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(54) Title: TOLUIDINE BLUE O DRUG SUBSTANCE AND USE THEREOF FOR IN VIVO STAINING AND CHEMOTHER-
%\ APEUTIC TREATMENT OF DYSPLASTIC TISSUES

€7) (57) Abstract: The invention comprises an improved process for preparing TBO drug products includes the steps: (1) synthesising
& an indamine; (2) converting said indamine into an S-indaminy! thiosulfate; and (3) adding an oxidizing catalyst agent, complexing
agent, and an acid to said S-indaminyl thiosulfate to formulate TBO and C4-methy] regioisomer, and derivatives thereof. The inven-
€f; tion further comprises new compositions of matter that are nseful for detecting dysplastic tissne, as well as, treating dysplastic fissue,
< namely, TBO products predominantly comprised of peaks eight, peak six, or a combination thereof. N,N-dimenthyl-p-phenylenedi-
~ amine as a starting material results in a TBO product composition comprised of peaks eight, seven, six, and five in the approximate
ratios 33:5:5:1, respectively., Whereas N-methyl-p-phenylenedizmine as a starting material results in a TBO demetylated prod-
O uct composition comprised of peaks six, five, free and two in the approximate ratio 33:5:5:1, respectively. The invention futther
g comprises an improved PLC method for analyzing the improved TBO drug product, the improvement comprising the addition of an
ion-pairing reagent in a first mobile phase and forming a second mobile phase composition comprising 50% alcohol by volume.
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i ncorporated herein by reference. The present invention relates to novel
bi ol ogi cal stain diagnostic and/or chenotherapeutic conpositions that are
adapted for human in vivo application. Mre particularly, the present

invention ke ad@sseh0 novel Toluidine Blue 0 ("TBO') 10 gipepdheevets, which
contain TBO and specific TBO derivatiyes, in specific proportions. The

present invention pertains to new nethods of manufacturing TBO
conpositions, including these novel TBO products. The present invention

further pertains to a mmrﬁnmednﬁeﬁmﬁsﬁmmwy s for
confirmng the CoypRREe P%R%WS‘?M@ q‘?gmb gc novel TBO
S
rom I|)’]‘1E

15 products. The I nproved eparates the HPLC
-peaks associated wth the organlc ye con peaks associ at ed
wi th degradati on products. Additionally, the i nproved net hod of HPLC
anal ysis indicates the stability of active organic dye conpositions in
rel ati onship to degradation products. WO 03/103569 PCTI US02/ 17720 2 The
present invention further pertains to in vivo nmethods of using such novel
TBO conposi ti onghe presehe miverfiipn SUusiisptovemenguagt the Tolvidne BlabOaoommbsitidns,ssue.
The present invention further pertains to in vivo nethods of using such
novel TBO qooqesss kdAGhas diclofdin Uniediiaus PacaoR0ds,250and6194,5T8cer ous or
precancerous tissue.

‘incorporated herein by reference.

The present invention relates to novel biological stain diagnostic and/or

chemotherapeutic compositions that are adapted for human ir vive application.

More particularly, the present invention relates to novel Toluidine Blue O ("TBO")

10 dye products, which contain TBO and specific TBO derivatives, in specific proportions.

The present invention pertains to new methods of manufacturing TBO compositions,

including these novel TBO products.

The present invention further pertains to a new and improved method of HPLC
“analysis for confirming the compositions of TBO constituents, including these novel TBO
15 products. The improved HPLC process more resolutely separates the HPLC peaks associated
with the organic dye content from the peaks associated with degradation products.
Additionally, the improved method of HPLC analysis indicaies the stability of ective organic

dye compositions in relationship to degradation products.




5 1n still another and further aspect, the invention pertains to
conpositions, in vivo diagnostic nethods of use thereof, therapeutic
treatment net hods of use thereof and processes for nanufacture thereof,

whi ch are spegnedsby adapted for use as a chenot her apeut iggemageHiT20agai nst
cancerous and precancerous tissue. 10z2Background of the Invention Squanous
cell carcinomas usually begin as surface |lesions with erythema and sli ght

el evation. These lesions are terned erythropl asia and have been descri bed
as early red |esions, which nmaybe either carcinoma in-situ or invasive
carcinoma. Wiile often 15 asynptomatic, these |esions should be biopsied to

determ ne whet her, the tjssue i |ignant . or not. O her |esions, 'l ed
eukop! &l da - ar e TRERHRT RO ERRRRE Vs HREP N R PR o be
carcinoma in-situ,or invasive catcinonma, mon_sites for squanous cel

car ci nona ar“%m?"l’f’ﬁmpﬂ?dﬁe st"ﬁ%ecﬁéﬂﬂ’ SUG, 1y B‘?’Fﬁﬁ%,’sissug'oft pal ate, anterior
tonsillar pillar, and the retronolar trigone, presumably because the oral
20 tract is often nore commonly exposed to carcinogens, such as those found

in tobacco. WD 03/103569 PCT/US02/17720 3 According to recent studies, the
depth of the | esFanprewntizvgpiorSuther pertaias toda savo methoheofysing sueh noyel TAG al .

compositions as a chemotherapeutic agent against cancerous or precancerous tissue.

5 In still another and further aspect, the invention pertains to compositions, in vivo
diagnostic methods of use thereof, therapeutic treatment methods of use thereof and processes
for manufacture thereof, which are specially adapted for use as a chemotherapeutic agent

against cancerous and precancerous tissue.

10

Background of the Invention

Squamous cell carcinomas usually begin as surface lesions with erythema and slight
elevation. These lesions are termed erythroplasia and have been described as early red
lesions, which may be either carcinoma in-situ or invasive carcinoma. While often
15 asymptomatic, these lesions should be biopsied to detexmine whether the tissue is malignant
or not, Other lesions, called lenkoplakia, are pure ﬁhite. Of these, only 10% of them are

found to be carcinoma in-gitu or invasive carcinoma.

Common sites for squamous cell carcinoma ate the floor of the mouth, the tongue,
soft palate, anterior tonsillar pillar, and the retromolar trigone, presumably because the oral

20 tract is often more commonly exposed to carcinogens, such as those found in tobacco.




<2 Mm95% 2-9 M 80% 5 >9 mMm 65% Furthernore, patients with early stage
oral cancer have a 75% survival at 5 years, but only 35% survival for
advanced stages at 5 years. (Emmanuella, J., "Head and Neck Cancer :
Squanous Gebbs/fesgsei noma”, Medici ne Journal, Volume 3, Ngfbgkerhradanuary 3,
2002.) Accordingly, early detectionsand treatnent by nultiple nodalities
is inportant for better 10 prognosis in head and neck cancer. Epithelial
staining is known for facilitating the visual detection of abnornal
epithelial cells, granules, denatured epithelial cells, or denatured
granules. In fact, TBO, a dye, is known for early detection, as a guide for

opti mal biopsy.,.The dye.is absqrhed the mtochondria of .ngli t
cells. As a‘g?eégdﬁgc or SE"éff‘uesb%e a?glboggg%?sm&%o%eé?%@ﬁfbnagdefréagste 1%8 p?pggqqoc ate
cancer tissue because of its effectiveness in staining malignant and
precancerod@”ﬂ@gions dark blue w thout staining normal nucosa. United
States Patent 4,321,251 to Mashberg and United States Patent 5,372,801 to
-Tucci et al -discuss such in vivo diagnostic tests for identifying and
del i neating suspect dysplastic oral tissue. WO 03/103569 PCTI US02/ 17720 4
Routi ne exami nations entail conpl et €2 mead—38 neck exanination with
i-ndi rect :

2-9 mm——=80%

5 >9 mm——~65%

Furthermore, patients with early stage oral cancer have a 75% survival at 5 years, but
only 35% survival for advanced stages at 5 years. (Emmanuella, J., “Head and Neck Cancer :

Squamous Cell Carcinoma”, Medicine Journal, Volume 3, Number 1, Jamuary 3, 2002.)

Accordingly, early detection and treatment by multiple modatities is important for better

10 prognosis in head and neck cancer.

Epithelial staining is known for facilitating the visual detection of abnormal epithelial

cells, granules, denatured epithelial cells, or denatured granules.

In fact, TBO, a dye, is known for early detection, as a guide for optimal biopsy. The
dye is absorbed by the mitochondria of malignant cells. As aresult, TBO canbeusedasa
15 . screening test and to locate cancer tissue because of its effectiveness in staining ma]th
and precancerous lesions dark blue without staining normal mucosa. United States Patent
4 321,251 to Mashberg and United States Patent 5,372,801 to Tucci et af discuss such in vivo

diagnostic tests for identifying and delineating suspect dysplastic oral tissue.




nasopharyngeal and | aryngopharyngeal mirror exam nation. If an abnormality
or suspicious tissue is found, a fine needle aspiration biopsy for

cytol ogy or excisional biopsy usually follows. Once a diagnosis of

carci noma o 03agee endoscopi ¢ exam nation i s recommendedp®rukagerzgener a
anest hesia with random bi opsi es of Wakdeyer ring, the hypopharynx,
nasopharynx, and ot her comon sites of netastasis and any suspi Cci ous

| esi ons. General body- w de routine hematol ogi c exam nati ons are encouraged
to assess overall nmedical condition of patient and the possibility of
spread to distant or gans. (Emmanuel la, J., "Head and Neck Cancer

Squanmous Cel | Caypci.noma”,. Medi cine Jo er. 1,.. January 3,
10 2002.) In 200ROURPSEBHATRS 8’Btf“§ﬁ°rﬂﬂﬂﬁ§?ad\ﬂf5? Bicﬁ%ﬁﬂ’éﬂb‘ins‘&%@fie fhat TEO
is an effective dye for selectlve killing cancer cells. Subsequently,
W PO Publ i c4#1°8 %W‘J}-‘cﬁ"%ﬁn@é@d @H&Pﬂ%@ht&@w&}ﬂags
represented by either peak elght or Eeak six of the 15 TBO conposition
di scl osed i Hstugésiound pdnp nesdlecaspiration biopgydor egenysir igkaisionl biohwy uredllor i ty of
the chenot herapeutic effect on cancer cells. Thus, it is desirable to
maxi m ze t héoljpmwsdQudsiaghagnodis efverctomadumelds, eiem@pxmm:dmblgmlh ecommendedns of
peak ei ght and peak six with respect to the other conpounds in the drug
subst ante. Pndepgenkrdl a@&thesie with amdom biopsiehefSWaldefer #RO theshybbhanughl y
described in the United States Patent 416, 055, issued Novenber 30, 1889,
‘to Dandl i kehasephainx] Bidoiber BbhifSH SiteddEmPRSESd #RGnABushicitRs lesions. General body-
wide routine hematologic examinations are encouraged to assess overall medical condition of
patient and the possibility of spread to distant organs. (Emmanuella, J., “Head and Neck
Cancer : Squamous Cell Carcinoma”, Medicine Journal, Volume 3, Number 1, January 3,

10 2002)

In 2001, WIPQ Publication Number WO 01/64110 disclosed that TBO is an effective
dye for selectively killing cancer cells, Subsequently, WIPO Publication Number WO
01/64255 Al disclosed that the compounds represented by either peak eight or peak six of the

- 15 TBO composition disclosed in these WIPO publications, are responsible for the majority of
the chemotherapeutic effect on cancer cells. Thus, it is desirable to maximize the production
of the compounds represented by the fractions of peak eight and peak six with respect to the

other compounds in the drug substance.

Prior Art

20 The classic synthesis of TBO is thoroughly described in the United States Patent
416,055, issued November 30, 1889, to Dandliker e al. This synthesis was described as five

sequential steps : (1) oxidation of N,N-dimethyl-p-phenylenediamine, e.g., with potassium




sequential steps (1) oxidation of NN-di nethyl p-phenylenediamne, e.g., with
pot assi um WO 03/ 103569 PCT/ US02/ 17720 5 dichromate, in the presence of
sodiumthiosul fate, to form 2-am no-5-di net hyl am nophenyl thiosul fonic

acid (systwoathessdol y naned "substituted S phenyl thiosuldgh&odirrdo2)
condensation of the thiosulfonic acisgl with o-toluidine, to formthe
correspondi ng i ndam ne-thiosulfonic acid (systematically naned
"substituted S-indam nyl thiosulfate"); (3) ring closure of the 5

i ndam ne-thiosulfonic acid, e.g., in the presence of zinc chloride at

boi i ng terrperature for about 30 mnutes, to form TBG (4) t he reaction

m xture is n and th f the ri rer ion is
“conpl exed a&%ﬁoml%f etg‘i:?resegce R 30‘59“1?*918%’{@&?%%“‘[ [},Q @’P{f Eeng d zinc

chl ori de, e t he, TBO co nCIZ conpl ex;
and 11 nai 1y il SX%{?‘F%‘HWE@%W gw@aiyiglmsaggst od) wpdaspian on
and re-precipitation, e. re-solution in hot aqueous zinc chloride
sol uti on an tP‘éLbeSB’(f?fﬂ? {“'éﬁ Wgh Oﬁﬁ’lﬂql@otﬂlfﬁmﬁl the porenspepding indagenecthiosplfodic These
TBO conpositions contained a nunber of inpurities, as well as were limted
in their ofGhbsygenstisalivramedt ‘Submteéﬂan@mnylﬂhesuﬁafcbe@ ring clrameibfibe ur e
descri bed by Dandliker et at typically yielded conpositions that were |ess
t han 86% dywdapintdritsulihkicaciCids. lib tHERrGemealf yimt shlbﬁ?déﬂlslbéilmgxltdmpératnyﬁoc al TBO
products reveal s

about 30 minutes, to form TBO; (4) the reaction mixture is then cooled and the TBO product

of the ring-closure reaction is complexed and salted out, e.g., by treatment with sodium

chloride and zinc chloride, to precipitate the TBO complex, e.g., as a TBO/ZnCl, complex;

and finally, (5) purification may be accomplished by repeated re-solution and re-precipitation,

10 &.g., by re-solution in hot aqueous zinc chloride solution and re-precipitation with sodium

chloride / zinc chloride.

These TBO compositions contained a number of impurities, as well as were limited in
their organic dye content. For example, the process of manufacture described by Dandliker et

al typically yielded compositions that were less than 80% dye content.

15 HPLC analysis HsC \N :Q/ NH of typical TBO products reveals
' ct”

eight major peaks, symbolizing the compounds
representing the components in the composition. True TBO is designated as “peak eight” and
is the fraction wherein the molecule is N, N’-dimethylated and a methyl group is attached to

the C-2, as shown ;

20




+ ' eight major peaks, CH3 CC synbolizing the conmpounds representing the
conponents iin the conposition. True TBO is designated as "peak eight" and
is the fraction wherein the nolecule is N N -dinmethylated and a net hyl
group is awipphesssd 0 the G2, as shown : 20 WO 03/ 10356@-rsghs/ 482/ 17720 6
(Peak Eight) It is now known that theesdye content of typical TBO products

i ncluded the C4-nethyl regioisoner of TBO (corresponding with peak 7)
plus the N-denethylated and N, N 5 di denet hyl ated derivatives of these

subst ances. Moreover, the N-denethyl ated derivatives of TBO (corresponding
with peaks 5 and 6) and its C4-nethyl regioisoner typically forned

greater than 20% of the dye content. é’o c#ﬁ“fy, ot her fractions include :
(1) peak seven wherein the nolecule i ef&f 110 di net hyl ated and a - net hyl
group is attached to the C4 as showmn: C-—-N NH2 CC

It is now known that the dye content of typical TBO products included the C-4-methyl
regioisomer of TBO (corresponding with peak 7) plus the N-demethylated and N,N-
5 didemethylated derivatives of theée substances. Moreover, the N-demethylated derivatives of
TBO (corresponding with peaks 5 and 6) and its C-4-methyl regioisomer typic.ally formed

greater than 20% of the dye content.

To clarify, other fractions include :

" (1) peak seven wherein the molecule is N/, N'-

10 - dimethylated and a /C[:\ N methyl group is attached to the
C-4 as shown: I-'a_c”“lgH : # NH, _ N
' 3 o e

(Peak Seven)




(Hk3 Peak Seven) WO 03/103569 PCT/tJS02/17720 '.. 7 (2) Peaks six and
five, which are derivatives fornmed by N-denethyl ated of peaks eight and
seven, respectively, as shown: \ N~ CH3 HN I / + NHZ HHN Il i NHz CC ~H3
ci CH3 (PewtroBiosjes( Peak Five) 5 and (3) Peaks three andpéwisezbizgh are
further N-denethyl ated breakdowns of peaks six and five, respectively. Due
to the high percentage of inpurities, variability of the dye content and
relatively |ow percentage of true TBO content in the prior art TBO
conpositions, regulatory approval for human testing of a TBO conposition
required that manufacturing processes be devel oped 10 for reproducibly
preparing a TBO drug substance with lower inpurity content, consistent dye
speci es content, higher total organic dye content, and hi gher true TBO

~content. WO 03/103569 PCTI US02/ 17720 8
(2) Peaks six and five, which are derivatives formed by N-demethylated of peaks eight

and seven, respectively, as shown:

X 7 Ny
Cl - éHa cl - CHa
{Peak Six) (Peak Five)
5 and (3) Peaks three and two, which are further N-demethylated breakdowns of peaks

six and five, respectively.

Due to the high percentage of impurities, variability of the dye content and relatively
low percentage of true TBO content in the prior art TBO compositions, regulatory approval
for human testing of 2 TBO composition required that manufacturing processes be developed

10 ‘for reproducibly preparing é.TBO drug substance with lower impurity content, consistent dye

species content, higher total organic dye content, and higher true TBO content.




I n devel oping a regul atory-approvabl e conposition of TBO, Burkett nmade

i nprovenents, as described in United States Patents 6, 086, 852 and
6,194,573, to the conposition and the nethod for manufacturing, use, and
anal ysi s owolB@estaig substances. Since the conpounds repg@sghbstPy peak
ei ght or peak six are now known to possess 5 both the ability to
selectively mark as well as selectively kill cancerous and precancerous
cells, it would be highly desirable to provide a process to naxim ze the
content of these conmpounds in a TBO drug substance, w thout unduly
conplicating the expense and conplexity of the nanufacturing procedure.
The present |nve%g&§@hso ves above blen1 R, igln O products

he
that 10 conprise a na P%ﬁ 5%?% TS FPRRD (3 B R SR PTKS, &k ei ght
and/ or peak ,six, re [ [es nventjion is the
most desi r abf &Y, %FHH?C@ qoé{atﬁsnlgr?é%’/“ﬁ’téa&fﬁeﬁ %gﬁ?‘% F?gth%r treating
dyspl astic tlssues have now di scovered such a process, products t her eof ,
and met hods GFPeY naqqéth%%thgﬂs%maw Eing, v, 2 igaalyneel THQdue substeasesof . 15
The various enbodi nents of the invention and the practice thereof will be
apparent to those skilled in the art, fromthe foll ow ng detail ed

description thereof, taken in conjunction wth the drawings. 9 Brief

Descri pti on of tg vention
) mee the compounds represented by peak eight or peak six are now known to possess

5 both the ability to selectively mark as well as selectively kill cancerous and precancerous
cells, it would be highly desirable to provide a process to maximize the content of these
compounds in a TBO drug substance, without unduly complicating the expense and

complexity of the manufacturing procedure.

The present invention solves the above problem by providing TBO products that
10 comprise a maximization of the fractions comprising peak eight and/or peak six, respectively.
Accordingly, the present invention is the most desirable composition for use in a method for

identifying or freating dysplastic tissues.

I have now discovered such a process, products thereof, and methods of use and

analysis of the drug substance product thereof,

i5 . The various embodiments of the invention and the practice thereof will be apparent to
those skilled in the art, from the following detailed descnptlon thereof, taken in conjunction

with the drawings.




A first aspect provides a nethod for manufacturing TBO product conprising
sequentially the steps of. (1) oxidizing a starting material NN dinethyl

p- phenyl enedi am ne conprised of at |east one conmpound selected fromthe
group consisting of N, N-dinethyl p- phemyl enedi am ne and N-net hyl

p- phenyl enedi am ne, in the presence of o-toluidine in a first reaction

m xture to forma first internediate, an indamne, wthout formng materi al
amounts of S-phenyl thiosul f%’f‘%fD"(s?‘}l’tl"Ht"ifHEJEY%“% source of

sul f ur - cont ai ni nucl eophile into said first reaction mxture, to forma
second inter rredlfgf‘@t aspeqt PRMdARA m?th‘i’dOfQUF’?‘ﬁlf"émﬂ(‘%TB@tE’F‘tdI‘}%trCO@RFﬂ’ilgz| ng sai d
second |nterrred|, te to cl O?S ng i ndam ne ri nlggt hereof, to fo

TBO- cont ai rif#yt QEtSfeBﬁOfp 1) axidiEnga S@“PHWEFHF é’tdi“BﬁhWhﬁPﬂeﬂe(hﬁ‘}“ne

i ntroducin TB | exi ng age reaction m xture before said
third mxt ?fP@Pﬁl Q#fﬁt Onsﬁfan )13 geéeﬁ Flﬁge&rﬂl@ cppstog ot A hiimgkasact i on
product fro idthird act i xture. Disc|losed herein is a ngthod by
first oxi dlpg]FWSen d‘%rf”&?f”i RtvAE 'P ny]iePFdfaI‘TénepF’éE‘“eWES@n%ﬁ" glolpdpging &t i n a
first reactlon m xture.. The startlr& mat er.i al %9"5% ei t her a conbi nati on

or i ndi vi EREHPRPXNIHERRA @ ORIttt RAtTHRS ARBPS forRieedPHEh sto
Phennsuanic, iRl bn Wl et S attadhe o
B; ggg(r:nt naﬁ%z’ﬁp‘ﬂ’f ﬁ‘g‘?‘j tog{(’ﬁ?t’l? IS’%PHCE?’U“”E ateago%ﬁg‘%ﬁa{“?s’g at?'hé gre‘g‘r“gz‘?%f erred
?n?lt gfi alll Tngglg |s%)cgrlil$ Wteam%\lc%ge g)lrgeeﬂgggel inganﬁrr;ee rrJIIYg tﬁé‘re dtj t%rpogr? a Oaccnsl;:[aﬁlru'{gl ng

reaction product in a third reaction mixture; (4) introducing a TBO-complexing agent into a

reaction mixture before said third mixture is formed; and (5) separating the TBO-containing

reaction product from said third reaction mixture.

Disclosed herein is a method by first oxidizing a starting material in the presence of o-
toluidine in a first reaction mixture. The starting material may be either a combination or
individually: N-methyl-p-phenylenediamine and/or N, N-dimethyl-p- phenylenediamine;
depending on which peak, peak eight or peak six, or a combination thereof, is desired as the
dominant fraction in the final product. For purposes of this document, compositions

comprised predominantly of peak eight or six, or a combination thereof, are referred to as

-“TBO product™.

N, N-dimethyl-p-phenylenediamine as a starting material results in a TBO product
composition may comprise of peaks eight, seven, six, and five in the approximate ratios

33:5:5:1, respectively.




conposition may conprise of peaks eight, seven, six, and five in the
approximate ratios 33:5:5:1, respectively. 10 Wereas

N- net hyl - p- phenyl enedi amine as a starting material results in a TBO
denet hvl at ed product conposition may conrprise of peaks six, five, three and
two in the approximate ratios 33:5:5:1, respectively. Thus, oxidation of a
reaction mxture may contain the starting material, N, N-dinethyl p-

phenyl enedi am ne and/ or N-met hyl p-phenyl enedi am ne, and o-tol ui dine occurs

before introduciyRges NeRHhAS ﬂfcnﬁbﬁeﬁfdﬁurﬁ%& ahthPhatein r&aRNL haBorhe above
nodi fications result in a wholly unpredicted conposition of TBO product,

one that neymedYiafdl E@,daéa@mﬁlsdaﬁuﬁ;ﬂagaeor@gm@@ﬂﬁks B, A Rachnd kwo infagspect i vel y.
These conpositions have been desirable, yet to date, un-achieved. Wth

regards to prodiniBidnds 3psBRERpLRRG.am ne as the starting material,
di scl osed herein is a new conposition of matter, conprising TBO and its

CA-met hyl  regioi soner and their N-denethyl ated derivatives of said
i soners. More particularly, HPLC analysis (at 290nn) of the conposition

reveal s that thernh@bki@atioh ofld16acGN HikRGnAEASn AF stﬁxhﬁ% mkééﬁa@mamthﬂ- -

representing said isomers to the conblned areas of the peaks representing

sai d N derpabhiidnadigfing id/of ALinMe s OftieRferliah8RSInd 3ROMIdin ocdurs Befor@not her

enbodi ment, the conposition has a ratio of the area of the HPLC peak

representi Hﬂm'ﬁﬁt%é Dsdult® of§uPr-Odntdiliey MRAKPHIBPIRIBEVeintifichBonsrdtaliBilany |
regi oi soner of at | east
wholly unpredicted composition of TBO product, one that may maximize the production of peaks

eight and six, respectively. These compositions have been desirable, yet to date, un-achieved.

With regards to N, N-dimethyl-p-phenylenediamine as the starting material,
disclosed herein is a new composition of matter, comprising TBO and its C-4-methyl
regioisomer and their N-demethylated derivatives of said isomers. More particularly, HPLC
analysis {(at 290nm) of the composition reveals that the ratio of the combined areas of the
HPLC peaks representing said isomers to the combined areas of the peaks representing said

N-demethylated derivatives being at least about 7: 1.

In another embodiment, the composition has a ratio of the area of the HPLC peak
representing TBO to the area of the peak representing its C-4-methyl regioisomer of at least

about 6: 1.




about 6: 1. 11 A second aspect provides a conposition conprising, TBO

whi ch has the ring nethyl group at the C-2 position, as at |east 73 % by
wei ght of the total organic dye content of said conposition. Wth regards
to N net hyl - p- phenyl enedi am ne as the stiarting material, disclosed herein
is a new conposition of matter, conprising the N-denethylated derivatives
of TBO and its C-4- thyl regioisonmer, Mre particularly, HPLC analysis
(at 290nnm) of tHESE tRrEdss @ wergpasttiop RpPHsg. FBY; whiel ap ts g Astbd ar eas
of the HPLC peaks representing saj.d N-denethylated derjvatives to the
conbi ned aEis aghe Fr?gp%!&a%és ?tgﬁF%Q%PY W@lgg%ﬁ%lqt%k%w%ye RRYRBhRRAY at ed,
derivatives as being at |east about 7: 1. In another enbodinent, the
conposi ti off"HB¥M%y atj 0 of the area of the HPLC peak representing the
N-denet hyl ated derivative having the ring nethyl group at the G2 position
to the area of the peak representing the N-denethyl ated derivative having

aspect provi dos MIOUGHEHGP MBS arRPRAT R aise e BenetRpaCat Uoliede of |
T Sl S N5 AT 2
AR LRI R A o M

that the ratio of the combined areas of the HPLC peaks representing said N-demethylated

.derivatives to the combined areas of the peaks representing said further,N, N-demethylated,

derivatives as being at least about 7: 1.

In another embodiment, the composition has a ratio of the area of the HPLC peak
representing the N-demethylated derivative having the ring methyl group at the C-2 position
to the area of the peak representing the N-demethylated derivative having the ring methyl

group at the C-4 position of at least about 6: 1.

A third aspect provides a composition comprising an N-demethylated derivative of
TBO, in which the N-demethylated derivative has the ring methyl group at the C-2 position,

and comprises at least 73% by weight of the total organic dye content of said composition.

A fourth aspect provides a composition comprising: TBO, which has the ring methyl
group at the C-2 position; and an N-demethylated derivative of TBO having the ring methyl
group at the C-2 position; in which said TBO and said N-demethylated derivative comprise at

least 70% by weight of the total organic dye content of said composition.




group at the C2 position; and an N-denethyl ated derivative of TBO having
the ring methyl group at the G2 position; in which said TBO and sai d

N- denet hyl at ed derivative conprise at |east 70% by weight of the tota
organi c dye content of said conpositiontlalla In yet another enbodi nent,
the total organic dye content of said conposition is conprised of a mxture

of br edorm nant| vy, 160,86k iy SSAEWL B85 NARMLE 8K Qybifar 500 et 1!

group at theC-2 position. descri conmposition e Inportant in

a method T QlonpfSlE L] -yefegbr{gcfb%ﬂm{%ggim RORAPEDREABENAG i RELEAL Of

dyspl astic sue. I'n er e nment o e 1 nvention, TBO product
is enployed..i 1am 6. therapy to nodify the strength of the TBO
product's c % lgﬁggggg%??g&%F%atnent effect. In so doing, the incidence of
i ght may be controlled in conmbination with the application of the TBO
product. Photodynam c responses in chenotherapeutic treatnments has been
known since the 1960's as a conbi nation therapy, involving both Iight and
a drug. Upon application of a drug, light is shone and varied by its
particul ar wavel ength properties and intensity onto the area to activate
or intensify the action of the drug. A fifth aspect provides the process
for manufacturing a conposition as defined above which includes the steps
of . (a) synthesizing an indam ne; and (b) synthesising an S-indam nyl




thiosulfate. A sixth aspect provides a nethod for identification of
dysplastic tissue conprising: a step of applying to human tissue a
conposition as defined above. A seventh aspect provides the use, in the
manuf acture of a nedicanent for treatindg?2 dysplastic tissue, of a
conposi tion as defined above. In further enbodiments, there is provided

oxi di 21 ng the S HIA b cohBbARH A bl o (Rt ARERE, 220 hast |y

conpl exing the reactant wt agent to ornu

conposi tion hmh&h%% %LC&gﬁﬁﬁﬁf%SHg#ﬁghg%g identify the neM/conp03|t|on of

TBO pr oduct, I nmprove or analysis of a TBO dye product is
al so dlsclosed wher eby, the nobile phase has specially adapted a nobile
phase conposition and the addition of an ion-pair reagent. The discl osed

HPLC ot hod enablycs SERE bRl R RRA PO hakl iy gani o dye

products fron1peaks assocl at e pro an entirely

new | evel afy.ag ahbfc thgrgp ItP&n%ﬁ gygg@?%ghgdrfggu B 0'apfg‘ﬁ'wt SER Oﬁl%gﬁ“?c (&%ﬁ'}%? si X,

wher ei n nore pu e conposi tion e.g. pea

i's applied éff%f;tlcﬁlrkg%fl % tﬁaﬂﬁé%gg%lﬁ%k §B’eeclo¥tﬁ(ﬁ gh ;Hodaﬁﬁ)ﬁat%n wMﬁﬁg liEARREr Of

pre-cancer ce l'ose I's a ne r producing t nost pure

conposi ti O;bgﬂ; ﬁ%%&ct 'm& &)%ﬁlrnfér @sgons% cﬁ%%} R tRatnn@ hIDIEn WG

st ai ni ng d eln I ni cal roceaur es ocatl ng cancer ous and

pre-cancer iz Eﬂesi%t%%ﬁ a%&étf?:ﬂ%e'm)by, ity dFRREbRE RgH: bl dFariE TUPOH alicdioh Gr 1 S

di scl osed for provi
' a drug, light is shone and varied by its particular wavelength properties and intensity onto the

. area to activate or intensify the action of the drug.

A fifth aspect provides the process for manufacturing a composition as defined above
which includes the steps of: (a) synthesizing an indamine; and (b) synthesising an S-indaminyl
‘thiosulfate.
A sixth aspect provides a method for identification of dysplastic tissue comprising: a
step of applying to human tissue a composition as defined above.
A seventh aspect provides the use, in the manufacture of a medicament for treating
dysplastic tissue, of a composition as defined above.
| In further embodiments, there is provided oxidizing the S-indaminyl! thiosulfate with an
-oxidizing agent and lastly éomplexing the reactant with a complexing agent to formulate a TBO
composition. In order to more accurately identify the new composition of TBO product, an
improved HPLC method for analysis of a TBO dye product is also disclosed, whereby, the
mobile phase has specially adapted a mobile phase composition, and the addition of an ion-pair
. reagent. The disclosed HPLC method enables separation of HPLC peaks relating to organic dye

products from peaks associated with degradation products with an entirely new level of acuity.




i nproved resolution in the isolation and identification of TBO and TBO
derivative fractions. An eighth aspect provides an HPLC net hod for

anal ysis of a TBO dye product, conprising the steps of. (a) formng a TBO
sanpl e solution, (b) form ng a nobile pigse conprising a water- sol ubl e
salt of an organic acid, (c) equilibrating an HPLC colum with the nobile

phase fl ow, ectin olution into the HPLC colum, in
whi ch: the nobi ?’é&%ﬁs}é@%w A Y’ 1"%??“&’ %@f?p Rgreip B’HT‘? IE] EPAYtions of

heptanesulf cid; a second nobi hase . OSItJOﬂ r|S|ng 50%
o bonor by Sl A Serbrn e ST PLE. fesei sl Pan SpaehD S%WIHQET“E*F o1 s a

290 M HPLC chr omat ogram depi t he peaks acterlstlc of
Che TBO pr SHEE SEBIBEITIBE CP. THde ?E@@Hf%lﬂ%@ oo BT RS 1ot hy!

p- phenylenedla e st ter WD 03/ 103569 PCT U802/17720
s B o R gh S o en Bh Bt S Pne HERh i TS P SBEIMESTGAR CF f, ¢
characterlsh% of TBO qoduct CO osuflons revi ously noted for HBX|num

i sol ation ANYCPPOSHLEP G lspingpgpger PIS-PRICHOUS HSMEES” £ 1 ow di agr am
depicting the preferred enbodi nent of the invention 5 for manufacturing
TBO products, including the novel TBO product conpositions of the present

| Ing}[/:p;[ Iaf)n wher el rAdltmnally,d a rrrrlgltehsgnsitﬁfe ?ho% o? ﬁ%ﬂb nghsc?oseg for p1e0v§ 11?grs}nl ng

improved resolution in the isolation and identification of TBO and TBO derivative fractions.
An eighth aspect provides an HPLC method for analysis of a TBO dye product, comprising the
steps of: (a) forming a TBO sample solution, (b) forming a mobile phase comprising a water-
soluble salt of an organic acid, (¢) equilibrating an HPLC column with the mobile phase flow,
and (d) injecting the sample solution into the HPLC column, in which: the mobile phase is
formed as a composition including heptanesulfonic acid; and a second mobile phase

composition comprising 50% alcohol by volume is formed.
Brief Description of the Drawings
Fig. 1 is a 290 nm HPLC chromatogram, depicting the peaks which are characteristic

of the TBO product compositions of the present invention wherein N, N-dimethyl-p-

phenylenediamine is the starting material;




Fig. 4 is the chemcal reaction resulting fromStep 1 of the process for
manuf acturing the TBO conposition, wherein NN -dinethyl-p-phenyl enedi am ne
is the starting material, depicted by the chemi cal structures of the
‘reactants apglomasdeit ernediate; 10 Fig. 5 is the chem cal pepagbhiy r esul ting
fromStep 2 of the process for manufagturing the TBO conposition, wherein
N, N- di net hyl p-phenyl enedianine is the starting naterial, depicted by the
chemi cal structures of the reactants and an internediate; and Fig. 6 is the
chenical reaction resulting fromStep 3 of the process for manufacturing

t he TBO conposition wherein NN -di net hyl - p- phenyl enedi am ne is the

and product. v 6% fa%g@%&l?@gér%ﬁﬂ@“%‘w&@{%ﬁ%s%% bRy

| nventi on The,acconpany drawi ngs il ust atet r odi nt of
he T nvent i G TEHGBI SRRPeSoRLERY push I T e o o e ot ERgt bl g
material. The draw ngs should not be construed to I|mt the invention to
excl ude N .r’fﬁ@iyl p- phenyl enedi am ne as a starting 5 material, but nay be
used to provide a nodel for the very simlar reactions wherein N, N -

di met hyl p-phenyl enedi anvne nmay be reacted to forma TBO product conprised
predom nantly of peak six. Wth reference to the acconpanying draw ngs,

Figs. 1 and 2, the present vention for
9 _ Fig. % is a process ﬁow dgagram, depicting the preferred embodiment of the invention

5 for manufacturing TBO products, including the novel TBO product compositions of the

present invention wherein NN -dimethyl-p-phenylenediamine is the starting material;

Fig. 4 is the chemical reaction resulting from Step 1 of the process for manufacturing
the TBO composition, wherein N, N -dimethyl-p-phenylenediamine is the starting material,

depicted by the chemical structures of the reactants and an intermediate;

10 F1g 5 is the chemical reaction resulting from Step 2 of the process for manufacturing
the TBO composition, wherein N, -dimethyl-p-phenylenediamine is the starting material,

depicted by the chemical structures of the reactants and an infermediate; and

Fig. 6 is the chemical reaction resulting from Step 3 of the process for manufacturing
the TBO composition, wherein N, N -dimethyl-p-phenylenediamine is the starting material,

i5 - depicted by the chemical structures of the reactants and product.




a conposition includes the fraction, designated as peak eight 10 (herein
referred to as "peak 10 eight"), which achieves a greater percentage by
wei ght of the overall product and a greater percentage in relationship to
peaks seven 12, six 14, five 16, three, and two. Mre particularly, the
pr esent LQMgﬁghﬁﬂwconcerns t he manuf acture, and event ualpcrarad/isios, of a
conposi tion having the maxi num percept wei ght of peak eight 10, wherein the
fractions of TBO and C- 4-nethyl regioisonmer (peaks eight 10 and seven 12)
are seven tines 15 the volunme by weight of the N-denmethylated fractions of
TBO and C-4-net hyl regioi somer (peaks six 14 and five 16). Mre
particul arly, peak eight 10 is produced nore than peak seven 12 in a ratio
of 6 : 1. Peaks eight 10 and six 14 correspond to the TBO, and
correspondi ng N-denet hyl at edDetaied Pageription opBisdBYsIP8y  and wherein the
ring methyl group is at the G2 position. By WO 03/103569 PCTNS02/ 17720 16
correspondi ng N-denet hyl ated derivative, respectively, and wherein the ring
met hyl group is at the C4 position. It is strongly believed that peak
eight 10 is nore effective than other fractions for staini g.ti%ﬁues and
bbb

for treating carflerscoiganyingdrawings ilbistieie Semrepredrnbefiggy Ancer
patients. 5 A determination of optimal paraneters with regards to conbining
the TBO pr ofekin Mivxaiafethyibh-phenglehédifhine is thaganiing wetdyinia fhe graw&i shoyldnot
specific to particular cancer types, as o i
be construed to limit the invention to exclude N - methyl-p-phenylenediamine as a starling
5 material, but may be used to provide a model for the very similar reactions wherein N,V -
dimefhyl—p—phenyleﬁediamjne may be reacted to form a TBO product comprised

predominantly of peak six.

With reference to the accompanying drawings, Figs. 1 and 2, the present invention for
a composition includes the fraction, designated as peak eight 10 (herein referred to as “peak
10 el t"‘), which achieves a greater percentage by weight of the overall product and a greater

percentage in relationship to peaks seven 12, six 14, five 16, three, and two.

More particularly, the present invention concerns the manufacture, and eventual
analysis, of a composition having the maximum percent weight of peak eight 10, wherein the
fractions of TBO and C-4-methyl regioisomer (peaks eighf 10 and seven 12) are seven times

15 the volume by weight of the N-demethylated fractions of TRO and C-4-methyl regioisomer
(peaks six 14 and five 16). More particularly, peak eight 10 is produced more than peak

seven 12 in aratio of 6 : 1,

Peaks eight 10 and six 14 correspond to the TBO, and corresponding N-demethylated -

derivative, respectively, and wherein the ring methyl group is at the C-2 position. By




wel | as, patient sensitivity. Using an endoscope or equivalent, the

i nci dence of |ight can be nodified according to wavel ength and/ or
intensity. Accordingly, one skilled in the art is sufficiently informed to
determ ne Wigosapdsksral ' 1ight characteristics for conbi nimernidebitzdhe 10 TBO
product m xture for optimal drug intereacti on. The procedure for

manuf acturing the present TBO conposition is a nodification of previously
known met hods for produci ng TBO products. Mre particularly, the

nodi fication entails the reversal of the second and third steps descri bed
in the process of manufacture described by Burkett in U S. Patent

, , . | f .wh b i . .
0" pheny | enedo LTRSS oaRF P RR Rt e SRy T e ng e 08 e or
Lo It roduct g, 5y sout.co ol UL {u;0NLal RL0g, BE) SORN Le.teipil Ll " 20

conposition,_ being one that is highly desirable in the detection and

treat ment of T3cHemsdpr staining dssueiand dorteating aesr withyegds iQdetertian @gtff""rpé‘e%rt of
chem stry and pharnmacol ogy. WO 03/ 103569 PCT/US02/ 17720 17 Cenerally, the
process ent flcancespadients.ng a sol ution of N, N-di methyl p- phenyl enedi am ne
and o-toluidine with a stabilizing agent. Follow ng oxidation, an acid is

i ntroduced. Then, a conpl exi ng agent, an oxidi zing agent, and a source of
sul fur-containing nucleophile are added. At this point, an internediate,

S-indam nyl thiosulfate 40 is created. ) .
5 A determination of optimal parameters with regards to combining the TBO product

mixfure with a light during photodynamic therapy is specific to particular cancer types, as
well as, patient sensitivity. Using an endoscope or equivalent, the incidence of light can be
modified according to wavelength and/or intensity. Accordingly, one skilled in the art is
sufficiently informed to determine the optimal tight characteristics for combining with the

10 TBO product mixture for optimal drug interaction.

The pfocedure for manufacturing the present TBO composition is a modification of
previously known methods for producing TBO products: More particularly, the modification
entails the reversal of the second and third steps described in the process of manufacture

* described by Burkett in U.S. Patent 6,194,573, The reversal of steps, whereby N, N-dimethyl-
15 p-phenylenediamine and o-toluidine in a stabilized solution are mixed prior to introducing a
source of sulfur-containing nucleophile, results in an entirely unexpected composition of
TBO. Moreover, the resulting composition, being one that is highly desirable in the detection
and treéhnent of cancer, is an unexpected product to one skilled in the art of chemistry and

pharmacology.




5 The S-indamnyl thiosulfate 40 is then oxidized with an oxidi zi ng agent,
followed by the addition of a conpl exing agent, an oxidi zing catal yst
agent, and an acid. Fig. 3 is provided as a reference for the foll ow ng
steps, | abgyegdn®iseps 1 - 4, which describe in detail thgpigbefnred
enbodi nent of the present invention cgncerning the manufacture of a TBO
conposition. 10 Step #1 - Synthesis of an | ndam ne Five grans of
NN- di met hyl p- phenyl enedi am ne di hydrochl ori de powder is added to 155 g of
USP purified water and stirred at 300 rpmin a round-bottomflask. This
N, N- di net hyl p-phenyl enedi am ne reaction m xture 20 shoul d be mai ntai ned
at s 10 Cand stirr for 10 mnutes., 15 o-.Tal ui dj nhydrochloride is
prepared by sl othci?“%{g@‘f’#be REOCSSIfETS © ’F’W&rsfilc?ﬁ?%?ﬁg%%ﬁ\é@wﬁ% N) to 2.8 g of
o-tol uidi ne. ,The o-tol uidine hydrochl oride.sol uti .22 shaoyl d be st.irred
unti | cl ear . PheRYensdAmRe ARt oARkie v Méﬂbglza}gﬁgﬁfeﬁ" SR FIE L ded o
redi ssol ve o- toluidine hydrochloride crystals, if crystals appear. WO
03/ 103569 Patresses. Fhpne corplering agent Angridizing aspely A Ypgogef %ﬁnmﬂ&m@ i's
added to the N, N-di net hyl p- phenyl enedi am ne di hydrochl ori de reaction
m xture 20, Huslebphile drepddedi cAidbidipoint an dftermediatadHindimomyl thpsyfayd 404crregied.N) 24,
The reaction m xture 26 should be naintained at bel ow -10

5 The S-indaminyl thiosulfate 40 is then oxidized with an oxidizing agent, followed by the

addition of a complexing agent, an oxidizing catalyst agent, and an acid.

Fig. 3 is provided as a reference for the following steps, labeled Steps 1 - 4, which
describe in detail the preferred embodiment of the present invention concerning the

manufacture of a TBO composition.

10 Step #1 - Synthesis of an Indamine

Five grams of MN—diméﬂlyI—p-phenylenediamine dihydrochloride powder is added to
155 g of USP purified water and stirred at 300 rpm in a round-bottom flask. This N,N-

-dimethyl-p-phenylenediamine reaction mixture 20 should be maintained at < 10 °C and

stirred for 10 minutes.

15 o-Toluidine hydrochloride is prepared by slowly adding 6.3 grams of hydrochloric
acid (6 N) to 2.8 g of o-toluidine. The o-toluidine hydrochloride solution 22 should be stirred

until clear, and a minimal amount of USP purified water should be added to redissolve o- -

toluidine hydrochloride crystals, if crystals appear.




C and stirred on ice for 45 mnutes. 5 By using an addition funnel, 29.25 g
of dichromate solution 28, prepared by adding 9.39 grans of potassium

di chromate to 108 grans of USP purified water, should be slowy (over 20
m nutes) dripped into the o-toluidine hydrochloride and N, N-di nethyl p
phenylene@hﬂgh&g&pihydrochloride reaction mxture-1 6. Gaggs@dil@f the

di chromat e sol'utton 28 has been addgd, the indam ne di hydrochl oride
reaction m xture 30 should be maintained at 10 below -10 C and stirred on
ice for 60 mnutes. It is understood to one skilled in the art that the
reaction m xture includes indam ne di hydrochioride and derivatives thereof.
It should be understood that presently, hydrochloric acid is believed to be
a suitable stabilizing agent for both the starting material (NN-dinethyl

- p- phenyl enedi aniTheodoldidore Hyldracklptigd soptioh 82 yd asidedliodhe Ndejimethdl-o- t ol ui di ne.
Accordingly, the preceding step describes the 15 conmponents NN di net hyl

p- pheny!| enadedenediathidtydliy@edvhiviidel eeagivoma tugnzl, dollotded byl ihverdditiynlofxmhl or i de
solution in their respective stabilized forns by hydrochloric acid. The

present i nM@fbiAA0.c JTANEVEN) 23, TOE rehdtidh Bt AMIRBE biafidiRdd SbaGk |-18i ng
agent and may therefore 'substitute for hydrochloric acid any suitable.

stabilizing o | i lfﬂgﬁ tood by one skilled in the art to
enconpass ar(%?/agggﬁen?drjl%ﬂalﬁpgrr%gy 0 Eﬁs{nown stabilizers. WD 03/103569

PCT/ US02/ 17720 19 A diagram of -the chem cal reaction described above in
Step 1, is provided in Fig. 4

5 By using an addition funnel, 29.25 g of dichiromate solution 28, prepared by adding
9.39 grams of potassium dichromate to 108 grams of USP i:uriﬁed water, should be slowly
(over 20 minutes) dripped into the o-toluidine hydrochloride and N, N-dimethyl-p-
phenylenediamine dihydrochloride reaction mixture 26. Once all of the dichromate solution
28 has been added, the indamine dihydrochloride reaction mixture 30 should be maintained at
10 below ~10 °C and stirred on ice for 60 minutes. It is understood to one skilled in the art that

the reaction mixture inctudes indamine dibiydrochloride and derivatives thereof.

It should be understood that presently, hydrochloric acid is believed o be a suitable
stabilizing agent for both the starting material (N,N —dimemyl-p-ﬁhenylenediamine and/or N-
‘methyl-p-phenylenediamine) and o-toluidine. Accordingly, the preceding step describes the
.15 components MN—dimethyl-pq:;henyleuediamine dihydrochloride powder and o-toluidine
| hydrochloride solution in their respective stabilized forms by hydrochloric acid. The present
~ invention, however is not limited o any particular stabilizing agent and may therefore
substitute for hydrochloric acid any sunitable stabilizing agent, which is understood by one

skifled in the art to encompass any one in an array of known stabilizers.




30 and sti r r¥ge ¥orSypbess alaneSindpringldhioggfalys) 103569 PCT/ US02117720 20 A

and denonstrates the reactants and product by their nolecular forns. Step
#2 - Synthesis of an S-indamnyl thiosulfate 5 An acid is made by preparing
an alum num sul fate solution 32, which in turnis prepared by adding 8.75
granms of alsyisngsgesul fate hexadecahydrate to 15 grans ofpdf@Rea k¢ i ed
water. This acid is added to the indagwi ne di hydrochl ori de reaction m xture
30 and stirred for 10 m nutes. Acids, other than alum num sulfate
hexadecahydrate, may al so be suitable. 10 A conpl exi ng agent is prepared
by mating a zinc chloride solution 34, which in turn is prepared by adding
12.22 grans of zinc chloride tol5 granms of USP purified water. This
conpl exi ng agent s added _to, the . indam ne i hydrochloride reacti 1 Xture
30 and stirred f%‘?la@@nrﬁg Fhﬁt‘%@’?lc"’fltre@ﬁ?ﬂé]eﬂ“g’gd %8?%#8%??% Wﬁﬂ?\%nl%gg'g'he
preferred enbodi nent contains zinc c¢hloride, other_ conplexing agents are
sui tabl e andndsprenstateniperenataps andprodychbisthel gielecular RENY | di zi ng agent i s
prepared by nmaking 29.25 granms of dichromate solution 36, which in turnis
prepared by addi ng 9.39 grans of potassiumdichromate to 108 grans of USP
purified water. This oxidizing agent is slowy (over 20 m nutes) added,
with an addition funnel, to the indam ne dihydrochloride reaction mxture

source of sulfa r-containing nucleophile is prepared by nmating a sodi um
thiosulfate '

5 An acid is made by preparing ‘an aluminum suifate solution 32, which in turn is
prepared by adding 8.75 grams of aluminum sulfate hexadecahydrate to 15 grams of USP
purified water. This acid is added to the indamine dihydrochloride reaction mixture 30 and
stirred for 10 minutes. Acids, other than aluminum sulfate hexadecahydrate, may also be

suitable.

10 A comi)lexing agent is prepared by making a zinc chioride solution 34, which in turn
is propared by adding 12.22 grams of zinc chloride to15 grams of USP purified water. This
complexing agent is added to the indamine dihydrochloride reaction mixture 30 and stirred
for 10 mimutes. It should be understood th.at while the preferred embodiment contains zinc

chloride, other complexing agents are suitable and embraced by the present invention.

15 An oxidizing agent is prepared by making 29.25 grams of dichromate solution 36,
which in turn is prepared by adding 9.39 grams of potassium dichromate to 108 grams of
USP purified water. This oxidizing agent is slowly (over 20 minutes) added, with an addition

funnel, to the indamine dihydrochloride reaction mixture 30 and stirred for 20 minutes on ice.




solution 38, which in turn is prepared by adding 6.53 granms of sodium
thiosul fate pentahydrate to 15 grans of USP purified water. This source of
sul fur-containing nucleophile is slowy added to the indam ne

di hydr ochl ¢fd ggodsgaction m xture 30 and stirred 5 on i cepd@ise®P;750 nut es.
The precipitate which fornms consists @f the S-indam nyl thiosulfate 40 and
derivatives thereof. As would be understood to one skilled in the art,

ot her sources of sulfur-containing nucleophile may be used and substituted
for a sodiumthiosulfate solution 38. A diagramof the chem cal reaction
described above in Step 2, is provided in Fig. 5 10 and denonstrates the

reactants and prqduct b e nol ecul ar.  farns. d | i n

observed connect i uréegé 5‘&‘6“‘?%“’85“‘} rophilf i pigRare %%ﬂ’%ﬁnﬁ@l S?‘g*}%?ﬂ es
that the S-SQ be attached to either. carbon { ntheS|s of TBO
and TBO Zi néobB%ﬁi“@%ﬂhtmmls@?mEféWﬁW&@15%@‘61‘1?8 %’dﬂ’é‘l foiosHlEAS, ¢ i ned bel ow
10 C. Wth an addition funnel, 15 slowy (over 20 m nutes) add an

oxi di zi ng adgenehydeate ted Sgramef SR mmifind water. f Ehisssontye ghFIBF-FoUlAigAE 20 ni nut es.

It is presently believed that 29.25 grans of dichromate solution 42 is

sui tabl e t o nubleophileds skoviprdded italthe imgmingeliitydrodifoidy 8266 I RTEI0B0LHARA20 21

~To the oxidized S-indam nyl thiosulfate reaction mxture 44, add a
conpl exéng ageded for 60 minutes. The precipitate which forms consists of the S-indaminy} thiosulfate 40

and derivatives thereof. As would be understood to one skilled in the art, other sources of
sulfur-containing nucleophile may be used and substituted for a sodium thiosulfate solution

38.

A diagram of the chemical reaction described above in Step 2, is provided in Fig. 5
10 and demonstrates the reactants and product by their molecular forms. A dotted line can be
observed connecting S-SO5 1o two of the carbons. The doited line signifies that the S-S0,

may be attached to either carbon.

Step #3 - Synthesis of TBO and TBO Zinc Double Salt

The S-indaminy] thiosulfate 40 is maintained below 10 °C. With an addition funnel,
15 slowly (over 20 minutes) add an oxidizing agent to the S-indaminyl thiosulfate 40 and stir for
20 minutes. It is presently believed that 29.25 grams of dichromate solution 42 is suitable to

be used as an oxidizing agent.




preferably 27.0 grams of zinc chloride solution 46, prepared by addi ng
12.22 grans of zinc <chloride to 15 grans of USP purified water, and stir
for 5 mnutes. Add an oxidi zing catal yst agent, preferably 17.3 grans of

copper sul i @nepkaiti on 48, prepared by adding 2.38 granpepusioRpsl sulfate
to 15 grams of USP purified water, ang stir for 5 minutes. Change the

tenperature set point to 60 C Once the reaction reaches 60 C, add an

aci d, preferabl-y sulfurie acid solution 50 (9 N), to lower pHto 2.9. Stir
for 5 mnutes after each addition. Change tenperature set point to 97 C
Once the reaction m xture reaches 97 C, stir for 35 mnutes. Allow

reaction m xture 5 temperature sl ow pon 0 reachj

room tenperat urel eé’&fﬁ’faﬁég ﬁﬁ%ﬁ@[&" Vﬁ@ﬁe"fﬁ ixbue 4%‘*?(51&]&0% plexipgyssp {bduct
m xt ure 54, to .a C cooler. Stare ssJor 5-15 ho Renpve. and f{lter an
al i quot of i era@yaagm%@wa@m?ﬁ %Pa%@rw%&emd@ﬂ@lwwp B pl ace
filtered solution into a vial for  analysis via RP-HPLC TBO anal ysi s

net hod. A dichlgrideriods sraes of16¥R pusified waler, aphstirderch miwtes a HEJ an pidiging patalyst; s
provided in Fig. 6 15 and denonstrates the reactants and product by their
mol ecul ar f ggend, préfenably|13:3i grams eftchpper sudfafsl sekiting 43, paepazed by@ﬂtgng 2.8 @aEb ni ng
nucl eophi | es, oxidi zing agents, oxidizing catal yst agents, and/or acids
may be Bnpl eyger suifact to 8 grmescd diSRgus figgaters aldtid fdré mionst.r ued as di scl osi ng
t he conpl exi ng agents, reducing agents, oxidizing agents, oxidizing

catal yst agents, and/or acids presently believed to be the preferred

enbodi rent of 20 the invention.

Change the temperature set point to 60 °C. Once the reaction reaches 60 °C, add an
acid, preferably sulfuric acid solution 50 (9 N), to lower pH to 2.9, Stir for 5 minutes after
each addition. Change temperature set point to 97 °C. Once the reaction mixture reaches 97
°C, stir for 35 minutes. Allow reaction mixture 52 to cool to room temperature slowly. Upon
10 reaching room temperature, place the product, which comprisés the crude TBO product
. mixture 54, into 2 5 °C cooler. Store for 5-15 hours. Remove and filter an aliquot of the
- crude TBO product mixture 54 through a 0.45 pm filter. Place filtered solution into a vial for

analysis via RP-HPLC TBO analysis method.

A diagram of the chemical reaction described above in Step 3, is provided in Fig. 6

15 and demonstrates the reactants and product by their molecular forrns.

For clarity, other complexing agents, sulfur-containing nucleophiles, oxidizing
.agents, oxidizing catalyst agents, and/or acids may be employed, and the preceding steps
should be construed as disclosing the complexing agents, reducing agents, oxidizing agents,
‘oxidizing catalyst agents, and/or acids presently believed to be the preferred embodiment of

20 the invention.




WO 03/103569 PCT/ US02/17720 22 Step 4 - Purification It is understood to
one skilled in the art that the final reaction m xture contains TBO and
C-4-met hyl regioisomer, and derivatives thereof. The process for

purificati @ @3feRRfe @ solution, as described in US Patenpc@gsh@drn/3, woul d
be known to one skilled in the art, apd 5 accordingly, is Incorporated
herein by reference. Appropriate |aboratory supplies and safety procedures
are understood and practiced by those skilled in the art. The | aboratory
supplies described in U S. Patent 6,086,852 are suitable to performthe
above procedures and, therefore, are incorporated herein by reference. The
above steps for producing TBO differ from previously disclosed nethods in
that 10 the conbining of o-tol uidine hydrochloride solution 22 and the
starting material, N, N dinethyl p-phenyl enedi am ne di hydrochl ori de

sol uti on 20StepacPusificationhe initial step for produci ng i ndam ne

- di hydrochl oride reaction mxture 30 and prior to the addition of sodium
thiosul fate 38. Furthernore, the above steps for producing TBO differs from
previ ously known nethods by the addition of hydrochloric acid 24 and

pot assi um chromate 28 before 15 adding any other agents to the reaction

m xture of o-t ol hisinderstopd toomielskiiledlin tRQarhithelt thé final s¢aation mixtiye cantaing TBO

NN- di et hyl - p- phenyl enedi am ne di hydrochl ori de 20. WD 03/ 103- 569

PCT/ US02/ 17 #20C-4-methyl regioisomer, and derivatives thereof. The process for purification 56 of a

solution, as described in US Patent 6,194,573, would be known to one skilled in the art, and

5 accordingly, is incorporated herein by reference.

Appropriate laboratory supplies and safety procedures are understood and practiced by
those skilled in the art. The laboratory supplies described in U.S. Patent 6,086,852 are

snitable to perform the above procedures and, therefore, are incorporated herein by reference.

The above steps for producing TBO differ from previously disclosed methods in that
10 the combining of o-toluidine hydrochloride solution 22 and the starting material, N, N-
dimethyl-p-phenylenediamine dihydrochloride solution 20, occurs in the initial step for
producing indamine dihydrochloride reaction mixture 30 and prior to the addition of sodium
thiosulfate 38. Furthermore, the above steps for producing TBO differs from previously
known methods by the addition of hydrochloric acid 24 and potassium chromate 28 before
15 adding any other agents to the reaction mixture of o-toluidine hydrochloride 22 and the

- starting material, N, N-dimethyl-p-phenylenediamine dihydrochloride 20.




23 The present invention also enconpasses an inproved BPLC net hod for

anal ysis of the inproved conposition. The inproved HPLC net hod for

anal ysis nore resolutely reveals the ratios by weight based upon the area
of respective peaks determ ned by the new HPLC nethod. The foll ow ng

rati os pergaigfidsgssd TBO product wherein N N-dinethyl p Sqhepyhanedi am ne
is the starting material: a.) Peaks egght 10 / Peak seven 12 being
approximately 6 1. b.) Peaks (eight 10 + seven 12) / Peaks (six 14 + five
16) being approximately 7 c.) Peaks five 16 + six 14 + seven 12 + eight 10
bei ng approximately 95 % by weight of the dye content. 10 d.) Peaks five
16 + six 14 + seven 12 + ei ght 10 being approximtely 75 % by wei ght of

the total product_includjng urities Peaks ght
10) / (two + fivéh qrafes&ﬂ%v@ﬁc’ 0 H@Pwaassesa%ﬂ%%"%%ﬁ Emdsf&‘é‘méﬁ‘l’m tgu Y,
the followng ratios pertain to a TBO product wherein

phenyl enedi &hiimpraved corapasitigny Ih@nmﬂ@ mgethodHgp jnakysig n}c’l?’ééﬂlu&y\fgveﬁl& ng
approximately 6 : 1. b.) Peaks (six + flve) | Peaks (three + two) being
appr oxi mat ekhe rZtids by weight based upon the area of respective peaks dstermined by the new LC

method. The following ratios pertain to a TBO product wherein N,N-dimethyl-p-

5 phenylenediamine is the starting material:

a.) Peaks eight 10 / Peak seven 12 being approximately 6 : 1

b)  Peaks (eight 10+ seven 12) / Peaks (six 14 + five 16) being approximately 7 :
c.) Peaks five 16 + six 14 - seven 12 + eight 10 being approximately 95 % by

weight of the dye content.

10 d) Peaks five 16 + six 14 + seven 12 + eight 10 being approximately 75 % by

weight of the total product including impurities.

e.) Peaks (three+ six 14 + eight 10) / (fwo -+ five 16 -+ seven 12) being .

approximately

15 Similarly, the following ratios pertain to a TBO product wherein N-.. methyl-p-

phenylenediamine is the starting material:

a)  Peak six / Peak five being approximately 6 : I.

b.)  Peaks (six + five) / Peaks (three + two) being approximately 7 : 1




WO 03/ 103569 PCT/11S02/17720 24 c.) Peaks two + three + five + six being
approxnffat el3TO9YWy' Wei ght or Me dye content. d.) Peaks two + three +
five + six being approximtely 75 % by weight of the total product

i ncl udi Ng wWashbdskes. 5 e.) Peaks (three + six) / (two $cdphossl B8 N9
approximately 7 : 1. Figs. 1 and 2 arg the respective chronmat ograns
resulting fromthe inproved HPLC nethod of anal ysis disclosed, herein, and
an anal ysis of a,previpQusiy kiR '){Tﬁ‘éx{éoag a@e@@g, Feroretihe BRGE RMAt | on
of Figs. 1 and ZC'germﬂFlstra%Ses t%’gd(?ig#%er ent II’)I %mar%ﬁi@?@éﬁ?ﬁg?ﬁi ents
taught by each net hodb%igjaty, as well as, the increase in the area of peak
eight 10 in 10 relation t0 the peak seven 12, peak six 14, and peak five 16
in Fig.l, associated with the present invention. One skilled in the art of
chromat ogr aphy wil)| dltesks tplosiahsee Hilvatr sihleeingrappronimatdly Vaehtbyoreight ofithe tetal
superior resolution of TBO product conpositions, as well as, being .
stability indicating.prbduct ihelndiag @pprrities.superi or resol uti on, as denonstrated
by the disclosed HPLC analysis, enables the further identification of TBO

‘degradati on products. ch 15, i.dentification was, .until, nqw, difficult to
“attain by previ oﬁ‘i ne}%%so@].me'f\%%%Y%%ﬁv%}fbmﬁﬁﬁ@rﬁﬂgﬁt?igﬂsf thi s laboratory

nmet hod descri bes the assay procedure for the detection and quantification

Figs. 1 and 2 are the respective chromatograms resulting from the improved HPLC
method of analysis disclosed, herein, and an analysis of a previously known HPLC method of
analysis. An observation of Figs. 1 and 2 demonstrates the different and comparative flow-
gradients taught by each methodology, as well as, the increase in the area of peak eight 10 in

10 relation to the peak seven 12, peak six 14, and peak five 16 in Fig.1, associated with the
present invention. One skilled in the art of chromatography will also observe that the present
- invention produces superior resolution of TBO product compositions, as well as, being
stability indicating. Furthermore, the superior resolution, as demonstrated by the disclosed
HPLC analysis, enables the further identification of TBO degradation products. Such

15 identification was, until now, difficult to attain by previous methods.

New Method of HPLC Analysis:

This laboratory method describes the assay procedure for the detection and quantification
of the TBO product mixture and derivatives thereof. As would be understood by one skilied in
the art of chromatography, various a—ssorted volumetric pipets and flasks are necessary in

20 addition to a column and HPLC analyzer. With regards to the colomn and HPLC analyzer, a 250
x 4.6 mm C18 Waters Symmetry Column with 5 pm packing and an HPLC analyzer, HP 1100,

1050 or equivalent are suitable.




of the TBO product m xture and derivatives thereof. As would be understood
by one skilled in the art of chromatography, various assorted volunetric
pi pets and flasks are necessary in 20 addition to a colum and HPLC

anal yzer. YWdbsfog@gards to the colum and HPLC anal yzer, gcgg&¥né. 6 nm C18
Waters Symmetry Columm with 5 gm packgsng and an HPLC anal yzer, HP 1100,
1050 or equivalent are suitable. WO 03/103569 PCTft7S02/ 17720 25 The

i mproved HPLC anafheSnroived BPLC ARAIAYSEBRImp+BRARE @b BV ors iy ROV HeikBdkor ©f
anal ysi s by addi ng heptanesul fonic acid, sodiumsalt as an ion-pair reagent

in the Mobil ﬁ%?addﬁé?ﬁe?tan&éﬁﬁ‘oﬁi@ QiR Aolink:30 85n i@ﬁ@%@éﬁﬂﬂm&g@m&t he

separation of TBO conpositions. Additionally, heptanesulfonic aci sodi um

Sal L Y 2chill @b Rl 16 28R BN Ay Al PhASho SuEATRMIED BaRGELAL Y a0 1 ©

or cationic conpoun VI oUs I sCl ose n pair reag s are unable
to achieve t .f t1.on between, peaks socj. at. ith TBO o ni c dye and
peaks assoc?ﬂg?l{elgéa&}"ﬁ?b tgréegmlrﬁg%% ¥ *B %Sﬁ?ﬁyﬁﬁﬁ%ﬂ% FWB@B?%H{‘%? r ovenent
to previcously kno HPLC net hods of anal ysis. |nc]udes. a second nobile
phase i Rcl ud?("ﬁlamaﬂ SaFREN 2 of oAt ‘ié’“é’ﬁ&%dé- E@W&ﬁvﬁﬂsgl%ﬁds@@-w reaggnispieC
nobi | e phasewsﬁg‘ vent ./ al cohol Mbile Phase. Yet, another inportant

i nprovenent 1Relede adicyp thydesqlitign betwsen pegkeastasiatedovith iBA orgapicsiye and mpaks

mbrnin., to increase the resolution between active peaks and degradati on
products. associated with degradation products.

Another important improvement to previously known HPLC methods of analysis
includes a second mobile phase including an alcohol and a mobile phase solvent in a 50:50

10 HPL.C mobile phase solvent / alcohol Mobile Phase.

Yet, another important improvement includes an adjusted flow rate to 1.0 lemJn, from

1.5 mL/min., to increase the resolution between active peaks and degradation products.

Other specific parameters understood to one skilled in the art of chromatography that
optimize the resolution and accuracy of HPLC analysis may vary depending on operating
15 conditions, While these parameters may vary depending on the various circumstances

surrounding the conditions of analysis, they are hereby encompassed by the present invention.

While not to be construed to limit the scope of the invention, the preferred embodiment
concerning HPLC analysis of TBO products contains the following specific parameters: (1) 290
nm wavelengtb; (2) 1.0 mL/min flow rate; (3) Injection Volume: 20 pL; (4) temperature: 40 °C;

20 (35) two Mobile Phases:




O her specific paraneters understood to one skilled in the art of

chromat ography that optim ze the resolution and accuracy of HPLC anal ysis
may vary dependi ng on operating 15 conditions. Wile these paraneters nmay
vary dependydfsseh he various circumstances surroundi ngpéfgsegRe) tions of
anal ysis, they are hereby enconpassedzdy the present invention. Wile not
to be construed to limt the scope of the invention, the preferred

enbodi nent concer ni ng 216 navI AbyiSinEimPAceth P@S‘%tﬁ’l@?{lﬁ%@ﬁﬁﬁeﬁﬁf&ﬂ'aﬁﬁw ng
speci fic paraneters: 1 290 m wavel engt (2) 1.O m/mn flowrate; (3)
I nj ection Volune: 20 gédj\(uﬂ)saﬁ%ﬁ@erature 40 C, 20 (5) two Mbile Phases:
WD 03/ 103569 PCT/ US02/ 17720 26 [A]: 10 nmM amoni um acetate @pH 3.5

1 4it7x"1:0" g/ T"Trh fEftesl fanit a2td; - sodiumsalt; and [B]: 50:50 ACN
/ met hanol ; and (6) t@ﬁBJSPMN\/gnﬂhmlgn@du ent: 5 1Tii t(mn a SL 11j bile
Phase; B 0.0 30.0 15.0 30.0 20.0 29.0 56.0 29.0

(6) the following flow gradient:
5 o Bme, (min.y " T, %Mobile Phase B
0.0 30.0
15.0 30.0
20.0 29.0
56.0 29.9
16 63.0 50.0
75.0 50.0
76.0 30.0
83.0 30.0
HPLC Preparation:
15 The following describes a preferred erabodiment of an HPLC analysis for analyzing the

separate components of a TBO composition. Reagents necessary to perform the improved
HPLC method include: purified water, mobile phase solvent (e.g. HPLC grade acetonitrile
(ACN)), a buffer salt (e.g. ammonium acetate (CH;COONH,)), reagent grade acid (e.g. glacial
acetic acid), reageﬁt grade base (e.g. ammonium bydroxide (NH,OH)), a Secondary Standard

20 (Z297231A.DS) or equivalent, and heptanesulfonic acid, sodium salt,

Mobile Phase A is typically prepared by mixing a suitable buffer salt with H,0 and
mixing, preferably approximately 0.77 g of ammonium acetateis dissolved into 1.0 L of 1,0

and mixed, The pH is adjusted to 3.5 with an acid or base, for example glacial acetic acid or




10 63.0 50.0 75.0 50.0 76.0 30.0 83.0 30.0 FIPLC Preparation: 15 The
follow ng describes a preferred enbodi nrent of an HPLC anal ysis for
~analyzing the separate conmponents of a TBO conposition. Reagents necessary
- to perfor mydBabddey oved HPLC nmethod include: purified wd@ggaR | € phase

solvent (e.g. HPLC grade acetonitriles (ACN)), a buffer salt (e.g. ammoni um

acet ate (G99t i) ddded auiguimed. grioally, the sadution. iy filig bditi g A A untili d) |
reagent grade base (e.g. anmoni um hydroxi de (NHAOH)), a Secondary Standard

20 (Z97231A-DS) or equival ent, and heptanesul fonic acid, sodiumsalt.

Mobi | e Phase MgbiletPhpdedhisitypiqaily prepac byyaddingi equel ackunies afd molijlephase selugnt wi t h

H20 and m xing, preferably approximately 0.77 g of ammobni um acetate is

di ssol vedaridrh elchd), drefefabhiz00 mdnef AGNK el 500l mickhivsol aitp a3 06 graduziedni t h an

acid or base, for exanple glacial acetic acid or WD 03/ 103569

PCTI US02/ &yhd®f, and hisiagl Whils akvblustriz@stincbf 30 ¢ 50inebils pHaksidiveys to bldghas @ ution is
filtefttl tlttoiugh.. W 4'5" jutfl itef. Mbile Phase Bis typically -

pr epar ed ﬁ}yscﬁﬁéaiiﬂﬂaegﬁaahed/@maﬁﬁengﬁtsﬁoﬁ@mLl@arm%p%&lsﬁﬁmenﬁ@nd an al cohol,
preferably 500 nL of ACN and 500 nlL nethanol into a 1000 nL graduated

encompasses a second Mobile Phase with varying volumetric ratios between mobile phase

solvent to alcohol depending on operating conditions and other parameters.

A sample diluent, according to a 90 : 10 Mobile Phase A : mobile pﬁase solvent solution,
is typically prepared by adding 10.0 mL of ACN into 90.0 mL of the pure Mobile Phase A
10  (without heptanesulfonic acid, sodium salt) and mixing. It should be understood that the sa;miale
diluent is notllimited to comprising ACN, but that various mobile phase solutions known in the

art may be sﬁitable.

For analysis, prepare a 0,15 mg/mL sample solution in sample diluent by weighing about
150 mg of TBO product, according to Steps 1 - 3, into a 100-mL volumetric flask. Dilute to
15 volume with sample dilvent and mix. Pipet 10 mL of this initial stock solution info a second

100-mL volumetric flask. Dilute to volume with sample diluent and mix.

A quality control standard sample is prepared by making a 0.15 mg/mI, sample solution in

sample diluent by weighing about 150 mg of TBO, into a 100.0 mL volumetric flask. Volume is

20 diluted with sample diluent and mixed. 10 mL of this initial stock solution is pipetted into a second
100-mL volumetric flask and diluted to 100.0 mL volume with sample diluent and mixed.

* Typically, two standard samples are prepared for standard operating procedures and quality control

considerations.




cylinder, and m xing. Wiile a volunetric ratio of 50 : 50 nobil e phase
solvent to alcohol is 5 prescribed in the preferred enbodi nent, it should
be clear that the present invention enconpasses a second Mbile Phase with
varyi ng vok®lisee r ati os between nobi |l e phase sol vent g@qnghsehe)

dependi ng on operating conditions ancegot her paraneters. A sanple diluent,
according to a 90: 10 Mobile Phase A : nobile phase solvent solution, 1is
typically prepared by adding 10.0 nL of ACNinto 90.0 m, of the pure

Mobil e Phase A 10 wi t hout heptanesul fonic acid, sodiumsalt) and m xing. It
shoul d be und&reriergd asshestthe LG s Rysten suifabilitm first ijasb20 11 of thedandardc onpr i si ng
ACN, but that various nobile phase solutions known in the art may be

sui t abl e.solation mttethy SiPEC tp phipiandapacity Factomkbf peakifive 16 pedkicight 10 Benpl e

di l uent by wei ghing about 150 ng of TBO product, according to Steps 1 - 3,
into a 1Q4kng faviol foredy dctivé peaB KfiveDs) dik 04, sevelr 32 vamld wivht W) tlivukibgless tidinloment and
m x. Pipet 10 nL of this initial stock solution into a second 100-nL

vol unet r iegudl k@B k, ABMtibASLy! iBe ¥OG1HGR Dotviden SR aRtife SHak URIs rRRdst AbighboA igoal i ty
control standard sanple 1s prepared by making a 0.15 ng/nL sanpl e sol ution
in sanphgsdizhyent by wei ghing about 150 ng of TBO, into a 100.0 m,

vol unetric ask. Volune is 20 diluted with sanple diluent and nixed. 10
mL of this initial stock solution is pipetted into a second 100-nL
volunetric flask and diluted to 100.0 nlL volunme with sanple diluent and

m xed. Typically, two standard sanples are prepared for standard operating

“procedures andngyad tht YecbMNisrfahrd af@OEAR RBhih& e working standard for preparation

accuracy; the second standard must be between 97.0 and 103.0% of the theoretical

concentration.

10 | Make two injections of a standard at the end of the run, ensuring that it must fall within

" 96.0-104.0% of the initial standard total area.
HPLC Analysis:

First, inject at least five 20-pL portions of a standard solution into the HPLC to obtain
total peak area response for active peak areas of < 2.0 % RSD for replicate injections. Next,
15 inject duplicate portions of each sample preparation into the HPLC under the identical

chromatographic conditions as used in the standard calibration.

The relative retention time (RRT) of the TBO product mixture’s peaks in the sample
preparation should correspond to the relative retention time of the TBO product mixture active peaks

20 in the standard preparation. The ratio between the peaks must be within the range of 0.98 — 1.02.




WO 03/ 103569 PCT/ US02/ 17720 28 In order to assess the HPLC s System
suitability, first inject 20 L of the standard solution into the HPLC to
obtain a Capacity Factor (k) of peak five 16 > peak eight 10. The tailing

factor for yansrassks ve peak (five 16, six 14, seven 12, ase@ogHzel0) shoul d
be less than or equal to 2.5. Additignally, the resolution between any

active peak aDghilld® cRRAaRY} whighd M@ wdight BPindivRtsh ekt wslowt: Anal yze the
second standard and eval uate agai nst the worki ng standard for preparation

accuracy, the second standard be between 97.0 and 103. 0% of the
t heor et i ca%Pea]égﬁ‘“cE%t[?%Qﬁoth/W i T"Ec/f?@??g‘fe]a?@%%ﬂdﬁm;t t he end

of the run, ensuring that it nust fall wthin 96.0-104.0% of the initial
standard total area. HPLC Analysis: First, inject at |least five 20-L
portions of a standard solution into the HPLC to obtain total peak area
response for tive peak areas of < 2.0 % RSA for replicate injections.
Next, 15 inj&E&f®duplicate portions of each sanple preparation into the
HPLC under the identical chromatographic conditions as used in the standard

cal i brati on. (TheCogdentration i BRI, bPTBOIThe SBREIrd 9fephrBonl BO product mixture's
peaks in the sanple preparation should correspond to the relative

retegtion tige Ot S e i mohil S TBD frodust Sty & (e Skaplo
preparation

R,, = Average peak five 16 area of TBO prodact mixture in the Sample

preparation.
R, = Average peak five 16 area of TBO in the Standard preparation.

10 *Repeat the calculation for peaks six 14, seven 12, and eight 10 using the comresponding percent by

weight of these peaks in the Standard.

A guide to calculate the total weight percent of TBO product mixture by summing the totals of

all four major peaks (five 16, six 14, seven 12, eight 10) is as follows:
15 Total Assay Value= % w / w peak five 16 + % w / w peak six 16+

% w/ w peak seven 12 + % w/ w peak eight 10

A guide to calculate the Chromatographic Purity (Area % Purity) is as follows:

Area % Purity = [average sum of peaks (five 16, six 14, seven 12, eight 10) in sample] / (average sum

20 of all peaks in sample) x 100%




20 in the standard preparation. The rati o between the peaks nust be within
the range of 0.98 -1.02. WD 03/103569 PCT/ US02/17720 29 A guide to
calculate % weight / total weight of indfviOgal 15ealts f~'""'"'YTSI| ot~ *Peak
five 16 [ WNoQlosndsey / w = (C, f C)(R/R QwW. % of peakpfEti€izhb20Nn t he
Standard) Were: C' = Concentrationssn ng/niL, of TBO in the Standard
preparation. 5 C, = Concentration in ng/m of TBO product m xture in the
Sanpl e preparation Rsx = Average peak five 16 area of TBO product m xture
i n the Sanpfavingsiesopihedmy ventiog injsueh forme agjio Chabdgkhose FiligBdiedtiofitdmee n t he
Standard preparation. 10 *Repeat the calculation for peaks six 14, seven
12, aredderagtice it @nd, biving iddntifiedthe peponiyipagerpd best mtodip theroas] GELAD : t hese peaks
in the Standard. A guide to calculate the total weight percent of TBO
product m xture by sunmng the totals of all four major peaks (five 16,
six 14, seven 12, eight 10) is as follows: 15 Total Assay Val ue =%w w peak
five 16+%V wpeak six 16+ %W w peak seven 12+%W w peak eight 10 A guide to
cal cul ate the Chromat ographic Purity (Area % Purity) is as follows:




Area % Purity = [average sum of peaks (five 16, six 14, seven 12, eight 10)
in sanple] / (average sum 20 of all peaks in sanple) x 100% WO 03/ 103569
PCTNSO02/ 17720 30 Havi ng descri bed rry3' nvention in such terms as to T
ithbld thosd Ss I'Rt Fth tii'eth"tdlti Addrsta and practice it and, having
identified the presently preferred best nodes thereof, | CLAIM: 31 CLAI M
1. A nmethod for manufacturing TBO product conprising sequentially the

steps of (a) oxidizing a starting n@LAEBMEl NN-di net hyl p-phenyl enedi ani ne
conprised of at |east one conpound selected fromthe group consisting of

N, N- di net hyl - p- phenyl enedi ami ne and N net hyl - p- phenyl enedi am ne, in the

presence of o-1.tol W dielRd forandriuFshurlRaTBO0Fodhot tdhprisiigf fientially tisd
i nternedi ate, an indam ne, without formng material anounts of S-phenyl
t hi osul f &teps Ofib) i ntroduci ng a source of sulfur-containing nucleophile into

RS Tt A R U AR TR OB S
TBO- cont &omipriged of at least one compound selected from the group consisting of N,N-
dimethyl-p-phenylenediamine and N-methyl-p-phenylenediamine, in the presence of o-
toluidine in a first reaction mixture to form a first intermediate, an indamine, without
forming material amounts of S-phenyl thiosulfate;
(b) introducing a source of sulfur-containing nucleophile into said first
reaction mixture, to form a second intermediate, S-idaminyl thiosulfate;
| (c) further oxidizing said second intermediate, to form a TBO-containing
reaction product, in a third reaction mixture;
(d) introducing a TBO-complexing agent into at least one of said reaction
mixtures; and
(e)  separating the TBO-containing reaction product from said third reaction

mmixture.




reaction product, in a third reaction m xture; (d) introducing a

TBO conpl exi ng agent into at | east one of said reaction mxtures; and (e)
separating the TBO contai ning reacti ogzproduct fromsaid third reaction

m xture. 32 2. A conposition conprising: TBO, which has the ring nethyl
group at the G2 position, as at |least 73% by weight of the total organic
dye content of said conposition. 3. A conposition conprising: an

N- denet hyl at e@. der iAyegmpesitef cBB@rising: whi ch t he N-denet hyl ated derivative
has the ring nethyl group at the C-2 position, and conprises at |east 73%
by weight of the total organic dye content of said conposition. 4. A

conposi ti on CAmpw, whidl had e rivhhethyl afouphft thé 092 BBSAYH, HrAussayi%khy C 2
position; and an N- denethylated derivative of TBO having the ring nethyl
group at waight of thegetal engapic dive conigritof said compesdiethd sai d N- denet hyl at ed
derivative conprise at |east 70% by weight of the total organic dye
content of said conposition. 5. A process for manufacturing a conposition

according to any ofA &rapasition, comprising:
an N-demethylated derivative of TBO, in which the N-demethylated
derivative has the ring methyl group at the C-2 position, and comprises at least 73% by

weight of the total organic dye content of said composition.

4, A composition comprising:
TBQO, which has the ring methyl group at the C-2 position; and an N-
demethylated derivative of TBO having the ring methyl grbup at the C-2 position; in
| which said TBO and said N-demethylated derivative comprise at least 70% by weight of

the total organic dye content of said composition.

5. A process for manufacturing a composition according to any of Claims 2,
3 or 4 including the steps of:
(a) synthesizing an indamine; and

(b)  synthesizing an S-indaminyl thiosulfate.

6. A process according to Claim 5 in which the composition is according to
Claim 2 and the step of synthesizing an indamine comprises the step of oxidizing a
solution of o-toluidine and a solution of N,N-dimethyl-p-phenylenediamine in the

presence of an acid and oxidizing agent.




3 or 4 including the steps of: (a) synthesizing an indam ne; and (b)

synt hesi zing an S-indam nyl thiosulfate. 6. A process according to Caimb5
in which the conmposition is accordi ng,%o Claim 2 and the step of

synt hesi zi ng an i ndam ne conprises thé step of oxidizing a solution of
o-tol uidine and a solution of NN-di methyl p-phenyl enediamne in the
presence of an acid and oxidi zing agent. 33 7. A process according to
Claim5 in which the conposition is according to Claim3 and the step of

synt hesi zi ng i ndam ne further c rises th tep of . oxi.dizin

Sol Ut on of ool AIPIEe MeatBE G LB Sft KBRS SRS e? BFetf s he i n
t he presarigien 3 @hd &2 s&pl of simbeshgl bt idamAgeRitherfonddrRéORE S p JE 6RAAHIMY t O
Claim5 in which the conposition is according to Caim4 the step of

synt hesi Ziselptign of edalvidiec and 2 spdvtionovidY-methylhehesylepedigmiggiie fhei prgseace

sol ution @f Q- 1.0l solution of NN-dinethyl p phenyl enedi am ne
and N rré’?ﬁg}?m%%% 8%@&21%%%3% ne in the presence of an acid and oxidi zing
agent. 9. A nethod for identification of dysplastic tissue conprising: a
step of applying to human tissue a conposition according to any of dains
2, 3 or 4.

8. A process according to Claim 5 in which the composition is according to
Claim 4 the step of synthesizing an indamine further comprises the step of oxidizing a
solution of o-toluidine and a solution of N ,N-dimethyl-p phenylenediamine and N-

methyl-p-phenylenediamine in the presence of an acid and oxidizing agent.

9. A method for identification of dysplastic tissue comprising:
a step of applying to human tissue a composition according to any of
Claims 2, 3 or 4.

10.  The use, in the manufacture of a medicament for treating dysplastic

 tissue, of a composition according to any of Claims 2, 3 or 4.

11.  The use according to Claim 10 in which the medicament is used with a

step of modifying the incidence of light to control phototoxic effects.

12.  The use according to Claim 10 or 11 in which the medicament further

‘comprises a chemotherapeutic agent with said TBO product of Claim 4.

- 13, An HPLC method for analysis of a TBO dye product, comprising the
steps of:

(1)  forming a TBO sample solution,




10. The use, in the manufacture of a nmedicanent for treating dysplastic
tissue, of a conposition according to any of Cains 2, 3 or 4. 11. The use
according to Caim110 in which the medjcanment is used with a step of

nodi fying the incidence of light to control phototoxic effects. 12. The use
according to Cai mg0 o L i : i t g I.Ses a
chenot her apeutic a ]}nt \?\?lﬁ{n%% ﬁﬁ%%%pgg%dﬂ%&o a‘ivgrl#ilgdj%e S%ﬁ@éﬁ% met hod
for anal ysgaiodcig TBO dye product, conprising the steps of: (a) forning a

TBO sanpl e sol utio 34 (.b) f.orm bi | e.phase risi,ng a

wat er - sol ubl e salt ?‘af affd lgf’ﬁ‘ta‘ﬁg@ng%il‘g% &!(f'ér)m«‘é" it ?WE@%SERO&PE‘@ col um
with the nobile phage fhgustingiRe sdntble sdling&d infkht MPISBEIM@An SOl Ution into the
HPLC columm, in which: the nobile phase is forned as a conposition

i ncl udi ng heptanesul fonic acid; and a second nobil e phase conposition
conpri sing SO%SQ%RQhoI by volune is forned.
the mobile phase is formed as a composition including heptanesulfonic acid; and

a second mobile phase composition comprising 50% alcohol by volume is

formed.




