98 04 1 7 5 -9 IN VIVO STAIN COVPOSI TI ON, PROCESS OF MANUFACTURE, AP SS. ery-

"METHODS OF USE TO | DENTI FY DYSPLASTIC TI SSUE / Thy rts
mul ti ple convention priorities, based on ny Inter 8 %pg 5
US/ 97/ 20981, filed 5 Novenber 13, 1997 and bas pl ™Catio

Serial No. 09/110,788, filed July 6, 1998. This invention relates to novel
bi ol ogi cal stain corrp03|t|ons that are adaptéd for human in vivo topical

appl i cation. 10 af e noveI
Tol ui di ne Bl be 0 ("TBd; Ve Pf%{%)i gﬁ%’k %ﬁw
specific TBO derivativ 6’ CI propor H 3 gmﬁﬁsgﬂo

aspect, the invention pertal ns to new nmet hods of manufacturing TBO

conposi tions, includifggt Qﬁéﬁéaimnngyé‘érclBQu@EPﬁéﬁc%nvé‘étfﬂé%&%?i’d%‘%w

prior Internatlonal Application. In addition, the invention pértains
i mproved nanuf acbased @rprecBssenantiboal rppd igaesePCyYi BS b nf2008e, TB{led
product, |eading to maj or manufacturing econom es and_20 I ncr eased

productive capacNeyew®ert hd- nbiift 2eEuP?FRst QfuFpnEHh ArrdiertiarosSarial e
prior USA applicgbjOfy, 788, filed July 6. 1998.

This invention relates to novel biological stain

‘compositions that are adapted for human in vivo topical

application.

10 In particular the invention contemplates novel Toluidine
Blue O (*"TBO") dye products, products which contain TBO and

specific TBO derivatives, in specific proportions.

According to another aspect, the invention pertains to
new methods of manufacturing TBO compositions, including these
15 novel TBO products, as disclosed in wmy prior International

Application.

In addition, the invention pertains to improved
manufacturing processes which have greater yield of the TBO
product, leading to major manufacturing economies and

20 increased productive capacity of the manufacturing equipment,

as disclosed in my prior USA application.



-2- In yet another aspect, the invention concerns in vivo nethods of using
‘'such novel TBO conpositions to identify suspect dysplastic, i.e., abnormal,
tissue. In still another and further aspect, the invention 5 pertains to
conpositions, in vivo diagnostic nmethods of use thereof and processes for
manuf acture thereof, which are specially adapted for detecting suspect
dysplastic oral tissue, especially cancerous2and precancerous tissue. In
yet another respect the invention pertains to novel - 10 and -N
demet hyl ati on product’® ¥t TARSERSTCASPESfe BOENIRNARtASE| SRRFennsoat BEvo
identified and recovered. |n another aspect, the invention pertains to HPLC
net hods for anal $hagsTRD Wiigustsh el APRCItROsdbhees it ildsatifsoner s

and ot her StrUCtéﬁéﬁgd% ﬁgéégégiigonngnd%Png§ 1. t3 The vari ous enbodi nents
t he . e, T\? 1ssue.

of the invention a acticé ther'eo ‘be"apparent to those skilled
inthe art, fromthe follow ng detail ed description thereof, taken in

conjunction with the clains and in conjunction with the drawi ngs, in which:
In still another and further aspect, the invention

5 pertains to compositions, in vivo diagnostic methods of use

thereof and processes for manufacture thereof, which are
specially adapted for detecting suspect dysplastic oral

tissue, especially cancerous and precancerous tissue.

In yet another respect the invention pertains to novel -
10 and -N demethylation products of TBO which have been

synthesized, isolated identified and recovered.

In another aspect, the invention pertains to HPLC methods
for analyzing TBO products containing the conformational

isomers and other structurally related compounds.

15 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 claims and in conjunction with the drawings, in

which:
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-3- Brief Description of the Drawings Fig. 1 is a 254 nm HPLC chart,
depicting the peaks which are typically characteristic of TBO product
conpositions which were previously known and conmercially available; 5

Fig. 2 is a 254 nm HPLC chart, depicting the peaks which are characteristic
of typical TBO product conpositions of the present invention; and Fig. 3 is
a process flow diagram depicting the proceé%és whi ch | have di scovered,

for manufacturi ng.sTROPREOAUCE S L8 tnd Hrakdhgy the novel TBO product
conpositions of the present i1nvention. Background of the Invention Mst

oral lesions result fromtrauma. However, other oral |esions are dysplastic
tunors, sone of which may be 15 beni gn, but sonme of which may be either
cancerous or -4- pagcancey auass | fim ardlict ERavt NMERYi Sy SHY 3%kl pehes i IS HA €
smal |

are typically characteristic of TBO product compositions which

were previously known and commercially available;

5 Fig. 2 is a 254 nm HPLC chart, depicting the peaks which
are characteristic of typical TBO product compositions of the

‘present invention; and

Fig. 3 is a process flow diagram, depicting the processes
which I have discovered, for manufacturing TBO products,
10 including the novel TBO product compositions of the present

invention.

Background of the Invention

Most oral lesions result from trauma. However, other
oral lesions are dysplastic tumors, some of which may be

15 benign, but some of which may be either cancerous or



~

and easily mssed on routine visual exam nat.ion.by dental clinicians. An in
vivo diagnostic test is known which identifies and 5 del i neat es suspect
dysplastic oral tissue. This screening test is generally described in the
United States Patent 4,321,251 to Mashberg and in the United States Patent
5,372,801 to Tucci et al. Mre recently Ki ts have been devel oped whi ch make
it possible for clinicians to quickly and 10%~ easil y adm ni ster the test,
as part of other nt cediy e tis and/or

del i neat e suspec gfégﬁhggﬁg\?@a t%:nrrg&(\?men thgagg%%igggége%yér%p Snfess Bt
whil e the dyspl asid eakésy anissedeos orautdne vhatial I&&&mlﬂh@tkhtorb%ymiéﬁeﬁl during
normal visual exam nation. Once a suspect dysplastic 15 | esion is
identified by tf@%ﬂb@?g protocol, a regular biopsy sanple can be taken
and subjected to histol ogi cal exam nati on, to determ ne whether the | esion
is malignant or precancerous. Kits for performng this test, containing

prem xed dye and rinag $RlHiicoBsabibddie ResRCLs %@%'&ﬁzﬁﬁb%@n@fles a
concentrations, are |licensed by , Inc. and are aval COMEr Ci erl’ldl y

in Canada f150m GaTinEhess sdspect UG dhect s Ade Lk  ORASTAN er d in The
Uni ted Kingdom and Australia from Stafford-M 11l er thld under t%iéetlrhgderrark
" ORASCREEN'" . test is generally described in the United States Patent

4,321,251 to Mashberg and in the United States Patent

‘5,372,801 to Tucci et al. More recently kits have been

developed which make it possible for clinicians to quickly and
10 easily administer the test, as part of other routine dental
procedures, and thus identify and/or delineate suspect sites
at a time when the patients are symptomless or while the
dysplastic lesions are so small that they might be missed
during normal visual examination. Once a suspect dysplastic
15 lesion is identified by the Mashberg protocol, a regular
biopsy sample can be taken and subjected to histoloéiéal
examination, to determine whether the lesion is malignant or
precancerous. Kits for performing this test, containing
premixed dye and rinse solutions in the proper quantities and
20 concentrations, are licensed by Zila, Inc. and are available
commercially in Canada from Germiphene, Inc. under the
trademark ORASCAN™ and in The United Kingdom and Australia

from Stafford-Miller Ltd. under the trademark "ORASCREEN®*



.The Prior Art TBO Products |t has now been di scovered that the organic dye
content of the prior art TBO products which were typically commercially
avai |l abl e, depending on the vendor, was 5 relatively low. Typically, the
conbi ned areas of the 254 nm HPLC peaks (see HPLC procedure of Exanple
3),which represent the conformational isoner-$-of TBO in these prior art
products was only about *2t-75% of the conbined areas of the 254 nm HPLC
peaks which repr&erRrign Ast TR PROdeghe TBO related 10  conponents, i.e.
the two conformational isoners of TBO plus up to six TBO-rel ated
conponents. Referring to Fi g 1, HPLC peaks 7 and 8 represent the two

conformati onal isoners of (,sho here as chl oride_sa
HPLC peaks 5 and 6 ha’ife?‘ﬁ‘éeﬁmf’(}éerﬁni ﬁﬁo'é%rﬁ%%‘ ﬁgdgi?‘%t%?[aﬁf'céoé%eeﬁo\? %
of the two conf 0599{1&&%@1105:59?@%005:3&%1:8 which were typically

commercially available, depending on the vendor, was

5 relatively low. Typically, the combined areas of the 254 ﬁm
HPLC peaks (see HPLC procedure of Example 3),which represent
the conformational isomers of TBO in these prior art products
.was only about =2%-75% of the combined areas of the 254 nm
HPLC peaks which represent all of the TBO and TBO-related

10 components, i.e., the two conformational isomers of TBO plus

up to six TBO-related components.

Referring to Fig. 1, HPLC peaks 7 and 8 represent the two

conformational isomers of TBO {shown here as the chloride

salt): . -
15 , CHy
. ~
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CHy +
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[err] [err] 5 HPLC peaks 2 and 3 have been identified as the N N
denet hyl ated derivatives of the two conformational isonmers of TBO [err]
[err] -7- The exact structures of the conpounds represented by HPLC
peaks 1 and 4 have not been positively determned. At any rate, in the TBO
conpositions of the prior art, a typical oneéof vwnch is represented in
Fig. 1, the conmpounds 5 represented by peaks 1-4 were present in

rel atively hi gheFPHRRAAKS tshéﬂdt‘fﬁ?é’eof’etaﬂel‘}ﬁ“é?s}éhﬁdl?ﬁ/é:ﬁ‘ﬁ Yrdempidudiagedo)
dth d Kk t ly |
an € compoun ﬁﬁéﬁgggﬁggo c?% 35%1 oRESr il i0nRA €SS M e I o%e*gélve y tower

amounts than in t present 1 nventl on.

N- denet hyl at ed derivatives of the 10 confornatlonal i sonmers of TBO,
represented by peaks 5 and 6, of e prior art (Fig. 1) wer9g present in the
relatively higher anmounts, typicaljly upwards of 20% of thelarganic dye

Cts
a
(II11) Peak 6 iﬁcx.

(IV) Peak 5

5 HPLC peaks 2 and 3 have been identified as the N,N-
demethylated derivatives of the two conformational isomers of

TBO:

{V} Peak 3
NH;
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(VI} Peak 2
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content, than those which are present in the TBO products of mny invention.

" 15 The Prior Art TBO Manufacturing Processes The classic synthesis of TBO
is exenplified in the United States Patent 418, 055, issued Novenber 30,
1989, to Dandliker et al. This synthesis is a series of three oxidation
steps: (1) oxidation of N,N—dinethyl-p-phegélenedianine, e.g., wth 20

pot assi um di chromate, to form 2-am no-5-di et hyl am nophenyl thiosulfonic

2ret ol 2L SoncenaRl Lol kBN O LAD! Cothialt 1dbbabBlla b drorko for

t he correspondi ng i Aidam ne- osulfonic acl osure of the

i ndam ne- thi osWebRBi £ A 4, h&vd notl PebhepdyitseBLE dftetmifieghl oride at 25
boiling tenperature for about 30 mnutes, to formTBO The reaction

m xture is then cool ed and the TBO product of the ring-closure reaction is
conpl exed and salted out, e.g., b reﬁé nt with, sodiymchlorjde and zinc
chioride, to precipi?at¥% ﬁégerBd%&&?ﬁl (,gré"e?“ﬁ.",s”é‘s"?n #Bﬁﬁ?nﬁlfé"r PFEe @
conplex. 5 Pytbfigatd o rbynig acCoaplishrdabyn reReal ¢dehe-&alpdhae and
re-precipitation’“e.g., by re-solution in hot aqueous zinc chloride
sol uti on ans rexepeesaitest bgnpeakd) isadwene present in relatively higher

amounts than those of the present invention (See Fig. 2) and

the compounds represented by peaks 5-8 were present in

relatively lower amounts than in the TBO products'of the

present invention. The two N-demethylated derivatives of the

10 conformational isomers of TBO, represented by peaks 5 and 6,
of the prior art (Fig. 1} were present in the relatively
higher amounts, typically upwards of 20% of the organic dye

content, than those which are present in the TBO products of

my invention.

15 The Prior Art TBO Manufacturing Processes

The classic synthesis of TBO is exemplified in the United
States Patent 418,055, issued November 30, 1989, to Dandliker

et al. This synthesis is a series of three oxidation steps:

(1) oxidation of N,N-dimethyl-p-phenylenediamine, e.g., with
20 potassium dichromate, to form 2-amino-5-dimethylaminophenyl
thiosulfonic acid; (2) condensation of the thiosulfonic acid
with o-toluidine, to form the corresponding indamine-
thiosulfonic acid; and {3) ring closure of the igdamine—
thiosulfonic acid, e.g., in the presence of zinc chloride at

25 boiling temperature for about 30 minutes, to form TBO. The



chloride/zinc chloride. As far as known, prior workers, who instigated the
‘use of 10 TBO for in vivo identification of dysplasia, used the above-
described prior art TBO products, i.e., conpositions in which the
conformational isoners of TBO plus the N-denethylation and

N, N-denet hyl ati on derivatives were | ess than 80% of the dye conposition and
in which the two N-denet hyl ati on derivatives845 of the conformationa

i somers, formed great.er than abqut, 20% % qf .t he e osi fion. _According
to nmy informati o%‘:’a"gtr’%‘r HoT Ker slsvv%%een ucr?éa\%éefl_ea ‘?%e%ggp ° 88i tPon of
their "TBO'" prodptds AABHui@ntdareibheis Umpleked Ald sIBRPTRAUCESGVerS,
unabl e to reproducibly prepare them In fact, the prevalent 20

literature descriypzatmendfwitie spdabint ghlgfrifsGand mingepthldtialeyi done bl ue of
good col or value". The Bio“gg%f Stain Conmi ssion specifies an anal yti cal

|
titration procedf¥ PRt T%Pnﬁ"meﬁ"t ﬁeg"o_ragsaﬁPCTWeZ‘&%mt‘é?ﬂP'le_éff~ t he
material . The progssdchete dily SUCH-LARNTENeE Y Nelead RO 284LEEG, 10,25

anonmal ous clinical observations and serious pr I'n” obt al nrng ne sary

regul atory cl earsngeecipit@nidhaceuge, ayd revs&Bit iuCin phaduhechorzuse in
human di agnosti c procedures.
chloride solution and re-precipitation with sodium

chloride/zinc chloride.

As far as known, prior workers, who instigated the use of

10 TBO for in vivo identification of dysplasia, used the above-

described prior art TBO products, i.e., compositions in which
the conformational isomers of TBO plus the N-demethylation and
N,N-demethylation derivatives were less than 80% of the dye
composition and in which the two N-demethylation derivatives

Is of the conformational isomers, formed greater than about 20%

op

of the dye composition. According to my information,'prior
workers were unaware of the exact composition of their “TBO"
products and manufacturers of prior art TBO products were
unable to reproducibly prepare them. In fact, the prevalent
20 literature description of the quality of TBO is simply
“toluidine blue of good color value". The Biological Stain
Commission specifies an analytical titration procedure for
determining only the “organic dye content” of the material.
The prior art use of such loosely defined “TBO” resulted in
23 anomalous clinical observations and serious probiems in
obtaining necessary regulatory clearances to manufacture and

market such products for use in human diagnostic procedures.



Brief Description of the Invention Briefly, the new conpositions of matter
enbodyi ng the invention are a TBO product, in which the conformtional

i soners of TBO and the N-denethylation derivatives of these 5
conformational isomers conprise and are present in a ratio of the TBO
isomers to their N-denethylation derivativesgsuch that the ratio of the
conbi ned areas of the 254 nm HPLC peaks representing the TBO i soners

(determined in ageirdpaseripdilont Be IR Grivencesiire of Exanple 3) to the
conbi ned areas of the 10 peaks representing their N-denethylation

derivatives is at |east about 6:1. Thus, as depicted in Fig. 2, the

conbi ned area of the 254 nm HPLC peaks, representing the TBO confornati onal
i somers (peaks 7 andB3lefly, athel pestcaipostitions tdfmpattére amodyiag thea of

t he 254 nm HPLC peaks, representing 15 their respective N-denethylation

derivatives (peak¥eRtifp e 3 ABPHR-FUSter LB AN dPAetRnisrmaRéonalent i on,

the conponents g{;ﬁ&@gnwdﬁwaﬂa&éﬁe Eu-d@melez ti%neggﬂ&ac%e'segftrrﬁ;e%%“t 95&

of the organic content of the product. e nost particular
preferred emsbodi emifioymétiborpaak s8méPs Lanpline endPQre pLENARCAhSadbat @AYE 58%
of the organic dye content of the product. The invention al so contenpl ates
a method for hurgh® TROvigegst Eet FamioN-dpaptgiaitdon| dexizratimee hsuaic Ithdes
the step the ratio of the combined areas of the 254 nm HPLC peaks
‘representing the TBO isomers (determined in accordance with-
the HPLC procedure of Example 3) to the combined areas of the
10 peaks representing their N-demethylation derivatives is at
least about 6:1. Thus, as depicted in Fig. 2, the combined
area of the 254 nm HPLC peaks, representing the TBO
conformational isomers (peaks 7 and 8), is at least about six
times the combined area of the 254 nm HPLC peaks, representing
15 their respective N-demethylation derivatives (peaks 5 and 6).
In the preferred embodiment of the invention, the components
represented by peaks 5, 6, 7 and 8 eéuals at least about 95%
of the organic dye content of the product. In the most
particularly preferred embodiment, the peak 8 (254 nm) area

20 represents at least 58% of the organic dye content of the

product.

The invention also contemplates a method for human in
vivo detection of dysplastic tissue, which includes the step

of applying to human tissue the above-described new TBO

23 products.



of applying to human tissue the above-descri bed new TBO 25 product s.
"Still another enbodi ment of the invention is a novel general process for
reproduci bl y manufacturing TBO conpositions, including the above-descri bed
novel TBO products, in which the conplexing agent is added to the 5
reaction m xture before the ring closure (third) step of the Dandliker
synthesis, preferably before the first oxi dat%on step (11, of Fig 3) of the

process. The prior ard, ;Pandliker Q&B&mrknskuéﬁedmgngi&?%sog gL zing

N, N- di et hyl - p- phenyl ene diam ne 1ons I n reaction

m xture to form geddradt prédedsTEdirak€protiucd bl p amdnutaget i msoophenyl

t hi osul fonic acid, oxidizing the first internediate and condensation of the
oxi di zate with ocmqal@ilﬂ%sr iimcduding richer aheve virsanibed enoved 8Pm a second

i ntermedi ate, indanjne thjosyl.fon .__acid, oxi t he second

internmediate in B¢ ?8 r’e’éc“f% % hﬁ?(t‘iﬁ"}?lf%“&ﬁ’oigém?hés ‘%iﬁﬁng«? Fifg,

form ng a TBO reagidBnPhodiifle bdESSO! MR riiAg &Rkl B B0 5€B8p of the
Dandliker synthesis, preferably before the first oxidation

step (11, of Fig 3} of the process.
The prior art Dandliker process included the steps of

oxidizing N,N-dimethyl-p-phenylene diamine ions in a
10 first reaction mixture to form a first intermediate, 2-

amino-5-dimethylaminophenyl thiosulfonic acid,

oxidizing the first intermediate and condensation of the
oxidizate with o-toluidine, in a second reaction mixture,
to form a second intermediate, indamine thiosulfonic

15 acid,

oxidizing the second intermediate in a third reaction
mixture to close the indamine ring, forming a TBO
reaction product, dissolved in the third reaction

mixture,

20 introducing a complexing reagent into said third reaction

mixture, to form a TBO-complex product, and-

separating said TBO-complex from said third reaction

nmixture.



m xture, 20 I ntroduci ng a conpl exing reagent intq said third
reaction mxture, to forma TBO conpl ex product, and- separating said

TBO conplex fromsaid third reaction m xture. My i nprovenment on this
prior art Dandli ker process conprises the step of adding the conplexing
reagent at a stage earlier than the formation of the third reaction

m xture, preferably before the formation of e second reaction m xture. 5

According to a siil Ludreviehent adid thiespridy teheidBikee"BoSEdEN loompRestal | Y
adapted to manufacture the novel TBO product conpositions of the Invention,

t he tenperature ohetdtenr efceddingntheurenplixinggredpgentxatad i stagkt epslier
mai nt ai ned at not_ greater than about 10[err] centigrade. yet

10 In
anot her further _&hﬂn dies ERTTIE iRerér FRY BHEEdFaReions pextare y predpranly o
| mprove the qual blyod chl®rdARAA0UE end NBoBEL Feddifoh CRCILRR M X! UTE
during the oxidation steps Is maintained in the range of about 2.8-3.8
(preferably 3.3) in the first reaction m xture, about 3.1-4.1 15
(preferably 3.6) in the second reaction m xture and about 3.0
S According to a still further and presently preferred
embodiment, specially adapted to manufacture the novel TBO
product compositions of the invention, the temperature of the
reaction mixtures during.the oxidation steps is maintained at

not greater than about 10° centigrade.

10 In yet another further and presently preferred
embodiment, specially adapted to improve the quality of the
TBO product, the pH of the reaction mixture during the
oxidation steps is maintained in the range of about 2.8-3.8
(preferably 3.3) in the first reaction mixture, about 3.1-4.1

15 {preferably 3.6} in the second reaction mixture and about 3.0

in the third reaction mixture.

In still another and presently preferred embodiment, my
novel general process, briefly described above, is improved to

provide major increases in yield of the TBO product.

20 Detailed Description of the Invention

As depicted in Fig. 1, typical previously ébmmercially
available TBO exhibited two 254 nm HPLC peaks {peaks 7 and 8},
which represent the conformational isomers of TBO, and two 254

nm HPLC peaks (peaks 5 and €), which have been discovered by



in the third reaction mxture. In still another and presently preferred

" enbodi ment, ny novel general process, briefly described above, is inproved
to provide major increases in yield of the TBO product. 20 Det ai | ed
Description of the Invention As depicted in Fig. 1, typical previously
comercially available TBO exhibited two 254,nm HPLC peaks (peaks 7 and 8),
whi ch represent the conformational isoners o? TBO and two 254 nm HPLC

peaks (peaks 5 gRdtB)pe WHe AehovryhagondiseDnariRdsbyf the E3nfoEmdtidmalt he
denet hyl ati on derivatives of the conformational isonmers. The relative

quantities of thesomensor Mtel orihtivoeppdt bfiEBOLt bhe eanfowabhendly| at ed
derivatives in this typical prior was ch that the peagk area

art pr.oduct S
ratio of 5 t HEBGHF o‘?ff’rérlBPoﬁ_al tl?es‘(fnﬁ'? ge‘f‘f)t W@tﬁﬁid‘g‘?fé’t‘ﬁ)ﬂlgfﬁd”ﬂeﬁql\?at i ves
is less than 4 thpfggg;%@oxf a}&gpr&m@asglau:rprth%caf‘éﬂlp@gk%;ea ratio of

accidental ly exi n1solated prior art TBO products, but the relative
anount s of such yheodufifGruwtienabdtidcrems oo tdenMN-denetchylpedt dativduivesy
event, TBO products with such 10 hi %her rati os, could not be reproducibly
prepar ed by pri(is deps than 4:1. A higher ratio, approaching or exceeding

6:1, accidentally existed in isolated prior art TBO products,

but the relative amounts of such products were not known or

considered important. In any event, TBO products with such

10 higher ratios, could not be reproducibly prepared by prior art

manufacturing procedures.

According to regulatory reguirements based on recent
clinical testing, TBO which is to be used in human diagnostic
procedures (in general accordance with the Mashberg protocol)

15 for detecting dysplastic tissue, must have an HPLC peak area
ratio at 254 nm ratio of the conformational TBO isomers to the
N-demethylation derivatives of at least about 6:1, i.e., the
area of the combined 254 nm HPLC peaks 7 and 8, must be at
least about six times greater than the area of combined 254 nm

20 HPLC peaks 5 and 6.

It would be highly desirable to provide TBO product
compositions which meet the requirements for human diagnostic
testing procedures, in which the ratio of areas of the 254 nm
HPLC peaks of the conformational isomers to the areas of their

25 demethylation derivatives is at least 6:1. Further, it would
be highly desirable to provide manufacturing processes for

reliably and reproducibly preparing such TBO products, having



manuf acturi ng procedures. According to regulatory requirenments based on
‘recent clinical testing, TBO which is to be used in human di agnostic
procedures (in general accordance with the Mashberg protocol) 15 for
detecting dysplastic tissue, nmust have an HPLC peak area ratio at 254 nm
ratio of the conformational TBO isoners to the N-denethylation derivatives '
of at |east about 6:1, i.e., the area of thé>conbined 254 nm HPLC peaks 7

and 8, nust be aipi{fastcabpuly=5ii% bEBo Aeak aaet . o onbi ned
254 nm 20 HPLC pea%% g andzé.llt woul d ge hﬁ%ﬁ%y%ﬁgsggg%{ ?ggggovide TBO

product conposi tdenisrantived, neet folerekiglilye andtefrodubiliin plicdgBO6d i dther
testing procedures, in which the ratio of areas of the 254 nm HPLC peaks of
t he conf or mat i onHC REGREFES 1 tthéngreagedhriehdand gvergybhnuityt i on
derivatives is at least 6:1. Further, it would be highly desirable to
provi de manufacturing processes for reliably and reproducibly preparing
such TBO products, hagi @gi1 be ﬁgpaf&hﬁ_f&ﬂﬁck‘ié.c 7,akh9cwideBOLESQNBE S d? TBO
denet hyl ati on derivatives, and for reliably and reproducibly producing
ot her 5 HPLC analysis of typical compositions of the present
invention, the peak area ratio of TBO conformational isomers
to N-demethylation derivatives is greater than about 6:1,
namely, 6.68:1, as demonstrated by the fact that the combined
areas of 254 nm. HPLC peaks 7 and 8 is 6.68 times greater
10 than the combined areas of peaks S and 6. The overall purity,
determined by HPLC and ignition tests, and defined as [one
hundred minus the percentage of ignition residue] multiplied
by the HPLC purity (i.e., the sum of the areas of peaks S, &6,
7 & 8 divided by the total peak areas} of the TBO products of
15 the invention, is at least greater than 75%, compared to 2-10%
for most of the prior art compositions. In isolated:

incidents, a comparable purity wmay have been obtained in prior

art products, but not reproducibly.

According to one aspect of my invention, the ratio of the
20 areas of the peaks (peaks 3, 6 & 8) with the ring methyl group
in the 2-position (e.g., see Formula I} to the areas of the
peaks (peaks 2, 5 & 7)with the ring methyl group in the 4-
position (e.g., see Formula II) is ~ 2.5:1. By contrast,
according to my knowledge, this ratio in the prior art

25 products was no greater than 1.5:1.



TBO products with increased yield and overall purity. As will be apparent
fromFig. 2, which depicts a 254 nm5 HPLC anal ysis of typical
conpositions of the present invention, the peak area ratio of TBO
conformati onal isomers to N-denethylation derivatives is greater than about
6:1, nanely, 6.68:1, as denonstrated by the fygct that the conbined areas of
254 nm HPLC peaks 7 and 8 is 6.68 tines greater 10 t han the conbi ned
areas of peaks 5 and Ghis Tdnbdviatsbh @fiHiigh radeie®rdfi thd dyeddPloE padks 7+8:
ignition tests, and defined as [one hundred m nus the percentage of

i gnition residue]pasniist Bpfiangl whet hdgMRiatigupft Yhe jareas ehoreakm 3f-6+heperksas
of peaks 5, 6, 7 & 8 dLvi ded bg} t he total, peak are s%.of t.he TBO products
of 15 the inverti°dd, 78 28" a@Yeﬁ?%VQte t REFE 7B PEbR AP W oP51H A or

most of the prior,adc£OMOSidel BASk 8 1) dheObaikdy REb 18, theCAEPREAREL
purity may have bpeen obtained in prior art products, but not reproducibly.

Accor di ng tosone oS pRtthofs Mostnwidélpacdebeed aid TROf then FEaks af easamdf 8
t he peaks (peaks 3, 6 & 8 with the ring nethyl group in the 2-position
(e.g., see Fornulare prefextas foepsakd 2.hS prake. (Feaks 2,38l & areito¢ft he

ring methyl group in the 4-_position (e.qg.,_see Fornula Il1) is_-_2.5:1. By
contrast, accordi‘??é‘rtSS'rﬁrﬁfr?p(f\ﬁngﬁ ex 'Eqﬁag(sr 2T % ?’ﬁé&bra}g@r‘ af t9En.
products was no gy,e3befed Merlpaails 2 and 3. Thus, in the most preferred

. embodiment of my invention, the products satisfy the

10 combination of these two ratio criterisa.

Fig. 3 is a process flow diagram which depicts a process
for preparing TBO products, which meet the regulatory
requirements for clinical use. in general accordance with the

15 Mashberg protocol.

The starting material 10 for the synthesis of Fig. 3 is
commercially-available, high-purity N,N-dimethyl, p-phenylene

diamine:

NH,
(VII)

H1C

20 N

CHs



-14- This conbination of high ratio of the areas of peaks 7+8: peaks 5+6
and the high ratio of the areas of peaks 3+6+8: peaks 2+5+7 has not to ny
know edge been exhibited by any prior art product. Since peak 8 is the
primary TBO peak, the structure 5 of which is nost wi dely accepted as
TBO, then peaks 3, 6 and 8 are preferred to peaks 2, 5 and 7. Peaks 7 and 8
are, of course, preferred over peaks 5.and 6, which are, in turn, preferred
over peaks 2 and BoImgiy A rOSECE argsgLenbodi nent of my invention,
the products satisfy the 10 conbi nation of these two ratio criteria. Fig.
3 is a process flow di agram whi ch depicts a process for preparing TBO
products, which neet taeafReMlAlsN Ut iOAUbS FHRNESaFHHNLC b BLERLT USE 1N
general accordance with the 15 Mashberg protocol. The starting materi al
10 for the syntheskiligkdFLy. z&eifgrebhyreatcilalslsythauailloébd:e edregiiaplyi ity less

N, N- di et hyl , p- phenylene dlqnln [err
han about C, by reaction with a suitable oxidizing agent

5 12, e.g., potassium dichromate 12, in the presence of acid,
aluminum sulfate and a reagent, 13 (which is believed to
complex the intermediate(s) and is used in a later stage of

_ the process to complex the TBO composition components), e.g.,
zinc chloride. Then, a source of thiosulfate ions 14, e.g.,

10 sodium thiosulfate, is added to form a first reaction mixture

1S containing the first intermediate, 2-Amino-5-

dimethylaminophenyl thiosulfonic acid:

NH,
{(VIII)
HsC.
3 “NH s
i
CHs SO3H

: . £ s 1 R fon Mi

15 The first reaction mixture 15 is then further reacted,
preferable at a temperature of not greater than about 10° C,

with additional oxidizing agent 16, e.g., potassium

dichromate, and o-toluidine hydrochloride 17, in a

condensation step 18 to form the second intermediate, a

20 condensation product, indamine thiosulfonic acid



Formation of ‘First Reaction M xture An aqueous solution of the starting

- material 10 is oxidized 11, preferably at less than 10[err] C, especially
at | ess than about 5[err] C, by reaction with a suitable oxidizing agent 5
12, e.g., potassiumdichromate 12, in the presence of acid, alum num

sul fate and a reagent, 13 (which is believed®o conpl ex the internediates)
and is used in a later stage of the process to conplex the TBO conposition
conponents), e.g., zinc chloride. Then, a source of thiosulfate ions 14,
e.g., 10 sodiumthiosulfate, is added to f%5n1a first reaction m xture 15

containing the first internmediate, 2- d gty La@tnophenyl

thiosul fonic acid: [e{xyy Formati on of ¥d R M xture 15 The
first reaction mxture 15 is t fur eact € gf erable at a
tenperature of not greater thansahnﬁ : sC Nddi ti onal oxi di zi ng
agent 16, e.g., potassiumdichromatle, and o-tpl yidi ne E§§%ochloride 17, in
a condensation step 18 to formtheQfgcond i ntSO. at e\ 20 condensati on

product, indam ne thiosulfonic acid

in the second reaction mixture 19.

The second reaction mixture 19 is then further oxidized
5 21, preferably by addition of a suitable oxidizing agent 22,
e.g., potassium dichromate, at a temperature of not greater
than about 10° C. This is followed by the addition of copper
sulfate, zinc chloride complexing agent, acid and heating to
100° C to effect closure of the indamine ring, forming TBO in
10 a third reaction mixture 24. At this point the-TBO is

separated from the third reaction mixture and purified.

 on/Purificati £ TBO

For example, in the presently preferred embodiment of the’
process of the bresent invention, the TBO is precipitated from
15 the third reaction mixture by complexation of 24 with a
suitable complexing agent 25, e.g., zinc chloride, to form the
complex TBO-zinc chloride double salt. The precipitate is
filtered 26 féom the liquid phase and washed with sodium

chloride solution 27. The washed filter cake is then



Jerr] in the setond reaction m xture 19. Formation of Third Reaction-
M xture The second reaction mxture 19 is then further oxidized 5 21,
preferably by addition of a suitable oxidizing agent 22, e.g., potassium
di chromate, at a tenperature of not greater than about 10 C. This is
foll owed by the addition of copper sul fate 2}tT chloride conpl exi ng agent,
acid and heating to .10%Lerr 0sU

reacrfl

f
formng TBO i n 107594 aor‘f rrln xf%r evai‘?meoﬂft ¥ ﬁtgrdggnrﬁo tfﬁem'r%é‘l?os

separated from thg,i i BEACER QL TsXtHER BNERESI 31 ad remove undissolyed
Separation/ Purification of TBO For exanple, in the presently preferred

enbodi nent of thesohidcaga, okhidie arecdbstardudnt zhime dHleriB), i Sollowed by a
precipitated from 15 the third reaction m xture by conpl exati on of 24
with a suitable cemmlngvrﬁgmlceeceretr@tmmﬁ% gadiym gbloxigler 33mis hishen

conpl ex TBO nc ¢ ou The e itate is filtered 26 from
the Iiquid p ase 3%%3 ég Jtlr%fré’%&l tth %%I%’l" eg’é%cf’(ﬁﬁtﬁﬁ o7he FROFdBfed
filter cake is theMoride double salt, illustratively (showing only one of the

conformational isomers),

Cts
’ D m;(:) ZaCh
(x) *chNT é’. NH
CH; @ |
- =2

The TBO-zinc chloride double salt is separated from the
10 mixture by filtration, to yield a TBO-zinc chloride/TBO

hydrochleride filter cake 34.

As indicated by the dashed line 35, the TBO filter cake
34 can be redissolved, filtered, re-precipitated and
reisclated multiple times to achieve the desired degree of
15 purity and yield of TBO. The final purified filter cake
complex product 34 is then dried 35, e.g., in conventional
convection oven and/or vacuum oven and the dried filter cake -

36 is ground and blended 37 to yield the final TBO product 38.

' If too much water is used it prevents isolation of the

TBO. If too little water is used (1) all of the TBO does not
get dissolved, reducing the yield and (2) it decreases the
purity of the product.

! If too little sodium chloride is used, all of the
product will not be salted out, reducing yield. If too much
sodium chloride is used it will cause impurities to
precipitate out along with the TBO, decreasing the purity of
the product.



redissolved 28 in a critical[err] volume of water 29 to forma TBO sol ution
‘30, which is then filtered 31 to renmove undi ssol ved solids 32a, which are
di scarded. Zinc Chloride, followed by a critical[err] volune/concentration
of sodiumchloride 33 is then 5 added to the filtrate 32 to again

preci pitate the TBO zinc chloride double saljg. illustratively (show ng only
one of the conformational isoners), [err] The TBO zinc chloride double salt
is separated frofi¢ Hen2@ TBOripxoduet bgoxfﬁalinsabcb@n tmozyhelcdﬂ@rIBQ doiilsle -

chl ori de/ TBO hydr ochl oride filter cake 34 i ndi cated by the dashed |ine
35, the TBO fil t ¥ ltcQeTBY @ﬁ“‘b‘éarﬁhl%lt%dcquqlfiér%ﬂlt r‘# PBRC i Poxmtlas

and reisol ated n}”éfﬁle tinmes to achieve the desired degree of 15 purity
and yield of TBO e final purified filter cake conpl ex product 34 is
then dried 35, e.g., in conventional convection oven and/or vacuum oven and
the dried filter cake - 36 is ground and bl ended 37 to yield the final TBO
product 38. [err] If I%GOMWQ\A&PErC‘?@]{%éEgllteémeevmgones@hat formatfidrhe

TBO. If too"'“'tﬁtﬁ%% 3 eag%) t of the TBO,does not get  dissol ved,
reduci ng the yie? d %’25 CAGEAPR VR Re Duftict PEOPT 1R t8‘?0 titgation of
the indamine thiosulfonic acid and complexing the resultant
TBO reaction product to form the TBO-complex, produces a TBO-
complex prodﬁct having an improved ratio of TBO conformational
isomers to the N-demethylation products thereof. TIf the
10 complexing reagent is introduced before the formation of the
third reaction mixture, a ratio of at least 6:1 can be
obtained. Of course, as will be recognized by those skilled
in the art, obtaining these improved ratios of isomers to
demethylation derivatives will also depend somewhat on
15 observing other processing parameter precautions, as will be
discussed below in connection with the disclosure of the
preferred embodiments of the process invention, which are
desirable to improve the yield and purity of the TBO-complex
product. However, even if such other yield and purity-
20 increasing precautions are observed, the desired improved
ratios of isomers to N-demethylation products will not be
obtained and the desired improved ratio of peaks with the

methyl group in the -2 vs. -4 position will not be obtained,

unless the complexing reagent is added at least before the

formation of the third reaction mixture, i.e. before oxidizing

1Y
tn

the indamine sulfonic acid and complexing the resultant TBO

product.



2 1f too little sodiumchloride is used, all - of the product will not be
‘salted out, reducing yield. If too much sodiumchloride is used it wll
cause inpurities to precipitate out along with the TBO decreasing the
purity of the product. The final TBO product contains both the zinc
chloride double- salt of TBO (Fornula X) andgsthe chloride salt of TBO
(Formulas I & I1). Introducing the conpl exi ng reagent before the formation

5 of the third reagtigfedlnkt Ut Bhelicte, tREE Qhel @atDfe0dadation of dHae
i ndam ne thiosulfonic acid and conpl exing the resultant TBO reaction
product to formddupléBtha ampgent, ptaducbeferdBBe formatadonpefdtbe tleridng an

i nproved ratio of TBO conformatijonal isopers to the N-d mét hgl ation
product s t her eofreactippdniptrure  HRRTNES, fhe tRamer :Nadenq gEtd bef ore t he

formation of thed Ll i ealBNof dldidnaf §ldBe Ol plladaRAk fnd &,Pe
obtai ned. O coursé, as w e recogni ze y those skilled in the art,
obt ai ni ng t Bese ddaeyves sMki esmpfesi EMTERS FtnrdenBt ytatiiaanafdeydy atteves
will al so depend sonewhat on 15 observing other processing paraneter
precautions, as tiiijosubgonic acid and/or the indamine-thiosulfonic acid, which
apparently offers steric hinderance to demethylation. In
other words, the complex, because of its increased size and
structure, offers steric bulk (and possibly electronic
10 effects) which protect the N-methyl groups from oxidative
demethylation. Because all three reaction steps involve
oxidation and possible demethylation, the earliest formation
possible of this complex is advantageous, which is why I

recommend that the complexing agent be present as early as

15 possible.

According to further and most preferred embodiments of
the invention, as disclosed in my prior USA application,
identified above, the yield of my general process, déscribed
above, is significantly increased by introducing the source of

20 thiosulfate ions into the first reaction wmixture, to form the
first intermediate, while maintaining the reaction mixture at
a reduced temperature éf about 10°C and continuing the
reaction at this reduced temperature before raising the
temperature to an elevated temperature. Thus, in the

manufacture of the indamine thiosulfonic acid intermediate,

|38
W

which comprises the steps of oxidizing N,N'-dimethyl-p-
phenylene diamine in a reaction mixture containing it and an

oxidizing agent, and introducing a source of thiosulfate ions,



di scussed bel ow in connection with the disclosure of the preferred

* enbodi nents of the process invention, which are desirable to i nprove the
yield and purity of the TBO conpl ex product. However, even if such other
yield and purity- 20 I ncreasi ng precautions are observed, the desired

I nproved ratios of isoners to N-denethyl ati%p products will not be obtained

and the desired inproved ratio of peaks with the nmethyl group in the -2 vs.

-4 position willenot,be 9biat fady whal esspdRusedb el Rievo0geHenperadded at
| east before the 25 formation of the third reaction m xture, i.e. before

oxi di zi ng the | Fdanapersdimhtaly cmdnabes cdopfexn ry soietien Wl dmdahBae
pr oduct . -19- At present, | believe that the earlier addition of the
conpl exi ng r eagéhiosylionicphaei disgelved it iths Bration RixtMreadtFon

m xture inproves_the Jjsaner: gFHBe | efq ' haLi e final
pr oduct , becausé’VSFg}%é”gg‘ril ‘L;!E E’?éjri?r‘tﬁé[ %ﬁgogh%a%df\%ﬁe%o%ﬁo{?etagt arting
mat eri al angl/ or gihgt iiideHbbodd byaakineailioy the tagrranaré Ol onic
acid, which apparently offers steric hinderance to denethylation. In
oxidation-thiosulfonization mixture at or below about 10°C for
approximately 30 minutes, before raising the temperature to

form the indamine thiosulfonic acid reaction mixture solution.

WORKING
10 EXAMPLES

The following examples are presented to illustrate the
practice of the invention in such terms as to enable those
skilled in the art to make and use the novel TBO compositions,
to practice the novel diagnostic methods using such TBO

15 compositions and to practice the novel process for preparing
TBO compositioné, which together form the various embodiments
of the invention, and to indicate to those skilled in the art
the presently known best modes for practicing the various
embodiments of the invention. These examples are presented as

20 illustrative only and not as indicating limits on the scope of

the invention, which is defined only by the appended claims.

EXAMPLE 1

Manufacturing Process

This example illustrates, in the detail required to
25 satisfy regulatory required GMP conditions, the exact

procedures for carrying out the general commercial scale



other words, the conpl ex, because of its increased size and structure, <.
offers steric bulk (and possibly electronic 10 effects) which protect the
N-net hyl groups from oxi dative denethyl ati on. Because all three reaction
steps invol ve oxidation and possi bl e denethylation, the earliest formation
possi ble of this conplex is advantageous, waieh is why | recommend that the
conpl exi ng agent be present as early as 15 possi bl e. According to further
and nost pref er rePUEREEITSET & Brtehes ﬁ‘@@n‘?ﬁ)r?mégcﬁt sclosed in my prior
USA application, identified above, the yield of ny general process,

descri bed above, is significantly |ncreased by introducing the source of 20
t hi osul fate i onsepenks 3 PGy tutienst 0 formthe first
internedi ate, while nalntalnlng t he reactlon m xture at a reduced
tenperature of about 10[err]C and continuing the reaction at this reduced
tem)ereuurebeﬂgeralsg%q1 etmmaaUHetoanemwmedtamaaUHe

Thus, in the 25 P& 8" t he i ndami ne thiosul fonic acid

i nternedi ate, which conprises the steps of oxidizing N, N -dinethyl-p-

phenyl ene diamne in a reaction m xture containing it and an oxidi zi ng
agent, and introduci Ag ®hgsoarTRLSKNS Bhilasger f ate i ons,

5 B. AnD HV150KAI Balance

C. Fairbanks H90-5150 Balance

D. OHAUS WB25/1-20W Balance

E. Cole Parmer (51201-30} and Thermolyne
(SZSS3S)Stirrers

10 F. Sampling devices, such as steel scoops, drum

samplers, etc.

G. Erlyenmeyer flasks, beakers, carboys and other
appropriate glassware.

H. Production Solution Labels.

| Safety:

Protective equipment, such as gloves, safety glasses, lab
coats, and respirators should be worn when handling chemicals

according to MSDS guidelines.

Raw Material Solutions Preparation Procedure:
20 To Hydrochloric Acid, 1364.2 g (+ 5.5g) add 1364.2 g (=
5.5g} of USP Purified water. Stir until the solution is

clear.



-20- followed by raising the tenperature to an el evated tenperature for
‘approximately 30 minutes, to forma solution of indanine thiosulfonic acid
di ssolved in the reaction mxture, the overall yield of TBO product from
the overall process as 5 greatly increased by nmaintaining the tenperature
of the oxidation-thiosul fonization m xture aiz-or bel ow about 10[err]C for
approximately 30 m nutes, before raising the tenperature to formthe

i ndami ne t hi osul f oni FeadilamirancSudhiape ¥axadesahydiage, VIORKIING 1@ 7.0g)

EXAMPLES The fol | ow n%fiexarripl es agre gr esented to illustrate the practice of
the invention in sucRoCefnt®as % dtehAflE CRoUEP HYMIfdedivrtere afEir oukdRe

and use the novel TBQLeOoOPAN 089S, cj&uPractice the novel diagnostic

met hods usi ng such TBO 15 conpositions and to practice the novel process
for preparing TBO conpositions, which together formthe various enbodi ments
of the invention, and to indicate to those skilled in the art the presently
known best nodes for T8r &8¢ Ggride. vE84obsIefbddi-feat s asid 2A86i hventd on.

These exanples are presgnte O,..dd.lustrative _only and not as. |,
i ndicating Iimits on tRS i’cg’ﬁgﬁég ’i"hreléulr?\%}eh’??%rn', \ﬁgﬁh“’i‘a&sﬂdégfanﬁ‘al‘bﬁﬂ%? by

t he appended cl ai ns. is clear.

To Potassium Dichromate, 2101.9 g (+ 8.0 g), add 25203.8g
(x 100 g} of USP Purified water. Stir until the solution

is clear.

10 To Sodium Thiosulfate Pentahydrate, 1526.6 g (+ 6.0 al,
add 2043.6 g (+ 8.0 g) of USP Purified water. Stir until

the solution is clear.

To Copper Sulfate Pentahydrate, 509.7 g (+ 2.0.g), add
1613.1 g (+ 6.0 g) of .USP Purified water. Stir until the

15 solution is clear.

To Sulfuric Acid, 600.0g (+ 2.0g), add 600.0g (+ 2.0g) of

USP Purified water. Stir until the solution is clear.

To Sodium Chloride, 70.4 kg (& 250 g}, add 234.4 kg (+
850 g) of USP Purified water. Stir until the solution is

20 clear.



_EXAMPLE 1 Manufacturing Process This exanple illustrates, in the detai
required to 25 satisfy regulatory required GW conditions, the exact
procedures for carrying out the general conmercial scale -21-

manuf acture of a batch of TBO dye product. Preparation of Raw Materials

Sol utions Equi pment/supplies: A Ohaus | P15Kk3_Bal ance 5 B. AnD
HV150KAI Bal ance C. Fairbanks H90-5150 Bal ance D. OHAUS WB25/ 1- 20W Bal ance

E. Cole Parner (51201-30) and Thernol yne ( SXBIBB§IStirrers 10 F.
Sanmpl i ng devices, such as steel scoops, drum sanplers, etc. G Erlyenneyer
fl asks, beakers, carboys and other appropriate glassware. H Production

Sol ution Labels. Synthesis Equipment and Supplies:
LFE Control Panel (3000)
20 gallon Jacketed Glass Lined Purification Tanks with

5 lid (E71224)

Two 100 gallon Jacketed Glass Lined Purification Tank
with lids (P1, PT-001) (P2, L-13621)

FTS Recirculating Cooler (RC96C032) and 500 gallon Cold
Storage Tank (500CST}

10 Three Caframo Mixers (BDC-1850) (R1, 18500961) (P1,
18501148} (P2, 18501173) with shaft and impeller

Lightning Mixer (LiU08) (201550)

Three Heat Exchangers (Gardner Machinery) (R1l, 01960763)
(P1, 01960764) (P2, 08950727}

—
h

Three 12KW Jacket Fluid recirculators (Watlow, BLC726C3S
20)

Three Recirculation Pumps (Sta-Rite, JBHD-62S, C48J2EC15)
Masterflex Digital Peristaltic Pump (A94002806)
Masterflex Peristaltic Pump (L95003320)

20 Cole Parmer Peristaltic Pump (B96002074)

Neutsche Filtration unit (70-2038, 43421-1)

Two Buchner Filtration Units (Z11,624-6, Z10,441-8)



15 Safety: Protective equi pnment, such as gl oves, safety glasses, |ab
‘coats, and respirators should be worn when handling chem cals according to
VMBDS gui del i nes. Raw Material Sol utions Preparation Procedure: 20

To Hydrochloric Acid, 1364.2 g (t 5.5g) add 1364.2 g (+ 5.5g) of USP
Purified water. Stir until the solution is_g}ear. -22- To Al um num
Sul f ate Hexadecahydrate, 1779.1 g ( 7.0Qg) add 2548.9 g ( 10.Qg) of USP

Purified water. Stirsididnls tvaeusd|pumponrFesvyl ear. To Zinc Chloride, 7384.6
g ( 30.0 g), add 2786.7 g (+ 5 11.0 g) of USP Purified water. Stir.

until the solution is clear. To PotassiumD chromate, 2101. 9.cg ( 8.0 9),

add 25203.8g (i 100 G%ﬂlgﬁ;ﬁﬁ% fingdErliectspn (Tank withnbid ol8g8s6n i s

clear. 10 To i dAPThi osul fate Pent ahydrate, 1526.6 g ( 6.0 g), add

2043.6 g ( 8.0 g) of USP Purified water. Stir until ,
Air Compressor (DF412-2) (9502312538)

5 Flow Controller (3-5500) (69705069190)

Six Batch Controllers (3-5600) (#1,69705069191, #2,
69705069199, #3, 69705069194, #4, 69705058829, #5,
69705058805, #6, 69705069195)

. Six Flow Sensors (#1, 69704295165, #2, 69704024995, #3,
10 69704024994, #4, 69704025027, #5, 69612178606, #6,
69703120990)

Four Diaphragm Pumps ({(M1)

Four Surge Suppressers (A301H) (#2, 15557, #3, 15561, #4,
15558, #5, 15559)

15 Four Air Regulators {CFR10)
Four Solenoid Valves (used with air regulators)
Four Low Flow Sensors {FS-500)
Three Solenocid Valves (EASMS5V16W20)
Air Filter / Regulator (TAR)PTFE / FO6R113AC
20 Filter media, Polypropylene (7211-1)
Filter media, Whatman Grade 52
PharMed tubing (-18, -82, -90)

pH Meter; Hanna 9321 (1303675} & Orion 620 (001911)



-the solution is clear. To Copper Sulfate Pentahydrate, 509.7 g ( 2.0.9),
“add 1613.1 g ( 6.0 g) of USP Purified water. Stir until the 15

solution is clear. To Sulfuric Acid, 600.0g ( 2.0g), add 600.0Cg ( 2.0g) of
USP Purified water. Stir until the solution is clear. To Sodi um Chl ori de,
70.4 kg ( 250 g), add 234.4 kg ( 850 g) of-248P Purified water. Stir until
the solution is 20 clear. -23- SYNTHESI S Synt hesi s Equi pnrent and
Suppl i es: LFE Cont r ofPes4XePheBatsirr280 g i1 0392¢kkt ed” 4 ass Li ned

Purification Tanks w,th 5 . el 71224 al l on Jacket ed
d ass Lined Purifi c\gfﬁsg‘r?rTgﬁke%’tfﬁﬁ ?ﬁéu “b%%eéTT%’ﬁl ?859 L-13621) FTS
Recircul ati ng Cool eryyrfR@96608%) £ xdaS20r GalenOnN1 £pd i) St or age Tank (500CST)

10 Three Caframb M xers (BDC-1850) (Ri, 18500961) (P31,
Dust/Mist Respirator

5 Thomas Wiley Laboratory Mill (3375-E10)
Patterson-Kelley Blender {Blendmaster, 416578}
OHAUS TS4KD Balance
OHAUS IP1SKS Balance
Mettler AG 104 Balance
10 AnD HV150KAl Balance
Fairbanks H90-5150 Balance
OHAUS AS123 Printer
OHAUS AS142 Printer
AD-8121 Multifunction Printer
15 Citizen iDP 3540 Dot Matrix Printer
Hewlett Packard HPLC (1050)
Ultrasonic Cleaner (8892-DTH, QCC9601 005C)
Type K Thermocouple Temperature ﬁecorder {KTx, 6292753,
6355146)
20 - Erlenmeyer Flasks (8L, 6 L, 4 L, 1 L)
Beakers (8L, 6L, 500 mL, 250 mL)
Carboys {4L, 10L, 50 L)
HDPE Drums (55 gallon, 100 gallon)
Volumetric Flasks (100 nL)
25 Plastic Funnel
Pastuer Pipettes & Bulbs and Volumetric Pipettes (10 mi,
S mL) & Bulb
Bellows (25 wmlL, 50 mL)

Weigh Paper



18501148) (P2, 18501173) with shaft and inpeller Lightning M xer (LI UCB)

" (201550) Three Heat Exchangers (Gardner Machinery). (R . 01960763) (P1,
01960764) (P2, 08950727) 15 Three 12KW Jacket Fluid recircul ators
(Wat | ow, BLC726C3S 20) Three Recirculation Punps (Sta-Rite, JBHD 62S,
C48J2EC15) Masterflex Digital Peristaltic P (A94002806) Masterfl ex

Peristaltic Punp (L95003320) 20 Col‘® Parner Peristaltic Punp
(B96002074) Neut schesfzichigation unit (70-2038, 43421-1) Two Buchner
Filtration Units (Z11, 624-6, Z10, 441-8) -24- Sienens Vacuum Punp (F2BV2)

60 Gall on G ass Li nethckabling tMayeriahk (aerttaibeds [ 36854, 1&364)1186) A r
Conpressor (DF412-2) (950231.25383)@ 5 Fl ow Control |l er (3-5500)
(69705069190) Si x BdtahMebertad| SOLEL{ABF600) (#1, 69705069191, #2,
69705069199, #3, 69705069194, #4, 69705058829, #5,

SYNTHESIS: Step 1.
5 : 2-amino-5-di
hi 1foni id.

s Check the integrity of the USP water system. To the
reactor add the weighed USP Grade Purified Water
{28,000 g + 100.0 g} and stir at 190 + 10 RPM. Record
10 the conductivity of the USP water at the time the water

was dispensed.

* Add N,N-dimethyl-1,4-phenylenediamine (5.128 mol, 720.0
g + 3.0 g). The material should be added as a powder

{(no lumps). Stir 10 minutes (+ 5 minutes).

15 ¢ Add hydrochloric acid (6 N, 1136.9 g + 5.0 g). Stir 15

minutes {+ 5 minutes).

< Ensure the pH meter is calibrated according to SOP #
LM-007. Take a reaction mixture sample of
approximately 10 mlL using a plastic sampling device.
20 Mark the sample lot #.IPSia. Check the pH and record.

The pH must be 2.8 - 3.8 @ 25°C % 5¢<C.



69705058805, #6, 69705069195) -Si x Fl ow Sensors (#1, 69704295165, #2,

69704024995, #3, 10 69704024994, #4, 69704025027, #5, 69612178606,
#6, 69703120990) Four Di aphragm Punps (M) Four Surge Suppressers (A301H)
(#2, 15557, #3, 15561, #4, 15558, #5, 15559) 15 Four Air Regul ators

(CFR1O Four Sol enoid Valves (used with air,segul ators) Four Low Fl ow
Sensors UFS-500) Three Sol enoid Val ves (EASMbV16W20) Air Filter / Regul at or
(TIR) PTFE / FO6R113AG 284 aluminumFbhlfdtenhedkadeddMydpaopydcindion21d3dd.o g
Filter nedia, Whatman G ade 52 PharMed tubing (-18, -82, -90) pH Meter;
Hanna 9321 (1303675) &tOr?biP 20 (90iDAP) minutes (iSheminwisisit 6heReF L0 10
(3MJ7202070) Fi sher Sckggti fic Vacuum Oven (9502-033) WAR 1370 FM forced
air oven (1370FM :

¢ Add zinc chloride solution (3641.5 g + 18.0 g). Cool

5 to 4oC + 1oC.

¢ Once the temperature (PV1l) is 4°C + 1oC add potassium
dichromate solution (6532.4 g + 32.0 g} over a 20
minute period (+ S minutes). When addition is complete
stir 20 minutes (+ 5 minutes} and then change the Set

10 Point (SP1) to 25.0°C from the Main Menu.

* When the temperature has reached 20.0°C 1+ 3.0¢C add
sodium thiosulfate pentahydrate solution (3570.2 g +
18.0 g). Stir the solution at 25¢C for 30 minutes (+ 5

minutes).

15 ¢ Change the Set Point to 60oC. When the temperature
(PV1} reaches 60.0°C & 3.0°C allow the reaction mixture
to stir 5 minutes (+ 3 minutes) and change the Set

Point on the LFE controller to 10.0.

e Once the temperature has reached 13.0<C + 2.0°C take a

20 reaction mixture sample of approximately 10 mL using a
plastic sampling device. Mark the sample-lot #.IPSlb.
Check the pH and record. The pH must be 3.1-4.1 @ 25°C

+ 5°C.



Dust/M st Respirator 5 Thomas W1 ey Laboratory MII (3375-El O
"Patterson-Kell ey Bl ender (Bl endnmaster, C416578) OHAUS TS4KD Bal ance OHAUS

| PI5KS Bal ance Mettler AG 104 Bal ance 10 AnD HV150KAl Bal ance
Fai r banks H90-5150 Bal ance OHAUS AS123 -Printer OHAUS AS142 Printer AD-8121
Mul ti function Printer 15 Ctizen |E§ 3540 Dot WMatrix Printer

Hewl ett Packard HPLC (1050) U trasonic Cleaner (8892- DTH, QCC9601 005C)
Type K Thernocoupl e Tenper at ure Recor dsynTeEdxrs: 6282853, 6355146) 20

Erl enmeyer Flasks (8L, 6 L, 4 L, 1 L) Beakers (8L 6L, 500 nL 250 )
Car boys (4L, 10L, 50 L) HDPE Szihesis® * 0108y Bk

Fl asks (100 nL) 25 Pl astic Funnel Pastuer Plpettes & Bulbs and
Vol unetric Pipettes (10 ni,

¢ Weigh out o-toluidine (604.4 g + 2.5 g) and cool to 18°C

4+ 3oC in an ice bath. Add hydrochloric acid (6 N, 1230.7
5 g + 5.0g) to the o-toluidine slowly. Remove the o-

toluidine hydrochloride f£rom the ice bath and allow the

solution to cool to 38°C + 39C. BAdd the solution to the

reaction mixture and stir 5 winutes (+ 3 minutes).

¢ Add potassium dichromate solution (6532.4 g + 32.0 g)
10 over a 20 minute-period {+ 5 minutes). When addition is

complete stir 10 minutes (+ 5 minutes).

¢ Change the controller Set Point (SP1) to 60.0. Once
the reaction wmixture temperature reaches 60.0°C + 3oC
allow the mixture to stir 25 minutes {+ 5 minutes). A

15 precipitate will form consisting of a green indamine.

e Take a reaction mixture sample of approximately 10 mL
using a pipette. Mark the sample lot #.IPS2. Recorxd

the solution color.

SYNTHESIS: Step 3.

20 } - f Toluidi B1 0 i Toluidi Bl > Zi
lorsi : -

e Set the LFE controller Set Point to 7.0. Once the

reaction mixture temperature reaches 10.0¢C &+ 3<C add



5 m) & Bulb Bellows (25 nL, 50 nlL) Weigh Paper - 26- -Spat ul as Packagi ng
"Material (containers, lids, |labels) Raw Material Solutions SYNTHESIS: Step
1. 5 Synt hesi s of 2-am no-5-di net hyl am noohenyl thiosul fonic
acid: Check the integrity of the USP water system To the reactor add the

wei ghed USP Grade Purified Water (28,000 g_,J00.0 g) and stir at 190 + 10
RPM  Record 10 the conductivity of the USP water at the tine the

vat er was di spensed. ‘pofddsNd\dickebhyte boduphenylesnedi agine 3(2501<r?,§3 SPdr
720.0 g 3.0 g). The material should be added as a powder (no [unps).

Stir 10O minutes ( 5 miandPeminutpsperiod (+ % mgputasir-ocWhen jasidi¢iidn(6s N,
1136.9 g 5.0 9g). Stir 1§em' nut,e32£ 5, m nutes).

complete stir minutes.

¢ Add potassium dichromate solution (5225.9 g + 26.0 g)
5 over a 20 minute period {(+ 5 minutes}.

When addition is complete stir 20 minutes (+ 5 minutes).

e Take a reaction mixture sample of approximately 10 wmlL "

using a pipette. Mark the sample lot #.IPS3.

* Add zinc chloride solution (3641.5 g + 18.0 g). Stir 20

10 minutes {(+ 5 minutes) at 350 + 10 RPM.

e Add copper sulfate pentahydrate (2122.8 g & 10.0 g).

Stir 15 minutes (+ 5 minutes}.

¢ Take a reaction mixture sample of approximately 10 mL

using a pipette. Mark the sample lot #.IPS4.

15 ¢ Change the controller Set Point (SPi) to 100.0. Onée
the reaction mixture temperature reaches 67.00¢C &+ 3eC
begin to add sulfuric acid solution to pH 2.9 + 0.3 by
adding aliquots (500 mL, 250, 125 mL, etc.}). Stir for §
to 10 minutes after each addition and check pH.

20 e Once the reaction mixture temperature reaches 100.0°C +

3oC allow the mixture to stir 35 + 5 minutes.



* Ensure the pH neter is calibrated according to SOP # LM 007. Take a
reaction m xture sanple of approximately 10 nL using a plastic sanpling
devi ce. 20 Mark the sanple |lot #.I1PSla. Check the pH and
record. The pH nust be 2.8 - 3.8 @25[err]C" 5[err]C -27- * Add

al um num sul f at e hexadecahydrate solution (48.0 g + 21.0 g). Stir 10
mnutes ( 5 mnutes) at 275 + 10 RPM * Add zinc chloride solution (3641.5
g + 18.0 g). Cool 5 ¢ Change thepcdpereller+Sef ekain€ (SPNa=® BlBeot enqn&l.‘eattl}hl’ee
(PV1) is 4[err]C 1[err%C add Qt assi um di chromate sol ution (6532.4 32.0
g) over a 20 mnute peffF3d hite SemPRRah S deerBes | L -O8%pt et°f E‘E’F? a20

m nutes (5 mnutes) a?Qaé&% &Qﬂg‘ﬁz}nt 4 el oft ngroxln%telbenﬁLgusﬂr}g a

25.0[err]C fromthe Main Menu. e tenperature has - reéac
20.0[err]C 3.0[err] C pipetsedi umikhitsllshapbe dst ghydssit e sol ution (3570. 2
g + 18.0 g).5 Stir the solution at 25[err]C for 30 mnutes ( 5 mnutes).
* Change the controller Set Point (SPl) to 2.5. Cool to
2.5°C in 4 hours and Hold at 2.5°C + 2.0C for 4 to 18

hours.

¢ Take a reaction mixture sample of approximately 10 mL
10 using a pipette. Mark the sample lot #.IPS6. Record
the solution color. Check the pH and record. Filter

the sample through 0.45 wmicron filter paper. Take

approximately 100 milligrams of the precipitate and

dissolve in approximately 100 mL of HPLC water. Filter
15 the solution through 0.45 micron filter paper. Label

the solution Lot # .IPS7 and analyze the sample by the

RP-HPLC Toluidine Blue O Analysis Method. See Example

3. Record the results.

20 Purification: Step 1

¢ Filter the reaction mixture through suitable filter

media (Whatman Grade 52).

e When the reactor is empty weigh out 24.0 kg + 150.0 g of

30% NaCl solution and add 24.0 kg &+ 150.0 g of USP water

25 (record conductivity of the dispensed water). Close the

reactor bottom valve and add the 15% NaCl solution to



15 * Change the Set Point to 60[err]C. \Wen the tenperature (PVl)
reaches 60.0[err]C 3.0[err]C allow the reaction mxture to stir 5 mnutes
( 3 mnutes) and change the Set Point on the LFE controller to 10.0. * Once
the tenperature has reached 13.0[err]C 2.0[err]C take a 20

reaction mxture sanple of approximately 10_gd. using a plastic sanpling
device. Mark the sanple-lot #. 1PSIb. Check the pH and record. The pH nust
be 3.1-4.1 @25C 5[ er the reactc28- SYNTHES! SolSt R BriSyny hegies ehe | ndami ne
Thiosul fonic Acid * Weigh out o-toluidine (604.4 g 2.5 g) and cool to
18[err]C 3[err]Cin arflﬂ-E’éa%hlsA’a@“Woéﬁﬁo‘Fh% Na6il ds¢Bition] 2AOLHe 5

g 5.0g) to the o- toIU| t ol ui |ne hydr ochl ori de

d
fromthe ice bath and af? %ﬁﬂg gé?ﬁt rfﬁPge ES% Qﬁ}tgﬁ[%ﬁ odlert (e Add

the solution to the reagiffdtdriihild! €ndihast ea OaiHAULRS * Add
pot assi um di chromat e sol uti on 66532 4 g 32 3 )l ﬁaﬁ%lngeg??%&bo

m nute peridd (+ 5 m nihasjrdofisemasacklitli.on |s

* Process filtrate (lot#. HW1l) according to waste disposal

procedures.

¢ Check the 100 gallon glass lined, jacketed purification
tank # 1 condition and wmake certain the tank has been
10 properly labeled as CLEANED with date and signature.
Equip the tank with a HDPE 1lid, Caframo stirrer, stir
shaft, propeller and thermocouple probe inserted into a
plastic thermocouple well. Check that the bottom valve

is off and the outlet is capped.
15 * Label the Tank with Lot#.P1A (Purification 1A).

¢ Weigh out 190.0 kg + 1.0kg of USP water into a HDPE
container . (record conductivity of the dispensed water)
and transfer the water to Purification Tank 1. Stir the
mixture at 350 RPM. Once the NaCl wash of the filter

20 cake is complete add the filter cake to Purification

Tank 1 while stirring.

¢ Stir the mixture 2 to 4 hours. Take a sample (through
the bottom valve) of approximately 50 mL. Mark the

sample lot#.IPS8. Record the solution color.



conplete stir 10 mnutes ( 5 mnutes). * Change the controller Set Point
"(SPI) to 60.0. Once the reaction mxture tenperature reaches 60.Jerr]C
3[err]C allow the m xture to stir 25 mnutes ( 5 mnutes). A 15
precipitate will formconsisting of a green indamne. * Take a reaction

m xture sanple of approximately 10 nlL usingsg. pipette. Mark the sanple | ot
#.1PS2. Record the solution color. SYNTHESIS: Step 3. 20 Synt hesi s
of Tol ui di ne Bl ue 0 arsdtTehei Bliri€iBhtibo) Tinkc 1 ChFE rdotié rEbldat eecSaist. o *  Set
the LFE controller Set Point to 7.0. Once the reaction mxture tenperature
reaches 10. [err]C + 3{S®A&?}C add -29- potassi um di chromate sol ution
(6532.4 g 32.0 g) over a 20 mnute period ( 5 mnutes). Wien addition is
conplete stir 20 m nutes. Add potassium di chromate solution (5225.9 g +

26.0 g) 5 . OVN@enarRY wixituie PeidadttrS (BAYt @sdchdthers addif i is
complete stir 20 mnutes ( 5 mnutes).
change the Set Point on the controller to 40.0.

5 e Allow the mixture to stir at 40°C and 350 RPM for 12 to

‘36 hours.

« Take a sample {through the bottom valve) of
approximately 50 mL. Mark the sample lot#.IPS9. Record
the solution color. Check the pH and record. Measure

10 1.0 mL of the sample with a 1.0 mL pipette and dilute to
100 ml in a volumetric 100 ml flask. Label the sample
lot#.IPSsA. Then take 10.0 mL of this solution with a
10.0 mL pipette and dilute to 100 ml in a volumetric 100
mL flask. Label the sample lot#.IPSSB. Measure the

15 absorbance of these samples: using the spectronic 20+.
Record the results. The absorbance of sample 9B should

be 2 0.220.

Purification:

« Filter the mixture through filter wmedia in the filtration
20 unit. Collect the filtrate into a Tared HDPE container

with lid.

¢ Check the 100 gallon glass lined, jacketed purification

tank # 2 condition and make certain the tank has been



* Take a reaction m xture sanple of approximately 10 nmL using a pipette.
"Mark the sanple lot #.1PS3. * Add zinc chloride solution (3641.5 g "18.0
g). Stir 20 10 mnutes ( 5 mnutes) at 350- 10 RPM * Add copper
sul fate pentahydrate (2122.8 g 10.0 g). Stir 15 mnutes ( 5 mnutes). *
Take a reaction mxture sanple of approxi masgly 10 nlL using a pipette. Mark
the sanple lot #. 1PS4. 15 * Change the controller Set Point (SPl)
to 100.0. Once the puoperivnlakeliedr ast SidERt uvith Satheand Bighature. +

3[err]C begin to add syl furic acid,sol ut}] 0.p .9 0.3 by addin

al i quots (500 ni, Zﬁﬂulfzgh?rﬁaﬂg‘t 8’.15‘}.? %t’%D%%f 5,}55%6%1-‘580”?%%5«61?{1@? each
addi tion and check 0 * AT} @ﬁgi 1 eq ure
reaches 100.0[err] C@ﬁa?fférﬁ%eglllegwaﬁg&m xt ﬁ{)e topgteibén %%é&%etr(rii %t&é?

-30- * Change the c@lasthitethésmiocBaphé WeSR1) Checi3Thadt €he codttenr ealté Qs

m xture tenperature reaches 70. [err]C _ 3[err]C take a reaction m xture
sanpl e of approxi matl@bpled % FENEY LS pREYEEONtAL KPR ioR pRRd | e putpes.

is capped.

e Label the Tank with Lot#.P2A (Purificétion 23), date and

signature.

» When the filtration is complete weigh the container and
10 solution. Subtract the tare weight. Record the solution

weight. Calculate the solution volume.

(TBO soln wt. g} (100.0 mL TBO soln/ 100.42 g TBO soln)

= ml of TBO soln

i5 +« Label the filter cake lot#.HW2 (Hazardous Waste 2} and

process according to waste disposal procedures.

e Into a clean HDPE container weigh out a quantity of 30%
NaCl solution equal to the solution volume recorded above

using the following formula:

20 {mL of TBO soln) (116.91g NaCl soln / 100.0 mL NaCl

soln) = g of NaCl soln

e Sample = 10 mL of the filtrate and check the pH. Label

lot#.IPS10. The pH must be 3.0 - 4.0. Transfer the



5 * Change the controller Set Point (SPI) to 2.5. Cool to 2.5[err]Cin 4
“hours and Hold at 2.5[err]C + 2. [err]C for 4 to 18 hours. * Take a
reaction m xture sanple of approximately |10 nL 10 using a

pi pette. Mark the sanple ot # IPS6. Record the solution color. Check
the pH and record. Filter the sanple through-0.45 mcron filter paper.
Take approximately 100 mlIligranms of the precipitate and dissolve in
approxi matel y 100 nifidtr&fd Chyaweight) [tieePutbfication Tank (Ps sSkuti Oime
through 0.45 mcron filter paper. _Label the solution Lot # .IPS7 and

anal yze the sanpl e FPHPREOREGBPE H ui dine Bl ue 0 Analysis Method. See
Exanple 3. Record the results. 20 Purification:
Step 1 * Filter the reaction m xture through suitable filter nedia (Watman
Grade 52). * \Wen & h@dr easd @hliosi@epsolusdiogh (Dade .34g0+ kg .5150. 0 g of 30%
NaCl solution and add 24.0 kg 150.0 g of USP water 25 (record
conductivity of the dispensed water). C ose the reactor bottom val ve and

0 ;
add the 15% NaCl S-OlTlil:E'.iiquext Q:he NaCl solution (by weight) to Purification

5 Tank 2.
e Set the Purification Tank 2 LFE controller to 75.0 (sp1).

¢ When the mixture temperature (PV1l) reaches 75.0°C ¢ 3¢oC

change the Set Point on the controller to 5.0.

¢ Cool to 5¢C in 6 hours and Hold at 5¢C 4+ 4.0°C for 4 to 24

10 hours.

s Take a sample (through the bottom valve} of approximately

50 ml.. Mark the sample lot#.IPS11.PT2..
SSING:
15 i. Filter

e« Filter the mixture through tared filtration media (Whatman

Grade 52) in the filtration unit

e Weigh out 12 kg + 50 g of 30% sodium chloride solution

and dilute with 12 kg + 50 g of USP water {record

20 conductivity of the dispensed water). Wash the filter



~-31- the reactor. Stir the solution briefly. Wen the filtration is
conplete add the NaCl solution to .the filtration unit to rinse the filter
cake. Collect the filtrate into the sanme container and Label |ot# HM 5
(hazardous waste 1). * Process filtrate (lot# HWM) according to waste

di sposal procedures. * Check the 100 gal |l on3glass |ined, jacketed
purification tank # 1 condition and make certain the tank has been 10
properly | abel ed as CHEANEER the BSFaredi chilghtdeiseluEien i leddingktim t h a

HDPE |id, Cafranp stirrer, stir f ropeller and.thernoc | e probe
inserted into a pl aﬁ(’ll@%% %r%rggég?eg?/\e%? %&ﬁ{é%?(r't haflef’hléhebofto’#%ﬁf"ﬁg?ﬂe"ﬁ s
off and the outl et ionpaRPecarkFully remove kROEFildee papds Wdrtakatfq B
(Purification | A). * Weigh out 190.0 kg 1.Ckg of USP water into a %iDPE

contai ner (record cdduéting thiuef Ot heodlictpensed water) and transfer the
water to Purification Tank 1. Stir the m xture at 350 RPM Once the Nad
wash of the filter 20 cake is conplete add the filter cake to
Purification Tank 1 while stirring.

S ¢ Process Lot#.HW3 (Hazardous Waste 3) according to waste

disposal procedures.
ii. Dxy

* Place the TBO product in the oven and dry at 50.00C + 3.0C

for 5 + 1 hours. Label the oven lot#.PRE-DRY.

10 * Remove the product from the forced air oven and place in
the Vacuum Oven. Dry at 45.0°C + 3.0°C @ 28" Hg + 2" Hg for

10 + 2 hours. ILabel the oven loti.DRY.
iii. Weigh

* Remove the product and weigh the Toluidine Blue O and
15 filter. Subtract the filter weight and record the TBO

weight.

* Using a stainless steel spatula carefully remove the
product from the filter paper. Wear a Dust/Mist

respirator. Weigh the Toluidine Blue.



* Stir the mxture 2 to 4 hours. Take a sanple (through t he "bot t om val ve)
"of approximately 50 nmiL. Mark the sanple | ot#.1PS8- Record the solution

col or. -32- * Set the Purification Tank | LFE controller to 75.0 (SPl).
* When the mxture tenperature (PVI) reaches 75. Jerr]C + 3[err] C change
the Set Point on the controller to 40.0. 5-36- * Allow the m xture to

stir at 40[err]C and 350 RPMfor 12 to 36 hours. * Take a sanple (through
t he bottom val vedv.of Gappdoxi mately 50 nL. Mark the sanple lot#. 1PS9. Record
t he solution col or. Check the pH and record. Measure 10 1.0 nm
of the sanple with a 1.0 nL pipette and dilute to 100 nL in a volunetric

100 ni flask. Labgl fhhgs@ iR pebudPIRAcnINRILUIBHRE 6L ©- Fofrshine
solution with a 10.0 nlL pipette and dilute to 100 nmL in a volunetric 100 nL

flask. Label the samphe |Chetkl PBOBrhomas\Fasey d-aboraliéry Mill condiptsiambance

of these sanples using the spectronic 20+. Recqrd the results. The
absor bance of sanpl & gk, feytain the mill has been properly labeled as

5 CLEANED with date and signature. Use the 0.5 mm screen.
Attach a clean container to the delivery chute. The

chamber door must be closed and latched.

e Close the sliding shutter at the bottom of the hopper,

remove the hopper lid and add the sample. Replace the
10 hopper 1lid. Turn the mill ON and open the sliding shutter
slightly. Feed sample into the mill chamber slowly enough

so that the mill does not slow down or become jammed.

e Once the grinding is complete carefully remove the mason

jar from the delivery chute.
15 v. Blend

e Check the Patterson-Kelly Lab Blender condition and make
certain the blender has been properly labeled as CLEANED

with date and signature.

s Transfer the Toluidine Blue O product to the blender
20 container and close the 1lid. Set the timer.to 15 minutes

+ 5 min.



be [err] 0.220. Purification: Step 2 * Filter the mxture through filter

"media in the filtration 20 unit. Collect the filtrate into a Tared
HDPE container with lid. * Check the 100 gallon glass |lined, jacketed
purification tank # 2 condition and nake certain the tank has been - 33-

properly | abel ed as CLEANED wth date and skgnature. Equip the tank with a
HDPE |id, Cafranp stirrer, stir shaft, propeller and thernocoupl e probe
inserted into a pkastiresthernocouple well. Check that the bottomvalve is 5
| abel ed as CLEANED, off (horizontal position) and the outlet is capped. *
Label the Tank with Lot#. P2A (Purification 2A), date and signature. * \Wen

the filtration is conplgte, wei [ an | utiQn.
Subtract the tare wé%%ﬁ?% t%ﬁé%¥ghgﬁé&§gﬁ%F?gﬁgMe?ﬁ%?yz?}ﬁ%ﬁﬂsgﬁgg%H@pthe
sol ution volune. (TRP-8ALA Mluidlhd M@ oladdPssel RéeHD. 4RebodBQIROI N)

results.

5 EXAMPLE 2

Clinical Testing Protocol

. ¢ clinical T soluti

This example illustrates the use of the TBO product

of Example 1 in the identification of oral dysplasia.

.10 The TBO product of Example 1, raspberry flavoring
agent {IFF Raspberry IC563457), sodium acetate trihydrate
buffering agent and H.0. (30% USP) preservative (See U.S.
Patent 5,372,801}, are dissolved in purified watex }USP),
glacial acetic acid and SD 18 ethyl alcohol, to produce a

15 TBO test solution, having the composition indicated in

Table A:



= m of TBO soln 15 . Label the filter cake | ot# HW (Hazardous Waste
"2) and process according to waste di sposal procedures. * Into a clean HDPE
cont ai ner weigh out a quantity of 30% NaCl solution equal to the solution
vol une recorded above using the followi ng formula: 20 (m. of TBO
soln) (16.91g Nad soln / 100.0 nL NaC solmp-= g of NaC soln * Sanple =
10 mL of the filtrate and check the pH Label lot#. 1PSI 0. The pH nust be
3.0 - 4.0. Transfer the -34- filtrate (bYAMeE ght) to Purification Tank
2. Stir the solution at 350 RPM * Add zinc chloride solution (1636,.3 g
6.5 g) * Transfer the NaC soFSERREDDY weight) to Purificati

Tank 2. * Set the Purificatio FE controller to 75.0 (SP1) ., When
the m xture tenperature (PV1)9?%§%%§%C$S.C{err]C 3[err]C change%fﬁg Set
Point on the controller to 5.B8lavoxCool to 5[err]C in 6 hours and Helbd at
5[err]C + 4.S [err]C for 4 to 24

Buffering Agent 2.45
Preservative .41
Acetic Acid 4.61
Ethyl Alcochol 7.48
) Water _83.85
10 - 100.00

Pre-rinse and post-rinse test solutions of 1 wt.%
acetic acid in purified water, sodium benzoate

preservative and raspberry flavor are prepared.

Clinical Protocol

15 The patient is draped with a bib to protect clothing.
Expectoration is expected, so the patient is provided with
a 10-oz. cup, which can be disposed of in an infectious
waste container or the contents of which can be poured
directly into the center of a sink drain, to avoid

20 staining the sink. Environmental surfaces or objects
which might be stained are draped or removed from the test

area.

A visual oral cancer examination is conducted, without
using any instruments which might cause nicks or cuts of

25 soft tissues. Notations are made of the pre-staining



10 hours. * Take a sanple (through the bottom val ve) of
“approximately 50 nlL. Mark the sanple lot#. 1PSl 1. PT2. - PROCESSI NG 15 .
Filter * Filter the m xture through tared filtration nedia (Watmn G ade
52) in the filtration unit * Weigh out 12 kg 50 g of 30% sodi um chl ori de
solution and dilute with 12 kg 50 g of USRawater (record 20

conductivity of the dispensed water). . Wash the filter -35- cake with
the 15t. sodi um chl RERSETEBFEIPBY BHRFIRF BRE SRt on directly to the
buchner. When the filtration is conplete carefully renove the filter paper
containing the toluidine blue O product. 5 * Process Lot#. H\B

(Hazardous Waste 3) accofyll pathentasimsedi 6ROSHaIPESCRENRATh hpprdXdmatellace
the TBO product in the oven and dry at 50.Jerr]C 3.(err]Cfor 5 + 1
hours. Label the oviEh mdt#oPREeDRYe-rinse solution for approximately 20

seconds and expectorates, to remove excess saliva and
5 provide a consistent oral environment. This step is then

repeated with additional pre-rinse solution.

The patient then rinses and gargles with water for 20

seconds and expectorates.

The patient then rinses and gargles with 30 wml. of

10 the TBO test solution for one minute and expectorates.

The patient then rinses with 15 wml. of the post-rinse
solution for 20 seconds and expectorates. This step is

then repeated.

The patient then rinses and gargles with water for 20

15 seconds and expectorates. This step is then repeated.

Observations of the oral cavity are then made, using
appropriate soft-tissue examination techniques, including
retraction, well-balanced lighting and wagnification, if
necessary. The location, size, morphology, c¢olor and

20 surface characteristics of suspeqt lesions, that have

retained blue coloration are made and recorded.



10 * Renove the product fromthe forced air oven and place in the
Vacuum Oven. Dry at 45.0[err]C +.3.Jerr]C @28" Hg 2" Hg for 10 + 2
hours. Label the oven |ot#.DRY. iii. Wigh * Renove the product and wei gh

t he Tol uidine Blue 0 and 15. filter. Subtract the filter weight and
record the TBO weight. * Using a stainless s{gel spatula carefully renove
the product fromthe filter paper. War a Dust/M st respirator. W.igh the
Tol ui di ne Bl ue. -36- iIn dBdemdtd dedureef alsdeoptieiies, tthet patr T&AdJ iR NE
BLUE O FI NI SHI NG AREA. Check the Thomas W1l ey Laboratory MII| condition and
make certain the mi Iprapgdtpeeek Rigser LY-1aissvedfar & repeat ofC|thaNEPowet h

date and signature. e the 9 M screen. Attach cl ean, container to the
del i very chute. The ¥ha 8?‘d8%}1rlsn€sefl-%e %lgggdghrﬁ%aq%t Eﬁ%ﬁ’?ngf 88¥ the

sliding shutter at timrationdy thrhambOnPalesibRMNOY 6 rrleabORP&: ilbi8gpng: add
t he sanple. Replace the
5 the time of the first examination. A positive stain after
the second examination of a suspect area detected in the
first examination is considered an indication of cancerous

or precancerous tissue and a biopsy is made to confirm

this conclusion.

10 Early erythroplastic lesions stain blue, often in a
stippled or patchy pattern. However, it normal for the
stain to be retained by the irregular papiliar crevices on
the dorsum of the tongue, which is not a positive
indication. Other areas which retain blue stain, Qut are

s not regarded as positive include dental plaque, gingival
margins of each tooth, diffuse stain of the soft palate
because of dye transferred from the retained stain on the
dorsum of the tongue, and ulcerative lesions which are
easily distinguished. 1In all instances, where a lesion is

20 highly suspect, but does not stain positively with thisg
test, it is nevertheless imperative that a biopsy be

taken.

Example 3

HPLC Procedure

25 This example describes a procedure for analysis of
TBO samples, for use in identifying, assaying and purity

testing.



10 hopper lid. Turn the m |l ON and open the sliding shutter
slightly. Feed sanple into the mlIl| chanber slowy enough so that the mil|
does not slow down or becone jammed. * Once the grinding is conplete
carefully renove the mason jar fromthe delivery chute. 15 v. Blend *
Check the Patterson-Kelly Lab Bl ender condig¢ion and meke certain the
bl ender has been properly Iabeled as CLEANED wi th date and signature. *
Transfer the Tol ui diBusipient Gangr SUB 2% t he bl ender 20 cont ai ner
and close the lid. Set the tlner to 15 mnutes 5 mn -37- vi. Test
Sanmpl e the product for testing. Analyze the sanple by the RP-HPLC Tol ui di ne
Blue 0 Analysis Method. Regqiflcthee! etild Srade
EXAMPLE 2 Cinical Testing Protocol Preparation of dinical Test Solutions
Glacial Acetic Acid, reagent grade

Ammonium Acetate, reagent grade
5 Deionized Water, suitable for HPLC analysis
pH Meter, with standard pH 4.0 and 7.0 buffers
Laboratory glassware, including volumetric flasks and
pipettes
Ultrasonic Bath
10 Analytical Balance
Magnetic Stirrer
Compressed Helium
Filtration Apparatus with 0.45 micron nylon filters

100pL Syringe

15 PCL:. Chroma n sorie in i

Hewlett Packard Series 1050 pump, or equivalent

capable of isocratic high-pressure flow

Hewlett Packard Series 1050 Diode Array Detector, or

equivalent wavelength UV detector

20 Hewlett Packard Vectra Series 3 Disk Drive {(computer
controller) with Ultra VGA 1280 Monitor and laser printer,

or equivalent integrating recorder

Prodigy, Spu, QDS (3} 100A, 2.5 cm X 4.6 mm, or



This exanple-illustrates the use of the TBO product of Exanple 1 in the

I dentification of oral dysplasia. 10 - The TBO. product of Exanple
1, raspberry flavoring agent (IFF Raspberry |1C563457), sodium acetate
trihydrate buffering agent and H1202 (30% USP) preservative (See U. S
Patent 5, 372,801), are dissolved in purified2awater (USP), glacial acetic

acid and SD 18 ethyl alcohol, to produce a 15 ~ TBO test sol ution,
havi ng the conposit eani Yaknta HBEC | ¢RI e A’ -38- TABLE A Conponent
Wi ght % TBO Pr oduct 1. 00 Fl avor

.20 5 Buf f eri ng Agent 2.45
Preservative Fixed-loop :Lnjector (4% 39%6 GrAcid

4. 61 Ethyl Al cohol .48 Wat er

83.85 10 100. 00

Column Heater
. f the Mobile P

5 : Prepare one liter of 0.01M ammonium acetate solution
by traﬁsferring 0.77 g of ammonium acetate to a 1000 mL
volumetric flask. Add water, mix to dissolve and dilute
to mark with water. Transfer the 0.010 M ammonium acetate
solution to an Earlenmeyer flask and stir with magnetic

10 stirrer. Using pH wmeter previously calibrated with pH 4.0
and 7.0 buffers, adjust pH of solution to between 3.3 and
3.6 with acetic acid. Filter the solution through a 0.45u
filter. Filter acetonitrile through 0.45p nylon filter,
using Millipore filtration apparatus and add exactly 250

15 mL to the stirred agqueous ammonium acetate solution.

Place this reservoir of the mobile phase in position for
access by the HPLC pump and purge with helium for 5-10

minutes.

Preparation of TBO Samples
20
Accurately weigh about 50 mg of TBO sample, transfer
to a 100 mL volumetric flask and dilute to the wmark with
water. Cap the flask, sonicate for 30 minutes and mix.

This is a stock solution of about 0.5 mg/mL.



Pre-rinse and post-rinse test solutions of 1 w.%acetic acid in purified
“wat er, sodi um benzoate preservative and raspberry flavor are prepared.
Clinical Protocol 15 The patient is draped with a bib to
protect clothing. Expectoration is expected, so the patient is provided
with a 10-o0z. cup, which can be di sposed ofsg3n an infectious waste
container or the contents of which can be poured directly into the center
of a sink drain, to avoirdagffer 10.0 sbadhithg shecksisokutifmtia enieat al
surfaces or objects whi ch m ght be stained are draped or renoved fron1the

test area. A visual V@il‘a'Pefcr&ﬁ’céP‘a%’X'arﬁ%Jr&FFoﬁo|t§‘ec6‘ﬁ fctdd YRFPhotd ®&rng any
i nstruments whi ch 1§rﬁpﬂﬁ%§1§% ?? g“&?éﬁ? BIuted TBO %8%&5 Sstiution

Not ati ons are nade appear ance o t tissues

and teeth. The patiggt15541@@5abb£b§ﬁxﬂteQ§vity with approximately 15 m . of
the pre-rinse solution for approximately 20 seconds and expectorates, to
renove excess saliva and

5 Chromatographic Conditions

Injection volume - 10 oxr 20 uL
Flow rate - about 1.5 mL/minute
Column Temperature - 40°C
Detector wavelength - 254 nm
10 Sensitivity and attenuation settings: appropriate for
instrument used

Integration - Area Response

PLC Analysis © a s

Set up and allow HPIC to equilibrate with the mobile
15 phase flow. System suitability tests as per USP XXIII are

used to verify the precision and accuracy of the HPLC data

obtained.
For each assay, evaluate the following parameters:

Precision: A minimum of five injections of the
20 working sample are compared. The
Relative Standard Deviation (RSD) must
be equal to or less than 2.0%. Six

injections are made if the RSD is



S provi de a consistent oral environment. This step is then repeated
"with additional pre-rinse solution. The patient then rinses and gargles
with water for 20 seconds and expectorates. The patient then rinses and
gargles with 30 m. of 10 the TBO test solution for one m nute and
expectorates. The patient then rinses withgi5 nl. of the post-rinse
solution for 20 seconds and expectorates. This step is then repeated. The
pati-ent then rinses and gargles w th geezterd ¢hap(2.1%. but lessddwds3apd
expectorated. This step is then repeated. Obseryatjons of fhe qgral cavity
are then made, using appropriate soft-fPFs%IlFecé’SP%’n‘i‘ FrER%t Rt R Fes 8-
including retraction, well-balanced Iighting and nagnification, if
necessary. The | ocation, size, norphol ogy, color and 20 surface
characteristics of suspgelsolesig@is, tbalcliate rtbedvased ibkueesmlwriani ofi are
made and recorded. -40- In order to reduce false positives, the patient
i s brought back after 10-14 days for BepEpeh@ngf 8t Hdieapgijer peaks) on onme

s chromatogram of the sample by the

following equation:

R = 2 {t,_ Lt}

W, + W,

10 where
. t; = retention time, in mm, of peak 7
t, = retention time, in mm, of peak 8
w;,; = peak width, in mm, of peak 7
w, = peak width, in wm, of peak 8
15 The resolution between peaks 7 and 8 must be

greater than 1.5.

Tailing: Measure the peak symmetry to insure the
quantitation of area under the peak is
accurate. Calculate the tailing factor (T}
20 for peaks 7 and 8 on one chromatogram of

the sample, by the following eguation:

T = W o +2f

where

Wo.oc = width of peak
25 determined at 5% from
the baseline peak
of the peak height



protocol. This period allows time for healing of any ulcerative or
traumatic lesion or irritating etiology at 5 the time of the first
exam nation. A positive stain after the second exam nation of a suspect
area detected in the first exam nation is considered an indication of
cancerous or precancerous tissue and a biopgp-is made to confirmthis
concl usion. 10 Early erythroplasti ¢ legjs%s stain blue, often

in a stippled or patchy pattern. However, it nofrnal (%r i:ﬁﬁe;%&“?e klp8a5e
e

retained by the irregular papiliar crevices on the oMy Plyf lTe tongue,
which is not a positive indication. O her areas which retain bl ue stain,
but are 15 not reJasbedlddepdersi vimn aclfadeodaft al. pl aque, gi ngival
mar gi ns of each tooth, diffuse stain of the soft pal ate because of dye
transferred fromthe retained stain on the dorsum of the tongue, and

ul cerative gesi ons whi ChREf:Sr&Q?ﬂe' %h%%%v%ébg%géhgg? c{e’le%kmia tarég_es, wher e

a lesion is 20 hi ghl'y suspect, S not stain posi e|vefe§’/1 wth

this test, it is neverthekepsnsaedr ahevieaihgleaRsbiDpsy bheataksn. aBxagple 3

HPLC Procedure 25 This exanpl e describes a procedure for

anal ysis of - as all impurity peaks which are detected {(all peaks
other than solvent front peaks)'appearing in the

chromatogram.
10 1 . a . i ons
Identity (TBO drug substance and drug product) :

The chromatographic profile of the sample
preparation should show the same general profile

15 (peak presence and peak intensities).as that of
the chromatogram depicted in

Fig. 2.
Related Substances {drug substance) :

20 The quantity of each impurity peak {(the known
impurities designated as peaks 1, 2, 3 and 4
plus any other impurity peak) is calculated as
an area percent versus the total area of all

peaks in the chromatogram.



TBO sanples, for use in identifying, assaying and purity testing. - -41-
Equi prent and Supplies Acetonitrile, HPLC Grade d acial Acetic Acid,
reagent grade Ammoni um Acetate, reagent grade 5 Dei oni zed
Water, suitable for HPLC anal ysis pH Meter, with standard pH 4.0 and 7.0
buffers Laboratory glassware, including volgygetric flasks and pipettes

U trasonic Bath 10 Anal ytical Bal ance Magnetic Stirrer
Conpressed Helium Fil tr ahésay Afpahat TBO Wirtily Suddtancerzon nylon filters
100[err]L Syringe 15 HPCL Chr omat ograph and Accessories, including

Hew ett Packard Series 1050 punp, or equivalent capable of isocratic
hi gh-pressure flow The percentage of each of the four main TBO

peaks (peaks 5-8) is determined as for the

5 impurities, i.e.,

sum of peak areas 5-8

HPLC Purity = X 100

sum of all peak areas

Having described my invention in such terms as to
10 enable those skilled in the art to understand and practice

it and, having identified the presently preferred best

modes thereof, I CLAIM:



Hew et t Packard Series 1050 Di ode Array Detector, or equival ent wavel ength
"WV detector “ mmu tt Packard Vectra Series 3 Disk Drive
(conput er contro '” Mﬁmﬂy@\ 1280 Monitor and | aser printer, or

equi val ent integr at| ng ‘redoreer+ Prodi gy, 5[err], QDS (3) l00A 2.5 cmX 4.6
mm or -42- equival ent HPLC col um Fi xed-14Gep injector (10 or 20 [err]L)
Col um Heat er Preparggden ofcidindpile Phase 5 Prepare one
liter of 0.COLM ammoni um acetate solution by transferring 0.77 g of anmoni um
acetate to a 1000 nmlL ¥el uremewccdhpesiitinddofatadterni sconpyidisgol ve and

dilute to mark with water. Transfer the 0.010 M anmoni um acetate sol ution
to an Earlennmeyer flask and,st] na Usi ng pH
meter previously calibrated” H:ﬁ pcfffn%o gghon/aﬁolﬁﬁ‘f‘?’ésr &f 58}’6%‘? b&f’e ;
solution to between 3.3 and 3 8o th acetic acid. Filter the solution
through a 0.45[err] filter. Filter acetonitrile through 0.45[err] nylon

filter, (B) N-demethylation derivatives of said isomers,

5 the ratio of the combined areas of the 254 nm HPLC peaks
representing said isomers to the combined areas of the
peaks representing said N-demethylation derivatives being
at least about 6:1.

2. A new composition of matter, comprising:

10 (p} a first group of components, comprising the
conformational isomer of toluidine blue O having

the ring methyl group in the -2 position, the N-

demethylation derivative thereof and the N,N-

demethylation derivative thereof; and

15 . {(B) a second group of components, comprising the
conformational isomer of toluidine blue O having

the ring methyl group in the -4 position, the N-

_demethylation derivative thereof and the N,N-

demethylation derivative thereof;

20 the ratio of the combined areas of the 254 nm HPLC peaks
representing said first group to the combined areas of the
HPLC peaks representing said second group being at least

about 2.5:1.



using M Illpore filtration apparatus and add exact]y 250 15 m to
“the stlrrgﬂ m acetate sol ution. H peie SHEET HASBERSI|r of the
m)b| l e ph mﬁmﬂ mﬁﬂuf access by the HPLC punp ggpiACEbe wi tih helium
for 5-10 mihut%es.t Preparation of TBO SagglLes 20 about 50
ng of TBO sanple, transfer to a 100 nL volunetric flask and dilute to the
mark with water. Cap the flask, sonicate for 30 mnutes and mix. This is a
stock sol ution of éboutAOn§Wﬁ§WWESItlaﬂ4§i"@Féﬁ%ﬁémeglﬁﬁﬂﬂ_QQP t he stock
solution to a 100 ni_ fri ask, di to th er. and
ni x. This approxi rra‘foé’if%rﬁggtona nfoxﬂelfsutoetjd% E &)m ?’%g sol u |oﬁllcs el ed
appropriately. 5 jsomer @Iamﬁgtagé afiligC mEomehi tglzea§ imj-ect pesi Vi MBeax 10 or

20 [err]L Flow rate - about 1.5 nL/mnute Colum Tenperature - 40[err]C
8) comprises at least 58% of the total organic dye content

5 of said composition.

4. In a method for identification of dysplastic tissue,
the step of applying to human oral tissue the composition

of claim 1 in a liquid carrier.

5. In a process for manufacturing toluidine blue O
10 {“TBO"), which process includes the steps of

(a} oxidizing N,N-dimethyl-p-phenylene diamine in a first
reaction mixture, to form a first intermediate, 2-
amino-5-dimethylaminophenyl thiosulfonic acig,

(B} oxidizing said first intermediate and condensing the
15 oxidizate in a second reaction mixture with o-
toluidine, forming a second intermediate, indamine-

thio-sulfonic acid,

{C) oxidizing said second intermediate to close the
indamine ring thereof, forming a TBO-containing
20 reaction product dissolved in a third reaction

mixture,

(D} introducing a complexing reagent into said third
reaction mixture, to form a TBO-complex product
dissolved in said third reaction mixture,

25 (E}) precipitating said TBO-complex product from said

third reaction mixture, and

{(F} separating said TBO-complex product, containing the
conformational isomers of TBO and N-demethylation and
N,N-demethylation derivatives thereof, from said

30 third reaction mixture,

This Sheet Has Been
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Detector wavel ength - 254 nm 10 S and attenuation - .
settings: appropriate-for -instrument used Inte THHSI SHEET ¥ Iponse HPLC

Anal ysi s of et up and allow HPLC to ACEH B e nobile 15
phaseflow 5‘ ity tests as per v =Y to verify
the precision f t he HPLC dat'a obtai ned. For each assay,

eval uate the foll ovm ng pararreters Preci$Ton: A mnimum of five

i njections of the 20 wor ki ng sanpl e are
conpared. The Relative Standard Deviation (RSD) nust be equal to or |ess
than 2.0% Six injdds dMBrAfes PEAeers IMPrRSENg sintrodugingyseatder than 2. 0%
but | ess than 3. 0%boplddingc oadgarad tar aaseadt ipaakbxthr®. bReSAd WHeON:

Cal cul ate the baselhaRadiRRObYL 50k ThiPkSact iBA0nB e mj or peaks) on one

6. The process of claim 5 in which the temperature
5 of the reaction mixtures is maintained at not higher than

about 10° C.

7. The process of claim 5 in which the pH of the
reaction mixtures is maintained in the range of about 2.8
- 3.8 in the first reaction mixture, about 3.1 - 4.1 in
10 the second reaction mixture and about 3.0 in the third

reaction mixture.

8. The N-demethylated derivative of one of the

conformational isomers of toluidine Blue O.

9. The N,N-demethylated derivative of one of the

15 conformational isomers of toluidine Blue O.

10. In an HPLC method for analysis of a toluidine
blue O dye product, said method including
forming a mobile phase,
forming a TBO sample solution,
20 equilibrating an HPLC column with the mobile phase
flow,

and

injecting the sample solution into the HPLC column,

This Sheet Has Bee
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5 : chronatogran1of the sanple by the foll ow ng
equat i on: [err] 10 o : wh err] = retention

tine, in nn] tlerr] = retention tinme, in THg ] err] =
peak wi dth, Ff W[err] = peak width;fin BEERN L5

The resolutlon 7 and 8 nmust be grea s} CBD Tai |} ng-
Measure the peak symretry to I nsure th€5ﬁhant|tat|on of area t he peak
is accurate. Calculate the tailing factor (T. 20 for

peaks 7 and 8 on one chromatogr a of, Lhe, SATD! £, . L2 Lok Sqyati on

deternined at 5%from.the; basehi aededkhinl the RRakyheE dilia sample,

said improvement comprising forming said mobile phase as a
composition comprising a water-soluble salt of an organic

5 acid.

11. The process of claim 5 which includes the steps
of introducing a source of thiosulfate ions into said
first reaction mixture, while maintaining the temperatufe
of said first reaction mixture at a temperature not higher

10 than about 10°C.

12. The process for synthésizing 2-amino-5-
dimethylaminophenyl thiosulfonic acid, comprising the step
of oxidizing N,N'-dimethyl-p-phenylene-diamine in the
presence of a source of thiosulfate ions, while

15 maintaining the temperature of the reaction mixture not

higher than about 10°C.

This Sheet Has
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-45- f = di stance between peak maxi num and peak front at W). 05 T should be
"less than a factor of 3. 5 ' Record the chronmat ograns and
determ ne the area response of the main peaks (5, 6, 7 and 8), as well as
all inmpurity peaks which are detected (allsjpeaks other than solvent front
peaks) appearing in the chromatogram 10 Cal cul ati ons and ot her HPLC

Det er i nati ons T deiy ipd THQG1 WoMPORSIARRE K400 BANGFhCTRE
chr omat ogr aphi ¢ pr Ghr Sncnd® o BRe” 1) SpiviTed pyBaihdrbOkIkarSane
p

general profile 15 presence and peak intensities)
as that of the chromatogram depicted i n gzBsrra@r Rel ated Substances (drug
subst ance): 20 The quantity of each inpurity peak (the
known inpurities designated as peaks 1, 2, 3 and 4 plus any other inpurity
peak) is calculated as an area percent versus the total area of al

The N-demethylation and N,N-demethylation derivatives
of the two conformational isowmers toluidine blue O (“TBO")

have been synthesized, isolated and identified.

An in vivo biological stain composition includes the

conformational isomers of TBO and these N- and N,N-
demethylation derivatives. The ratio of these isomers to

these demethylation derivatives is at least 6:1.

An improved method for detecting dysplastic oral
tissue includes application of such TBO products, in a

liquid carrier, to oral tissue.

A process for preparing TBO products includes (1)
oxidizing N,Nfdimethyl-p—phenylenediamine to form an
intermediate 2-amino-5-dimethylaminophenyl thiosulfonic
acid, (2) oxidizing this intermediate and condensing the
oxidizate with o-toluidine, forming indamine thiosulfonic
acid and (3) further oxidizing the indamine intermediate
to form a TBO-containing reaction product, which is
precipitated from the reaction mixture as a complex, from
which the final TBO product is separated. The complexing
agent is added to the reaction mixture at leasé before the

final oxidation stop, preferably before the second

oxidation step.

An HPLC method for characterizing TBO products



_peaks in the chromat ogram -46- Assay of the TBO drug substance: The
percent age of each of the four main TBO peaks (peaks 5-8) is determ ned as
for the 5 inmpurities, i.e., sumof peak areas 5-8 HPLC
Purity = X 100 sum of- all peak areas -
Havi ng described ny invention in such terns as to 10 enabl e t hose
skilled in the art to understand and practice it and, having identified the
present|ly preferred best nodes thereof ~52-CLAI M -47- What is clained :-
1. A new conposition of matter, conprising: (A) the confornmational

i somers of toluidine blue O;

containing the conformational isomers of TBO and their -
and N,N- demethylation derivatives. The a mobile phase

comprises an agueous solution of an organic acid compound.

No suitable figure



.and (B) N-denethylation derivatives of said isonmers, 5 the ratio of
t he conmbi ned areas of the 254 nm HPLC peaks representing said isonmers to

t he conbi ned areas of the peaks representing said N denethylation
derivatives being at |east about 6:1. 2. A new conposition of matter,
conprising: 10 (A) a first group of components, conprising the
conformational isonmer of toluidine blue 0 having the ring nethyl group in
the -2 position, the N- denethylation derivative thereof and the N, N
denet hyl ation derivative thereof; and 15 ' (B) a second group of
conponents, conpri.sing the conformati onbf3isoner of toluidine blue 0 having
the ring nmethyl group in the -4 position, the N denethylation derivative

t hereof and the N, N- demet hyl ation derivative thereof; 20 -dhe ratio

of the conbined areas of the 254 nm HPLC peaks representlng sgi fﬁirst
group to the; erereap—of—iterHRLC peaks representing saiydgsecond
group being LE ;t*?: 8 119 gqu§ §
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-48- 3. A new conposition of matter, conprising the conformational
"isonmers of toluidine blue 0. in which the isonmer having the ring nethyl
group in -2 position (peak 8) conprises at |east 58% of the total organic
dye content 5 of said conposition. 4. 1In a process for

manuf acturi ng tol uidine blue 0 10 ("TBO'), which process includes
the steps of (A) oxidizing N Ndinethyl-P-phenylene diamne in the
presence of a source of thiosulfate irons in a first reaction m xture, to
forma first internediate, 2-am no-5-di nethyl am nophenyl thiosulfonic acid,
(B) oxidizing said first internedi ate &f@ condensing the 15

oxi di zate in a second reaction mxture with o- toluidine, formng a second
i nternedi ate, indam ne- thio-sulfonic acid, (C oxidizing said geeond
intermediate to close the indamine ring thereof, formng a TRO E@t ai ni ng

20 i repcth of pfoductrdl®@dol ved in a third reactidn fixture, (D)
i ntroduci ng 4 DI 33%%1&%( said third reaction nmixtufe, to form
a TBO- conpl et %pfl adllic| | 26 p1o eyl R4id third reaction mxturie, £Q
- N -
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25 {E) precipitating said TBO conpl ex product fromsaid third
‘reaction mxture, and (F) separating said TBO conpl ex product, contai ning
the confornmational isomers of TBO and N-denethyl ati on and N, N-denet hyl ati on
derivatives thereof, fromsaid 30 third reaction m xture,

-49- the inproved process conprising introducing said conplexing reagent to
a reaction mxture before the formation3pg said third reaction m xture. 5.
The process of claim4 in which the tenperature 5 of the reaction

m xtures i s nmaintained at not higher than about 10[err] C. 6. The process
of claim4 in which the pH of the reacti m xtures is maintained in the
range of about 2.8 - 3.8 ¢n the first g tion mxture, about 3.1 - 4.1 in
10 the second reacti oM xture and ad&it 3.0 in the third reaction

m xture. 7, The N-denethlyTated]derivat |§}8 of one of the confornmational

| soners of toluidine ao
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8. The N, N-denethylated.derivative of one of the 15 conformati onal

i soners” of toluidine Blue 0. 9. In angy’ tpod, f alysis of a i

t ol ui di*ne bl ue E "ﬂm “ml d i@ dilg?o ing bi | e phase,
form ng a TBO sellk IR0 quifl i Brat i an C col um
with the nobile phase'TIow, and injecting the sanple solution into the HPLC

col um, -50- the inprovenent for 14kt fying sanpl e dye conponents and
for assaying and determning the purity of said sanple, said inprovenent
conprising formng Sai chelDbbhpofitisn 85 MatMA0SbhpLibGRITREESI Ng a

wat er-sol ubl e salt of an organic 5 acid. 10. The process of claim4 which
i ncl udes the stepenfsfruatiopalicisnperssofireelwiding biwe f&t én vhichntle sai d

first reaction nixture _whil e, maintaini the tenperature of, said first
reaction m xturésFeE Pa% %?gtthﬁr ELRQ S e frouwp In -3 "pSsition” (peak

8) comprises at least 58% of the total organic dye content

5 of said composition.

4. 1In a process for manufacturing toluidine blue O

10 {(“TBO") , which process includes the steps of

(A)  oxidizing N,N-dimethyl-P-phenylene diamine in the presence of a source
of thiosulfate irons in a first reaction mixture, fo form a first intermediate,

2-amino-5-dimethylaminophenyl thiosulfonic acid,

{B) oxidizing said first intermediate and condensing the
15 oxidizate in a second reaction mixture with o-
toluidine, forming a second intermediate, indamine-
thio-sulfonic acid,

(C} oxidizing said second intermediate to close the

indamine ring thereof, forming a TBO-containing

20 reaction product dissolved in a third reaction
mixture,

(D} introducing a complexing reagent into said third
reaction wmixture, to form a TBO-complex product
dissolved in said third reaction mixture,

25 {E} precipitating said TBO-complex product from said
third reaction mixture, and

(F) separating said TBO-complex product, containing the
conformational isomers of TBO and N-demethylation and
N,N-demethylation derivatives thereof, from said

30 third reaction mixture,
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10 . than about--100C__11. The process for synthesiZing
di net hyl am nophenyl thiosulfonic acid, conprising the s
N, N -di et hyl aﬁﬁ Imy’t gpe in the presence of a
thiosulfate i on§" ””"rntai ning the tenperatur
m xture not higher than fbdut *10[err]C. .

the improved process comprising introducing said
complexing reagent to a reaction mixture before the
formation of said third reaction mixture.

5. The process of claim 4 in which the temperature
5 of the reaction mixtures is maintained at not higher than

about 10° C.

6. The process of claim 4 in which the pH of the
reaction mixtures is maintained in the range of about 2.8
- 3.8 in the first reaction mixture, about 3.1 ; 4.1 in
10 the second reaction mixture and about 3.0 in the third

reaction mixture.

7. The N-demethylated derivative of one of the

conformational isomers of toluidine Blue O.

8. The N,N-demethylated derivative of one of the

15 conformational isomers of toluidine Blue O.

9. 1In an HPLC wmethod for analysis of a toluidine
blue O dye product, said method including
forming a mobile phase,
forming a TBO sample solution,
20 equilibrating an HPLC column with the wmobile phase
flow,
and

injecting the sample solution into the HPLC column,



10

15

L

-50-

the improvewment for identifying sample dye components and
for assaying and determining the purity of said sample,
said improvement comprising forming said mobile phase as a
composition comprising a water-soluble salt of an organic

acid.

10, The process of claim 4 which includes the steps
of introducing a source of thiosulfate ions into said
first reaction wixture, while maintaining the temperature
of said first reaction mixture at a temperature not higher

than about 10°C.

11. The process for synthesizing 2-amino-5-
dimethylaminophenyl thiosulfonic acid, comprising the step
of oxidizing N,N'-dimethyl-p-phenylene-diamine in the
presence of a source of thiosulfate ions, while
maintaining the temperature of the reaction mixture not

higher than about 10°C.
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