-1 2 7 OCT 2003 5 DESCRI PTI ON PROCESS FOR PRODUCI NG HYDROGENATED ESTER
HYDROGENATI NG CATALYST USED THEREFOR AND PROCESS FOR PRODUCI NG THE
CATALYST This application applications_based on No. 60/141,247 (filed 10
Serial No. 60/147,012 Application Serial No 1999). clains the priorities
of U S. Application Serial on June 30, 1999), U.S. Appl)i ¢a@€pmpg§filed on
August 10, 19991 and U.S. . 60/162, B9éckfrtednon Novenber 1, Techni cal
Field 15 The present invention relates to a process for producing a
hydr ogenat ed ester based on a hydrogenati on of an unsat urat ed
group-cont ai ni ng est epro@E st pb? spRosuctmbl EBA EBrocess, and a
process for prodUC|n% th- ) . pr esent
invention relates to &
effectimg the hydrogenawﬁwﬁn&ﬁ ning ester by
use of a hydrogenating catalyst so as to produce a hydrogenated ester
corresponding to the unsaturated 25 group-containing ester, wherein the
anount of the carb@xglappancdtbasedlanmshEhhygregéh§P?§|§fas a side
reaction at the fine,_of the hydrogepatio o reduced and the
unsat ur at ed g?%ﬂ%L%%Ef%TﬁlRﬁségtég Qa% bgpﬁgggégggg g?ﬁgglthe
cor respondi ngndly dé 0geaat 247 esf bkedsoa Sgnpr@lucﬂ9ﬁﬁﬂh H- ﬁlgﬁpééﬁ9§F§9ﬁ1
(rate)- and a ect vnt ast e t ahysb yseintakl.\s
%gglpr.bclgé £b) LY, 5 g ?5 ¥h kébus% gatany

usabl e 'Y or t 5, °ahd a’ ro dcing .such a %talxst
: Appllcatlon Serial No 60/162 96 (filéd on Novem

1999).

Technical Field

15 The present invention relates to a process for
producing a hydrogenated ester based on a hydrogenation
of an unsaturated group-containing ester; a catalyst
suitably usable for the process, and a process for
producing the catalyst.

20 More specifically, the present invention relates to
a process for producing a hydrogenated ester by effecting
the hydrogenation of an unsaturated group-containing
ester by use of a hydrogenating catalyst so as to produce
a hydrogenated ester corresponding to the unsatuwrated.

25 group-containing ester, wherein the amount of the
carboxylic acid based on the hydrogenolysis as a side
reaction at the time of the hydrogenation reaction can be
reduced and the unsaturated group-containing ester can be
converted into the corresponding hydrogenated ester as a

30 product with a high conversion (rate) and a high
selectivity factor (or yield):; a c;talyst suitably usable
for the process, and a'process for producing such a
catalyst.

Herein, the term "(corresponding) hydrogenated

35 ester" described in the present specification means an
ester which is obtainable by hydrogenating the entirety
or a portion of the unsaturated moiety of the unsaturated



Herein, the term"(correspondi ng) hydrogenated 35 ester” described in the
present specification neans an ester which is obtainable by hydrogenating
the entirety or a portion of the unsaturated noiety of the unsaturated 2
7 OCT 203 group-containing ester to be"used as a raw ma%e‘r ingIT. 2003
Accordingly, the term "hydrogenated ester” naturally re®efers to a

general ly naned "saturated ester”, en_a ural Lty of yHesatyjated groups
are present gﬁoFﬁec%nEﬂéﬁfﬁﬁa?ééeér apggoﬁfgbn?%gbes?ermas thféraw

material, thisoteiAyNYt enkytibnol udgsragpnadact ep§6rcalREHT 3 st ur at ed

ester") which has been_obtain by rogepatibngqakktekt hewnasakur at ed
groups of thEEfEHEaFBerganﬁfggéycgﬁﬁégni%3 ester, but aLsotgncIudes a 10

product whi ch1haslbegnosbuasnedrbyedydregefiabrRgPacSgoFt -8nt8Ff the

unsat ur ated groups_of the_unsa hdr QUPegORLARENGagShateadd 1ni xt ures
of those satSPEFEHra§§9e95893a%§53%§g%3 ated ester xanpl e, when

s). For
allyl acetatenis #eed ast bhéylﬁnadydﬁarétééOSFSGp&§8ﬁFégﬁF g ester as the

raw materi al ,, he _car.r diyng L hyer egenakesd estannedf ®ks to n-propyl
acet at e. Furtﬁg%yr &1 %%%g%uﬁa Fenyl acetate is used as _.the raw
material, thaydoogespondiong iy @fogéiatiedassrated SEEPES 8\ Bhtyl acetate,

n-1-butenyl acetate. Ry ﬁ%%u?,utc%mlai@ﬁeﬁgate%,tem,smm aiglo doeflades and
m xt ures of “rése conmponent s.

_ Background Ar retof ore, .n-propyl
acetate) i solpubglucacethdcd has HeEy Qhﬁﬁ%ﬂé§1§£ﬁiﬁaﬁﬁge§atﬁr &d esters
have been wi %Iﬁxio%g 458G A% 3501 My AgRINtsS o fs alhee mins add At@ACt i on

‘solvents, and have becone industrially inpagrtant U 8SH
saturat ed estgos PaIC@GEidYidId fsﬁredij@d%ﬁ ml\?ﬁ%élrt Ye oefg%reﬂr%%;érgzﬁuon based on

t he condensa%%@@gﬁsﬁfghd(Hﬂgéﬁﬁﬁﬁﬂﬂduygﬂamﬂnm.\Mtk\carboxylic aci d.
However, in such ‘an esterification react] teMsd6LaUHd i brium
state of the reactfid¥n CHROLE b’ f‘{ﬁe]d{elt oa\/\(;a% %éseprsoduct (e

ster) side,
unl ess; yat er \ass A PP disdup-sconennvied tes tdre autEiald 3 I%qfree%-‘)%rem and

therefore it éﬁ; corresponding hydrogenated ester refers to n-propyl

acetate. Further, when 1,3-butadienyl acetate is used as
the raw material, the corresponding hydrogenated ester
refers to n-butyl acetate, n-l-butenyl acetate, n-2-

20 butenyl acetate, n-3-butenyl acetate, and mixtures of
. these components.

Background Art
Heretofore, n-propyl acetate, isobutyl acetate, n-

butyl acetate, etc., as saturated esters have been.widely . .
25 used as dissolving agents, solvents and reaction
solvents, and have become industrially important
compounds. These saturated esters are generally produced
via the esterification based on the condensation of the
correspbnding alcohol with carboxylic acid. However, in
30 such an esterification reaction system, the equilibrium
state of the reaction cannot be shifted toward the
product {(ester) side, unless water as a by-product is
removed to the outside of the system, and therefore it is
difficult to obtain industrially advagtageous reaction
35 rate and conversion of the raw material.
In order to solve this problem, there have been

presented various proposals such as that in KOKAI



difficult to obtain industrially advantageous reaction 35 rate and
conversion of the raw material. In order to solve this problem there have
been presented various proposals such as that in KOKAl 2 7 OCT 2003

~(Unexam ned Patent Publication) No. Herf. 35-194318. Hoﬁalﬁ, ﬁi descri bed
in this KOKAl publication, there is a problemin t hat 28 onplicated

reaction apparatus and reaction ocess are. requiredsfarihg process for
5 industrialKyﬂﬁﬁéﬁaéﬁﬁgPﬁﬁ@“@a?ﬂgiﬁFﬁ lggﬁngétgslVia the “esterification

of the al cohgl,uith, the easbexyeiciacitis &OXadmpabdd ORtiR M hdSESr desses

using the other reactiaqn ystens. Further,. | he esteidnf i irGR ylseact i on
based on thea Egoééﬁﬂeﬁ§aﬁiéﬁ Gf "PhE gP@%&&F@%ﬁt the capbggéﬁic aci d,

water is ineyjhhabbycRredprddesst heesyererhr edokeverthe e O%eerit®*heat  of

vapori zation of water _iis nmuch | arger ,th i@t enli dheaterofvia the
vapori Zat i onleméfCI‘iérr"“lc}r}"gé’ﬁfic’rcgjucclé1 &&ﬁd?{érgn therefore there is .also a
Hhes RPN G 1R

~difficulty iBsiBritthatatierh cdnemhgy alsobieds sigd ith ter by

distillation. On the other. hand, iRl A! @ iG1d UfiveC @YhaIMi e C tesdrer
whi ch cont ai A ™RSS Fatg]dr{g]roos%g such as allyl ~ group, rnethallyl

group, and visggktegrsaup at the al cohol 20 site of the ester can be

i ndustrially prod¥%§ he& 9-1 VAT dd16 100 idatt i easduedydatbazed eactilon of
t he correspondi ng AI'Kene wit h carboxylic acid, etc. Partif Iggiau it is

wel | kppwn ' t loatn dem satsiairuredt dehe @loipiicdo it it SO BAH e b o’duc}gj by
reacting the 2 or.r -g.&(]pji Eﬁ%u@@/gﬁn e gty | i Rovwevel i el gas
“phase in the%é%é%ﬁéﬁ%b .aﬁéhﬁg.jun1patal st, and.therq‘ £

own
docunent s corlegrarindieat P HRRIEFA L Lo I W HhetBol T he ud%%m

(Exami ned Patent i Gad 4104) o #\oy 1 z ot GO 06, o EKOKLE dNan i Sho.
48- 23408, 30 %ﬁ%&% D- 28¢

0. 50-28934, .and KOKA| : | £z 5/ Anong
these, KOKAI dMmpadelds -2y 457eER s SsEee 1 hat® anlé\gn%g?tfrfa%%%%ﬁ o
group-ﬁgnt ai nifg Gsleh SRErde iadusigimed yin pseprcating Bhe efyLef ghyi el d

and a hirgh space-tine yield
distillation.

Oon the other hand, an unsaturated group-containing
ester which contains an unséturated group such as allyl
group, methallyl group, and vinyl group at the alcchol .

20 site of the ester can be industrially produced, e.g., Vvla
the oxidative carboxylation reaction of the corresponding
alkene with carboxylic acid, etc.

Particularly, it is well known that an unsaturated
group-containing ester can be produced by reacting .the

25 corresponding alkene, oxygen and carboxylic acid in a gas
phase in the presence of a palladium catalyst, and there
are many known documents concerning such a process.
Examples thereof include KOKOKU (Examined Patent
publication) No. Sho. 44-29046, KOKOKU No. Sho. 48-23408,

30 KOKOKU No. Sho. 50-28934, and KOKAI No. Hei. 1-197457.
Among these, KOKAI No. Hei. 1-197457 discloses that an
unsaturated group—contéining ester can be industrially
produced at a very high yield and a high space-time yield
through the oxidative carboxylation of the corresponding

35 olefin with carboxylic acid.

on the other hand, it is said that an allyl-type
ester as one kind of the above-mentioned unsaturated



t hrough the oxidative carboxyl ation of the corresponding 35 olefin with
carboxylic acid. On the other hand, it is said that an allyl-type ester
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group--containing ester can be indust riald y” produced, 2e7)GT VAQf3the above
oxi dati ve carboxyl ation reaction of the corresponding al kene wth

carboxylic acid, as well as via the reaction, of Y, hl ori de
wWith a 5 car BBEHRCHEH MR CHrHodAT Cact i %2 tII?{] )?Jh}L gme%(%/‘g(?lc?l cation

reaction based on the omﬂm&axe mmame atamexyb@tm@owmcww ef
carboxylic aci

. etc cor di n var i o n thesg eagily
avai | abl e unsté’(eur%récﬁﬁf%lf{)l ‘?ﬂ%d" esters %&ihw@éf&a | Tyl -type ester
are subjected; ﬁéﬁylchralgefm’t imh areact 1oh-swypasch bopidriuéeta 2orrespondi ng

hydr ogepat ed ter (partic IarI ryaidhavendbeen
i nvesti gat ed.© qrtsb Jhcer%(flo of'e eenffj};iﬁc?g\l/rf%i %fsicg metal sel ect ed. 15 from
Goup VIl elemnt ifidaroium mem@rmntksasemdor@e% SO RPRHE QD | Af ¢ e

periodic table cordin W ern&ty ip@rg@g@p &bem stry, Revised
Edi tion, 1959 l(ffmtte"F natelgloc% C'l)\ﬁ(L)Jnl on g‘% Pur e and em stry:.and in

the same manner |m¢¢rerabber$@1yptvm@p‘{ae&¢’m@d%er‘é]i‘ Ié‘?’t’t%r %@elga%ﬂ%ctl ve
as a hydroge gﬁgfﬁbgf@a&yfgt&fhﬁgaLﬁ%@h@Eﬁonigﬁnhy r@gﬁ@ﬁélgﬂcheastlon of
st er

an unsaturated group- containing e However been poi nt ed

out .the hydr@lg)emmwsp% eftenealmsailol &t eed gFoup- %-’lﬁﬁfﬁg?ﬁ‘ﬁb °Bster as-the

raw materi al £1 5% obl emy epgoynt @ked & Ncor 26sbbRd iy hbgdnsgegasedh a
‘et al -type caﬁ yst re specifically, it is knoyn ﬁhat when an
fru

al |yl -type esesterr cpretbieedr by, t%%t¥5?F%ﬁnﬁ§t?5 2E15°8F an enol -type
ester repr esem\egspy tpeafollowng fornula (2) |s hydr ogenated in the

presence of & CatalySlcontalning. 8 S0 Mekabuaclested fhem Savecthdl
saturated estefomt Geoliydvogenelysest of Gheupni&taiatﬂéﬂts.- and Group X
elements in the periodic table (according to Nomenclature
of Inorganic Chemistry, Revised Edition, 1989,
International Union of Pure and Applied Chemistry; and in
the same manner in the description appearing hereinafter)
20 is effective as a hydrogenating catalyst to be used for
. the hydrogenation reaction of an unsaturated group-
containing ester. However, there has been pointed out
the hydrogenolysis of the unsaturated group~containipg
sster as the raw material, as a problem engountered .in. . .
25 the method using such a metal-type catalyst. More
specifically, it is known that when an allyl-type ester
represented by the following formula (1) or an enol-type
ester represented by the following formula (2) is
hydrogenated in the presence of a catalyst containing a
30 metal selected from Group VIII elements, Group IX
elements, and Group X elements to thereby produce a
saturated ester, the hydrogenolysis of the unsaturated
group-containing ester as the raw material occurs so as
to produce the corresponding carboxylic acid and alkane
35 as by-products ("Catalytic Hydrogenation-Applications to
Organic Synthesis" (lst edition, 1lst printing, issued on



.group-containing ester as the raw material occurs so as to produce the
correspondi ng carboxylic acid and al kane 35 as by-products ("Catal ytic
Hydr ogenati on-Applications to O ganic Synthesis" (1st edition, 1st

printing, issued on - 5 2 7 OCT 2003 ApriT 10th, 1981;?Tghygﬂ¢fgaku
Dojin), page 116 et sea., may be referred to). 5 (1) 10 1 6 (2) 20

As a nmeasure for_solving such a probje th ] hgdswher ei n
pal | adi um netR¥ 1} siQisled 2%° 4 %%%%?yé?g%%uvﬁéﬁf%?’t%ggéﬂégﬁgggion‘of t he
hydrogenol ysjs, ©¢ tbegeenel-type ester (the above-mentioned "Catal ytic
Hydr ogenati on-‘Application to Organic Synthesis'', page. 116 25 et seq.,
may be referred to). Further, there is known a nethod wherein a rhodi um
netal is used as a catal ysR 50 as to suppress the hydrogenol ysis of an
allyl-type ester (W F. Berkowitz, |I. Sasson, P. S. Sanpat hkumar, J.
Hrabl e S. C. Choudhry, D. |Pierce, Tetrahedron Lett, 30 1979, page 1641).
However, accordinrg:ito the -fyentors’ Féiperinents, i} has been
found that each t al ysts can efféct ﬁeSy suppr ess
the hydrogenolysis wth resp one of the enol 35 type ester
or the allyl-type ester|, but g¢ackh of the|| catal ysts cannot effectively
suppress the hydrogenolysis ggh hotsh of tMese unsaturated group-containing
esters. 9 - 6 2 7 OCT 2003 t he ot her hand, KOKAI No. Hei. 9-194427

di scl ages
RE
RS
RT O a .
15 n (2)
RB RIORII O
20 As a measure for solving such a problem, there is
known a method wherein palladium metal is used as a
catalyst in view of the suppression of the hydrogenolysis
of the enol-type ester (the above-mentioned "Catalytic
Lt ' HWydrogenation-Application to Organic Synthesis”, page 116
25 et seqg., may be referred to}. Further, there is known a

method wherein a rhodium metal is used as a catalyst so

as to suppress Lhe hydrogenolysis of an allyl-type esterxr

(W. F. Berkowitz, I. S5asson, P. S. Sampathkumar,

J. Hfabie, s. C. Choudhry, D. Pierce, Tetrahedron Lett,
30 1979, page 1641).

However, according to the present inventors'
experiments, it has beén found that each of the above-
mentioned catalysts can effectively suppress the
hydrogenolysis with respect to either one of the enol-

35 type ester or the allyl-type ester, but each of the
catalysts cannot effectively suppress the hydrogenolysis

of both of these unsaturated group-containing esters.



a nmethod for producing a saturated ester froman unsaturated
group-contai ning ester by use of a nickel- type hydrogenating catal yst.
According to this patent 5 publication, it is said that this nethod can

ef fectively suppress the hydrogenol ysi-s 6by using the ni k.]eb yg@a
hydr ogenati ng catal yst, as conpared with the nethod usi rz ES adi um

netal as a catalyst and the nethod using a rhodium I cat

10 However, when tme Yireesdmeri magist0fd &q-r i - t@n%pg?aégﬁc&lslcéo?aeyry
out the hydr%@g@%tﬁo@ FEAGHIRN 1800 ding: ke dehesahavetimt fwd of t he
pat ent publica

I'lon  so as produce the corres d| ng sat ester, it
has been found: stehatr atds Wﬁ@%% eg ﬁ#gﬁt[ﬁ&l

deconp05|t|oq_ %wdybiéhggyﬁ (Ugﬁﬁggnﬂln@nﬁdﬁﬂmngamﬂ1ﬂm§(ﬂﬁtﬁm%ondlng
carboxylic aC|

hydr ogepol Sl § of the € v i@l east
to a certai rpllézailéfrﬂtl%reltsﬁéclsfaild%l l%j/a atéblosrd“ ?%N% %%jgéséen% 2
i nventors' %ﬂ% Syhd th}l&&)gbﬁﬁtm Joimndoyt hailreg/etrhe/\herﬁkehetmﬁ)ve met hod
according to

: -194427 is use t il fod Qisin
conveni ently mfé?wfaa%ld%%rcﬁ%%ily%“s't &S I‘ead h‘“l”l'tﬁn g%ﬁrélt re%chl nlg T he
product standargh f4; dhensad urad ed c&sﬁaehsst/\/rmuh ‘@h@ e ey WSEE & 25
sol vents and reaction solvents. That in general, according to the

product standgiRA¥HF FREALATrat &R~ ]eys§ afs, the tol erabl e amount of
car boxyhic acid tQi&ﬁev@@ﬂt@hmdtﬁéﬂ@m%@brl@%%mbt}@)‘"‘ée corteht¥Qti on of

50 ppmor less, and t purity of t L8 rd s t§@n99 5 mass %
‘of nore. In GRIRET ﬁﬁﬁﬂﬁy ??ﬁf%r%ﬁ%é%loﬁﬁ%§£§%§€%€§ car boxyl f d due to
the hydrogeno&@@¢ﬁdiﬁ@ct®oﬂhepmb@@eamaémgds@flbh% prePrE P? % ?F the

product quality of the_ s a diht@Patéd éstegenetal ly
difficult to SRpdTat® %’ﬁoﬁncgét%}?%t(g%l}%é%o;l@%ﬁgont ?I i ng ester . a§ Qt‘Eﬁl
t

material (e.ghasabéyh Acebdtehatandis Bé?%?&?eﬁseé 8P ASCEMBERYE
n propéé ace gl ey LLARLERELR PELCRYoR €bRhE Ebstebpaehddng ahdane? 2 7

and the corresponding carboxylic acid (i.e., the
hydrogenolysis of the raw material), at least to a
certain extent.
More specifically, according to the present

20 inventors' experiments, it has been found that even when
the above method according to KOKAI No. Hei. 9~-194427 is
used, it is difficult to conveniently obtain a saturated
ester having a high purity reaching the product standard
for the saturated esters which are widely used a8 ... Lo -

25 solvents and reaction solvents. That is, in general,
according to the product standard for the saturated
esters, the tolerable amount of carboxyllc acid to be
contalned therein corresponds to a concentration of
50 ppm or less, and the purity of the saturated ester 1s

30 99.5 mass % or more. In other words, the production of
such a carboxylic acid due to the hydrogenolysis reaction
poses a very serious ﬁroblem in view of the product
quality of the saturated esters. In addition, it is
generally difficult to separate an unsaturated group-

35 containing ester as a raw material (e.g., allyl ‘acetate)
and a saturated ester as a product (e.9., 0- propyl
acetate) from each other by a simple distillation, and



therefore a precise nmulti-stage distillation is required in order to
achi eve such a product standard. In view of the foregoing, and in order to
sinplify the purification step after the conpletion of the 5 reaction, it

is extrenely preferred that the conversidn~ of the unﬁaitﬂca}ﬂte
group-containing ester is made 99.8% or nore, the sekett i Y03 actor for

the carboxylic acid produced as a _by-product,.is .nmade. l.Qw i bl e
(the selectﬁ@ﬁﬂﬁfpé@t@rPF@Fl§ﬁbr%%%qi®aHQQ?:dd@%&qﬁﬁ§J%$E gﬁabiyﬂio Le
2.0% or |ess),, apgthesalceGleive tey:dhact grrdductt ke arkipdrdogenat ed ester
(particularly, that for the saturated .ester) Jis i ghere (48 £

sel ectivity factorT giehe:t FREEF %y ai)nsCf nl’é}ggggjgyo%bormrm@e) Y
However, for (gxampia s ithe iakowe-apeniftened heateentp LES: isubldfc 4ti®on KOKAI  No.

Hei . 9-194427 does not .describe an .achij ey, s SYEh that Misnessisat urated
ester i3 prodifd&F I Fromtart Sufeat i ad p&reofﬁe%c?ntscal ni ng, est er g%/%use of a

ni ckel -type hydrogenatdatg reateal ytqud-e dwivers GF eI tife masfss at s ed
group-contai ni ng ester_.is de ,99. 8% +A0 @l dhe, 1ecd 1ad ity
factors for t4fe Sur A S%?Ieézrtlé’nl Y %aeé%%rebfoxyl ic acid oggje_ made 98. 0% or
more and 2. 0%dudebss respeqrodiat. n meisjeds fow s PR 1§ n i on
is to provide r.Qcess fd ci Ye AFRAUAT Y Ny di D0 ened ek Aster
25 wherein tl"ls’eeajfe 2t on f](c)ogté)e{:afr oxy él cC aci d d,uie to the h\ydr\(l)ﬁgnol ysi s as
a si deloeactilgn 2.0% her Hyadrsogerand oie reakaG o 3 SArEs SRF wheh the

correspondi ng}yéyodsg;q,gae&[adt I e(péﬁtfﬁ%@, byn 4 thef dyy di 1o et w0t ed
urate

‘reaction of un group-containing ‘ester. 3 [jscIPsur gf
| nvention | n estder) tics ovestednieghere EPoR & TR prbt st OF tHE present

inventors have perforied ear nesty sidldd €S0 Prox therdydr ogenation reaction of

an unsaturat ed group- contal ning ester using a hydrogenati c yst. As
a 35 result, the piesiRri riANtDFAPETe "f}b%n%b?‘ﬁ%'tm? lorﬁ%@ %‘?% ed

gr oup- ggnt ai ni, 0oy £81E1 o RAKAKIET N, Med £ i Bl 194402 doecemdt adéonr dhe aan
specific co ggﬁqgvéﬁgﬁéuéﬁ¥%_that when a saturated ester is produced
from an unsaturated group-containing ester by use of a
nickel-type hydrogenating catalyst, the conversion of the
unsaturated group-containing ester is made 99.8% or more,
20 and the selectivity factors for the saturated ester and
the carboxylic acid are made 98.0% or more and 2.0% or
less, respectively.
An object of the present invention is to provide a
process for efficiently producing a hydrogenated estef,
25 wherein the formation of a carboxylic acid due to the
hydrogenolysis as a side reaction to the hydrogenation
reaction is suppressed when the corresponding
hydrogenated ester is produced by the hydrogenation
reaction of an unsaturated group-containing ester.
30 Disclosure of Invention
In order to overcome the above-mentioned problems,
the present inventors have performed earnest studies on
the hydrogenation reaction of an unsaturated group-
containing ester using a hydrogenatiqg catalyst. As a
35 result, the present inventors have found that the
unsaturated group-containing ester as the raw material,

the concentration of a specific component contained



270CT2003 therein, or a specific of paraneter for the hydrogenating

catal yst has an extrenely inportant effect on the hydrogenolysis
reaction. First, the present inventors have found that the 5

hydr ogenati on reacti on of the unsaturategl group- cont ?i Zlﬁle mgr IS
conducted along with the dilution thereof with a sol ¥ent L to the
reaction, to thereby obtain a hydrogenated ester (particularly, a
saturated estrek)kiw,tbraahsghcyietdofl posanasathdAar 5@{%@%&8&%&"1?83 10 by
a hydrogenol ysi s .reactign, The s; f A g va drydmegenat ed ester
accordi ng toca?r’raéﬁﬁgdi F‘r@nfﬁno?"ttgéﬂ‘%?gsé%ﬁ%?%ﬁ#don is based on the above
di scovery, anmngdrogenspgeciifi cabEyiont s a process for producing a

hydrogenat ed ester.. 3§t15th¥dpggg_gﬁgi DY &k &S At dieat etk ngt alngtc aieai ni ng
ester represented by the fofl

_ oW ng (tgeneral for rrultad( rd'u?)_t he presence
of a hy8rogeratiregesatabysredstasnt 8f pH oS &V ifydiTogenat ed est er
cor r espondi ng 4, 4tihg nunsaterat edcogaatped caltaiqivig: redter dIAEREN t he

unsaturated group 20 containi ester is dil MAh AN icRerhesebyent and
a hydr ogenatihgs ePéabtitdndi §°2?F8§t éﬂef)tfl %%et%eﬁg'—at urated gr ouQ;3 ont ai ni ng

ester. R 254bthinR2 hydrogeRaRed0eénher parRCUIRE1YR3 2 REFAFRE denote
an arbitrary alkyl rQu aji,nj rod0 AR alednBy arompantedry

al kenyl grouﬁsc?&%t)a?”ﬁ'itﬁgQlﬁggglgggggb%%m%toms, or a hydrogen atom and may
be theigane as er hgidirbgespntybpénreachi®ther; the al kyl group and al kenyl

group may be 35 either i - hahifc P g A anedreshen: cde eett@s an
arbitrary al kyl g?‘gtﬁp%\fﬁ?%cﬁgcgﬁ%aﬁgs 1C- g:LO car bon attolr}g,e%tﬁoq GsT 2003
and may be eiddverdingaitghenc REPRIGRERE BERERE BARFSTY s _

based on the above discovery, and more specifically, it

is a pfocess for producing a hydrogenated ester by
15 hydrogenating an unsaturated groupgcontaining ester

represented by the following general formula (1) in the .

presence of a hydrogenating catalyst SO aS to produce a

hydrogenated ester corresponding to the unsaturated

group-containing ester, wherein the unsaturated group-

20 containing ester is diluted with an inert solvent and a

hYdrogenation reaction is effected on the unsaturated

group-containing ester.

25

R! R-IR& O
30 (wherein R', R?, R’, R' and R’ denote an arbitrary alkyl
group containing 1 - 10 carbon atoms, an arbitrary

alkenyl group containing 1 - 10 carbon atoms, or a

hydrogen atom and may be the same as or different from

cach other; the alkyl group and alkenyl group may be

3
35 either straight-chain or branched; R° denotes an

arbitrary alkyl group which contains 1 - 10 carbon atoms



or 1.) The production process according to the present invention having

t he above-nentioned constitution is 5 based on a present inventors

di scovery such that when the prior art hydrogenation reaction as

“descri bed hereinabove has been conduct'ed practical I&?sbcaszﬂgg at t enpt
the production of the corresponding saturated ester, the reaction is also

acconpani ed by the 10 deconmposition keach] f the nsat.uraied aroup-
cont ai ni ng e&f&r Tt etﬁe“@gfrgsﬁgﬁgpﬁg%gﬁagngrénd the corresponding

carboxylic aeird,1.depending on the concentration of the unsaturated

group- containing esler, I JesReetd e dwenasiants liruigkaantaining the
15 unsaturated gr -containing ester represente Qﬁlthe eneral fornula

(1). Herein, itventdonr eésyomndi ridealdose-Neasd St e et

speci i gati on ireans, A alkens, 2y R AR NGl bl alsudtert et iisat ur at ed
group-cont ai ni'ng ester i's fo

rmed by an oxidative ccﬁr boli(ﬁygeaéi on
reaction. Forcheesxarisire anthdy dnes ansdaily AEF FrBUFETMH Mg ester is
al 1yl acetat §,.116 SUJLIPANANG aldRNR vl Pradwicpropydemes ®urther, the
"correspondi ng al kane" described in the~

| 25 presen cifi i neans
an al kane whiadtrempt ¢ hse PSR By the e S |°angdlfs1r§ rgo%{e%%/ésq]s
reaction at thg ot i meofyddreidydroganas iavvorgentiah kyf tihe unsat urat ed
group- cont ai ni ng ester.. For exanpl e, n the, _ _
gr oup- tOnt ai et i AG3A et e‘,ehei Hg%t%r%%&g%ﬁﬂf%g al kane
refers to praie i fuld hefvert het's anaet@niedpdiding Tomee Mg Ee

poci 11 cat | o TR ML T AT H corpon Gt Wi oh Rae. keen obi ai ned by
excl udi ng hy dsigash gas: aotd e 3% | uresd et &l chr AP TR BN R% C 2 Kane,
cont ai ni ng. oStER SRFRACT o be Ehar GRE T IE o oo st oy S P, oo 2003
15 unsaturated group-containing ester represented by the
general formula (1).

Herein, the "corresponding alkene” described in ‘the
present specification means an alkene as a starting
material when an unsaturated group-containing ester is

20 formed by an oxidative carboxylation reaction. For
example, when the unsaturated group-containing ester is
" allyl acetate, the corresponding alkene refers to
propylene.

Further, the "corresponding alkane! descyribed in the

25 present specification means an alkane which is to be
formed by the accompanying hydrogenolysis reaction at the
time of the hydrogenation reaction of the unsaturated
group-containing ester. For example, when the
unsaturéted group-containing ester 1s allyl acetate, the

30 corresponding alkane refers to propane.

Further, the "raw material liquid containing an
unsaturated group—contéining ester" described in the
present specification means the raw material component
which has been obtained by excluding hydrogen gas and an

35 inert gas such as nitrogen and alkane, from the liquid
and/or gas which contains the unsaturated group-

containing ester and is to be charged into a reactor so



as to be used for the hydrogenation reaction as the raw material for the
reaction step for the corresponding hydrogenated ester. On the other
hand, known publications such as KOKAI 5 No. Hei. 9-194427 do not
describe the yield or selectivity faetdf for the sa&uzated est er
particularly ~corresponding to the concentration of Zhé Qnkatlli3at ed

group-containing ester with respect to the raw material liquid, in the
case of the dydrogenatseon feactiomir RN AP UhsHRUT ot T "@ﬁgﬂb@-r%’ht ai ni ng
ester, The preseni.ientors have also{gnd hate &ohyels pgeniysi s

, Th 1 5 :
reaction is prono %d en a carboxylic acid is present so that the
concentrat i onydteyevitecodie®hed in the raw material containing an

allyl -type 15 estgr gxcesdse2 $pesi fiksoval pigbl Maeispecsiicitars$ yEOBELor di ng
to the another enbodinent of the present |nvention eigegg is provided a
proces$ for Reodielngdal hyH? bgehated LeTerBy ??e%%lng a hydrogenation

reacti on on g?léékyéiéyp§a§§é§rféﬁpfﬁée@ae@riﬂe@yesherap@veiﬁ@h@rbhed
general formula (1) (n” =

= 1) by use of a hydroge als) oas to
produce a h?@?é@%ﬁ%ﬂ@ﬂ“%s%%rXE%r?%@B%ﬁHfﬁél?% ?E2{2€I§§?%€%%§%§§er,
wherein the ?98§§ﬂ&6ﬂ£EQﬁiQ§ ascarboxyhi ceapedt cont B Redavwi RaheF aat
material confaining the allyl-ty te n Yol hgroener al
formula (1) ﬂéqilak.éﬁoFgFe§§§eR§§ g@eRéyﬁ?ﬁg%ﬁﬁé?éﬁnkgﬁbeQ, R, R and

R5 dengf e a hydregeatatogroenpanon8diaihgt eakgral kyl group containing 1 -

10 carbon atons a may be.th S dif tgr eptinfir eRueagh ot her; the
-al kyl group may bgﬂgiFﬁéFeQFréﬁBEﬁggﬁgiHgg? branched; and 2 7 CCT

, .- 11,
2003 R denayesogenaibsticargaatkyh geonponAter HBﬁPaPnEafbpxiélEarbon
atons and may be it her, s(ralantyChaLROFonRERRERRdoh Onekberot her  hand,
A6 6n 18ueR eS8 "RORA

known public a ‘ a
contained in the raw material containing &an allyl—type

15 ester exceeds a specific value.
More specifically, according to the another
embodiment of the present invention, there is provided a
process for producing a hydrogenated ester by effecting a
hydrogenation reaction on an allyl-type ester represented
20 .by the above-mentioned general formula (1) (n = 1) by use
of a hydrogenating catalyst so as to produce a
'hydrogenated éster corresponding to the alilyl-type ester,
wherein the concentration of a carboxylic acid contained
in a raw material containing the allyt=fype-ester. .

25 represented by the general formula (1) is 1 wt.% or less.

R [}
(1)
30
G
(wherein R', R’, R’, R‘ and r’ denote a hydrogen atom or an
35 arbitrary alkyl group containing 1 - 10 carbon atoms and

may be the same as or different from each other; the

alkyl group may be either straight-chain or branched; and-



5 No. Hei. 9-194427 do not describe the yield or selectivity factor for

t he hydrogenated ester particularly corresponding to.the anobunt of the
carboxylic acid contained in the raw material containing an allyl-type
ester, in the case of the hydrogenati on 110 -+ eacti on of hhg al lyl-type
ester. The present inventors have further perforned 2dr BEdt 2003t udi es while

directing their attention to a hydrogenating catalyst to be used for the
hydr ogenat i oR® desantdDrer espeiciz iy, atey v FTOHB ‘“b%%%‘f%?%gﬁ?yt he 15
catal yst) of _an S ed; gLQURKAORLEI Bengiesker stAsightredalin, orhe

pr esent i nveht orgahg%gg%una t%at lrﬂt he §hydr ogenat ed ester can be produced
at a high yiketdnahel.)little deconposition of the unsaturated

group-contai ning »AStRL B$nhdr’ AWndBt @hbah, pubedcatdanalsysh es B&Raded for
20 hydrogenating an unsaturated group-containi rtl_-g‘ estiel dt @ Pr oduce a
cor r espondi njohyedgefAail8d 4@dt 8P 86kt AFRETACe ME&st “"6ne netal sel ect ed

fromthe grogelge@amknqa@fwr @oeURhY hiydelcerertted @s6@y | X el enents, and
Goup X elenents in the periodic table and.h & an.agjdity of 25 1.0 x
10-1 ol / g oerkésy1as lye£9ar&sd PR i %ahfoni a- “Tenper ature Programmed

Desor pti on methed Nekeixrait eontadhed do tuheas 2WTRB AtFdd PN EPHE 11T

hydr ogenati ng catalyst accordi ng t.Q furt ernhpdi ndtierpr esent
i nvention isad Rydrdgenas r‘?&teég ¢t gzlhfstcat%ger be used for f?%rogenati ng an

unsat uyt ed GrERER-eANIE Riteg aasiydr-typepresga@t-ed by the following fornula
Formi a (2). wh cHTEORERTR A IACE g et o Saodted Trom the oroup -
consi sting ofs 31 i@ uhMid idieesrteintss, th@iguR tberdt ety 2 and Group X -- 12
ig@ﬁ??gegﬁﬁcggqér%%hﬁ%%%@aoﬂjscc tablk ‘\Psréii hasr athadiwitogeafation 0 x
reaction (especially, to various parameters of the
15 catalyst) of an unsaturated group—containing ester., As a
result, the present inventors have found that the
hydrogenated ester can be produced at a high yield with
little decomposition of the unsaturated group-containing
ester as a raw material, when a catalyst to be used for
20 nydrogenating an unsaturated group-containing ester to
produce a corresponding hydrogenated ester contains at
.least one metal selected from the group consisting of,
Group VIII elements, Group IX elements, and Group X

elements in the periodic table and hag ap geidity of
25 1.0 x 107" mmol/g or less as measured by an ammonia-
Temperature Programmed pesorption method (hereinafter
referred to as “TPD method”).
The hydrogenating catalyst according to a further
embodiment of the present invention is a hydrogenating
30 catalyst to be used for hydrogenating an unsaturated
group-containing ester represented by the following
formula (1) to thereby produce a hydrogenated ester
represented by the following formula (2), which contains
at least one metal selected from the group consisting of

35 Group VIII elements, Group IX elements, and Group X



(1) (wherein n represents O or 1, each of R, R2, R3, R4 and RS

represents a C1 - d(, alkyl group, a C1 - C10 al kenyl group, or a

hydr ogen at om i ndependently from each _other, and R6 represents an
arbitrary C, - ClO alkyl group.) 15 2 R'G R R3 0 926728CRe2[}830R11 O
(wherein n represents 0 or 1, R6 represents an arbitrary Ci - C, alkyl
group, and each, of K7, teeegé epresenlsi @ Goz CA0 Bhiul giounoca CL - G
al kenyl group, or ydrog n a on1|ndependent$ fom each

Her et of or e, 11&)ha&(nohmbeenqk@QMMeéﬁat the acidity of such. a hydrogenating
catal yst containing at |east one netal selected fromthe group consisting
of Goup VIIl 30 elenents, C?oup | X elenents, and G oup X elenents in the
periodic table is | owered R ‘as to effectlvely suppress both of the

hydr ogenol ysis reactions to] be caused at the tinme of the hydrogenation
reaction in the case of an | epol - ype ester and in the case of an
allyl-type ester,r35_and 3} ation reaction hhfreof at a
hi gh selectivity facto 2003 he present |nvent|% urt her
provi des a process for o\t he abovje hydrogenati ng catal yst, which

i i teps: (First step) 5 A step for
causing a netal conmpound 20 br taRried onO a carrier having an acidity of
1.0 x 10" mmol/g or less, to thereby obtain a carrier carrying the netal
conpound;

(wherein n represents 0 or 1, each of R', R’, R’, R* and R®
represents a C, - C,, alkyl group, a ¢, - C,, alkenyl
group, or a hydrogen atom independently from each other,
and R® represents an arbitrary C, - C,, alkyl group.)

15

" - (2)
20
RB RIDR|| O

(wherein n represents 0 oxr 1, R® represents an arbitrary
c, - C,, alkyl group, and each of R, kS, RO R-and-RY
25 repreeents a C, - C, alkyl group, a C, - C;, alkenyl
group, or a hydrogen atom independently from each other.)
Heretofore, it has not been known that the acidity
of such a hydrogenating catalyst containing at least one
metal selected from the group consisting of Group VIII
30 elements, Group IX elements, and Group X elements in the
periodic table is lowered so as to effectively suppress
both of the hydrogenolysis reactions to be caused at the
time of the hydrogenation reaction in the case of an
enol-type ester and in the case of'an allyl-type ester,
35 and to enable the hydrogenation reaction thereof at a

high selectivity factor.



and (Second step) 10 A step for reducing the netal conpound of the netal
conpound-carrying carrier obtained in the first step, to thereby obtain a
hydr ogenati ng catal yst. The present invention further provides a process,
for producing a hydrogenated ester, which3cenprises 15 hydrogenating an

unsat urated group-containing ester represented by (1) to
t hereby produce a hydrogenated ester represented %Wﬁpﬁgrgmkﬁula (2),

use of the above-mentpcrehthyidrogeniati rg: cdied y@tOVJB?E?%fa DS F Pt i
Dr awi ngs 20 F| dulcllr{lzg gé E\l%os\peq‘t SHow a,gbecrg)pgl}@@t Widhe appar at us
t

system for pr I Ci € process *or pr odu0| ng Hydr ogenat ed ester
according to ddm@rprsssemha nventdwoimyg F grst2 ard é‘?q shiegt® showi ng an

enbodi nment of Q%E% EIalgatus systemfor the treatment with an i on exchange
25 resin usea‘ in anpl'e’ according to the present i nyention

drawi ngs, the respecitame fef darcihuheEreltasl FARFY ?%l?%v&%ﬁrh%cgn‘?fhgs.

1: Unsaturated roup: ¢ nt ai ni ng este n i 08€Niess,
gas- f eedi ng pt pcga 353 Qn e palqrbe‘% [Elg g@% ?n(g ﬁ;e/kdor og?e\r?lg%/g% gster 4.
Heat er, b5: Re@pt@{er&;y L@yﬁlrpaa:kmjrwm cat ay yrsq |, tive rm‘p@lfwmp@tkmhg out
liquid after ctor circulation, 35 8: Cooler, 9: Pipe for flushing gas,
10: Product Fﬁﬁﬁld circulating pipe, - 14 27 OCT 29U3 Pipe for

t aki ng-out prEgkisdnd i st sl 21 Pipe for charging ion exchange resin, 22:
torn exchange resip tower o I Do hSY & d éfz-éh P,h@i_eajor
Haﬂa% $%§|¥F ué%ﬁg @ﬁ@ el 881 & ﬁa e

d| scharlal ng ion e Prpe tor charging distillation tower,
compound-carrying carrier obtained in the first step, to

thereby obtain a hydrogenating catalyst.
The present invention further provides a process,
for producing a hydrogenated ester, which comprises
15 hydrogenating an unsaturated group-containing ester
represented by the feormula (1) to thereby produce a
hydrogenated ester represented by the formula (2), by use
of the above-mentioned hydrogenating catalyst.
Brief Description of Drawings
20 Fig. 1 is a flow sheet showing an embodiment of the
apparatus system for practicing the process for producing
a hydrogenated ester according to the present invention.
Fig. 2 is a flow sheet showing an embodiment of the
apparatus system for the treatment with an ion exchange
25 resin used in Example according to the present invention.
In the drawings, the respective reference numerals
have the following meanings.
Unsaturated group-containing ester-feeding pipe,
Hydrogen gas-feeding pipe,
30 Feed pipe for recycling hydrogenated ester,
Heater,

1

2

3

4

5: Reactor,
6 Layer packed with catalyst,

7 Pipe for taking-out liguid after reactor circulation,
8 Cooler,

9 Pipe for flushing gas,

1

0: Product liguid-circulating pipe,



26: Distillation tower, 27: Pipe for discharging tower bottomliquid from
distillation tower, and 10 28: Pipe for-discharging tower top liquid from
distillation tower. Best Mde for Carrying out the Invention Hereinbel ow,
the present invention will be described i1n detail (jtbdfeﬁ@ﬁnce to the

acconpanyi ng drawings. 15 In the foll ow ng descrlpt? 3 d "part(s)"

representing. a, quantitatjve, proportion, ?ngthngg t hose based on wei ght

(or mass), unless ot herw sé not &d specifi cal n“the process for

produci ng a hydro@bﬁ%te@—e@Te¥ngQ a@@o@&¢ﬁgﬂg© rheipresent invention, an

unsat urated gyoupro€oRLAhNLNY £SLEf feRLesented by the follow ng general
formula (1) is hydrogenated in the presence of a hydrogenating catal yst

so as to protiice EhyeirolgRnae evies et baYedrresponding to the unsaturated

gr oup- gont ai nj ng ﬁ§p@sf6¥ df@tﬁ@félﬁé0E8§Sex€h9ngear@¥§ﬁoge”ated est er
repr esent ed e¥ the f ol omnng general "fornmula (2) "may be obtained. R 30 35

a (wherein R RELIS {9 Gl w5 denbtel hhahidRt Far§Tal kyl  group

cont ai ni ng 126 ]ibigﬂﬁmwh@ﬁ@msto@@rarbltrary - 15 2 7 OCT 2003 al kenyl
group containing 1. - carbon atons, or a ydrogen, atom and may be the

same as or }TEH%&RE Hm e B Hed ; t?%%ra?ﬁﬁFO@r%h%uéﬂdféP%enyl group
may be eitr&ﬁsﬁﬁlzugﬁﬁnciwwgrpramaanched R6 denotes an 5 arbitrary al kyl
group |ch -_10. carbon, atons and ma ﬁge‘ ither straight-chain
o ‘b Miched: T8ha ¥iis T+ ot Scy =gy towel top Y1858 LG

dlstlllatlon tower.
Best Mode for Carrying Out the Invention

Hereinbelow, the present invention will be described
in detall with reference to the accompanying drawings,

15 In the following description, "%" and "part(s)"
representing a guantitative proportion or ratio are those
based on weight (or mass), unless otherwise noted
specifically.

In the process for producing a hydrogenated ester

20 according to the present invention, an unsaturated group-
containing ester represented by the following general
formula (1) is hydrogenated in the presence of a
hydrogenating catalyst so as to produce a hydrogenated
ester corresponding to the unsaturated.group-containing

25 ester. By this process, e.g., a hydrogenated ester
represented by the following general formula (2) may be
obtained.

RJ
30 [
R = ~0 R
/\n ’ "'(1)
RE R-:RS O .
35

(wherein R', R?, R’, R* and R® denote an arbitrary alkyl

group containing 1 - 10 carbon atoms, an arbitrary



9 0 15 (wherein n represents 0 or 1, R6 represents an arbitrary Cl - Cl10
al kyl group, and each of R, R, R9, RlL and R1 represents a Cl1 - C10

al kyl group, a ClL - Cl10 al kenyl group, or a hydrogen atom i ndependently
fromeach other. 20 Specific exanpl es ofj#unsaturated %rﬁhﬁ 2 ai ni ng
ester Specific exanples of the unsaturated group- i @Bester
represented by the general fornmula (1) (corresponding to n = 1) which are
preferably uggpgﬁygngrgbg Qggggmhlh@venLlon gaybbnckudas, an*ahlyl ester

25 wherein n = 1 and all R1, 3 andaRS ?r81@¥gEgﬁ%”f?5H”B

met hal | yl esP@PfﬂﬁépePﬁoﬁ a”§ ey P? & enﬁFWe gr 8 , R2, R

and R5 are h&ﬂ&ﬁ@@ﬁhe@t Omie amdya qmnpl aesit e&kmheﬁegmonp-m@y Re is a
met hyl  group, 0 R2pane Rydiogen. at 30 Further,
specific exaﬁﬁFE@ro?tFﬁégﬂﬁsﬁpﬁﬁgt85 gfgugh%céngaﬂiln e%tﬁ?srepresented
by the gener akbferaubaalkyl grovpesipdadi sgnteins=10) y CEFEPrGdétCasvi nyl
ester wherein,n = and.all of R1,. " »a eRnpqgat0R%; gand

1, 3- butadlenﬁpdegﬁgrbﬁhgﬁg%ﬁrnsgrﬁfgg% F?ggnRé v%%??ﬁg%ggp?nand all of R2
and R are hydragen atons; and 1-nethyl-I-propenyl esters wherein n = 0,
both RL and R3 are nethyl groups and R2 is a hydrogen atom However, - 16
27 OCT 2043 the esters to be preferably used in the present invention
are not linmted to these speBific exanples. Preferred specific exanpl es of
t he abpye-nenti oned unsaturated group-containing ester may-include: allyl
5 acetate, allyl propionate, net hal [yl propionate,
crotyl acetate, crAt , vinyl proplonate

1, 3- but adi enyl acetate, pi onate, etc. Partﬁb&larly
preferred exanples ther of may /i . alll yl acetate, nethallyl 10
acetate, crotyl acetate, - byt adi enyll acetate. |In an enbodi nent
wherein a hydrogenating Rataly®& '*R '’ 0 '

15
(wherein n represents 0 or 1, R’ represents an arbitrary
¢, - C,, alkyl group, and each of rR?, rR%, R®, R and R"
represents a C, - C,, alkyl group, & C, - C,, alkenyl
group, or a hydrogen atom independently from each other.)

20 Specific examples of unsaturated group-containing ester

Specific examples of the unsaturated group-

containing ester represented by the general formula (1)
(corresponding to n = 1) which are preferably usable in
the present invention may include: an-ablyl-ester

25 wherein n = 1 and all of R, R}, R’, RY, and R® are
hydrogen atoms; a methallyl ester wherein n = 1, R® is a
methyl group, and all of R', R?, R' and R® are hydrogen
atoms; and a crotyl ester wherein n = 1, R! is a methyl
group, and all of R?, R?, R' and R’ are hydrogen atoms.

30 Further, specific examples of the unsaturated group-
containing ester represented by the general formula (1)
(corresponding to n = 0) may include: a vinyl ester
wherein n = 0 and all of R}, R?, and R’ are hydrogen
atoms; and 1,3-butadienyl ester wherein n = 0, R' is a

3% vinyl group, and all of R® and R’ are hydrogen atoms; and
l-methyl-l-propenyl esters wherein n = 0, both R' and R’

are methyl groups and R? is a hydrogen atom. However,



having an acidity of 1.0 x 10-' mmol/g or less is used in conbination, it
is preferred to use, as specific exanples of the above unsaturated
group-containing ester (1) 15 (n = 1), allyl acetate, allyl propionate,

met hal |yl acetate, methallyl propionafe; crotyl acet , of vl
propi onate, etc., and parti cul arI y pref er ably, allyl 2?&1& éﬁlﬂﬂet hal | yl

acet at e, crot I tate, etc 483 prefietd ad-deriseinamtsipaci fic
exanpl es of ter? s &t Urat &t g%%-rpbl ont a?Sdnl ng estgsrj: represented by the

general formidrae (nb)t vihetidietd nte= thesa rﬁﬂe%%lt%t%xamﬁjrﬁﬂ' pr opi onat e,

1, 3- but adi enyl ac Y, apl ahatne Jakmakm-yﬁenﬂrcpmﬂ)enyl
acet ate, 1-nethyl- %’ orpéeaﬁ p(flgfpjfé;n%}%%ﬂs etc., and ar ti)cg‘?1
yl

preferably |, ﬁ’fsalt,u&dﬂﬁchchmw cretatring - ey ay (1 tate

etc. Ip an enb nent f I nvemd o y\hﬁ@amtetheurmblyﬂrat ed
gr oup- cont ai rﬁ%ot estler |Ol i&%aﬁf?ﬁt yee esterpyn = :L%N

concentrat i orpmpmmémomvz:ﬂac@fdet%%t aF Fekl + rP’éoﬁ’ld ﬁ%‘? Er‘f ar?y cont ai ni ng
the allyl-type gagagét %A 1 Lr@sso a8, | e53-bspadiényl exaenaes, of, 1-he

preferred allyﬁ yeest to be used |nthe res i

i ncl ude: an akbuw&dx:e@sl RroPEPRt e al FTOf P f‘i%ly nggpé%p%d

hydrogen ator@xaﬁ%f@é hehdybo ﬂayeﬁﬁexu@hereahlﬂa aceatet Hwt@@bupl and
all of R, R R 35 and RS are h¥d£§ge gtg g@% %thée€§£gr wher ei n
RL islé nethgtetgbrip, CEREY Bl PCBF2 1 SRS drogen at ons.
More specific exanphesgntéebeeimeny whéfelﬁ a @@’OQ@@@*—M@:I%I 1estyl

dcetate, allyl propi onat e, nethall thaII r opi e
crotyl acetatbavcmgtym a%%@h?bnﬁfe Qté é PP8E? Py %%e e??eggggaﬁ% | es

t hereof may incl ude et at pdr-pet hal hyk,aget specibidhextmplesraw
mat eri al cont%?%?h%ag ?f}p%ee %g? *Th the present sg gl fi ((‘g i on neans
t he raM/nateroaltheoabomenﬁnﬂhtchahaé Bé@HPOBPQFﬁéBlB9 REFhdi ; hydr ogen

gas a“‘léa“ '“fét 385 SHEFﬂSaEbEéeaenaamgllabkap@onbtem mebaaligli d and/ or
gas whieh ConaCLQZte? methally pgrgiag%ate, crotyl acetate, crotyl

propionate, etc., and particularly preferably, allyl
acetate, methallyl acetate, crotyl acetate, etc.
Further, it is preferred to use, as specific examples of

20 the unsaturated group-containing ester represented by the
general formula (1) wherein n = 0, vinyl acetate, vinyl

| propicnate, 1,3-butadienyl acetate, 1,3-butadienyl

propionate, 1-methyl-1l-propenyl acetate, l-methyl-1-
propenyl propionate, etc., and particutarly prefecably,

25 1,3-butadienyl acetate, 1-methyl-1l-propenyl acetate, etc.

In an embodiment of the present invention wherein

the unsaturated group-containing ester is an allyl-type
ester (n = 1), and the concentration of a carboxylic acid
contéinéd in a raw material containing the allyl-type

30 ester is 1 mass % or less, specific examples of the
preferred allyl-type ester to be used in the present
invention may include: an allylic ester wherein all of
R!, R?, R’, R*, and R’ are hydrogen atoms, a methallyl
ester wherein R’ is a methyl group, and all of R', rR?*, R

35 and R® are hydrogen atoms, and a crotyl ester wherein R
is a methyl group, and all of R R*, R* and R® are

hydrogen atoms. More specific examples thereof may



10 and is to be charged into a reactor so as to be used for the

hydr ogenation reaction as the raw material for the reaction step for

- synthesi zing the correspondi ng hydrogenidted ester. .The h?riﬂ
"concentration of carboxylic acid contained in raw 8k a uaontaining 15
allyl-type ester"” neans the concentration of the carboxy|lic,acid with
respect to tieInave nateilnl a@@h@bﬁen@l%hlchr%ﬁéo%%éﬁ'o%%ﬁbﬁ%gy y

excl udi ng hydr ogen =Ty ' Susho@s1 Nkt eogea, andoaykane, from
the liquid dﬁﬂ?br“%as“mh?cglggn%gf%go?%gea IyI-?yge 20 estgr. Eﬁé exanpl e,
when the |i quicbiondee chatged Parbicehertrapiefersed FraUPLcH kTEFg°
conprising allylsacelalesr 11 PEoBYhacehRl natially  whbutarethe "raw
material  coMnt ining a Iy}- yp A

e ester” means the |iquid,nmxtur "
conpri sing allyl Boetbeen hrp¥opgtenéelafenb3 41419 %§}¥&g¥¥P§n§SP%E
concentratiqgho{héggrgﬁéﬁgxgbggifggggibﬂ hohsscase rswthatefoelthe |iquid
m xture conprising a %ﬁ acet at e: n-ggﬁgﬁl cgta&e fu&i%g gvﬁég%;n In the
present i nverempenedhevwhbEhob2foPeaBt Pﬁg B0°the " m'xPng'ratfo in a
conposi tion phef shabhyrbegagopdunt ed hytaagent enrdaklkaafdafgomet hod

for gas chromatography as  described.hereinafter. echki6_ f

hydrogenatedt%%té%qu5$e€Pﬁf€reﬁﬁﬁpVgécﬁfC?ﬂgaégéeF§§sggig?oggg§pgggeg

repreggnted byatbhe genseatnheogeul an¢d) a( ceacespondi A§ to bR uSey ARy
e:

inclu n- propyl acetate produced, byt d epatLen 0f £akl ¥heacetate;
.n-propyl proph®nay@rog§patson Efﬁcﬁéég Q%r%ﬂ%cgggbggthe ﬁydrogenaﬁion of

al |yl pr0piOﬁéé@tiohSQbupyEoaceyatbepi@dugeuhﬁycpﬁéeﬁ?&ﬂ@@éﬁation of

nmet hal | yl acetate; ispbytyl propi te_prod hydrogenati on of
met hal | yl per&Bﬂﬁ?B?gﬁabéF§ réce?ﬁ?e%ESEprgg§§g§¥63h$ﬁe hydr ogenati on of

crotyl acetaggrbengdlie- abutlyboprepnedata pﬁ@d@éééréﬁltﬁ@”ﬁ?&P&ggnation of
ot ese | nveRti oA 5YEonE P im [EA™Fo hote  SonciFro r o ene i (he
carboxylic acid with respect to the raw material
component which has been obtained by excluding hydrogen
gas and an inert gas such as nitrogen and alkane, from
the liquid and/or gas which contains the allyl-type
20 ester. For example, when the liguid to be charged into
the reactor is a ligquid mixture comprising allyl acetate:
n-propyl acetate = 1:10 (wt/wt), the "raw material
containing allyl-type ester"” means the liguid mixture
comprising allyl acetate: n-propyl acetat@ @ .. wmu
25 1:10 (wt/wt), and the concentration of the carboxylic
acid in this case is that for the liquid mixture
comprising 2llyl acetate: n-propyl acetate =
1:10 (wt/wt).
In the present invention, the method for determining
30 the mixing ratio in a composition may preferably be
conducted by an internal standard method for gas
chromatography as descfibed hereinafter.
Specific examples of hydrogenated ester
Specific examples of the ester as a product
35 represented by the general formula (2) (corresponding to
n = 1) may include: n-propyl acetate produced by the

hydrogenation of allyl acetate; n-propyl propionate



exanples. 10 Simlarly, specific exanples of the ester as a product
represented by the formula (2) (corresponding to n - 0) may include:
et hyl acetate produced by the hydrogenat.i on of vinyl acetate; ethyl

propi onat e produced by the hydrogenatlo& of  vi nyl éoﬂéﬁﬁﬁt 3n butyl 15
acetate, 3--butenyl acetate, and m xtures thereof pr ﬁw t he

of opt anate. AALIRSEIrEe Fher K POGeRAELaR Brl ML LY R BPLORBhECel i T
1, 3- butadlenyisqumwbnax@tESQCPDQ@y¢eéchatbephbéﬁ@@ﬁpﬁglPﬁeo 50

hydrogenatloqjgj dfgihyéeLaEBfOP§B%utﬂEe§€6§10ﬁ§EébFE¥HucEB°B oppke

produced by th genat 1 on of ropeny ropi onate, etc.
However , tkma%xﬁ@@%e@@tt%@ Oérﬁﬂnh@%th Pﬁ@Pb@@é ff PnYBRYLoACRFBt ROt

limtedsto t é&?%f'Eh@xﬁwkégengéé’ﬁ06§S§ré@plpa@dagt@g gnaahur at ed
group- COI’lt ai ng ester In gener al an unsat ur at gﬁegr oup- cont ﬁl ni ngy ster

such as al | ylbigipe @%@E¢Oﬁﬂyebéf@ﬁﬂﬁ§@rbélF?epPB 8By 18| Phef B

~follow ng three,nethods, é@ée'nﬁoﬁ@@erPr@ﬁ@SésE@fspé@duﬁengrbB&cts in
unsat ur at ed group-contalnlng 30 ester wl| Eb ﬁ # ghmnth refe ence to
ﬂ%t? e

that for the thg|B¥esshe £IYRRELRM aRT @BoH| tFfHar? ?gl t he
|nterpreta1|cgkgmpiggs description of the production process, the

allyl-type ester be. extended_so as to. inc Jtynsat ur at ed
groug éBxFalnlng e%%%¥ baply esSPREIELCHEAATP hE RS B k g |§S“%gc%%e§ contrary

i%o the spirit ﬁ&dué@ergpfégé@@@dlng dbécfmpmmbm 12} 19or2e3Ipondifig 2003
Rus, the flrst thod 1s a t hod eln ey ising the
correspondlnd‘argghé“a%xﬁﬁ%% \als| %gg%%x§$? C|%r§?é£§éac gﬂén a gas
phase in the hpdesencet bbn aopatiamgl uara:e’aa‘adeysethrhepsepbﬂdah@thmldu@eé 5

met hod wher ein ngallgaro ¥9§t§9ﬁ0§%d§iﬁi ﬁgﬁégﬁoﬁkéh A- b& poxylic acid

or a salt of %%r and od wher ei n
the al L§l -t ypecesies, | $-bpreuyteacsiyate, e@m@rmixt@re@nthea@@f oRrp@ddeadon

the by the hydrogenation of 1,3-butadienyl acetate; n-butyl

propionate, 3-butenyl propionate, and mixtures thereof
produced by the hydrogenation of 1,3-butadienyl
propiocnate; sec-butyl acetate produced by the

20 hydrogenation of l-methyl-l-propenyl acetate; sec-butyl
propionate produced by the hydrogenation of 1-methyl-1-
_propenyl.prOpionate, etc. However, the esters as the
products in the present invention are not limited to
these specific examples.

25 Process for producing unsaturated group-containing ester

‘ In general, an unsaturated group-containing ester
such as allyl-type ester may be industrially produced by
either of the following three methods. Herein, the
process'for producing the unsaturated group-containing

30 ester will be described with reference to that for the
allyl-type ester as an embodiment thereof (That is, in
the inter?retation of this description of the production
process, the "allyl-type ester” may'be extended so as to
include the “unsaturated group-cortaining ester” unless

35 such an interpretation becomes contrary to the spirit of

the corresponding description.)



condensation of an allyl-type alcohol with a carboxylic 10 acid. The
allyl-type ester to be used for the raw material in the present invention
may be any of those produced by the above-nentioned first to third

met hods. However, in the allyl-type estefgproduced by the 15

above- nenti oned second nethod, in some cases, not onPy ({1e 72083 boxylic
acid but also hydrochloric acid can be produced as acid conponents, and

further a chlori nery cont@idi NG SOMOHKH Can Saethaesyberaif actgisin
lowering the activity of the hydrogenating cat al ys]g(. 20 Further,_ when the
al lyl -type edtertyi® FrIRiced By tl}%ec%%?ﬁqu%%r?%n% THi r TRV Y he
equi li brium statxofid e I®actd ofe aadwbtiben sdu d teth d@war deltdhe pr oduct

(allyl-type ester) side unless ter as by.- pr ct 1 r he
out si de of trfér%“y%'lce%o%rﬁd Raf'n]e]ra\é?bur“é‘? t@%ts, d@?%i%% c?nc%o 0 %jgn{é) :

i ndustrial |y machiesd agenus: 1 eactd Dy 1 +agee artdl coider s$ creaftederitw a
material. Therefore, nore .conplicated r j r candyr tion
steps are r&ATEH ¥t ?%é:i%uastsﬁ% %f%gefskg&fﬁfpﬁr%é uct ng thtgﬁé: _
carboxylic acirisbtestivd ihe estendd iveeioim rieetdbhyl asy3® evppared with

t hose for theotgéul%g%gi s, via é@@sip{%{%t{&@cgé%%g%da&g eh energy

tends to be & Separ at'i ng € wat er distillation. In_,
consi der at i oncaxfdehestel goi of san il bhe- frpreskcelpl pwroHwri prrexylic
hydrogg at ed esier according to the present - 35 invention, it is
advant geous T6 Use an all yl -type ester which can_be produced )
dndustrially at a Thev by loyypees ter o gdee misedr et o i sihgraterial

cor respondi ng; l ke Gyrss dnf inderd: LT RAPLOXYGPANhGeS s RoAYEEE Bgi d L0
react in a gas phase in the presence of algflladl m cat al yst (the first
method). Ravkiatarovs-TRREIGNeHel Prokesy HoFrHrdtiult?hy t he hydrogenat ed

ester 5 accordi ngadweddie, PIESENE ATVENIEPre @ gas SooIdead gy athe | east
hydrogen is used as the gas to betf%ﬁghgqg to themergggééonngységf] and it
i s al sbpossi WPV IeRELPHEF oFRFPD thod, 1n S0 ' Y |

the carboxylic acid but also hydrochloric acid can be
produced as acid components, and further a chlorine-
containing compound can sometimes be a factor in lowering
the activity of the hydrogenating catalyst.
20 Further, when the allyl-type ester is produced by
~the above-mentioned third method, the equilibrium state
of the reaction cannot be shifted toward the product
(allyl-type ester) side unless water as a by-product is
removed to the outside of the sygtem, and.therefora Lt is
25 difficult to obtain industrially advantageous reaction
rate and conversion of the raw material. Therefore, more
complicated reaction apparatus and reaction steps are
required for the industrial process for producing the
carboxylic acid ester via the esterification reaction, as
30 compared with those for the processes via the other
reaction systems, and much energy tends to be consumed in
separating the water by distillation.
In consideration of these points, in the process for
producing a hydrogenated ester according to the present
35 invention, it is advantageous to use an allyl-type ester
which can be produced industrially at a low cost by

causing a gas mixture comprising a corresponding alkene,



‘or arare gas as a diluting gas, as desired, in addition to hydrogen. 10
When the process for producing the hydrogenated ester according to the
present invention is practiced, the hydrogen gas to be usable thereinis

~not particularly limted. ConmercialFyZ28vail abl e hygr? g@ﬁ may
sufficiently be used as usual, but a gas having a high %39% %y may

generally preferably be used. Further, the anount, of_t hys en gas to
be suppli ed @ﬁ&@%ﬂe#@ia%l?ar?ﬁﬁ¥%&cI%%%Qt%%nr?%%“ah%u%tggie§q£€gw£?ch i's

theor et i cal | y g gqui ¢ &gk 05 p£ oSl A\gi thec hyslr pgenptieel £ estermerhed) .
saturated ester) fromthe unsaturated group 20 containing ester. The
amount may prEf diaEtyidbe $#°the range of 1.1 times to 3.0 tines the

theoretical ly repyifigd grocess ol pooeuied erladl yydnogeeatadgesberl. 1
times to 2.0 tinmes,the theoretically required anpu p; thgqagpunt of
the hyfir oger?ERRI ¢ & 2qtal ti% %Fe?%%g 5 e?%ﬁ%“tﬂ% ?%%o?%$?céllygrequired
anount ther epfast hey@rbgenais endencys t tia¢ ghenca ¢ deupphied ohOstiBl as

hydr ogenol ysis reaction _occurs, .the ano o] grogep, f9& hherpgener
reaction bec%%%%t%ﬂ%I?%?t?ﬂana?%elfeb%i?g%o %%%nt ther eof by the?annunt

of hydrogen gpnsunete byathes38 &itetiracgaon. aOnenerddhetNbafdl c4R"
extrenely | arge nmount (e.g., an anount exceeding 10.0 tines the

t heoreti cal B%DE% 5°%?nthe hydrogen gas to be supplied, tends tq be

unf avanabl e fronwmneECDnenpcatepaiﬁ@ropr9¢@9AngF@@?o@%ﬂﬁPEﬁ@aﬁsgalyst 35

As the catal%s£e£oa SoyéfggiQopEHQ“giQQQBEeinG@ﬁf@éﬂoﬂQipgabydcegenated
ester fromthe Thsarurated” group-containin ester .accordin

a,1g, e
present - 2 fhe Rydr@gEn208s taveateablet thergidr ifrBEttB2hsa Y ca}XIyst

conpri sing - gnyelggent csgheeted1 iy oy Sk oum ¥l hjdebgemntas @agup | X
el ements or Goup X el enents of the periodic table %aﬁcondlng hQan
Nomencl at ur esof f inbegthycbenerpdt 5, UsURLyi BBH EdPRPoRSV1889" "+9

| nternational, Ppionngl, Beperandy ppekbedpChepestsyd.thBusaherinthie
deseription aggggtlg the hydrogen gas to be supplied may preferably

be not less than the amount thereof which is
theoretically required for producing the hydrogenated
ester (e.g., saturated ester) from the unsaturated group-

20 containing ester. The amount may preferably be in the
range of 1.1 times to 3.0 times the theoretically

'required amount, and more preferably in the range of

1.1 times to 2.0 times the theoretically required amount.
when the amount of the hydrogen:gas is-equal to or less

25 than the theoretically required amount thereof, there is
a tendency that when a side reaction such as
hydrogenolysis reaction occurs, the amount of hydrogen
for the proper reaction becomes smaller than the reguired
amount thereof by the amount of hydrogen consumed by the

30 side reaction. On the other band, an extremely large
amount (e.g., an amount exceeding 10.0 times the
theoretical amount) of the hydrogen gas to be supplied
tends to be unfavorable from an economical point of view.
Hydrogenating catalyst

35 As the catalyst to be used in producing the
corresponding hydrogenated ester from the unsaturated

group-containing ester according to the present



hereinafter). Specific exanples of the el enent selected from Goup VIII
el ements, Goup I X elenents and G oup x elenents of the periodic table
may include, e.g., iron, 10 ruthenium osm um cobalt, rhodium iridium

ni ckel , palladi um and pI atinum Prefecred exanples o

i ncl ude palladium rhodium ruthenium and nickel. ngfﬂ@n?ﬁ@ I ad| um
rhodi um and ruthenium are preferred. 15 As the raw material conpound
cont ai ning the vmeitalon cmmamemreéelreadedtof nem tehese a@ystp OAmar i Jgrent s,

G oup X el ement.s nd Gqup X ol SORA .06, e et e d allieud tr s

general to usé' a°s % i ner al nitric acid, sulfuric
aci d, and hyerlectenarsi @ra@ir@upbm e2@emetnt|ss O@ s:@ep@sag’lmdéq ae a salt of

an organi ¢ aggg d@§1n %F%c%%k%re oY Ay %uca%ﬁ@ﬂﬁyiﬂy a conpl ex

salt. As sp i C éx he et conporne speci fic exanpl es of
the irdn com&m&a@aﬁdlmlqmde l98|9norIgla;i¢|r®a¢omm@Llndl§119§bh3fa§qféOaZld Fed 3,

Fe(N3X3) 3, Fe OLgan QIRQ gﬁg@b

Fe( CH3CHOH 2118%5(??%%1(%%%&%%(%%% g' p%md%isg exalrirlpraﬁ]zs of Ifiﬁieg
rut heni um cormeaeridafierincl Sheciificr gaare lesomfo ids SdFEE s SiGed
organi ¢ conpqyngs Gsrlé%ga %%IIR%Q@H%Q%HC@@EA%);&H&@Q&%&@ natd @ragmounds

such as 30 pentaanm n rut heni um chl ori de, and trirutheni um
dodecacar bonylLer i ifc theaMFreSIr RS 16 RAYmidSHYESd © Wy i@ Ude:

i nor gayd ¢ CO@EQ%@%ﬁu%UC@s%ﬁugsCk%oaSQQCEMdaﬂﬁmaWﬁhQﬁuMhtiﬂidkﬂiﬂt
conpound may inc¢lude: inorgani.,c conpounds such as NO3) 2, and

+COSO4; 35 oPGatidd LBnPoeh#d asddNTs &5 SEEHEES0 SR (a—fis CoCH) 2,
and Co (CH3CQ@EHASEBNaY incd ude %aﬁl%luﬁQO?fhoﬁpem flmlté»eamnines agfd t he

r hodi um conpoun y include: inor .COnMpQ n uc
(N03) 3, and"RE£1-soMroRs. Sieahmp%ﬁ $Hd& "8 %‘ E@E&@éﬁlﬁ‘&b&ﬁ) 3;
and coordina&eomr@&@naﬁﬂds such as tetrarhodiuni(lll) 5 dodecacar bonyl .

Shect 1 & exanpl es ,0f 1o 11!t s SIRUDIRY ddAHidiind WHIH 1

component selected from these Group VIII elements,
Group IX elements and Group X elements of the periodic
table, it is general to use a salt of a mineral acid such
as nitric acid, sulfuric acid, and hydrochloric acid, but

20 it is also possible to use a salt of an organic acid such
as acetic acid, a hydroxide, an oxide or a complex salt.

As specific examples of the metal component,

specific examples of the iron compound may include:
inorganic compounds such as FeciydsFeGLyrwﬁgﬁﬂﬁg)ﬁy-?e5041

25 and Fe,(S0,),; and organic compounds such as
Fe(CH,CHOHCOO),, and Fe(CH,COCHCOCH;),. Specific examples
of the ruthenium compound may include: inorganic
compounds such as RuCl,, organic compounds such as
Ru(CH3COCHCOCH3)3, and coordination compounds such as

30 pentaammine ruthenium chloride, and triruthenium
dodecacarbonyl. Specific examples of the osmium compound
may include: inorganic compounds such as O0sCl;.
Specific examples of the cobalt compound may include:
inorganic compounds such as CoCl,,” CO(NO;},, and COSO0,;

35 organic compounds such as Co(CH,C00),, Co(CH,COCHCOCH,),,
and Co(CH,COCHCOCH,),. '



and IrCd 4. Specific exanples of the nickel conpound may i ncl ude:
i norgani ¢ conpounds such as Ni Cl2, and N SO4; organi c conpounds such as
Ni (CH3COO) 2, and 10 Ni (CH3COCHOOOH3) 222 Specific exanples of the

pal | adi um conpound may i nclude: inorganic conpoun?syqﬂ?p E}PdClZl
‘Pd(N03) 2, Pd2SO4, and Na2PdCd a; organi ¢ conpounds™such as Pd (CH3COO) 2,
and Pd (CH3COCHO09EBY} i 2ic andampbedi nat tba rgoddowpooR@BCEHEN™EY t et r aanmi ne

pal l adium (I1) chloride. Specific _exanple t he t 1 nekm 0o usga my
i ncl ude: ian@éH?@’coﬁBBﬁﬂgglgu%ﬁmgguﬂgét%ﬁgﬁ gﬁdR§§%f2?ug%d 3rn(%;r)gan'c

conpounds sugh, @ Rt ; (GHROGHEEM3Yu RS Fnongs heh EBdr GGG Foed 2

conpounds, in view of .the 20 bhal.ance he ensHppmessizan of the
hydrogenolysFgoéﬁanaﬁéPPvF?@p?BPd?h%uﬁgd%gggﬁg%?ng reactﬁon, the preferred

metal cpnpoundaeakearbbhebi unspenpbundexampdasunt EBRpoGRdL®and pal | adi um

compounds. The hydragenatin aly usgdpbinBEOduehngs 25Clhe
correspondin§°ﬁ9§P8§eﬁ8?eﬁng%§§%'frghsgﬁahgc SSRp0In

e unsaturat(g%3 groug-cqgggining
ester according CoClhe Emsertid reeanpkes Myt BT hsSCAPRYRAEhtY (or
conpound) singly ar .as:. LrPbusegpreund ear wied,pnamd cBisdgar as
desired. Forlggiﬁﬁﬁre,l?§r€?é§?§? F%eu rovision ofa%dlérge metal 30
surface areaoigathe QpepouhéﬁeﬁhcﬁhéshgéﬁSﬁéﬁﬁ?]%g Cat al yst and the
unsat urat ed QE?EH'ﬁﬁﬁﬁéﬁéﬁ'] .ester are contacted each other i-n the case

e -

of a fixed b type {eact% , it is preferred,tq.use I arried on.
a carrier. 35 ArBpgCtidccaKAMPIES @ér?'@dp8g13%& %ngp%%F%dygkyc

particuIarIy%ﬂﬁqﬁgggedihgrgggi@nc@h@6ﬁﬁﬁs(@Uca asnpdddd, BAON@inikng such
an el enment) ich i

is selected fromthe - 23 7 oup Vi1l
el enents, G 8dpSPx erghelBdCing C@‘iﬁfb"%(coé?peor%rlennqss o%&?ﬁaegpe_ri odic table,
and is carried em, e60)al Wid@Qay,cecHCIE, Bl empdt coelrddn@di%om t he G oup

y;L:eghggeggéppggﬁgﬁﬁysu% eg%nkitr%%%mSE%u%a%la%i%%?qgﬂﬁs<ﬂﬁldﬂyaeneriOdic

Specific examples of the platinum compound may include:
inorganic compounds such as K,PtCl,, and PtCl,; and
organic compounds such as Pt (CH,COCHCOCH;),.
Among the above-mentioned compounds, in view of the
240 balance between the suppression of the hydrogenolysis and
activity for the hydrogenating reaction, the preferred
metal compounds are ruthenium compounds, rhodium
compounds, and palladium compounds.
The hydrogenating cataly€ to -be wsed in preducing
25 the corresponding hydrogenated ester from the unsaturated
group-containing ester according to the present invention
may be used as an element (oOr compound) singly or as an
element or compound carried on a carrier as desired. For
example} in view of the provision of a large metal
30 surface area in the step wherein the hydrogenating
catalyst and the unsaturated group-containing ester are
contacted each other in the case of a fixed bed-type
reactor, it is preferred to use a catalyst carried on a
carrier.
35 Among the catalysts carried on a carrier, it is
particularly preferred to use an element (or a compound

containing such an element) which is selected from the



preferably be palladium rhodium or ruthenium Acidity of catalyst In
the process for producing the hydrogenated ester according to the present
invention, in view of nore 10 effective suppression of the hydrogenol ysis

reaction, in the catalyst containi ng art<lenent sehegt@[f W the Goup
VIIl elenents, Goup | X elenments and G oup X el eneht the periodic

table, the catalyst nay _preferably have_an.acidity aqf ;1 @1 mmol/g
or less 15 i AreePn¥ldf ?ﬁ@mﬁeFart9¥ﬁHPc thgegggﬁ%ﬁegggrg%cﬁgﬂthe

anmoni a- Tenpgr akuhe sPhegk asnedr Degatptiabi enethdd i s( lseraiinsf 18 2&bbr evi at ed

as "TPD net hod"). The hydrogenating.catal yst syt ably in the
pr esent inveﬁﬁPEh“?scﬁéflﬁértiEh?agﬂﬁmﬁf§i S&ggggﬁoﬁg%ﬂbo as the catal yst

has an aci di g¥o@p t1@1Xel@ménmepl Ggoop Ldsslagemsgsucdd [y Qe *¥anmoni a- TPD

met hod and contains at. |east one netal I ed framhhe 1G oup VI
el enent3, GeéGBeP?SepénﬁﬁFs ?eﬁﬁadégogsbigeﬁ%#e%tasﬂ% n the gcrari odic table.

25 \Wen a hyg&@g@@abu@ganpanyaﬂihmviMQOdduabiGHt§U§meQﬁﬂme than 1.0 x
10-1 nmol /g s .ysed, the selectivity factor for a corresponding

car boxylic a@F&HﬁFé’aﬁ’éeﬁ%ﬁlyF%e hydr ogenol ysi s _of an unsat ur at ed
group-contai ni ng Iestee pepcesented pyodheifngl (LA ﬁ’dqr&mad:e%tl)eséf?rt he
raw 30 materi al  _becaq i I he Jhvdirqgenatimg, icat afystoremay nore
preferably hQ&EOEﬁXQ@i Prgh%f%8§§e£?lgpi mol /g or qu§,E£$VLiCU|%T|y
prefergbl y 0e3fectvek mmpprgsshion ofs thndNHFEHSAI AT M Pridtat itdh of

the rel ati Cc)xn:'sftp‘lfg 5 é%glg,%tt\/\%%r}ltfaq?,i?ﬁ;qint % 1@ndnte seatealteat £ aond titee ease of

- 24 27 occurrence o0 hydrogenougsis r%?%%hgp 5? not fully
el uci dat ed atrohe prdSestleseads bGrour der &LFFET S Y ptédent” i nventor s’
| nvesti gat i o, dhlorlcs eI hekhdai chheib1d hydreganiol ysits masact | on ocour s
on a catal yst, the reaction proceeds predoninantly by ejther Lne of , or
in parallel grefewabdy meve lkimndsigitn k€ dedhanilds ’%‘%‘?Je)c‘i ef ~©5%

15 in terms of the acidity which has been measured by the
ammonia-Temperature Programmed Desorption method
(hereinafter abbreviated as "TPD method"}.

The hydrogenating catalyst to be used suitably in
the present invention is not particularly limited as long

20 as the catalyst has an acidity of 1.0 x 107! mmol/g or
less as measured by the ammonia-TPD method and contains
at least one metal selected from the Group VIII elements,
Group IX elements, and Group X elements in the pgriodic

table.
25 Wwhen a hydrogenating catalyst having an acidity of

more than 1.0 x 107 mmol/g is used, the selectivity

factor for a corresponding carboxylic acid proauced by

the hydrogenolysis of an unsaturated group-containing

ester represented by the following formula (1) as the raw
30 material may become higher. The hydrogenating catalyst

may more preferably have an acidity of 0.5 x 10 mmol/g
or less, particularly preferably 0.3 x 107 mmol/g or

less.
The theoretical interpretation of the relationship

35 between the acidity of the catalyst, and the ease of



from a radical cleavage reaction on the catalyst, an S.1-type ionic
reaction, an S,i-type reaction or an S, 2- type reaction. In this case,
according to the present 10 inventors, investigation, it is also presuned
~that, when a catalyst having a |arger 4 idity acid 257 nglmﬂ the acid
thereof is adsorbed or attached to the oxygen of the™ u t ed
group-containi ng ester, so.that the t ectrons demsitylip the GO
bond bet weerPdHe 1%819H ‘1‘59355? ro%g%fgﬁgel al&%n%/T group (the carbon
bonded t o t heludxyegen oft tite: estesdnanstadre oxygercoP e hd e5? et ¥ s
decreased and, as .a result ny. Jhe i.cal ; £l pavagesufieacthan,

SFi -t ype reé&‘%%wtan]dl@rﬁic%ry%e T%%%%T%%&ngrj%ﬁ' 1T abl e ?o occur, _and, t he
ratio of the.;rrafrdra)gqmq@mhssiszo:caacsbmmc@fé@séﬂOQAM%?%-W’% ¥ fod) In
the present invention, the i dj | hey ab ystenayn@ref erabl ynbe
measur d by 5?&?Eﬁﬁﬁwﬁ%ﬁﬁ%ﬁég%éﬁéggﬁfﬁie a%ggiia-TPD et hod Mﬁ|% gged
descri bed i rpdtelleR%yf otwowngrot e khinas nef hothe dFEFR28t ST 3nRont

nol ecul es arf Cﬁuﬁfdr%§3@§139f959§ .t PoBc€BbRl Y8t thandathepst heammmoni a
i s desor bed tHé&t ef rom y an increase in tenperature,

_ _ AL thig time, ina
case where pgralypedsontied repediien hare B-54B8r pERGHBBNAFnGE Wi h

different sty gtf@é@@gggfe 1hTE8YSrshbLty agserbedg whenhéhpreeeperature
of the cata&ﬁg IS gradual l'y ral sed, the,ads?[bed EEeﬁLSStRQQ when
sequenpi al | yinleswrdes’ fioneshegautPRce bf 1Eh2 At BIYSE, i A sefuence, from

the adsor bed, SDC ge uhi &b Rgsabeanydp atiacbpdacodihe puesade, vhbh a
en t

weaker bond.” W e difference between _ihe, respectiye pLEoprkond
strengths i sasid fieEeeef y1fapgeOrRg hoﬁnaE%Fﬁpﬁgt?§n£b¥ 3§9§§B7BEET 2003

reaction occyfs.inrdiédeseptpt eonenahing esgeopssoahbatheher E§pBEERDE

adsor bed species may be distingui she r e eghdngdermiAgicondi tion
that the re-%ﬂ%%?ﬁ??oﬁe%?lt¥hégd358rgéé ﬁ%%%cggggggges not occur. In the

presents 5 i nygpbbANoF i thésapkeheir gdotp anheygarbpe BPPAfAatPohR™®
oxygen of the ester) and the oxygen of the ester 1is
decreased and, as a result, any of the radical cleavage

reaction, S,i-type reaction and S,2-type reaction are

]iable to occur, and the ratio of the hydrogenolysis is
20 also increased.

(Ammonia-TPD method)

In the present invention, the acidity in the
catalyst may preferably be measured by the ammonia-TPD
method. The ammonia-TPD methed will be deseribed in the

25 following.

In this method, at first, ammonia molecules are
caused to be adsorbed to a catalyst, and then the ammonia
{s desorbed therefrom by an increase in temperature. At
this time, in a case where plural adsorbed species have

30 adsorption bondings with different strengths and are
irreversibly adsorbed, when the temperature of the
catalyst is gradually raised, the adsorbed species are
sequentially desorbed from the surface of the catalyst,
in sequence, from the adsorbed species which has been

35 attached to the surface with a weaker bond. When the
difference between the respective adsorption bond

strengths is sufficiently large, such an elimination



process based on such a principle (wth respect to the details, the
ammoni a- TPD nethod is described in a journal named "SHOKUBAI (Catalyst)
(edited by the Catal yst Society, Vol. 2g51 No. 3, pages 226 to 230, issued
on 10 June 30, 1982). In the determ nari of the Zcqu]g{rlgﬂﬂgmcrl bed in

this specification, a vacuum evacuation-type TPD y preferably

be used. The val ue of the acidit used ,in t &AL T ohd srdat
obt ai ned by tHEFHIOWMSGTY 15 Pt o En e'?n l?}rufbazwrsefoe:cér#mm a ol eculﬁegs

which are desgared ive eadﬁmpmcatapazzreamg@mfbﬁﬂmstlﬁm el fROFsur ed
under the neasurenent conddetrl%s GelsccrdrF%a@eg@NﬂgL@%@%n gy the

nunber is di itk JH arroun °Ty sanpl e used which is to be neasured.
20 The hydr ogﬂmtdemgn:dﬁ@lrgcs]tedmhamgﬂddﬁe rafovascyient i Bheld S ga@ et acidity

may pre erably 59 in at Jeas t d He am & oup: M4 |
el errentg nC)%Oé} 'erfent s pIt dtoéc]}reroetrj% % ﬁﬁgrrégtése in thel per i Oldl c table.
Specific exargﬁc&&sm‘ liak@dre:tralsunaly i netideip o5 (Wigi) FRRRRGH R Wi

osm um Wh'C re Sne GRRA! £ C{M%daﬂdarjdﬁiml
whi ch are eat J%’el erre %nﬂmo and ni ckeél alllsadl um andCH% tinum which

are Group x e‘:mmht‘sﬁﬂcﬁmBAhe (Getalys$ts) 'h (teqlr’?ﬁ‘%&lﬁ’ §RF ¥anpl es.

Preferably, al 1 atp 4 eagd one detad ¢ sl exsed fganedadd adi um
rhodi um and %g%{F%ILﬂgé (Cartier) As I%%Iscrjbed abqﬁg w1 the ) esent
ed

i nvent 16n, t haanaydt ogeh®d | ng Bat Hrs sie Ry Hido He § # % 90rm wher ei n

the catal yst a@s&@fgé@dl@nt@l§ag;5é@ffl@&m; r & 0v a dilnem 35v e at Brn 4ty e :
used for such a purpose is not parti %%frhg reg%rlcted as long as it is a
subst ance (sUBRP APRRTHEES X drT et STt LT ah° b used as an ordinary

carrier for -- 2 6ph@ Jaldd @QOBh@aadiycﬂﬂgytirermldailmatlaiyst. Preferred
speci fic exanple of the carrier in [ 024, alumna
(A1203), tita %ﬁﬁ%ﬁﬁ%ﬁﬁ?ﬁﬁfi)thﬁYgg%ﬁ%% %ar % g%%%%% m xture of
these ggnponepisScedure: the number of ammonla molecules whlch are

desorbed in a temperature range of 230 - 600°C are

measured under the measurement conditions as described
below in Examples, and the number is divided by the
amount of a sample used which is to be measured.

20 The hydrogenating catalyst having the above-
mentioned speéific acidity may preferably contain at
least one metal selected from Group VIII elements,

Group IX elements, and Group X elements in the periodic
table. Specific examples ot “the-metalt*may Loclude:

25 iron, ruthenium, and osmium, which are Group VIII
elements; cobalt, rhodium, and iridium, which are
Group IX elements; and nickel, palladium, and platinum,
which are Group X elements, but the metal is not limited
to these examples. Preferably, the metal is at least one

30 metal selected from palladium, rhodium, and ruthenium.
(Carrier)

As described above, in the present invention, the
hydrogenating catalyst may also be used in a form wherein
the catalyst is carried on a carrier, as desired. The

35 carrier to be used for such a purpose is not particularly
restricted as long as it is a substance (such as porous

material) which can be used as an ordinary carrier for



51n view of ease in handling, it is advantageous to use an el ement
selected from Goup VIII elenents, Goup | X elenents, and G oup X el enents
in the periodic table, which is carried on a shaped carrier. Specific
exanpl es of such a shaped carrier may.irg ude: e.g., 10 those having
various shapes such as a pellet or a sphere as descRibdLTh@l83 nafter. The
specific surface area of the carrier to be used as desired in the gresent
i nvention is.notypagtigatashya tataleds . buPrefersadr SRECiayC pFEFBPABPY

have a large 15 specific surface a N view; of sease, idnddendr ovi sion
of good di spefsid 6fr¥h%rcgﬁ¥l§gFE§§Fél.s o ipec?%icall the carrier

may preferably: raye aispedifi oxiser (A6, ar cdl dEONL PG €2 g%oocﬁﬁ?a? nor e

preferably 30 n2/g, - 800.nP part | y, 50 n2/g - 500 n2/g) as 20
measured by ?ﬁemB%?uﬁﬁtﬂSdFﬁgﬁgtﬁékggg%g%% speci fication, the t

erm
"speci fg ¢ surfaceTareseweasucede by BETdABnHed:tr &FefSVEBLEIESHE £ c
surface area obtaine by.u f e ORRLLEN VLSOt Beenedesi,ved by
Brunauer, ERf8t & ﬁﬂam?ﬁFlggl%ﬁF%E Fg%ﬁthto ?ile- data..J 9 of the 25 BET
method, e.g.crbbe dEselbpencs,i Andlokkes Ka§aRBeRGSal"(8E BFEL 6N

Experi nent al m st <« fxdurface, Ghemapety carpage .488peetifseq., a
portion entiF%Ege"1T5ééhkgfh§3§géfadepernini%b surtac%u%rea Qf catal yst”
third editienamphiesdopr snchng, sheeged céx TASGuZEY161 1§68, by 30 Maruzen

K K., may betpgfsgr Eﬁqihg) vaFheuahalha peer @ ol wee aobellie tearr igers Ahe rifot
parti arly - I'rmted, t the carrier may preferably have a whole pore
vol une of 0.@%5 debgribed hemeidaif®ie preferably 0.1 m/g -- 5.0 ni/

! g
(particularly, 35005 cHe/cd i3 s riflalc®) aden tdfe theesamt 1€Fe &icf ibeatis§s t he

term "whol e pore volune” refers to the amunt. def.ined. by the Wl vol une
of pores per asgdesizesaryl &havRrEFSE }qfeﬁz}%%Yééngb3¥gbtained f§5n1an

adsorpti on aqQunt caf, $RlUredamper ravesserierakilyh W@péctlatrdiec he
details of the whale pore volune, el.rp.vietw%fdeesa(‘sré At @hd Brofiakidmi

Kogakuwl Koza specific surface area,
of good dispersion of the catalyst metal. More
specifically, the carrier may preferably have a specific
curface area of 10 mi/g - 1,000 m*/g, more preferably
30 m¥/g - 800 m*/g (particularly, 50 m?/g - 500 m*/g) as
20 measured by the BET method. In the present
specification, the term “gpecific surface area measur?d
by BET method" refers to a specific surface area obtained
by use of the adsorption isotherm derived by Brunauer,
Emmett, and Teller (with re&p@ut»hw-theadetailg of the
25 BET method, e.g., the description in "Jikken Kagaku Koza
(Lectures on Experimental Chemistry) No. 7-Surface
Chemistry", page 489, et seq., & portion entitled “11-5
Method for determining surface area of catalyst" third
edition, third printing, issued on August 10th, 1968, by
30 Maruzen K.K., may be referred to).
The whole pore volume of the carrier 1is not
| particularly limited, but the carrier may preferably have
a whole pore volume of 0.05 ml/g - 6.5 ml/g, more
preferably 0.1 ml/g - 5.0 ml/g (particularly,
35 0.5 ml/g - 3.0 ml/g). In the present specification, the
term "whole pore volume" refers to the amount defined by

the whole volume of pores per lg of a sample, which is



(Lectures on Catal ytic Engineering) No. 4, Basic nethod 5 for neasuring
catal yst",.page 69, et seq., a portion entitled "1.3.2 Wole pore vol une
(©, Method for obtaining whole pore volune by adsorption anount at
saturated vapor pressure” (first edition,.issued on July 30th, 1964, by

Chijin Shokan K. K. may be referred. lomt%g.“Shape oj pﬂrcrl]i gg The shape of
a carrier usable in the present invention is not particul q limted,

but may app%)g)ptr i.erl{;eg{rﬁ be sel ect %(}é;tri% knQwih s hapes «afr f1rdrsy difo 4 her eof .

In view of tR&Gnri P9 e Téactor T internal pressure, the carrier
may pref er ablpyehauae nondl tiespeasdt aloy sthecagiadrl hah g% Eidfe B Del | et
sphere, hollow.cylinder, s e wheel; o, Y CHAX ursointiad g g ywdaal | el
flom/channelgpaﬁ&gd fﬁé&édggg?anlc £6“%§§?%gfan 0 en-type(ﬁ%re %%§t m
Among t hese, (iLeatiewsofon dxde ]yt it ENFigRAiBh Process Efar%rcefr%“?, Q;:1‘:leshape
of pellet or : ' | egablar hee G dhetioarrier to
be usedéi n tﬁg%g?“%::agss%mofa%érﬂo@t}]cﬁgy Fﬁ]lgh d}r)o enatcy.s,e C Eirtal st according
to the presemnt2sliaf/ent o eI f¥rabISL o‘ﬁ%’ 'SJLE{}%?%& ?/%en t he

catal yst car fdbet%i%hrﬁg G I EMpd fe Stakas O adoatel st ahayer &0 as to
forma bulk form the catal yst can be usi wi t hout ~causi g, an,extrene
decrease in pradgsited MMPIhELT HIAKESt a CAtA Y has B very | arge
georetic surfape 3 ea P64 Comparier W tshokeen vihal e mayt upe vifemeedul k-
stacked catal yst. From such a viewpoint, nore specifically, the catalyst
carri etOmay pr¥erably have an outer size in the range of 0.5 mm- 5.0
nm nore [N(ﬁﬁgﬁﬂﬂdﬁidhﬁf&tfange of 1.0 mi- 4.5 mm 35 Process for

.produci ng hydrogenating catal yst The c r. pr L AG- & he
hydr ogenati ng cat aﬂi‘/‘%t 2RT T i‘?‘ngc?%rf‘%g %?%%%%tlr?n%t%on i s not
particul arly indht2od ETm@B03atthiwkarly nlimevedi Rasem@n the production

thereof, the catalyst DRYINY L0P-QDOYCr :RMAME I RRSEL ToF B6HAsLY MY

15 thereof. In view of the uniformity in the reactor
internal pressure, the carrier may preferably be a
monolithic catalyst carrier having a shape of pellet,
sphere, hollow cylinder, spoke wheel, or honeycomb
containing parallel flow channels, or a foamed ceramic

20 having an open-type pore system. Among these, in view of
ease in ﬁhe production process therefor, a shape of

| pellet or sphere can particularly preferably be used.
The carrier to be used in the process for producing

the hydrogenating catalyst accordiag.-to-the present

25 invention may preferably be one such that when the
catalyst carried on a carrier is stacked on a catalyst
layer so as to form a bulk form, the catalyst can be used
without causing an extreme decrease in pressure, and the
bulk-stacked catalyst has a very large geometic surface

30 area as compared with the whole volume of the bulk-
stacked catalyst. From such a viewpoint, more
specifically, the cataiyst carrier may preferably have an
outer size in the range of 0.5 mm - 5.0 mm, more
preferably in the range of 1.0 mm'- 4.5 mm,

35 Process for producing hydrogenating catalyst

The process for producing the hydrogenating catalyst

according to the present invention is not particularly



preferably be produced in the follow ng manner. Such a nethod conprises
at least the followng first and second 5 steps. First step; i.e., a step
for causing a netal conpound to be carried on a carrier having an acidity

of 1.0 x 10-1 mmol/g or less to thereby®btain a rre%a;l cho?mund-carryi ng
carrier, 10 Second step; i.e., a step for reducing the nmetal conmpound of

the netal conpound-carrying carrier obtained in.the.above filst to

t her eby obtaﬂﬁmétﬁﬁdroéénﬁ??ﬁgOfcéﬁéﬁyép.tgﬁrgfogﬁggl%g %ﬁegﬁg§éb§%§pfirst
step, 'ﬁ eaﬁgqgsft%g@%%i ?geagb@%ghe@am??ddstp@cbéi@ararcilﬁidtggyn@yb
carrier having an” acidity of 1.0 x .10 I they obt ai n
a netal conps@AgréRAryPRgPERANFE, 1 ﬁé@gggé&%%bﬂﬁ%ﬁ%§¥%§blvgg ina
liquid my ppehacablbymbe iseedatAs e 206 ifgplildwiog digsdl Aty SOt al
conpound, it 1s preferred to use aliquid (e.g., an aqueous |iquid) which
has a %high $6F&Si-lity to the netal compound and can be absorbed into the
carrier. In the p@q&gmtS&Q@giﬁL@aLi@nsuapaﬂnawﬂaU§q&éb@S“£2§H i qui d"
refers to a liquid ich conprises ter 8sS8hMd aln cmeRgntof and
has a honogef&8EHE &L blenrg)a\firé\ﬁdo% %e C;%o%llﬁ%lﬁ ity g‘dthe met alrt@(r:]orrpound,
the aqueous ,l ipqui 4 gy 18fLraabl e seorfe itdee redo arbtredire fm&tedler, nore
preferably 75% or nore of water, based on the total 30 weight of the
aqueous | i quichmpSpeci-fdar raxagplcés rdfersuch an aqueous |iquid may incl ude:

pur e er, vari oL&]ctc)hqpsstegjf. 3qUeoUs, sldp ifts dexlichiras e dieralqueous
solution, and alKka ) i

ne aqueous solution), or a liquid jaxtur : ter
-and anot her \watmgrowssl (A éq'%lmﬂérﬂl COTRP “rﬁ%&ﬁlé'ﬂ%§ao¥%$e&vﬁler}%§nd
alcohol), etc., M f}ﬂ;s%\;a‘ CArdeY i1 ¢ Al s reby2 Dbt h ECTHhXDORIQTR tHRY
present invention, the nmethod for causing a ,nmetal conpound to be carried
on a carrier dafajust.

First step
15 In the above first step, i.e., a step for causing a

metal compound to be carried on a carrier having an
acidity of 1.0 x 107" mmol/g or less to thereby obtain a

metal compound-carrying carrier, a metal compound
dissolved in a liquid may preferably be used. As the

20 liquid for dissolving the metal compound, it is preferred
to use a liguid (e.g., an agueous liguid) which has a
high solubility to the metal compound and can be absorbed
into the carrier. | |

In the present specitication, the term "agueous

25 liquid" refers to a ligquid which comprises water as an
essential component, and has a homogeneous phase. 1In
view of the solubility of the metal compound, the agueous
liquid may preferably comprise 50% or more of water, more
preferably 75% or more of water, based on the total

30 weight of the agueous liquid. Specific examples of such
an aqueous ligquid may include: pure water, various types
of aqueous solutions (such as acidic aqueous solution,
and alkaline agueous solution), or a liquid mixture of

water and another water-soluble solvent {such as mixture

35 of pure water and alcohel), etc.

Method of carrying catalyst



particularly limted. However, it is possible to adopt a known nethod
utilizing co-precipitation (Wwth respect to 5 the details of
co-precipitation, e.g., the description iy J'Shokug?q ﬁQanM]Koza No. 5,
Met hod for preparing and testing catalyst”, page et"“se(., a portion
entitled "1-1-6 Purity of precipitation and co-precipitation” - (issued on
Sept enber 30t h, 1965, tb& Fhesént Shokant Kok, tBemaycbedr éber redstioy; aa

forced carryln evaporation, or. ray d;an regnatlon
method (with ’ géggeﬁ?m BXPﬂetae?%l Fs*o %e?hggegngggr g 1? anp

description |ﬁa ~Catal yiig k&ﬂ[ﬁg&natﬁoneﬁ@pllmatnenpoaslbﬁgaﬂpcadopt a
Synt hesi s", q ortion ent] . gpat ikgn
met hod", flrs SHPtW%%hog Péfflg%l%tFﬁg?P%gghggag§o ?EE519S7£8b
Tokyo K&gaku tﬁbjdatamysbefrebepredlp@yatbmnngetQesethEndﬁﬁﬁﬁﬂéﬁlon in

controllabllltgthPEQe %sgﬁuoﬁ %Qegﬁetsb gggﬂggngorc?ggFgglga Lhe

carrier i s”par Peul y pre era use the egnati on net hod
or forced cartysngngethbdlpyt"sppageng, &h a@ébblénPOFF1P§ BBESLRRE to

provide, as desifed, pu9l§&e m??EEFEBEP tthcespgyeélgﬁtbheoﬂetal

conpound- carrying carrie nso In the Iiquid which has 25
been used at (heSU€dEOofSehbemhﬁryﬁﬁghmf19ﬁérchvap9éﬂln whekag8u&nKan

i nsol ukig i zi 929! £8 kéf@Eggbdeg L térc395§apk$lh@ ﬁbtﬁbﬂ By advantage in
preventlng the elution the nétal conpound

‘i nsol ubi | i zat PEAPOFBtBENUSEJSPERY 306 anauﬁﬁoé@PFEQHBFlBBrPF&BPSrKvléﬁ
limted, but ibshscprebethedatbhatthermehakecnapnond,ie. gconvheted into an
oxi de or hydroxide, so as.to he &nsglu |I|zeg ? thg g L nof,a basic
subst ance sucAeSEEIREERD & &Cp8alBF Ea?&ﬂﬁ?g R gﬁgr PRICSR AR K8t al
conpound is C@ﬂg@dlbosbﬁthéélgarrpedeoa aetaseqeu,aagod@spnedptuhéed
When sdeh & watef " AatHPAEI8RBp° o BEBO deds P SELein 5TIT85C T 2005
possible to oprannlag adgantdgenshphifhabthn @%8&ssbyf Tgkyo Kagaku

Dojin may be referred to). Among these, in view of
controllability of the state of the metal compound
carried on the carrier, it is particularly preferably to
20 use the impregnation method or forced carrying method by
~ spraying.
| in addition, it is possible to provide, as desired,
a step wherein the metal compound of the metal compound-
carrying carrier is insolubilized-in-the liquid which has
25 been used at the time of the carrying of the catalyst.
When such an insolubilizing step is provided, it is
possible to obtain an advantage in preventing the elution
of the metal compound. The method for insolubilization
to be used for such a purpose 1s not particularly
30 limited, but it is preferred that the metal compound is
converted into an oxide or hydroxide, so as to be
insolubilized, by the addition of a basic substance such
as NaCH, Wa,5i0,, or Ba(OH),.
Further, after the metal compound is caused to be

35 carried on a carrier, as desired, the resultant carrier
may also be washed with water and dried at 20 - 250°C.

When such a water washing step is provided, it is



- basic substance, etc., may be renoved. Second step Subsequently, there

w Il be described the second 5 step; i.e., a step for reducing the netal
conmpound of the nmetal conpound-carrying carrier obtained in the first
step to thereby obtain a hydrogenating-catalyst. The treatnent to be
conducted in the second steps not particularly |imtgd 00Tt 2088
appropriately be 10 selected from known reduci ng net hods. Specific
exanpl es of pbhe ibédueiongbretihods rey antakedsuchknowat! iequicdcgisasef a
reduction treatnents .g..,. that usi re [ agent such as NaBH4 and
hydrozi ne, a as%ﬁoﬁﬁbégggﬁﬁasg%lgéduén% o%et Fgg'g)l‘rf%%t's, e.g., that utilizing
heat i ng undeEecdbdassepeam of hydrogen gas. However, the reduci ng nethods

are not limted t I i Lespe . t aidl f the
reduci ng net hods, gg?bg.%%%ﬁm%@ie% w-l§9§868%§96%%?eft§%r %c? Ct%g)%

Carryi g anoenep20il.e.the prepedori mednciiog, thigeNgradncogpoumne @t &he
conponent se d_f 0 ;1 el : X ehgrent;s-ctand G oup
X el ement s ih%'(t%%g 68#%%%1 ?§6¥§1n®mc§%?{1t§§t ggtggi@aerrilgd ton alcé%rri er is
not particul atep thi fhes¢byHolsadn, a hydregesrtihg 6642 14%% -catal ytic 25

activity of the matal (seleqled LLOMCOWRLVkEL eherpal %;eco@fdo%ﬁe?%”ed .

el enents, and Goup X elenents in the periodic table, it _is prefe
adj ust the ametnPasticndaFdval imifeche budngeYoRPRrOPTias¢lyade % nore

prefergply Ogliect@dmBsen’knRasedAnclihg aRkhbasTasSpeicitfie «3@nmpakal yst.
Dilution with inert solvent In consideration of a fact that t.he
“hydr ogenol ysP§ th€a&edyf ifgdy M54 hogspréys ddc F@’ef#@EWWvgﬁﬁuég_ghﬁgﬁkr
reaction tenpedaciion aneatheg@Rsi ¢aat,i ahadl uwaindd aextededing lagege
apant Ly of SEe e et aCERTPa L b Nk oggstiggy (1o erammie,
31 2 7 OCTr2003tion treatments, e.g., that utilizing heating under
15 a stream of hydrogen gas. However, the reducing methods
are not limited to these examples (with respect to the
details of the reducing methods, e.g., KOKAI
No. Hel 7-89896 may be referred to).
Carrying amount
20 In the present invention, the amount of the metal
component selected from Group VIII elements, Group IX
elements, and Group X elements in the periodic table
which is to be carried on a carrier is not particularly
limited. However, in wiew of.the-cost -and catalytic
25 activity of the metal selected from Group VIII elements,
Group IX elements, and Group X elements in the periodic
table, it is preferred to adjust the amount of the metal
in the range of 0.01 - 20 mass %, more preferably
0.1 - 10 mass %, based on the entire mass of the
30 catalyst.
Dilution with inert solvent
In consideration of a fact that the hydrogenolysis
reaction may be suppressed more effectively at a lower
reaction temperature, and in consideration of an
35 extremely large quantity of exothermic heat accompanying
the hydrogenation (for example, the gquantity of

exothermic heat accompanying the hydrogenation of 1 Kg of



allyl acetate is 1607 kJ), when the unsaturated group- containing ester is
sinmply reacted, the hydrogenolysis reaction can be pronoted due to a
tenperature increase based on the exotherm c heat in the reaction system

In 5 the present invention, in order to-3suppress suc rhgﬁﬁéﬁfne
tenperature increase, the hydrogenation reaction m ?r r y be

conducted by using, as a reactant i qui d coptaini gpsat-ynated
group-contaiﬁih@leéﬁéF?tealﬁaﬁgBVakgkhi% eﬂagﬁﬁeghgg %g?ﬁed % d?luting
the 10 unsatggggggngﬁ@ugsg@gtagnbmgpe§teeamttﬁ,atbelbEﬁFOBﬁéP YSE§ t he

hydrogenation reaction. rein, the . "i.ner olLyentrakaker snkeedssol vent
whi ch does nbeastbstantiia FyPrQF?SSF FH% %9d$o§éﬁg%fgn reaction of the

unsat urat ed LgEeHPoROBhAI BkDYhesher. heébtl AnahhenbsarkeRt WHEFEM t h&

hydr ogenation reaction is conducted_b ing.a rgact anthl agui d
cont ai M ng t hBe Bﬁ%ﬁFGFaEBHeBE688108Htéfﬁ?%gggsﬁg Pt a material which has

been obt ai nedxbyefle! uthpgreharansaturased §heupyEsREGFAILAG"eSEEF WwPlh an

inert solvent, the concentratiaqn the,unsat upat ad rgaespnaont ai ni ng
ester may pr@?@r85?§QIB§TVn%Fh8°Pg§ggggf ? &ﬁ.@?to 50 wt.

% .nore
preferabiy 31whu¥%dt 0o80awhi%g tbst upsaterabpy HHOPH‘éCPQﬁGé%&P% SRS to

15 wt. % Wien the concentrati 0 e uRaahgabed ddnan ndd thent ai ni ng
ester is beléwpf%ﬁf}&; Vhéééx??gnéekgngerature b?n rease.due tq the

exot herqii ¢ heakaeamabeds girbp-epnity ingBpprESEEd Wit 3t FELYERTe™ ™At on of

the unsaturated,gr 1 LRioAg ghohecomeseliog ltow "dmeras a result,
t he resultan%opFBgucgggﬁggh%%q h9 r@dceio

y tends to becone tog | ow._ On, 30 Q%ﬁjsﬂnd’
when the ponseﬂweatPomeéﬁFﬁhéouﬁsé@&ﬁ&?éﬁthFguﬁpfgnpﬁqﬂSH%gggﬁgr éxceeds
50 wt. % it hecones thgl hlldrdlent® i friegiceniony ofUjbree s51 stalte repttece me
tenperature increase due“to the exothermc heat, and further, in the case
of the adi abagtricept-gpateiigding §I¥a$& 35 reacti on (particularly, adiabatic
li qui dy phase reaction, @hr@RSTentuithetradnphase hyumogen abigs) reaction

ossibiTity that the tenperature in the re r i etk
Eends - 32y is conducted by using a a >RGN 1GNY R EAHARY
unsaturated group-containing ester, a material which has
been obtained by diluting the unsaturated group-
containing ester with an inert solvent, the concentration
20 of the unsaturated group-containing ester may preferably
be in the range of 1 wt.% to 50 wt.%, more preferably

3 wt.% to 30 wt.%, most preferably in the range of 5 wt.%

to 15 wt.%.
When the concentration of the unsaturated group-
25 containing ester is below 1 wt.3%, the extreme temperature

increase due to the exothermic heat can be sufficiently
suppressed, but the concentration of the unsaturated
group-containing ester becomes too low, and as a result,
the resultant productivity tends to become too low. On
30 +he other hand, when the concentration of the unsaturated
group-containing ester exceeds 50 wt.%, it becomes
difficult to sufficienfly suppress the extreme
temperature increase due to the exothermic heat, and
further, in the case of the adiabatic-type liguid-phase
35 reaction (particularly, adiabatic liguid-phase reaction
of gas-liquid two-phase current type), a possibility that
the temperature in the reactor cannot be controlled tends



2 7 0 CT 203 to increase (e.g., the tenperature in the reactor cannot be
controlled in a preferred range of 0C - 200-C) Solvent inert to

hydrogenati on The sol vent inert to the _hygrqgenation ?e?cq[lpnzgg P which is
to be used in the above enbodi nent is not particularkFy mte but may

preferably conprise an organic solvent which has no C=C bond. mhen a
recycl ed hydsogenatedsest er gwhi ehe hasnbeeat fioe ned byetheaChydrgg@nat|on

reaction according to the present invention 10 is_usg i nert
sol vent, |t |sec@®@brvéb¢@ fhat PYREPErPY éa%%§e°ﬁh§(g %ﬁ&ggter havi ng a

cC=C bond q%?g %.§PEE£§Q 8EIEQSH£ gﬁled ester. However, it is not

partlcularly such an ester does not substantlally
hi nder the controITDé sbbvebsthydeogenat b FEAEPEBA2ELEEr APAGTEB t he

present . Invenﬁlgﬁ 18 88 %EOHE Cbnatﬁée§98b8temBM@Bméﬁtthg aase of the
recycle& estef 'S pre erre to use an ester mgﬁ in all of the C=C
bond has beenphytiocgdéaatedlimised, Rusolaxl PERLSAERIY: SGMBELEF. 230

Speci fic exanples,of Lhe,ahovengeAt hasedol pect bosel verhenny kackadled
saturated esters such as ethyl acetate, E op gtg butyI acet at e,
i sopr opyl acbférégeﬂab?ép?ﬁtBFoﬂPéﬁBtEaseP 2k %PS Ehgut v

propi onat e, Hﬂdké Qﬁggybnpggabemgheacbweagﬁgrbonsheuphezénas1oyehbhenane
n- hexane, and gtane aromatic drocarb ns su%h as VggqéeQﬁa@nd
t ol ueud:0 ket ohBsusaEhagsthgcénsrs &R VRBEny e%ﬁyF RECO al"0genat ed

hydrocarbons .gueb as garhee (atrachl ani derechhavahgr m Crét bpindne
chloride, and nethyl chloride; ethers such as diet 0 e d .
di - n- pr opyl eFﬁ@ﬁlnﬁléBhBI§°§G&ﬂna§feFﬁ§n5FCyﬁg 8r%%angl ?ggpygganéf

n- but anol , angSSﬁ@tbph@BQbulaEHQE@IOSUehaaSCNaHEﬂhyQ-@SpﬁMﬂblﬁ@oﬁét§ﬁd
N, N—dlnethyl acet am de.

f |
reaction of tH@eﬁnEQFuF5P35a8F63&Q§5 ghggsihglkbh¥r%l ¢ Rydrogenol ysis

ontalnlng ester, it is preferred to
use satuy at edhydsbeesatiypdr ceactdos, agrdrkéngnés. theo@yesent

invention. Also from such a viewpoint, even in the case
of the recycled ester, it is preferred to use an ester
wherein all of the C=C bond has been hydrogenated, i.e.,
a so-called saturated ester.

20 Specific examples of the above-mentioned inert
solvent may include: saturated esters such as ethyl
acetate, n-propyl acetate, butyl acetate, isopropyl
acetate, n-propyl propionate, ethyl propionate, butyl
propionate, and isoprepyl pcoplosé&te, hydrocarbons such

25 as cyclohexane,_nuhexane, and n-heptane; aromatic
hydrocarbons such as benzene and tolueue; ketones such as
acetone and methyl ethyl ketone; halogenated hydrocarbons
such as carbon tetrachloride, chloroform, methylene
chlofide, and methyl chloride; ethers such as diethyl

30 ether and di-n-propyl ether; alcohols such as ethanol, n-
propanol, isopropanol, n-butanol, and sec-butanol; amides
such as N-methyl-2-pyrrolidone and N,N-dimethyl
acetamide. In view of low possibility cof a
hydrogenolysis reaction of the unsaturated group-

35 containing ester, it is preferred to use saturated
esters, hydrocarbons, and ketones.

Product



- 33 27 OCT 2003 According to the present invention, there may be
obt ai ned a hydrogenating catal yst which can suppress the hydrogenol ysis
reaction at the tine of the hydrogenation of the unsaturated
group-.containing ester. Further, by -5 3ikse of such a catalyst, it is
possi ble to obtain hydrogenated or saturated esters 2ycOCds2883hyl acetate,
n- propyl, acetate, isopropyl acetate, n-butyl acetate i sobutyl _acetate,
sec- but yl acetateacoepdbpyltgrbbﬁoﬁé?é?“tiéBHPBﬁ&P“prBSFSﬁaF&& é?hyl

pr opi onat e, “'ggkx{gdlg R?BPBQQ%@:’Lan@BHBX&SW apiiehaten angpsessbabyl
pr opi onat e. RBHaT5F r 8ac

ron“In the process for pro i I at ed
ester accor dydgogenchespreseattiflenti 5AC LT %F g%éagggﬁggéqa%g%%
reaction and.a kb@UbggQgé§ﬁté@a§Ebgp—ﬁaﬁtbenapglbsabke t §utidexrnd&yof

reactions thereo s-phase réaction At first. he .gasxRhase reaction
Will bé descnbBe@f SPANt ReCRASSYSE t & dﬁspﬁﬁgégl%eggti Gn.in view of . 20

the structurg,gb gehgaeki o apparatud, estkirsedusdd asegshivdn 4F¥dt&rus, a
novi ng- bed regction appar at us,

or a_fluidi -hed . reagtion k&AL Us,

etc., may benu§éQPY1An6ﬁ&t@ﬁ§se}SPﬁgopfiegpéggtgéaéﬁionggpparatus is
general |y usedobwichs, akespeet, tect-ha tgat aides adfe ,t e PZDRYdadtidH CA5&at us,
"Reaction Engi neerin Hanno Kogaku). ', . W] R, Kenj.inudgshi mot o pages
200 -- 204, ﬁﬁ@PF?ﬁ@g &%OPBQWFS%aneﬁbK;,ééﬁﬁ} may 'be reférred to). In the
case ofggas- oheaet,i drobnawdyeroptivaatiol [2oW FESTEPPrlef erably be
considered. 30 In general, the quantity of exotherm c heat acconpanying
t he hydr ogen&&iC&t 4 t@ktrenely | arge (for exanple, the quantity of
exot herm ¢ hegideaeFomearytiimgy t he  hydrogenation of 1 Kg of allyl acetate
is 1607 KJ). On e .Qt her , E&.?Q%dggyﬁ fa thelgagmitase egaot i on, a
35 react ant subst;'{]?cé:q}es%crﬁra&raeg%%df:nt a reac,tggr tta}1 tter’g)eraaé_tgﬁég not
| oner than thedwoidimg qeoitite gfrqgent invention, both o 9e

15 reaction and a liguid-phase reaction may be applicable to

the mode of reactions thereof.

Gas-phase reaction
At first, the gas-phase reaction will be described.

In the case of the gas-phase reaction, in view of

20 the structure of a reaction apparatus, a fixed-bed

reaction apparatus, a moving-bed reaction apparatus, or a
' fluidized-bed reaction apparatus, etc., may be used.
Among these, the fixed-bed reaction apparatus is
generally used (with -respect. to the details of the

25 reaction apparatus, "Reaction Engineering (Hanno Kogaku)"
written by Kenji Hashimoto pages 200 - 204, published by
Baifukan K.K., 1979, may be referred to).

In the case of gas-phase reaction, however, the
followihg may preferably be considered.

30 in general, the guantity of exothermic heat
accompanying the hydrogenation is extremely large (for
example, the quantity of exothermic heat accompanying the
hydrogenation of 1 Kg of allyl acetate is 1607 KJ). On
the other hand, in the case of the gas-phase reaction, a

35 reactant substance is charged into a reactor at a
temperature of not lower than the boiling point of the

reactant. 1In this case, when the space time yield is



reactant. In this case, when the space tine yield is - 34 2 7 OCT 2003
intended to be increased, the tenperature in the reactor is elevated so
as to exceed a preferred tenperature (e.g. , 200'C) due to an increase in
the quantity of exotherm c heat acconpanying the hydrogenation, and there

5is a fear that the hydrogenol ysis reacdton can be a?cgmezﬁﬁed. I n order
to solve such a problem the space-tine yield may 5% I r so as to

reduce the exothermic heat, or the tenperature in the .re M- JHR%
control | ed bynéesidedytoete INELAES Dbf tI‘e(’)‘}"-Deeg:}:oaincrlllglj,é 1JI.loact egrl i qwog(?phase
reaction is more1adMARtAGROUS it tdirteed he predetamd meynHss adheiqged i nto

the reactor at a tenperature |ower than the boiligg oin%i%f E&e react ant
and that mai nteaigni,n@ AASE ) r daet tonaneAPEF§EERe Tt © ngp Fréd tenper at ure

(e.g., 20000 is.easier. 15 Liguid- Hng- Bar i Qi crsaguant [ang titeere
| i qui d- phase %&q%%qqaﬁbeac%g%rgpcﬂ bed. 1n th}{e&cas,e of the |iquid-phase
reacti on, speq fd Feaxaptesiof Mk aten@iifiis dfeatte Yeddtt appar at us

may 20 include fixed, bed-ty fdud iz agk ieckrt ypehe eact or, a
stirring vessaéiq%a]fpreaﬁeeda‘ct glrr; Cg:[e%él%%wo{%l‘% espect ?g:th details of such
a reaction appated-usime "y kb tmdinl PRERAGIAT Attt eSTRoGyd ‘?—Ianngb
Sochi ) - sel ecti Si d j Sl 28 " 1 re O 1 e b dogye tenj ma Y Sbe
Hashi not o, pu%f&%%%ﬁjb%/qgea??bkg{la%éé@qgé4 ma) ble r fer{oe{:l%éé)in Anong
these, in vi evwomfrebbed by t¢rol Eeparefon BF FHeY &t a“?@%t ah prr(l)%iijct
after the regeti 6. & X80 bede typei § erstOradvapeagecus ainychat
preferﬁ@d. be%én?ﬂ?ﬁgyf?ééﬁgg%d-type r&actor dgscréggg goa{nathe pr esent
‘i'nvention refere reaqtant cldatPenchesgs ohPtRppAF at US” Wherern- a cat al yst
i's packed intp.fhe fixed bedertheagotne Sperling pxbmpl @b theree?Chayt

i nclude those as described in.the above " sfrl [ Appar at uses-
Sel ection, DeaRgnthall PrAEF LA} NExh |5%a§{%§ge%éﬂﬁ%rgfég% %?nce hydr ogen

gas is used iﬂrépgrPégcgéﬁpéPéture (e.g., 200°C) is easier.

i5 Liguid-phase reaction
Subsequently, the liguid-phase reaction will be
described.
In the case of the liquid-phase reaction, specific
examples of the structure of the reaction apparatus may
20 include a fixed bed-type reactor, a fluidized bed-type
reactor, a stirring vessel-type reactor, etc., (with
respect to the details of such a reaction apparatus,
wTndustrial Reaction Apparatuses (Kogyo Hanno Sochi)-
Selection, Design'and“Pféc£i¢aluﬁxémpleS" edited by Kenji
25 Hashimoto, published by paifukan K.K., 1984 may be
referred to). Among these, in view of ease in the
separation of the catalyst and product after the
reaction, the fixed bed-type reactor is particularly
preferred. Herein, the fixed bed-type reactor described
30 in the present invention refers to a circulation-reaction
apparatus wherein a catalyst is packed into the fixed bed
thereof. Specific examples thereof may include those as
described in the above "Industrial Reaction Apparatuses-
Selection, Design and Practical Examples", pages 4 - 7.
35 since hydrogen gas is used in the process for
producing a hydrogenated ester according to the present



produci ng a hydrogenated ester according to the present - 35 - 27 0 CT
- 2033 invention, the type of flow of the fluids in the fixed bed-type
reactor is a two-phase type conprising asliquid incluydi 2&@fraw
material and a gas conprising the hydrogen gas. In 2re S t he
gas-liquid two-phase 5 current type, the syste t her ef or Y PEad

cl assified iintwentinree thypeyin @ s W Ff 1 gtB]I C? Igotuk?]%er current -

type, a gas bIelaq_ud doynvar - cos clrdedtp e at ¥ e cfdamxw)lSUW)ea Bfam B

gas-liquid upward "co-current--type, . dependi ng yPe§ Phefl ows of
the gas and inquidiies ?Qﬁv@iWrﬁﬂ%ﬁ?%ﬁ% W% ?h aSres}ﬂﬁdlnventlon any of

these types . }g&(t};@ by #Ke Vi £ye ob £ tfiee erjiseelmﬁel@oh‘t’%'cﬁ’ BB veen
t he hydrogen at a st to be requ

red for t C heqgastedi quid
downwasd parcahlheéntlw\myp*eh‘?ssy% p’?%‘?’é‘?f%ﬂ%i% IF% %/?gélvs%f t he ¢
f or egoi ng, I@hggge%yégslﬂ§é§@§§veS@ﬂC@ ganelyqeld mnvn@eéuﬁbF§§§an t he

hydr ogenol ysT's, nost  preferred no INe) $ 1hgllfg§w phase
reaction of gmsel|augﬁ5thbq%h%s%°%BV?E tCO C%P?%B g%g of  the gM/ls t he

gas-liquid dgyggargn@aga?gngi@@matypearaoc¢ﬁcadnﬁﬂ ohYPfn ?ﬁ@eegéﬁ of the

| i qui d- phase eaction o a s ULEgRLd L5 enger to
suppr ess theohyﬁh%géﬁﬁ?§ng gé gy he QQ §n8ULLS

ncrease in th§ e%
attrihuted tQ.expt BEEM CT heahelpréhenteaDVPOhlo§ySP8H]° t '?ng Fed

t hat, as descrlbed abo 25 unsat uratgd lg@g@tge@tabﬂtagtebeewees
diluted withCah PnBF? oPVgn%n gﬁga ﬁg ?esultant dllsted quid is used

as the reactapk hi qubqeandndscaubﬂgeteuotbetﬁéquﬁﬁﬁpo QﬁaF%Sn reaction in

an adi abatic [i UId ph a syst/aMerdhbarkas lkecdise-aymeadsr e such
as 30 coolinﬁeﬁg £RB" rgggtggglﬁghggdnggessaflIg required by lowering the

concentrati opoet plefemsatiurated group- containing ester in the reactant
I|qU|ﬁ¥3F@act|on %pgrghu%fTQ%er@gg@bgan%ppamabuﬁekotbe1msabﬁéeln t he

Preee > ;glig ligelilgg% ﬂiﬂﬁécgu%%r%sshgb %%e W@%Qd%éﬁﬁifs'%U|d
the most preferred mode of reaction is the liquid-phase
reaction of gas-liquid two-phase current, and the type of
the flow is the gas-liquid downward parallel flow-type.

20 In addition, in the case of the liquid-phase
reaction of gas-liquid two-phase current, in order to
suppress the hydrogenolysis caused by an increase in the
temperature attributed to exothermic heat in the reaction
system, it is prefevred - that, as described above, an

25 unsaturated group-containing ester is diluted with an
inert solvent, and the resultant diluted liquid is used
as the reactant liquid and is subjected to the
hydrogenation reaction in an adiabatic liguid-phase
reactioh system. This is because & measure such as

30 cooling of the reactor is not necessarily required by
lowering the concentration of the unsaturated group-
containing ester in thé reactant ligquid.

Reaction apparatus
The reaction apparatus to be 'usable in the present

35 invention is not particularly limited. When a gas-liquid

downward parallel flow-type reaction is conducted by

using a fixed bed-type reactor, it is preferred to use a



downward parallel flowtype reaction is conducted by wusing a fixed
bed-type reactor, it is preferred to use a 3 G 2 7 OCT 2003 Jacket, an
adi abati c-type r eact or equi pped with a coollng reaction apparatus and a
mul ti-tubul ar-type reaction apparatus e U|pped W|tp L' @@bli j acket,
etc. In view of the construction cost for the reactor and the 5

conversion of the unsatur d u Lpi ng-gster gdc apattie-type
adi abati c- typ% ?égctg nyagégragﬁg ?segggée rgdc Recaglln% A% descrlbed

above, in theepcesentappreatihenanit aj sulpsssibréafoty8EyErFé

correspondi n e u y Yk gte @ﬁber)ewhlchIMaalbaen
formed due %085% rcHydré hg%?ongéagt?g% ofbtﬁg unsatura% gtgroup-

cont ai ni ng esfetheaSOdeSrneﬁlOSpé@ﬁﬁléoéxéﬁﬁlé§aﬁFOFh8n i cal node of

such r%PyC|'n@ﬂU@%sﬁgﬁlngtﬁepﬁﬁgﬁ§§r§§edsBQﬂﬂpLﬂoEtg;nlngOhs&@unse t he
process showri-i'n IS nmerely an ex

0 i f t he
present |nvehC|onthanédﬂﬁéabﬁéséﬁPelﬁ@éﬁFFB FEPESEtﬁlnﬁte%r%E%Ef%ls
enbodi ment. Referriing to Flg 1, the hydrogenated ester discharged froma

reactor (5) 1s passed through a 20 pi. far _circul atl t r.oduct
liquid, and is spﬁﬁtdﬁﬁﬁéléeﬁeéPQVng ﬁyﬁ% %ﬁ&?&&geéﬁgF%%eg%‘ppgeafs)

and a produc?ogbngg qbsgaaagu@gtnepeo¢%ébpwmﬁﬁn@nesaem|trary spllttlng

ratio. This ratio between the flow .rates _for vel £ o
| qui dOdi schaPgFidCUter2s  nEREBAPEREUESIFY /| ’"}rﬁtltggld%%%t %r?laer}gar bi te?iar il y be

det er m ned d%BeEﬂbnﬁya@obaﬁadQ&mredaemﬂoenbfath@nU@Eammgat&ﬁhanmn§red

.group-containing ester at the inl of the L 63 r ley when
t he hydrogenépégaé§ﬂ§9 8?§€ﬁar6§d%e§drfron1Fﬁg%ﬁggct%%afgéﬁﬁgcﬂ%?gﬂecycled

so as to be E&g@ta%althadbneﬁtsﬁ@hvaﬁtycdungsm@WSG“Gd@ﬁQM&aRR?Q%%&;%ﬁn

all of the hydrogena ed ester fr e
(11). Furt hers ogﬁzgtlﬁe I8t ary %@utrg% praduct doequl &rdhachar ¢iind ni p

15 is merely an example of the embodiment of the present
invention, and the present invention is not limited to
this embodiment. |

rReferring to Fig. 1, the hydrogenated ester
discharged from a reactor (5) is passed through a

20 pipe (10) for circulating the product liquid, and is
split into a recycling hydrogenated ester feed pipe (3)

" and a product liguid discharging pipe (11) with an
arbitrary splitting ratio. This ratio between the flow
rates for the recycling and product liquid discharging is

25 not particularly limited but may arbitrarily be
determined depending on the desired concentration of the
unsaturated group-containing ester at the inlet of the
reactor (5).

Accordingly, when the hydrogenated ester discharged

30 from the reactor (5) is not recycled so as to be used as
the inert solvent, it is also possible to take out all of
the hydrogenated esterlfrom the product liquid

discharging pipe (11). Further, on the contrary, it is
also possible to recycle all of the hydrogenated ester
35 discharged from the reactor (5) so as to be used.

Furthermore, it is also possible to add another inert

solvent from the outside of the reactor as desired.



al so possible to recycle all of the hydrogenated ester 35 discharged from
the reactor (5) so as to be used. Furthernore, it is also possible to add

another inert solvent fromthe outside3df -t he reactqttﬂfgﬁﬁﬁ%red. - 37 2
7 0 CT 2M "Reaction tenperature The reaction tenperat r e process

for producing the hydrogenated ester according to the present invention
is not partiredarign|ienpedatdhe reaction 5 tenperature in the present

i nvention may sui | iOn Lbepeangerefifl th@0PrGeparfptularly in the
range of 40C - i@@gc?eaﬁFf " P

e such a t erature | athedihiEeLgat
dependi ng onptheéukind bhethEdFaﬂPﬁﬁPﬁgrg?t?ﬁ a%%%%dgggggg %@gnbthe
reaction is gaggHgggﬁ pglga&ogéraiéﬁlsﬁliimimhtedeacfh@nrﬁaﬁélPénds not to
be obt ai ned. en t

e reactjon tenperatur e 20Q"% €be in
hydr ogénol ystemperasure BB EPSnBF@ggnﬁngyg?giﬁg gggcg?éﬁé?ggperature
described in_this, gegiff'gcat hehed N pher casearly the produetdorcdbf the 15
correspondinb ﬁy rogenate ester fromthe unsaturated group-containing
ester is defhpe@l asy i e t geraatdlich af teanpearddiurearyp Gawewhft he react or
0

at the tine the hydrogenation reaction. Faor exanple. .in. the gase of an
adiabatic-tyﬂéfﬁbqah@-pﬁa§@dﬁéﬂcPPoﬁPetﬁé“&u&gtF$§ ggbtﬁgkg5 exof hermi c

heat acconpanyi ng the hyd naLion -s.+hanhd8s canduchedebenew BEC, a
t enperature éﬁmﬁhEaF§§Cto$%%§Ig%eigeaVeﬁy different fromthe te rature

of the geact gy rQutileglt rledcitiioh cate, tehdsabote temFerRtdidedef efdeo the

tenperature at one of all sites ranging from 05D ctor inlet to the
react or outl éthe wieae taenadiedPaLeEfp & Fﬁgﬁ-égﬁ §éa§ﬁ§r is used in the

Ceast at the RrBoee Ry G o B e © he catal val deer)
and at the outl et Hefred3ih t Hdea m@i%&q“lﬂﬁrﬁ&*’tl’ieor#e ribed Ah 5
| ayer), by ”g%e’&f%‘.éﬂ%%@fﬁ% Qmaliddy @ dihame egauple bom afedid i ng
deVIceiS corresponding hydrogenated ester from the unsaturated
group-containing ester is defined as the temperature at
an arbitrary site in the reactor at the time of the
hydrogenation reaction. For example, in the case of an
adiabatic-type liquid-phase reaction, the gquantity of the
20 exothermic heat accompanying the hydrogenation is large,
and therefore the temperature of the reactor inlet is
very different from the temperature of the reactor
outlet. 1In this case, the above temperature refers to
the temperature at one of all sites ranging from the
25 reactor inlet to the reactor outlet.

When an adiabatic-type fixed-bed reactor is used in
the present invention, it is preferred to measure the
reactioh temperature at least at the inlet of the reactor
(top portion of the catalyst layer), and at the outlet of

30 the reactor (bottom portion of the catalyst layer), by

using .a thermometer with a thermocouple as a measuring

device.

Reaction pressure
In the case of the gas-phase reaction, even when the

35 ° reaction pressure is ambient oOr ordinary pressure,
sufficient activity can be obtained. Therefore, the



Reaction pressure In the case of the gas-phase reaction, even when the 35
reaction pressure is anbient or ordinary pressure, sufficient activity
can be obtained. Therefore, the -- 38 2 7 O CT 2003 reaction may
preferably be carried out at anbient -préssure. HOWEVEr,n~itaiag al SO
possible to accelerate the reaction under a pressur'?e@ctommﬁtion, if the

degree of the pressurization is such that th yLitypeigsier can 5 be
vapori zed atro80tien m@MeP?eéﬁr?Heyogﬁe?“ﬁahﬁs ?hkthg Case of the

| i qui d- phase, £6a6LEON BbweAsT) i ui dst wbsphasestuieehp pypelerate the

pressurization is generally preferred ur @ ratheelledirBe of
concentrat i oRe®Ft#PRsBIGBA ﬂyBFSBéHFlFﬁgogggrQFgeéé ensure a gufficient

hydrogen conggat patiearipathenr éactoch thatheheadé lyt -tHEGES I qGPY
t wo- phase current-type [|iquid-phase £eaction, the flow type of the
currents of bhevgasr aAgdl A§uPlnayPprefErably be the gas-1iquid downward

parall'el flowtypg ag,descpLbedahareinabqeecadd bl the ddse igf-thhee
gas-liquid two-phase current-type i qui d- phase _reaction, the reaction

i qui
pressure mayrepcéfienablfygss-iaaupé txRgBREFS0CHEIMBY (§PT0 MPa (gauge
pressure), gﬁESSBE?E§5QQBX kB Lheekandy ete@edriBastoas Mea ergauge &

. &5

pressure). en th ressure i § below 20 0.05 e pr & dde
reaction tendgrt@lbecﬁﬁpenﬁﬁﬁﬁ906r8ﬁDFé5?O&Heéhg%ggﬁg#gﬁan&?§aﬁgn t he
pressuyre  exggedse1Q MBgr(9auae PREIDYE) conbenseladdiiniiny e tr®CHYr t he

hydr ogenol ysi's reaction tends to be Lara .tln ndere tQ ARSI & yihesuf fi cient
’ t )

;
hydrogen 25 éon&dst FacicoRti A eh&atsd Y K& Ey5e of the reaction may

most pref er ahli @ -phe sgaselaicadionh , damendrldwpayaie ¢lf theowungsn h ot

descri bed herei'nabove. Embodi.nent usin |k wl. - & 1RsStRls-asi . mat eri al
Her ei nbel ow, %e/G@S) §“die§c‘1qi“ﬂ'<r§3“iar¥ é’eﬁ%iel%agi afsﬂeéo 30 uggei[ ng a l%vlae acet at e

as one exanplawefvadie pairallllly fd cestiarpeasst Ihe scak iR 19T 13 o
gydrogfgated, Whl%%'%ﬁ% é§¥a15¥w¥#§xﬂﬁgﬂdfﬁﬁ£ﬂ'ﬁhdléhﬁ%éﬂdﬁﬂﬁéhﬂxﬁﬂpeS|ng
liquid-phase reaction, the reaction pressure may
preferably be in the range of 0.05 MPa to 10 MPa (gauge

pressure), more preferably in the range of 0.3 MPa to
5 MPa (gauge pressure). when the pressure is below

20 0.05 MPa (gauge pressure), the reaction tends to be not
fully promoted. On the other hand, when the pressure
exceeds 10 MPa (gauge pressure), the selectivity factor
for the hydrogenolysis reaction tends to be large.

In order to ensure a sufficient hydrogen -

25 concentration in the reactor, the type of the reaction
may most preferably be the gas-liquid downward pa;allel
flow-type as described hereinabove.

Embodiment using allyl-type ester as raw material
Hereinbelow, there is described in detail a case

30 using allyl acetate as one example of the allyl-type
ester as the raw material to be hydrogenated, which has
been produced by causing a gas mixture comprising a
corresponding alkene, oxXygen and a carboxylic acid to
react in a gas phase in the presehce of a palladium

35 catalyst.

At first, when a gas mixture comprising propylene,

oxygen and acetic acid 1is passed in the presence of a



correspondi ng al kene, oxygen and a carboxylic acid to react in a gas
phase in the presence of a palladium 35 catalyst. At first, when a gas
m xture conprising propyl ene, oxygen and acetic acid is passed in the

presence of a - 39 2?7 OCT 203 pal | adi up,cat al yst j sing the gas
m xture to be retained in a gas phase ?c% as to &%bti gﬁayl acet at e,
and the resultant allyl acetate is hydrogenated to obtain n-propyl
acetate, it is .copsidered that .the sitas ffombe Wi €hntheuté quedoe

cont ai ni ng ﬁﬁéjé1jy“‘é§%q§9§g%o be possi%l% used as Lfg [a g@é@éial is
taken out anetaiowghlin ol asd fHEAES Nt 38o-ki ot hereo }.(g(él gg'a gas
m xture conprj si Qﬁ%'ﬁﬂ?ﬁ OXYGEN c dteh @CES | bydcogenatpastedoPhd i he
presence of %ﬁﬁﬁéﬁ%{ﬁn].i [ e_céﬂsing thg gag ﬂié{U{ﬁ to;hgsretakned in a
gas phase so-momywl BartRiEs zelhl 151t et a2 FesUTt ant reacti on

producé gas 5 GPAl Rl 1 0;hed SepaE &t ethg ntloe aal hph- goatiehsetl©chbfiponent and
a condénsed conponent, and the condensed coppopept,as Lhe grude reaction
product 15 Ipegsidbls whedids et ol BBt =atfyl “acetaie fromthe top

portion of t{?hé%ﬂ§”ﬁna§@§ﬂie&h@naﬁetw@ jacnds obhareed- fromthe bottom
e

portion of t colum is recycled as the r L eF ekl yb ehat e,
as described heref hbel WE" §ndghi BLEHLES ?%ﬁﬁ%ggéﬁﬁoaga%grgsiﬁthgﬁq

evaporati on gfqtiee2lc ahéyh pcepaseednibhehst ppesenfendyi R§ILAE LM

non- condensed  conponent, acetic_acid, usgdataeBakh bBygase of a
scrubBér. (2Yhienc2IHERI ntREuP B cH {F?§¥n§8p§%€yleﬁet oxgrgenl and acetic
acid is passggaé® tbeapresesgatbéspibl addylinre8takfle BEUEFRYERE Ygas

m xture to be retained in a, ga a agot gesyBbheaitze ahkyl aacet ate,
t he resultan¥ea?Eéﬁ?i8505P85uggsgg§ ?gogggleg to bgbﬁﬁ%arate
a

[ a
non- condensefogospnaentedndompooadbnsed 2ofPBAEARES PPRE" dn%éﬁsed
conponent as. the_cruyde react]j dygt ¢ hd0ckhgui deagtdonspeloduséd for the
hydr ol ysi s rEéﬁtFBﬂg?ﬂ%?goggaﬁgﬂg&gter to obtain aII%I akcggpkh%nqcﬁpetic
ligquid is distilled to obtain allyl aCetate 1T

15
portion of the column. Then, the acetic acid obtained

from the bottom portion of the column is recycled as the
raw material for allyl acetate, as described hereinbelow.
In this case, in order to suppress the evaporation of the

20 allyl acetate in the step of removing the non-condensed
component, acetic acid may be caused to fall by use of a
scrubber. .

{2) When a gas mixture comprising propylene, oxygen

and acetic acid is passed in the presence of .palladiunm

25 while causing the gas mixture to be retained in a gas
pllase so as to gynthesize allyl acetate, the resultant
reaction product gas is cooled to be separated into a
non-condensed component and a condensed compenent, and
the condensed component as the crude reaction product

30 liquid is as such used for +he hydrolysis reaction
thereof with water to obtain allyl alcohol and acetic
acid. 1In this case, since the hydrolysis reaction is an
equilibrium reaction, the allyl acetate remains.
accordingly, the crude reaction product liquid after the

35 hydrolysis reaction 1s distilled to obtain an azeotroplcC
composition comprising allyl alcohol, allyl acetate and

water from the top portion of the column. Then, the



acid. In this case, since the hydrolysis reaction is an equilibrium
reaction, the allyl acetate remains. Accordingly, the crude reaction
product liquid after the 35 hydrolysis reaction is distilled to obtain an

azeotropi ¢ conposition conprising allyl4tlcohol, I C te and water
i PaTe
fromthe top portion of the colum. Then, the -40 003 acetic

acid obtai ned from bottom portign_of the colum.i regychedcasubhheisaw
mat eri al foraakkyf a@éﬁaP?FaéﬁeddéSEWig83%ﬁ@r8Pﬁﬁz 8w§ The ageogrop%c

conposi tion éggyplilegi ng ahkykaal pabekiaal kypk addyat ecahdt®at 85 which 5 has
been obt ai ne omthe top portion of, th I .S ekediga as to be
phase- separ atledcrabgdahesPiLyERaYe ahae gﬁggagggég Sﬁgge, and aIL%g
acetate i s obtabredihgomthe adicbyophasélylnasetiase easevaterh¥"atbve two

met hods (1) and (2), “10 the .crude reacti.on. pr Gt olfl gied cloQua@ disstil | ed
contai s a | &Age Qﬁﬁuﬁtbté‘flngéetfirgmagﬁg %O%eggtr%glréei n, and. therefore the

acetic acid capibe moxed it tee phese-sapar adledy |1nfCe tlt 13y %sﬁpﬁpﬁty

depending on the operation condjti f Q- & ARV @ HadeedurfeomAs he
descri bed abéVe 2EYT 6’8’(5‘ e G fag‘g?ilv%lcf suppress the hydrogenol ysis

reaction, theiggnesniseati on of the carboxylic acid in the raw naterial
containing the all éllretla%%er ester Jd epfLesaned Wy rduehoggenarial drotr mla (1),

n =1 is not higﬁ ana certain value thereof. 2 e lic acid
concenimatio&ﬁe1aﬁd@d-ﬂ%qﬂikﬁﬂeﬂf0¢kﬁﬁnkﬁQR}q(¥?fﬁ?[éiéﬁgﬁﬁ%%vpntors
studies, with respect, tio the fielald eshiqetial weeid thisceshriionyt it @4
-concentrati off 'h tHe raw e erial containi t he Qllxy-ﬁéuygéﬁﬁggntand
the sel ecti vitherfedoimy fhe agRt 2% aord é%ﬁfbﬂg‘? Ayt boxyTi ¢ aci d as a
by- product f rglﬁﬂeacg%ﬂg&%@aéﬂ Ofmeacty afednd ireg abnl yihe yReRERRT |t
t

has been foun at e selectivity factor . for t C Mg algsidl, based
on the hydr ogerrditorPteaked o H oM ?ﬁ‘%%%quréa's P%é %r oxylic acid

concentkati on becomms v abefec8lv &Ly theppr ase orie nyy a0 aeRO B &sent

nventors Stégggfion, the concentration of the carboxylic acid in the
raw material containing the allyl-type ester (represented
by the general fofmula (1), n = 1) is not higher than a
certain value thereof.

20 Carboxylic acid concentration in allyl-type ester

According to the present inventors' studies, with
' respect to the relationship between the carboxylic acid
concentration in the raw material containing the allyl-
type ester, and the selectivity factor for the

25 corresponding carboxylic acid as a by-product from the
hydrogenation reaction of the allyl-type ester, it has |
been found that the selectivity factor for the carboxylic
acid based on the hydrogenation reaction becomes higher
as the‘carboxylic acid concentration becomes higher.

30 rurther, according to the present inventors' studies,
there is a fear such that this increase in the carboxylic
acid concentration or‘the celectivity factor for the
carboxylic acid can invite a decrease in the activity of
the catalyst for the hydrogenation reaction in some

35 cases. -

Based on these findings, in the present invention,

in order to suppress the selectivity factor for the



there is a fear such that this increase in the carboxylic acid
concentration or the selectivity factor for the carboxylic acid can
invite a decrease in the activity of the catalyst for the hydrogenation
reaction in sonme 35 cases. Based on thege findings, in the present

invention, in order to suppress the selectivity fq:t?o[](:ﬁoi[}ﬁﬂhe - 41 27
OCT 2N3 carboxylic acid, due to the hydrogenolysis in the hydrogenation

reaction of ggm%g4$yiétg@§desaﬁé,t@Ot@e howeogeablgsichénchPBoxylic acid
e t I

concentrationh’in e raw material confaini h Ll gkzkypetester may
preferably Shperégerateen F%é@%lemeogaF€8X9F?3Eag¥g concentration nma

nor e preferapéwepevgl§eyﬂt%@oeafsgsylﬂnrecpdetenabpyréﬁ3oﬂﬂ}@)GPQIé@é. The

theoretical Tnterpretation of the relationshi tLyegaut hecGarhpxyl i c
aci d concentmat®bhainCPREatBRP 90 Rt gﬁgﬁ ggh?ale%?ng tha gl |yl -_tﬁpe ester,

and the. easeg, of,pcqupreneesof rhe bydbogghdkysicddr ERECER TS 1B "FHl Iy

el uci dated at the present stggepI gu%ta%cggdhgggtombgg pRlegeenbliynvent or s
i Ra . . .

investigatioﬁ?IPtPF§f5Fé§&¥e , ““when a hydrogenol ysi s reaction occurs

on a catal ysg, sthe.i50creaekison proceeds predom nantly by either one of, or

in parallel by tw or nore kinds, Nio¥e heelredisad orfshom  a
radigal cleavaée %gﬁcFPSHrgﬁlFﬁg égﬁgfbg%t%%qgﬁ

yst, an SNl-type iQnjc ction, an
SNi -type reapkk@aedr the Satboxiyype BEAEH F@@.anﬁrta#ilsg{‘gd‘?e%%fcc%s& ng to
the present 20 inventaors'. .. i @at i1,y liteyipe alst@empr esunethd ERSeSwhen  a
| ar gerloarmunf“a(‘hertlﬁg’ 1 “6“%31\&2% ggﬁgai s pr ﬁg:é:rﬁs irgeca}c&eior{ a 'r]:pc{)terfuallly |
contai ning the akckylrrteype et dne r iC i's adsorbed or
attached to the ax f dodmit e st eut seadatindecd é6if t ant

el ectron 25 &ensSit %Ieenra %ﬁe ttébg fiostn g

bond between the term ()d’hep(f! t he
al kenyl gr oup reistes tc drbemn tsgride d WV St Bdybn of Jtl{?eE e%%f@and t he
oxygen of the ester éw%rq%éms andh@sich desutd omld eitakiestadital
cl eavage reaction, i -type _reactjon an lSyNZb); yé)&}g@pc&i,@rbia,r etigble to

occur,1and reaction proceeds predominan ‘ )
parallel by two or more kinds of, the mechanisms selecte

from: a radical cleavage reaction on the catalyst, an
S,l-type ionic reaction, an Syi~-type reaction or an S5.2-
type reaction. In this case, according to the present

20 inventors' investigation, it is also presumed that, when
a larger amount of the carboxylic acid is present in the
raw material containing the allyl-type ester, the
carboxylic acid is adsorbed or attached to the oxygen of
the allyl-type ester, so that the resultant glectron

25 density in the C-0 bond between t+he terminal carbon of
the alkenyl group (the carbon bonded to the oxygen of the
ester) and the oxygen of the ester is decreased, and as a
result, all of the radical cleavage reaction, Syi-type
reaction and S.,2-type reaction are liable to occur, and

30 the ratio of the hydrogenolysis is also increased.

As the method of decreasing the concentration of the
acetic acid in the allyl acetate which is to be obtained
by reacting propylene, oxygen and acetic acid i? a.gas
phase in the presence of a palladium catalyst, 1t 18

35 possible to use a method wherein the allyl acetate
obtained in the above method (1) or (2) is distilled
again so as to remove the acetic acid; a method wherein



30 the ratio of the hydrogenolysis is also increased. As the nethod of
decreasing the concentration of the acetic acid in the allyl acetate

which is to be obtained by reacting prg?ylene, oxygen and acetic acid in
a gas phase in the presence of a palla

um cat al ys§ ,7 infe i possi ble to
use a nethod wherein the allyl acetate obtained iizgagkgbgygpnethod (1)
or (2) is distilled again so.as to_ re¢ e, the, aget | gcaci gt ed aktrhouk
wherein - 4zhe a2 I0GT azitﬁ?satt%e“salquc"g%%%/%f e’i’s c(?rcul at ed. £ hy opgh
activated alymna ; ol @ctdnmtest chas conl teora@oY® Fefmbe the atetic acid;

etc. Process for producing allyl-type ester As the catal yst for producing
the allyl-tyge€ester, 5 it is possible to use a general palladium

cat al yst vWﬂggbCé§g1fﬁﬁxgguﬁgﬁumqIgllyypbYEgtéﬁt? a gas phase f%on1the
correspondi ng al kene, oxyge nd ropxyhéenagcide kblyltevpefeaner.
i mprovénent in th%ﬁr%%%t%%%{%xéﬁtf§g g?eferrgg }0 to uggtglggklggggﬂ1
catal yst to wich gosaribbxyto cusei @ generabf PahlaPkAlN “Rrefaf has been

added. The allyl - e_ester bt @rgghgrb@npaodasedhaﬁeafrﬁﬁnﬁéﬁ such
that a catal§3it ?%gg%%%e%ni% %n %propriat icaad; gherreaction

re
i s conduct edc gt ré@spenpengt atkens, 202930 QﬁgCFaﬁnéggﬁa ordi nary gr ssure
to 3.0 MPa (gauge gressgﬁg%ovgﬁﬁg@rgglyh@ regatige ipyesstr . PREERTFESpect
to the of 10HEEY 9 Oef preferably 120C - - re%Ct%Qg E%%%%U@Qi@fa@ﬁ&DSpheric
or stqps mayta deei megalladium catalyst to whic .
| salt of an alkali metal has been added. |
The allyl-type ester may preferably be produced in a
manner such that a catalyst is packed into an appropriate

i i ture
reactor, and the reaction 1S conducted at a tempera

15 of 100°C - 300°C, preferably 120°C - 200°C, under a
reaction pressure of atmospheric or ordinary pressure to
3.0 MPa {gauge pressurej}, preferably 0 MPa - 1.9 MPa.
(gauge pressure). With respect to the carboxyl%c acld to
be supplied, only the amount thereof corresponding to

20 that consumed in the use t+hereof for the allyl-type ester
and the amount thereof lost in the process step? may
preferably be added newly so as to obta%n a desired
composition to be charged for the reaction. '

At this time, the composition of the caw. patecial

25 gas such as hydrogen may be changed within a Wlde range,
put it is preferred to use a composition outside of the
explosive range thereof. Further, it is also pc§51b%e to
use an inert gas such as nitrogen as a gas for diluting
the iaw.material gas, and In addition, a saturated

30 hydrocarbon such as propane may also be preéent.

As the structure and type of the reaction appératus
to be used for producing the allyl-type ester, %t is
possible to use a fixed bed-type ?eactor, a moving b?d—
type reactor, 2 fluidized bed-type reactor, etc., (with

35 respect to the details of the reaction apparétus,
"Reaction Engineering” written by Kenjli Hashimoto,
pages 200 - 204, published by Baifukan K.K., 1979, may be



conposition to be charged for the reaction. At this tinme, the conposition
of the raw material MPa - 1.0 MPa carboxylic acid corresponding to to the
allyl-type ester and the anmount thereof | ost in the process preferably be

added newy so as to obtain be suppliédf3oﬁly t he %ﬂzunthgﬁﬂeof t hat
consuned in the use thereof for range, outside of t I's6 possible to

for diluting use an inert gas such as nitr fﬂfﬁ@a@i@ﬁsobuthét is
preferred t oS EEEonPOsi t10n *%&p?bs?b% ggnge t her eof . Fur%heéO it is

t
gas such as jhyslipgen: Mayqbed changedtiet heachiGR det t hasr &R RBEEF] afggas,
and in addition, a saturated . hy rbop; spgghpas-pyppaneamapral so be
present. As %%epg??ﬁt?%ieuﬁﬁdt?y%égg? ?helreaction.agpgﬁggu§e Po be used
for produci ngofpeiaihyl a- typeoesoarrepistantppSerbi 8t 6"0se 'a i xed
bed-type reactor, .a npvjng - okYRBsL 886h Okonaat hiindi zéé begveype
react o, etc??afﬁf?ﬂnggb?eggggto%o t he de?alls of the reaction apparatus,
"Reacti on Engéneéohag’ cetieiveh bpckedj FNBASAPnoto, pages 200 - 204,

publ i shed by Bai f ukan, K.;K..; 9, cARY ib@ of48he2all@CFtIOB ©ELELT €47 0) .
In view of. the pEEFnggEPéK;g% th 3

the resul tant |iquid_afterthesreagtion
it is advant Bgeoosduichegr &yt Rc¥noyde "eS ngﬁﬁlggfgﬁegcbed-Fygé%reactor
conprising a_coLrosiansresik-s-adhgeeaelsion tube (e.g., 5 reaction tube nade
of SUS-306) 8’%nflélzlg?lill(ralgltheeabove-g menti oned catal yst packed therein.
10 Examples : - :

Hereinbelow, the present invention will be described
in more detail with reference to Examples and Reference
Examples, but the present ijnvention is-not limited to
these Examples. In the following Examples and Reforence

15 Examples, the conversion, selectivity factor and yield
are defined according to the following formulas.

Conversion (%) = {(Number of moles of unsaturated
group~-containing ester consumed in reaction)/(Number.of
moles of unsaturated group—COntaining ester charged into

20 | reactor)} x 100

selectivity £factor (%) = { (Number of moles of
hydrogenated ester oOr by-product produced)/ (Number of.
moles of unsaturated group-containing ester consumed 1n
reaction)} x 100

25 vield (%)= {(Number of moles of hydrogenated ester
produced)/(Number of moles of unsaturated group-
containing ester charged into reactor)} x 100

Fach of the mixing ratios of the respective

compositions was determined by gas chromatography. The
30 measurement conditions used in this case are as follows.
(GC conditions) '

Apparatus: GC-14B (mfd. by Shimazu Kagaku K.K.}

Detector: Hydrogen flame ionization detector

Measuring method: Internal standard method

35 (Internal standard substance: n-butyl acetate)

Injection temperature: 220°C



The hydrolysis reaction of the allyl-type ester can be conducted by a
known net hod using an acid catalyst or an acidic ion-exchange resin. 10
Exanpl es Herei nbel ow, the present invention will be described in nore
detail with reference to Exanpl es and Reference Exanples, but the present

invention is not limted to these Exampkes. In t?e?gﬁ?tqﬁgig Exanpl es and
Ref erence 15 Exanpl es, the conversion, selectivit r dyield are

defined. according to the follow ng fornul as. . Conversi, %n _ad (Nunber
of nol es of unsatﬁﬂ@@&@k@&%’%ﬁ%ﬁﬁ%&%@qﬁlﬁsurr%‘dgéllﬂhél ne

reaction)/ (Nunber. of __nol fo unsatyrated (9hQHpeceRiAieniing restser achar ged
into 20 reag{ rff*xtfﬁo“géﬁggﬁfvity Fﬁctor {(Nunmber of nol es of

hydrogenat ed, est.er or fycyrQdicle Produeedn Mtebericof amdisdsCofor
unsat ur at ed group-containing ester consuned in reaction)) x 100 25 Yield
(99 = {(Nunbeferofmimitess of hydrogenat ed .ester produced)/(Nunber of noles

of unsaturated 9r§g$hm<“§g§ﬂf"fﬁhﬁﬁéﬁrtﬁﬂﬁfgﬁﬁ Jowocoepctomyldg 100 Each
of the5nixing ratios o e respective conpositions was determ ned by gas
chr omat ogr aphyam&ter B0 weasur beeath cdhdi tions used in this case are as

fol | ows. (S&quggiéi$§§) Appar atus: GC-14B (nfd. by Shinmazu Kagaku K. K

Det ect or: i oni zation detect or a j thod: internal
standard net Ol @6i¢s eErray B2 aRBARH %hE@tbﬁﬁgf %ggtggF?gcetate)

I'nj ection tenper atyr 8. .2205,48 w2cH 63 2063 deaperabawe incFedsi hg

conditions: Retention at 40CC for ten_ m nutes, ter Leoperature
i ncreade at lé@r@ieoéfa1@€¥ﬁ%ﬁﬁr5¥pﬁn8a¥L%§l?§t%%??%ﬁegt?%5%% for ten .
_minutes 5 CokupRetsedspRBr¥Xs (i da byrd&¥¢ CoppllhashdecontarEt 8r 58,25 mm

(fength Sm specific surface area 300 m?/g, mfd. by NE-Chem Cat K.K.)
as a hydrogenating catalyst was packed into a cylinder-
type reactor 5 made of stainless steel having an inside

15 diameter of 20 mm¢ so as to form a catalyst-packed
layer 6, and the pressure in the reactor 5 was adjusted
to 2.0 MPa (gauge pressure) by use of hydrogen. From the
upper part of the reactor 5, a liquid mixture comprising
recycled n-propyl acetate (hydrogenated ester): allyl

20 acetate (unsaturated group-containing
ester) = 12.9:1 (wt/wt) was charged thereinto at 40°C
from a feed pipe 1 for feeding the unsaturated group-
containing ester and was circulated in the reacter 5 at a
rate of 550 ml/hr, and hydrogen was also circulated from

25 a hydrogen gas-feeding pipe 2 in the reactor 5 at a rate
of 18.6 Nl/hr (fixed-bed type, gas-liquid downward
parallel flow-type). The temperature of the outlet of
the reactor 5 (bottom portion of the catalyst layer) was
97.5°C.

30 As the n-propyl acetate for dilution, a portion of
the product was taken out from a taking-out pipe 7, and
was supplied from a feed pipe 3 for recycling the
hydrogenated ester into the reactor 5 so as to be used
therein for recycling by the process flow shown in

35 Fig. 1.



Example 1A-1 (Dilution of raw material with inert solvent) In accordance
with the flow chart shown in Fig. 1, 10 130 nl of a carrier-type

pal | adi um catal yst (3 mm di aneter sphere, silica carrier, palladium
content 0.5% specific surface area 30@sn/ g, nf%hapﬁ wE-@@§n1Cat K. K)
as a hydrogenating catal yst was packed into a cyli&de C t; reactor 5
made of stainless steel having an inside 15 dianeter of 20 ngr sg as to
form a catal yst- pagkegeadayes 61 xaadet hropr ese UF@2F HOT heUFLEEt BF®5 was
adjusted to 2.0 MPa (gauge pressure) ;by. useg: ydr egesmategeephe  upper
part” of the ¢@%@?6?e@,a%HIVﬁgiﬂnﬂEXf%§e¥¥oﬁg%?Qi%% rec clgg n-.pr opyl
acetate (hydyggenasegds@stby)shahbyh Rogaket&tk- (uR¥ArAPEled-2"¢
group-contai ning ester) ,= 12, 9: argedttibeedi nto at 40C
froma feed pPPpezdtigh ?388Fﬁ8r3h§“@%§g%3§§§€30 roug- cogtakngggtggter and
was ci rcul at ggniintibas . r e@btorhBsabbtranedoF €88t/ ARF, SARE "hydr 6gen was
al so circul ated fron12? glngrogen gas-feeding pipe 2 in the reactor 5 at
arate of 18°61RFARP (FPx&d-bed type, gas-liquid downward parall el
flowtype). The tenperature of the outlet of the reactor 5 (bottom
portion of the catalyst layer) was 97.5C. 30 As the n-propyl acetate for
dilution, a portion of the product was taken out froma taking-out pipe
7, and was supplied froma feed pipe 3 for recycling the hydrogenated
ester into the reactor 5 so as to be used therein for recycling by the
process flow shown in 35 Fig. 1. - 4 5 - 2 7 OCT 2003 The reaction m xture
fromthe reactor outlet was condensed and was anal yzed by using gas '
.chromat ography (GC-14B nfd. by Shimazu Kagaku K. K.; Hydrogen flane

i oni zation detector) under the above-nentioned 5 conditions. The thus
obtained results are shown in the followng Table 1. 46
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Exanple 1a-2
An unsaturated groupwcontaining ester was
hydrogenated in the same manner as in Example lA-1 except

that 130 ml of a carrier-type palladium catalyst (alumina

carrier, pellet with diameter of 3 mm X length of 3 mnm,

palladium content 0.3%, specific surface area 100 m%/qg,

mfd. by NE-Chem Cat K.K.) was used as the hydrogenating
catalyst instead of 130 ml of the carrier-type palladium
catalyst (silica carrier, 3 mm-diameter sphere, palladium
content 0.5%, specific surface area 3G0 m'/g, mfd. by
NE-Chem Cat K.K.) used in Example 1A-1; and the pressure
in the reactor was 0.9 MPa (gauge pressure) instead of
2.0 MPa (gauge pressure) used in Example 1A-1. The
temperature of the reactor outlet (bottom portion of the
catalyst layer) was 97.5°C.

The reaction mixture from the reactor outlet was
condensed and was analyzed by using gas chromatography
(GC~14B mfd. by Shimazu Kagaku K.K.; Hydrogen flame
ionization detector) under the above-mentioned
conditions. The thus obtained results are shown in the
above Table 1.

Example 1A-3

An unsaturated group—containing ester was
hydrogenated in the same manner as 1in Example lA-1 excapt
that 130 ml of a carrier-type ruthenium catalyst {alumina

carrier, pellet with diameter of 3 mm X length of 3 mm,

ruthenium content 0.5%, specific surface area 100 m?/g,
mfd. by NE-Chem Cat K.K.) was used as tne hydrogenating
catalyst instead of 130 ml of the carrier-type palladium
catalyst {silica carrier, 3 mm-diameter sphere, palladium
content 0.5%, specific surface area 300 m*/g, mfd. by
NE-Chem Cat K.K.) used in Example 1A-1; and a mixture
liquid comprising methallyl acetate and isobutyl acetate
was used instead of the mixture liquid comprising allyl
acetate and n-propyl acetate, respectively, used as the

raw material in Example 1A-1. The temperature of the

k W



W®?4%mygxﬁ'yg7o O Tl x WO0O01L H"J:(Dk WK W01 r1 K W
kwia WSt OCT2003 Exanpl e 1A-2 An unsaturated group-containin
ydrogenated in the sane manner as in Exanple | A-1 except tha?

130 M of a carrier-type palladiumc G
ataliyst- (al um r el |
with diameter of 3 mMmmx length of 3 mm pall adi um qﬁ gztE%BSWbpspegffic

surface area 100 nR2/g, nfd. by NE-Ch
hydr ogenat i ngeacter outlet (bogtom po?glgﬁtoglbhg YRS, Y5 88yEPE was

95.5°C.
The reaction mixture from the reactor outlet was
condensed and was analyzed by using gas chromatography
5 (GC-14B mfd. by Shimazu Kagaku K.K.; Hydrogen flame
ionization detector) under the above-mentioned '
conditions. The thus obtained results are shown in the
above Table 1.
Example 1A-4
10 An unsaturated group—containing ester was
hydrogenated in the same manner as in Example 1A-1 except
that 130 ml of a carrier-type rhodium catalyst (alumina

carrier, pellet with diameter of 3 mm x length of 3 mm,

rhodium content 0.5%, specific surface area 100 m’/g,

15 mfd. by NE-Chem Cat K.K.) was used as the catalyst
instead of 130 ml of the carrier-type palladium catalyst
(silica carrier, 3 mm- diameter sphere, palladium content
0.5%, specific surface area 300 m?/g, mfd. by NE-Chem
cat K.K.) used in Example lA- 1; and a mixture liquid

20 comprising crotyl acetate and n-butyl acetate was used
instead of the mixture liguid comprising allyl acetate
and n-propyl acetate, respectively, used as the raw
material in Example 1A-1. The temperature of the reactor
outlet (bottom portion of the catalyst Jayer) was 95.5%C.

25 The reaction mixture from the reactor outlet was
condensed and was analyzed by using gas chromatography
(GC-14B mfd. by Shimazu Kagaku K.K.; Hydrogen flame
jonization detector) under the above-mentioned
conditions. The thus obtained results are shown in the

30 above Table 1.

Example 1A-5

An unsaturated group-containing ester was
hydrogenated in the same manner as in Example 1A-1 except
that 130 ml of a Raney-nickel catalyst (N1 content 70%,

35 Al content 30%; trade name: R- 222L mfd. by Nikko
Rika K.K.) was used as the catalyst instead of 130 ml of




catal yst instead of 130 ml of the carrier-type palladium catalyst (silica
carrier, 3 mmdi aneter sphere, palladium 10 content 0.5% specific surface

area 300 n?/g, nfd. by NE-Chem Cat K K. ) used igLEx ERlz A-1; and the
pressure in the reactor was 0.9 MPa (gauge™ pres eﬁ i Q ad of 2.0 MPa

(gauge pressure) used in Exanple A-1. The tenperature of the reactor

outlet (bottom portion of the 15 cat.al yst .| r) S 194 %GrrEhke reaction
m xture fromtihise cegadEs oS & lu@%ﬁ&écﬁg% tar%gq Y

was anal yzed hy using
gas chronat ogr aphy 1 Aa@eek4 B pHcte bypaShiantizm Kageien tK 0.2 rl—ﬁjre(?déﬁrcf | ame
ioni zation detector) under_the,above.nenijoned cepdi ki.ans. uiba thus
obt ai ned r es v agce aEAWT 4 T 28' Qgg‘\‘ieg aﬁ?ecﬁngxarrpl e | Z 3

unsat urat ed G,QURsIGONAI N NPy press s unedrigy &t é@QWQ%é“%%r@%nﬁWﬁer as

in Exanple 1A -1 "except 25 that 130 ri &/ sy g4 ey umed
catal ysb (al UHaYESH ei%?‘%rep)elﬁrbstt%q hrgfd?jdrpgtbgf& oq‘ge%ugtrrmlqif I eng%{/lt of, 3 nm

rut heni um contemx MudPe 1peri f iThes urdraeer e 100 YR8 AT & chem

Cat K K. ) was used as the hydrogenati cat | ngteagh of°c130 M of the
carrier-type (et weDoleutd y’%}ie (%?nt??]cyas?%g:{rar/ferrj, 3 mMmdi anet er sphere,

pal | adi um content A 510/‘%a§€f&g f i Cx SiFd aceommreve 300aampy, ont bet byaS NE- Chem
anpl e

Cat KK ) used in A-1;, and a mxture._ |igui i Sd thal I yl
acetate and icobieysedcandteas w2 Hs i%t‘é%hn%fél%%cejck?rfﬁﬁgélﬂ?%ﬂ?d

conpri i%ng al {@é_?@saﬁgggtgyaggir@amom@amemaKe; Bedpeden vBl§Neused as

the r materral in Exanple | A-1. The_ t e € g248 2 7 OCT
243 reactor ouehbratbertdftpeEeT bn® ?e¥h€H§a§§§§éfm?é§%§)emas .95, 5C. The

reaction nixtyﬁgdiﬁgghghe fRactBis ovbteinedsresvhtenatd aREYRas"ah3fyzed
by using gas chromatography 5 (GC-14B nfd. by Shimazu Kagaku K K. ;

Hydr ogen fl angbpfi ?ﬁgﬂ'ﬁnldet ector) under the above-nentioned conditions.
The thus obtagpgdo1esuht.s are shown in the

15 An unsaturated group—containing ester was
hydrogenated in the same manner as in Example 1A-1 exc?pt
that 130 ml of a carrier-type palladium catalyst (alumina
carrier, pellet with diameter of 3 mm x length of 3 mm,
palladium content 0.3%, specific surface area 100 m*/qg,

20 mfd. by NE-Chem Cat K.K.) was used as the catalyst
instead of 130 ml of the carrier-type palladium catalyst
(silica carrier, 3 mm-diameter sphere, palladium content
0.5%, specific surface area 300 m’/g, mfd. by NE-Ch?mJ,
cat K.K.) used in Example 1A-1; and a mixture complising

25 1,3-butadienyl acetate: n-butyl acetate = 20:1 (wt/wt)

was used instead of the mixture comprising allyl acetate:

n-propyl acetate = 12.9:1 (wt/wt) as the material used 1n

Example 1A-1. The temperature of the reactor outlet
(bottom portion of the catalyst layer) was 105°C.

30 The reaction mixture from the reactor outlet was
condensed and was analyzed by using gas chromatography
(GC-14B mfd. by Shimazu Kagaku K.K.; Hydrogen flame
jonization detector) under the above-mentioned
conditions. The thus obtained results are shown in the

35 above Table 1.

Example 1A-7



above Table 1. Exanple 1A-4 10 An unsaturated group-containing ester was
hydr ogenated in the sanme manner as in Exanple | A-1 except that 130 m of
a carrier-type rhodiumcatalyst (alumna carrier, pellet with dianmeter of

3 mmx length of 3 mm rhodium content Q. 5% speci fi§ ?ﬁ[hac% grea 100
n2/ g, 15 nfd. by NE-Chem Cat K. K. ) was used as the catal Wt ead of

130 m of the carrier-type palladiumcatalyst (silica carrier, 3

nmm di anet er sphgres+pPahl adi Hpueontenting. 6k aspetifi¢ surface area 300
n2/ g, nfd by -Chem Cat K K ed i I - hiopaRdpaeixture [iquid
20 conprising cr otlyﬁ6808?aflézga%gfﬂnﬂﬂﬁpy%gggtagfgémg used - instead.of the
m xture Iiqu&nggquigLRg)ahhibha@aﬁapeelémdnnraﬂﬁpPPe§c§ﬁ§F8,Ve in

respectively, used as the raw materi.al . in Exagplasl Anlro&heeteipesbature
of the react8f méuPPfeFa(;SStt(gﬁ\uﬁ(?ﬁSi gﬁlg ltoﬁgﬁggt al’yst Irgyer) was 9S. +. .

25 Theesr eact 5%_&11&% e15:em t ke redet gnaeut| €00wast gohdensed and was
anal yzed by using gas chromat ography (GC 14B nfd. gxﬁghiggég_Kagaku K. K.

Hydr ogen fi ampheiresi Zatfidon byetadtar Prdvgas athé - Ebov it i'6ned

conditions. The thus abt.ained resyl.ts oWy dradeheliadalove Table 1.
Exanpl e 1A—5Nﬁﬁ'“@nsé’tc&rddité’d%grsoﬁpiigontngl{oﬁi%}gl ester g\t/\EH/as hydr ogenat ed in

the same mannger, ag, i iy malce sbA-fhcexagst m’f hat whaddenPobe %ORARRY- ni cke

.

catal yst (N “content 70% 35 cont ent %y d 248 tARmderd2df ”h@ by
Ni kko Rika K.OK90 Vsl s dPLEs A9 dars ytsht%oﬁ e R ot - 49 27

OCT 243 the %g:i'déoqfé tP& P d a0 caistnyrsed (isidd adecarelgming -nm di anet er
spher e, pal | adt um content 0.5% specific surfﬁ%% area“%qohg%/qn ofd. by
NE- Chem Cat K. K.) Segeatatrelybxahyf &9 19€ Na:848: 1 HESr8Ssire %'t t he react or

was 0.9 MrPa 4&6#%6&?4 Q)¢ | fsteashidr v MAddauger qhressuredf agfed
in Exanmpl e | A% e tenperature of the reactor OLgAle&ticgrp_cgtom portion of
the catal yst diayss)uween O50 5E to prepare Agueous '

The y-alumina which had absorbed therein Agueous

15 Solution-A was added to the beaker containing therein.the
Agueous Solution-B prepared above, and was left standing
at room temperature for 20 hours. Then, 12.9g of
hydrozine mono-hydrate was gradually added to the
resultant mixture under stirring at room temperature.

20 The stirring was continued for 4 hours after the addition
of the hydrozine mono-hydrate. Thereafter, the catalyst
was separated by filtration using a Nutsche funnel, and
pure water was circulated through the catalyst at a flov
rate of about 60 ml/min for 48 hours by using a glass

25 vessel through which water could be circulated. Then,
the catalyst was dried under an air stream at 110°C for
4 hours to thereby obtain Hydrogenating Catalyst (1).

‘Wwhen the acidity of Hydrogenating Catalyst (1) was
analyzed by the Ammonia-TPD method as described below,

-3
30 the acidity thereof was found to be 1.1 x 107 mmol/g.
Tn the following, the measurement conditions for the

Ammonia-TPD method are described.
Measuring apparatus: Automatic Temperature-
Increase Desorption-Analyzing Apparatus (vacuum

35 evacuation-type) (mfd. by Nihon Bell X.K.)



The reaction. mxture fromthe reactor outlet was condensed and was

anal yzed by using gas chromatography 10 (GC-14B nfd. by Shimazu Kagaku

K. K.; Hydrogen flane ionization detector) under the above-nentioned
conditions. The thus obtained results afe shown in the abg Tabl e 1.
Exanpl e 1 A=6 15 An unsaturated group-contai ni ng esterf 0as 2War ogenated in
the same manner as in Exanple | A-i except that 130 ml of a carrier-type
paIIadiunlcatalygggﬁngqtgg Ogagg&gqe pel bet maiatsh ratidamethers 200 18 RSk

length of 3 Mm ~p adi'um content " 0. 3% speci fj.C rface Argahgo n2/ g,
20 nfd. by NEnGhemcCatshkdKby wés I gsé&d "R *iie catam toffai nst ead of 130 mni

of the carrier-type hadi U catialnest andsidsiesa scarthieers amd inffiTarfdter
spher e, paIF&Hﬁhnlcgﬁﬁgﬁ% 0.5@6J§£ecific surface area 300 n2/g, nfd. by
NE- Chem Catantioi.i)a-(T$éd Med SEEARFAE | A-1; and a mi xture conprj sing 25

1,3-butadienyl a &2 iUt racetiate cor2litticqv / vkhe R nst ead

of the"m xture conprising allyl acetate: n-propyl te+= 21229l
(W/w) as the gmter izl0°Gséari 80 E)%&Hﬁleéflﬂpgl.wp#hé:%%gtﬁ%erat ire of the

reactor outlet (bottom portion of the catalyst PDatae H¥HQ0038A The
reaction nixdfur-el FCImirkéer 68cESr t(S’utﬂré’tvl\%/a‘:}s/sd condensed and was anal yzed

by using gas chromat ography, (GC: by Shi mpgc Kagalandhour -Hydr ogen
flame ioni zd W%e@%ﬁ%cﬁl)t%n%gfrﬁe above- mentioned condi t | ons. The

t hus obt ai ne resu{;mtés taérﬁ Shown. i 0,4 hera 35 abavea Tabte ¢f ERFMIMEYR 7 -
co 2 7 OCT 2t0% P ‘épara on of hydrogenating catalyst (1) 1.66g of

Na2Pd$i04 (nfd., bygtanaka Nollseima als dtndust rioiK. ¥ )Myt had

“prelim’narily been di ssolved in 60 m of ter egQus+ 5@l HineAid) was
i ntroduced i nto acabcobatippepffpasfitys tﬁﬁ? PP%@%? %Og of %{--al umi na

spheres (m‘d.agé?ygggi Jokvengal pKeK. elimadetadnméromNSe3sa@eigi Y 5.6 x

10"3 ol / g,™ age di anet er ) _
’ the tegperature range of 230°C - 600°C was determined by

a mass spectrometer. The thus obtained number of the

15 ammonia molecules was divided by. the amount of the.Sémple
used for the measurement 50 aS to calculate the acidity.
(Preparation of hvdrogenated ester)

An unsaturated group—containing ester was

hydrogenated in the same manner as in Example 1A-1 except

20 that 130 ml of Hydrogenating Ccatalyst (1) prepared above
was used as the catalyst instead of 130 ml of the
carrier-type palladium catalyst (silica ;_a_rrieri 3,$m_
diameter sphere, palladium content 0.5%, speciticrgurface
area 300 m?/g, mfd. by NE-Chem Cat K.K.) used in

25 Example 1A-1; and the circulating velocity of hyd%ogen
was 37.2 liter/hr instead of 18.6 litter/hr used 1n
Example 1A-1. The temperature of the reactor outlet

(bottom portion of the catalyst layer) was 94°C.
The reaction mixture from the reactor outlet was
30 condensed and was analyzed by using gas chromatography
(GC-14B mfd. by Shimazu Kagaku K.K.; Hydrogen flame
ionization detector) under the above-mentioned
conditions. The thus obtained results are shown in the
above Table 1.
35 Example 1B-1




3.2 mm specific surface 165 n2/g, whole pore volunme 0.90 m/g) were

added, so that the entire anount of the 10 Aqueous Sol ution--A was

absorbed into the y-al um na. Separategé, 2.63g of Na2Si 3. 9H20 was
te

wei ghed in a beaker and 100g of pure r was a%i%epqtmegm?p to effect
‘di ssolution so as to prepare Agueous Sol ution-B. e y-al um na which had

absorbed therein Aqueous 15 Sol ution-A was addéa(3 $04 heaker y cont ai ni ng

therein t hendAguadus: Sol Wt oM Prepfe I EBRE Chnd was’ | eft standing at

room t enper at ur %tjooﬁ%?ooémawéarﬂ@mﬁ?e sk DF ad hymlrezt #kY Fond hyir at e was
o0 the '

gradual | y added resul tant. m xture undey { & 11001 aas oparked
t enper at ur esa 2 Fhes &g rifineg Wastlé%?lt‘il%%‘gdl? gb‘rax%lﬁéu%%rs after tge addi tion

of the hydrozggwg 5 W ﬁ%f@eTﬁgaeaétemadehefcat@i?%%ssmégeg parat ed by

filtration 3 ng a Nutsche funnel, and ur teryas iametatredft hrough
the. eatal ysquapped f¥bw ar3dekef %B%u?agbn%%\ﬁi% for 48 hours by hru?:i ng a

gl ass 25 vessel thraugh. whi L - SOt & Bes cecutat 891: 0°Crhed %
cat al yst ma%od?Téﬂ1§H%e4¥2%&gi¥@é réan1at_1100 for 24 h és guggereby
obt ai n Hydr ggenati-agi fatRbysta¢ipr waenagABSHEAJFPy of Eg r dden ting

Catal yst (1) was analyzed by.t i a- FPBnnehbodpperdeseti BEITHEI ow,
30 the acidPF?SFHE?éokymﬁgeféangggé eﬂl.l x 103 gqgkégsghnwhﬁe
T

foll owi ng, thecaeasuakight acehdiei YAS FBALERE gBﬁﬁonla- met hod are
descri bed. Measuring apparatus:  Auto i Cofesperal pre; amdrbpdeogen
Desorjt i on-AnapyiﬁﬁﬁdAB allﬁbué Téa%ugfgn%S% evacuation-type) (nfd. by N hon-:
‘Bell KK) - 51 ﬁsg OCT 2903 chr aRakatriaae of $8msl é/0& bé© F&d: A
sanpl e was W§F fne finely finely crushe OB%_@%EE&i%i%%rb@&erQO Impecr ushed
sanpl e was nhyidghgenate @@eél‘n&é‘ttuﬁ@t?;nﬁl e tor the Amionia-TPD . .y,
measur ement . b Tenperat Wre thecreasitoy cortdieti dROTHAE A E has 4 ed at
200C for 60 mnutes, and 'was cooled at a rate of --10C/ mnute so as to
provi de a t enpenatsir dagferjoees 102°C.

15 The reaction mixture from the reacto

sing gas chromatography

r outlet was

condensed and was analyzed by u
(GC-14B mfd. by shimazu Kagaku K.K.; Hydrogen flame
ijonization detector) under the above-mentioned

. . he
conditions. The thus obtained results are shown in t

20 above Table 1.

‘Example 1B-2
An unsaturated group—containlng ester was
nner as in Example 1B-1 except

hydrogenated in the same ma | '
that 130 ml of a carrier-type palladium catalyst, whlchd
25 was the same kind as that used in Example 1A-2, was use

as the catalyst instead of 130 ml of the carrier-type

palladium catalyst which was the same kind as that used

in Example lA-1l; and the pressure in the reactor was

0.9 MPa (gauge pressure) instead of 2.0 MPa (gauge

30 pressure). The temperature of the reactor outlet (bottom

portion of the catalys£ layer) was 102°C.

The reaction mixture from the reactor outlet was

condensed and was analyzed by using gas chromatography

(GC-14B mfd. by shimazu Kagaku K.K.j Hydrogen flame

35 ipnization detector) under the above-mentioned



and was caused to absorb ammonia at 100C for one hour. Then, the
tenperature was raised at a rate of 10C mnute 10 to 600C, and retained as
it was for 10 mnutes. Calculation of acidity: The nunber of the ammonia
.ol ecul es whi ch had been elimnated fromihe sarrpli.,'ﬁ t?ﬁ[ﬁt enperature
range of 230C - 600C was determ ned by a mass spektr tgt Y The t hus
obt ai ned nunber of the 15 ammoni a nol ecul es was divided by. the anmnount of
the sanple usedifosnthe mpasuneseobtaodnad resvakEubateSEREMadiditt§.
(Preparation of hydrogenated ester An unsaturated group-containing ester
was hydr oge?BP¥éd ?ﬁbgﬁelsarre manner as in Exanple | A-1 except 20 that
130 m of HydyegsgnatipngiCatal yst (1) prepared above was used as the
catal yst instead of 130 of the ri alkladi-ugpagat al yst (silica
carrier, 3 mm di %ﬁe?@?agbﬁg%? ﬁgﬁﬁgdlbggﬁﬁg%ﬁﬁgr%t IEIS. 5% _specific surface
area 360 n2/gydebgenhyelEiGheheCanme. Kayingsedsi A2EXBRRYS ¢ A PXCERE the
circul ating vel oci of hydro -\Was 2 kthen/ilmh cistaad +of wh8ch
litter/hr usEgagnagéxgﬁpPé %A?%?r+%2 Egégengﬁge of thjé{qutor o%%bet

(bottom portiwas ehet bemeakahyses| spert) Uigs SACE* PR ealti‘on "& G from

t he reactor oqutl et c d o@nd 3wamaed whed clhy rismg ypas
chronatograpﬁﬁ t?&i&%iéligé.qgg%g%% SR

Shi mazu Kagaku K. K. ;. ro fl
i oni zati on dekddediyprnugdsslysd &ﬁé@@-M@ﬁtﬁgﬁb&anfbﬁaﬁgygﬁégﬁgﬂé1?%%2
obt ai resulilnt%x% 13hawn 1i n- the t2heveatahie of 3 Beariice cRtllet 52 2
| ACT 2003 (lion-difution of unsaturated group-contalnlqg}egter) 130 m
of a carri er {bypeopalpoxdiion cdt alhps camiloF wdevate 4% K0l as’ that used

‘in Exanmple | A-1 was packed, inta a cyli - £aAOloEds: QfasSt ai nl ess
steel 5 equi pped WPeh F& & 4O W%ﬂ%vif%%rﬁﬁg%e di aneter of

20 mmr,
the jacket teupRlcalsdide A weat ana 19C.BChyantd itk I35 SRR SIPRARIY eact or

was adjusted tao 2.0 MPa (gqaugs . pr Yse aof grgeflartg om t he
upper part of(qcﬁ'é‘l% Med (B3 s oD SRR ydsl i

15 ionization detector) under the above-mentioned
conditions. The thus obtained results are shown in the

above Table 1.
Example 1B-4
An unsaturated group-containing ester was

20 hydrogenated in the same manner as in Example 1B-1 except
that 130 ml of a carrier-type rhodium catalyst which was
the same kind as that used in Example 1A-4 was used as
the catalyst instead of 130 ml of the carrier-type
palladium catalyst which was the.game:kimdmgsﬂﬁhaﬁ«uged

25 in Example 1A-1. The temperature of the reactor outlet
(bottom portion of the catalyst layer) was 102°C.

The reaction mixture from the reactor outlet was
condensed and was analyzed by using gas chromatography
(GC-14B mfd. by Shimazu Kagaku K.K.; Hydrogen flame

30 ionization detector) under the above-mentioned
conditions. The thus obtained results are shown in the
above Table 1.

Example 1B-5 )

An unsaturated group-containing ester was

35 hydrogenated in the same manner as in Example 1B-1 except
that 130 ml of a Raney-nickel catalyst, which was the




reactor, allyl acetate was charged thereinto and was 10 circul ated at. 100C
at a rate of 300 m/hr, and hydrogen was also circulated at a rate of
18.6 1/hr, to thereby hydrogenate an unsaturated group-containing ester.
The tenperature of the reactor outlet ghottom portion of the catalyst
layer) was 102C. 15 The reaction mixture fromthe pepOF 203! et was
condensed and was anal yzed by using gas chronmat ograph éC£>14§ W%Q- by
Shi mazu KagakdhKiKnd Redragen fdahein iBbrrzate o S&OrySUhdRT e
above-nmentioned = conditions, Th qbt aifed- £ @s1d st pe shblmdiwmt he

20 above Taliee LY Fxanhi €Ak En%t];@atur ated group-containing ester was
hydr ogenat ed: 4 h the: saec mameertles gamexdarpl 298050 5&€pt>"that 130 M of
a carrier-type palladjum cat al o M Shy 255 Neshd hee saer kiiag @s9 tiigg used
in Exanple.ﬁ&@ﬂgaﬁéggﬁégh £%§'¥%% atalyst instead of 139€Q¥u9%)§he
carries- -t ypega e | ek somoal al ysteahi oh el ¥R SBHEI%i Re“a3 ¢ hat u%ed in
Exanple | A-1; and the essu i the. feactont vas (bSOt dPm pgubtigerpPéssure)
i nstead of 2LRF l\ff%{“?%%%%%égoégrgg%ure). The tenperature of the reactor

out | et (bottgm@'é@ﬁéip@toiayée)caaaly@Z“]ayer) was 102C. The reaction

m xture fromthe reactor outlet was cponden ygs apah¥zegaby using
gas chronat ogr aphyhe (82 23OR”R{ H1 X by Sh ﬁ%?u§ﬁggggch.

K. ; g%grogeg flame 35
i oni zati on d&%ﬁgéﬁgédugggrwggeaﬁgpyeeaehyioaédg_ggg chromaceds g3y
et i

condi ti ons. us obtained results_ are shown.igyhhggeaboventéabl e 1.
Exanpll® 1B- 3(®6-uhBalfiat BY anﬂB?BOﬁi‘%éﬁPng'gﬁgf erywa$g§' wydr ogenated in

_the sane nmanpgyiastiBnEdagpteckB- tndrcephe ehaveiBEHLC8F“ carrier-type

rut heni um catal yst, which_ was,the kndeasithabresetiown Exanglee 1A-3,
was used asCPRElEAPBFyst TPHS?B% 8?)%%%85:% SE'l(‘t)jf the carrier-type palladium

cat al yst whi ghowasthb@esane kind as that used
Example 1B-6
15 An unsaturated groupacontaining ester was
hydrogenated in the same manner as in Example 1B-1 except

that 130 ml of a carrier-type palladium catalyst, which
was the same kind as that used in Example 1A-6, was used
as the catalyst instead of 130 ml of the carrier-type

20 palladium catalyst which was the same kind as that used
in Example 1A-1; and a mixture 1iquid comprising 1,3~
butadienyl acetate: n-butyl acetate = 20:18 (wt/wt) was
used instead of the mixture comprising allyl acetate: n-
propyl acetate = 12.2:1 (wt/wt)« “The temperture of the

25 reactor outlet (bottom portion of the catalyst layer) was
102°C. : ;

The reaction mixture from the reactor outlet was
condensed and was analyzed by using gas chromatography
(GC-14B mfd. by Shimazu Kagaku K.K.; Hydrogen flame

30 ionization detector) under the above-mentioned
conditions. The thus obtained results are shown in the

above Table 1.
Example 1B-7 _
An unsaturated group-containing ester was
35 hydrogenated in the same manner as in Example 1B-1 except
that 130 ml of the Hydrogenating catalyst (1) which was




10 in Exanple i A-i. The tenperature of the reactor outlet (bottom portion
of the catalyst layer) was 102C. The reaction m xture fromthe reactor
outl et was condensed and was anal yzed by usi ng gas chronat ography

(GC-14B nfd. by Shinmazu Kagaku K K. ; Hydrogen flaﬁ]@-t %ﬂ‘gati on
detector) under the above-nentioned conditions. #h us obtained results
are shown in the above Table 1. Examle 1B-4 An unsaturated

gr oup- cont ai ni-ag seskek inwas 220t hydr ogenat ekianghe saive viagnnéedagsi n

Exanpl e | B-1 except .that 130 m. of a,caryier-t Jhadiumcat al yst which
was the sang ¥ ﬁ&“a%ytshatmﬁggadi - Ex%tgrprilfe CfLA-tﬁé\ilg:s“ used ?g% t he catal yst

i nstead of 13Gifaddfunt hetedpstewhigpevapatteadians daitial ¥t YHRItcHSREs t he

same kind as that kN - The, & epeyatyr @ fohydRegeaact or
outlet (bot tlélm“ﬁéaﬁl%ﬁ%n%g‘fllf hgﬁgg?tlé yéstﬁ‘%“1 s (%Nas 10203/r he ryeacti on

1

ayer) 3
m xt ur e5f r omutase 3r7’e§ctl@rtec§dhretlﬂ&/a%adc@f\dle%sfedhaﬁﬁ/\ﬁés arT;Ieyzed by using
gas chromat ography »+(,Gc 14B. REdy by Shi sazie Kagakit df oar thipdr ogenhl ane 30

ioni zati on detector) under the above-nentioned conditions. The thus
obt ai ned resulats lyse Shgem)i washé024bove Table 1. Exanple 1B-5 An

unsaturated group-containing ester was.35 hydragenated 4.1 ithe same manner
as in Exanpl e 1B- f%gxégﬁftlgﬁaf"ligﬁr?ﬂfo?maé%;ney-moggel catal yst, which

was the - 54 ccaden®E8 2063wsanenkindedsdby Hagings ey FBARNCETFPIYS, was

used as.the G st einstead of - 130k haof # he, calyd@igdryFa apel | adi um
catal yst' whi ch k‘v\_/gs)ét_ éfds'at‘3 Ernd as t%? used in Exanple JA-1; and the
pressure in tiveizeddosr dpEscHon) Mrades FaRRS YR S Sst ead of 2.0 MPar

(gauge pressW)sitiRest.eMpaeatHue btk Deed ebed 0t DUideetsHdoot tiamtperti on of
the catal yst |ayer) was 102C. The reaction m xture fromthe reactor outl et
was condensedPSyifd TR&d Sanal yzed by using gas chromatography )

As described above, on the basis of the comparisons

15 between Example 1A-1 and Example 1B-1, Example 1A-2 and
Example 1B-2, Example 1A-3 and Example 1B-3, and
Example 1A-4 and Example 1B-4, Example 1A-5 and
Example 1B-5, Example 1A-6 and Example iB-6, and
Example 1A-7 and Example 1B-7, it is clear that a

20 hydrogenated ester is provided with a high yield almost
without being accompanied by a hydrogenolysis reactioen,
according to an embodiment of the present invention
wherein an unsaturated group-containing ester is diluted
with an inert solvent.

25 Example 22-1
(Production of hydrogenating catalyst (3))

Na,PdCl, (l.66g) {(mfd. by Tanaka Noble Metal
industry K.K.) was dissolved in water (190 ml), and the

resultant solution {agueous solution A) was placed in a
30 one-liter flask. To the flask, silica balls (200g)

(Cariact Q-10, mfd. by Fuji Silysia Chemical Ltd.;

acidity 1.1 x 107 mmol/g, average diameter 3 mm;

specific surface area 300 m?/g, whole pore volume

1.0 ml/g) were added, to thereby cause the total amount
35 of the aqueous solution A to be absorbed in the silica.

Separately, Na,Si0,-9H,C (2.63g) was weighed and



10 (GC-14B nfd. by Shimazu Kagaku K. K.; Hydrogen flame ionization
detector) under the above-nentioned conditions. The thus obtained results
are shown in the above Table 1. Examle 1B-6 15 An unsaturated
group-contai ning ester was hydrogenated in the same manner as in Exanple
1B-1 except that 130 ml of a carri er-‘t?ﬁe“pal | adi g? Wa!zm, whi ch was
the sanme kind as that used in Exanple 1A-6, was us as the catal yst
instead of 130 m of the carrier-type 20 pall adj t sidadd cfo was t he
sane ki nd avidrad used b@ﬁ}%@%%ﬁ? ‘ga?lt Ig {n%@%?e@%?/qui d_conpri si ng
1,3- butadi enyl @cstat eio e aresaleror0: 48 (IRFPY BESP21Sed instead
of the m xture conprising, allyl acetate: n- propyl acetate = 12.9: 1
(W/w) 'E cfa4eR1D55¢ Balct o %Utlet (bottom portion of the caia% st éayer)
was 102C . The regstd onidd xihieh fiadn abeorkedt bhe o2 EPRPUHASC L % nded
and was anal yzed by using gas_chromat nfd. cthy Shakery
KagakuSK.K.ﬂN¢®d¢%é%ﬁ ??aﬁ@e3@q?%%?§a$$%ﬁgg%?e%f%%géﬁader the .. ..
above- nent i opesl +seNMi ki @rs. wIheal hosedbtai seandedtl FSORr BSERBMATH®t he

above Table 1. Exanple 1B-7_An_un te 9upnE&OnNbabhydgaesteaswas 35
hydr ogenat edf ?h ?ﬂgﬁgﬁﬁﬁ'na%ﬁ%?g%gg%ﬁigkaﬂﬁgg IB?l excegtsgghat 130 m of
0

t he Hydrogenaggdeag, Cahal ysé fd3ubhach RaxturgswWas7SHLETE t he sane ki nd
as that used_in anple I A usgd.asstt hescabalgstednsheadgbf 130 ni
of the carriE?9F5§8gPﬁalIgagaﬁﬁggtgﬁ 2875k b vias thg sape.kingsas that
used 1ign ExapplerdAidén amdnghe BREsER&t FHERGEr ofMEyFof chydrogen 5 was 37. 2

liter/hr inst eaduggtég. @hkgggﬁ/ bhe Fhealvefperatuféosf rebhe péaebsrtout| et
the

(botton1port?6ﬁco catafyst layer) was 102¢C.__Th t k@R oligkt Ur €
fromthe reaébomldmthefonad8 BBHHEN ¥dL§ﬁBgm§sg§asg 985%%3 th2olly

anal'yze u5|n% gas
ChronatograpQXich water could be circulated. Then, the catalyst was
dried under air stream at 110°c for 4 hours, to thereby

15 obtain hydrogenating catalyst (2).
When the acidity of the hydrogenating catalyst (2)

prepared above was analyzed by the above-mentioned

ammonia-TPD method, the acidity was found to be
1.1 x 107 mmol/g.

20 Example 2A-2
pProduction of hydrogenating catalyst (3)

Na,pdCl, (1.66g) (mfd. by Tanaka Noble Metal
Industry K.K.) was dissolved in(wgter"(BO ml}), and the

resultant solution (agueous solutioh A) was plaqed in a
25 one-~liter flask. To the flask, y-alumina balls (200g)
(NST-3, mfd. by Nikki-Universal K.K.; acidity
5.6 x 10 mmol/g, average diameter 3.2 mm, specific
surface-area 165 m‘/g, whole pore volume 0.90 ml/g) were
added, to thereby cause the total amount of the aqueous
30 solution A to be absorbed in y-alumina.
Separately, Na,5i0;-9H,0 (2.63g) was weighed and
placed in a beaker, and pure water (100g) was added to
the beaker, to thereby prepare agqueous solution B.
The v-Alumina which had absorbed agqueous solution A

I35 was added to aqueous solution B placed in the begker, and



10 (GC-14B nfd. by Shimazu Kagaku K. K., Hydrogen flame ionization

detector) under the above-nentioned conditions. The thus obtained results

are shown in the above Table 1. As described above, on the basis of the

- conparisons 15 between Exanple | A-1_arsd Exanpl e 18---1re E@arrpl e 1A-2 and
Exanpl e 16-2, Exanple 1A-3 and Exanple 18-3, and Exa@ieZ¥® 4 and Exanpl e
18-4, Exanple I1A-5 and Exanple I1B-5, Exanple 1A-6 adeEégnphg Igbg, and
Exanpl e 1AV€%@”Hi§%@HP'@aéBaYlohédiSOCBeandtﬁétrao?OLﬁyBro enated ester is

provided with a high yield alno i -bei pgrnarcanpaani ¢d2byga

hydr ogenol y3P sheeggt i onY Sﬁﬁgnghg%ng%rZéﬁgodi rrenty og ;nggrgrt%gnt

i nvention w@gr?'tadaalmysaﬁdeat ed gheupizbnEgi AEngC8Yt &F rsb idl ut@ed with

an inert solvent. 25 Exanpl A-- chikORyakabydeogenabiyagat&t al yst

(3)) Na2PdviEh(3EEBH)Enf dgfggréﬁg%@%@bﬁe tal,_ Lndustry KzK.) was

di ssolgved i ghwatesuftaftninixcand whe stdgirfahP s 6PUEi OR %ac']uequs sol ution

A was placed in.a 3 ne-ljter ~f| To thReukhask l teakiica B&L'g E20009)

(Cari act Qi@?mﬁfid.‘:agﬁghfg'jti Veg) §E’ﬁ§%§§m cal LIgd._'tulg(l:_i gi o rbubX 5@ 3

mol / g, averagecHieafenerl3 ARG DPEEECHRItETs HAFald 564 300 P/ g,” whol e pore

volume 1.0 ni /tg%l,y\g%r ¢ (added .t 9 Jthergbyueals® 0t mé /réralf camddnthoUS5 of t he

i to i

aqueous sol Gfi b€ absorbed _in the siljca, ar al.ghy H¥a2si 03. 9H20
(2.63g) was byeughed an@lasseve§S¢loéﬁfftE§’BVE%EH“?%Qa beaker, and pure

wat er_ (100g)_.wa t @petohe cheaker diy sf fect ddiiesolddesh 2% t her eby
pr epaJr(g aqﬁé&ﬁ?%&%@gi o?hlg. The silica whic hag a?g% gd the aqueous
_solution A gareas addad o°c Ehe Aqbesus s&PutfGReBYpPacéd in the beaker,

and the m xture was al | owed .t staqutroomtemmrMUre for 20 hours.
Subsequent | WY@M%W@%&?&I‘% ft & Wa's  added, and the rtgaglul#an 3 {? xture
was stirred for fouwn how sacifliftor mefl Wea dyatoIRra o9 &&%t 4 hr olig

prepared above was analyzed by the ammonia-TPD method

15 under the same conditions and by the same method as in

Example 2A-1, the acidity was found to be
5.6 x 107 mmol/g.
Example 2A-3
production of hydrogenating catalyst (4)
20 Na,PdCl, {2.7659} (mfd. by Tanaka Noble Metal

Industry K.K.) was dissolved in water (90 ml), and the
was placed in a

resultant solution (agueous solution A)

one-liter flask. To the flask, y-alumina balls.(200g)

(KHA-24, mfd. by Sumitomo chemical K.K.; acidity
25 1.0 x 10?2 mmol/g) were added, to thereby cause the total

amount of the agueous solution A to be absorbed 1n Y-

alumina,
Separately, Na,51i0,;"9H,0 (
placed in a beaker, and pure water (100g) was added to
30 the beaker to effect dissolution, toO thereby prepare

4.38g) was weighed and

aqueous solution B.
| The v-Alumina which had absorbed agueous solutlon A

was added to agueous solution B placed in the beaker, and

the mixture was allowed toO stand at room temperature for

35 20 hours. Subsequently, & formed catalyst was collected



10 filtration using a Nutsche funnel, and pure water was circul ated
through the catalyst at a flow rate of about 60 m/mn for 48 hours by
using a gl ass vessel through which water could be circulated. Then, the
catal yst was dried under air stream-at>810C for 4 hours, _t her eby 15
obtai n hydrogenating catal yst (2). Wen the acidi tyZ)ﬁ B rogenating
catal yst (2) prepared above was analyzed by the a?oye nment i oned
amoni a- TPDy gebhed, ﬁmeeacudnbyhﬂé§eﬁohh§htBLbE ¥21°% 10-3 mmol/g. 20

Exanpl e 2A--2 Production of hydr i tal ysd (@)mhegPdCl4 (1.669)
(nfd by Tamhakaikebl & Kt ﬁrlme¥’gd g?%& X %\A(/gs di ssol ved in water

(80
and thﬁasbﬁﬁ¥lta@§3sgbqt@gq (@qdemMensmEdwﬂ@@ A \Rlls BHECE Erﬁ a 25

one liter f o the flask, y.-alumna ball Nelr3¢ngfd. by
Ni kKi - - uni versal diol§en aci dlﬂtOyCSferxt‘IG" BOWHDI f@éggggéggé I aneter 3.2 mm

specific surface area 165 mZ/g V\:h I Y@lau ang%Op?de/sgs)ulwarfe added,
to theyeby c&9s6tiRg LA SIdU % ?ﬁggggueousq% lﬂdéggl A to be

absor bed i n g Aliaenaf $@pﬁx&ﬁﬁi¢8 Na28i/t3.)9HM? (2 was Wel ghed and

placed in a beaker and 00g) was added to t he beaker, to
t her eby prepdi C—g aﬁ:tvf};(:tB

he y- Al unm na C
aqueous sol ut| on w@qerﬁ&mﬁsacaﬂﬂiexy taf e USRSt qtcfhngBh: | acef%)én the
beaker, and - 57 27 %3 J R At Was 1d mmmbrtxﬁ-ﬁ%dﬂ%ﬁhQ%om

t enper at ur e LRSS sequent l'y, "hydr.az hyide at 2 (2. 99)
was gfadual lphdddeche csatrrirfe cmndwwrh‘i %%m kber aafr‘EJgrjglq W t(% stirring.

After addition of. hy pg tweas 5fdmra:1rmd:b€tant m xture was
stirred for FGUP %odﬁ%agﬁﬁg}orned catal yst was coll ected through

filtration usimo ao Nulsshégfunnel, and pure water was circul ated through
the catalyst at a flow rate of about 60 m/nin for 48 hours by using a

gl ass vesselExampigyAdich water could be 10 circulated. Then, the
catal yst waspgdgdgdh tles £ ahydrogenating catalyst
15 RhC1l,-3H,0 (2.549) (mfd. by Wako Pure Chemical

Industries, Ltd.) was dissolved in water (190 ml), and

the resultant solution (aqueous solution A) was placed in

a one-liter flask. To the flask, silica balls (2009)
(Cariact Q-10, mfd. by Fuji Silysia Chemical Ltd.;
20 acidity 1.1 x 107 mmol/g, diameter approximately 3 mm,

specific gsurface area 300 m /g, whole pore volume

1.0 ml/g) were added, to thereby cause the total amount

of the aqueous solution A to be absarbed in the silica.

Separately, Na,5i0,* 9H,0 (6.79g) was weighed and

25 placed in a beaker, and pure water (100g) was added to

the beaker to effect dissolution, to thereby prepare
The silica which had absorbed

aqueocus solution B.
ion B placed

agqueous solution A was added to aqueous solut
in the beaker, and the mixture was allowed to stand at

30 room temperature for 20 hours. Subsequently, a formed

catalyst was collected.through filtration, washed with

pure water (1 liter x 10 times) by using a beaker, dried

at 70°C and 10 mmHg, and then reduced in an atmosphere of

hydrogen at 200°C for two hours {conditions for the

35 reduction treatment: pressure 1 MPa (gauge pressure),



stream at 110C for 4 hours, hydrogenating catalyst (3). 15 20 acidity was
found to be prepared above was anal yzed by the amoni a- TPD to t hereby
obtain Wien the acidity of the hydrogenating under the sanme conditions and

by the sane Exanple 2A-1, the 5.6 x 10 I/g Exarrpl e 2A-3 Production
.of- hydrogenating one-liter flask. (KHA-24 2{ gg g K K) was
resul tant sol ution Na2PdCI4 (2.765g) (nfd. cataly 7( catal yst (3)

met hod net ho ,as i n a_Nobl t |s§gl%%@ B Waterrzi90 m ), and
the (aqueous- §8IUFF8n E)%Kg OﬁFacegwﬁ%gé $o the flask. y-al umina balls
(2008) Sun1hqa@o@haqmdab KaKalyaci dbtly 25 1.0 x 10 2 mol /g) were added,

to thereby cause f AQUSUYS nSeli @@béuy&tbqsabsorbed
in alumna. Y @gﬁPat F a%nggg&cngEQ% ( 38g)nwa; Eg Ek %d pl aced
in a beaker, @@am@ﬁeammma’W@£0@®PLWé§da@§eG o @@QHh? ef f ect

di ssol ut i on, (DY IR 1AGHROUS S Bhutivan sineThehol urs ria whi ch

had abs r bed g o S soI was added to agyeoys, solution B placed in
t he beaker, amdmple 2A-1, the acidity was foun

1.1 x 1077 mmol/g.

Example 2A-5

Production of hydrogenating catalyst (6)

10 | RhCl,'nH,0 (n = 1 - 3) (2.41g) (mfd. by Wako Pure
Chemical Industries, Ltd.) was dissolved in water
(80 ml), and the resultant golution (agueous splution A)

was placed in a one-liter flask. To the flask, y-alumina
balls (200g) (trade name: NST-3, mfd. by Nikki-

15 Universal K.K.; acidity 5.6 x 107’ mmol/g, average
diameter 3.2 mm, specific surface area 165 m’/g, whole

pore volume 0.90 ml/g) were added, to thereby cause the
total amount of the agueous solution A to be absorbed in
y-alumina.
20 Separately, Na,510,+9H,0 (6.91g) was weighed and
.placed in a beaker, and pure water (100g) was added to
the beaker to effect dissolution, to thereby prepare
agueous solution B. The y—aIumiﬁaﬂth@h&h&dwabﬂorbed
aqueous solution A was added to aqueous solution B placed
25 in the beaker, and the mixture was allowed to stand at
room temperature for five hours. subsequently, hydrazine
monohydrate (12.9g9) was gradually added to the mixture at
room.temperature with stirring. After addition of
hydrazine monohydrate, the resultant mixture was stirred
30 for four hours. A formed catalyst was collected through
filtration using a Nutsche funnel, and pure water was
circulated through the catalyst at a flow rate of about
60 ml/min for 48 hours by using a glass vessel through

which water could be circulated. Then, the catalyst was



the m xture was allowed to stand at roomtenperature for 35 20 hours.
Subsequently, a forned catal yst was collected - 58 2 7 0 CT 2003 through
filtration, washed with pure water (1 liter x 10 tinmes), dried at 70C and

10 mHg (1 nmHg = 133. 322 Pa), and t hen ®leduced igzgpngngﬁﬁgere of
u

hydrogen at 200C for two hours (conditions for th n treatnent:
pressure 1 MPa (gauge pressure), flowrate of hydrogen 18.6 , to

t her eby obt ainiedydrnégenatt ngtEaeal 5t L L4)C ﬁﬁ%ﬁyﬂﬁggﬁcid??yt%§£€%%

hydr ogenati ng, catal yst (4 epa ve was anal yzed by the ammoni a- TPD
net hod 10 u%ﬁ%?l?h y%ﬁéﬁgg%ﬁéﬁgi%%gaggg b§w?he same method as,in. Example
2A-1, the aciditywnas fbendcidibg @.fotiae1DYQIR%PP§%“9E§§%B|1§5§A-R
Producti on of hydroge i.ng t 62) b5+ RECham3H2@-C2054gkhenf d. by
Wako Pure Chaﬁ?ﬁaFegl%ﬁégng§§,?h§§?f mas}dissolved in m%%%r (199 ), and
the resul t antndekuthensaagqueond isopnsi BROAPYWEEEpFAREMER O BRe i t er

flask. To the flask, ,silic a (200gLs feandacb Qel0, nfd. by Fuji
Silysia ChenﬁéﬁwpiFd?é ;0 gg?d%kédi?? X fO-S nmol / g, di aneter

approxi mat el ¢ .8 mm o spéeilf/igc surface area 300 nR/g, whole pore volunme 1.0
m/g) were added, to thereby cause the total anmpunt of the aqueous

sol ution A tExBBPB&cEBef in the silica. Separately, Na2Si O3.9H20 (6. 799)
was wei ghed apgqdstRbaced hfydadeeakered asitérpure water (100g) was added to
t he beaker to effect dissolutiqQn, tq't . AgUueqits (30l ution B.
The sild ca which ﬁ§5855§8ﬂb§6’%ﬁﬁhegUs@§% utf%ﬁﬂﬁsﬁgézaddgﬁﬂia$gqueous

.sol ution B pl@agedmnii)n priepdreakdm, Exahptlite 2Modt (56 WL IHA9%eHd & stand at

30 room tenperat.ure for 20.h : queddvbr adwmedn catsaldest was
col l ected t hSddgh 1A% %%ﬁ{§%§g e %ﬁ%r1 puré:mateﬁﬁfl liter x 10 tines)
by using a beakefeted icgd 2 (A0 GnaindhED imtiagnadn@neren e fc &S n an

atmosphere of hydrogen at. 200G %a (¢ SNk Qlldd Wedaird oy
15 hydrogén. From a top portion of the reactor, a recycled
mixture containing n-propyl acetate and allyl acetate
(12.9:1 (wt/wt)) and having a temperature of 40°C was
caused to be circulated in the reactor at 550 ml/hour.
Further, hydrogen was circulated in the reactor at
20 18.6 Nl/hour. The temperature of the outlet of the
reactor (a bottom portion of a catalyst layer) was 94°C.
The reaction mixture from the outlet of the reactor
was condensed and analyzed by gas chromatography (by use
of GC-14B with a hydrogen-flame ionization detector, mfd.
25 by Shimadzu Kagaku K.K.) under the above-mentioned
conditions. The analysis revealed that the conversion of
allyl acetate was 99.8%; the selectivity factor for n-
propyl acetate was 99.3%; the yield of n-propyl acetate_
was 99.1%: and the selectivity factor for acetic acid wa
30 0.6%,
Example 2A-7
Production of hydrogenated ester

An unsaturated group-containing ester was
hydreogenated in the same manner as in Example 2A-6,
35 except that hydrogenating catalyst (3) (130 ml) prepared



35 reduction treatnment: pressure 1 MPa (gauge pressure), - 59 2 7 0Cl
2003 flow rate of hydrogen 18 Nl/hr), to thereby obtain hydrogenating
catal yst (5). Wen the acidity of the hydrogenating catal yst (5) prepared
above was anal yzed by the ammoni a- TPD_ngthod 5 under the sane conditions
-~and by the sanme nethod as in Exanple 2A-1, the §p7dggy 3 found to be
1.1 x 10-' mmol /g. Exanple 2A-5 Production of hydrogenating catal yst (6)
10 R1C13nH20 (n. = 1 1. 3); (2 410)uded dindye Mbkot Pure hChepdelad S+ Mdust ri es,

Ltd.) was didsdtVeEd Th Water (80 m), and.the N, SPl Uk hon-faqueous
sol ution A) cawsliptaced i hl 30 ghel PR Rsk” }Elgggﬁie@f%%sk', -al umi na

bal I's (2009)-4%39;1 <o NST-35 e rbycbbkkvadscontvetsaf KOK ; acidity
5.6 x 103 mBl7Y Ave age dianeter 3,2 sRecifLcosyriipge(gaege 165
nm2/ g, whol e 0pbr@P&o[%ﬁ%g@.90€%$¢@?)mb?%gg%%eg, to thereby cauge he

tot al 3m)unt%§(§2%§,§1§egqaggasiﬁoﬂdéﬁ@me%hetﬁbe abeokBBECFALUFEaPlinthE. 20
Separ atel y, 1 3. 9H20 (6'918) was me%ggsd 89g:oglg@eg thtalbeaker, and
pure water (400h3twas ad€eHEES Ofh&2bREKEP™t B effect di ssol ution, to

t her eby prepf[e iguegug sol ution B. The y-alum na which had absorbed
aqueous sol utfF8f® va aéded to aqueous sol ution B._placed %g LR ERe
beaker, and the n&hEU&@awmsoalmdwmdrﬁof§PEnGh§tO”F&Sﬁ\Pgnﬁera E&e ?or five
hours. Subsequently,. hydrazine diat @acl2hepmawas rgpadudPyy Ua&ded to
the mxture ¥8° FBéHFPéESeFQEUFgg%??ﬁﬁsF?r?in ..Af%%%na§%k%Lq%rOfmfd_

hydr azjge nopghgdrate, wild eesyidrasenmbiede &' re 0 tor four

P.oursl. A fgr g’dé at al yst 488 ok eClediriderougre afridvter-ateindii oisichg a Nut sche
“funnel, an r v

was ~ circul ateed through, t aha Weinwlrsadd @t rate
of about - 60 crin/dnit oney. 4@%@@%%#@{95% dasésifeavfgssm through ~ which
water coul d be ¢ircylatad JHhenod.e caim ystlamslvitgy factor
propyl acetate was 98.6%; the yield of n-propyl acetate
15 was 98.6%; and the selectivity factor for acetic acid was

1.3%.

or n-

Example 2A-8
Production of hydrogenated ester
An unsaturated group-containing ester was

20 hydrogenated in the same manner as in Example 2AT6'
except that hydrogenating catalyst (5) prepared 1n |
Example 2A-5 (130 ml) was used instead of hydrogenating
catalyst (2) (130 ml) prepared in Example 2A-1. The
temperature of the outlet of-ihe”faac%hf*la“boﬁtam

25 portion of a catalyst layer) was 94°C. |

The reaction mixture from the outlet of the reactor
was condensed and analyzed by gas chromatogragihy (by use
of GC-14B with a hydrogen-flame ionization detector, mfd.
by Shimadzu Kagaku K.K.) under the above-mentioned .

30 conditions. The analysis revealed that the conversion of
allyl acetate was 99,.8%; the selectivity factor for n-
propyl acetate was 98.8%; the yield of n-propyl ace?ate
was 98.6%; and the celectivity factor for acetic acid was
1.1%.

35 Example 2A-9
production of hydrogenated ester




27 OCT 2003 dried under air streamat 110C for 4 hours, to thereby

obt ai n hydrogenating catalyst (6). when the acidity of the hydrogenating
catal yst (5) prepared above was anal yzed by the amoni a- TPD net hod 5
under the sanme conditions and by the sapg nethod as in anﬁje 2A-1, the
acidity was found to be 6.0 x 10-3 mmwol/g. Exanpl e2236\{}(§ @8%Huction of
hydr ogenat ed ester 10 Referring to Fig. 1, hydrogenating catal yst (2)

(130 nm) prepared |QﬂEXanI%E%A L Was Gharged rigitess tr stad nl ess st eel
cylindri cal react'dr “RaVi M ng an 1 nside dianeter .of _2)% ayl ¢ he internal
pressure of niyheogeeattor iwas:-"coma s IS 29 Wb uge ‘pressur e) by 15

hydr ogen. From a.t 0 a8 d eatdtOrys@ (recyclEd mlyj x@IRRE
contai ni ng ¥ F%ﬁngggéglteaggfégh q acet al e (@f& %ﬁéggjﬂ@)) and havi ng
a tenperat uriey @Efxa4QC anadh- %aﬂ%‘-’ediﬁ’t‘%ﬁf}/b‘en%’ierac I e reactor at 550

m /hour.  Further. .hy 09 JasL £ig ﬁ@ﬂ :lm amwb@c%rl at 20218.6

N1/ hour. Thé&d %er atur'e t he out I et

f eaGt of (Bobebhom portion
of a catal ysiemmmeart)um@@&@e THel ¢ *ea%f %Ih m x% ure fr%m the outlet of the

reactor was condensed. and.an dy gasyghroqa.ogr aphy (by use of
GC- 14B wi t h ROy bden-3 1% a%eg#%%\?za%%n?det ect or zu

Kagaku K. K.) undefhéhﬁe@@@y@nnﬁﬂitmnedfC@mdt¥¢oﬂ%thﬂe°5n5P§S|g rgggaled
that the conversi on_ of

8% rbhetserephiyviby faet or
for n- propyfafce?Rfen i @édﬁﬂ %ﬁe yi dgg? n I:rog /gcggttg V\Iﬁ%d99 1%
and the sel egtiwtiysBagion &ohydregks- ﬁéﬁ@ev\h@nlgﬁ 8 B9 F& A7

Producti on of hydrogenated e n ugﬁagyrgh@dagboapmeonuahﬁﬁng ester was
"hydr ogenat ed® Yng?h@gg RAgERhCk 2"

hydr ogenat i ngogaiaiysas . (3):11(222&23;3% Eggggﬁ, o808, FBeSXERRE LA of
allyl acetate was 100.0%; the selectivity factor for n-
propyl acetate was 98.8%; the yield of n—propy% ace?ate
15 was 98.8%; and the selectivity factor for acetic acid was
1.1%.
Example 2A-10
production of hydrogenated ester
Referring to Fig. 1, Hydrogenating catalyst (4)
20 (130 ml) prepared in Example 2A-3 was charged into a

stainless steel cylindrical reactor equipped with a

jacket and having an inside diameter of 20 mmg. The

jacket temperature was set to 90. 0°C and the internal
pressure of the reactor was controlled to 2.0 MPa (gauge
25 pressure) by hydrogen. From a top portion of the
reactor, allyl acetate having a temperature of 40°C and
hydrogen were caused to be circulated in the reactor at
300 ml/hour and 18.6 N1/hour, respectively. The
temperature of the outlet of the reactor (a bottom
30 portion of a catalyst layer) was 90.5°C.

The reaction mixture from the outlet of the reactor
was condensed and analyzed by gas chromatography (by use
of GC-14B with a hydrogen- flame 1onlzatlon detector, mfd.
by Shimadzu Kagaku K.K. y under the above- -mentioned

35 conditions. The analysis revealed that the conversion of



in Exanple 2A-2 was used instead of the hydrogenating catalyst (2) (130
m) prepared in Exanple 2A-1, and the internal pressure of the reactor

~Wwas controlled to 0.9 MPa (gauge pressuge)_instead of the 2.0 MPa (gauge
5 pressure) used in Exanple 2A-6. The tenperature L1102 ﬂﬂﬁlet of the
reactor (a bottom portion of a catalyst |layer) wa$S 94C. The reaction

mxture from,the qutlet, of the Jeantoraasleedensed Bt anal et by gas
chr onat ogr afty Yoy “Gs€ -1

0 of GC14B with a hydrogen- i o gatd on
detector, nfgtopyly sStetreedz wwacaddl k. KNS it Cpt%% r{;'tf%)%/g-grrpnti oned
condi tions. The anglysis feuwealad ddatvidie tonver sion atet & 13148 %t e
was 100. 0% “3ve selectivity factor for n- propyl acetate was 98.6% the

yield of n-pr.®.J acetate 15 was 98.6% and the selectivity factor for

acetic acid was 1.3% %xanple 2A-8 Production of hydrogenated ester An
unsat u? at ed ni ng ester was 20 hydrogenated in the sanme manner

as i n Exanplg 2irdk iomxeptyd hagemytedgenea®f ng catal yst (5) prepared in
Exanpl e 2A-5 (130 ni s_used.i d- of + Hy s pgepaténgwasat al yst (2) (130
m ) prepared in é%bﬂ%?%gﬁ%ﬁéﬁg%ﬁg§éfgnperature of aggmggélg _gf the
reactor (a hojdomydbapedtinntios sapatBiyIer| aFet) : he'reac%ion
m xture fromthe outlet of £L9r cav@sysondanset3anulanaF¢RPéd®By gas
chr omat ogr apt§C IRy E%%£ §¥d%§§%ﬁ§@wjﬁh a h%drogeﬁ-ékg. SLompzation
detectgr, nfin EdymShenddizd Kagaksek. KO§tEAdeP™t HE“aD ve-TenEigned 30
conditions. The_anal ysi ¢d Lhabatbe c¢aneraspda of-lal fyP-acetate
was 99. 8% tﬁ%t§g¥%€t?%?tg?¥g2%o? ?orgj - rogg%aggegggg Was49808% t he
yi el d of n-propytiecelaseetans 88969 PRy t As®S&i&ctivity factor for
acetic acid mastu%e1%gq§§dE§ggtggd26f9aEngduatbmatefaﬁ?dﬂo@éﬁ@ﬁéd ester -
62 2 7 ocT 20063 , . liquid used in
acetate constituting the mixture l13d
s Example 2A-6, respectively; and the flow rate of hydrogen
was changed from 18.6 N1/hr to 37.2 Nl/hr. The

temperature of the outlet of the reactor (a bottom
portion of a catalyst layer) was 95.5°C. _
The reaction mixture from the outlet of the reactor

20 was condensed and analyzed by gas chromatography (by use

of GC-14B with a hydrogen-flame ionization detector, mfd.

by Shimadzu Kagaku K.K.) under the above-mentioned |

conditions. The analysis_revealed that the conversion of

1,3-butadienyl acetate was 1007 0%/ the Selectivity factor
25 for n-butyl acetate was 99.1%; the yield of n-butyl

acetate was 99.1%; and the selectivity factor for aceticC
acid was 0.9%.
Example 2B-1

production of hydrogenated ester | |
30 Referring to Fig. 1, a stainless steel cylindrical

reactor having an inside diameter of 20 mmd was charged

with a sponge nickel catalyst (trade name: R-200L, mfd.

by Nikko Rika K.K., Ni content 70%, Al content ?O%)

having an acidity, as measured through an ammonia-TPD
35 method under the same conditions employed in

Example 2A-6, of 2.0 x 107 mmol/g (130 ml). The



.n unsaturated group-containing ester was hydrogenated in the same nmanner
as in Exanple 2A-6, except that hydrogenating catalyst (5) (130 m)
prepared in Exanple 2A-4 was used instead of hydrogenating 5 catal yst (2)

(130 M) prepared in Exanple 2A-1. The 6tierrp'eraturg gi&éﬁ%%tlet of the
reactor (a bottom portion of a catalyst |ayer) wa e reaction

m xture fromthe outlet of the reactor was conde N angbyzed by gas
chr omat ogr aphyte(hyaljszerea@lltﬁ - lB FEIRCA hYART oger%jrf(?ane i oni zat i on

det ector, m‘&é Spi ﬁ i ) hidickeget he Ribeve2 nkfPi BABE ©F
he anal 1S revealed t ha

condi tions t_the_ conv. NaPfruakl Yigacet ate
was 100. 0% d;fletlselefe@‘i:’wry he@¥eFet oraRd ropyfég%:&e)t ate was 98.8% the

yield of n- pégggglgg/éaﬁepgé?y@SaQBtﬁﬁé and ahbvbeheetfyfty factor for

acetic acid was e 2A-10 Production o droggpet e st er
Referrisng to(F2g9:1, Hydwb@énétl‘iinba‘éa{lal 9sFeTﬁ?ra&6f% ég m) prepared in

Exanpl e 2A-3 was charg into a s sgeehgcyldehrcahdreactor
equi pped mntﬁaéseﬁaERe?ggﬁdlﬂgél%ggaEQ%§§|re di amet ?ur 20 tﬂ@*ou%@%t

j acket terrpeset}ume/waSrsereBpeQQl@@lund The FROBFRAFYTpreéssure of the

reactor was c ol Led t auget25npbesaucekabyshydeygén. YBfom a
top portion 82 %hg rﬁggcgor Q PF?tggcgtate havi ng a tenperature of 40C and

hydrogen wergscaesed to be circulated in the reactor at 300 m /hour and

18.6 N /hour, respectively. The tenperature. of 184t lgt +ofe Hé%clt@a:(:t or
(a bott®m 30 portTlh@nr@iacélé’é‘t Eﬁlﬁ‘éif’rlea% t?' QSC The reac on Ju xture

fromthe outlet of 6 Je@aGker anmmnaheynsae@ ” aind cARAOFEEPTSY

chr omat ogr aphy (by use of GC-14B with dr.Q98n4 dﬁyﬁadéﬂydﬁﬁﬂ(ﬂmfd
detector, nf@f Q5 14H wedZu aKei@é‘lﬁ?%%f?‘aE%de;&t he above- nentipned 35

condi tions. The analais KRpeal et ®.hatundw SRy ERGVETREN B NEE 7 a1 243

allyl acetatﬁxﬂihﬂ%%égm t %a%%é%?é\@tﬁ@Jéﬂﬁéﬁ'ﬂHHtfthe conversion of

15 allyl acetate was 100.0%; the selectivity factor for n-
propyl acetate was 94.0%; the yield of n-propyl acetate
was 94.0%; and the selectivity factor for acetic acid was
5.9%.

Example 2B-2

20 production of hydrogenated ester | |
Referring to Fig. 1, a stainless steel jacketed

cylindrical reactor having an inside diameter of 20 mmg
was charged with a palladium.on- carrier catalyst (130 ml)
(mfd. by Tanaka Noble Metal Industry K. K., alumina

25 carrier, Pd content 5%) having an acidity, as measured
through an ammonia-TPD method under the same conditions

employed in Example 2n-6, of 2.0 x 1072 mmol/g. The
jacket temperature and the internal pressure of the
reactor were controlled to 90.0°C and 2.0 MPa (gauge

30 pressure) by hydrogen,‘respectlvely From a top portion
of the reactor, hydrogen and allyl acetate having a

temperature of 40°C were caused to flow into the reactor

at 18.6 Nl/hr and 300 ml/hour, respectively. The

temperature of the outlet of the reactor (a bottom

35 portion of a catalyst layer) was 90.5°C.



propyl acetate was 98.0% the yield of n-propyl acetate was 98.0% and
the selectivity factor for acetic acid was 1.9% 5 Exanple 2A-11

Producti on of hydrogenated ester An unsaturated group-containing ester was
hydrogenated in the same manner as in-EXanple 2A-6

hat
“hydrogenating catalyst (3) (130 m ) prepared 10 inzﬁmgog -2 was used

i nstead of hydrogenating catalyst (2)_ (130

n ) . prepared ine Exaapi®r 2A- 1;
1, 3- but adi enyl arret ates:nid> -t §4 - Acetdt et}WerOeLchu]géeIt(ajt or a mxture

liquid instead of_ allyl, acefats angd¢u popyds cveeneo gHpatY t (®Y Ng>E he

m xture qudfaas used 1n 15 Exanpl e 2A-6,. r espect j ~n o8 tbeot | omed at e of
hydrogen wast chankyesl Wi‘dﬁnqgﬂﬁng‘?ﬁ'%%&%@i.gﬂgﬁﬁ%he _tenperature of

the outlet af t%}ﬁﬂ;g@g& Of 2 g POk LRM poddr olrh@)faiao‘é%ﬂaﬂ}%%o?gger) was

95.5C. The reaction mxturé fromthe_out| therrenst ebnveédswas of
condensed andomdiat yoRd- byT@%saEm%ﬁh? oﬁ%‘ép%%lg% b

_use %f GC—l%B Lth a
hydrogen- f | age; pny2athos gesecborotnfthe HLSAFHEHZY a5aka 9&&& under

t he above-nentl%ned condi tions. . The,anal ys| s.f&veal adptrbay 1t heeteheer si on
of 1, 3-butadpéﬁ}Iaﬁ%é?%?ew@ésgiog%owghgh §e|ectivité6%§ctor

. 145:,5Qr
n- but yl acetggg ¥RsS099. 4% the yeékdtobihybBgFOAcEPat %CgsFié;wand t he
selectivity tactor for acetic acid was 0.9% Exanple2B-1 Production of
hydr ogenat ed7e8®er 30 Referring to Fig. 1, a stainless steel cylindrical

react ofy havi pg-ap1iengide di aneter of 20 mm4 was charged with a sponge
e b EELCSE i il srvom 148 B KL comon
'35"pethod under t@@f&&mﬁn@ondiﬁﬁGMSlenﬁléﬁé&nﬁﬁséxgﬁp L FHES0
rlgact T%g Eré%t%rtgq) @@thqgmg' 54 2 7 0 GhaRrd Wermingy essurhagigeche

with a sponge nickel catalyst (130 ml) (R-222L, mfd..by

15 Nikko Rika K.K., Ni content 70%, Al content 30%) having

an acidity, as measured through an ammonia-TPD method

under the same conditions employed in Example 2A-1, of

5.0 x 107 mmol/g. The internal pressure of the reactor

was controlled to 0.9 MPa (gauge pressure) by hydrogen.
20 From a top portion of the reactor, hydrogen, and a

recycled mixture liquid containing n-butyl acetate and

1,3-butadienyl acetate (12.9:1 (wt/wt)) and having a

remperature of 40°C were cased to flow into the reactor
at 37.2 Nl/hr and 550 ml/hour, respectively. The

25 temperature of the outlet of the reactor (a bottom
portion of a catalyst layer) was 95.5°C.

The reaction mixture from the outlet of the reactor
was éonaensed and analyzed by gas chromatography (by use
of GC-14B with a hydrogen-flame ionization detector, mfd.

30 by Shimadzu Kagaku K.K.) under the above-mentioned |
conditions. The analysis revealed that the conversion of
1,3-butadienyl acetate was 100.0%; the selectivity factor
for n-butyl acetate was 94.0%; the yield of n-butyl

acetate was 94.0%; and the selectivity factor for acetic

35 acid was 5.9%.



0.9 MPa (gauge pressure) by hydrogen. Froma top portion of the reactor,
hydr ogen, and a recycled m xture liquid containing n-propyl acetate and
allyl acetate 5 (12.9:1 (wt/wt)) and hqy'ng a tenperature of 40C were
caused to flow into the reactor at 186" N/hr and 550] GChalM
respectively. The tenperature of the outlet of the reactor (a bottom
portion of a catalyst |layer) was 95.5C. The reaction m xture fromthe
outl et of tBearedétdrsl 10 was condensed and anal yzed by gas,

chr omat ography ( By, U6 + 69 (GCul4R vl ltyls ta Haydmagen Ha e jeort 72 i Yn
detector, nfd. Dy i

y Shi madzu Kagaku K. K.) .under Q¥Ee-Hmnthwned
condi ti ons. 5The &S mts*}\lr”@\?eélggc?ut%khtarz ﬁélp%(;%r%/ia&g%g of 15 a}IOI

it %% gcetate
was 100.0% the j]sf@ QCtVidey Jaataari doramt SEDMA RGBT MWRYA T T he

yield of n-propyl "acetate was 94. 0%, an eptdyidy haet,opofrer
aceti c5 aci d bsasarg.ign xafi% B aPfl(oS uctzftgén of hydr olgena ed_ester

Referring tQfjifhe b. A $18id) ess igelpgracketdds cii il QG SRR oY
havi ng an inside dianeter of 20 mmt  was charged with a pall adi um on
carrier catd@45st9/130 m) (nfd. by Tanaka Nobl e I\/Etfl | ndustr ﬁ(cli(
al umi na 25 carri qjne Pdintentt B9t thaevi otek et GR35 Y A5 ‘?‘r‘@%lsfﬁ%%de t hr ough

an ammoni a- TPD net hod under_the s ohdidd ansec ENMPhOYRE &ndExaeper 2A-6,
of 2 . 0 x BOWP fHDI€9G-OF ﬂ%ej%érll%fé:tenperature and the_i

§ ) Lenpaly
pressype of dhey7 react arhavegas comtipel ¢ el 488 9DNHESENHC2Y B° da?‘(gange 30

pressure) by hydrogen, respecti Y, o8 @i sOpcpaptisnngol 2t helk eaét or,
~hydrogen and®@l#¥| %c@f%‘fleg a%/i%gé co - gd to,

g a tenperature 40C C
flowinto theréparéms, BISJ&DERhﬂfh@xﬁﬁﬁneo%'§1Tﬂg%r?9r8§%gg%i%g?in The
t enperature of t?\g 9‘“:';@% of %h@iigggﬁ rg44, behiomh85gper wB8nSBPP led
catal yst |ay®PY as’ di°5E.° B5 2 7 203 The reaction gixiyre frgm the
outlet of thghteach@rcatalyst which had been heatecd to

15 provide a space velocity of 1800/hr and to cause a

reaction at a reaction pressure of 0.4 MPa (gauge
pressure).
The resultant reaction product gas was cooled so as
to be separated into a non-condensed component and a
20 condensed component, and the crude reaction product‘ .
liquid was distilled to obtain the following composition
(hereinafter, referred to as "Composition-A") from the
top portion of the column.
Composition-a
25 Allyl acetate 97.7 wt.$%
Allyl alcohol 0.1 wt.%
Acetic acid 2.0 wt.%

Others 0.2 wt.%
500 ml of activated alumina (trade name:

30 Tomita-A61, mfd. by Tomita Pharmaceutical K.K.) was
packed into a reactor made of glass having a diame?er of
100 mm, and the Composition-A was circulated therein so
as to provide a space velocity of‘llhr (i.e., 500 ml/hr),
to thereby obtain a mixture having the following

35 composition (hereinafter, referred to as

"Composition-B"}).



was condensed and anal yzed by gas chromatography (by use of GC-14B with a
hydr ogen-fl ane ioni zation detector, nfd. by Shinmadzu Kagaku K. K. ) under
t he above-nentioned 5 conditions. The-ahalysis reveal ed tqii gﬂﬁ§
“conversion of allyl acetate was 100.0% the selectivifylf 1 or n-
propyl acetate was 92.0% the yield of n-propyl acetate was 92.0% and
the selectivity tagbesikdonagetic acid was 7.9% Exanple 2B -3 10
Producti on of hydr nated ester, Refgrning to Fig. 1, a stainless stee
cylindrical reaé‘tlgg/ h&ViS g"‘“aen%igrisoi ég di ameter of 20 mmcv was char ged

wi th a sponge ni gkelyicatialopstl (0130 WH-)* (R-222L, nfd. by 15 N kko Rika

K. K., N content 70%. A_ _content % having an acidity, as neasured

t hrough an amonPEEFRD ﬁgfhoéﬁqUﬁﬁgfgthe sanme conditions enployed in
Exanple 2A-1, of othdrsx 0L@- 'wiwipl /g. The internal pressure of the reactor

was controlled to 0.9 NP YOe, DN eSS E) g yu hyesogeim iy dedeeh) and a
20 From a tdﬁﬂﬁﬁQQ%ﬂ?%#ﬁﬁ%g?reaé?%r, rec;%led ni&% P'%}- g cONt ai ni ng
n-butyl acetate aﬁfeﬂnimmmcacﬁléi‘lyllacﬁoat“él (Oﬁ.e@: allJ%v\if Wt and having a
tenperature of 40C \/I\Fr%tcaaﬂg g@lmmidﬁﬂieﬁe, reetiot WakR3F13REFhr and
550 m / hour P& elspec"il vely he 25 tenperature of the outé‘eg of the reactor

(a bottom perti qum of larcatmlgfst3 ImerBaWWS@nﬁ%treac%l on nixture

fromthe outlet of the reactor oEtd,eéns & and,anagl Yz lpagas K. )
chr omaf ogr apge i UsB T FC R 47B gﬁ@h a Hy rogen-ﬁla i opi

izati
det ect or, nfw?_as ot ya Smwdamﬁgm&@rm}@@)r‘élﬁ‘él'é?rt‘Hggﬁbﬁge-sﬁ%ﬁ??%ﬁ%d
conditions. The Tanalysis reveal ed hg,§ORYeIBGoaAn0ins1d8- but adi enyl
acetate was %KRE%N@QQ%RP%%I%%?Pv?tégga%%or for n-Zbutyl acetate was
94.0% the y%gérgegé Nsbuiy! magetgie yasked. tomperatife ¥afettFviPy factor
for acetic aC|drwas 5.9% - 66 2 1td 2M usted to
90.0°C, and the pressure in the reactor was adjuste

15 1.0 MPa (gauge pressure) py use of hydrogen.

From the upper part of the reactor, 10 kg of the
Composition-B was charged thereinto and was circulated
therein at 40°C at a rate of 550 ml/hr and hydrogen was
also circulated therein at a rate of 18.6 Nl/hr. The

20 temperature of the reactor outlet (bottom portion of the

catalyst layer) was 90.5°C.

The reaction mixture from the reactor outlet was
condensed to obtain lO“Kg~b$¥a~JiQQidu The resultant
liquid was analyzed by using gas chromatogra?h¥ un?er the

25 above-mentioned conditions (except that the injection
temperature was 200°C), and it was found that the
conversion of allyl acetate was 100.0%, the selectivity
factor for n-propyl acetate was 99.2%, the yield of n-
propyl acetate was 99.2%, and the selectivity factor for

30 acetic acid was 0.7%.

Example 3A-2 | |
One liter of a catalyst having a particle size of

5 mm was obtained through an imprggnation method by
causing 4.5g of palladium and 52g of potassium acetate to

2
35 be carried on 540g of silica (suxface area 96 m’/g, pore



Exanple 3.-'~1 one liter of a catalyst having a particle size of L_ 5 mm
was obt ai ned through an inpregnation nethod by causing 4.5g of palladi um
and 52g of potassium acetate to 5 be ri ed on 540g of silica (surface

area 96 n2/g, pore volume 0.78 ni/g, average pore ra(?i F!sggﬁ 08 bul k
‘density 540 g/1). One liter of the thus obtained catal yst was packed

into a reactor made of stainl teel baviagiasdilgmeter buld: S22 Wm  The
gas to be cHaryes phéﬁeﬁh?@’wggég Fus?gd so as to provide a gas

conposi ti onggenpryiigi.ng 12 mol % of propylene, 7.5 nol % of oxy 0 nol %

gen, 9.
of acetic acid, ~ and _71.5 %, of di Iom;tﬂarjgleghs;afa?ﬂd’%ﬂﬂé"ag%?%g‘secguppl i ed
onto the catal ysto%ilé#ar{an@b@h% gy

een heated .to 1450 : addpmtiae a
space Vel ocCijty fa 1RQGftur aredle ©fc&i$e 5% %ﬁ%o%%a%ﬁaﬁfeacéi ont%essur e
of 0.4 MPa (%9%%F6%£re5§%geas The Besidmdd rieeetd ohtprodfuct Y- Was
cool ed>so af* t ‘sepalrat dinto a non- condensgg, cogpenent mmbk a0
condensed capanenio mmyide rirfe GEWITOH Produc Li quid. was_djstilled
to obtain the foljrovg nch§rm9§g]tci,prbx)@mﬁei%a@tm}%r%e?‘?%ﬁl‘fo as
" Conposi t i oY 15'0n the” top portion. of

he, 58! UAB. g&onpasi supplped25
Allyl acetatend717. Mmods AT y& Lehers 0930 o 258 W8 oe acid 2. %

0 wt,
Qthers 0.2 wt.%500 n_of i ahanbeen (headednafel 43(F 19 $%2- 761,
nfd. by Toni@%??h%?ﬁaﬁ@g?}ggf %ﬁ%?? was Eacégd into,a Eﬁaggog made of
gl ass lﬂavi ng, 8. ¢k apehespate 8Doamtyand LRBOCBAPBEti-on-"A was circul at ed
therei'd so as to provide a Sﬁ 9? vs#ggis{lyeotyflbhm ¢Pae {g28@8 m 1hr), to
“t-her eby obt aFaagtiPRt Bednhiff g he ol Towi ng 38 compastoRacharainnaf t er
referred 10 agessGRENQSI in0RMhBSE) Manney . a reaction

comprising allyl acetate was obtained. ot v ae
The resultant reaction product gas was coole

condensed component and a

dded to the condensed

15 to be separated into a non-
condensed component, and water was a ; 1 -

so as to provide a volume ratio of 1:1. .

h a space velocity of

component .
resultant mixture was circulated w1t. .
1/hr (i.e., 500 ml/hr) as shown in F%g. 2, by u51n? .

20 550 ml of an acidic ion-exchange res%n (trade nami. o
Ton SK-104H, mfd. by Mitsubishi Chemical K.K.). n

Y v into
mannexr a portion of the all l acetate was con erted
f

allyl alcohol, and after the hydrolysis reaction, t?e
1quf ~argrulk n a
crude reaction product quurd“wmsﬂdxﬂ¥tikﬁd to obtal

' and
25 composition comprising allyl alcohol, allyl acetgte

water as main components from the top of the column.
The composition comprising allyl alcohol, allyl
acetate and water as main components which had been
obtained from the top of the column was cooled so as to
30 be phase—separated into an oily phase and an agueous

phase, and the following composition (hereinafter,

' " i the
referred to as "Composition-C") was obtained from

oily phase.
Composition-C
35 Allyl acetate 97.1 wt.%
Allyl alcohol 0.5 wt.%
Acetic acid 2.0 wt.3




2 7 OCR 2003 Conpos ition-B Allyl acetate 99.6 w.% Allyl alcohol 0.1
wt.% Acetic acid 0.1 wt.%5 Ohers 0.2 w.% (Hydrogenation of unsaturated
group-containing ester) Referring to Fig. 1, 130 m of a carrier-type

pal | adi um cat al yst (alumna carrier, peld®t-wth di age}i[ﬁ of 3 mm x

| ength of 3 nm palladiumcontent 0.3% } 10 specif T 2883 area 100
n2/ g, nfd. by NE--Chem Cat K K was packed into a cylinder-type reactor
made of stainIeSSWaSEEeboeqahppéd2m}Fh%a j acket and having an i nside

di aneter of 20 agk tenperature was set to 90.0C, and the
pressure in thermg%\h%gg Q/ag gé usted to 15 % %atIJn%e pressure) by use
of hydrogen. Fronﬁﬂhemmppérapaﬁvaﬁﬁdtﬁéuﬂé§@tdFr G KRG of the

Conposi ti On-g ﬁ?}?ﬁCQ@ﬁgeﬂ Igh% i Bbp;aad prag reiceaitliatad K .Kher eias at 40C at

a rate of 55 rand rogen was ~ al so circul ergi Aad@ate of
1B. 6 NI hr. Pheke@ ueﬁpelaatfﬁlaété’ﬁf FRES 8dc EUtW%E%qI(;{)%t tdgrﬁ?n ;féoretl on of

the catalyst hayer) St%g @QmpEEQtw@mﬂn(Nhﬂﬂodnﬂuiﬁﬁ&ﬂnﬁhﬂ§fﬂéaé¥br

outl et was condenseg to obtain 10 They g esinan,
liquid was amal fPe®rByidsi fg S @éé’ecl’ﬁedﬁ%tﬁd’r a&hy unde:{f %he 2!

above- nent i oned Rk b% siex e pli xthate tmaeurrg etd"tq cfrP %{ﬁfé}at ure was

200C), and it was found that t.he . conv et S Miasn -100. 0%
the sel ecti vicoPPOEddaon HAeLRINAFHAT ‘addt q&“ﬁgs 99. 296 tﬁﬁiyleld of n-
propyl;@cet age ywas 99.2% and the selectivity factor for 30 acetic acid

was 0. 7% Exanple 3A-2 One |liter of a catalyst having a particle size of
5. mMm was obtalnedggﬂﬁﬁiﬁ¥%%9h%pregnatlon nmet hod by causing 4.5g of

pal | adi um and 52g x0f1 yotaasaiate @ktate: 1% 35 be carried on 5409 of silica
(surface area 96'ﬂ¥f§1 éicoholqg4 -

Acetic acid 0.2 wt.%
15 Water content 0.1 wt.%
Others 0.1 wt.%
(Rydrogenation of allyl ester)
Referring to Fig. 1, 130 ml of a carrier-type
rhodium catalyst (alumina carrier, pellet with diameter

20 of 3 mm x length of 3 mm, rhodium content 0.5%, specific
surface area 100 m’/g, mfd. by NE-Chem Cat K.K.)} was
packed into a cylinder-type reactor made of stainless
steel equipped with a jacket and having an inside
diameter of 20 mm$, the jacket temperature was set to

25 90.0°C, and the pressure in the reactor was adjusted to
1.0 MPa (gauge pressure) by use of hydrogen. From the
upper part of the reactor, 10 kg of the Composition-D
prepared above was charged thereinto and was circulated
therein at 40°C at a rate of 550 ml/hr, and hydrogen was

30 also circulated in the reactor at a rate of 18.6 Nl/hr.
The temperature of the reactor outlet (bottom portion of
the catalyst layer) was 90.5°C.

The reaction mixture from the reactor outlet was

condensed to obtain 10 kg of a liguid. The resultant
35 liguid was analyzed by using gas chromatography under the



2 7 OCT 2403 volune 0.78 m /g, average pore radius 15 mm bulk density

540 g/ 1)' packed One liter of the thus obtained catalyst was into a
react or made of stainless steel having a dianeter 5 of 27 mm The gas to
‘be charged thereinto was adjusted so-a§0te provide % gig osition
conprising 12 nold of propylene, 7.5 nol % of oxygé% d of "acetic
acid, and 71.5 nold of a diluting gas, and the mgs S“?Qékﬁg onto the
catalyst whl§$b¢euhémﬁﬂbtm®1@@b¢et1@5@:E%V%%P¥ot h? i de’a space

vel ocity of 1800~~r0Qa4dMrt o a %g§a§5drgﬁ Hata geaction
pressure nalﬁﬁmRﬁ%%Sﬁ?%)wa?n£$ﬁ§§ nﬁ%ﬁg#g?a reaction product

conpri sing aéég&eggféﬁtgfmg§lpbtgtéedteThesré@@tQ&ntth@aé?@ﬁﬁgbe%ﬂct gas

was cooled s0O as 15 to be separate nygondgpsedecanmpengnt
eanondensed feehdenied Eoﬁﬁ%ﬂ% t3c§ a* %? agslgdd dc ? npanent s

provi de a vo% gg 1aé¢@t9£elwas Fhelsr esolit &he ﬁ?k?GFeV&ég é?FEBFa?BH mnth
a space vel o ~of 1/hr gl 500 m /hr) as shown in Fig. 2, by using
20 500 m ofaﬁﬁ aei aredj BAs Qcﬁgnge resin (trade name: Dia |on SK-104H,

nfd. by MtsgbhaBieChgnical K K.). Inthis manner, a portion of the allyl

acetate was converted into alco nandrabt eartherhygpel ysis
reaction, the crB8 FééE?lB %x 13b. r

uct 1iquid-Sd in a
25 conp05|tlQﬂtﬁ@ﬁﬁﬁmscagaawbyl(aﬂ@mh@ﬁ C&FF&Pracbﬁéﬁg%a dt%aaégpggggna|

conmponents fromthe to cqlu shikbar oomprising allyl
al cohalq al | pif éc@ﬂafegeéﬁﬁ ?eg PE“%S%%@ﬁgnts whi ch had been

-abt ai ned fron1%%e £Lap Q% g@éynumnaﬁ¢@plmﬂdsobasNEﬁChsm pat K.K.)
phase- separa?@

into an 0| ase n_aqg . diha ﬁ@blomnng
conposi tion (faer @laﬁ!&e@erlntoré’f &r-‘l’rléd%[]edr 3‘§' Og'—er?(p&%o?{qg%%g Qﬁ\djvas? ol?t ai r?ed

fromthe oi ly RRase, iGHBPSIitdoR: GatkeAl lartt destiatge 297. 111%1&% Allyl
al cohol 0.5 wt. % Acetlc acid 2.0 wt.% - 69 t to
diameter of 20 mmy, the jacket temperature was Se€

15 90.0°C, and the pressure in the reactor was adjusted to
2.0 MPa (gauge pressure) by use of hydrogen. From the
upper part of the reactor, 10 kg of the Composition-B
prepared above was charged thereinto and was circulated
therein at 40°C at a rate of 3550 ml/hr, and hydrogen was

20 also circulated in the reactor at a rate of 18.6 Nl/hr.
| The temperature of the reactor outlet (bottom portion of

the catalyst layer) was 90. 5°C.
The reaction mixtute frow’ the reactoy outlet was
condensed to obtain 10 kg of a liguid. The resultant
25 liquid was analyzed by using gas chromatography under the
above-mentiored conditions (except that the injection
temperature was 200°C), and it was found that the
conver51on of allyl acetate was 99. 8%, the selectivity
factor for n-propyl acetate was 99,.0%, the yield of n-
30 propyl acetate was 98.8%, and the selectivity factor for
acetic acid was 0.9%.
Example 3A-4
One liter of a catalyst having a particle size of
5 mm was obtained through an impregnation method by
35 causing 4.5g of palladium and 529 of potassium acetate to




270CT2003 water content 0.2 wt. % Ohers 0.2 wt.% 500 ml of activated
alumna (trade nane: Tomta-A61l, nfd. by Tomta Pharmaceutical K K.) was
5 packed into a reactor made of glass having a dianmeter of 100 mm and
the Conposition-C was circulated thereidlso as to provide a space

vel ocity of 1/hr (i.e., 500 m/hr), to thereby obyaiggy 2008t ure having

the followng conposition (hereinafter, refefre Sqr si-ti.on- 10
') . Composiid cveDy @i 14 8T cre 901 5ot | ShE A o1 S5 ORI 0 AL 5

Acetic acid(lf%¥5.$6g§im¥¢§; £oBLegE Potewtadbux herame. Bulk. ggnsity
of ally

(FwdrogenatPGﬁ ester) Referring Fi 3 a
carrier-type54®h@dlhn1c%@%l%é%e{a?gthﬁ Egg?iggFa%g?%e?ag%%ﬁggigﬁ%ter 20

of 3 mm X lg%ﬂiﬁg@fi§t8“& rbagtom naotent 6tadplepechtrel BAVEBEe?area 100

n2/ g, nfd. “NE--Chem Cat K. K was_packed .i ykhedeintypeaseact or
nmade of stai@i@@%te§tﬁélzéqﬂpreﬁhﬁﬁgﬁga%?agﬁe?hgﬁ e%aving@aﬁ.inside

di aneter of gﬁggggedtgg hacket ptoaiifer at gRs GEBPSELLEEN25C8HIHE  "End t he

pressure in t react or ,was adj usted.t . Q:MBayGeauge poessuife) by use
of hydrogen. }Eraaéhet bﬁﬁgPtBb?f 2f5t 8l%e§§tor?§10 kg of t

: e
Conposi ti on- D-cphepaced, ahade 70as chatged eheddiiiddaf Sma@“@i F06 988

therein at 40C at a rate of 55 Lhe.-1aRe hndedoaadwvaeed0 halasedcitecul at ed
in the reactﬁﬁsaﬁuﬁpﬁéﬁg 8Ptf82€gkfﬁﬁﬁ}§ The tenperature of ,the rgactor

out | ety bott@gﬁp@r&&ogsoto $hevcaeahyspabayee}oaasyont 5EE0HART r 888t Fan

m xture fromthe reactor outlet was condensed .t i 0 foa@
+iquid. The resskt antedStipguird Wad A Y7ed By s@‘éﬁ%ﬁéﬁggbs'%c #F%ngtgggrggphy

‘under the - %Qes%u}egﬁT 203

mhe resultant reaction product gas was cooled so as
to be separated into a non-condensed component and a
15 condensed component, and the crude reaction product
liquid was distilled to obtain the following composition
{hereinafter, referred to as "Composition-E"} from the
top portion of the column.
Composition-E
20 Methallyl acetate 97.7 wt.%
Allyl alcohol 0.1 wt.%
Acetic acid 2.0 wt.%
Others 0.2 wt.%
500 ml of activated alumina (trade name:
25 Tomita-A61, mfd. by Tomita Pharmaceutical K.K.) was
packed into a reactor made of glass having a diameter of

100 mm, and the Composition-E prepared above was
circulated therein so as to provide a space velocity of
1/hr (i.e., 500 ml/hr), to thereby obtain a mixture
30 having the following composition (hereinafter, referred
to as “Composition-F").
Composition-F
Methallyl acetate 99.6 wt.%
Allyl alcohol 0.1 wt. %
35 Acetic acid 0.1 wt.%

Others 0.2 wt.%



above--nentioned conditions (except that the injection tenperature was
2000, and it was found that the conversion of allyl acetate was 100. 0%
the selectivity factor for n-propyl acetate was 99.1% the yield of n 5
propyl acetate was 99.1% and the sel ecfBvity factor for _acetjic acid was
0.8% Exanple 3A-3 Referring to Fig. 1, 130 m of a Qa?r@%'f:-ﬁ}b}ﬁe

rut heni um catal yst (alum na carrier, pellet ngh diaqgg _t of 3 nmm x
length of 3 mm  metteaniing cont®id- 0t 5%3&g6cith & Strt ac;pg;g@%é)o tnq?ég,
nfd. by NE-Ch K. m@ﬁﬁgm&ﬁawnm@mt Wt de of
stai nl ess ﬁag‘gac%quﬁ‘lk(péée%a% a jacket and having an i nfi% di ameter of
20 mmi, the jackein bemuaratiuret viasusetpa bladiwup. G EHHd The’ pressure in

the reactor was adjusted to 2.0 ( e_pres Qe h s & af Khydrogen.
Fromthe uppescbb¥e Hfridee rdhkd ('\)/f(?‘o 1%67%8 o“&dt'h?ﬂ’rCorrposi tion-B.

r epar ed
above was charged,dheseifte andyyesder+cybateeactehebefd at Al eSE ot e
m / hr, and

of 550 ydrogen was 20 al s i |t edngnathengeaetor at a rate
of 18.6 N /lgteerhed¢bppe? at ufd %fj?ﬁgegeéggor ou??et (bottom portion of

the catal yst .| 99. B, Thge I ¢ack éoNt empevA LU T ¢ O E he®F et or
outl et was %%%ﬁ%%%re\é\@?o oblﬁxg?n 10 kg of a liquid. The regul t ant %o liquid
was anal yzedg §yous) Nghdash € hsxoeeed wge aphyt g deg 2 G Her wHHVEI HERT T Dnad

conditions (except that the injection,  tenpeLaty(8,¥88n200€romanteit was
found that the0 ¥BAvéB3RER BFe§FP§F?aB¥t§g§ égsH89F§§b the sel ectivity

fact or, f or gﬁgbggybaggebgt enwaged0c6Y, Lhekygi ofdtbe ROBEOSLEFOP Ecetate

0 A ; .
was 9&.8@6 e selectivity factor f 28k bC adel Havas i@cAUatEdanpl e
3A-4 One IitereéﬁradcéPSVﬁsWaﬁaﬁsﬁﬁggdpgﬁffgﬁe size of 5 mmwas obtai ned

through an inBregggtgqn4 thed Byrabecafsbng ®lbhrof apdl NAETa#PRNPS2g of
pot assi um acét'St& 0~ "71 277 0 CT 2401 be carri ed an 540¢ efi /pklica
(surface area186 wRkgulpare in the reactor at a rate © .

The temperature of the reactor outlet (bottom portion of

15 the catalyst layer) was 30.5°C.

The reaction mixture from the reactor outlet was
condensed to obtain 10 kg of a liquid. The resultant
liquid was analyzed by using gas chromatography unéer the
above-mentioned conditions (except that the injection

i t the
20 temperature was 200°C), and it was found tha

conversion of methallyl acetate was 100.0%, thg
selectivity factor for isobutyl acetate was 99.0%, %h?
yield of isobutyl acotite was '99.0%, and the selectlvity
factor for acetic acid was 0.8%.

25 Example 3B-1 |
Referring to Fig. 1, 130 ml of a carrier-type
pellet with diameter

palladium catalyst (alumina carrier,
of 3 mm x length of 3 mm, palladium content 0.3%,
specific surface area 100 m?/q, mfd. by NE-Chem Cat #.K.)
30 was packed into a cylinder-type reactor made of stainless
steel equipped with a jacket and having an inside
diameter of 20 mm¢, the jacket temperature was set to
90.0°C, and the pressure in the reactoer was adjusted to

1.0 MPa (gauge pressure} by use of hydrogen. From the



volune 0.78 rnl/g, average pore radius 15 nm bulk density 540 g/1). One
liter of the thus obtained catal yst was packed into a reactor nade of
stainless steel having a 5 dianeter of 27 mm The gas to be charged

thereinto was adjusted so as to pr ovf dé” a gas co?pgswtoz;ggorrpri sing 12
nmol % of i sobutene, 7.5 nol % of oxygen, 9 nol % of *acCe id, and 71.5

ol % of a diluting gas, and the gas j H A AdE wGiagalayst whi ch
had been heatrgdt ®2EF U5C T %q@:p‘f’gj} %éoggfsgglcée) vel%ci ty of 1800/ hr
and to causg & LastiPn a8 @ Ieast iarepressud) of2D. AWM gauge

pressure). 'Ilhe resul tant reaction product gas was cogled .$0.a% 0 J2e
separ at ed i nire e iore coVtense 0t SoRPEHE T Eﬁ%f%%QE?%éﬁggnSZdaCoﬁponent, and

t he crude reaction, product . |igui | sdd |d eebd Datodd aim e fol | owi ng
conposi tion 55(@16?‘%4%“%9% r?%#%%%&iw?a:s 24515%00 osi tion- Ea'l',g‘b%&( o(gqtgg top
portiop of theeobuina Lonaosiof ohs B 200 Akt hal THF BEREE 7 7w % Allyl

al cohol 0.1 w.% Acet] Cj Y% ;. &% hef st e 2cata Wy SO0l ayeof was
acti vat ed aJ{ﬁﬁ?ﬁPft?%%geﬁa g?g5§m¥%%ita-A61, nfd. by Tonmita

Phar maceuti cqfy, K. ) was packed into a reactor made of glass having a

di aneter of 100 mm and the Conpositipn- paLgdr 8boyer Ves wesrcul at ed
therein so as to ﬁh%vrﬁécﬁlgﬁa@ggggf%cffago Sl?%r (i.e.., 50 Lhr), t

. o]
thereby obtaipg,g.pituce 30thami ng kbeofohlDaﬁﬂgl@BnﬁﬁgﬂFFBn?%ﬂg? fnafter,
referred to as "Co ositi?n-FT - CDQhQ?%%Eg”b? et hal hyk acetate 99.6
wt. % 1A 1yl Bheoresuptanfy L9F88%aA88P; €'ac 17wt % "Ofhers 0.2 wk.%- 72
2 7 OCT 2903.RebmEEbBgablyFi gndlitlg8snfoondatiats tBF- FPPEers1on

allyl acetate was 99.3%, the selectivity factor for n-

propyl acetate was 97.0%, the yield of n-propyl acetate

was 96.9%, and the selectivity factor for acetic acid was
15 2.9%.

Example 3B-2 |
Referring to Fig. 1, 130 ml of a carrier-type

rhodium catalyst (alumina carrier, pellet with diameter

of 3 mm x length of 3 mm, rhodium content 0.3%, specific
20 curface area 100 m?/g, mfd. by NE-Chem Cat K.K.) was

packed into a cylinder-type reactor made of stainless

steel equipped with a jacket and having an inside
diameter of 20 mm¢, the jacket temperature was set to
90.0°C, and the pressure in the reactor was adjusted to

25 1.0 MPa (gauge pressure) by use of hydrogen. From the
upper part of the reactor, 10 kg of the Composition-C
(containing 2.0 wt.% of acetic acid) was charged

: o
thereinto and was circulated therein at 40°C at a rate oi

550 ml/hr, and hydrogen was also circulated in the
30 reactor at a rate of 18.6 Nl1/hr. The temperature of the
reactor outlet (bottom portion of the catalyst layer) was
90.5°C.
The reaction mixture from the reactor outlet was
condensed to obtain 10 kg of a liquid. The resultant
35 liquid was analyzed by using gas chromatography, and it



pal | adi um catal yst (alum na carrier, pellet with dianmeter of 3 mm x

| ength of 3 nm palladiumcontent 0.3% specific surface area 100 M/ g,

nfd. by NE-Chem Cat K K ) 5 was packed into a cylinder-type reactor nade
‘of stainless steel equipped with a jacket—and havin ?an inside dianeter
of 20 mm-, the jacket tenperature was set to 90.0' ¢/ addT ?80%ressure in

the reactor was adjusted to 1.0 MPa (gau pr.essur usg Ofg hydy ogen.
From t he 10wapperupar ttheft tthe CEAEs }CTO%%ga % ég%%%%ggition-F

prepar ed above 4 thernej N, rand vdi recdtated washéyeidf rat  400C
s A o

at a rate of hydrogen was al sq cigculgied i .the reactor
at a rate ofthkByBeNd mf n-FORENFEtAh%e Yor° '%he’g' 9;%e’actor outl et (bottom

portion of 15 4he ratalystedays) s 90.800 Wit 4€dction nixture from
t he reactor outlet was _condensed to obtain 10 kg of a liquid. The

resul tant |ExpHzlewe®zhal yzed by using gas chromatography under the
above- nenti oned canditions dexcapt 1hat3a el iaf et O 190 1 ¥ Per at ure was

2000C), and it was found that the, convelsiofof et |yl tlacei atet ®ms
100. 0% the r%@%&#@i‘%@t?gﬁ‘brPq']o?mft{;%b%at%y acet%?Ie was 99.0% the vyield

of isobutyl &ge# antwg Yes. 9% 10%¢ he Ge) epiiheniun dartert fbrotcetic acid was
0.8% 25 Exanple 3B-1 Re

erring to Fi 1, 130 rA
pal | adi um cadpdyst i€ asuniace careiet(0 p‘%/lget "(]/Edthrgé’l g{%ﬁﬁ%eh(ré%{égfa}ﬁm?g@
| ength of 3 al [ ont - pecticcosunfidecor 882100SRR/ g,
nfd. BY NE- dﬁ%‘gﬁ?}l‘%ﬁig&éogmgg%gdé%tﬁ i -

acked 1 nt cylinder: react or made
-of stainl essstséketqegppppedinit f éafﬁﬁke?ngnﬁaﬁéggngﬁaﬁﬁ¥£§$de di armet er

of 20 mm~, the jacket tenperatur Sebt t PemPOr&X Xy e andst hetptessure in
t he reactor %@kﬁafﬁs?%dgpom%fOER/%gf%gauge pressure) by use of hydrogen.

Fromthe f 3,,2,7.0 rdaii oie theaceactors aDIRgted the

04odc EHOPSH

Cbnposition-% '?cohtalning .0 wt. % of acetic a%ig% was Ch%&%ﬁdthe
1.0 MPa (gauge pressure) by use of hydrogen.

15 upper part of the reactor, 10 kg of the Composition-A
(containing 2.0 wt.% of acetic acid) was charged
thereinto and was circulated therein at 40°C at a rate of
ss0 ml/hr, and hydrogen was also circuiated in the
reactor at a rate of 18.6 Nl/hr. The temperature of the

20 reactor outlet (bottom portion of the catalyst layer) was

90.5°C.

The reaction mixture from the reactor outlet was
condensed to obtdiﬂ*JO“kg“&EWQM¢1quid. The resultant.
liquid was analyzed by using gas chromatography, and 1t

25 was found that the conversion of allyl acetate was 99.7%,
the selectivity factor for n-propyl acetate was 97.0%,
the yield of n-propyl acetate was 96.7%, and the
seleétivity factor for acetic acid was 2.9%.

Example 3B-4 |
30 Referring to Fig. 1, 130 ml of a carrier-type

palladium catalyst (alumina carrier, pellet with diameter

of 3 mm x length of 3 mm, palladium content 0.3%,
specific surface area 100 m*/g, mfd. by NE-Chem Cat K.K.)
was packed into a cylinder-type reactor made of stainless

35 steel equipped with a jacket and having an inside



thereinto and was circulated therein at 40C at a rate of 550 m/hr, and
hydr ogen was also circulated in the 5 reactor at a rate of 18.6 N/hr. The
tenperature of the reactor outlet (bottomportion of the catalyst |ayer)
was 90.5C. The reaction mxture from- e reactor outlet was condensed to

obtain 10 kg of a reaction product liquid. 10 The r junca[mzl]ﬂ?i qui d was
anal yzed by using gas chromat ography, and it was fou that the conversion
of allyl acg&g%gt%%3099gg%%m&het§§|@atkuttyemaeratuf@rwﬁs pESPYP acetate
was 97.0% the yre of n-propyl acetate was 96.9% and %he ggl e (t)ivity
factor for agetiecackgdwase Abe2s996 Lxahpe el 8BCHORET &P rFNg- fi—'é 1, 130
m of a carrier-type rhodium catalyst (al.um.npa @h,. Peldoat tiet h

di ameter of 130nttPR |(8RGER BFE3 ST r%gdﬁﬁﬁlggnpgﬁ?%ggg@b specific 20
surface area,l r”%/agrt &fed .+ oy rNEcCoem Cat k. f) thgs CGoaErsd SR Fa

cylinder-type reactor nmade of stainless. .steel: 80Pt M a jacket and
havi ng @an i ndice@atadindmst ¢r %of20 r?%n,a.(:%ttl%. %i%égaet terrperzge'l?re was set to

90.0C, and tq%egreq?,sgﬁr ?imicp Jhe Jisaction aths hadjeuist ed t49°253E. 8 KPAS( §iuge
pressure) by use of hydrogen. Fromthe upperfcp,art of, t or, 10 kg

er
of tine Conpasict indVHE, (avwhthaidriagsm W& smd g %&é%]iacteé]};il&%\?\rgés char ged

thereinto and was cirgul.at her eigh Aty ¥AG at The atenperatsse mf Hyhe and
hydr ogen was%ﬂ%ﬁ)Qﬁréﬁniu{E}é

in the 30 reactor at | 44y .
The t enper at weaaifort et kesgactiert it IRAT (AR5t tcbt{ntgber %a(r)t?l&l(é%sogt hl]egy%% ’;II yst

| ayer) was 90.5C._ The reaction mxture fromthe reactor outlet was
condens@d to Ybtan 10 kg of a liquid. The resultant 35 liquid was

anal yzed by using fas £duorpswotaphyze afmbmtt}ze 7mealtc2tc7r @gtlzi)*@sw%s f ound
For n-propyl GEMTESHtC P TheJi 2l & of bt opyl - a6t 3t ex s 96. 0%
and the liquid was analyzed by using gas chrom ography, and 1
was found that the conversion of methallyl acetate was
15 99.9%, the selectivity factor for isobutyl acetate was
97.0%, the yield of isobutyl acetate was 96.9%, and the
selectivity factor for acetic acid was 2.9%.
As described above, based on the comparison between
Example 1 and Comparative Example 1, Example 2 and
20 Comparative Example Z, Example 3 and Comparative |
Example 3, and Example 4 and Comparative Example 4, %t
may be understood that the production process accord%ng
to the present. invention SUppTrRsS SRS the hydrogenolysxs.
reaction and as a result it can provide the corresponding
25 hydrogenated ester with a high yield.
Industrial Applicability
As described hereinabove, according to the present
invention, a hydrogenated ester (particularly, a
saturated ester) can be industrially produced while
30 maintaining the resultant raw material conversion,
selectivity factor, and yield to a high level. In the
present invention, a complicated reaction apparatus oOr
reaction process is not necessarily required.
According to an embodiment of the present invention,
35 saturated esters can be industrially produced at a low

cost by conducting a hydrogenation reaction in a liquid



selectivity factor for acetic acid was 2.9% 5 Exanple 38-3 Referring to
Fig. 1, 130 ml of a carrier-type rutheniumcatalyst (alumna carrier,
pellet with diameter of 3 nmx length of 3 nm rutheniumcontent 0.5%
specific surface area 100 n2/g, nfd. by’RE-Chem Cat 51&{]}3.{)@&3\@3 packed

into a cylinder-type reactor nmade of stainless stee with a

j acket and having an inside dianmeter of. 20 Wity taeket 1y eapad at ure
was set to ;S}(hi}f,,b)antﬁqnéfp?é%ﬁ%g?%aa?hrégrea%%%#%ms ad] us%ed to 1.0

MPa (gauge p{lgégwtq%]s@yoysg ofy hystogenl Frowid el 180 UpperPpaft of the

reactor, 10 e Conposition--A ntaj Dk n 19-MenPeofiingetic acid)
was char ged olheleedhtley aﬁhl%%n%i?%uﬁl%%%gu%%{é?%i %r%t”94ocr_lat arate of 550

m /hr, and hydr ogep; Wass absDvent chatedtonthbehyAeageBptaP a"Fat e 8F " 18. 6

NI /hr. The ténperature of the 20 act L 6L (Qet tpe poetean of the
catal yst |ayer) wAGCCOHBLIBE. terh%n?feﬁ%fi %ﬁb%&f%t ure fromthe reactor outlet

was condens§gvé9tgghgianlankgtﬂfaaeﬁiquDQP-¢ﬁétPé§&P€aﬁ?teFiquid was
anal yzed by using gas c¢hyonptogra and ;185 (Wasitougdrbhenathe 1in
conver si on oFGEFP§Pn§€été?gg&ﬁsg§82¥@& ggﬁe selé%?ivity factor for
n-propyl acetgbepyasefZe0%f at hpeyiblid 6RtALYESPyF -Gcetdte was 96.7% and

the selectivity factor for ' L9 nWasn2 a@%dikyanyil e 38-4 30
Ref erring tohEPgoIERa éﬁgnfagg§ggga§%iepg?ype i um cat al yst,al unina

pal |l a

ot e 1 e oo 68 el B SRR Conten
. 3% i i u e area 10 g, - Gham : ronas
~packed into me¢ybﬁn@®ﬁ-F@ﬁéaﬂéééﬁoﬁﬁm%&?%%f%éfhlﬁlesss35 st eel %gﬁipped
with a jacket and hay rgnan sitisigdet CEpur? VZ IGc B L2063 Ui ShstEt 20 i nm
the jacket tenperature was set t 0. ' dHe Juressdile dabliehe react or
was adj ust ed elenents MR FEOGE &ggseﬁge; Sb';aiﬂﬁse. ofFRJ{\ drogen., Frgmthe
upper part of, e e atranckitk @ fofc arieGonpb At ibaarerat Y

15 hydrogenolysis can pe decreased extremely, and the

ini into
unsaturated group-containing ester can be converted

a hydrogenated ester at a high conversion rate and with a

high yield.
aAccording to a further embod .
pe estexr is hydrogenated by using 2

iment of the present

20 invention, an ally-ty

hydrogenating catalyst so as to obtain a hydr
pe ester, wherein the

ogenated

ester corresponding to the allyl-ty

concentration of a carboxylic acid in the raw material

containing the allylitypefaster is made 1 wt.% or less,

25 whereby the hydrogenolysis reaction it can be suppressed

and the hydrogenated ester can be provided with a high

yield. In such a manner, the hydrogenated ester can be

produced industrially advantageously.



5 (containing 2.0 wt. % of acetic acid) was charged thereinto and was
circulated therein at 400C at a rate of 550 m/hr, and hydrogen was al so
circulated in the reactor at a rate of 18.6 N /hr. The tenperature of the
reactor outlet (bottomportion of the catalyst |ayer) ya3 Q00 Z(9. 5"C.
The reaction mxture fromthe reactor outlet was condensed to obtain 10
kg of a liquid. The resultant |iquid was anal yzed by using gas

chromat ography, and it was found that7t-he conversion of nmethallyl acetate
was 15 99.9% the selectivity factor for isobutyl. acetate was 97.0% the
yield of isobutyl acetate was 96.9% cicdMshe selectivity factor for
acetic acid was 2.9% As descri bed above, based o ng”e co arl son between

Exanpl e 1 and Cor’rﬂar at |AveP’E9<%ﬁﬁﬂe Qr BXSHPFEPS En Iegtl ve Exanpl e
2, Example 3 aré%r d} elf_% qﬁg %} aqglm@glt%& jpdbugenpar ative
un erst that t

Exarrpl e 4, it nay b e production process according to
the present clon¢aihiag se&xm:es&eprtelaenbgdrd:gencﬁbymuéa redct ibkon and as a
result it _can provide the corresgondl ng 25 drogeﬂat ed estzjr with a high

yield |hdustsipgl Appl iNyEHOGSeRF CABIde A W F ther BI B0V e, dtcording to
the present '&\{:gggha%??yc&t’g Logenad egl ed &sh sggéuﬂ@ﬂfétﬁpﬁrli'saﬂgy,ata sat ur at ed

ester) can be strira produced whi | mai ntai ning the resultant raw
mat eri al conue&asion, onsel ea.bment:y fsaad.te@lt;edancflganel dthe aQﬁCg’rP l evel . in

the present invention, a conplicated reactio agBarat . Of . Jeaction
process is neEngdEEdagr 9ty ‘%&3& r%de APEBr ngr? af € &? ment of the

pr esent 'nve%tn'done-roéﬁ siaf Uégéﬁéneét%s €O heqigust réably produced at a
y

| ow cost by conducting a hydrogenation reaction in a liquid - 76 2 7 OCT
2903 phage b)addﬁ)&'ddhga dwdﬁcm@nalaltmgecaifal I rasavhvo ridenisdaY and by use

. of a raw materi al ui.d whi ch has been obiala{}‘eg{by di Ifjtﬂ
unsat ur at ed @edf&ﬁeélo itAPRg 1287 er ITFEFRAE 1T et t

hydrogenat i O%nrdea%ﬁé)lried Chemistry, so as to produce a
hydrogenated ester corresponding . to the
unsaturated group-containing ester, wherein the

15 concentration of a carboxylic acid in a raw
material containing the unsaturated group-
containing ester represented by formula (3) is 1

wt. % or less:

R~ O\H/R6

Rz R* R® 0

(3)
20

_wherein R}, R?, R*? R! and R® denote an arbitrary
25 alkyl group containing 1-10 carbon atoms, an
arbitrary alkenyl group containing 2 - 10 carbon
atoms, or a hydrogen atom and may be the same as

or different from each other; the alkyl group and



5 According to anot her enbodi ment of the present invention, an

unsat urated group-containing ester represented by the general formula (1)
is hydrogenated in the presence of a specific catalyst, .i.e a
hydrogenating c atalyst having an acidity of 10 10 xﬁé— BCM@% or |ess
as neasured by the ammoni a- TPD nethod and containing at | east one netal
selected from the group consisting of Goup VIII elenents, Goup |IX

el ements, and Group X elenents in tHe periodic table, whereby the anpunt
of carboxylic _acid_generated by the 15 hydrogenol ysis can be decreased
extrenely, afRdkeR¥El uBkatRr 1B HroufitbRtai ARVt Ghadan B convert ed

into ~a hydroganated. egt eLoalsan il Gh GORME S1RD1T gL6,ANd Wi th a high
RuftRer® Shbod REL o

yield. According to a further ment of t esent 20 invention, an

al ly-type ester i< .hydmogepabedsbyfusi pgoducingraodgemhaidgegatatial yst so as
to obtain a hydrogenated _ester corresponding to the allyl-type ester,
wherein the SS5R€ent?SEFTHF atPar bO¥dA™ ¢ dcird i WPEFRAT awtH&t eri al

contai ni ng t hegl-3aRAe: g M cafd Hsil eSSomnd seher gy tlag JRydiggenol ysi s,
reaction it can bé suppressed and the hydrogenated ester can be provided

with a high ejiesedt |selected nfromer theheghydp ogmrediext iest ecfcan be
produced i ndustrially advant ageousl 2.7 OCT 2443 -77- CLAIMS 1. A
process for W@éa@wéf a(rjq_ln?/%r‘ﬁgéﬂ:atr hegdpg, by hydrogenating an _
unsat urat ed group-3 CONtgjeh ’:}Qcﬁ%efofeﬁf@&@&frﬁ‘gd Py dgeaced) by S using

a hydrogenating catal yst erein the ydrogenati ng catalyst 1s a conpound
conpri si ng atestkegastcondiryenentlsshelt edhdragm tthe grldygd -tgpesi sting of

Cabl o a 1B nBB5RH HGRESoRBAEHCIN e TBH=) rigrgat S EncRrStr §7e Revi sed
Edition, 1983ji1inteypati oggtekni ofendctRy e @Rth APRHeed Ghedpstry, so as
to produce a
congisting of allyl acetate, c¢rotyl acetate,
methallyl acetate, allyl propionate, crotyl
propionate, and methallyl propiocnate.
15 4. A process for producing a hydrogenated
ester by  hydrogenating an unsaturated group-
containing ester represented by the following
formula (1} in the presence of a hydrogenating
catalyst wherein the hydrogenation catalyst is a
20 compound comprising at least one element selected
from the group consisting of Group 8 elements,
Group 9 elements and Group 10 elements according
to Nomenclature of Inorganic Chemistry, Revised
Edition 1989 International Union of Pure and
25 Applied Chemistry, so  as to produce the
corresponding hydrogenated ester corresponding to

the unsaturated group-containing ester



hydr ogenat ed ester corresponding to the wunsaturated group-containing
ester, wherein the 15 concentration of a carboxylic acid in a raw

mat erial containing the unsaturated group- containing ester represented by
formula (3) is 1 w. %or less: (3) 20 wherein Rl, R2, R, R4 and RS
denote an arbitrary 25 alkyl group containing 1-10 cd BoRC#Ht20§8. an
arbitrary al kenyl group containing 2 - 10 carbon atons, or a' hydrogen
atomand may be the sanme as or different fromeach other; the al kyl group
and 2 7 OCT 2003 -78- al kenyl group,gqray be either straight-chain or
branched; Rs represents a Cl1-Cl10 al kyl group. 2. The process for producing
a hydrogenated ester accordingg® claim1l , wherein the 5 hydrogenating
catal yst conprises at |east one Elenent selected fromthe groupf{tbnsisting
of palladium rhodium o’ 3-Clqe progéss for producing a

hydr ogenated ester accordin m 1, ein the allyl-type 10 ester
represented by fornmula (1) i pasgsone |yl -type ester selected from
the group consisting of allyl acetate, crotyl acetate, nethallyl

acetate, allyl propionate, crotyl propionate, and nethallyl propionate.
15 4. A pr oc%%sérfe L H{lodtifzi ng,sa tydggger&at gg o%@tgﬁ bayr hl drE=l enating an
unsat urated group- contaihi'ng éster represen{le by thel?oﬁ ow ng formula
(1) in the prasgncegebup hydnegenatd ngl - vat alarborwherteins,t hanhydr ogenati on
catalyst is a 20 conpound conprising at |east one el enent selected from
the group coRdtrAagYofrlEedyp FHEENeFE21ngnguF 9- elEmeTd®PBnd Group 10

elements accrdifly & JHFRUA S A0 QRP fe RRNT ShRY Bevi sed

100 or different from each other; the alkyl group and

alkenyl group may be either straight-chain or
branched; R® denotes an arbitrary alkyl group which
contains 1 - 10 carbon atoms and may be either
straight-chain or branched; and n is 0 or 1,
15 comprising providing an unsaturated group-
containing ester represented by formula (1},
wherein the concentration of the unsaturated
group-containing ester represented by formula (1)
at the initial time of the hydrcgenation reaction
20 thereof is in the range of 1 wt % -50 wt % based
on the entirety of the raw material 1liquid
containing the unsaturated group-containing ester;
and reacting the unsaturated group-containing
ester with hydrogen while diluting said
25 unsaturated group-containing ester with an inert
gsolvent to effectuate a hydrogenation reaction,
wherein the inert solvent is the corresponding

hydrogenated ester,



Edition 1989 International Union of Pure and 25 Applied Chem stry, so as
to produce the correspondi ng hydrogenated ester corresponding to the
unsat urated group-containing ester 2 7 OC f 2003 -79 R3 5 wherein R1,
R2, R3, R4 and R5 denote an arbitrary alkyl group co t?hﬁkf 1-10 carbon
atons, an arbitrary al kenyl group containing 2 - 10 éa nms, or a
hydr ogen atom and nay be the sanme as 10 or different fromeach other; the
al kyl group and al kenyl group may be either straight-chain or branched;
R6 denotes an arbitrary al kyl groupﬁ%wnch contains 1 - 10 carbon atons

and may be either _strajght-chain or branched; and n.is 0 or 1, 15

conpri si ng providﬁﬁg a %%n§§PﬁF§Fe °§r5ﬁﬁéh?ﬁﬂﬁzﬂ?h%ﬂfqgﬁﬁ§gepepresented by
formula (1), ogaerei fetbratgpcentd at ianinf the ungairyiaf edrhe | _
group-contai ning ester represented by fornula (1) at the initial tinme of

t he hydr ogenawirgrspeadin@nhgdrofienatsddi estart ie raangerbion @r % -50 Wt %

based on the_.entirety of the raw materj a iquid containing the
unsat ur at ed @Hﬁuﬁ?ﬁﬂ#%ﬁ%ﬂﬁg é%F%rFEC¥E$F$eaggfﬁae?%%e%nngﬁgated

group- con§ai RHAIGh eshar wekh hydeagesd Wy e hd utnyrcrRirdtdanunsat ur at ed
group-containing ester with an inert solvent to effectuate a

hydr ogenat i oreagadthorf thkeraspatuhetedesrouwsanhaing ngh@sé&xr espondi ng
hydr ogenat ed ester. glé 2 ZEO C]T %ﬂ 3 -80- 5. The process for producing a
hydr ogenat ed *ECEFCREESr Y nP T8 48 ai'th'4, wherein the corresponding

hydrogenat ed esteg.is arHordridaeser forhpreahéiny Va Hydhwyaradyd ed
hydr ogenat ed ester
ester according to claim 4, wherein the reaction
10 temperature at the initial time of the
hydrogenation reaction is in the range of 0°C to
200°cC.
7. The process for producing a hydrogenated
ester according to claim 4, wherein the
15 unsaturated group-containing ester represented by
formula (1) is at least one compound selected from
the group consisting of + allyl acetate, crotyl
acetate, methallyl acetate, allyl propionate,
crotyl propionate, methallyl propionate, vinyl
20 acetate, vinyl propicnate, 1,3-butadienyl acetate,
and 1,3-butadienyl propionate.
8. The procesgs for producing a hydrogenated
ester according to claim 4, wherein the

hydrogenation reaction is conducted by a liquid-

25 phase reaction by use of a fixed bed-type reactor.



5 whi ch has been produced by the hydrogenation reaction of the

unsat urated group-containing ester represented by formula (1). 6. The
process for produci ng a hydrogenated ester according to claim4, wherein
the reaction 10 tenperature at the initial tinme of thef)é’drosenation
reaction is in the range of OCto 200C. 7. The process 4 dr 0pdo@3i ng a
hydr ogenated ester according to claim4, wherein the 15 unsaturated
group-contai ning ester represented bgiformula (1) is at |east one conpound
selected from the group consisting of - allyl acetate, crotyl acetate,
met hal |yl acetate,;s.al |l 5l pgprapisenate peodigingrapiydabegengethal |yl

propi onate, vinyl 20 acetate, vinyl propionate, 1,3-butadienyl acetate,
and 1, 3- but a8FERYI pVBPTrOHAt €2 8. UIFRE WA EEs s FEURCOREELR4™ hydr ogenat ed
ester accordi o] j I fpthga h ogenat, on i's

conduct ed byeggF%qtﬁ%é’%lfg]eéﬁS}sﬁQ%&ga%l on abyyﬁ);eggf q’é)d%i%ggglg% -type
reactor. 2 7@ Cudiz§03 - GlydFroghnprangsscitaryqr odeiregna hizdr ogenat ed
ester, wherein an unsaturated group-containing _ester represented by

formula (1) PY¥IRGEPBYEHH BBV Usilrfy % IRV ECMRGLEAREI §5t wherein the
> hvdrogenat hageat At LPoflefOMPAUILLOAP! iSRG Ane | cgsbugne el ement

selected fromthe group consisting of Goup VIIl elenen oup I X

el enents, andofkbapixgel efenttsoiupn t NeIper eddinentsabl éragpor dKng to

Nonencl ature of Inorganic, 10 Chem_stry, Revised Edition, ,1989,

| nt er nat i ona®LeDRRBRA, ofaSur EX3RR Kpp?¥%ﬂe‘ﬁ%m1§tr € akFESE G be used for

hydrogenati ng gReUnsat-ulat 8 IrQUPNGRALELELPE esker repgapent ed by the
following formula (1) to thereby produce a hydrogenated ™15 ester
represeni@ed khethetfpl | oveviggddr maliaipg), 1989, International
Union of Pure and Applied Chemistry, and is to be
used for hydrogenating an unsaturated group-
containing ester represented by the following
formula (1} to thereby produce a hydrogenated
15 ester represented by the following formula (2),

wherein the catalyst has an acidity of 1.0 x 107

mol/g or less:

RS
Rl ~~ 0 RS
Hz R4 H5 O
R3
: 2
" o o (2}
25 - \[(
RZ R'PR O

(1)



wherein the
20 (2) 25 -8
denote an ar
arbitrary al
10 and may b
and al kenyl

represents a Cl1-Cl10 al kyl
represents a Cl-Cl0 al kyl

hydr ogenat ed
carri ed out
process for
wherei n the
unsat ur at ed

unsaturatgd
i nert solven
CT 2003 2 7
13. The proc

10

15

20

25

catal yst has an acidity of 1.0 x 10-1 nol/g or |ess:

R3 (1)

2 RO 5 (2) wherein nrepresents 0 or 1; Rl, R2, RS, R4 and R5

bitrary al kyl group containing 1-10 carbon atons,

kenyl group containing 2 -10 carbon ato TCﬁq{g @hg

e the sane as or differgpt fromeach othér

rogen atom
group

group may be either straight-chain or branched; and R6

group; and each of R7, Ra, R9, R10, and Rl
oup. 15 10. The process for producing a

ester accordgig to claim9, wherein the hydmggenation is
at a regction Ltempergure inghe range of 0 to 200C. 11. The
pr oduci ng ydrpgggate ester accordimng to claim 10,
inert solvent is hyd?;aéﬁ;ted ester corresponding to the
group-cont&inindqesﬁer as@ raw material. 12. The process for
produci ng a hydrogenated 25 ester according to claim9, wherein the

group-containing ester as a raw material is diluted with an
t and the resultant diluted liquidis used as the raw2 7 O

KL rd 3 o B3 JrRlehtdl eyt g ni ;gng l2quiggl t gs b ygr ogenat ed.

ess for prodUC|ng a hydrogenat e
denote an arbitrary alkyl group containing 1-10

carbon atoms, an arbitrary alkenyl group
containing 2 -10 carbon atoms, or a hydrogen atom
and may be the same as or different from each
other; the alkyl group and alkenyl group may be
either straight-chain or  branched; and RS
representg a C,-C,, alkyl group; and each of R’, R®,
R’, R', and R' represents a C,-C,, alkyl group.

10. The process for producing a hydrogenated
ester according to claim 9, wherein the
hydrogenation is <carried out at a reaction
temperature in the range of 0° to 200°C. '

11. The process for producing a hydrogenated
ester according to claim 10, wherein the inert
solvent is a hydrogenated ester corresponding to
the unsaturated group-containing ester as a raw
material.

12. The process for producing a hydrogenated
ester according to claim 9, wherein the
unsaturated group-containing ester as a raw
material is diluted with an inert solvent and the

resultant diluted 1liquid is used as the raw



ester according to claim9, wherein the hydrogenating catalyst conprises
at least one 5 elenent selected fromthe group consisting of palladium
rut heni um and rhodium 14. A process for producing a_h ddo€en éed ester,
wherein at | east one unsaturated group- containing edt er0GRIZAded from the
group 10 consisting of allyl acetgge, crotyl acetate, nethallyl acetate,
allyl propionate, crotyl propionate, nethallyl propionate, vinyl acetate,
1, 3--but adi enyl acetate, 1-nethyl-I-propenyl acetate, vinyl propionate,

1, 3-but adi enyl 15 propionate, and 1-nethyl-I|-propenyl propionate is

hydr ogenat ed Moy eysphgcantgdtioeddauig &at be yBYdregRitadiad t he hydr ogenati ng

catalyst is a corrp?ynd Th%o\r[;&roicseisngfgt égg@%%g(l%tge%%lt%ﬁt ed fromthe

group consisting of" Group VITT e enmBnt enent's, and G oup X

el ements in theeperi gdé6rdimpl e taccocdang t 0o Nomensdadiwr € @hel nor gani c
Chem stry, Revised Edition, 1989, International Union of Pure and Applied
Cheni stry, amddiregesabing useatdbfsthy iOHaH&Eeng3&n 488&Cur 8°8d group 25

cont ai ni ng ester represent.ed. by, e LI oy f |l a . t her eby
pr oduce aghy(??"g@ n te%EF%és eedr rfellﬁ’%esﬁe:ﬁ?ed&%% he@#%%ﬁ%% %)gr mula (2),
wherei n the gatakystimhasutiemiingidng ehodliOmx 10-1 2 7 9CT 2003 -84 nol/g

or less; (1) 10 (2) 15 wherein n represents O or 1; R, R2, R, R4 and
20 R denote an arlfitr dr yPERI&AS gfeXipPEBRYEI MY ng Bydragemsssdat ons, an

DN S M6 L2 ol GRS it YO oger
containing ester selected from the group
10 consisting of allyl acetate, crotyl acetaté,
methallyl acetate, allyl propiocnate, crotyl
propionate, methallyl propicnate, vinyl acetate,
1,3-butadienyl acetate, l-methyl-1l-propenyl
acetate, vinyl propionate, 1,3-butadienyl
15 propionate, and 1l-methyl-l-propenyl propionate is
hydrogenated by wusing a hydrogenating catalyst
wherein the hydrogenating catalyst is a compound
comprigsing at least one element selected from the
group consisting of Group VIII elements, Group IX
20 elements, and GCGroup X elements in the periodic
table according to Nomenclature of Inorganic
Chemistry, Revised Edition, 1989, International
Union of Pure and Applied Chemistry, and is to be
uged for hydrogenating an unsaturated group-
25 containing ester represented by the following
formula (1) to thereby produce a hydrogenated
ester represented by the following formula (2},

wherein the catalyst has an acidity of 1.0 x 107



ot her; the alkyl
or branched; and

group and al kenyl

R 6 represents a C -0, al kyl

group may be 25 either straight-chain

group. 15. The process for

produci ng a hydrogenated ester according to claim 14, wherein the 2 7 OCT
2403 g5 _ hydrogenation is carried out at a reaction tenperature in the
range of 00 to 200C. 16. The process for producing & fy@fpoRiidted ester
according to claim 15, wherein the inert 5 solvent Is a hydrogenated
ester corresponding to the unsaturgjsed group-containing ester as a raw
material. 17. The process for producing a hydrogenated ester according to
claim 14, mh@gﬁyg Lhe o J0. unsaturated group-containing ester as a raw
material is difuted wth an inert solvent and the resultant diluted
liquid is used as the raw material-containing liquid to be hydrogenated.
18. The process for producing a hydrogenated 15 ester according to claim
14, wherein the hydrogenating catalyst conprises at |east one elenent

sel ected fromthe group cgasisting of palladium rutheniumand rhodi um

5 R'W —~ 0 RS
' (1)
R2 R* R® 0
R
10 R 0 RE
d @)
RY
a7 /I\I' 1 -0 r6
15 T " )
wherein n represents 0 or 1; R', R, R}, R*and
20 R® denote an arbitrary alkyl group containing 1-10
carbon atoms, an arbitrary alkenyl group
containing 2 - 10 carbon atoms, or a hydrogen atom
and may be the same as or different from each
other; the alkyl group and alkenyl group may be
25 either straight-chain or  branched; and R®

represents a C,-C,, alkyl group.

15. The process for producing a hydrogenated

ester according to claim 14, wherein  the
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hydrogenation is carried out at a reaction
temperature in the range of 0° to 200°C.

16. The process for producing a hydrogenated
ester according to claim 15, wherein the inert
solvent is a hydrogenated ester corresponding to
the unsaturated group-containing ester as a raw
material.

17. The process for producing a hydrogenated
ester according to claim 14, wherein the
unsaturated group—containing ester as a raw
material is diluted with an inert solvent and the
resultant diluted 1liquid is ugsed as the raw
material-containing liquid to be hydrogenated.

18. The process for producing a hydrogenated
ester according to claim 14, wherein the
hydrogenating catalyst comprises at least one
element selected from the group consisting of

palladium, ruthenium and rhodium.



