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SYNTHESIS AND USE OF DIMETHYL1,5- NAPHTHALENEDICARBOXYLATES
AND INTERMEDIATES THEREFROM

This appiication claims the benefit of U.S. provisional patent appiication Serial
No. 606/176,145, filed January 14, 2000.
Field of the Invention

The invention generally relates to the synthesis of naphthalenic compounds,
10 and more particularly relates to the synthesis of 1,5 dimethylnaphtha!enes- and the
use of these compounds and their synthesis interrﬁediates. |
- Backaround of the invention _ | :
Polymers based on dimethyl-2,6-naphthalenedicarboxylate (2 6-NDC) are

known to be useful in a wide variety of commercial applications.

15 Films made from 2,6-NDC-based polymers exhibit strength and thermal
properties which are superior to films and fibers made from other polymers such as
polyethyleneterephthalate (PET). These ehh’ancéd properties have led fo the use of

*2,6-NDC-based polymers in camera films and magnetic recording tapes as well as
electrical and electronic components. '

20 . .2,6-NDC-based polymers also exhibit high resistance to the diffusion of gases
such as carbon dioxide, water vapor and oxygen. This resistance to gas diffusion
makes these polymers useful in films and containers for a wide variety of food and
beverage packaging applications. '

The superior physical strength of 2,6-NDC-based polymers also renders these

25 polymers useful in physicaliy demanding applications such as cords for automobile

and motorcycle iires. ‘

Unfortunately, the commercial scale synthesis of 2,6-NDC is a complex, multi-
step process, which can result in a relatii.rely high price per pound for 2,6-NDC when
compared to other polymers. '

30 The synthesis of 2,6-NDC typically includes several steps. In a typical
synthesis, oﬁhoxylene and butadiene are reacted over an alkali metal or other
catalyst to yield a 5-orthotolyipentene (S-OTP) alkenylation product. The 5-OTP is

“then cyclized over an acid cafalyst to yield 1.5 dimethy!t_etré!in (1,5-DMT). The 1;5
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SYNTHESI S AND USE OF DI METHYLI , 5- NAPHTHALENEDI CARBOXYLATES AND
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Summary of the Invention

15 In a first aspect of the invention, there is provided a process for manufacturing
dimethyt-1, 5-naphthalenedicarboxylate comprising the steps of:
dehydrogenating 1,5-dimethyltetralin to produce 1,5-dimethyinaphthalene;
oxidizing the 1,5-dimethylnaphthalene obtained from the dehydrogenating
step to produce 1,5-naphthalenedicarboxylic acid without performing an intervening
20  isomerization step; and thereafter
esterifying the 1,5-naphthalenedicarboxylic acid obtained from the oxidizing
step in the presence of methanol to produce dimethyl-1,5-naphthalenedicarboxylate.
In a second aspect of the invention, there is provided a polymer having a 1,5-
naphthalenedicarboxyl moiety.
25 In a third aspect of the invention, there is provided fibers, films, and molded
articles comprising a polymer of the second aspect of the invention.
We find that the economic viability of naphthalenic monomers can be
increased in many applications by producing a 1,5-NDC-based material rather than a
2,6-NDC-based material. Elimination of the isomerization reaction and 2,6-DMN
30  purification required to convert 1,5-DMN to 2,6-DMN reduces process cost, increases
yield and can increase plant capacity where the isomerization reaction or purification
of the isomerized product is a production limiting step. By identifying uses for several
intermediates in the 1,5-NDC synthesis reaction, we find that the production of these
intermediates need not be carried out in the specific proportion required to

35 manufacture the 1,5-NDC end product material, thereby making the sizing of
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conpared to other polynmers. 30 The synthesis of 2,6-NDC typically includes
several steps. In a typical synthesis, orthoxylene and butadi ene are
reacted over an alkali nmetal or other <catalyst to yield a L4 July 2004
5-orthot ol yl pentene (5-0TIP) al kenyl ation product. The 5-OTP is then
cyclized over an acid catalys -1t 14 July 2004 DMI is dehydrogenated over
a nobl e net a¢quipmeniesociiial, caldydetegeing tthe recoaenaicydability @f yeinreN®C polymer
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process to H?o @ﬁﬁ%ﬁkr ena ds 't §$9€€Q@§§W|%9§3%§ ggﬁéagﬁgp erﬁgﬁgﬁ?ive
and produce $8ngrallyi el ds of the desired end product if NDCis to be

manuf actured in a commercially econom cally successful manner. What is
needed i s a naphthal eni c nononer that can be produced nore efficiently and
at low cost. Summary of the Invention 15 In a first aspect of the
invention, there is provided a process for manufacturing dinethyl-

5- napht hal enedi car boxyl ate conprising the steps of: dehydrogenating
1,5-dinmethyltetralin to produce 1,5-dinethyi napht hal ene; oxidizing the

1, 5-di net hyl napht hal ene obtai ned fromthe dehydrogenating step to produce
1, 5- napht hal enedi carboxylic acid without perform ng an intervening 20

i sonerization step; and thereafter esterifying the

1, 5- napht hal enedi car boxylic acid obtained fromthe oxidizing step in the
presence of methanol to produce dinethyl- 1,5-naphthal enedi carboxylate. In
a second aspect of the invention, there is provided a polyner having a 1, 5-
napht hal enedi car boxyl moiety. 25 In a third aspect of the invention, there
is provided fibers, films, and nolded articles conprising a polyner of the
second aspect of the invention. We find that the economc viability of
napht hal eni ¢ nononmers can be increased in many applications by producing a
1, 5- NDC- based material rather than a
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2, 6- NDC-based material .- Elimination of the isonerization reaction and
2,6-DIWN 30 purification required to convert 1,5-DWN to 2, 6-DWN reduces
process cost, increases yield and can increase plant capacity*iHe2e04 he
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alternative ne a n
benzenes useful in this synthesis step can be found in our U.S. Patent No. 4,990,717

26 to Sikkenga; and U.S. Patent Nos. 5,198,594 and 5,334,796 to Liliwitz et al., the
disclosures of which are hereby incorporated by reference.

A A preferfed_method of performing this reaction is to use 10 to 300 ppm of NaK

catalyst (a eutectic mixture of Na and K} in the presence of a stoichiometric excess of

orthoxylene to butadiene of at least 5:1, at temperatures of between about 80°C to

25 150°C, at between 1 and 3 atmospheres of pressure, at residence times of about one
hour. Selectivity to 5-OTP can be increased by adding an arnine promotér such as
N,N,N',N-tetramethyl ethylene diamine. The reaction preferably is quenched by
addition of _Wate-r, methanol, or a mixture thereof, followed by separation of 5-OTP by
any convehient means known in the art..

30 Cyclization reactions useful for preparing dimethyitetralin intermediates in the
synthesis of 1,5-NDC are well-known and typically will involve reacting the 5-OTP
intermediate over an acid catalyst. Because a high degree of selectivity is preferred,

- processes using highly selective Y-type crystalline aluminosilicates of the types

r
g !

=3-
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condltrons will be approxlmately the same as those described above for the

cycirzatron reaction.

1,5-NDA typically will be produced by the liquid phase oxidation of 1,5-DMN in
the presence of a source of molecular oxygen, a solvent comprising a

25 monocarboi:ylic acid and water, and a catalyst comprising cobalt, manganese and

bromine components, at reaction temperatures of from about 100 to 260°C. The

" ratios of catalyst'components and solvent to feedstock can be d'etermined empirically

at the selected reaction temperature and pressure conditions to minimize the
fc_m‘nation of undesired reaction products and presence of residual catalyst metals in

- 30 - the 1,5-NDA preduct. The reaction preferably is performed in a monocarboxylic acid
solvent such as acetic acid, or a mixture of acetic acid and water, with a ratio of

- solvent to DMN of about 2:1 to 12:1, a manganese io cobalt ratio of about 5:1 to
0.3:1, a bromine to manganese plus cobalt ratio of about 0.3:1 to 0.8:1, and a total

’, !
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found in our U S. Patent Nos. -5,012,024 and 5,118,892 to Si kkenga, et at.,

and additional information concerring suitable catalysts for this reaction
can be. found in our U S. Patent Nos. 5,189,234 and 5, 401, 705 1#duip2804se,
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Various combinations of the foregoing steps can be used to optimize the purity
25 and yield of 1,5-NDC and its intermediates.

- For example, we have produced relatively pure 1,5-DMN, by dehydrogenating
1 5—DMT over a platinum on aluminum oxide support to preduce 1,5-DMN having a
~ purity of about 88 weight percent. While this 1,5-DMN can be increased to relatively

high purity by solvent crystallization, this process is relatively expensive, and
30 distillative purification is not particularly effective due to the relatively close boifing

'pdints of 1,5-DMN and the other impurities present in the dehydrogenation reaction
product.
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then distilledq rﬁ’SléI %g%é%fgr#}ﬁ{n $9nm%mﬁ%¥9§b%?6@ah@'£89@ "nt
percent pure 1,55BBNNrorkicGStalizer a&.cbrﬁhalbzw cpndru@asaréls@wﬂdaigﬁr&fm the meit of
illustrating for to hlg
FGa oo ons DN e i R ter YRiaine 38 ¥ einneGaiiedit aborh e i e
and the lzes ubt additich, tb-dijdhhliizey 36 ahbula d such thay $ealORPAR stvent (a Aidledi Cyo.q3
relatively puL& é% 6%
ven iiable from Exxon Chemical) or other suitable solvent can be maintained
at a temperature preferably no greater than about 27°C. Maintéining this temperature
differential between the crystal-melt and solvent is preferred so that the substantial
increase in purity of 1,5-DMN from about 91 to 98% can be accomplished in
25 crystallizer 30. The resulting 98% pure 1,5-DMN produét can then be washed in
-additional NORPAR or other solvent in solvent wash 32 to increase the 1.5- DMN
purity to about 99.5%. Other melt and recrystaliization solvent temperatures may be

used in the foregoing recrystalfization step, but it is preferred that the recrystalllzatlon

solvent be maintained at a temperature at least 60°C less than the temperature of

30 the melt during the recrystallization step, and more preferably, at least 80°C less than
the -temperafure of the melt during the recrystaliization step.

FIG. 2b differs from FIG. 2a in that distillation tower 22 follows cyclization

reactor 20. This increases the purity of 1,5-DMN to dehydrogenation reactor 24 to

L
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1, 5D|VN from Crystal'l'i zer 30, crystallizer conditions are selected in which
the nelt of |,5-DWN feed is added to crystallizer 30 at a tenperature of
about 120C. The rate 20 of addition to crystallizer 30 shoul d-%éulydedd t hat

t he NORPAR sol\% (ﬂ]?sllsfi‘m xed Ctal3 solvent available from EH/%QM%F(SP cal)
or other suitable solvent can be nmaintained at a tenperature preféerably no

greater than abewtt9s2d CrrdajsADMNNprodudddiin dehypqogendiion regtithd 24 ﬁsrﬁ',iplﬁtbxfhatéwen

the crystal I, and solvent is preferred so that the sybgtanti i ncrease
in purity of nggé BNﬁQfS"? 025’9(??"‘“ rte’? E?@Eyé"ﬁ‘grpybﬁm‘o’l‘?%o li\ z’%eﬂsi cggsed in
crystal lizer 36nnebtien with HIGI Diy yR&fH REDMN 25 piitsnipodustiout 89,984 amsehst teaehed.

in additional,NORPAR or,.qt her solvent,in salvent wash 32 .to increase the
15 DN pur 23 1 grosis et Syalty bEPML e BgePausth Bhy ¥ pelivedioSreen

tenperat ures tmyyield ofitted pisifidatien fpeacegeibygaticet rifs teal $%zahém Rofipapsd Biithd t
is preferred that thFFS;ecﬁrystal |ization solvent be maintained at a

t enperat ure aP"ICessy 6l fess than the tenperature of 30 the nelt during

t he recrystallizatWenalst dave anatiuced urifed: fl &NDCyfroratthé easle BRCtidre agidafian
the tel t f, t I ' | Li,zation step. FI 2b
it er s from Prodcetat o by iboodkis I PR s 0o i i adi i ab seles e
reactor 20. Thi safalyzedabes teipenaturelpressiired estebibhtioa e hyethagen abiiewed anct or
24 t -69.14 Jul.y. 4. 5 / bout .98% ., Th , 5- DWN
roduced h g EARARE BRnATL: MR Tolpved S drioh et Py inalitt ot

crystalli-zer BOEfaphgiodebeltny. sol vent wash 32 as di scussed in connection
with FIG 2b yiel dls 11,5-DIVN at purities up to about 99.9% Use of- tower 22
t o produce hi éﬁ%?lﬂ&um ity 1,5-DMI dehydrogenation feed is believed to
(fgrease 5 the yi el,880frare ofwridei ¢4:NDA were cimmegedy toa dialidh stinlésh weeh

q , rified
5o 11 om (g r SGB5 T w03t e 'S, Tafbob o BT REMERE, RS 'ordis oot
‘in which we cooneentratedesulfudc eciicand 286og@mmsestt water.i the searitralvas etbskdvand
t t | _ o ) ) , | .
CryStail |zt Brees iRt oo bl 10D oiofd, TH Hiien ruflq B opBliety gmes, and
crystal lized tieodssel was then Meateddtiogeach g irdemalBed pping ofl 120°C8 ®uging eabtip,

de 1, 5-ND | t | )
.crude Ath%ﬁctﬁp%g ggntEB af‘aaprg?rih{agg% §%§‘fﬁ {E%%ﬁe%sé tdﬁ'ﬁét?ylre‘i@éi (Po&dl?cﬁ?;bg’t- ed

wi th 10,315 grans of reagent grade _ grans o nce

sul furic aci dtheatideatalyzadnesclisn ofamathancthe react or was cl osed and

pressuri z wth nj 1 | BisturBikdO r e 3

tinmes, angg t he v&ééﬁqﬁ@hgkgﬁe%&h@?tgﬁm}o rtgac 3 a%%Prr]l éraﬁ%f(\@@gl{ Iilpg)igi '%%rf\ogf

120C. Duri ng weatstagied. During this hold period, tht-:-_ reactor pressure increased from 70 psig to
105 psig from the generation of dimethyl ether. After the six hour hold was complete,
the heaters were turmed off and the vessel cooled. Once a safe {(ambient)
temperature was reached, the reactor slurry was dumped into a 5 gallon bucket,

25  which was then placed overnight in a co_ld'room to promote crystallization.

The crystallized product was then reslurried and filtered using a Whatman #1
fitter paper. Due to the amount of material present, four separate funne! batches
were required, with each cake washed with an amount of fresh methanol estimated
to equal a 1:1 weight ratio of the cake. The wet cake was then placed back into the

30 reactor with a sufficient amount of methanol to equal a 6:1 solvent ratio. The reactor
Was closed and purged three times with nitrogen to 100 psig. The vessel then was
heated to 120°C and held there for a 30 minute time period. After the 30 miriute hold
was complete, the heaters were tumed off and the vesse! cooled. Once a safe

r
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the reactor was vented at approximtely 55C to rel ease dinethyl ether
produced by the acid catalyzed reaction of methanol. 20 Wien the 120C set
poi nt tenperature was reached, a six hour hold period was stéfdd¥20®uring
this hold periggle; 41k reactor pressure increased from70 pg 1072 psi g
fromthe generation of dinmethyl ether-After the six hour hol'd was conpl ete,
the heat ers wemsbibnty tertparhfur@ndstrscheds el rezotor slliry Wedempéed mitd andigaiin

t t h t t . d d jnt | lon,
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SUf T ci ont " anBUR o T PRORIPR SR a4 BeBolBiora Lhnc Festhed, fhe ask

was cl osed anthepwapchkeatéd teea trieftdemperature of 238]En thechot 66x priraundifigethe eskmin

e 30 m nut oV D196 e Garacte PREHE mipbrel v, Mo, U, aREi st

- vessel cool edThéwratter asalitter-waslslarizal usirR0D2:1 réidoOratie. 1 Ab itRCTHUEAR {aRE0 after
(anbient) .te r at ur.e he e ‘ rry.was .d ed into a5 .
Gai Ton " babkesd mhe 4 Guifigal SR6 bl T BakRts 3t ek BRe R REs ke B,

pl acedoveni ghti20 ml irderalsd room The product was reslurried and filtered
~using a Whatman #1,41 1 t. : din
2> vaouum oven set ‘e hERur By Ehghre 18 B o B BSoP s
be)toms f | askttienr griusd iaht saimpied. Vdoutsn exsspt fonltheefirshrwarh dlefidetli intoaa ibatch

col um unti | SsUr: t d . ' ed
o amelt tenguRBE; T fSdseite' Qb R VIR HE et K0 At eictBflo WARH O
at 204C, and tums Werktaddeditonthe deddflasikdor the ithidedistillatiore Thispefitted e thdiscard
Thereafter, a | 111 art | : I rat . Ed g cut
was taken aft 8@91%’%353&%\'&? géélgl\%efcﬂggﬁé \%gtg ng) ﬁé@t%éd'u ﬁsl‘h'gtt g%l %’ﬁ‘;g# @#é Pﬂ'lg
over head cut sdistiationkem allthre¢ datchisampiasrwere madefiatera fintabcorapesitthe over head
cuts were all owed 4 CO \Y; [ ¢ h n ng..an |§%Med.
Al'l cuts, except f%r hfeéb?l?rg{e,m %cglﬁ%nbegéqdr@g ua?t_ Baglt éﬂsﬂga?%?een 0.

i ncrease the ocowpanents aiheythandhe desireflipraduct and sybteetingiem framp 109%. Purities
distillati,gn | 0
distillat izgn. a‘él'ﬁ% g%gﬁﬁ E?tbggﬂgig c{héhrﬁ{lg%%ﬁﬁ\‘j' (%dh??)é)(')%gé f &@&%%&syaﬁ&ges /?)r om

the total of anhd n magnetic Agsanaece medfoscary ($-720). dPae iimpaity.ohy moess al |
three batch 'sgﬁ@&%%e megley | Nt Odhslckdit! CORRASI t € NMR data, was

1-bromo-5-carbomethoxynaphthalene at a level of about 2,400 ppm. An acid number ‘

of 2 meqg/kg was measured by titration. The only other known organic impurity
25 identified was 2,6-NDC, which was identified by liquid chromatography (155 ppm),

gas chromatography (9310 ppm) and nuclear magnetic resonance (205 ppm).
Because the final product was distilled, inorganic analysis was done only for suifur
(non-detected) and bromine (6 ppm). Product color was éxcelient, t*= 9787, 8" =
-0.26, b* =1.56. '

30 The average organic purity of the recrystallized cake from three runs as
described above.was 99.61 wt% 1,5-NDC, 0.203 wt% 2,6-NDC and the balance

treated as unknowns.



Puri‘ty 1 e_vél S 'were cal cul ated by adding up all known' and unknown
conpagnents other than the desired product and subtracting themfrom 100%
Purities 20 were determined by |iquid chromatography (99.87%4% Jg%2004 -

chr onat ogr aphywé §%1%% .-and nucl ear magnetic resonance spegdty;
(99.72% . One inpurity, by mass spectroscopy and consi st ent vﬁﬁ&% dat a,
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descri bed above. -was

99.61 wt % 1.5-NDC,. Q.203 wt % 2, 6- NDC and t he bal ance
treated as uniSR¥ALO! ﬁog'%aﬁﬁlc(bl%ﬁ%é?%\)ﬁgﬂ?fg?4% arreferisey NG puRfication:
al so purifi edprbedsdNDA using a process in.which crude 1,5-NDA was reacted
Subsequent ac i {1 £S05H RIPHIHy B BT SBEVe, Whon APNRASEE CHits cpiene
subsequent aci di fi'cati-on" yar . : C BeNehed
e ool P e b L N oo/ e o bR ey et O

e resultin re i.quUOL, .. e relative | [ s (9 of pure
2c d have. beckBaHiN WepeiR e Hbbetesmidin siskte dn ckilonhbardnupransyis.
rati os and prwhichida thrar meahathatel, §-PEOD mayr isravigbfeted Sagietia R dise h Uakam
and is thereforfi(' not a B‘gﬁj e‘r\rﬂ%'l 5- Bémouri fication, Brﬁcess.S 1, 5- NDC
gipduced as RECHLEAPROGVRN WAE® 88?‘5 el BIPRRIIST HEpPariant i9gngpiainthe o
-produce 1, 5-drEitypof \tee rpackamens reatdriagh eSinaitarly, phSUdDA emnay the ubad i i\,
Ve Dbeli evi5 this l.hit%her densi téﬂi s, correlative to exg_‘el | !{a ‘&P arr ilgfp&y
properti e STERIR TR BEjqs o SIERRTRCH %Zp‘%] way e wieda
for use itn ctenEabgn usw;owrgjamsl iF_ckgftzim?s Ettt&ﬁsercﬁ ogﬂm@l-étsam{ih dhie lpb!wg_er _Earg_sl
are inportantto r& |g %be%gf?'ado un e&g\cqa?gle rrzrer%‘a. L larly,
1,5-NDA rmay be %%‘ﬁ{q %Eﬂ? , nHmer it (ERing genetali iom g usg, of einethe
same manner thaiNDZA erNDB-NDCrawill theraafied bearefdrmgoteshy at 0,5 haphtiEredicathdxgl -
known to thosn’ﬁo%%y WP Hat Kl id DabtBs pa?!ﬁ’l It §eS wit I{ée
1, 5- napht hal enedi’car boxyl " pol yr{er nit reSs ™ ng 'generflall y rﬁggﬁgtf‘f’e s of
ei ther 126- NDi-naphthalenkidicambiokylatee maciéty e rSitnanye f for r exhrigleagha polymer  unit
1_’ 5- napht hal %S&E;R&EJBRH kere;)hthalic acid in a polyester will be referred to as a terephthalate

moiety.

Oligomerization of purified 1,5-NDC is described in Examples 2 and 3, below,
and the preparation of a PET/1,5-NDC copolymer, is described in Exampie 4.

25 Example 2 _ _
Ethylene glycol and 1,6-NDC was transesterified at a temperature of 180°C

and an ethylene glycol to 1,5-NDC molar ratio of about 1.6-2.2 without the use of a
‘knock-back condenser. Although these conditions are expected to result in compiete
transesterification under commercial conditions in the presence of a knock-back

30 condenser, complete transesterification did not occur in this Example, as confirmed
by the presence of methyl groups in the reaction ‘mixture by nuclear magnetic
resonance analysis. |



noi ety Where that unit is part of a polyester, it will be referred to as a
20 1, 5-napht hal enedi carboxyl ate noiety. Simlarly, for exanpl e, the polymer
unit resulting froma terephthalic. acid in a polyester will e Jvigeeb4 ed to
as a ter epht hlgdigiaseoi ety. O i gomeri zation of purified 1, 3ciNdsorlot '
described in Exanples 2 and 3, below, and the preparatlon of a PET11 5- NDC
copol yrer, i sExameleidbed -in Exanpl e 4. 25 Exanple 2 Ethyl ene gl ycol and
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WO O /51450 PGT uSOl/ 0 071 Exa I e The feaction
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i nherent Vi scos 0] 00 eth ene ycol to
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nucl ear rmMagneinda m&mthﬂomb@MeeﬁmﬁamﬂMnd DEHEN THae8Bh Sradlefistics
believed to be .consi ste:}t rcial requirenents. Wen

Wi t.h urrent. co
Sol i d- st at od 48 % [ARNEERMHRSIBE PYTT PATISHEND e n gackmoing.Bereatons
the gl ass tr aqifd for the fabriggion b fmedmdtdald,, 5- PEN wi || be about 87C, with a
melting tenp ature of about 235 to 240.C, 10 and a rate of crystallization
hey ween t hat 4and 2,6- PEN. These characteristics are in the range

]E at hnak]?sbt he pOIA/HETNFBicdpdehar d:qntajﬁlﬂblal rauds\op&ﬁioagbé;%ﬁ:? ND@tt:oCQ?Smol%nd
or the fabricatign co
contai ni nf a Qeé?‘?'ﬁ ‘ﬂy‘?ﬁ'ﬁﬁ FE’B{!"@H& (EgTﬁEgngoprgQarﬁg' by ces ‘&'B e%lﬂ inital
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20 ylelded a copolymer having an inherent viscosity of approximately 0.60 di/g. When

compared to a 2,6-NDC PETN-8 material prepared in a similar manner, the required

polycondensation fime was approximately 45% longer for the 1,5-NDC-based
material. '

Based on the above example, we believe that 1,5-NDA or 1,5-NDC may be

25 used at low levels from about 1 to 10 mole percent in PET polymer compositions

- instead of, or in combination with 2,6-NDC, in polymers substantially comprised: of
polyethyleneterephthalate (such as in the PETN-8 example above), to improve the
pfoperties of the PET without substantially impacting the processability and cost of
the polymer. |

a0 We also believe that composiﬁons containing the 1,5-
naphthalenedicarboxylate structural unit can be used td produce linear polyamides |
and copolyamides. These compositions can be used as ﬁbe'rs, films, shaped articles,
hollow containers for packaging, engineering poiymers, barrier packaging resins and

o’ -40- ¢



20 yi el ded a copol ymer having an i nherent viscosity of approxi mately 0.60
dUg. When conpared to a 2,6-NDC PETN-8 material prepared in B ilkl”?{gtﬁ '
manner, the required polycondensation time was approxi nately 4 /S {)er
for the 1,5- NQGH material. Based on the above exanpl I eve
that 1, 5-NDA %?@QQNDC may be 25 used at |ow levels fromq’glg)c@ﬁ?l%iytlo 10
nol e percent bthePRpplsitipie whe@nie sictddofepertias beme @inpositiohd aOE R atThess
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_processabi l i ty ﬁg&j cost of the polyner. 30 W al so believe that

conposi tions 08 taining the 1,5 naphthal enedi carboxyl ate structural unit
can be used to pr oRufsrablyntherhopwipplysinitiescorapuditionp obypnged ¢5-NJA@ag aliphatic

conposi tions . I b . J . shaped. articles hol Low =
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second al i pha?ﬁor(r:ﬁ)aéé de{{r:%hg)fy!ﬂc aé@geﬂséﬁ'ﬁ(;ﬂ %ﬂ%@gg?@?og@gﬂsv\%ﬁé% a&!?%aFF gae or
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of” al i phatic disCghRUNE P | GSehiGPRY #8481 8. osit.ions
are C3 20 di cqai'r box§| I C naf%ieggﬂ}s%%@ngliowghlgpi o I%g'igg’. 13/'%:g)rrp ’é@gﬁ re fi%’ﬁ’at e
di car boxyh$ c ecinges Usafaliphdtie ar kyclealipbatipodiaminesis are Ca20 acids, especially
terephthalic acid,d I,C ' 20k = NDA. Siti I

i nclude 1, 5- NDA &“ﬁsﬁgi’éﬁﬂ%faﬁd'ﬂf‘%m néﬁ%%%gﬁe"ﬁ}“@ﬁfaﬁﬂ@@s PO B85o. 1
m xture of twypetcyssadmhoveds gdesciibepimmdetail brExeyploalhefsvat i ¢ di ami nes. The
preparation o exanet hyl ene- 1, 5- napht hal am de), polynmer of the type
di scussed abofsng;m %@escri bed in detail in Exanple 5, below Exanple 5

Pol y( hexamet hyl end?dy(BexamppihHeneiScaphthalantide)p cap dree @reparechdn fibe | oilbwing

20 manner.
Add 648 g of 1,5-naphthalepedicarboxylic acid, 356g of

1,6-hexamethylenediamine, 213 g of deionized water, and 0.5 g of sodium

hypophosphite as catalyst, into a 4CV Helicone reactor (manufactured by Atlantic
Research) which is pre-heated to 88-100°C. The temperature control is set for 320°C
) ‘ 25 and the agitator is set _at 10 rpm. After about 26 minutes, the pressure in the reactor
reaches 120 psi. Maintain the pressure at 120 psi for an additional 15 minutes,
resulting in a melt temperature of 506°F.
Reduce the pressure to 100 psi over a 3 minute period and maintain the
pressure at 100 psi for about 10 minutes. Thereafter, reduce the pressure to
30 atmospheric pressure cver 2 minutes. The melt temperature will be about 263°C and

an increase in the melt viscosity will be observed.
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20 manner. Add 648 g of 1, 5-naphthal enedi carboxylic acid, 356g of

1, 6- hexanet hyl enedi am ne, 213 -g of deionized water, and 0.5 g of, sgg&ém
hypophosphite as catalyst, into a 4CV Helicone reactor (manu Acidly y

Atl antic Researaldssvhi ch is pre-heated to 88-100C. The tergrRUSHATR contr ol

Is set for 320C 25 and the a%itator s set at 10 rpm  After about 26
minutes, the presd&iamovedhe pelymesfoythe reagioie dhe polypmiide iphergplhyiscasiy vaiue
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The advantages in use of 1,5-naphthalate-based polymers over their
2,6-naphthalate counterparts are not limited to improved fiber processing as
discussed above. The lower glass transition temperature and melting point are
expected to provide for simpler manufacture of preforms, molded products and films

. 25 generally. For example, the lower melting point can provide an advantage when
- moldingj thin wall parts or injection molding articles, where good material flow through
narrow mold spaces is critical. Use of a 1,5-NDC-based material at its lower melting

témperature will also decrease yeilowing of polymer and decrease production of

acetaldehyde byproduct. The lower Tg and melting point of 1,5-NDC also make it a

30 substitute for comonomers such as isophthalic acid, which will provide for improved

barrier properties relative to that comonomer.
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An example of the use of 5-OTP as a pharmaceutical intermediate is in the
synthesis of drugs such as Abbott Laboratories ABT-839 anti-cancer drug. In this
25 synthesis, a diene side chain can be added to 5-OTP by way of a dehydrogenation
reaction, followed by reaction of the side chain with any of a number of electrophilic
compounds in a Diels-Alder reaction to produce substituted biphenyl moieties of a
type useful in the synthesis of drugs such as ABT-839. Use of 5-OTP as a starting
material is believed to substantially reduce the number of synthesis steps otherwise

30 required in producing such a drug.
1,6-dimethyl naphthalene has been used for a reactant in the preparation of
octahydrobenzo-(f}-quinoline-based receptor agonists and antagonists, as disclosed
in U.S. Patent No. 5,863,928, and 1,5- and 2,6-naphthalenes may be useful in the

3 '
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dlsclosed 20 in Japanese aten
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i nclude the use o S as a sprout I ng of potato
st orage sheds, suchgr@enm%@sgggﬂ dimethyinaphthalenes lnclude the use of DMN's as a

sprout inhibitor in the fogging of potato storage sheds, such as disclosed in patent
application W.0. 94-US114189.
25 Dimethylnaphthalenes such as 1,5- and 2,6-DMN also are useful as starting

materials for a wide variety of polymers, such as naphthalenenitriles, which can be

produced by the catalytic 'react'ion of DMN and ammonia in the presence of oxygen

as disclosed in Japanese Pafent Application No. 07126238, and the preparatidn of

dibenzoyinaphthalene monomers of the type disclosed in Jépane‘se Patent No.

36 06234848. They are also useful for producing other substituted naphthalenic systems

such as 1,2,5,6-naphthalenetetracarboxylic acid as discloséd. for example, in

_ Japanese Patent No. JP 05117202. or halogenated naphthalenes such as 2,6-bis
(bromomethyl) naphthalene as disclosed in Japanese Patent No. 04282327.
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1, 5-di net hyl t | ¢ Tl A | t prior to
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between about 80 and 200°C at a pressure between about 3 and 15 atmospheres,
and wherein the temperature and pressure are selected ta maintain at least a portion
of the methanol in a liquid phase.

25 7. The process of Claim 1 further including recrystallizing

1,5—dimeth'ylnaphthalene produced in the dehydrogetiating step prior o performing
the oxidizing step, wherein the recrystallizing 'stép.is' performed by adding a melt
comprising the 1,5-dimethylnaphthalene produced in the dehydrogenation step to a
recrystallization solvent maintained at a temperature at least 60°C less than the
30 temperature of the added melt during the recrystallization step.

8. The process of Claim 1 futher including distiling the
1,5-dimethyltetralin to a purity of at least 95 weight percent prior to performing the
dehydrogenating step. -
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in the presence of a catalyst conprising platinumand potassiumon a zinc
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moiety and two or more moieties resulting from the copolymerization of C,.» aliphatic

or cycloatiphatic diamines.
15.  The polymer of Claim 10 wherein the polymer is a polyester containing
at feast éighty mole .bercent of a 1,5-naphthalenedicarboxylate moiety.

20 16.  The polymer of Claim 10 wherein the polymer is a polyester containing
between one and 10 nﬁoie percent of a 1,5-naphthalenedicarboxylate moiety and at
least eighty mole percent of a terephthalate moiety.

17.  Fibers, films, and molided articles comprising the polymer of Claim 10.
18.  Fibers, films, and molded articles comprising the polymer of Claim 15.
25 19.  Fibers, films, and molded articles comprising the polymer of Ciaim 16.

20. Fibers, films, and molded articles made from the polymer of Claim 10
wherein the polymer is a polyester comprising a 1,5-naphthalenedicarboxylate moiety
__and one or more moieties selected from the group consisting of terephthalate and
isophthalate moieties. '
30
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