0050/47334 0050/47B3dpar at i on of alkoxybutenes 5The present invention
relates to an i mproved process for - preparing al koxybutenes by addition
of al cohols onto butadiene in the presence of water.

i- Al koxybut -2-enes are sought-after internediates, eg. for the 10
preparation of n-butyral dehyde and n-butanol according to the process
described in WO 95-19 334. . It is known fromUS 2 922 822 and DE-A 25
50 902 that ®rephvatsion ofecatkoxybutiemeki qui d phase with 1, 3-butadiene in the
presence of 15 acid ion exchangers to give the correspondi ng unsaturated
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vi nyl cycl ohexbeepresdmmened watemi n product in 20 this reaction. According
to EP-A 25 240, the addition of al cohols onto 1, 3- but adi ene is _
advantageoustAiggrled ut in the pre otlc solvent
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of copper salprecegs despadbeatl| in W0 ¥6-29-3IM 334, the addition of al cohols
onto but adi ene or butadiene containing mxtures in good yields is
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mprovemant PE-fhe p‘groof,gggs Y5y Yé‘g&ﬁ?ﬁ%”%ﬂ?o FOPTEL A% M3y PIQFY ii8n of
al cohol s &% &hhat ERRAHOMhACPOTRHNGS tPt ERoh #5240 gthe isapp oheadleohols
products wit lontoct ehdmtadébnetis iadyanbaggouwly carried\utaie fhemieseatet hi s
obj ect is achiteyegolyr,daprocis sdlvent Swpicp aheghad kax Weuieses1idd Wriech
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21;Ca?nd ggggéd oué:ggl 8r£986%tRS*Lélé§ fi %ﬁgt8§géé% er%tgéﬁbéy“lalts.
25 Especially in WO 95-19 334, the addition of alcohols onto
butadiene .or butadiene-containing mixtures in good yields is
described in detail. (That reference also describes how the
l-alkoxybut-2-enes alone can be prepared by isomerization of
3-alkoxybut-1l-enes.)
30

Nevertheless, these processes always form a large number of
dimers or oligomeric derivatives of butadiene or dialkyl ether
for which there is virtually no use or which can be employed only
in such small amounts that the major part of these by-products
which are unavoidably formed in an industrial process would have
to be disposed of.

35

It is an object of the present invention to find a further
improvement in the process for preparing alkoxybutenes by
addition of alcohols onto butadiene which makes it possible to
prepare these products with increased selectivity and yield.

40

We have found that this object is achieved by a process for

45 preparing alkoxybutenes in which 1,3-butadiene or a
butadiene-containing hydrocarbon mixture is reacted with an
alcohol of the formula ROH I at elevated temperature and elevated



0050/ 47334 0050/47334 _ 2 pressure in the presence of
a Bronsted acid to give a mixture of . the adducts of the fornulae Il and
11, where the radical Ris a C2- C20- al kyl, al kenyl, cycl oal kyl or

cycl oal kenyl group, each of whi ch maygbe 'unsubstituted or substituted by

1 or 2 qe”ﬁ? ARTIRS %z%s%c@yg'f Oak%r%g{égé a&dqi:‘ér&lvé:[ae :L]xt £yl o@r OUp

or a (Jerr] rr -aral

wherein the f Rt © "ﬁ%r%é’g'@ i%ﬁ ! f’(g’errgat‘??oﬂaq a_JL‘S tHe 2
presence of GenGep-abgl.uplkenyl %ysy)o oL CYGAPRIKeNYAs §50uP o PaRe Of i qui d
reacti on m xvhich may bihm-‘whsctesgted artheupssiteted iyeit oDN2 i -Expladkosd i n

nore detaib or hq}dmixy26rouﬂ§1 teheg+®achrgh, groud- byt adie0e; Qiradkyl group or

but adi ene- cophiivhg1 gls ocarbon mxture is reacted in the presence of
water and a Brons ed aC|d' with the alcohol ROH I according to the

equati on [err] SQ/er the 1, 4- ad;l:uc;/of the formula Il and the
1, 2-adduct of t he forrrul a 111 Rhe doubl e bond in the fesulting

1, 4- adduct 1|1 can be in g#t her the cis or transrconfiguration. The
adducts IR0 and II1l are génerally fornmed, depending on the reaction 35
conditions and the catal yst used, in a nolar ratjjo of from1:1 to 1: 3.
The type of alcohol ROH | used in the reaction is generally not critical

for the process. It is possible to use either primary or 40 secondary
al cohol s, bu¥h@rfeifinerhac Emproviinent ¢ompiSised patritPing outl €néateactiohhen

aliphatic, cygd thﬂelsahaélsf ﬁt@%ﬁt éf Ap to2b8l § Phatied gt COR U1 NbhSed
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enpl oyed, 1Bu Fe SI ng aliphatic or arali phat I C
al cohol s. | n&éggn}gé; Zjﬂlaﬂgﬁ oI S used in the process of the

present invention are ones |n 45 WhICh the radical Ris a

Cl err] - errthalgidcegeovp, tid preket) cinventibaniyd edplafined 1Y morkedetail
but - 2-enyl op@igy: Preferably a (Jerr]-Clerr]-alkyl group, in parti cul ar
t he n- butglo group, a (err]-Cerr]-cycloal kyl group or

In the reaction, 1,3-butadiene or a butadiene-containing
hydrocarbon mixture is reacted in the presence of water and a
Bronsted acid with the alcohol ROH I according to the equation

: +
25 ROH + N __H___> = + /\\/\OR
H0
III I
30

to give the 1,4-adduct of the formula II and the 1,2-adduct of
the formula ITI. The double bond in the resulting 1,4-adduct II
can be in either the cis or trans configuration. The adducts II
and IIT are generally formed, depending on the reaction
conditions and the catalyst used, in a molar ratio of from 1:1 to
1:3.

35

The type of alcohol ROH I used in the reaction is generally not
critical for the process. It is possible to use either primary or
40 secondary alcohols, but preference is given to using primary
alcohols. Either aliphatic, cycloaliphatic, aromatic or
.araliphatic alcohols can be employed, but preference is given to
using aliphatic or araliphatic alcohols. In general, the alcohols
ROH I used in the process of the present invention are ones in .
45 which the radical R is a C;-Czp-alkyl group, Cz-Cip-alkenyl group,
eg. the but-2-enyl group, preferably a C;-Cs-alkyl group, in
particular the n-butyl group, a Ci1-Cap-cycloalkyl group or
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Cerr]-Cerr]-aryl group, preferably the phenyl group, or a
Clerr]-Clerr]-aral kyl group, preferably the benzyl group. The radicals R
may be unsubstituted or substituted by gubstituents such as

err]-Clerr d r QX The al cphol sed can
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aci d,” hydr of hg@f i 124k, alkarddlls’ ahdUDE GRtien st butBblanss YWriedai-apiyi d or

t ol uenesul fopi&y %bgnorpﬂ-ﬁ ],_eraggﬁ%ence Is given to using solid Bronsted
acids, in particular organic cation exchangers. For the purposes of

the present invention, organic cation 25 exchangers are pul verul ent,
gel -1i ke or pminstedr avdds pdedrefoircthe quilipdbacds clltiohslberoH Y oBtonst ed
acid funclPonpd-Hitadaens UsH madleﬁeué&maqnaﬁg%ymbeﬂlﬁ:@ﬁr@soare,
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acids or sul PhosphoFic agidy perehderic AGigh dccadide used in the
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trade RAnesidinivat! prefefmuex isAgbesd ot nsiegaidllid Webnsétdd acidBerimtit,

Purolite andpiific¥larTbegsmid @ALteskaIRmgedse 35 advant ageously enpl oyed
in their protonated form referred to as the H+ form Exanpl es of

sui tabl e organic cation exchangers are t he conmercial products

Anber | i t e[ erFr 2@ ppppeses off &he] presert) inveniifior lorgani® ckddol, Lewat it
SC 102, Lepaexchdgei8lare eneivierulenSC gel8like vt iacSBoiOBs, [pelgneti&SPC
112, LewaflTt pSiife 1bberodPtélimdlairi g FrindredPue d | fithceloddl grAYHRR" bish @P 2

d Anberl T r I [
?Ee i qui Sr ¥1§ifo1rﬁ.c acid, |k§§fsp‘ﬁﬁﬁl@ 'Q:f%}f' ¥a 6:3}19‘§Qoh8s a?xf P Ql?ﬁown L ow

bt %&1 . Lyt ated

45 node. The% ed cofn% e can fe ? fa&Fl 0 tube
reactors or Je‘zf< Efr{-f'a 8?“%%‘%"65(?@? c‘l’l?° 3§1“‘e&]ssos“ 351 e to pass
t he react gatE°3r¥15tq5§§8uquJéf(rﬁeﬂ-’ﬁiBQ@ﬁ]ﬂWé-ene)Sulfonlc acids or sulfonated

coals. These cation exchangers can be used in the form of
commercial products as are commercially available under the trade
names Amberlite®, Dowex®, Amberlyst®, Lewatit®, Wofatit®,
Permutit®, Purolite® and Nafion®. The cation exchangers are
advantageously employed in their protonated form, referred to as
the H* form. Examples of suitable organic cation exchangers are
the commercial produéts Amberlite® 200, Amberlite® IR 120,
Amberlite® IR 132 E, Lewatit® SC 102, Lewatit® SC 104, Lewatit®
SC 108, Lewatit® SPC 108, Lewatit® SPC 112, Lewatit® SPC 118,
Purolite® CT 175, Purolite® CT 171, Amberlyst® CSP 2 and
Amberlyst® 15.

35

40

These are preferably arranged in a fixed bed and the liquid
reaction mixture flows through them in the upflow or downflow
45 mode. The fixed catalyst bed can be installed, for example, in
tube reactors or preferably in reactor cascades. It is also
possible to pass the reactants in gaseous form'through the



0050/ 47334 0050/47334 ' 4 cat al yst bed, but

preference is given to working in'the liquid phase. ‘It is self evi dent
that the addition of the al cohol ROH onto 1, 3-but adi ene” or
but adi ene- cont ai ni ng hydr ocar bon nixture§ can be carried out either

continuously or batc molat _ratio ohol/l adi.ene can
o sel act o’ FASALTRE (G- RUG/ RESTSHAGEe 1RSSR to, oPEL L Ehpoffduid

ROH 1, 3- but a®h8fg- It dén ELAErsvidantorbat the adigian 10f Fhe alcohek &OHp| y
from1l:1 to onte §;3-butkdieneioulbwtiagipneteontislipihgomydrogarbon ®ixuresThe
10 reacti on efant be cdratled olHeithert Roit SnidiisAd§y 6pebchwise.

but adi ene- agpnt ai ni ng hydrocarbon m xtures is generally carried out at
from20 to 150[erriC preferably from50 to 120[err]C, in articular
from 70 to 1THpeRPITT ratdoapf 2 dle3TPutpdiens| £3n fhey felecteqd Fragy bar,

preferably fmwithinta wiglebzange n Ther modar aratfiowt5aleolidl ROHWA 3-biitmdieseof
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material . I§u Qn@yﬁ O%Ebamcawlemxar@-maaleﬁd miHur@X38PbLss AP

fraction § §8&Sca [y2E g Cat QCQY% t OBfSH&?rBB %re 35
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0050/ 473344
In place of pure 1,3-butadiene, it is also possible to use
1,3-butadiene-containing hydrocarbon mixtures as raw material.
Such hydrocarbon streams are obtained, for example, as C; fraction
in steam crackers. Before use, these hydrocarbon streams are
35 advantageously freed of any acetylenic or allenic hydrocarbons
present therein by partial hydrogenation (Weissermel, Arpe:
Industrielle Organische Chemie; 3rd Edition, VCH
Verlagsgesellschaft, Weinheim 1988). The 1,3-butadiene-containing
hydrocarbon streams can then be introduced in a similar manner to
40 pure 1,3-butadiene. Advantageously, the saturated or monoolefinic
hydrocarbons which are present in these hydrocarbon streams and
have not reacted in the reaction are removed from the reaction
product, for example by means of a gas/liquid separator.

45 It has now been surprisingly found that addition of water gives
an increase in selectivity and thus also an increase in yield.



5' To prepaposolza7ai3laoxybut enes, water is added to the reaction m xture
Inh a proportion by weight of generally from20 % by wei ght to 0.0001 % by
wei ght, preferably from 10 to 0.001 % by wei ght "and particularly
preferably from5 to 0.01 % by weight, & based on the liquid reaction

m xture. \Wen the process is, carried out, bat.chw.se. .the.reactor. can be
initially ch3Eggﬁeé)ﬁﬁ%%?‘ﬁeafk%béﬂxef‘sae;‘ﬁ%‘?eﬂmltsha?%%d &%3}‘%5%&% s, but
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used in the @ trcarar _case€, In a Elﬁ1|ar w%¥, n. 8gro esaﬁ;s
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netered into_the 5eactj! ond@axégreeduszil S&P&.&ﬂkﬁ"?g%%ﬁ'ﬁ%ﬂ;&@ reaction
m xture by uggoﬁf_ﬂﬁﬁe . {751 &t -7 N exghaqg r.S a%q he =~ " pro ortion of water
can be incre§§88rb?e??nﬁ§FeBh?fc?ﬁﬁ¥¥§§aP§_%yln t.ﬁePﬁﬁﬁif%%ﬁﬂiE?ﬁﬁ‘d?‘ﬁ%esh
wat er or rensidilar wavewhgnnthgnpnocess is canrded out contigpppeky, eg. in
Exanpl e 1 YSReattubenomidascatieweeartor ,36he wated. Sah be i intinoguaed obitav &heas
charged w thr@actos €dhectPedOiitidofthe ofhéHlfusdtants db dlse abtétedlinte[ CT
scstone'and GircuAaRhE CE sop A Btk SRSl e B,
nol) of 35 1,75- u?gd?lé%ge\fa\ﬁgfggﬁﬁjlélcfglg Fn?'gtcﬁie'ir egg#‘g%.h%f ?ggo r_é‘actbl on
time of 10 hétPsPRPCeRA &fr fReaiRVertirBs st YHteg Gap. pstepd et 3??’37190f

40.8 % of 20 metexgfuinto dhe raacigion sixturer Gdpoube 2ingroduced7ingo thef

but oxyoct adi erestaon mixtu¥eoby didritofl wetée+maiss: dbhaexwdngera and ddwever si on
of 73 % ie. grobsteionicd Watbr atdDpebiheressed 02916wdredtAf nebxsddiye by

(Reaction in Qg Baefcmctqoaf oPBERIgh water Aol rembyali & I 1Ge2uh ok Munbass
charged with .sg 0.89 nol) of n-butanol, 1.2 g of water and 15.0 ¢

of Purolite] Y8®175 in the H+ 45 form which had previously been washed with
wat er and et one and dried in a streamof nitrogen. Subsequently, 38.0
g (0.70 nol) mdampled, 3- but adi ene were injected into the reactor. (The fact
t hat the 0050/ 47334 6 amount of

butadiene is different fromExanple 1 is a coincidence,
Example 1 (Reaction without water)

30 '
A 0.3 1 stirring autoclave was charged with 65.7 g (0.89 mol) of

n-butanol and 15.0 g of Purolite[ CT 175 in the H* form which had
previously been washed with water and acetone and dried in a
stream of nitrogen. Subsequently, 33.2 g (0.61 mol) of

35 1,3-butadiene were injected into the reactor. After a reaction
time of 10 hours at 90°C and a pressure of 9 bar, a selectivity of
40.8 % of 3-butoxybut-l-ene, 40.9 % of l-butoxybut-2-ene, 11.7 %
of butoxyoctadienes and 3.4 % of dibutyl ether was obtained at a
conversion of 73 %, ie. a total yield of alkoxybutenes of 59.6 %.

40
Example 2 (Reaction in the presence of water)

A 0.3 1 stirring autoclave was charged with 65.7 g (0.89 mol) of
n-butanol, 1.2 g of water and 15.0 g of Purolite][ CT 175 in the H*
45 form which had previously been washed with water and acetone and
dried in a stream of nitrogen. Subsequently, 38.0 g (0.70 mol) of
1,3-butadiene were injected into the reactor. (The fact that the



si'nce exact ooseyamg3igs not possible during injection. The slightly
di fferent anmount does not influence the yield.) After @ reaction tinme of
10 hours at 90[err]C and a pressure of 9 bar, a 5 selectivity of 45.2 % of

3- 3uao>iy(l)3/utfldeget 42.5 %(t)\f 1- but ox but 2. ene, 5.9% of butoxyoctadi enes
an 00 | bu er was ,0 f %051 a
total yield Bﬁmuntcﬂ WB?%b?Reeﬁgs d%? ]L'%Qe Bmaf)&%ﬁeer? 18 &' %ﬁ {(hehg‘ig

30 35 sincgexact mgtering is kR urlng injection. The

slightly different amount does not 1nfluence the yield.) After a
reaction time of 10 hours at 90°C and a pressure of 9 bar, a

5 selectivity of 45.2 % of 3-butoxybut-l-ene, 42.5 % of
1-butoxybut-2-ene, 5.9% of butoxyoctadienes and 1.1 % of dibutyl
ether was obtained at a conversion of 71 %, ie. a total yield of
dialkoxybutenes of 62.3 %.
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7 Ve cl aj 0050/27334A process for preparing al kox

1; 3-but adi ene or a but adi ene-cont ai ni ng hydrocar bon mxture

al cohol of the formula ROH | at el evated terrperature mat ed
pressure in the presence of a Bronsted gcid to se ®f the
adducts of the fornmulae Il and Il [err] 15 w%ere the radical R
Is aderr]-Cerr]-al kyl, al kenyl, cycl oal kyl or cycl oal kenyl group,
each of whi cRemayates unsubstituted or substituted by 1 or 2
Cerr]-Cerr]-al koxy or hydroxy groups, or a . Cerr]-Cerr]-aryl group

or a (ferr]-Clerr]-aralkyl gro or, the_pet V\/nere th
reaction ig darrPeBFRERSY ﬁqhﬁr%’@'s’é‘ﬁcé {S?xlr’yutene\ﬁ/a?ﬁgr adting | Brocgss

as clained’in claidrhytadiene artsdutadienercontaining th-'H-T‘qqaé'H°Bl}f‘1’Ftr\1rtehe
presence of up t@ifR &h alcohblhdf dfhendbemul2ROH Ibat eellevratiede tempeiature
reaction mxtur eand at éﬁ.evﬁt@&oﬁﬁésxﬁ% ¢hat W& pricdetbadi 6ff la BiBaEEed ddid

reaction is §f‘;é| equ_g: %%Qgﬁepgg&gé@ o theORAnOR: &9 &:Qd %Ifiy

wei ght 30 ase I quli eact I on m xture.
process aseel a rred in cI/aNQ,]/\wher ein the re S carri ed out
in the presence of from 0.01 to GR o5 by wei ght of| Wat er, based on the
liquid reaction mxture. 35 5. A process as cbainmed in claim1, wherein’
the al cohol ROH | usEtl i s n-butanol . 40 45
III
15

where the radical R is a Cz-Cyp-alkyl, alkenyl, cycloalkyl or
cycloalkenyl group, each of which may be unsubstituted or
substituted by 1 or 2 C;-Cjg-alkoxy or hydroxy groups, or a
C-Cip-aryl group or a C;-Cji-aralkyl group or the methyl

20 group, wherein the reaction is carried out in the presence of
water.

2. A process as claimed in claim 1, wherein the reaction is
carried out in the presence of up to 20 % by weight of water,

25 based on the liquid reaction mixture.

3. A process as claimed in claim 1, wherein the reaction is

carried out in the presence of from 0.001 to 10 % by weight

30 of water, based on the liquid reaction mixture.

4. A process as claimed in claim 1, wherein the reaction is
carried out in the presence of from 0.01 to 5 % by weight of
water, based on the liquid reaction mixture.

35
5. A process as claimed in claim 1, wherein the alcohol ROH I
"used is. n-butanol.

40
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