSx0R68963 Was
stirred at roomtenperature for 15 mn. To the reaction m xture was added
60 grans of Celite(tnm) and it was stirred for 15 m nutes. The reaction
mxtureEV\/as fi3ltg ed and.the filte ake was washed two tines with 100 niL
%amp Siatly 1es g JIHRGaCAMICOr LA RINAZOPYIIGINE o ange
& e. The mixture was stirred at roomtenperature for 30
m nutes then the precipitated product was filtered, washed with four 250 niL
portion of water nndyd,hen dried under vacuum over P20 at 45 OC for 18 h.
The crude¥ pripdudit S o%% i ned as an orange powder: yield 12.63 g (46%,
purity 95.99% by f qu] The crude product (12.63 grans, 34.1 mmol)
was di ssolved in 17QynL_iPrOHd at 80 OC to forma clear dark orange
solution. It was cool&d §lowy to roomtenperature and then to 0-5 0C. The
crystallized product wag~collected by filtration and dri ed under vacuum
over P26 at 45 OC for 2 hours. The product, BOC-glyci ne-phenazopyri di ne,
was obt gh@iaitap®raulal ghH,@a0ge solid: yield 9.4 g (74%, purity 98.2% by
HPLC. Overall yield 34% 1H NVR (300 MHz, CDAI 3) d 1.58 (s, 9H), 4.00 (d,
2H, J =\, ( , 7.80 (m 2H), 8.17 (d, IH J=9Hz), and 8.29 (br
s, IH). Depr%)a{&(f}g}gh%%"fg)@-gl yci ne- phenazopyri di ne tof orm d y- PAP
di hydrochl oride [00132] To a solution of 9.3 grans (25.1 mmol) of
BOC- gl ygine-phenazopyri dine in 236 nlL of ethyl acetate was bubbled HC gas
gener at @(91&/] addi ng%é?fé@Wr(ﬁ{}\gﬂmﬁQﬁmré%PWE?ssﬁP?t@rlérﬁé,guri.1§3 GRtTesh 1% 0 133
m. of c I ' i i t - j£j on of
01 i b e o o R g Lo o
3. 5 houths nitfdgen ob thecb-athime ofipkerfagopyeidingas i sol ated by filtration and was
washed with 500 nL of ethyl acetate. The product was dried under full

vacuum omte rat,ure. to _givesg. ra of dy-PAR an orange. sol i d:
vheld ol01s8°0e: cor i ey Tisgs” ep o fheRioBestin i Okt PRty |
6.5 (d, hydrhchlgtide BAPYFvas codVdrted Go thebrddWass ugihd aqekols Potashiurth ldrbonate. The

free base was extracted into ethyl acetate and isolated by concentration of the solvent in 92%

yield. In the second step of the process, phenazopyridine free base was treated with BOC-
glycine-OSu in DMF using sodium hydride as the base. The intermediate was isolated by
adding water to the reaction mixture which caused the product to precipitate. The product
was 1solated by filtration, washed with water and recrystallized from isopropyl alcohol to
give the intermediate in 34% yield. In the third step BOC-Gly-PAP was deprotected by
treatment with HCl in ethyl acetate. The product was isolated in 96% yield by filtration,

followed by washing with ethyl acetate and drying at 45°C under vacuum.

EXPERIMENTAL PROCEDURES

Preparation of Phenazopyridine free base from the HCI salt

[00129] To a solution of 27.6 grams (200 mmol) of potassium carbonate in 200 mL
of water was added 20.0 grams (80 mmol) of phenazopyridine hydrochloride followed by 200
mL of ethyl acetate. The mixture was stirred at room temperature for 30 minutes. The layers
were separated and the aqueous layer was extracted one time with 100 mL of ethyl acetate.

The ethyl acetate layer was dried over sodium sulfate, and filtered. The filtrate was
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Raw mat eri al s and Reagents Exanple 32. Oral Biovailability of PAP and

G y-PAP (inproved bioavailability, limted Gy- PAP exposure, sustained

rel ease oVORAR/7ISTMN G y- PAP, increased delvery to site @eCTAS2090§895900133]
Phar macoki netics for PAP and Gly PAP (intact prodrug) were assessed in nmale

ts foll t f mylkg d . Rat
{ ast ed GUSHRRH TR SR inEhaS Srettn s o RGP Cyetar e uPOH GruiR 42 DS,
0.5, 1,terapexémre6to gmél aR rdh@ukslid: mﬂdvveql @ardb QI WAH MRt Pobtmaﬂ cpuggisat el y,

and super nat ant as%was col |l ect ed. The pl asma sanpl es were assayed for
PAP andH&] ¢pr Wb? 0o NEDNE 34 (w0 1HA )7 4 (ny Z@)yY Ptk apd 723@dnighkg
(containing 2.5 ngy/ kg phenazopyri di ne base approximting 30 ng of a

T ot a eanBhEE e PR E ML XS0l ROPF A e BRERSE Do The

equi val ent phenazopyri di ne hydrochlorlde dose (2.5 phenazopyridi ne base
cont ent[P0138] asma | eVel  sofpe@sign RAPS Ber g (A6 orhntolh)osé Nat iph¥ifardpy Ml ne

Syt emBEsdure b Theviy oty PR o o] P hiod THORTLSTT, 3

4, 11, ;ﬁ’&@ﬁiaz@)g r1&199i|n3ﬁ0 Rhar mpﬁhd‘ﬁfe'rga%tlBﬂﬁva@Bﬁx?&FﬁWS "G“fcﬂr@Ofrﬁﬂh RLBodPAP
wer e determ ned for a |lower dose of 0.9 ng/kg Ay-PAP (0.6

kg
phenaz cg@xmmqjsmemba@e)estek/ﬂérﬂ 2195t 0eimadtih DOIH ¢ 63 mb) wen eddsid q@hmla«z aifPi di ne

(25 mo R b E RSBy Pt A BLRa O T Rar i aRE ot PR sy EbRTal ned

rel eas qz@hmhed@,aaaa@d/mogwm a@adheamm@élmtsahyd e0téd Bpefabirg trelS Binamd 12) .
[00136] Wen conpared to | evel s of phenaZ(ﬁEyrl dine foll ow ng oral

adni ni $he mapiéen slixtegovaoahicd §8 Boos afCeliteRlarth g W%sp%mséufﬁrai nHReR The
| ]
equi va rg&%mg(ﬁfﬁ &H@QQ ﬁR%g? : m&eﬁgtegg%@%%ﬁpﬁs%@%g?% a'xé[eg Wﬁroﬁ' nof ?fvﬁm )

Qui dance dust ry:

I ni ti alWedet (9,800 mIy ivab addedrto THecDMipesohition chusinipa érairgedolidyo p‘alcmttaeeﬂgl)a t he
| evel s of phenazopyridi ne where considerably higher in rats at HEDs of
appr oxiTHEHE Yapobirikg 2 TOVBLTTPHREL % 14 Jupkes g t%%@??&%tﬁg?fi.mpw was

hydroc rﬁlf%?édg Gvashed with four 250 mL portion of water and then dried under vacuum over P,0s
at 45 °C for 18 h. The crude product was obtained as an orange powder: yield 12.63 g (46%),
purity 95.9% by HPLC.

[00131] The crude product (12.63 grams, 34.1 mmol) was dissolved in 170 mL
iPrOH at 80 °C to form a clear dark orange solution. It was cooled slowly to room
temperature and then to 0-5 °C. The crystallized product was collected by filtration and dried
under vacuum over P,Os at 45 °C for 2 hours. The product, BOC-glycine-phenazopyridine,
was obtained as a light orange solid: yield 9.4 g (74%), purity 98.2% by HPLC. Overall yield
34%. '"H NMR (300 MHz, CDCl;) § 1.58 (s, 9H), 4.00 (d, 2H, J = 4Hz), 7.47 (m, 4H), 7.80
(m, 2H), 8.17 (d, 1H, J=9Hz), and 8.29 (br s, 1H).

Deprotection of BOC-glycine-phenazopyridine to form Gly-PAP dihydrochloride

[00132] To a solution of 9.3 grams (25.1 mmol) of BOC-glycine-phenazopyridine
in 236 mL of ethyl acetate was bubbled HC! gas generated by adding concentrated HCI (46
mL, 55.2 grams, 1.53 moles) to 133 mL of concentrated sulfuric acid in a separate flask.
After the addition of HCI was complete, the reaction mixture was stirred at room temperature
for 3.5 hours. The solid that was formed was isolated by filtration and was washed with 500

mL of ethyl acetate. The product was dried under full vacuum at room temperature to give
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Al t hough the absol ute bioavailability of phenazopyridine hydrochloride in

humans has not been determned it appears to be poorly absorbed.

et al.

subsequent devel opnment of a pharnacokineti c nodel

May; 38 216- Ki.
co?/r el ('2§ %&TW% Rf ﬁﬁ@ﬁ%a?ﬁa%ﬁ%gg %8
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G y- PAHGRE dress t han 16%hef Scheattifitor pB&EMRsopyri di ne | 164%603%-1f ol | owi 1
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Ethyl acetate Fisher Scientific 99.9% 141-78-6
P/N:E195-4
H,SO4 (Conc.) Fisher Scientific 96.1% 7664-93-9

P/N:A484-212

Example 32. Oral Biovailability of PAP and Gly-PAP (improved bioavailability, limited Gly-

PAP exposure, sustained release of PAP from Gly-PAP. increased delvery to site of action)

[00133]

male rats following administration by oral gavage of mg/kg doses.

Pharmacokinetics for PAP and Gly-PAP (intact prodrug) were assessed in

Rats were fasted

overnight prior to dosing. Blood samples were withdrawn at 0.25, 0.5, 1, 2, 4, 6, and 24

hours.

The whole blood was centrifuged immediately, and supernatant (plasma) was

collected. The plasma samples were assayed for PAP and Gly-PAP by LC-MS-MS.

[00134]

At a Gly-PAP dose of 4.0 mg/kg (containing 2.5 mg/kg phenazopyridine

base approximating 30 mg of a phenazopyridine HCl human equivalent dose (HED*), an

increase of roughly 3-fold was observed for phenazopyridine from Gly-PAP compared to the

equivalent phenazopyridine hydrochloride dose (2.5 phenazopyridine base content). Plasma

levels of Gly-PAP were <5% of those for phenazopyridine from Gly-PAP, illustrating
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[ 00139] The pharmacoki netics of various salts of Qy-PAP were conpared
followng oral admnistration to rats. Al salt forns inproved the oral
bi oavai | aDI2ptoy70878 phenazopyri di ne as conpared to bi ovarcahiskewpesosom
phenazopyridine HJ. Gy-PAP HO afforded the highest bioavailability

(Figure 0014 Dogs 1 le/1
{onal o) eFHEFE: TSERHSS P ST AT A TR BT FEosu e b pEr g e AU =i ¢ n
40 ny/ kgudate PAFiRIres®, 379/ KO aphenazopyri dine HCO (doses contained an

equi val ent anount of 24.8 ng/ kg phenazopyri di ne base). A single observation

of vomtus was observed for 3y-PAP conpared to four observations_ of
vomi t usl0PBIS ]phenazoé’wlinlﬁcﬁ]émﬂas fOF@%ﬂEM@Y@ﬁmfﬁ’gG%HﬁBuﬁrﬁ getepingh 1@ si de

ef f ect I u I
Gescri oSuel IBY B Belmbila S BP0 mbnd pfenkiboy b LRRAGL RAM Wil Y, ||
in the c]é&fnt:eﬁti(;mbni bEpBamEof pylmtduteefrmﬁrafngafpmh indatehy A- faldvhlgberaimde eﬁalf?c/mlgékrgt
range of condit.ion or mul ati ons and ot her ararreter oyt a tin

t he scdﬁ@néﬁ‘)%’ﬁ@nf: rﬁ%h@ %ﬁ‘ ﬁ‘iﬂaé?ﬂi’(‘j’&inr?eli’ﬁse)c thsr lawer %AY%AE& 5‘&ﬁt% Or egt
applic t b
P or oIRGB PP ERLL ?ﬁﬁ%’?%ﬁﬁmvﬁ ol AGY (FERLROEEI9S B mound

of Formula | : wherein, Rl and R2 are independently (a) hydrogen; (b) the
resi duef0613@n ani no Vélednd owm]mpdi de; 16C)s woér ehanaR@pyrsdian dpliavanal [gral

SEQUITER R TN MC IR TR SR
(HED) based on 60 kg person (6.2 rat conversion factor) — Guidance for Industry: Estimating
the Maximum Safe Starting Dose for Initial Clinical Trials for Therapeutics in Adult Healthy
Volunteers), the levels of phenazopyridine where considerably higher in rats at HEDs of
approximately 100 mg or less for both Gly-PAP and phenazopyridine hydrochloride.
Although the absolute bioavailability of phenazopyridine hydrochloride in humans has not
been determined it appears to be poorly absorbed. (Shang E, et al. Determination of
phenazopyridine in human plasma via LC-MS and subsequent development of a
pharmacokinetic model. Anal Bioanal Chem. 2005 May;382(1):216-22). Rat
pharmocokinetics have been found to be highly correlated with human pharmacokinetics.
(See Chiou, W.L, et al., Pharm. Res. 17:135-140 (2000); Chiou, W.L., et al., Pharm. Res.
15:1474-1479 (1998); and Chiou, W.L., et al., J. Clin. Pharmacol. Ther. 38:532-539 (2000).

[00137] Pharmacokinetics for PAP and Gly-PAP (intact prodrug) were assessed in
dogs following administration by oral gavage of mg/kg doses. Blood (approximately 2 mL)
was collected from a jugular vein into tubes containing lithium heparin anticoagulant predose
and at 0.083, 0.25, 0.5, 1, 2, 4, 8, 12, and 24 hours postdose. Urine was collected into plastic
containers surrounded by wet ice predose (-18 to 0) and 0 to 24 hours postdose. The volume
of each sample was recorded. Plasma and urine samples were assayed for PAP and Gly-PAP

by LC-MS-MS.

[00138] In dogs Gly-PAP afforded effective delivery of phenazopyridine following
oral administration of 8.1 mg/kg Gly-PAP, approximating a HED (Approximate human
equivalent dose (HED) based on 60 kg person (1.8 dog conversion factor — Guidance for

Industry: Estimating the Maximum Safe Starting Dose for Initial Clinical Trials for
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wherein at |east one of Rand R2 is other than hydrogen. 2. The conpound of
claim1, wherein RL is an amno acid residue and R2 is hydrogen. 3. The
conmpound WO 2010zi7m878, wherein R is an (L-) ami no acid r @sraise0068IR2 i s
hydr ogen. 4 The conpound of claim2, wherein the am no acid residue is

sel ect the agro nsi st i f the r dues of al ani ne,,.argjnine,
aspar ag éapeg Far'lh (,A(J:ilgtl ccﬁ ai':%t lé{](’%ﬁgeeé?)ycqf éabglnl& i PhERazgPYIfine ahiGhe,
hi sti di PiRnaiop9lieiei Fom | 9Héi1aﬂ®yrid‘{r§3| NEC] rre&ﬁimgmgnean PéRlivalGt RRRAM ad@ni ne,
serine, tryptophan, threonine, L@OSI ne, and valine.5. The conpound of

P

cl ai m Rhepiropuriding fesulted jn greaies piasma bieaviadekilitysofsplieagazeny idioen havesver, aup
consi st rgﬂer %1}151%% Jfg;ﬁ'f g%gyﬁ{hn"éllv%y L’ver%d ' r{he u,’rmésl %H)amr @%%P 3121%asré‘}el crcfya.c' d,

cystei rfe, amc arine, “hi st drne. 1 Sol eutih si ne,
met hi orﬂcnen fior qihieﬁr&ppmﬂyh@ltaalmaldes it Nerethird. y Plagtf al,,, tdsedidteased for
tyrosi ne, and valine. ound of claim1l, wherein R is the am no

acid r adieprreryndige ;ﬁ@rthIYaBﬁPﬁz cgglpﬁryé rt@ghwazcrpyrrrlm@ feompbenngopyridinatil.1,
wher ei ry dﬁ%t a?m% *aﬁs@gw%n@agé SN g&hg gﬁ: 0 ﬁd A5-BRE W 1!-:53 tﬁ%dg(%%@ tha for] N€
o cfarm the®4 Sl

conmpoun erein acid re ue of ‘alanineand R2
i s hydrphgeavop@ridité e dapollnding hdmirdstratibn ofbéy-BAR (Rigures 13€)5). R3 i s sel ected

fromthe group consi sti ng of ethyl, benzyl i sobutyl, dodecyl et hyl hexyl,

tri chI yl, and.) -but nd R dro ound of claim
1, vvher@ﬁﬁigiz is anTQ?n ﬁlﬁ%‘%‘fo lqﬁélg‘fcﬂfz ﬁ% aelfss O%yﬁ P ﬁ Wf c1’H’é’a"€?9rrpound
of cl al {8l1dwingh&rak bfimdstiatiod No (dats) AR f@r%sdlrﬁﬁ%{/éjyﬁlea&% 'Bioa'vﬁlam‘ﬂ

12. The conpound of claim 10, wherein the amno acid residue is se ect ed

from t hhiepgzonpridion e sztom);@redf tot bigvaibabildy deoro fphehamepyredinadiTiniGie-P Ads piilagi ne,
aspart Ia(ff gedc{he ﬁygﬁlés? 'b{]oea’valgab){l ity IElglgure 17).

Example 33. Reduced Emesis in Dogs

[00140] Dogs (1 male/l1female) were dosed by oral gavage 3 times (TID), once
every 8 hours, with 40 mg/kg Gly-PAP or 29 mg/kg phenazopyridine HCI (doses contained
an equivalent amount of 24.8 mg/kg phenazopyridine base). A single observation of vomitus
was observed for Gly-PAP compared to four observations of vomitus for phenazopyridine

HCI. Results showing reducuction of the GI side effect of emesis are illustrated in Figure 18.

[00141] Having now fully described this invention, it will be understood by those
of ordinary skill in the art that the same can be performed within a wide and equivalent range
of conditions, formulations and other parameters without affecting the scope of the invention
or any embodiment thereof. All patents, patent applications and publications cited herein are

fully incorporated by reference herein in their entirety.
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glutam c acid, glutam ne, histidine, isoleucine, |eucine, |ysine,
net hi oni ne, proline, phenylal anine, serine, tryptophan, threonine,
tyrosi ne,wendinvgis7ae. 13. The conpound of claim 11, wherermskée/o06d96) am no
acid residue is selected fromthe group consisting of the residues of
al ani ne g&ﬁkﬁine, asparagi ne, aspartic acid, cysteine, glutam c acid,
qutani%%, stidi ne, isoleucine, |eucine, |lysine, nethionine, proline,
phenyl ni.ne, serjne, tryptophan, threonine, tyrosine, and valine.14. The
conmpoun @Pséhﬁpﬁiﬁi wherein R2 is the anmino acid residue of glycine and Rl
i s hydrogen. 15. The conpound of claim1l, wherein R2 is the am no acid
resi duel-of |4 spmpoensddofRpringladydr ogen. 16. The conpound of claim 1, wherein
R2 is the amino acid residue of alanine and R1 is hydrogen. 17. The
conpound of claim1, wherein R2 is Gc), R3Hi s sel ected fromthe group
consisting of ethyl, benzyl, isolrtyhz @uyl, et hyl hexyl, trichl oroethyl,
and r-butyl, and R2 is hydrogen. 8. phar maceuti cal conposition
conprising a therapeuticall ycthe anount of the conpound of claim1l.
19. The pharmaceutical conpo on of clainllqg wherein the therapeutically
effective anount of the conpound is |ess than %Wbof t he therapeutically
ef fective anount of an unconjugated phenazopyridine. 20. A nethod of
treating an™ ndi vi dual conprising adm nistering a therapeutically effective
anount of the conpound of claiml. 21. The nethod of claim 20, wherein the
t her apdtitdnddizaje BdeRPdERY anpunt of the conpound is |ess than 50% of the
therapeutically effective anmount of an unconjugated phenazopyri di ne. 22.
The net hod d#) letdadgen20 for the treatnent of urinary tract pain, burning,
irritation,

(b) the residue of an amino acid or peptide;

©

O

R,

O
wherein Rj; is an optionally substituted alkyl or arylalkyl; or
(d) the residue of an amino acid wherein the amine of the amino acid is protected with
a t-butylcarbonyl;

wherein at least one of R; and R; is other than hydrogen.

2. The compound of claim 1, wherein R; is an amino acid residue and R; is hydrogen.

3. The compound of claim 1, wherein R; is an (L-) amino acid residue and R, is
hydrogen.

4. The compound of claim 2, wherein the amino acid residue is selected from the group

consisting of the residues of alanine, arginine, asparagine, aspartic acid, cysteine, glycine,
glutamic acid, glutamine, histidine, isoleucine, leucine, lysine, methionine, proline,

phenylalanine, serine, tryptophan, threonine, tyrosine, and valine.
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di sconfort, or urgent or frequent urination caused by urinary tract

I nfections, surgery, injury, or exam nation procedures. 23. The nethod of

cl ai m 20, wotheriTms78he si de effects of the adm ni strati orcofustéve/oesyrpound
are | ess severe than the side effects of the administration of unconjugated
phenaz 0Py dhpeeéompound of claim 3, wherein the (L-) amino acid residue is selected from the
group consisting of the residues of alanine, arginine, asparagine, aspartic acid, cysteine,
glutamic acid, glutamine, histidine, isoleucine, leucine, lysine, methionine, proline,

phenylalanine, serine, tryptophan, threonine, tyrosine, and valine.

6. The compound of claim 1, wherein R, is the amino acid residue of glycine and R; is
hydrogen.
7. The compound of claim 1, wherein R; is the amino acid residue of lysine and R; is
hydrogen.
8. The compound of claim 1, wherein R; is the amino acid residue of alanine and R; is
hydrogen.
9. The compound of claim 1, wherein R, is (c¢), Rj is selected from the group consisting

of ethyl, benzyl, isobutyl, dodecyl, ethylhexyl, trichloroethyl, and n-butyl, and R, is
hydrogen.

10.  The compound of claim 1, wherein R; is an amino acid residue and R, is hydrogen.

11. The compound of claim 1, wherein R, 1s an (L-) amino acid residue and R; is

hydrogen.

12.  The compound of claim 10, wherein the amino acid residue is selected from the group
consisting of the residues of alanine, arginine, asparagine, aspartic acid, cysteine, glycine,
glutamic acid, glutamine, histidine, isoleucine, leucine, lysine, methionine, proline,

phenylalanine, serine, tryptophan, threonine, tyrosine, and valine.

13.  The compound of claim 11, wherein the (L-) amino acid residue is selected from the
group consisting of the residues of alanine, arginine, asparagine, aspartic acid, cysteine,
glutamic acid, glutamine, histidine, isoleucine, leucine, lysine, methionine, proline,

phenylalanine, serine, tryptophan, threonine, tyrosine, and valine.
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14.  The compound of claim 1, wherein R, is the amino acid residue of glycine and R is
hydrogen.
15.  The compound of claim 1, wherein R; is the amino acid residue of lysine and R; is
hydrogen.
16. The compound of claim 1, wherein R, is the amino acid residue of alanine and R; is
hydrogen.
17.  The compound of claim 1, wherein R; is (c), R3 is selected from the group consisting

of ethyl, benzyl, isobutyl, dodecyl, ethylhexyl, trichloroethyl, and n-butyl, and R, is
hydrogen.

18. A pharmaceutical composition comprising a therapeutically effective amount of the

compound of claim 1.

19.  The pharmaceutical composition of claim 18, wherein the therapeutically effective
amount of the compound is less than 50% of the therapeutically effective amount of an

unconjugated phenazopyridine.

20. A method of treating an individual comprising administering a therapeutically

effective amount of the compound of claim 1.

21.  The method of claim 20, wherein the therapeutically effective amount of the
compound is less than 50% of the therapeutically effective amount of an unconjugated

phenazopyridine.

22.  The method of claim 20 for the treatment of urinary tract pain, burning, irritation,
discomfort, or urgent or frequent urination caused by urinary tract infections, surgery, injury,

or examination procedures.

23. The method of claim 20, wherein the side effects of the administration of the
compound are less severe than the side effects of the administration of unconjugated

phenazopyridine.
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