+ 1 - AQUEQUS HEXASUBSTI TUTED GUANI DI Nl UM CHLORI DES AND NETHODSgétﬁGﬂl@IGRgé —2
PREPARATI ON AND USE Background of the Invention This invention rEJTMIEBot iy
phase transfer catalysis. Mdre particularly, it relates to the preparation

of aqueous sol utions of hexasubstituted guanidiniumsalts useful as phase
transfer catalysts, 5 and to the use of such solutions in the preparation

of polyetherimdes and internedi ates therefor. The use of

hexaal kyl guani di nium salts as phase trangfer catalysts in various reactions

i's known. Many of these reactions are characterized by the necessity of
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guani diniumsalts may be prep three reactions: the
phosgenati on of a secondary awgé%ﬁ&ﬁcz\% @@gsubstitut ed urea;
further phosgenation of the tetrasubstituted urea to forma

chl or of or mam di ni um chl ori de, also known as a "Vilsneier salt" and

somet i nes desi Backgrounds of theclnventionr, and finally, the reaction of the
Vilsneier salt with further 20 secondary am ne to produce the
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The use of hexaalkylguanidinium salts as phase transfer
catalysts in various reactions is known. Many of these reactions are
characterized by the necessity of conducting them under anhydrous
10  conditions. This makes it very difficult to introduce measured amounts
of the hexasubstituted guanidinium salt into the reaction mixture,
since such salts are solids and are only sparingly soluble in the
organic solvents employed.

Hexasubstituted guanidinium salts may be prepared by
15 a series of three reactions: the phosgenation of a secondary amine
to produce a tetrasubstituted urea; further phosgenation of the
tetrasubstituted urea to form a chioroformamidinium chloride, also
known as a "Vilsmeier salt" and sometimes designated as such
hereinafter; and finally, the reaction of the Vilsmeier sait with further
20 secondary amine to produce the hexasubstituted guanidinium
chloride. The third of these reactions must be conducted under
anhydrous conditions, and the second is preferably anhydrous also.

It is frequently found that preparation of the Vilsmeier
salt in good yield cannot be achieved unless expensive solvents such
25 as acetonitrile are employed or a substantial excess of phosgene is
used. This is true, for example, of the method described in Kantlehner
et al., Liebigs Ann. Chem., 1984, 108-126, which afforded the



+ 2 - hexasubstituted guanidiniumsalt in 94%yield but enpl oyed
acetonitrile as the solvent. A nethod enpl oyi ng phosphorus oxychloride in
toluene is described in Exanple 1 of US Patent 5,132,423; it afforded the
product in 87%yield. A nmethod enploying 5 phosgene and tol uene, described
in Barton et al., J. Chem Soc., Perkin Trans., 1982, 2085-2090, resulted
inarelatively lowyield (85% even with the use of a substantial excess
of phosgene (nolar ratio 1.95:1). The e of a | ar ge excess of phosgene, in-

any event, is, undesirable since phosgene i§ toxic and is difficult to
contai n duri n%&@ukﬁwt?amlﬂwﬁ%ﬁg'@)%%ADIV@%?H? egwleyedr ge excess of
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solid form ,.as prev pres S numer ous probl ens 30
in commer ci al UpPRAHEREA-. Anhydrous conditions are nandatory in

The product of the above-described series of reactions
15 is invariably the hexasubstituted guanidinium chloride. It has further
been found that the chlorides are hygroscopic, making their use
under anhydrous conditions complicated. Therefore, they are often
converted to other salts such as the bromides. This necessitates an
additional reaction step, which is also expensive and therefore
20 undesirable..

The use of hexasubstituted guanidinium salts as phase
transfer catalysts in the reaction of bisphenol salts with halo- or nitro-
substituted phthalimides to form bisimides, which are conventional
intermediates for polyetherimide production, is described in Example

25 4 0f U.S. Patent 5,081,208. [ts use in the direct preparation of
polyetherimides by the reaction of bisphenol salts with similarly
substituted bis(phthalimido) compounds is disclosed in US Patent
5,229,482. In each case, the guanidinium salts were added in solid
form, which, as previously mentioned, presents numerous problems

30 in commercial operations. ‘Anhydrous conditions are mandatory in
these reactions, since the presence of even traces of water can
drastically decrease yields.



these reactions, since the presence of even traces of water can drastically
decr ease yi el ds. -3 - Methods of preparing hexasubstituted guanidi nium
salts in high yield and using themin a conveni ent nanner as phase transfer
catal ysts in comercial operations, therefore, continue to be desirable
subj ects of investigation. 5 Summary of the Invention The present

i nvention has numerous aspects relating,to the preparation of
hexasubstituted guani di niumsalts and i S Ster rredi ates therefor, conpositions
conprising such salts a he, use of such conposjtions as ., hase transfer
catalysts in the 10 pr&%ﬁﬁ"&ﬁs F%B”%é‘?ﬁ@? tﬁ%’?daﬂf'@q B sSd@itst es

t heref or. Eacrmh@heyreld and wsireg theml in ancoohivehidng nerirer.asHplisde aspect: a

met hod for pr 0 ani di ni um
salt which coq ri ses #E gfs}’tuig‘ ésb?'(’ﬁ‘%wéﬂ %brgilor?s %‘é?e?%% %Qé@%g“gﬁ&gene into
a m xture conpsiesiable wb:acﬁsmfanvesugat@m cyclic secondary amine, water and
an organic soI vent of low polarity at a reaction tenperature in the range
of about 48- range of about 10-13 maintained by the
addi tion of an @pt&ﬁf‘%ftﬁggggme e proportion of water being effective
to produce a 20 sol UtIQIﬂ\ of byrgroduct al kali metal chlori de havr ng a
concentration of at | eastheBtffeNd NyeRliondaguUBerqusaspects miating to
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225 90% i airabheaioh b iy oheREARI bk S RhdaRiGERcioRP! iy aosum ng

conpl ete convers € a ur € “cornprisi ng
aspect is summarized immediately below.

First aspect: a method for preparing an aqueous
solution of a hexasubstituted guanidinium salt which comprises the
steps of:

15 (A) passing phosgene into a mixture comprising an
aliphatic or alicyclic secondary amine, water and an organic solvent
of low polarity at a reaction temperature in the range of about 40-80°C
and a pH in the range of about 10-13 maintained by the addition of an
alkali metal base; the proportion of water being effective to produce a

20 solution of by-product alkali metal chloride having a concentration of
at least about 95% by weight of the saturation concentration under the
prevailing reaction conditions, the ratio of equivalents of phosgene to
said amine being in the range of 1.0-1.15:1, the volume ratio of
organic solvent to water being in the range of about 0.8-5.0:1 and the

25 proportion of amine being calculated to afford about a 25-90% by
weight solution of product in said organic solvent assuming complete
conversion, to produce a first product mixture comprising
tetrasubstituted urea; '

(B) removing water, amine and alkali metal chloride from
30 said first product mixture to produce a first product mixture;

(C) adjusting said first product mixture to a
tetrasubstituted urea concentration in the range of about 40-80% by
weight by the addition or removal of organic solvent if necessary;



tetrasubstituted urea; (B) renoving water, am ne and al kali metal chloride
from30 said first product m xture to produce a first product mxture; (O
adjusting said first product mxture to a tetrasubstituted urea
concentration in the range of about 40-80% by weight by the addition or
renoval of organic solvent if necessary; -4 - (D) introducing phosgene
at a tenperature in the range of about 460-80[err], the proportion of
phosgene added being effective to react with any water present plus a ratio

of equival ents of phos | [ ' ange of
1.05-1.15:1, to pr oducg@ﬁnggdimgbgéé&?ng%?ért%mége?r%ﬂrgmgﬁ% Ié%]f%ésubgt I tuted
chlho(rjof or mani afi abauh&HBAAG,dbe preportionwfiphgsgape aeddsscbeingmilestivae from sai d
anhydrous m : | [=ToTolal ' j  Xxture 10
in an anount @%@8& ‘lgv\‘?pe1 ﬁ%@%{/ért sai%‘c!kt%ﬁgfgtgﬁﬁfﬁﬁﬁg@%%gﬁ%@mm di ni um

chloride to Hexeaidtetrasubsttuted dreaintheraegeol 1aber 1 tH:1¢1q pradvge s d

hexasubst ist ut gghyaitons FiRtuecomprising tetraiubstiiuted chisroformehidinitm pr oduce
aqueous and qéﬂanlc.phases, 15 renoving said organi c phase conpri sing
unr eacted sec 85@9'anine, and acidi fying said aqueous phase contai ni ng

sai d hexasubstituted guanidini I : ] its pHto a
val ue in the range of 2@2’”’%’@%@&‘&@%‘%@?’z’z’%é%{‘é?’%tsﬁi%s for preparing
a 20 tetrasudaxshydrotaedniutwa; whi ch conprises step A, and for preparing a
tetrasubstituted chl orof or mam di ni um chl ori de which conprises steps D and

E, all as defined aboverRifitd) s8seddry nifttoashid @hhhHRRR Mbduh aqueous
10  in an amount effective to convert said tetrasubstituted

chloroformamidinium chloride to hexasubstituted guanidinium salt;

and '

(G) diluting said hexasubstituted guanidinium salt with
water in a basic medium to produce aqueous and organic phases,
15 removing said organic phase comprising unreacted secondary
amine, and acidifying said aqueous phase containing said
hexasubstituted guanidinium salt as necessary to adjust its pHto a
value in the range of 2-12.

Second and third aspects: methods for preparing a
20 tetrasubstituted urea which comprises step A, and for preparing a
tetrasubstituted chloroformamidinium chloride which comprises steps
D and E, all as defined above.

Foutth aspect: a method for preparing an aqueous
solution of a hexasubstituted guanidinium salt having one or more
25 chains containing at least 3 carbon atoms attached to each nitrogen
atom which comprises the steps of:

(H) passing phosgene into a mixture comprising an
aliphatic or alicyclic secondary amine, water and an organic solvent
of low polarity at a reaction temperature in the range of about 40-80°C

30 and a pH in the range of about 10-13 maintained by the addition of an
alkali metal base, to produce a first product mixture comprising
tetrasubstituted urea,;



solution of a hexasubstituted guanidiniumsalt having one or nore 25
chains containing at |east 3 carbon atons attached to each nitrogen atom
whi ch conprises the steps of: (H) passing phosgene into a m xture
conprising an aliphatic or alicyclic secondary am ne, water and an organic
solvent of low polarity at a reaction tenperature in the range of about
40-80C 30 and a pHin the range of abopyt 10-13 mai ntained by the addition
of an alkali netal base, to produce a fgfst produet m xture conpri sing

tetrasubstituted urea; ITDVI n vvat er ali netal
chi oridefrom sai d 1 stpiaRRNRS Welthamte balsal Mets) Sbride dihwm,

m xture; (K) isaidfrdtproduchmistiyesto ptoductenfist ptodwtnﬂxmhe; range of about
60-80[err] to produce an anhydrous mxture conprising 5 tetrasubstituted

chl or of or mam di ni um chl gghﬂ,ﬁg@l&g@@%% M%‘!’mégﬁ"g& lﬁﬂggsﬂ?\g from sal d

anhydrous m xt ure; n am ne rous xture in
an anount eff @&abogt 66 850Vier produre ancanhysiiows miktusel cmmpnsmg

chl or of or ngm ¢ éu‘gsqmtg?’\ﬁﬂoc{g forifarariitian tnbAdeguani diniumsalt in a
I

second product m xture; ut1 ng sald second product mxture with an

anount of water in a bach medi.um said a qn of wat a{ﬁqg effective to
cause the formation of tht @“PY‘HE@G‘%‘PH?@Q RRpsgengy ?'T‘?es ddl e phase 15

conpri si ng saiathiperasutbttutejt ed guani di ni um sal t and acidifying said mddle
phase as necessary to adjust its pHto a value in the range of 2-12. Fifth

aspect: a conposition C%ﬁréoﬁﬂlﬁsg&w%ﬁmﬁ%%:@%n@%@u@%ﬂ&%st' tuted

guani di ni um chl ori de ha
in an amount eﬁectlve to convert said tetrasubstituted

10 chloroformamidinium chloride to hexasubstituted guanidinium salt in
a second product mixture;

(N) diluting said second product mixture with an amount
of water in a basic medium, said amount of water being effective to
cause the formation of three liquid phases, isolating the middle phase

15 comprising said hexasubstituted guanidinium salt and acidifying said
middle phase as necessary to adjust its pH to a value in the range of
2-12,

Fifth aspect: a composition comprising an aqueous
solution of a hexasubstituted guanidinium chloride having a pH in the
20 range of 2-12.

Sixth aspect: a composition comprising a
hexasubstituted guanidinium chloride in aqueous solution and at
least one of the following:

an imide having the formula



Si xth aspect: a conposition conprising a hexasubstituted guanidi ni um
chloride in aqueous solution and at | east one of the follow ng: an imde
having the formul a -6 - [err] wherein Ais a trivalent aromatic radical,
[err] is an unsubstituted or substituted nono- or dival ent hydrocarbon

radi cal containing about 1- 13 carbon atons, [err] is halo or nitro and q
is-1 or 2; and 5 an al kal i tal salt of a di hydroxyaronmatic
conpound. Seventh aspect: a mnethod for'gﬁeparing a pol yetheri-m de or

i nternmedi ate therefor which conprises the steps of: (P) renoving
substantially all water from/a m xtupe gonprising an aqueous solution of a
hexasubsti t ut ed guani di ni um/Ao0 cﬁ;gl;?e to forman anhydrous m xture

conprising said hexasubstityted guanydi ni\um chloride; (R) preparing, in an
organi c solvent of low polafity, ap/aghydyous m xture conprising said
hexasubstituted guani di nijun) ohl-e+Ade; Rie having formula | and an

al kali netal salt of a 15 I hydro omaji ¢ conpound; and (S) effecting
reaction in said anhydrous #&i xture bfgtwe said alkali netal salt and said
i mde. Detailed Description}\ Preferrgd Egbodi nents The hexasubstituted
guani di ni um (herei nafter 20 \sonetings sfnply "guanidiniunt for brevity)
chl orides which are the subjext of the esent invention include all those
di sclosed in the aforenentioned U S. Patéent 5,132,423, the disclosure of
which is

wherein A is a trivalent aromatic radical, R! is an unsubstituted or
substituted mono- or divalent hydrocarbon radical containing about 1-
13 carbon atoms, X1 is halo or nitro and q is 1 or 2; and

5 an alkali metal salt of a dihydroxyaromatic compound.

Seventh aspect: a method for preparing a
polyetherimide or intermediate therefor which comprises the steps of:

(P) removing substantially all water from a mixture
comprising an aqueous solution of a hexasubstituted guanidinium
10 chloride to form an anhydrous mixture comprising said
hexasubstituted guanidinium chloride;

(R) preparing, in an organic solvent of low polarity, an
anhydrous mixture comprising said hexasubstituted guanidinium
chioride; an imide having formula | and an alkali metal salt of a

15 dihydroxyaromatic compound; and

(S) effecting reaction in said anhydrous mixture between
said alkali metal salt and said imide. .

Detailed Description; Preferred Embodiments

The hexasubstituted guanidinium (hereinafter
20 sometimes simply “guanidinium” for brevity} chlorides which are the
subject of the present invention include ali those disciosed in the.
aforementioned U.S. Patent 5,132,423, the disclosure of which is



<7 - incorporated by reference herein. In preferred enbodi nents, the

guani di nium chl ori des have the formula [err] wherein R is a ClL 6 primary
al kyl radical or two R2 values with the 5 connecting nitrogen atomforma
saturated heterocyclic radical. Such conpounds nay be prepared by the
above-described three-step nethod wherein the secondary am ne has the
formula (R2)2NH The first aspect of th; I nvention is chiefly effective for
producti on of conp03|t|ons conpri sing hexaethylguanldlnlun110 chl ori de, by

reason of its, sol ub E}CLK t}aract ris tICF 98 8 |nven i on al so
cont enpl at es incornpratedipy frifEsncs Nerel: nin RreifiTed iefeko éeA, phosgene
i s passed i ntguanidinitmr ehlofidesthaee théfermaad an organi_c sol vent of |ow
polarity. Suitable organic solvents include aliphatic and aromatic

hydr ocar bons” and hal ogenat ed ar qma carbons, as illustrated by
benzene, tol uene, xylene, chl of ‘Bbei@zﬁﬁh&lgﬁl orobenzene, chl orotol uene,
di chl or ot ol uene and octane. Aromatic solvents which form azeotropic

m xt yres vvi t hwhetein R? is @ Ceigcprimdry alkybmdicallordwolRhzalves with tiene and

250" o AR e SRR DA ¥ SRR HeBlaoke R Bl SiRBC gene and
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an al kali netal base, t al I sodi um hydr oxi de ot assj um hydr oxi de and
especially the former; ﬁgﬁg shect @ﬁ%’@r ét’%ﬁ“éo'bls ‘g‘b%f& e& ectye[ferr ,
preferably abptddu%oﬁ%fedsdrimpoﬁmhsacbag heﬂa@tmlg@@hﬁdlmhnphosgene to

he vor d 10, POERERr by dassehars soBby i siatrtiich poersr. B nc o <ai o

conmpound equalnveot:onsalsmbentemaml@husejfcm mtbér guanidniaomdtdoridés.r eact i ve
groups therei Iha’s'féﬁeA PSs 8818 phk 88 §RB Y MBlufP B A SvatdPESd aA"e

equi val ent of
organic solvent of low polarity. Suitable organic solvents include

aliphatic and aromatic hydrocarbons and halogenated aromatic
15 hydrocarbons, as illustrated by bénzene, toluene, xylene,
chlorobenzene, o-dichlorobenzene, chlorotoluene, dichlorotoluene
and octane. Aromatic solvents which form azeotropic mixtures with
water are preferred; these include benzene, toluene and xylene.
Thus, aromatic hydrocarbons are particularly preferred and toluene is
20 most preferred. '

The conditions of the reaction between phosgene and
the secondary amine are critical for obtaining a high yield of
tetrasubstituted urea. These conditions include a pH within the range
of about 10-13, preferably about 10.5-12.5, maintained by the

25 addition of an alkali metal base, typically sodium hydroxide or
potassium hydroxide and especially the former; a reaction
temperature of about 40-80°C, preferably about 45-55°C; and a ratio
of equivalents of phosgene to amine in the range of 1.0-1.156:1,
preferably about 1.1:1. As used herein, the word “equivalent”

30 designates a number of parts by weight of said compound equal to its
molecular weight divided by the number of reactive groups therein
under the prevailing reaction conditions. Thus, one equivalent of a



-8 - secondary amne is equal to its nol ecul ar wei ght and one equival ent of
phosgene is half its nolecular weight. Another crucial condition is the
proportion of amine with respect to organic solvent, which should be
calculated to afford about 5 a 25-90% (by weight), preferably 35-85%
solution of tetrasubstituted urea in the organic solvent, assum ng conplete
conversion has taken place. Suitable prgoportions of amne can be readily
determ ned by cal cul ation or sinple experinentation. Still another

i mportant conditiop is the . volu o.of 10 organic solvent tq water

wht oh ahoul d BREATHANK iR ¢% SaHaCiot mpeeudowe Rt anCoe parverou:
1.5-4.5:1. Undephmgﬁne:isrhalm mmasulasswe@matlo will relate |nversel y to

t he concentration of cal cul ated product in organic sol vent . Thus, at

cal cul at ed concentrati ORﬁoﬂer%%:Qggorﬁﬁ%ﬁ}éo h(‘eaf)ro}%h}ﬁ??o{igltnhr%mﬁhe 4:1 and

2:1, respectively. 15
proportion of ragpest therganic selyegh which Sb?‘-ﬂﬁrl&lg@lpuﬁlt%m afferchabew ori de,

usual Iy sagiu t about
usual LY, Sol umadibe (i wiRney BRtatasly 8IBIIEDLGILLIEN ¢R et asubittiAgd

ueous system under the evai l i ng
reaction condHieaifsthe; orgRniG ?@ve@nﬁﬁwﬂmgecompyeﬁ% ch\é%qs,I%f'nas éﬁﬂaﬂ n certain
20 instances pm:bhaﬂ;@namefmps@dont of ﬁmlﬁé gan sAreddityi detemineddy
supersaturatig o that. at ﬁt a portion of the alkali metal

chlori de genepg g‘q‘ﬁpe%r ﬁN@%@%‘PSUWGQ sentially all anine and product

tetrasubstituted urea remain in the organic phase. This sinplifies the
probl em of di sposal of Wiitanotherdmpostanhicooditionis the velup®e ratiecofude t he

aqueous pigse oI ppﬁleh?f’&WaPé} WhiGPSRY Y e oIRGBt voen the ani ne

and phosgene t ormation of a

ace In two
substituted c&BaMYanshesnaci YaﬁhPLtt H95 §&6nd~l’i‘$ﬁ! "P%%Fc‘i‘f%#ﬁ“%ﬁ"%%ﬁ d
carbanmoyl chl gajdigatith will relété heversslyne the cbptemtratioraslibaltulatéed urea. The

reaction product in organic solvent. Thus, at calculated concentrations of 30%
and 60% typical volume ratios are 4:1 and 2:1, respectively.

15 Finally, it is required that the proportion of water be low
enough that by-product alkali metal chloride, usually sodium chloride,
be present in an amount equal to at least about 95% of the saturation
amount for the aqueous system under the prevailing reaction
conditions, including temperature. It is practical, and in certain

20 instances perhaps preferred, to maintain saturation or even
supersaturation conditions so that at least a portion of the alkali metal
chioride generated precipitates out and essentially all amine and
product tetrasubstituted urea remain in the organic phase. This
simplifies the problem of disposal of waste products, which typically

25 include the aqueous phase when the reaction is complete.

The reaction between the amine and phosgene takes
place in two steps, the first being the formation of a substituted
carbamoyl chloride and the second the reaction of said carbamoyl
chloride with further amine to form tetrasubstituted urea. The reaction

30 is deemed complete when no organically bound chlorine remains in
the mixture or the value of organically bound chlorine has reached a
minimum. {f the described conditions are maintained, yields are
typically above 90%.



30 is deemed conplete when no organically bound chlorine remains in the

m xture or the value of organically bound chlorine has reached a m ni num

I f the described conditions are maintained, yields are typically above 90%
-9- Following conpletion of the reaction, it is usually preferred to add
water to dissolve any alkali nmetal chloride which may have precipitated.

Then, in step B, water, amine and al kal_iggetal chloride are renoved from
the first product mxture formed in step A 5 Since the second reaction

formng the Vilsneier salt, proceeds St ficiently.under anhydrous

cgndi tions, it is pref er#@l&&"&grmgﬁ %Bﬁ%ﬁaﬁ?ﬂ?' iy g‘\ﬁﬂ?@f Typical ly,
the wat er cont préfewéd tdaddnigter ta dissoivieuany alkali rbetahohlgridetveich imay 50 ppm
(by wei ght) . Tﬁgv%&- {BUt8RO TR Pl SR ardiriebiid BRI méta) Or i de 10
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preferabl y 4 Cayfd e SiRAtr8RLfor!idthiing #d Plsmitrdal frobbeds ARsen the

preferred organi c solvents are those rmagzeotyopic mxtures with

water. Any r err&ffmi%i&‘tli'ﬁ?ésa’@b'dﬁ?ﬁ%@wmnsali%ié RyeTereed 10EaMIRYP by t he
ghz_t It! | at { oni h@hb@ttantiaiq) éigmltéﬂ?l'i';:{\@lm tehwatérdsonientl oftthe myd drdus n

ition to e.nateri, I ssol yed, in a ase, and it may be
renoved by fil f'?'é‘t‘ﬁr%wﬂfh?lmrﬁéy?r Qaa'isg]ﬁmgﬁ?%gﬁ@*r ation. In st e% C, the
concentration of tetrasubstituted urea in the anhydrous m xture is adjusted
toI about 40-80% by wei ghiTheymajor padpiorignaf yeatet apdialigalt metalighlerideval  of
sol vent, tygpic SR 3@rtn"e ' ' i ssary if
the tet rasﬁ@st ?Jg%ﬁ'te)g%ﬁfggbgoﬂ cen'?ér] gta;ﬁgkvﬁ?ifﬁ?gg%oﬁ aﬁ&’:é[n;@fhlg manggt ed a

[ .Wth

range. In stept®sepawieand PIAVING MQQ&|QY?he¥@%V§?%Q Wal@ure at a
tenperature ing réﬁ?&ﬂy Pemaled tbydRzetittopid Histillattor, avhieh ¢S thtbreademi val ent s
of phosgene to tetrasubstituted urea whe cg)hos ene, .

the preterred organic solvents are rfh se which form azeotropic

mixtures with water. Any remaining traces of amine will also be

15 removed by the distillation. Often, sofid alkali metal chloride will be
present in addition to the material dissolved in the aqueous phase,

and it may be removed by filtration following the distillation operation.

in step C, the concentration of tetrasubstituted urea in
the anhydrous mixture is adjusted to about 40-80% by weight by
20 adding organic solvent or by removal of solvent, typically by
distillation. This step is, of course, unnecessary if the tetrasubstituted
urea concentration is already within the mandated range.

In step D, phosgene is introduced into the anhydrous
mixture at a temperature in the range of about 60-80°C. The ratio of
25 equivalents of phosgene to tetrasubstituted urea when phosgene
addition is complete is in the range of about 1.05-1.15:1. The
progress of the reaction may be monitored by conventional analytical
techniques such as nuclear magnetic resonance spectroscopy, with
the mixture being maintained within the 60-80°C temperature range
30 until the reaction is complete. At that point, unreacted phosgene is
removed in step E. “Removal” as defined herein includes removal by
reaction, in this step typically by introduction of a quenching
proportion of amine, and volatilization as by sparging with nitrogen.



addition is conplete is in the range of about 1.05-1.15:1. The progress of
the reaction may be nonitored by conventional analytical techniques such as
nucl ear magneti c resonance spectroscopy, with the m xture being maintained
within the 60-80[err] tenperature range 30 wuntil the reaction is conplete.
At that point, unreacted phosgene is renoved in step E. "Renoval " as
defined herein includes renoval by reagg'qn, in this step typically by

i ntroduction of a quenching proportion am ne, and volatilization as by
sparging with nitrogen. « 10- The final reacti.on, .between the Vilsneier
salt and further amne, 18 E’Bﬁ&?@f’ﬂﬁn’i lﬁ&&e@ﬁ'et 9W%@?'8ﬁﬁ%ﬁﬁpﬂr@ﬁgwthi s
step i s typi caarning,iis corducied in stepdbolihe4émpefaturg of thisleteptindympicaliyer r ed
condi ti ons mesh%h&ﬁﬁn@%?\ﬂakgﬂtis—ﬁéture i s anhydrous, the ratio of

equi val ents of anine sneier salt is in excess of 2:1. Wen the
reaction mxture is anhydrous, said ratio is nost often in the range of
about 2.05-2.5:1. One equnder the preferred canditiens shere thetractien vi | siei er

salt to foim hexagHbstadiydrsus) 1RE rakid'6f eqlidarnes BEAMRMItY RilSMbidreut ral i zes
t he hydrogen chloride 10 t?a;s %%ed. L the mxture%l(é not anhydr ous,
addi tional phoSybiSdNCesser felyu § Teagen Mxre fanifrovs Al any
\r/]vat e[) presentiraﬁwswwiMimaesafﬁ@as oflabeutn2.06+2)5vth e@nelemuitdiemedfer sal't
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phosgene paper{h\élﬁf?‘gbec{eggwgggégﬁg@%ﬁr #@gu@@mﬁra ggbﬁixu{egjol or upon
cont act t her enguénidine,and arothenequivalant nestializes thin bydragesueiioddeor i s
pr oduced. ep ' | S | ; %ﬂﬁw ¥l e Il LR, aqueous
sol ution, 1s%ai dthggﬁétﬁagﬁﬁag'sgkﬁﬁﬁ’g}jﬁﬁﬁ% al’i r?rue%l'a (I: oér?ipgggaﬁlﬁ%h IS
typical ly preswitbe reqyieechienigact Mthaaétsﬂthus-@mw%wgmr,p@eem- based on
total solution. Isolation is achieved by adding an appropriate vol unme of
water in a basic nmedi um Atodnvenldnt néarss for ditemmiining when the Vilsmeier

salt has been totally converted to hexasubstituted guanidine is to
employ phosgene paper. Unreacted Vilsmeier salt produces a red

15  color upon contact therewith. Thus, the reaction is complete when no
such color is produced.

Step G permits isolation of the guanidinium chloride in
aqueous solution, said sofution also containing alkali metal chloride
which is typically present in the amount of about 8-12% by weight,

20 based on total solution. Isolation is achieved by adding an
appropriate volume of water in a basic medium, typically at a pH of at

~ least about 13, and removing excess amine, typically by distillation of

primarily the organic phase. Following distillation, further water may-
be added if necessary. The desired guanidinium chloride, being

25 water-soluble, remains in the aqueous phase and the organic phase
may be removed and discarded. To maintain the acid-base balance
of the resulting aqueous product during employment as a phase
transfer catalyst, acid, preferably dilute aqueous mineral acid and
typically hydrochloric acid, is finally added to bring the pH of the

30 solution to a value in the range of 2-12, preferably 6-8.

In addition to optimization of the yield of guanidinium
chioride, a further advantage of the procedure described hereinabove



| east about 13, and renoving excess amne, typically by distillation of
primarily the organic phase. Following distillation, further water may be
added i f necessary. The desired guanidi nium chloride, being 25

wat er -sol ubl e, renmains in the aqueous phase and the organi c phase may be
renoved and di scarded. To maintain the acid-base bal ance of the resulting
aqueous product during enploynent as a phase transfer catalyst, acid,
preferably dilute agueous m neral aci d-ddd typically hydrochloric acid, is
finally added to bring the pH of the 30 solution to a value in the range
of 2-12, pref eledbpluntenctechaging is BMvwedophvatous: stages bydigtiliationd of

guani di ni um chipgs,demay ﬁélféd%ﬁ'@r&ﬂaﬁ@"i@éjﬁ:lé& t he procedure descri bed

her ei nabove is that unreacted amne i's renoved at vari ous stages by
distillation. Thus, it be recovered and rec ed. The second and third
aspects of the inventi On@ﬁ?gegggégnﬁ,}ﬁm@sgggtgic\éﬁber\@égwqmrre pased n
condi tions to sidipe possiptoonesd uhdentertaintdondjtiomsaoattop theproedgsasubsti t ut ed

d/ Vi d t b
ol ated an eangoinE pEBatatthofiefabubdiuBING dha/dViamSleF AR Y 20, ¢
The fourth aspsere the praductsiehbiirster Avmeay dedisolated andgroployedi scoveri es.

First, guani di Sbadhatd.céd ARy e \GoNbiRktdrPaRdiehbTPaNAE. carbon atoms in the

chai n(s) (whether acyclic or alicyclic) attached to each nitrogen atom
(hereinafter sonmetines "RQigher _ guanidi nium.chlorides") frequently have
reactivity and sol ubili t3“%98}5‘8@?1%&3‘2'}65?ah\ﬁfﬁpwsiﬁa%ﬁg%%f??om t hose of
hexaet hyl guani flirthiewrrdisddveriede Fifshuguanidiniusn thiogidestHavirgahkbash#ireehe
condi tion ergj 0 e ' : ' Ll gar C ry,,or optimal
for their s’pd; epgé&%ﬁo%tg"%lﬁghlb?%éﬁgl g}fﬁeatﬁ%/gw%% (_) f£@&8’%§§ﬁ?%§watpi ons and
proportions i negclmitrogen atowe dhereinaftaraopetimes flaighee guanidindupr oduct as a
Mnocuots, t hes Senec¥ ] freduery IERRARativie) |15 solbily pigodiedc | < Trequently

’ substantiallly ditferent from those of hexaethylguan¥dinium chloride.

Thus, it is frequently found that the conditions hereinabove described
15  in detail are not necessary or optimal for their preparation. This is

particularly true of the concentrations and proportions in steps A-D.

Second, although in the use of the product as a phase
transfer catalyst the presence of alkali metal chloride is frequently
innocuous, there are circumstances under which it may be

20 detrimental. For example, its presence may require further dilution
with water to maintain the solution homogeneous, thus complicating
such operations as packaging, handling, shipping and storage. Also,
aqueous alkali metal chlorides, especially sodium chioride, are
corrosive to equipment made of certain materials such as stainless

25 steel and their presence may therefore be undesirable if such
equipment is to be employed. Finally, the presence of alkali metat
chiorides in the product formed in the phase transfer catalysis
reaction may cause by-products such as sodium nitrite, otherwise
marketable for other purposes, to have an excessive chloride ion

30 concentration which prevents them from being saleable. Under

. circumstances such as these, it may be advantageous to employ a
higher guanidinium chioride which is readily separated from alkali
metal chloride.



20 detrinmental. For exanple, its presence may require further dilution
wth water to nmaintain the solution honogeneous, thus conplicating such
operations as packagi ng, handling, shipping and storage. Al so, agueous

al kali metal chlorides, especially sodiumchloride, are corrosive to

equi pnent nmade of certain materials such as stainless 25 steel and their
presence may therefore be undesirable i1f such equi pnent is to be enpl oyed.
Finally, the presence of alkali netal 'cr?l'ori des in the product formed in
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., The m.ddl e phase is gssentially free from
al kali metal GHPBIdIRIEMGhiofde, aF Wse"t%adﬁgpf QEPF@TE ri’&?mqi?ﬁ‘chl oride, as
.well as a mnor proportion of water. These findings call forth the fourth
aspect, which is a 10 fiesedindingscalbtarihrihetogtie aspectamdiieh isna chl ori des

havi ng steps si .t | ; ; ] f th
composi ¢1 Hiat MehbBdet Bropdih RioheP BuahichliufPRiBlads hapingtebs 20T, 21 the
ni xt ure aft er siroiardoitbasepf thedfirgt aspesthut witbaut seefd@ f or nation of the

af or enent | oneohHARiHAR ifialBrs. S WSSk haTétdg|of dallang thd 5 whi ch
conpri ses said guani di ni. um sal t ﬂﬂd wat eé. and ||§ substaptlall
mixture after formation of the guanidinium salt to cause formation of
the aforementioned three phases and separating the middle phase,
15  which comprises said guanidinium salt and water and is substantially

free from alkali metal chloride.

The fifth aspect of the invention is directed to the
aqueous guanidinium sailt solutions obtained according to the first
and fourth aspects. The pH of said solutions has been adjusted as

20 previously described.

The sixth aspect is based on the mode of use of the
aqueous guanidinium chloride solutions as phase transfer catalysts
and its nature is evident from the description hereinafter of the
seventh aspect.

25 That aspect is the use of aqueous solutions of
guanidinium chlorides as source materials for the phase transfer
catalysts employed in displacement reactions for the formation of
polyetherimides and intermediates therefor. As previously
mentioned, employment of these guanidinium chlorides in solid form

30 s difficult because they are hygroscopic. However, their conversion
to less hygroscopic salts such as bromides requires an additional
process step and is thus undesirable for commercial purposes. Thus,



free fromalkali metal chloride. The fifth aspect of the invention is
directed to the aqueous guanidiniumsalt solutions obtained according to
the first and fourth aspects. The pH of said solutions has been adjusted as
20 previously described. The sixth aspect is based on the node of use of

t he aqueous guani di nium chl ori de sol utions as phase transfer catal ysts and
its nature is evident fromthe description hereinafter of the seventh
aspect. 25 That aspect is-flBe use of aqueous sol utions of

guani di nium chl orides as source materials for the phase transfer catalysts
enpl oyed in dit pveneadiantagenusitorke able toHatredueathesn asfaqusopst heri mi des and

I nter medi at esgdii§6Ré Ahd SbsBHAYNBH AoV Waténed, enpl oyment of these
guanidiniumchlorides in solid form30 is difficult because they are

hygroscopi c. However, thejr cqnversion to |ess hygroscaopic salts such as
broni des requires an ad %he.dﬁuqieﬁ%%%%teﬁt%fs qgthﬁ&rﬁﬂ%@si rabl e for

conmmer ci al  pugemerasly cbhtdins aboutl8-30i darbsn \wtsmsadited inpigleds generiify abl e to
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car bon at ons. ndplthialentsicasboxylieradid;yhdwevir; derddativesnofaacids duchrasoxyl i ¢ aci d

such as pht hakigc PP &gmt [Hox=Ys i o ver,
derivatives o?'%ﬁ?ﬁd@&?ﬁ%ea}éﬁ, -Plap tﬁ%g'nedll?%%xwi@% %(ezfé(}ga é al so

sui tabl e. Mbsthepimideris @ phthalimidesi de is a phthalinide. Wen qis 1, the RL
value is preferably an alkyl and 10 especially a |ower alkyl radical

(i.e., fme conLaitn: ng uw&&iis:g,rmawmifs ﬁ@geliraaly&éreandlyl ¥nd! tdi s nethyl,
n- pr opy n- but v en g s, 2, it is prefer y an aryleng an
especi al |13f a ﬁ%gég%\é\y]pgay ekyi rq%c;ﬁ (ie., Bhe con?alnX\g up ¥ ca on

atoms). Most preferably, it is methyl, n-propyl or n-butyl. When qis 2,

it is preferably an arylene and especially a phenylene radical, most

often m-phenylene, p-phenylene or a mixture thereof.

The bisphenol salts are generally compounds of the

15 formula
iy R2ZM)

wherein R2 is a divalent aromatic radical containing about 6-30
carbon atoms, M is an alkali metal and Z is oxygen or sulfur. The R2
radical may be a hydrocarbon radical or may contain other atoms

20 such as oxygen or sulfur. lllustrative dihydroxyaromatic compounds
from which the R2 radicals may be derived are resorcinol,
hydroquinone, 4,4'-dihydroxybiphenyl, 4,4'-dihydroxy-3,3',5,5'-
tetramethylbiphenyl, bis(4-hydroxyphenyl)methane,. 3-hydroxyphenyl-
4-hydroxyphenyimethane, 2,2-bis(2-hydroxyphenyl}propane, 2,2-

25 bis(4-hydroxyphenyl)propane (hereinafter "bisphenol A*), 2-(3-
hydroxyphenyl)-2-(4-hydroxyphenyl)propane, 1,1-bis(4-
hydroxyphenyl)ethane, 2,2-bis(4-hydroxyphenyl}pentane, 1,1-bis(4-
hydroxyphenyl)ethylene, 4,4'-dihydroxybenzophenone, bis(4-
hydroxyphenyl)ether, bis(4-hydroxyphenyl} sulfide, bis(4-

30 hydroxyphenyl) sulfoxide, bis(4-hydroxyphenyl) sulfone and 3-
hydroxyphenyl-4-hydroxyphenyl sulfone.

The preferred R2 radicals are usually



of ten m phenyl ene, p-phenylene or a m xture thereof. The bisphenol salts
are generally conpounds of the 1 5 fornula [err] wherein R2 is a dival ent
aromati c radi cal containing about 6-30 carbon atons, Mis an alkali neta
and Z is oxygen or sulfur. The R2 radical may be a hydrocarbon radical or
may contain other atonms 20 such as oxygen or sulfur. Illustrative

di hydr oxyaromati c conpounds from which {he R2 radicals may be derived are
resorci nol, hydroqui none, 4,4'-dihydroxybi phenyl, 4,4'-dihydroxy-3,3",5,5"-
t et ranmet hyl bi phenyl, bi s(4-hydroxyphenyl) net hane, . 3- hydr oxyphenyl -

4- hydr oxyphenyl net hane, 2, 2-bi s(2- hydr phenyl ) propane, 2,2- 25

bi s(4- hydr oxyphenyl ) pr opane (herei naftery—Ri sphenol A"), 2-(3-

hydr oxyphenyl ) - 2- (4- hydr oxyphdh}l ) pro —+- bi s(4- hydr oxyphenyl ) et hane,
2, 2- bi s(4- hydr oxyphenyl ) pentane, 1, 1-bis hydr oxyphenyl ) et hyl ene,

4, 4' di hydr oxybenzophenone, bis(4- hydroxyphenyl)ether, bis(4-hydroxyphenyl)
sul fide, bis(4- 30 hydroxypheng?® suk?ﬁ%ide,REis(4-hydroxyphenyI) sul f one
and 3- hydroxyphenyl - 4- hydr oxyph I . The preferred R2 radicals are
usual |y - 14 - [err] rein_e \ ndependenamg hydr ogen or
methyl, R4 is a 5 straight-chain d al kyl ene radi cal containing
1-5 carbon atons and each [err] 6 i Nependdatly hydrogen or hal ogen
(usually chlorine or bromne). xt u@sxX®f th&3f oregoing fornulas are al so
contenpl ated. Especially desirable are the bisphenol A salts, having
formula VI in which [err] is isgpropylidene and egh X2 is hydrogen. 10
The al kali netal in the bisphenok salt may be y of the known al kal
metal s. Sodi um and potasshﬂy1are al | papr red by

X2 X2

wherein each R3 is independently hydrogen or methyl, R4 is a

5 straight-chain or branched alkylene radical containing 1-5 carbon
atoms and each X2 is independently hydrogen or halogen (usually
chlorine or bromine). Mixtures of the foregoing formulas are also
contemplated. Especially desirable are the bisphenol A salts, having
formula VI in which R4 is isopropylidene and each X2 is hydrogen.

10 The alkali metal in the bisphenol! salt may be any of the
known alkali metals. Sodium and potassium are usually preferred by
reason of availability and low cost, with sodium being especially
preferred. The Z value may be oxygen or sulfur and is usually
oxygen.

15 ‘The seventh aspect is applicable in at least two contexts.
The first is the displacement reaction of halo- or nitro-substituted
phthalimides with alkali metal salts of dihydroxyaromatic compounds
(hereinafter sometimes simply “bisphenol salts”) in organic solvents of
low polarity such as those previously enumerated to produce

20 bis(phthalimido)aromatic compounds; these may be further converted
to dianhydrides which undergo reaction with diamines to form
polyetherimides. The second is the direct reaction, in similar solvents,
of bis(N-substituted phthalimido)} compounds having similar



reason of availability and | ow cost, with sodi um being especially
preferred. The Z val ue may be oxygen or sulfur and is usually oxygen. 15
The seventh aspect is applicable in at |east two contexts. The first is the
di spl acenent reaction of halo- or nitro-substituted phthalimdes with

al kali metal salts of dihydroxyaromatic conpounds (hereinafter sonetines
sinply "bisphenol salts") in organic sp{ ents of |ow polarity such as those
previ ously enunerated to produce 20 bi s{phthalim do)aromati c conpounds;

t hese may be further conve |  des which undergo reaction with
diamnes to f&“hf’ 8?{7&' ﬁér'[‘@rﬁgaééa &hﬁg’gﬁ%ﬁgﬁ s the direct reaction, in
sim | ar sol vechigrophthalisidedoernzeneualso awralasr?,8of1,3gphesyiene)bislsng
simlar SUBSTA 5 ugRt Sy i I . ,
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chl or o- 1H i soifeaoation of theopplyethesimidesy t h bi sphenol salts for the direct
formation of the polyetherimdes. 5 It is known that the

presence of water in any @@W@Hzﬁttﬁé?ﬁéﬁéﬂc@f& vﬁa&bftrﬁéﬁjrﬁiéa}sgff’%ﬂégalses o
e content. sno e bel ow

2 om by wei ght PARBORIPNS SUbSIABIY d5PEases e EHe "FARER o xt ur o5 be
mai nt ai ned t otgenleyalatiey datarscornténtsshiculdrbetbeibwd® ppri by eeight andnibisni ng any
forms an azeottGhoNPIEtad st h858Rcn Hitktegbt maRuBaguae! VI 1L
enuner at ed herasihydoense, Thisds meostaften achieved by deynbiniegtampieagentti | | ation
before | nybodughig il cBhfA 1aees 8h watdiGith BNCstonAlk RAVeRtihithe guani di nium
chloride to be I ntroduced | n agueous sol Lil,l on foll owed by renoyal of
wat er from t hdorm&@irazactiors; Wit yater, as\gxemp l“?dgiy @?eﬁﬂ‘Y‘Hﬁ? ofdMsti |l ation.
I n one enbodi Ppé enuhteratatbRoRindiovd, @nd renidvind Ked watertta} azédtespide
present, i azgohy aRhGalhYe Fhalduiihng bihet P44, o the 1ike prior to
The invention permits the guanidinium chloride to be
15 introduced in aqueous solution followed by removal of water from the
mixture containing i, typically by azeotropic distillation. In one
embodiment, the aqueous solution, with alkali metal chloride present,
is azeotropically distilled with toluene or the like prior to introduction
of imide and bisphenol salt. in a related embodiment, and provided
20 enough hot toluene is employed to dissolve the guanidinium chloride
after distillation of the water (i.e., about 250 ml/g}, the toluene solution

may be filtered while hot to remove the alkali metal chloride.

For the most part, however, there is no advantage is

segregating the phase transfer catalyst from both reagents before

25 removal of the water since a principal advantage of the invention is to
introduce it in liquid form. Thus, the often preferred embodiment is the
one which also gives rise to the sixth embodiment: water removal is
performed on a mixture of phase transfer catalyst with imide and/or
bisphenol salt in combination a solvent such as toluene. When

30 substantially all water has been removed ("substantially” meaning a
total water content not greater than 50 ppm by weight), the other
reagent may be added and the displacement reaction conducted
under conventional conditions. If removal of water can be completed



of imde and bi sphenol salt. In a related enbodi mrent, and provi ded 20
enough hot toluene is enployed to dissolve the guanidiniumchloride after
distillation of the water (i.e., about 250 mi/g), the toluene solution may
be filtered while hot to renove the alkali netal chloride. For the nost
part, however, there is no advantage i s segregating the phase transfer
catal yst fromboth reagents before 25 yenoval of the water since a

princi pal advantage of the invention is to introduce it in quui'd form

Thus, the oft he o ives rise to
the sixth enbggp@éﬁ?ﬁé\gggnmg E@B;'dé%b%\f ﬁS %%ﬁamﬁ? E’PH?e of phase
transfer catalrgagenmst lin thesteembadioners sstepRis sambined withiat femistan a sol vent
such as tol ue%n,a{)hgp g RrSubstantially all water has been renoved

("substantial I'y" meanin a total water content not greater than 50 ppm by

wei ght), the ot her reagent maé be added and the di spl acenent reaction
conduct ed under convent i'BiF8P Soli@ figashan mixture inparmally haated aan be
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0 reagens ste ed with. at |east a
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175[ err or (o) o] ichiametric
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reaction m xture a oses rt]-on of guani dini um
salt is a cat eBQP‘P'E'QPI‘%?QJ@%@FWVE (‘ﬁpﬁrqalt@hﬂ“c egtiverprapetiions. 1-5. 0 nol e

per cent based radsti dficteabdstad.ats, omﬁé pehcenttadieet ofttides achi eved by
conventional nethods. These typically i nvoI ve washing with an

Isolation of the product may be achieved by
conventional methods. These typically involve washing with an
16 aqueous alkaline solution followed by drying of the orgamc phase
and solvent stripping.

The invention is Hllustrated by the following examples.
Example 1

A 14iter, round-bottomed, 5-necked Morton flask was
20 fitted with a mechanical stirrer, pH elecfrode, thermometer, phosgene
dip tube and Claisen head adapter which in turn was fitted with a
solid carbon dioxide-acetone condenser and caustic addition port.
The flask was charged with 110 g (1.5 moles) of diethylamine, 86 g of
toluene and 50 ml of water. Phosgene, 82 g {0.829 mole), was
25 introduced at a rate of 3 g/min with stirring, while the flask was
“maintained at 50°C by immersion in a solid carbon dioxide-acetone
bath. During the phosgene addition, the pH was maintained at 11.5
by addition of 50% aqueous sodium hydroxide solution as required,
by a peristaltic pump connected to a pH-controlied switch.



15 aqueous al kaline solution foll owed by drying of the organic phase and
sol vent stripping. The invention is illustrated by the foll ow ng exanpl es.
Exanple 1 A 1-liter, round-bottomed, 5-necked Morton flask was 20 fitted
with a nmechanical stirrer, pH electrode, thernoneter, phosgene dip tube and
Cl ai sen head adapter which in turn was fitted with a solid carbon

di oxi de- acet one condenser and caustic_aﬁﬂition port. The flask was charged

vvihth 110 g (1.5 noles) of diethylamne, 86 g of toluene and 50 mM of water.
Phosgene, 82 g (0.829 l.£)., Lt roduc te.qf 3 g/mn with
stirring, while the f|WM%?&%&FH@'&"&E%?@%}% fiit e S col i d
car bon di oxi dbeatest ton20airhan bilibatly  Aldditiohak gausticadds tiidded ashe pH was

mai nt ai ned at : Ly ] | [ ution as
required, by 5‘%‘5%%*%&%%%‘8@8%%%&3&%5 %?géggé%?ﬁwgf%ﬁgﬁ ch. -17
- After phosgene addition was conplete, the m xture was heated to 70[err]

At 1.5 over & period of Shan e N B D 0err1 . the
: _ . - a err], e

m xture wa® c88HePq ol ohater was ag?adn?%@%pﬁlgﬁ% cel‘:h‘\‘vvﬂ WaBed to dissol ve

ﬁa:jt S. ghe p:'ia\dftfst@dijtcolﬂltze@iby:mé_&dﬂitifbn df fartheitsddiom Wdrbuicf]gfﬁtﬂumd hi um ]

ydr oxi de sol yt i on. Qn si s _of. the.m I . ound that the

yi el d of tetr;&mﬁgﬁls\égﬁﬁ@%uﬁ& @gﬁi‘é‘#ﬁ%&‘!’ﬁ“?%‘#ﬁ&k were transferred

to a 1-liter tetractbyiureaavas 83%nel with two 20-m tol uene washes and the

aqueous phase was di scarded. The toluene solution was returned to the fl ask

and the pH probe and O ai sen head were renoved and replaced by a stopper
and a short path distil e eentaatsof thre dask wate drapstertrd tyadylitt eot r opi ¢

distillatign ts@puistbfy furfirel Withso 209 tefuehetwashidyAnd ®%e BBueous
phase was discarded. The toluene solution was returned to the flask
and the pH probe and Claisen hc?ad were removed and replaced by a
stopper and a short path distillation head. The mixture was dried by
azeotropic distillation to yield a 62.5% solution of tetraethylurea in

15 toluene. Analysis of the distillate showed the presence of unreacted

diethylamine, which could be recycled, and a small amount of
tetraethylurea, which could be combined with the principal portion
thereof.

The flask was fitted with a pressure-equalizing addition
20 funnel which was charged with 50 mi of diethylamine, thus
maintaining the diethylamine in isolation from the phosgene
subsequently introduced. The reaction mixture was heated to 80°C
and 76 g (768 mmol) of phosgene was added over 38 minutes, with
stirring. Heating was continued for 2.5 hours, after which analysis by
25 nuclear magnetic resonance spectroscopy indicated 99% conversion
of tetraethylurea to the Vilsmeier salt.

The reaction mixture was cooled to 50°C and about 5 ml
of diethylamine was added from the addition funnel to quench
residual phosgene. Toluene, 193 ml, was added to adjust the

30 Vilsmeier salt concentration to 40%, after which diethylamine to a total
of 132 g (2.4 equivalents per equivalent of theoretical tetraethylurea)



15 toluene. Analysis of the distillate showed the presence of unreacted

di et hyl am ne, which could be recycled, and a small anount of

tetraet hylurea, which could be conbined with the principal portion thereof.
The flask was fitted with a pressure-equalizing addition 20 funnel which
was charged with 50 ml of diethylam ne, thus maintaining the diethylam ne
in isolation fromthe phosgene subsquq tly introduced. The reaction

m xture was heated to 80[err] and 76 g 68 mol ) of phosgene was added

over 38 m nut ' MATHEP at i was .conti.nued for 2.5 hours, after
whi ch anal ysi g’aﬁf%la %%98%%‘? 8%%@%%9‘#2&} @%Wﬁﬁé@'@p@&@ﬂlﬁ%ﬁ&w? ndi cat ed 99%
conver si on of wastmaietdigediaba5t@. Watex/ 100mil ewas theén added aadahéon mi xture
was cool ed t | =T Yo P2 D ' ' romthe
addi tion fun(r)lfé?&t g’%féﬁ?ﬂ“ﬁ%@%ﬁ% m&n@%&ﬁ?@%@%&?”ﬁ%ﬁﬁg? t%! added to
adj ust the 30in WM deinc-equipped yithce aralie addition smyt and sbertvistioh

di et hyl amgie §gtidatich Aba8f 132 g (2.4 equival ents per equival ent of

t heoretical tetraethyl urea) - 18- was added dropw se over about 15
m nutes while the tenperature was maintained at 55[err]. Water, 100 m, was

then added and the flasBodasn hgdioxidé soletionivds adgéti & adjusedse prd C ai sen

head, the | at}ef,imn hej | Lth a gaust.i It ort and
chort parh o i3y T Pt S UBHo tbidyd SR BBG AL dadiagien o
adj ust the pHalter wBich. digthylamineland tedmethyuidd eolult ot beodeteateain 255 m  of
distillate, & ' di.ethyl am ne and tetraethylurea could not be
detected in tﬁge’ﬁeg\gg?ﬁgrr‘]wnl?é't ure. 10 Water, 100 nml, was added

to dissolve precipitated salts and the m xture was transferred with a 10-m

water wasfpto a separat Watef, foleh!, WAShEHEQ Ro dissdRRApRERtatdY Qal® aqueous
and . .
and the mixture was transferred with a 10-ml water wash to a
separatory funnel, whereupon it separated into an aqueous and
organic phase. The aqueous phase was a solution of the desired
hexaethylguanidinium chloride and sodium chioride. The overall
156 vyield, based on diethylamine introduced in the first step, was 85.8%.

Example 2

The apparatus employed and modified as in Example 1
was charged with 152 g (1.5 moles) of di-n-propylamine, 166 g of
toluene and 50 ml of water. Phosgene was added for 27 minutes at 3

20 g/min, to a total of 81 g (820 mmol), at a temperature of 55°C and a pH
of 11.5 maintained by addition of 50% aqueous sodium hydroxide
solution. When phosgene addition was complete, the mixture was
maintained at 55°C for 1 hour with the addition of about 5 ml of di-n-
propylamine to quench unreacted phosgene.

25 The mixture was stirred under nitrogen ovemight, after
which 100 ml of water was added and the organic layer was
separated, washed with two 200-m| portions of 1N hydrochloric acid
and two 200-m! portions of water and an aliquot removed for analysis
and further use. The yield of tetra-n-propylurea was about 96.5%.



organi ¢ phase. The aqueous phase was a solution of the desired
hexaet hyl guani di ni um chl ori de and sodi um chloride. The overall 15 vyield,
based on diethylamne introduced in the first step, was 85.8% Exanple 2
The apparatus enpl oyed and nodified as in Exanple 1 was charged with 152 g
(1.5 nmol es) of di-n-propylamne, 166 g of toluene and 50 ml of water.
Phosgene was added for 27 mnutes at 3430 g/mn, to a total of 81 g (820
gggl), at a tegperaau&e of 55C and a pH of 11.5 maintained by addition of
o aqueous sodi um hydr - | conpl et e,
%15 %x&gig ésonitugﬁé?ﬂor %m% hodgehadasconp

the m xture was nmi nt ai ne our W|t he addltlon of

about 5 nl of infloducedrat@/@/ain fer 4 5@@#!@@&‘?@(48&’@& Hb
The mixture wg eﬁ%‘i&?&nrﬁﬁé%aﬂ“ééﬁt?ﬂ@ﬂ aﬁ\ww fanp, hwrsemwpbacﬁedloo m of

wat er was adde§ and t or an| | a with two 200-m
portions of 1R ﬁ?@ﬁ‘?ﬁﬁﬂa@rﬁ 5805?@ O'Bﬁ'i' %%ﬁ'ﬁﬁi“ﬁ&%@?%m an
al i quot r egrovadufther amg)san&)lamhsftakenémr amdys?he yield of

tetra-n-propyl urea was about 96. 5% - 19- The m xture was returned to
the flask and phosgene was introduced at 2 g/mn for 40.5 mnutes, to a

total of 81 g (820 mmol pn-mpt@yla’mmeh15&2@(@&@@%&%%@6& 80[err] for

2 hours. Unre ae f
ni trogen and gi%;?\ﬂ#s her 3%53& %ﬁ&fﬂ%ﬁlﬁfcgﬂwaﬁream °
Di -n-propyl am"m’“t%d"ﬂ“gpl‘@s%‘%%%‘) agHgBR &S ar so[err], with

stirring, and cbhﬁ:l@lfeog 0eThl of whtee Wa%aa‘ddemamasmﬂask waschgsdit fitteosgene

paper. \Wen am n C d

flask was!@gaiit ?t 365%0 tS%O Hﬁﬂ“ﬂe’%‘% ﬁl‘t‘&%rﬁﬁ?ﬁm géegesofiﬂ'?l E)Ee
was added to g pii t¢20tafter khidh valatiles werealemaiest by distitiatian.r enoved by
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distillation was continued.

Finally, 100 ml of toluene was added and the mixture
15 - was transferred to a separatory funnel. It separated into three phases:
a clear bottom aqueous sodium chioride phase, a dark toluene top
phase containing organic impurities and a light yellow middie phase
containing water and hexa-n-propylguanidinium chloride. The middle
phase was separated and the overall yield of guanidinium chloride
20 was determined to be about 76%.

Example 3

Following a procedure similar to that of Example 2, a
reaction was conducted between 47.9 g (482 mmol) of 4-
methylpiperidine and 22.9 g (232 mmol) of phosgene in 962 ml of
25 toluene and 25 mi of water. The Vilsmeier salt was formed by the
addition of 22 g (220 mmol) of phosgene. Finally, conversion to tris(4-
methylpiperidinyl)guanidinium chloride was achieved by reaction with
25.1 g (251 mmol) of 4-methylipiperidine. The overall yield was 73%.



distillation was continued. Finally, 100 m of toluene was added and the

m xture 15 was transferred to a separatory funnel. It separated into three
phases: a clear bottom aqueous sodi um chl ori de phase, a dark tol uene top
phase containing organic inmpurities and a |ight yellow m ddl e phase

cont ai ni ng wat er and hexa-n-propyl guani di ni um chl ori de. The m ddl e phase
was separated and the overall yield of_lffg%r_ani di niumchl oride 20 was

determ ned to be about 76% Exanple 3 Follow ng a procedure simlar to that
of Exanple 2, a reaction.was conducted between 47.9 g (482 mmol) of 4-

met hyl pi peri di ne and 22.9 g (232 mmol ) of phosgene in 962 m of 25 toluene
and 25 m of ExamplerTe Vilsmeier salt was formed by the addition of 22 g
(220 nmol ) of phosgene. Finally, conversion to tris(4-

met hyl pi peri di nyl ) guani & Biiiten, Shheckedieoilhpskateld glass vegseleaquippedwi th 25.1 ¢

ool o 4 A 2 Wi & NeaBREl sfng oo Efneals B o BRafitia vab(l 1, .
mechani cal st itoppad withta raflaex ¢oﬂ®msa@m@ Qha(ﬂg%d IDearW@DQ@fk t rap t opped with
a reflux C@“d"a%%w@z%t\ﬁm g%'(i‘eé anre paps. rﬁu?m RRERPBhalinfibg 335 o (1.63

nol es) of 4-nitro "g of an
aqueous sol ut 14909 gf toly 'ﬁ)aﬂﬂ@ B Lﬁ!%a%?e%é?ﬂl!i@rlsﬁﬂ’!ﬁféeﬁg?stl ng of

34. 4% hexaet h)ﬂr@@@éﬂcﬁl&k leht ahudmnsmerg&ﬂwmmetﬂfgaadndﬁﬁuﬁ% wat er
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toluene. The resulting solutron was added via a flexible fitting to a

similarly equipped 5-liter glass vessel which had been charged with a

mixture of 222 g (815 mmol) of bisphenol A disodium salt and 700 g

of toluene. The reaction mixture was maintained at 120°C for 60

15  minutes, after which analysis by high pressure liquid chromatography
showed that the reaction was complete and that the yield of 2,2-bis[4-
(3,4-carboxyphenoxy)phenyl]propane bis-N-methylimide was 99.4%.

The mixture was cooled to 80°C and washed at this
temperature with three 580-mi portions of 1% aqueous sodium
20 hydroxide solution. The purified bisimide solution had a yellowness
index of 2.0.

Example 5

A 40,000-liter steam-jacketed vesse! was charged in a
nitrogen atmosphere with 4,276 kg (20.8 kg-moles) of 4-nitro-N-

25 methylphthalimide and 15,649 kg of toluene. The mixture was
heated to about 115°C, with stirring, and 68.1 | of an aqueous solution
similar to the product of Example 1 and comprising 28.6%
hexaethylguanidinium chloride and about 10% sodium chloride (0.08
kg-mole of hexaethylguanidinium chloride} was added over 10

30 minutes with water being continuously removed by azeotropic
distillation. Distillation was continued until about 4,100 kg of toluene
had been removed, at which point the reaction temperature was



of toluene. The reaction m xture was nmai ntained at 120[err] for 60 15
mnutes, after which analysis by high pressure |iquid chromatography showed
that the reaction was conplete and that the yield of 2,2-bis[4-

(3, 4- car boxyphenoxy) phenyl ] propane bi s-N-nethylim de was 99.4% The m xture
was cooled to 80[err] and washed at this tenperature with three 580-ni
portions of 1% aqueous sodi um 20 hydr%l de solution. The purified bisimde
solution had a yell owness index of 2.0.“Exanple 5 A 40,000-liter

e ko vl POt TR R SRReREn b b B Ra BB i g 57 °
t ol uene].c The Iﬁi ol chﬂsdsdiatreshlt in alboutt7,710 kg, oftbluenetwas adlggd;ingngs. 1

an a 0
E:gn{)]rl gl ng 28 @@E?ﬁﬁ%@&%@ﬁ?%%oﬂﬁé@rgée&a t"@o ?g& sodi um
chloride (0. osemgeraaue mreasﬁae’{meysmi@metwmhtbﬂnmxﬁuae)lvaﬁagdjua@dd over 10
30 m nuteg thé Y‘@P%rdﬁﬁirpgf £ [Rist 0915 Iapmfe EMdQK@‘?éé Rirfwas

distillation ['at1T on was cont ut 100., of toluene
had been renpwoatinged Haticih wasi sRMPiete PémbY P&sﬁlﬂ'@ d .21 -
about 119[er r]chreﬁfnﬁ .OWatku bﬁdﬁc&cﬁibi’e&gs(ﬁ@x&&xﬂ{gmlﬁélh e

bi sphenol . I a n ab 710 added,

wher eupon an g%i”? 4Sﬁ WBPFBW &F‘Y@?ﬁ&ﬂgﬁga"% rr] tenperature
i ncrease. The rﬁémytlﬂmdm&ttojuerie sbletionxt ure was adjusted 5 to 2:1 by
addition of 4-nitro-Nnethyl phthalimde and the reaction was conti nued
until it was conplete as shown by high pressure liquid chromat ography

Wor kup wadOcorkxampde a6 in Exanple 4 to yield the desired

2, 2- bi s[ 4- (3, 4- car boxyphenoxy) phenyl ] propane bis-N- nethylimde in tol uene
sol ution. 10 Exanple 6 A mixture of 2.152 grams (7.9 mmol) of bisphenol A _

disodium salt in 50 ml of o-dichlorobenzene is heated to 200°C under
nitrogen and 3.455 g (7.9 mmol) of 1.3-bis[N-{4-
chlorophthalimido)]benzene is added in admixture with 10 ml of

15 o-dichiorobenzene. Distillation is initiated and 10 ml of o-
dichlorobenzene is removed, after which 0.55 g of an aqueous
solution similar to the product of Example 1 and comprising 35%
hexaethylguanidinium chloride is added dropwise at a rate such that
the water vapor is swept out by a nitrogen stream without foaming.

20 The mixture is stitred for 5 hours at 200°C, whereupon ge! permeation
chromatographic analysis shows that the resulting polyetherimide has
a weight average molecular weight of about 40,000 relative to
polystyrene. '



A mxture of 2. 152 grams (7.9 mml) of bisphenol A disodiumsalt in 50 ni

of o-dichlorob ' 0 200[err] under nitrogen and 3.455 g (7.9
mol ) of 1. 3- bj@ﬂiﬂlﬂ"“ﬂﬁﬁgmghal i m do)] benzene is added in adm xture
with 10 M of 1 @- dircC ene. Distillation is initiated and 10 m of
o- dichl orobenzene is renoved, after which 0.55 g of an aqueous sol ution
simlar to the product of Exanple 1 an(_:I2 onpri sing 35% hexaet hyl guani di ni um
chloride is added dropwi se at a rate such that the water vapor is swept out

by a nitrogen stream w thout foam ng. 20 The mxture is stirred for 5

hours at 200[err], V\/nerevﬁ.‘%- : aeati on chromat ogr aphi ¢ anal ysi s shows
that the resulting polye eri'%g%gﬂﬁg?a wei ght average nol ecul ar wei ght of

about 40,000 rel ative to pol ystyrene. -22 - Wat is clained is: 1. A
met hod for preparing an hgdetedhadbfasnreparing anpaueeus solutioneef auani di ni um

sal t whi ch conpgxasbstififed gaBRidHium(£alt WARK CEmPASEORIEsteps @fa m Xture
conprising an 5 aliphatic or alicyclic secondary am ne, water and an
organi ¢ solvent of low p aritﬁ at,a reaction t(;(rirperature.i n the range of

about 40-80[err] and a p¥iRg PRASEET INKG, 8 MDY e SPMRTSIPGi%ed by t he
addi ti on ofs analiphedici omadicytlid sseonddrg apninppowaterraral anairganibaiohgntf f ecti ve

to produce a s | - t | r '

concent rati on o SpoEOafity a e efiERrdH fle ARt i T,
concentration anderphiiieths eange ofr@méaﬂ&?%m_mmm byishe additioatafarof

equi val ents of ;RIANEEELASE; IAE Hréporien M ivittet Befndfeflctigs t9brddielald>: 1, the
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25-90% by 1 ueieaist aboUtYSRIbYOWeighodlitHe saturdtich csrsentationluneler tikesuni ng
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said amine being in the range of 1.0-1.15:1, the volume ratio of

organic solvent to water being in the range of about 0.8-5.0:1 and the

proportion of amine being calculated to afford about a 25-90% by

15  weight solution of product in said organic solvent assuming complete
conversion, to produce a first product mixture comprising
tetrasubstituted urea;

(B) removing water, amine and alkali metal chloride from
said first product mixture to produce a first product mixture;

20 (C) adjusting said first product mixture to a
tetrasubstituted urea concentration in the range of about 40-80% by
weight by the addition or removal of organic solvent if necessary;

(D) introducing phosgene at a temperature in the range
of about 60-80°C, the proportion of phosgene added being effective
25 to react with any water present plus a ratio of equivalents of phosgene
to said tetrasubstituted urea in the range of 1.05-1.15:1, to produce an
anhydrous mixture comprising tetrasubstituted chioroformamidinium
chioride;

(E) removing any unreacted phosgene from said
30 anhydrous mixture;



tetrasubstituted urea; (B) renoving water, am ne and al kali mnetal chloride
fromsaid first product. m xture to produce a first product mxture; 20
(O adjusting said first product mxture to a tetrasubstituted urea

concentrati ' mﬂ[mm f about 40-80% by wei ght by the addition or
renoval of am“mm f necessary; (D) introducing phosgene at a
tenperature kn the-rdngé of about 60- 80&§rr], the proportion of phosgene
added being effective 25 to react with<any water present plus a ratio of

equi val ents of phosgene saj.d tetrasubstituted yrea in the range of
1705+ 1. 15: 1, to produce & SHHIGH BTN AT EEE AT P RYAUS HIHE | { ut ed

chl or of or mam dinnar emmiuind efféetive o) corerent/said tetrasubstintetied phosgene from sai d

anhydrous. m xt VENRFaAmISAY chicriok, RORSRBBERENG obafRiin $alEet ¢ utea
chl or of or manmi dandum chl ori de to hexasubstituted guanidiniumsalt; and 5
(G diluting said hexasubstituted guanidiniumsalt with water in a basic

medi um t o oduce aqueou ' ; b ek i ¢ phase
conpri si ngrstrmr eact ed secﬁggﬁtmgngﬁgﬁgrﬁﬁgﬁtgfﬁgﬁémggﬁ ?hgsqéu]feg@g phase

cont ai ni ng sai B’aFﬁJ%ﬁ%B%?iwﬁ?é&"bl?aﬂf%%?lﬂﬁ‘@&“? aﬁ?g PrapicsBh9ses adj ust its
pHto a 10 vatramovingtsaid oagdrtic phage lobmptisidg dtdasieaseebddag to claim 1

wherein the secondar m is di.ethylam ne. 3. A.nethod .according to claim
2 wher ei n the Sa10RANd cliyind eid aligti Pias? SoDtaBING s 9Benene,
o- di chl or obenzbexasubtstituted guanidinienesaitias inecessarly te reeljust itsgptdne a

10 value in the range of 2-12.

2. A method according to claim 1 wherein the
secondary amine is diethylamine.

3. A method according to claim 2 wherein the solvent is
benzene, toluene, xylene, chlorobenzene, o-dichlorobenzene,
15 chlorotoluene, dichlorotoluene or octane.

4. A method according to claim 3 wherein the solvent is
toluene.

5. A method according to claim 4 wherein the aikali
metal base is sodium hydroxide.

20 6. A method according to claim 4 wherein in step A the
temperature is about 45-55°C, the ratio of équivalents of phosgene to
amine is in the range of about 1.1:1, the proportion of diethylamine is
calculated to afford a 35-85% solution of substituted urea in toluene
and the volume ratio of toluene to water is about 1.5-4.5:1.

25 7. A method according to claim 4 wherein the ratio of
equivalents of amine to tetrasubstituted chioroformamidinium chloride
in step F is in excess of 2:1.

8. A method according to claim 4 wherein the pH of the
aqueous solution is adjusted in step G to a value in the range of 6-8.



4. A nethod according to claim3 wherein the solvent is toluene. 5. A
et hod accowli -Ag-to_claim4 wherein the alkali netal base is sodium
hydr oxi de. 6.7 A nethod according to claim4 wherein in step

A the terrp Mm’muﬂﬂ 45-55[err], the ratio of equivalents of phosgene
to am ne i gabout 1.1:1, the proportion of diethylanine is
calculated to afflord as3 5% sol utiongf substituted urea in toluene and

the volune ratio of toluene to water g%about 1.5-4.5:1. 25 7.
A met hod according to claim4 wherein the ratio of equivalents of amne to

t et bstituted chl f di hi d f
51 %8 A method accor dPnd. Tt IahBreRAgRG AelsThaluled e ke ©
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ani ne, wat er aulananaba geadtiorsiemperatuse m@w rnge Pt gbayt 40-8E%e Ensha
tenperat ur p%éqgﬁﬁe of aBBQt“lO“I@%’ :%%irﬂéhledéﬂ}ﬂth@ 5ddnﬁd5h opahhgkamnge of

about 10-1T al ne

i?il on of @3‘.} ? %Ch-' base; the
proportion of mmleba%th@p@n%w Waéeﬁoﬁ’?iﬂﬂ ective 1o, ProftHE a by - pr oduct
al kal i nmetal  ghlfibh &P by rbﬂﬁcﬁalk@ﬁ@ﬁéfal ahlmdecﬁa\mig heasicentration 95% by

wei ght of the satura |on centt und on
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weight solution of product in said organic solvent assuming complete
conversion.

15 10. A method according to claim 9 wherein the
secondary amine is diethylamine.

11. A method for preparing a tetrasubstituted
chloroformamidinium chloride which comprises:

introducing phosgene at a temperature in the range of
20  about 60-80°C into a solution in an organic solvent of low polarity
comprising tetrasubstituted urea in a concentration range of about 40-
80% by weight, the proportion of phosgene added being effective to
react with any water present plus a ratio of equivalents of phosgene to
said tetrasubstituted urea in the range of 1.05-1.15:1, to produce an
25 anhydrous mixture comprising tetrasubstituted chioroformamidinium
chloride; and

removing any unreacted phosgene from said anhydrous
mixture.

12. A method according to claim 11 wherein the
30 tetrasubstituted urea is tetraethylurea.



11. A nmethod for preparing a tetrasubstituted chl orof ormam di ni um chl ori de
whi ch conprises: introduci ng phosgene at a tenperature in the range of 20
about 60-80[err] into a solution in an organic solvent of |ow polarity

conprising tet mm““mM‘ ﬂa in a concentration range of about 40- 80%
by wei ght, the m osgene added being effective to react with
] $

any water presert plus a ratio of equivg%ents of phosgene to said

tetrasubstituted urea in the range of 1¢95-1.15:1, to produce an 25

anhydrous m xture conprising tetrasubstituted chl oroformam di ni um chl ori de;

and renovi ng any unreact %H%E eng, from sai d anh 0 , Xt ur 12. A '
1

dr ous e.
net hod according to cl ai for prRpagig ?'éf’ﬂé?ﬂﬂ%tsp[n PBP R ea i s
t et r aet hyl ur echexasubstfuted g8anidiniemhsalt havingoeeaoi mprarchaimseous sol ution of

a hexasubstitute Lfj_ni | |.ns taining at

| east 3 car bonc%ﬂ%m%ﬂfgﬁgg]cggéébgﬁﬂé]gt}%%gerf g’t %%%ﬁg%eg‘o%% ses the
steps of: 5  which comprigad)thpatepsgf:phosgene into a m xture conprising an
al i phatic or alicyclic secondary am ne, water and an organi c sol vent of |ow

polarity at a reaction tm‘@gﬁﬁq Ehbébéﬁ&irﬁ@ﬁ%i)@ﬁt%briéiﬁg@pc and a pH
in the range of  about 10-13 nai ntaj ned bx the addifion of .ars&)zl kal i net al
base, to produdiPhatic 9'54"%?%5%?0’}4% @ %’O‘Nﬁﬁ"sqrﬁ%aﬁ@rg?'@? NASYt i tut ed
ur eg; (J) renosf low p@lhgfy ataarr'réfattiand.eaipleaétbrefm thle rainigerofdehdut AD-8@AG! i r st
proauct m xture to prodauce a fir U . I e; LaLLodugl n
phosgene at a ar t"ﬁme r‘ﬂ‘%%fsé%@%g%afé g%ﬁt{aﬂbegi Bﬁ%‘? P?h‘[t'é?%p‘?cfcﬁfgce an
anhydrous mi xt alkeli ceetpt baseydo Poduce a dissttproductretktietel coropasingni di ni um
chloride; 15 tetrasubstituted urea;

(J) removing water, amine and alkali metal chloride from
said first product mixture to produce a first product mixture;

(K) introducing phosgene at a temperature in the range
of about 60-80°C to produce an anhydrous mixture comprising
15 tetrasubstituted chloroformamidinium chloride;

(L) removing any unreacted phosgene from said
anhydrous mixture;

(M) adding secondary amine to said anhydrous mixture
in an amount effective to convert said tetrasubstituted
20 chioroformamidinium chloride to hexasubstituted guanidinium salt in
a second product mixture;

(N) diluting said second product mixture with an amount
of water in a basic medium, said amount of water being effectivé to
cause the formation of three liquid phases, isolating the middle phase

25 comprising said hexasubstituted guanidinium sait and acidifying said
middle phase as necessary to adjust its pH to a value in the range of
2-12.

14. A method according to claim 13 wherein the
secondary amine is 4-methylpiperidine.



(L) renoving any unreacted phosgene from said anhydrous m xture; (M adding
secondary am ne_to.sai-d-anhydrous mxture in an anount effective to convert
said tetrasubstituted 20 mrrof or mam di ni um chl ori de to hexasubstituted

guani di ni um mm\ ﬁ product mxture; (N) diluting said second
pr oduct mxtﬁ

t of water in a basic nedium said anount of
wat er bei ng effetti've to cause the for jon of three |liquid phases,
isolating the m ddl e phase 25 conpri s% sai d hexasubstituted guanidi ni um
salt and acidifying said m ddl e phase as necessary to adjust its pHto a

value in the range of 2- t hod ac ording.to claim 13 wherein the
secondary amine is 4-net ?‘ét d&mﬁtﬁﬂge cording °|a"'ﬂga‘ﬂhﬁfﬁ"h QEANGi ng to

cl ai m 13 wher esolvehkisotofisane; sol vent is toluene. 16. A nethod according to
claim 13 wherein the alkali nmetal base is sodium hydroxide. 5

L7, A composi Ll on. oMY | SEngs AABSRHSARY 1 blind's GBRIATHESIG! o

guani di ni um chl ori de having a conposition
according to cmtmnasw@mmmdrpn Bs in the range of 6-9. 10
19. A conposition according to claim17 wherein the guanidiniumchloride is

hexaet hyl gugini di ni um chl qv' d& coRtd osﬁ«nd?%ﬁ némgra dusngoltr@oﬁbahm 17
which is substﬁntla sefroma % chlorlde

o
according to cPEra? Gyandigum &%l@%%ﬁ%l’%ﬁ‘%éaqgf of 3P0 11N
tris(4-methyl pifgeri di nyl ) guani di ni um chl ori de.

18. A composition according to claim 17 wherein the pH
is in the range of 6-9.

10 19. A composition according to claim 17 wherein the
guanidinium chloride is hexaethylguanidinium chloride.

20. A composition according to claim 17 which is
substantially free from alkali metal chlorides.

21. A gomposition according to claim 20 wherein the
15 guanidinium chioride is tris(4-methylpiperidinyl)guanidinium chloride.

22. A composition comprising a hexasubstituted
guanidinium chloride in aqueous solution and at least one of the
following:

an imide having the formuia

20 q



22. A conposition conprising-a-hexasubstituted guanidiniumchloride in
aqueous solution and at | east one of the follow ng: an i mde having the

formula [err] l]L' [err] -27 - wherein Ais a
trival ent aronﬁ“‘“‘mmn ml” rl] is an unsubstituted or substituted nono-
or dival ent hydtocérbon "radi cal cont ai ni ng about 1- 13 carbon atons, [err]
Is halo or nitro and g is 1 or 2; and ap_al kali netal salt of a

di hydr oxyaromati ¢ compound. 5 “ef723. A conposition according to
claim 22 which further conprises an qrgani c sglvent of low polarity. 24. A
conposi ti on acwbergimd s ¥ivalant aromptic sagicah K1dsamursubstiuad ars t ol uene.

25. A conposi t & stiafea e éodivhRinthydrovashen Fadibal ddhtainay dbsatqu chl ori de
i s hexaet hyl gug;:l di ni ur’QPchI %ﬂ.dﬁ\.aéﬂ%. A con&;om ti o&_aocordl ng to claim 23
which is subst BHhERRONAPMS X3 REMOAAAA R Y48 27. A conposi ti on
according to claim 26 wherein the guanidiniumchloride is

tri s(4-nethyl pi peri di nyl anyatkalidnefal salt lof ar ditgdrokyaromatic compoud. A net hod
for preparing a polyetherimde or internediate therefor which conprises the

steps of: EP) renoving saps | ; I : ] r ri sing an
aqueous soI%ution of a he%gs&%*?é%’g%ﬁahg%ﬁ%?ngc‘m%ﬁ %Htfgﬂﬁgm an
anhydr ous ni xtERMBPESRHAN sirganis solverd of s Kolasy. t ut ed guani di ni um chl ori de;

(R) preparing, in an organic solvent of |ow polarity, an anhydrous m xture

conprising said hexasubsg4t u esmpositibsliadbording o tiditn 222Whatdifthe Met al sal t
of a di hydroxyaromati ¢

organic sofv(ezgtng%&%he?nd
25. A composition according to claim 23 wherein the
10  guanidinium chloride is hexaethylguanidinium chloride.

26. A composition according to claim 23 which is
substantially free from alkali metal chlorides.

27. A composition according to claim 26 wherein the
guanidinium chloride is tris(4-methylpiperidinyl)guanidinium chloride.

15 28. A method for preparing a polyetherimide or
intermediate therefor which comprises the steps of:

(P) removing substantially all water from a mixture
comprising an aqueous solution of a hexasubstituted guanidinium
chloride to form an anhydrous mixture comprising said

20 hexasubstituted guanidinium chloride;

(R) preparing, in an organic solvent of low polarity, an
anhydrous mixture comprising said hexasubstituted guanidinium
chloride; an alkali metal salt of a dihydroxyaromatic compound; and
an imide having the formula



an imde having the fornul a - 28 - [err] wherein Ais a trivalent
aromatic radi-cat;"{erif] is an unsubstituted or substituted nopo- or

di val ent hydr ontai ning about 1-13 carbon atons, [err] is
hal o or nitro munﬂ 2; and (S) effecting reaction in said
anhydr ous n1x nssard aIkaI| netal salt and said imde. 29. A
nmet hod according to claim28 wherein the guanidiniumchloride is

hexaet hyl guani di ni um chl ori de. 10 -28- 30. A nethod according to
cl aim 28 wherein said aqueous ,guani di nium chloride solution is
substantially free fromal kalf netalgchNoride. 31. A nethod according to
cl aim 30 wherein the guanidi pi um chlride i
tris(4-methyl pi peridinyl)gugnidiniunjchl oride. 15 32. A nethod
according to claim 28 whereifn the | i tal salt is the disodiumsalt of
bi sphenol A. 33. A neth agept-digg to Qqlalpan32 wherein [err] is nitro, A
I's the radical derived from benzen rr] 1s nethyl and g is 1. 34. A

nmet hod according to claim28 whereinff[err] is 20 chloro, A is the radical
derived from benzene, [err] §{s p-phefpyl efe, m phenyl ene or a m xture
thereof and q is 2. 35. A\met hod gccoyding to claim28 wherein the

m xture of step P further conprises saigd _alkali netal salt. 36. A nethod

according to claim 28 wherein the m xt ur@ of step P further corrprlses sai d
i m de.

wherein A is a trivalent aromatic radical, R1 is an
unsubstituted or substituted mono- or divalent hydrocarbon radical
containing about 1-13 carbon atoms, X1 is halo or nitro and qis 1 or
5 2;and

(S) effecting reaction in said anhydrous mixture between
said alkali metal salt and said imide.

29. A method according to claim 28 wherein the
guanidinium chloride is hexaethylguanidinium chloride.

10 30. A method according to claim 28 wherein said
aqueous guanidinium chloride solution is substanttally free from alkali
metal chioride.

31. A method according to claim 30 wherein the
guanidinium chloride is tris{4-methylpiperidinyl)guanidinium chloride.

15 32. A method according to claim 28 wherein the alkali
metal salt is the disodium salt of bisphenol A.

33. A method according to claim 32 wherein X1 is nitro,
A is the radical derived from benzene, R is methyl and q is 1.

34. A method according to claim 28 wherein X1 is
20 chloro, A is the radical derived from benzene, R1 is p-phenylene, m-
phenylene or a mixture thereof and q is 2.



5 37. A nethod according to claim28 wherein the m xture of
step P further_conprises said alkali netal salt and said imde.

AR O I!IT

® = 29 -
35. A method according to claim 28 wherein the mixture

of step P further comprises said alkali metal salt.

36. A method according to claim 28 wherein the mixture
of step P further comprises said imide.

5 37. A method according to claim 28 wherein the mixture
of step P further comprises said alkali metal salt and said imide.



