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5 Co This invention relates to an inproved process for ,
sel ectively converting an al kyl-5-fornyl valerate to nonoal kyl

adi pate. Mire spgekii I 6&1]? M LA i e present
i nvention relat e@o edn%n- ca Ia% y @%ﬁ?"mﬁ?ﬁ@}?ﬁ‘ﬁ’%@%ﬁ

met hyl -5-fornyl valerate at T@M@NGAE‘I@YUAEIPAEE excess of 10 bar).
Background Art 10 It is generally known that the reaction of an

et hyl enically unsaturated organi ¢ conpound w th carbon nonoxi de and
hydrogen in the presence of a hydr of ormyl ati on catal yst will produce a
term nal al dehyde. It has al so beelechnicakEigibst ed t hat an al kyl ester of
an ethylenically unsaturated organic acid when hydr of or nyl at ed,
produdes a nonoal kylhi%siventipn ; relatese 490N righpipvedy peocess farr melectively

E?%‘; L;g;em% hf‘o fs‘éfrnr aﬁiﬁyag-%@m?h%ﬁ%m%@ﬁ@; 3g(gg§édi: gé‘ sﬁf’%ﬁ%@ﬁ’y ot
conart  HOE By WS of MR R, prsbf sRYOR fifles oCBCBPI ool ¥

subseque n&magg' %ﬂxﬁ&hgl-s-fow%yr valerRteof Wigh gﬁ?ﬁ!ﬁ% .60 ekeéEsgc f9%bat).

20[err]C to 100[err]C and a pressure of 1°t6 10 20  Dars. of these
references teach that this oxidatiBackiroand2xtbe accel erated by addi ng
a catal yst. Di scl osure of the Invention

The present i nlens i gemerallyatkaowo that ithep reaetibip rodcas sethylenidatlys ehsatoraved
oxi dation of an al kyl-5-fornyl valerate to a correspondi ng nonoal kyl
adi pat e 26rgandensiarapennd meth icapeommonoxide and hydroges e dheapreserpe of a
cont ai i nBYaERfoRRY it selysh Milf oGRS o ToFbiny aldohuds.) dthas alsozbeen
PSS gt g o 6 %h BBl uhByb A HEAGE A en
al kyl - 5- T goavd fotly Bitéd CpiddudBdlof! kidnoatiA2e8ier 28f a corresponding aldehyde
15 terminated homologue. Thus for example, U.S. Pat. Nos. 4,537,987 and 4,931,590
disclose processes for preparing pure monoesters of adipic acid by
hydroformylation of a pentenoate in the presence of a carbonyl complex of cobalt
.or rhodium wherein the 5-formyl valerate is isolated and subsequently oxidized
with a molecular oxygen containing. gas at 20°C to 100°C and a pressure of 1 to 10
20 bars. Each of these references teach that this oxidation step can be accelerated by
adding a catalyst. |
Disclosure of the Invention
" The present invention relates to an improved process for the selective
oxidation of an alkyl-5-formyl valerate to a corresponding monoalkyl adipate
25  comprising the steps of: _
a) contacting alkyl-5-formyl valerate with a molecular oxygen
_containing gas at a temperature from 20°C to 120°C and at a pressin'e

in excess of 10 bars in the absence of a catalyst for a time sufficient
to oxidize the alkyl-5-forrnyl valerate to monoalky! adipate; and
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b) recoveMABPA nonoal kyl adi pat e. | n one pr ePETAUSHBO5583
enbodi nent of the invention nmethyl-5-fornyl valerate is oxi di zed with
a ol ecul ar oxygen containing gas at a fenperature from40[err]Cto
80[err] C and at B) Pie@6%et ﬂfeﬁlbﬁ&ﬁglh' g bars. 5 It is an object
of this inventi on)t o] provliigde a met ho o?lpgrepari ng nononet hyl adi pate

by non-cat al ytlncome preferrddtenbodifnene iof\the inventidth nysthgl-5!frhy] valeratdigh
yields and selectivity at high rates. It is a further” object "to acconplish

this oxidiged withm moleduler exygen contajningdgasadtea ympe@tae figmat02C ogh
pressure. Brief Description of Drawings 10

The FI GURE Crandata presargaffram3Stoshbatsg of one enbodi ment of an
i dat.i | di topt At i ti .
Bost Fode bt b By oG Sbikee; fe i BhvEEHon ' & Brovid armetod s efcpreposing on
| at ' . ' igdat i f .
et 1 -5 oSk A by ol lydd e IRGE 8F meftn shbYERalfipte in
di scover edgh yadlabiaill seatceivityVat Night ralbd NICRY FuthlobREF o GBRLAELGS S o
n the abs of catal yst. In

by operating at high réactor pressures I ence

thi s manmwenverstorpathigh selestivitptandraty byrepsiaking-dt @ high pYedseifat € can be
conti nuously mai ntai ned on an i ndustrial scale atp hi gh yi el ds of

mononet hyl adi pat e. Brief Description of Drawings/i ousl y suggest ed met hods
10 baPs vher ei TS RCYRELHHSES & Soheroatic,pipsk drawing of gne sibotimant o an
Qgg;féig@dqﬁoﬁ@tgﬁﬁ%ﬁr{iﬁg@%i Olf’g‘lcﬁtgagr S Ialgfe Sgiiijiszﬁgdrréf hyl - 5-f or ny!|
sgnt ficantly nigher prebesod8bTelyind GRARTVGRE, 2l Vor “In fact and
as i 11 ustr at edffd pritenXAVBATSH rbiied (6 GhuRbval priled AL Lefefiph YS!

in the process of "the instant Invention signriicantly reduces
sel ecti vioxydatfort bf miethyyl-S<forragl tvalerate Tiohhiviidnyeth] adipaty/e It REs GROWPbeah i on

of hi gh sel ectivity and conversi on at .commer ci ailyl y feasible reaction
r at edst heliscpyerast that high selectivity at high conversion rates can be achieved by
operating at high reactor pressures in the abserice of catalyst. In this manner the air
oxidation of methyl-5-formyl valerate can i)e continuously maintained on an
industrial scale at high yields of monomethyl 5dipate. '
In contrast to previously -suggested-méthods of oxidizing 5-formyl valeric
20 esters using air at pressures from 1 to 10 baré wherein the 'presence of a catalyst
(e.g. alkali metal hydroxides, or metal salts of cobalt or manganese) is used to
accelerate the reaction, the improved method of oxidizing methyl-5-formy] valerate
according to the present invention is performed at significantly higher pressure in
the absence of catalyst. In fact and as illustrated in the examples, the presence of
25  an oxidation catalyst in the process of the instant invention significantly reduces
the selectivity of the desired reaction. Typically to achieve the combination of
high selectivity and conversion at commercially feasible reaction rates the reactor

must be operated at pressures well in excess of 10 bars of air. Preferably the total

pressure when employing air should be in the range of about 20 bars or greater. In



nust .be operated at pressures well in excess of 10 bars of air. Preferably

t he total pressure when enploying airt should be in the range of about
20 bars.orwg@mo#4in?. |n WD 98/ 43939 PCT/US98/05585
PCT/ US98/ 05585 principle there is no known upper limt to the
accept abl e operating pressure. As =3will be illustrated in the

accomany AR BIOERL 1 o SHORO AN, P8RS Sronng etk -
consi st erwdlf e madd s U ol AR SIS W BicARbEThige |

associ at eof fiioth 35itgiteto 65 baro i aerybigh selevtivity andVed§HER do%%ﬁs'éﬁ afd 10
40 bars air represents a pragmatic and comrercially accepta [‘e

oper at i ngconsisfently observed at sighificantly anducgebreattion timesretative o éperating at
according to the p{ esent. i nventiqgn ., (in particular high selectivity at
hi gh EonVidessWRs bglave )10bars.g diased| on, highes squipraent) cost mssociatedewithr igher
range of from.about 20[err]C to as hi m agaL% 12Q[err] C. "~ Preferably
the i npr RGP PIESULSS, @ P Fapge {R 4V parg aik Fepieaenis & pragyaatic

of about C...ol.nce the oxidation reaction is
exot her m%ﬁgéﬂ&éggpg%c%ﬁgﬁ%%@%%m e reactor at about 50[err]C and
above is pref ' : [ t: . a
pragmat ¢ cconory advanhpsl of the vl BHLs AROAE0 At pSAT InVAINE, o,
can be us@n)parfidilar high sélectivityat high Béﬂ%fﬁidncﬁtész_can geirifl$ YePbhieved

[

t enperature even though | ower tenperatures favor gher yields by virtue
of reduci OKert Retenaperatire prapgecof dmomf abode<20°6bite hy- highdast abeutch20sC.

met hyl val erate, nononethyl glutarate, aldol condensates and

met hy! - 41## ther improved proggseas, spmmerstadly employsdatectempatatine range

|1 f ti [ I f ti 20 ,.0f t ratu d as wil
be i |1 ustPhabaus 407 o de homt KUSE:. o Sinpe dbe oxidation rartien:ris exotserming.
| ust) ) g SR .
cor r espor CReteie i dfmtrlaCicalt SRRGA R0l Soh o BbGHE s prefimed in tbat

db ' . | | t
P oher pricat remoRal ARF fssBLRRH E60L bebom i Praghi o e bni BRSIIeRIR Mgty s
an opis Munordiafove-dost vesling Waterddan’Be used). PTRR isfett RF6E thé Brerhaac1lyP"

rates w thout sacrificing selectivityto~tﬁe -

preferred temperature even though lower temperatures favor higher yields by virtue

of reducing the rate of production of undesirable by-products such as methyi

valerate, monomethyl giutarate, aldol condensates and methyl-4-formylbutyrate.

However it should be appreciated that the overall rate of reaction is also a function

20 of temperature and as will be illustrated in the accompanying examples,

temperatures near the lower limit favor the use of higher pressures to achieve

correspondingly shorter reaction times (i.e., increased reaction rates caused by

increase pressure). As such, operating commercially at higher pressures nearer the

lower limit of about 50°C is viewed as an optimum balance between cost of

25 equipment and acceptable reaction rates without sacrificing selectivity to the
desired oxidation product.

The actual method of commercially implementing the improved process

according to the present invention can be by any non-catalytic, heterophase, air

oxidation methodology as generally known in the art, including by way of example



desired oxidati on product. . The.actual nethod of commercially

I npl enmenting the i nproved process according to the present invention
can be byW@BsMA®?- catal ytic, heterophase, air oxi dat i (?FFTH{SPW%&? ogy as
generally known in the art, including by way of exanple
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- 4- But nBPby lﬁmaﬁaﬂ« %tcﬁri-eaa%g angvfggﬁg P4tirBing! caﬁthnfaﬁk réédtafwm -

continuous reactor wt p ug | o -m Xl counter current

reactor apheg flesv IdrkbhckEman £cofinteh @urrent ?éa’tﬁtﬁiﬁén& ﬂ@@mdeBaémQBSof the
associated wth heat renoval at acceptable reaction rates whi |

opti m zi pgagmatic consitdyrations assncidted witle heatafemdval ahac(mptableweaunonrrates 5
envi sioned as bejng_particularly anenable to contjnuous or
pseudo- cdvhileeptimizing  sgleqtivitys ntheamaysh uprosesse rof] thevqiastaot  imvention is aj r

A R s B TR RS
e oL B AP A 1R S e

pref err egea GOFTR ORN ogdi eﬂﬁ?gt v I on
wher ei n g serl esﬁo 1hree hb @%IHctﬁ u?rﬂ a';flphg%&gﬂ) g{s léisg ﬂg%]ld 14
ar e cont ioptignismy withe prsdeit WeFﬁtaﬁoﬁﬁl&ﬂatlon aride Silssta@itial eregcle Yol aakdatted
50[err]C. Met hyl - 5- forrryl val erate (MbFV) is introduced at t he bottom

of air oxirreaetantd) al ong with air. The effluent fromthe top of colum 15
10 i s passed throu h_heat exchanger/cooler 16 via |ine 18 such as tq brlng
the 10 te |l'%§UB&Ek1 lustratas: és&mamqa} ysopersucl preferred ¢ gsimmercial

011, it e S Al B B
o b el B PSS, e
The over *isﬁﬂ»ef‘{t{&é@t“%y;{nfaw Seic étﬁyl-S- v} v ne&g ‘(ggég\?)nﬁ%{rbaﬁc

directed to drs at’i on co 24 via e remaln er i's
recycl ed thebouain efalresxidizer 10 alungwltm air3THeaeffluefit fromn &R toproPéolairin -

oxidizer 10. Distillation colum 24 separates t he unreacted
met hys- 5-¥0isnphssed thremgh hedt exclianger/cpoler U6t viaf linen 1i8hsucheas te dring the

temperature back to approximately 50°C (i.e_., typically cooling from about 60°C).

r-‘r

The reaction mixture is then directed to the bottom of air oxidizer column 12 which
is operated in a manner analogons to column 10. Thé effluent from column 12 is
directed through cooler 20 via line 22 and delivered to the bottom of column 14.
20 The overhead effluent from column 14 is split such that a pot’cion is directed to
distillation column 24 via line 26 and the remainder is recycled through cooler 28
via line 30 back to the bottom of air oxidizer 10. Distillation column 24 separates
the unreacted methyl-5-formyl valerate and light by-products from the desired
monométhyl adipate (MMA) and heavy by-products. The overhead from
25  distillation column 24 is directed to distillation column 32 via line 34 wherein the
light by-products are removed from the top of column 32 and the unreacted
methyl-5-formyl valerate is recycled via line 36 through cooler 28 (via line 30)
before re-entering the bottom of air oxidizer 10. The product stream from the
bottom of distillation column 24 is directed via line 38 to distillation column 40



nononet hyl adi pate (MVA) and heavy by-products. The overhead from25
distillation colum 24 is directed’to distillation colum 32 VI 34
wher ei n t FEO 9843939 i ght py-products are renmoved fromthe topCHY ?%453%1
and the unreacted met hyl -5-fornyl valerate is recycled via line 36 .
through cooler 28 (via line 30) b&Fore re- entering the bottomof air

oxi di zer whercii&the! sivgt bpptGdiivts la8éNseParated frond thé Qﬁbﬁém@ﬂ@ll'ddlﬁétbonlt -

colum 24 is directed via [ine 38 to distillation colum 4

98/ 43939 should be appreciated that the FIGURE is schematic and that varRIﬁ’f/ 11984, 05585
wherein the heavy by- products are separated fromthe nononethyl adipate. It
shoul d besqpprwommsman @mﬁarw%mmt ial amgensially kaowauin thel ves,

sensors, co r essoQr,s %{: gt .her anC| | lary equi pnent, aII as generally known
in the envigigned 33 REIPR PIesENtei ng present . The foll owi ng

) st at Zr var TSSO sPles doe ¥5%§ﬂ%@§éﬁé@e®“§fé#ﬂé@s&a@% e et i on

Showi ngs. Wustratt SERAFIAAIRAPIRpEER il RARHEE of W Brosiit, ASEAUGH whiffhe

advant agegofipatdtivePéeinples (Pressiire® indet 20ibags hi?) and shbRahgPaRVintstfded to
suggested. AS such the ‘exanples are felt to be hon-limting and are 10

meant to ﬁhﬂthertﬂlasuaﬁehhe idifferencesaitd advantagest of therpresent lmwelmml neldtived ol ng
in any nple 1

A 25 gﬂm@rﬁmualymwted uls susb the skyaplesiarn felt to be m—lmambare
nmet hyI or | erate a purity of 99.2% .Shaker tube
was 1%0 tH&?ggrtﬁéﬁHF‘E%Fe tlevgl)ah%ht %moammaor 1{'6‘6( BgAR)any;  h

nitrogen. Ai.r was purged fromthe systemw th a continuous nitrogen
flow for ¥™minutes. The nitrogen was then stopped and the tube was
heated to 80[err] C over a period of %am pmnutes. Air was introduced to
the tube at a rate of 0.2 L/mn. The r’rBerature was nai nt ai ned at

80[err] C wi th shakem] Aglaatihed shakerotube Wway clpdrged Svillp 210 Fir (2P ogvas
shut off and the air fTow was switched to nitrogen flow To quench t

react i on. methyl-JHermiyhivalerdte (MSIE) havingerpuritycsf99.2%. 3The ishhkeratnbe tvimn t he
cont eg; > V\tféne plr'gesglll)r\écel(ilp to 61 bars (the desired reaction pressure) with nitrogen. Air was
purged from the system with a continuous nitrogen flow for 20 minutes. The
nitrogen was then stopped and the tube was heated to 80°C over a period of 13
minutes. Air was introduced to the tube at a rate of 0.2 L/min. The temperature
was maintained at 80°C with shaker agitation for a.period of one hour. | The heat
20 was shut off and the air flow was switched to nitrogen flow to quench the reaction.
The shaker tube was allowed to cool to 30°C and then the contents were removed.

The reactor product was analyzed by gas chromatography yielding the following
results presented in Table I.

TABLE1
25 Run Temp. Pressure Reaction % MSFV % Yield
No. (°C) (bar) Time(hr) Conversion Monomethyl adipate

1 80 61.0 1.0 99.2 95.6

Comparative Example



The reactor product was anal yzed by gas chrqmat ography yielding the

fol |l owi ng results presented in Table I.

TABLE | 23VO B8id43939 Tenp. Pressure Reaction % MbFV PCT/US98/0558% Yi'el'd
No. . ([err] (@) (bar) Time (hr) Conversion Mnonethyl adipate
1 1. 66~ 99. 2 95. 6

Conparative Ex I

PCT/ US8/ 055850 B Hianner anal°5°“ & rrar?'%gjrq anAPS Ton W3 Jepsalrd ot apregqure of | 4o
repeat ed g1 BaraRARS aoaf-s reactién Bkt iR prediard BiveS acigher Lonertiof! o
hi gh pressure gives a higher conversion in a shorter réaction tine)

The reacti $rshibredr weactionaltimeyl bYleSreactorCErMmitOWa@phnalyzeﬂdbyg gdse
followi ng conparative results presented in Table la. 5

TABLE | a chronfatography yidlding the foﬁowmmpm&werrosults presarted in Table Ia. %

Yield No. ([err] O E E )E Ti rre (hr) Conver si on Mononet hyl
adi pat%® Conp. 1 80 Ia 27.0 -
92.9

manner angl'"&gous t’Se@panm ePfesséF%erPr"e@“SP Si %&Y aI yzed %:Yie ﬁpal nina
dat f th 5- f | | er ab: f
oo err] @ N6 TE e Do okl of g Rirf aliré%f?ﬂvz%y.ﬁafn%ﬁfﬂﬂss E O 7e

observed .tII Vi tgg andcpnver sigog data apggpresented igp gable I1.
TABLE |1 1 Tenp. Pressure YMVA % MbFV
No. ([err] (@) (bar) ExampleZ:! ectivity Conversion 1
50 0 0 5.0 2 50
10. 0 10 Aga@ﬂ iza manner ana.‘klgcms to Example 1, a series of8ix uncatalyzed air 0
97.8 0.3 20 50 35.0 1
97.7 oxidations of methyl—S-formyl valerate were performed at a temperature of 50°C

with reaction time of 2.0 hours and at varying pressures. The observed selectivity

and conversion data are presented in Table II.

| TABLE II

15 Run Temp.  Presure  %MMA % MSFV
No. (°C) - (bar) Seléctivity Conversion
1 50 1.0 950 5.0
2 50 10.0 97.2 21.9
3 50 200 . 978 50.3

20 4 50 35.0 98.1 977
5 50 50.0 98.1 98.7
6 50 650 983 98.9

An additional series of six catalyzed air oxidations of methyl-
5formyl valerate were performed at a temperature of 50°C, 2.0 hour reaction time
25 and at varying pressures for comparison. In each run 1,000 ppm cobalt
acetylacetonate was added as catalyst. The observed decreased selectivity along
with conversion data are presented in Table Ha.
TABLE Ila
Run Temp. Pressure %MMA % MS5FV



5 . 50 50. 0 . 98.1 98. 7

) ) 6

50 65.0 98. 3 98.9

addi ti onaWE¥43RY of six catal yzed air oxidations of methyl ?CT’US”’%SF% my|
valerate were perforned at a tenperature of 50[err]C, 2.0 hour reaction .

time 25 and at varying pressures for c'5r'rpari son. In each run 1,000 ppm
cobalt  Np. acetyl agegynat e wagbaglded as cat geletivity e Consersigsl decreased
selectivity al ong Wi th conversion data are preSented in Table Ila.
TABLE 1| a7 Run 50 Tenp.1.0 Pr essur 60.7 URIGA %
MbFV WD 98/ 43939

PCT/ US98/ 5585 50 10.0 61.8 -7-57.3 No.

([err] O (bar)_ .= Selectivity Conversion 7 50
1.0 9 60. 70 %-é. 6 8 86-53 50 954 10. 0
61.8 57.3 9 50 20.0 66. 3
95.4 £ 180 305, 350 3579 719 "7 71 ¢ 996 99. 6
11 50 50.0 71 7 12

50 1 65. 0 >0 5702(.)8 93?'§ 597 Anot her

series ofisix uncatalgyed air ggg.gations of neghyg -5-fornybgg valerate
were performed at | ow pressure for two hours and varying tenperatures. 10

The observed sel ect i Anbthersdries of sixs uncatabtzed alicogidations ofl methylad-fermyb.

TABLE I1b Run Tenp. Pressure %VIVA % MoFV
No. valergtg avere@erformed at(n&azv pressure forpve honrs ayd varying temperatures. 13
_ %78 10 The O{J'sesrveggggctivity andég%%%rsion data argspSrgge%x%ed i%:gTaP_lg TIb. 743
o8 17 & PgEm T 46.4
18 Run 100 Temp. 7- 8 pressure S%I\QMA % M5FV
No. . °C) (bar) . Selectivity Conversion
13 27 78 98.9 38.6
15 14 40 78 983 409
15 | 50 7.8 . 95.3 422
16 60 78 920 4638
17 80 78 884 46.4
18 100 78 - 870 48.7
20 o Industrial Applicability

The method for selective oxidation of an alkyl-5-formyl valerate according
to the present invention is industrially useful in the manufacture of monoalkyl
adipate an& in particular the production of monomethyl adipate starting from
methyl-5-formyl valerate. This high pressure, non-catalytic, air oxidation is useful

25 for continuous operation of a commercial. scale oxidation reactor. The
methodology is particularly amenable to achieving optimum selectivity of the
desired product at the expense of conversion per pass wherein subsequent product

separation and recycle of unreacted reactant is employed.



20 . I ndustrial Applicability The
nmet hod for sel ective oxidation of an al kyl-5-fornyl val erate according
to the pre¥@M4388ention is industrially useful in the manufRGR/USISNOSS
nonoal kyl ’ adi pate and in particular the production_of nononethyl
adi pate starting from met hyl - 5-for®yl val erate. This high pressure,

non-catal ytic, air oxidation is usef for conti nug_

comerci al scal e oxi dation reactor. %‘%ﬁws net hodol Mmﬂﬂﬂﬂmmmmry‘
anenabl e I elag@hi evi ng opti mum sel ectivity of the desi fed"prbduct *at

t he expense of conversion per pass wherein subsequent product

separ at i ob. and A emgthod dffor utiree sselentivee axtidation sof ralkplksdormyl valerate @
98/ 43939 . . PCT/ US98/ 05585

- 8- monoalkyl adipate comprising the steps of: CLAI M5 | claim 1. A

t hod f th | ecti i dat ] f al kyl -5-f | I te t
oo " oo b S kTl i S ekl eaismaning
a -5-for v rat.e C X cont ai ni n .
gasyat at e%er ata%a%eﬁfar ?ﬂ%@%ﬁ?@%{%’eﬁ@ Qﬂa agta %Fe%‘ggéﬂrfé‘cPW efcess
f .S 4 ;. f L el ont
'?o oxi di ze al kyl -ﬂ@b%rﬁ-ﬂlg aBg%cg_ ¥ or8@?%5?%’?%“@%%%%&5?%?@6?%@ :zd
b) recovering saisifomaylabdistatetd ﬁ%h@aﬂ@?aﬁip%te;anﬁ met hod of Claim1 wherein

met hyl -5-fornyl valerate is contacted with'a nmol ecul ar oxygen
cont ai ni ng gas batreaovenipesaid mendalkyb afipater ] C to 80[err]C and at a

pressure of from 35 to 65 bars and nononet hzl adi pate is recovered.
10 2. A method of Claim 1 wherein methyl-5-formyl valerate is contacted with a

g

molecular oxygen containing gas ata temperature from 40°C to 80°C and ata

pressure of from 35 to 65 bars and monomethyl adipate is recovered.



