' METHOD OF RECYCLI NG PHASE TRANSFER CATALYST FOR

<. DI SPLACEMENT REACTI ONS Background of the Invention

This invention relates to the reaction of di hydr oxyaromati ¢ conpound
salts with substituted aromatic conpounds, and nore particularly to
the recovery of phase transfer 5 catalysts used in such a reaction.
Various di spl acenent reactions of salts pf di hydroxyaromati ¢ conpounds
Wi th substituted aromati ¢ conpounds are known. Most often, the

substituents on the substj r tel are halide
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bi setherim des (internmediates in po rimde production) from
substituted N al kyl phthal i m des, the direct producti on of

pol yet heri m des, by the reaction of sybstituted 15 bis(arylim do)al kanes
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compounds are halide (especially chloride or bromide) or nitro
10 radicals, and the dihydroxyaromatic compound salts are alkali metal
and especially sodium salts. Reactions of this type include the
formation of bisetherimides (intermediates in polyetherimide
production) from substituted N-alkylphthalimides, the direct
~ production of polyetherimides by the reaction of substituted
15  Dbis(arylimido)alkanes with bisphenol salts, and the preparation of
polyethersulfones and polyetherketones by the reaction of
bis(haloaryl) ketones and sulfones with dihydroxyaromatic compound
salts.

Early in the development of reactions of this type, they

20 were generally conducted in dipolar aprotic soivents. The trouble and
expense attending the use of such solvents inhibited the use of such
reactions in commercial processes. Commercial use became much
more practical, however, with the discovery that these reactions could
be conducted in non-polar organic solvents with the use of phase

25 transfer catalysts, typically quatemary salts as represented by
tetraalkylammonium, tetraalkylphosphonium and
hexaalkylguanidinium halides and their analogs. It was then possible
to isolate the product of the displacement reaction by conventional
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- 2- _ met hods such as anti-solvent precipitation, or to use the

< solution directly in further reactions. . A

si zeabl e expense in conducting reactions in this way is the cost of
t he phase transfer catalyst. It is normally lost after one 5 use.
Recovery by concentration of the organic solution, followed by

recycle, has been reported, but as a praciical matter so little can be
recovered in this way that the expense attributable to the | ost nmaterial

is still high. methods such as antl-solvgnpg?e&kﬁlfdti%ﬁ Pfo ih“é EOIBfI%Rhase transfer
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The nost ef f ecigigtifl gyl conveni ent phase transfer catalysts are
guat emary brom des, and they are converted (at | east in part) by

di spl acenent of other sufstituents to corres chl ori des or
nitrites. The latter are Hﬁtopgignef?f WF@eOfég’ase tran a‘gg Ig’ g%§f
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transfer catalyst is soluble. However, o-dichlorobenzene i is a non-

volatile material and the phase transfer catalyst can thus be recycled

16 only in solution therein; therefore, it is of little or no use unless the
reaction solvent is o-dichlorobenzene.

A further conceptual obstacle to recycle of phase
transfer catalyst is presented when a non-bromo-substituted aromatic
compound (e.g., a chloro or nitro compound) is employed in the

20 displacement reaction. The most effective and convenient phase

| transfer catalysts are quatemary bromides, and they are converted (at
least in part) by displacement of other substituents to the
corresponding chlorides or nitrites. The latter are not as effective as
phase transfer catalysts, and are usua'lly obtained as dark oils of poor

25  or questionable purity.

It is of interest, therefore, to develop methods for
recovery of quaternary salts which facilitate their recycle as phase
transfer catalysts of high efficiency.

Summary of the Invention

30 _ The present invention is based on the discovery of a
class of solvents which is particularly useful for recovery of quatemary



Su°rrmary of the Invention 30 The present I nvention is based

. on the discovery of a class of solvents which is particularly useful
for recovery of quatenmary - 3-
phase transfer catalysts. In addition, a procedure has been - devel oped
for conversion of inpure quatemary chlorides and nitrites into
relatively pure quatemary brom des mhlcg are hi ghly effective as - phase
transfer catal ysts upon recycle One aspect of the
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quaternary salt from the wash liquid by extraction with at least one

chlorinated alkane.

Another aspect is a method as previously described
15  which further comprises (C) contacting the chlorinated alkane extract
product of step B with an aqueous alkali metal bromide solution of at
least about 2M concentration.

Detailed Description; Preferred Embodiments

" The salts of dihydroxy-substituted aromatic
20 hydrocarbons which are employed in the present invention are
typically alkali metal and preferably sodium or potassium salts.
Sodium salts are especially preferred by reason of their availability
and relatively low cost.

Suitable dihydroxy-substituted aromatic hydrocarbons
25 include those having the formula

() HO-A-OH ,
wherein Al is a divalent aromatic hydrdcarbon radical. Suitable A1

30 radicals include m-phenylene, p-phenylene, 4,4'-biphenylene, 4,4'-
bi(3,5-dimethyl)phenylene, 2,2-bis(4-phenylene)propane and similar



25 include those havi ng the formul a (1)

HO Alerr]-OH wherein Alerr] is a divalent aromatic hydrocarbon
radical. Suitable Alerr] 30 radicals include m phenyl ene, p-phenyl ene,
4, 4' - bi phenyl ene, 4,4' - bi (3, 5-di net hyl ) phenyl ene,

2, 2- bi s(4- phenyl ene) propane and sim| ar

-4- radi cal s such as those which gorrespond to the

di hydr oxy-substituted aromati ¢ hydrocarbons di scl osed by nanme or

formul a (genefidicflé such as%ﬁ6§é Wtﬁdh l::v.'9rré1'sp%ntﬂ%t tﬁ@tdlﬂyé’r&y 48Bstituted

The Al err] radical e s .the

() LA et 1] -atompatid hyarsoarbohgfisciored bimage af IFmula (gengrisen i s a
monocycl i c di speciid) inthSaPatent 4,2174880ocar bon radical and Y is a bridging
hydr ocar bon radical in which one or two atoms separate A2 from A3. The

free val ence bonds in f ' he nmeta or para
positions of Alerr] andTu\?@golr]amr??fbéfe%?%“agﬂkégorwjl%orrpounds I n which
Alerr] has formula Il are blsphenols and for the sake of brevity the

term "bi sghenol " is sonetinmes uselll) -A%Y-Aferain to designate the
di hydr oxy-substituted aromati c hydrocarbons; - it should be understood,

however, that wh@?eﬁ'e%l%hQﬂCA? smeugasln@ﬁocychc dnﬁaheﬁt émtm&y al so be
enpl oyed as a r mul.,a e Alerr] and

ropri,at e.
ALor 1] val uesRPEAESAN (adiEal and ¥ s & bridging byJfabebar radicalfn rich
hydr ocar bon- sohetor twbo @dorrie isepatate &2 frivarAf The freesialeridevsonds in

henyl ene. 1 aciaiaule 1 A8 ELplRy | hendla ofBarathosite ot A2 HRTATH, S, o -
phenyl enel0 al telaliomta¥t KCompourdsin whichAhbas farmulall aredisphanolsy 20
phenyl ene andahfgothdedake dtHravityPile term “bisphenol* is sometimes used

herein to designate the dihydroxy-substituted aromatic hydrocarbons;

it should be understood, however, that non-bisphenol compounds of

this type may also be employed as appropriate.

15 In formula |1, the A2 and A3 values may be unsubstituted
phenylene or hydrocarbon-substituted derivatives thereof, illustrative
substituents (one or more) being alkyl and alkenyl. Unsubstituted
phenylene radicals are preferred. Both A2 and A3 are preferably p-
phenylene, although both may be o- or m-phenylene or one o- or m-

20 phenylene and the other p-phenylene.

The bridging radical, Y, is one in which one or two
atoms, preferably one, separate A2 from A3. lllustrative radicals of this
type are methylene, cyclohexylmethylene, 2-[2.2.1}-
bicycloheptylmethylene, ethylene, isopropylidene, neopentylidene,

25 cyclohexylidene, cyclopentadecylidene, cyclododecylidene and
adamantylidene; gem-alkylene (alkylidene) radicals are preferred.
Also included, however, are unsaturated radicals. For reasons of
availability and particular suitability for the purposes of this invention,
the preferred radical of formula 1l is the 2,2-bis(4-phenylene)propane

30 radical, which is derived from bisphenol A and in which Y is
isopropylidene and A2 and A3 are each p-phenylene.



The bridging radical, Y, is one in which one or two atons, preferably
. one, separate Alerr] fromAlerr]. Illustrative radicals of this type
are mnet hyl ene, cycl ohexyl net hyl ene, 2-[2.2.1]-

bi cycl oheptyl met hyl ene, et hyl ene, isopropylidene, neopentylidene, 25

cycl ohexyl i dene, cycl opent adecyli dene, cycl ododecyli dene and
adamant yl i dene; gemal kyl ene (al kylideng). radicals are preferred.

Al so included, however, are unsaturated radicals. For reasons of
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1< substi tut ed anal ogs, 11 substtdhearoheRihodyA pRpREUIRIAET, ™

conpounds &npl present imvehtiors mayphavecone iof thenfarmulasay have one of the
formul as (rer)y z(Aerr]-X)[err] and [err]
wherein Z is an activating radical 4 alent aromatic radical, A5
10 is a trivalent aromatic radi csz)A%KA SX)?I %‘(‘)qo chl oro, brono or ni t ro

and Rlerr] is a (Jerr] primary or segpndary alkyl radical. The Alerr]
radi cals are

(V) X—A5YN— R,

o)

wherein Z is an activating radical, A4 is a divalent aromatic radical, AS
10 s a trivalent aromatic radical, X is fluoro, chloro, bromo or nitro and
R1 is a C1.g primary or secondary alkyl radical. The A4-5 radicals are
normally Cg-19 radicals, preferably monocyclic and preferably free
from electron-withdrawing substituents other than Z in the case of A4.
Unsubstituted Cg aromatic radicals are especially preferred.

15 The Z radical is usually a divalent electron-withdrawing
group. Examples are carbonyl, carbonylbis(arylene), sulfone,
bis(arylene) sulfone, benzo-1,2-diazine and azoxy. Thus, the moiety
-A%4-Z-A4- may be a bis(arylene) sulfone, bis(arylene) ketone,
bis(arylene)benzo-1,2-diazine or bis(arylene)azoxy radical and

20 especially one in which A4 is p-phenylene.

Also included are compounds in which -A4-Z-A%- is a
bis(ether imide) radical, illustrated by those of the formula



nor nal | y (Jerr] radicals, preferably nonocyclic and preferably free

. fromelectron-wi thdrawi ng substituents other than Z in the case of A4.

Unsubstituted Clerr] aromatic radicals are especially preferred. 15

The Z radical is usually a divalent electron-w thdraw ng group.
Exanpl es are carbonyl, carbonyl bi s(aryl ene), sulfone, bi s(aryl ene)
sul fone, benzo-1 ,2-diazine and azoxy..ghus, the noiety -Ad-Z- Ad- may

be a bis(arylene) sulfone, bis(arylene) ketone,

bi s(aryl ene) benzo- 1, 2-di azi ne or bis(aryl eBe) azoxy radical and 20 _
especially one in which Alerr] i - phenyl gne. , - Al'so
i ncl uded are conpounds in pHs A- Z- Ad- £ 3 bi s(ether imde).
radical, illustrated by +hs i
-6- [err] wh'ere . { N~ al ent aromatic
hydrocarbon or hal ogenated. hydt ocar bon¥radical, a Cferr] al kyl ene or
cycl oal kyl ene radical, a (Jerr] O pis(al ﬂ/l ene-term nat ed)

pol ydi or ganosi | oxane radical or a divalent 5 radical of the fornula
[err] wherein R2 is a Cg.gg divalent aromatic hydrocarbon or halogenated

hydrocarbon radical, a C2-20 alkylene or cycloalkylene radical, a Ca.g
bis(alkylene-terminated) polydiorganosiloxane radical or a divalent
5 radical of the formula

in which Q is -CoHg-, -O-, -CO-, -SO2- or -C(CF3)- or a covalent bond.
10  Most often, R2 is at least one of m-phenylene, p-phenylene, 4,4"-
oxybis(phenylene) and

THs CHs

e e | | “en” Tow
CHs CHa

15 Also present in the substituted aromatic compound of
formula 11l or IV are one or more displaceable X radicals which may
be fluoro, chloro, bromo or nitro. In most instances, chloro, bromo or
nitro atoms are preferred by reason of the relative availability and
effectiveness of the compounds containing them.



in which Qis -Jerr]Herr]-, -0, -CO, -Sqerr]- or -C(.CF[err])- or a

.coval ent .bond. 10 Mbst often, R2 is at |east one of m phenylene,

p- phenyl ene, 4, 4' - oxybi s(phenyl ene) and [err] 15

Al so present in the substituted aromati c conpound of formula I'll or IV
are one or nore displaceable X radicals which may be fluoro, chloro,
brono or nitro. In nost instances, chlor?, br ono - or nitro atons are
preferred by reason of the relative availability and ef fectiveness of

the conpounds contai ni ngA the, pamcularlx preﬁerred sybstituted aromatic
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A third material employed according to the present
invention is a non-polar solvent. Suitable solvents of this type include
toluene, xyiene, chlorobenzene, o-dichlorobenzene, dichlorotoluene
and 1,2,4-trichlorobenzene. Toluene and xylene, and especially

. toluene, are preferred.

A quaternary salt is employed as a phase transfer
catalyst. Suitable quaternary salts include tetraalkylammonium salts

- such-as tetraesthylammonium bromide, tetraethylammonium acetate

and tetrabutylammonium bromide; bis(trialkyl)alkylenediammonium
salts such as bis(tri-n-butyl)-1,6-hexylenediamonium dibromide;
hexaalkylguanidinium salts or their heterocyclic analogs such as
hexaethylguanidinium bromide and tris(piperidino)guanidinium
bromide; and quatemary phosphonium salts such as
tetraphenylphosphonium bromide. As a general rule, the quaternary
ammonium and guanidinium salts having bromide or chloride as the
anion are preferred by reason of their particular suitability.

The displacement reaction generally employs about 2
moles of substituted aromatic compound per mole of
dihydroxyaromatic compound salt and is conducted at a temperature
in the range of about 100-150°C. The quatemary salt is generally
present in the amount of about 0.005-2.0 equivalents, preferably
about 0.1-0.5 equivalent, per equivalent of hydroxyaromatic
compound salt.

| uene,



and 1,2,4-trichl orobenzene. Tol uene and xyl ene, and especially

.toluene, are preferred. 15 A quatemary salt is enployed as
a phase transfer catal yst. Suitable quaternary salts include
tetraal kyl ammoni um sal ts such as tetraethyl amoni um brom de,
t et raet hyl amoni um acet at e and tetrabutyl amoni um brom de;
bi s(trial kyl)al kyl enedi anmoni um salBt-s such as bis(tri-n-butyl)-1

, 6- hexyl enedi anoni um di brom de; 20 hexaal kyl guani diniumsalts or their
het er ocyclic anal ogs sucAcatsding to themémhmmm; thelrsaktioninsigture d

such hs O U MHRRG %Pbﬁ%%mm@ﬁ Frastiondretn@8a e BB TBaG o oo
quat emary campaundisalhadddhesubstituted amlmaildmnpg.:rhﬂ owithla nnutrdhl oride as

the 25 anion gigdi 8hEEAES n@dlurﬁawﬂ& Wl for B! Alidtius i Bt ' Y-

The di spl acenent react’i on
substitut e®@ artordhaut OcRMyanshprefesab Ié oabout 0.25M. h§uitahle alkalinei ¢ conpqund
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err u
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equi val ent of Hneing prefermdatic conmpound salt. . .
- 8- According to the present invention, the reaction

v oxyaromat o - contit ARSHE elfberfies 1 B BV e o ounc,
with a ned@r alabout 50010QJ°&3| th rm&bm:anesa; more than one washes referredi | ut e
aqueous- al kal itoU4Raxifnizé ?en"\B%'lt 33 LR s%reéda%ﬁ?ﬂhYWHW eété‘?é‘t 0. 25M

Sui t abl e al kal 1 ne teri a e so ydr oxi sodi um
car bonat e, pot‘é%@"ﬁrﬁumc'emhydrom de and potassium car bonat e, with sodium
hydr oxi de general |y bei ng preferred. The washing

tenperature is ordinarilVhose skitked inhe art wilreaililgWe Sle 16 Hetsrike | N nost
i nstances, mor g, LAP WA R WatBF §F %ithdiiute alkali is preferred in any
: 15  particular instance. In general, it has been found that recovery of a
hexaalkylguanidinium salt is facilitated by washing with aqueous
alkali. On the other hand, recovery of a tetraalkylammonium salt may
be facilitated by washing with water since some degree of
decomposition of the tetraalkylammonium compound is frequently
20 noted with alkaline washing.

A major proportion of the quaternary salt is removed
from the organic layer in the wash step or steps. It may then be
recovered from the aqueous medium by extraction with at least one
chlorinated alkane.

25 Suitable chlorinated alkanes include methylene
chloride, chloroform and 1,2-dichloroethane. The preferred
chlorinated alkanes are those having high volatilities, as exemplified
by boiling points up to about 75°C; methylene chloride is generally
most preferred. It is frequently found that at least two such extractions

30 are effective to recover a very high proportion of the quaternary salt.

' Separate extraction of each portion of wash liquid or combination of



to maximze removal of phase transfer catalyst; two washes are - usual ly

suf ficient. Those skilled in the art wll readily be
able to determ ne whet her washing with water or with dilute alkali is
preferred in any 15 particular instance. In general, it has been found
that recovery of a hexaal kyl guanidiniumsalt is facilitated by

washi ng wi th aqueous al kali. On igne other hand, recovery of a

tetraal kyl ammoni um salt may be facilitated by washing with water
since sone degj g@nﬁfns followeé%'@ﬂ?lé é%a&font&esér@sré’ffﬁ)dﬁé'cﬁ@ﬁ@ﬁ‘iéy“ conpound
|sfrequently2 wi t h"al kali ne" washi ng. A maj or
proportion of ?t?é“&@’ gmary salt is renoved fromthe organic layer in
the wash step or steps. It may then be recovered fromthe aqueous
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frequently fo such extractions, areefectlveto
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extractions n.&ﬁen wi ﬂgw&ﬁ‘éﬁ%&%yes W?“cr}gcae" ?ééUIP%td On?ﬁ%‘?f%‘fé@ﬁbst I tuted

aromat i ¢ t@npaoctivity. s a br ono conmpound, the quatemary salt recovered in
t he above-descrihed 5 procedure is the brom de, which is often suitable

for direct recycle and I-I-gﬁrefgﬁg @W&é& gaaftlgrapéks v%l'?én it further

iterations of the react aromatic
substituent i @romatie substityent is othgr than brﬂ@&t'@ﬁﬁﬁ?"&%ﬂﬁﬁlmm@ theni xt ure of

broni de and niektraétedoquatémaiy €8lt to bromide ion. This is conveniently
' achieved by contacting the extract with an aqueous alkali metal
15 bromide solution. Said solution should generally have a
concentration of at least about 2M. Saturated solutions are often
preferred. The amount of bromide is not critical, provided that a
stoichiometrip excess with respect to quatemary salt is employed.

The conditions of the extraction and optional contact
20 with alkali metal bromide solution are not critical. Said operations are
typically conducted at a temperature in the range of about 20-40° and
preferably about 20-30°C.

Following completion of the method of this invention, the
product of the displacement reaction is present in the organic reaction
25  solvent in a form which may be employed for further reactions, or from
which product such as polymer may be recovered by conventional
means. Recovered phase transfer catalyst is present in solution in
the chlorinated alkane or, in the case of treatment with aqueous alkali
metal bromide, in the resulting aqueous phase. If the latter, it may be
30 extracted with a further portion of chlorinated alkane. Removal of the
chlorinated alkane, typically by evapofation, yields phase transfer
catalyst which may be recycled.



often with entrained I mpurities which can result in decreased catalytic 10

.activity. Therefore, a highly preferred additional step
when t he aromatic substituent is other than bronb is to convert all
anion in the extracted quatemary salt to bromde ion. This is
conveniently achi eved by contacting the extract with an aqueous al kal i

nmetal 15 brom de solution. Said solutidg-should generally have a
concentration of at |east about 2M Saturated solutions are often
preferred. The anount of Theaiétedidt thigtinvdritiondlillusiiated Bethd hat a

stoi chionetri ccgqécess Wi t h respect to quatenary salt is enployed.

The condi tions ?ﬁ ion and optional contact 20 wth alkali netal

brom de solution are not critical. Said operations are typically
conducted at aExemppleatfure in the range of about 20-40 and preferably
about 20-30[err]C. Fol | ow ng conpl eti on of the nethod

8]; eggints : vaﬂtei gp’ aﬁnhg reacl ol g@s@kvewdgb)sw @gﬁﬂa\% mgge enpl oyed

for furtherd re80628hagquepus sodium hydrqmde:aolpmma@d GQ-ml of waterywas nay be
recovered by cRERef urdet reflux i lfh ?@'fcﬂ*‘f&‘ﬁuﬁdt@@sﬁ‘ﬁb catal yst is
dlsodl

present in sol ut or|n te case of

e 0
treatnent wit hS® ﬁ LPE b&?ﬂ&ﬁ"‘i"‘ HEL 32 tWPﬁlﬁ%@d%%g Idsa’r‘gs"épplfﬁb aqueous
phase. |f the bhtdlgsne Wasrmidede Tk rrﬁmtn'eawhedhe\akémundémﬂhﬂon@rt i on of

cvapor at 1 on, -y GG, BRI ot pllSvater by aZEpBiNE Hisiflafort EGDRY T oyl 2o,
-10- 10 dlstlllatlon wasiperfonneddogenmaveAS0hmt of taluene; dfter wettickat ed by t he

‘E‘i' lsovr;"olngs)exggﬁh‘?géso nl'nIl@ﬁ&ﬁeﬁr}a-n—butylammomum bromide Ghd618% g 342 9

(8 moles) of 4-nitro-N-methylphthalimide were added. The mixture
was heated under reflux for 1 hour and diluted with 500 ml of toluene.
Analysis showed formation of the desired 2,2-bis[4-(3,4-

16 dicarboxyphenoxy)phenyllpropane bis-N-methylimide.

The toluene solution was then divided into two portions
of equal volume. One portion was washed with two 600-ml portions
of water at 75°C. The combined washings were cooled to room

. temperature, filtered and extracted with five 250-ml portions of
20 methylene chloride. The methylene chloride extracts were filtered
through anhydrous magnesium sulfate and vacuum stripped to afford
8.5 g of a dark yellow oil.

A 1-g sample of this oil was dissolved in about 20 ml of a
2.4M aqueous sodium bromide solution. The solution was filtered
25 and the filtrate was further filtered through activated charcoal and
extracted with three 20-ml portions of methylene chloride. Upon
stripping of the methylene chloride, there was obtained 0.92 g of
white, crystalline tetra-n-butylammonium bromide, for an overall
recovery of 65%.

30 The recovered product was highly effective as a phase
transfer catalyst in the reaction of bisphenol A disodium salt with 4-
nitro-N-methylphthalimide. A control product obtained by a similar



5 50. 62% aqueous sodi um hydroxi de sol ution and 600 ml of water was

. heated under reflux in a nitrogen atnosphere for 15 m nutes. The

sol ution of bisphenol A disodiumsalt was cooled to 85 C and 1500 mi

of toluene was added. The m xture was heated under reflux for 9 hour s,
w th renoval of all water by azeotropic distillation. Further 10
distillation was perfornmed to renove 45Q4n of toluene, after which

24.2 g (50 niIIinDIes) of tetra-n-butylammoni um brom de and 618.6 ¢ (3

nol es) of 4- n| i ' h L XL urg .. was
heat ed under D{é)ﬁ%ﬁ@ﬁé r%ﬁé ggf’%gfﬁqg’ﬁdﬁﬁg vﬁqs"%l?%tegfe&gﬁ%_

Anal ysi s shomebutfm'pducedra lotverr tyield axsidee ¢omparatle [congitions. 15

di car boxyphenoxy) phenyl | pr opane bi s- N-net hyl i m de. The
tol uene sol utipRanffslet en divided into two portions of equal vol une.
One portion was washed with two 600-m portions of water at 75 C. The
conbi ned washi ngs were Cﬁﬁ| ed to, room errperature filtered and

extracted with five 250- eﬁSP?"%PQHW gighe ialugpe selution fsemdexample
net hyl ene &hl ot mdss leedtedad abort 7510 hhdvesbhed with fwe 600-rANPYEIbAS Bf MBgnesi um

A1 g canpl e of RSB R EBRYE solytion JFxagion Wi rethyiensy gy
aqueous sodi unchiotdé dellovesdiby dreatritent ofok dtg samples withldqrieeds Zodiumnd the
b EheenS o LiomIEG sohitidh, 5 abaiauAbe it efirfifle™{,icBl GRg g of . o1 TaC! B

with three 20- portiaons o ppi ng of the
net hyl ene chl oﬁ"@eﬂ bméa@mmur@mraw@ for an ayerall recovenyofi 37%cr yst al | i ne

t etra- n- but yl ammoni um brom de, for an overall : recovery of 65% 30
The recovered Ej’(Qﬁ“ﬂb was highly effective as a phase transfer
catalyst in the reaction of bisphenol A disodiumsalt wth 4-

br ocedur 6 but  excl udi ng. RRRGR A SifhEeelet hadkpdinsntetive bu
produced a | ovieispéroldA UBTErg (28mmalp bt 4<oiotNanesthylphthalimide, 400
mg of hexaethylguanidinium bromide, 574 mg of 1,3,5-
triphenylbenzene as an intemal standard and 6 mil of toluene was
15  heated in an oil bath at 150°C until the displacement reaction was
~ complete as demonstrated by high pressure liquid chromatography.
The temperature was then lowered to 80°C and the mixture was
diluted with additional toluene to 22% solids.

The toluene solution was washed at 80°C with three 6-
20 ml portions of a 0.8% aqueous sodium hydroxide solution; the mixture
was vigorously stirred for 15 minutes during each washing, after
which the aqueous layer was removed. Each sodium hydroxide
washing was separately extracted with 7 ml of methylene chloride,
after which the extracts were separately vacuum stripped. The first
25 wash yielded 62%, the second wash 25% and the third wash 3% of
the phase transfer catalyst present in the original reaction mixture.

Example 4

A reaction was run by a procedure similar to that of
Example 3, on a level of 11 mmol of bisphenol A salt and employing
30  4-nitro-N-methylphthalimide. Following completion of the reaction,



Exanpl e 2 The second portion of the toluene solution

-fromExanple 5 1 was heated to about 75[err]C and washed with two 600- i
portions of " 1% aqueous sodi um hydroxi de solution. Extraction with

nmet hyl ene chloride followed by treatnment of a 1-g sanple with agueous
sodi um brom de solution, in accordance with Exanple 1, yielded 0.45 g
of tetra-n-butyl anmoni um brom de, .fpr. an overal |l recovery of 37% 10
Exanpl e 3 A mxture of 3.83 g (14 mmol) of the disodium

sal t of DiPOARRle foachof nted ydTMbinGt WicB AR 3 BGIHPN: hal i de.

400 ng of hexaet hyl guani di pi um brom 1,3,

tri phenyl benze?@ﬁﬁg‘ W&Pg'ﬁ@rsﬂi‘l't'% BrRMPEIANtccaqyedys alioRfifilnddels nheat ed
in an oil bat htwd pdtﬁib[nerdf]v(%srm%é wiebe separatély extratiddoRith infithyRhe ,
Femper at ur o weGNPAGE PEMIKLLN SREBHETaTe camPloRd G AR GBI  qi | ut ed
wi t h. addi t iSonatontaining 808 o Bekaethylgsanidinium salt based on the Emour! uene
2queous. sod: unciIaabEErileRd,| tuihd Bohlri & nothetfighahidriiR O v oii'rrea
for 15 m nut esbi@midadyedissolutioniim satuated aqueous gadism bremi ution,ayer ‘was
renoved. Each aRdlithernexdemyigiRnidiniunyBdthide Was tiiPrscvaled Byt racted with 7

m of methylene chlorid the extracts were” separately

ft I
vacuum st ri ppePtraghon W&@@%‘Qv'ex%eﬁ'ﬁ@ ﬁ@&‘”@g%y YRIWB SRPDGsh 25% and

the third wash 3% of the phase transfer catal yst présent in the
original reaction m xture. Exanpl e 4 A reaction
was run by a procedure simlar to that of Exanple 3, on a level of 11

mrol of bi sphenol A salt and enploying 30 4-nitro-N nethyl phthalimde.
.Fol | om ng conpl etion of the reaction,



-12- the tol uene reaction m xture was washed tw ce with 1% aqueous
sodi um hydroxi de solution in an organic to aqueous ratio of 4:1. The
two portions of washings were separately extracted with nethyl ene
chloride, and the two extracts were conbined to produce a solution 5

cont ai nm ' u}mﬂau"hyil guani di ni um salt based on the anount
original e ot I Bfvas converted to_n{%_xaet hyl guani di ni um brom de

by di ssolution in satuated aqueous sodiu rom de sol ution, and the
hexaet hyl guani di ni um brom de was then recovered by extraction with

met hyl ene chloride follo by. vacuum St ri ppi ng.

What is clained is: W‘Whatym c‘;falmera *: A nethod for recoveri ng quat emary
salt froma m xture resul ti n%romthe reaction of at |east one salt of
a ~di hydroxyaromati ¢ cdnpumethadifor eecoveding quatematysaltdromia r o-
substitut ed ar Offfbfro GBERANG fronftrRPIACHER of Bt RaBPBRESRbf @" 9aNi C 5 - sol vent
and in the presence of sald quaternary salt as a phase _transfer

catal yst, whi ch digyfpxyarematic mmurgywah@té%ﬁa!tqr@rhalm Ar gitro-  neutral or

basi ¢ aqueous meglibdfidéd ardmati€ tBiipdlindah SofitivhaABI Mon-poldradrgahicom t he wash
l'iquid by exgraction, w th

| east one chl orinated al kane.
2. T et hod G ciaNas g In e RraSenre: o 574 ALeBAn st aSadistnt i s (ol uene
or xyl ene. transfer catalyst, which dompirises! (A)cwash'lhggsaid)lsolwbmvﬂtmer ein the
uatemary salt i K ' Lsftkl .
gi anmoni ﬁm or he@a@ﬁiﬁ rb%%‘r(ﬁ %4%%%&”’9 hﬁ& (E) ?érhxwﬁ <l %ﬂg?erg\a%t hod
accordi ng to cl ssat fromttbe avash liguid by extractiomwithatileastone ehlorinatedor
chl ori de. alkane.:

2. A method according to claim 1 wherein the organic
solvent is toluene or xylene. '

3. A method according to claim 2 wherein the
quaternary salt is a tetraalkylammonium, bis(trialkyl)alkylene
diammonium or hexaalkylguanidinium salt.

4. A method according to claim 3 wherein the
quaternary salt is a bromide or chloride. ’

- B A method according to claim 4 wherein the
substituted aromatic compound is chloro-, bromo- or nitro-substituted.

6. A method according to claim 5 wherein the
chlorinated alkane is methylene chloride.

7. A method according to claim 5§ which further
comprises (C) contacting the chlorinated alkane extract product of
step B with an aqueous alkali metal bromide solution of at least about
2M concentration.

8. A method according to claim 7 wherein the
substituted aromatic compound is bromo-substituted.



5. A nethod according to claim4 wherein the substituted aromatic

. compound is chloro-, brono- or nitro-substituted. 6. A
met Hod according to claimb5 wherein the chl orinated al kane i s nethyl ene
chl o - 7. A nmethod according to claim5 which further
corrp“mn“"lul“uullluiulll ng the chlorinated al kane extract product of step
B with afi abuebus’ alkali metal bromnide_ggl.ution of at |east about 2M
concentrati on. 8. A nmethod according to claim7 wherein
t he substituted aromatic conpound is bronp-substituted.

-14- : pﬁg{gﬂg &514 | ; e chyy erein the

substituted aromatic corrg'oun_ | ségz)ﬁforp?{g??rtgialwgﬁsﬁgq tthg?ed.

10. A nethod agestituted arematisi gampayns isighleron ongitrarpubstituted: he al kal i net al

broni de solution is at a tenperature in the range of about 50-1

20_[6”] C. . | 10.t Atﬁq_bthdﬁ aBéorahgtecediti ngﬁé??ﬁﬂ G’bAﬁfh&thﬂgrel n step
i's perfopned a a Wi,CE. \ .. . .12, nmet ho

According to ol Aal metatbropids Spiutionds at a tempesptiEs;n e Ende of

13. A nethod fabouteS@MOO'Qg quatemary salt froma m xture resulting

fromthe reaction of at |east one salt of a di hydr oxyaromati ¢ conpound

with at |east one brono- 44ch f{efrod ccordir'@itgrﬁéiﬁp§%@éfgﬁ?%ﬁ 'nse or esence

N-al kyl pht hal i m de in t-oluene or xyl'ene a$§ solven
of quatemary sBetfoumed apleasttwicansfer catal yst, whi ch conprises (A)
washi ng said solution with water or aqueous

12. A method according to claim 11 wherein step A is
performed twice.

. 13. A method for recovering quatemary salt from a

mixture resulting from the reaction of at least one salt of a
dihydroxyaromatic compound with at least one bromo-, chloro- or
nitro-substituted N-alkylphthalimide in toluene or xylene as solvent

5 and in the presence of quaternary salt as a phase transfer catalyst,
which comprises (A) washing said solution with water or aqueous
sodium hydroxide and (B) removing said quatemary salt from the
wash liquid by extraction with methylene chloride.

14. A method according to claim 13 wherein the phase
transfer catalyst is a tetraalkylammonium bromide and the aqueous
medium is water.

15. A method according to claim 14 wherein the
substituted phthalimide is bromo-substituted.

16. A method according to claim 14 wherein the
substituted phthalimide is chloro- or nitro-substituted.

17. A method according to claim 14 which further
comprises (C) contacting the methylene chloride extract product of
step B with sodium bromide solution of at least about 2M
concentration.



sodi um hydr oxi de and (B) renoving said quatemary salt fromthe ~wash
< liquid by extraction with nmethyl ene chloride.

'\——M__A\
met hod according to claim 13 wherein the phase t r ansf LS. a .
t et raal kyl ammoni um br omi de and t he aqueous medi umis ,Mgm Iﬂﬂ” muL .
15. A method according to claim 14 wherein the substi U . i

i s brono-substituted. _ .15 .16. A method according to claim 14
wherein the substituted phthalimde is chloro- or nitro-substituted.
17. A method according to claim 14 which further conprises (O

contacting the nethyl enqa_cg Hg%ﬂﬁ? ggﬁlﬁmg ﬁragﬁwhgﬁ\%ﬁi’n $keP B with sodium

brom de solution of at |ea .. .concentr
18. A nethod Quatsraangsalvisca hexaalkylghanidiniuimromide ang theraqueolsi t is a

hexaal kyl guanhg_gdwmr;gtyogmrﬁq?@p@kiaggomgﬁpus ~ mediumis sodium hydroxi de
sol ution. 9. A nmethod according to claim18 wherein the

phthalim de is brono-substituted. . . 20. . A met hod accordi ng
to claim18 wherein theqa' Amﬁ?ﬁ%‘i’ areerdingstoain 48 wherginthe_ subst i t ut ed,
sai d nmet hod f phthadimide is bromoisubstitutés). contacti ng the net hyl ene chlori de
extract product of step B with an aqueous sodi um brom de sol ution of at

least about 2M 5 conceBhr & hfthod according to claim 18 wherein the
phthalimide is chloro- or nitro-substituted, said method further
comprising (C) contacting the methylene chloride extract product of
step B with an aqueous sodium bromide solution of at least about 2M
5 concentration. '



