DI AM"NOALKYL* QUATERNARY : AVMONI UM SALTS AND E&
THEI R PREPARATI ON AND USE BACKGROUND OF THE | NVENTI ON "OP\da
This invention relates to the interfacial preparation of

pol ycarbonates, and nore particularly to the inpr overrent of catal yst

speci es used therein. Thf so-called "interfacial nethod"
for pol ycarbonate preparation invol ves the reaction of at |east one
di hydroxyaromatic 10 conpound with phosgene |n a basi c agueous-organic

medi um in t he presence of w“iﬂl a st. The resulting
pol ycar bonat e mgrates to t '&Lp y be recovered

t herefrom AMMOMﬁMSMTS%NDMEMOMRLe” i alry agi nes,
especially trial kyl am nes EB??&;{ | n be enpl oyed as
catalysts 15 for the int erfaciiﬂ %%ﬁwwygbonat es. However,
t he use of tertiary amnes as catalysts requires the enpl oynent of a

consi der abl e excess of phosgene, typ| cally about 10-15% over

st0|ch|onetr|c S%ﬁ(@ﬂmﬁr 0 Di'a principal side

reaction. TEG as illustrated, for exanple,
in US Patent 5,391,692, it has been discovered that phase transfer
catal ysts suctb as quat Ehisainyeaﬁamrelaﬁesrtalthdi!ﬁeefadahpmpalramWOf
hosphoni um e

!Ont ePf aci al E |yca onat ea%gr'g'%ger g?ﬁfgkaryhtgrmé%%f’?ﬁ.}re g@%’ﬁgﬁﬁ%ﬁ'&%’at i on
of phosgene. 25 FBegiesrusednihegin. of such catal ysts al so suppresses the
conver si on of chloroformate-term nated internedi ate polyners to useful
speci es, nost of ten enmnemeaam "‘nterfaciat hRthod abe folyehitscidienat es.

Si nce chl or of t er mj nat speci es ed in SI ni fi cant
proportions and SPEFCP ﬁ &t VBivE éﬁ% éeg(ﬁ‘%%f %gﬁaﬂ‘%oﬁgi’@%ﬁ%"&?
10 compound with phosgene in a basic aqueous-organic medium, in
the presence of a suitable catalyst. The resulting polycarbonate

migrates to the organic phase and may be recovered therefrom.

It has long been known that tertiary amines, especially
trialkylamines such as triethylamine, can be employed as catalysts
15 for the interfacial preparation of polycarbonates. However, the use of
tertiary amines as catalysts requires the employment of a
considerable excess of phosgene, typically about 10-15% over
stoichiometric, since phosgene hydrolysis is a principal side
reaction.

20 In recent years, as illustrated, for example, in US Patent
5,391,692, it has been discovered that phase transfer catalysts such
as quaternary ammonium halides and quaternary phosphonium
halides can replace tertiary amines as catalysts for interfacial
polycarbonate preparation, thereby improving utilization of phosgene.

25 However, the use of such catalysts also suppresses the conversion
of chloroformate-terminated intermediate_polymers to useful species,
most often endcapped or hydroxy-terminated polycarbonates. Since
chloroformate-terminated species may be produced in significant
proportions and since their presence in the polycérbonate product is



S2- undesi rabl e, the use of phase transfer catalysts with its

concom t ant | nprovenent in phosgene usage has not been w dely

enpl oyed on a comercial scale. Chlorofornmate formation and sl owness
to convert to |l ess detrinental species, and |ong polynerization tines
coupled 5 with mandatory further additionsy,of phosgene to produce a

pol ynmer of the desired nol ecul ar weight, are hereinafter collectively
desi gnat ed "end point problens". Still nore

recently, it has been di?g) over ed ang di s‘c?]&osed I n U?] Patents 5,519, 105
and 5,510, 449 t hat URGRsSIF eaéﬁﬁl‘!ﬁﬁ*@ phase frapsiasicalalysts with ibs seacemitast or
cat al yszI and tertijmiprovementif Pao éatsugé Ha@,rait}‘&efjénewpemeﬁ%%t dJégcae and
i nprove conversi on of chl or r e-termnate nmers to usefu

br oduct s. TheSordEed stalent Qi Plorcgls fartationa slouness, o |
has its own dfos leds addetdmental specibs) anidnien etiyation tmesxoupded wo
separate 15 S?’le hf o ? I Scff' gpug t I!; ng

al so been foun t@ t %n%%wag@t@é‘%t (,ﬂ}‘gpsgene 3.%“?1%%"%% e

i nterfacial preparthe desited molgatdarweaightsarecheneinafler collectively designated y

high (e.g., 6 ppm ki eater) proportions of resi dual
nononeric di hydrox‘?gﬁ%ﬁ??r@gﬁg’%ﬁnd in the 20 polycarbonate product.
Wil e such a proportion may be insignificant i n.many areas of use, it

3 - I »
i s undesirabl e when enpl oymentill groregecently, ithas baen gisgoreied avtht act with

fOOd_ or _bever ages disclosbaiess Patents 5.5?3,405'3?1&5.5309149\&& fife in the
fabrication of water bott a t ant

| es. s F | | it is,i
froma comer éioal i SP qygpq‘gsofsa( mﬁmﬁ‘?“t%ﬁ”aﬁﬁ&a&ﬁ' ?ﬁre‘éaé?'éfl?{ ﬁé‘i&é‘%ﬁ&r and
recovering catal ysamine camuesult i efficientiphoggene hisage andiimproved t hose

rocetures. | nol udeconver8R G mRbibRtNaR BBimer3 to 133K HroB gt
during which it isThe usemféworcatalytio species ingpobipatign howevenfhasttsioyst be
whioh as O o eaBehiages MGG e A TLP BY ERBIGIATING seharde il o
and I subsé&enﬁéﬁiﬁ%%zq’feﬁ?gﬁrmg catalysfst from.the wash liquid for
recycl e.
Y it has also been found that the employment of tertiary
amines in the interfacial preparation of polycarbonates can result in
relatively high {e.g., 6 ppm by weight or greater) proportions of
residual monomeric dihydroxyaromatic compound in the
20 polycarbonate product. While such a proportion may be insignificant
in many areas of use, it is undesirable when employment of the
polycarbonate in contact with food or beverages is intended. An

example of such use is in the fabrication of water boftles.

Finally, it is important from a commercialization

25 standpoint that procedures for handling and recovering catalyst
materials for recycle be as similar as those employed with the
conventional tertiary amines. The conventional procedures include
separation of the aqueous and organic phases, during which it is
preferred that the major proportion of catalyst be in the organic

30 phase; aqueous acidic wash of the organic phase, during which as
much catalyst as possible should transfer to the wash liquid; and
subsequent recovery of the catalyst from the wash liquid for recycle.



3- It continues to be of interest, therefore, to devel op
new catal ytic species for interfacial polycarbonate preparation which
have t he above-descri bed properties. SUMVARY OF THE | NVENTI ON

5 The present invention is based on the discovery of a

new.cl ass of organic conpounds which conbird-in a single nol ecul e the
tertiary am ne and quaternary ammoni um sal t functionalities. These
conpounds may be enpl oyed as catal ysts for i nterfacial polycarbonate

preparation, and when so emy earﬁﬁ\dea% b@oflﬁ@?@ét”?tetrﬁéré’q eviefo épﬁ
efficient phosgene gasigg ag conver si on oro or mat roups and
very | ow proporti GREAIYHC Speciegfor, QJ%FA? d?!ﬁﬂarqqoﬂﬂﬁhwh ave

pol ycar bonat e procﬂwtabove-descnbed properties. One aspect of the invention is
di am noal kyI guat er nary ammoni um salts (hereinafter sonetines sinply

designated " am nSUNMMARY OF THEINVERTION) having the fornul a [err]
wher ei n: each of Rerr], R, R4, R5 and R6 is a C[err]

primary al kyl radi cal {;le of the co i nations (%

Rl e
and R2 with the 20 ni trogeﬁﬁ%’rﬁsﬁﬁﬂf‘l‘g@ ofy's; brsgd ISGAYEMPIA t h the
ni trogen at omewoclasstofrggahiencorhpounds whto‘mbmdbime iara gingte i di ne ring;

R3 i1s a C2 20 al ky}y Qﬁul&atﬂg(‘%m&wmh@ dHd G2t ndry EhiRSRium sait®t °M®

separate the two n| rogen
functionalities. These compounds may be employed as catalysts for

interfacial polycarbonate preparation, and when so employed they
10 combine the benefits of efficient phosgene usage, rapid conversion

of chloroformate groups and very low proportions of

dihydroxyaromatic compound in the polycarbonate product.

One aspect of the invention is diaminoalkyl quaternary
ammonium salts (hereinafter sometimes simply designated “amino
156  salts” for brevity) having the formula

R‘l R4
0] >N —na-—»l@—as R,
I

2
R g6

wherein:

each of R1, R2, R4, RS and R is a C1.29 primary alkyl
radical, or at {east one of the combinations of R1 and R2 with the
20 nitrogen atom connecting them, and R4 and RS with the nitrogen
atom connecting them, form a pyrrolidine or piperidine ring;

R3 is a Ca.2¢ alkylene radical wherein at least 2 carbon
atoms separate the two nitrogen atoms; and

Z is one equivalent of an anion.



Z is one equival ent of an anion.

s 4- Anot her aspect is a nethod for preparing such
salts substantially free from correspondi ng di am nes whi ch conpri ses
contacting a tertiary aliphatic or alicyclic diamne having at |east 2
carbon atons separating the two nitrogen at&ms with a (Jerr] alkyl 5
halide at a tenperature in the range of abdoUt™ 20-150[err] C, the nol ar

ratio of said diamne to said halide being at least 1:1, and

subsequent |y removing unreacted diam ne by dissolving the am no salt
in a basic aqueous nedi um arftnhather aspetrtgsgamethodﬁompmpamngasuch saltsorganl C
liquid of |ow pol %rubts’bént g e from c\%resﬁbh&h et AARAF get hod
for preparing a r| ses conta Feast one

di hydr oxyar onat i ¢ C@BFﬂ%@Hoﬁ tﬁmﬂ'ypﬂ!ﬁ'@élﬁ@f |aﬁC!§dsatamumhwogat east 2 organic
system in the pr @&Waﬁm@s@ﬁh?&tw t%'th :ﬂf &t gt td: o of .
RO S A e o S
ﬁ/g‘t ROI sall gs o:‘ t hiratio of said diaatihé ¢ saldcchalide bémg(r?trr@és;t BY kk(hdr adi Caljs

yl radicals arg rred singe npounds
cont ai ni ng them ar ebsequentyfﬁ"l\ﬁéﬁg&erﬁggtpaﬁ%wq%éy ‘ﬁsﬂ‘aesﬁgeafam i cant
phosgene hydr ol ysissltin@a baﬂoaqmspnedm add Rjxinacting Baichneediimar with randi cal s

contain 2-20 and mc‘ii ARCH arbon atons. It
Is al so withinthe cope o%cﬁ ﬁpponfor at | east one of R err]
and Rlerr] to, formwith the a somated nitrogen atom a het erocyclic
ring; i.e., pYrolidine or @@ﬂ afheraspact is adyetbedfor prepasing at ut ed or

substituted. Suchpopacsiiite th%oﬁﬁﬁnses con{ébtﬁh@‘ aoRhsybnguat er nary

anmoni um sal ts” § gﬁl ct I%; %ﬁ i ned, a 8 ui val enf thereto. However,

such conpounds ar t r t - exhi b|t
@ Greompouits} with Rhosdens da & Pasic asiiedus

i ncreased phosgenerganic sygtsms in the présencergflanyatdlyticallyoéffectiveqirapertion

preparati on. of an amino salt as described hereinabove.

15 DETAILED DESCRIPTION; PREFERRED EMBODIMENTS

The R1, R2 and R4 radicals in the amino salts of this
invention are Cyo¢ primary alkyl radicals. Methyl radicals are,
however, not preferred since the compounds containing them are
simitar to trialkylamines in causing significant phosgene hydrolysis.

20 Thus, the preferred R1, R2 and R4-6 radicals contain 2-20 and
especially 2-8 carbon atoms.

It is also within the scope of the invention for at least
one of R1-2 and R4-5 to form with the associated nitrogen atom a
heterocyclic ring; i.e., pyrrolidine or piperidine which may be

25 unsubstituted or substituted. Such compounds, while not

“diaminoalkyl quaternary ammonium salts” as strictly defined, are
equivalent thereto. However, such compounds are generally not
preferred since they tend to exhibit increased phosgene hydrolysis
when employed in polycarbonate preparation.

30 The R3 radical is an alkylene radical containing 2-20
carbon atoms, at least 2 of which are in a chain separating the two



ale

30 The R3 radical is an al kyl ene radi cal containing 2-20
carbon atons, at least 2 of which are in a chain separating the two
-5 - nitrogen atonms. Since conpounds in which R3 is the ethylene

radi cal exhibit significant end point problens when enpl oyed as

catal ysts, R3 preferably has at |east 3 angsqnst preferably 3-10
carbon atons and the nitrogen atons are separated by a chain of at 5
| east 5 of said carbon atons. The Z radical is one equivalent of an

ani on, usually a npnoval ent ani gn and nost often hydroxi de, chloride
or broni de. nitrogen atoms. Sipgeicampeyndsin whighy Bpds e pthylene r eact i on

of a cor r espeadicaberhiblisignifiéati i b&in??%&émkhﬁh t?bﬁﬁll?y%d s Lerr]
wherein R err] are %iyé%reé%ousﬂweflneq, Wi iﬁh a %err f{;\I y aﬁl de,

nost often havi ng®® Br FuI PSS y hagiatdeast 3 and mrostinsefesably 310 de as
pr evi Outsl y defi tnﬁdarbﬁtearoa?s:‘aga rtrtae ;ﬁtm@g atghw?% ﬁgﬁ?ﬁﬁﬁ bira chain of at _
enperature i r of, ;abqu - nd. st _often.i n organi c
sol vent. |1l us raﬁﬂfg%g‘gﬁ %ﬂt"éa?%ﬁ‘ s‘aﬁ'ﬁléﬁdé‘gii‘ﬁ PPP@Q”Q{?E‘FF%% an
acetonitrile, hal agiemtusdally aphenovalegtianioarandnmostiofierahiydroxige, ohforide '
chl oride and chl OBpfb%ﬁdéarorratic hydr ocar bons such as tol uene and

xyl ene and di pol ar aprotic solvents such as di net hyl f or mam de,

di met hyl sul foxi de and N-nethyl pyrrolidone. An inert atnosphere, 20 such as
nitrogen or argon, is oftenSaidsals my be prepared by the reactionwofaippress t he

formation of bis-aoRegporidig diamirRMRICallp 68 bbthe foriul®r ef erred that the

nolar ratio of diamne to alkyl hal i'de be at least 1:1. Ratios of at
| east 2:1 are preferred, since sgzabl e proportiops of bis-quaternary
ammoni um salt nmay be /R
(1) /N —R3—N\
10 R? R®

wherein R1-5 are as previously defined, with a C1.2q alkyl halide,
most often having the formula R8Z in which Z is chloride or bromide
as previously defined. The reaction typically takes place at a
temperature in the range of about 20-150°C and most often in an

15 organic solvent. lllustrative solvents include aliphatic nitriles such as
acetonitrile, halogenated aliphatic hydrocarbons such as methylene
chloride and chloroform, atomatic hydrocarbons such as toluene and
xylene and dipolar aprotic solvents such as dimethylformamide,
dimethyl sulfoxide and N-methylpyrrolidone. An inert atmosphere,

20 such as nitrogen or argon, is often preferred.

To suppress the formation of bis-quaternary
ammonium saits, it is preferred that the molar ratio of diamine to alkyl
halide be at least 1:1. Ratios of at least 2:1 are preferred, since
sizable proportions of bis-quaternary ammonium salt may be
25 produced as by-products at lower molar ratios.

The product of this reaction will ordinarily be a mixture of
unreacted diamine, bis-quaternary ammonium salt and the amino



25 produced as by-products at | ower nolar ratios. The

product of this reaction will ordinarily be a m xture of unr eact ed

di ami ne, bis-quaternary amonium salt and the amnino

- 6- salt of the invention. If conversion to the hydroxide is
desired, it may be achieved by reactign with a suitable alkali netal
hydr oxi de. I'f the product is enployed in crude form
for *  polycarbonate formati on, the presence of a substantial proportion

of 5 dianmne may cause an increase in phosgene usage. On the other
hand, the presencéakofdhg invantiope it conversion o the bydroxideris desired, bmmayni um

salt may not be pasd achicded byteadibipaith ¥sitabld AkAll rhetdPHydroxide. 2] SO act as
a phosgenation catal yst and yhe am ne group concen fat |h?)n, ;romthe

' alt, is high enough to, ,afford yapid 10 ,reactjon of chlorofornmate
SII:HOBSS.S ’ ’ ‘?th% %mgl‘f:{)'ﬁ?ﬁ'?p’ﬁ)’%qu’w?fpﬂﬁrf@f ore, to isolate
the am no s pdlycarbenatet foahhtior, rthe ﬁreﬁnwﬁm&hbétfaﬁﬁgﬂb@o@h ﬁ )
"substantial | ygfr : N t the purified.amno sa as a
di anmi ne conten o?ﬁ amine n}?g/(%]rsg ﬁﬂﬁ’?%%/i“mgge‘ﬂ%?&% Qﬂ%r‘gﬁ?'han 0. 1

% by weight. 15 Tand, e presenchi efisrdalbprapostions, ofbistqueatemantyct in a basic

proreranly | amonkfih sak tag AUEBE ettty BRI M ey o
about 0. 1- 0. asq/Act A% Acphosgenatian eatalystiand thecaminedgriupni ne in t he

f f i : ' ' : organic
i quid of 20 ﬂ,ow@gﬁfiﬁ‘??“"'m%ﬂ?‘éE%?SE@‘?55'5"6“?;’?%”?9?9"?%35‘3%’%@% can t hen
y

be read Seachan Bﬂbalpfﬂfpméeaqﬁ’é’ﬂﬁs nmedium |llustrative organic

| i qui ds which may be used for this purpose are aliphatic hydr ocar bons
such as hexane, octane, decdhie stromglyepreféreatdnthetefore, to isolate dhempifabi C

0 e ne. renoval . ShR SUBSEEEIPRoe oG ireaciSd diaming, By ssutstabalb iea
techni ques. Such flesnnisdqueant-that the pusified amino salt hasiaodismine icoatent aift i ng
out of aqueous sohgirh8fb tHaR 1.8% hAA préfefat no more than 0.1% by weight.
15 This may be achieved by dissolving the product in a basic aqueous
medium, typically aqueous alkali metal hydroxide and preferably
sodium hydroxide having a concentration in the range of about
0.1-0.5 M, thereby maintaining all unreacted diamine in the free form,
and extracting said basic aqueous medium with an organic liquid of
20 low poiarity, which dissolves said diamine and which can then be
readily separated from the aqueous medium. Hiustrative organic
liquids which may be used for this purpose are aliphatic
hydrocarbons such as hexane, octane, decane and petroleum ether
and aromatic hydrocarbons such as toluene and xylene.

25 Following diamine removal, the amino sait may be
recovered by conventional techniques. Such techniques may involve
operations such as salting out of aqueous solution, extraction into an
organic solvent and stripping.

The preparation of the amino salts of this invention is
30 illustrated by the following examples.

EXAMPLE 1



organi c solvent and stri pping. The preparation of the

amno salts of this inventionis 30 illustrated by the foll ow ng exanpl es.
EXAMPLE 1 -7-

A m xture of one equival ent of 1, 3-bi s(n-pentyl am no) propane, one
equi.val ent of ethyl brom de and 50 m_7qf nethyl ene chloride was
allowed to stand until a precipitate was fornmed, and was then heated
under reflux for 2 hours. The 5 precipitate was renoved by f]icItLation.
Upon car bon-13 nucl ear neti g resonance, spectroscopy of the

fPI trate and the precipi taté\"ll we o m‘%\ﬁﬁ”‘?’ﬁ‘cﬁﬂﬁoghat the precipitate

was t he 3| 3 quat erh3+bis(arpentylamise)proparie, dne éqdutml@hﬁaf ethyl b?émtdié 8R4
SINS

ponty1 am no) pr opy /ST Sf etiEB8 cihdriie Wes Hifierita Sthid uRtl & pragipitets ». 5

The procedure of Masfammed, and waspthendwatedpinder raflux for 2WoureuThd ani nes

and al kyl bron5dehrggiphaRiila %X?erﬁﬁpé@ p-fitfifon. UpoR'AMBSH-3 Rl ver @

simlar to that o

TABLE | Exarfpagnetic resmagce apgctroscopy of tiwg §iteate and the precnpntatq dtrr]
2 n- Ry fdund thatﬂ:féﬁ%bl'ﬁﬁh@' n-Pentyl

n- Pr opyl Hexanet hyl ene Propyl 4 n- Pentyl
Nonanet hyl ene Et hyl

was the bis-quaternary ammonium salt and the filtrate
contained unreacted diamine in combination with the desired 3-(di-n-
10  pentylamino)propyl-di-n-pentylethylammonium bromide.

EXAMPLES 2-5

The procedure of Example 1 was repeated, employing
various diamines and alkyl bromides as shown in Table |. The
products obtained were similar to that obtained in Example 1.

15 TABLE |
Example R1-2, 4-5 R3 R®
2 n-Pentyl Trimethylene n-Pentyl
3 n-Propyi Hexamethylene n-Propyl
4 6—Penty| Nonamethylene Ethyl
5 n-Pentyl Nonamethylene n-Pentyl
EXAMPLE 6

A mixture of 20 mmol of 1,6-bis(diethylamino)hexane,
10 mmol of n-hexyl bromide and sufficient acetonitrile to effect
dissolution was heated under reflux in a nitrogen atmosphere for 24
20  hours, whereupon it was shown by proton nuclear magnetic
resonance spectroscopy that all the n-hexyl bromide had reacted.
The mixture was diluted with water and made basic by the addition of
10 ml of 2 M aqueous sodium hydroxide solution.



5 n- Pent yl Nonanet hyl ene n- Pent yl EXAMPLE 6

A mxture of 20 mmol of 1, 6-bi s(diethyl am no)hexane, 10 nmol of

n-hexyl bromi de and sufficient acetonitrile to effect di ssol uti on was
heated under reflux in a nitrogen atnosphere for 24 20 hours, whereupon it
was shown by proton nucl ear nagnetic : %Ss;onance spectroscopy that all
the n-hexyl brom de had reacted. The Xxture was diluted with water
and made basic by the addition of 10 M of 2 M aqueous sodi um

hydr oxi de sol uti on. . : - 8-

The resulting aqueous phase Thesfestifingcaqiaquacphase was washedButimes twith enove

unr eact ed di am ne lid i nd to
RG-S tola@fle t6 tefd¥e! Urdrédcted fidne, and thePtdsultiNy 4GGeddy

he desired . )
6- (di et hyl ani no) hé&?w%?ﬂéﬂ?@fow%&waﬁﬁﬁﬂiﬁﬁ% of $3¢ desired o yield 5 Dbased
on n-hexyl brom de_)(dwtﬁyI&Wm@)fheb@ﬂiétﬁ%lﬂﬁ@ hitfionium bréthiRie(65% yialdY
anmoni um sal t i\ rr%ggr prgp?\rtl n of, .t.he Ig r ﬁ%s rPcﬁeCl pi t‘ated by
addi tion of ethyl ed endr-hgxylbrofjidel,and, 35¢4 of the gorrespo Rpri sed 95%
am nlo sal t andbS(V@Es-quatemawrmmmoaim_msbﬁmx atdjor proportion of the latterlwaSi m | ar
results were obta : 5 eaC r in. toluene as
sol vent . Emg@&] bg’%diﬁ‘ of %yl\%tﬁhsﬁg%@gtfﬁgtﬁ&@qﬁxanpl e 6 was
repeat ed, enpl oyi Agmprised A%kianingrsalhand 6% His-ouiaternary ammaniuoi saltr at i o.
The yield of the amno salt was 85% 15 EXAMPLE 8

The procedure of Exanple & Sifildeiedais deredbtaielinhen thé tERidH way! f oxi de

as a solvent., Jhe yield of, the am no salt was 80
10 cgmeed Otﬁ in toluene as scﬁvent. °

EXAMPLE 7
The procedure of Example 6 was repeated, employing

diamine and n-hexyl bromide in a 4:1 molar ratio. The yield of the
amino salt was 85%.

16 EXAMPLES8

The procedure of Example 6 was repeated, employing
dimethyl sulfoxide as a solvent. The yield of the amino sait was 80%.
EXAMPLES 9-18

The procedure of Example 6 was repeated with the use
20 of various alkylenediamines and alkyl bromides as shown in Table II.



EXAMPLES 9-18
with the use 20

Table I1.

Rl err]
Et hyl ene

n- Cct yl
12
Et hyl

Hex

Cct anet hyl ene
Cct anet hyl ene
Hexanet hyl ene
Hexanet hyl ene
Hexanet hyl ene [
The amno salts ofgthis inventipgeggie, as premé/ _ stq{_ﬁgxyluseful as
catal ysts for i

10

The procedure of Exanple 6 was repeated
of various al kyl enedi am nes and al kyl brom des as shown in

TABLE 1|1 Exanpl e
Rl err] R6 9 Met hyl
n- Hexyl 10 -9- Met hyl Et hyl ene
11 Et hyl Et hyl ene n- Hexyl
Et hyl Et hyl ene ' n- Cct yl 13
anmet hyl ene n- Cctyl 14 . Et hyl
n- Hexyl 1 t hy
n- Cct §I 13-ABLE i Pi peri di nyl *
n- Hexyl 17 Pi peri di nyl *
Examgletyl  R1-2. 488 RRL 3 - n-Cctyl g6
n- Hexyl Rerr] - Ernyt “h N

nterfaci al pol ycarblOnate preparat’ on.

10 Methyl Ethylene n-Octyl
11 Ethyl Ethylene n-Hexyl
12 Ethyl Ethylene n-Octyl
13 Ethyl Hexamethylene n-Octyl
14 Ethyl Octamethylene | n-Hexyl
15 Ethyl Octamethylene n-Octyl
16 Piperidinyl* Hexamethylene n-Hexyl
17 Piperidinyl* Hexamethylene n-Octyl
18 R1.3 - n-Octyl Hexamethylene n-Hexyl
R24 - Ethyl
*With N.

The amino salts of this invention are, as previously
stated, useful as catalysts for interfacial polycarbonate preparation.
The polycarbonate-forming reaction takes place in a mixture
comprising at least one dihydroxyaromatic compound, phosgene, an
aqueous alkaline solution, a catalyst and a water-immiscible organic
solvent.

It is also contempiated to include in the reaction mixture
at least one monohydroxyaromatic compound as a chain termination
agent. Suitable compounds of this type include phenot and
p-cumylphenol. Also present may be an aromatic dicarboxylic acid or
functional derivative thereof, such as a dialkyl ester, whereupon the
product is a copolyestercarbonate.



5 The pol ycarbonate-form ng reaction takes place in a m xture
conprising at |east one di hydroxyaromatic conmpound, phosgene, an
aqueous al kaline solution, a catalyst and a water-inm sci bl e organic

sol vent . It is also contenplated to include in the
reaction mxture 10 at |east one nmonohydropyaronatic conmpound as a chain
term nation agent. Suitable conpounds of this type include phenol and

p-cunyl phenol . Al so present may be an aronmatic dicarboxylic acid or

functional derivative thereqf, ch,as a dial kyl ester, whereupon the

-10- having the fStrhtabl e di hydr oxyaromati ¢ conpounds i ncl ude
t hose having the formul a (rrr)
HO Al err]-CH wherein Alerr] i 2("6 %%ﬁ%ar omat i ¢ hydrocar bon
radical. Suitable Alerr] 5 radical ncl henyl ene, p-phenyl ene,

4, 4- bi phenyl ene, 4, 4" -bi (3, 5-di net hyl ) phenyl ene,

2, 2- bi s(4- pheny| ewdigpeiophis adivalent aromiatic Ihydrocadiarataslicalc ISuitablenade whi ch
correspond to g he di: I = ~ Lt 4 rbons
di scl osed by r?arrer%jrf%grxfr?rﬁ}/‘%e m phen?lég%éip i %ﬂ%ﬂ'ﬁ%g{‘l %?nf\éﬂ&‘%ﬁ%‘ Pat ent

4,217,438. 10 44-bi3,5-dimelbyfpbenylenad? Zabis(A-phenyipng)ntepana @ntior nul a
(1'V) -Alerr]-Y- Asimilar radicaliesiias WwdsPivhith ad}ﬁes‘b%nu&oethggﬂﬁgd& £
di val ent aromatic . t@Elydr OC%R” radi.cal a‘?nd' Y |%ya bri (%lq’%g dr ocar bon
radi cal in which Substitutedeargmatic hydrocarhans diselgsed by nameof fefula ce

val ence bonds in (dgenericronspecific) imteSuPatent ¥,217,438 neta or para positions

of A2 and A3 in relation to Y. Conpounds in which Alerr] has fornula
|V are bisph | s, an 1 ﬁa@?ca? ' erm " bi sphenol "
I's soneti rreselgjs)ed her?eif'%g{o esl gﬁ?gqlgé%:té\%@rrg@ﬁsubst I tuted

aromati ¢ hydrocar bons;
Y (V) AZY-A3-

wherein each of AZ and A3 is a monocyclic divalent aromatic
hydrocarbon radical and Y is a bridging hydrocarbon radical in which
one or two atoms separate A2 from A3. The free valence bonds in

15  formula lil are usually in the meta or para positions of A2 and A3 in
relation to Y. Compounds in which A1 has formula [V are bisphenols,
and for the sake of brevity the term "bisphenol" is sometimes used
herein to designate the dihydroxy-substituted aromatic hydrocarbons;
it should be understood, however, that non-bisphenol compounds of

20 this type may also be employed as appropriate.

In formuta i, 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

25 p-phenylene, although both may be o- or m-phenylene or one o- or
m-phenylene and the other p-phenylene.

The bridging radical, Y, is one in which one or two
atoms, preferably one, separate A2 from A3. Iflustrative radicals of
this type are methylene, cyclohexyimethylene, 2-{2.2. 1]-bicycloheptyl-



it shoul d be understood, however, that non-bisphenol conpounds of 20 this

type nmay al so be enpl oyed as appropriate. In formul a
11, the A2 and A3 val ues nay be unsubstituted phenyl ene or
hydr ocar bon- substituted derivatives thereof, illustrative

substituents (one or nore) being al kyl and ﬁ kenyl . Unsubstituted
phenyl ene radicals are preferred. Both A2 and A3 are preferably 25

p- phenyl ene, al though both nay be o- or m phenyl ene or one o- or

m phenyl ene and the ot her p-phenyl ene. The bri dgi ng
radical, Y, is onemiethm letaylene, isopropylidene, sneapentylidene, eyslghexyd-

separate A2 from ﬁae f)ﬁé’dtﬁa&é lﬁ*é?eak g&odet[yhﬂeﬁ@ 'zﬁﬁdté/dh%éﬁ@udene
G G it A AR TS e

i g%rlzl kclyg Ingp(enlt Edﬁwéwéieaee uﬁyéthﬁéiedgﬁdfrcg&gleoﬁ%saﬁ@wamamW%nd
ﬁowevery are u a%/Qﬁng@g FH@?%@stgfﬁlﬁp MSﬁQ?gF'SéW%ﬁqt‘Qﬁr hq prefegeds
Ear t ihc ﬁlo?r i 2 u |2 t gbl bisphedalris wals(wwwynphehm)pro:pame (thisphendieA ief er r ed
ahi eh v i's | sopr opbTiefionis GNRAGKE RHA fnd A3 8 SRR n-Bhenyithe.

The water-inm sci bl e organic_sol vents which may be used in the
interfacial polynerization rﬂnwﬂw-mmzwmmama@nlwe@ts whichs oty bgpes of

catalyst pres Ehy' %d:‘“?ﬁ.‘?ﬂﬁ‘?”gfé%ag?b M 430 r8ctior re conyePHA '
condensat i on a %Pﬁ%ﬁﬁf@qﬂef‘ﬁa hyleﬂﬁ,c(&lpqd@ is oftendpy, fqrm y 18 the

range 0; abigt 0. larhoQntof @atalyst:pre‘sehafseah afmount efféctkwlt R stent i c f
conpoun Levi [ ur pose o
polrrscar bonat e predg"eﬁqcbﬂ c[ngAﬁ?% ?ﬁﬁ@l\{ﬁ@é@e%@?ﬁ%ﬂ c‘ﬁﬁﬁﬁdﬁds of
formula | in whiclgererallpin Reaanpe dkabort 0:8.(RMobopewent based east 2
carbon atons and %hﬂ@éxﬁr&nﬁ? am&)n atons separ ating the

se suc ng

nitrogen atons. The ounds is particularly

15 As previously mentioned, for the purpose of
polycarbonate preparation the preferred catalysts are the compounds
of formufa | in which each of R1, R2, R4 and RS contains at least 2
carbon atoms and R3 has at least 3 carbon atoms separating the
nitrogen atoms. The use of such compounds is patrticularly

20 advantageous from the standpoints of phosgene usage and
avoidance of end point problems.

The interfacial polymerization reaction is ordinarily
carried out at a temperature in the range of about 10-50°C and
preferably at ambient temperature. Phosgene is passed into the

25 mixture at a suitable rate to effect polymerization, which rate may be
determined by simple experimentation.

When the reaction with phosgene is complete, it may be
necessary fo continue to agitate the reaction mixture untit
chioroformate groups are converted. Following polycarbonate

30 formation, the organic and aqueous phases may be separated and
the polycarbonate isolated from the organic phase by anti-solvent



20 advant ageous fromthe standpoints of phosgene usage and avoi dance

of end point probl ens. The interfacial polynerization
reaction is ordinarily carried out at a tenperature in the range of

about 10-50[err]C and preferably at ambient tenperature. Phosgene is
passed into the 25 mxture at a suitable rate to effect polynerization,

whi ch rate may be det ermined by sinple &xperinentation

When the reaction with phosgene is conplete, it may be necessary to
continue to agitate the reaction_m xture until chl or of ormat e groups

are converted. FolRregiPitgtioneythe BhaPeoste pelycamonste isolationr hawever it

aqueous phases nMaymbg bacgaiRbftciRBlate the aind ShltdsF RLyales | sol ated from
t he organi ¢ phase by anti-sol vent

-12 - precipitation or.the like. Prior t ol ycar bonat e i sol ati on,
however, it may be. dedis befean e ofdanis and taRIC/aduens phrsenelc o
As between the or ¢heiistepfadiabrsrctioncuixture, ttﬂmamq)fsat; pretfﬁré tu;rérﬁéiﬁriﬁﬁﬁeal
reacti on m xtuge, t Salt. S remain.i.n the apj,c
bhase. Thi's i sScotORnBRrase; e Boliined L Y pRutionesepicen ko o te o ¢
(which for this psaftoahichs fardhis panpedetis consideded ta inohwdeits conversion
product in basic ' e o ) . | . bet ween
the two phases, mﬁ%@s‘n(ﬁ%ﬁg{(g as tﬁ%%ﬁgﬁé&é@g%ﬁﬁbmw)ﬂg@eof in the
aqueous phase di vibgbyeey the twe phasas. whichnisidefingd asotheoganoeintratinpase. The
val ue of KD as beiNeedf i iecadqusoud)pRase divided by itdRo i han 1.
Thus, a nmmj or proporti.on,of ?é aungiqno t b%g ﬁééﬁﬂ%tgﬁ?gftg Lfor
recycl e by re?rﬁvalorg?’i‘}&ﬂ’ﬁ@eor Y%‘uﬁff%}b? a%tween th%%mpBﬁe%\&/ of
doing this is by wniformly fess thah Hut e aqueous acid, 15 typically having a
concentration in the range of about 0.5-2.0 M to convert the am no

w1 ororonatocn s e YL B ek Bro i By ShdGatt may b o2 211 °
aci di ¢ phase. The regevergd fofl resycle dyemmah fronethenerganic phase. One
convenient way of doing this is by washing with dilute aqueous acid,
15  typically having a concentration in the range of about 0.5-2.0 M. to
convert the amino salt into its acidified form (i.e., the form in which the
free amino group is protonated) which preferentially migrates to the
aqueous acidic phase. The Kp values as between the aqueous
acidic wash liquid and the organic phase are very high, typically at
20 least about 60. Thus, the vastly major proportion of the amino salt
enters the wash liquid in its protonated form and may be regenerated
and isolated by treatment with aqueous base.

Any remainder of the amino salt in the basic aqueous
phase of the interfacial reaction mixture can be removed prior to
25 recovery, if desired, of other values therefrom. A tfypical method of
removal is by adsorption on a non-ionic polystyrene resin as
disclosed, for example, in copending, commonly owned application
Serial No. 08/641,971.

In addition to minimizing phosgene hydrolysis and
30 efficiently disposing of free chloroformate groups, the amino salts of
this invention produce polycarbonates having very low proportions of



aci di ¢ wash liquid and the organic phase are very high, typically at 20
| east about 60. Thus, the vastly major proportion of the am no salt
enters the wash liquid in its protonated formand may be regenerated

and isolated by treatnent with aqueous base. Any

remai nder of the amno salt in the basi e agugous phase of the

i nterfacial reaction mixture can be renoved'prior to 25 recovery, if
desired, of other values therefrom A typical method of renoval is by
adsorption on a non-ionic polystyrene resin as di scl osed, for

exanpl e, in copendinigacted manamen fesyeay toe low tmbe detectable; dhusy they

08/ 641, 971. are particularly useflulf E ' k{l}rﬁ' ' o%?
hydrol ysis and 30, ePfa*'rtéﬁ éalj yI ys‘éi sggﬁ% r%?‘u(%tfrbge%fg% org%gtr na g&gir'((s%%ds t he
amno salts of in cpptagt withfaeds ang, &%l ycar bonat es having very | ow
proportions of - 13-

unr eact eq rr:momer, frequ](cant I'[?ﬁtimerfauad ltﬂ?eb&aﬁféh%ﬁp@hﬂcﬁd.)toﬁaﬂésb bymlsg 4
are particularty .t uct.ian.,o 0 s to be e oye

in contact wi t$1 fﬁ%&%rﬂﬁ%‘&)@? IS Jlu&ratedb%tk\y%ﬁowmgﬁ@m 8r f aci al
preparation of pol r t y the 5 nethod of this invention is

il lustrated by th%?gasn@s‘% anples. - EXAMPLES 19-23

Three 500-m, 5-necked Morton flasks, each fited with a mechani cal
stirrer, phosgene dip tube, Thees500-mt)&-néckediMotion flaisks, eachdfitteet witha and

chilled brine con : . t i . u r.were each
charged with 38 gqﬁ@nﬁérﬁfg 'ﬁ%f' @%ﬂ%@%o@pzﬁbaaﬁuw%oa@g% g&% R#Dl ) of
p- cunyl phenol , 20@leatroge and abilled brine eondenser ventedrlo abasici methanal er .
various am no1gal senbheh et ¥4EH CRErg With 38 g (16F fRLIF BFIbARPHEABEAYSLS and
phosgene was passe'dﬁ nt87each D of rea‘cal O&Ie Oinﬁr ef, th pH . control in
the range of 10.51#42 g (6.7@mol) of p-cumylphenqled ofimethylens ehlodde he
reaction, phosgenand 600 ml of water. Various amino salts of the invention were-

introduced as catalysts and phosgene was passed into each

reaction mixture, with pH control in the range of 10.5-11.5.

15 Near the termination of the reaction, phosgene
detection paper was used to determine the presence or absence of
chloroformates and the time required to effect complete reaction
thereof. The amount of phosgene required was determined from the
amount of sodium hydroxide added to the reaction mixture, and the

20 weight average molecular weight of the polycarbonate produced was
determined by gel permeation chromatography relative to
polystyrene.

The results are given in Table lil, in comparison with two
controls employing prior art catalysts, as follows:

25 Control 1 - triethylamine,

Controt 2 - 1,6-bis(octylpiperidinium)hexane dibromide.



detection paper was used to determine the presence or absence of
chloroformates and the tine required to effect conplete reaction

t hereof . The ampunt of phosgene required was determined fromthe
anount of sodi um hydroxi de added to the reaction m xture, and the 20
wei ght average nol ecul ar wei ght of the pol ygar bonat e produced was

determ ned by gel perneation chromatography relative to pol ystyrene.
The results are given in Table 111, in conparison with two controls
enploying prior art catalysts, as follows: 25 Control 1 -
triethyl am ne, Contr - '
1, 6-bi s(octyl pi peridi ni un) hexane di bromglld\,BiEm
-14- TABLE 11|
Cat al yst Catalyst Mble Chlorof ornmate Excess phosgene
Pr oduct Exanpl e | dent i t_& dole r c&Lblorafermatere, Exgess phosgene Rrotlectos My
19 Ex. 6 xample ldentifyo % reaction time, mim_ req.ngE, nn_Mw 20
Ex. 16 0.3 3 9 40, 9001 ' 21 Ex. 17
0.3 4 18 Ex6 g06 4023001 28 £,7001; 0.3
3 , 00 ¢ 23 Ex. 11 1.0 4 150
4 41, 20020 2B 0EE ¢ O -8 40,8000 " gg
40, 700 Contgqol 1 Lggtgd gla O 4 g 18 40,1049, 900
above : .

22 Ex.12 0.3 3 5 41,0001

23 Ex. 11 1.0 150 4 41,200

24 Ex. 9 0.5 - 58 40,700

Control 1 Listed 1.0 - 18 42,900

above
Control 2 Listed 0.18 20 21 38,000
above

lincluding phosgene added after thickening of the reaction mixture,
probably due to mass transfer effects.

5 It will be apparent from Table 11 that the compounds of
this invention offer significant advantages in minimizing phosgene
usage and end point problems. The methyl-substituted amino salt
(Example 24) is effective as a catalyst but requires usage of a
considerable excess of phosgene. High phosgene consumption is

10 also noted for reactions employing as catalysts triethylamine (Control
1) and a bis-quaternary ammonium sal¢ (Control 2).

Residual monomeric bisphenol A in the product of
Example 19 was separated by precipitating the polycarbonate from
the acid-washed organic phase by pouring into hexane, filtering,
15 drying, dissolving in chloroform and precipitating into acetonitrile,
whereupon said bisphenol A remained in solution. Said level was
too low to be detectable. By contrast, Control 1 had a bisphenol A
level of 6.2 ppm.



Control 2 Listed 0.15 20 21 38, 000

above [err]Including phosgene added after thickening of the reaction
m xture, probably due to nmass transfer effects. 5 I t
will be apparent from Table II1l that the conpounds of this invention
of fer significant advantages in m nim zing phosgene usage and end
poi-nt problens. The nethyl -substituted am no salt (Exanple 24) is
effective as a catal yst but requires usage of a consi der abl e excess of
phosgene. Hi gh phos ene consunptlon is 10 also noted for reactions

enpl oyi ng as catal hylanlne (Control 1) and a bis-quaternary
ammoni um salt (Contr ol Resi dual nononeric bi sphenol

A in the product of Exam@ a&uuaand;epgamc@ﬁabasmaqeacﬁawﬁmmée

Rexane. 111t ri ng coggspafdifads fﬂ?&“ﬁfél?wnafeg%‘@f'@ﬁ?%?ﬁ%&t# i Sralthed ek 1 ng

into acetonitrile ammo samwnaniorlt was fotnd that thé distributimnneaefficieat) g, on.

brsphenol A5 MAR{2Ry s gfer High bRbbdrtonbr WG sof WA Rtaifed ™ ©.

The aqueous and oﬂ@dmaoqpmusabasa.a reaction m xture corresponding to
that of Exanple 5 were separated and anal yzed for am no salt content.
It was found that the distribution coefficient, Kerr], 5 was 0.22. Thus,
a very high proportion of the am no salt was retained in the organic

phase.



-16 - What is claimed is:

1. Amrky#quaiﬂ nary ammoni um salt having the formul a
[err]il wher ei n: each of Rerr], R2,

mm %lm r] primary al kyl radi cal, or at |east
one of *the co s of Rerr] and R2 WI1 h the nitrogen atom
connecting them and R4 and R5 with the nith’ogen at om
connecting them forma pyrrolidine or piperidine ring; 10
R3 is a (err] alkylene radical wherein at |east 2 carbon at ons
separate the two nitrogen atons; and Z is one
equi val ent of an anion. What is claimed is: 2. A salt according to
claim1l wherein each of Rlerr], R2 R4, R5 andR6isaC[err]
primary al kyl radical and R$ i d&ntido aterﬂa'ﬁ! s fil'?ﬁséﬁq'la%ﬂ{
3. Asalt accordipg to claim?2 I ch %w stant ﬁﬁ{' #‘ gthe
unr eact ed di ami neformuia 4. A sal t accordl ng to cl al m 2
wherein Z i s hydroxide, brom de-or chl ori de. 20
5. A salt according to claim4 whegpein each of Berr], R2, R4,
Rlerr] and R6 is a (Jerr] primry radi call.

o a\n R P,
R
R®
5 wherein:

each of R, R2, R4, RS and R% is a C4.2¢ primary alkyl
radical, or at least one of the combinations of R1 and R2 with the
nitrogen atom connecting them, and R4 and RS with the nitrogen
atom connecting them, form a pyrrolidine or piperidine ring;

10 R3 is a Ca.20 alkylene radical wherein at least 2 carbon
atoms separate the two nitrogen atoms; and

Z is one equivalent of an anion.

2. A salt according to claim 1 wherein each of R1, R2,
R4, RS and R8 is a Cp-2¢ primary alkyl radical and R3 is a C3.9¢
15 alkylene radical.

3. A salt according to claim 2 which is subétantially free
from unreacted diamine.

4. A salt according to claim 2 wherein Z is hydroxide,
bromide or chioride.

20 5. A salt according to claim 4 wherein each of R1, R2,
R4, RS and RS is a Co_g primary alkyl radical.



6. A salt accordi ng to claim4 wherein R3is a (Jerr] al kyl ene

~

radi cal _wheretnat Teast 5 carbon atons separate the two nitrogen
at ons. . 7. A salt according to claim®6 wherein each of
Rerr], Mﬁ\\“}““ d Rerr] is ethyl, Rerr] is n-hexyl or n-octyl
and R3 i yl ene® _478. A nmethod for preparing a
di am noal T<yl quat ernary ammoni um salt substantially free from
correspondi ng di am nes whi ch conprises contacting a tertiary
aliphatic or alicyclic diamne havi n% at | east 3 carbon atons
separating the two nitrogen 6at8maltmccording to clgim4 vhereig RYisia €a-1at a

t east 1:1, and sequent |y
renovi ng unr eact ed di ssolving the amno salt in a basic
aqueous nedi um and extracting said nediumw th an organic |iquid of
llow polarity. 15 7. A saft.acBording tslclaim 6rwhergirt each of R18 R¥jerei n

10, A method abcorth R RS 8ieth 88 i s Bl froffl afd 5 Hexpi@ibyiBntt, i o
[err] 20 and the halide has the fornula R err]Z, wherein:
each of Rlerr], R2, R4 and R ohmpethedforpesparinga diamjnealkyliquaternanadi cal ,

or at | east one Ohrﬁrrr?SgWJ%?ﬁzéndmnﬁly?ﬁggﬂorqli‘eﬁnggﬂlﬁ‘ﬁ&ihgt&lﬁmines ni tr ogen

tenperature in th i P i o of
temperature in Sgalfymg fétg’;?tevi?ﬁégreén at Iea%@ﬁljc'i\%&i bidms %BBaISHS%Qﬁe )

atom connecting t fro atgm connecti ng

them forma pyrr¥hich gamprisgs sontacting 3 t ?Wa?ﬂﬂ’hagg or alicyclic diamine R3 s a
Clerr] alkyl ene r adiitg atfeases tadbon afsihs separatiag the two diito@ers afshgt € t he

two nitrogen ﬂS Omith%a 9:2.20 alkyl halide at a temperature in the range of about
20-150°C, the molar ratio of said diamine to said halide being at
least 1:1, and subsequently removing unreacted diamine by
dissolving the amino salt in a basic aqueous medium and extracting
said medium with an organic liquid of low polarity.

16 9. A method according to claim 8 wherein the molar
ratio of said diamine to said halide is at least 2:1.

10. A method according to claim 9 wherein the diamine
has the formula

R! R4
\ J
{n N —R3——N
82/ \RS

20 and the halide has the formula R8Z, wherein:

each of R1, R2, R4 and RS is a Cq.29 primary alkyl
radical, or at least one of the combinations of R1 and R2 with the
nitrogen atom connecting them, and R4 and RS with the nitrogen
atom connecting them, form a pyrrolidine or piperidine ring; and

25 R3 is a Ca.29 alkylene radical wherein at least 2 carbon
atoms separate the two nitrogen atoms; and



- 18 - Z is chloride or bronide.

11. A nmethod according t0 claim 10 wherein each of Rerr], R2, R4,
Rl err] ' primary al kyl radical and R3 is a (Jerr]

al kyl en rmmms"ﬂ”m,ﬁm 12. A nethod according to claim 11
wherei n the ‘ordgankc s =+ liquidis an gl iphatic or aromatic

hydr ocar bon. 13. A et hod according to claim 12
wherein the organic liquid is toluene or petrol eum ether.

14. A nethod for preparing_a polycarbonate which 10 conprises
contacting at |east one di &isrehigridentbramigdenpound with phosgene

in a basic aqueous-organic system in the presence of a
catal ytically effective pr qﬁorA in?éth@tfl g fg)ghifﬁlm%qé@wgéah of R1,

anch of mR[S o ﬁ] haﬁzi]?ﬁ; %FQ F%é 8 AdC2e0 PE"!?'Y:FBM facﬁwlm{/ﬁbmc&zo

radi cal, or at enmﬁad]éait he conbi nations of Rlerr] and R2 with the
nitrogen atom connectl ng them and R4 and R5 with the nitrogen

715 8 G orrd el kyl ene r adeo ok b ol Ball Aghuh the orgatl o

separ at e t he two liguid iscam aliphatic oargdmatic hydrocarbon.

13. A method according to claim 12 wherein the organic
liquid is toluene or petroleum ether.

14. A method for preparing a polycarbonate which
10 comprises contacting at least one dihydroxyaromatic compound with
phosgene in a basic aqueous-organic system, in the presence of a
catalytically effective proportion of a diaminoalkyl quaternary
ammonium salt having the formula

al R )
® \N ——-aa——-»L@—ns P,
R2/ |
R
16 wherein:

each of R1, R2, R4, R5 and RS is a C1-2¢ primary alkyl
radical, or at least one of the combinations of R and R2 with the
nitrogen atom connecting them, and R4 and RS with the nitrogen
atom connecting them, form a pyrrolidine or piperidine ring;

20 R3 is a Ca.99 alkylene radical wherein at least 2 carbon
atoms separate the two nitrogen atoms; and

Z is one equivalent of an anion.



Z i s one equivatent—of._an. anion.

; 19- 15. A nethod according to claim14 wherein each

of R[err] ”"’"”"'#Z" !E'ﬂrr] and R6 is a C 20 primary al kyl radical and
16. A net hod

accord| ng to clai m 14 wheTein the 5 pol ycal{qlionate i s a bisphenol A

pol ycar bonat e. 17. A od according to claim16
wherein the aqueous-organi ¢ systemincludes a water-imm scible organic
sol vent . 18. A nethod according to claim 17 wherein the

organi c 10 sol vent is net hy[18ndA orathed agcording to claim 14 wherein each oARTet hod

according to clai g2l 4\/\Apg-' G] r B range
of about 0.1-5.0 Eﬁw%ercﬁ?Rbgfga@%g&pnmaw%ﬂj{%cgﬁrﬁﬁgﬁ éé ?:o%ggu

20. A nethod acco ¢ali m 15 wherein each’ of Rlerr], 15 Rerr], R4
and Rlerr] is ethyl, R6 is n-hexyl or n-octyl, R3 is hexanethyl ene, Z

i's bromde or chi 0“ de and 94gi d\métﬁ@@h&uérdmgat@aammwmme sal t
i's substantlaléy rom.unre

ﬁ/carbonate is a%tsﬁhenol A r\lycarbonate
17. A method according to claim 16 wherein the
aqueous-organic system includes a water-immiscible organic
solvent.

18. A method according fo claim 17 wherein the organic
10 solvent is methylene chloride.

19. A method according to claim 15 wherein the amino
salt is present in the range of about 0.1-5.0 mole percent based on
dihydroxyaromatic compound.

20. A method according to claim 15 wherein each of R1,
15 R2, R4 and RS is ethyl, RS is n-hexyl or n-octyl, R3 is hexamethylene,
Z is bromide or chloride and said aminoalkyl quaternary ammonium
salt is substantially free from unreacted diamine.



