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PR&:@@%‘% PREPARI NG BI S( ETHER ANHYDRI DES) USI NG ALK&A#% Rl VED
'BI SI M DES HAVI NG LOW MELTI NG TEMPERATURES BACKGROUND I C?;Lg

1. Field of, the Invention This invention yelates generally to proce for
.prepar wng bi s(ether anhydrides). In particular, safer and nore efficient
imdization, nitration, displacenent and exchange reactions |leading to the
preparation of bis(et her anhydri des) are nade possible as a result of
conducting the 10 imdization step with a |iquid al kyl ami ne wherein the

al kyl group of PROGESSFORPREPARING BISETHERANHYDRIDES)USENG bon

atons. 2. Brief Al t paring
bi s(et her anhydrl gjrﬂewE ]?FRLVE&B 29 ﬁl;\Vlﬁiﬁrl des?‘éa?glﬁte
i nt er medi at es used to prepare pol yetherim vvh| ch are well known

conponents for plastic autonobile parts and the | i ke. Bi phenol di anhydride
and bi sphenol A dianhydride are two frequently used internediates.

Processes for preparing such bis(ether anhydrides) can involve four

i nternmedi ate steps. Those process steps conprise: 2 0 (1) an

i midization step in which “make-up” n-al kyl phthalimde is synthesized from
an al kyl am ne and phthalic anhydride (2) a nltratlon step in which the

n-al kyl phthalimde is nitgake , . tion step in which
the nitro substituent on tHe—phtH : Ft1s—utspraced and a bi sim de
is formeds andt Zﬁgklgiﬂuakgagﬂyl_ansfornat|on step ("exchange reaction") in

whi ch the bisimde i rﬂgéﬁgﬁﬂg%a?g %@ngpﬂ ce£¥e§ff ?@P\é{ﬁfﬁ reacting

the bisimde with phthalic_an ence am ne and

water. The exbiségther mléﬂﬁs b @&FPF‘&‘GL ‘hmfﬂ‘%é ientinjidizatiome
bi'si mi de is hyifatior; eisplacdribht &l éi?dm‘i'\'gb}fd&@icﬁﬁ leading t6'thé préjsaration

of bis(ether anhydrides) are made possible as a result of conducting the

10 imidization step with a liquid alkylamine wherein the alkyl group of the
alkylamine preferably contains at least three carbon atoms.
2. Brief Description of the Background Art
Processes for preparing bis(ether anhydrides) are well known.
Bis(ether anhydrides) are intermediates used to prepare polyetherimides
15  which are well known components for plastic automobile parts and the
like. Biphenol dianhydride and bisphenol A dianhydride are two
frequently used intermediates. Processes for preparing such bis(ether
anhydrides) can involve four intermediate steps. Those process steps
comprise:

20 (1) an imidization step in which "make-up" n-alkyl phthalimide is
synthesized from an alkylamine and phthalic anhydride,
(2) a nitration step in which the n-alkyl phthalimide is nitrated,
(3) a displacement reaction step in which the nitro substituent on
the phthalimide ring is displaced and a bisimide is formed, and
25 e (4) a transformation step ("exchange reactlon“) in which the
b131m1de is transformed to dianhydride, preferably by reacting the
bisimide with phthalic anhydride in the presence of triethylamine and
water. The exchange also can be carried out by a pfocess in which the
bisimide is hydrolyzed, acidified and dehydrated to form the desired



2 bis(ether anhydride). The resulting product can then be enployed to
prepare polyetherimdes such as ULTEM err] pol yetherimdes commercially
avai |l abl e from General Electric Co. See, 2or exanple, U S. 4,020,089 to
Markezjch (imdization); U S Patents 4,902,809 to G oenaweg et al.” and 5
4,599,429 to Odle (nitration); U S. Patent 4,257,953 to Wllianms, met al.

(di3pl acement pis(ether Ahkydidéy The ras@itihgdfiddanticah thed B2dmphsidd oo Heath et

al . (exchange_reaction) ., As W.th n i_al em cgl synt hes;j :
ot ocesses ¢ refPre peleneRmity s P ¥e, ULTERIE iy Bettinls Souuatiafivo,
econoni c, 10 available frome GiepleralrElectvierGo.| Sed, forexampleatiis.c4,620,689 toave
specifically j . ' ' rat f the
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avoi ded, 2oul #P3449 toOdle (nitration): ¥\ Fatand 4,257 953ite WillinmsgHI gt alsent ed by
net hyl am ne i @isplatéhent)iand UL Pateats 3)957,86241d 3/879,408)béth tBHedthe® i tS
boi l i ng tenper g%r; s rel tlyely | ow, therefore rendering it gaseous at

t enper at ur es ﬁ'ﬁ ?‘ﬂﬂgﬁﬁeﬁfgﬁé‘ ‘up phthalinide is synthesized. As a result,
met hyl ari ne r equi r esAseith alariyoeomngasiabchémivai sy nthesis [processes) ghéree

erml oyed t o chaifedoerd artHebind by iftbroviihe driConRITRBRGNICS V7| T0L1 Y
form Tht0l| | qenvirenmental and averall efficiency aspests. Wedwvespecifisalyer
sol i difies onjddhifid ﬁén&%dfhﬁe&?%ﬂﬂ&% tﬁ@gﬁégﬁ%ftﬁ% JFtRE MAQRR-ups @

result, the copdenser,is taken o stream a not.her,_condenser utilized
dhile the bl oBR lm@aﬁp@cméﬂﬁﬂﬁr}&m@s& thatyif avaided; eauld econg
condenser is Iaditogsrovessimproeements.once it becones bl ocked. A safer and
nore efficient proceﬁ‘ tdhus l.s,desired.. WA

met hyl - deri ved pht ha i bs@dﬁlggmagwrﬁe%tg{iﬁ, n%‘%ﬁ‘“%gvﬂé %?%5@%&'&{ Ihtrjlg must be
stored alSt enpethylamineds nabonly to3&], but alsodts bailingteinperatuee ist reldtagby t he
"make-up” pht Rk tReHFold rdrddtir} it gaseous at temperatures under which make-up
phthalimide is synthesized. As a result, methylamine requires special
toxic gas equipment when preparing the "make-up" phthalimide. In
_addition, at least two condensers are typically employed to condense
20  methyl phthalimide to its more practical liquid form. The liquid -
" condensate which forms in the condenser, however, solidifies on the walls
of the condenser and creates blockages. As a result, the condenser is taken
off stream and another condenser is utilized while the blocked condenser

is heated to remove the residue. The second condenser is similarly
25  removed once it becomes blocked. A safer and more efficient process thus
is desired. | '

In addition, the resulting methyl-derived phthalimide has a high
melting temperatui'e and thus must be stored at temperatures of about
133°C or higher in order to keep the "make-up" phthalimide in liquid

30  phase for further processing. :

The overall efficiency of nitrating methyl phthalimide is
relatively low because recycling the methyl phthalimide nitrating agent
requires a relatively inefficient nitration concentration system. After

" nitratirtg the phthalimide ring to form a methylnitrophthalimide, the



30 phase for further processing. The overall efficiency of nitrating
met hyl ,phthalimde is relatively | ow because recycling the. nethyl

pht hal i m de nitrating agent requires a rg’ﬂatively inefficient nitration
concentration system After nitrating the phthalimde ring to forma
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di spl acenent mneethylmitrophthadirhideptadagedhal i mi des with the salts of sodi um
bi's phenoh_s These by- The N-methyl nitrophthalimide product then is dried by
~ partitioning the product from water intd toluene. Handling -
environmentally hazardous organic solvents thus is required. Organic
solvents also are required in the displacement reaction which forms the
bisimide. . _

20 Further problems and inefficiencies are presented when
extracting the by-products created by the displacement reaction of
methylnitrophthalimides with the salts of sodium bisphenol. These by-
products typically are extracted at temperatures of about 85°C using alkali
solutions at concentrations of about 1 to about 5% alkali. Extractions with

25 such solutions can cause hydrolysis of the desired bisimide product, and
as a result, the time, temperature and alkali concentration must be
monitored in order to minimize such hydrolysis.

Displacement reactions with N-methyl nitrophthalimides also
" can be carried out to only about a 22% solids level in the bisimide reaction

30  mixture. If the reaction is allowed to run to a higher solids level, bisimide
product precipitates out of the solvent. In addition, substantial amounts
-of organic solvents are required for processing mixtures at these levels of
solids. Running this reaction to a higher, and thus more efficient, solids
level thus is difficult and limited.



. products typically. are extracted at tenpegateres—ol g .[err] C using
al kal i+ sol utionsTX Shezt o SeRIBEE  of a% tTHIS BHEEh oYY kal i .
Extractions with i , i ons can gause MF >+ t he desired

- bi sim de product, t, the ti e tenperature and al kal i

concentration nust %)ﬁguni tored in orde{ to pinimze,such. )i)dr.ol.ési S.
Di spl acenent reacti GERrieRalirareEr B thepirhaReS Frastionyity basimui
out to only démived frod? thethyl amihesy eThe reaction infuentosf the prefesred3 0
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amount s of offt mipeyanhwellasdhe egeimpanying tpansieddizagioniprodusts oft t hese

level s of sobhiiSrealtdnby @%é,t Bisfinide2 fhiddadid, éid&i?tﬁ!{tﬁ%ﬁé‘ﬂciﬁbﬂﬁd Ry €

~efficient, solids l.eyel. us_is difficult d | . 4
al so occur iweﬂna r&%ﬂ{m e Bysproducts ypically; areqemayed; Ricextractingntbeny |

am nes. The intidletproductsf inte téluehe,thergbyed dvingcthe>egndlilpdureand leavingnpr i ses

bi si ni d d ' ' t o] A0y || th
ncoompany: no SV AEER A Sk fn AEANAELHE p%?g%o?h@%?&ac%%@sish%?;g&’? bi 51 i de,
i mi de acid, wripped ofpmateniand triethylanvine ko lnaviethe desined idianhydride.pr oduct s
typicaljy argy EFveY bRINIAS, gﬂgrelfv% ﬁa{(}edaeliﬁi;;&ﬁuéalﬁbﬂ Pn tOEREE

t hereby drivin e equilibrium eavi ng on tetra acld salts in the

aqueous phas@‘?f 59@0%.t}arwhp§!t1°2é¢am praduspaelids inghesxchange

“triethyl am ngeatioh @ tReseltisit¢idies Mow,@%ydbodﬁu%mmeaemaeﬂkybissI m des,
however, hav a'éelgcm ted solubility in 10 tol uene, and, therefore,

t hroughput o est tion product solids in the exchange reaction of these

bisimdes is low, e.g., ab@UMMXRY-OBRTEE BNMENTEION i s desired. SUMVARY
OF THE ENTI ON T | ' . e present
I nventi %%IV The i nvggltllé%&%&%x%%ﬂ?ﬁ%%@é@?ﬁ%oﬁ%g@éﬁ#f% a;i %%'H:esi zing an

N-al kyl pht hifiventiga. Therinyantive method dncludes the stepaafi(2)isynthesiging an
anhydri de; (i)-alkyl phthdlinidefrdmelikbquid alkylamine and (ii) liquid anhydride;
(b) nitrating the N-alkyl phthalimide to produce a N-alkyl

nitrophthalimide; (c) purifying the N-alkyl nitrophthalimide employing
20  liquid/liquid extraction or vacuum distillation; (d) drying the extracted or
distilled N-alkyl nitrophthalimide under substantially solventless
conditions; (e) reacting the dried N-alkyl nitrophthalimide with a
bisphenol alkali salt to form a bisimide wherein the solids level of the
reaction is at least 30% by weight; (f) hydrolyzing the bisimide to form a
25 tetra-acid salt; and (g) acidifying and dehydrating the tetra-acid salt to
form the bis(ether anhydride). |
i The liquid alkylamine employed in the imidization step
preferably contains three or more carbon atoms. As explained more fully
below, the presence of such an alkyl group in the various reaction
30 intermediates further improves the total efficiency of the bis(ether
anhydride) preparation.
Butyl and propyl amines are preferred liquid alkylamines in
some instances because of their relatively low cost. When employing a
continuous process of preparing bisimides and/or bis(ether anhydrides)

& carried

I nefficiencies

5



.phthalimde to produce a N-alkyl nitrophthalimde; (c) purifying the

N-al kyl nitrophthali.m de enploying liquid/liquid extraction or vacuum
distiilation; (d) drying the extracted orddistilled N alkyl

.ni tropht hal i m de under substantially solventless conditions; (e) reacting
the dried N-al kyl nitrophthalimde with a 20 bi sphenol al kaI | salt to form
a b sim de wheubstantiakcosbsavings tvad cat be realizedc Budyll, psopyl ansbhexyd0% by

L (1, B RE i p i g v

ﬁ bisimde to,forma
tetra-acid salt; andQneer merepf éﬁg’) @mnamya BEQCRss $tRRS agordingctog salt to

Iﬁr m t hg bi tS( Qﬁf@Q{\v&WMx@?lsﬂQ}Bn b'é':_em?lovedﬂt%Qd intetntedihte)stepri bxﬂe enpl Oyegs In

e im | zation ste efera cont ai ns on atons

expl ai ned>nor E°’F‘ﬂ?‘l"§°’??élpdﬁfesf fof PIERATIRS 3¢t @gﬁréﬁ&éﬁﬂﬁasgr oup in the
various reaction int Fomedamipbs thelf‘uﬂake-upi‘pphth&hnmdtenbwttambéprepaudy of the
bi s(et her anh r referred
liquid al kyl aﬂ%g@uﬁﬁsgﬁ?@@\hg%"as %ﬁ%%e‘% ﬁsrsegﬁﬁ "|e| r rl%F)gt Pvel y | ow
cost. \Wen eng lsyiarﬁvg\gathemﬁeﬂrfebﬂse probendli u@s equipmeentipedifor ni des and/ or

bi s(et her anhyﬁié ne. D substantial cost savings thus can be realized.
di anhydr Adbs. one Q?ﬁﬁnﬁa}mpnﬁwf s 4B B BoPBRRaE AUtsBRYeEC (0, i ng (o0
this inventi oranhya@lda)monbacmiplepyadnaw beprepacedrbgti(a) praxtiding aNsalkyl
The. ke up” EORRARIAF aBE AEARRs kbR 3,!’2‘559?%’@‘ iRl paE O 2
opposed to gasnh‘ahngmgnnt andr(e) pnynfumgetheé‘ﬁak@'ltmbonh hmdetemp oying
gas-handl i ng figigila Zﬁ c*"éﬂ?aétﬂfn &B@'M\ﬁmcﬁﬁllla&n This roces&'tl*i"l&(yI
ni tropht hal i m or preparl 'g M?E er a Xdl’l de) for exanple,
can now Bé p Wﬂ‘htj‘*‘g injent ter process. As mentioned
' : earher, the belt filter process consumes substantial amounts of water.
Moreover, the extracted or distilled N-alkyl nitrophthalimide now can be
dried under substantially solventless conditions, which also reduces the
amount of water consumption during the nitration process.
20 Alkylnitrophthalimides according to this invention (wherein the
alkyl group has three or more carbon atoms) have a relatively high
solubility and provide for bisimide preparation reaction mixtures having
a solids level previously not obtained with methyl nitrophthalimides.
Substantial amounts of solvent thus are avoided and higher throughput of

25  substantially pure bisimide product is provided when employing this
invention. As a result, bisimides suitable for preparing a bis(ether
anhydride) now can be prepared by (a) providing a N-alkyl
nitrophthalimide and a bisphenol alkali metal salt; (b) reacting the N-alkyl
nitrophthalimide and the salt at a solids level of at least about 30% by

30  weight solids to form a substantially pure bisimide; and (c) extracting the
bisimide. The bisimide also can be prepared under substantially
solventless conditions, e.g., at a 100% solids level.

As mentioned above, any or all of these steps can be employed in
a bis(ether anhydride) preparation process. In the alternative, one of the



phthalimde and a nitrating agent; (b) removing substantially all of the
nitrating agent; and (c) purifying the N-alkyl nitrophthalimde enploying
liquid/liquid extraction or vacuumdistillation. This process thus 15
.alleviates the need to run an inefficient belt filter process. As nentioned
earlier, the belt filter process consumes substantial anmounts of water.
Nbreover thesteps descritedoabotiestainl beceimplaytedyin anbis(ether anliydiide) now can' be

dried under A¥idribhea a0 Bﬁﬁ?mﬁ?é‘éﬂ&x?ﬁ@és ciVeiiopbERspgauces the

anmount of vvat r*consu I on nitra pr 0cess.
Al kyl ni t ropht hal i mi des accor di R&EAILBD ) wher ei n the al kyl ‘group

has tgre;a orbm)re CaThOtheli mbéﬁ&ufksrcﬁ'tﬁé'alfl&}lx@b:ﬁ ployed! | té’ alnd I
provide for bisi aratign reactj.on S s |leve
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of sol vent t hinveatiendv eirjsidy diephid irgdetant. Tleeigliylémirfes 26cording $6 Hrisi al | y
pure bisim de, duct Vv |
result, bisim eRGHB a[ré EIHBE#)S AtdagibM?QoﬁMQg& a?ﬁ[%mé%‘%ﬁﬁgyddﬂg lFll'(ég\'\i/slvecan be
prepar ed by (m)\gprQMSaCrtg 250%¢.a 9|alkyltgropps nﬁthese@ékxdﬁmxaemm@hm al kal i
nmetal salt; eéS? 61@9aﬁ&' rgfegégq/y fBettBQﬂ{‘Eiﬂidnm de and the salt at a
solldslevel e} bNgliﬂ'E by 30 rl uﬁ#oforma
subst ant}@l Iy pure ? B sv 'B?%%Bﬁmga 0&‘& atarne pisinide
al so can be zaehmrid&hes aﬁlS&td 3bant/1707C. Péster oredited dusingethg. , at a
100% sol i ds I i ned bove s can be
enployed in a 6?61 Aﬁgﬁ osry"& ?s'f)Ps’erﬁg}g‘ﬁ%%!%Bh%R §§gﬁ?&@%eﬂal ternative,
one of the teehntcm:es elgscsunpbajdahﬂahonalhlﬁﬁ@npl oyed in a bis(ether
anhydri de) preparati al
steps. DETAI LED Dlzscg}ﬂlﬁr '&%o f‘?.“ﬁé} terrp@lr%é‘?%msu%?éd ﬁg&‘gﬁ}%{a;&}n nes
enpl oyedl5  approximately 180°C under nitrogen, the N-alkyl phthalimides prepare
according to this invention can be stored as a melt, for example, at about
40°C, i.e., the approximate melting point of N-butyl phthalimide. The

alkylphthalimide according to this invention has a formula
0

c
N
N—R
O

wherein R is at least a C3, and preferably a C3-Cg alkyl.

20. The choice of the number of carbon atoms in the alkyl group "R"
depends on the desired reaction product, process speed and efficiencies
for the particular process being conducted. Lower alkylamines such as n-
propylamine and n-butylamine are particularly preferred. The propyl
group provides for materials which are easier to purify. The propyl-

25  derived products produced during nitration reactions in the preparation
of bisphenol A dianhydride, for example, are easier to purify than butyl-
derived products. As discussed in more detail below, purification of



5 according to this invention allow the phthalimde synthesis step of
this invention to enpl oy liquid reactant. The al kyl am nes according to this
invention are |iquids at anbient conditizons and have boiling points in the
range of 48[err]C to 250[err]C. The al kyl groups of these alkylanines
contain three or nore, and preferably three to six carbons.
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derived prQHselbsed ﬁﬁTle&@sn%ibbmngxéﬁlpmwrés bﬁdmlnﬁ teinipesdtuees of 7

butyl -derived nitrati uctsmvolvesa i tiopal t
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15 mentioned above, the selection of a particular alkylamine depends on several
factors familiar to those of ordinary skill in this field who will be able to -
make such selection based on the teachings herein.

An N-alkyl phthalimide prepared according to this invention is

nitrated to prepare N-alkyl nitrophthalimides. The N-alkylphthalimide is

20 nitrated using known processes or by using the nitration process according to
this invention. Known methods of nitration are described in U.S. Patents
4,902,809 and 4,599,429. The nitration process according to this invention is
described below.

Suitable nitrating agents for nitrating the N-alkylphthalimide

25 invention include a nitric acid solution having a concentration of at least
about 94% and preferably a concentration in the range of from about 97.5 to
about 100% by weight, with the balance being water. While nitric acids of
lower concentration are useful for the nitration process, the use of such

__(_L

concentrations results in processes which are too slow to be cost effective.

30  Nitric acid solutions of at least 94% are available commercially. In the
alternative, such solutions may be prepared by known concentrating methods
from more widely available commercial nitric acid of 60 to 67%
concentration. Thus, a preferred concentration range of the nitric acid is from
60-99% and more preferrably

35 from 90-99%. The concentrated nitric acid also may be mixed with



The butyl-derived materials are nore soluble in the solvents 5 typically
used in the various reactions. The higher solubility allows for reactions

at higher solids |levels and accordingly kes the process according to this
i nventti on nore efficient The inproved solubility of the butyl-derived
materials over propyl-derived materials is especially highlighted in the
preparation of biphenol bis m. es.  For IS reason, the butyl-derived 10
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factors

Fani 11 ar & o e0ee bEmedeart bR ichipm e Rt netess R i aBnrl opg Ng? 708 rmice
such sel ect i emthesarednatic hheleus af therlycalkplphithalivvidé\ Gehgtallyh tHnawielglthe

P opht hat bl sl B Sl Tphénglin i Rul LR AR Do R0,
processes orahkep t@gt preferably; fl%tabgﬁt pitoabeut 30 suestiprgferablytfrem akautta o n.

Known net hodg fMout15! 2wt o 16 H@ﬁ&ﬁxo‘&g&k bfhf&x@aclﬁaél%‘ t)/lbé’gge@%
4,599, 429. The nltrfa%on proce s acc hi's I nven descrl bed

bel ow. i t dposess of theinrgsenfdnvention. wmmaenﬁ&f nitrig R‘S}Flp OWSEVERi de 25
i nvention i ﬂ@buﬁ&n@o%rﬁ 1ds agddod Glow iadRabi@on Féte o beltestéffative) Highat | east
¢

about 94% and fab oncentr El on in- the é&cge of . from about 97.5 to
about 100% HAM &‘ﬂ ﬁ“ﬁﬁ@aﬁéﬁi‘ﬂ N YRNCLESIATY WRAson ot i ¢ aci ds of

| ower concerdongentrateak nitric atid aridindréasedi dostiforasuachracizband itsirecyrdingof such
concentrations res ' I t .
effective. 30 Nt lrjtl.lll:éaéfrlllé(‘g’.i s@l&%? igﬁg%fgpépggg{%jﬁ/g géaég%}\}gll qﬁgﬁ%tgtable
comer cilal | yformy eigicpenvder, flakey etc., g preferablydndiquid formpr epar ed by known
concentrating met h%ﬁf&&%ﬁ%ﬁ!&ﬁ'ﬂh@ﬁﬁé petbit A théhitbhiioh Giepci d Of

60 to 67% concentrati o red co entratlon range o
D tr b ao o SR B abasti 0k to abpy é‘%fl@ws r}gﬁ

The concentrated nitric acid and the N-alkylphthalimide are mixed
together in a reactor or reactors preferably equipped with a stirrer and means
20 for heating or cooling the reactor. The reactor(s) may be such as to allow for
either batch or continuous processing.
Specific variations in the design of the process systems employed to
practice the nitration according to the present invention are known to those
-skilled in the art. For example, it is possible to use one or more reactors in
25  series or parallel which operate in the plug flow mode with or without radial
mixing and with or without heating or cooling. Alternatively, it is possible to
use one or more reactors in series or parallel which operate in the back
mixing mode, again with or without heating and cooling and operating in a
batch or continuous mode. Finally, it also is possible to use a combination of
30  reactors with features of both the foregoing. The nitration reaction mixture's
energy content, especially at lower nitric acid ratios, also must be taken into
account when designing the process equipment.
The mode of mixing and the sequence of addition of reactants is not
critical to the present invention. Feed of the reactants may either be into the
35 first reactor or be portioned among the reactors if more than one




35 from90-99% The concentrated nitric acid also nmay be mxed with

anot her concentrated acid such as sulfonic acid, or sulfuric acid having a
concentration of 70-102% and preferrably $rom 95-100% to prepare a
.nitrat.i ng agent suitable for this invention. The anount of concentrated
nitric acid used in the nitrating agent 5 should be at |east a
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preferably eqdegiped ratid bf thes4-isomer, deg 4rmitrvaliAl pHthaliinddé,ito$-isomeeol i ng t he
reactor. The agt . al I ther batch or

cont i nuous prggégéﬁﬁ%a%tpg%&sg%fg ?‘tgﬁégidﬂgwﬁé&éﬂg‘l gn of the process
systens enpl oyed to pempearaturesoutside the rangef demperatures disclosed; above

i nvention ar e,idaGiRy e érﬁfﬁﬁream/ithﬁﬂe :P?egzeg? p%éess.FPfov?éWi‘Pfloﬁ\(rﬁri tis

Operate i t hITBPAGUEISFeSEAn ATEMCEAR TUERYER FH 900 6 i coshalive: or
wi t hout heat i n¢hereashiphen §empbiatiufa!regalng operation pPabova &midsphegicone or
ore reactors p'renss%%r to isaré)\;enQ %E)ﬁ%lllge lan&‘@hgpeqqpe% 7s8 of hifrftadidC
While the tempefature at which the reaction is run has a
significant impact on reaction rate, the specific reactants used and the ratio
20  of reactants in the reaction mix also influence the reaction rate. With
respect to the latter, the higher the concentration of the nitric acid in the
initial mix or as added during continuous processing the faster the
reaction rate. The specific alkyl group on the N-alkylphthalimide also is
found to influence reaction rate. Finally, with respect to the ratio of the
25  reactant mix, it is found that the rate of reaction increases as the ratio of
nitric acid to N-alkylphthalimide increases. The most dramatic reaction
rate increase, in this respect, being noted as the reactant faﬁo approaches
about 10.
Thus by varying any one or all of the foregoing, one may
30 significantly increase or decrease the time for which the reaction should
run to obtain optimum yield. In general, with a reaction run ata
temperature within the preferred range, e.g., 20°C-60°C, up to about 90%
or greater yield may be obtained within three hours. Optionally, these



m xing node, again with or without heating and cooling and operating in a

batch or continuous node. Finally, it al 26) IS possible to use a conbination
of 30 reactors with features of both the foregoing. The nitration reaction
m xture's energy content, especially at lower nitri c acid ratios, also nust

be taken into account when desi gni ng the praocess equipnent The e of
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present i nvenhlpyamdwnef ridi-&ors@psiafmins nmay either be into the 35 first
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one or both reactants are i'red reaction ten% erature prior
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of nitric amdﬁﬁgreferably from about 10 [err]C to about 70[err]C, nopst

preferably frBRS¥BBft 20[err]C to about 60[err]C. Mre specifically, the
act ual tenperature tThbelesirpd eyadticrsprbeiuetsiafithid ihventiopmomprselesi red rate
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above at nosphgb?C, mm&glﬁrhﬁowfeweﬁh lreadtants alssimayblkamesltightoss of nitric
acid. Wi I5e the'%l eragur.e at \M‘l_:lch the reaction is run has a significant
I npact of>r ea a‘f'b etlﬁ%mgf) %ic reactants used and the ratio

The ratio of 4- to 3-isomer may*‘also affect the melting

temperature of the N-alkyl nitrophthalimide. Compositions comprising
primarily 3-isomers have lower melting points than those compositions
comprising primarily 4-isomers. The lower melting temperatures of the
20 former compositions, thus, make it easier to run the displacement reaction
under solventless conditions.as discussed later below. .
N-alkyl nitrophthalimide resulting from the nitration reaction
has a formula of

25  wherein Ris an alkyl group preferably having at least three carbons, and
preferably having three to six carbons.
The resulting N-alkyl mtrophthalithide is recovered by first
removing, for later recycle, as much nitrating agent, e.g., strong nitric



.20 of reactants in the reaction mx also influence the reaction rate.
Wth respect to the latter, the higher tRhe concentration of the nitric acid
inthe initial mx or as added duri ng continuous processing the faster the
-reacti-on rate. The specific al kyl group on the N-al kyl phthalimde also is
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nmpl oye

however, depend on the ty acto or reacto herW| se,
process is getd&yla my\ermo e praeess of this ipvention @.g.74 butdamine,

reaction prodget N-dlkyl Ritfoplthaliinide c8R Belcohteritiited 1ﬁrahréivra ployatofe 3- and
4-isoners of t eres ectlajf[g\ll-lfﬁ% nitro halj m de. espeC|f|crat|o of
the 3- and 4-Vigreinessentially, dronga ‘J&ﬁﬂ‘%@"ﬂ% rature at which the
reaction is run. ForThehigher nittheacidtsobubilityt ofaﬂcyhltnqxhthalmdxj{es/ary from
about 164 at a&%?&ﬁlgfsg[ thid in@eﬁ\ﬁoﬁl&%%;é\e]alﬁirhﬁﬂ-gﬂfxﬁmhnpde to remain in

solution at higher solids levels during a ?alling film evaporator process.

Water and nitrating agent thus can be removed to levels at which a more
efficient liquid/liquid extraction or vacuum distillation can purify the
nitrophthalimide product.

20 As indicated earlier, the alkyl nitrophthalimide product that is
prepared according to this invention is stable at temperatures at which

~ they are liquid, and thus can be recovered and purified in liquid/liquid

extraction processes, e.g., conventional extraction processes using hot
aqueous solutions or hot alkali solutions such as bicarbonate solution

25  wherein a solution of the product is washed. The product also can be
distilled at high vacuum and condensed to give purified molten product.
It is not possible to effectively employ either of these two purification
steps when synthesizing methyl-derived nitrophthalimides. Both
processes are conducted at temperatures at which n-methyl-derived ,

30  products melt and decompose.-

~ Purification of butylnitrophthalimides by liquid/liquid ex-

traction preferably comprises pretreating the butyl-derived material prior
to extraction with concentrated acid, e.g., a small amount of concentrated
sulfuric acid (acid that is about 95-98% by weight sulfuric acid),
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15  reaction. _ _
When N-alkyl nitrophthalimidés are prepared according to this
invention, other drying steps can be used. Butyl-substituted
nitrophthalimide is molten at a temperature of about 95°C and can be
dried in a column using heat and/or vacuum to remove residual water.

20  On the other hand, if the solvent based drying system similar to that
‘'employed for the methyl-derived nitrophthalimides is to be employed, the
nitrophthalimide can be dried under near solventless conditions, i.e., up
to about 100% solids. As mentioned earlier, these solventless conditions
are possible due to the melting and enhanced solubility characteristics of

25  the products containing alkyl grbups having at least 3 carbon atoms. The
melting temperatures of the alkyl nitrophthalimides produced according
to this invention are provided in Table 5. N-alkyl nitrophthalimides
prepared from preferred alkylamines, e.g., amines derived from alkyls
having 3 to 6 carbon atoms, have a melting temperature in the range of

30  about 90 to about 135°C and solubilities of at least about 11% by welght
and in a number of instances 50% or greater in toluene at room
temperature. Once dry, the N-alkyl nitrophthalimide is further processed
to prepare bisimide.



.Wherein essentially all of the strong acid can be renoved. The hi gher
nitric,acid solubility of alkylnitrophthalimdes 15 according to this
invention allows the alkylnitrophthalinmde to remain in solution at higher
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ui o/ 1T quid ext r dUEIIles ArG RETRATE tF Y SA BRI E RGP Tithetween

ni tropht hal i rﬂld@\l-ﬁlllqduntro@lﬂlahmlde and salts ofbisphenol compositions.he al kyl

Sl b at 1 eyt Pbhenbl Bl ArethGEZp Ry HER) PrafiokBeldl of BE" 00, 7 g

and purified formulaui d/ i quid extraction processes, e.g., conventional

extractiap processes using hot aqueogi; gns or hot aI kal i sol utions
such as b| carbonate sol utjon wher ehn a sol utl g g Eﬂ?ﬁ IS
washed. The product EArdgstange; s'd'i"'a‘\eﬁlspé aaf*r?mghcs 8 sed to

gi ve purifi edopmhidlen product. It is not possible to effectl vel y enpl oy
either of these two purificati@n steps when synthegi zi ng net hyl -deri ved
ni t ropht hal i m des. Both proces Ies are conducted at ”terrper atures at which
n- met hyl -derived 3 0 pr oduct nelt and deconpgseg Purification of

butyl nitrophthalimdes by i UI d ,x- t S'T\ g ef erably conpri ses
pretreating the butyl - derivgg rt r/actlon with
concentrated acid, e.g., a smal armunt of concent ﬁat ed sulfuric acid (acid
that is about 95-98% by wei ght ”sul furic acid), 2 and then washi ng the

treated material using dilute Wasic solution, e.g.? about 0.2-1% by wei ght

sodi um-bi carbonate. The sulfric acid pretreatnent greatly enhances the

purity of thearerprdpatecdbbyheating thdatkahiemetal bisplienot saly abave and iangNsuch

materialy Wtﬂﬁginﬁﬁwgﬁ dE%fﬁ?é({cﬁ-mulQart' cul ar theory, t he pr et r eat nent
es a ylni _

and vvash r enov rate es

NO; >N—R '

(g)

o

wherein Rl is a C(6-30) aromatic organic radical, M is an alkali metal ion,
Ris an alkyl having at least 3 carbons, and preferably 3 to 6 carbons. The
reaction of the salt and substituted phthalimide can be carried out in the
presence of a nonpolar organic solvent and an effective amount of a phase
15  transfer catalyst.
R1 more particularly includes



Jmpurity resulting fromthe nitration reaction. Renoving that inpurity
improves the yield of bisimde in the displacenent reaction. The N-al kyl
nitrophthalimde then is dried. Conventifonal N nethyl nitrophthalim des
are dried by partitioning the N-nethyl 10 nitrophthalimde froma water
slurry into toluene. The toluene solution then is concentrated to about 30%
solids, i.e., the solubili limt * methyl nitrophthalimde in toluene
at 100[err]C. Residual Wa al so | noved by azeotropic drying during
this concentration step, as water is yery detrinmental to the displacenent
reacti on which follows the nitration 15 reacti on. Wien N-al kyl

ni trophthal i mi des are prepared according totdis invention, other drying

steps can be used. Butyl bstit tropht mde is nolten at a
tenperature of about and be drTe a colum using heat
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5  where X is a member selected from the class consisting of divalent radicals
of the formula

O O

Il

-Cszy-, -C-, 5, -O- and .-S-

—O0—, and —5—, where m is 0 or 1, and y is a whole number from
1to5. o '
Some of the alkali salts of the above-described alkali phenoxide
10  aresodium and potassium salts of dihydric phenols, for example,

2,2-bis-(2-hydroxyphenyl)propane,

2,4'-dihydroxyphenylmethane,

bis(2-hydroxyphenyl)methane,

2,2-bis-(4-hydroxyphenyl)propane hereinafter identified as "bisphenol-A"
15 or"BPA",

1 1-bls-(4-hvdroxyphenyl)ethane,



.13 Bisimdes are prepared through displ-acenent reactions between the

N-al kyl nitrophthalimde and salts of bisphenol conpositions. Suitable

bi sphenol salts are those al kali ~netal p’rinoxi de salts of the fornula. 5
-R -(GVM2 For instance, bisimdes such as aromatic ether bisinmdes of the
fornula are prepared by heating the alkali netal bisphenol salt above and
an .N- 10  allki-bis(4-hydraxyphenylpropanese fornula, [err] wherein Rl is a

C( 6- 30) aror’rtgtz_q;n@ ﬁg&foweg@[ ypelitdre, an al kali metal ion, Ris an alkyl
havi ng at | east % 8 Bef erably 3 to 6 carbons. The reaction of
the salt and 3s3pit{4hy EP’WIHWF&V PERENan be carried out in the presence of

a nolnpol ar ormﬁdlhva&b hengl,an effective anount of a phase 15 transfer
adical s % e %@ﬁéi@&?&%?‘tg nelfiffhignetfl S tnbor sel ccted f1om the
\fvlngfz ﬁqoln:l Stz  4ledibfy ddoxpdienzophenonel s 2{3 t h]? f or rlrult a g 0S 0-, ?ndh- -- -
salts of t he £ Oveygi’%gtﬂlgﬁgﬂgéﬁ ?‘ Bﬁengil dreorlno gr e soglnﬁmoanzj So?!als(g: Ium
salts of di hydt Hepgrdiphepylsulions) e, 2, 2- bi s- (2- hydr oxyphenyl ) pr opane,
4 4'-dlhydroxydlphenylsulfoxxde, '
10  4,4'-dihydroxydiphenylsulfide,
hydroquinone,
resorcinol,
3,4'-dihydroxydiphenylmethane,
4,4'-dihydroxybenzophenone,
15 and 44'-dihydroxydiphenylether.
Preferred nitrophthalimides are, for example, 4-mtro,N-
butylphthalimide; 3-nitro,N-butylphthalimide; 4-nitro,N-
hexylphthalimide; 3-nitro,N-hexylphthalimide; 4-nitro,N-
propylphthalimide; and 3-nitro,N-propylphthalimide.
20 One method of preparing bisimide is to bring to reflux a
" heterogeneous mixture of an aqueous solution of alkali metal
bisphenoxide salt and a nonpolar organic solvent having a boiling point of
from 80°C to 200°C at 760 torr, with the removal of solvent until it can be
recovered substantially free of water. An effective amount of phase
25  transfer catalyst also is employed. Nonpolar organic solvents, such as ’
toluene, can dissolve up to about 0.05% by weight water without affecting
its clarity. Small amounts of residual water can therefore be readily =~
detected. In forming the heterogeneous mixture, the order of addition of
the noripolar organic solvent and the aqueous solution of the alkali metal
30 phenoxide salt is not critical. There is preferably used substantially
stoichiometric equivalents of alkali inetal'hydroxide and bisphenol in
forming the alkali metal phenoxide salt; however, up to a 0.5 mole%
stoichiometric excess of alkali metal hydroxide can be tolerated without
substantially adverse results in the displacement reaction. Other methods
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The phase transfer catalyst can be utilized at from 0.0005
equivalent to 2 equivalents of the catalyst, per equivalent of alkali
15  bisphenoxide and preferably from 0.01 to 0.05 equivalent. Nonpolar
organic solvents which can be employeé in the practice of the present
invention include, for exa'mple, toluene, xylene, chlorobenzene and
benzene. | .
Another method of preparing bisimide employs dipolar aprotic
20 organic solvents, such as those described in U.S. Patent 3,957,862 and U.S.
Patent 3,879,428, the contents of both incorporated herein by reference.
Reaction between the nitroimide and diphenoxide to produce the
bisimide can be effected under an inert gas atmosphere such as nitrogen at
5°C to 100°C under substantially anhydrous conditions and in the
25  presence of dipolar aprotic organic solvent such as dimethyl sulfoxide,
N,N-dimethylformamide, N-methylpyrrolidine, N,N-dimethylacetamide,
etc. Mixtures of such solvents with non-polar solvents such as toluene,
chlorobenzene, etc. also can be employed. Reaction time can vary
between 1 minute to 100 minutes or more depending upon temperature,
30  degree of agitation, etc. A proportion of from 1.8 to 2.5 moles of
nitroimide, per mole of diphenoxide can be used.
While higher or lower amounts of the reactant will not
substantially interfere with the formation of the desired bisimide, about 2
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below the temperatures typically used with the methyl-derived products.

Savings in energy costs thus can be realized as well. The solubilities of

various alkylnitrophthalimides produced according to this invention are

20 tabulated in Table 5 below. On the other hand, and as mentioned earlier,
displacement reactions using N-methyl nitrophthalimide and, e.g.,
bisphenol-A disodium salt can effectively only be run to about 20% solids
in the reaction mixture because of the methyl-derived product's limited
solubility in toluene at 85°C.

25 - Displacement reactions involving methyl-denved N-methyl
nitrophthalimide and biphenoxide salts, when such reactions are run at
solids levels of more than 20%, lead to products having unacceptable
amounts of impurities, as well as incur increased costs due to processing
the solid product which precipitates out of the reaction mixture at such

30 solids levels. Reactions of biphenoxide salts with N-butyl-4-

- nitrophthalimide according to this invention, on the other hand,

substantially avoid these problems and allow for a substantially pure
displacement reaction product, e.g., product containing less than 1 part
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15  derived nitrophthalimide is not found. Butyl-derived nitrophthalimides,
- however, are preferred in some instances because of their lower melting
points and higher solubilities in the solvents discussed above for the

bisimide reaction. -

_ The bisimide resulting from the displacement reaction
20  can be further processed for introduction to an exchange reaction by
removing solvent, if any, to give molten bisimide. Solvent is removed
using conventional processes such as flashing off the solvent and holding
the bisimide melt at approximately 260°C. This flashing step, however,
need not be employed if a solventless displacement reaction is conducted
25  using alkyls according to this invention. Moreover, the melt of bisimide
prepared according to this invention can be held at lower temperatures,
e.g., 100°C for butyl-derived bisimides.
- The exchange reaction can be conducted utilizing conventional
techniques. Transformation of the bisimide preferably is carried out
30  under known conditions by reacting the bisimide in its molten state with
aqueous phthalic acid solution and triethylamine as described in U.S.
Patent 4,318,857 to Webb et al., the contents of which are incorporated
herein by reference. It is preferable to run this reaction at a temperature in
the range of about 180°C to about 240°C. The resulting reaction product
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pressures at temperatures in the range of from 100°C to 220°C.

The tetra-acid salit thereafter can be acidified with a mineral acid,
such as a dilute aqueous solution of hydrochloric acid, etc. The resulting
tetra-acid is dehydrated and recrystallized by standard techniques, e.g.,

20 refluxing with a dehydrating agent such as acetic anhydride.

In order that those skilled in the art will better able to practice
this invention, the following examples are given by way of illustration,
and not by way of limitation.

Example 1
25 Synthesis of "Make-Up" N-Butylphthalimide

A 10-gallon stainless steel reactor equipped with a turbine blade
impeller, cooling coil, distilling condenser, azeotropic separator,
thermocouple probe and means to maintain a nitrogen atmosphere, was
charged with 15.335 kg (103.53 moles) phthalic anhydride. N-butylamine

30 (7.663 kg, 104.57 moles) from a pressure vessel was slowly added to the
reactor which was at room temperature, e.g., about 25°C. The resulting

exothermic reaction between the amine and phthalic anhydride was
continued until the temperature in the reactor rose to 90°C, at which time
addition of amine was complete. The reaction mixture was then heated,
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N-butylphthalimide and 3-nitro-N-butylphthahmxde in a ratio of about '
25:1, was isolated as a liquid which rapidly solidified to about 98% solids
20  upon cooling in the collection vessel. Depending on the operation of the
evaporator, the residual nitric acid in the product was less than 3% by
weight, and was as low as 0.1% by weight.

Example 2A

Alternative Svnthesis of Nitro-N-Butylphthalimide
25 A 100-mL 3-necked, round-bottomed flask was charged with

67.6g of 96% sulfuric acid and 20g of N-butylphthalimide. An addition
funnel was charged with 7.36g of 96% sulfuric acid and 8.4g of 96% nitric
acid. The reaction was run at 19.3% solids by weight. The reaction vessel
was heated to 35-40°C using an external water bath. When the N-

30  butylphthalimide had dissolved in the sulfuric acid, the nitric/sulfuric
acid mixture was added dropwise at a rate such that the temperature in
the vessel did not exceed 50-55°C. The addition time was typically 0.5
hours. The vessel was maintained at 45°C for at least 3 hours at which
time the reaction was determined by HPLC analysis to be completed.




19 then is extracted with an organic solvent. The aqueous m xture then is
stripped fromthe extraction solution to_recover the bis(ether anhydride).
Ot her exchange techni ques are described #h U. S. Patents 3,957,862 and
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loss through oxidation side ,chemlstry The unreacted N-butylphthalimide
can ultimately be recovered in the exchange loop. A 30% solids level

reaction can also be run by using less sulfuric acid.
The purified products can then be used in a phase transfer
20 catalyzed reaction with BPA disodium salt to afford >98% butyl bisimide.

) - Example 3
. Liquid/Liquid Washing of Nitro-N-Butyiphthalimide
About 500 g of product isolated from the wiped film evaporator
in Example 2 was charged to a one liter jacketed resin kettle, equipped
25  with a mechanical stirrer. The product was melted by hot oil which was
" recirculated through the jacket at 110°C. A nitrate ester impurity, i.e., the
nitrate ester of 4-nitro-N-(3-hydroxybutyl)phthalimide, then was removed
by converting the impurity to its corresponding alcohol and removing the
alcohol with a basic aqueous wash. In particular, the nitrate ester
30  impurity was converted to an alcohol by treating the material with a 95-
98% by weight sulfuric acid at 100°C for 1 min. The sulfuric acid solution
was added to the melted product in an amount of about 1% by weight.
The product and converted alcohol were then washed by adding 500 mL
of water at 100°C, agitating the components for 30 seconds, and thén
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removing the nitrate ester impurity from the butyl-derived materials, very

low yields of about 30-70% bisimide were obtained.

Yield loss, e.g., about 2-10% by weight, also was experienced
when stronger, e.g., 2% by weight basic aqueous washes were used in the
20  pretreatment step. The larger yield loss can be attributed to greater
product hydrolysis that occurs with more base.
Example 4 _
Alternative Washing of Nitro-N-Butylphthalimide
The product isolated in Example 2 was again treated with
25  sulfuricacid (1 wt % of 98% sulfric acid), but then dissolved in 0.1-1
volume equivalents of toluene with respect to the volume of product and
- washed with the aqueous sodium bicarbonate regents at 80°C. Yields of
greater than 99% nitro-N-butylphthalimide were obtained.

Example 5

30 Synthesis of Nitro-N-Propylphthalimide
N-propylphthalimide (50g) was nitrated in 500g 99% nitric acid

to produce 4-nitro-N-propylphthalimide under conditions described in
Example 2.
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bot t om aqueous phasMafesials waghedacenrding fn§xample, tVY%'.erHFFB #Ri c phase
?ﬁla' ?;:gdogﬂgﬁﬁlﬁfﬁ’&ﬂwu@&t\ arvm xf&_)tk&eg?/etg’d&| tef metdieﬁnh?unwalwt hal i ni de.
- 0; u | e to 3- I mde was
15- 20: 1.1%he ‘;ﬂ’@d‘ﬁ&d %W%%&rﬁs fﬂﬁﬁ’ffésﬁfﬁs' PPZ#&M’]@H%@M@Z%{&?OHM
pr ocledyr es. TodS5ahmy,amd 18580 @mmpaThedtistillest makerial from eachsdistiations, 10
resulting in 3% | 10: - enfMt reacl ' Fe (™ duct s
present in thé‘% ﬁ]eg{ﬁ%a\ﬂ%{iﬁﬂﬂég samg ni tdr}{a%(?%fﬁ,@?ﬁ%ﬁgfﬁzlg%lgﬁgi ds resulted
in a product ranging fromyakout97 xMW|%i ng naterial and 4-5% oxi dati on side

2{ f,,dfft s (product th‘ﬁﬁ‘é ﬂlatté}f?alb‘d\}éélheﬁra%'&d"iﬁg tBBXAntpled A8 wetk distillad ned a
° f]sr OUpb}SJ trlsingeKlilégl?t"'iﬁrI gisgihggc)ah e’l:;Exi[IJt%eunE e]En(thct)erlgtxggl?‘_clal'rufJl ms%ll_ta%on,
87.6 g of nitro-N-butylphthalimide was distilled at 190°C at Imm to afford
84.1 g of material, i.e., about a 96% product yield as described in Example
3. In a subsequent displacement reaction, the product distilled by the
Kugelrohr distillation resulted in about a 97% yield of bisimide.

20 Example 7A

Synthesis of Butvl Bisimide
The following Examples 7A and 7B illustrate the preparation of

Butyl Bisimide in dipolar aprotic solvent. For example, 22.8g (0.1 mol) of
bisphenol-A, 300mL of dimethylsuifoxide, 100 mL of toluene, and 16.0g of
25  sodium hydroxide as a 50% aqueous solution (0.2 mol) is heated to reflux

under a nitrogen atmosphere using a Dean Stark trap for 5 hours to
remove the water from the system. The toluene is distilled from the vessel
after the bulk of the water is removed until the temperature of the reaction
mixture exceeds 145°C. In this way, dry bisphenol A disodium salt is

30  prepared. The reaction is then cooled to 50-100°C. To the dry salt
solution is added 49.6g (0.2mol) of dry 4-nitro-N-butylphthalimide under
nitrogen. The reaction is stirred for 30 minutes to 2 hours at 40-130°C, at
which time the reaction is complete as determined by HPLC analysis. The
reaction mixture is then added to 1 liter of water at which time the butyl



.15  run the mxed acid nitration at 30% solids to mnimze the anount of
yield | oss through oxidation side chem stry. The unreacted

N-butyl phthal i mide can ultinmately be red@dvered in the exchange | oop. A 30%
.solids level reaction can also be run by using | ess sulfuric acid. The
purified products can then be used in a phase transfer 2 0 catalyzed
reaction wi t bisifideipredipitatesal Thet preaipitatel is@dlctedt wih fltratiohaad Exanpl e 3

L gui o Li 9u! ch B 0L 960506 L B BthA@IY B9 "HlForRE pRAR 19 velshegoduc

i solated from m evaporator 1n gr ed fo a one

liter jacket edith@5ia0 md:ef b5 agyepupsedigm vqlmmdasql@émrﬂ Cdpiefteet . The
product was m&ldGchtidh S0the Prodirbe. cméﬂﬁﬁageeielséﬁwaeé@ﬂlna hosslventie j acket at

110C. A nitrate ester i urlt t he t t f
A RP R MU LEC MY L P P i
inmpurity to i97% 9teid@6|pmtfiembaﬂy¢bmm:de]&npéﬁs%°ﬁig, suitablé baxtthle with a basic

aqueous wash. the nitrate ester. 3 0 I mpurity was
converted to e&ﬁﬂgﬁgéo#algﬁgy treating the material with a 95- 98% by wei ght

sulfuric acid at 100[err]C for 1 m nExample?Bfuric acid sol uti on was added

to the nelted prOdUCAltéﬂ\ameWb@i‘mﬁ{@iut ré aﬂéu ff6indhe-ustsf product and

converted al cohol were addl nL of _wat er Oferr]C
agitati Pt heblébh‘mfﬂe%{é ﬁgphs\mhg repa l‘h@‘“e“e JEOr-@Xamp 1:? Lerr
settling, e. QieckE&I34ﬂélUEo@nd-fbdﬂﬂomécEﬂaslaﬁctlﬁegwwhtlﬁZlZ&?S )asf product

and aqueous T, oduyct 0.2%

sodi um bi car ﬁgm&ﬂ,ﬁleﬁgqr oggséat\é\ggnéﬁ ?%%%hgggx 'ﬁ]h a fi n:f]ueous
500 nlL water nmethrémlheakedmgt%f& bndelrmbrm taeffect solutiontof thl! omtedal t i onal
nitro M al kyla b Ralibdh il SyR! B8 Vesdet A halEdPwiii™) 5aiteis gpashed Wi th

other dilute bases suc ueous
15  toluene, and the two phase system is brought to reflux with the useof a

heating mantle. Water is removed from the reaction vessel with the use of
a Dean Stark receiver. The bulk of the water is removed when no more
water separated in the Dean Stark receiver. At this point, 750 mL of the
toluene is distilled from the reaction vessel, and then 1 liter of dry toluene
20 isadded back to the vessel. Again, toluene is distilled from the vessel (1
liter) to furnish a dry white slurry of precipitated BPA disodium salt in
toluene. The percent solids of the resulting slurry is determined by taking
a known weight of a representative sample of the material, removing the
toluene via distillation, followed by heating under vacuum (150°C, 1 torr),
25  and finally weighing the isolated amount of salt.

A portion of this salt slurry containing 10.0g (36.8 mmol) is then
charged to a 250 mL, 2-necked, round-bottomed flask equipped with a stir
bar, a Dean Stark receiver topped with a reflux condenser and means for
maintaining a nitrogen atmosphere. The flask is also charged with

30 150 mL of dimethylsulfoxide (or dimethylformamide). The reaction
~ vessel is heated with an external oil bath, and the toluene is distilled from
the pot. Once the bulk of the toluene is removed the temperature of the
flask is lowered to 50-70°C, then the flask is charged with 18.2g -
(73.5 mmol) of 4-nitro-N-butylphthalimide. The reaction mixture is heated



.phosphat e, 0.1-2% aqueous sodi um car bonate and 0. 1- 2% aqueous sodi um

bi sulfite. 10 The resulti ng washed product was then
azeotropically dried with tol uene and wagdt hen used in a di spl acenent
‘reactiton in which 10.0 g (0.0367 nole) sodiumsalt of bisphenol A was
reacted with 18. 23 g (0.0735 nole) of nitro-N-butyl phthalimde in 28g

t ol.-uene conta Qﬁﬁ?gnmlﬂzsgoéﬂlomb%ﬁ-&ofi?ﬁ, Wherenpaotthe meagtion 8§atlgedi ni de.

tlﬁ . t | M%}a plétB@is H?L@O%@F&QBBB rﬁﬁgﬁfé h&nlgt%éﬁwgfmﬁ 5&;;{{ remDVI ng
e nitrate egter r

yi el ds of aboba 1‘%&9 aéf%idg%gg"é Vd%ﬁa‘?ﬁ@ dudy) blégmd@ thabl?out
2-10% by wei gfdr thelexohavgge apisn.enced when stronger, e.g., 2% by wei ght
basi ¢ aqugous washes were used in thti:. 20 1 glrgt r eat ment step. The | arger

yield | osS can be attributed to grea 't hydrolysis that occurs with
nore base. Exanple 4 Alternati \Gyniiesis ofjButviBisimpide- But vI pht hal i i de The

product i sol ah eRledcidrX PRIy & 299558RAL 1 evEPA] SBIVAh 2 5  sulfuric acid (1

wt % of 98% sulTrrc 1-1 volume equival ents
of toluene with respg!ﬂmi‘iﬁ was synthesizedracserdingito the digplacament procass

aqueous sodi udisbldsad kRMASEPAteAENR57,963.80H pafﬁ&la@ %@%neiar@qeﬁ&ﬂénesf@fn 99%
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nitrated in SQvaﬁBéﬁt oif ardlsodmndsalbobbtsqblheﬂonAﬁnttbmdﬁemmng AhhbE% i M de
under condi ti ?Hés&?éﬁifépc%glﬁ BHAERL T reactié Wil eonSRkPRorPL S Gk V2o
precipitated
t125°C and a 25% solids level followed by dilute, i.e., 1% caustic washes.
b Neat Reaction
15 One mole equivalent of dry bisphenol A disodium salt was
reacted neat, i.e., solventless, with two équivalents of nitro-N-
butylphthalimide in the presence of 1 mole% phase transfer catalyst. The
reaction gave 94% yield of bisimide. The resulting product then was
washed with dilute caustic media.

20 Example 8 _
' Comparison of Prior Art Bisimide Synthesis
and Bisimide Synthesis According to This Invention
a. Prior Art Synthesis of Bisimide from 4-Nitro-N-Methylphthalimide
and Biphenol _ '
25 A 250 ml three-necked round bottom flask equipped with
overhead mechanical paddle (teflon) stirrer, stopper and modified Dean-
Stark Trap fitted with reflux condenser and nitrogen inlet was charged '
with 8.957g (43.45 mmol) 4-nitro-N-methylphthalimide, 0.668g (1.086
mmol, 2.5% catalyst) C6B catalyst, 0.500g (3.242 mmol) biphenyl (as an
30 HPLCinternal standard) and 91.2 ml toluene before purging with
N nitrogen for 5 minutes. The Dean-Stark was modified to allow liquid to
return from the bottom of the trap back into the reaction vessel. The trap
was filled with calcium hydride sandwiched between a plug of
cheesecloth below and glass wool above (to prevent calcium hydride from




.collected by filtration. The product then was |iquid/liqui d washed at
100[err]C with three 50m" portions of water and then azeotropically dried
wi th tol uene. The product (10g) then wag6used in a displacenent reaction 5
.as described in Exanple 3 to afford propylbisimde in 87% i sol ated yi el d.
Exanple 6 Distillation of Nitro-N Butvlphthalimnmde Mterials washed
accor di ng t o retamng tatheareactions vessebd The aldust hydride farilitatechdryiag ng one

t heoretical pl T ation was 10 conducted at tenperatures (and
pressures) of0f%§f%aéﬁedé()§ﬂl$ﬁ ,  170[err] C (0.15my, and 11;[{0% r_lC (2m).
The distilled natematemmmtwéhh@reﬁchpnameﬁiﬁkws hentad insa % .
d|908/p| ?_ﬁem?n: Ha‘iﬁ%ki%ldéi‘\egwé{@réﬂx&e@l‘ theou Eg%\ 1&6&&! 5@90 hﬁﬁuﬁaoutd915to

0 e accoy din ilLke
by usi ng ?ugi?qfﬁ?r‘:% 'é‘tgitPIrQPFbr‘F iaﬁi‘ﬁ@ gprﬁa‘fth‘g‘ Y\Egﬁf se{Hll ation,
87.6 g of ni tdn&plabudyhafglhwbbuxdadma xﬂtregeﬂhbﬂosphete.O[err]C at 1mmto

afford 84.1 g of mt@gh@ﬂ?l%‘s&‘ un%@&&@%o@@@%ﬁmmﬁicﬁ@és described in

Exanple 3. In a subs acene product distilled by
the Kugel r ohrpréietighédaintora sampllet‘edl, wasbenadded todhe reagtion mixdure. de. 20

cxampl e TA SYMRAGEsS] Ras abped Be E?e&{dveaeframhagwwwﬂ rBxaeeatorA and 78

illustrate the preparatlon

d I t t F
exhim o152, utkagen vl heried b SHbnin & A0 SomEREt e BoiTRESTER TR, o0 ot

?1(‘) t2 ol ule)ne %Muh ﬁ@r&%&ﬁzdﬁéﬂux&@? aemﬁewam«oaer amalcwfp@qemnd thel uti on
mol) is heated to reflux ner ni t r.ogen Dean
Stark trap fdieastieRyyas mgnyg f%ﬂwgﬁ&rﬁ?g@sys{%mgﬁ#ﬁgv%ol uene is
distilled f ro;mdét&efh&sfekZaﬁhmrst hﬁahqmbtk (approximatelep.50mb)avereed until the
tenperature dlI nioVed ﬁ’ﬁ'%f.x?ﬂrlhgg@ﬂ 901? Qpﬁs fbrﬂ\falshasiﬁlé laggy, dry

bi sphenol oA Um Sa par ed t| o en_gool ed to

50- 100} e,‘k'-i] C pipet.tch&uiadwshﬁtmk@h\ewmrn %nC&Héeta
4-ni tro-N-but yh@ mé}aﬁlta}édﬂwadgn a'l. 45 fa&fon fTit?ar{di&atHBDCIas\a!ysw r'Ehb for 30
mnutes to 2 pe%léagn%;[rasdfolloweé? J)o(i o foom temperature before being further
processed. The product precipitated from the solution.
, The solid from the toluene supernatant then was filtered,
20 followed by rinsing with 50-100 mi toluene. The solid was air-dried on a
" Buchner funnel via suction for 40 minutes. The recovered solid weighed
14.69g and contained about 3.0g sodium nitrite. The solid was then
“slurried in 50 m1 0.8% NaOH for 10 minutes, filtered and then rinsed on
the filter with 50 ml distilled and deionized water. The solids were then
25  dried in a vacuum oven at a temperature of 110°C and a pressure of 30
torr for 3 hours. The recovered solid weighed 10.64g, representing a
97.1% yield of bisimide. The melting temperature of the solid was in the

range of 205-207°C.
b. Synthesis of Bisimide from 4-Nitro-N-Butylphthalimide and

30 Biphenol
A 100 m1 three-necked round bottom flask equipped with
overhead mechanical paddle (teflon) stirrer, stopper and modified Dean-
Stark Trap fitted with reflux condenser and nitrogen inlet was charged
with 8.00g (32.2 mmol) 4-nitro-N-butylphthalimide, 0.495g (0.806 mmol,




mhich time the reaction is conplete as determ ned by HPLC anal ysis. The
reacti-on mixture is then added to 1 liter of water at which time the butyl
24 bisinmde precipitates. The precipitat® is collected via filtration and
-di ssolved in 100-200 nL of toluene at 80[err]C. The organic phase is washed
Wi th 25-50 nL of 1% aqueous sodi um hydroxi de solution at 80[err]C to effect
pursi fi cati on 2p%t¢adalyst) i catdlyet, OidOg (2§9sapmlhb¢dleayd(asrm HRMGnt 5

renoved on a Q7%
yield of puriTies: Ksﬁ“'?gﬁ‘fﬁ%'ﬁa‘ %‘%‘4‘?’“ of SRR RrEIRg Wit Rilepn fors- O770
exchange reacipwtes “ptark was mdlf}ed o gllow lsqmdﬁwmgt Bospthed from
the use of 10bott6u1$dmﬁeﬁl dcRRfo thereaitich adsel. pm@&ra@dwhﬁ fﬂll@ldumtﬁ For

I 3- ott d fl W th 228. 29
(Lol ) oF b Sl hy e sangwichid helfisen alug FEsheserioBEN 1A oxi do. -
The mi xture iglabsaMoeHahweQﬁ{prav}eﬂcaidmm hytlmigeﬁnolmreéﬁfmngtemheltlon of the

material as BlPeACHbﬁgg%#in ?ﬂé&a aseh&?@ & fa}cﬁn%rou ﬁflﬂg%?‘i!h d2tibn® LTS

of 15 toluene mis ore X Wth the use
of a heating salutipn. \ater is renoved fromthe reaction vessel with the use

of a Dean Stark recer N@E&n@ﬂ% dFithé rédctionsvesgélonereShéA8@ YR E 1509 diP ][m{ ﬁ
Lol uene T8 o Gathyand (ofvesis wae retisad Birovh st hydrde RERD minuies Before, , '°
toluene 20 c¢ovlimgpiedrobactent x‘ah&evdﬂ&aleacﬁmvessel wasastepperediartd | | ed from
G <ot am sal & fac&? i F&i’m‘&ﬁé%ﬁﬁsé S SarbaBilete”) 2L o' Sl iy 1
det ermi ned by taki ngBQ)HenoMlsmdughtsalif(iialgelﬁ taemod), whickavgs e of the .
ooyt Rl 0t s bt iy Lo
of salt 15 e vessel was capped, removed from the glove box, reattache to
nitrogen and heated to reflux in a 150°C ‘oil bath. The reaction was )
allowed to reflux for 2.5 hours before cooling to about 80°C.
The reaction product mixture was then washed using three 15.0
~ml aliquots of an aqueous 0.8% (w/w) NaOH solution which had been
20  preheated to 85°C. The washes were allowed to stir for 15 minutes before
removing the aqueous layer via 10 ml pipet. The product biphenol
bisbutylimide was recovered using a Buchi rotary evaporator. About 9.0g
of product was recovered with a corresponding yield of about 95%. The
melting temperature of the product was in the range of 170-172°C.
25 95-99% isolated yields were obtained from reactions using 1.0-
2.5% hexabutylguanidinium bromide as the phase transfer catalyst. The
reaction employing this catalyst was run according to conditions disclosed
in U.S. Patent 5,132,423, the contents of which are incorporated herein by
reference.
- 30 ¢ Solubilities of Methyl-Denved Bmhenol Bisimide v.Butyl-Derived
Biphenol Bisimide
The solubilities (and melting points) of butyl-derived bisimides
and methyl-derived bisimides were measured. The solubilities of the
alkyl-derived materials below, i.e., bisalkylimides of biphenol




A portion of this salt slurry containing 10.0g (36.8 nmol) is then charged
to a 250 nm., 2-necked, round-bottomed fl gsk equi pped with a stir bar, a
Dean Stark receiver topped with a reflu ondenser and neans for

smai ntaining a nitrogen atnosphere. The flask is also charged with 30 150
nL of di et hyI sul fOXI de (or dinmethylformam de). The reaction vessel is
heated with afiaghydride indpluengiat 80 a‘ﬁd Thiftemparatwrerepresenisithed from t he pot
Once the bul ktegipdrafureqit veliieh ithe fliBNEPhasecof theRBsplhciRe reéhbon liisk i s

| owered to 50- 7#*5‘}&# Fenﬁllb?jflaSk is charged with 18.2g (73.5 nmol) of
4- ni t r o- N- but YRpHT Hute NaHcaction mixture is heated 25 for 30

m nutes to 3 hours aAsdxﬁ)dxt@&Ei&hfl]‘dElermpﬂnybhdnhanﬂhermbﬂl)jludged
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exchange reacBecause sommeraally v1ab1e processes are run at:_lxlghpr perentsolidesi s of

alggylsyrl?![ fllersnl S&ea‘ggcordl ng t he d l%él é% bQEOIr_g‘\gngeaéﬁbISg{%g{e}E l|§InSIUdee
Patent 4, 257 éwwweaa?se thereby Teq FRd profucg 1o be |

ni tro- N-but yI isblated bmfﬂ&ahehﬁfdlbawéct u washésmf thietsolid ptdchrct.eﬂheval ent

cat al ystopr cbRHlingof RiRF FE%%@%EH%Q%#%%?% af pER e BEatbld < 21

a 25% sol i ds ineuelinéfficienaied. by dilute, i.e., 1% caustic washes. b. Neat

Reaction 15 * One nol e equival entr@fleqry bi sphenol A di sodi um sal t
was reacted neat, i.e., sol ventless vmth t Wwo equi val ents of _nitro-N
butyl phthal i mi de in tkXMpEs ot Melting Roints olubilities in-Joluene: The
reaction gave 94%yi eafi86AC bfVhﬂbdeBusﬁlnevlirasdéstdfrmpﬁéﬁﬁltmianhbamdtas
15

Parameter Methgl Ethyl n-Propyl n-Butyl .n-Hexyl Cyclohex

Point (°C) 205-207 211 211 172-174 136 246-250

Solubility in

Toulene '<1% 7% 5% 20% >50% b

at80°Ca 20% ~80% .

aSolubililty is given in % solids = (weight of bisimide)/(weight of bisimide +

weight of toluene).

bThe solubility was determined to be <5% solids in refluxing toluene.

20  d. Purity of Methyl-Derived Biphenol Bisimide v.
Butyl-Derived Biphenol Bisimide
Solid impurities present in the reaction mixture for preparing

bisimides contaminated the solid bisimide product when the product
precipitates out of solution during processing and reflux. Many of these

25  impurities cannot be washed free of the product prior to the exchange
reaction because the washing techniques are only effective for washing the
surface of the particles. As a result, the outcome of the exchange reaction
is adversely affected when the bisimide product is introduced to the
exchange reaction mixture. The bisimide product derived from butyl

30  materials do not incur these problems because the butyl-derived product
is soluble enough to remain in solution during processing at reflux. The



washed with dilute caustic nedia. 20 Exanpl e 8
Conmparijson of Prior Art Bisimde SyntheS|s and Bi si m de Synthesis According
to This Invention a. Prior Art Synthesi290of Bisimde from

.4-Ni t ro- N- Met hyl yht hal i m de and Bi phenol 25 A 250 n1 t hr ee- necked
round bottom flask equi pped with overhead nmechani cal paddl e (teflon)
stivrer, stoppéyl-derivedoprddust timrefore &1 irsolutiap therebyavgiding e q@stscondenser
and nitrogen,g @ﬁs@ﬂ t§1"Pheé commingling of
4-nitro-N net E?F@(ﬁsﬁﬁglsﬁbﬁ&ﬂﬁgl_ Xﬁ\bhn& id Id,Q&Z 5% cat al ystg) 86

catal yst, 0. Poeduetw ZmrPﬁ’é'}t)es@i ?91% P“{“é%e ‘HPLC i nternal standard)
and 91.2 nl tol UeneThéfaﬂh s ﬂivliWed\&ﬁTFaBIethﬂew fsaxemplianybf the The

e o v oL Bt B S BRI o

hydri de sandbisiinédesoptoteredacpording to &heen‘e&ntmm Pa¢ owethads ysed 0 wool above
(to prevent Ayng to the reaction vessel).
The cal ci um %%g#%?égﬂﬂfsa%l @%md%ngat%?%he reaction solution. The _

contents of the reaction vessel were heated in a 150[err]C oil bath and

tol uene was refluxed through the hydride for 50-90 m nutes 5 bef ore
cooling to roomtenperature. The reaction vessel was stoppered and pl aced
in a glove box under a nitrogen atnosphere. Bi phenol disodiumsalt (5.000g,
21.72 mol ), which was preweighed into a sanple vial, was then added to the
reaction mxture. The vessel was capped, renoved fromthe gl ove box,
reattached to 10 nitrogen and heated to reflux in a 150[err]C oil bath.
The point at which the solution reached reflux was defined at- t=0 for

ki netic purposes, and the




reaction was nonitored every 30 mnutes via HPLC. The reaction was under
reflux.for 2.5 hours. Aliquots (approximately 0.50 nml) were renoved through
the reflux condenser using a 1.0 nm disp3d8able glass 15 pi pet, diluted
with 3-m chloroformand 0.5 m NN -di methylacetani de and then filtered
through a 0.45 micron fit prior to HPLC analysis. The reaction was al | owed
to cool to reomtenperature before bei rmgbjet her processed. The product
precipitated fromthe .supernatant then .
was filtered, 20 fo o1 e~ The solid
was air-dried on a Buchner fuﬁrmil BugﬂwMethml Pmcedﬁasm nut es. The recovered

solid wei ghedcjtﬂnggﬂeﬁfd cont ai n imfgéd sodi bl JerIEf i solid was

then slurried 0. 8% Na tes, fi en rinsed
on the filter Bipkenado n distilled and d&ionized wat ermoﬂﬂgosm?mds ver e
then 2 5 dr |45Nm-@.1~apvacuum oven at a tenperature of 110[err]C and a
pressure of 30,t lg&ygp rs. The recovered solid weighed 10. 64g,
representing a )@@FBFH bi simide. The nelting tenperature of the
solid was in #kNitrgsNje of 205-207[err] C—b. Synthesis of50ppmi de from

4-Ni tro- N But vl Bi phenol A 100 m three-necked round
Igggi}aéhma?ﬁnagerhead mechani cal paddle (teflon) stirrer,

bottom f | ask
‘st.opper and mbgmmmideéan- Stark Trap fi ﬂt ed with refl UQO@QMer and
ni trogen inletyjgagecharged with 8.00g &3 mml)

4-nitro-|\|—but&§(§1t Ralimde, 0.495g (0, gg 27 & 568c§1pa| yst) C6B

catal yst, 0.4 (2.59 mmol) bi phenyl 1 ?P&“ HPLC i nt er 14 PPEhdard) and
16.4 m tol ueedbefore purging with nlzt,‘[ gn for 5 m nutes.e The Dean- St ark
was nodi fied gllowliquid-to returgéromthe bottom of the trap back

into th Hhn el . The,t
Into the reac utyl\ﬁ%? e prepargd aE:éle rdmg to Examplg\&{b) herein.

5  bMethylimide prepared according to Example 8(a) herein.
CMeasured by high pressure liquid chromatography (HPLC) vs biphenyl
internal standard.
dMeasured by Inductively Coupled Plasma.
- €Was not measured.

10 Table 3
Effect of Reaction Concentration on

Dis_glacement Rates and Yields

% Solids at
‘Which Reaction
Was Run % C6B Catalyst HPLC Yield Isolated Yield
15 25 74.9 - 74.2
20 2.5 82.6 82.1
30 25 87.3 ' 89.9
40 2.5 96.5 96.0

50 25 98.0 98.3



5 cal cium hydri de sandw ched between a plug of cheesecl oth bel ow-and
gl ass wool above to prevent cal ciumhydride fromreturning to the reaction
vessel . The cal ciumhydride facilitated 3tying of the reaction solution.
The contents of the reaction vessel were heated in a 150[err]C oil 10
bath and tol uene was refluxed through the hydride for 50 ninutes before
cooking to roomtenperature. The reacCExfh u£95el was st oppered and pl aced
in a glove box under a nitrQQ at A ﬁ i, Dh qisodlun1salt (3. 71q,
16.1 mol ), which mas pr ewet e wes then added to the
reaction m xture. The vesse dl :ved fromthe gl ove box,

reattached to mtroggq,@g@EFﬁgé ?%1‘5?’%‘3%?& (RERB A fRinhyedide The

reaction vvas allo cool 1 ng. out
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duct I ti
Penporature of o0 by elkid sGRAL e?ﬁ%“?%““‘*?g?%éﬁ@% thafiigybpe 1IN0
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hexabut yl guanhgh&dﬁaﬁyﬂm,@@y@é t he phase transfer cat aI yst The reaction
enploying this cta st _was Tuyn al;:crch ﬂ tP, conditions disclosed in U S.
Pat ent 5, 132 3‘2 Al aving ! WAL 8corporated herein by
r ef er ence. C. Sil‘hula plpatitas uséd kit thyd eﬁ(hahgede&ttdrewab aBrsd litetle

butyl yhe?f’L'eé I .'#?%@%53*3 SR PAl Aol ddyiReed Ml Thectliva "l
sol ubi | i ABes stirning aaVﬂ}tIpQIéNlﬂ‘eeMﬁmaé valres atsenmhng pert comsistingyofiari des of
bi phenol tube which extends nearly to the bottom of the inside of the vessel and an
external valve, an addition port with valve, a pressure gauge, a
thermocouple well for measuring temperature and a safety pressure
. release valve. A stainless steel bottle with valves at both ends was
20  attached to the addition port. One end of the bottle was connected to a
high pressure nitrogen line for the purposes of pressurizing the bottle.
Both the autoclave and the addition bottle had thermocouple wells for
temperature measurement and were wrapped with heating tape which
was plugged into a variable transformer for temperature control.
25  Additionally, the autoclave was placed on a hot plate which also was used
as a heat source.

Bisphenol-A bisbutylimide was prepared by imidizing 2 moles
bisphenol-A dianhydride (BPADA) with 2 moles of freshly distilled n-
butylamine in acetic acid. The reaction was run for five hours. Acetic

30  acid was removed via distillation, followed by a toluene wash to

azeotropically remove the last traces of acetic acid. The toluene/bisimide
solution then was stripped of toluene on a rotary evaporator, thereby
providing a viscous oil. The oil was dissolved in 3:1 ratio of ethanol/ethyl
acetate at reflux and then cooled to produce white crystals having a



28 dianhydride in toluene at 80[err]C. This tenperature represents the
tenperature at which the toluene phase of the displacenent reaction is
washed with dilute NaOH As indicated i 32rable 1 below, the solubility of
‘the nethyl- 5 derived material was equal to or less than 1% by weight in
tol uene. Because comrercially viable processes are run at higher per cent
solyi ds, the mmoeltirig peint e therardiecdfO294°CA. [Theabiimide whs tlht!h éleded | On i xture

ts to b
0 hose by TPFeT ét oA R e BRI RS AP BLREN ot “The
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before pressurizing the bottle to a pressure greater than that in the
autoclave. To the stirring autoclave mixture was then added the molten
15  bisimide from the addition bottle by opgnihg the valve on the bottle.
Samples were removed from the sample port after 30 and 60
minutes for workup and analysis. These samples were stripped of solvent
by heating the samples for 5 minutes at 250°C and 2-10 torr to remove
 volatiles and to ring close the tetraacid triethylamine salts to dianhydride |
20  and any residual amide acids to imides. The resulting materials were
cooled to room temperature and analyzed to determine the percent
exchange.
Equilibrium of the statistical reaction mixture was reached after
30 minutes. The percent exchange was about 73-77%.
25  b. Reaction Having 54% by Weight Solids
The same apparatus and procedure used in the low sollds level
exchange were used in the high solids level reaction. The addition bottle
was charged with 63.0 grams (0.100 moles) of bisphenol-A bisbutylimide,
prepared as described for the low solids level reactions, and then purged
30  with nitrogen. The autoclave was charged with 59.25 grams (0.4000 mole)
phthalic anhydride, 48.5767 grams (0.4800 moles) triethylamine (TEA),
and 55.6 grams of water, thereby running the reaction with a phthalic
anhydride/bisimide ratio of 4.0 and a triethylamine/ phthalic anhydride




25 I npurities cannot be washed free of the product prior to the exchange
reacti.on because the washing techniques_are only effective for washing the
surface of the particles. As a result, $%e out come of the exchange reaction
'i's adversely affected when the bisimde product is introduced to the
exchange reaction mxture. The bisinide product derived from butyl 30
material s dorade of heurTherxschangetastien seachedeequilibtiunyin aleeut AN product is
sol ubl e enougiiniufes; 8AA irBsutifeE B0 BSHEIY% BYcHingeessi ng at reflux. The 29
butyl -derived produ therefore is [ nsqlution thereb vQi ding the costs of
processi ng substanti Fagﬁ!egmggqgftﬁgb}l?yg SBF@&hBY%’.&‘ﬂ%e&B’gﬁY#ﬁ?‘T ﬁgt?‘éf
product w t h BuRhubutylietideasioydriderand butgbisitiide haoé y greater solubility in Tabl e 2

pr oduct : to havé ygreator solubtifyl i Ta
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net hods used efficienntiwill beigreatenayd resudt svingreased hydzavlic lnading to thego Tabl e
2 Compar i Son cgfunth (iricréised thidhiphiput, Ahidiea8ubRS hfi d6wek b%ﬁiﬁ% VS.
Met hyl Processes nponent . L Buivl Bisimde[err] t hyl
Bi si mi de[ er r FOHS) ¥ savings in stripping tolueneglso result. 100- 1000 ppm
500 ppmyget hyl phthal rm deforr] | oot L
' The solventless purification of 4-NPBI was achieved through the
implementation of zone-refining methodology. The purification .
procedure was performed by loading crude molten 4-NPBI '(ni.p.88-92°C;
pure 4-NPBI m.p. 94-95°C) into a quartz (or pyrex) reactor tube, and
15  allowing the dark yellow-orange liquid to solidify. The reactor tubes
were 71cm long with an outside diameter of 11-14mm and an inside
diameter of 6-11mm. The tube reactors were mounted vertically in a
double-pass zone-melting apparatus. The two furnaces were initially set
at 89 + 1°C. The purification process was studied by heating in either the
20  upward or the downward direction. The heater transverse rate was set
between 2 and 8 inches per hour. The process was cycled through from 1
to 25 passes. '
Under the reaction conditions, the major contaminants moved in
the direction of increasing gravity (downward): i.e. 3-nitro-N-
25  butylphthalimide (3-NPBI; m.p. 68-70°C), N-butylphthalimide (N-BPL;
m.p. 32-35°C). However, the data indicate that some of the more highly
colored compounds enrich in the direction the furnaces move: i.e. 4-nitro-
N-(3-nitrooxybutyl)phthalimide (Bob3; m.p. 67-68°C), and 4-nitro-N-(4-
nitrooxybutyl)phthalimide (Bob4). In general, the concentrations of all the
30 contaminants could be reduced such that the crude 4-NPBI was greater
than 99+% pure. Furthermore, the purified materials exhibited
substantially lower YI values than did the initial crude 4-NPBL
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sufficient room to attach the tube reactor to the zone-refmer The sample
was added into the tube reactor until roughly a 6 inch head space
remained. The liquefied material was allowed to solidify. The reactor
tube was then loaded into a table-top, vertical-mount, twin-pass-melting

apparatus. The reactor tube was capped with a nitrogen bubbler to allow -

for any out-gassing within the reactor environment. The two furnaces
were initial set at 89+1°C.

The samples were heated in onfy one vertical direction at a time.
Heating in either direction was found to have its own advantage or
disadvantage depending on the source of the 4-NPBL The furnaces were

turned off during the recycle stage where they moved from the end of the
. reactor tube back to the starting point; heat-up and cool-down delays

were programmed into each run cycle such that the furnaces were close to
thermal equili'brium.before they began moving in either direction.
Heating in both directions (ovens always on) was not examined. The
furnaces traversed the reactor vessel at 4 inches per hour. A total of 3 to
10 passes were examined. '

Upon completfon of the purification procedure, the color of the
crystalline 4-NPBI in the reactor was noted to range from white to light
yellow depending on its position in the reactor. Starting at the 4-NPBI
apex, the material was analyzed in 4-6 inch sections using standard HPLC
procedures.

General Nomenclature[ abbrewatlons Note: 4-nitro-N-(3-
hydroxybutyl)phthalimide (3-OH), 4-nitro-N-(4-

. hydroxybutyl)phthalimide (4-OH), 4-nitrophthalimide (4-NPIH), and 4-

nitro-N-(x-nitrooxybutyl)phthalimide (Bobx)



triethylam ne and water were conducted. These exanples illustrate that the
al kyl am nes according to this invention n be run.at a solids |evel
reaction higher than that typical of pri art exchange reactions, e.g.,

|l ess t-han 30% by wei ght solids. The higher solids reactions obtain higher
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ol are wnifh aPupiiids-firer eadatddiBatcly fof ihek WiRvale ST, 17 10
prepared by |n¢antqnmj>ezstanﬁng§ttthgmnbﬂreq>m&emm¢d mp!eammseg nol es

of freshly di %Jérk'a@ ollowPut yl am ne in acetic acid. The reaction was run for
five hours. Acetic aci s rempved vi a dlstlll ion, foll by a
tol uene wash to azeoh‘lﬂﬂlﬁﬁ!&‘;ﬁéﬁﬁe (Yekow-nrange ciysta t)’f"eét?esﬁ} ‘&'l\gﬁgg The
t ol uene/ bi si NM(35434% ) B-NPBI (£496%) INT C£Q0.057 %), B-OH €0.011 %), radidod-y
evapor at gé Wﬁ_gmgﬁsﬂtdl ng -a viscous oil. The oil was dissolved in 3:1
rati o of “&t ha etate at reflux ang then cooled to produce white
crystals having a  Samples1 & 2: (lightyellow ctysballme solid) 4-NPBI (98.448%),
3-NPBI (1.497%), INT C=C (0.047%), and 3-OH (0.008%).
Sample 5 (above sand): (white crystallme solid) 4-NPBI
(99.922%) and 3-NPBI (0.078%).
20 Sample 6 (sand residue): (dark orange-yellow solid) 4-NPBI
(71.829%), 3-NPBI (27.896%), N-BPI (0.148%), INT C=C (0.093%), 3-OH
(0.0207%), 4-NPIH (0.014%); and 4-OH (0.007%).
A second attempt at purification of this material produced
51m11ar results For example: _
25 Sample 5 (above sand; 2nd Run): (white crystalline solid) 4-
NPBI (99.716%), 3-NPBI (0.219%), INT C=C (0.053%), 3-OH (0.009%), and
2-OH (0.003%).
Run 2: Hot Nitric, No Washes (MV)
The impure 4-NPBI (40g; 151mol) was loaded, run, and analyzed
30  asin Run 1. The initial 4-NPBI mixture was found to have the following
composition: (orange solid mass) 4-NPBI (93.706%), 3-NPBI (3.991%),
highly polar material (1.187%), 4-NPIH (0.180%), Bob3 (0.137%), 3-OH
(0.110%), 2-OH (0.108%), and 4-OH (0.046%). After purification, the
analyses of the segments indicated the following:



32 nelting point in the range of 92-94[err]C. The bisimde was then el uted
through silica gel using toluene as an eluant to provide, upon sol vent
renoval, a white powder. The stainless s¥eel addition bottle was char ged
with 63.0 grans 5 (0.100 nol es) of bisphenol -A bisbutylinmde and purged:
with’ nitrogen. The autoclave was charged with 88.872 5@4 éﬁ; 6000 nol e)
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ring cl ose t.S1aNRLOH (OI9N)Y ADHI0.0824) e 200RNONGHe 2 0 and any
resi dua agi e res material s were cool ed to room
tenperat]tﬂe gﬁﬂén g’di‘{pﬂ @Jﬁeﬂég‘f‘aeé%'ég%ent exchange. Equilibrium of .
the statistical reacTheauded-INEBIh@égr@064mdl)avasloadedrandtiasas péee per cent

exchange vas AhoYt Tk T ARurd S RRbRN A DYoL 4501 1 d5 The

sane appar at us andﬁ) e were

used in the HNEBI{H.3%%), SyRIPBI£2.068%n.3-OiE (A467 %),mlildetBPIe(OﬂeOﬁ"%har ged
with 63.0 gragfe fgumaﬁBhQﬁé f&ﬁo@ixﬁé@ﬂ?hsﬁoﬁb%&@fbﬁﬁ&de prepared as

desert befg Tor The ! o mple 1:* (White crysiaiiine solid) 1'NPel (6028745 3-npe1
(0.405%), 3-OH (0.119%), and N-BPI (0.005%).
' Sample 2: (White crystalline solid) 4-NPBI (98.028%), 3-NPBI
(1.543%), 3-OH (0.136% ), and N-BPI (0.071%).
_ Sample 3: (Light yellow crystalline solid) 4-NPBI (97.221%), 3-

20  NPBI(2.256%), 3-OH (0.113%), and N-BPI (0.120%).

Samp. le 4: (Light yellow crystalline solid) 4-NPBI (96.608%), 3-
NPBI (2.224%), highly polar material (0.374%), 3-OH (0.507%), and N-BPI
(0.127%).
Section __@lsplacement Chemistry):

25 General procedures for the displacement reaction: The toluene
used for the displacement reactions was distilled from
sodium/benzophenone ketyl immediately prior to use. The disodium salt
of bispﬁenol-A (BPA) was supplied by General Electric as a toluene
slurry. The removal of toluene was accomplished by heating the salt

30  under vacuum (1 X 104 mm Hg). The drying temperature was raised
‘incrementally, with a final drying stage of 160° for 8 hours; the dried salt
was subsequently stored in a Vacuum Atmospheres Dri Lab glovebox for
further use. The 4-NPBI was azeotropically dried using toluene,
immediately prior to running the displacement reaction. The C6B (bis(tri-




30 with nitrogen. The autocl ave was charged with 59.25 grans (0.4000

mol e) phthalic anhydride, 48.5767 grans (0.4800 noles) triethylamne (TEA),
and 55.6 grans of water, thereby runningd®he reaction with a phthalic
anhydr.ide/ bisimde ratio of 4.0 and a triethyl am ne/ phthalic anhydride

33 ratio of 1.2. The exchange reaction reached equilibriumin about 40
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resul t in i ncr&agSslphast Wilatkah @BHiMA ahd 4 liRedi¥olveht (Gradiedd ppdgrlam oughput
ol st oW efu i ST SO HAB-EREI of BTt A g OORP! 1
The sol vent | e€¥13CN).f Thetotahtinfe for HIHLC wnalysisprogeamt wao4 mintes. An
oot or mo by NSRS (b E-RERRR A e 25 8 rvz%‘?j‘%?é%ﬂ?ﬁﬁﬁﬁﬁg‘é{ “mp.
94-95[ err] C) mascseddozalibrate eaghy HPLC chromatograme Thefallowing ekamplesg t he
dark yel | ow ofjpiifath iiid/behdral fRdaktich bYoceliged:€act or tubes were 71cm | ong
o R o B AN B AT b 1
apparatus. The two f @ 50mEfoutki-bottomed dWhorneskedflaskequipped heitipudistiri cat i on
i roctton - Thishastur copaRbisruld s ROt bUBE wag iB0r She besenBReS Fer
hour. The prodéegeactiorcflaskewas loasiedrwith@8440g(10.4numeh @f zovedefined d-
reaction condiNpEN$.42585.0RR6]) of BPAd 288w TAHEE.0879g (0.06mmol) of C6B,
15  0.1686g of triphenylbenzene (standard), and 5Smi of toluene. The reaction
vessel was placed in an oil bath preheated to 140°C. The overall reaction
mixture contained 45% solids. Aliquots were taken at 5 min. intervals.
Each aliquot was quenched into a solution (10ml) derived from a mixture
‘of acetonitrile (500ml), methanol (50ml), and a glacial acetic acid (Sml).
20  After 2h, HPLC analysis indicated that the conversion to BPA-bisimide
had only reached 16%. It was later determined through HPLC analysis
that this particular zone-refined sample contained a nitrate ester (Bob3;
0.259%) detrimental to both the product rate and yield in the displacement
reaction.
- 25  Run2. Zone-Refined Sample 5 (nitrate ester removed (No Bobs): MV 86-
48; HN 4-NPBI)
. The reaction was repeated with a reactor vessel outfitted as in
Run 1. The materials used were: 4-NPBI (1.6094g; 6.4mmol), BPA
disodium salt (0.8834g; 3.2mmol), C6B (0.0236g; 0.03mmol), 1, 3, 5-
30 triphenylbenzene (standard: 0.1498g), and toluene (3ml). The reaction
mixture contained 45% solids. It was heated at 140°C. Aliquots were
taken and analyzed as described previously. The displacement reaction
was found to be complete within 15 minutes. The solution work-up
involved cooling the reaction mixture down to 80°C. The cooled solution
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the organic to aqueous volume ratio was ‘4:1. The mononmlde level was
ca. 0.96%.
The above clearly demonstrates that 4-nitro-N-butylphthalimide
: (4-NPBI) can be readily converted to an analytically pure grade of
20  material, through the use of zone-melting (zone-refining) techniques. The
purified 4-NPBI was subsequently shown to undergo facile conversion to
the bisbutylimide of BPA dianhydride in high yield. The resulting
bisbutyl bisimide exhibited color numbers (YI = 6.4) comparable to those
now obtained for the bismethyl bisimide process, under current plant
25  operation.
From the above it has also been concluded that other solventless,
melt methods of purification of the 4-NPBI (or its analogues) such as melt
crystallization process can be employed commercially. In a melt
crystallization process, there will be no oven movement; hence, all the
30 impurities in the crude 4-NPBI will flow out the bottom of the reactor (no

furnace tracking problems as with zone-refining).



turned of f during the recycle stage where they noved fromthe end of the 20
reactor tube back to the starting point; heat-up and cool -down del ays were
programed into each run cycle such that the furnaces were close to tgermal
equi librtium before they began noving ipBgeither direction. Heating in.,joth
directions (ovens always on) was not exam ned. The furnaces tray rseﬂfthe
reactor vessel -t 4 inches per hour. Atotal of 3 to 25 10 passes were
exam ned. Upon jgonpl etion of the purification procedure, the colibr ofgthe
crystalline 4- N8Bl ;ip theyreqct qr ;was pofed t¥ range fromwhite§o light

yel | ow dependi oh ftls peditiond #n thé teactdr. Starting at the 4-NPB
apex, the materijal was analyzed in 4-6 inch sections using stageard HPLC 30
procedures. Cenrgral Nonencl at ure/ abbrevi ati ons Not e: 4-nitro-NE&£- -

hydr oxybut yl ) pifilhal igyi de {3-OH), 4-nitro-N (4- hydroxybutyl)pht Halinifle
(4-OH), 4-nitrg@htGdn @ I(R- NI H), ahd} 4- | a° +
nitro-N-(x-nitrgoxybutyl)phthalimde (Bobx) 35 Run 1: Hot h%t iC, gb
Bobs (M 86-48;"{HN 4- NPBI pp.275) The crude 4-NPBI (35g; 0.13 ) was
nmelted and | oadgd into a quartz tube reactor as descri bed abovg.g‘Theﬁube_
reactor was |ogged igto zghe-refining apparatus once the materfd] had
resolidified. e guens ngiﬂerq Qnitigl|y sef at 89 1l[err]C % tinq;mas
in the upward di]recCtion with"an oven transversal rate of 4 inches pers hour.
After three cycTles, the oven tenperatures were raised to 95 Igé&r]CISThree
nmore cycles werg conpl eted before the purification process waskt®rni rfit ed;
the progregs of2the purification procedure was via visual inspg¢tionX
Sanpling df theoll0 wpuridiced 44d\PBI was at approxinmately fouraimch -

i nterval s Eal ongift hed R&uct3™ Bub& Jtartfiig at the top of the puBidiedBolid.
The sanpl adanal.Yses . ‘ a5 2
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“were as follow Initial—CrudeMxture (yel | oworange crystalline nass)
4-NPBI (95.434%, 3-NPBI .(4.496%, |NT C=C (0.057%, 3-OH (0.011%, and 4-

15  NPIH (0.003% SanfjisdheetiHag Boon Replacgtht yel | . d) 4- NPBI.
(98. 448% , 3-NPBI (1. 49b -mm‘ﬁiilo.o47%, Pl SHEET HASHHEM || Sanple 5
(above sand): (white cr I d) 440NPB| (99.REPAACEMhd 3- NPBI

(0..078% . 20 - Sanple 6 (sand residuel= orange- yel | ow sol i d)
4-NPBI (71.829%, 3-NPBlI (27.896%, N-BPI (0.148%, INT C=C (0.093%, 3-CH
(0.02079% , 4-Mnd 4-0OH (0.007% . A second attenpt at
purification ' produced simlar results. For exanple: 25
Sampl e 5 (above sand; 2nd Run): (white crystalline solid) 4- NPBI

(99.716%, 3-NPBI (0.219%, INT C=C (0.053% . 3-OH4 (0.009%, and 2-CH
(0.003%. Runl.2: mtprmssif@qprmarumsmgss(e(tmm‘éﬂdq}pm@aﬂWBl (40g; 151nol)

oadied. , _ . S (

was found to have (MaTPRRHARE o) Hoatioprihuiibe fron 1 idlid efkyidnfE At v e

(5,1000. 2155 soppume wumlr sl (11679, S0

Aier pubi cat 1 onfmegdis talaf o dlirgidg o pradion & 00 PR IEn g
a e t : . i . i _ . . 8&0@ .

3- NPBIrm( 0. 49(1%0 l,o) BS%fhﬁg‘f ‘Eégﬂ% ﬁ%ﬁ%ﬁ%@%ﬂ}%lﬂg lf h@? y?@g%%@ﬁf Kpal o

Elongél:W% bBag(C)i?f}(; O—g{ Gacﬁ)aﬁP/disﬁlmpi e 2. (light yellow crystalline solid)

(d_) drying the extracted or distilled N-alkyl nitrophthalimide under
substantially solventless conditions; _ .

10 (e) reacting the dried N-alkyl nitrophthalimide with a dried bisphenol alkali
salt to form a bisimide wherein the solids level of the reaction is at least about
30% by weight; ' |

(f) transformation of the bisimide to form bis(ether anhydride).

2. A process for preparing N-alkyl phthalimides suitable for preparing bisimides
15 and bis(ether anhydrides), comprising reacting liquid alkylamine and liquid
phthalic anhydride under N-alkyl phthalimide formation conditions and

recovering liquid N-alkyl phthalimide.

3. A process according to claim 2 wherein said alkylamine has a boiling point

temperature of about 48°C to about 250°C.

20 4, A process according to claim 2 wherein the liquid alkyl amine and the liquid
phthalic anhydride are reacted at a temperature in the range of about 150°C
to about 175°C.

| 0 A |



5 NPBI (0.155%, Bob3 (0.355%, 3-CH (0. 179%L 2- G (0. 058% ,_s- O
(0.020%, and 4- NPI ﬂliﬁeﬁﬁwﬁwane 5 (saf fle- yel | ow
g

solid ) 4-NPBlI (78.8 5. 940), rlal (3.264%,
4-NPI H (0.511%, (0. 084 AAg
3: CRD Pilot Pl ant ce:. Thd crude 4- NPBI (16g; 0.064nol) was

£0..04%% . 10 Run
| ogded and run as per Run 1. The initial mxture was determ ned to cqgntain

the followi ngi. 4- AJHBDCG(SQfoﬁimngmkﬂznw@h@l\ﬂl@l@ﬂw@bﬁm Prepadng\- Bp|

(0.108% . After puyr. |f| at| 0 ons were f d: 15
Sample 1: (Wite o pisEfiet 3“"18%5%?9 %‘8’3‘5@% b °"3 NP (8u205% 3-OH
(0.1199%, and N BFtla) (r&cﬁﬂ %h. Nfawsn O;ﬂm?ahnﬁwahe a:nmmglageat e fford) N-algBI

(98.028%, 3-NPBI (1.5439 136%, and N-BPI (0.071% . Sanple 3:
(L| ght yel | ow crysmupphtha,hrsrdm d) 4 NPBI (97 221% 3- 20 NPBI (2.256%,

OH (0.113%, and | crystalline
solid) 42NPBI (96, @S%%J’“ sﬁ%%@% © hi‘%'aéé‘ﬁ aftf) BYSS (0. 3749,
3-OH (0.507% , andchNpififyingthe N-akyl ﬁmphmahﬁlde(mﬂpymgdnqmd/h@ld ektraction, 25
General procedures for the_ displacenent reaction: The tol uene used for the
di spl acenent r eactYasHumdisiillation, on zaneefifingodi unt benzophenone ket yl
I mredi ately prior to use. The disodiumsalt of bisphenol-A (BPA) was
suppl i ed by General Electric as a toluene slurry. The renoval of toluene-
was acconpl i sfied byhé paicessgoft Claimal, twikdein saittisitration step (2) CHMpOises mﬁaﬂgg
The drying tenperature_was_ r |sed ncr ement al

fina r
of- 160[ err] for 8 % Nalkylp @F’F'@ Sl evﬂ'gssgw%sgﬁ%elﬁfrpgn%%qd&%‘lﬁlggs cuum
At mosphgpes Dri Lapo,ggﬂmgﬁ) rfl:racfidr'hﬁ(i‘ﬁftné'%&d The 4-NPBl was azeotropically
dried using toluene, T mMmedi y prlor to running .the displacenent
reaction. The C6B (bis(tri-
| 7. The process of Claim 6, wherein the amount of the nitrating agent is sufficient
to substantially minimize the side oxidation of N-alkyl phthalimide to

4-nitro-(3-hydroxy alkyl) phthalimide;

:JI

8. A process according to claim 5 further comprising (d) drying the purified
15 N-alkyl nitrophthalimide under substantially solventless conditions.

9. A process according to claim 5 wherein when the N-alkyl phthalimide is
N-butyl phthalimide, the process further comprises prior to purification a step
of pretreating the resulting N-butyl nitrophthalimide with concentrated acid,

and a subsequent dilute basic wash.

20 10. A process for preparing a bisimide suitable for preparing a bis(ether
anhydride) wherein the process comprises
(a) providing a N-alkyl nitrophthalimide and a bisphenol alkali metal salt;
(b) reacting the N-alkyl nitrophthalimide and said salt at a solids level of at
least about 30% by weight solids to form a substantially pure bisimide; and
25 (c) extracting the bisimide.
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37 n-butyl anmoni un) - hexane di br om de) v‘v- | Five Starr

G oup, inc. and used‘”h pUI’IfI S 1§ ditions for
t he di spl acenent reac utilize § [ ase What man
colum and a linear s t program5 (solvent ratio initial VIV
H20: CH3CN of 56:44; sol vent- ratlo final 1 %CHBCN) The total time for
HPLC anal ysi s progr.am was 24 i,nt ernal..st.a 1 .
5-tri phenyl beﬁg'ene ESWHW%S@%%%M"FW} HW;E“‘E]Q’EH °8hﬁ‘&}1f“b‘leaﬁ“8 saidch
HPLC chromat ogr am bEBﬁeﬁo@khemw&aaé@wkﬁfsmhmikélaéﬂlés@eomsal reaction

procedures: 10 Run” 1. Zone-Refined Sanple 1 (4-9-90: Hot Nitric; No
Washes) A 50m round-bottoned two-necked flask equi pped with a stir bar,

el condongst Wl obEAR BHRh T YRR i el SRR B,
14229 (5. Ol ) ofkolRén s & efhpirand of 892037 %8s 0. 06Dl ) of 6B, 15

0.1686g of triphenyl benzene (standard), and 5m oftoluene. The reaction
vessel was pl aced in an 0|I bath preheated to 140[err]C. The overall

reaction mxt [ % [ nat 5 mn.

i nterval é ﬁ?f%% %Sqé(?{ %é@%lmﬁoi(g@%tﬁeﬁ"@&ﬁpri ) derived froma
m xture of acet onl (@) lbafdrﬁﬁhﬁgv‘aﬂ excirinpe nedction By reactingcsail bisimide lof dc)ewith aaci d
(5mM). 20 After 2h, HPLC analysis indicated that the conversion to

BPA- bi si ni de had oBhthali¢ashydiideso, 1t was | ater determined through HPLC

- analysis that this particular zone-refined sanple contained a nitrate ester
(Bob3; 0.259% detrinental to both the product rate and yield in the

di spl acenent rngact iTthe.prédess oRCaid lidnﬂhﬁeédmmukl@npl e 5 (nitrate ester
removed (No Bobs): M 86- 48; HN 4 The reactjon re eate with a
reactor vessel out K@t‘ﬁ@ﬂt‘%me@lmﬂn el%’i@d ?‘F‘a*‘g’%?@ @‘Eﬁe‘fegc B
(1.6094g, 6.4mmol), BPA

10 15.  The process of Claim 13, wherein the percent solids in said exchange reaction

and purification is greater than about 40%.

—
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di sodi um=salt (0.8834g, 3.2mmol), C6B (0.0236g; 0.03mml), 1, 3, 5- 3 0

tri phenyl benzene—(st-andard:—0-31498¢g), - and tol uene (3m ). The reaction

m xture contained 45% solids. It was heated at 1 ake

and awal yzed as dd¥bisShdotiths m\ﬁepmay The di spl adehriStSHEEIHAS BEGM s found
to he conplete with % ‘The sol d8i on wiir k- upRERWBFERJ coodlli ng t he
reaction m xture do cool ed sol ution 38 was stirred for 15
m nutes in the presence of 5% NaCHaq:- (base wash); the organic to aqueous
volune ratio was 4:1. The isolated yield of the desired product was 85%
This material produced a Yl nunber of 6.4. The nonoim de | evel was ca.
0.96% 5 Run 3. Zone- Refi ned Sanple 5 (2nd Purlflcatlon run; Nitrate

ester renoved asm epeated with
a reactor vessel e At

(1.58g), BPA di SOAMEAMNED‘E@VEWMHAm&:Lé_wmitbrg%d;benze”e
(standard: 0. 1469 ol uene reaction mx

contai ned 45% solids. It was heat edTHMRERAFWURES Al i quots were taken and
anal yzed as described previously. The displacenent reaction was found to be
conplete within 20 m nutes; the reaction was stirred for a total tine of
one hour. The solution work-up involved cooling the reaction m xture down
to 80[err]C. The cooled. solution 15 was stirred for 15 mnutes in the
presence of 5% NaOH aq (base wash); tABSFBAGTE to aqueous volune ratio
was' 4: 1. The nonoi m de | evel was ca. 0.96% The above clearly denobnstrates
that 4-nitro-Nbutyl phthalimde (4-NPBI) can be readily converted to an

anal yticslly pure grpdeessffoRmhakingthigeihat an h aﬁmhlehbm yafkylimiaene- mel ting
(zone-refini nga)‘ techni ques. The purified 4- was subsequently shown to
Va

under go faci | Bavinghlaw gelfing tgmperatures thus allowmg for novel intermediate
process steps for preparing bis(ether anhydrides). The alkylamines have

alkyl groups which contain at least three carbon atoms and have boiling
temperatures in the range of 48 to 250°C at atmospheric pressure. As a

10 result of using these amines, liquid alkylamines now can be employed in
the imidization process step. The N-alkyl nitrophthalimides prepared
from the recovered imidization product according to this invention can
now be purified using liquid/liquid extraction or vacuum distillation.
The alkyl nitrophthalimides prepared according to this invention provide

15 for displacement reactions which now can be run at a high solids level.
Likewise, the exchange reaction can be run at a higher solids level, and
thus achieves an efficiency level which is higher than conventional

processes.



the bisbutylimde of BPA dianhydride in high yield. fife=Festtd aTe
bf'si i de exhi bited col or nunbers (Yl = 6.4) corrparIﬁ,EH‘-ACENmﬂ'
.obt ai ned for the bismethyl bisimde process, under
operation. Fromthe above it has al so been concl udgl

solventl ess, nelt methods of purification of the 4- Cor=Fts=ay alQgues)
such as rrelt crystal | i zati.on process cd&n be enpl oyed conmerci aI ly. In a
nelt crystallization process, there will be no oven novenent; hence, all

t he 30 impurities in the crude 4-NPBI WI|| f | ow out the bottomof t he
reactor (no fur nagepribicheles s eblreHFha & FgtE mides degfvg

40 What is clained . process arl% er an ride)
conpri si ng: fiom) Wh)’h@%liﬂlqsnah&rfe&ﬂmﬂ(}ﬂ Iﬁﬁlﬂilfhp emad)@x(:ha}ngeu mcmbn

al kyl ami ne ggotichd blsiided AR y!
pht hal i m de topplr oducse gu @Eﬂﬁ‘l‘sﬁf"tro uéﬁﬁﬂxé'&@%?% :

N-al kyl ni t fgpagaompanying trnpmydwgtmn cmodmw qﬁ |b@tlmacwts g oblsmcdmm
O 3o S T, W, GRS S 85 ! MU, Bl ot spfn
the dried Natg movnd by mq%nmthmnaldsrpx@du@s dptectelucng) tharebys drwmg)theo r m a
alelSngrPt de(¥\/;1g rans (@?#‘@?Ilgﬁﬂgk%@ tﬁ% s?%a ;tﬂé‘a ‘g"f&sﬁ%é ’g.l?]% (L#clugg)/o >
' salts then are stripped of water and trlethy amme to leave the desued
dianhydride. Methyl-derived bisimides, however, have a limited solubility in
10 toluene, and, therefore, throughput of reaction product solids in the exchange
reaction of these bisimides is low, e.g., about 12%. Greater efficiency is desired.
SUMMARY OF THE INVENTION
The foregoing disadvantages are overcome by the present invention. The
inventive method includes the steps of (a) synthesizing an N-alkyl phthalimide
15 from (i) liquid alkylamine and (ii) liquid anhydride; (b) nitrating the N-alkyl
phthalimide to produce a N-alkyl nitrophthalimide; (c) purifying the N-alkyl
nitrophthalimide employing liquid/liquid extraction or vacuum distillation; (d)
drying the extracted or distilled N-alkyl nitrophthalimide under substantially
solventless conditions; (€) reacting the dried N-alkyl nitrophthalimide with a
20 bisphenel alkali salt to form a bisimide wherein the solids level of the reaction’
is at least 30% by weight; (f) transformation of the bisimide to form
bis(ether anhydride). The transformation is achieved by hydrolyzing the bisimide
to form a tetra-acid salt; and then acldlfymg and dehydrating the tetra-acid salt
to form the bis(ether anhydride).

25 The liquid alkylamine employed in the imidization step preferably contains
three or more carbon atoms. As explained more fully below, the presence of such
an alkyl group in the various reaction intermediates further improves the total
efficiency of the bis(ether anhydride) preparation.

Butyl and propyl amines are preferred liquid alkylamines in some instances
30 because of their relatively low cost. When employing a continuous process of
preparing bisimides and/or bis(ether anhydrides)



2. A process according to claim1l wherein the al kyl
al kyl am*he contains at |east three carbon atons.

to claim1 wherein the al kyl group of said al kyl
A process according to claim1 wherein the alkyl

IS n-propyl, n-butyl or n-hexyl. 5. A process affddteli.ng..t-0.- ¢l .M
the al kyl am ne has a boiling tenperatu of about >

= rr] C
6. A process according to claim1l wherein the N al ky‘l ntT

[ thal i m de
has a solubility In toluene of 11% by wei ght or greater at

room t enper at ur e
and a Riphi Qgcﬁﬁ[yaqgature in the range of about 90 to about 135[err]C 7.
A process accor

ng to claiml1l wherein the N-al kyl nitrophthalimde has a
solubility in toluene of SO(V%%

I t d
mel ting tenmder at A BFOCHSS £9L Br E‘go?*gg{'fgg{r ? &? ?((B) ‘g igg[ere?rijzie gn :
A process accor di(gosymthesizngrafi Néatici phﬂldlumﬂleaftmm(l)phqmdlalkyldmmesaml Gdx r ]
al kyl pht hal i m de.

ccording to claim7 wherein the N-alkyl
phthalimde is al{qg}thtgpﬁg,pﬁmq%ga ® i de. 10.

A process according to claim

1 wherein the prqpysafrdtihgahe N-alkgl phthalimideo protiuce a N-alkybnitrophthalimide; A
process for preparing,

and bi s(ether ank‘ﬂi? & aI Wﬂ@?ﬂ@a‘ﬁ% %@ﬁ}"&&h@‘?ﬁﬁ{‘ﬁe&%ﬁéﬁ rlwqgsz
phthalic anhydri C&m gldtion; pht hal i m de formation conditions and
recovering liquid Nalkyl phthali

wherein sai d al ky(@nidgEngahe; mq%g @@@Qﬁﬁg%&g a%fcﬂ% 5l l&4 | ]mCll
2 kyl - ani ne and 1 ﬁ’ ) H?%é??gmﬁ"?} e o o feacted af a L emporarire.
in %/he range of a L;‘pa p a]fyq IYI ijtgal?mx%c éjtle% bx%phe%o afk% .
salt to form a bisimide wherein the solids level of the reaction is at least about
30% by weight;
(f) transformation of the bisimide to form bis(ether anhydride).
2. A process according to claim 1 wherein the alkyl group of said alkylamine
contains at least three carbon atoms.
3. A process according to claim 1 wherein the alkyl gfoup of said alkylamine is
a C;-C; alkyl.
A process according to claim 1 wherem the alkyl group of said alkylaxmne is
n-propyl,n-butyl or n-hexyl.
A process according to claim 2 wherein the alkylamine has a boiling
temperature of about 48°C to about 250°C.
A process according to claim 1 wherein the N-alkyl nitrophthalimide has a
solubility in toluene of 11% by weight or greater at room temperature and a
" melting temperature in the range of about 90° to about 135°C.
A process according to claim 1 wherein the N-alkyl nitrophthalimide has a
solubility in toluene of 50% by weight or greater at room temperature and a
melting temperature in the range of about 90° to about 135°C.
A process according to claim 6 wherein the N-alkyl phthalimide is a Cy-C;
alkylphthatimide. _
A process according to claim 7 wherein the N-alkyl phthalimide is a C,-C,
alkylphthalimide. |
10. A process according to claim 1 wherein the process is continuous.

group of said

wher ei n

@)
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to about ‘175[err]C. REPLAQED 11. A process according to claim 10
wherein the N-al kyl nitrophthalinmde and said bi sphdpol=satt—are-—re
substantially solventless conditions. 12. A procedsRERLACEMEYT SHEET o

wherein the bisimde is extracted in an al kali sol utff on Watu e of
85[err]C or less. 5 13. The process accordi ng t BA a1, rthger
conprising (d) perform ng an exchange4deacti on by reacting,sq st mde of
(c) with a phthalic anhydride. 14. The process of d ai mﬁS,

conprising (e) isolating the bisanhydride product from said exchange
reaction (d)11.10 A prockss for piéprripg N-alky1 phthalimides sisitablé for Prépating bistimidest

ope % 1 S gl Shy e, s b il s
phthalic anhydride under N-alkyl phthalimide formation conditions and
recovering liquid N-alkyl phthalimide. |

12. A process according to claim 11 wherein said alkylamine has a boiling point
temperature of about 48°C to about 250°C.

13. A process according to claim 11 wherein the liquid alkyl amine and the liquid
phthalic anhydride are reacted at a temperature in the range of about 150°C
to about 175°C. '
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PROCESS FOR PREPARING BIS(ETHER ANHYDRIDES) USING
. ALKYLAMINE DERIVED BISIMIDES HAVING LOW MELTING

TEMPERATURES

ABSTRACT

A process for making bis(ether an hydrides) employs alkylamines
having low melting temperatures thus allowing for novel intermediate
process steps for preparing bis(ether anhydrides). The alkylamines have
alkyl groups which contain at least three carbon atoms and have boiling
temperatures in the range of 48 to 250°C at atmospheric pressure. As a
result of using these amines, liquid alkylamines now can be employed in
the imidization process step. The N-alkyl nitrophthalimides preparéd
from the recovered imidization product according to this invention can
now be purified using liquid/liquid extraction or vacuum distillation.
The alkyl nitrophthalimides prepared according to this invention provide
for displacement reactions which now can be run at a high solids level.

Likewise, the exchange reaction can be run at a higher solids level, and

‘thus achieves an efficiency level which is higher than conventional

processes.



