DI CARBOXYLATE) OLI GOMVERS Background of the Invention This invention

to the pelynerization of macrocyclic pol yester oligoner conposition
particularly, it relates to an inproved genus of catalysts for such

pol ynerization 5 which is capabl e of producing novel branched polyesters.
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TRI“S.S:I'ANNOXANES USEFUL FOR POLYMERI ZI NG MACROCYCLI C POLY( ALKYLENE @

The preparation of macrocyclic poly(alkylene
dicarboxylate) oligomers and their polymerization to linear polyesters
- is described in U.S. Patents 5,039,783, 5,214,158 and 5,231,161 and
in copending, commonly owned applications Serial Nos. 07/702,577
10 and 07/978,583. The catalysts employed for such polymerization
include various organotin compounds and titanate esters.

Polymerization using these catalysts is quite successful
and affords polyesters having excellent properties and a wide variety
of potential applications. However, the catalysts are somewhat

15  sensitive to impurities present in the macrocyclic polyesters,
particularly acidic impurities which can include water, hydroxy
compounds and carboxylic acids and their anhydrides.

In the presence of such impurities, the catalyst may be

partially deactivated and polymerizétion may be incomplete or may

20  yield polymers with low weight average molecular weights. Attempts
to increase polymer yield by increasing the proportion of catalyst in
the polymerization mixture cause significant further reductions in the
molecular weight of the linear polymer, since the catalyst becomes
part of the polyrrie'r end grou;i and increased amounts of catalyst

25 compete for the same proportions of structural units in the macrocyclic

oligomers.



25 conpete for the same proportions of structural units in the macrocyclic
ol i goners. -.2 - Another problem sonetinmes encountered with |inear

pol yesters prepared from macrocyclic oligoners, particularly when enpl oyed

in fiber-reinforced conposites, is a tendency to flow or "creep" under high
| oad. This property is detrinental to the use of 5 such pol yesters under

hi gh | oad conditions, such as for the falprd cati on of autonobile franes

whi ch nust carry |large weights and be extrenely rigid and di nensionally
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conpounds whi clof aMtomobﬂetiramesth@hyrﬁh&c&&%ﬁé%@%ﬁ%%@bé of high
nol ecul ar wei gtg %r;g Ih| h,.di nensi onaln?at aPl .1ty from macrocyclic oligoners.
Sai d ol i goners BN %VJ@?@PQ ‘ﬂﬁ?"ﬁ@ y stall8i Gyed in the fabrication of
fiber-reinforced conposites and the |ike. The polyester products include a
novel class of branched powpulid be desirablectherefore toodevelop limprovediict nay be
easily varied afalysts with high activity for the polymerization of macrocyclic
10  oligomers containing increased proportions of impurities, especially

acidic impurities. It would be further desirable to convert macrocyclic

oligomer compositions to branched polyesters having improved

dimensional stability, for use as load-bearing members in

automobiles and the like,

15 Summary of Invention

The present invention provides a novel genus of
organotin compounds which, when used as catalysts, produces
polyesters of high molecular weight and high dimensional stability '
from macrocyclic oligomers. Said oligomers and polyesters may be

20 employed in the fabrication of fiber-reinforced composites and the
like. The polyester products include a novel class of branched
polyesters, whose proportion in the product may be easily varied and
which contribute to dimensional stability.

, The invention includes trisstannoxanes having the
25 formula
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.Which contribute to dinensional stability. The invention includes
trisstannoxanes having the 25 formula [err]

[err] [err] 3 wherein [err] is a [err] primary al kyl radical and [err]
is a[err] alkyl radical. Detailed Descriptiaon; Preferred Enbodi nents In
the trisstannoxanes of formula 1, each [err] is a [err] 5 alkyl radical,
preferably a primary al kyl radical such.g@s nethyl, ethyl, n-butyl, n-hexyl,
n-octyl, 2-ethyl hexyl or n-decyl. The [err] radicals are preferred. The

[err] radicals . ' r t and .ar

preferably net W%‘Be%gﬁ%yéhg%ﬂ@w@@'ﬁék% ?{‘ﬁ#sg bﬁv&&ﬁm may  be
~prepared 10 ragigadke reaction of a dialkyltin oxide of the formula (R3)2SnO
with a triol of the forrmula [err] such as 1,1, 1- tris(hydroxynethyl)ethane

1201 i pr ot S RESEBIART Frettred Biblodifiertsl’ o Tobly T

conducted in solution in a substantially 15 non-pol ar sol vent such as
toluene and at a tenperajnqhe tridstahfokanéofformbfil, cHeR-ROR[£0; L9 An i nert

at nospher e_suc s nitrogen is, usually enployed and, water r ved as it
i's formed, Opr é‘@éﬁﬂ%ﬁ&#rﬁy& PHHT%V rﬁ“&’ L'i%@c% ?‘Wht%"%i‘ﬁeﬁﬁ‘r}grrpl oyed.
The prepar at i an-baftyl; hehexyls at-eotyl@xetisylhéxyl o n-aeepk | The Ca_1p

radicals are preferred. The R2 radicals may be methyl, ethyl, n—

propy! or n-butyl and are preferably methyl or ethyl.

The trisstannoxanes of this invention may be prepared

10 by the reaction of a dialkyltin oxide of the formula (R3)2SnO with a
triol of the formula R2(CH20H)3, such as 1,1,1-
tris(hydroxymethyl)ethane or 1,1,1-tris(hydroxymethyl)propane, in a
molar ratio of at least about 1.2:1 and preferably about 1.25-1.75:1.
The reaction is preferably conducted in solution in a substantially

15 non-polar solvent such as toluene and at a temperature in the range
of about 100-150°C. An inert atmosphere such as nitrogen is usually
employed and water is removed as it is formed, preferably as an
azeotropic mixture with the solvent employed.

The preparation of the trisstannoxanes of the i'nvention :
20 s illustrated by the following example.

Example 1

, A mixture of 2.68 grams (20 mmol.) of 1,1,1-
tris(hydroxymethyl)propane, 10.83 grams (30 mmol.) of dioctyltin(IV)
. oxide and 25 ml. of toluene was heated under reflux in a nitrogen

25 atmosphere in a 3—necked flask equipped with a Dean-Stark trap,
with removali of water as an azeotropic mixture with toluene. After _
refluxing for 1 hour, the trap was replaced with another trap filled with =~ °
3A molecular sieves and refluxing was continued for 4 hours. The
resulting solution was filtered under nitrogen while hot and the

30 solvent was removed by distillation. The residue was dried under



.20 is illustrated by the follow ng exanple. Exanple 1 A m xture of 2.68
grams (20 mmol .) of 1,1,1- tris(hydroxynethyl)propane, 10.83 grans (30
.) of dioctyltin(lV) oxide and 25 m. of toluene was heated under
_.reflux in a nitrogen 25 - atnosphere in a 3-necked flask equi pped with a
Dean-Stark trap, with renoval of water as an azeotropic mxture with
toluene. After refluxing for 1 hour, thegqtrap was-replaced wi th another
trap filled with 3A nol ecul ar sieves and refl uxing was continued for 4

hours. The resgbhidaf PHe"C. OWﬂ@?ﬁcédliﬁge&ﬁddéQﬁéﬂﬂi‘é(M —phildpdiat and the
30 sol vent ri.ed under

vacuum at 100[ ,spa}nnqubg-an\égppﬁgohpﬁgngﬂg— m%thg@gp@gyﬁ%}yﬁilg 8_gi oct yI -
2-stanna- 1, 3- aimpnee:torhobehdiﬁed {6 awaky isolic trayingi @ atelting poim of rpure form -

solidified to | Y/ The crude
yield was 12. g%gra ?gé gﬁﬁ%% |étcsa%n{p{g?:;‘?orfttﬁeﬁ%t?aphgeproduct
upon recry8t alportien pbthe pmdu%m remvs@ulzatlogirmpexape melked at

tri sstannoxangg.g8*¢.his invention are useful as macrocyclic pol yester

ol i gonmer polynerization catalysts. The oligonmers which are polynerized

t hereby conprise structugal ,units of 1 or nul a 11) wherein R1
is an al kyl ene or m)no-utn e B Wmse‘?fénpdﬂ?’%%o%ﬁh H?%'Pﬁ@sa strai ght
chai n of aboutmacrécyclimpolyesteh dligomenpolymerization catalysts. The

oligomers which are polymerized thereby comprise structural units of
10 the formula
O .0
1 1
() —o0—R'-0—C—A—C— ,
wherein R1 is an alkylene or mono— or polyoxyalkylene

radical containing a straight chain of about 2-8 atoms and A is am-
or p-linked monocyclic aromatic or alicyclic radical.

15 Said macrocyclic polyester oligomers’ rhay be prepared
by contacting at least one diol of the formula HO-R1-OH and at least
one diacid chloride of the formula

it il
Cl—C—A~C~—ClI

20  under substantially anhydrous conditions and in the presence of a
substantially water-immiscible organic solvent, with at least one
unhindered tertiary amine; said contact being conducted at a tem-
perature from about -25° to about +25°C. This procedure is described
in detail in the aforementioned patents and applications, and it is

25 therefore deemed unnecessary to provide a detailed explanation
herein. In most instances, the products are mixtures of macrocyclic
oligomers having differing degrees of polymerization.



or p-linked nonocyclic aromatic or alicyclic radical. 15 _ Sai d
hracrocyclic pol yester oligoners may be prepared by contacting at |east one
diol of the fornula [err]-OH and at | east one diacid chloride of the
formula O 0 d-CACd 20 wunder substantially_ anhydrous conditions and
in the presence of a substantially water-inmscible organic solvent, with
at | east one unhindered tertiary am ne; §$Ld cont act. bei ng conducted at a
tem perature from about -25[err] to about +25[err]. This procedure is

d ibed ind il h f ' ' ' , di
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pol yester oligo e ried. i cul ar | ol yesters by
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nol ecul ar wei ghts

The polyesters thus produced have a number of
advantageous properties. First, they have high molecular weights
even when prepared from oligomer mixtures with a relatively high
proportion of acidic impurities.

Second, the polymers are highly branched by reason of
16  the mechanism of their preparation. Catalysts of formula Il initiate
polymerization by incorporating ester units between the oxygen and
carbon atoms in their molecular structure. Since there are multiple
oxygen atoms, each associated with a tin atom, and since the tin
atoms become incorporated in the polymer molecule, the result is a
20 highly branched structure which may be represented schematically by
the formula |

0
il
m  (RYy—C—HO—R!'—0—C-—A—C+08n )
: y 4m

wherein R1, R2 and A are as previously defined, X is a linear or
branched organic end group, y has an average value of at least about

25 10 and mis 0 or 1. Branched polyesters of this formula are disclosed
and claimed in copending, commonly owned application Serial No.
[RD-23745].

The previofjsly disclosed batalysts, including those
described in the aforementioned patent and application, produce



even when prepared fromoligomer mxtures with a relatively high proportion
of racidic inpurities. Second, the polyners are highly branched by reason of
15 the nechanismof their preparation. Catalysts of forrmula 11 initiate
polynérization by incorporating ester units between the oxygen and carbon
atons in their nolecular structure. Since there are multiple oxygen atons
each associated with a tin atom and S|ncg the tin. atons becone

i ncorporated in the polyner nDIecuIe the result is a 20 highly branched

err] wher ei n RANGRs BaNSRS £ SonBERY 6ol miGuiblichd [ 1)
br anched organl ccaalystgﬂﬂuatnsstammeeMdngulavlatblmodﬂcaa midre efbout 25 10
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clainmed in copenJl ng, eri al D- 23745]. The
previously di sle%@‘MS"édﬂéy 9§tV§"e¢ﬁ@IaﬁW¢QhQ ﬂ8§'ée‘319§9FQ%€ "%‘CPHIQ

af orenenti oned patent and application, produce -6 - linear polyesters.
It is contenglated to enplThe grepardticreobpolgestersiront miagsdcyalich 2

bol yest ers. The JERAR) awgtb%tﬁa@%ﬁ*@k}%%é*ﬂﬁfuﬁfegﬁﬁﬁr"%“@%ﬁ%% 4ried to
afford the desi rthé fdﬁgﬂmg exfantplas;chl ng. 5 The preparation of
pol yesters from nmacrocyclic -

Examples 2—4

The macrocyclic oligomers employed were prepared by
10 the reaction of 5 millimoles of ethylene glycol and 95 millimoles of
1,4-butanediol with 100 millimoles of terephthaloy! chloride,
substantially as described in the aforementioned patents and
applications. Solutions in methylene chloride of the macrocyclic
~ oligomers were divided into two samples; Sample A was washed first
15  with aqueous acid, then with aqueous base and finally. with deionized
water, and Sample B with aqueous acid and water only. The
methylene chloride was then removed by vacuum stripping and the
products were pre—dried for 15 minutes at 100°C under vacuum and
then heated to 190°C for 15 minutes with magnetic stirring, to form
20 melts. |

The molten oligomer melts were returned to atmospheric
pressure by addition of nitrogen, polymerization catalysts in the
desired proportion were added by injection and the mixtures wére
maintained at 190°C for 20 or 30 minutes. During polymerization the

25 products crystallized. The yields and molecular weights of the
polyesters obtained were determined by gel permeation
chromatography relative to standard polystyrene. The results are
given in the following table, in comparison with controls employing
two catalysts not part of the invention. The catalysts are identified in

30 Table VIl as follows:

I: Formulall, R3=octyl,Z=C.



ol igoners using the trisstannoxanes of this invention is illustrated by the
follow ng exanpl es. Exanpl es 2-4 The macrocyclic oligoners enpl oyed were
prepared by 10 the reaction of 5 mllinoles of ethylene glycol and 95
.mllinmoles of 1,4-butanediol with 100 mllinoles of terephthal oyl chloride,
substantially as described in the aforementioned patents and applications.
Solutions in nethylene chloride of the qpcrocycllc ol i goners were divided
into two sanples; Sanple A was washed first 15 with aqueous acid, then

Wi th aqueous base and fi
aqueous aci d and water
vacuum stripping and th

B mnth
|§f’*ﬁw %Bﬁi’eﬁa %95&@ ﬁégf‘% é ved by
: i® k1! HUPH t 1 00C
under vacuum and then h nutes wi th magnetic
stirring, to form 20 1t§tra-|-ﬁ—e r nelts were returned to.
at nospheri € pressure by addition of ni trogen pol ynmeri zation catalysts in
the desired proportion were added by |nject|on and the m xtures were
mai nt ai ned at 190 C for y EUr+ng pol ymeri zation the 25
products cryst agl. () ECLJJ- 0 f e pol yesters
obt ai ned ygre dete T T ny
standard pol ystyrege. The||resul t095 are gbven g8 thgﬁ@bbowsn;g; table, in
conmparison with cadtrol s #npl oyiorgy two2oat al ywsts rnegepart 20 t he inventi on.
The catal ysts are3Adenti fllled i no 36 Tabl e V100 as 2R8,00dws 2. 93 Formula |1,

='.3.=.":>

- 3B 0.25 71 99,600 2.1
[err] = octyl, Z 3,C " 0.5 30 100 384,000 6. 84
4B i 0.5 30 98  117.600  3.04
Control 1A IV 0.5 30 100 115.300 2.07
Control 1B IV 0.5 30 100 76,600 1.93
Conrol 2A  V 0.25 30 100 97.100 1.87
Control 28V 0.25 30 58 49200 1.94
Control 3A  V 0.5 30 100 62700 2.54
Control 38V 05

30 86 45,800 2.20

The results in the table show that the trisstannoxanes of
this invention afford polymers with uniformly high weight average
“molecular weights, even when the relatively impure B oligomer

15 samples were employed. By contrast, the controls when employed

with B samples afforded polymers of relatively low molecular weight.
The higher molecular weight dispersities (Mw/Mn) of the polymers
formed by the trisstannoxanes of this invention are believed to be the
result of their highly branched structures.
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7 11: Formula Il, R2 = ethyl, R3 = octyl, Zhasforrrulalll I11: Formul a
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. % Exanple ldentity Mle% mn. yield Mv *

0.5 = 30 98 517,600 6.76 2B 11 o 5

162,600 2.90 3A 11 0.25 30 100 - 227,000 2.93 3B

11 0.25 30 71 99,600 2.10 4B 11 0.5 30

98 117,600 3.04 Control 1A |V 0.5 30 100 115,300 2.07
Cont r ol 1B |V 0. 5 What isclaimddis: 76, 600' 1 93 Control 2A \Y
0.25 _ 30 -100 97,100 1.87 Control 0.25 30 58

49,200 ' 1.94 Contr ol 3 62,700  2.54 Control
3BV 0.5 A, Aégss"anﬂg"%b%ha‘@azﬁ‘er%%?easu| tsin the table

show that the trisst: nno of this invention é’iffOI’ Blyrrer wth

uni formy high weig aver age | g®al ar wej ght st evgn wh '{)ﬂ@ relatively
i npure B oli goner()15 ssaml es re enpl dyed. By he controls
when enpl oyed with B ;a'a I es ayt™\yr ded pol yners of | ow nol ecul ar
wei ght. The hi gher ml ec i ghtHsD spEns+OCA of tR® pol yners
formed by the tri sstannoxanes of this i nv}enti on are beliéved to be the
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wherein R2 is a C1—4 primary alkyi radical and R3 is a C1—10 alkyl
radical.

2. A trisstannoxane according to claim 1 wherein each
R3 is a C3-10 n-alkyl radical,

3. A trisstannoxane according to claim 2 wherein each
R3 is n—buty!.

4. A trisstannoxane according to claim 2 wherein each
R3 is octyl. :

5. A trisstannoxane according to claim 1 wherein R2 is
methy! or ethyl.
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, resu~lt of thei

r highly branched structures.: -8 - Wiat is clained is: 1.

A trisstannoxane having the fornmula [err] wherein [err] is a Cl-4 primary

al kyl radica
according to ¢

tri sstannoxane

tri sstannoxane

and [err] is a [err] alkyl radical. 2. A trisstannoxane

laim1 wherein each [err] is a C3-10 n-alkyl radical. 3. A
according to claim2 wherein each [err] is n-butyl. 4. A
according to claim2 wher®in each [err] is octyl. 5. A -

trisstannoxane accor.ding to claim1l wherein [err] is methyl or ethyl.
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TRISSTANNOXANES USEFUL FOR
POLYMERIZING MACROCYCLIC
POLY(ALKYLENE
DICARBOXYLATE) OLIGOMERS

Abstract

~ Novel trisstannoxanes are prepared by the reaction of a
dialkyitin oxide with a trihydroxy compound such as 1,1,1-
tris(hydroxymethyl)propane. They may be employed as catalysts for
the preparation of branched polyesters from macrocyclic polyester
oligomers. They are less susceptible than previously known catalysts
1o the presence of acidic impurities in the oligomer compositions.



