METHOD TO PREPARE BI S( HALO M DES) BACKGROUND OF THE

I NVENTI ON This invention relates to an inproved net hod
woaooctoseopr epar ati on of bi s(hal opht hal i m des), PODASRWEH45590

useful for the preparation of polyetherimdes. Various

types of polyethers, such as polyetherim des,

pol yet her sul f ones, pol yet her ket ones, and

pol yet her t heikeHOTBTO PREPARERISEH ANOIMIBES) as

engi neering resins by reason of their excellent
roperties. These polynmers are typically prepared by
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bi s(hal ophthalimdes). U 'S. Pat. Nos. 5,229, 482 and
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bifthglopRthaRfidegl i m de) internediates for
pol yetherim des. In each of U S. Pat. Nos. 5,229, 482

and 5,830,974 the bis(hal ophthalimde) is introduced .
UsSntRatt Réospd1,330482 a0l op 8P 8¢ disclase dhe uprepaisiqmy|of yaromatic
i sol at-eqd. C ' C t i o

P RS CRIBRIY o TS 0 BBl b unich
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wei ghi ng _.an ndl.i burdensone. U.S. Pat. .
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sopvenfrosuch engniseld, diphenylethdraandsphenetpleaSokyigats of Shepsagisatype may
b 19s|eX ?(t)rhtﬁé preparation of bis(halophthalimide) intermediates for polyetherimides.

In each of U.S. Pat. Nos. 5,229,482 and 5,830,974 the bis(halophthalimide) is
introduced into the polymerization reaction as a substantially pure, isolated
compound. This process step is often difficult, since solid bis(thalophthalimdes) are
typically of very low density and fluffy, making weighing and handling burdensome.
U.S. Pat. No. 6,235,866 teaches a method of slury preparation of
bis(halophthalimides) by the reaction between diamine compounds and halophthalic
anhydride, in equimolar proportions and use of that slurry as such to prepare polyether
polymers. But in the disclosed process, considerable caking of the product
bis(halophthalimides) occurs, rendering the product difficult to isolate as a pure slurry,
resulting in unacceptable levels of residual starting material in the polymer. Also, the

presence of water in the resulting product has a deleterious effect on the molecular
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pol yners. But in the disclosed process, considerable

caki ng of the product bis(hal ophthalim des) occurs,
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slurry, resulting in unacceptable |evels of residua

starting material in the polyner. Also, the presence
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cusret edrtiagettdscur rent synthetic methods. BRI EF
SUVWARY OF THE | NVENTI ON The present invention

EI s(ha ﬁgWﬁ}ﬁw abﬁmleh]lg INVENGRON Ng a

1 mde), said nethod conprising: (A

preparing a mixture conprising at |east one

Theapptnt Havéntioa ity videsl e nzatlepdafor| praparingne bistialehthalingyle), said
di to.the mxture formed in ste A) at |east one

m&&‘&ﬂi“ﬁlgm%gf orma reaction m xtur eIo gal) d reaction

m xture being characterized by "an initial nolar ratio
(A priepdrizighd hrakiuee amhydsinglet Teastdorenhalephth4]ic) anhedtidergnd heleast

reaction mxture forned in step (B) to a tenperature
onsysoffenf,east 100C, optionally in the presence of an

i mdization catalyst; (D) analyzing the reaction

(B9 26laHBo tRE FRLuRY fotrﬁ‘]%d GPSEH 0AY hoRaond ld@ASIn€ Ab-fofah atr@action
etermne the initial nolar ratio of haI ophthallc

maxth:;cd rsaidereaotieti amixhwe heing CEyragerizesh hy ngnowmétialtmplar ratio of

ed t.h rowp consisting of: (i) adding
haiﬂﬁ’l&e} %(? tga?%%m?d the m xture forned by the
comnbi natl on of steps (A)-(C) to achieve a "corrected
(ODedfing their@actieh ntirh@® RirMad irtstep (Byitol HRniperadirast aeleast 100°C,

optionally in the presence of an imidization catalyst;

(D) analyzing the reaction mixture formed by the combination of steps (A)-(C) to

determine the initial molar ratio of halophthalic anhydride to diamine; and
(E) performing one step selected from the group consisting of:

(i) adding anhydride or diamine to the mixture formed by the combination of steps
(A)-(C) to achieve a “corrected molar ratio” of halophthalic anhydride to diamine,
said corrected molar ratio being in a range between about 2.01 and about 2.3, and
heating to a temperature of at least 100°C to obtain a bis(halophthalimide) product
mixture that is substantially free of water; and(ii) heating to a temperature of at least
100°C the reaction mixture formed by the combination of steps (A)-(C) to obtain a

bis(halophthalimide) product mixture that is substantially free of water.

2



said corrected nolar ratio being in a range between

about 2.01 and about 2.3, and heating to a tenperature
wohowtosbeast 100C t o obtain a bi s(hal opht hal i NnPA@)US2005/045590

product m xture that is substantially free of water;

and(ii) heating to a tenperature of at |east 100C the

reaction mxture formed by the conbi nati on of steps
DEPAHFD) DESCRIPAION T ENRIMENTION | mi de) product

m xture that is substantially free of water.DETAI LED
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enbodi nents o I nvention and the exanpl es include
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which follow, reference wl.l. b de, t.0 nynber, o .
wiffbs hegfith i b ol g Sl BY e ) 8%1?169?0“0‘”1““5
méB¥Ngs: The singular forms "a", "an" and "the"

i ncl'ude plural referents unless the context clearly

dictates otherwise. "Qptiognal” or "optionally" neans
Thensingw#refosms s @gu éanl’| apd JeBe’r insdiiceRlarl referents bRy gﬁc@mext

cléﬁ?%/d‘%atg?é{th%isé)ccur’ and that the description
i ncl ué

_ es I nstances where the event occurs and

i nstances where it does not. As used herein the term
“Optiohafeot reaivnaly Whotaas n the e thewrsubseqiientlyu descritedo event  or
.For exanpl e, the expressi "n, i s an integer,. fro t
c1r.4:umﬁ@gc!‘fsr%a¥] or gy f’BIag%‘EH& %ﬁgbaéqm ﬁ%?(gpp?%%g%dfz%mg{gnges where
thé Bt Bbciss shdaintafices Sihetd idAbds ndthe expression "an

integer ranging from1 to 4 inclusive" nmeans an

intet_:ihe;qrr in_ a range frgml to 4 , said range i ncludi nlg
Ag needi hereigdhe ferghdintoser” MeRet WholepaumpRes viHeh includgs gero. For
rm 'hal i o i . a | Gzeh '

B, 1 LIS S0 higte i 102 L o) S
nuniiten dload 0 as WayicloflingtOoarsl 4vhiSahilardy, it expyession. “alilintegenrayging
may incl ude heteroatons such as nitrogepn, sul.fur. . .
DY o aIE P AU OSE7 Ghe S HePTDA. ot e fiee including
th@]gﬁg%ﬁ\éﬁhyheqfnte%@{pon and hydrogen. Aliphatic radicals

may be "substituted” or "unsubstituted". A substituted

aliphatic radical is defined as an . _
As used herein the term “aliphatic radical” refers to a radical having a valence of at

least one comprising a linear or branched array of atoms which is not cyclic. The
array may include heteroatoms such as nitrogen, sulfur, silicon, selenium and oxygen
or may be composed exclusively of carbon and hydrogen. Aliphatic radicals may be
“substituted” or “unsubstituted”. A substituted aliphatic radical is defined as an
aliphatic radical which comprises at least one substituent. A substituted aliphatic
radical may comprise as many substituents as there are positions available on the
aliphatic radical for substitution. Substituents which may be present on an aliphatic
radical include but are not limited to halogen atoms such as fluorine, chlorine,
bromine, and iodine.  Substituted aliphatic radicals include trifluoromethyl,
hexafluoroisopropylidene,  chloromethyl;  difluorovinylidene;  trichloromethyl,
bromoethyl, bromotrimethylene (e.g. -CH,CHBrCH,-), and the like. For convenience,

the term “unsubstituted aliphatic radical” is defined herein to encompass, as part of
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al i phatic radical which conprises at |east one
substituent. A substituted aliphatic radical my

woan@riss®7as many substituents as there are poBCTIUSE®S/045590
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oxyca nitronethy e. -CH2NR),
t hi ocar bonyl trimethyl si I yl, t-butyldi rret hyl si lyl,
Ast uwﬂehdwmxy}m teyrh prappitic vachgdl” rwfmyﬂm genway afctothe having a
hati c radical s

ValeBES DT SRR s GAMRTSTE 1655 66 ST B PUP r Qi G of atoms

hatifg laUfBehce WISk Idabtt & @nhpadd & leadb@kfor@iiit group may include
unSubstituted aliphatic radicals containing at |east

hetsromtdrns stoh resr sitropem fus.aselemua, GHECONASNG, XY LeTer&| Fay be

h
co%xpg?%i n]us e(ljyrrgtt q‘%%(%xggﬁcg 3&1 rtog§ efAt% Js%cé %gge%{ﬁ:tﬁé tér%fn ‘aromatic

ava

radl@a’shn@ﬁ@esab@tﬂﬁt nat Jghited.to Thengll masidyf fataoyis t]mmvyln gaphthyl
val ence of at | east one conprising at
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d excl usive of carbon”and” hydrogen.
“delpealizeé? elentronshehere fni isaamm&tger: equabifc hlot gT Qﬁtﬂru@eﬁuﬁwed by

o BRI o A0 BB LI
(nth©) agAMayl Qgrdu@@ll(ﬁat 290ndrahraGen@l] beaps (@nes) and the like. The
aromatic radical may also include nonaromatic components. For example, a benzyl
group is an aromatic radical which comprises a phenyl ring (the aromatic group) and a
methylene group (the nonaromatic component). Similarly a tetrahydronaphthyl radical
is an aromatic radical comprising an aromatic group (C¢Hs) fused to a nonaromatic
component —(CHz)s-. Aromatic radicals may be “substituted” or “unsubstituted”. A
substituted aromatic radical is defined as an aromatic radical which comprises at least
one substituent. A substituted aromatic radical may comprise as many substituents as
there are positions available on the aromatic radical for substitution. Substituents

which may be present on an aromatic radical include, but are not limited to halogen



aromatic group. The aromatic group is invariably a

cyclic structure having 4n+2 "del ocal i zed" el ectrons
wohere®s34’ i s an integer equal to 1 or greater PCagS2005/045590

illustrated by phenyl groups (n = 1), thienyl groups

(n =1), furanyl groups (n = 1), naphthyl groups (n =

2), azulenyl groups (n = 2), anthraceneyl groups (n =
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OPhC( CE Ph . chl | o .
mSER UMY, ko HURSCHRARY. RRMiionteny (£ GHsP)
m&éﬁo@phéw@%%ﬁhx?ear&{jr@lﬁﬁbﬁyﬂow phgnykthly]l salicyl), nitromethylphenyl
. BrCHR2CH2CH2Ph-), and.t | i ke. For. ' , th
e A O T .-
viﬂ@ﬁ@h&isgﬁlegylz,oémﬁ&%’lik@ l'lﬁﬁrttemg’f‘a 18 CardraMatd radi@MSincludes

ving a valfence of at |east one conprising at |east
sulostieutad armndtic gdvals' andaunsubgituted georodtic mdé:qal%ocmltaming at Jeast

i BB STR FEchHE UL RN, i v
re&ké‘e}’lﬁs‘%{iﬁs%ﬁﬁﬁ% Irhdied1e e (Rnph eadtOXTYH{-) represents a C; aromatic
- OPh(( 2PhO- ), 3-net hyl phenyl,
radiealhy| enebi s( 4- phenyl oxy) (i.e. -OPhCH 2PhO ),
et hyl phenyl, phenyl et henyl, 3- fornyl-2-thienyl,

) . yl.: t _ - hi.sf:A- |
AU PO AR ot S s o
at 4eddO0H2Pimd) corprising captroaye v piogpime mplich( is. eyclic but which is not

arcflrﬁali_tlgz. Eg_egiﬁedﬂrfuggltnhg/ l‘ct:yr(]:.ho%ﬂg}?ar%%l raéljcale" doAé_s %Epc%%rt]éi)ran aromatic
group. A “cycloaliphatic radical” may comprise one or more noncyclic components.
For example, a cyclohexylmethyl group (C¢H;1CHz-) is a cycloaliphatic radical which
comprises a cyclohexyl ring (the array of atoms which is cyclic but which is not
aromatic) and a methylene group (the noncyclic component). The cycloaliphatic
radical may include heteroatoms such as nitrogen, sulfur, selenium, silicon and
oxygen; or may be composed exclusively of carbon and hydrogen. Cycloaliphatic
radicals may be “substituted” or “unsubstituted”. A substituted cycloaliphatic radical

is defined as a cycloaliphatic radical which comprises at Jeast one substituent. A



met hoxyphenyl, met hoxycar bonyl phenyl oxy (e.g. nethyl

salicyl), nitronethyl phenyl (i.e. -PhCH2NQ2),
wonrbwsmshwl si | yl phenyl , t-butyl di net hyl silyl pheRgi/us2005/045590

vi nyl phenyl, vinylidenebi s(phenyl), and the like. The

term"a C3 - Co aromatic radical" includes

substituted aromatic radicals and unsubstituted
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the Iike. For "convenience, the term "unsubstituted

containing at least three but no more than 10 carbon atoms. The cycloaliphatic radical

2-tetrahydrofuranyl (C4;H;0-) represents a C, cycloaliphatic radical. The

cyclohexylmethyl radical (C¢H;;CH;-) represents a C; cycloaliphatic radical.

As noted the present invention relates to a method for the efficient preparation of
bis(halophthalimides). In one embodiment the present invention relates to a method

for the prepartion of bis(halophthalimides) having structure I



cycloaliphatic radical" is defined herein to enconpass

a w de range of functional groups. Exanpl es of
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Aal | yl oxycycl ohexyl , 4-acetyl oxycycl ohexyl,

di cyanoi sopropyl i denebi s(4- cycl ohexyl oxy) (i.e. -O

C6H oC(CN)2 C H OO ), 3- nethylcyclohexyl,
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one enbodi nent the present invention rel ates
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havi ng structure Iwherein X1 is independently in each
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i ncl usive. Bis(hal ophthalimdes) having structure |
HA-aliNustrated by |, 3-bi s[ N-(4-

chl oropht hal i m do) ] benzene (hereinafter sonetines
0 "CCPAM"). It should be noted

wherein A' is a C>-Cyp divalent aliphatic radical, a C,-Cyo divalent aromatic radical, or
a C4-Cyo divalent cyloaliphatic radical. Suitable aliphatic diamine compounds
represented by structure II (A' is a Cp,-Cpy divalent aliphatic radical) include
ethylenediamine, 1,3-diaminopropane, 1,4-diaminobutane, 1,6-diaminohexane, and 1,
10-diaminodecane. Suitable aromatic diamine compounds represented by structure I
(A' is a Cp-Cyo divalent aromatic radical) include 1, 4-dimainonaphthalene, 2, 6-
dimainonaphthalene, 4, 4’-diaminobiphenyl, and the like. Suitable cycloaliphatic

diamine compounds represented by structure II (A] is a C4-C,y divalent



t hat bi s(hal opht hali m des) prepared froma m xture of
3-chl oropht hal i ¢ anhydri de and 4-chl orophthalic
wanetssae are also at tines referred to as " CPEAUS2005/045590
There is no particular limtation on the diam ne
conmponent. Any di am ne conpound may be enpl oyed and
used according to the nethod of this invention.
cyCoplipledticy, rddieal)di dantlnée carspeddiaatipsdysiopentade, | eaats-1,4-(bis
one c ound having, strycture I1: HZN-A 1-NH2 |
arWH@W@&S{BMC ‘?}Bexén@n‘tﬁledﬁ‘\?al ent aliphatic radical, a C
-C40 divalent aromatic radical, or a C4-C20 dival ent
InCOHORhBRIMAEAC tHetdlhftle comtoliAl |1§ sééét&h ﬁroinc th‘%“ @8@1}5‘ @ons1st1ng of
conpounds represented by structure (Al
oxyidisailinet  abis@heminophenyi)swfope; ncﬂnatﬂtao}@nhlyh@n@meam amé para-
napr am nobut ane,
mf@gk%?éﬂ?ﬁ%ﬁggﬁﬁgyhgﬁaaf&{10-dianinodecane. Sui t abl e
aromati ¢ di am ne conpounds represented by structure ||
In(dApreffred 5zbdddm etV tﬁetm\&h@m':}tthé dizagine @bmpbine] 1sdeletied from
4- di mai nonapht hal ene, 6- _di mai nonapht hal ene, 4,
the SIQHPARPTESH eﬁﬁ&rﬁwct%?ﬂﬂmé Vi ke. Suitable
cycl oal i phati c di am ne conpounds represented by
Hsijructure Il (f.is a C4-C2o dival entcycloaliphatic
atN ca ncI4de2trans-IA-dian1nocyclopentane, trans-
dynonet hyl ) cycl ohexane, and the |like. In one
t he di ami ne conmpound is selected fromthe
/;ting of oxydi anili ne,
aAophenyl ) sul f one, net a- phenyl endi am ne and
par aphenyl enedi am ne and m xtures thereof. In a
ﬁreferred enbodi nent of the invention, the diamne
Ilcompound is selected fromthe group represented by

structures IIl and IV 1Il IV wherein RL and R2 are
Hlndependently at each occurrence a hal ogen atom a
0 a cyano group, a C-C2 aliphatic radical,

tic radical, or a C4-C20

v

wherein R' and R? are independently at each occurrence a halogen atom, a nitro
group, a cyano group, a C,-Cyp aliphatic radical, a C,-C4o aromatic radical, or a C4-Cay
divalent aliphatic radical; and “n” and “m” are independently integers ranging from
about 0 to about 4. Examples of suitable compounds are meta-phenylenediamine,
para-phenylenediamine, 2,4-diaminotoluene, 2,6-diaminotoluene, 2-methyl-4,6-
diethyl-1,3-phenylenediamine,  5-methyl-4,6-diethyl-1 ,3-pheny]ehediamine, 1,3-

diamino-4-isopropylbenzene, and combinations thereof.

The halophthalic anhydrides employed according to the method of the present

invention are typically cyclic anhydrides represented by structure V



di val ent aliphatic radical; and "n" and "ni are
i ndependently integers ranging fromabout O to about
wa 20068l es of suitabl e conpounds are PCT/US2005/045590
met a- phenyl enedi am ne, para- phenyl enedi am ne,
2, 4-di am not ol uene, 2, 6-di am not ol uene, 2-nethyl -4, 6-
di ethyl -1 , 3- phenyl enedi am ne, 5-nethyl -4, 6-di et hyl -
, 3- phenyl enedi am 0e, 1, 3- di am no-4-i sopropyl benzene,
and conbi nati ons /{f hereof. The hal opht hal i ¢ anhydri des

is a preferred a ydrlde As noted, the nethod of the

present inventionlenploys a solvent. Thus, in step (A

of the nmethod of Phe present invention a mxture

conprising at | east one hal ophthalic anhydride and at
Vieast one solvent is prepared. Preferably the sol vent

is an inert sol vent Sui tabl e sol vents i ncl ude

di chl_gr obenzenes, | f ormam d

WhereHat VSRR Htgno IQ— % zmg]rp a5 iara 61ﬁtgger in a range from 1 to 4
méih@il% Qr &{l&loﬂﬁﬂlﬁhc g dfidé (CARHONRENE R @ préteRbE MHydride.

fone, nonoal koxybenzenes such as ani sSole, and the
Irke and m xtures thereof. In a preferred enbodi nent
A& rrrréed, tesr metho \pé e prgseehweﬂtl@wnplpmt Sqlﬁ@ltb dihps.rig step (A) of
e
Al 05 R R L SR B3P Rl 101 Aot
anhydh/cﬁi dddngt TeastConeosolcamnds tprepased. Tf]’eefpnab}\ya‘iﬂei sovent is an inert
reaction condltl ns inc¢clude the erature

sofieBis ur SUiEDEni FVEHe MRS, aBiBl A HERET ot et forpymide,
dll?lH{ rak«gaﬁth% eRDASIBroliddiR, | diRiorAb e, I @Q%trfb'ﬁldr%enzene

ed out under 3uperatnospheric pressure (i.e. the
dlpheasb siifonies ngmeakexybtehmeg sathres phispls) and the like, and mixtures

AT A W AT
potlﬁteotht‘% %BWehtalsﬂls@erﬁ“?@)ﬁdféageéb%u@‘i@%j Hi%le? It'l@arﬁﬂieVlﬁﬁﬁngjbomt of

choice wth VI gor ous stlrrln elngt e
watex pudee th@tpreV“ﬁdmgelreatttwme@ng]ntMISerThm arr:va@ee@e@rrt@n conditions
e soLkven

1nﬁ§§%ﬁﬁttﬁ3piﬂ-@r 5?] ﬁ9 prea%lr%ggwpi;%ﬁg]alnplcﬁz%%o}l I'llgactlon is carried out.

In one embodiment, the imidization reaction is carried out under superatmospheric
pressure (i.e. the pressure is greater than 1 atmosphere). Ortho-dichlorobenzene (o-

DCB) is frequently a the solvent of choice for the reaction.

In one embodiment, the halophthalic anhydrideis added to the solvent of choice with
vigorous stirring while keeping the mixture hot. Temperatures greater than 150°C are
preferred. The solvent, the diamine and the halophthalic anhydride are typically
combined in amounts such that the total solids content during the reaction to form the
bis(halophthalimide) does not exceed about 25 percent by weight, more preferably the
total solids content during the reaction to form the bis(halophthalimide) does not

exceed about 17 percent by weight. “Total solids content” expresses the proportion



conbi ned in anmobunts such that the total solids content
during the reaction to formthe bis(hal ophthalim de)
wdaew/08pt7 exceed about 25 percent by wei ght, nBC®US2005/045590
preferably the total solids content during the
reaction to formthe bis(hal ophthalimde) does not
exceed about 17 percent by weight. "Total solids
of G r@RtantLXPh perestaph ef [ilico nﬂaﬂt wepltf inthdimgehgiidn pssas ia the
percentage of the total wejg i ncl udi n i qui

| ds,. .
reepﬁleg 8htny| g VEhEmEe Bt?lileo?%n‘aqdl%?ﬁv &1 SPbyent ARk Wath afsylstilled from
th? Eég%ﬂ*ﬁﬁﬁmr@%d&%}{ﬁ \aéglg 1é"@dcﬁ:ﬁ té rn?alﬁit'ai?r; {He! 81 fsélﬁﬁf‘ content

reaction mxture itional solvent is added to
witti nhaprefeﬂmxi taogal Theltertss taltsokitls whntbmtnandh! %p30éd aredlsed

il Dl S A9 S84 o W B o
m&mﬁxéggh{ggnbggmgngent to conpensate for any |ncrease
fn solids content. In a second step, step (B), at

| east one dianm ne is added to the m xture conpri si

Intafsecons &ﬁmtsm(% s ey aBHE it ﬁédeéidp\ﬂé%m"ﬁ%@p%)frwsm the

t
ha?o(?%ﬁla nhg/drfl(?e{ ahd dﬁ]g astcotive?JE éﬂé x‘%alrj ?ﬂe ge% Frejd %@nfegn ea reaction
m{m(-\)re The détinaine ﬁ@’np@mebllﬂ rmietarﬂgl itite t]&n:inh@ctum foheed assta) (A) The

solid I t t
i omosa aiat: eI O PRt SHIDE B AP Gk a el ner
sof\R Pflhl?gg)r&%}*rgd %b@dlﬁl‘én@q}‘ijé dibRihd RhnfHovhd ¢added as a hot melt at a

slow to ensure sufficient mxing of the
anr adldtttcantate whnth tisosufi ciienitly lidwetocsakira guidiciens migingiod thewactants

ti
o GRCRCS0 B i 0 B0 1O el a9 SHRAUELL e
digflnedtonpRuhe M wat alsdeafesdcdut Qnsmmtfaslﬁom so tait feabhiddcontent

at | ess than about 25% by wei nore preferably | ess
oft henreapiden MIzBHHYS Wé@lgmnedmfe? 24ban ghovti %%’rg ‘%ﬁ‘r’ﬂﬁd more

pref%rasntl)‘7e Res§ Blan's ital'ﬁﬁ h? “%F%}ﬁh%ﬁg%lrgllégé ﬁﬁlxt*a}’e fPmed [ & teB) is

oo alo c an to di am ne"
said o theatharmdta@ized dtyi en of“lmahlopimﬂdnmatlc alhhaldplitbigict anhydride to
dlamne is.th rati

ciap; RF A detioyebreErid e dg; demine” s the

“a@fu%?’e&t“tl‘u@” Hﬂi% df %ﬁﬁ){ph@ﬁh Flaxhydiide nibi&ie8 o GRBminddorties present
result of the uncerfainty in the weights of reactants

inutbe deactien’ mmmre an stepl @) Aatd st of theoprerainty in the weights of

drid b
rea(?tf%g Pé?‘ff th[eh i 1%6] 5‘1%5 {ﬁ%%ﬁ?&l(%ﬁﬁé]{%ﬁé a@hﬁcﬁ‘g}éﬁtg‘émnél lﬁe Hypically
haded ghlus wihich is different than the ratio calculated based upon the weights of
halophthalic anhydride and diamine added in steps (A) and (B). Uncertainty in the

weights of halophthalic anhydride and diamine used can be pronounced when large-
scale reactions are being carried out. Moreover, a stoichiometric imbalance can lead
to undesired consequences such as “clumping” of the product bis(halophthalimide).
The “actual” molar ratio can be determined by performing an high performance liquid
chromatography (HPLC) analysis on the reaction mixture after most of the reactants

have been converted to the bis(halophthalimide) product.

With respect to the amounts of halophthalic anhydride and diamine employed, it is

preferable to have an excess of the halophthalic anhydride in the reaction mixture.

10



hal opht hal i ¢ anhydri de and di am ne added in steps (A)

and (B). Uncertainty in the weights of hal ophthalic
wanmetssae and di am ne used can be pronounced ROBMWS2005/045590

| argescal e reactions are being carried out. Moreover,

a stoichionetric inbalance can | ead to undesired

consequences such as "clunping" of the product
Prdferablyal2opht 3 inoiad eduivalests'of dtetml sphttplligranhwdride votnrespect to

determ ned b erform ng an hi rfo | iqui d.
thectrata SGPENG TSI A ) bt 19 ek Sebelemes
f et gﬂ%t' hhyldfige MEACARLBIONRY 8iaRBRNcHRPNAL bRterhflob R
© E%gﬁk)lopﬁ%hapﬁnige) pr%gﬁcf. Vth re%pect to tﬁéﬂoy
amounts of hal ophthal ic anhydride and di am ne )
Typiepllypyd bisthalophthelienidelappdudt is nradecednn axbaydogn thayés largely
hal opht hal | c. an ' | r . 1.0N: . .
e B0 B o Pk DG SAE P Mon g sy o e
bis(}ﬁh@oﬁ]ﬁﬂlaéﬂhﬂé)%rbﬂudlilﬂmﬂ rthel shuindy t 13 o seqiitedtoiot e pdiyardrizetion
conmpounds are enpl oyed, nore preferably 2.01 to 2.5
to fsmapolyiheriptilent s of the hal opht halic anhydride with

respect to the di am ne conpound are enpl oyed.

In $¥RE “eﬂlﬂg}iméﬂearp imi{dakeREhR)st Fadek R11ed s thel Raction mixture.

produced in a slurry formthat is Iargel%‘free from
Sultgblpr ovlidézesomnchtalyste avee ¥nowacinathes arand Thew|inelude spg of

urification.of the bi | apht. hal i m ; .
ordaargeE RS Beift e SR s O el Sha B lphb Gfinate
(SPPY MPREMOENSIC] dfhides sudh S0MBiRdhaldnipyadas (DMAP). Organic

i mdization catal yst may be added to the reaction . ;
andrinargarac acily makp RSO bei usES 1 PasHYZSIE KPactions rRutRISEFC acids

iné]llg fe dcgl’rl&b)gl?cpi?%cu%dg(?,: @Hﬁaﬁﬁa@lckﬁ afd a&rtlgaa@ﬁf? RBRROIher§Iphosphinate

phosphr’nat es such as sodi uni

is phenllyphrefepbd. Bieccat SAR) wherdopted frpouyy b added trefareghe Hiamine
as 4-di met hyl am nopyridine (DVAP). Or.gani.c_an
Comevg(gh%be&%@agg]ewglt%%élﬂ@g’&%%%mé aélbﬁ%‘ba‘?dr‘ﬁds or together
wittE el di®ine SHpBRAS Iﬁragl%@fe?re_éféhﬂ)‘édhﬁ&ﬁ Wie€he present invention, the
chliorophthalic acid, phthalic acid, and acetic acid. .
ca@byst, svhephsed/ Impthe gpattioatmeixfuse, g addes) afier thegdditioacpf e diamine
0catal st, when opted for, may be added before the
e conmpound has been added, after the diam ne
conpound has been added, or together with the di am ne
St&PIOP Widthe IMethodrddT gier pasenttindintient confiprises hoatagge e reaction

i'nvention, the catalyst, when used jn the reaction .
miphyre fpamed in slgpdB) dpiz fermseatwigd?t oleadlt Qe appfiAnally in the

presence of the imidization catalyst described. Typically the reaction mixture is
heated to a temperature of at least 150°C, preferably in a range from about 150°C to
about 250°C, and more preferably in a range from about 175°C to about 225°C. It
should be note that the reaction mixture may be heated at atmospheric pressure,
subatomsphheric pressure or superatomospheric pressure. When superatmospheric
pressures are employed the pressure is typically up to about 5 atmospheres, to
facilitate the conversion starting materials product bis(halophthalimide). Typically,
step (C) also provides for the removal of at least some of the water of imidization
resulting from reaction of the halophthalic anhydride with the diamine. In one

embodiment, about 95 % of the water of imidization is removed in step (C).
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compound. Step (C) of the nmethod of the present
i nvention conprises heating the reaction m xture
woanwwwd3don step (B) to a tenperature of at | eaBCTABRMBS/045590
optionally in the presence of the imdization catalyst
descri bed. Typically the reaction mxture is heated to
a tenperature of at |east 150C, preferably in a range
Inf :ftéam(Bth’é rd&fdion taixate uformded Gy ﬁfedcdi‘ﬁiﬂﬁatmef)ﬁrs&lplsy(A)r(C) is
a range_from about, 1750C to abo 22
higlo

5C.
anglyged tohéﬁtemﬁée theacpitighmeatralie B@hﬂ&f@ﬂgﬁae to diamine”
ASLERS %Bﬁ\%nﬁgﬁacisllﬂét(ﬁodss %%@{memfohCof%x%ﬁé?ﬁthﬁflmldes), the
supet at onospheri c pressur e. en super at nospheri c
anpsuns sﬂhahp}ahaimearﬂiydx;ié@lprtek@t o deseacionsnikiywe can bylyls mughly

R R RS bRt 1 B R PR o s
an-g}%bélatloby may! 68 elfploy@lise RA@Uifle acbRitelyN@er #AOMUAl ofotach the
| east sofre of thé water of imdization resulting

reaqtmm métiedlyi evaployed: AbisHafoophtioramay ﬂmmr’gfzmseca@ Jgtenmipg & any of

o G 0 8, SR P B ) DAL
enﬁlﬁﬂi@rhérﬂ Nfth inWe@tibor thie dnﬂytléaﬂ! eoglousel nadetermivie tht elmsl al molar

ia IS analyzedto determne the "initial )
ratamoif algphthalie pRITEKE o JHRYRF 1T CRIOTHIEHIR meﬁsodn é typical

d?rﬁél}\f o h ?4 élg)gg‘ﬁl oho a m%ﬁ n}%’er R?‘Hnﬁﬁﬂi i ac}?rgmato graphy

(}H?ﬂ@bdec}ﬂmmrlesmm Othet hrealyteat tietwdrisuthuas buanObhmyted)éO, gas
rou est.i based on the |0 tial added upt .
SR RS e o TR IORR GO ST ARANGE [Eama be
usgg%mgﬁyoﬁﬁeergm@ﬁ'ed to determ ne accurately the
amount of each the reactants initially enpl oyed. Thi S
informati on may then be used to determne if any

Int $iep (Bastyastoichinsrerie slefeicapideyerlsd é)cyn%%fﬁ@ml@gftb? nalﬁél molar
ragg fhaf: ﬁﬁ]]%i’{c %ﬁ}é}tki}ﬁlest% r@am{n% 8 %n%&gg%:yqﬁg bd@lioh® hail%)hthahc

nven anal ytica too use o determ ne
aﬂhlydlﬁcﬂeair diﬁhﬁfe to at:}tueveoé “dmaieol;aﬁ tofncd i Iratldhd)‘l@/}liaﬂopmha]m anhydride to

134@%{% lnl“gzg]lrp; g,f qugtalgs £ th ¢ tgr}llgl}?‘l c éur‘}.li].p{ e%r%hamme needed
topgﬁ*xfegtrﬂﬂ@ré?cﬁcﬂlbﬂllé{r? i€ %ﬂwggﬁﬁ@%&ﬁeﬂe heRANEE BsihS small

used. O her anal i cal met hods such as, but not
mbrenreﬂlebletmaSngaMmgnmuugnqphyThep ﬁﬁﬁq:i@decnolar ratio is generally

Hglgglbée?%C W fnolllellrtr'é ?lreeagta%% Glengas %Ht\’(al]yqﬂgn ‘iéjﬁne 111#“31 molar

ratio. In a further embodiment of the invention, the analytical tool used to monitor the

reaction mixture is also coupled to a controlling unit that is capable of automatically

monitoring and maintaining the stoichiometry between the reactants.

A further feature of the present invention is the solids content of the reaction mixture
which at any given time during the course of the reaction should be typically less than
25% by weight, preferably in the range from about 10% to about 17% by weight. By
“solids content” is meant the proportion of the reactants as a percentage of the total
weight including liquids. This is effected by the addition of solvent to compensate for

any increase in solids content.
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used to nonitor the reaction. In step (E) any

stoichionetric deficiency reveal ed by determ ning the
woOnbdeiab4omol ar rati o hal opht hal i ¢ anhydri de t oPdTaIS2096/045590

is corrected by the addition of hal ophthalic anhydride

or diamne to achieve a "corrected nolar ratio" of

hal opht hal i ¢ anhydride to diam ne. Typically, because
Afdfiger Qubdidithant of thepregt halehtomitvplies de @modabof water from the

needed to correct the stoichionetry is smal
reqofipp MRIXEHR DRe WRIST May s RISTSHY 1S thg TYSIRBY BOPed V%}B?tlé%?ra@% ces;

th& RS (f})%asﬁﬂ%rﬁw}lt of O %BFeC(ffqﬁe %Ict%ﬁtsrﬁléoq)vén& employed.

gener al oser to the nolar rati o of reactant’s
Mmmbeefrd achtemis a@b | roduvad assthehby-pridnctabf rind a1m1dwatloo rehgfion.

rther. enbodj ment, of the inventio the analy al
Tsésé’é 15 1518 othe hFeF e t i g ‘ﬁltah ajey s ¢ Product

blﬂﬁﬂ%ﬁﬁaﬁrﬁlcﬁ) GONfefrithdtAd tdMhd ﬂo%erﬂzﬁh&ﬂ@@@n@nofor which the
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bisthapplithalmsidey isvipiselbninté¢nsied e Heusa it @ne 98peesy tthfe propetd tigieation
pr&fgg%s{] ?e Bﬁ }}F?emt aln er}éiil]'oal,{clt }tulgﬁ 18 sQuta % f&ogst SRty g}%tlﬂ}la‘?zatlon

any given

re&cioh 36 f6fm pBBRetheafided T EHedlyd ab&taitm%: af the \bvﬁiﬁﬁ pieban during
25% by wei ght, preferably in the range from about (.%D(O%
st AsHhe rePobioRy s semghed o the spactien BBHPER HurInEsStRR fnk and the

re{ngftla'larfg %Pe"rt b Fed aﬁnfgl% q% fegg SWalfer a}elﬁasme@m@ a%orﬁfil?shed

MEIgh rncludin Is effetcted
usirigemedidi welbknodn smtheemt such asangbietiiidive prosesarly dna cerréaaémlent

in solids content. Anot her .enbodi nent aof the
of SR 0 G104 % R PBAGUR T SR dF TPPOY, HEcienty using
fifsBaARbIREd Wakley ! Svheldif tH@LEvedBYe PRpaTEaedinddwithdow volume
systemfroma variety of sources: the reactor, or as a

conbgyatiemtandfthereactinn vessed isglevpifbolrany asgreleplions BImeant s
enpl oyed. Moreover, water is also produced as the

Inb nep elgﬁgg&ﬁne?)E #nll ereécl{nog' Ak O(Ebéﬁsﬁ%‘ég 'sﬁ’x\%gt@;zg ﬁr'ﬁswﬂifch hot

resence o ual I'n

sob.reﬁd (15378 ]hntSc( MB)pnbtdlnabﬂedIadel)e remct«ie&rallmtlaﬂs inoorf¢reto “chase”
nerization reaction for whic

Wﬁﬁrs%ﬂ%u e ReackIT; dHegye p spray ot 5 V?%Oélnt&*Sdntem?ff%‘v‘FF of the

reﬁ’cﬁ@r ﬁﬁlﬂ‘@ﬁi y strBRePHBAREMrel YO MhORVEAN FVhE&nfents of the reaction
ophit hal i m de) product which is suitable for use

vaswl)asqnmsycrelmwz atataradhering toghe walls of thegéaqt@tfh@mlth@ rféctor and
has){}?el g&edyben%ht OF \%%ghlr?gsgélp@j reagt%ntw%%g ré)c{u%ls Sﬁtofq}{é rdBtor walls

and back into the reaction mixture. In one embodiment, the solvent is 0-DCB that is

maintained at a temperature of at least about 180°C.

In another embodiment of the invention, the water removal is also effected by a
“partial condensation” process. Partial condensation is a technique in which a multi-
component vapor stream is subjected to a selective partial condensation by passage
through a condenser maintained at a temperature greater than the boiling point of one
or more of the lower boiling components but less than the boiling point of at least one
higher boiling component. As the multi-component vapor stream encounters the
condenser, the higher boiling components condense back to the liquid phase and may

be returned to the source, whereas the components which boil at a temperature less
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step (C) of the reaction is renoved fromthe reaction

m xture during step (C and the remaining water is
woenwxsshoduri ng step (D). Water renoval nmay bePCT/US2005/045590

acconpl i shed using neans well-known in the art such as

a distillation process. In one enbodi nent of the

invention, the reactor is designed such that water is
thdneihe Y& fp &hthiCdt &/ th/the ToRgenkérus haimaint@ gas¢ ahrsagh the condenser,

wherein the valves are prog;rly designed with | ow
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| I ur 16, 4 vl
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m xture. I n one enbodi nent, the solvent is o-DCB that

copditigns i Herwaten: Wateemau batheilingodt atemneraipre genier thgper less
thl n}@glt her enbodi ment of the invention, the water
e ' is also effected by a "partial condensation”
process. Partial condensation is a technique in which

Thdyséngkille@ GAMBO @At wiBPEderstiEta bs astibjt@et @dwiter and solvent are
sel ective partial condensation by passage. through a
remgherbfigwy theagagtion vesselhy distillaiprraideasta gruionsf thqreactppfs and

prgc?dclt .('r)ﬁr;hg/n‘t%gér@rhing o' &f ﬁlre rdR4iGn Q/tess}ép%ithq}’l\i@ vaR® ifahg ?(Sllvent. "tl“hus,

conp t Tess than the boiling point o eas
in anfarthieg Babodioiehi oljthésomyentdnt, theAmonbmersiandi sobempthatntay have

vapor .stream encounters the condenser, the high
ek FiHige BBORE RS o rer B BE RS FRC A SeRir e figmen weter
phafd afd@yr B@eratdiRedtd fenidie WA CBhe WRLARE drd¥esolvent are then
components which boil at a tegq%er ature |l essthan the

re¢yshgsieto Aheisamn creaciionanixfure O BrrdBRseauenIeAdioNBINMEE pass
t hrough the condenser, largely w thout condensing. It

Tlfeh %&Qrgﬁal{}@ngﬁh%ﬂg)t@ ddcBi Srbm Bt LEIELY webd o qﬁloghthalic
Tyl ng ry réeaction mxtures conprising water an
anhyd:tided irech ther dlreinz ervenpoon®@Bkn iferpsaatitymayp optignaly bl isolated

reacti on m xtur a sinpl I.Sti 1 on. '
throng, Hypi;ve_mlonal tegm%/ues sgchngs g]tr%lug}l,l cl:eln?rtli!uge?tl(}negn ntheq llJi%e:; or the
slurry may be used as such for the next step viz. polymerization. It is within the scope

of the present invention to use the slurry as such for making polymers.

In a further embodiment of the present invention, a phase transfer catalyst is added as
a solution in the same inert solvent or in a different inert solvent or mixtures thereof,
to the mixture comprising the product and an inert solvent and the resulting mixture is
dried until it contains less than 20ppm water. The phase transfer catalyst is necessary

to effect polymerization. The drying is done under superatmospheric pressures at high

temperatures, preferably at about 220°C and 20 psig.
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vol unmes of 0-DCB nust be distilled per unit vol une
water distilled in order to dry the reaction m xture.
woheoss0nf t he partial condensati on techni quePCT/US2005/045590
significantly | owers the ambunt of o-DCB which nust be
taken overhead with the water and thereafter separated
fromthe water. It will be understood by those skilled
Inidhetdlpectiof thdaivehtien,biaé bishglopbihalimidefseprepmied asiaper sthipless
boi ling points of water and sol vent _under_.the
stegbheli U B Stk eRaonSFETeb APTVRE B th%fP“B@V%ﬁﬁPﬁUﬁfﬁ: at a
tenperature greater than or |ess than 1000C. Those
(ASMd A bede hitviR@gRitbr Wi || understand that as a m xture
of water and solvent are renoved fromthe reaction
vessel by distillation, at |east a portion of the
(B gaadtentagiiesnd product may be entrained out of the
reacti on vessel with the water and solvent. Thus, in a
t her od] 1,S: b OV ' d
(COSfPRg poBar S 5 W S Rbiok YRRl Otbapt, Mo FRIRNRER L
trappédel during the reaction are separated froma water
phase and/or otherwi se dried to renove water. The
nononers and. solvent are then recycled to the sane
(D) 2D VOHMGARUBPEN SR JeUiGH SRASHISTY FAT FBRETH PR,
The bi s(hal opht hal i m de) produced fromthe reaction
(E?‘%#pi‘!?‘%ﬁzﬂ@?irﬂ%_ ik taek I veRida shd diet disarcy&DCB
0 und in an inert solvent nmay optionally be
I sol ated through conventional techniques such as
(F) i dleatrmt podisheccsides tofradue itmtendency o splidscto aghere fie thel sidg ¢f the
may be used as such for the next step viz.
V‘3[§§ﬁ¥ymsrization. It is within the scope of the present
invention to use the slurry as such for naking
(oA yerervelundsampleitapher enbodi ment of the present
i nvention, a phase transfer catalyst is added as a
olygion . in the sanme inert solvent or in a. different
CIR N L R I R SRS T
conprising the product and an inert solvent and the
(1) @ Sddnti’fl jH8ReE tHaBcdrSbekinhREyddntb ihleat the €spéfahdreabtos i nebessary
20ppm wat ér. The phase transfer catal yst is necessary
to effect polynerization, The drying | s done u ?er )
(T Giprepesethoib prews that spreeaniobhedempergiire @f@é rua?fma@g, ower jacket.
preferably at about 2200C and 20 psig.In one aspect of
T]Eé; ?%gﬁége@?gﬁﬂﬁibggﬂg& RerhakRRbd RaldesiriRdits RERPAREH is efficient
mixing of the reaction mixture. This also ensures that there is sufficient contact

between the reactants and that no local hot spots will be created. In one embodiment
the baffles are approximately one inch in width and are separated from the reactor
wall by a gap of about 7.6 cm (3 inches). In a further embodiment, the baffles have a
height that does not exceed the operating liquid level in the tank.

In one embodiment the reactor is equipped with re-pad nozzles and zero volume
agitator housing thereby further limiting undesired retention of water within the
interior spaces of the reactor. In certain embodiments of the present invention the
reactor is equipped with a “sample tap”, which is used to draw samples out for

analysis, said sample tap being “zero volume” to ensure no moisture can get trapped
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steel hot oil jacketed reaction vessel conprising the
follow ng features: (A) a 4-blade turbine agitator (B)

woeeamtoss4obaf f | es (C) re-pad nozzl es on the topPof/uSk®s/045590
reactor to reduce space where water can get trapped
(D) zero volune agitator housing to reduce space where
wat er can get trapped (E) spray nozzles in the top of

in ?hﬁph Ke.ghpipimg® ksseeinted vatir thy sehplegap. (ThegeaCyolsmpeBnple tap

. (F) electro-polished sides.to reduce.the tendency of

is 854 powSes BeRBrE T & Whuees g BF HaToNEL PP RRIEY
zero-volunme sanple tap (H) sufficient insulation to

In| J¥RUEBHSdAknt RBe @Rt f cont}Risee 96 @bast @ARINdS-oll0facKdt) B certain
second oil jacket that can be enployed to heat. the top

emitodirheats; dlt ooy of e prRects SBPOVId Y egedigaistion igeig to ersure

that ¢ r
w00 ShpArd SIRRARLIE, SLad s YRRGE A emper
oildRBpY IR abs calRdbly bbeamtiotiirgnther emphenee iof allf fidesi enthe reactor.
m xi.ng. of the reaction m xture, This also ensures

, h
Extrie insujagion st peyaiaseeyshy aupViged wle AT arc‘é%r@&eaﬁf’%tr‘ang% the
teﬁe'xﬁ%gtgf@ 1h Q68 lenftRuiniRtthe Wil jhckRe iCEHa618 Gf nhdint@iMng the internal

_ Iment the baffles are approximtely one inch in
tempelafiraittharecse paleadt abodtr2207 € I425°Eact or wal | by a gap
of about 7.6 cm (3 inches). In a further enbodi nent,

the baffles have a height that .does not exceed the
In 5196 PG I-fAF dntFl_E‘Q]equgFaﬁeSt o of Hineesdly BhEVERSdF AT sie
anfiNGe ' GROhAy lefecROPIIRRES VETeBrd1iBRE g 1922 bRsted that 85 @sed to
vol u agl t'at or housi ng t hereby fur%her imting

smidtgsialiel, denentandrelean staintass wiechiby selestively eiemenving irregular
spaces of the reactQf,. | rtaj.n ' o
RBSER AL A R o P FRRLTRLE (Wit o
reﬁl%afm lafid bagyer g%hl@hllilhlﬁ—rwh&ig(id@fdﬂma\unSlaémir%e.dﬂtis bride film is
anal ysi s, _said sanple tap being "zero volunme" to. .
thiskiethr @ven odapsessions exndaMigast (vah JEeicR1 e Astgg“&e projectigns the
e]@dtﬁﬁ)&aﬁ]qzzsiﬁﬁr?ﬁ%cisaie%g_ Wd Pud-dift &é‘l@?g} &rdaRt; heRI&E8! the effects of
vol unme sanple tap is also provides that there 1s no
clvamspalishinare rast the gwiatesdinathede lotatmasplhesoxide layer also provides
for minimal moisture absorption, surface cleanliness and high corrosion resistance.
Thus, in reactors which have been subjected to electropolishing the reactor walls are
typically free of cracks and pits. In addition, solids typically do not adhere to the

walls, thereby reducing caking of solids within the reactor.

Each of the reactor features discussed provide a greater measure of control over the
reaction to form bis(halophthalimides). Thus, the reactor features disclosed help to
endure that (a) the reaction goes to completion; (b) by-products. formation is
minimized ; (c) caking of solids or solids adhering to the walls of the reactor is
minimized ; and (d) the product bis(halophthalimide) comprises less than 20ppm

water.

It is also within the scope of the invention to produce polyetherimides from a mixture
of solvent and bis(halophthalimide) produced according to the method of the present
invention. In one embodiment, at least one comonomer as a slurry or a solution is
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In one enbodi nent, the reactor conprises at |east one

hot-oil jacket. In certain enbodinents, the top of the
woeemto8s407 s provi ded with a dedi cated oil | ackeCTHs2005/045590

ensure greater control of the tenperature. Typically,

The reactor is provided with tenpered oil |oops that

are capable of controlling the tenperature of all
ad8édRSthenikfag: ¢Rbtedt andXikhaldphthdlidided TheSat least one comonomer

advant ageously provided to ensure accurate control of
typinalyt eompiesisas metal splt 6 e BaPHadivensalt efifdsniienolj4 ¢ REt feast one
I ning the internal tenperature of the
b1$p§§1? o}r?a\g g{]@dt@{eé\gbout 220C (425F). I n one enbodi nent,
the internal surfaces of of the reactor are made of
[ nd are optionally el ectropolished.
ocess that is used to snooth,
i & CIQ stainl ess steel by
?F &%lrregular features on the netal
qnﬁjace When el ect bollshlng stai nl ess stee
el ement al iron is renoved, and a | ayer of
chromiumrich oxide forns on the surface. This oxide
VFilmis thickest over depressions and thinnest over
proj ecti ons. ﬁu the projections the electrica
r esi s§sanc e ept
whEpdt 3 dheloke ERPL L R SR by RO o PRty radical
Ci08 @traliftatic Irﬁdlt:eh e6a (Raat aonttic Tmacaiquenidawﬂeﬁll)sax each
provi des for m ni mal moj sture bsor surface
OCEWIBRIE ACREIn HOR; § o é‘o‘PF]b@lVSan r s g?%fﬁ @8, OXpgefs atopy, a sulfur
€ t
ot F3% QR TP NS P o T e, 2 5P Erhpipel, Cfhaic
radmoals C34Gao ayatrlbahpbat;c rsadiqalj or taﬁar@zalarqmam rndlcalaa?héreecm@ of the

met SHE AL MR T Oh i (he P LUl PO Ry Bebid dbdifle o e

mEthey b ehép ﬁ§e%@§rﬁfenﬂ&@§ﬂ’6ﬂs Polyettinfilie tapodities! %}@ﬁdaﬂp, the
to forn1b|s(hal ht hal i mi des). Thus, the reacto

metehsalir efsthe bsphewb s #epllaki mesH galt er enatkaling eQrHJemetal salt of the

blgp%%%l' (iﬂ ag%gémﬁt% e&%ﬁ(ﬁéﬁto “\)-:Fxst e EBH&@H?&%S 2 Jﬁ%&% %gqetal

|ngo sol1ds or soli
saltqe tghﬁ'le\m&ddﬁmoﬁalt bifer eB@‘amerof Iaslihydmm Iradene. Bilgydfaky teneenes

pr.oduct bi s( hal opht hal d I 20
argvgilgFrated by resorcmq hy roclquq]nonee met nHaryld%eq?nnoen%%n ’qu iKKe. PP

EXAMPLES

The following examples are set forth to provide those of ordinary skill in the art with a
detailed description of how the methods claimed herein are evaluated, and are not
intended to limit the scope of what the inventors regard as their invention. Unless

indicated otherwise, parts are by weight, temperature is in ° C.

A 500-gallon stainless steel hot oil jacketed reactor with the configuration as
described in the specifications was used for the reaction. The vessel was charged with
chlorophthalic anhydride (CIPA)/o-dichlorobenzene (0-DCB) at about 12% solids
content, 355.9 pounds of dry weight CIPA. The material was heated to reflux before
analysis by High Performance Liquid Chromatography (HPLC) to determine the
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It is also within the scope of the invention to
produce pol yetherim des froma m xture of solvent and
woizeqelvabopht hal i m de) produced accordi ng to thecmeiSkwd 045590
of the present invention. In one enbodi nent, at |east
one conononer as a slurry or a solution isadded to the
m xture of solvent and bi s(hal ophthalimde). The at
mb&@&ﬁtuﬂﬁﬁdﬁ@i@i@(rjiarmhydrlmbh C falHeysohmmr‘i’vssslsca andiyzdd Ral¥ and 4-
e.g. .the disodiumsalt bIS henol A t | east
i T afthahis mhidiosy Piinie avOTeUy e Added: i s FEES as chain
sthgdpgen atom a nitro group, a cyano group, a C-C2
I phatic radical, C3-Cl2 cycl oal i phatic radical, or a
C3-C 2 aromatic radlcal i s independently at each
Modten nretrptensitens dteelgac (mPEM1@3t5q3wndﬁ)cW@§h%810Wy wmetgred, over
0X atom or. .a elen um
agg%g]’ho %@éqﬁf rgac ﬁl HJéF th?bwagrreglt&lp %t a emefra&@n the
ra?%é RiFaidott r@skealo a%utC?S(PEC (PRPF PRABEEH, aqllﬁlah%ltﬂfona The

aronatic radical. The reaction of "the ne
teﬁﬁjetauﬁé oBt}mhﬁh@i théljacket bt théreeabios (hakeph20I0 @#00eH). The water

repared according to t od of the prese
of HroRation aafif%Pd%!g pHsy@ %PWF%P@ %%ﬁ@%fieeqﬁ"dﬁ The % solids of
Cg?’/ﬁlglﬁﬂ th¥ ’ree{c U aﬁé\;véd @f subii8s PYRRRRAOCI HbSo-BTB was added

t or an al kali'ne earth netal salt of
tot the lbac:stphericrlep thﬂ salidsaitt the dasiredelebeldilrsntl7%)heTlkeg initial mPD

| east o r. t.al | t
CHF B P e SATPID FORGEErEYS o B ‘Sur Analy SFofpphEF et te
CP Al rp¥atch enese A dade ridhl usihrsatw@@l doyie rte SsrE Gl Glticking of the
hydr oqui none, nethyl hydro none and the 1i

ke
mmwbwalse Fides pbilieovdrn e Anples! af $lidsconants fiomgn-Newtonian
P i A ks e 1 BB

reabteremaihax&twﬁenamchgam andb in theemded to |imt the scope
of what the inventors regard as their invention.

VB b gt o Ahe eroxaprbard 38 Pe BlIREL A e g beer

rédhdvell agkat g EzﬁﬁCtaorsaM?Fehof-' hige Geddhiba UmaihreNwas taken and the
described in the specitications was used for th

stohiomety. of The reastiers miyiges wédgemingd psishHELSp h/tx%lrlp%al CIPA
(?EG ar Iflsd%efid(“:gl LR s‘ﬁdl&%%ét?%%% pARRE0.84 108 Whole% rich

in CIPA with respect to the amount of mPD charged to the reactor. The analytical
method worked very well when the bulk of the water had been removed. Running the
reaction near reflux facilitated this. This resulted in a clean HPLC trace, and
generally, there was no chlorophthalic acids present to complicate the determination
of the stoichiometry. Additionally, most of the bis-amide-acids were ring closed, and
most of the monoamine had reacted with CIPA. The CIPA and monoimides were
clearly delineated in the HPLC trace resulting from running the reaction as described

above.

Once the CIPAMI had been adjusted to the desired stoichiometry, Sodium
Phenylphosphinate (SPP) imidization catalyst was added to the reaction mixture and

the CIPAMI was dried in the level control mode at atmospheric pressure in the
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content, 355.9 pounds of dry weight C PA. The nateri al

was heated to reflux before analysis by Hi gh
weoeendomssmnce Li qui d Chromat ography (HPLC) to deCems2is/045590

thenol ar ratio of diacids to anhydrides. The sol ution

was al so anal yzed for 3- and AC PA and phthalic

anhydri de. Phthalic anhydride was added at this stage
présencehdt the SinddPATon Madlysen 1ABhia rdieY loeDeBdivasréiroedH)m the

103. 5 pounds) was then slowy netered, over a 2 to 4 _.
tarkowhilpdiot oty t @D Was aspravsa imfck the Beadpace,isthe reactor, while

intain . ' n £, .
RSB TIROE S ool AR ARLE AR ' s
oftleRactat wae thiis fofeedaip ammhotithef thacéaetor.ofAftdrehe eaertheads of the

was set at 204C (400 OF). The water._of im di i on, and
repess JRLLAREN o e e SRavEb AR s FPhevaL e ek to

j r I :
afl?gq) /o%ﬁ;% g’[ @%{1@50%%%%&50 THY@%r(FeL‘gHu@ e QYR8 it hsidMiMARBamounts

was added to the reactor to keep
oftGIRABMI| adhsrealt tot the vedlsiafabe vessel. Anp GIBAMIothat dideadhere to the

initial nmPD charge was 1.5, pounds deficient .relati
W%lﬂ“ieﬁee TETRRNAd ggt%a?rﬁﬁw Bi2apl S8 %ﬁ&ﬁ%&dﬁnﬁt sWSequent
po%@@iiﬁ_ alioN@sacBiBhYsE] Geisr h&hstro-ﬁﬁl}s adiRfedd@nehet Wal)EVERIS led to

sticking of the material to the sides of the vessel.
polmarhyith Yesy éow end aeseptgbledeyaleoft residippd CABAMIewt oni an

m xture stirred with sufficient efficiency where the
B8 Tz{ial was mxing well in the reactor and there were

no-stagnant areas in the tank. Upon the conpletion of

the nPD addition and after the bul k of the water had
Theenembpweedhirt ne deschibed trkxanapls drpdsdolbdwedhdn theangl step, SPP

O S GG Mt DRG0 ahg s Bl Mt rjdpnder
prgsgﬁ h@@{,%ti?ﬁsigﬁ%t addaderiré n hhangt O £HInCABRILE 2197C tdbout

s 0.05to 0.3 nole%richin OPA wth respect
230eC {(4nes°aro Ws D atndP¥dlidk avyenktstod fionealromad fYrto TMe Hot o-DCB

anal ytical nmethod worked very wel | en the bul k, of
SPraYew dRabesd RaPaBoRAtSF SiRBY EiF. VIREFHAD ﬁbevTeHgll ol sleneQpee the
ovefHehd! )f)—f)@? biak abésl tdicontaithieds iRaubd %?ni WaferC iRaPrebdkCwas
trace, and generally, there was no chl oropht halitc )
refieiedsrqum dzevessd and trepiniaat of selisl d@dhinthe lurryorastadisted to
o b 695 e % 10 20y s TBae G or o e potymeriation

reaction.

Once the polymerization reaction was completed in the imidization/polymerization
vessel, the reaction mixture was transferred to the quench vessel. The polymerization
vessel was then washed with hot 0-DCB to clean the tank. This rinse was found to
contain undetectable amounts of CIPAMI and was then sent forward to the quench
tank as long as there was no residual CIPAMI adhered to the wall. The polymer made
from this process contained less than 100 ppm CIPAMI. Batches where these
conditions were not followed (high solids, higher oil temperature, no stoic control
during mPD addition) contained 1000 to 3000 ppm CIPAML
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nost of the nonoam ne had reacted wth C PA. The C PA

and nonoi mdes were clearly delineated in the HPLC
wonrem®ss®sul ting fromrunning the reacti on as #esaiseed45590

above. Once the C PAM had been adjusted to the

desired stoichionetry, Sodi um Phenyl phosphi nate (SPP)

i mdization catal yst was added to the reaction m xture
ThN§i DA wetePAM edt@s ofirthe @ohdentdrend e ebadt@néontdinedod éprédipitate

at nospheric pressure in thepresence of the indization

theughatq/eampriss €HiAsanhiel addgeipos-Tiab GosmsiEg isgRTdEte Was
sub 8 lellsBa Bbe B obatinid o AR RO A B IR st ant

| evel (weight) in the reactor. Any water lingering in
Thehmveetash bhs bben desicibed inadetdihusthf partiedlau pefaredcode poéferred

he.reactpr. After. the overheads .of the reagctor e
eragirn &gt ipio-15Ge) i Gh EHGAER oL beR aga iy daf art tht
vafih@&Rst Bed tradikfidaRiont f@hdbCleftodkd abitdl the @i 9ad isdspe of the
~ This procedure resulted in insignificant anounts of
IGNBAM adhered to the walls of the vessel. Any O PAM

that did adhere to the wall were renoved with a spray
nozzl e or was dissolved during the subsequent

pol yneri zation reaction (i.e., it is not strongly
adhered to the walls). This led to polynmer with very

| ow and acceptable |levels of residual C PAM. Exanple
2 The general procedure as described in Exanple 1 was
followed. In the final step, SPP imdization catalyst
was | eft out of the reaction, and the C PAM was dried
under pressure (18 to 25 psig), at a tenperature in a
range of from about 2180C to about 2500C (425F to
480F), at a solids contents of from about 15%to 17%
Hot o-DCB spray was used to chase water fromthe
vessel in the level control node. Once the overhead
0-DCB was found to contain | ess than 20 ppm water, the
pressure was relieved fromthe vessel and the anount
of solid APAM in the slurry was adjusted to a range
of from about 20%to about 25% solids just prior to
the pol ynerization reaction.
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Once the polynerization reaction was conpleted in the

i mdi zati on/ pol yneri zati on vessel, the reaction
waindeseionas transferred to the quench vessel . PTNAIS2005/045590

pol yneri zati on vessel was then washed with hot o-DCB

to clean the tank. This rinse was found to contain

undet ect abl e anounts of C PAM and was then sent
wHamasrc AV EDESquench tank as | ong as there was no

residual C PAM adhered to the wall. The pol yner nade

fromthis process. contained |ess.than. 100 m Cl PAM .
1. Bt ChES R GPRTEREEE AT CPBE T St BB SHEAT ORE g

solids, higher oil tenperature, no stoic control

uri b 5o & 188d oA AN opMhAROhHREATe and at least
(A?:I Pxﬁﬂ%agﬁgagﬁ%%%ﬁg%%r col | ected offf)t he condenser of
onthelvemact or contained a 'precipitate thought to

conprise C PA and nPD adducts. o-DCB conprising this

e8!S I BB R YDA g pBat o «

Pti6nal” bat ¢ n
reft€6A niR6eE, | ARUrcattidehpitireWeiny garidteridedbyraheanitint mofap ratio
referred enbodi ments thereof, but it will be
Ofﬁ)ﬂﬁ]@élﬁ@ﬁ%m?nf]ﬁ&@a@mel;l ed in the art that variations
and nodifications can be effected within the spirit

d f | i -
(C?nrs]t r%gfﬂ%g%}ﬂ: reh&forl AVERE! AV slep @HAb Mﬁ@rﬂp@ra’rﬂrg dF at least

prepari ng a bis(hal ophthalimde), sai
1008C hatoadiypini tke ppsencApf pr ep@izatign gatedyst, ur e conpri si ng
at | east one hal ophthalic anhydride and at | east one

olvent,. (B) addi.ng to the m xture forned.in ste
O 1 @ating e fastipnae GrF oY abe eRRRT R of 1RO ©
del&ERld (RO irHi A i 18r R8b BIhAbBKBSTCAgadddY diafinenadd al
nolar ratio of hal ophthalic anhydride to diamne"; (O
heat i nfg the reaction m xture forned in stef_) (B) to a
‘n the

(B) enpresrfaring osf step selegisd roppthe, eroppt ¢apsisting o

presence of an imdization catalyst; (D) analyzing the

o %fh‘friécwgé UF Qi Rh 8 Ry nli N GreC RIFREA Y 1RO cBbifaBBS of steps
(A)- 0 determne the initial nolar ratio of o
(A)aCypdtablaiie aditoyrdetediendlar ditiattiofehalephthalis)anpydridsr ivi digmine,
sa%1 (e:or%cte 1?1(6)15%1&9 bfe{ngq]ntahl%n era %Pwé:e%nzi)lo%tt QBQ a%fd' about 2.3, and
heating to a temperature of at least 100°C to obtain a bis(halophthalimide) product

mixture that is substantially free of water; and

(ii) heating to a temperature of at least 100°C the reaction mixture formed by the
combination of steps (A)-(C) to obtain a bis(halophthalimide) product mixture that is

substantially free of water.

2. The method according to claim 1 wherein said analyzing the reaction mixture
formed by the combination of steps (A)-(C) to determine the initial molar ratio of
halophthalic anhydride to diamine, comprises determining a concentration of
halophthalic anhydride, a concentration of by-product halophthalic acid, and a
concentration of intermediate monophthalimide monoamine in the reaction mixture

formed by the combination of steps (A)-(C).
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(i) adding anhydride or diamne to the m xture forned
by the conbination of steps (A)-(C to achieve a
wocearerossted nol ar rati o of hal opht hal i ¢ anhydPCUa&ISE@®5/045590
di am ne, said corrected nolar ratio being in a range
bet ween about 2.01 and about 2.3, and heating to a
tenperature of at |east 100C to obtain a
3. bi s(thRl srMdaakicBidie) torcdinetl Mberdis esaichais(hadophthalimide) has
substantially free of water; and (ii) heating to a
strueftyee bt ure of at | east 100C the reaction mxture
formed by the combination of steps (A)-(C) to obtain a
bi s( hal opht hal i mdgle) product m xture that is
substantially frege of water. 2. The’ nethod accordi ng
to claiml wherei R said 6@Iy2|ng he reaction m xture
formed by the co oRste (A-(O to

deternmine the i I ar hal opht hal i ¢
anhydXije-o di conpri se g 21
concentragf on of thalic P
concentrali on of ct d, and a
concentrat Nan_af/ i nt er meti a2 nonophX hal i i de
nmonoanmi ne in the reaction m xture for y the

conmbi nation of steps (A)-(C).3. The nethod according
to claim1l wherein said bis@fhal ophthalimde) has
structuture | | wherein X1 and X2 are independently
fl uori ne, | orine, brom _ne or |odine; and

wigzeir20 2 6] @pindgpendatly Suprps. chlorng, lztgm@kﬁoordpalaﬁe%w Qisa
Cg?g oinﬁltvlrﬂ%ntr @Hgﬁﬁk adical? 4 % (o dleeﬂle o4t 3adicRANAE 12CC,y-Cyy

epende y at ea occurrence an
dﬂramér&ge_,rcldaapgatrcgrafdmam f isoindlepehdeifthe amett¢io dcaooamcelianginteger
tQ clalni xherein t he hal ophthalic anhydride is 4-
rapHn F8Pht tati ¢ anhydride, 3-chl orophthalic anhydri de,
4- quorophthallc anhydride, 3- fluorophthalic

4.anhyti{d #Rthodr acBordingt 4 6lafR NP iheteid tiad halepmamwmﬁ,ﬂnaa ds 4-
foregoi ng. 5. The method according to claim1

chidveplgbalicepnhydsde &i-ed expphihalim anhedrigleo érﬂwmtwwrﬁghbéﬂde 3-
ﬂu)?%pg{glgﬁ%%g?&nde, o] S CRANA RN at S oo thOFdiER e,

5. The method according to claim 1 wherein the solvent is selected from the
group consisting of chlorobenzene, o-dichlorobenzene, anisole, toluene, xylene, and

mesitylene.
6. The method according to claim 1 wherein the solvent is o-dichlorobenzene.

7. The method according to claim 1 wherein the at least one diamine has

structure 11
H,N-A'-NH,
11

wherein Al is a C,-Cy divalent aliphatic radical, a C,-Cyp divalent aromatic radical, or

a C4-Cyp divalent cycloaliphatic radical.
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mesityl ene. 6. The nethod according to claim1l wherein
the solvent is o-dichlorobenzene. 7. The nethod
weacoewrods4gy to claim 1l wherein the at | east onePdTAIS206/045590
has structure Il HZN-A*NH 2 Il wherein AL is a C-Q2
di val ent aliphatic radical, a C2-C40 dival ent aromatic
radical, or a C -C20 dival ent cycloaliphatic
8.r adi Thd mBthodhecordinpod chimalr dhagirt hecdt deas dnevdigméiers sélected

at | east one dianine elected fromt r
froap g gpmmtﬁ)r@*shagyﬁp%@qﬂ?fg 1&(&@5(4 amlrgopﬁeny%sﬁy(?ne.
bi s(4-am nophenyl)sul fone. 9. The nmethod according to
o.clai 'T‘hé-m\@ﬁﬁ)rdeéc@oﬁﬁﬁéjtodélﬁm Rewh&einafE bfamhild RMBeldfed from the
group consisting of aromatic diam nes |IIl and di am nes
grovp ¢dnkisting ehapmiatic Rianzines IR2nd dgamindepPéndent |y at each
occurrence a halogen atom a nitro group, a cyano
group, a C2-C20 aé$atl c radical, C2-C40 aromatic
radical, or a C4 Zadi cal ; and "n"
and "nt' are independgntlly integers ranging fromoO to
4. 10. The method a&cdr ng to claim9 wherein the
aromatic diamne is sel m t he group consi sting
of met a- phenyl ene di am ne par a- phenyl ene di am ne.
11. The nmethod according to claim1 wherein the ‘
tenperature of the reactiongfgi xture in step (C is at
| east 150C. 12. The net hod cording to claim1
wherein the tenperature of the reaction mxture in
step (C) is at |eagtN200C The net hod according to
claiml1l wherein the im catal yst is sodi um
phenyl phosphi nate. 1 z) according to claim1
further conprising at Telast one|step sel ected

wherein R' and R? are independently at each occurrence a halogen atom, a nitro

group, a cyano group, a C»-Cyp aliphatic radical, a C,-Cyp aromatic radical, or a C4-Cao

cycloaliphatic radical; and “n” and “m” are independently integers ranging from 0 to
4.
10. The method according to claim 9 wherein the aromatic diamine is selected

from the group consisting of meta-phenylene diamine and para-phenylene diamine.

11.  The method according to claim 1 wherein the temperature of the reaction

mixture in step (C) is at least 150°C.

12.  The method according to claim 1 wherein the temperature of the reaction

mixture in step (C) is at least 200°C.

13.  The method according to claim 1 wherein the imidization catalyst is sodium

phenylphosphinate.
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fromthe group consisting of; adding the imdization
catal yst prior to step (B), and adding the imdization
woab@logst7f ol | owi ng step (B). 15. The net hod aecomsmg/045590
to claim1 wherein the hal ophthalic anhydride, and the
di am ne when taken together are present in an anount
corresponding to an initial solids content of the
14rb ea(ff}ieoxlti;leﬂiio& tadcf(ﬁcrl]lh pta c{]aag gleﬁfrlheﬂgcccmbmmnél% Teast ashah step 281 %eted
wei ght. 16, The _method according to claim1l erein
fr@a.the gr%py%qﬁﬁtl%ﬁﬁrfrdgl@bg thealnydizatighy catplysf; prior to step (B), and
hy, or a conbination
adtﬁ ?gﬁlﬂﬂﬁﬂgwcatg §tfﬁgg‘gla}%t d?ﬁg to claim1 wherein
at | east one of steps (A)-(C and (E) is perforned in
15a r ébist method @aecardingae elaimelt whﬂn‘eimrthz daa]@phthﬁa'c afrlhnelride and the
& hodac d|n to claim1l whe { % 9 tial
‘%?lé‘ﬁ sYIR) %&5‘ ahe(ére |p§6368? frbmamuﬂ 80?%%’8{’ pe o fan initia
soB@YIcORent ¥ e Rhctloaagixt@reinf A uaaige s tRdut 8by & abtldt 25% by
The method according to claim1 wherein step (E)
Wfé%]?fprl ses distilling a mxture of water and organic
conmponents, to produce a product mxture that is
6 conpri si %ﬁbé\écé&&ﬁgﬂ{g}gﬁ T unr eagatlgeigﬁﬂg%g%%?ﬂgﬁseg analysis by
llqaumg&n”omamgraphgt ghis ahmmmtog@phyThea cehbindtiactheradif.ng t o
cI aim 19 wherein said distillate is subjected to water

ey ar Hieon e rEaits R il o hRgh eb iar Seetateh Sakforme ®

is PErPSRSR ifi lagBacks! ReloF v atdraBiehfiéh Smeslp consi sting of (a)
preparing a mxture conprising at |east one

hal opht hal i ¢ anhydri de and at | east one saql vent, &E)
18addiHis met péagffor A& tQIFlaMm devhesein b leastangod stprpi-Orapd (E)

is gérlf&%?eﬁtm %r}g eﬂﬁ%&@@lﬁltﬁ AL %sﬁ‘\?\ﬁoﬁ?ed Givd, one

vent Formarreaction mxture erein a portion

of the at Ieast one of said hal ophthic anhydride, said
19s 0l VBt me&hmﬂ sraz‘ocﬂing doriokemi § phavindgtdp W) s@ingprises distilling a
kB 0 565 % e TARDBEr R et G B B et i

substantially free of water and a distillate comprising water, solvent, unreacted

halophthalic anhydride, and diamine.

20.  The method according to claim 19 wherein said distillate is subjected to water

removal and recycling.

21.  The method according to claim 20 wherein said recycling comprises at least
one process step selected from the group consisting of (a) preparing a mixture
comprising at least one halophthalic anhydride and at least one solvent, (b) adding at
least one diamine to the mixture comprising at least one halophthalic anhydride and at
least one solvent, to form a reaction mixture, wherein a portion of the at least one of

said halophthic anhydride, said solvent, and said diamine is provided by said distillate.

22.  The method according to claim 19 wherein said distilling is carried out at

superatmospheric pressure.
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super at nospheric pressure.23. The nethod according to
claim1 further conprising adding at | east one phase
wonrensdBe7 cat al yst prior to or during step (E)PCD/US2005/045590
afford a product m xture conprising a phase transfer
catal yst, said product m xture being substantially
free of water. 24. The nethod according to claim1
73/\:h er'Biemethol aofording ps claAh -1( fythancbniizsin gsadivay adbmt obz@phase

a percent, solids conten sai ercent  sa
tr@éfﬁr éﬁtﬁfyﬁbpﬁ%’f ioe%fs‘?‘trﬁgﬁteé’o{fdtto g’J‘g SIHT%‘E-‘ %Xmﬁ%iéompr‘smg a
}ggé hadracaridt @91dtyﬁoﬁcahlmtﬁlré’ﬁk%%eéd?)sﬂaﬂtleﬁiyefPee(cﬁ)wat&a' d

lamne i s add at a rate such that the concentration
of unreacted dianmine in the reaction m xture at any

Mgu v efhet ingthodsaceprding tpe@llamel Whhl@lm@qlilo@f gepsotAl-tg ml (B) is

ereln

chgfaé:k)enggi ‘é’g gl%elr?eglz go]ﬂqsac%% sa1d %Jgr?:grgt sopgs Qén"i‘!%ﬂt% rg Mess than

ab¥at 1By séledsn 27. The nethod accordlng to cIa|n11
wherein said adding at |east one diamne in step (B)
conprises . the addltlon of sa di.am ne_t og et

230! vEmethgd agpprdmgin glgimdc eﬁlﬁgntsepé%sm S i qaded a
gg(tée E’UCF\@lata(Hg c&?cteh?ﬁ'l?dnl ¥ SrERtdddiafnitd i Ghe FABRSH ﬁﬁ)?ture at any

stilling water Tromthe reaction m xture through
giventien semimmizedai ned at a tenperature greater than the
boi I [ ng poi nt of water and | ess than the boiling point

oI v ng gﬁigg?r }ngttﬂ gpﬁnirlﬂlgnggre]l ﬁ%d g(hl af Ieagt SLone, dlemlne in
st§9(B)TJbﬁ1 ﬁeéms addiion 6f $d Banth@inmaendgnei n sai d
istilling is carried out at a pressure of at least 1

at nrosphere. 30. The net hod a cordin clajm 28
2lher Bisimgthed raceerdmedo s meleW 3 miq%gg ,%i 69§t Qgye diamine in

sté‘@é]%rcg g ths SOy %H@]tlbﬁ‘ o%auﬁ Qﬁﬁ{m@g) Qbhexg\;nth JRsvegt hod

toclaim1l ereln ste and optionally
step (C) further conprises dlstllllng water fromthe
28.eacTheomethiodt agcerding tughim T omgeis stepni) rﬂnéu W;wnally atep (E)

fugtﬁglp ?(ré@é u{eﬁ 3 seli’téxg rwatcra]ralgro;nh %eb(r)éalc{lcr)]lg bR tfl)rfougﬁt condenser
maintained at a temperature greater than the boiling point of water and less than the
boiling point of the solvent, wherein the boiling point of the solvent is greater than the

boiling point of water .

29.  The method according to claim 28 wherein said distilling is carried out at a

pressure of at least 1 atmosphere.

30.  The method according to claim 28 wherein a difference between the boiling

point of water and solvent is at least 20°C.

31.  The method according to claim 1 wherein step (E) and optionally step (C)
further comprises distilling water from the reaction mixture through a condenser
maintained at a temperature greater than the boiling point of water and less than the
boiling point of the solvent, wherein the boiling point of the solvent is greater than the

boiling point of water.
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boiling point of the solvent, wherein the boiling

poi nt of the solvent is greater than the boiling point
wofo00s88107 32. The nmethod according to claim3 BCHuUS2@®5/M45590

said distilling is carried out at a pressure of at

| east 1 atnosphere. 33. The nethod according to claim

32 wherein a difference between the boiling point of
32wat gheafethedby@nding So alaimeds wh2fCsaid AistAlingishaariédout at a

preparing a bis(chlorophthalimde); said nethod
presewsof 81 Ieast 1 @poshesar i ng a mi xture conprisi ng

3-chl oropht hal i ¢ anhydri de, 4-chlorophthalic anhydride
33and 1 ;LeRsd a ‘fdif;g'tx im $BWhefe RQifrdch8EL ¥R boiling

formed 1 n step (A) "at [east one aromatic diamne, to
pofrv ofiwater eat $al vent ms atlease20°6€ai d reacti on m xture being

characterized by an initial nolar ratio of

SRR ST e —

reaction mxture formed in step (B) optionally in the
(Apr eseaReingfa @ikt ehnzigidingn 3 caloadpishialict nhadtidsypectadropkthalic

of at least 100C, (D) analyzing the reaction m xture
anhyshridecng it kepst op sOIVEHE | on of steps (A)-(C) to

determne the initial nolar ratio of 3-chlorophthalic

(th hﬁqmn‘getg ﬁgg (ﬁég(ﬁme 9?1919&? habiks APy Masd l@né Qroﬁ{a@i@miﬁlflihnee, to

i am ne, perform ng one Step selected from

foign eupaction gisture gaidfrea¢tion addire yemgrohatagregized by an initial molar

3-cC ropht hal i.c anhydr. de d_.4-chl oropht hal i .
rol R DO o AR 8 M e B OP PP BT e G pate
difeeed by the combination of steps (A)-(C to achieve

a corrected nolar ratio of 3-chlorophthalic anhydride

and 4-chl oropht hali.c anhydride to _aromati ¢ di am ne,

(Cai dheaitng be regtionmixturaiorged i siep (B optipad§en g pisespce of an

iR ilor bl T Aot O RREGT, cpninat i b o)

product m xture that is substantially free of water;
(Dand apilyyinfekd reagtidronaxtusnfoetad by eheoforabinhdassf tGBCAYHE) to
ti i Xt f b
de‘[e%%?nel t re] ilrlri]tiél r%ro ar rgtrig% 3-¥hl(t)rr(])ghthalic anhydride and 4-chlorophthalic

anhydride to aromatic diamine; and
(E)  performing one step selected from the group consisting of:

(i) adding a mixture of 3-chlorophthalic anhydride and 4-chlorophthalic anhydride, or
aromatic diamine to the reaction mixture formed by the combination of steps (A)-(C)
to achieve a corrected molar ratio of 3-chlorophthalic anhydride and 4-chlorophthalic
anhydride to aromatic diamine, said corrected molar ratio being in a range between
about 2.01 and about 2.3, and heating to a temperature of at least 100°C to obtain a

bis(chlorophthalimide) product mixture that is substantially free of water; and

(ii) heating to a temperature of at least 100°C the reaction mixture formed by the
combination of steps (A)-(C) to obtain a bis(chlorophthalimide) product mixture that

is substantially free of water.
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conbi nation of steps (A)-(C) to obtain a
bi s(chl orophthali m de) product m xture that is
weubwioaswral |y free of water.35. A nmethod for PCENSRI0BGLSSI0
a bi s(4-chlorophthalimde); said nmethod conpri sing:
(A) preparing a m xture conprising 4-chlorophthalic
anhydri de and orthodi chl or obenzene; (B) adding to the
35m xtAufRtHodrfoe frepirigd €pis(@AdhlerophthhlithleRfsaidehathpb eoypssing:
di am ne and par a- phenyl ene diamne , to forma

reaction mxture, said reaction m xture bejng .
(AdhaPERAENEze@ bYPIEHTS niCPTRISHS| a'fl]-CPiw?rgﬂ%%ﬁw anhydride  and

Oﬁb%igh]g;&ggﬁgﬁli c anhydri de to netaphenyl ene di am ne
and par a- phenyl ene di amine; (C) heating the reaction

m xture formed in step (B) in the presence of a o
(Byat addiog to the mixtenefermzaduneteapf (Adta hizage of 0B@-pliapylene diamine

nal yzi ng, the.reactiopn m xture forned by.t . . .
o Gt ishS i TREL L RR ey B Al Rion pigtugg being
chiftefizé@tyo aff infti4l hinela@ phatibabf ci-abipghithalec tanhydride to meta-

nmet a- phenyl ene di ani ne and. par a- phenyl ene di am ne; and
phemjlensehipmine ang rerrerhendisne diagiReéd from the group
consisting of: (i) adding 4-chlorophthalic anhydride,

(el e G R R R P 0 B A Pboence of g catayst 0

a teiypértagire ofritilaat 100PQf steps (A)-(C to achieve a
corrected nolar ratio of 4-chlorophthalic anhydride to
net aphenyl epne di am ne and_par a- phenyl ene di anj.ne, [

(Ddor rBebaME s Hachal MR, %@nﬁﬁ by thex¢geb1paicfk Stglbso@%%-(%) to

e tmélas: 1500 htngli@ afU R tHheal]
o S 0 AR LS R

digmindand pataxthgn@enddiomirs; subst antial |y free of water;
and (ii) heating to a tenperature of at |east 100C the

eaction mxture f I pation.of steps
(EE A) H E?’n?%]gooonteésfe ngeﬁrgggﬁ-ﬁcl %@%@%%ﬁéﬁo%) pr oduct
m xture that is substantially free of water.
(i) adding 4-chlorophthalic anhydride, or a mixture of meta-phenylene diamine and

para-phenylene diamine to the reaction mixture formed by the combination of steps
(A)-(C) to achieve a corrected molar ratio of 4-chlorophthalic anhydride to meta-
phenylene diamine and para-phenylene diamine, said corrected molar ratio being in a
range between about 2.01 and about 2.3, and heating to a temperature of at least
100°C to obtain a bis(4-chlorophthalimide) product mixture that is substantially free

of water; and

(i) heating to a temperature of at least 100°C the reaction mixture formed by the
combination of steps (A)-(C) to obtain a bis(4-chlorophthalimide) product mixture

that is substantially free of water.
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