WO 03/ 037846 PCT/ EPO2/ 11647 Production O Keto Acids The invention relates
to an inproved nethod of producing keto acids having the formula |l R 1
RAN OH GwOGl37swherein R and R2 i ndependently represent pCa)EPoydreagen,
wherein at | east one of R, and R2 do not stand for hydrogen, (b) branched
or unbranched al kyl of 1-18 carbon atons, which may be substituted by C -
C4al koxy or 2- or 3-tetrahydrofuryl, (c) a cycloal kyl of 4-8 carbon atons,
(d) C4-C8 cycl oal kyl -C, - C4al kyl, or phenyl, wherein both, cycloal kyl and

phenyl, may be substituted by at |east one nmenber selected fromthe group
consistﬁﬁgﬁéﬂghéﬁéﬁghﬁgg%ns and al kyl s having 1-4 carbon atons, (e) an
aral kyl of 7-10 carbon atons, or (f) R and R2 together with the adjacent
nitrogen atom may forma heterocyclic ring, by reacting a manm no phenol
havi ng tTH& IMVEPHeM Eelates 1 an impgoxed methed of preguciigdiihagidschaying Weiterayls | an

el evated tenperature in the absgnce of an organic solvent, which
conprises: (1) mxing mamno qpenol Ib and phthalic anhydride in a nolar
ratio of from 0.5 to 10:1, pye ey OF ol 1t o 3:1, (Il) nelting the
m xture of step | at an el evated ( ‘ | (IIN) choosing a reaction
time in the range of from5 m nut€es frours, (IV) then separating the
i quid phase fromthe solid phase. o)

wherein R, and R, independently represent

(a) hydrogen, wherein at least one of R, and R, do not stand for hydrogen,

(b) branched or unbranched alkyl of 1-18 carbon atoms, which may be substituted by C,-
C,alkoxy or 2- or 3-tetrahydrofuryl,

(¢) a cycloalkyl of 4-8 carbon atoms,

(d) C,-C,cycloalkyl-C,-C,alkyl, or phenyl, wherein both, cycloalkyl and phenyl, may be
substituted by at least one member selected from the group consisting of halogen atoms
and alkyls having 1-4 carbon atoms,

(e) an aralkyl of 7-10 carbon atoms, or

(f) R, and R, together with the adjacent nitrogen atom may form a heterocyclic ring,

by reacting a m-amino phenol having the formula Ii

R{N\[::j/OH [

with phthalic anhydride at an elevated temperature in the absence of an organic solvent,
which comprises:
(1) mixing m-amino phenol Il and phthalic anhydride in a molar ratio of from
0.5 to 10:1, preferably from 1:1 to 3:1,
(1) melting the mixture of step | at an elevated temperature,
(1) choosing a reaction time in the range of from 5 minutes to 40 hours,

(IV) then separating the liquid phase from the solid phase.

Such keto acids are useful intermediates for the production of fluoran compounds used in

pressure- or heat-sensitive recording materials.



Such keto acids are useful internediates for the production of fluoran
conpounds used in pressure- or heat-sensitive recording materials. WO

03/ 037846WP@B/HERAR/ 11647 -2 Cerman patent no. 87068 dat eedcvmrolr1337 1895
describes a process in which an mam no phenol and phthalic anhydride are
reacted in a nelt at 100C for several -lpurs wi thout any solvent. After the
reaction the obtained solid is dissolved in ethanol. After filtration,

water is added to the hot solution thus initiating the precipitation of

t he desi i.dg -l du S t he di sadvant age ,t hat t he obt ai ned
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a method pof praducin keto acid which conprjses reacting a m anmno
Shenol wPERS ARRHe deacinn db¢ ainga st B cBialbicindihage! dfigaRitatisn waRt s  he
or gani ¢ added wetHe Hutisoitiph eBnhitiathdtheggredipitatioh of tie ddirdd R&blasidoYhidel ght per

one part b i ght of the am no phenol with the effect that the
resul t afyf °%&V\ﬁasgBF&'sP‘§vaﬂ‘éﬁﬁ9§}‘?gﬂei°ﬁ€ ingd soljd hanto kepulyerized brtore s£am ben i s

ef f ect equiteravarkat-opy, wHiBi istighP inRloabRIN hewa@ly Sitlusttaprac@lecause | oss of
yield due to the so?ubility ofﬁthe productwkegﬁ aé?d I “%hee%rganic

sol vent. The di sposal of large ampunts of organic solvent poses
signi fi (EﬁINSﬁE@T@HésQril?&CB et ds c%d%ir@)zl G5 acill WHRAIEShBs
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reaction times are_ often required for "processes that are afrfect in the
pr esenca@myno ghensl yathi phtBglicashydriderindhe peasencesf anlojganic sofvenhitke prgasitt i on was
to provi i ; i : I i bsen of an
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parti culraamine pravobwith shoeffett tat pheresaltat ketowhiddh depusitedh odtheisalwemsount can

be dec [.ev LI and/or in which the yield could be
increasé@ﬁ§§§g%Ft“hg?@?afﬁgpgggg%-described nmet hod was found. The mam no
phenol s used in the invention are known or can be prepared according to

known hods. | (which may.or may pot be branched) of 1-18 carbon
atons R agoupf ofdalF oyt Sin Eke [Pt pfjfeid HBE & e sobibity ofwer - bucyi
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n- undecyl, n- do,dectyl , N-tri deccyll , .h-tetradecyl ., n-pentadecyl’, n-hexadecyl,
n poses significant economic and ecological problems. In addition, extended reaction times are

often required for processes that are affected in the presence of an organic solvent.

Therefore, an object of this invention was to provide an improved method of producing keto
acids in the absence of an organic solvent, which avoids the abovementioned disadvantages.
In particular, a process should be provided in which the rhodamine amount can be

decreased or even eliminated, and/or in which the yield could be increased.
Accordingly, the above-described method was found.

The m-amino phenols used in the invention are known or can be prepared according to

known methods.

Alkyl (which may or may not be branched) of 1-18 carbon atoms stands for methyl, ethyl,
n-, i-propyl, n-, i-, sec.-, tert.-butyl, n-pentyl, isoamyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-
decyl, n-undecyl, n-dodecyl, n-tridecyl, n-tetradecyl, n-pentadecyl, n-hexadecyl, n-

heptadecyl, n-octadecyl, n-nonadecyl, n-eicosyl, preferably C,-C,alkyl such as methyl, ethyl,



hept adecyl, n-octadecyl, n-nonadecyl, n-eicosyl, preferably C -C8al kyl such
as nethyl, ethyl, WO 03/037846 PCT/EP02/11647 -3 n-, i-propyl, n-, i-,
sec.-, tewD.o3lossyé, , n-pentyl, n-hexyl, n-heptyl, n- octyPchmﬂﬂrﬁuEferably
for C, -C4al kyl such as nethyl, ethyl, n-, |-propyl n-, i-, sec.-
tert.-butyl; alkyls having 1-4 carbon-&t-ons stands for nmet hyl , ethyl, n-,
i-propyl, n-, i-, sec.-, tert.-butyl; cycloal kyl of 4-8 carbon atons
stands for cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl

hal ogen st; if or _f ord.pe | ar dj f

carbon at’ o?hfsllg@t arﬁ ! JE eb(i:&nlzmﬁilh %deﬁg’nyrf) Bﬂ)l Qﬁh%dtghh%% |dr ogTjeWLfﬁpably for
phenyl bt ﬁ,qlkﬂsm’cgpcmcmykythytnr Qb oyl n- su,decastettyblllt&but yl net hyl ,

cycl opentyl met hyl , cycl ohexyl met hyl cycl opentyl et hyl, cyclohexylethyl

cycl opentyl propyl, cycl ohexyl propyl, cyclopentyl butyl, cycl ohexyl butyl,
cycl oheptkyls tatihgl1-4 carbboatdryd staridsyfbr methyRetrat) ch- Rpropglen-h by seci-1 tertt-batyi;

adj acent nitrogen atomforma heterocyclic ring, then such a heterocyclic
ring my be 2-, 3-, or 4-pyridyl, pyrazinyl, 3-isooxazolyl, 1 -pyrazolyl,

3- pyr f0|cyéloalk)2b|f P8 dagthorBatpns s&nﬁyfcaztp&lbum@r yybclo;ﬁengu p@tlody;kyl clBhstyRZi nyl
1 -indolinyl, 3-norpholinyl, 2- or 3-pyrrolidinyl. Preferred mam no

phenol s CKeIeOGYIN- di - et hyl ami nophenol, N, N-di-ethyl ami nophenol, N

nmet hyl - N- et hyl ami nophenol N, N- di - n- propyl am nophenol, N, N-di-n-butyl
am nophenol, N N-di - entx am nophenol , N, N-di - n- hexyl am nophenol ,

N, N- di i %bﬂébﬂanﬁ?ﬁ%ﬂﬁﬂféﬁﬂzlc loring, Mzramrrseomsim am nophenol , N, N-di secbut yl
am nophenol, N, N-diisoanyl am nophenol, N ethyl-Ncycl ohexyl am nophenol ,
N-et hyl - N-i soarryl phenol , N-ethyl-N cycl ohexyl met hyl  am nophenol ,

N- pheny laralkyb et/ 0 gaibestens stands fqr Bonayb 12 rhenylethyh Snighenylpremi.tyy| - N-

cycl ohe i.0ophenol , N-net hyl - N- phenyl am nophenol ,
N- et hy@kp)ﬁgatprgt hyl phenyl ) am nophenol, N nethyl-N(3-nethyl phenyl)
am nophenol , N-rnet hyl - N-(4-net hyl phenyl) am nophenol, N-rmethyl-N-propyl

h t
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am nophembpem\ylat«hyhyyc-kbhqulethyll oo peoptiEapyl, cylotmexyigriopin; tycrkqiehwmnnywl
am nOpheygohexylbutyl cycloheptylmethyl, cyclooctylmethyl;

if R, and R, together with the adjacent nitrogen atom form a heterocyclic ring, then such a
heterocyclic ring may be 2-, 3-, or 4-pyridyl, pyrazinyl, 3-isooxazolyl, 1-pyrazolyl, 3-pyrrolyl,
2H-pyrrol-3-yl, 3-pyrazolin-2-yl, 2-piperidyl, 2-piperazinyl, 1-indolinyl, 3-morpholinyl, 2- or
3-pyrrolidinyl.

Preferred m-amino phenols are N,N-di-methyl aminophenol, N,N-di-ethyl aminophenol, N-
methyl-N-ethyl aminophenol, N,N-di-n-propy! aminophenol, N,N-di-n-butyl aminophenol,
N,N-di-n-pentyl aminophenol, N,N-di-n-hexyl aminophenol, N,N-diisopropyl aminophenol,
N,N-diisobutyl aminophenol, N,N-disecbutyl aminophenol, N,N-diisoamyl aminophenol, N-
ethyl-N-cyclohexyl aminophenol, N-ethyl-N-iscamyl phenol, N-ethyl-N-cyclohexylmethyl
aminophenol, N-phenyl-N-ethyl aminophenol, 3-N-pyrrolidinyl phenol, N-methyl-N-
cyclohexyl aminophenol, N-methyl-N-phenyl aminophenol, N-methyl-N-(2-methylphenyl)
aminophenol, N-methyl-N-(3-methylphenyl) aminophenol, N-methyl-N-(4-methylphenyl)
aminophenol, N-methyl-N-propyl aminophenol, N-methyl-N-isopropyl aminophenol, N-
methyl-N-butyl aminophenol, N-methyl-N-isobutyl aminophenol, N-methyl-N-sec.butyl
aminophenol, N-methyl-N-pentyl aminophenol, N-methyl-N-1-methylbutyl aminophenol,



WO 03/ 037846 PCT/ EPO2/ 11647 -4 N-nethyl-N-isoanyl phenol,

N- et hyl - N-I - net hyl pentyl am nophenol, N nethyl-Nhexyl am nophenol,

N- net hyl -wotostwsmhg dr of ur yl net hyl am nophenol , N net hyl - N- @eChh@pppi wpy |

am nophenol , N nethyl - N-cycl ohexyl net hyl am nophenol, N-nethyl-N-phenet hyl
am nophenol , N ethyl-N-phenyl am nophempl, N-ethyl-N-(2-nmethyl phenyl)

am nophenol, N-ethyl-N-(3-nethyl phenyl) am nophenol,

N- et hyl - N-(4 met hyl phenyl ) am' nophenol N- et hyI N- propyl am nophenol ,

N- et hyl - I\ h . ol,
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- net hyl laﬁmgdhenalnwpr@b?mlsec Bb UérﬁInobhé’tﬂ%W ﬁamlnophenol N-
N- but I et hoxypr opyl

N-butyl - f I net h m nopheno|

ani nophBFRHY HII’E{I)II VEI“BH%%@H?%IPI‘I% ? 'Fﬁ%ﬁ@ﬂﬁﬁmﬂphem DbpePK-NHenet hyl

am nophei@hylp P p REAIN NLBESHN-N-Réxg aminophenol, N-propyl-N-
tetrahydrofurylmethyl aminophenol, N-propyl-N-ethoxypropyl aminophenol,
N-propyl-N-cyclohexyimethy! aminophenol, N-propyl-N-phenethyl aminophenol, N-butyl-N-
cyclohexyl aminophenol, N-butyl-N-phenyl aminophenol, N-butyl-N-(2-methylphenyl)
aminophenol, N-butyl-N-(3-methylphenyl) aminophenol, N-butyl-N-(4-methylphenyl)
aminophenol, N-butyl-N-propyl aminophenol, N-butyl-N-isopropyl aminophenol, N-butyl-N-
isobutyl aminophenol, N-butyl-N-secbutyl aminophenol, N-butyl-N-pentyl aminophenol, N-
butyl-N-1-methylbutyl aminophenol, N-butyl-N-isoamyl phenol, N-butyl-N-1-methylpentyl
aminophenol, N-butyl-N-hexyl aminophenol, N-butyl-N-tetrahydrofurylmethyl
aminophenol, N-butyl-N-ethoxypropyl aminophenol, N-butyl-N-cyclohexylmethy!
aminophenol, N-butyl-N-phenethyl aminophenol, N-phenyl aminophenol, N-2-
methylphenyl aminophenol, N-3-methylphenyl aminophenol, N-4-methylpheny!
aminophenol, N-cyclohexyl aminophenol, 3-N-pyrrolidinyl phenol, 3-N-(2-
methylpyrrolidinyl) phenol, 3-N-(3-methylpyrrolidinyl) phenol, 3-N-morpholinyl phenol, 3-
N-piperidinyl phenol, 3-N-(2-methylpiperidinyl) phenol, 3-N-(3-methyipiperidinyl) phenol,
3-N-(4-methylpiperidinyl) phenol.



met hyl phenyl am nophenol, N 3-nethyl phenyl am nophenol, N 4-nethyl phenyl
am nophenol, N-cycl ohexyl am nophenol, 3-N-pyrrolidinyl phenol, 3-N-(2

met hyl pyrwolosdssyd ) phenol, 3-N-(3-nethyl pyrrolidinyl) phea®EPo2/11647

3- N-nor phol i nyl phenol, 3- N piperidinyl phenol, 3-N-(2-nmethylpiperidinyl)
phenol, 3-N-(3-nethyl piperidinyl) pheng, 3-N(4-nethylpiperidinyl)

phenol . WD 03/037846 PCT/EP02/ 11647 -5 Particularly preferred keto acids |
are N, N-di butyl am no- 2- hydr oxy- 2" - car boxybenzophenone,
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am no- 2%9’&"8&‘3}‘2% RNBON IR i&m@h YrAEing Zf‘)’lraé?’éyi ‘F@Z@Phﬁ/’?m&rﬁsno 2-
hy dr oXy well-25 N-BR¥py PRIASIPYEAAING. 2-BytffoXY- nsamaxyberuogh%neam @Qro%ekwﬂlr oxy-2' -
car boxybenzophenone For "t he reaction of the m am nophenol wi'th phthalic
anhydr i deethylasnipen2rhydroxy- %Jscaéhqubweahen%eaNrﬂ;mﬁhym%l 't«lfetfcylsmlnq-a 10: 1,
pref eramKMerpmcamaxmnéoahen%h@fﬁfdabl.%bufyhﬂ -ARPURinOR- Lpophenol 11 is
chosen in suth a way to ensure that the reaction produ t d es not becone

solid atcatbl%ytPQé‘é@Ph%\?n?errperature The anmount usual |y depends on the

m am nophenolo Il chosen. E.g. in case of dibutyl-mam nophenol the ratio
is in particular chosen in the range of from1.3 to 1.5, particularly

pr ef er r ddr theqeadionef themrasgingpeengl i evith phthalis amhpdnides she ﬂqnmgememaally usérk
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from60 to pr ef erd ron time usually
i s choseminophenel If amgese(mfmfsudm Blayntanansexse that tHe reaatios, prpdadteloabhyt bdcoora 5
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hat oduc a rred enbodi nent a reactjon
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range of from3 to 5 hours are chosen.
In general, the reaction is effected at an elevated temperature, preferably in the range of

from 60 to 170°C, more preferably from 80 to 110°C.

The reaction time usually is chosen in the range of from 5 minutes to 40 hours, preferably

from 5 minutes to 12 hours, more preferably from 3 to 5 hours.

As a rule, the reaction time and temperature are chosen so as to achieve a suitable balance
between length of reaction and the amount of rhodamine type side products that are

produced.

In a preferred embodiment a reaction temperature in the range of from 80 to 110°C and a

reaction time in the range of from 3 to 5 hours are chosen.

After the reaction, the solid phase usually is removed from the reaction mixture, preferably
by filtration. It may be preferable to reduce the reaction temperature to a range in between
from O to 80, more preferably from 20 to 70°C prior to this separation step (i.e. preferably
filtration). In some cases filtration may be improved by addition of a diluent before or after

this cooling step.



After the reaction, the solid phase usually is renoved fromthe reaction

m xture, preferably by filtration. It nay be preferable to reduce the
reacti on wermpesatiare to a range in between fromO to 80, pemrEPoprier abl y
from20 to 70C prior to this separation step (i.e. preferably filtration).
In sone cases filtration may be inprovegl. by addition of a diluent before or
after this cooling step. WO 03/037846 PCT/EP02/11647 -6 A preferred
enbodi ment of this invention relates to a nethod of produci ng ket o aci ds

havi ng t (c wh rein R2
independ&;ﬁ{e&yerggépﬁ%ésdéﬁte n éf)tﬁﬁ 'H"eggﬁ'e'%’ % Wegl a_(%fﬂ? ‘bﬁ’f%gb“]m Rc'génd R2 do
not st ardvingrthbyehmadeh, (b) branched or unbranched al kyl of 1-18 carbon
atons, which may be substituted, by C, - Cdal koxy or 2- or 3-tetrahydrofuryl,
(c) a cycloal kyl of 4-8 carbon dtons, (d) C4-Cecycloal kyl -C, - C4al kyl, or
phenyl, wherein both, cycl oal kyN D P8 may be substituted by at

| east one nenber selected frofmth $i sting of hal ogen atons and
al kyl s having 1-4 carbon atons, (® alkyl of 7-10 carbon atoms, or (f)
R, and R2 together with the adj acent nltroen atom may form a het erocycl iC
ring, by reacting a mam no phenol ha\9|8 gg formlall R I RZN/ I OH
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wherein R, and R, independently represent

(a) hydrogen, wherein at least one of R, and R, do not stand for hydrogen,

(b) branched or unbranched alkyl of 1-18 carbon atoms, which may be substituted by C,-
C,alkoxy or 2- or 3-tetrahydrofuryl,

(c) a cycloalkyl of 4-8 carbon atom:s,

(d) C,-C,cycloalkyl-C,-C,alkyl, or phenyl, wherein both, cycloalkyl and phenyl, may be
substituted by at least one member selected from the group consisting of halogen atoms
and alkyls having 1-4 carbon atoms,

(e) an aralkyl of 7-10 carbon atoms, or

(f) R, and R, together with the adjacent nitrogen atom may form a heterocyclic ring,

by reacting a m-amino phenol having the formula Ii

with phthalic anhydride at an elevated temperature in the absence of an organic solvent,

which comprises the following reaction cycle:

(A) mixing m-amino phenol Il and phthalic anhydride in a molar ratio of from
0.5 to 10:1, preferably from 1:1 to 3:1,

(B) melting the mixture of step (A) to an elevated temperature,

(C) choosing a reaction time in the range of from 5 minutes to 40 hours,

(D) adjusting the temperature of the reaction mixture to one suitable for effective separation,

(E) then separating the liquid phase from the solid phase, optionally washing the solid phase
comprising keto acid | with an organic solvent and then drying it,

(F) adding phthalic anhydride and/or m-amino phenol Il to the separated liquid phase of
step (E), wherein the molar ratio of from 0.5 to 10:1, preferably from 1:1 to 3:1,



wi th phthalic anhydride at an el evated tenperature in the absence of an
organi ¢ solvent, which conprises the follow ng reaction cycle: (A mXing
m am no pWensk3ske and pht hal i ¢ anhydride in a nolar ratiorofi/EPoDme4D. 5 to
10: 1, preferably from1l:1 to 3:1, (B) nelting the m xture of step (A) to an
el evated tenperature, (C) choosing a r-gdaction tinme in the range of from5
mnutes to 40 hours, (D) adjusting the tenperature of the reaction m xture
to one suitable for effective separation, (E) then separating the liquid
phase fr f. ol ont i [ ' e conprising
ket o aci(gm’s'é]ﬁepﬁe Aggggé’%gﬂﬁgresﬁlsbﬁﬁ g%ﬁx\?iﬁgn ?@4F§5§S?éérgfﬁ¥§r§§8| ng phthalic
anhydr i de raatdriarof stepi(8)aftepmemoving khe dilueht separated |i quid phase of step

(E), wherein the lar ratio of fromQ.5 0o 10:1, . preferably from1l.1 to
ST o e TRehteR o bdn drele 4P By o i Bra R ater st ML i1 o1 ep
(F) as ata¢d tohenredctibh ahixture.as part of starting material of step (B) after
renmovi ng the diluent, wherein either after step C, but before step D or
after step D, but before step E a diluent is added to the reaction

m Xt ur e FoF®le rbdt@ioh @AtHd Mantihopienoli aiihishthair@anhydride), tHe fokrhbiek usuatipbyedr | de,
the former is usual} used {'n a rTagl;ya rat{o of 0.5:1to 10:1, preferably
from 1: in @ grofaryatiq g %éﬂe@a‘lo,’ feferablyctromd 1 4 place in a nelt and is
effected at an elevated tenperature, preferably in the range of from®60 to
170C, nore preferably from80 to 110C. The reaction tinme usually is chosen

in the Imaererdf thereantion iakpsiplace ima mpltandris effqstack d aatmlgyated tgmpSraliigut es to
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and tenperature are chosen so as to achie a sui al ance between
| ength of reaction and the amobunt of rhodam ne type side products that are
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are chosem 5 Alihates tdt2 heast more preferdtdy frafteto Sheys.C, but before step D or

after StA?g rB’e, tl?\%treabc i]:)thi?nesgr?cPtelrEﬁperature are chosen so as to achieve a suitable balance
between length of reaction and the amount of rhodamine type side products that are

produced.

In a preferred embodiment a reaction temperature of in the range of from 80 to 110°C and

a reaction time in the range of from 3 to 5 hours are chosen.

After the reaction, either after step C, but before step D or after step D, but before step E,
usually a diluent is added to the reaction mixture. According to own observations, the
reaction does not continue after the addition of the diluent. Preferably, the diluent is added
after step C and before step D. However, it is also possible to adjust the temperature
stepwise and to add the diluent during one of the steps or to adjust the temperature

continuously and to add the diluent during this adjustment process.

The weight ratio of diluent to m-amino phenol 1l usually is chosen in the range of 0.01:1 to

10:1, preferably in the range of from 0.25:1 to 3:1.

As diluent organic solvents and ionic liquids can be used.
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hereby 1 nco porate by reference as an ex ‘ore or after the
addition of the diluent, as a rule the terrperature of the reaction m xture
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to GOC, mmpoqatetdftwr&fﬂrgnderasram&@ample4oc The adjustnent can be carried out
stepwi se or continuously. E.g. a stepw se procedure would be preferred in a
case, where a diluent is added which has a boiling point |ower than the

react i orBefcﬁmae aftérithe adamuoammeaduuems Qs b Adle tIMRATRIAGR dItRE RaatdYmixdure
adj ust ed t‘f ‘% rr@ %qure e bel ow t he boiling point of the diluent and
then adj'tRPeyes & rAage t? ffeéiﬂ"att@ﬁper ature range as defined above.

Usually, the temperature to which the reaction mixture is adjusted is chosen in the range of
from 0 to 60°C, most preferably from 20 to 40°C. The adjustment can be carried out
stepwise or continuously. E.g. a stepwise procedure would be preferred in a case, where a
diluent is added which has a boiling point lower than the reaction temperature. In such a
case the temperature preferably is adjusted to a temperature range below the boiling point

of the diluent and then adjusted to the final desired temperature range as defined above.

According to the invention, the liquid phase is then separated from the solid phase of the
reaction mixture usually by measures known to the skilled artisan such as e.g. filtration,
centrifugation, decantation or other suitable methods of separation). The solid phase

contains crude keto acid I.

In a preferred embodiment of this invention, the thus obtained solid phase can be washed

with usual organic solvents in known manners, and then dried afterwards.
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distillation either at atnbspheric”pressure, under reduced pressure,
prior td-¥:249d04. preferablytfremn 1dntootl ment  of th| s invention the keto acid |
may be extracted fromthe reaction mxture with an aqueous al kal i ne

sol ution such as sodi um hydroxi de or potassium carbonate and then

preci pi tThestuenttihreanived peefemhblyl yodistillatioroeititbn abatimsoskheninpriessare, er gndelP- A2
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potassiumsalt, nost preferably sodiumsalt, fol I owed by the isolation of
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met hods - ?I ved or  slurried heating in an

i.f des di
organi c aggitbghgfecpgﬁteg%gﬂbf%g 3y 4131904 ProcsAE fonoygn fui°'§ €Hi8ds such as

met hanol4g9o8bt¥nol , n-propanol, isopropanol, butanol such as n-butanol,
n- pent anol , n-hexanol, n-heptanol, n-octanol, preferably 1-4 carbons such
as net hanol, ethanol, n propanol, isopropanol or butanols such as

n- but angh andtheembSdiAlehy, the kétbYeidAl haySid raiidrRdGAto the dorresponding alkali
metal salt, for example lithium, sodium or potassium salt, most preferably sodium salt,
followed by the isolation of this salt and then precipitation of it with aqueous acid, for
example hydrochloric or sulphuric acid. An analogous procedure is known from e.g. |P-A2
62070350.

The keto acid | obtained according to the inventive methods - if desired - can be dissolved or
slurried under heating in an organic solvent, for example an aliphatic alcohol of 1-8 carbons
such as methanol, ethanol, n-propanol, isopropanol, butanol such as n-butanol, n-pentanol,
n-hexanol, n-heptanol, n-octanol, preferably 1-4 carbons such as methanol, ethanol, n-
propanol, isopropanol or butanols such as n-butanol. Then, usually, a crystallisation is carried

out.

A preferred embodiment relates to the use of a mixture of C,-C,alcohol as decribed above
with water, or a mixture of such a C,-C,alcohol with a hydrocarbon solvent, preferably an
aromatic hydrocarbon of 6-10 carbons such as toluene or xylene, or an aliphatic
hydrocarbon of 5-10 carbon atoms such as pentane, hexane or heptane. Such a procedure is
described in detail e.g. in EP-A 858,993.
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derivati i I C ide is carried out in the absence of an
organic %%P@éﬁtfﬁégﬂéggﬁgp%g{she econonm ¢ and environnental costs of the
process, reducing reaction times and increasing yields. Exanples Exanple
1: 88.40

, N di : j henol and 42.32 .29 ] .
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heat-sensitive materials is well known in the art and described e.g. in WO 00/26037.

As above set forth the reaction of the m-aminophenol derivative with phthalic anhydride is
carried out in the absence of an organic solvent thus reducing the economic and

environmental costs of the process, reducing reaction times and increasing yields.

Examples

Example 1: 88.40 g (0.4 mol) of N,N-dibutylaminophenol and 42.32 g (0.29 mol) phthalic
anhydride are placed in a reactor and stirred. The reaction mass is heated to 90 to 95°C and
stirred at this temperature for 4 hours. Liquid chromatographic analysis showed 90%
conversion to the keto acid. Toluene (69.2 g) is added at 95°C and the reaction mixture is
stirred for 1 hour at this temperature before being cooled slowly to 20°C. The reaction does
not proceed any further after the addition of toluene. The product, 4-N,N-dibutylamino-2-
hydroxy-2’-carboxy benzophenone is isolated by filtration and washed with toluene. After
drying, a crude yield of 77.97 g (73.9%) is obtained. The product contains 0.05%
rhodamine as determined by HPLC.
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are charrgenhtaumecbatghawnpeleuselfcar Avmnge(Toludhe €69.2 ghlsiadded at 95°C and the
reaction mixture is stirred for 1 hour at this temperature before being cooled slowly to 20°C.
The reaction does not proceed any further after the addition of toluene. The product, 4-N,N-
dibutylamino-2-hydroxy-2’-carboxy benzophenone is isolated by filtration and washed with
toluene. After drying, a crude yield of 92.85 g (88.0%) is obtained. The product contains
0.17% rhodamine as determined by HPLC.

Example 4: 100.00 g (0.27 mol) of crude 4-N,N-dibutylamino-2-hydroxy-2‘-carboxy
benzophenone and 150 g of methanol are charged to a glass pressure vessel. After sealing
the vessel the contents are heated to 90 to 95°C and stirred for 45 minutes. After cooling to
20°C, the product is filtered and washed with methanol. The resultant crystals are dried to
provide 92.12 g (92%) of high purity 4-N,N-dibutylamino-2-hydroxy-2'-carboxy
benzophenone containing no rhodamine by HPLC. A further 5.10 g (5%) of pure keto acid
are obtained by evaporating the methanol liquors to 25% of their original volume and

filtering the precipitated solids.

Example 5: 88.40 g (0.4 mol) of N,N-dibutylaminophenol and 42.32 g (0.29 mol) phthalic

anhydride are placed in a reactor and stirred. The reaction mass is heated to 90 to 95°C and
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by filtration and washed with toluene. After drying, a crude yield of 69.95 g (66.3%) is

obtained. The product contains 0.15% rhodamine as determined by UV absorbance.

Example 7: 41.2 g (0.3 mol) of N,N-dimethylaminophenol and 22.2 g (0.15 mol) phthalic
anhydride are placed in a reactor and stirred. The reaction mass is heated to 90 to 95°C and
stirred at this temperature for 5 hours. Methanol (24 g) is added at 80 °C and stirred under
reflux for 1 hour at 63 — 68°C. The reaction mixture is cooled slowly over 2 hours to 20°C,
then stirred for 30 minutes. The product, 4-N,N-dimethylamino-2-hydroxy-2’-carboxy
benzophenone is isolated by filtration and washed with methanol. After drying, a crude
yield of 42.8 g (58% theory) is obtained. The product contains 0.02% rhodamine as
determined by O.D.

Example 8: 49.6 g (0.3 mol) of N,N-diethylaminophenol and 22.2 g (0.15 mol) phthalic
anhydride are placed in a reactor and stirred. The reaction mass is heated to 90 to 95°C and
stirred at this temperature for 5 hours. Toluene (17.3 g) is added and the reaction mixture is
cooled to 60°C and stirred at this temperature for 1 hour. The reaction mixture is further

cooled over 30 minutes to 30°C, treated with toluene (30.2 g) and stirred for 12 hours at



reflux for 1 hour at 63 - 68C. The reaction mxture is cooled slowy over 2
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Example 10: 178 g (0.8 mol) of N,N-dibutylaminophenol and 84.6 g (0.58 mol) phthalic
anhydride are placed in a reactor and stirred. The reaction mass is heated to 90 to 95°C and
stirred at this temperature for 4 hours. Methanol (138 g) is added at 80 °C and stirred under
reflux for 2 hours at 63 - 68°C. The reaction mixture is cooled slowly over 2 hours to 20°C,
then stirred for 30 minutes. The product, 4-N,N-dibutylamino-2-hydroxy-2'-carboxy
benzophenone is isolated by filtration and washed with methanol. After drying, a crude
yield of 156.6 g (74.2% theory) is obtained. The product contains 0.1% rhodamine as
determined by HPLC.



stirred at this tenperature for 4 hours. Methanol (138 g) is added at 80 C
and stirred under reflux for 2 hours at 63 - 68C. The reaction m xture is
cool ed slwalog/osnses 2 hours to 20C, then stirred for 30 niPoWtEPe2/116WE
product, 4-N, N-di butyl am no- 2- hydr oxy-2' -carboxy benzophenone is isol ated
by filtration and washed wi th nethanol..14After drying, a crude vyield of
156.6 g (74.2% theory) is obtained. The product contains 0.1%rhodam ne as
determ ned by HPLC. WO 03/037846 PCT/ EP02/ 11647 -14- Clains 1. Method of
pr oduci ikesto acids having the formulal R | z\I (N/ HR2"" I/ I O
O ™ n R1L and R2 i ndependently represent (a) hydrogen, wherein at

| east one of R, and R2 do not stand for hydrogen, (b) branched or
unbranc K carbon at ons ich y be substituted by C, -

C4al koxy g\f’&b X(? p?dt%‘é Aﬁ@h?%?inag‘/lng tbﬁyhra‘”é@c‘lioal kyl of 4-8 carbon atons,
(d)y - Oecycloal kyl - C, - C4al kyl ,Ror phenyl, wherein both, cycloal kyl and
phenyl, may be substituted by ,@t Ieasto one nenber selected fromthe group
consi sting of hal ogen atons rahd~NedK AV Rwg 1-4 carbon atons, (e) an
aral kyl of 7-10 carbon atons, or R2 tog'et her with the adjacent
nitrogen atommay form a heterocyc by reacting a mam no phenol
having the formula Il R

wherein R, and R, independently represent

(a) hydrogen, wherein at least one of R, and R, do not stand for hydrogen,

(b) branched or unbranched alkyl of 1-18 carbon atoms, which may be substituted by C.-
C,alkoxy or 2- or 3-tetrahydrofuryl,

(c) a cycloalkyl of 4-8 carbon atoms,

(d) C,-C,cycloalkyl-C -C,alkyl, or phenyl, wherein both, cycloalkyl and phenyl, may be
“substituted by at least one member selected from the group consisting of halogen atoms
and alkyls having 1-4 carbon atoms,

(e) an aralkyl of 7-10 carbon atoms, or

(f) R, and R, together with the adjacent nitrogen atom may form a heterocyclic ring,

by reacting a m-amino phenol having the formula I

Ry U oH I

with phthalic anhydride at an elevated temperature in the absence of an organic solvent,
which comprises:
(1) mixing m-amino phenol Il and phthalic anhydride in a molar ratio of from
0.5 to 10:1, preferably from 1:1 to 3:1,
(1) melting the mixture of step | at an elevated temperature,
(1) choosing a reaction time in the range of from 5 minutes to 40 hours,

(IV) then separating the liquid phase from the solid phase.

2. Method of producing keto acids having the formula |



| R N/ I OHI1l with phthalic anhydride at an el evated tenperature in the
absence of an organic solvent, which conprises: (I) mxing mam no phenol
1 and phwbaBis7saghydride in a nolar ratio of from 0.5 tecI@®ErPl/1ueferably
from1:1 to 3:1, (Il) nelting the m xture of step | at an el evated
tenperature, (I11) choosing a reactionii-ne in the range of from5 m nutes
to 40 hours, (IV) then separating the liquid phase fromthe solid phase.
2. Method of producing keto acids having the formula I WO 03/ 037846

PCT/ EPO2/ 11647 -15- R | RZ qul /101 \\ /1 OO wherein R and
R2 independently represent (a) Hydrogen, wherein at |east one of R and R2
do not stand for hydrogen, (R)-bxa 2 branched al kyl of 1-18 carbon
atons, which may be substitutéd b} uxy orl 2- or 3 -tetra hyd rofu
ryl, (c) a cycloal kyl of 4-8 carb QHS d) C4-CBcycl oal kyl - C, - C4al kyl ,
or phenyl, wherein both, cycloal kyl and ph nyl, may be substituted by at

| east one menber sel ected fromthe groupofonsksting of hal ogen atons and
al kyl s haV|ng 1-4 carbon atoms, (e) an aralkyl of 7-10 carbon atoms, or (f)
R and Rehargifds pad RW@HPQ'T?@"HHI%%N nitrogen atom may forma heterocyclic

ring,  RY) RRAGHI) Wirdih 3TTeBR RRBPR! 2l d¥hdt Enki6 MY dtoddn,
(b) branched or unbranched alkyl of 1-18 carbon atoms, which may be substituted by C,-

C,alkoxy or 2- or 3-tetrahydrofuryl,

(c) a cycloalkyl of 4-8 carbon atoms,

(d) C,-C,cycloalkyl-C,-C,alkyl, or phenyl, wherein both, cycloalkyl and phenyl, may be
substituted by at least one member selected from the group consisting of halogen atoms
and alkyls having 1-4 carbon atoms, -

(e) an aralkyl of 7-10 carbon atoms, or

() R, and R, together with the adjacent nitrogen atom may form a heterocyclic ring,

by reacting a m-amino phenol having the formula II

&’N\[::]’OH I

with phthalic anhydride at an elevated temperature in the absence of an organic solvent,

which comprises the following reaction cycle:

(A) mixing m-amino phenol Il and phthalic anhydride in a molar ratio of from
0.5 to 10:1, preferably from 1:1 to 3:1,

(B) melting the mixture of step (A) to an elevated temperature,

(C) choosing a reaction time in the range of from 5 minutes to 40 hours,

(D) adjusting the temperature of the reaction mixture to one suitable for effective separation,

(E) then separating the liquid phase from the solid phase, optionally washing the solid phase
comprising keto acid | with an organic solvent and then drying it,

(F) adding phthalic anhydride and/or m-amino phenol Il to the separated liquid phase of
step (E), wherein the molar ratio of from 0.5 to 10:1, preferably from 1:1 to 3:1,

(G) using the obtained mixture of step (F) as starting material or as part of starting

material of step (B) after removing the diluent,



R I RZN/ I OHIlI wth phthalic anhydride at an elevated tenperature in
t he absence of an organic solvent, which conprises the follow ng reaction
cycl e: (AvomswoBTsge m armi no phenol 11 and phthalic anhydri dedmepa2/msiar ratio
of from 0.5 to 10:1, preferably from1l:1 to 3:1, (B) nelting the m xture
of step (A) to an elevated tenperaturelg(C) choosing a reaction tinme in the
range of from5 mnutes to 40 hours, (D) adjusting the tenperature of the
reaction mxture to one suitable for effective separation, (E) then

Sor o pHee Bl Atef BB But BEFlE sk, B (o ooy B RATT B Eu A LRERES oryi g

it, (F) addéed tgthehtiaionamiatdrg.dri de and/ or mam no phenol |1 to the separated
i quid phase of step (E), wherein the nolar ratio of from0.5 to 10:1,
preferably from1l:1 to 3:1, (G using the obtained m xture of step (F) as
starting. vrtiesd &f protudn ﬁdlﬁbraﬂfco&i uhd%mﬂ@ﬁrﬁ;ﬁﬂns@i reattirid &RetoBLicAVitEh

renmovi ng the dil ent 03/ 03784 /EP02/ 11647 -16 wherein either after
step C SeRitityed p é“@t%‘ﬂ"%"’&rd&ﬁcé‘?“zg het the etg)2qid ispredugsdpccerdiig t@ent i s
added t Qlalhq drepction mixture. 3. Met hod of produci ng a fluoran conpound
whi ch conprises reacting a keto acid with a substituted phenol derivative,
characterized in that the keto acid is produced according to claim1l or 2.
4. real spaldhlifvd RESISH atBRALEL Rbrisif@TREE! e, GRLMMsel MM 2
sensitiser an devel o arac erized in that the colour former is a
fl uoran demiwnlndﬂqmmdm tfmﬁtermlcng foronerlissd flw@an compound produced

according to claim 3.



