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product yields are often undesirably low. Moreover, numerous ambiguities are present
in said publications regarding water content of the reaction mixtures and other

conditions, making reproducibility questionable.

It is of interest, therefore, to provide a method for oxydiphthalic anhydride
- preparation which affords high yields and a minimum of by-products and which is

consistently and reproducibly applicable.
SUMMARY OF THE INVENTION

The present invention enables the preparation of oxydiphthalic anhydrides with the

use of readily available and relatively inexpensive catalytic materials. Said
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being pleferred by reason of its relatively low cost and particular suitability.

The reaction producing 4-ODPA is with at least one carbonate of the formula M,CO3,
in which M is an alkali metal such as sodium, potassium, rubidium or cesium.
Mixtures of such carbonates may be employed. For optimum product yield, it is
preferred to employ carbonates of alkali metals having an atomic number of at least

~ about 19. Potassium carbonate is preferred.

Particle size of the carbonate can have an effect on product yield. Thus, powdered
potassium carbonate has been shown to produce a higher yield of oxydiphthalic
anhydride than granular potassium carbonate in the same time period. However, it has
been found that powdered potassium carbonate is more difficult to dry than the

granular form. By reason of the deleterious effect of water on the reaction, it is
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2,4~ Dl%hlorotoluene is often most preferred since its use minimizes reaction time and
product decomposition. In the case of some solvents, such as o-d1chlorobenzene, the
proportion of phase transfer catalyst can be increased and/or the reaction can be run at

superatmospheric pressure to permit higher temperatures and higher reaction rates.

The reaction mixture should be substantially anhydrous, the term “substantially
anhydrous™ denoting a total water content of less than about 50, preferably less than
about 20 and most preferably less than about 10 ppm by werght. Any water present
above this amount can inhibit the reaction, irrespective of its source. Traces of water

may be present in either of the reagents. and also in the bicarbonate, and they should
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to, tetraphenylphosphonium bromide. The tetraarylphosphonium halides are preferred,
with the bromides being most preferred. When the catalyst system includes a
bicarbonate, the use of hexaalkylguanidinium halides as phase transfer catalysts is not
preferred since they tend to slow the reaction, decreasing yield over similar time

periods in comparison with reactions employing quaternary phosphonium halides.

Optimum catalyst proportions will depend to some extent on the identity of the
solvent and other factors. For the most part, an amount of phase transfer catalyst is in
the range of about 0.2-10.0, prefefably 0.4-2.0, mole percent based on halophthalic

anhydride. As noted hereinabove, higher proportions within this range may be

-



t et raal kyl phosphoni um hal i des i ncl udi ng, but not
limted to, tetra-n- butyl phosphoni um chl ori de and
wo eqn@azasbut yl phosphoni um brom de; m xed al kyl BETIUS2004/002050
tetrasubstituted phosphoni um halides, including, but
not limted to butyl triphenyl phosphoni um brom de;
and tetraaryl phosphoni um hal i des, i ncl udi ng, but

not

prefariedgapn tfhs ko veRt; 1§ haiSHIOMPER%sHS Hham B Hi 2.4 -dighlorotoluene.
r I f V

Bich PR K PROSBNQRIeU N8\ b EY BERIENY e petdhl thl on

halgglghadim anhgdinidtes a  bi carbonate, the use of

hexaal kyl guani di ni um hal i des as phase transfer
WL SRRl BUBIREARC P08, KREh Gt b, e
prodecti ragisbé izotadeplay cemmentidriah techaigquie tsiserfigh@phnngnient to merely

uat er nar phosphoni um hal i des. ti m.cat al
coddy Boralitis iy VR tiRY TErERewEIY it GHRa@or qb fegped
oxﬁﬁpﬁtﬁ‘aﬁlc 0L HE pradigitathald hacbofsmovE@bylieatioast part,

an anount of phase transfer-catalyst is in the range
of about O, 2- pr ef er ahl per cent

Withoyk furdier WlﬂbSEﬂﬁ’loﬁalt ig be]é"anf%ff‘td‘é“e 5@19%%916 art can, using the
deslaﬁf)t%r{‘ ABRNE utilt O RRS pREDR Heh BB 1oVt Tluflest Rk&ent aMUe falwwmg
WO 2004/ 07643% PCT/ US2004/ 002050 preferred whe
exemmle$ @ﬂewaﬁlmdect topeividd additbenal epidanemie tiesn skifled gn the art in
pl‘a%fICI{lg ehCechag fn%&%%l\%glﬂgn TE(!: Sﬁkgﬁ&gélgxéldt% J‘eSm%I @n&ﬁﬁ%&ﬁ'&t v of
thehabxkpthiah abmtmbaneh yci rthed eeacMhg rof tthe presautt amxhlchimmve e\mcordingly,

hal opht.hal i ¢ anhydr,i and arbo te is,C
thes SEATRRI Oy B LG By OB fofng dFBR g s SPPrded
clairSs, Q{ﬁ@ﬁmgﬁ{wem ent to nerely cool the solution in
sol'vent after flltratlon whi l e hot, whereupon.the

desired oxydiphthalic a hy ride reC| itate
Allgarts ARgRSEFSBIPSES ey 23t Peight Pfﬁo‘?ﬁ‘ +gf%te§b§ﬂ%ﬁ1@§ and
ol’vénté Sy ki ¥Rdolahat arﬁnQel%kédréﬁﬁy'&eﬁhﬁldaédle@@% ustdll Without
he description herein, utilize t/E present invention
pultlﬁcatlpg Balveatst weret dwed oVreadtivricdud ng]@%llﬁb siegesp pefore use.
' I n
Gr%rﬂﬁrr}goggslsﬁuq? %épo\grn?t% |adi g&%‘g?‘? & %g:'ut 89 ot BVélgl%ﬁ? before use.
Ania]wismtfa'tsoplerf&hwdéomnqmtasmgrlbw |rmciomrrngtm¢ efith n-butylamine and
represent ative ,of rk that,.c t
scq B Re gopren UogrbR Moo G el otwed by
highh@gssuex agpideshram@togiphy Nisipde dettahytitdfitantvieer mixture as the

I nvention, as defined in the appended
eluting solvent.

EXAMPLE 1

4-Chlorophthalic anhydride (16 grams [g], 87.7 mmol) was weighed into a 50
milliliter (ml) round-bottomed flask containing about 17 ml of o-dichlorobenzene.
The mixture was heated at reflux for 0.5 hour in a nitrogen atmosphere with
distillation of solvent until less than 20 ppm of water was present, Whereupbn about 7
ml of solvent had been removed. Tetraphenylphosphonium Bromide, 400 milligrams
(mg) (0.95 mmol) was added with stirring, whereupon the solution turnéd‘yellow.
Potassium bicarbonate, 22 mg (0.22 mmol), was added, followed by 5.45 g (39.5

5.



clainms, in any manner. All parts and percentages are
by wei ght unl ess ot herw se desi gnated. Chem cals and
W@ olen436 wer e reagent grade, and were car ef ul PgT/UR2004002050
and ot herwi se used without purification. Solvents.
were dried over activated 3A nol ecul ar sieves before

use. . Granul ar _potassi um.car bo ate was_dried in
ARPRtETEID 6YEPRALY Ht 2 SEPEISS TREEON OV [ Punyes The mixture

wad ﬁ%%% ﬁéh By (g%&aﬁgermré NR°CF gt 08 fH&t)‘a{dﬁft{%nVBftIgzcog The

acetic acid to convert anh es to
mixthie w:asrhee@p ondénrgflang for-16 boyts)afier thedinal @qldlbﬁmadf IyCORi 4ytihe
sure qu 0
oo SRS b il BTRAGEARDAY AR e o &t appion
ancEﬁﬁAM?LpEodud il \oaimhiohecﬂ by fatndticdr whide hdi6 The ﬁﬂltﬁat{: g&]as cooled

87.7 mmol) 'was hed i nt 0 Ilter
SR ERAIL R o Oeomeaﬁ?ﬁlwa 44500P icigrated and was
colRecEéldocﬂil QERBE AEEMen. 11156 g8t &Il%'ﬁtﬁy W cBRﬁé& owder@dsl dbkained.

-5 hour in a nitrogen a
Rewgﬂlihlzatm drprpfo- él@hksbé?henmm affq>ré§@ k%%% &@f ppadest (80% of

yes dt 7 m of solvent.

theﬁ@dlg{%en r@m%ﬁlg%tpo r’ap enyl os'phoni um brom de, 400
mlligrams (ng) (0.95 mml) was added with stirring,

EXwWMPEEGon t he soI ution turned yellow Potassium
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removed to dry the system. With stlmng, 120 g (O 29 mole) of

tetraphenylphosphonium bromide was added. After mixing, 6.6 g (0.066 mole) of
potassium bicarbonate was added, followed by 1650 g (11.95 moles) of potassium
carbonate in 7 portions. The mixture was heated under reflux for 27 hours after the
last addition of K,COs and periodically analyzed. About 60% of conversion was
achieved at this point. To make sure that the reaction went to completion, an
additional 50 g (0.119 mole) of tetraphenylphosphonium bromide was added. The

mixture was heated overnight, whereupon conversion reached about 90%.

o-Dichlorobenzene, 39,500 g, was added to dilute the reaction mixture and the
temperature was brought to 165°C. A hot filtration was performed through a 1-micron

filter bag,. The filtrate was cooled to room temperature and the desired 4,4'-ODPA was -
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conditions, at |east one hal ophthalic anhydride with

a ' carbonate of the formula M2CO3 in the presence of
Clgdivif:yti ¢ proportions of at |east one phase transfer

catal yst and a bi carbonate of the fornula MHCGS,

wh I ' :
R Bl S JE e Y 5 0
conthd:tﬁfgo phidbalreactiaa hytdl isdiestandiatih | ahyptoub actdm:htmmb,y dt ilest one

xture thereof. 3. The 0 fo claim
halppyihahc, ARRYGE AT Bl %ﬂf%d‘a%ﬁag S G0 1 the pres Bt of
caﬁtyn@ ARG 6 ANBYEohEPhask: trAkREor BRLNRE 2AE GBiGirBshat®of the
cllaim | wherein Mhas an atom c nunber of at | east

forayda MHQO;, svherie Mristangdkadicaeteli ng to clai m 4 wherein M
IS potassium 6. The nethod according to claimb5

2. V\,herﬁlg Méth&a 9@{ it mgttg Vsnacmp 9\”@}%}8?1 the Klalomﬁlapggllﬂﬁ%ride is 3-

according to erein a solvent is
chiorerdéinlic aghydfide, 4rehlooaphétadio adhydyide®r ¢ Inzixtwrd thebeof.ei n
~ the solvent i's at |east one nenber selected fromthe
3 gro [0 )
par ?@1 %ﬁﬁ%c? % c%%c%lg t8 1%191 %I g@%)lt%o ﬁlgn%?%'thahc anhydride is 4
chyrdphthatib laohytreleuene, 1 2,4-trichl orobenzene, diphenyl
sulfone phenetole anisole and veratrole, and

res .t hereof t.hod ordl to ¢
4, V\,h or ﬁne(t%OeCF %%P{fié?ﬁ fo %algl g%véﬁfeé? gfggzﬁszaélnae mic numger of at least
abdutdlodi chl or ot ol uene or 1,2,4-trichl orobenzene. 10. The
met hod according to claim1 wherein the phase transfer

cat IS, a uater ar 0S nium halid 11. Th
ot M PRSP ot amA BB RONER HOBHEBas °

transfer catalyst is tetraphenyl phosphoni um brom de.

6. The method according to claim 5 wherein the carbonate is powdered.
7. The method according to claim 1 wherein a solvent is also present.
3. The method according to claim 7 wherein the solvent is at least one member

selected from the group consisting of ortho-dichlorobenzene, para-dichlorobenzene,
dichlorotoluene, 2,4-dichlorotoluene, 1,2,4-trichlorobenzene, diphenyl sulfone,

phenetole, anisole and veratrole, and mixtures thereof.

9. The method according to claim 8 wherein the solvent is o-dichlorobenzene,

2,4-dichlorotoluene or 1,2,4-trichlorobenzene.

10.  The method according to claim 1 wherein the phase transfer catalyst is a

quaternary phosphonium halide.

11.  The method according to claim 10 wherein the phase transfer catalyst is

tetraphenylphosphonium bromide.



-8 WD 2004/ 076436 PCT/ US2004/ 002050 12. The net hod
according to claiml wherein a nolar ratio of
whadoapidsb@l i c  anhydride to carbonate in the reemESWN4/002050
1.4-3.0:1 is enployed. 13. The nmethod according to
claim1l wherein a proportion of bicarbonate in the
range of 0.2-1.0 nole percent based on _hal ophthalic, . _.
12.anh{ g inershads a@?ﬁﬁﬁ@ﬁe@ clayn  ryedhengR Ho olpt Ht g%@ipphthahc

antfAloleaMIFRR1N o RLEPOL 118: Ol PASRed r ansi er

yst 1 n the rang 2-10. 0 nol e percent based
on hal ophthalic anhydride is enployed. 15. The nethod
13.ac cSheimsthodoceprgling © elpiar éiwhegeip @rﬁf@p@m@n@ fibicarbnate in the

ran 989@2-01]:0 ﬁl%?e erce]n%Ba %ghaﬁ) 1<,o¥ dr1 &Pd for
fr o e

Ralic? ri ses
contactlng in a solvent Mﬁth b0|I|ng p0|nt greater
14.t hafthammihod 26@&lingder claisu s tanteirakl gropetipdr oflighase transfer

e3R8 P B S SR e SRS R i

mng@p&pnate in the presence of catalytlc proportions of
tetraphenylphosphonlun1bron1de and potassi um

B S N = T .

12@25@{p§ gw & and the proportions of bicarbonate and
ase transfer catalyst being in the ranges of

‘ 0 2-1.0 and 0.4-2.0 nole percent respectively, based
16.0n A- nodthal cfphtprapa,rmganhﬂdmyd@hthagc anhydride which comprises

contacting, in a solvent with boiling point greater than about 150°C under
substantially anhydrous conditions and at a temperature in the range of about 120-
250°C, 4-chlorophthalic anhydride with potassium carbonate in the presence of
catalytic proportions of tetraphenylphosphonium bromide and potassium bicarbonate,
the molar ratio of 4-chlorophthalic anhydride to potassium carbonate being in the
range of 2.04-2.22:1 and the proportions of bicarbonate and phase transfer catalyst
being in the ranges of 0.2-1.0 and 0.4-2.0 mole percent respectively, based on 4-
chlorophthalic anhydride. |



