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o {57) Abstract: The synthesis of dimethyl- l,S-naphlhalmedxca:boxylam and polyﬁus and articles formed therefrom is disclosed,

as well as applications for dimethyl-1,5-naphthalegedicarboxylate, its carresponding acid 1,5-NDA, and various synthesis interme-
diates.




SYNTHESI S AND USE OF DI METHYLI , 5- NAPHTHALENEDI CARBOXYLATES AND

| NTERVEDI ATES THEREFROM 5 Thi s application clains the benefit _of '
provi sional patent application Serial No. 60/176,145, filed 33ﬁ‘ﬂf&?90‘i4
2000. Field of the invention The invention generally reI at es to. the
synt hesi s of napht hal eni ¢ CORR : rmrlmmm , e Rien
t he synt hesi ci-pe i ot —these—conpotT
and their synthesi s |nterrred| at es Back round of the Invent| on Pol rrer_s
based on di metfhiyMs: ‘8«-% %“ﬁ@%g% %‘%;g’% g 84 “pe
useful in a WL H T4 of rcial Baaade, from

2, 6- NDC: bassdiipe ymer s exh| bit strength and thermal properties which are
superi or tofing: o stk SO M PRIHT*Et her pol ymer's such as

pol yet hyl eri et®F&BRh4 8¢ (PET). These enhanced properties have led to the
‘use of = 2; 6- NDC- based polymers in canera filns and nmagnetic recording tapes
as well as electrical and el ectronic conponents. 20 .2, 6- NDC-based

pol yners al so exhibit high resistance to the diffusion of gases such as
carbon di oxi de, water vapor and oxygen. This resistance to gas diffusion
makes these polyners useful in films and containers for a wide variety of
food and S




bever age packagi ng applications. The superior physical strength of

2, 6- NDC- based pol yners al so renders these 25 polyners useful in ph&sically
demandi ng applications such as cords for autonobile and notottydlyel®4res.
Unfortunately, wdwsf@mercial scale synthesis of 2,6-NDC isparsofiRlé&s:

mul ti- step process, which can result in a relatively high price per pound
for 2,6-NDC when conpared to other polyners. 30 The synthesis of 2,6-NDC
typically includes several steps. In a typical synthesis, orthoxylene and
but adi ene are reacted over an alkali netal or other <catalyst to yield a

'5-ort hot ol yl pentBRErHESISPD 436Q% IMETh YA SuNAPHTHALENEDTPARBOXYEATES
cyclized over an acid catal ys sNDINTERNMEDIATES FHRMEFRDENY dr ogenat ed over

a noble netal or sone other dehydrogenation catalyst to yield
1, 5- di net hyd napht hal ene (1,5-DWN), which is subsequently isonerized to

produce 2, 6-di met hyhpaapptibationndains the Bt o0 ﬁoﬁﬁmfgﬁé?@ﬂ%W%ﬁiﬁd

It is oxidized, to oduce 2, 6- napht hal ene 5 di carboxyl
which is subsgﬂﬂéq’?ﬁ)ﬁ'g@"t E'%Ff‘?@'é‘%’d“p?%ce 2,6-NDC. -This 2,6-NDC can then
be pol yneri ze ielg of i Ipt@fiRACe of , for exanple, ethylene glycol, to
- produce pol yet hyl ea,gnaﬁht hate (PEN) useful as a nmononer or conononmer in
appl i cations such a3€tpyeotioyoeperally felatss e therpthesisgonarhthaleria comppunds,

process t o1opr edCoREPhitieuraind fetdtbe to ELEYhthds®s S NENASh ﬁ{aﬁﬁthgfénégla‘ﬁﬁtthge
and produce hll%héxl elds of th %@i‘hr_ed eFd ,E_r oduct_if Nm Is to be
manuf act ured Y7L BESHEPEIPQHD BHS¥ANeSs WiREwedigtast manner. What is
needed i s a nEtk@uat bEthedmanmtiont hat can be produced nore efficiently and
at- | ow cost. Summapy, of the Invention 15 1n a first aspect of the
{fivention, there i 5OoHM§R 2@?9 Be o‘é'@?g‘yf‘ 6e-naphifelanedicathexyigtend2. ANDG), are
. 5- napht hal enedinean ke ki kiséfal nenpite vandy bheorfineRl Applicddnedr ogenat i ng

1,5-di et hyl tetral Er? to gro%@ % m‘%rreth [ n? ht hal ene; oxi di zi ng t he

1, 5- di met h§l napht h5"ER e8¢ d PiRGPase 53 Tt gtrengta paad, thedalce
" 1, 5- napht hal erpeslisttissoahizh izte sapetionitd films ampfiieds Widde fiin biHe? Pe§RiIcAI 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 physically demanding applications such as cords for automobile
and motorcycle tires. |

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

L
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20 isonerization step; and thereafter esterifying the

1, 5- napht hal enedi carboxylic acid obtained fromthe oxidizing step in the

presence of nethanol to produce dinethyl- 1,5-naphthal enedi carbddykade. |In

a second aspect of the invention, there is provided a polyner having a 1, 5-

napht hal enedi car boxyl noiety. 25 In a third aspect of the invention, there

i s provi ded PMbés dehydroganatedineiensl b metal ioc berge obmpdebydrggenagtion y:maiyst)f t he

second aspeg t ( t

napht hal eni c Nﬁ#gﬂﬂ??h@é&ﬁﬂﬁéﬂﬁhalgﬁeg g)hﬁﬁf‘nvg‘}]a? .§§P ca% ont sggtpleg%%ddgil ng a
- NDC- bas gtfodgaces. ¢-dimetayinaphthalene @,6-BMN)NDC- based mat er i aI El i mi nation

of the | sonmeri zat OV | ¢

convert 1, 5- DWN té% %EW Sjggg%r(?{)cesslggoogwéefd tS?Jtr%dé@e %Héérgﬂal‘%ﬁ c

i ncrease 5p| atiearbeyylie |apg¢ mﬁsN@Aﬂ h‘@hlcbmubwew egfatfiddole modpo;ﬁr RferisBCi on

of the iso L _Rped L d o S 'f'g

uses for sg‘\i@rlga?% ﬁnt elﬁl%t\ec;1 egtlges%ﬂméﬁiécpl?‘s &{feéé‘rﬁ;[eh{uaigﬁ%r &eé quig ”éthylé/hé‘ nd

t hat the protiyeslitoarasiuce neky@thylene@ammt@f%@h@@m AsA rb@nqmerrqr@drr@uomen the

speci fic propapk lgg‘{&l ure the 1,5-NDC end product

mat eri al , the%b%‘cgﬂorqs?ﬂjgéht%ghés&%z(ﬁ%g 5%4 July 2004 equi pnent | ess

critical, and i ncTt@@rﬁ@otmméemmn orageaditeiprgdusie RENNDEMpods, teat eysinant  as

over product i Hekisi QLS c H’Wgﬂnﬁg rtin S

mat er i a?MC %ﬂ%erlsen ugg%l Ié?ckg%af) | C% ﬁ@e e |§€ter%%/ &hr\éﬁ Hd %086&%

physi cal andNleRdsriods mpnpetnreddr a@pmmrmalammome@y &Ut?s:eﬁm raamnesf erred

mat eri al over ot TRNASESy /U i g

appl i cati ons, thgﬁég I ncr eas?’n5 tha ?ngokl%@eﬁéﬁée}rl gen%gﬁ%?egl Tnore 14

July 2004 V@fﬁmﬁ@]{@d @@W@%Ol/ 01071 Brief Description of the DraW| ngs

FIG 1 is agif& fftﬁéjmvgrﬁt%ﬂram of a process for making 1,5-DWN from 1,5

DMI. FIGS. Za an ocess flow diagrans illustrating alternative

processé$ 5 for 'ﬁﬁkflfﬁgasﬁegwfﬁlﬁiW@tiWHhWprqymeg-@fpcessé@iamﬁwactumg

Descri ption ety -l ik ichaRAHIBY Somprising 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

2



The follow ng description of the synthesis of 1,5-NDC, and the discussion
of its end uses and those of its internediates, is illustrative only.

O her enbodi ments of the invention will be apparent to thoseldlulyRO@¢ i n
the art after reviewing the follow ng 10 descriptions. The descriptions,

therefore, are not intended in any way to limt the scope of our

i nvention. Syavipresitdess critiogl, NIDG ipareabing jbe fesponerdicgdalility| df yari ND&: polyohence

with the sy j o : i j ize
5 o o PR BRYeRp ol i rbeied Bl o6 AEkdhn B0t B ekl SRR 70
operati ng codgterialig oles eaddbed-on to producing a product that may be
superior in many - i : Y i A€ . i i

manuf acturing 1, f@@n&ﬁ,lﬁ%gm{%%g@%t%n&i o?twg[ct§ %&@F%ﬂﬁgfn@og%@g%iogne to
yield a % ort.hdNRE ymakent.2MNDG 52 @referred| wateyishtdven gherd ounonErarmichsanf

alternative ; ; I ; [ IS,

synt hesi s stlgf)FS Hg%ﬁb%g# lgﬁrh%%{‘%@gétfbﬁsgfﬁggy e'ﬁ(?gi%ﬁbegeﬂgé@é #lf'}\l%tnﬁ%énals

Si kkenga; argengrally. Pat ent Nos. 5,198,594 and 5,334,796 to Lillwitz et al.
the disclosures of which are hereby incorporated by reference. A preferred
met hod of performng this reaction is to use 10 to 300 ppm of NaK catal yst
(a eutectic mxture of Na and K) in the presence of a stoichionetric excess
of orthoxylene to butadiene of at |least 5:1, at tenperatures of between
about 80C to 25 150C, at between 1 and 3 atnospheres of pressure, at

resi dence tinmes of about one .hour- Selectivity to 5-O0OTP can be increased
by addi ng an am ne pronoter such as N, N N ,N -tetranethyl ethylene

di ami ne. The reaction preferably is quenched by addition of water,

met hanol, or a m xture thereof, followed by separation of 5-OTP by any
conveni ent nmeans known in the art.. 30 Cyclization reactions useful for
preparing. dinethyltetralin internmediates in the synthesis of 1,5-NDC are
wel | -known and typically will involve reacting the 5-OTP internedi ate over
an acid catal yst. Because a high degree of selectivity is preferred,
processes using highly selective Y-type crystalline alum nosilicates of the
types f -3 WD 01/51450 14 July 2004 PCTIUSOL/ 01071 disclosed in our U S
Pat ent Nos. 4,950, 825; 5,030, 781; 5,034,561; 5,073,670; and

-2a-



5,401,892 to Sikkenga, et al. are preferred. Exanples of preparation of
dinmethyl tetralinin a distillation reactor can be found in our

U S..Patent No. 5,284,987, also to Sikkenga, et al. The di scldduly@80%bf the
f or egoi ng patﬁ;&@,ﬁ;ﬁg hereby incorporated by 5 reference. 3’5%8*{1’32‘%@ on

preferably w e conducted at an el evated tenperature between ut 150C

and 250C, at priesbusdiptibebimemrabingé 0. 3 and 5 at nospheres, preferably in
t he absence of a s‘(:) vent, although Bar af fi Ei cC or a&Omati_c 504 vents that
are chemcally ine Jtég.'d‘nﬁé’r PRogEsS, U FAgFRne §hai AreeTe fordmaiing d. - BMN Hemahe- or s

lo ant hracenepmMmn be used. Water should be excluded fromthe reaction

m xture. Dehydroge ' of 5-DMI' can_be acconpli shed, for exanple, by
using any solid dgﬁ{%%‘g@mﬁ%‘? 8f RUes?S, Bow diagrare du t{,’;ﬁﬁg,aétpg]qtlyeg SE&hbl e
|'i fetine usdefortrhgkingivibly puoigeinBDMNfraaBddTPons enpl oyed. Typically, the
catal yst will 2 nobl e rretk active cgrbon or alum na support, and
contai n up t o=EHEEE BRI M- eSS NEe et al  based on the total

wei ght of the cat afysfolloWingdessiption of the@yathesis baDSeNDO andothe discassionbf it e
dehydr ogenation,reacti with. these and ot her catal ysts can be. found. .in
our” U & pat e {6 and o8t o iiimedilles lsdBlsr eyl jnsr Epoaiiments g he
addi tional i nfrventds odlt be rappareintgo thoseasiilledciat the yat aftéorevidwing Heatdliodnds an
~be found in ur U.S. Ratent Nos. 5,189, 234 and,5.401,.705 to Anel ese, .t he
di scl osur 88 ofSosPU0Ms: desedplony. MRTEIRf aIE it ByendBieenbeway fo Ty the

t enper at ur e abcope et inveptiamcess conditions will be approximately the sane .

as those descri bed.,ahove for, t Lization reactian.. 1.5-NDA typically
wi-l | be produced b§y'{%li’|%s'§ [ gl}i'édnglr?ag’%'?gfi a'ﬁ"gﬁdoqenf, Y RAEeR™ apﬁ%xﬁéhe ce
af:’a source obyrithésic of 26-N0Cgexcer thal there iscoonpeed ite jromeri26 HHDMMItOXE i C
acid and wate nd I £0 | Si C ; nganese and broni ne
component s aPMaceafiBid T i FBkes3; Nep AT g0 28 “Gielilho SR
rati os of 16at atigition tooprpdumsing 3 pantticstbhtreay be sufariodmtromly applicationdet er mi ned
empirically at the.selected.reacti.on.t erat ur ressung canditjons
to mnimze the 'P‘Fo‘fpiﬁif'o%heofﬁ rsgn%g%gg’dg{réga&% ?'Jgir?%%r%g%ﬂ@t g’gmﬁp‘fv@lsgﬁc Cof
resi dual cat argastiometfabdhoxyleB amb blistid@AipyEilict 5-ohihetalydapdntere (5« EP)bI vy
is perfornmed i 0 yld >id S s et i.d. Q

e BRI RRAREY bl or Bttt AR, 5% dinBffi Sl

m xture of acetl \
2:1 to 12:1, benzemgamesiul indhis sipathesis atepsaobedbout in Dud UtS Pater@ Nb, 42907371 ne

to mangangge Pl WiuERRR! dnd BIS. PN 5, Yos¥sda bty 8 Falros™ L iflnitP bR b 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 !
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14July 2004 WO 01/51450 PCT/USQ /01071 anount of cobalt plus manganese of
up to. one wei ght percent of the selected solvent. Additional information
concerning the oxidation of DWN's to NDA's can be found in &drJuly2004at ent
Nos. 5,292, 934,d fisspisikkenga et at..and 5,254,719 to 5 Hol zBas@Sonedn al -

t he dlsclosures of which are |ncorporated by reference. Techni ques

descri bed in tiselssepat emt J.SaPatend Nds. #S501828; 5,080I61:05034.581:65,ORNETD; dndbe
easily adapt the | dat i 0, Iy o] L] le Ny art .
1, 5- NDA pr g oz RS RKLAR g rrgarr?ne";éfrra %é‘%ﬁ‘e?f‘?cfgpc{aé%‘/'lagﬁ'g df Rifnlfhy T
purification sitrfis ipa ida‘atillatimnersatzton ¢art:tm founduroou_r %ShBalenban@,EMSST redspto ity

and yield of n
i ncl ude recrysﬁ&ﬁg@ae{tlagﬁlhe \!/O(e%lllﬁlg | ng%ﬁ%g @E&%ﬁ?ﬁ gf#d(géér%%td&
1, 5- NDA oxfdardferenpe.oduct as will be apparent to those. sk| lled in the art.
'Esterlflcatlon of E[g@ﬁ i '

heating a m xt ure%%?gr eferéblglgf' %é/ﬁsﬁﬁﬁygﬁﬁé%eg?%fjﬁ%@ Eﬁlu\i/\rgg%g% out
80 and 200C, absutaiS@Ceapdr %@°Gpat@rgwms botweeroahse 03 angnf atmosphergsnce
times on the r ure
cond t 1 ons v PIEEE0Rdr ine sBsdhes, T Lyt ILBLGH paeiiR B ERHIUE SBNEnR! RaF
absol ut e pressw echemiegier inedr émdﬁfd theyr eastigne conditiens, baudtie|asc tettrdssang aor a
- portion ofy,theg Jé%a%dﬁe&@édnmt&%oua Bef@(cluhé@\%ﬁn thé ?éa%uwmrl.ﬁm@erform ng

this esterlflca I on reaction. feedstock, purification of

" the esterificati onDghystieganagen 9#1 5@MD§én ag aacqmilﬁh%r# Tpreexgmities yasingany
such purifi Cagbﬁmdéw@nwo&eaa@ W'@ﬁhﬁw YsePitasBid sz&ﬁﬁ@'dﬁ&er the

r.e ryst al li-zatron vacuum I on e reaction mxture:

Vapious combi detydsegenstion sendianssonnieyest: Eyicallyrthg catalystiwil beghrohle metalan
purity 25 angnyéﬁ%bg &iboh ar M.@gumoﬂ i Apesdreah Jpes- atfdai 1%Xﬁ8°ﬁhteper‘ﬁﬁnhave

- produced rel ative pure 1, 5- hydr ogenati ng over a

pl ati num df angmermtntrabs@s(@é cmbg@t@l wgbtrqfdn% gatglyst. queﬁsawmﬁﬂcals syifablefonf
about* 88 wei ghhi ARy Hittthe Wh{drogdliation réaHMN Wit thRe | dHer smafe@ata@stsehaﬁ ipeel y

hi gh purity by solVvent crystallization S process is relativel

expensi ve, andwd i pui UiS. faterd Neg-i 3. piz?a??‘bﬁ“gé_’ hit8%ata rgﬁ‘t‘fﬁ%ﬁq )ﬁteﬂ’f-eﬂﬂq ve
due to the re'aaamﬁﬁémnﬁhﬁmn%nbémg maaba:ata‘lysas ér PdNretiflorh Ban BENGIind in

|rrpur|t|es present in the hyd enati on reac
our U.S. Patent Nos 5, 189 4 and 5,401,705 to Amelese the disclosures of which

20 are hereby incorporated by reference. Typical temperature and pressure process

conditions will be approximately the same as those described above for the
cycfization 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 undesifed reaction products and presence of residual catalyst metals in

- 30 - the 1,5-NDA prbduct. 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 manganése plus cobalt ratio of about 0.3:1 to 0.8:1, and a total

’, !
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product. -5- " 14 July 2004 WO 01/51450 PGI/USQO /01071 FIG -1 illustrates
an alternative process which can be. used to econonically produce high
purity.1,5-DWN from 1,5-DMI. In this process, 92 wei ght perced#Jyyi2804

1, 5- DMT fr om owolbi/sadoi on reactor 20 was distilled in disti Ii,méamﬁpll umm
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20 As with the NDA feedstock punf ication of the esterification product prior to

use as a monomer is preferred, and such purification typically can be accomplished
by solvent washing, recrystallization andfor vacuum distillation of the reaction
mixture.
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.



30 the nelt during the recrystallization step, and nore. preferably, at

| east, 80C | ess than the tenperature of the_ nelt durlng t he

recrystal lization step. FIG 2b differs fromFIG 2a in that 4 dulyl2084i on
tower 22 fol | Gygoemgei zation reactor 20. This increases t hg-raltoidi¥rOf
9,5-DW to dehydrogenatlon reactor 24 to { -6.14 July 2004 WO 01/51450
PCT/ US01/ 01071 abbid- béwstratae ap altemaive nserpse vhich gampereagdniat éaanomicatiyor -

24 is approxi pRddbic¥ mg%e(arw i b-DMNEF6th . mmlrh m&bro%@sé @ @W&c@ﬂ PR

wash 32 as discussed In connection wWith

o about 03 OMT em qyelzalin teagr 26 whe siiiied it dsiation el 22, Golopm 22

dehydrogenat i g d dppré@hheieZd Ddrsievefiags, 1 fdnbx YatR) &
purification prgzzcggs ISI: about 10 to 15% vvhe% conp aJFe &%10"& h%’rt(())cé and of
Vv

FIG 2a.' fe distitatien,rot lepmsatirepel phow £58 G, ﬁsealﬁeoﬁli*ﬁtlnww%m@m@atmam
oxi dation preasay refatilelp- |@mrbyo. §pm¢:e§%nunré|§ﬁv§i9 NEavitNB6ilidg tdhﬁu‘f%r YAE

acid into an es cat eraturel pressure esterification
i n net hanol , ?f%aér&"bﬁ& $ F°z§v§ r%d@ gty H?é?%ﬁcﬁ -DMT} dhisi distillgieewany

distillation tﬁent fﬁ%h?dimgé@dtédl Zigd dﬁhﬁﬁdg‘énaﬁ&n rdac@éamﬂl svek: ab@ighy Jerampte 1

1,180 grans 01:j crude 1 é\ggr\@f% to a %E on stainless steel

| reactor al ongdGi¥ °9§5‘a§9@ cgely C é%ﬁﬁ?sﬁ?”é'a@b t fravol and 5% Ran ghe 15

-cogcent r atigd ﬁlgﬁﬁmﬁtﬁCspﬂﬁelckzaAEOQ?»tcﬁ pEIdUEE #freddlibR prodii? dPdGhiAG MWt Qi50§edd
and pr-essurize th nit psi njtrogen purge was repeate

3" hee Sand welabt peosht 1 SR8 plbnainaReuSin DN mane e Ra s ae s AR of

12:)(: Du(rj i ng hmhmu@ Thishproﬁ&étgﬁ!@ﬁ m‘ﬁ diéﬁrlécg% at siamagmﬁmsh yco‘ﬁﬁﬁx 1% to

rel ease |rret uce t catal yzed reaction o

e} hanol . HC‘? Hg 1‘%@ é’@fceﬁg¥WF %i% -ature was reached, a six hour

hol' d peri od was SEIBS. ega and i2bg atmlerod‘iasbdﬂmr&iuagranishﬁlu&ﬁétﬁ-?oﬁnrﬁe%éé”f@r

I ncr eased [Prom 70 gh% r.l.e, W %ﬁﬁ@ t he generation of nmet hyl

ether- Afté 9 H8I b %' the heaters were turned off

and the vessel codhddG. 2ncR0APIabyclitedin rea:t:t)ar 20 mwmgmaemrebe@ebadand he

reactor slurr on b s t he aced

overnight in ecqgﬁalgp@ﬂﬁpﬁ%%ﬁg?g&ﬁw gd Jr.o %ﬁig "EIP %PP'iez &Ey)

product was t h@EDNbsrem rcnysthllzed 30, drys&allmbrlmendlrgor& Mha;blmﬁad%ﬂ: which the melt of -
1,5-DMN feed is added to crystallizer 30 at a temperature of about 120°C. The rate

20 - of addition to crystallizer 30 should be such that the NORPAR solvent (a mixed Cig.13
solvent avaiiabie 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

<P ' '6" I
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of about 2,400 pprjynAR tR¢ 490t B Soint temperature was reached, a six hour hold period

‘was started. During this hold period, the 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 tumed 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
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of 2 meqg/ kg was neasured by titration. The only other known organic
Jnmpurity 25 identified was 2,6-NDC, which was identified by liquid
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: components other than the desired product and subtracting them from 100%. Purities

20 were determined by liquid chromatography (99.87%), gas chromatography {99.95%)
and nuclear magnetic resonance spectroscopy (99.72%). One impurity, by mass

' “spectroscopy and consistent with 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 bpm) 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.



noi éty._ Cligorferization of purified 1,5-NDC is described in Exanpl es 2 and
3, below, and the prepar ation of a PETll 5-NDC copol yner, is described in
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1,5-NDA or 1,5-NDC will hereafter be referred to as a 1,5-naphthalenedicarboxyl -
moiety. Where that unit is part of a polyester, it will be refered to as a

20 1,5-naphthalenedicarboxylate moiety. Simitarly, for example, the polymer unit
resulfing from a terephthalic 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. |
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: 174 minutes at a temperature of 280°C and an agitator turndown ratio of 50—60 pm
20 yielded 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
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type discussed above, is described in detail in Exanple 5, below Exanple 5
Pol y(hexamet hyl ene- 1, 5- napht hal am de) can be prepared in the 40.5'!0%619' 20
manner. Add 648 g of 1, 5-naphthal enedi carboxylic acid, 356g o]T

1, 6- hexanet hyl\egegigdyi ne, 213 g of deionized water, and 0.3 I um
hypophosphl te as catalyst, into a 4CV Helicone r eact or (manu 9{”"?9’2

Atl antic Resethet applidatiohs Wﬁelﬁrlﬁehﬁwdqd'ob@m%oﬂ@n@@omﬂ&gltlbﬁé@@r @éﬁfleTﬁ&H rol

is set for 320C t 10 r m r about 26

m nutes, the. BPE ORAMAES A iaaRb Bhide"soitRasiiond St GEH-cryRATInEAN qaser low
pressure at 1Rvegsof water, andatidkpactatht hdve erystaitigs meltihgseﬂqperlaﬂxrédﬂoﬁleﬁe kian
tenperature o% F. Reduce the pressure to 100 psi over a 3 mnute period
and mai ntain R ‘pressure at 100 psi for about 10 m nutes. Thereafter,
reduce. t hespr essurRrefarabigOthathvnsphlyamidepcegsisitiens cempseni SNBS and hiphEtd

be. bbserved. Pt crelpBRGNiaiAs BGEe G Rri g 188 . RuerdesPen alprerd o Abidthe
_po‘I % g;az 0f r(ﬁ?nﬁhmer@?miytam:dé(l)'hmnpmﬂlmm abenpris@ dreNDAvars o Itd;1 le\md:ualeiraercﬁen‘h‘:a(glir:1 r Sg
5 drawn | ntotle B GRELARICEHIART of b sty lbtnd by Srttnat GetlPhkde A | o
is in the manwklhes nneallplhatlchrlogmleallpblmci @amgﬁmn:mmemmdamonmmdslce
fibers exhpbiting IEbe HibdR® Soartftfhic” NRMC Ysodi ShS WRAES coferfa S ! ©

difficult To use in prca &t Uf abriCation equrp
fi ber "fabri catiopostipnspmentCaizs dim’b@ww amﬂsbeespsedllmaﬁlpuc FiEi, E\tarc;iﬂesmdﬂt S

g h h I
ange of - aboufloTEIE AiGuBo3 B8 Renf ik cotipbduoletad S ol Behooden:
suth as the utseepifthalior eCIQ.oW@phﬂlBlim@alm @agd e2, 61N, sTlamd;ohmnghmndaatsoeirmlude
Foet - ext rusi on sSBRYHIMeR i LabRRRANBhAR RE Fodl 0! FuffBlCor o

difficult, as has a ver ass trans
about 127@5(cgntparee@z.zo@hpmimnrcmlmbathlﬂamneﬂam ng use of conventional PET

stretching equj PMeflle plepaldidh! &”ﬁéliy(ﬁexamethyleneJ,5-naphtha!amide). polymer of the
type discussed above, is described in detail in Example 5, below.

Example 5
Poly(hexamethylene-1,5-naphthalamide) can be prepared in the following
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.

-11-



1,5-PEN, on the other hand, exhibits a 235C nelting tenperature (lower than
PET) ,and a glass transition tenperature of about 85 to 87C ( v&r]t gg%usl y
hi gher than PET), making the use of 1,5-PEN for fibers a preferfé y to
obtain the. swddsamse, chem cal resistance, and UV barri er rgrogentores t hat

PEN-containing fibers 20 are kngwn to exhibit. The advantages in_use of
1, 5- napht hal at e- b&sspvedhg pelyaesfem hadpactors The palyAMide inberepbyisgasity Xalug ar e

- not linited tghdaahicaYRf 601402 phérichesshibibelfanedhs SUKDER alAVaL/GThEhd AR
gl ass transition tenperature %gd melting point are expected to provide for

si npl er manufReamide i drawaigp #BeSnp| ded products and films 25 general | y.
For exanple, the lower nelting point can provide an advantage when nol di ng

thin wall parts or injection noldi rticles, ere. good terial flow
hrougn i ow moreessousl 4s8 ik adthalgedesed eisit R BB SR AR Sl ar
ijts | ower Weljﬁﬂe'ﬁ;ﬂ Wh@p@tmorrﬁgmdeh uakd to ﬁMUecaﬁpﬁ]rmllthhggaxeéuanowmwl jssand
ecrease production of acetal de y.or aguct . e loyer an ting
poi nt.of 1, S-W&cg?@lfahéﬁ stpfice, gé’%s‘?i (?'%'F'é& ft%rusgo%wgibfﬂgfﬁgg?t'on
i sopht hal i ¢ aguibmeviti Becavsel mpstofibet dabirizatibrirpguipment Badasignied (1o dfEe usdd with
relative to th C noner. -12 14 Jul,y. 2004 .. 01/ 514 [1)S01101071
Theae. dvant dgab SRR, o TE9R A 250 25 Co it oL 4 Tl Wiy s hiaher
producti ofp Qhekihg Uidthger ?Btaﬁioup(ﬂ&nm'?"ﬁlmtreqmimlss theTheet wpi wrdade;dlie;:truziog
processi ng tenperatyre L material s usj 6- NDC can ower ed by
the use of 1, W“L{V@”'% §%%e‘l’sree\)femf"ﬁa‘?°‘"éﬁfr¢u?g?%wge emﬁ"tﬁr?é‘%ﬁ&W%%?%ﬁrﬁ'ﬁ'on
char act eri st i psst@itrusiod , sreddBigantl 26-8DKDEMayingHiterd tsou$e nadre 1difiichiCas
preferable i in applications. The uyltravjole bsarption maxi mym for
e NDe i 5 AT EIbAs AR bioB A aneBp b el Bf sftRotaH WerPisS o
i's” about 380 gmwwengdeer for PETY- Makingousel dfhesretofienabePpT estestahing wugipment

ep ultraviolet range was desired. The difference in

protection in tﬁ‘%"%f
absor pti off mXP 'So coul d ‘be advantageously 10 exploited in a nateri al
cont ai ni ng bot h 1,1%-PEN of tife dHEr haid, eehibisa 285/ Gmeling tampersepa (lower thager s

Oh o g e e B0l SRR &AL e
sol vent s, suchaasPETE) ynakirg thehase idf s1,2PENC turftbergpar prefefiedswan do edotain the
solubility CasQifgnggsr. Oc %mriceaz??ésjiéféﬁéé, and UV barrier properties that PEN-containing fibers
20 are known to exhibit. '

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.



15 during polynerization and otherwi se result in greater ease of use than
woul d. be attained fromusing 2,6-NDC. The internedi ates of #ﬁ 2-IN 4
production. have ot her uses which can be exploited. For exanpl Y

bel i eve that waphtske® eni c i nternedi ates such as 5-ort hot oPgI/petifeNe,

o7 oduced during ¢ beke AYAAGREGTIRDABE bepReR m FoeofaryLs fieproducton
S o A e g o [
. phar maceut i caM3SHpiEsUSEE 2PN CHPe jpuer HELP8 b4 Sh0Ys such as Abbott
Labor at ori es ABT- 839' alanthelieentieat diffagnceés in the U2 atsypnitibe séisradetitiencofsi de
chain can be g(ﬁg toracg-%)%'Pdty way of atﬁehtydro efg:t' re ctilon fohl owed
by reacti oh o?' PHEC s? P VW?% A SPC 955 Hel- cﬂﬁgl %‘8?%% fny gertain
conpounds i n appiicaliohsAl Ther ultesvidietombsarptioroduaxdmeob Soi t us-SIDDI shabylit 320

noi eties of a__t ~useful .in ' -839 Use
of 5- Ot as oo nfl el P BbAR R Ry SHENBE, B HRuf Pod Ranbieme

. nunber of syntBNDG vaiuEbthemftrerbs srefer®d wiege ipratection ip theddesmgitraviolet eangieug.
1, 6-di net hyl napht hal ene, ha S t L the_pr ration of
oct ahydr obenzZ¥? :aﬁ'fﬁﬂ? nif‘? r?iﬁegglgce%d%r %%é’fﬁﬁ%rn qgé)gﬁ'%s%é]& gé@d agr:et gg‘(’)aﬁ-?%e;%fus&s

di scl osed+1o i nextpldiied RataembiteNal cantdtiBg 328y 1dndnd 255-NBRH eRh&- ama pbrmbrdreerssomay
be useful in the .-13 14 : : S
of anal ogous %e&%a& 3{ Ers TTJ géﬁﬁ%%gss eg%%ﬁééggaa@gg '{SL?E??%’%R?%P %?’?@%&?ﬁ

t he prepar at iwas désitede al dose reductase inhibitor Tolrestat as described in

U.S. Patent No. 4]_, éﬁgnglgo{ i rﬁg‘}%ntglb% rﬂ% ts%ﬁ,bté%ﬁ "g"gtdgﬁafi{fgﬁa(’mg-i

1,5-DMT in an application o han the synt hesi s an s
woll d be its stgenas thansib6-tatnderpart. dhiseincreased sbivhilityi pars ymprayei reastivilynes.

roact | on i i etuhBlalon GnldCGedisd Rt drfefr g2 of BEIhal didid BE

fl ui ds avai | adttandd foom Deing @fNDEal Conpany. Di met hyl napht hal enes al so are

useful in printinganahffid’ 3P R ENDERRIMoid® nERPIkRA (RS WIEERT o BEP! ©

, b- napht’hal’'ene has beenh used I n connection wth the

prepar ati on oéxpddited! ddrnkxgraple; mes heliew: dbalk feghthalepigp intersredates nsudio as
5—0rthot61ylpen_tene, 1,5-dimethyitetralin, 1,5—dirnethylnaphthaiene, as w_eli as

20 2.6-DMN produced during the manufacture 2,6-NDC, are useful as industﬁal
solvents, heat transfer fluids, synthetic lubricants,, and intermediates for
agrichemicals and pharmaceuticals.

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 '



10298474, ‘and 1,5-DMN has been used directly as a maj-or (60%- conponent of
ink- jet inks as disclosed in Japanese Patent No. 07138509. Sulfonated

2, 6-napht hal ene has been condensed with formalin to produce 14 July2004

wat er - i nsol ublwoietase such as di scl osed 15 i n Japanese Pat emtriRi0dR298477,
and 2, 6- napht haltgn_e_"s | so are useful fo1r o é_easi ng the sensitivity of

| aser - radi at i SHPVAAEE ?aa'Pﬂ%‘f%%ﬂmR%'aa?-ngS-R}@f A% beargpd.As a startinggpategaldni n
'U.S. Patent Nahe prépatatidy of hé-dildealedactase witabitor Fsiredtad (R HedtGibBiiRt U g Or
- the synthesi sa)a?r%:hpl gi thwl napht hal enes that can be used as photaresists,
which” are used 98/ % aéf% ©-in the preparation of printed wring boards,
as di sclosed 20 i nAdapangie oP#tcense bb thel RtIRRERE 6,5-0MITHA| A ¥eplichfdn other

1, 5- napht hal enes . sinj Ly... o 1N ese_and re] at % raphics -
arts ‘and i glrt]'ﬁa&‘ g%é?’?ngg?sl'soﬁ}s WA%?'F%M%EJPU{?&%E%FS&%? ﬁﬂ?‘g Rt AR PESES
include the ugdetradihs Divbiyrithesis achemesufor exziniple,of, 5-DMT bauld bggised a8fa HEisHite

hed . as. . di . ' | i ' V.0, 94-US11419.
25D ot hy! nadHERFRnE rEfch8s in sBrat 8 ron Btiheaf Bonei i sih athe RP
starting nat eraral fuidoavailable donvRow &hemidal Sompaey.s, such as Vf _
: ht hal itril ' he. 1 tion.
OV and amoni a | roIRERUiE RS, aB6 2 SEE, bARRE X! Pl shsitis bpten

Appl i cati gf Neppliratiose Idr examplen suifanatesr hdinaphtbalene ihbe beoy lusep it berireiefion
mononers of t type di : | 1 Pal ep 4 20 ,06234848. T are
al so usef ul fg}ﬁhpﬁgdﬂ%r%@ugﬁﬁéir#&s%gs @?aﬁ‘édg%%ﬁg%dem 83%177558 ateg{] ‘as
1, 2, 5, 6- napht Ha8228EHe aind d H-DMN/hascberni used siirdétlycdsos edjor (80%E sampbreant ofiink-

2hobis. (br ol iies fiecldedif depafte Pt RRCLT o BR8] SURGEAEA 23 o TRggone

e Ei

4282327. P. haabean vendEnsgd »4h fdnhalinito/prodes waeFnsiSI0bIE0dic? Such as disclosed
Di met hyl ngght ﬂ?!ﬁg?ﬁesﬁé Pkt "NBE 185684775 Lt ?'GYﬁérﬁr‘mt K rshgtsBrS.%ah%E#u?'} of
S. um um.any(?rl e c Ba

- .inorgani ¢ chem cal For exanpl e, Tithluma ‘ an be~prepared
- by reacting lncredsing thasensitivitypé laserradiatiopinsivced theghalimayiNgsystemss sucisas

described 1o GRUOSSPNISEPLNRNo S04R1P 2BOMIELER1Bustur B Biardlsihl | o

uses of dirnet “enes 1 nclude reparation o . uted
napht hal eni ¢ feit tei syrthesiy acpnidigeiyinaghtbrlenes ithat| cambe| vasdngs miotoresists,
. which are used, for example, in the preparation of printed wiring boards, as disclosed

20 i Japanese Patent No. JP 09255726. We believe that 1,5-naphthalenes may be
similarly useful in these and related graphics arts and imaging applications.
Agrichemical uses of dimethyinaphthalenes include 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-naphthalenetet_racarboxylic 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.

F
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-such as the insulating paper used to prepare underwat er. cables as reported
Jn US  Patent No. 4,225,747, as materials 'for the synthesis of or for
use as organol eptic agents, as, for exanple, discussed in U 5!Jwg28¢d No.
3,702, 253; aswomagesss for 1o naki ng'adhesives or as. adhemoagmﬂts for
bondlng pol ystyrene . or othér organic materials, such as disclosed in
Japanese Patent NYimghyipephthalenss aise can bpased Gsgatalyge desthenprepa@tionrafani c

systems, suc hn@@ahn@tcﬁéﬂﬁéals asordé:Ers, eRthiurh blufini riidd\ean b E@k Fe‘%ﬁby
O her synt heses and._en related to the f oreg Iﬁg synt hesi s 1?
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appar ent to CHiass: Bitehi 196k, 103360 @id107a3¢€8l on the |nformat| on provided
"herein. The scope q& Qur 'F?Eventlfo Emfregg ntended to be limted -
only by tte fol | ofd fustiial uses, of dimetyfnap plenesipclyde $he BppEfiuobRINer 07 1
W claim 1. s%rbstitume%pﬁtﬁwerﬁl’armétéﬂﬁlﬁrﬂoﬂgnpregnatmg electrical lnsulatlng materials
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20 6.. The process of Claim1l wherein the esterifying step is conducted by
heatiing a m xture of nethanol and 1, 5-napht hal enedi carboxylic, acid to a
tenperature between about 80 and 200C at a pressure between ]a‘gdii'ﬂzgo‘énd 15
at nospheres, Vnel/SM¥8rein the tenperature and pressure areprepuUsutoerito

- maintain at | e&st .a portion of the nethanol in a |liquid phase. 25 7. The
process. of C %% yrt her including recrystallizing _

1, 5-di net hyl napht hal eneapgratesze tori mahbfacRlfiny AiRESNRL 5hthphthaRnBAcSbokflate
perform ng the oxi.dizing step, wherein the recrystallizing step is-
performed by SYBPTRIMG"RE"$PS Ponpri si ng the 1, 5-di met hyl napht hal ene produced

i n the dehydr ogenaieéhydrogeastingol Srdiniethyltearhint foipradicen, Saineifindphititigidied at a
tenperaturg at |east,60C I-eeﬁg t h H]t.hwo t@ggera?\%ur of, the added nelt:
during t he’ r ecr ystRI9F9%MeH>ingihviaanniaicns ohtained fpmehe dahydreganatiag step
i ncl udi ng di sta Ipreduget He-ndphihatenesidaydaxglior akidn withowt pearférining farAtintbR@Aing95
wei ght percent pr.i.or. to.per ) t he dehydrogenating step. -16- 1 1
July 2004 V@SB%FE%?E? 5.*‘9‘13&‘%@@%?{071 9. The process of Claim1l in which
t he dehydrogenat i regtesifgipg ithe Jchi-haphthedenddivatboxyljoer acid robtaindd fromathal ysdizing
conprising platir i ! | um e i.nel .support. 10.
A pol yner havﬁ%ar}gmf?@gsneg‘%%?j Egeg’lnyggﬂgirr%d&féId?rﬂ%{ﬁgl?@"gp@%'eﬁ%% ’9’5@? - of
Claim 10 which is 2 horifpoprpasssdd Glainpt fistheg inclidinghthe istepasf peyedringl thenag-i C
di am ne noi et J. i N . K [ atons.. 12. The | ymer of
G aim 10 whi cifeeBABAN el & SrbdBhintofels iRe BhoiHire ofh e afitet: ne
total acid nol e pécentlheoprogesseobidaial £ fhdhercincuding dhatstap oflipespdniay the
noi ety sel ect f. NSTLRE o) hetles resulting fromthe

Lo pol yner i Za%ﬁgﬁﬁt%&%&%% b&ﬁ%%%@?ﬁ%’@ﬁ%&%g%aﬁ%é"}ﬁ al i phatic di am ne
L

;at y cont ait ni ng 4.t woThe pracersy of Llaion tanbessin 182 dl'a]:h\gdrpgényatmnh bn ofacfibmiis 12 -
cont ai ni ng. a o i S rLou

- % cdn%ﬁg{ed |Hethg S'lﬁ,l'?%él?]%y#f ﬂhgéﬁ'fted l%b?é: tg?eq?l 5a?§k thagcl ?q éemg%ria&"re

consisting of noretres re rom prc acl erep
i sopht hal i ¢ chdtercemabo®t, 160aadRERYT end dipressurefmoy bbaut 3 &.5.0 SimMospheiBse

pol yrer of Ol ai m 1) COFRE ke . s 1ApHL IR GOSHAMP U s STl r2d 9

or nmore noieties résultin romthe ol 'ynmerization _
oxidation conducted in the presence of a catalyst comprising cobalt, manganese and

bromine in the presence of a solvent comprising a monocarboxylic acid.

20 6. The process of Claim 1 wherein the esterifying step is conducted by
heating a mixture of methanol and 1,5-naphthalenedicarboxylic acid to a temperature
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. -

’ -16_ !



or cycloatiphatic dianines. 15. The pol ymer of C aim 10 wherein the polymer
Is a.polyester containing at |east eighty nole percent of a

1, 5- napht hal enedi car boxyl ate noiety. 20 16. The pol ymer of i vy 80%her ei n
t he pol yner i sweeeigoisyest er contai ning bet vveen one and 10 reresami®ent of a
1, 5- napht hal enedi c rbo>_ﬁ_¥|l ate noi st el nmol e percent of a

‘terephthal ate noi W‘P‘f?é‘?gaq'mrﬁs'“ "HH%E' Idﬁﬁﬁd’gﬁﬁrlaé‘f@?%’dﬁﬁﬂf@mﬂﬁﬂ the

-pol ymer of d witAe b@esen&@ of Elcbtws&t chrinptiding ﬁladndmlad@@o&l’sklhﬁl 6% a GiERdRIngE t he
pol ynmer of Caim15.- 25 19. 'Fibers, filns, and nolded articles conprising

the pol ymer ofP®¥!SURPYE. 20. Fibers, films, and ol ded articles made from
t he pol ymer of C afgn 10¢\pblymer ha\luhyaa deB- Nﬂiﬁﬂhdl@'leﬂlcﬁﬁidkﬁ&hﬁétyCOWpl’l sing a
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aliphatic or cycloaliphatic diamine moieties containing two to twenty carbon atoms.
12. The polymer of Claim 10 which is a copolyémide comprising up to 40
mole percent (of the total acid mole percenf) of a second aliphatic or aromatic
-dicarboxyl moiety selected from the group'co'nsisting of moieties resulting from the
10  polymerization of C3.20 dicarboxylic acids, and an aliphatic diamine moiety contaamng
two to twenty carbon atoms.
13. The polymer of Claim 12 containing at least one dicarboxyl mbiety
selected from the group consisting of moieties resulting from adipic acid, terephthalic
s acid, isophthalic acid, and 2,6-naphthalenedicarboxylic acid. ,
15 14. The polymer of Claim 10 comprising a .1,5-naphthalenedicarboxyl

moiety and two or more moieties resulting from the copolymerization of C, .5, 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. '
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