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a- (2- 4- DI SULFOPHENYL) - N- TERT- BUTYLNI TRONE AND PHARMACEUTI CALLY ACCEPTABLE

SALTS THEREOF Field of the Invention 5 This invention relates to novel
process fY¥P WA/MPr eparati on of a-(2,4-disul fophenyl)- N—teFFIﬁﬁ?V&WP rone
and pharmaceutically acceptable salts thereof. These conmpounds have

previ ously been disclosed as bei ng useful as nedi canents. Such conpounds
are alternatively naned as 4- [(tert-butylimno)nmethyl] benzene- 1,
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conpositions. U S. patent 5,475,032 discloses the use of such conpositions
in the treatnent of stroke and 15 of progressive central nervous system
function | bigld ofghelinvesien U. S. patent 5,508, 305 discloses the use of such

conposi tions t the ide effects caused oxi dative damage
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same conpounds in the treatnent of concussion. 20 Various
avai | abl e Preyiousls bsgihdiseloses! asfoerigtusofubss mfheamasts Shttecomis@atds art hod

i nvol ves t C onde ) eacti.o a hydr oxyl am ne
dor  vat: ve R E S P RS TResE R L ol o ee ar Ui and
W D. d|i sderivaavgr ehensi ve Organl ¢ Chem stry, Volune 2, pp. 500-504,

Per ganon Press, 1979; R D. Hnton and E.G Janzen, J. Og. Chem, 1992, 57,
pp. 2646-265 1). The utility of this 25 reaction is inpaired by its

susceptl b| gictk)‘rc}ulﬂd%ﬁcﬂ{e'lﬁvé}{tmr ance, slowreaction rates, and, in certain

cases, ve Tnaccessibility and/ or |nstab|I|ty of the
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overconme by in situ generation of the
pharmaceutically acceptable salts thereof and related pharmaceutical compositions.
U.S. patent 5,475,032 discloses the use of such compositions in the treatment of stroke and

15 of progressive central nervous system function loss conditions. U.S. patent 5,508,305
discloses the use of such compositions for ameliorating the side effects caused by oxidative
damage resulting from antineoplastic disease treatment. Similar disclosures are also made
in WO 95/17876. U.S. patent 5,780,510 discloses the use of these same compounds in the
treatment of concussion.

20 Various methods are available for the synthesis of nitrones. The most often used
method involves the usually uncatalysed condensation reaction of a hydroxylamine
derivative with an aldehyde or ketone (J.S. Roberts in D.H.R. Barton and W.D. Ollis,
Comprehensive Organic Chemistry, Volume 2, pp. 500-504, Pergamon Press, 1979;

R.D. Hinton and E.G. Janzen, J. Org. Chem., 1992, 57, pp. 2646-2651). The utility of this

25 reaction is impaired by its susceptibility to steric hindrance, slow reaction rates, and, in
certain cases, by the relative inaccessibility and/or instability of the hydroxylamine starting
material. The latter problems can sometimes be overcome by in situ generation of the
required hydroxylamine by reduction of a more readily available compound such as the
corresponding nitro derivative. This general methodology is employed in the above-

30 described patents where the preparation of 0-(2,4-disulfophenyl)-N-tert-butylnitrone is
described as involving the reaction of 4-formyl-1,3-benzenesulfonic acid with

N-terr-butylhydroxylamine in refluxing methanol for approximately 18 hours.
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I n one aspecdt this invention provides a process for the preparation of a
compound of"d G®neral formula (1) 15 R / N+ 1 (1) OR 20 wherein each R
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preparation of o-(2,4-disulfophenyl)-N-zert-butylnitrone and salts thereof and is also

10 particularly suited to large-scale production.

Disclosure of the Invention
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20 wherein each R independently represents SO3H or a salt thereof.
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Thi s process involves reaction of an al dehyde of general formula (lI1) R
CHO / (1) R 25 WD 01/51460 PCT/ SEOL/ 00007 3 wherein Ris as defined
2£§ZE§H | 1%}h{(ﬁrt-butylhydroxylanno_niu_macetate (111) 5 dcehiéhod/oddoH

n a second aspect, this knvention provi des a nethod for
preparing and recovering a conpound of "general fornmula (1). In the first
step of this process, the conpound is 10 prepared as just described. In a
subsequent step, the conpound is isolated. Detailed Description of the
I nvention Products and Starting Materials 15 In this process, an al dehyde
of general formula (I1) is reacted with N-tert- butyl hydroxyl anmoni um
acetate to forman c -(2,4-disul fophenyl)-N-tert-butylnitrone conpound of
general f®heteimR(is ps defied@bayfounds of general fornulae (1) and (11) may be

aci ds or they, my I s _Of nds of fornmula (1) above may be
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pharmaceutically acceptable cations. The cation nmay be a nonoval ent
mat eri al such as sodium potassium |ithium ammonium al kyl ammoni um or
In a second aspect, this invention provides a method for preparing and recovering a

compound of general formula (I). In the first step of this process, the compound is

10 prepared as just described. In a subsequent step, the compound is isolated.

Detailed Description of the Invention

Products and Startine Materials

15 In this process, an aldehyde of general formula (II) is reacted with N-terz-
butylhydroxylammonium acetate to form an o.-(2,4-disulfophenyl)-N-tert-butylnitrone
compound of general formula (I). The compounds of general formulae (I) and (II) may be
acids or they may be salts.

Salts of compounds of formula (1) above may be formed by reacting the free acid

20  (wherein R represents SO3H), or another salt thereof, with two or more equivalents of an
appropriate base, using methods that are well known in the art.

The salts of compounds of formulae (I) and (II) referred to above will normally be
those formed with pharmaceutically acceptable cations. The cation may be a monovalent
material such as sodium, potassium, lithium, ammonium, alkylammonium or

25 diethanolammonium. Alternatively, it may be a polyvalent cation such as calcium,
magnesium, aluminium or zinc. It may also be a mixed salt formed with a polyvalent
cation such as calcium or magnesium in combination with a pharmaceutically acceptable
anion such as halide (for example chloride), phosphate, sulphate, acetate, citrate or tartrate.

The two R’s in these formulae are usually the same. However, they can be

30  independently selected from the possibilities just enumerated.

It is preferred that the two R’s in formulae (I) and (II) above be the same and each

represents SO; Na'.
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15 The Process
The first step is the condensation of the N-terr-butylhydroxylammonium acetate (III)
with the aldehyde (II). This reaction is typically conducted in a batch mode with agitation.
It could, if desired, be carried out continuously in a flow reaction system.
In this process it is preferred that in general about 1.25 to 2.5 equivalents of N-zer:-

20  butylhydroxylammonium acetate (III) is used for each equivalent of the aldehyde (II). It is
particularly preferred that about 1.6 to 2.0 equivalents of N-zert-butylhydroxylammonium
acetate (III) is used.

The condensation of the present invention is carried out in solution, using a suitable
inert solvent in which the starting materials are sufficiently soluble. It is preferred that a

25 suitable polar organic solvent such as an alcohol, or mixture of alcohols, is used as solvent.
It is particularly preferred that the solvent is methanol. It is further preferred that the
reaction mixture contains a suitable percentage of water, generally less than 10% by
volume, such as from about 2% to 10% by volume. It is particularly preferred that the
solvent contains about 5% by volume of water. It has been found that the presence of a

30  suitable amount of water provides significant advantages, particularly with regards to

inhibiting the conversion of the aldehyde (II) into the undesirable acetal side product (IV)



In this process it is preferred that in general about 1.25 to 2.5

equi val ents of N-tert 20 butyl hydroxyl amoni um acetate (I11) is used for
each equi val ent of the aldehyde (11). It is particularly preferred that
about 1. 6yH@1/81490 €qui val ents of N-tert-butyl hydroxyl anmoni yar/aeebéle (111)
is used. The condensation of the presentsinvention is carried out in
solution, using a suitable inert solvent in which the starting naterials
are sufficiently soluble. It is preferred that a 25 suitable polar organic
sol vent such as an al cohol, orrm xture of alcohols, is used as solvent. It
is particularly preferred that the@g@%ept is methanol. It is further
preferred that the reaction_n ) Y2i ns a suitable per cent age of

wat er, generally less than 10% b vol une, such as frdivabout 2% to 10% by
volurme. It is particularly preferred that the solvent contains about 5% by
volume of water. It has bBen found that the presence of a 30 suitable
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to inhibiting the conversion of the al dehyde (Il) into the undesirable
acetal side product (1V) WO 01/51460 PCT/SEAQ /00007 5 R CH(ORL)2 (1V) R
\ by reaction with the solvent R OH 5 The presence of a suitable amunt of
wat er in thyeesaioneith tiesolviencR&des the solubility of the

4-formyl -1, 3-henzenedi sul fonic acid disodiumsalt (l11; R = S03 Na')
startifg et RESPOCARGOL HuR Bl NG PT WA 1% aphevietia merdesaabt sduiliny he
process ant ienpbasiiiiep - t SYSHemy ~The proportion
of reaction sol Verﬁrfy IS tg%?g%?%u;ﬁ)ﬁa@%?%gﬁgﬁgg{Sragtb(gIgF '2§[tjdméa iftagﬁk io

sol vent penatgiapndthes¢hy vgrifiparsbuctproves ghekinetics ofitkdpieeRant ie@mtePfhe ilsom 2

to 6 and o?%%ocrie%lo}l%n?’ragﬁ s_é/lst(rerll‘n/. g being preferred.

The proportion of reaction solvent is typically maintained at about 2 to 8 mL of

1o solvent per gram of nitrone product or greater, with proportions of from 2 to 6 and
especially 3 to 4 mL/g being preferred.

The condensation is conducted at a temperature from about ambient temperature to
about 150 °C, good results being achieved at temperatures of from about ambient to about
125 °C, with temperatures of from about 40 °C to about 100 °C being preferred.

15 The condensation reaction is relatively facile and is typically essentially complete in
from about 15 minutes to about 5 hours with reaction time of from 30 to 90 minutes being
typical. In practice, the degree of reaction is monitored analytically and the reaction is
continued until a suitable degree of reaction is achieved.

The isolation of the product of formula (I) formed in the above condensation may be

20 achieved by using standard techniques that are well known in the art. It is particularly
advantageous that the product be isolated using a suitable crystallisation technique. Thus
in a typical isolation, on completion of the reaction of the aldehyde (II) with
N-tert-butylhydroxylammonium acetate (III), the reaction mixture is cooled to ambient
temperature and then filtered in order to remove any insoluble material. The filtrate is then

25 adjusted to a temperature that may be from 0 °C up to the reflux temperature of the solvent,
but is preferably from 35 to 50 °C, and crystallisation is induced by the addition of a
suitable crystallisation agent such as isopropanol or ethyl acetate. The optimal precipitation
temperature may vary depending on the scale of the reaction, on whether the suspension is

stirred or allowed to stand, and on the desired particle size of the solid product.
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tenperature to about 150 C, good results being achi eved at tenperatures of
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15 trihydrate form is obtained directly by crystallisation of 0122,4-dlsulfophenyl)-N-tert-
butylnitrone disodium salt from hot water, or by passing humidified air over the solid.
Addition of up to about 5% volume of water to the crystallisation agent can push the
product toward the hydrated form and decrease the amount of occluded organic liquids in
the crystalline product and can lower impurity levels such as the level of unreacted
20  aldehyde.

The invention is illustrated, but in no way limited, by the following examples.

Example 1

25 o-(2.4-Disulfophenvl)-N-tert-butylnitrone disodium salt (10 ¢ scale)

4-Formyl-1,3-benzenedisulfonic acid disodium salt (10.0 g, 27.6 mmol, 85.6% w/w),
N-tert-butylhydroxylammonium acetate (6.1 g, 37.5 mmol, 1.4 equiv., 91.6% w/w), water
(2 g) and methanol (38 g) were added to a 100 mL three-necked bottle at room temperature
under an atmosphere of nitrogen gas. The mixture was stirred and the bottle was lowered
30 into an oil bath maintained at 72 °C. After 2.3 h, HPLC analysis (% area) showed that
<0.3 area% of 4-formyl-1,3-benzenedisulfonic acid disodium salt remained. The clear

filtrate was cooled to 20 °C and filtered. The clear solution was transferred to a 250 mL



of isopropanol is particularly preferred. The water content of
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4- For nyl -Q-,(34bgwi@@ém}éh{vfféﬁrh’s‘tfééit@néﬂwdiumﬁaétalt (10.0 g, 27 6 mmol , 85.6%
ww, N-tert-butyl hydroxyl anmoni um acetate (6.1 g, 37.5 nmol, 1.4 equiv.,
91.6%ww, water (2 g) and nethanol (38 g) were added to a 100 mL

t hree-necked bottle at room tenperatBkgnmpldieder an at nosphere of nitrogen
gas. The mxture was stirred and the bottle was | owered 30 into an oil bath
maint& ned at 72 C. After 2.3 h, HPLC analysis (% area) showed that <0.3
area% of 4-fqrnyl foni id |t remai ned. The
clear fi ();2[5% Cylhife e ar solution was
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wWth a CO(Cib ¢) and methanol (337 mL) were added to a 1 L jacketed three-necked flask at ambient

15 temperature. The mixture was stirred and heated at 72 °C. After 3 h, HPLC analysis
showed that <0.2 area% of 4-formyl-1,3-benzenedisulfonic acid disodium salt was present.
The reaction mixture was cooled and filtered. The filtrate was transferred to a 2 L reflux
apparatus and heated to 80 °C. When the mixture had come to reflux, isopropanol
(765 mL) was added dropwise, and reflux was continued for a further 0.5 h. The resulting
20 suspension was cooled to below 11 °C. The white solid was filtered off and dried in a
vacuum oven for 24 h at 50 °C. Yield 83.0 g (72.8%).
Chromatographic purity (area% HPLC) showed greater than 99%

0-(2,4-disulfophenyl)-N-tert-butylnitrone disodium salt.

25 Example 3

«-(2.4-Disulfophenvl)-N-tert-butylnitrone disodium salt (500 ¢ scale)

4-Formyl-1,3-benzenedisulfonic acid disodium salt (500.0 g, 1.4 mol, 87.0% w/w),
N-tert-butylhydroxylammonium acetate (336.0 g, 2.18 mol, 1.5 equiv., 97.0% w/w), water
30 (20 g) and methanol (1700 mL) were added to a 5L jacketed three-necked flask, fitted with

an overhead stirrer and recirculating heating bath, at room temperature. The mixture was



wat er bath and the slurry was cooled to 11 C. After 30 m nutes the product
was isolated by filtration and sucked dry giving a white solid (11 2 09).
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for a furt heerQor%afibgra-ﬁhﬁ ﬂ@ﬁ%t&éd@gHP@,@)%H§@@@§f69@rY}ﬁﬁ 9699l ed to below 11 C
The white solid was filtered off and dried in"a vacuumoven for 24 h at 50
C. Yield 83(DA4dispifepissny])-"Cherohatybgraphdisodumistly. (ar ea% HPLC) showed great er
than 99% a- (2, 4-disul fophenyl)-Ntert-butylnitrone disodiumsalt. 25
Exanple 3 a-(2,4-Disul fophenyl)-Ntert-butylnitrone disodiumsalt (500 g
scale) 4-Fornyl-I, 3-benzenedi sul foni&a@%@lédl sodiumsalt (500.0 g, 1.4
nol, 87.0% ww), N-tert-butyl hydroxylamonium acetate (336.0 g, 2.18 nol,
1.5 eq@iv., 97.0%ww, water 30 (20 g) and nethanol (1700 nmL) were added

to a 5L jac ei d arge-ne kedbfl lSk fitt d Wi h an overhead stirrer and
recircul a o R (AR sealek ure was WO

01/ 51460 PCT/A@EQ%{y@-Q@Ogenzenedlsulfomc acid disodium salt (750 0 g, 2.32 mol, 85.6% w/w),

N-rert-butylhydroxylammonium acetate (501.0 g, 3.26 mol, 1.4 equiv., 91.6% w/w), water
(150 g) and methanol (2530 mL) were added to a 5 L jacketed three-necked flask at
15 ambient temperature. The mixture was stirred and heated at 72 °C. After 3.2 h, HPLC
analysis showed that <0.2 area% of 4-formyl-1,3-benzenedisulfonic acid disodium salt
remained. The reaction mixture was filtered through an in line filter. The filtrate was
transferred to a distillation apparatus and the solution was then heated to 80 °C.
Isopropanol (1000 mL) was then added and distillation was started. A second portion of
20 isopropanol (1000 mL) was added and distillation was continued until the distillate
temperature reached 80 °C. The resulting suspension was cooled to below 11 °C, filtered,
and the solid obtained was dried for 2 h to give the product as a white solid. Yield was
744.5 g (80.7%).
Chromatographic purity (area% HPLC) showed greater than 99%

25 0-(2,4-disulfophenyl)-N-rert-butylnitrone disodium salt.

Example 5

0-(2.4-Disulfophenyl)-N-tert-butylnitrone disodium salt (100 ¢ scale)

30 4-Formyl-1,3-benzenedisulfonic acid disodium salt (100.0 g, 0.31 mol, 96.3% w/w),

N-tert-butylhydroxylammonium acetate (66.8 g, 0.43 mol, 1.4 equiv., 97.0% w/w), water



8 stirred and the flask heated at 72 C. After 3.0 h, the solution was
filtered. The filtrate was then heated to 80 C and refluxed for 1 hour.

Sol vent was then renoved by distillation at at mogepRgtdifoofiessur e.
Isopropa&g(?g](/%é(b nm) was then added and, the suspension cooled to <11 C,

filtered and dried in a vacuumoven for 96 h to yield the 5 product as a
white solid. Chromatographic purity (area% HPLC) showed greater than 99%

o2 DY bl RRE Rl BEF it et MRS G} 50 trpeairiosk RSed o gwwe@;mo
4- For ny! - 135 henzepadesubhant CTAS ik disos éemegg,ta BQ‘E‘??OE%"C Tl?fgie i 8°- 6%

ww, N-tert-Dbutylhydroxylamoni um acet ate equi v.
91. 6% w vv)mmmmaesras cpals0 t(gbooandntmtanamolSo(iﬂlﬁﬁﬁlemo)udA&B € @ddgdninel)avi then

j acket ed thre @ked flask at %E agtz),g ent tenperature. The m xture was
stirred arfddRtapEiegpixese was piyed fos U Iy Thepmextusgyas,asnsfikiersde HPLGaanakpis

area% of 4nbeeviar Lo3- d@@d@zem%ﬁwtfpmenz%ﬁt@l &lt&%’t fhf séqtﬁletn?ﬂ?tngg&%d i ne

reaction m xture was fi teredthroug an in |nef| € Wwas
t r ansf er r etie fibrage. dst ieh¢tam oK tappeasatansfeand td hé Lsdbtiltation apparatuband feat ed t o

80 C. Isopr anol 000 ) S the ed and distillation was started. A
second porSP ‘r?“d’fas i gb‘B\g@ f%@gggr’r‘i‘_l) of\aistilyie Ber bgrm pllse®dl ati on was

continued jyi bﬂantohﬁlO@'n%E)‘ \kfﬁ@écﬁiedtaf%@ﬁg ttUnew!asecﬁ)(ft %Cﬁ.ﬁ'ttﬁ:th T(!ﬁgtl ggulting

suspensi on was cooled to below 11 C, tere al ned was
dried for ®@mhethoirgieachdd s 6. olluctesdsing swipehgors whi fiter¥i at 60 ¥@and H4olidg

(80. 7 Chr omat ographji.c purity (area% HPLC) showed greater than 99% 25
a-(2,4 0d| Qtatessh ?M?I)e ntae"rafu‘HHtOQ/Frthtf rPEhetodi Kolie BrRdSE] as.a whisepalisl. Y ekl

2. 4-Di sul f&ﬂ*ﬁf‘ﬁ’é}sﬂ%%?“ butvl nitrone disodiumsalt (100 a scale)

Chromatographic purity (area% HPLC) showed greater than 99%

0.-(2,4-disulfophenyl)-N-terz-butylnitrone disodium salt.

15 Example 6

a-(2.4-DisulfophenyD)-N-tert-butylnitrone disodium salt (without water addition) (100 ¢

scale)
4-Formyl-1,3-benzenedisulfonic acid disodium salt (100.0 g, 0.32 mol, 99.6% w/w)

20 was added to a 1 L round bottom flask fitted with a magnetic stirring bar and heating
mantle. Methanol (400 mL) and N-zert-butylhydroxylammonium acetate (73.9 g,
0.48 mol, 1.5 equiv., 97.0% w/w) were added sequentially. The mixture was stirred and
heated under reflux. After 6 h, HPLC analysis showed 99.1 area% of
a-(2,4-disulfophenyl)-N-tert-butylnitrone. The reaction mixture was a white suspension.

25 Isopropanol (800 mL) was then added and the suspension was cooled to 2 °C. The product
was filtered off using a Buchner funnel, rinsed with isopropanol (200 mL) and then dried
in a vacuum oven at 50 °C for 7 h. Yield was 88.0 g (71.9%). This example demonstrates

that the condensation can be conducted without adding water to the reaction mixture.



30 4-Fornyl -1, 3-benzenedi sul fonic acid disodiumsalt (100.0 g, 0.31 nol,
96.3% W w, Ntert-butyl hydroxylamonium acetate (66.8 g, 0.43 nol, 1.4
equiv., 97.0% w w), water WO 01/51460 PCT/ SE01/ 00007 9 ( C,lgg 02&90 t hanol
(337 ) WRPES14Hed to a 1 L three-necked flask fitted wit FEAP%g
mantl e, at roomtenperature. The m xturd0was stirred and heated to 72 C.
The reaction mxture was cooled to roomtenperature. Sodi um nethoxide (3.5
g, 64.7 mol) was then added and the m xture was stirred for 0.5 h. The

m xture was then filtered. HPLC anal y&6aspi Showed that <0.2 area% of
4-fornyl -1, 3-benzenedi sul fonic acid disodiumsalt remained in the
filtrate. The reaction m xture was transferred to a 1 L distillation

appar at us gaedi-Digal fopberil)-Nire masitihiednd 8Rb&UnE 91189660 o MAer 100 nL of
distillate had been collected, 1sopropanol (400 nlL) was added and

di sti || at i on4viésmybatypangenagiuifonicheiddisadit sale (4398 mridtimel, P8dChedv 8 C.
o ea T SOSTHSPSILIPRRS R £R. B BB Al PReLBAEN, 1

dried in a vacuu ven 0 giveé

was 91. 1 gnd 8RiBdl (1CHHIOMBEegtiaphhtd Reatdd iy o501 adctdrhin SRENREEFEALRT than
99% a-(2,4-disul fophenyl)-N-tert-butylnitrone disodiumsalt. 15 Exanple 6
a- (2. 4- Di 807F Sphéviier PO muip aefluwg RHGH % rrsapanil gsosishomied ahat tiienienttont wast er

addition) (10 I - For <L, 3-benzenedi sul.f oni ¢ aci d dj sodi ym sal t
(100 0"g. cOTB 50 Bef aplil bty -tac AAGEE 1ot 090 FhhsamBBeton 1 ack
fitted w hék dedfBEREGLH GvaS iahsfefted Basudng iRGRkiMEr v Rcbed 50 Raqe!, (400 ni)
and N-tert-butyl hydr oxyl ammoni um acetate (73.9 g, 0.48 nol, 1.5 equiv.,

97. 0%!W/ wprelesied aldtfed-sAfaenfurgler §O nitnee nfluuisepropanal t(30.0dd veasaddérbattaed

d f1 ux, .6 h,. .HPLC | ysis showed 99. % of ,
2" (5. L i B PLRATTITR TAS EopR PR oS COTRE 18 54k R o Sk TibechtEha whi ¢ o
suspensi Oﬁopééa[ﬁg@%%ja@%n 6RO9i - GriBels 00 A0SPEL RIS IS REISION Was

cooled to 2
product as a white solid. Yield was 81%.

15 Example 8

0-(2.4-Disulfophenyl)-N-tert-butylnitrone disodium salt (4600 ¢ scale)

4-Formyl-1,3-benzenedisulfonic acid disodium salt (4598.9 g, 14.4 mol, 98.0% w/w),
N-tert-butylhydroxylammonium acetate (4000.0 g, 24.6 mol, 98.0% w/w), water (750 mL)
20 and methanol (12.6 L) were stirred and heated in a 50 L reactor with a jacket temperature
of 75 °C. After 30 minutes reflux, HPLC (% area) analysis showed that the reaction was
complete (<0.3% of 4-formyl-1,3-benzenedisulfonic acid disodium salt remained). The
hot clear solution was transferred through an in-line filter to a second 50 L reactor,
preheated at 75 °C. After 15 minutes further reflux, the reactor was cooled to 45 °C and
25 1sopropanol (30.0 L) was added at a rate of 1.2 L/min. The reaction was cooled to 19 °C
and water (1400 mL) was added. The suspension was allowed to stand for 18 hours. It
was then filtered and the solid washed with isopropanol (2 x 8 L). The product was dried
in a Gruenberg oven at 85 °C for 23 hours, to give the product as a white solid. Yield was

76%.

30



was filtered off using a Buchner funnel, rinsed with isopropanol (200 ni)
and then dried in a vacuumoven at 50 Cfor 7 h. Yield was 88.0 g (71.99%.
Thi s exanpl e denonstrates that the condensation can be conducted wthout
addi ng WHOH/51460t he reaction m xture. WO 01/ 51460 PCT/ SEOfF&é?f(WOO%
Example 7 a-(2,4-D sul fophenyl)-Ntert-dbutylnitrone disodiumsalt (4600 a
scale) 4-Fornyl-1, 3-benzenedi sul fonic acid disodiumsalt (4590.9 g, 14.3
nol, 98.1%ww, 5 Ntert-butyl hydroxyl ammoni um acetate (3988.4 g, 24.6
nol, 98.0%ww, water (760 nL) and Exemdpd®l (12.6 L) were stirred and
heated in a 50 L reactor with a jacket tenperature of 75 C. After 60 mn
reflux, HPLC (% area) analysis showed that the reaction was conplete

(<0. 3% of oAk oiyRhrobndrPRRZEASGREARLAL LG Ak Al @9gh yaysa!l t renei ned). The
hot clear “solution was transfterre ter to a second 50
L reactor, 18-Fuorslybadtlebbnaenedsulfoniafaciydisodiumtshie (4530z)nwa3uidded &F 4 sblid o a

i sopro a\r;vgb i‘:;’0.0 L% was, added, at a raI e of 1.2 L/mnute. The reaction

mi xt ur 0 Laspear (ontanpe sirred (Veigrrhytylpdrasyammorium aesats fihbe) ipovakerg )

then drieds g0 )an&nitenher d IQ‘k%g‘_BJ/Oﬁﬁe]r_éQ Iigr)%g%@)l{i%&%n?&ﬂﬁﬁph&@ THMGixt{IE waRr oduct

as a white solid. Yield was 8

a- (2. 4- Di stfrépiempated-wil ejackbutypediaturo n£70PG odiftemhedhterad Gdthet2ugcal )
4-Fornyl -1, 3-benzenedi sul foni c acid disodiumsalt (4598.9 g, 14.4 nol,

98. 0% w wicached @} tCHEEYIhHYaY exafnERdENianRddisional Jto( ro Te rengtien jegls,  98. 0%
w w), wat I L) wer tidr nd heated in a
50 L reactg %%rﬁezastt%hgyéc)ofnzgg%%?ﬂ tg %%}rlt:%raééa}%?ﬁ%g 80w&?1 t@riéﬁ?%{fﬁ{ff@é refl ux,

HPLC (186 abegknadiallfmicacihdisediutalt refeine@athé Bot oas sola@PMak ehehR-13% of
4-fornyl -1, 3-benzenedi sul fonic acid disodiumsalt remained). The hot clear

sol ution fsred renlsrasinedmns s g 2apcand-S00dereneipr, @reheated as 3% dRdlsspropancl
reactor, Y - ] es r r reflu he reactor
was cool egf ﬁg&j\gﬁgagﬁﬁ t%fgecl@g%gt[)hﬁlabﬁ?) CF’ E{g.mﬁr @é%g%ﬁ@&a aﬁ{led;ar}dat%x% of 1.2
L/ m n. Theit@ackiodllosas toenheédot 12 th9 8Giours. The white suspension was transferred to
a filter dryer, washed with isopropanol (2 x 71 kg), then dried under vacuum (with a slight
15 nitrogen flow) with a jacket temperature of 80 °C, to give the product as a white solid (43

kg).

The surprising finding that the aldehyde of general formula (II) can be reacted directly

20 with N-rert-butylhydroxylammonium acetate is particularly advantageous. The free base
form of N-tert-butylhydroxylamine is unstable, tending in particular to undergo aerial
oxidation. This is evidenced by the formation of blue colours which indicate the presence
of the oxidation product, 2-methyl-2-nitrosopropane. The free base of
N-tert-butylhydroxylamine cannot therefore easily be stored as such but must be freshly

25 generated immediately before use on each and every occasion that it is required. This is a
potential disadvantage of processes that might require handling of
N-tert-butylhydroxylamine as the free base. This disadvantage becomes particularly
troublesome when reactions are conducted on a large scale. The direct use of the acetate
salt of N-rert-butylhydroxylamine in the process of the present invention provides a

30 solution to this problem. Furthermore, if other salts such as N-zerz-
butylhydroxylammonium chloride are be substituted for N-zers-butylhydroxylammonium

acetate in the above process, the reaction fails to work satisfactorily.



and water (1400 nmL) was added. The suspension was allowed to stand for 18
hours. It was then filtered and the solid washed with isopropanol (2 x 8
Q The product was dried in a Guenberg oven at 85 C for to give
the prodWNQOEH4E white solid. Yield was _76% 30 WO 01/51@’5%‘%@&/00007
11 Exanple 9 a-(2 4-Disul fophenyl)-Nter#-butyl nitrone disodiumsalt (43 kQ
scale) 4-Fornyl-1, 3-benzenedi sul fonic acid disodiumsalt (45 kg) was added
as a solid tog.a 5 500 L reactor containing stirred

Nt ert - but yl RYEroeky s @by Gty vdratdanmonikg) aceratanee wsed @@e6tly in thagrasetthanol
(111 kog) - ' LiENoE t er Th 1 xture was . stirred and
heat ed vm'? glElfg’&dé{a gl[b glrlfei(altélzra %.t'g ur eﬂ%lt}%%@e%%%)ffgmflﬁe(% RESERAS congidprabht ur e

reached 6Qasr theatvhegMas-woyihjdroegahote fa Rddistisenalng, iPmt&heprs. The
reaction was deened to be conplete when HPLC (% area) anal ysis showed

<0. 3% of Ar9EFime FFAGIONYS HncElcamplate gt heihgui exsdionrn ¥H0tg scateni ned. The
hot clear solution was then in-line filtered while being transferred to a
second 500 L reactor, preheated at 35 C. |sopropanol (267 kg) was added to
precipitate the product. Water (13.5 L) was then added and the m xture was
allowed to stand for 12 to 18 hours. The white suspension was transferred
to a filter dryer, washed with isopropanol (2 x 71 kg), then dried under
vacuum (with a slight is nitrogen flow with a jacket tenperature of 80 C
to give the product as a white solid (43 kg). The surprising finding that
t he al dehyde of general formula (l11) can be reacted directly 20 with
N-tert-butyl hydroxyl anmoni um acetate is particularly advantageous. The free
base formof Ntert-butyl hydroxylamne is unstable, tending in particul ar
to undergo aerial oxidation. This is evidenced by the formation of blue
colours which indicate the presence of the oxidation product,

2-met hyl - 2-ni trosopropane. The free base of



N-tert-butyl hydroxyl am ne cannot therefore easily be stored as such but

must be freshly 25 generated i nmedi ately before use on each and every
occasion that it is required. This is a potential disadvantage of
processedvQ bus146f ght require handling of N-tert-butyl hydr&KE/SEHWEas t he
free base. This di sadvantage becones pariicularly troubl esonme when
reactions are conducted on a large scale. The direct use of the acetate
salt of N-tert-butyl hydroxylam ne in the process of the present invention
provi des @laB@s:sol ution to this problem Furthernore, if other salts such as
N-tert- butyl hydroxyl anmoni um chl ori de are be substituted for

N-tert-butyl hydroxyl anmoni um acetate in the above process, the reaction
fails to work i i : 460 . PCT/ SEQL/ 00007 12 Not only can
N—tert-butylh5@%%55%2%#@%?%%?%&%§é§%§ Xuhd gIﬁF?%%éVvﬁ?ﬁnthe pr esent
invention, but also the reaction with the al dehyde of formula (11) proceeds
considerably faster than wh N-tert-butyl hydroxylam ne free base is used.

Thus, in the present process; the react‘;%i s typically conplete within
/
np

1.5 hours, even on a 5000 g gcale. WO 01 60 PCT/ SE01/00007 13 d ains:
1. A process for the prepapationof>art nd of general formula (1) R
(1) O's R wherein each R | ndepgndentlly represents S or a salt thereof,
whi ch process invol ves {Qe iop’ of af al dehyde of general formula (11) 10
R

wherein each R independently represents SOsH or a salt thereof,

which process involves reaction of an aldehyde of general formula (II)
R

CHO
(II)

wherein R is as defined above,

15 with N-terr-butylhydroxylammonium acetate in a liquid reaction solvent.
2. A process according to Claim 1 wherein R represents SO; Na ™.

3. A process according to Claim 1 or Claim 2 wherein 1.25 to 2.5 equivalents of

20 N-tert-butylhydroxylammonium acetate (II) are used per equivalent of aldehyde (II).

4. A process according to any one of Claims 1 to 3 in which the reaction solvent

comprises an alcohol.



CHO (I'l) R\ wherein Ris as defined above, is with

N-tert-butyl hydroxyl anmoni um acetate in a liquid reaction solvent. 2. A
process according to Caim1l wherein R represents SO3- Na + A DL OCess
accor di nJ Y/ m 1 or G aim2 wherein ﬂ 25 to 2.5 equi Va‘f%"}{?"g"l{ﬁ’f’&’go
N-tert-butyl hydroxyl ammoni um acet ate (II‘B are used per equival ent of

al dehyde (11). 4. A process according to any one of Clains 1 to 3 in which
the reaction solvent copprises an al cohol. WO 01/51460 PCT/ SE01/00007 14
5. A proceys APEYEH HGOIVQIRAS e of Climms deo B ip gviich thewgricshn stlsemteact i on
sol vent  cQmmirise€8 niixiikebili&Hdls. al cohol's. 6. A process according to Claimd4
in which the alcohol is nethanol. 5 7. A process according to any one of
Claims 4 to 6 in which the reaction solvent contains up to 10% by vol une
of water. 8. raocess according to Claim?7 in which the reaction sol vent
cont ai ns gﬁodﬁpgﬁngWC9%&$aP3#§9%ﬁ1 P&th@?kﬁpﬁﬁ%Eﬁg@nﬁhcording to any one
of Claisme 1 to 8 in which the product is isolated by crystallisation,
characterised in that crystallisation is achieved by the addition of

i sopropanol- t4 Prasessrasserdingntoriny voe of Clsmd @.to A ipmdidhisthe aacaotlslged: @oftamisMm 9

wherein 1. . Lval s of N-tert-butyl hydroxyl anmoni um acet at e
(111) are ‘Bgoé’e'?y Z%H%“é%f%erof al dehyde (I11).

8. A process according to Claim 7 in which the reaction solvent contains about 5% by

10 volume of water.

9. Aprocess according to any one of Claims 1 to 8 in which the product is isolated by
crystallisation, characterised in that crystallisation is achieved by the addition of
isopropanol to the reaction mixture.

15
10. A process according to claim 9 wherein 1.6 to 2.0 equivalents of

N-terr-butylhydroxylammonium acetate (II) are used per equivalent of aldehyde (II).



