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PROCESS FOR PRERPARI NG ESTER AM DES AND PG_YESTERAIVI DES FIELD OF T

INVENTICN The present invention relates to a process for nmaking a en?f s
estér, the production of a bis-esteranide therefrom and subsequent
production of a polyesteram de resin. BACKGROUND OF THE | NVENTI ON

Pol yest eram des, which have am de functionality incorporated into a

pol yester in a uniformfashion are of current interest for several reasons.
At high levels of anmide |oading (>5%, thelnelting point and gl ass
transition tenperatures of the polyners can be significantly increased. See
R J. Gaymans and J. L. de Haan, Polymer, 34,4360 (1993); (b) A van

Teent e (1995) . EENCEES R PRECARBIC TR RhAmES AN Pt ot ReARk
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| evel s of meth lon on the ar i ) % Y precl udes

ef ficient high nol ecul ar wei ¢ 3 Rt roduction of a
diol. Currently, polPobpéseerasiidlels vplQichlﬁv&a ahﬁiq)ﬁanaromlxt;y imcorparateckjinto a

rocess, in whig an i nter |_at setr

Eutyl ene-1, 4- blpg? es%?a’f‘baoﬁglﬁd ?0 Cﬁg}#‘?(‘%t%r Tra r;)erag%ar eﬁ and
purified, foll digh lewelsitof|amislei duig (?51%) tihe-meltingapoint ard glassniwargition
with DMI and bylape galt&!reé Bf LR peigg.ggfe i Eﬁ{'wsggtr@ﬁcanﬂ InBlefisedSt BsRITRIER

have been pr epare severa Conve : '
nononet hyl - t er &t |C¥esH&é§1dP%lbe‘Eﬁﬁ%43§é?f d (B A yapBenmelepy o

di am ne | eads tgakd @Iﬂyﬁﬁlﬁh{i\% Pélybitepahiies/N TieesisShe UnivepsitinefiTwente (1995). J.
27 Even at low levels of amide functionality (<1%), enhanced crystallization rates
and increases in heat distortion temperature are observed. Unfortunately, it
has proven difficult to prepare the polyesteramide polymers, due to side
reactions observed upon introduction of a diamine into a polyester synthesis.
For example, attempts to combine dimethyl terephthalate with
butanediamine in the melt lead to significant levels of methylation on the
amine (as much as 25%), which precludes efficient high molecular weight
polymer formation upon introduction of a diol.

Currently, polyester amide polymers are prepared by a two step
process, in which an intermediate bis-esteramide such as butylene-1,4-bis(p-
carbomethoxy benzoyl amide) (T4T) is first prepared and purified, followed
by utilization of that bis-esteramide as a comonomer with DMT and

butanediol in the polymerization step.
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515 (199%). This route is not conmmercially viable due to limted
availability of the nonoacid, and to-the necessity of its conversion to
acid chloride. Am de ester exchange of diam nes on dinethyl terephthal ate
has been extensively studied by the Gaymans group at the University of
Twente. See R J. Gaymans and J. L. de Haan, Polyner, 34, 4360 (1993); A
van Bennekom "Fast Crystallizing Polyestﬁranldes " Thesis for University
of Twente (1995) and Hotten, R'W Chem InAd. Eng. 1957,49, pl691. According
to the Gaynmans process, I|th|un1nethOX|de s used as the base in an am de
ester exchange with excess dinmethyl terephthalate (DMI). The use of
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| ntermedi ate. rmxAt t Fo t at noP/Otol eﬂeyggii\{xé 1 lu(%rnxsme oxide as a catalyst at
levels of up to 30% molar, based on diamine. This process is disclosed in U.S.
Patent 5,510,451 to Gaymans, et al. According to the patent a bisester diamide
is prepared in a first step by reaction of a diamine with at least two-fold molar
quantity of a diester of terephthalic acid, for example, dimethyl terephthalate.
This reaction is generally carried out in the presence of a catalyst, for example,
Li(OCH3). A mixture of the diester diamide, a diol and optionally
terephthalic acid, or a terephthalic acid derivative, may then be condensed to
form a prepolymer. This prepolymer may finally be postcondensed to form a
copolyester amide having the desired properties.

The above processes are, in general, complex and uneconomical,
especially in view of the high amounts of catalyst utilized, since the various
intermediate products have to be isolated and purified. Hence, it is desirable
to develop a simpler and more economical process which requires fewer

process steps without complex purification of intermediate products.
Summary of the Invention

Preparation of polyesteramides with high levels of amide functionality
has required a discrete step for preparation and purification of a
bisesteramide intermediate. Attempts at one-pot polymerizations have



3 resulted in | ower nol ecular weights.than desired. As illustrated bel ow,
the primary side reaction which limts polymer chain growth is nethylation
of the diamne, resulting in chain term nation. AFthough snmall amounts of
these term nal groups can be tolerated when the | evel of am de
functionality in the polyesteram de polyner is |ow, at higher am de
| oadi ngs, the termnation significantly I?m’ ts buil ding above Mv ~
40-50, 000. [err] Several nmethods are available for preparation of the
desired bis- esteram de internediates, each with its [imtations. Reaction
i n met hanol or tol uene/ methanol m xtures affords yields of 80-90% T4T, but
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We have found “that pol yesteramdes can be prepared via a three-step,
one-pot process, involving 1) transesterification of a

di al kyl -terep %Jf: such as DMT tx pWH@EBENH, M Xt up
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Several methods are available for preparation of the desired bis-
esteramide intermediates, each with its limitations. Reaction in methanol or
toluene/methanol mixtures affords yields of 80-90% T4T, but requires 5-10%
lithium methoxide as a catalyst and long reaction times (24-48 hrs). Reaction
in N,N-dimethylformamide (DMF)/toluene mixtures is significantly faster,
requiring only 2-6 hr reaction times, but necessitates use of higher levels of
lithium methoxide (20-30%), and also requires a dry reaction medium. Direct
reaction of a diamine with the monoacid chloride gives the most convenient
preparation, but is limited by the availability of the starting material.

We have shown that phenyl esters react via amide-ester exchange
significantly faster than the methyl ester. We have found that
polyesteramides can be prepared via a three-step, one-pot process, involving
1) transesterification of a dialkyl-terephthalate such as DMT to produce a
mixture containing phenyl ester, 2) ester-amide exchange, to produce a
mixture of bis-esteramide and a dialkyl terephthalate such as DMT, and 3) °
polymerizaton of the resulting mixture with butanediol. Alternatively, the
bis-esteramide such as butylene-1,4-bis(p-carbomethoxy benzoyl amide) (T4T)
product can be isolated after the step 2 ester amide exchange and used in
polymerization reactions.

" In accordance with one aspect of the present invention, there is
provided a process for making a polyesteramide composition comprising



4 formng an al kyl aryl terephthalate ester froma dial kyl terephthal ate by
transesterification, reacting said alkyl aryl aromatic phthalate ester with
an alkyl diamne to forma bis-ester am de. The resulting bis-ester am de
is preferably polynerized with a diol and a terephthal ate ester to forma
pol yester am de. I n accordance with another aspect of the present

I nvention, there is provided a process foy making-a pol yesteram de
conposition conprising form ng an al kyl aryl terephthal ate ester froma

di al kyl -terephthal ate by transesterification wherein said al kyl aryl
aromatic phthalate is present in a resulting reaction product, contacting
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Conver si on ofestrHhide with raecBBI 8R4 d'dtalkyl Rbeplth3laf®RPform a polyester amide.
In accordance with another aspect of the present invention, the
amidation reaction product containing the bis-ester amide is directly reacted
with the diol.
- The above process represents a economically Vlable synthesis of bis-
esteramides such as T4T.
Polyesteramide resins are disclosed in copending application Serial No.
08/397,324 to Bailly, et al., filed March 1, 1995. Blends of polycarbonate resins
and polyesteramide resins have been disclosed in commonly owned and
pending application Serial No. 08/397,327 to Bailly, et al., filed March 1, 1995.
Blends of polyphenylene ether resins and polyesteramide resins have been -
disclosed in commonly owned and pending application Serial No. 08/590,852
to Bailly, et al,, filed January 24, 1996.
Description of the Preferred Embodiments
Bis-esteramides such as butylene-1,4-bis(p-carbomethoxy benzoyl
amide) [T4T] can be produced conveniently in a two-step, one pot reaction of
dimethyl terephthalate. Conversion of dimethyl terephthalate first to a mono-
phenyl ester via transesterification with, for example, diphenyl terephthalate,
diphenyl carbonate, phenol, or phenyl acetate (Eqn. 1), followed by reaction
with a diamine (Eqn. 2) leads to the desired bis-esteramide. Alternatively,
monomethylterephthalate can be formed via selective hydrolysis of DMT,
followed by esterification to methyl phenyl terephthalate using phenol and



phenyl ester via transesterification with, for exanple, diphenyl
terepht hal ate, di phenyl carbonate, phenol, or phenyl acetate (Eqn. 1),
followed by reaction with a dianmne (Eqn. 2) |eads to the desired

bi s-esteramni de. Alternatively, nononethylterephthalate can be forned via
sel ective hydrolysis of DMI, followed by esterification to nethyl phenyl

t er epht hal at e usi ng phenol and 5 boricgacid. Because phenyl esters react
significantly faster than nmethyl esters in the am dation step, the product
is significantly purer than that obtained upon direct reaction of a diam ne
wi th di nethyl terephthal ate. The bi s- esteram des, which have limted
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The resulting product of the transesterification reaction containing the
phenyl alkyl ester is reacted via amide-ester exchange. In the case of the
methyl phenyl terephthalate ester, the reaction is significantly faster than for
the methyl ester. Next, the resulting reaction product containing the phenyl
alkyl ester is reacted directly with a diamine via ester-amide exchange to
produce the bisester amide. The ester-amide exchange may be carried out by
using the reaction product from the transesterification reaction in
substantially unaltered form. Significant purification or alteration of the
transesterification reaction product is avoided according to one aspect of the
process of the present invention. '

Transesterification to produce the phenyl esters can be carried out
using a variety of reagents. The reaction can be catalyzed by titanates or by



6 ot herscommon transesterif.ication catalysts, and takes 15 mn to 2 hours
at reaction tenperatures of 140-160[err]C. The reaction can be carried out
neat or in an inert solvent such as xylene. Use of diphenyl terephthal ate
(DPT) leads directly to m xtures of DMI, DPT, and the desired m xed esteér,
met hyl phenyl terephthalate (MPT) (Egn. 1). Ideally, in order to obtain
pure bi sesterani de and avoi d ol i gonerizaki on reactions, pure MPT and a

m ni rum of DPT woul d be desired. Transesterification produces a statistical
m xture of products, and so use of excess DMI is required if significant
quantities of DPT are to be avoided. Al though no by-products are forned
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available than DPT, and transesterifies at about the same reaction rate (Eqn.
4). The by-products of reaction, dimethyl carbonate (DMC) and methyl
phenyl carbonate (MPC) must be removed prior to introduction of the
diamine, to avoid urethane formation. Phenyl acetate is convenient, since it is
commercially available, and the by-product which forms, methyl acetate, boils
at about 60°C, and thus is easily removed from the reaction medium (Eqn. 5).

Another way to generate alkylphenylterephthalate is partial phenolyéis
of a dialkylterephthalate with phenol. Despite the low nucleophilicity of
phenol, this route may still be attractive for use on an industrial scale, as
phenol is readily available, and because potential carbonate- and/or acid-
residuals that can react with amines are absent. Furthermore, phenol is
generated again upon amidation:of the alkylphenylterephthalate, and in
principle can therefore be re-used in the phenolysis reaction of the
dialkylterephthalate. (Eqn. 6) '



7 [err] As with above described transesterification reactions utilizing DPT
or DPC, an excess of DMI is needed to avoid the formation of significant
quantities of DPT when preparing MPT. .The reaction can be catal ysed by
titanates or other conmon transesterification catalysts and can be effected
both in the nelt or in a high boiling solvent, such as nesitylene. The use
of a (refluxing) solvent is also advantaggous to mnimze | osses of phenol
and/ or DMT by sublinmation. Suitable reaction-tenperatures are
170-190[err] C, other paraneters to speed the reaction being

react ant-concentration and effective renoval of MeOH -An inert-gas flow

t hrough the reaciame contents can help to drive the reaction into the

t her nodynami cally unfavorabl e di rection. When a high boiling solvent is

used, a hot w (70-80%¢err] | ed condensor is ver% usef ul f remove
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(Typi cal reactT™g &‘onvert 60-80 % of the phenol to phenyl ester

(using a QVI/ P noI nol QF’Bratlo of 3/1) are 2-3 hours for nelt reactions,
5-6 hours forO850Msolids reactions and 8-10 hours for 30 % solids
reactions). Because ami dation of MPT is very fast, even at 30-60[err]Cin
sol ution, subgtitaped phenols with a | ower nucl eof ugacity conpared to

phenol in the 8 ami dation-reaction but a higher nucleophilicity in the
transesterificgNon- readtion with e.g. DM may be considired. This may
bri.ng condi ti of+ bot bl eact i("@Bc| o + preeacheOLh ﬁ s
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phenol s in thisjrespect may be acconplished by nethods known in the art,

i ncl udi ng posefbtaMeeactivation by steric hindrance of ortho-substitution.
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af fecting the ?I‘@HBGQUI rements of the nucle eMby changi ng for

i nstance the pata-substi tuent frpgklil‘ydrogen to
@/ DMT + + DPT + MeOH] (6)
‘CH_; O 0~Ph

As with above described transesterification reactions utilizing DPT or
DPC, an excess of DMT is needed to avoid the formation of significant
quantities of DPT when preparing MPT. The reaction can be catalysed by
titanates or other common transesterification catalysts and can be effected
both in the melt or in a high boiling solvent, such as mesitylene. The use of a
(refluxing) solvent is also advantageous to minimize losses of phenol and/or
DMT by sublimation. Suitable reaction-temperatures are 170-190°C, other
parameters to speed the reaction being reactant-concentration and effective
removal of MeOH. An inert-gas flow through the reactor contents can help to
drive the reaction into the thermodynamically unfavorable MPT direction.
When a high boiling solvent is used, a hot water (70-80°C) cooled condensor
is very useful to remove methanol selectively, while keeping mesitylene and
phenol in the reactor. (Typical reaction times to convert 60-80 % of the phenol
to phenylester (using a DMT/Phenol molar ratio of 3/1) are 2-3 hours for
melt reactions, 5-6 hours for 85 % solids reactions and 8-10 hours for 30 %
solids reactions). '

Because amidation of MPT is very fast, even at 30-60°C in solution,
substituted phenols with a lower nucleofugacity compared to phenol in the



nitro or- nethoxy. Several phenols with electron-donating substituents, |ike
p- net hoxyphenol, p-cresol, 2,6-dinethyl phenol and p-di net hyl am nophenol
were confirnmed to be nore reactive than phenol in esterification of DMI

t hough 2, 6-di net hyl phenol suffered clearly fromsteric hindrance. It was

al so proven that, besides the |ower reactivity of the MPT-internedi ates
towards di am nes, clean and fast conversigpn to T4T was possible. It is
known that the speed of nucleophilic substitutions can be influenced by the
solvent that is used. Several transition state stabilizing solvents |ike

di phenyl et her and di chl orobenzene were investigated Their effect on the.
speed of theaﬁﬁdﬂﬁbﬂ-&é&cﬁo@ﬁbﬁtw higkera ppaleop hxl ot thien@ansdsgptificationce.
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It is known that the speed of nucleophilic substitutions can be
influenced by the solvent that is used. Several transition state stabilizing
solvents like diphenylether and dichlorobenzene were investigated. Their
effect on the speed of the phenolysis reaction was apparant but of minor
significance. _ '

Once a mixture of MPT and DMT is produced, amide-ester exchange
occurs readily (Eqn. 2). Whereas reaction of a diamine with DMT requires
reaction temperatures of 170-175°C to achieve useful rates, in the absence of

catalyst, - the phenyl ester reacts cleanly at 120°C. Since this temperature is
significantly lower than that used for the reactions of methyl esters, far fewer
by-products due to amine methylation are present. Since the product is
cleaner, direct polymerization of the reaction product is possible, upon
addition of butanediol and esterification catalyst. High molecular weight
polymers have been achieved with 5% and 10% amide functionality. _

Although direct polymerization of the crude product may be desirable,
phenol will be liberated during the polymerization, since it is the by-product
of the amide-ester exchange process and is still present in the reaction
medium. If the presence of phenol is to be avoided, e.g. to improve color of

&-...->

(L)

the polymer or to prevent contamination of the condensate, isolation of the
product T4T might be desirable. Since the amide-ester reaction can be carried



One technique for production of T4AT is to 1) carry out the phenolysis, 2)
per f orm anmi de-ester exchange, 3) filter off the T4T fromthe

sol vent / DMT/ phenol mi xture, 4) return the filtrate (sol vent/ DM/ phenol)
into step #1, and 5) wash T4T with water to renove residual phenol. The
routes to T4T described in this letter so far depend upon the formati on of
a m xed terephthal ate nononer, MPT via rgaction of various reagents with
excess DMI, in order to mnimze formati dn of DPT. These reactions are
non-sel ective with respect to the conversion of nethyl esters to phenyl
esters, formng statistical m xtures of products. These nethods use | ow DMI
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the net hyl eE4I419 during anudatlon, which are not desireable. Unless the mixture of
DMT/T4T can be used directly, such low-conversu_)n reactions are
economically unattractive. Therefore, a reaction which selectively forms
phenyl esters without leading to formation of DPT (either.through double
reaction of DMT or through equilibration of MPT to DMT, MPT and DPT)
would be highly desireable.

It is known in the literature that DMT can be selectively mono- .
hydrolyzed to monomethyl terephthalate (MMT) via treatment with KOH in
toluene. See Hotten, RW. Chem. Ind. Eng. 1957, 49, p1691. This reaction is
highly efficient (yields >95%) and produces high purity MMT (purity =
99+%). The key requirement is therefore conversion of mono methyl
terephthalate (MMT) to methyl phenyl terephthalate (MPT) without the
equilibration of the product MPT. Quite unexpectedly, we found a reaction
for converting MMT to MPT via reaction in the melt with diphenylcarbonate
(DPC) and a catalyst. (Eqn. 7) Though the reaction of DMT with DPC in
solution is described herein, it was not known that the acid would react
directly and be selective for formation of MPT only. As shown by the data in
example 16 below, this reaction cleanly forms MPT without equilibration or
reaction at the methyl esters.




10 [err] The reaction is sensitive to tenperature, as shown by conparing
entries 2,3,4 and 5 of Table 1. The tenperature needs to be kept bel ow
220[err]C to prevent rapid equilibration of the product. The MMI: DPC ratio
is also inportant as it appears that equilibration of the product MPT is

I nhi bited by the presence of MMI. Thus, it is best to run-the reaction near
210[err]C with a slight excess of MMI (2% to prevent formation of DMI and
DPT. A second procedure for formng MPT Trom MMI relies on direct
esterification with phenol. Lowence has shown that boric acid/sulfuric
acid mxtures catalyze the preparation of phenyl esters from carboxylic
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Preferred PER ar Bt W35 ggf:éa%lsl Pgrauon of the product MPT is inhibited by
the presence of MMT. Thus, 1t is best to run the reaction near 210°C with a
slight excess of MMT (2%) to prevent formation of DMT and DPT.

A second procedure for forming MPT from MMT relies on direct
esterification with phenol. Lowrence has shown that boric acid/sulfuric acid
mixtures catalyze the preparation of phenyl esters from carboxylic acids and
phenols, presumably via the intermediacy of triaryl borate. 9" Reaction of
MMT with phenol in the presence boric acid and sulfuric acid leads directly to
a high yield of MPT.

" This procedure should be useful for preparation of bisesteramides and
polyesteramide polymers in general. Although dimethylterephthalate was
used in all the examples, other ester starting materials could be used. Other
phenyl esters could also be used for the transesterification, and a variety of
transesterification catalysts are known. This procedure - has been
demonstrated with 1,2-ethylenediamine, 14-butanediamine, and 1,6-
hexanediamine, producing T2T, T4T, and T6T respectively. Other diamines
should react accordingly. :

Generally, polyesteramide resins (PEA) are polymers comprising units
represented by the amic}e formula (I):

i
0

and the ester formula (II):



PEA. Substantially. aliphatic PEA refers to PEA containing at |east about 10
nmol % preferably at |east about 20 nol % aliphatic residues in the PEA In-
a broad sense, polyners containing all ratios of fornmula (1) to fornula
(I'l) are possible and at the extreme where the anmount of formula (1) in

t he pol yners approaches zero, the polymers would be pol yam de resins and
conversely, where the anpunt of formula f{4) in t he pol ymers approaches ~
zero, the polyners woul d be known as polyester resins. For the present

i nvention, however, the ratio of units of forrmula (I) to units of formula
(1) are about 1 to 1 or | ess, preferably about 1 to 2 or |ess, and nost
preferably 1 to 3 or less. The agde fornula (1) is generally derived from
a reaction between: (i) conpound$l having at | east one am ne group,
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from t he gr dopention,however, the ratio of units of formula (J) to units of formu a (II) are
about 1 to 1 or less, preferably about 1 to 2 or less, and most preferably 1 to 3
or less. o
The amide formula (I) is generally derived from a reaction between:
(i) compounds having at least one amine group, represented by
the general formula (III):
Ifz
RI—N"'R3

- (1)
and
(ii) compounds having at least one moiety having a carbonyl
group, or a moiety capable of forming a carbonyl group, and capable of
reacting with the amine of formula (III), and represented by the general
formula (IV): | |

il
) Ry—C=X

In formula (III), each Ry, Ry, and R3 can independently be a hydrogen,
a Cy1_90 alkylene or Cg_o( arylene group with the proviso that at least one of
R1, R, or R3 is a leaving group, and with the proviso that at least one of Ry,
Ry, or R3 also contain at least one reactive moiety selected from the group
consisting of amine, hydroxyl, carboxylic acid, imido, anhydride, ester, epoxy,
carboxylic acid salt, or mixtures of the foregoing.

In formula (IV), Rq is generally a C1_pg alkylene or Cg.9g arylene
group that contains at least one reactive moiety selected from the group



consi sting of anine, hydroxyl, carboxylic acid, imdo, anhydride, ester,
epoxy, carboxylic acid salt, or m xtures of the foregoing. Also in formula
(I'V), Xis a leaving group capabl e of being displaced by a nucl eophilic
speci es, such as, for exanple, hydroxyl or am no. In accordance with the
principles of the present invention, typical carbonyl-containing conpounds
are represented by the fornmula: [err] mhiﬁein Y is a divalent aliphatic or
aromatic group containing at |east two cafbon atons and one X is an al koxy,
such as nethoxy or ethoxy and the other X is an aryloxy, such as, for
exanpl e, phenoxy. In the preferred enbodinent, formula (I111) is a |ower
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defined for Rerr] in fornula ((DV) Ootionally, it is possible for the

di ami de or mixtures of diam gesht have the formula (VIII): 13 [err]
wherein R err], R[(v;r] Rl er ]_%nd arfY] are, independently, aryl or alKkyl

g oupe. ech LD {0y R CALDIN B Sy, R0, MOS0 eRon ikah 8RS,
menber ed ri ngatboruatome andnoheXcis an alkoxy, such as methoxy or ethoxy and the
other X is an aryloxy, such as, for example, phenoxy.
In the preferred embodiment, formula (III) is a lower alkyl diamine
and formula (IV) is an phthalate or naphthalenedicarboxylate derivative.
Preferred diamines are dimethylenediamine, tetramethylenediamine,
hexamethylenediamine. Preferred phthalate and naphthalenedicarboxylate
species, and lower alkyl and aryl esters of the foregoing and 2,6-
naphthalenedicarboxylic acid as well as the corresponding lower alkyl and
aryl naphthoate esters.
When the amine in formula (IIl) is a diamine, the amide of formula (I)
can become a diamide comprising units represented by the general formula

(VII):

[ n .
Ry—C-N—Re-N—C—Ry .

vy H H

wherein Rg is a C7.20 alkylene or Cg_pq arylene group and Ry is as previously
defined for R4 in formula (IV).

Optionally, it is possible for the diamide or mixtures of diamides to
have the formula (VIII):



X1, X2, X3 and. X4 is, independently, a noiety selected from hydroxy,
carboxylic acid, a lower alkyl or aryl ester of a carboxylic acid, epoxy,
carboxylic acid ammonium salt or an anhydride, or hydrogen provided that at
| east one of X1 or X2 and X3 or X4 are not hydrogen. Rerr] is a (Jerr]

al kyl ene or Cerr] arylene group. -In a preferred enbodi nent, the carbonyl
species of fornula (IV) is a bis-carbonyligspecies and the resultant am de
of fornmula (1) conprises units representeg by the general fornula (IX):
[err] wherein'Zis a |leaving group. R err] is as previously defined in
formula (VMIl1), and each R err] independently is generally Cerr] al kyl ene,
or Clerr] arylene, or mxtures of t foregoipg. Preferably R6 is a

1, 2-ethylene or 1, 4-butylene group dnd each err] is para-phenyl ene. Wen
Z is an al koxy or aryloxy gragp-kg—tbrnula (E&?‘Rrﬂﬁﬁresultant formul a can
be referred to as a "bhisester dlan1de$p4 red to as BEDA hereinafter),
e.g., a bisester diamde basg%_oﬁ.LQ{epht al id gg r its derivative and
amine or its derivative. For urposes of si npjji d future reference in
the exanmples, in formula (1X) when Dis netho@y, R[err] i s p-phenyl ene, and
Rlerr] is tetraneﬁﬁ?lbne the resultlng conpound i s abbrevi ated as

T4T: di met hy | whbeid &l (Poce] Kideontektyasge dhoatiyl B, cash
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at least one of X3 or X3 and X3 or X4 are not hydrogen. Rg is a C1.p¢ alkylene

or Cg.p0 arylene group.

In a preferred embodiment, the carbonyl species of formula (IV)is a
bis-carbonyl species and the resultant amide of formula (I) comprises units
represented by the general formula (IX):

b 7 P 0
Z—C—Rg—C—N—Rg-N—C—Rg—C—Z

09 H H

wherein Z is a leaving group. R is as previously defined in formula (VII),
and each Rg independently is generally Cg_n( alkylene, or Cg.pq arylene, or
mixtures of the foregoing. Preferably Rg is a 1,2-ethylene or 1,4-butylene
group and each Rg is para-phenylene.

When Z is an alkoxy or aryloxy group in formula (IX), the resultant
formula can be referred to as -a "bisester diamide" (referred to as BEDA
hereinafter), e.g., a bisester diamide based on terephthahc acid or its
derivative and amine or its derivative.

For purposes of simplicity and future reference in the examples, in
formula (IX) when Z is methoxy, Rg is p-phenylene, and Rg is tetramethylene,
the resulting compound is abbreviated as T4T-dimethyl. Similarly, in formula
(IX) when Z is methoxy, Rg is p-phenylene, and Rg is hexamethylene or
ethylene, the resulting compounds are abbreviated as T6T-dimethyl and
T2T-dimethyl, respectively.



aryl ene, and wherein e and f are each an integer greater than or equal to
1. Preferably, Rlerr] and Rlerr] are the sane and are arylene, preferably a
para- phenylene radical and preferably R err] and R err] are the sanme (thus
s=t in Pst defined below) and are C[err] to CJerr] alkylene. It is
preferable for e to be 1 or a m xture of 1 and hi gher integers wherein the
fraction of said higher integers is |ess than about 15% and nore
preferably | ess than about 10% In f or mida (X), when Rlerr] and Rlerr]. are
the sane, preferably para- phenyl ene, the polynmer conprising units of
formula (X) can be referred to as a Pst, wherein s refers to the nunber of
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rmxture of 1 and higher integers wherein the fraction of said higher integers is
less than about 15%, and more preferably less than about 10%.
In formula (X), when Ry and Rg are the same, preferably para-
phenylene, the polymer comprising units of formula (X) can be referred to as
a Pst, wherein s refers to the number of carbon atoms in Rg, and t refers to the
number of carbon atoms in Rg. For example, the PEA derived from 14-
butanediol and tetramethylenediamine as the diol and diamine respectively
would be referred to as P44 and the PEA derived from 1,2-ethanediol and
tetramethylenediamine would be referred to as P24. To designate the mole
percentages of diamine based on the total of diamine and diol, the mole
percentage of diamine is commonly designated as Pst-%. According to this .
nomenclature scheme, a PEA derived from 1,2-ethanediol and 1, 4-
butylenediamine wherein the tetramethylenedlanune is at a level of 20 mole
percent, would be referred to as P24-20.
: EXAMPLES

Example 1

Transesterification using diphenyl terephthalate melt reaction is
carried out as follows. Dimethylterephthalate (9.97 g; 50 mmol) and diphenyl
terephthalate ( 3.50 g; 10.0 mmol) were combined and heated to 220°C, at
which point tetrakis-(2-ethylhexyl)titanate (0.25 ml of 1.0 M solution in
xylene; 0.25 mmole or 0.50 mole % vs DMT) was added. After 15 minutes,
vpc analysis showed complete equilibration to a mixture of DMT, MPT, and
DPT.



Transesterification using di phenyl terephthalate by a solution reaction is
carrjied out as follows. Dinethylterephthalate (9.97 g; 50 mmol) and

di phenyl terephthalate ( 3.18 g; 10.0 nmol) were conbi ned and heated to
reflux in 50 nmL of xylene, at which point tetrakis-(2-ethylhexyl)titanate
(0.25 mM of" 1.0 Msolution in xylene; 0.25 mole or 0.50 nole %vs DMI) was
added. After 1.5 hours, vpc analysis showed conplete equilibration to a

m xture of DMI, MPT, and DPT. Exanple 3 Transesterification using diphenyl
carbonate by solution reaction is carried out as foll ows.

Di met hyl terephthal ate (9.97 g; 50 mmol) and di phenyl carbonate ( 2.14 g;
10.0 mml ) wdxangslef2 ned and heated to reflux in 50 ni of xylene at whi ch
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fromthe di spppdartatinetiof carbonate was allowed to slowly distil, along with xylene as

the bath temperature was increased to 175°. After 1.5 hours, vpc analysis
showed complete equilibration to a mixture of DMT, MPT, and DPT, with
only a trace of methyl’phenyl carbonate remaintng (lt:bS than 2%).
Example 4

Transesterification using phenyl acetate as a solution reaction is carried
out in the following manner. Dimethylterephthalate (9.97 g; 50 mmol) and
phenyl acetate ( 2.72g; 20.0 mmol) were combined and heated to reflux in 50
mL of xylene, at which point tetraisopropyltitanate (75 uL, 0.25 mmole or 0.50
mole % vs DMT) was added. The by—prodtict_methyl acetate was allowed to
slowly distil, along with xylene as the bath temperature was increased to 170°.
After 1.5 hours, vpc analysis showed complete equﬂibratfon to a mixture of
DMT, MPT, and DPT, with no trace of phenyl acetate remaining.
Example 5 -

The esteramide exchange is carried out as follows. The crude product
from each of examples 1-4 was cooled to 120-140°C, and was treated with 1,4-
butanediamine (10 mmol; 1.05 mL). Within 15 minutes, a precipitate began to
form, which was identified as 'I‘4T-by size exclusion chromatography (SEC).
The reaction was complete after two hours, evident from the disappearance of
the methyl phenyl terephthalate peak by vpc.  SEC analysis showed




t he met hyl phenyl terephthal ate peak by vpc. SEC anal ysi s showed 16
formation of T4T as well as a small anount of oligoneric esteram de (~1-
10% . T4T could be isolated by cooling to anbient tenperature, dilution
with CHerr]dJ[err], and filtration, washing with nore CHerr]C[err].
Exanpl e 6 Transesterification using a phenol nelt reaction was carried out
as follows. Dinethylterephthalate (75.0 g; 0.38 mol) and phenol (12.0 g;
0.13 nol) were conbined in an oil heated }&und- bot t oned fl ask, equi pped
with magnetic stirrer, Dean-Stark trap and nitrogen inlet. The m xture was
heated to 190[err] C, at which. poi nt tetra-n- butyltitanate (0.2 g; 0.15 nole -
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achi eved. MPT and DPT. The relative amounts of these products was dependent on the
degree of conversion of phenol, which is determined by the efficiency of the
MeOH removal. Typical phenol conversions of 60-80 % are achieved,
resulting in a DMT:MPT molar ratio of 2.8-4.0 : 1. The amount of DPT wvs.
MPT was in the range of 1-5 mole %.
Example 7

Transesterification using phenol in a solution reaction was carried out
as follows. Example 6 was repeated, but now 20 ml mesitylene was added
next to the DMT and phenol. The Dean-Stark trap was replaced by a
condenser with circulating water at a temperature of 80°C. The reaction
mixture was heated at 180 °C and the nitrogen flow was adjusted for a gentle
reflux. The main advantage of the addition of a solvent is that no sublimation
of phenol and DMT occurs. The data (see: example 6) about the
DMT/MPT/DPT ratio of the melt reaction also apply to the solution reaction,
but reaction times are longer, £.i. after 4 hours typical phenol conversions of
60-80 % are achieved.
Example 8
Transesterification using p-methoxyphenol as a solution reaction was
“carried out as follows. Example 7 was repeated, but now the phenol was '

replaced by p-methoxyphenol (15.8 g; 0.13 mol). After 2.5 hours the reaction
mixture did not contain any p-methoxyphenol as demonstrated by GLC;
complete conversion to the MPT derivative resulted, with only 7 % (vs MPT)
of the DPT derivative being present.




Exanpl e 8 Transesterification using p met hoxyphenol as a sol ution reaction
was carried out as follows. Exarrpl e was repeated, but now the phenol was
repl aced by p-met hoxyphenol (15.8 g; O 13 nol). After 2.5 hours the:
reaction mxture did not contain any p-nethoxyphenol as denonstrated by
G.C, conplete conversion to the MPT derivative resulted, with only 7 % (vs
MPM of the DPT derivative being present 17 Exanple 9 Esteram de
exchange was carried out as follows. To tIZe crude product from each of
exanples 6, 7 and 8 was added 200 ml nesityl ene .and the m xture was cool ed
to 140[err]C. After the addition of 1,4-butanediamne (3.4 g; 39 mmol),

precipitati o?ﬁ&gﬂ[e%w thin 15 mnutes. After 2 hours, the reaction m xture
was filtrated over_a Bi c_hner funnel that: was heated with circul ating water
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Both HT-GLC and 1H-NMR analysxs indicate that pure T4T is formed.
Low-set GPC analysis showed the presence of 8 % of T4T oligomers (mainly
T4T4T) and perchloric acid titratables were 120 peq/g. The titratables could
be further reduced to 30-40 peq/g by washing with (warm) MeOH, resulting
in a monomer purity sufficient to obtain high molecular weight, high amide
containing polyesterarmdes (see example 15)
Example 10

PBT with 5 mol% of butanediol replaced by butanediamine via
incorporation of T4T obtained via transesterification using diphenylcarbonate.
Dimethylterephthalate (244 g;.1.26 mol), diphenylcarbonate (54 g; 0.25 mol)
and tetrabutyltitanate (1.45 g)' were heated to 200°C under nitrogen in a 2 1
stainless steel reactor equipped with a torque measuring stirrer.
Dimethylcarbonate was distilled off. After 1.5 hour the reactor was cooled to
160°C and 1,4-butanediamine (17.6 g; 20 mol) was gradually added. A white
precipitate formed.

After 1.5 hours, dunethylterephthalate (550 g; 2.83 mol), 1,4-butanediol
(622 g; 6.91 mol) and tetrabutyltitanate (1.1 g) were added, and temperature
was increased to 175°C. When 90% of the methanol (250 ml) had distilled off,
temperature was increased by 2°C/min to 235°C and by 1°C/min to 250°C. At
250°C vacuum was gfadually applied and stirring speed was gradually
reduced. After about 1.5 hours and upon reaching maximum torque at lowest
stirring speed, the reaction was terminated by breaking the vacuum with
nitrogen. Under slight nitrogen-overpressure, the reactor was emptied via a




and tetrabutyltitanate (1.45 g) were heated to 200[err] C under nitrogen in
a 2 1 stainless steel reactor equipped with a torque neasuring stirrer.

Di net hyl carbonate was distilled off. After 1.5 hour the reactor was cool ed
to 160C and 1, 4-butanedianmne (17.6 g; 20 nol) was gradually added. A white
precipitate forrred. After 1.5 hours, dinethylterephthalate (550 g; 2.83
nol ), 1,4-butanediol (622 g; 6.91 nol) a tetrabutyltitanate (1.1 g) were
added, and tenperature was increased to 1I75C Wen 90% of the methanol (250
m) had distilled off, tenperature was increased by 2C/ nmn to 235C and by
10 mn to 250C. At 250C vacuum was gradual fy applied and stirring speed was
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is 90:1 % Carqoaa:rat flarekeek bypdiestea and not by other dlanude-segments In other
words, the uniformity of diamide-segments with sequence-length equaling 1
is 90.1%.
Comparative example 10a. :

PBT with 5 mol% of butanediol replaced by butanediamine via
incorporation of T4T obtained using LiOMe catalysis. Dimethylterephthalate
(88 g), N,N-dimethylformamide (DMF) (210 ml) and toluene (210 ml) were
placed in an oil heated 1 liter glass reactor equipped with Dean-Stark trap,
reflux cooler, stirrer and'nitrogen inlet, and were heated under nitrogen to
about 140°C. 1,4-diaminobutane (8 g) and LiOCH3 (0.65 g) were added. The
solution was stirred for about 4 hours during which a precipitate formed. The
precipitate was hot-filtered, washed with hot toluene, then with hot methanol,
and was dried at about 175°C during 1 hour. Yield of T4T:was 82%.

To a 1 liter glass reactor equipped with Dean-Stark trap, condenser,
stirrer and nitrogen inlet was added dimethylterephthalate (337 g; 1.735 mol),
afore mentioned T4T (37 g; 0.089 mol) and 1,4-butanediol (263 g). The contents
were heated under nitrogen to 165°C and allowed to dissolve while stirring.
046 ml Ti(OC4qHg)q4 were added and methanol started to distill off. The
temperature was raised to 235°C in 30 minutes. After collection of 160 ml
distillate, the Dean-Stark trap and condenser were replaced by a vacuum-line
with cold trap. Vacuum was applied gradually to a pressure of about 5 mm
Hg. When the viscosity started to rise the temperature was increased to 250°C




PBT with 5 nol % of butanedi ol replaced by butanedi am ne via incorporation
of TA4T obtai ned using Li OV catal ysis. Dinethylterephthalate (88 g),

NN- di net hyl f or mani de (DMF) (210 ml) and toluene (210 M) were placed in an
oil heated 1 liter glass reactor equipped with Dean-Stark trap, reflux
cooler, stirrer and nitrogen inlet, and were heated under nitrogen to about
140C. 1, 4-di am nobutane (8 g) and Li CI:HS% 0.65'g) were added. The sol ution
was stirred for about 4 hours during whi a precipitate formed. The
precipitate was hot-filtered, washed with hot toluene, then with hot

nmet hanol, and was dried at about 175[err]C during 1 hour Yi eld of T4T was
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and crystal zatxon point of 186°C.

Examples 10, 10a and 10b show that the 3 polymers are close enough to
be comparable in terms of crystallization rate, which is faster for the
polyesteramides than for the pure PBT. More importantly, it is shown that
hardly any differences exist between the polyesteramides of examples 10 and
10a, while the preparation in example 10 was far more easy than that in
example 10a.

Above polymers (17 wt%) were extrusion-blended with polycarbonate
(46 wt%, Lexan 125, General Electric), PBT (25 wt%, Valox 195, General
Electric), rubber impact modifier (11 wt%), stabilizers / processing aids (1 -
wt%), and injection molded into test-bars, which had following properties:



to 15-20 nmBar (15 mn) and further to 0.1-0.4 nmBar (60 mn). The pol yner
was renoved after cooling and breaking the vacuum . The pol yner had a Mwv of
93 kg/ Mol (vs.PS), helting point of 222[err]C, and crystallization point of
186[ err] C. Exanples 10, 10a and 10b show that the 3 polyners are close
enough to be conparable in terns of crystallization rate, which is faster
for the pol yesteram des than for the purgQPBT Mor e |nportantly it is
shown that hardly any differences exist t ween the pol yest eram des of
exanples 10 and 10a, while the preparation in exanple 10 was far nore easy
than that in exanple 10a. Above polymers (17 wt9% were extrusion-bl ended

wi th pol ycarbonate (46 wt% Lexan 125, Ceneral Electric), PBT (25 wt%
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Yield stress 2072 Mpa 2161 MPa 2221 Mpa
' 53.4 Mpa 553 MPa 56.2 Mpa

Above blends with polycarbonate show that the faster crystallization of the
polyesteramides provides a higher Vicat-temperature, probably due to their
faster phase separation.

Example 11.

PBT with 12 mol% of butanediol replaced by butanediamine via
incorporation of T4T obtained by transesterification using diphenylcarbonate.
Example 10 was repeated, but now 740 g (3.81 mol) dimethylterephthalate,
102 g (0.48 mol) diphenylcarbonate and 4.70 g tetrabutyltitanate were used,
the amidation was carried out at 145°C with 39 g 1,4-butanediamine, and no
additional dimethylterephthalate or new catalyst were added for the
transesterification / polycondensation. .

The polymer had a My, of 48 kg/Mol (vs.PS) , perchloric acid titratables of 35
neq/ g, melting point of 230°C, crystallization point of 201°C, amide content
11.6% and uniformity of 92.5%.

Example 12. ’

PBT with 14 mol% of butanediol replaced by butanediamine via
incorporation of T4T obtained by transesterification using diphenylcarbonate.
Example 10 was repeated with small changes to the amounts of the
ingredients so as to attain a slightly higher amide content.



Exanple 11. PBT with 12 nol % of but anedi ol replaced by butanedi am ne via

i ncorporation of TAT obtained by transesterification using

di phenyl carbonate. Exanple 10 was repeated, but now 740 g (3.81 nol)

di met hyl t erepht hal ate, 102 g (0.48 nol) di phenyl carbonate and 4.70 g
tetrabutyltitanate were used, the am dation was carried out at 145[err]C
with 39 g 1, 4-but anedi ani ne, and no addi ty4pnal di methylterephthal ate or new
catal yst were added for the transesterification / polycondensation. The

pol ymer had a Mwv of 48 kg/ Mol (vs.PS), perchloric acid titratables of 35
[err]ea/g, nelting point of 230'C, cryStaIIization poi nt of 201[err]C,
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Example 14
PBT with 11 mol% of butanediol replaced by butanediamine via
incorporation of T4T obtained by transesterification using diphenylcarbonate.
Example 11 was repeated with 1.5x the amounts of initial ingredients, but
after amidation the reactor was cooled down, its contents were crushed,
slurried 3x in water/methanol (50/50 v/v) using a high shear mixer, washed
with methanol and dried. 879 g of this material, containing only
dimethylterephthalate and T4T, were added to the reactor together with
butanediol (613 g; 6.81 mol) and tetrabutyltitanate (1.1g), and polymerized as
described in example 11. The polymer had a My, of 73 kg/Mol (vs.PS) ,
perchloric acid titratables of 15 peq/g, melting point of 232°C, crystallization
= ©  point of 197°C, amide content 11.5% and uniformity of 90.1%.
This example indicates that it is beneficial to insert a purification step
for obtaining high My, polyesteramides contammg more than 5 mol%
diamide.

Example 15

PBT with 11 mol% of butanediol replaced by butanediamine via
incorporation of T4T obtained by transesterification using phenol. To a 21 |
stainless steel reactor equipped with a torque measuring stirrer, Dean-Stark
trap and nitrogen inlet was added dimethylterephthalate (686 g; 3.536 mol),
TAT from Example 9 (194 g; 0.471 mol) and 1,4-butanediol (613 g; 6.811 g). The
contents were heated under nitrogen to 175°C and allowed to dissolve while



Exanpl e 14 PBT with 11 nol % of butanedi ol replaced by butanedi anine via

I ncorporation of T4T obtained by transesterification using

di phényl carbonate. Exanple 11 was repeated with 1.5x the anounts of initial
i ngredients, but after ami dation the reactor was cool ed down, its contents
were crushed, slurried 3x in water/nethanol (50/50, v/v) using a high shear
m xer, washed with nethanol and dried. 878,g of this material, containing
only dimet hylterephthal ate and T4T, were added to the reactor together with
but anediol (613 g; 6.81 nol) and tetrabutyltitanate (1.1g), and polynerized
as described in exanple 11. The polyner had a Mv of 73 kg/ Mol (vs.PS),
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and the mixture was stirred while heating via a mantle until the internal -
temperature was 70 °C and a clear, colorless homogeneous solution had
formed. To a1 L Erlenmeyer flask was charged KOH (87.0% purity, 60.0 g,
0.930 mol) with a magnetic stirbar. Absolute methanol (342 mL) was added
and the mixture was stirred to dissolve over ten minutes. The methanolic
KOH solution was transferred to an addition funnel which was then attached
to the 3 L flask. The base solution was added over § minutes with stirring but
no heating. A fine white precipitate formed immediately, and the mixture
was a thick slurry after 20 minutes of additional reaction time. Deionized
water (1 L ) was added to the reactor and the aqueous phase was separated in
a separatory funnel and returned to the reactor. Concentrated HCl was
added until the pH remained 2. During the addition a thick slurry formed of
a white precipitate. The solid was collected on a fritted glass filter and
washed twice with water. The solid was dried in a 110 °C vacuum oven for 16
hours. Yield of monomethyl terephthalate was 159.6 g (0.8868 mol), 95.4 %.
Example 17
Melt reaction of MMT with DPC. Monomethylterephthalate (0.9008 g,
5.00 mmol), diphenyl carbonate (1.071 g, 5.00 mmol) and tetraisopropyl
titanate (4.7 mg, 400 ppm as Ti) were charged to a 50 mL round-bottomed
flask. The flask was equipped with a mechanical stirrer and a reflux
condenser bearing a gas inlet connected to a N2 bubbler. Heating was
accomplished by placing the flask in a 210 ° C silicone oil bath whose




and unif-ormty of 90.8% Exanple 16 Preparation of Mnonet hyl
terephthalate. To a 3 L, 3-necked round- bottoned flask was charged DMI
(213 g, 1.10 nol). The flask was fitted with a reflux condenser bearing a.
gas inlet connected to a N2-bubbler, a nechanical stirrer and a

t hermoneter. Toluene (1.2 L) was added to the flask and the ni xture was
stirred while heating via a mantle until jthe internal tenperature was 70
[err]C and a clear, colorless honobgeneou$~solution had formed. To a 1 L
Erl enmeyer flask was charged KOH (87.0% purity, 60.0 g, 0.930 nol) with a
magnetic stirbar. Absolute nethanol (342 nL) was added and the m xture was
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The base sol WeSremRavesheeasionally yiareeling thy fias ﬁhgl_affm@némnth ARG Hg. A
f: ne whi ]Ee prs%alpaﬁq&& J\qcﬁadd%s Qiﬁmﬁtel?d RYMMIAMETS DMTtdHE DTS al@eatchbﬁgl ]
e s o e i ol TRkt S o g RS o nd
sepalr at (r)]ry f MIMET. Wabrkep. Wlepetded dpun teaclesited Gksecafntllteatvﬂﬂr;]l:ﬁh: smm?ﬂlded
until the pH_ L L i ! |.CK . a
white preci piatﬂgtlaébgﬁgéﬁes 5%]%{ o\%agg“’gﬁf$§g?et&%§n&g§$#€¥t1€d‘%‘{ryfg stg{lﬁﬁgg?b%nd
washed twi ce repctionwithyl 4-putanedidmings described in exapipleldy r ] C vacuum oven
05. 4 05 Examp AR RN bec o) N T b Nonpmethyterepht it at
(0.9008 g, 5.00 myol). diphenyl carbonate (1.071 g. 5@@@@3@*»‘:@5?41 ﬁ
t et rai sopropy RiF ( , 0 ppm i) c.g:ﬁhgﬂ ! L
round- bottome%fmg'l q '%‘?he‘}ﬂz"égg \ﬁé’g equi pg%aj‘vm t%\tg&gﬁrrec anpg%lfrpsi ?‘rgrprer and
a reflux con n:pﬁ bearing a gagMMIVBPC cdnnected to al N2 bubbler! Heafli ng
was acconpli ghed bygpl aci t he sk in 210 |Egerr] b1 i gone o bath
wo D Yoo ) Lo 3 b q % 0

ose

2 400 200 1.00 4 16 9 7 3
3 400 210 1.00 4 95 8 |7 |7
4 400 220 1.00 4 100 47 30 23
5 400 230 1.00 4 100 . |47 2 31
6 400 210 102 8 72 79 11 9
Example 18

Preparation of T4T from MMT/PhOH. To a 25 mL round-bottomed
flask was added recrystallized MMT (1.8142 g, 10.07 mmol), phenol (1.0779 g,
11.45 mmol, 1.14 equiv.), boric acid (33.1 mg, 0.535 mmol, 0.053 equiv.) and
xylenes (10 mL). The flask was equipped with a magnetic stirbar and a Dean-
_ Stark trap bearing a reflux condenser and a N2-inlet. The flask was stirred
" while heating via a 160 °C oil bath. After 15 min, the flask was removed from
the oil bath and sulfuric acid (conc., 26.8 mL, 0.502 mmol, 0.050 equiv.) was
added via an Eppendorf pipette. The flask was then replaced in the oil bath
and allowed to reflux. After 27 h, ITH-NMR analysis showed that the MMT
was 95.2% converted (86.6% MPT, 8.96% DPT and 4.45% DMT), at which -
point the reaction was cooled slightly, and transferred to a separatory funnel.
The light yellow mixture was washed with 5% NaOH solution then twice
with water. The organic phase was returned to the reactor were it was
azeotropically dried. 1,4-Butanediamine (475.6 mL, 4.73 mmol) was added to
the mixture which was stirred at reflux for 2.5 h. The resulting thick slurry
was diluted to double its volume with xylenes and centrifuged in 12 mL glass



tenperature was nmaintained with a proportional heater controller. Sanples
were renoved occasionally via cooling the flask slightly and wi thdrawi ng a
smal | ali quot which was ‘anal yzed for MMI, MPT, DMI and DPlI. Reactions were
run either until a fixed amobunt of time or until 100% conversion of the
MMI. Wor kup. depended upon the desired use of the MPT; for solution .
am dations the reaction m xture was thenzgissolved in xylenes fol 'owed by
reaction with 1, 4-butanedi am ne as described in exanple 11. Table 1.

Typi cal Results for MMI + DPC. Product Distribution Entry [Ti], ppm

Tenp.[err]C Ratio time, h % Conv. %WPT %OMI %OPT MMI/ DPC 1 200
200 0Qubes Th% solid vﬁas collectelpgnd w9ashed mﬁl 20 mL d’@ﬂl met29)] -
1.00 %h 1A2

4 95 watge, receptrlfuged 7tlgan waih%is mthzgg mL of mgthanol. ter

}130 - a7 céﬁtnfugm§3 third tim@Dthe resu&ﬁ% light tdn 86lid was dded in a 11®&C

o' Exampl e 18 YBFEREY QYFR o6k, TR FisliniPrRricde 81520) 2f TAT, SRS B Sifed

fl ask was addevealed thattibivias 24% TdlTwith 694 highpr dligod¥ersiol ), phenol (1. 0779
g, 11.45 mol, 1.14 equiv.), boric acid (33.1 ng, 0.535 nmol, 0.053 equiv.)
and xylenes (10 nL). The flask was equi pped with a magnetic stirbar and a
Dean- Stark trap bearing a reflux condenser and a N2-inlet. The flask was
stirred while heating via a 160 [err]C oil bath. After 15 mn, the flask
was renmoved fromthe oil bath and sul furi.c acid (conc., 26.8 nL, 0.502
mol , 0.050 equiv.) was added via an Eppendorf pipette. The flask was then
replaced in the oil bath and allowed to reflux. After 27 h, 1H NVR analysis
showed that the MMI was 95. 2% converted (86.6% MPT, 8.96% DPT and 4. 45%
DMI), at which point the reaction was cooled slightly, and transferred to a
separatory funnel. The light yellow m xture was washed with 5% NaCOH
solution then twice with water. The organi c phase was returned to the
reactor were it was azeotroplcally dried. 1,4-Butanediamne (475.6 nL, 4.73
mmol ) was added to



the mxture which was stirred at reflux for 2.5 h. The resulting thick
slurry was diluted to double its volune with xyl ene | - 12
1

mL gl ass 24 tubes. The solid was coll ected and was ] : 1:1 .
met hanol : water, recentrifuged, then washed with 20 n i “ fter
centrifuging a third time, the resulting light tan so M a 110

[err] C vacuum oven for. 16h. The yield wa 5. 79 g (92% of T4T. GPC anal ysis
reveal ed that it was 94% T4T with 6% hi ghér ol i goners. VWhat is clained
is: 1. A process for making a pol yesteram de conposition conprising formng
an al kyl aryl terephthalate ester from a dial kyl terephthal ate ester by
transesterification wherein sai d ap\RYATISCLABVEDNt hal ate ester is present

in a resulting reagtipn produgt, contacti sal d reaction.product with an
al'kyl ene di amine th rAdOcSs rRbIng A Poly exErAmE) crupeulioR GinpTiEng
present in sakﬂh-mn?ahia(bkylmryﬂt@é hdhalats ester friioky b dialkyl tepeplethakity kstee by
rma
a

diamne to f | §- ester. am de, .an I rizl | ul ti .
bi o ester _am GRRgPHRHEagpg RGeS sl O oRAEl R StbE R plceltk in
accor di ng t o resaltinglreabioriprodudty contacking s#idi feaction produntprith es alkyleneng

i d dial kyl 4 | ' | LMA. di
To clai m 2 wALPEEASRG sl gt Rabth AORRAIYE LRI WIS A rerbphhlliRieRRe el N0
consi sting ofindrjsheeastionareguchwithisaid ailgyhalkyleneprrsylane digmang to fqireay |
acet at e, . met pjb-epiee Aride ArRPPSlyenerizing B eBilGnR His-8stePBthide WA 4 didldo
phenol s. 4. Q roces at[%cordl ng to claim3 wherein said reaction product
conpri sing saP R?ﬁ'eﬁ UPMdE.or conpri ses by-products of said
transesterificati d afidproeessy ac@rdirgd tdlginodustherqini said ttoarsesrifieatiphng t o
formn ai d hi.s- er ] de. C rdi t Lip 4 rein
sai d bg ;S)r Io duéé%ﬁspxgsfetes 5%@% 'sa; &j (ﬁaﬁ&? F%?épl?t‘f\%fﬁtg' Want @ Shihble p\mﬁo%
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derivative.

3. A process according to claim 2 wherein said phenoxy derivative is
selected from the .group consisting of diphenyl terephthalate, diphenyl
carbonate, phenol, phenyl acetate, methyl phenyl carbonate,
triphenylphosphite, or substituted phenols.

4. A process according to claim 3 wherein said reaction product
comprising said alkyl aryl ester comprises by-products of said
transesterification and removing a portion of said by-products prior to said
reacting to forming said bis-ester amide.

5. A process according to claim 4 wherein at least a portion of said by
products are volatilized from said transesterification reaction product.

6. A process according to claim 5 wherein said by-products comprise
dimethyl carbonate and methyl phenyl carbonate.

7. A process according to claim 2 wherein said pelymerization of said
bis-ester amide comprises directly reacting the reaction product from said
transeterification with a diol. ,

8. 'A process for making a polyesteramide composition comprising
forming an alkyl aryl aromatic terephthalate ester from a dialkyl aromatic
terephthalate by transesterification, reacting said alkyl aryl aromatic
terephthalate ester with an alkylene diamine to form a reaction product
containing a bis-ester amide.

THIS SHEET Has BEEN
REPLAGED

T

This Sheet Has Been emlaced



fromsakd transesterification reaction product. 6. A process according to

claim5 wherein said by-products conprise di nethyl capben&%e—aﬁm

phenyl car bonat e. 26 7. A process according to claim?2 chd
pol ynmeri zation of said bhis- ester am de conprises di ré'é etr ﬁﬂﬂfﬁ

reaction product fromsaid transdsterification with a d ess
for making a pillml“lﬂ m Imutpom tion rrprl si ng- for ryI

t erepht hal ate Hyl aro i c terephthal ate by
transesterificati on reacting said al kyl aryl terephthalate ester with an
al kyl ene diamne to forma reaction product containing a bis-ester am de.

9. A process aCCOW'RgﬁBQesﬁ RERdE WTERA RS0 ERRE ! A il RLEBLE |

am de fromthe reacti meri zi
amide from the reaction product and polymenzmg said purified bis-ester

amide.




