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(54) Title: PROCESS FOR PREPARING 3-AMINO-1,2, 4-BENZOTRIAZINE DIOXIDE

(57) Abstract

Process of producing 3-amino-1,2,4-benzotriazine 1,4-dioxide by reacting benzofurazan-1 oxide with disodiun_wyanamidc under
homogeneous conditions followed by allowing crystallization to occur in a buffered solution. In a preferred embodiment, ll_re process
comprises reacting benzofurazan-1 oxide with cyanamide and sodium hydroxide under homogeneous conditions followed by purification in
a mixture of acetone and acetic acid.
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PCT/ US96/ 18761 in the presence of CHerr]OH Herr]O to obtain
t he sodium salt thereof NaOH

[err] which, on acidification with acetic acid, is transfornmed into
3-am no-1, 2, I azi ne [ﬁ[—f/iysgﬁnsm]

di oxi de %BQMH The details of the process is reproduced
her ei n. To a suspension of 13.6 g (0.1 nol) of benzofuroxan in
a mxture of 40 m of met hanol and 40 m of water at 20[err]C are

added in portions 17.2 g (0.2 nol) of disodium 10 cyanam de. In the course
of addition, the tenperature rises to 50[err]C60[err]C and the solution
assunes a blue-violet color. It is stirred for a further 40 m nutes at
about 60[err] C aRRQEESS FOR PREPARING 3:ANHNO: 12 SnBENLZOIRIAZINE D) noved
by filtration fromthe nother |iquor, which I's retained and processed
further. The precipitate is dissol ved in water, the solution is

filtered and the filtrate is acid wher eupon 12.5 g
of 3-anmino-1,2,4- 15 benzotr 8 e o of theory)

separ at es cmt in t he form of reddlsh gol den crystals which nelt, with
deconposition, at 220[err]C. On acidifying the nother liquor with

acetic acid, a_further 3.2 g (18% of theory) of 3-am no-1, 2, 4-benzotriazine
i's obtained a e-crystallization fromdi nmet hyl formam de, this
material nelts, with deconposition, at 220[err]C Total yield reported
is: 89% of theory. THis invention relates |tohavmoressy for sboveemdation ofrpricamido{diBtess

for producidy Rmaiilie dioxids (hereinaftlS0AREMbSERd Yo s GHapathiifive) of high purity for

systemic administration for the treatment of cancer tumors in mammals.

Reported Developments

15 "Tirapazamine is a known compound having been reported in U.S. Patent No.
3,868,371 for use as antimicrobial and in U.S. Patent No. 3,957,779 where it and its family
of compounds are disclosed for use as growth promoting in raising fatstock animals, such
as cattle, pigs and poultry. Tirapazamine also is a promising drug as an anticancer tumor
agent in mammals as disclosed in WO 91/04028, the description of which is incorporated

20  herein by reference. In using tirapazamine systemically, it is important that the compound
is highly purified so as to obtain its desired anticancer tumor activity without side effects
due to impurities that may remain in the compound during its manufacture.

" The process of preparing tirapazamine is disclosed in Angew. Chem. 84, 1061
25 (1972) and in U.S, Patent No. 3,868,371 as follows.

. = N\
NagN-C=N is reacted with \N/"

(Disodium cyanamide) ' Benzofuroxan
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PCT/ US96/ 18761 SUMMARY COF THE
| NVENTI ON The process of preparing 3-am no-1, 2, 4-benzoti azi ne
15 4- di oxi de conprises the steps of: 5 a) dissolving
benzof uraza e in dimethylsulfoxide in a nolar ratio
di ssol v%égﬁog di untyanamde in water in a nolar rati OPCgIPU%GIE!i%g
cont ained in a reaction flask; 10 c) addi ng t he

benzof urazan-1 oxi de solution to the disodiuncyanam de solution at a
tenperature of from about 55[err]C to 65[err]C, and preferably at about

60[err]C to obtain the sodium salt of

3-am no-1, 2, 4-benzotriazine 1,4-dioxide as a precipitate; 15 d renovi ng
the precipitate by filtration; e) suspending the filtratg in water
in a volune of about 1 to 6; : f) adding about 3.5 nole eqyival ents
of nethanesulfonic acid to uspended filtrate to 20 rHtBNN a

sol ution; in the ppésendeidft Q@ sobbsrinake sodiumesainthered pl ubj e

i mpurities therefrom H charging the filtered sol O NTit ONH
buffer solution containing excess sodi um acetate; 25 i)  abNgw ng

crystallization to occur formng crystalline particles nore than 90% of

vashing e Rget gf RiglToR wib SRS RAF, & ¥ipi¥iped imo pinc | 2iseh Rl

washed crystalline particleg back into said reaction flask and stirring

wi th about five vol unes,of ter; and 1) filtering the crystalline
particles and r&nsgg@iw‘m acetone to obtain the purified
oxi .

Z NH,
1,4-

The details of the process is reproduced herein.

To a suspension of 13.6 g (0.1 mol) of benzofuroxan in a mixture of 40 ml of
methanol and 40 ml of water at 20°C are added in portions 17.2 g (0.2 mol) of disodium
10  cyanamide. In the course of addition, the temperature rises to 50°C-60°C and the solution
assumes a blue-violet color. It is stirred for a further 40 minutes at about 60°C and the
precipitate which separates out is then removed by filtration from the mother liquor, which
is retained and processed further. The precipitate is dissolved in water, the solution is
filtered and the filtrate is acidified with acetic acid, whereupon 12.5 g of 3-amino-1,2,4-
15  benzotriazine-1,4,-di-N-oxide (71% of theory) separates out in the form of reddish-golden
crystals which melt, with decomposition, at 220°C. On acidifying the mother liquor with
acetic acid, a further 3.2 g (18% of theory) of 3-amino-1,2,4-benzotriazine is obtained and
after re-crystallization from dimethylformamide, this material melts, with decomposition,

at 220°C. Total yield reported is: 89% of theory.

I have now discovered an improved process for producing 3-amino-1,2,4-
benzotriazine 1,4-dioxide.
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35°  3-amno-1, 2,4-benzotriazine 1, 4-di oxi de. The
purified product may be dried at about 50[err] to 60[err]C and nade

honbgeneous by passing it through a No. 10 stainless steel sieve which
then is ready for use in a solid oral phar maceuti cal fornulation, such
as in a soft ggjorpasesul e. 40 PCT/US96/18761
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PCT/ US96/ 18761 In a preferred enbodi nent of the invention
the process of preparing 3-am no-1, 2, 4- benzotriazi ne 1, 4-di oxi de
conprises the steps of: a) addi ng a sol ution of benzofurazan-|
oxide in dimethylsulfoxide in a nolar ratio of 15 to 3 to an
aqueous sol ution of cyanam de apg LY ] e haying a nol ar

ratio of 3 to 6 at a tenperaturj' RN e AREENTION (o 65[err]C to

obtain the sodi um salt of 3 am no-1, 2, 4-benzotriazine 1,

4-dioxide as a partigl pRbs %kﬁﬂ{.lﬁ BUdnkifdl], 24_ tm.zm 1 l%ggp ?_%”
partial suspension/sol ut | on é) in a vo egﬁ% rate‘l o¢+ Q? ﬂg 10

t her eby obt ai nf'ﬁ@‘g sol ution containing base-insoluble inpurities; '
filtering the solution to renove the base-insoluble inpurities therefrom

d) neut r al i @ nglissblvingbeazofirazant It dxide i dingpthyledforitde irod mglanmitialof Aees;i ¢ aci d
to obtain a crude 15 crystalline m xture; e) cooling the
crystal | i ne m b} urdissolvihgadisodimicyagurideeins erater! in Bymdlad #akiatdf B11d B dofiQire rifnaof
a danpeactimeflask?0 f) adding, with stirring, a m xture of
acetone andpacetic acid in the ratio of about 88:12; g)
col l ecting the crydting|the)berpofutdzan-¢ Soxide Mﬁﬁoh&bltﬁéldﬁadumbiﬁhﬂﬂietM%Waﬂi
the mixture of temperature of &Rt StvAt S57C 18E3°C,Cand preélerdBlY 2P fbdub 607CEo| dhtdh the
about 88:12, fol | wesidmiase bf Bainiie-V2,Hbewbiriazine 1,4-dioxid@4sSH precipitate;

addi ng about five volunmes of water to the crystal l'ine partlcl es to obtain a
suspensi ongs d) removing the precipitate by filtration;
e) suspending the filtrate in water in a volume of about 1 to 6;

f)  adding about 3.5 mole equivalents of methanesulfonic acid to the suspended filtrate to
20 obtain a solution;

g) filtering the solution to remove acid insoluble impurities therefrom;

h)  charging the filtered solution into a buffer solution containing excess sodium acetate;

25
i)  allowing crystallization to occur forming crystalline particies more than 90% of
which have a particle size of less than 190 nm;
j»  filtering and washing the crystalline particles with water;
30
k) charging the washed crystalline particles back into said reaction flask and stirring
with about five volumes of water; and
1)  filtering the crystalline particles and rinsing them with acetone to obtain the purified
35 3-amino-1,2,4-benzotriazine 1,4-dioxide.

The purified product may be dried at about 50° 1o 60°C and made homogeneous by
passing it through a No. 10 stainless steel sieve which then is ready for use in a solid oral
pharmaceutical formulation, such as in a soft gel capsule.

40
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0 1) acidi fying the suspension with methanesulfonic acid in a 3.5 nol
equiv. ratio; 1) coll ecting the suspended crystalline particles by
filtration, charging theminto a wel |l -stirred dilute sodium
acetate solution, and allowing themto mcrocrystallize to
form an aver%eg,,}wsrz&lcle size of less than 190 mm .and 35
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PCT/ US96/ 18761 k) col | ecting the m crocrystalline particles by
filtration and rinsing themw th water, foll owed by rinsing
wWth acetone to obtain the purified 3-amno-1, 2, 4-

benzotriazine 1, 4-dioxide. 5 The purified product nay be

dried at about SOIﬁ@pWFMnﬂBﬁth%me B34 of prepaflA 3iakfind-1, 2,
through a No“;leg s Qlfsidl e#o %/se{lmrpgtbft hen S ready for use in a
10

solid oral arnaceéut' ca such as in a soft gel capsule.
| f aggregation occurs amlling step nmay be used in the process of

the prlesent iamvetnhndmgisblimwfeeﬁmmaeﬂai&weeﬁdﬁmylﬁlfoxﬂhﬁmﬁabmsfﬁblome
articles prior e
ltohe mpl | ng flﬁgﬁ aéﬂ%% Q&B%d 8{1%93&%%29%%% to avm%’e‘ﬁ gg&ll I rpact

and heat probl ensratioof3to6at amemperamre of from about 5°C 1o 65°C to obtain the sodium salt
of 3-amino-1, 2, 4-benzotriazine 1, 4-dioxide as a partial suspension/solution;

b) diluting the partial suspension/solution with water in a volume ratio of about 1 to 6
10 thereby obtaining a solution containing base-insoluble impurities;

c) filtering the solution to remove the base-insoluble impurities therefrom;

d) neutralizing the solution with a slight excess of glacial acetic acid to obtain a crude
15 crystalline mixture;

e) cooling the crystalline mixture and collecting the solids by filtration in the form of a
damp cake;

20 f) adding, with stirring, a mixture of acetone and acetic acid in the ratio of about
88:12;

-4 collecting the crystalline particles by filtration and rinsing them with the mixture of
acetone and acetic acid having the ratio of about 88:12, followed by rinsing with
25 water;

h) adding about five volumes of water to the crystalline particles to obtain a
suspension;

30 i) acidifying the suspension with methanesulfonic acid in a 3.5 mol equiv. ratio;

P collecting the suspended crystalline particles by filtration, charging them into a
well-stirred dilute sodium acetate solution, and allowing them to microcrystallize to
form an average particle size of less than 190 mm; and

35
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PCT/ US96/ 18761 DETAI LED DESCRI PTI ON OF THE
| NVENTI ON Tirapazanmine is a potent cytotoxic agent that was
shown to have enhanced toxicity and selectivity toward hypoxic cells

t hat exi st i rwoammeous tunors. Its efficacy was 5 observercrisowigret h
parenteral and solid formoral preparations. One of the objects of the
present invention is to provide tirapazanmne in a particle size suitable
for solid oral preparations without the necessity to reduce the
particle size subsequent to the synthesis of tirapazam ne. 10

In order to obtain highly pure tirapazam ne for use in such pharmaceuti cal

preparations, exten ve studi, es We conduc J nprove the ss and
the resul tant ¥ ‘i"fﬂﬂfo ‘hpﬁﬁéé Y&sféﬁ?. 8 "’%97’2‘; WA i n
U.S. Patent No 3, Bilewed by amsmg “mhlewcmnbe'o hblasumberpunfidds 3— sipinetlogZndous
React i on Condi ti ONgenzotriazine 1, 4-dioxide. Exanple 1

The process described by t he references was r epeated with nodifications as
5
The purified product may be dried at about 50° to 60°C and made homogeneous by
passing it through a No. 10 stainless steel sieve which then is ready for use in a solid oral
pharmaceutical formulation, such as in a soft gel capsule. If aggregation occurs, a milling
step may be used in the process of the present invention to insure homogeneity of the

10  microcrystalline particles prior to their incorporation in soft gel capsules. Preferably, the
milling should be done by a low energy comill to avoid high impact and heat problems.

-5-
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described in Exanples 1-4. 20 The het erogeneous reaction of one
nol e of benzofurazan 1-oxide with three noles of di sodi untyanam de in
50% aqueous net hanol is inmediately exotherm c. According to the cited
references, the preferred sequence is to suspend the benzofurazan- 1 oxide
and two $f disodi untyanani de i n aqueous met hano evera

m nut es anof%er ﬁﬁ?e of 25 disodi.um cyanam de was added +%“ﬁ%%ﬁ&g§ction
m xture. Shortly afterward, the i ntermedi ate sodiumsalt precipitated
out as a black-violet buttery solid. The wet solid was difficult to
transfer forma conventional reaction flask and the filtration was sl ow and
cunbersone. The crude precipitate was dissolved in water and filtered to
renove base- i nsol ubl e |npur|t|es The f||trate was acidified with
acetic acid and the prodETANGE EIONONTHE ENJHONo| ored solid:

t he product was dissolved in apprOX|nater 10 volunes of acetic acid
at 80[err]C, but ld not, ct stallize readil unles conc ntr ed or,

al ternatively, Lpqient & xéﬁ"%ﬂ%\l)%%‘l"?s shown 20 anced toxicity
SUBSTI TUTE SnmEielmthE th)rd hypoxic eells than®xis? /ip G8®erous tumors. lIts efficacy was

PCT/ US96/ %87 @bserved with both parenteral and sofig fmwbﬁsaﬁﬁoﬂyam&ﬁ%@éb %;fes SPpep! e
1 except, the |nt er nedi at,e bl ackdew .0l et uttqﬁy SO W?for s (()myed
and aci di fi e8Pt HBYRA0PR |if 0, provide figapazaming, in o partic ’B'E}gh

i mpurity was prepsratiousdvithpuinhe neceasity\iq sedpce wematﬁclmnetsubaoqmmm(e synthesis of

chr omat ogr aplYapaddiine.> | nmpurity was isolated by flash chromatography and
I dentified as phenazi ne 1,5-di-N-oxide. This conmpound is the nost
abundant byproduct in the reaction and arises forma self-

condensation of bimoedenridzeblaid highltepure tirapazamine for use in such pharmaceuucal

Exanpl e 3 10 &5 die ,?gg,mj, ol
crﬁ(r:lrg Sroduclpmgxceons’ gﬁe&i;&c Sl urg‘?‘i"‘; &lg\ﬁﬁge%/\s/gasnalr}égc g vmth
6 mol es of dPESHY m&mewtﬁw eﬁﬂ‘dﬂ?@oﬂwz) a“dd? U-$rPagang Noo B 36831k as

Vi gor ous exotikeribedheramden on occurred acconpani ed by gas evol ution.
The yield after work-up was reduced to 22%

15 Het Reaction Conditi

Example 1
The process described by the references was repeated with modifications as

described in Examples 1-4.

20
The heterogeneous reaction of one mole of benzofurazan 1-oxide with three moles
of disodiumcyanamide in 50% aqueous methanol is immediately exothermic. According to
the cited references, the preferred sequence is to suspend the benzofurazan-1 oxide and two
moles of disodiumcyanamide in aqueous methanol. After several minutes another mole of
25 disodium- cyanamide was added to the reaction mixture. Shortly afterward, the
intermediate sodium salt precipitated out as a black-violet buttery solid. The wet solid was
difficult to transfer form a conventional reaction flask and the filtration was slow and
cumbersome. The crude precipitate was dissolved in water and filtered to remove base-
insoluble impurities. The filtrate was acidified with acetic acid and the product was
30 isolated as an orange-colored solid: the product was dissolved in approximately 10
volumes of acetic acid at 80° C, but did not crystallize readily unless concentrated or,
alternatively, diluted with a less polar solvent.

35
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15- ' Exanpl e 4 The
process of Exanple 1 was followed to obtain the crude product except 1.2
nol es*of benzofurazan-1 oxide was reacted with 3.6 nol es of

di sodi uncyanam de. Upon _renoving the precipitated crude product, it
was suspended woowadses and 35% sodi um hydr oxi de was addgecrisvsisref

sol ution devel oped. The solution was filtered and acidified 20 wth acetic
acid to give the crystalline product. The product was found to contain the
i mpurity, nono-N-oxide of phenazine. Al so, the product contained a floc

that could only be renmoved by filtration fromacetic acid at a
tenperature of 85[err]C. The mani pul ati on of the hot solution of the
cytotoxic agent was found to be a serious drawback. 25 To elimnate

t he drawbacks and undesirabl e characteri Example2f the process of the
references and the fmaadm@m&sﬁvaehwmﬂgxhﬁ B ex bﬁmﬂ&hﬁédxaié Hﬁb@%ow?re

eagent s for udumY SRl MRYPETLET ad ok ?}Pﬂﬁf@ggﬁw uon@hsé%ﬁ%&é%@%w

Condi ti ons mlpmltywohmved by TLC that wasTiery difficubith remyove by rchammtogsaphy.s Thé

the reagentg | ipiphrftyl wab Sofabbai by 129k cirBmMYD gg?(}g, ts
under honmpgenequs reac%ﬁc/) ﬁ@nd' ti pos Ettr?zl](;)’ofjnrdz;‘zienr?fw h 1.S %ggv i
sol uble in non% SPIROBPS A TEeR B ﬁ@é‘ﬁ%‘cbﬁ“ HW“&'E:@P fgises | fprm @ s?‘l"l;ft:h
| ess sol ubl e condensation of benzofurazan-1 oxide. -7-
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PCT/ US96/ 18761 I n i sopropanol gr Hﬁt ganol . However, it is very
soluble in polar aprotic solvents such di et hyl f or mam de,

N- met hyl pyr¥ol i di nodBe Brocess ﬁéﬁmﬂﬂﬂmf@bwémnMMct exceptzmoles
benzof ur azan- loﬂbeﬁhﬂii-ﬂaﬁi-llldmdélm%ac&ﬂ VABO® ofs 6 @ibdtilim gﬂn I 2k tinVBO
IS | nso u

at room Di SOdI unc

organi ¢ sol vent S, bu%’ﬁéﬁg%rglw S, EPTETHC Teacy Mﬁ‘?‘mwﬂ by gag &V ‘?]rBtPé‘s
can be di ssol vadeyield %’%%%Qawdm&l% gi ve sodi um cyanani d whi ch
Is in equilibriumwth sodi um hydroxide. 10 The strongly caustic
reaction lumwas a limting factor tOFﬁEﬁlggl ection of a sol vent
for benzofurazan-1 gxide. Dinethylsulfox chosen over

- dimet hyl for mani de  The Progess of Exgmple  was dollowed: tainbain yhe erude produercexoensd.2
2. Mode of Admtilesi ofibenzofurazan-1 oxide was reacted with 3.6 moles of disodiumcyanamide. Upon

removing the precipitated crude product, it was suspended in water and 35% sodium
hydroxide was added until a solution developed. The solution was filtered and acidified

20  with acetic acid to give the crystalline product. The product was found to contain the
impurity, mono-N-oxide of phenazine. Also, the product contained a floc that could only
be removed by filtration from acetic acid at a temperature of 85°C. The manipulation of
the hot solution of the cytotoxic agent was found to be a serious drawback.

25 To eliminate the drawbacks and undesirable characteristics of the process of the
references and the final product obtained thereby, substantial studies were conducted in
order to select the best experimental conditions and reagents for use in an improved
process.

30 H R jon Conditi

1. Solvent
The solubility characteristics of the reagents limited the choice of solvent for
conducting experiments under homogeneous reaction conditions. Benzofurazan-1 oxide is
35  very soluble in non-polar solvents such as toluene or ethyl acetate. It is much less soluble

-
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15 . Nor mal addition was defined as the addition of a solution of
benzof urazan-| oxide in DMBO to a solution of excess disodi untyanam de
in wafer. I n one experinment where an aqueous sol ution of

di sodi uncyanam de was added to a sol ution of benzofurazan-1 oxide in
nmet hanol , a Lv, very of product was observed and the | duct
form this réac lon was identified as phenazi ne nono- W’i’ﬁgx%gder
conditions where an excess 20 of benzofurazan-l oxide is present, as in
the inverse addition, the formation of phenazi ne rel ated byproducts is
favor ed. 3. St oi chi onetry According to the literature
(Angew. Chem Int. Ed., Vol. 11 (1972) 1009) and based 25 on our research
usi ng heterogeneous reaction conditions, the preparation of tirapazam ne
requires 3 eqin me;irepunalurfmethamul Haw;wamsjmrywluménpohqnpmﬂé solventy such as

benzof urazan- dﬂné&iﬁ} Jnﬁd@}%yrﬁ:ﬁﬂﬁw&nﬁg?sﬁlfaﬂ& Woﬁ’ g%
ted th
;:%v:r y\Mof s *e eqir?fae ss?{"ﬁ&?'ﬂjé’ﬂﬁgmﬁ Yaifne yolumes of onsQ wgm

stability of mppemwesol utions of sodiunctyanamde is well known, but at 30
el evated tgnperatures hydrolysis to cyanate and |iberation of ammnia is
known to occur. anam dg i.s, al known o rize to a dineric
speci es and to thePt nargidg i L able 1P orgRoic soﬁ‘i?f'é Y dissolves exothermically
Several honogémwaters Threecmbles canvier dissobred inctvoouslumesiofi yratey 2o give dadiam dyafamid
benzof ur azan- {uithiidh eqRiliblifiPvatdolidhHydrokite. f or mation of product was
conparable to - 8-
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PCT/ US96/ 38761 The stronglyi capsticureaction amédim waata Gmiting\factor tohthe esekertionsofod

cyanani de andgsglvent f6t! tREzoftramAdl okide. DimethyBuRNiGowNENBsenTREr mmemglffyﬁntam f
olution o

Tenper at ure Under tandard reaction coniditions
benzofurazan-gicag?oéétspﬁwm tl'o'}gc}’&?‘f"lterrperature is added to a
sol ution of disodiuncyananm de in water. The yield of product was

opti mum when ghe tmwf the di sodi um:yanam' de sol ution was

mai nt ai ned.bet ween - The reacti.on ce ded
rapidly aﬁst hi s Na%?ag ééd no aﬁ%ﬂg {)P%§% ‘h°é‘r?%e‘?ﬁa’s°f5’8§’§'r€

--one experi menin RVSQ:to mohltwn qfeemgs amyide i Wates d Im pnesexpatimenty yigre t he
starting benzah uqmmd»luﬁw dediwcﬁumematﬁrdedwas added fo 4ot | ot behRsTudi@inal | S

f th
Cepr odct bi 11 goain PREugh on3S8aE ekl M SEEIAP IS jor toprotas ey

TABLE 1 15 s reaction was identified as phegagzing mono-N-oxidg,{Juder condmons pybgrean gxcess
Crude 20 of bénzofnvazan-1 oxide is present, as in the inverse addition, the formation of phenazine
related byproducts is favored.
3. Stoichiometry

According to the literature (Angew. Chem. Int. Ed., Vol. 11 (1972) 1009) and based

25  on our research using heterogeneous reaction conditions, the preparation of tirapazamine

requires 3 equivalents of disodiumcyanamide for every equivalent of benzofurazan-1 oxide.

In one experiment where one moie equivalent was reacted with 2 mole equivalents under

homogeneous conditions, a 26% recovery of starting benzofurazan-1 oxide as obtained.

The thermal stability of agueous solutions of sodiumcyanamide is well known, but at

30 elevated temperatures hydrolysis to cyanate and liberation of ammonia is known to occur.

Cyanamide is also known to polymerize to a dimeric species and to the water insoluble
trimer, melamine.

Several homogeneous reactions were carried out using cyanamide and
35 benzofurazan-1 oxide in DMSO and water. The formation of product was comparable to
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Code A* B* Tenper ature

Yield’ Start 1736- 051 1 3

34-40" 38% 40% 1736- 049 1 3
60-95_ 48% - 1736- 054 0.1 0.2
58-60_ - widl9920828 29% 1736- 052 Yerusesnsret 3
55-60_ 65% - 1736- 057 1 3
58-62_ 65% 1736- 061 1 3

56-58 56% A*= Benzofurazan- 1 oxide B* =

Di sodi uncyanam de 20 5. Rati o of Sol vent Most of the
experinents were carried out in approximtely 1:1 DVMSO water. In one

experiment where a 1:2 ratio. of DVMSO water was used, a slightly higher
recovery of disodiuracysnamide, byt oalyr when, theee meles gbcypnamideiapd sivmoles of ypding of

ti rapazam nehydeoxideowere agedndi ngl y | ower. Mbst of the reactions were
carried out in 7:1 volune to weight ratio base on 25 benzof urazan- |
oxi de. : - 9-

SUBSTI TUTE SHEET Feragerature ) WO 97/ 20828

PCT/ US96/518761  Under standard reaction Géwetitions) a/sohition ofibdnzofurszad p oRids P DMSO &HE

were substit , addBE . B ' el t

starting nat‘g)&lg'le&g\élrgn after Foo osﬁluggﬁﬁgatl %‘Yﬁn%ﬁgqgl%% g“g;{@fil‘ffzt i on

5 UG, YA eRUTRUER, Ygten dngWaﬁgﬂien@s%%m%ﬂm@ n was

di ssol ving tsaintineddetween 556020 durig the atidition. v The:reastiodl proceiédrapiityatathis

80-90[err] C. w%ovxﬁ:?m%hés zﬁmt faf BBRKRL  In ohd'3R%eiMiels IR It ©
and the filtrale was concenfrate nder a partial vacuumto one f"The

“origi nal Yol 'ﬁwee!awreewrsememi@a 6‘3 c‘g the stapypg benzofusazan-1 axids was seavatedt i c

acid or fornina#%iiyield. The sietails of theis leaperioens ikt ethérl gxperigheiits tiit Al2iomfirawidt h

floc. The i depioliidiBibly & theQptiiih redctibn Wipefiiire 18 shdififth FifecL ™ ned

Filtration of floccul’ent solutions gave only a stain on the filter paper

and insufficient solid to characterize by ordinary spectroscopic
met hods. To avoid a di stiFABLEdn step, nore concentrated
sol utiongs coul d be prepared at 106[err]
Moles Moles Reaction Crude Recov,
Code A* B* Temperature Yield Start
1736-051 1 3 34-40_ 38% 40%
1736-049 1 3 60-95_ 48% -
1736-054 0.1 0.2 58-60_ 31% 29%
1736-052 1 3 55-60_ 65% -
1736-057 1 3 58-62_ 65% -
1736-061 1 3 56-58_ 56% -

A* = Benzofurazan-1 oxide
B* = Disodiumcyanamide

20 5.  Ratioof Solvent
Most of the experiments were carried out in approximately 1:1 DMSO/water. In
one experiment where a 1:2 ratio.of DMSO/water was used, a slightly higher recovery of .
starting benzofurazan-1 oxide was noted and the yield of tirapazamine was correspondingly
lower. Most of the reactions were carried out in 7:1 volume to weight ratio base on
25  benzofurazan-1 oxide. |
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from6 volunmes of acetic acid. Although feasible, this was considered to be
a potential 15 hazard. Suspensi ons containing 9 g of
tirapazamne in 50 mMl water were prepared and three aci ds

(wet hanesul fonic, sulfuric and hydrochl oic) were chosen to exam ne their
respective solubility properties. The nethanesul fonic_acid solution
appear ed t heW Fmﬁgonising and 20 the free base was isol

neutralization with sodi um hydroxide. The crystals form this procedure
were exam ned for particle size and did not neet the specification of 90%
<190 nm The exothermfromthe neutralization with sodium

hydr oxi de prevented the rapid 25 addition that was thought to be necessary
for the generation of crystals with the desired particle size. This

probl em was addr esWhén bgolvanes nsubh g ikdpropafioldo THR wered Bubstifutedafa2 ODMISO, the

sodi um acet at ﬁﬂ'}d&ginﬂgg%g raﬂl@& | for a very
rapi d additi o(ﬁ“‘%‘mf“r"? e crystals %‘%ﬁg#ne [ né‘{aﬁl S nn ed%e he particle

si ze specification. The recoveries and initial exam nation by TLC and
HPLC gave an iehpur Crvstallizafied e very simlar to that 30 obtained fromacetic

acid. Mre.inporta . [ d Iy A

acetic acid sol ut i g%)bflﬁg&u%r‘gem %@%eﬁﬁlﬁaﬁ?%ﬁ &%l&ﬁé)% C“‘S%i ng
homogeneous r &isaparaming i % velawesofasets idjatR0-KRE. Skhegnixtre wag Flierad i remoye
prepared as dgmsolubledehphritidsandtedilivate ¥/as concentrated under a partial vacuum to one half the

- 10- original volume at 60°C. Avoidance of the-iystditiZadbh ookt Bl 'or 25bn acidic

WO 97/ 20828 . . ) e

PCT/ US96/ 1876 $olutions has consistenty led to groblems with-floc, n The,jdentification offhe, floc hasnatng

i n scal e fwombeersdetdriminedn Filtritioncof fiotadenofolutions ginenandyf a stainam-the filtérgaperasd

f orm corr espongdi B.: to St L B&s:; : Lyodi uncyanam de, as
bbby B 8- lopic el

shown in Table urazan-1 oxide in
di met hyl sul foxide in a nolar ratio of 1 to 3 was added to an aqueous
sol ution of di sodi Fomyeidandistilatian stepy morercdnzentragdd soluibnScduld Be piepared at 6O ut

60[ err] C cont giged Jomx&sro?fiﬁédc%d‘!eﬂﬁﬁ‘dufhﬂhﬁib‘?@%k WAl chhdiferstPlol 1ea HOtktiA { ©
34 m nutes an the sodiumsalt of the product precipitated several
nmi nutes af¥er addition was 10 conpleted. The precipitate was renoved

by filtration and was suspended in water in a ~volune ratio of about 1
to 6. The suspensi 8gspeRdidniict ¢ OSSRpRARINE T 80 kil wafeh Wehd \refr&d £hd three i t
is filtered taq rder(mvlg th‘ﬁt.same.lf 0 t@ﬁ au%ersm RIS %:Ided.ab&u.t 3.5 nole

equi val ent s acids (methanesulfonic, sulfuric and Kydrochloic) were chosen to examine their réspective

: solubility properties. The methanesulfonic acid solution appeared the most promising and

20 the free base was isolated after neutralization with sodium hydroxide. The crystals form

this procedure were examined for particle size and did not meet the specification of 90%

<190 nm.

The exotherm from the neutralization with sodium hydroxide prevented the rapid

25 addition that was thought to be necessary for the generation of crystals with the desired

particle size. This problem was addressed by quenching the acidic solution into a cold

~ sodium acetate buffer which moderated the exotherm and allowed for a very rapid addition.

The crystals obtained in this manner met the particle size specification. The recoveries and

- initial examination by TLC and HPLC gave an impurity profile very similar to that

30 obtained from acetic acid. More importantly, no evidence of floc could be observed from
acetic acid solutions that were left standing overnight. :

Using homogeneous reaction parameters obtained by the studies, tirapazamine was
prepared as described in Example 5. '
35
-10-
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of nmet hanesul fonic acid at roomtenperature. The tenperature rose to about
45[err]C and the warm solution was filtered to renove acid insol uble
i mpurirties. The filtrate then was 15 charged into a buffer containing
excess sodium acetate. Rapid crystallization occurred with 90% of the
crystals havi Rgggsdpadst | cl € size of less than 190 nm The cr vsdrabdob 61
particles were filtered and washed well with water. The crystalline
particles, in the formof a danp cake, was charged back into the
reaction vessel and stirred with about five vol unes of water. After
washing, the solids were filtered and rinsed with acetone to obtain the
purified 20 tirapazam ne. The purified nmaterial was dried for three days
at about 50[err] .to 60[err]C The dried solid was nade honbgeneous by
passing it t a No. 10 stainless steel sieve. The yield
and assay resul t Sewérresdtionswere cheied eutrangizdin scale from one, two and three moles of

TABLE 2 Cr e
Mol es A* Mol egﬂgwelcoeerg/ %I gfrg °°"°s"°'i§|’rg three, ﬁgDand mn&s "%i)&

1736- 077  disofdiumcyanamide; as shown in Fable,2. 69% 0. 18 2. 6 92.
% 1736- 078 2 6 241 ¢ 68% 0. 15 3.
24 '45 % 98 5 1(?/3 G"ﬂégﬁh}gcg! (g é%nzofurazan-l oxide in dxmetlgﬁéhlﬁxlde g thélar ratio 606 &t&%

. . 0
0. 92 cwas added tp-anjaqgygous solmiomf dispgiumcyanagide having a @olar ratio of 3goP at
69% 0. 7ébout 60°C cBntdined in Orkadiiotbvessel, 'mieaaﬂd{mﬁ time variad form 8 to 34 mbhutes

318 9 116%&me sodi 8s7a1t of the ?od%ct precifitatél $veral mﬂ@é@aﬂéﬁme additibn was
-11- 10 g)mp% e:g?gnate was removed by filtranon and2 was suspended in water in a

PCT/ US96/ 18 Aslume ratio of about 1 6. -Theshspensién doprainsfbasesinsnluble mierial and therdBore=
mol es of di sipgli mmqam&;a the ﬁme To the Susp aﬁmawe %a&d%amsy& %‘fééddw

repeated on

ca es t OVI
tirapazani ne® |‘ﬂ°‘€”é‘?’ﬁ’ EFT’D dﬁ? 'f‘ﬂgerﬁtf"fet’@ uts f%?’)}d ﬁ"ﬁd
repr oduci bi | warm samnpwwﬁmrettm pmmﬂnwdl insoluble ifmpuritiesf 'thﬁltaitd ther was

?anoget el S;&ﬁrged into ?B@ﬂé%@ﬁtﬁnfn@rex&% éddn1t_ﬂi ftetated "REBIdArY: : ysRllizhnsh oedambg%m |
- enbod nent G10% AE U EUH Mvinsch e siee SR Jek i 190 Ebiﬁﬁﬁeéler H
were filtered and washed well with water. The crystalline particles, in the form of a damp
cake, was charged back into the reaction vessel and stirred with about five volumes of
water. After washing, the solids were filtered and rinsed with acetone to obtain the purified
20 tirapazamine. The purified material was dried for three days at about 50° to 60°C. The
dried solid was made homogeneous by passing it through a No. 10 stainless steel sieve.

The yield and assay results are shown in Table 2.

25 TABLE2
Crude

Code Moles A* Moles B* Recovery Yield ETI LOD Assay
1736-077 1 3 123g 69% 0.18 26 92.7%
1736-078 6 241¢g 68% 0.15 3.2 94.5 %
1736-080 2 6 224 63% 0.14 54 98.5%
1736-082 2 6 U4lg 69% 092 5.5 93.1%
1736-084 2 6 246 ¢ 69% 0.79 8.2 91.8%
1736-086 3 -9 3i18¢g 60% 0.82 23 92.4 %
1736-088* 1 3 116 g 65% 0.91 0.7 96.2 %

-11-
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Exanple 6 15 To an aqueous sol ution containing about six noles of
sodi um hydr oxi de at 20-30[err]C was added about three nol es of
cyanami de. The mi xture was stirred for about 1 hour at room
tenperature and then warned to about 60[err]C. A solution containing one

nol e of e razan-1 oxide (calculated on a dry wei ht ba5| S
sul ﬁ&ﬂég%

di net hyl s added to t he basi ¢ cyanam de m' 10 20
m nutes. At the end of the addition, an exotherm 20 devel oped Whl ch was
kept below 75[err]C by cooling. The m xture was diluted with dei oni zed
wat er and the insoluble by-products were renoved by filtration at about
45[err] C. The conbined filtrate and washes were acidified wth glacial
acetic acid. The crystalline m xture was cool ed and the solids were
collected by filtration. The cake was rinsed with dei oni zed wat er and

the danp sol i g @bles bf Beagdfarazasil bride cl ean reaction vessel. 25

The danp sol i @ v@bRs 6f distdddindyahdinide M Xt ure of acetone and acetic acid in
t he approximate ratio of 88:12. The m xture was stirred at room
tenperature for about 30 m nutes. The solids were collected by
filtration3 The caltbe mepcesy| wes sucerssflly reneatedion 4 and 35 |roale senlest togprevide diland

?cet i ]g: aci g E $ aﬂ@ratphﬁmm i pae mﬁnzeme/\@iogess nl-{&% dﬂrﬂ?xt&?kef Siifety W8
ransrerre e
The damp sol | Jetadiebilly; | P, bl %Z?%“ﬁtczegdmmeetoﬂﬁnf%%% ohaemeEr fizE s

aci di fied wit meegssany for selid-oraldermulasin tndheqwen%nt?fwvseer eated with
char coal and -12-

WD 97/ 208

PCT/ US96/ 159761 The Procgss of the preferred embodiment of the present invention is shown i,
m xture was fiE*emplegbé@pd h and t he charcoal treat rrent was repeated a
second tine. After filtration, the warmfiltrate was charged to a

wel | -sti rred,\&ﬂnﬁhﬁﬂ ution of dilute sodiumacetate. The solids were

col | ected by ation. The cake was rinsed with deionized water and
then with acetone. The crystalline solid was 5 vacuumdried at about
55[err] C ts af f or d Tolae agusves solatibnxontaining about six moled b soditeu hydroxideiat@0v398C

about 40-50% Gfastal&EY dbout three molés‘6f&aftantidd. O The mixture was stirred for about 1 hour at
room temperature and then warmed to about 60°C. A solution containing one mole of
benzofurazan-1 oxide (calculated on a dry weight basis) in dimethyl sulfoxide was added to
the basic cyanamide mixture over 10-20 minutes. At the end of the addition, an exotherm
20 developed which was kept below 75°C by cooling. The mixture was diluted with
- deionized water and the insoluble by-products were removed by filtration at about 45°C.
The combined filtrate and washes were acidified with glacial acetic acid. The crystalline
mixture was cooled and the solids were collected by filtration. The cake was rinsed with
deionized water and the damp solids were transferred to a clean reaction vessel.

The damp solids were diluted with a mixture of acetone and acetic acid in the
approximate ratio of 88:12. The mixture was stirred at room temperature for about 30
minutes. The solids were collected by filtration. The cake was also rinsed with the
solution of acetone and acetic acid (88:12) and then with deionized water. The damp cake

30  was transferred to a clean reaction vessel.

Final pusificati

The damp solids were diluted with deionized water and the suspension was
35 acidified with dilute methanesulfonic acid. The mixture was treated with charcoal and

-12-
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Thi s exanpl e descri bes the process of producing a | arge, batch-size
guantity of 1, 2, 4- benzotriazine-3-amno 1, 4-dioxide. A
50 gal" reactor (K-7) was purged with nitrogen and charged with a 17.9 L 15
dei oni zed water and 11.9 Kg (297 nol es) sodi um hydroxi de beads. Cool i ng was
enpl oyed wobseegrol the exotherm The mixture was agit atplsssibicn 2

cl ear solution was obtai ned and then cooled to 15-25[err]C. The
solution was charged with 6.3 Kg (150 nol es) cyanam de and stirred for
1 hour at 20-30[err]C 1In the neantine, another kettle (K-5) was charged
wth 7.4 Kg danp benzofurazan 1-oxide (7.0 Kg cal cul ated on a dry
basis) (50 noles) and 25.5 Kg 20 dinethyl sul foxide. The m xture vvas
stirred with warm ng to 20-30[ erréglfor 50 m nutes.

cyanan de sol uatirsd forgeveral ppigutomat Abenti43°Go[The mpxture- pyas ﬂé’éWEdYWéEﬂﬂ‘eldWPﬂe

(K-~ 5) Weeatristib Was fopested & sexopd time. iAfter filteationy the inelon fillirdes %stlmgehao a
cyanam de sol e ?cgtgﬁe T;pﬁ ure
was stirred w %PWI %oéd (%‘rmdgllnotdﬁieﬂre'r;g%ﬁél mgg&glﬁ cdifAEd g%&l%e di d
not exceed 71[Ehe ecrys &Rlid wast he
reaction. The Wmaﬂmamncswwﬁfow&emﬂe@muhe |nsol ubl e by product s
wer e r enoved through an in-line cartridge filter which discharged the
filtrate into a 50 ga reactor (K-8). The f||trate was acidified by
the addition of 19.&&@“&%3?%1‘%@?“%&9& % oftheary The mixture was

cooled to 22[err]C and agitation was conti nued for 1 hour. The solids were
30 collected Wration The reactor (K-8) was rinsed with 17.3 L

dei oni zed wat € applied to the filter cake. The danp cake was
transferred®to a 50 gal reactor (K-8). A sol ution containing
34.9 Kg acet one andrHis éxaiiglealestribes the prbcesa of prodycimgeallasges batch-sizedpantydf tlo2.t he

crude solid i ngKaomihbife Blaklin £ 4@sxiat.i rred at 25[err]C for 3 hours and the
35 solids were coIF‘ected by filtration. The cake was rinsed with a

sol ution containing 10.4 Kg
- 13- WO 8750288 a8actor (K-7) was purged with nitrogen and charged with a 17.9 L

PCT/ US96/ 1$i6ldemmd water and”)?D Rrggzamoﬁs)&o&mnﬂg@tﬂmeaﬁh& Cddfing Gacémplopdd- 8)

was charged W|th 15

i oni t.he, cake.
The orade. dants i tgeemel THE priseop ¥ adhassd e st Spiofih WS dhriina, 2
A 50 gal react!hpn caclegh) to 1525 UG aFpsolugion was ghagged vithi613 Kig (K3} moles)aivanamideisndu s
sodi um acet at esriied férl1 hour afi20-30FC; € th@inBintimel nothe¥ kitile (K wilsichdrgell ikl 71ahe

| | ut
o 50 gal reactsF G ol (0D RH el on . dry basie) (0l ind BEERGTE,
L dei oni zea0waélme hanltpxide omixtyre was srireed witharming, 190202407 for Sprpainutes.

suspensi on was stirred for 20 mnutes and 10.0 Kg (102 nol es)

met hanesul f oni c amﬂlg\/gg aﬁﬁ&e dﬂ'éggKIZé @gﬂ@;@b ﬁg%&%ﬁl&ﬁ:&&“ﬂ%ﬁ&étﬁe

was adj usted to 40 ate

was transferred through an in-line cartndge filter to the cyanamide solution over
approxxmately 20 minutes. The reaction mixture was stirred with cooling for another 20
~ 25 minutes and the temperature did not exceed 71°C. Deionized water (50 L) was gradually
added to the reaction. The mixture was cooled to 44°C and the insoluble by-products were
removed through an in-line cartridge filter which discharged the filtrate into a 50 gal
reactor (K-8). The filtrate was acidified by the addition of 19.9 Kg (332 moles) acetic acid.
The mixture was cooled to 22°C and agitation was continued for 1 hour. The solids were
30 collected by filtration. The reactor (K-8) was rinsed with 17.3 L deionized water and

applied to the filter cake. The damp cake was transferred to a 50 gal reactor (K-8).

A solution containing 34.9 Kg acetone and 6.0 Kg acetic acid was prepared and
charged to the crude solid in K-8. The mixwre was stirred at 25°C for 3 hours and the
35 solids were collected by filtration. The cake was rinsed with a solution containing 10.4 Kg

«13-
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charcoal and 0.2 Kg of solka floc was added to the dark solution. The

m xture was circulated through an in-line filter to renove the solids.
The activated charcoal and solka 15 floc step was repeated a second tine.
The filtrate was circul ated through a polishing filter and rapidly
charged to t ?%g sodi um acetate solution (K-8). The mxture was stirred
with cooling Wut 1.5 hours and the solids were col | eCRGIAUS§18761
filtration at 10[err]C. The dei oni zed water (34 Kg) charged to the
reactor (K-8) was used to wash the filter cake. The cake was given a

final rinse with 17.9 Kg of acetone and vacuumdried at 55-60[err]C for 43
20 hours. The weight of the pure product was 3.41 Kg (37.2% yield of
t heory). Havi ng described the invention with reference to its

preferred enbostewesanaad 1i& Kgsacttic acid. memdﬁr(xtﬁaﬁhst&haigemw 1se4l &élﬁmzed
W thin the scopgeOhnd Was Wb Wath Weléakpe PHRPELEL aabp LalOSFas used if the Fa fina 1|4?

the art.
WO 97/ 20828 punficanon step.

PCT/ US96/ 18761 VWHAT IS CLAIMED | S: 1. A process for the

preparati ons of 3- arg y- du réactof- (Rﬁ)zaaggmr%ea% g REn.

conprising the s of a solutio %é‘h‘g%sf‘tffd'?gﬁimf
oxrge in di net‘}‘?é*"é'ﬁ'l‘qewﬁ%qlr? Iad?fﬁFlé"rd Vaer, (Thgrmixture was stirred and the Tleap solution
sol ution of diwadicoledyat®:20°@: in water in a molar ratio of 3 to 2 contained

in a reaction vessel at a terrperature of from about 55[err] to 65[err]Cto

obtain the sodi um é am [o- % 2, 4-benzotriazine
1, 4- di oxi de as a pr‘gcﬂ‘ an?ﬂ"én‘ #0°0 gal react ~11) 'was purged with nitrogen and charged
with 35.9 L deionized water and 7.7 Kg of the crude, damp Tirapazamine. The suspension

was stirred for 20 minutes and 10.0 Kg (102 moles) methanesulfonic acid was added over
several minutes. The temperature was adjusted to 40-45°C and 0.2 Kg of activated
charcoal and 0.2 Kg of solka floc was added to the dark solution. - The mixture was
circulated through an in-line filter to remove the solids. The activated charcoal and solka
15 floc step was repeated a second time. The filtrate was circulated through a polishing filter
-and rapidly charged to the cold sodium acetate solution (K-8). The mixture was stirred -
with cooling for about 1.5 hours and the solids were collected by filtration at 10°C. The
deionized water (34 Kg) charged 10 the reactor (K-8) was used to wash the filter cake. The
cake was given a final rinse with 17.9 Kg of acetone and vacuum dried at 55-60°C for 43
20  hours. The weight of the pure product was 3.41 Kg (37.2% yield of theory).

Having described the invention with reference to its preferred embodiments, it is to
be understood that modifications within the scope of the invention will be apparent to those
skilled in the art.
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b) renoving the precipitate and suspending it in excess water;
addi ng about 3.5 nol e equi val l‘ m | fonic acid to the suspensi on
to : obtain a sol ut ||mmmm|“m| '“ iltering the solution to

remove acid insoluble inpuritiwesct her ef r oln e) - charging the filtered

sol ution int owgp Pbdgr €d sol ution containing access SOdI um US96/18761
acetate and allowng crystallization to occur; 20 Tpcfterl ng and

washing the crystalline particles with water; g) charglng t he washed
crystalline particles back into said reaction vessel and stirring it

wi th about five volunme of water, and 25 h) filtering the crystalline
particles and rinsing themw th acetone to obtain the purified

3-amno-1, 2, 4-benzotriazine 1, 4- di oxi de. 2. The process of
claim1l furthe i ng and hoanen|2|ng the purified 30
3-amno-1, 2, 4- benzotr|a2|ne 1, 4-di oxide. : The process of claim

1 wherein sald jbengo a X sodi yanam de
sol uti on at atenpérg ure o g@h’f&%‘bﬁ qi}ecgaggné (b 4%%% p‘g dng
claim | wherein i rcompEsingghe stepgofi |trate is suspended in water in a

volume ratié of 1 to 6.

-15- a) adding a solution of benzofurazan-1 SkidS T diflekhyNuitbliaé b Frol katio of 1

VO 97/ 20828
PCT/ US06/ 18761  '© 3 to 8 solugion of disodjumcyanamide in water in 2 molar ratia of 3 to 2 coptained,

in the form of cryi8@Jracting vesselat g temaperature Qf fromabouLIY twéﬁ‘&mq@mmm
than 190 nm pr odusakaf Buantitvel, (2 dberezotriakine | Aidivxide as a precipifate; A process
for the praparation of 3-amno-1, 2, 4-benzotriazine 1, 4-dioxide

b) removing the precipitate and suspending it in excess water;

c) adding about 3.5 mole equivalents of methanesulfonic acid to the suspension to
obtain a solution;

15
d) filtering the solution to remove acid insoluble impurities therefrom;
e) charging the filtered solution into a buffered soluton containing access sodium
acetate and allowing crystailization to occur;
20
filtering and washing the crystalline particles with water;
g charging the washed crystalline particles back into said reaction vessel and stirring it
with about five volume of water; and
25

h) filtering the crystalline particles and rinsing them with acetone to obtain the purified
3-amino-1, 2, 4-benzotriazine 1, 4-dioxide.

2. The process of claim 1 further comprising: drying and homogenizing the purified
30 3-amino-1, 2, 4-benzotriazine 1, 4-dioxide.

3. The process of claim 1 wherein said benzofurazan-1 oxide is added to said
disodiumcyanamide solution at a temperature of about 60°C.

35 4. The process of claim 1 wherein in step (b) the filtrate is suspended in water in a
volume ratio of 1 to 6.
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conprising the steps of: addi ng a sol ution of benzofurazan I

oxi de i n dinethyl sul foxide | to 3 to an
aqueous sol ution of cyanam d lﬂ}!im “ﬂﬁ’!ﬂm xi de having a nolar 10
ratio of 3 to 6 at a tenperat S5[err]Cto 65[err]Cto
obtain the of 3-amno- 1, 2, 4-benzotriazine 1,
4- di oxi de az&gs’%??al suspensi on/ sol uti on; b) dPFTF%6G8Bhe

partial suspension/solution with water in a volume ratio of about 1 to 6
t her eby obtaining a solution containing base-insoluble inpurities; 15

C) filtering the solution to renove the base-insoluble inpurities

t herefrom d) neutralizing the solution wwth a slight excess of
glacial acetic acid to obtain a crude crystalline m xture; 20
e) cooling the crystal line m xture and collecting the solids by
filtration in theg f%mu addin
with stirri nrs m xt ure 071"?l acetm%ur?gmg%c} ace{mc ac?ncf f%m’t Rt c%yéﬂhé‘ (ﬂ"‘%??fﬁ

25 gnggpamceslzeo@;ess thag 1) ap, prodpced, by the pracassiaf glaimar ti cl es by
filtration and rinsing themw th the m xture of acetone and
acetic acigd V|n ak .0 3 II n5| 'th.
water; 30° & 9‘ t 5% ?161’ thg ; ; Ve \g{)%arn%lg\golf ?S&QP §{°é1dFi ne
parti cl es to"BB‘P&F'Hg estepso suspensi on; aC| d| fy| ng the

suspensi on with net hanesulfonic acid in a 3.5 nol equ ratio; 35
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bot Usoey 1a78) Mg g&@g& of c?eﬁ"f“c'?zlmg t"f‘%e n l‘}‘snﬂ)eg‘r?@‘“c‘f%‘u"‘ i 3, mplap tio of 1
particles by filt F‘h?l‘Bﬁ“ agpepug jsplyter, ehfyanamidg and sodium Ydmw having; 2 melar
di | ut e soWi um aceratioof$ab Giat o emparatire bf frovn about SETC fow65PC €6 oty HedoiiuBEsalt O

forman average pgf8iafifd-F 22 4-beizokfa3me 1NARickHe a%aﬁ%uspension[soluﬁon;

b) diluting the partial suspension/solution with water in a volume ratio of about 1 to 6
thereby obtaining a solution containing base-insoluble impurities;

15

c) filtering the solution to remove the base-insoluble impurities therefrom;

d) neutralizing the solution with a slight excess of glacial acetic acid to obtain a crude
crystalline mixture;

20 .

e) cooling the crystalline mixture and collecting the solids by filtration in the form of a
damp cake;

f) adding, with stirring, a mixture of acetone and acetic acid in the ratio of about

25 88:12;

g) collecting the crystalline particles by filtration and rinsing them with the mixture of
acetone and acetic acid having the ratio of about 88:12, followed by rinsing with
water;

30
h) adding about five volumes of water to the crystalline particles to obtain a
suspension;

i) acidifying the suspension with methanesulfonic acid in a 3.5 mol equiv. ratio;

35
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5 k) collecting the mcrocrystalline particles by filtration and
rinsing themwth water, followed by rinsing with acetone to obtain
the pdrified 3-amno-1, 2, , 4- di oxi de. 7.
The process of claimé6 furtmumnlﬁﬂugﬂ ryi ng and honogeni zi ng t he
purified 10 vwosipees 1. 2, %-benZotfiaZine 1, 4-dioxide.  permsBensier The
process of claim 6 wherein said benzofurazan-1 oxide is added to said
cyananm de solution at a tenperature of about 60[err]C 15 9.

‘3-am no-1, 2, 4-benzotriazine 1, 4-dioxide in the formof mcrocrystalline

particles, produced by the process of claim6.
-17- SUBSTI TUTE SHEET ( RULE 26)

§)) collecting the suspended crystalline particles by filtration, charging them into a
well-stirred dilute sodium acetate solution, and allowing them to microcrystallize to
form an average particle size of less than 190 mm; and

5 k) collecting the microcrystalline particles by filtration and rinsing them with water,
followed by rinsing with acetone to obtain the purified 3-amino-1, 2, 4-benzotriazine 1, 4-
dioxide.

7. The process of claim 6 further comprising: drying and homogenizing the purified
10  3-amino-1, 2, 4-benzotriazine 1, 4-dioxide.

8. The process of claim 6 wherein said benzofurazan-1 oxide is added to said
cyanamide solution at a temperature of about 60°C.

15 9 3-amino-1, 2, 4-benzotriazine 1, 4-dioxide in the form of microcrystalline particles,
produced by the process of claim 6.
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