Title: TOLU DINE BLUE 0 DRUG SUBSTANCE AND USE THEREOF FOR I N VI VO STAI NI NG
AND Cl | EMOTHER ON APEUTI C TREATMENT OF DYSPLASTI C Tl SSUES Abstract: The
invention conprises an inproved process for preparing TBO drug products
includes tRkeogd@Rge (1) synthesising an indanine; (2) ca@ygdbhfe said
indam ne into an S-indam nyl thiosulfate; and (3) adding an oxidi zing

catal yst agent, conplexing agent, and an acid to said S-indam nyl
thiosulfate to fornmul ate TBO and C-4-net hyl regioi soner, and derivatives

thereof. The inven i %ﬂM@mbﬁg@mfmﬁmm of matter that

are useful for deypEREEF ASRINGEIVE ST SHER S O dyspl astic
tissue, nanel y, TBO prod Tﬁﬁﬁﬁg f peaks eight, peak
*si X, or a conbination ther‘gﬁF :B)ng%y?m% eny n%dl am ne as a

starting material results in a TBO product conposition conprised of peaks
ei ght, seven, six, and five in the approximate ratios 33:5:5:1,
respectively. Whereas N nethyl-p-phenyl enediam ne as a starting materi al
results in a TBO denetyl ated prod- uct conposition conprised of peaks six,
five, tree and t Vithepreséohmvapion xcniaipevementapd8ths TahillineRispOcbmyedijons,The
invention further conprises an inproved PLC nethod for analyzing the

i nprovefl TB@robestgs pidadetbdds disblesddipUaitanstaks Paw 6,0360832ahe 64041513, on of an
ion-pairing reagent in a first nobile phase and form ng a second nobile

phase COWpOShédlﬁﬁiatg@ﬁ@émﬁyf&r&% al cohol by volunme. WD 03/ 103569
PCT/ US02/ 17720 TOLUI BI NE BLUE 0 DRUG SUBSTANCE AND USE THEREOF FOR I N

VI VO STAI NI NG AND CHEMOTHERAPEUTI C  TREATMENT OF DYSPLASTI C Tl SSUES The
present invention is an inprovenent upon the Tol uidine Blue 0O conpositions,

5 processes and %Epﬁgéa%gnﬁiéﬁe‘?%eétg wl%%%gﬁ%fﬁﬁﬁdf oS Fndfr 086, 852 and

6, 194 573, incorpofa y re

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 éctive organic

dye compositions in relationship to degradation products.




The present invention relates to novel biological stain diagnostic and/or
chenot herapeutic conpositions that are adapted for human in vivo
application. Mre particularly, the present invention relates to novel

Tol ui di ne Rigwiabssgs TBO') 10 dye products, which cont ai ckRfSeaiithespeci fic
TBO derivatives, in specific proportisns. The present invention pertains
to new net hods of manufacturing TBO conpositions, including these novel
TBO products. The present invention further pertains to a new and i nproved
met hod of HPLC analysis for confirm ng the conpositions of TBO
constituents, including these novel TBO 15 products. The inproved HPLC

process nore resglutely, separates the HPLC peaks _.associated. wt e
organi ¢ dye cont glﬁ?p]ﬁ%%m{’% o%ég%grpaegg%ﬁ oanggo\me{q?ﬁ%%d}sgngg??h v%‘ﬁ(%ﬂcts.
Addi ti onal | t he.inprqv nmet h %ﬁgf HPLC anal ysi.s indicates the stability
of active o%ﬁ’gﬂ Séhongg’eﬁ@g‘%b%@i’etcf lastie, 1% P?rﬁ%gﬂﬁsb‘e'to degr adat i on
products. WD 03/103569 PCTI US02/ 17720 2 The present invention further
pertains to in vivo nethods of using such novel TBO conpositions to
identify suspect dysplastic, i.e., abnornmal, tissue. The present invention
further pert ai nsThopresentinyention funberpesthing to ingive methodpefaisingB®hL nowehdd t i ons
as a chenot herapeuti c agent agai nst cancerous or precancerous tissue. 5 1In
still anot hepmposifiohs at hehemathpmptutictapent agairehtancaoyser PEASEIDTS TP OoSi t i ons,
~in vivo diagnostic nethods of use thereof, therapeutic treatnment nethods
of use thereof and processes
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.




for manufacture thereof, which are specially adapted for use as a
chenot her apeuti c agent agai nst cancerous and precancerous tissue. 10
Background of the Invention Squanous cell carcinomas usually begin as
surface | agoonfsswt h erythema and slight elevation. Thegeuk@ahRps are
termed erythropl asia and have been dascribed as early red |esions, which
maybe either carcinoma in-situ or invasive carcinoma. Wile often 15
asynptomatic, these | esions should be biopsied to determ ne whether the
tissue is malignant or not. Qher |esions, called |eukoplalda, are pure
white. O these, onIy 10% of themare found to be carcinoma in-situ or

i nvasi ve cacin for janous cel | i noma fl oor
of the nout ?Qo’fdﬁ‘gg&‘%"rfﬁg{eg?u% #’fa?ﬂtfﬁﬁ e@fﬂ?%?rfeg?ontdf) sa\(f a?seﬁ?ﬁlﬁger%&gnd t he
retronolar trigone, presunmably because the oral 20 tract is often nore
commonl y exPO8¥t to carci nogens, such as those found in tobacco. WO

03/ 103569 PCT/ US02/17720 3 According to recent studies, the depth of the
| esion corresponds to a decrease in the percent survival. <2 mMm95% 2-9
mm 80% 5 >9 nm 65%

<2 m—-95%
2-9 mm——-=30%

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.




Furthernore, patients with early stage oral cancer have a 75% survival at 5
years, but only 35% survival for advanced stages at 5 years. (Emmanuell a,
J., "Head and Neck Cancer : Squanpus Cell Carcinoma", Medicine Journal,

Vol une 3, WwiAatssds January 3, 2002.) Accordingly, earlpycgedseeizzeon and
treatment by nmultiple nodalities is iwportant for better 10 prognosis in
head and neck cancer. Epithelial staining is known for facilitating the

vi sual 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
m tochondri a of | .ignant, cells. a.result, TBO can. be used. as 15
screening test ang" qxwt@nﬁﬁlﬁ@ﬁor?ﬁlgtgﬁ@dﬁﬂﬂﬁﬁ SXgpmaton 1@%{ Ggeness in
stai ning malignant and precancerous _| esions dark bl ue wi thout staining
normal | mucodastphpyesd anfl lrweomsrage oy sxanitiqng g e glity AEsuSRiFiPRY
States Patent 5,372,801 to Tucci_et al discuss such in vivo diagnostic
tests for i defeisipundy adingnepdle aspizatipn blopeysipeytoleryssexssipnal bopsy usialyue. WO
03/103569 PCTI US02/ 17720 4 Routine exam nations entail conplete head and
neck examni n&elows. Qidetr disgipsivefcarcimenpsuanrden gelnbcopicdximingtinpdp reaoymeat i rror
exam nation. I'f an abnormality or suspicious tissue is found, a fine

needl e Aaspi maddr genchil apsthesiowith ydndbm dyopeies ebWhldeyenshg, ithedpypyphasmeal | y
follows. Once a diagnosis of carcinona is made, endoscopic exanm nation is
“r ecomended nisopiviix, Ge1@hdlcoamen ke SF metabthdls 4raAndP BasPicRs ietiBnd GeMdhidoger

ring, the hypopharynx,
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




nasopharynx, and other comon sites of netastasis and any suspicious

| esi ons. CGeneral body- wi de routine hematol ogi ¢ exani nati ons are encouraged
to assess overall nedical condition of patient and the possibility of
spread to dossanksoor gans. (Emmanuel la, J., "Head and NeGi¢rnfsgamaedo :
Squanmous Cel |l Carcinoma", Medicine Journal, Volume 3, Nunber 1, January 3,
10 2002.) In 2001, WPO Publication Nunmber WO 01/64110 di scl osed that TBO
is an effective dye for selectively killing cancer cells. Subsequently,

W PO Publ i cati on Number WD O 1/64255 Al disclosed that the conpounds
represented by either peak eight or peak six of the 15 TBO conposition

di scl osed ip;th W.PO publ i cati.ons,. a responsi bl.e r the majority of
the. chonot nEetSERf: 1 drpBieped bR o Bl WRTE a5 Singlpyfip eyl

maxi m ze the.producti, of t conpounds repr sentedﬁﬁ Jhe fractions of
peak ei ght ﬁlﬁ(gu Tk a“éﬁ?&‘yﬂffnf‘ﬂji‘cgg‘%ﬂf‘é‘@ f"(!?sqtﬂtég g'@ﬁe‘PFE@ thigs %ﬁ hn@ somdensaliany ug
subst ance. ‘I;’{ ior Art 20 The classic synthesis of TBOis thoroughly.
descri bed i At fmuqgnifenigaced with ¢-tyliding: fo formethe smrespapdingdndegyramibiosul§mic 1889,
to Dandliker et at This synthesis was described as five sequential steps
(1) oxi dat i &fd Gyspmeticat ipped Ssyblvdmtetl Srindhindgry! tidosulfatg”); GMingclpsrastham WO
03/ 103569 PCT/US02/ 17720 5 dichromate, in the presence of sodium
t hi osulf at elndamint-ehinsuPfosiniacid,- &g din thetpngskaceiof ginb eityidide 4t boitingitehpaiatraior d
(systematically naned "substituted S-phenyl thiosulfate'); (2) condensation

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.

] LN CH
15 HPLC analysis Hsc\N N “NH of typical TBO products reveals
. + 2

eight major peaks, (I3Ha c 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




of the thiosulfonic acid with o-toluidine, to formthe corresponding

i ndam ne-thiosulfonic acid (systematically naned "substituted S-indam nyl
thiosulfate"); (3) ring closure of the 5 indam ne-thiosulfonic acid, e.g.,
in the presgr@aolbe zi nc chloride at boiling tenperature g@iusoapost 30
mnutes, to formTBO (4) the reactiog mxture is then cooled and the TBO
product of the ring-closure reaction is conplexed and salted out, e.g., by
treatment with sodium chloride and zinc chloride, to precipitate the TBO
conplex, e.g., as a TBO zZznd 2 conplex; and finally, (5) purification maybe
acconpl i shed by repeated re-solution and re-precipitation, 10 e.g., by
re-solution in hot aqueous zinc chlorépg éo‘%tion and re-precipitation with
sodium chloride / zinc chloride. TheSé& onposi tions contai ned a nunber
of inpurities, as well as were limted in their organic dye content. For
exanpl e, the process of manufacture described by Dandliker et at typically
yi el ded conpositions that were | ess than 80% dye content. N~ \ CH3 15 BPLC

anal ysis H3C-N /_~+NH of typjcal .TBO products .r al + ' eight i
ity b oo syl Ak B sttt of SR PR e SR e ¢ e
~conposition. True TBQ i s designated. as "peak ejght" LS fraction
wher ei n t he TTRMRRERA 89@0 ﬁorwpog&qgm@wgflg P&ﬁ&fﬂ%@-ﬂw%ﬁa@ﬁ!‘ 6‘6{)’(}3@ attached
'to the G2, as shown : 20 ‘ .

5 didemethylated derivatives of these substances. Moreover, the N-demethylated derivatives of

TBO (corresponding with peaks 5 and 6) and its C-4-methyl regioisomer typically 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)




WD 03/ 103569 PCT/ US02/17720 6 (Peak Eight) It is now known that the dye
content of typical TBO products included the G 4-nethyl regioisoner of TBO
(corresponding with peak 7) plus the N-denmethylated and N,N 5

di denet hyl aveds/tesevvat i ves of these substances. Moreover poihi€zi17720 :
N- denet hyl ated derivatives of TBO (carresponding with peaks 5 and 6) and
its C4-nmethyl regioisoner typically forned greater than 20% of the dye
content. To clarify, other fractions include : (1) peak seven wherein the
nolecule is NN - 10 dinethylated and a - nethyl group is attached to the
C-4 as shown: C--N NH2 CC (Hk3 Peak Seven) WO 03/103569 PCT/tJS02/ 17720
' 7 (2) Peaks six and five, which are derivatives fornmed by

~ N-denet hyl ated of peaks eight and seven, respectively, as shown: \ N~ CH3

(2) Peaks six and five, which are derivatives formed by N-demethylated of peaks eight

and seven, respectively, as shown:

N CH,
IO ™

H

\243 s NH, Moy AP

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.




HNI / + NHZ HNI1 i NHz CC ~H3 ci CH3 (Peak Six) (Peak Five) 5 and (3)
Peaks:three and two, which are further N-denethyl ated breakdowns of peaks
six and five, respectively. Due to the high percentage of inpurities,

vari abi | i t woods/ibdsee dye content and relatively |ow perceptpa®z@fnzd rue TBO
content in the prior art TBO conpositBons, regulatory approval for human
testing of a TBO conposition required that manufacturing processes be

devel oped 10 for reproduci bly preparing a TBO drug substance with | ower
impurity content, consistent dye species content, higher total organic dye
content, and higher true TBO content. WO 03/103569 PCTIUS02/17720 8 In

devel oping a re - royable co sition.of - rkett, made

i mpr ovgmegt s, ag lﬁ%ﬂ@%’%ﬁ‘%@% Q?Ef!ilila%m("ta%c’@ tcgglpg’qé?(’é‘n?fgl%@’ﬁg‘,%ﬁdﬁnd
6,194,573, to the conpositiqn and e nethod fo nufacfurin use, and
anal ysi s of 1‘?@6"8‘%}@5’ggg??%%@&ﬁ“ﬂ%%@%ﬁﬂ%ﬁﬂ&@@?&%foghe by peak
ei ght or peak six are _now known to possess 5 both the ability to

sel ecti vel y {EPRSIER apd|the methadsiopmanufuivring; yse, sud gy of THQdms stbsisaesfous

cells, it would be highly desirable to provide a process to naxinize the
content of these conmpounds in a TBO drug substance, w thout unduly
conplicating the expense and conplexity of the manufacturing procedure.

Since 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 description thereof, taken in conjunction

with the drawings.




The present invention solves the above problem by providing TBO products
that 10 conprise a nmaxim zation of the fractions conprising peak eight
and/ or peak six, respectively. Accordingly, the present invention is the
nost desirable conposition for use in agethod for identifying or treating
dysplastic tissues. | have now di scovered such a process, products thereof,
and nethods of use and analysis of the drug substance product thereof. 15
The various enbodi ments of t hBrifREscriRtion ohHhts lav@tipR actice thereof will be
apparent to thosglfsski lled in the art, fr?m the foll ow ng detailed
description therbBF! aspegk BiQVIdEs aigeposfer matachripg TBR@ e OmgEsing By ef
Description of the Inventlj_@n A first aspect provides a nethaod for.

manuf act ur iSAYCTEEY fiestrrt el € Apflrueagtartwg gakshel MVidmethd-parhepiensgiaming
oxidizing a starti mat eri al NN-di nmet hyl p-phenyl enedi amine conprised of
at |east orf@TREIHSIAHEAnERIERPURS iﬁlﬁcmg%&%%cﬁmm ARGV et hyl p-
phenyl enedi am ne and N-net hyl p-phenyl enediam pe, in the presence_of

-t ol ui di netFIGedifpige andr%a%ﬁygﬁgﬁﬁnx pRdEntiRs: ghnRresepsead o-tolhidie ingifist o, an

i ndam ne, without,. formn terial anmounts of S-phenyl thiosulfate; (2)

i nt r oduci nd*3LHHFEE® Gifo Hﬁ?@@ﬂ?ﬁdﬁf%ﬁ%’ﬁgﬁ’ﬂ&?’ & t&@’r‘ﬁ&@@ﬁ@“‘?@ﬁﬁ
reaction mxture, .to form.a second inter iate, S-idam nyl thiosulfate;
(3) furthe -Pﬁs%?ﬁiﬂ&?%‘&teﬁéﬁ B BEOR s Rear M atiniae RGO FHGIN ne © ng
thereof, to forma TBO containing reactiQn product in hird reaction
mxture; (4 ac??ﬂ%ﬂ‘ﬁ%f"r%“’éﬁ%@‘@%%ﬁ‘%’iﬁ‘%&l thiospigate B) furtner oxidizing

said second intermediate to close the indamine ring thereof, to form a TBO-containing
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.




reaction m xture before said third mxture is fornmed; and (5) separating
the TBO-containing reaction product fromsaid third reaction m xture.

Di scl osed herein is a nethod by first oxidizing a starting material in the
presence of o- toluidine in a first reat?ion m xture. The starting materi al
may be either a conbination or individually: N-nethyl p-phenylenedi am ne
and/ or NN-di net hyl p- phenyl enedi am ne; dependi ng on whi ch peak, peak

ei ght or peak six, or a conbination thereof, is desired as the dom nant

fraction in the Whdeals NHASHG phfiineRdmRRIES stlind MhRrifl QGHRER, TREPNPOSI ti ons
conprised predom nantly of peak ‘eight or six, or a conmbination thereof, are

referred t Qie@SthviattBOoRIA dbtfbositi N@%&Q&rﬁiﬁ&@w ResRBCAYS, aRediafidid 1as a
starting naterlgf rgghlts&ﬁ%mgoTB productlwcgnposition ﬁay conpri se of

peaks ei ghtapp®einRieratids$3:580d rdshé@vdly) the approximate ratios 33:5:5:1,
respectively. 10 Wereas N-nethyl -p-phenyl enedi amine as a starting

material results in a TBO denet hvl ated product conposition may conprise of
peaks six, five, three and two in the approximate ratios 33:5:5:1,

respectively. Thugs, oR¥dtidRbi a3Bacn MixtuRatdylcOMaifihg Libkify ﬁﬁyﬂa«zmﬁaﬁnﬁﬂﬁhg
starting material, N, Ndinethyl p- phenyl enedi am ne” and/ or N nethy

p- pheny| eneMlemidnBamia shdfor NOméthfl i igheARGIHEMRR] L1 8-toluAideQdMe] tigra sour ce of
sul fur-contai ni ng nucl eophile. The above nodifications result in a wholly

unpr edi ct edntﬁﬂﬁ@@{é $oufR 0OéulBEInRBRBRicleoSHTIS. THIAbovERNOdIFRYHdHs Z8ull AQ
production of peaks
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.




ei ght and six, respectively. These conpositions have been desirable, yet to
date, un-achieved. Wth regards to NN-di net hyl p-phenyl enediam ne as the
starting material, disclosed herein is a new conposition of matter,
conprising TBO and its C4-nethyl regioisonmer and their N denethyl ated
derivatives of said isonmers. Mire particularly, HPLC analysis (at 290nm
of the conposition reveals that the ratio of the conbined areas of the
HPLC peaks repr 5¥RIIATPEHITOVITS 8/ FRPROSTHSN CoPISHI I R hishis thsring msthyb ak s
representing sai denet hyl at ed_derivatjves being at | east about 7: 1. In
anot her e ﬂ?ﬁbﬂ? ?'-\%?éﬂfe%ﬁ%@??aﬁ‘i B b eightof thejota e diF eariesf oL HpLC
peak representing TBO to the area of the peak representing its C 4-nethyl
regi oi someroBPOsEy east  about 6: 1. 11 A second aspect provides 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 conpositiqQn.., Wth regar to N-nethyl - p- phenyl enedi.anm.ne as the
starting materi df'™§eEdy taz’géaetﬁaafvé?%ﬁnﬂ?ngélﬁww @eﬁtﬁ%@g aiSFalofisclased ket
conprising.the N-denethylated derivativ of TBO and its C-4- t hyl

regi oi somers & WBrETBEFEILS gLy compspiag Hﬁi‘ﬁéﬁﬁe@%ﬁ%@mﬁw ngerﬁgg%ﬁﬁ‘ési tion
reveals that the ratio of the ¢ .hed area t he  HPLC peaks

representi Hﬁt@gﬁealof@‘aﬁrnygfﬁﬂagfcéldﬁ%%g@ﬁ%éﬁ ?%)“F‘E@ft DFAFPREHOLEEERE of the

peaks 01 GSeLLNG (PAL LolbhLd 10 Mo PO L 8 S50 MARLL SRS D1 O 2

.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.




I n anot her enbodi nent, the conposition has a ratio of the area of the HPLC
peak ~representing the N-denethyl ated derivative having the ring nethyl
group at the G2 position to the area of the peak representing the

N- denmet hyl at ed derivative having the riHlg methyl group at the C-4 position
of at |east about 6: 1. A third aspect provides a conposition conprising an
N- denet hyl at ed [ L.\v.akk . i \5‘42!8 : erivative
has the ring net yf:t ag‘%ﬂ&%%mg{’d‘?‘g‘ggé‘f lé)&lrljo It?g%%k%%%t&?(&%%%@%@&ﬁ | east 73%
by wei ght of t | ' C ' hrm,gﬁ,; 1. 0; urth
aspect pr ovﬁoﬂlﬁﬁe}g?@g Og%%upxo@%tg ﬁ%%l&gg%g}l guﬂ?g% ZP(%%m%%llgtgﬁ@ as teﬁig%lg Flhg%nfnrrgt hyl
group at t I L10R; an N-denet hyl ated derivative of TBO having
the ring ner}ﬁ?%@%mg?%{l}%é(g?p?sﬁ%ﬁc& position; in which said TBO and sai d

N- denet hyl at ed derivative conprise at |east 70% by wei ght of the total
organi c dye content of said conposition. Ila In yet another enbodi nent,
the total organic dye content of said conposition is conprised of a mxture
of predom nantly TBO and N-denet hyl ated derivative having the ring nethyl
group at theC-2 position. 12 The described conposition may be inportant in
a nethod for identification, as well as, chenotherapeutic treatnment of
dysplastic tissue. In yet another enbodi nent of the invention, TBO product
is enployed in photodynam c therapy to nodify the strength of the TBO
product's chenot herapeutic treatnent




effect. In so doing, the incidence of light may be controlled in
conbination with the application of the TBO product. Photodynam c
responses in chenotherapeutic treatnents has been known since the 1960's
as a conbi nation therapy, involving both2light and a drug. Upon application
of a drug, light is shone and varied by its particul ar wavel ength

properties and | eﬁ‘dﬁ&%é’d c%&%%sgt%o@ﬁ?ggoreﬁrﬁgér&nﬁﬁra% grfo‘?:i%h{‘d@c%ﬁéﬁ, bLywhi'g, action

of the drug. A fi aspect process acturing a

conpositioqm%QD%g%%$ﬁgHéBﬁ¥@of igﬁch%ﬁgudes the steps of. (a) synthesizing
a

an i ndam ne; an synthesisrng an S-1ndamnyl 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 sevent r'in %&Ler%gl%}{&iﬁlgﬁ o& Hl% iﬁ{z%ﬁtioni, ’P%? Iﬂﬁ)d@ Mm@ﬁ&)’é& fh of a

medi cament for treéating ysplastic tissue, a conposi tion as defined

above. In f ﬁo?ﬁ{agﬁm%géﬂ? %ﬁrgfy Eh@ gtrr&lglhsoé 'afe% gdﬁ&6 § .elznio{flgra[n c Hedadam nyl

t hi osul f at Zl ng agent "an ast conpl exi ng e reactant

with a C0”péf%géh?xf&faggl‘tﬁg,tthéiﬁci&&l%% 1@@%;”&?&%%%@%&%&%11 with RE §icdiQn MOT €

accurately 1 € new conpo product, an 1 nproved HPLC

et hod f o gal i) Og.jct_@P(;J/;%g%E rg,%g&g%%ic}q%nﬁez@e&i&&h%ﬁfé had el £ € e

nobi | e phase has speci al pte e conposition, a e

addi tion Ofsix?.@ tﬂeq @6(%643 A coﬁlﬁﬁ%ﬁ)ﬂtthera} ﬁn@dlﬁﬁ% ﬂﬁﬁggﬂf'gﬁﬂq ({Fgé l‘ﬂfﬁgn Eﬁ}ﬁi%tﬁﬁ of

separation of HPLC peaks relating organi ¢ dye products from peaks

associ at ed Wit PRW AURL bR VarR Y8 bl R0 R hbites BRHoleRYSlonltmecul ty.

. 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.




Di scl osed herein is a new application of TBO wherein nore pure
conpositions of TBO product, e.g. peak eight and/or six, is applied to
cancer tissues to selectively elimnate or weaken cancer or pre-cancer
cells. Disclosed herein is a nethod fori¥produci ng the nost pure
conposition of TBO yet manufactured. Disclosed hereinis a nore pure
.clinical proce cancerous and

stai ning dye for..use jn s for. locatin

pr e- cancer ous tiDs}%cEé“éi.heﬁdfh’islai“&‘i&m?l@?m& Og# » RSP POTPPURRPHBES IS fpLC i s
di scl osed f rovjidin n . inproved resaolution in the isolatjon and
donti 11 catitSHTBFNT BB HARCEHAME T, Sy APORED SBET SRS © AV EHPRLREE
provi des an HPLC net hod for anal ysis a TBO dye product, conprising the
D e of . (A5 G Pip-orBks SRR BOISER P = ol B Pt s Bl B hase
conprising a water- uble salt qf .an organic acid, (c).equiljbrating an
TP col unmiombelion e TR st St Bh Bstinh put Shinphie e ligh o
sol ution inf.o aihe PLC_.col unm, in which: the nohile phase is forned as a
conposi ti off THE PIHT Sﬁ"ég?ca%ﬁ?ﬁemﬁ‘f’an P-EAOCHRY 1S &cond nobi | e phase

conposition conprising 50% al cohol by volume is fornmed. Brief Description
of the Drawings Fig. 1 is a 290 nmm HPLC chromat ogram depicting the peaks

~whi ch h teristi f the. TBO iti . th t
mvent | on wher ol ORORT HBERE B BRURRLHELE SRR PR g ng
terial; WO 03/,103569 PCTI US02/ 17720 .14 Fi [ 90 .nm HPL

Chr omet ogr AIRFOHEAERERY 1 e SpRaRLnr e e B QR FROegtiive acdons.

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;




of TBO product conpositions previously noted for maxi mnumi sol ati on and
production of TBO Fig. 3 is a process flow diagram depicting the
preferred enbodi nent of the invention 5 for manufacturing TBO products,
“incl udi ng tWh@odmeyey TBO product conpositions of the prepenisohiventi on
wherein N, N -di net hyl p-phenyl enedi amigne is the starting material; Fig. 4
is the chemcal reaction resulting fromStep 1 of the process for

manuf acturing the TBO conposition, wherein NN -dinmethyl - p- phenyl enedi am ne
is the starting material, depicted by the chem cal structures of the
reactants and an internediate; 10 Fig. 5 is the chem cal reaction resulting

f St 2 of t . f facturi b T Lt ] i
N i ret gl - pRGH SR e o LR PR et A e CRHIPRL WGt
cherri cal str tures of the reactants an? i nt.ernedi.ate; and.Fi.o. p is t he
chemical redtt Todish RRPRSTHOPLRFPSPYSly RPtesiof W@“B’F‘B‘d@(’%ﬂg‘(’fl Wﬁﬂmpg%?url ng

u
t he TBO conposi tion, wherein NN -di net hyl -p-phenyl enediamne is the
starting mat BPal, 15 depicted by the chem cal structures of the reactants
and ‘product. WO 03/103569 PCT/US02/ 17720 15 Detail ed Description of the

| nventi on The acconpanying drawi ngs illustrate the preferred enbodi nent of
the invention wherein NN -dinethyl p-phenylenedianine is the starting

material. The draw ngs should not be cqonstrued fo Jimt.the invention to
exclude N . et thI%ﬁﬂﬁ%ﬂSpp@ﬁ Ay Siperm, depiciingths pre ed cmrgodmlen? of tﬂe 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.




5 material, but may be used to provide a nodel for the very simlar
reactions wherein N, N - dinethyl p-phenyl enedianvne nmay be reacted to form
a TBO product conprised predom nantly of peak six. Wth reference to the
acconpanyi ng drawings, Figs. 1 and 2, the present invention for a

conposi ti-%wﬁ]&%ges the fraction, designated as peak eipghiusdfiz¢loerein
referred to as "peak 10 eight"), whigh achi eves 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
present invention concerns the manufacture, and eventual analysis, of a
conposi tion having the maxi num percent wei ght of peak eight 10, wherein the
fractions of TBO and C 4-nethyl regi oi sonmer ﬁ)geaks L£ight 10 and seven 12)
are seven tinmes 15 the vol unBeisiledBpsgrptign of tis IRVIEARt hyl at ed fractions of
TBO and C-4-nethyl regioisoner (peaks six 14 and five 16). Mre
particularly, 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-denethyl ated derivative, respectively, and wherein the
‘ring nethyl grouphd scabpanyieg Gawings Hlusican thepyefousdeabedasae’ P17720 16
correspondi ng N-denet hyl ated derivative, respectively, and wherein the ring
met hyl  gr OURhbin JAN -SiRRG4 phaglehediamink is the stattingmgiesialn dhe dvastnasisagripreii
eight 10 is nore effective than other fractions for staining tissues and
for treating, CARGES S Wikitihd BONHES td Skcl@b 8Lt nathyp@hénykabdienine as a starting
5 material, but may be used to provide a model for the very similar reactions wherein NN -
dimethyl-p-phenylenediamine 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




of cancer patients. 5 A determ nation of optimal paranmeters with regards to
conbi ning the TBO product mxture with a light during photodynam c therapy
is specific to particular cancer types, as well as, patient sensitivity.
Usi ng an epdpgaaie or equival ent, "the incidence of |ightp€Emikelerzorodified
according to wavel ength and/or intensisty. Accordingly, one skilled in the
art is sufficiently inforned to determ ne the optimal 'light
characteristics for conmbining with the 10 TBO product m xture for optinal
drug interaction. The procedure for manufacturing the present TBO
conposition is a nodification of previously known net hods for producing

TBO duct Vb di f ' | of
the Second SFHSHRHRE NrsBenSlaet e afPapru ah Rl autshThe b B RSHSE ©
d bed b : 94, 5 . t ,
Wher eby N, 1L ﬁr‘@%pwﬁ@ i5 ket Yﬁ??ﬁa‘feaiwef’% oltfisrirr et e | e
solution are_m xed prior to introducing a source of sul fur cont ai ni ng

nucl eophi | e, F4cHe fP@*W%HSSé?ﬁW@fWe&%&%W hrsrR s P PG aprand frpgiment

Moreover, the resulting conposition, being one that is highly desirable in
t he det ectl oHf caggepatiewdst nent of cancer, is an unexpected product to one
skilled in the art of chem stry and phar macol ogy. WO 03/ 103569

PCT/ US02/ 17720 17 Cenerally, the process entails oxidizing a solution of
N, N- di et hyl p- phenyl enedi am ne and o-toluidine with a stabilizing agent.

Fol | ow ng oxi dation, an acid is
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.




i ntroduced. Then, a conpl exi ng agent, an oxidizing agent, and a source of
sul fur-containing nucleophile are added. At this point, an internediate,
S-indam nyl thiosulfate 40 is created. 5 The S-indam nyl thiosulfate 40 is
t hen oxi di $®fsvbisky an oxi di zi ng agent, followed by the padgidberPf a

conpl exi ng agent, an oxidizing catal ygt agent, and an acid. Fig. 3 is
provided as a reference for the followi ng steps, |abeled Steps 1 - 4, which
describe in detail the preferred enbodi mrent of the present invention
concerning the manufacture of a TBO conposition. 10 Step #1 - Synthesis of
an | ndam ne Five granms of NN-dinethyl p-phenyl enedi am ne di hydrochloride

powder is added 5 of USP purif.,ied at 300 rpmin a
r ound- botton1f|ag%mﬁ%$% W@ i ﬁ?ﬁmﬁgﬁﬁpﬁﬁ?%%@@PﬁﬁFﬁ%Wﬂ%act|on m xture
20 shoul d be nalnt ned at s 10, C a tirred fo 0 .m nut.es.
o Tol Ui di ne MyBHGEHFBItedRs peolEiis %@} i85t %%%ﬂoar@ agid is
hydrochlorlc acid (6 N) to 2.8 g of o-toluidine. The o-toluidine , .
hydr ochl or i diétredyeest jIdan,zcogmlpring 2gent sanjoridizing agat 0da souxce ohRfECoHARIAg
anount of USP, purified water should be added to redi ssolve o- toluidine
hydr ochl ori d@ldﬁmgls'he atesdded. Afrilrs paint aa peardiatnG-08i 03580 sHb 8o oeated 20 18
The o-tol uidine hydrochloride solution 22 is added to the N, N-di net hyl p-
phenyl efedi dhherfeindintiyyltinofilfic 4dds them otitliaal with aniodi2Bg aga, | follwyebd by thehe
addi tion of an

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

toluidine hydrochloride crystals, if crystals appear.




additional 2 g of HO (6 N) 24. The reaction m xture 26 should be

mai ntai ned at below -10 C and stirred on ice for 45 mnutes. 5 By using an
addi tion funnel, 29.25 g of dichromate solution 28, prepared by adding

9.39 granms of potassiumdichromate to 108 grans of USP purified water,

shoul d be (over 20 minutes) dripped into the o- elRisehReo
hydr ochl O@Jgﬁgﬁg N, N-di met hyl p phepyl enedi am ne di hydrochl oride reaction

m xture-1 6. Once all of the dichronmate solution 28 has been added, the

i ndam ne di hydrochl oride reaction m xture 30 should be maintained at 10
bel ow -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 hydrochi ori de and derivatives thereof. It should be understood that
~presently, hydr dbtbdolntlirediydracklotiéd sobiied 22 ¢ dldeditodhd NAbflimethet-abi | i zi ng
agent for both the starting material (NN-dinethyl p-phenyl enedi am ne and/ or
N- et hyl phphesmydienad dliidedb)orida thactich@hitttuesd T6 folkeed byl hrgldyfition tianpr ecedi ng
step describes the 15 conmponents NN di net hyl p-phenyl enedi am ne

di hydr ochl ofiiigiendp 9w ETE MY 24 O'Tid fhdien niyEf R ¥hBhIl 86 nelhiithd 0 bdlGw -l 1
respective stabiliZed forns by hydrochloric acid. The present invention,

however is 20 %%‘;’@ﬁ‘gﬂd’f’%?"r%@é‘g‘%ﬁﬁ“ cul ar stabilizing agent and may

t herefore oric acid any suitable. stabilizing

agent, which is understood by one skilled in the art to enconpass any one
in an array of known stabilizers. WO 03/103569 PCT/US02/17720 19 A di agram
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.




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

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

source of sulfa r-containing nucleophile is prepared by nmating a sodi um
thiosulfate solution 38, which in turn is prepared by adding 6.53 grans of
sodi um t hi osul fate

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.




pent ahydrate to 15 grans of USP purified water. This source of

sul fur-containing nucleophile is slowy added to the indam ne

di hydrochl oride reaction m xture 30 and stirred 5 on ice for 60 m nutes.
The preci pigedsfodd ch fornms consists of the S-indam nyl jdyesehiafe 40 and
derivatives thereof. As would be undeggstood to one skilled in the art,

ot her sources of sulfur-containing nucleophile my be used and substituted
for a sodiumthiosulfate solution 38. A diagram of the chem cal reaction
descri bed above in Step 2, is provided in Fig. 5 10 and denonstrates the
reactants and product by their nolecular forns. A dotted |ine can be

observed connecti,n 0 of t tted lLing.si ifies
Chat the S50~ WihEe B vubRetrtReRepidep s pRRu-REpah Sl RidhaRbt ' Tho
and TBO Zi nc Doubl e Salt. The S-indam n thiosulfate 40 is nt ai ned bel ow
10 C. Wth éﬁu&era%m@wm’amwrepf@dé’mgd% S RS BF §adim 'Eﬁ%f‘d
oxi di zing agent to the S-indam t hi osul fate 40 and stir for 20 m nut es.
It is preserfepiphyseate olSdramsnl m%lﬁg‘i‘é[ﬁ*ﬁf ofhigouree ghaHAr-sHtAENGN 42 i s
suitable to be used as an oxidizing agent. WO 03/103569 PCT/ US02/ 17720 21
To the oxi dimzeldopbili isckkowlpyddetlito theindhmine dityderhloridaTieadtion enixidre 3qand stirred
~conpl exi ng agent, preferably 27.0 granms of zinc chloride solution 46,
preparefl by mdeli fogetl@indis gThemrecipitate witich folino comdigts o theF-igdamisyl diioduite 40
purified water, and stir for 5 mnutes. Add an oxi di zi ng catal yst

and derivatives thercof. 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.




agent, preferably 17.3 grans of copper sulfate solution 48, prepared by
adding 2.38 grans 5 copper sulfate to 15 grans of USP purified water, and
stir for 5 mnutes. Change the tenperature set point to 60 C. Once the
reaction rearpassseP C, add an acid, preferably sul furicp@gigh,sphdti on 50
(9 N, to lower pHto 2.9. Stir for Symnutes after each addition. Change
tenperature set point to 97 C Once the reaction m xture reaches 97 C,
stir for 35 mnutes. Allow reaction mxture 52 to cool to roomtenperature
slowy. Upon 10 reaching roomtenperature, place the product, which
conprises the crude TBO product mxture 54, into a 5 C cooler. Store for
5-15 hours. Renoye,and.filter .an ali.qu of t.he .cru TBO product m xture
54" through a 0. 8okt Spadateni e geactimt it 4, g § ol alesipe ol

anal ysis via RP-HPLC TBO anal ysi s .net hod. A di agram qf, the_chem cal.
reaction degﬂeffpf?rs 4240 sipans qf e gploride %@%Pé%ﬂﬂ@fquﬁwﬁwg 82,24 grasgs gf ine
denonstrates_the reactants and product by their nolecular forns. For
clarity, ot teloridetediSeamgofdddpusified wrier and s Tkgtesu Aid aporitising c8alydi zi ng
agents, oxidizing catalyst agents, and/or acids may be enpl oyed, and the
precedi ng stagpy, prefmblyd 7 3esronneficopped sultediobitibn 43, pgepated by eddineX Bhgramigent s,
reduci ng agents, oxidizing agents, oxidizing catalyst agents, and/or acids
present by bebpreyadfateco B8 gtdnes g fISPenridel watbroahidnatin for6fmin@@s.t he i nventi on. WO
03/ 103569 PCT/ US02/ 17720 22 Step 4 - Purification

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.




It is understood to one skilled in the art that the final reaction mxture
contains TBO and C 4-nethyl regioisoner, and derivatives thereof. The
process for purification 56 of a solution, as described in US Patent

6, 194, 573, wyudhsshe known to one skilled in the art, andpepy@seasdi ngly, is
i ncorporated herein by reference. Apppopriate |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 conbi ning of o-toluidine
hydrochl ori de solution 22 and the starting material, N, N dinethyl

p- phenyl enedi am ne di hydrochl oride solution 20, occurs in the initial step
for producBteg 4i-aafcatdndi hydr ochl ori de reaction mixture 30 and prior to

- the addition of sodium thiosulfate 38. Furthernore, the above steps for
producing TBO differs from previously known nethods by the addition of
hydrochl ori c acid 24 and potassi um chromate 28 before 15 addi ng any ot her
agents to the reaction m xture of o-toluidine hydrochloride 22 and the
starting materi altjs ddediond tdome-skillphinriid ahthdi thefina raichyromizbne eomtains TRO WO
03/ 103-569 PCT/ US02/ 17720 23 The present invention al so enconpasses an

i mproved BPL&d gethedyliegioidfadrysidsletfatived thereafd Mhe erbeess ipgmiification S6 bia
i.nmproved HPLC nethod for analysis nore resolutely reveals the ratios by
wei ght  basegy e ad ffcrieldn U8 PEMIERMISTS, WaAKBe Beh@rtibneskilled i the anend HPLC

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.




met hod. The following ratios pertain to a TBO product wherein N, N-di net hyl
p 5 phenylenediamne 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 -ywglggidssehO bei ng approximately 95 % by wei ght @fratdaeane content.
10 d.) Peaks five 16 + six 14 + seven3l2 + eight 10 being approximately 75

% by weight of the total product including inpurities. e.) Peaks (three.+
six 14 + eight 10) / (two + five 16 + seven 12) being. approximtely 71.
15 Simlarly, the followng ratios pertain to a TBO product wherein N

nmet hyl p- phenyl enedi am ne is the starting material: a.) Peak six / Peak

five being approxi mat el b.) Peaks (six +
two) being appr oXPHBEHE m‘?en on @2\?}" 7%3‘%@1/%)1‘?3?%%%%%‘1 1&95 E’iaks
two + three + five + six bein approanfate13T9YV\b Wej ght or
content. d. ;heﬁ@akcsredmnpos:hlqnegheﬂnww d HPLCamgfbodigr ﬁ}ﬁ‘ﬁ’ﬁﬁ %feéP]ﬁte §¥‘670315y
wei ght of the total

the ratios by weight based upon the area of respective peaks determined by the new HPLC

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

7:1..

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




product including inpurities. 5 e.) Peaks (three + six) / (tw + five)
being approximately 7 : 1. Figs. 1 and 2 are the respective chronatograns
resulting fromthe inproved HPLC nethod of analysis disclosed, herein, and
an anal ysi gycpfasissgy evi ously known HPLC net hod of  anal ySicggsfsnefser vati on
of Figs. 1 and 2 denonstrates the different and conparative flow gradients
taught by each nethodol ogy, as well as, the increase in the area of peak
eight 10 in 10 rghati VA neak.five 16
in Fig.l, associ g? ed %alt(ﬁ%toﬁgﬁeg?gi?gﬁt%%f%\lfgg%ﬁ@g@ﬁgﬁ%%s%ﬁyl eglg itﬁﬁfﬁﬁcel}dart of
chromat ography will al S bserve that the present invention produces
superior resolution of® product conpositions, as well as, being
stability indicating. Furthernore, the superior resolution, as denonstrated
by the discl osedd.) HPLRRakstasioyrsthese +divali sésbaitgspproxinataly 7T¥rtyivwsight of theitotdl TBO
degradati on products. Such 15 identification was, until now, difficult to
attain by previous ngirbd@sincluddepinfiriiess of HPLC Anal ysis: This | aboratory
met hod descri bes the assay procedure for the detection and quantification

of the JBO product mxture and.derjvati.ves thereof.. | d be understood
by one Skilled i ﬁ‘s tr%“{isr@“%‘?“g%‘%r’gﬁ’é‘{%&/‘ﬁ%ﬁ%g a@é?ﬁl%ﬁ@ﬁggggfted vol umetric

pi pets and flasks are necessary in 20 addition to a colum and HPLC
anal yzer. Wth regards to the columm and HPLC anal yzer, a 250 x 4.6 nm C18
Waters Symmetry Columm with 5 gm packing and an HPLC anal yzer, HP 1100,

1050 or equi val epl, 41,843 Y BPlSsectd A ARSRIms resultinig Font thé fhfBved 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.




25 The inproved HPLC analysis is an inprovenent uporrpreviousty known
menous of anal ysis by addi ng heptanesul fonic acid, sodiumsalt as an
ion-pair reagent in the Mbile Phase. Here, the ion-pair reagent

especi al | y w@gdrosdsttt €s the separation of TBO conpositi ongermé@dihsonal |y,
hept anesul fonic acid, sodiumsalt may:§acilitate the separation of other 5

conpounds, especially acidic or cationic conpounds. Previously disclosed

ion pair reagent STHiRprodBHPEC bl id Tk G Snfdrb@icBEifpol bibuB9 kneRN bR sdkor
associated wth TBO organi c dye and peaks associated with degradation

products. Anglaii@fs bydBihd RidtanbsiRLRY GERNodiuth éﬁ{tﬁé’éﬁgﬁ—?ﬁrgﬁﬁgﬁﬁﬁggﬂé PGS of

anal ysis includes a second nobil e phase 1 ncludin I'le

phase sol venge, gioi(%iatrigeatggzg eﬂﬁ#g]rl irrliléﬁ RRAEFar S8 o ﬁ%glﬁ&!“ﬁ Mobi | e

Phase. Yet, another i‘nportant i ve n?s I'nctudes an adju owrate to
1.0 mJm n., rnip. . 1,1l ncrease the r utiaon,.bet n active
peaks and deé?%g]élﬁﬁg’n egtfgée ﬁl(rf:](fms? acﬁ)ﬂ, ﬁ(éc:ﬁu@ﬁélgfnﬂ' fac%%?e;}h%f%’%mﬁ%ﬁéﬁﬁ?ood to one
skilled i n the art_ of chromatography.that optjim ze the resqlution and
accuracy of fﬁlﬁﬂ?“ﬁ‘?fa@%%‘@%ﬁ@%#@“%’é‘p@mﬁ%gﬁo egi5us 1Y fispigsetidonspaittepgepty are
VWil e these &%Frret ers may vary depending on the various circunstances

sur roundi ng HRBle¢R AR Bisdesghutign hetrepmspeakynsgocipied Wity BBY) orgsaisiyaaniangalsy t he
present invention. Wiile not to be construed to limt the scope of the

i nvention, t#8ocipted with degradptinsdirediists. concer ni ng HPLC anal ysis of TBO
products contains the follow ng specific parameters: (1) 290 m

wavelength; (2) 1.0 nmL/mn flowrate; (3) Injection Volunme: 20 L; (4)
tenperature: 40 C

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:




20 (5) two Mobile Phases: WO 03/103569 PCT/US02/17720 26 [A]: 10 mM

ammoni um acetate @pH 3.5 14it7x"1:0"'g/ T"Trh fEftesl fanit a2td;-" sodium
salt; and [B]: 50:50 ACN /nethanol; and (6) the following flow gradient: 5
1Tii t(m nydo&odskh bile Phase;B 0.0 30.0 15.0 30.0 2fcfushdnPre 56-0 29.0
10 63.0 50.0 75.0 50.0 76.0 30.0 8% 0 30.0 FIPLC Preparation: 15 The
follow ng describes a preferred enbodi nent of an HPLC anal ysis for

anal yzi ng the separafg]:q0mMReRichived acdtabBY pHPFRirY e TReSGEN S RYRRSSar y
to performthe inmproved HPLC nethod include: purified water, nobile phase
sol vent (e.g. HPLC grgggumcat.onatrile

[Bj: 50:50 ACN / methanol; and

(6) the following flow gradient:
5 T Time (min )" T, YeMobile 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




(ACN)), a buffer salt (e.g. ammoni um acetate (CH3COONH4)), reagent grade
cacid (e.g. glacial acetic acid), reagent grade base (e.g. ammoni um
hydroxi de (NH4OH)), a Secondary Standard 20 (Z97231A.DS) or equival ent, and

" hept anesul {@njsfoaagd d. sodium salt. Mobile Phase A is typpegddoyRserared by
m xing a suitable buffer salt with H2f and m xing, preferably
appr oxi nat efipnGalt s agded ansrmined. (Finallyethe sautics isl filged el hi0@S LnOllefof H20
and m xed. The pHis adjusted to 3.5 with an acid or base, for exanple
gl aci al* acetic acid or WD 03/103569 PCTIUS02/ 17720 27 sodiumsalt is added
and ni xed. Fi Aty Phaded3 isdypieally prepaed by addingtoqual vokwicsighfa migleghdejselvédt it ef .
Mobi |l e Phase B is typically prepared by adding equal volunes of a nobile
phase sol asdnb alcalmd, aeferablycit imL @At pmiiof nillfhetitbnad intd@M0GINL §@Ouadd et hanol
into a 1000 nL graduated «cylinder, and m xing. Wile a volunetric ratio of

50 : 50 noytihdes, apb adeing oWhen b vbRmatieodi) of 58 : 50 PoBIE pHabedblvehit th ARl &f er r ed
enbodi nent, it should be clear that the present invention enconpasses a

secosd MoftedeAbaAlasse éﬁ\éﬂaﬂed/éﬁﬁbﬂﬁﬂen’!%'sﬂ&ﬁ&ﬁé Slekrdhat 8% PPRENGSRNIGRDI | € phase
sol vent to al cohol depending on operating conditions and ot her paraneters.

A sanpl e fﬁ{lbé)rh!?ag a MERH Phas hase

_soI vent sol ut bes agi&g ?%@ggf’%gg’?‘gb’%‘}%ﬁ aglgi ng %B&GEHWEBQ; into 90.0
m, of t r M?IPI Jfg c acid, sodium

sal t) anga%lr‘r}\%ltﬁg Ih%] H@g‘&% un gl élq%?%t%% E}L%’ge%% di luent is not
limted to conprising ACN, but that var| ous nobil e phase sol uti ons known in
the art may be suitable.

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 not limited 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.




For analysis, prepare a 0.15 ng/nL sanple solution in sanple diluent by

wei ghi ng about 150 ng of TBO product, according to Steps 1 - 3, into a
100-nL volunetric flask. Dilute to 15 volune with sanple diluent and m x.

Pi pet 10 mgy@pdsabdsks i nitial stock solution into a seconteerhd@zifagvol unetric
flask. Dilute to volunme with sanple digl uent and m x. A quality contro
standard sanple is prepared by nmaking a 0.15 ng/nlL sanple solution in
sanpl e diluent by wei ghing about 150 ng of TBO into a 100.0 m, volunetric
flask. Volume is 20 diluted with sanple diluent and m xed. 10 nL of this
initial stockIsetentp asseissheified’s Systdnmswitabilitye rshiniecv ik ofthe tigndesdi ¢ 1 ask
and diluted to 100.0 nlL volune with sanple diluent and m xed. Typically,
two st andantorsianphe ¥PACdo phigiparCagadity Fagor(klaf phab fiee # + pepkpight ¥4 Fhes and
quality control considerations. WO 03/103569 PCT/ US02/ 17720 28 In order

t 0 asses sailitiefatiBh for SnyResivepaal (iveal) dix 14 sevieh 118 fand Righrc10) Bibuld tefless mnst andar d
solution into the HPLC to obtain a Capacity Factor (k) of peak five 16 >
peak ei ghiual & 2. FhAddilishdlly e feBethtfn Hef¥ecR By REi{d Nk BRBiks defreM@eibBborsd not 14,
seven 12, and eight 10) should be |less than or equal to 2.5. Additionally,
the gesoliut @R 1lpet ween any active peak and its nearest neighbor is not 5

|l ess than 1.0. Analyze the second standard and eval uate agai nst the working
standard for preparation accuracy, the second standard nust be between
97.0 and 103.0% of the theoretical concentration.

Analyze the second standard and evalnate against the 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.




10 Make two injections of a standard at the end of the run, ensuring that
it nust fall within 96.0-104.0%of the initial standard total area. HPLC
Anal ysis: First, inject at | east five 20-L portions of a standard sol ution
into the HEkdoi@sseptain total peak area response for acidygoepedlo areas of
< 2.0 % RSA for replicate injections.2eNext, 15 inject duplicate portions

of each sanplieghicpatrRile; wake /e Wik obnditshiRasaem toals:
chromat ographi ¢ conditions as used in the standard calibration. The

relative retention tine (RRT) of the TBO product mxture's aks I n the
sanpl e pr%’ﬁﬁfgﬁ%{gﬁghﬁyﬂwé&?%@w{%ﬁ%%@@ﬁéﬁ ]lﬁéflg?‘i‘tpﬁ%?ﬂlaaﬁdbrre of the
TBO product m xture active peaks 20 in the standard preparation. The ratio
bet ween t he 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

i ndf vi Ogal 15‘%@ ts f~"""YTSIlot~ *Peak five 16 [TBO, %w/ w= (C f

C )(R /R O w¥3Fof peak five 16 in the Standard) Were: C' =
Concentration in ng/nL, of TBOin the Standard preparation. 5 C, =

Concent r at i o, i -8 Comdefitrativh in B}, 6£TBO ining{Seindard prdphaticeanpl e  preparati on
Rsx = Average peak five 16 area of TBO product m xture in the Sanple

br epg ration. C,, = Concentration in mg/ml of TBO prodnct mixture in the Sample

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%




Rs,d = 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
correspondi ng percent by weight of these peaks in the Standard. A guide to
cal cul at e whesAi®k®! wei ght percent of TBO product m Xt uper®¥oawiEgi ng t he
totals of all four major peaks (fiveol6, six 14, seven 12, eight 10) is as
follows: 15 Total Assay Val ue =% w peak five 16+%W wpeak six 16+ 9w w
peak seven 12+%wW w peak eight 10 A guide to calculate the Chromatographic
Purity (Ar é’&w%gmgaqﬁgg@my @vention i sushdermapety Chhbd npyeprited wh il St itldersiaf peaks
(five 16, six 14, seven 12, eight 10) in sanple] / (average sum 20 of all
peaks and psatipd ibjndy havRidsnbiieBiht PR5GHly PETNGE DEE Tiodes thaGofHVLARM descri bed ny
invention in such terns as to T ithbld thosd Ss 'Rt Fth

tii'eth"tdlti Addrsta and practice it and, having identified the presently
preferred best nodes thereof, | CLAIM: 31 CLAIMS 1. A nethod for

manuf acturing TBO product conprising sequentially the steps of (a)
oxidizing a starting material NN-di met hyl p-phenyl enedi am ne




conprised of at |east one conpound selected fromthe group consisting of
N, N- di net hyl - p- phenyl enedi am ne and N net hyl - p- phenyl enedi am ne, in the
presence of o- toluidine in a first rgflction mxture to forma first
internedi ate, an indam ne, without fdrmng material anounts of S-phenyl
thiosulfate; (b) introducing a source of sulfur-containing nucleophile into
said first reaction mxture, to forma second internediate, S-idam nyl
thiosul fate; (c) further oxidizi ng €eAtMSecond i nternediate, to forma
TBO-containing reaction product, in a third reaction m xture; (d)
i ntroduci ng a TBO conpl exi ng agent into at |east one of said reaction
m xtures; andj(e) gepatiaid 8 rhiRfREIZOTRO! foftct (Bafprisig defedhdally kicom sai d
third reaction mxture. 32 2. A conpositi%}g conp?iii)?i ng: QBO V\%i ch has
the ring Smﬁﬁl group at the G2 position, as at |least 73% by weight of
the total orgapic : t ent -sai 0S iy} ArQf LA i
conpri si ng: aggbll\l- dg;r@tl%@%atzgd % étrlﬁ a'(tjrfrl %tg of #é%%ﬂ??\tﬁwgﬁ&gﬁ%éhﬁm&
N- denet hydoaipeiged dé€rat iadst whiehesmpduddr sehgtaiie oyl gy @ryupatordsiveing-af Pa$d ti on,

, o , ,
ggid dcggpnﬁ{ggr 'sgtgy]g;}[;]-pimgn?rfénegign/ﬁllljeyandmﬁI—xggt%yl?g-plger}l%lgnggligrlnir%t %? t Iecprggégcg 8 g-ent of

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.




4. A conposition conprising: TBO, which has the ring nethyl group at the
C-2 position; and an N- denethyl ated derivative of TBO having the ring

met hyl group at the C-2 position; in ich said TBO and said

N- denet hyl at ed derivative conprise at Teast 70% by wei ght of the total
organi c dye content of said conposition. 5. A process for manufacturing a
conposition according to any of Clainms 2, 3 or 4 including the steps of:
(a) synthesi zizng an\ compositns; coapilisinlg) synt hesi zi ng an S-i ndani nyl
thiosulfate. 6. A process according to Caim5 in which the conposition is
according to Claim2 and the step of synthesizing an indam ne conprises

the step of oxigl,zkhigh das SR Hhgd ARU/E sRopOlt Uhsl 0P pB&iflod &0k UsdsPM3Rfby
NN- di et hyl p- phenyl enedi am ne in the presence of an acid and oxidizing

agent . 33veight oAthsriplaberganie due eonientiobsadl apmpesitien.whi ch the conposition is
according to Caim3 and the step of synthesizing an indam ne further
conprises the step of oxidizing a solution of o-toluidine and a solution

of N net hyl - p3phen)p1anﬁpﬁsamnmarﬂpmsﬁ1ge presence of an acid and oxidizing
agent. 8. A process accor di ng d Claim5 in which the conposition is

according to O ai #4Vrdemety VAR RS 2BRY 1ﬁnWhWHa'il9F -depethylated
conpri segefiRive HEP iy rifIndingl BOuf 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.




solution of o-toluidine and a solution of NN-dinethyl p phenyl enedi am ne
and N- net hyl - p- phenyl enedi am ne in the presence of an acid and oxi di zi ng
agent. 9. A nethod for identificati on39f dysplastic tissue conprising: a
step of applying to human tissue a cofnposition according to any of ains
2, 3 or 4. 10. The use, in the manufacture of a nedicanment for treating
dysplastic tissue, of a conposition according to any of Clains 2, 3 or 4.
11. The use according to Claim10 in which the nmedicanent is used with a

step of nodifyj ng the incidence of li.ght.to.c rol phototoxic effects. 12.
The use accor drng PR AESUTGE T £ Wil SHEBHR FeniReRingit AGrERe

conpri Se%l@in@ﬁﬁﬂ@iﬂ&%fe@@@&ﬁtﬁeﬁsﬁﬁ%ﬁn Wdahi&AfusthdBOniprReURE s ofbridiide 13. An
HPLC net hod for anal ySis of a TBO dye product, conprising the steps of:

(a) for marfgluionrrbodalvisiiee e aisqleinn GuV-meathyl{ophenpignedisroive lie theryesence
conpri si ten- J It of an organic acid, (c) equilibrating an
HPLC col E)gnnaﬁl\?mxﬁﬁg{iﬁgﬁ%% fggﬁfghase flow, and (d) injecting the sanple
solution into the HPLC colum, in which:

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,




the nobil e phase is formed as a conposition including heptanesul fonic acid;

and a second nobil e phase conposition conprising 50% al cohol by volune is
f or med. 34

(b)  forming a mobile phase comprising a water-soluble salt of an
organic acid,
(c) equilibrating an HPLC column with the mobile phase flow, and

(@ 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.






