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.1 5 | NTERFACI AL POLYCARBONATE POLYMERI ZATI ON

mg AND
PRODUCT FI ELD OF | NVENTI ON The present invention %e gL
to copolynmer and a process 10 for preparing an aromatic carbonate

copol ymer by enpl oyi ng an interfacial polynerization reaction

utilizing an aliphatic diol " nmononer pflepared prior to the interfacial
pol yneri zati on

5 INTERFACIAL POLYCARBONATE POLYMERIZATION
PROCESS AND PRODUCT

FIELD OF INVENTION

The present invention relates to copolymer and a process
10  for preparing an aromatic carbonate copolymer by employing
an interfacial polymerization reaction utilizing an aliphatic diol
monomer prepared prior to the interfacial polymerization
reaction thereof with an aromatic dihydroxy compound. The
resulting copolvm.er incorporates the aliphatic diol in the
15  polymer chain. The copolymer consists of alternating units of
the residue of the reaction of the aromatic dihydroxy
compound and the aliphatic diol.
BACKGROUND OF THE INVENTION
it is known to prepare polymers from certain
20 cyclobutanediols and aromatic dihydroxy compounds such as
2,2-bist4-hydroxyphenyb propane, commonly referred as

bisphenol -A (BPA). The polymers prepared therefrom empioy
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. reaction thereof wth an aromatic di hydroxy conpound. The
copol yner incorporates the aliphatic diol in the
copol ymer consists of alternating units of

resul ting
15 polynmer chain. The
the resi due of the reaction

of the aromatic di hydroxy conpound gnd the aliphatic diol.
BACKGROUND OF THE | NVENTI ON It<is known to prepare polymers from
certain

. 20 cycl obut anedi ol s and aromati ¢ di hydroxy conpounds such as
2, 2- bi s(4- hydroxyphenyl) propane, comonly referred as bi sphenol -A
(BPA). The polynmers prepared therefrom enpl oy

REPLACED SHEEg@Ivents@nd high temperatures. U.S. Patents 3,326,855; 2
sol vents and high tenperatures. U S. Patents 3, 326, 855;

3,313,777; 3,546,331; 3,546,332; 3,541,200; 3,375,210 and 3,674,623
disclose polymers prepared from tertrahalobutanediol and
particularly tetramethyicyclobutanediol (TMCBD). As disclosed
5 therein, these TMCBD, for example, can be reacted with other

reactants such as aryl dihydroxy compounds usually at elevated
temperatures and in the presence of organic soivents. Several
of the references are also directed to methods of surface
crystallization of copolymers prepared from TMCBD and

10 dihydroxy co-reactants. The reactions disciosed therein do not
employ atiphatic haloformates, which in the instant invention
are prepared prior to the reaction thereof with an aryl
dihydroxy reactant. Otherwise, if an aromatic haloformate is
produced instead of forming an aliphatic haloformate, the

15 reaction with an aliphatic diol will not produce a polymer of
alternating aliphatic and aromatic species.
SUMMARY OF THE INVENTION

The process of this invention has been developed to

produce aliphatic-aromatic co-polycarbonates from their

20 respective aromatic dihydroxy and aliphatic diol monomer
components. The process is an interfacial reaction but modified

to produce the resuiting co-polycarbonate. Generally, the



. 3,313,777; 3,546, 331; 3,546,332; 3,541, 200; 3,375,210 and 3,674, 623

di scl ose polyners prepared fromtertrahal obut anedi ol and particul arly
t et ramet hyl cycl obut anedi ol (TMCBD). As disclosed 5 therein, these TMCBD,
for exanple, can be reacted with other 3 reactants such as aryl
di hydr oxy conpounds usually at el evated tenperatures and in the
presence of organic solvents. Several of the references are al so
directed to nethods of surface crystallization of copol yners prepared
from TMCBD and 10 di hydroxy co-reactants. The reactions disclosed therein

do not engaction opthls inveritioninwobses tive Haloformateoftamt i nvention

are prepared prior to the reaction thereof with an aryl di hydr oxy
b ng o AIPIREC STRAIPES O Z e RAYIGiobuERERS s, 1 oo
speci s, BisRRoT A TGERY, TheeRaguor oIS hUERfio bRt fedlrell s ©
nvention has ?{e)grr’}ligegvaerla %Fl)i%%att(i)c haloformate as will be subsequently
5 disclosed herein. Otherwise, the reaction will not-result in the
formation of a copolymer of alternating atiphatic and aromatic
units.
ﬁETAlLED DESCRIPTION OF THE INVENTION
This invention relates to a novel copolymer comprised of
10  aliphatic and aromatic units in the polymer chain and to a
process of reacting an aliphatic haloformate and an aromatic
dihydroxy reactant in water and an organic phase at ambient
temperature and pressure. The aliphatic haloformate is prepare
by reacting a certain aliphatic diol such as an aliphatic alky! diol
15 and include cycloaliphatic, straight and branched chain, diols
free of substitute groups which would be reactive with other
reactants employed in the reaction system of this invention.
The aliphatic diol is preferably a tertraalkyicyclobutanediol. The
alkyl groups are those hydrocarbon groups of up to about 8
20 carbon atoms such as methyl, ethyl, propyi, isopropy!, butvi,
isobutyl, t-butyt, pentyl, hexyl, heptyl, 2-ethyihexyl, isooctyi,
octyi and the like.



. produce aliphatic-aromatic co-polycarbonates fromtheir 20 respective
aromati ¢ di hydroxy and aliphatic diol nononer conponents. The

process is an interfacial reaction but nodified to produce the

resul ting co-polycarbonate. Generally, th

3 reaction of this invention involves the hal oformate of an

aliphatic diol such as 2, 2,4, 4-tetranet hyl cycl obut andi ol and bi sphenol

-A (BPA). The reaction of this invention first requires form ng an

al i phatic haloformate as will be subsequently 5 disclosed herein

Q herwi se, the reacThercyaloalkyhgrotucontainspreferabiydto 6carton
copolyner of alternating aliphatic and aromatic units.
atoms although up to 12 carbon atoms can be used. The
cycloalkyl group may be unsubstituted or substituted by a
hydrocarbon, a halogen, or the like group, providing that the
5 substituents are not reactive with the other reactants of the
reaction system of this invention. Examples of such cycloalkyis
include cyclolintyl, 2,2,4,4-tetramethylcyclobutyl, cyclopentyl,
cyclohexyl, methyicyclohexyl groups and the like. The preferred
aliphatic diot is 2,2,4,4-tetramethycyclobutanediol-1,3.
10 The haloformate of the aliphatic diol is formed by
reacting an aliphatic diol with a carbonate precursor, preferably
a halocarbonyl precursor and more particularly a carbonyl
chloride such as phosgen. When employing phosgen, the
preferred intermediate reactant formed is 2,2,4,4-tetramethyl-
15 1,3-cyclobutane bischoroformate (TMCBOCH.

A critical feature of this invention is that the hal oformate
of the aliphatic diol must be formed prior to the reaction
thereof with an aromatic dihydroxy diol. If the haloformate of
the aliphatic diol is not first formed, then the reaction may

20 resultin a copolymer that is not an alternating i.e. 1:1, aliphatic

and aromatic units. in addition, another feature of this

T



. DETAI LED DESCRI PTI ON OF THE | NVENTI ON This invention relates to
a novel copolyner conprised of 10 aliphatic and aromatic units in the

pol ymer chain and to a process of reacting an aliphatic hal ofornate

and an aronmatic di hydroxy reactant igh water and an organi c phase at

anbi ent tenperature and pressure. The aliphatic hal oformate is

pr epare by reacting a certain aliphatic diol such as an aliphatic

al kyl diol 15 and include cycloaliphatic, straight and branched chai n,
diols free of substitute groups whjich would be reacitive wi.th ot her
reactants enpl épvention isthatthe seactionis @rried sutatahigh pH aboute
aliphatic diol is preferably a tertraal kyl cycl obut anedi ol . The al kyl
groups are thosi amdrpreferablyabaut 10 topt4.0 about 8 20 carbon atons such
as nethyl, ethyl, propyl, isopropyl, butyl, i sobutyl, t-butyl,

pentyl, hexyl, heptyjs ssttid'BreGiolsly, @0 either reactanefthigprottss id ke-
an aromatic dihydroxy reactant such as an aromatic dihydric
5 phenol. The dihydric phenols include, but are not limited

thereto, 2,2-bis(a-hydroxyphenyl) propane; 2,4
dihydroxydiphenylmethane; bis(2-hydroxyphenyl) methane;
bis(a-hydroxyphenyl) methane; bis(a-hydroxy-5-nitrophenyl
methane; bisa-hydroxy-2,6-dimethyi-3-methoxyphenyl

10 methane; 1,1-bista-hydroxyphenyl) ethane; 1,2-bis4-
hydroxyphenyl) ethane; 1,1-bis(a-hydroxy-2chlorophenyl
ethane; 1,1-bis(2,5-dimethyl-4-hydroxyphenyl) ethane; 1,3-bis(3-
methyl-4-hydroxyphenyl) propane; 2,2-bis(3-phenyi-4-
hydroxyphenyl propane; 2,2-bis3-isopropyl-4-hydroxyphenyl

) 15 propane; 2,2-bisid-hydoxynaphthyl) propane; 2,2-bis@a-

hydroxyphenyl pentane; 3,3-bista-hydroxyphenyh pentane; 2,2-
bista-hydroxyphenyl he;)tane; bisd-hydroxyphenyl)
phenylmethane; bisid-hydroxyphenyl cyclohexylimethane; 1,2-
bist4-hydroxyphenyl-1,2-bis(phenyl propane; 2,2-bis4-

20 hydroxyphenyl-1-phenyipropane; the bisphenol of 4-vinyl
cyclohexane; spiro buiidane bisphenol; and the like. Also

included are dihydroxybenzenes typified by the hydroquinone
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4 The cycl oal kyl group contains preferably 4 to 6 carbon

atons al though up to 12 carbon atons can be used. The cycl oal kyl
group may be unsubstituted or substituted by a hydr ocar bon, a

hal ogen, or the |ike group, providing th%t t he 5 substituents are not
reactive with the other reactants of the reaction systemof this

I nvention. Exanples of such cycloal kyls I ncl ude

cycl obutyl, 2, 2,4, 4-tetranet hyl cycl obutyl, cycl opentyl, cycl ohexyl ,
met hyl cycl ohexyl groups. The preferred aliphatic diol is

2,2, 4, 4-t et r ;amd rgsprciviol] ditegidcoxydiphenigls such as dlw- hal of ormate of the
allphatlc di ol . |s formed by reactlng an allphatlc diol with a

par 1 cul ar |y SFVEHOAHIPIRERA. 13-yt oXTIORENIEAN “hen erpl oyi ng.
phosgen. the ginydroxydiphenyl; dinydroxynaphthalenes such as 2,6-
dinydroxynaphthalene, and the like, bis-4-hydroxyphenyi
5 sulfone; 2,4'-dihydroxydiphenyl sulfone; 5'-chloro-2,4'-

dihydroxydiphenyi sulfone; 5'-chloro-2,4'-dihydroxydipheny!
suifone; 3'-chloro-4,4'-dinydroxydiphenyl sulfone; 4,4'-
dihydroxytriphenyl disulfone, etc.; 4,4'-dihydroxydipheny! ether:
4,4'-dihydroxytriphenyl ether; the 4,3+, 4,2'-, 4,1'-, 2,2"-, 2,3'-, etc.;

10  dihydroxydiphenyi ethers; 4,4'-dihydroxy-2,6-dimethyldiphenyt
ether; 4,4'-dihydroxy-2,5-dimethyldiphenyl ether; 4,4'-dihydroxy-
3,3'-dissobutyldiphenyl ether; 4,4'-dihydroxy-3,3'-
dissopropyldiphenyl ether; 4,4'-dinydroxy-3,2'-dinitrodiphenyl
ether; 4,4'-dihydroxy-3,3'-dichlorodipheny! ether; 4,4'-dihydroxy-

15 3,3-difluorodiphenyi ether; 4,4'-dihydroxy-2,3-dibromodiphenyi
ether; 4,4'-dihydroxydinaphthyl ether; 4,4'-dinydroxy-3,3'-
dichlorodinaphthyi ether; 2,4-dihydroxytetraphenyl ether; 4,4'-
dihydroxypentaphenyl ether; 4,4'-dihydroxy-2,6-
dimethoxydiphenyl ether; 4,4'-dihydroxy-2,5-diethoxydiphenyil

20 ether, etc. Mixtures of the dinydric phenols can aiso be
employed and where dihydric phenol is mentioned herein,

mixtures of such materials are considered to be included.



_preferred internmedi ate reactant fornmed is 2,2,4,4-tetranethyl- 15

1, 3-cycl obut ane bi schorof ormate (TMCBOCI). A critical feature
of this invention is that the hal of ormate of the aliphatic diol rmust
be formed prior to the reaction t hepeof with an aromatic. di hydr oxy
diol. If the hal of ormate of the aliphatic diol is not first forned,
then the reaction may 20 result in a copolyner that is not alternating
i.e. 1.1, aliphatic and aromatic units. In addition, another feature
of this invention is that the reaction is carried out at a

hi gh pH about Breferablythegdihydecaneng! isabisédvdraaphenyl alkane as

stated previously, the other reactant of this process is an aromatic

di hydroxy reacipwhicirthe<central alkanecgrovpdaontains from 1-8 carbon
atoms. Especially preferred dihydric phenols are gem-bisi4-
hydroxyphenyl} alkanes in which the central atkylidene group

5 contains from 1-8 carbon atoms. The most preferred dihydric
phenol is 2,2-bis@-hydroxyphenyl) propane (BPA).

The carbonate polymer produced by the process of this
invention is a polymer consisting of the residue of the reaction
of an aromatic dinydroxy and an aliphatic diol. The residue of

10 the reaction is a copotymer having a ratio of aromatic units to
aliphatic units of 1:0.5 to 1:1.5. Preferably, the carbonate
polymer consists essentially of a ratio of 1:1 aromatic units to
aliphatic units. Through the novel discovery of this invention,
aliphatic diols, in particuiar tetramethylcyclobutanediol (TMCBD)

15  can be incorporated, in aromatic polycarbonates by an
interfacial polymerization process. The interfacial reaction
process of this invention can also result in the formation of co-
polycarbonates, ter-polycarbonates and polyester-
polycarbonates.

20 In general, the polycarbonates of this invention can be
produced from the polymerization of aliphatic haloformates in

the presence of an aromatic dinydroxy reactant such as BPA.



5 phenol. Th
2, 2-bi s(4- hyd
bi s(2- hydr oxy
bi s(4- hydr oxy
bi s(4- hydr oxy
1, 1- bi s(4- hyd
1, 1- bi s(4- hyd
1,1-bis(2,5-d
met hyl - 4- hydr
propane; 2, 2-
2, 2- bi s(4-hyd
3, 3- bi s(4-hyd
bi s(4- hydr oxy
cycl ohexyl net
2,2-bis(4- 2
cycl ohexane;

5

10

15

e di hydric phenols include, but are not limted t her et o,
roxyphenyl) propane; 2,4'- di hydr oxydi phenyl net hane;
phenyl ) rmet hane; bi s(4- hydr oxyphenyl ) net hane;

-5-ni trophenyl) met haneq;
-2, 6-di met hyl - 3- net hoxyphenyl) 10 net hane;

roxyphenyl) ethane; 1, 2-bis(4- hydr oxyphenyl ) et hane;
roxy-2chl or ophenyl) et hane;

i met hyl - 4- hydr oxyphenyl ) et hane; 1, 3-bis(3-
Polyhenizationopecurs at amidierst: teraperatures andpriessurgheny!| )
bi s( 3-i sopropyl - 4- hydr oxyphenyl) 15 propane;

gifider belativelg IBNBH CofaliohDf 814 anudrerepaniy b sen. B0

roxyp ) hept ane;

A catast is enfBREd 0 MilinaPeiit FESEEBHa RN ields pane.

0 hydroxyphenyl)-1-phenyl pro t he bi sphenol of 4-vinyl

ane; t
Jpaydeiabiaineddnsp mimltesemﬂpn&r@asmﬁ the ry of the

reaction. Catalysts that may be employed herein are preferably .
amine cztalvét and particularly triethylamine (TEA). The general

synthesis of the carbonate polymer may be as follows:

CHx CHx R1 R2
AN \ /
//3 C
AN
O © [ I
/ + C—C ——-c\ /c—o—- c—Cl
HO OH H// C \\H
| /\
Rx3 R4
Interfacial
Polymerization (TMCBOC!I mw 144.2)
™ i Vv =
CHx CHx Ri /Rz
\\R// 0 H \\\C H 0
/ \@ I N/ \/ I}
C C C C
JORCOV </
—40 0 C\ n
Rg’/// R4




I ncl uded are di hydroxybenzenes typified by the hydroqui none

6 and resorcinol, dihydroxydi phenyls such as 4,4'-

di hydr oxydi phenyl ; 2, 2'-di hydroxydi phenyl; 2,4'- di hydr oxydi phenyl ;

di hydr oxynapht hal enes such as 2, 6- dlhydroxynaphthalene and the |ike,
bi s- (4- hydroxyphenyl) 5 sulfone; 2,4'-difydroxydi phenyl sulfone;
5'-chloro-2,4"- dihydroxydiphenyl sul f one;

5'-chl oro-2, 4' -di hydr oxydi phenyl sul f one;

3' -chl oro-4, 4'-di hydroxydi phenyl sul fone; 4,4'- di hydr oxytri phenyl

521, 51 C T, B egenaerf b A 11
ethers; 4,4' - d|h roxy- 2, 6- di net hyl di phenyl
l, arvl or alkylaryl hydrocarbon groups of 1 to 20 carbon
atoms and preferably 3-10 carbons atoms, and n is an integer of
5 to 200. R is preferably isopropylidene but may also be
5 acetophenone (bis AP) or spirobiindane (SBl). TMCBOCI is the
bischloroformate of tetramethyicyclobutanedio! (TMCBD). The
r_'eaction can aiso proceed with two or more aromatic dihydroxy
compounds such as isopropylidene and bis AP or bis AP and SBI
or even isopropylidene, bis AP and SBi.
10 DETAILED DESCRIPTION OF THE EXAMPLES
The following exampies further exemplify this invention.
However, the invention is not limited by these examples.

General Reaction

The copolymers are produced by the reaction of the
15 bischloroformate of tetramethyicyclobutanediol (TMCBOCI in
the presence of bisphenol-A. Polymerization is carried out at
ambient temperatures and pressures and at a pH of about 12. A

catalytic amount of triethyiamine is empioyed to promote the
reaction.

20 EXAMPLE 1

Formation of 2,2,4,4-tetramethyi-1,3-cyclobutane
bischloroformate (TMCBOCI



_ether; 4,4 -di hydroxy-2, 5-di net hyl di phenyl ether; 4,4'-di hydroxy-
3, 3' -di ssobut yl di phenyl ether; 4,4'-dihydroxy-3,3"-
di ssopropyl di phenyl ether; 4,4'-di hydroxy-3,2'-dinitrodi phenyl et her;
4, 4" - di hydr oxy- 3, 3' -di chl orodi phenyl ether; 4,4'-dihydroxy- 15
3,3"-di fluorodi phenyl ether; 4,4'-dihydrqgy-2, 3-di br onodi phenyl
et her; 4,4'-di hydroxydi napht hyl ether; 4,4'-di hydroxy-3,3'-
di chl or odi napht hyl ether; 2,4-di hydroxytetraphenyl ether; 4,4'-
di hydr oxypent aphenyl ether; 4,4'-dihydroxy-2, 6- di met hoxydi phenyl

ether; 4,4 -di hydr -2, 5-di thox ther, etc. M xt s of the
di hydri c phenol s chralalz"@%m reac Oeﬁﬁf@éée{"iha ‘iﬁwq? ghser Ml‘kﬁ i's
ment i oned herein, m Xtures of such materials are considered to be

i ncl uded. dichloromethane (DCM)/acetone bath, a nitrogen/phosgene

feed, and a mechanical stirrer, there was charged 400 mis of
DCM and 100 g tetramethylcyclobutanediol (TMCBD). This was

5 placed in é dichloromethane (DCM)dry ice bath. The mixture was
stirred under a nitrogen blanket to disperse the TMCBb. About
150 g of phosgene (1.5 mol) was then fed into the reactor at the
rate of 2 g/min. 115 mi of pyridine (in 100 mis DCM) was dripped
into the reactor at about 20 mli/min. The reaction did not appear

10 to be exothermic. The reaction was run for about 2 hours and
then was warmed to room temperature. The mixture was
extracted into 5 L of hexane, evaporated down to 1 liter, placed
in a freezer and crystals which formed were collected.
Nuclear Magnetic Resonance (NMR) confirmed the

15  production of the bischloroformate. The vield was bout 75%.

CHx CHz CHz  CH3
e / N~
/\ PYRIDINE /\
20 HO-C /(\: —OH +  COCi2——0CIO-C C-0CIO
/ﬂ\ HCt /\‘/\
H C H HCH
IN\
CHz CHx CHz CHx

(2 TmCBOCL)



_Preferably the dihydric phenol is a bis(4-hydroxyphenyl) al kane in

whi ch the central al kane group contains from 1-8 carbon at ons.
Especially preferred di hydric phenols are genmbis(4- hydr oxyphenyl)

al kanes in which the central alkylidene group 5 contains from 1-8 carbon
atons. The nost preferred dihydric pRgnol is 2, 2-bi s(4-hydroxyphenyl)
pr opane (BPA). The carbonate polyner produced by the process of
this i nvention is a polymer consisting of the residue of the reaction
of an aromatic di hydroxy and an aliphatic diol. The residue of 10 the
reaction is a copolyner having a ratio of aromatic units to al i phatic
units of 1:0.5EXAMPLE2 Preferably, the carbonate pol yner consists
essentially of a ratio of 1:1 aromatic units to al i phatic units.

Through the novel difsavERy niflask peamm]l'ppgms of Tmcmmrephreldsm I n

particul ar tetranethyl cycl obutanedi ol &CB can be |ncorporated I n

Chonet o Y S BobRIET BMote, 1.0 omtSbFShahob e, SRR | on process.  The

dichloromethane, 0.2 mis of triethylamine and 25 mi of water

5 were charged. 25 mis of 10% aqueous sodium hydroxide (NaOH)
solution was slowly added. The reaction was run for about 15
minutes. The organic fayer was then decanted and washed
three times in 50 mis of a 10% aqueous hydrochioride (HCl)
solution. The organic layer was then poured in 500 mis of

10 methanol and the precipitated polymer was collected and dried
under a vacuum.

The vield was over 90% and the polymer was confirmed

by NMR.

Reaction

15  CHx CHx CH3 CH3

C O C 0
jehe " & "
+ C 0 C C 0 C Cl
H \OH

20
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_process of this invention can also result in the formation of co-

pol ycar bonates, ter-pol ycarbonates and pol yester- pol ycar bonates. 20
I n general, the polycarbonates of this invention can be pr oduced
fromthe polynerization of aliphatic haloformates in t he presence of
an aromati c di hydroxy reactant such as BP
8 Pol yrmeri zation occurs at anbi ent té%peratures and pressure
under relatively high pH condition of 8-14 and preferably 10-14. A
catalyst is enployed to pronote the reaction and high yields may be
obtained in 5 mnutes of increasing the pH of the 5 reaction. Catalysts
that nmay be eﬂﬂpl oyed herein are preferably am ne catal yst and -
particularly qriethylamne (TEA). The general
CH3 /CH:; CH3 CH3z
\ )
\© o / \ —o— ¢
5 O@ ~, / \ /
CH3 CH3 100
— —
(3
EXAMPLE 3

Example 2 was repeated except that in piace of the ~
10 isopropylidene the bisphenol A, spirobiindane dihydroxy phenol
was employed herein.
The vield was greater than 90% and the polymer was

confirmed by NMR.

Reaction
. 15 _ CHz CH
N /
\
C
] C +  TMCBOCL
20 c
\ c
P .
CH3, \CH3 90% Pyridine:
Chiorbenzene ~HCL
’ i Y



. synthesis of the carbonate pol yner may be as foll ows: [err]

wherein R, Rerr], Rerr], Rerr] and R err] are independently sel ected
from al kyl, aryl or alkylaryl hydrocarbon groups of 1 to 20 carbon
atons and preferably 3-10 carbons atons, and n is an integer of 5to
200. Ris preferably isopropylidene but nay3al so be

CHz CH3 CHx /CH:;
5 % ~ q /c\
40— C — C c
] r/ \ / \y
—C
(‘: CH3/ \CH:;
| \L
10 ‘— CH3/ \CH3 50
&)
EXAMPLE 4

Exampie 2 was repeated except that in place of the
15 isopropylidene of the bisphenol A, actephenone dihydroxy
phenol (Bis AP) was empioyed herein. The results were
essentially the same.
EXAMPLE 5
The copolymer of Example 2 was injection mbl-decl at
20 350-Cinto 1ZOD test bar, which bars were transtucent with good
dimensional stability.
EXAMPLE 6
~ The copolymer of Examples 2, 3 and 4 were each
separately cast into thin fiims in a glass dish from a 10 weight %

26 solution of each copolymer in methylene chloride. The films

This Sheet Has Been Re ﬂ
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5 acetophenone (bis AP) or spirobiindane (SBI). TMCBOCI is the

bi schl orof ormat e of tetranethyl cycl obutanedi ol (TMCBD). The reaction
can al so proceed with two or nore aromatic di hydroxy conmpounds such as
I sopropylidene and bis AP or bis AP and{%BI or even isopropylidene,
bis AP and SBI. 10 DETAI LED DESCRI PTI ON OF THE EXAMPLES The
follow ng exanples further exenplify this invention. However, the
invention is not limted by these exanpl es. General Reaction

The copol yners ar roduced schl of or mat e of
t et ramet hyl cy@% HJ&'BP @fi@ﬁ%@ﬂ%ﬁéwg 85‘9 %@@% r!s%henol

Pol ymeri zation is carried out at anbi ent tenperatures and pressures
and at a pH cesdltswenre asAollows: catal ytic amount of triethylanmine is

enpl oyed to pronote the reaction. 20 EXAWMPLE 1 . Formati on of

2,2,4,4-tetramet hyl -1, 3- cyppbut angawpD Td (<C) Tg(-C) NMR*

Example 2 65000 3.3 383 144  alternating
Example 3 24000 6.3 320 125  alternating
Example 4 26000 31 370 170  alternating

* Structure confirmed by NMR
Td - decomposition temperature
5 Tg -glass transition temperature
While many modifications and variations of the present
invention are possible in view of the foregoing specification, it
is understood that they would fall within the scope of the’

appended claims.



~bi schloroformte (TMCBOC ) 10
To a 1000 M reactor fitted with a dewer condenser wth

di chl o’ m wmﬁﬂﬂﬂmcetone bat h, a nitrogen/ phosgene feed, and a
mechan re was char ged 40? m s of DCM and 100 g
tetramet hy cycl obut’anédi ol (TMCBD). This alas 5 placed in a dichloronethane

(DCMdry ice bath. The m xture was stirred under a nitrogen bl anket to
di sperse the TMCBD. About 150 g of phosgene (1.5 nol) was then fed
into the reactor at the rate of 2 g/mn. 115 mM of pyridine (in 100
ms DCM was dripped into the reactor at about 20 ml/mn. The reaction

did not appear 10 to be exotherm c. The reaction was run for about 2 hours
and CLAIMS

What is claimed is:
1. A carbonate polymer consisting essentially of the
5 residue of the polymerization reaction of an aromatic dihydroxy
compound and an aliphatic haloformate, said carbonate

polymer i§ represented by the foltowing formuia:

\/
" CH3 CH3 . \ ﬁ
ﬂ \@ / ”\ A,
N /\R4 n
—

15 wherein R, R1, R2, Rz and R4 are independently selected from

the group consisting of alkyl, aryt, and alkylaryl hydrocarbons of
1 10 20 carbon atoms and n is a integer of 5-200, and wherein
the ratio of aromatic species to aliphatic species is 1:05 to 1:1.5.
2.  The carbonate polymer of claim 1 wherein the
aromatic dihydroxy compound is a mixture of at least two

different aromatic dihydroxy compounds.
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, then was warnmed to room tenperature. The m xture was extracted into 5
L of hexane—' evaporated- down to 1 liter, placed in a freezer and

crystal re coll ected. Nucl ear Magneti c Resonance
(NI\/R) E‘ l Imlum ﬁfproductlon of 1t6he bi schl orof ormate. The yield was

EXAMPLE 2

3.  Thecarbonate polymer of claim 1 where the
aromatic dinydroxy compound is selected from the group
consisting of bisphenol A, acetophenone, spirobiindane and
mixtures thereof.

4. The carbonate polymer of ciaim 1 wherein R, R1, Rz,

Rz and R4 are hydrocarbons of 3-10 carbon atoms.

5. The carbonate polymer of claim 1 wherein the
aromatic dihydroxy compound is an aromatic dihydroxy phenol
and the aliphatic haloformate is a bishaloformate.

6. The carbonate polymer of ciaim 5 wherein the
bishaloformate is bischioroformate.

7. The carbonate polymer of claim 5 wherein the
aromatic dihydroxy phenol is 2,2-bisa-hydroxyphenylpropane.

8. The carbonate polymer of claim 6 wherein the
bischloroformate is tetramethyicyclobutane bischioroformate.

9. A process for preparing a carbonate polymer by an
interfacial polymerization reaction comprising the steps of (1)
rea.cting an aliphatic diol with a halogen containing carbonaté
precursor to form an aliphatic haloformate, (2} reacting the

5 residue of (1) with an aromatic dihydroxy compound in an

interfacial polymerization reaction in the presence of an amine
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.To a 125 m flask reactor, 1.77 gns of TMCBOCI prepared in Example 1
above, 1.66 gms of bisphenol A 50 m of di chl oronet hane, 0.2 ms of
triethyl'amne and 25 ni" of water 5 were charged. 25 nls of 10% aqueous

sodi um h solution was slowy added. The reaction was
run for ﬁ [LI H” Hut es. The orgahic | ayer was then decanted and
iee st I seS*I'n 50 m's of a 10% aqueous hydrochloride (HC)

soI utlon The organic |ayer was then poured in 500 ms of 10 nethanol and
the precipitated polyner was collected and dried under a vacuum

The vi ol 0 vagagHgst, S8/e4AYIAG DROLHETEaLHor SEBsteRieally abditt VR
amblent temperatures and pressure and at a pH of 8-14 and (4)
recovering the carbonate polymer consisting essentially of the
residue of an aliphatic haloformate and an aromatic dihydroxy

5 compound wherein the ratio of aromatic species to aliphatic
species in the recovered polymer is 1:05 to 1:1.5.

10. The process of claim 9 wherein the carbonate
preéursor is a carbonyl halide.

11. The process of claim 9 wherein the aromatic
dihydroxy compound is an aromatic dihydroxy phenol.

12. The process of claim 9 wherein the aliphatic diol is a
tetraalkylcyclobutanadiol.

13. The process of claim 10 wherein the carbonyl halide
precursor is carbonyl chioride.

14. The process of claim 9 wherein the aliphatic ] -
haloformate is an aliphatic bischioroformate.

15. The process of claim 9 wherein the aromatic
dihydroxy phenol is 2,2-bis@-hydroxyphenyl) propane and the
aliphatic haloformate is tetramethyicyclobutane
bischioroformate.

16. The process of claim 9 wherein the pH is 10-14 and the

catalyst is triethylamine.
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.lerr] 12 [err] (3) EXAMPLE 3
Exanpl e 2 was repeated except that in place of the

18

.INTERFACIAL POLYCARBONATE POLYMERIZATION PROCESS
AND  PRODUCT

ABSTRACT OF THE INVENTION
A process for preparing an aromatic carbonate polymer
by an interfacial polymerization reaction by first forming an
aliphatic chloroformate and then reacting the bischioroformate
5 with a dihydroxy phenol such as bisphenol-A. The resuiting
polymer consists of alternating units of the reaction residue of

the dihydroxy phenol and the aliphatic chioroformate.

2 B T R



10 i sopropylidene the bisphenol
enpl oyed herein.
confirmed by NVR
13 =

A, spirobiindane di hydroxy pheridbs™s @W@'ﬁ
The yield was greater than 90% and t he pol yner was
Reaction [err]

4

“80%0g 0 -3

The cycloalkyl group contains preferably 4 to 6 carbon

atoms although up to 12 carbon atoms can be used. The

cycloalkyl group may be unsubstituted or substituted bya

hydrocarbon, a halogen, or the like group, providing that the

5 substituents are not reactive with the other reactants of the

reaction system of this invention. Examples of such cycloalkyls

include eyclobutyl?2,2 4 4-tetramethylcyclobutyl, cyclopentyl,

cyclohexyl, methyicyclohexyl groups.,

The prefetrred

aliphatic diotl is 2,2,4 4-tetramethycyclobutanediol-1,3.

10 The hailoformate of the aliphatic diot is formed by

reacting an aliphatic diol with a carbonate precursor, preferabty

a halocarbonyl precursor and more particularly a carbonyl

chioride such as phosgen. When employing phosgen, the

preferred intermediate reactant formed is 2,2,4,4-tetramethyl-

15  1,3-cyclobutane bischoroformate (TMCBOCI).

A critical feature of this invention is that the haloformate

of the aliphatic diol must be formed prior to the reaction

thereof with an aromatic dihydroxy diol. If the haloformate of

the aliphatic diol is not first formed, then the reaction may

20 resultin a copolymer thatis not

alternating,i.e. 1:1, aliphatic

and aromatic units. In addition, another feature of this

REPLACEMENT SHEET

22 MAY 2000

A Claim(s)

REPLACEMENT SHEETS
M Description : paged&3¥to paged 2.
- paged 15.. to paged ..
[ Drawing(s) : pagad ..... to paged .....
1 Abstract

: paged

3G

..... to paged

qfoSoSo -3
22y lea



(4) .. EXAWPLE 4 Exanpl e 2 was repeated except that in place
of. the 15 isopropylidene of the bisphenol A, actephenone di hydroxy
phenol (Bis AP) was enployed herein. The results were essentially the
sane.’ EXAMPLE 5 The copol§ner of Exanple 2 was injection
nol ded at 20 350[err]C into | ZOD test bar, which bars were transl ucent

w th good di mensi onal stability. EXAMPLE 6 The
copol ymer of Exanples 2, 3 and 4 were each separately cast into thin

films in a o keritioh Eomtti@rastabn et A Aigfis AR 1"

met hyl ene chl oride. The fi
14 and preferably about 10 to 14.

As stated previously, the other reactant of this process is
an aromatic dinydroxy reactant such as an aromatic dihydric
5 phenol. The dihydric phenols inciude, but are not limited
thereto, 2,2-bis4-hydroxyphenyl) propane; 2,4
dihydroxydiphenylmethane; bis2-hydroxyphenyl) methane;
bis(a-hydroxyphenyl) methane; bis(4-hydroxy-5- nitrophenyh
methane; bis(d-hydroxy-2,6-dimethyl-3-methoxyphenyl)

10 methane; 1,1-bisa-hydroxyphenyl) ethane; 1,2-bis4-
hydroxyphenyl) ethane; 1,1-bis@-hydroxy-2chiorophenyl
ethane; 1,1-bis(2,5-dimethyl-4-hydroxyphenyl) ethane; 1,3-bis(3-
methyi-4-hydroxyphenyl) propane; 2,2-bis(3-phenyl-4-
hydroxyphenyl) propane; 2,2-bis(3-isopropyl-4-hydroxyphenyl

16 propane; 2,2-bis(d-hydoxynaphthyl) propane; 2,2-bis(a-
hydroxyphenyl) pentane; 3,3-bista-hydroxyphenyl pentane; 2,2-
bis@-hydroxyphenyl) heptane; bis@-hydroxyphenyb
phenyimethane; bis@-hydroxyphenyl) cyclohexylmethane; 1,2-
bisa-hydroxyphenvyi)-1,2-bis(phenyl) propane; 2,2-bis@-

20 hydroxyphenyl-1-phenyipropane; the bisphenol of 4-vinyl
cyclohexane; spiro biindanebisphenol; and the like. Also

included are dinydroxybenzenes typified by the hydroguinone




14 .. were then renoved and dried at 85[err]C for about 24 hours. The

results were as foll ows: Mv MaD Td ([err] ©
Tg([err] © NVR* Exanpl e 2 65000 3.3 383 144

al ternating Exanpl e 3 24000 6.3 320 125 alternating
Exanple 4 26000 3.1 370 140 alternating * Structure
confirmed by NWR Td - deconposition tenperature 5 Tg - gl ass
transition tenperature Wil e many nodifications and vari ati ons of
t he present i nvention are possible in view of the foregoing
specification, it I s understood that they would fall within the scope
of the a & Rai ns.

To a 125 mi flask reactor, 1.77 gms of TMCBOCI prepared in
Example 1 above, 1.66 gms of bisphenol A, 50 ml of |
dichloromethane, 0.2 mis of triethylamine and 25 ml of water
5 were charged. 25 mis of 10% aqueous sodium hydroxide (NaOH)
solution was slowly added. The reaction was run for about 15
v/ minutes. The organic layer was then decanted and washed
three times in 50 mis of a 10% aqueous hydrochioride (HCl)
solution. The organic fayer was then poured in 500 mis of
10 methanol and the precipitated polymer was collected and dried
under a vacuum.
The vield was over 90% and the polymer was confirmed
by NMR.
Reaction

N\ 15  CH3 CHz CH3 CH3

\C/ 0 C 18]
+ Cl C o Cc C 0 € Cl
HO \OH

C
20 CH3/ ¥H3
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15 _ CLAI V5 What is clained i
pol ynmer cdnsisting essentially of the
reaction of an aromatic di hydroxy

S:
5

1. A carbonate
resi due of the polynerization

conpound and an aliphatic

represented by the follow ng

-
CHzg CHz

\\\\\(:////, (}
c / \c.—.o_—_lcl-__.
\c/ \H

N
CH3 CH3 100

-

Example 2 was repeated except that in place of the _

isopropylidene the bisphenol A, spirobiindane dihydroxy phenol

The vield was greater than 90% and the polymer was

hal of or mat e, sai d carbonate pol ymer is
formul a: 12
B
CH3\ CHxg
C/ I(l)
@/ \@ C— 0 —
/
5 Lo —~ 0 H
3
\oor!
EXAMPLE 3
10
was employed herein.
confirmed by NMR.
Reaction
15 _ CHx CHz,
N/ \ C/
\C/H
—~
H{
C-——@"OH
HO I
20 c—H
v S c
~
CH3 \CH3
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[err].. 15 wherein R Rerr], Rerr], Rerr] and Rerr] are independently

sel ected from the group consisting of alkyl, aryl, and al kyl aryl
hydr ocar bons of 3 to 10 carbon atons and n is a integer of 5-200, and
wherein the ratio of aromatic species to aliphatic species is 1:0.5
to 1: 1.5. 2. The carbonate P&l ymer of claim1 wherein the
aromati ¢ di hydroxy conpound is a m xture of at |east two di fferent
aromati ¢ di hydroxy conpounds. _ 3. The carbonate pol yner
of claim1l where the aromati c di hydroxy compound is selected fromthe
gr oup consi sting of bisphenol A acetophenone, spiroblindane and
F —
Hy CHg
Z
CH
—+0 N ,/\ I? s [?
Z OC-
HyC CHy
C CH
_ B Hy T
4
EXAMPLE 4

Example 2 was repeated except that in place of the
15 isopropylidene of the bisphenol A, actephenone dihydroxy
phenol (Bis AP) was employed herein. The results were
essentially the same.
EXAMPLE 5
The copoiymer of Example 2 was injection moided at
20 350-Cinto 1ZOD test bar, which bars were translucent with good
di-mensional stability.
EXAMPLE 6
 The copolymer of Examples 2, 3 and 4 were each
separately cast into thin films in a glass dish from a 10 weight %

25 solution of each copolymer in methylene chloride. The films

P, -
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m xtures thereof. 4. The carbonate polyner of claim1l wherein

the * __aromatic-dihydroxy conpound is an aromatic di hydroxy phenol and
the aliphatic hal oformate is a bi shal of or mat e. 5. The carbonate
po““lﬂl@mm&@u“ wherein the bi,shal of ormate is bischl orof ormate.

6.118 Ao L | ymer of claim4 erein the aromati ¢ di hydr oxy
phenol “i s 2" Bis 4- hydr oxyphenyl ) pr opane. 7. The carbonate

pol ymer of claimb5 wherein the bi schl orof ormate is

t et ramet hyl cycl obut ane bi schl or of or mat e. 8. A process for
preparing a carbonate polynmer by an I nterfacial polynerization reaction
conprising the steps of (1) reacting an aliphatic diol with a hal ogen
containiﬁé nat e precursor to forman aliphatic hal oformate, (2)

reacting the 5 residue of (1) wth an aromatic di hydroxy conpound in an
what is claimed is: -

1. A carbonate polymer consisting essentiatly of the
5 residue of the polymerization reaction of an aromatic dihydroxy
compound and an aliphatic haloformate, said carbonate

polymer is represented by the following formuila:

— Ry R2 -
CH CH O \\é/ O
3 3 _
10 \ / I /\ I
R C— 0—C C o C
)d\@\ /O
/
SWO o) Rz \\R4 n
- -
15 wherein R, R1, R2, Rz and R4 are independently selected from
s the group consisting of alkyl, aryl, and alkylaryl hydrocarbons of

‘3 to 10 carbon atoms and n is a integer of 5-200, and wherein

the ratio of aromatic species to aliphatic species is 1:0.5 to 1:1.5.
2.  The carbonate polymer of claim 1 wherein the

aromatic dihydroxy compound is a mixture of at least two

different aromatic dihydroxy compounds.
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interfacial polynerization reaction in the presence of an am ne
. tatalyst, (3) carrying out the reaction at essentially about
anblent fenperatures and pressure and at a pH of 8-14 and (4)

17.

recover i
of an a

polyner

process of claBm 8 Wiy earbohatepoigmer of claithyidwherecgi@ound i s an

he rati®

resi due

pol ynmer congisting essentially of the '
m H:mﬂx Eﬂﬂﬁte and an a @matlc di hydroxy 5 conpound wherein
0

ar ormt IsC species to aliphatic species in the recovered

is 1:0.5to 1:1.5. 9. The process of claim8 wherein
t he carbonate precursor is a carbonyl halide. 10. The

aromati ¢ di hydroxy phenol .-

aromatic dinydroxy compound is selected from the group
consisting of bisphenol A, acetophenone, spirobiindane and

mixtures thereof.

4 The carbonate polymer of claim 1 wherein the
aromatic dihydroxy compound is an aromatic dihydroxy phenol
and the aliphatic haioformate is a bishaloformate.

5. The carbonate polymer of claim 4 wherein the
bishaloformate is bischioroformate.

6. The carbonate polymer of claim 4 wherein the
aromatic dihydroxy phenol is 2,2-bis4-hydroxyphenybpropane.

7. The carbonate polymer of claim 5 wherein the
bischioroformate is tetramethyicyclobutane bischioroformate.

g. A process for preparing a carbonate polymer by an
interfacial polymerization reaction comprising the steps of (1)
reacting an aliphatic diol with a halogen containing carbonaté
precursor to form an aliphatic haloformate, (2} reacting the
residue of (1) with an aromatic dihydroxy compound in an

interfacial polymerization reaction in the presence of an amine
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11. The process of claim8 wherein the aliphatic diol is a
t et raal kyl cycl obut anadi ol . 12. The process of claim9 wherein the
car banyl ~halide -— - —precursor is carbonyl chloride. 13. The

process o ' kp the aliphatic hal of ormate is an aliphatic
bischloro-Mﬂ mﬁl ﬂ n!“ 14. The ptbcess of claim8 wherein the aromatic
di hydr oxy L s2- Wl s(4-hydroxyphenyl) propane and the aliphatic

hal of ormate i s tetranethyl cycl obut ane bi schl or of or mat e. 15.
The process of claim8 wherein the pHis 10-14 and the catal yst is

triethyl agagglyst, (3) carrying out the reaction at essentially about
ambient temperatures and pressure and at a pH of 8-14 and @)
recovering the carbonate polymer consisting essentially of the
residue of an aliphatic haloformate and an aromatic dihydroxy
5 compound wherein the ratio of aromatic species to aliphatic
species in the recovered polymeris1:0.5 to .1:1.5.
\_ “ 9, The process of claim 8 wherein the carbonate

precursor is a carbonyl halide.

10. The process of claim 8 wherein the aromatic
dihydroxy compound is an dromatic dihydroxy phenol.

11. The process of claim 8 wherein the aliphatic diol is a
tetraalkyicyclobutanadiol.

12. The process of claim 9 wherein the carbonyti halide
precursor is carbonyi chloride.

N\ 13. The process of claim 8 wherein the aliphatic -

haloformate is an aliphatic bischioroformate.

14..The process of claim 8 wherein the aromatic
dihydroxy phenol is 2,2-bis(a-hydroxyphenyl) propane and the
aliphatic haloformate is tetramethylicyctobutane
bischloroformate.

15. The process of claim 8 wherein the pH is 1014 and the

catalyst is triethylamine.
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