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pr_esent I nvention rel ates to the carbonyl ation, v@iﬁfrﬁesmieﬁcai hagéd cdr.btmpaged e
ronoxi de, of allylic butenols and/or of their cadhﬁkmﬁ&@)esﬁﬁ%aj'ﬂdﬁg B
US- A- 4,801, 743 "descri bes the carbonylation of aIQyﬁC@L$g@ Lrg“f acrbop
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from hydrogen fl uorid hydr ogen chl oride, d n BV de Papep

i odi de. Pat ent EPERQSESS; FOR) THE, CARBONLLA ;

butenol s and of their esters, in_ Hodiun1cataf§st and of
a pronoter chosen from hydrogen | odi de, the

pr onot er/ r hodi um nol ar r%égopgggggtg§£?§ég;ghlrﬁegtég:lo ?hgem/process for

t he preparation of pentenorc*aci e carbo ation of allylic butenols

and/or of thel La¢ALRgYKLLEAESLEER BAS HRY BECBarBUAlmolbitleyOBEl SIS I

reacting carbon noNoxid W east one of the said allylic butenols and
car boxylicgest gigy13k Buevabed haAPBrabér eneiRdearBoRitscuestsisat er than

at mospheric pressure and in the presence of an iridiumcatalyst and of an
i odi nated or Patent US-A-4,801,743 describes the
carbonylation of allyl alcohol by carbon m@noxide, in
the presence of a palladium catalyst and of a promoter
chosen from hydrogen fluoride, hydrogen chloride,
10 hydrogen bromide and hydrogen iodide.

Patent EP-A-0,428,979 describes the
carbonylation of allylic butenols and of their esters,
in the presence of a rhodium catalyst and of a promoter
chosen from hydrogen bromide and hydrogen iodide, the

15 promoter/rhodium molar ratio being between 1:1 and
10:1. | |

A new process for the carbonylation of
allylie butenols and/or of their carboxylic esters has
now been found; which consists in reacting carbon

20 monoxide with at least one of the said all?lié butenols
and carboxylic esters, at elevated temperature, under a
pressure greater than atmospheric pressure and in the
presence of an iridium catalyst and of an iodinated or
brominated promoter, the promoter/iridium molar ratio

25 being between 0.1:1 and 20:1.

The activity of iridium catalysts in this
reactiqn is surprising, because iridium is not known to

catalyse the hydroxycarbonylation of butadiene,
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brom nated pronoter, the pronoter/iridiumnolar ratio being between 0.1:1
and 20:1. The activity of iridiumcatalysts in this reaction is surprising,
because iridiumis not known to catal yse the hydroxycarbonyl ati on of

“but adi-ene, 2 pall adi um or rhodium cat al gst s being generally used for
this reaction. The allylic butenols are 3-#uten-2-ol, 2- buten-1-ol and

their m xtures; the butenol rs whic 5 used |n t he process of the
i nvention are e%%ﬂrﬁ‘f Hg“?,‘g’r%ﬁﬁ%ﬁ ¥ are
particularly t £ whic .are derived from sat ur at ed or unsat ur at ed

al i phatic carbo 7 %’c‘f Ihavi ng 1 to 12 carbon atoms. By way of

nonlimting exanples, 1 buj enol
- esters of acetic acid, of prop| 3&#’0 acl d&%hfé qﬁeéejralt @%a%%)g ?G'I' ? | pic acid
i and of pe”teno'ﬂu@éﬂ-dls-é mt&m{mﬁ:mseﬂ%& ik dhio P LE Y GRCHIS) -

Preferentially, the allylic butenols and/or
5 are used in the process of the invention are

essentially the carboxylates of these butenols and more
particularly those which are derived from saturated or
unsaturated aliphatic carboxylic acids having 1 to 12
carbon atoms. By way of nonlimiting examples, there may

10 be mentioned the allylic butenol esters of acetic acid,
of propionic acid, of valeric‘acid, of adipic acid and
of pentenocic acids (2-pentencic, 3-pentencic and 4-
pentenoic acids).

Preferentially, the allylic butenols and/or

15 their acetates, their valerates or their pentenocates
will be used as a substrate. In practice it is
preferable, when a butenol ester is used, to choose
esters of carboxylic acids which are capable of being
formed in the course of the carbonylation reaction,

20 such as valeric acid or 3-pentenocic acid.

The allylic butenols are compounds which are
commercially available; they may also be easily
prepared by hydration of butadiene. Their esters may be
obtained by reaction of the said butenols or of

25 butadiene with the chosen carboxylic acid. These
preparations of the substrates may be performed
extemporaneously or in ﬁhe carbonyiation reactor

itself.



15 their acetates, their valerates or their pentenoates will be used as a
substrate. In practice it is preferable, when a butenol ester is used, to
thoose esters of .carboxylic acids which are capable of being fornmed in the
course of the carbonylation reaction, 20 '_ such as valeric acid or o
3-pentenoic acid. The allylic butenols ar e conpounds which are comercially

avai l able; they nmay al so_be . easil repared.b dration_of t gdi ene.’

Their esters may be obt aVREFHF Féﬁgpfﬁno lfﬁgﬁéﬁﬁarﬁufgﬁnggo?Qof 25

but adi ene with_t he chosen carboxyl,i .d. p Labl 0 he

substrates may bt?é'nﬁe?"ﬁ??rrég'c regggynﬂgﬁgﬁ'%ugfa }Qgﬁgitnht%%%s%tgr o?f;zlzl fgth feon

reactor itself, é%£V§&%%%%s§ources of iridium are capable of being used
a

for the iridi uRcat ySt necessary in the present process. As exanpl es of

such sources of iridium athehemyl BB HEudHckI¥es of iridium, there

5 may be mentioned:

metallic Ir; IrO,; Ir,05;

IrCl;; IxCl,.3H,0;
- IrBr,; IrBr,;.3H,0;
- IrIy;
10 - Ir,(CO),Cl,; Ir,(CO),I,;
- Ir,(CO)g; Ir,(CO)q5;
- Ir(co) [P(C4Hs);31,1;
- Ir(co) [P(CgHs)31,CL;
- Ir[P(CgH;)3151;
15 - HIr[P(CgHs)31,(CO);

- Ir(acac) (CO),;

[IxCl(cod)l,;
(acac = acetylacetonate; cod = 5-cyclooctadiene).
The iridium catalysts which are more
20 particularly suitable are:
[IrCl(cod)]l,, Ir,(CO),, and Ir(acac) (CO),.
The quantity of catalyst to be used may vary
within wide limits.
In general a quantity, expressed in moles of
25 iridium metal per litre of reaction mixture, of between
10-% and 10°! leads to satisfactory results. Smaller
quantities may be used, élthough it is observed,

however, that the reaction rate is low. Larger



metallic Ir; Irgerr]; Ir[err]Qerr]; - IrCf[err]; IrC[err].3Herr]OQ -
rBr[err]; IrBr[err].3Herr]Q - Irlf[err]; 10 -
Tferr](CO[err]Cerr]; Ir[err](CO[err]li[err]; - Ir[err](CO[err];
rferr}(CO[err]; - 1r(CO [P(C[e r]H err])[err]][err]1; - 1r(CO
P(Cerr]Herr])[err]][err]d; - [P(C[erﬁ]H[err])[err]] l; 15

|
I
I
,[
- Hr[P(Cerr]Herr err err acac L rd (cod err
(acac[:(giety}a FﬁhéLé?sL g £809&PBGKP§ P€ﬁ§)°£#ﬁ€ FPPHfGﬁPBgFQFiggs b

whi ch are nore 20 8RirtigularL suitable are: [Ird (cod)][err],
Ir[err] (CO [ err PESRERIF(H2EEP [err]. The quantity of catalyst to be

used may vary wthin vi derganma b 950SLAL -8 JuRNLL' YnocxBLgRsgd 1 1ol oo

of 25 iridiummetal per’Trtre of Fedctton hrxture ween err] and

Lo 0 BBt 861 pelsLeopoiBU ot dperiud shamy b Uoes,
5 mol/litre.

Iodinated or brominated promoter is
understood to mean, within the context of the process,
hydrogen iodide, hydrogen bromide and the organoiodine
and organobromine compounds which are capable of

10 generating respectively hydrogen iodide and hydrogen
bromide under the reaction conditions; these
organoiodine and organobromine compounds are more
particularly alkyl iodides and bromides having from 1
to 10 carbon atoms, among which methyl iodide and

15 methyl bromide are preferred.

The promoter/Ir molar ratio is preferably
between 1:1 and 10:1.

It is also possible to complement the
catalyst system consisting of the actual iridium

20 catalyst and the promoter with an effective quantity of -
a copromoter such as a metal iodide or a metal bromide,
or else a metal carboxylate which is capable of being
converted, at least partially, into the corresponding
iodide or bromide in the reaction mixture. This

25 copromoter can especially be an alkali metal jodide or
bromide, or an alkali metal acetate. Thus it is
favourable, in particular with regard to the activity

-of the catalyst, to use lithium iodide, sodium iodide,



4 quantities have no di sadvant ages other than fromthe econom c vi ewpoint.
.The iridiumconcentration in the reaction mxture is preferably between
- 5x40[err] and 5x10[err] 5 mol/litre. lodinated or brom nated pronoter is
understood to nean, within the context of .the process, hydrogen iodide,
hydr ogen brom de and the organoi odi ne and §rganobron1ne conpounds whi ch are
" capabl e of 10 generating respectively hydrogen iodjde an dr ogen

brom de under tHelhum PEOPLIAng| BRI hramide, ghif %Rﬂrﬂ?%ﬁﬁgéw%%nobron1ne

- conpounds are nnr articularly alk i odi des and brom de haV|n from1l to
10 6ar bon at omeBOSHERAGRERH ene%‘lw@’?m SF/PHOmOt SR digtat, TRt TAE

preferred. The pronoter/|r nol r tio

It is also posSIBIE YO CoMpra ?ﬁe %’é %tgéab!t%rﬁoﬁ #91%]2?‘9‘?

act ual 'r'd'L”npreferably from 0.1:1 to 50:1.

5 . ~ The reaction is carried out in liquid phase.
The temperature at which the reaction is carried out is
generally from 50°C to 250°C, and preferably from 80°C
to 200°C.

The total pressure at the reactioh
10 temperature may vary within wide limits. The partial
pressure of the carbon monoxide, measured at 25°C, is
generally from 0.5 bar to 100 bar, and preferably from
1 bar to 50 bar. The carbon monoxide used may be
substantially pure carbon monoxide or technical-grade
15 carbon monoxide, such as are foﬁnd commercially.
The reaction for the carbonylation of allylic
butenols and/or of their esters is generally carried
- out in a solvent.
As solvent, there may especially be used the
20 saturated or unsaturated aliphatic or aromatic
carboxylic acids containing not more than 20 carbon
atoms, insofar as they are liquid under the reaction
conditions. As examples of such carboxylic acids, there
may be mentioned acetie acid, propiomnic adid, butanoic
25 acid, valeric acid, adipic acid, pentenoic acids,
benzoic acid and phénylacetic acid. When an allylic
butenol ester is carbonylated, it is wise to use as

solvent the carboxylic acid corresponding to the ester.



20" catal yst and the pronmoter with an effective quantity of a copronoter
such as a netal iodide or a netal brom de, or else a netal carboxylate

which is capable of being converted, at |least partially,
correspondi ng iodide or. brom de-in the reaction m xture.

into the
Thi s 25

copronoter can especially be an al kal i nmet &l iodide or bronmide, or an
al kali nmetal acetate. Thus .t is favourable, in particular with regard to

the activity of the catalQERer (9LaRges ohahenRhtdax fharmi Hard,

[ tihi b i d dj b 1 d ljthi etate iy etate. Th

copromot o1 § pr o AARSE IR b Farond DB G SRR ¢ 11 om

0.01:1 to 100 ]h 4y oet{ébéﬁld fé(}?é?hzoélhljbﬁ]ﬁ ﬁ:oe'dl'de ivatives, .i s-q%r
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enperature at whi

tion | | t | - and
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preferably from80[err]C to 200[err The _
10 tenperst Urgkdtipl oo/ VudH sdivihtd Mdfere WP Ad mdntidissdire of the

e total pressure at t

carbon nonoxi de, nmeasured at 25[err]C, is

10

15

20

25

benzene, toluene, chlorobenzene, dichloromethane,
hexane and cyclohexane.

When it is present in the reaction mixture,
the solvent represents for example from 10 % to 99 % by
volume relative to the total volume of the said
reaction mixture, and preferably from 30 % to 90 % by
volume. -

The process of carbonylation accordiﬁg to the
invention allows pentenoic acids, in particular
3-pentenoic acid in the form of its cis and trans
isomers, and to a lesser extent 2-pentenoic acid, to be
prepared. These pentenoic acids may themselves be
hydroxycarbonylated by carbon monoxide and water to
give adipic acid, one of the starting materials in the
preparation of polyamides 6,6.

As the hydroxycarbonylation of pentenoic
acids may advantageously be carried out in the presence
of an iridium catalyst and of an iodinated or
brominated promoter, it is possible, where appropriate,
tb proceed to this second reaction directly using the
reaction mixture resulﬁing from the carbonylation of
the allylic butenols énd/or of their esters, or after a

brief separation of the reaction by-products, using the



generally fromO0.5 bar to 100 bar, and preferably from1 bar to 50 bar. The
carbon nonoxi de used may .be substantially pure carbon nonoxi de or
t'eehni cal - grade 15 carbon nonoxi de, such as are found comercially. The
reaction for the carbonylation of allylic butenols and/or of their esters
is generally carried out in a solvent. As %olvent, there may especially be
used the 20 saturated or unsaturated aliphatjc or aromatic .carboxylic
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5 products formed.
The process of the invention may be carried
out continuously or noncontinuously. |
The examples which follow illustrate the
invention.
10 EXAMPLE 1
Into a 125 cm® autoclave purged beforehand

with argon, there are successively introduced:

- crot&l valerate (2-butenyl pentanoate): 50 mmol
- valeric acid (PA): 46
15 cm®

- hydrogen iodide (in aqﬁeous éolution at

a concentration of 57 % by weight): 1.5 mmol
- [IrCl(cod)],: 0.5
mmol
20 - LiI: 15
mmol

The autoclave is closed, placed in an oven
incorporating agitation and connected to the supply of
CO under pressure. 5 bar of CO are applied at 25°C,
25 then the system is heated to 140°¢.'The pressure is
adjusted at this temperature to 50 bar with the aid of
co (which corresponds to 36 bar of partial preassure of

CO measured at 25°C) and this pressure is maintained



hydrocarbons and their chlorinated derivatives, insofar as they are liquid
under the reaction conditions. As 5 exanples of such solvents, there may be
ment i oned benzene, toluene, chlorobenzene, dichloronethane, hexane and

cycl ohexane. Wen it is present in the reaction nixture, the solvent
represents for exanple from10 %to 99 %)b§ 10 volune relative to the
total volunme of .the,said react xture, and preferably from30 %to 90 %
by vol une. The ﬁ?ﬁc% °%Fsc%$b%§€T§}lon according to the invention allows
pentenoic acids, in partigular

pent enoi c_ac forn1 its cis
and trans isomers, and to el%%é%$1%§?eh? ggﬁ%n?%ﬂ%?é ﬁﬂédge?%sﬁﬁ pr epar ed.
These pent enoi ?ﬂﬁ gﬁenpgaép %L%EéuPS gd;géyfﬁéggﬁ%lgégd by carbon

nonoxi de and wa 0 gIve a pi'c acid, one 0 e I'ng materials in
the 20 ~ prepar&hiSfa ogPoby: fnq 6,6. As the hydroxycarbonyl ation of
pent enoi ¢ aci ds may advantageou y be carried out in the presence of an

iridium catgl yst and of ofhé OfbIPbWinG r&E@IELALE SHOADAEd: It 1S
possi bl e, where appropriate, 25 to proceed to this second reaction
directly using the - extent of conversion (EC) of crotyl
valerate: 35 %
- yield of 3-pentenoic acid (P3) relative
to the crotyl valerate charged (RY) : 24 %
10 Other compounds were identified by GC:
- 2-methyl-3-butenocic acid (MBE)
- 2-methylbutanocic acid (MBA)
-~ butenes (C4)
- valeric acid.
15 EXAMPLE 2
Example 1 is reproduced with replécement of
the hydrogen iodide and lithium iodide by 1.5 mmol of
hydrogen bromide.
The following results are obtained:
20 - EC of crotyl valerate: .80 %
- RY of P3: 40 %
EXAMPLES 3 to 7
Example 1 is reproduced using variable
 amounts of hydrogen iodide and lithium iodide (shown in
25 | the table below). In addition, Example 7 was carried
out at 185°C instead of 140°C. The results obtained are

collated in the table below.
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reaction mixture resulting fromthe carbonylation of the allylic butenols
and/or of their esters, or after a brief separation of the reaction

by: products,

using the-

7 sane appar at us.

It

is al so possible to treat

‘the reaction mxture according to any apprgpriate technique to separate the
‘pent enoi ¢ aci ds obt ai ned, the catal yst sys?em t he sol vent where present

and the vari ous—by-—5 products fornmed. The process of the inpvention nay
be carried out [epahblesuyl yaar roncpit iinyose! ¥ |Ehayerapt ey W &y fad | ow
illustrate theljinvention.] 10 EXJAWMPLE 1 Into a 325 cnfernr] autjocl ave purged
bef orehand wi th argon, trquﬁmane(au@aesshwdtylirtroducecMBE arot yl valprate
(2- butenyl pentfanoate): 50 mmol - vdleric acijd (PA)
46 15 cnferr]l - hydrogdn iodidqe (in deadexateql uti on gt MBA
[Example 3 1.5 0 48 16 20 15
Example 4 | 4.0 15 63 29 5 7
[Example 5| 0.5 15 48 10 4 6
5 Example 6 1.5 30 70 24 4 12
Ixxample 7| 1.5 0 80 17 13 18
EXAMPLE 8
Example 1 is reproduced with replacement of
crotyl valerate by 2-buten-1l-ol (or crotyl alcohol) and
10 with omission of lithium iodide.
The following results are obtained:
- EC of 2-buten-1l-0l: 100 %
- RY of P3: 24 %
EXAMPLE 9
15 Into a 125 cm® autoclave purged beforehand
with argon, there are successively introduced:
~ 2-butenyl 3-pentenocate: 50 mmol
- acetic acid: 46 cm®
- hydrogen bromide: 1.5 mmol
20 - [IrCl(cod)],: 0.5 mmol
- NaCH;COO: 3 mmol

The autoclave is closed,

placed in an oven



a concentration of 57 % by weight): 1.5 mol - [IrC(cod)][err]:
0.5 nmmol 20 - Lil: . 15 nmol
The autoclave is closed, placed in an oven incorporating agitation and
connected to the supply of CO under pressure. 5 bar of CO are applied. at
25[err]C, 25 then the systemis heat ed- tkP 140[err] C. The pressure is

adjusted at this tenperature to, 50 par wth the aid_of (whi ¢
corresponds to 8% °5?t’p}éqt?%ﬂ't$?’e%%tﬁ‘é‘§o‘?°’&f?‘?é%éu‘?‘é$ﬁ SZ?R&Y]‘ES and
this pressure iS5, nmaintained for hour 140[err]C. . The clave is
t hen cool ed anaé P PTURP TR ?é«’i i%ﬁ %ﬁ)&{ﬁ ea?%i’a?ﬁl{/ge%u ' gas
chromat oar aphy 4 erfe syaten 15 nelfod dd oW SRRl 'Srdifuial N0 -
extent of conversion %CS o? cro?y varerat e .

35 % - yield of @5 RAEENNL Celifd deddiperd Gl I 50 bar with the aid of

5 CO (which corresponds to 36 bar of partial pressure of
CO measured at 25°C), and this pressure is maintained
for 1 hour 30 min at 140°C.

The autoclave is then cooled and degassed,
and the reaction mixture is analysed by gas
10 chromatography (GC).

The followihg results are obtained:

- EC of 2-butenyl 3-pentenocate: 31 %
- RY of P3: _ 15 %
- RY of C4: 4 %
15 - RY of butadiene: 1%

- RY of C6 diacids: 1%
COMPARATIVE TEST 1
Into a 125 cm® autoclave purged beforehand

with argon, there are successively introduced:

20 - butadiene: 80 mmol
- water: ' 90 mmol
- valeric acid: 46 cm®
- hydrogen iodide: _ 1.5 mmol
- [IxCl(cod)],: - 0.5 mmol
25 The autoclave is closed, placed in an oven

incorporating agitation, and connected to the supply of
CO under pressure. 5 bar of CO are applied at 25°C,

then the system is heated to 140°C. The pressure is



to the crotyl valerate charged (RY): 24 % 10 O her
-conpounds were identified by GC. - 2-nethyl-3-butenoic acid (MBE) -
-2-nmet hyl but anoi ¢ acid (MBA) - butenes (C4) - valeric acid. 15 EXAMPLE 2
Exanple 1 is reproduced with Tepl acenent of_ the hydrogen iodide and |ithium
i odide by 1.5 nmmol of hydrogen brom de. TheL f ol | owi ng results are obtai ned:
20 - EC of .crotyl,val erate: ...80 % - RY of P3:
40 % EXAVPLES 3’?%“‘78§a?rbl §8 | ée‘f‘%ﬁ%‘a‘é\%%dt%sﬂgb%r‘f’a‘b‘? eué?m%%(f%f
hydr ogen i odi de,an i i um i odi S i 5 I low) . Ln
addi tion, Ex_arrpﬁ‘.'lée1 gw%éﬂcé?zr"?%%&%’g?é a?g\i\%%[ge?’fz]%fié%f%%#oﬁrg%f)‘%é% r?% The
results obtalnegoaﬁgaggégalgg i§°éP? éﬁalfhfﬁﬂﬁwgssurg is maintained

for 2 hours at 140°C.

5 . ~ The autoclave is then cooled and degassed,
and the reaction mixture is analysed by gas
chromatography (GC).

The following results are obtained:

- EC of butadiene: 100 %
10 - RY of P3: ' 6%

- RY of C4: 32 %

- RY of valeric acid: 6 %

- RY of MBA + MBE: _ 9 %



Exanpl es HI LiH % EC of % RY P3 % RY %)RY C4 (mmol)~(nmmol?) ‘crotyl

MBE + val erate MBA Exanple 3 1.5 . 4,

20 15 Exanple 4 . 4.0 . 15 63 §‘°“H”B°e& %o 5
0.5 15 48 . 10 - 4 65 - Exarrple 6 ‘m‘ m m“

70 24 4 12 Exanple 7 1.5 0

18 EXAMPLE 8 Exanple 1 is reproduced wth reEIacenent of crotyl val erate by
2-buten-1-ol (or crotyl alcohol) and 1 h om ssion of l|ithiumiodide.

The follow ng results are,obtgined: - 2- bu 0 % -
RY of P3: 9] /°E§§wﬁfﬁ 8£$5car onyiaekon oFOallgaég 0

N buteny| o BarpBRta; aad/ ot Eﬁei‘*ggﬁab%%%?fc%gt?%‘feéﬁé¥§’=“e*9md“ced'

?Frgrﬁ hydrog tﬂéenhggbon monoxide i reaétéd”ﬁ?EhZQt least one of
(cod)][ert 8. 5% ol - NaCH3Co0

3 nmol 5 the said allylic butenols and carboxylic esters, at
elevated temperature, under a pressure greater than
atmospheric pressure, and in the presence of an iridium
catalyst and of an iodinated or brominated promoter,
the promoter/iridium molar ratio being between 0.1:1

10 and 20:1.

2) Process according to Claim 1,
characterized in that the allylic'butenols are 3-buten-
2-0l, 2-buten-l1l-ol and their mixtures, and the butenol
esters are the carboxylates of these butenols which are

15 derived from saturated or unsaturated aliphatic
carboxylic acids having 1 to 12 carbon atoms.

3) 'Process according to one of Claims 1 and
2, characterized in that the allylic buteﬁol esters
used are the allylic butenol esters of acetic acid, of

20 propionic acid, of valeric acid, of adipic acid or of
pentenoic acids.

4) Process according to one of Claims 1 to
3, characterized in that the iridium catalyst is chosen
from the following various sources of iridium:

25

metallic Ir; IrO,; Ir,0;;

IrCl,; IrCl,.3H,0;

IrBr,; IrBr3.3HZO;

Hllllll Il IIIH Hlll H llll
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The autoclave is closed, placed in an oven 10 incorporating agitation
and connected to the supply of CO under pressure. 5 bar of CO are applied
at25[err]C, then the systemis heated to 140C. The pressure is adjusted at
this tenperature to 50 bar with the aid of 5 CO (which corresponds. to 36
bar of partial pressure of CO rreasured at ¥5[err]C), and this pressure is
mai ntai ned for 1 hour 30 m|1a% errkC The autoclave I's then cool ed and
degassed, and the reaction 248 ec 2’ 52§§%&k gas 10 chr omat ogr aphy
(&C). The follow ng resultsIar&:ocibta QCO) EC of 2-butenyl 3-pentenoate:
31 % - RY of P3: Ta 127 15 % - RY of C4:

4% 15 - RY. of e . 1% - RY of C6
di aci ds: -bﬂ;%})%ﬁ?)\ﬂ%& TEST 1 Into a 125 cnferr]

aut ocl ave purged befor ehandry (co) [P (CeHs) 3] ,C1;

5

Ir [P (CSHS) 3] 3I;

HIr [P (C4Hg) 314 (CO) ;5

Ir(acac) (CO),;

(IrCl(cod)l,.
5) Process according to one of Claims 1 to
10 4, characterized in that the quantity of iridium
catalyst used, expressed in moles of iridium metal per
litre of reaction mixture, is between 10°? and 10°1, and
is preferably between 5x10°% and 5x10°2 mol/litre.
6) Process according to one of Claims 1 to
15 5, characterized in that the iodinated or brominated
promoter is chosen from hydrogén iodide, hydrogen
bromide and the organoiodine and organobromine
compounds which are capable of generating respecti&ely
hydrogen iodide and hydrogen bromide under the reaction
20 conditions. |
7) Process according to one of Claims 1 to
6, characterized in that the promoter/Ir molar ratio is
preferably between 1:1 and 10:1.
| 8) Process according to one of Claims 1 to
25 7., characterized in that the cataiyst system consisting
of the actual iridium catalyst and the promoter is
complegented with an éffective quantity of a copromoter

such as a metal iodide or a metal bromide, or a metal
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with argon, there are successively introduced: 20 - but adi ene:

80 mmol - water: " 90 mmol - valeric acid: .
~46*cnferr] - hydrogen iodide: - 1.5 mol - [IrC (cod)][err]:
‘0.5 mmmol 25 S The autoclave is closed, placed in an oven o

i ncorporating agitation, and connected to the supply of CO under pressure.
5 bar of CO are agglied at 25[err]C, then_the_systemis heated to

140[err] C. The PRERS¥YLate whigh; 18; gapablenpf Peingreeuvertedsoabar with
the aid of CO ich corresponds,to 36 bar of partial pre re of CO
moasar od-nt o5, benel BRERERPRYE 1hBasthe Fetraararfee "t 61E5e ot « o
140[err]C 5 . T a, a i s.1hen cool ed and degassed. . and the
reagtioL nixtur%r?%lgﬁa ?se ebﬁagééléﬁr%ﬁﬁfgﬁ?ahﬂﬁgﬁfffkg*h%gf%?f%ﬁ%ng

results are obtgipedl: ;sqaEfe 05 PHL8H1 88 an aﬁkali metal acetatd?0 % 10
- RY of P3: 6 %

5 | 9) Process according to Claim 8,
characterized in that the copromoter/promoter molar
ratio is from 0.01:1 to 100:1 and preferably from 0.1:1
to 50:1. |

10) Process according to one of Claims 1 to
10 9, characterized in that the reaction is carried out in
liquid phase, at a temperaturé of from 50°C to 250°C
and preferably from 80°C to 200°C and at a partial
pressure oflcarbon monoxide, measured at 25°C, of from
0.5 bar to 100 bar, and preferably from 1 bar to
15 50 bar.
11) Process according to one of Claims 1 to
10, characterized in that the carbonylation reaction is
carried out in a solvent chosen from saturated or
unsaturated aliphatic or aromatic carboxylic acids
20 containing not more than 20 carbon atoms, saturated
aliphatic or cycloaliphatic hydrocarbons and their
chlorinated derivatives which afe liquid under the
reaction conditions.
12) Process éccording.to Claim 11,
25 characterized in that the solvent is chosen from acetic
acid, propionic acid, butahoic'acid, valeric acid;
adipic acid, pentenoic #eids, benzoic acid,

phenylacetic acid, benzene, toluene, chlorocbenzene,.

gy



< 'RY of C4: 32 % - RY of valeric acid:

6 %- RY of MBA + MBE: 9 % - 12 - CLAIMS 1)
Priocess for the preparation of pentenoic acids by the carbonyl ation of
allylic butenols and/or their carboxylic esters, characterized in that

- carbon nonoxide is reacted with at |east bhe of the said allylic butenols"

and carboxylic esters, at_elevated te eraturg, under a pressure greater
t han at mospher féchieEemethanay Pﬁx?ﬂ%n%Pés%HE OBeXaNe} | di um catal yst and

of an iodinated or brom ed_pronpter, the.proppter/iridj I ratio
bei ng between 0.1:1 and ggi1_P§?cesﬁrgg%g§§é§g09§iﬁﬁétékc$g$%¥€,fi
characterized in,that the_al i uten a 3- z byt en-1-o0
and their nixtﬁ?gs?aanaﬁ?ﬁgcgé%éﬁsﬁ %gtg#étaégetﬂgﬂﬁgggoée g?géngg t hese
but enol s whi ch rgv o t ug gt akbphatic

car boxylic aciﬁggﬁag?ng ?gtg§1§1%grgéﬁﬁggoﬁ%}ﬂg§@é %?ogggs according to one
of Cains § andolume of the reaction mixture, and preferably from 30

% to 90 % by volume.

heet Has Been Reﬁaccd :

i
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-2, ~characterized in that the allylic butenol esters used are the allylic

but enol esters of acetic acid, of propionic acid, of valeric acid, of

,adrpic acid or of pentenoic aci ds. 4) Process according to one of O ains

"1 to 3, characterized in that the iridium<catalyst is chosen fromthe

fol-l ow ng various sources of iridium - netallic Ir; IrJerr];

Irferr]derr]; - I'rCcferr]; IrC[err].3Hegrr]G - IrBrlerr];

IrBr[err].SH[err] IrI[err] 13 - Ir[err](CI»[err]Cl[err]

Ir[ferr] (CO[err]l[ (CXD I CO

[P(C[err]Herr])[e
r

Ir(acac)(cx»[err],

r])[err]][er'r](CO)

Tt g@]w

COMPANY KNOWN AS RHONE-POULENC CHIMIE

ABSTRACT

The present invention relates to the
carbonylatlon with the aid of carbon monoxide of
allylic butenols and/or of thelr carboxyllc esters.

It consists more precisely in reacting carbon
monoxide with at least one of tﬁe said allylic butenols
and carboxylic esters, ét élevated temperature, at a
pressure greater than atmospheric pressure and in the
presence of aﬁ'iridium catalyst and of an iodinatéd or
braminatedlﬁrcmoter, the.prqmofer/iridiumlmolar ratio
being between 0.1:1 and 20:1.

"This process makes possible the preparation
of pentenoic-acids, in particular 3-pentenoic acid, |
which ﬁay itself be hydroxycarbonylated by the carbon

monoxide and the water to adipic acid.



5) . Process according to one of Clains 1 to 10 4 REFL@@ EN
~the quantity of iridiumcatal yst used, expressedji LRSS r
Bﬂm f;err]

per litre of reaction mxture, is between 10[err
preferably between 5x10[err] and 5x10[err] nol /I ‘w
according to one of Cainms 1 to 15 5, character ﬁg M il ﬁﬁtﬁ}&%J
or broni nat ed promoter is chosen from hydfogen ijodi de, H

t he organoi odi ne and organobroni ne conpounds whifc Hggre capabl e of
generating respectively hydrogen iodide and hydriagen bremeECEiRIaI<THe 97T
reaction 20 prasulids GMOR FE CRRBORESATOO!GE NKLLYL OOCEBOTERORETE 106
characterized in that the pronDter/Ir nDIar ratlo I's preferably between 1:1
and 10:1. 8) Process accor dARD IR [ESIERS
characterized in that the catal yst systen1con3|st|ng of the actual iridium
catal yst and the profiteprresenhpinientticn vielptes &9 dthe ve quantity of a

copronoter such as a netal iodide or a netal brom de, or a netal
carbonylation, with the aid of carbon monoxide, of

allylic butenols and/or of their carboxylic esters.

Patent US-A-4,801,743 describes the
carbonylatiou of allyl alcohel by carbon monoxide, in
'the presence of a palladium catalyst and of a promoter
chogsen from hydrogen fluofide, hydrogen chloride,
hydrogen bromide and hydrogen iodide.

Patent EP-A-0,428,979 describes the
carbonylation of allylic butenols and of their esters,
in the presence of a rhodium catalyst and of a promoter
chogsen from hydrogen bromide and hydrogen iodide, the
promoter/rhodium molar ratio being between 1:1 and
10:1.

A new process for the preparation of pentenoic acids
by the carbonylation of allylic butenols and/or of their
carboxylic esters has now been found, which consists in
reacting carbon monoxide with at least one of the said allylic
butenols and carboxylic esters, at elevated temperature, under
a pressure greater than atmospheric pressure and in the
presence of an iridium catalyst and of an iodinated or
brominated promoter, the promoter/iridium molar ratio being
between 0.1:1 and 20:1.

The activity of iridium catalysts in this
reaction is surprising, because iridium is not known to

catalyse the hydroxycarbonylation of butadiene,

This. is the replacement sheet
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14 carboxyl ate which is capabl e of being converted, at |east partially,

Into the corresponding iodide or bromde in the reaction m xture,

preferably an alkali netal iodide or brom de or an alkali netal acetate. 5
9) Process according to Claim8, characterized in that the
copronoter/pronoter nolar ratio is from0.01:1 to 100:1 and preferably from
0.1:1 to 50:1. 10) Process according f0ol8n& of Cainms 1 to 10 9,
characterized in that the reaction is rrjed out in liquid phase, at a
tenperature of from50[err]Cto 250[e$&;§ﬂ§nd preferably from80[err]C to
200[err]C and at a partial pressure of carbon nonoxi de, neasured at

25[err]C,of fromQp bg?%385§90f9ﬁr¥h%?gfﬁ%§%§%28é%ofLgﬁh@ehéﬁptQc&ﬁs 50

bar. 11) Process accor g to one_of ¢ aracterized in that
the car bdeylthe warkerylakien of akipkig Putenals  pod/ier kBedx from

sat ur at egFpotsBi &l ebeera| | Ghathsterigé@mihi Ehadr 8ax¥PbhCmonostidel is

Co 8 Ao Shod ek 10 £ aSEIBER 5 B SR ELETARH, BUROUE Y oo o, o

l'iquid unckrbédglic esters, at elevated temperature, under a pressure
greater than atmospheric pressure, and in the presence of an
iridium catalyst and of an iodinated or brominated promoter,
the promoter/iridium molar ratio being between 0.1:1 and 20:1.

2) Process according to Claim 1,
characterized in that the allylic’butepols are 3-buten-
2-0l1l, 2-buten-1-0l and their mixtures, and the butenol
esters are the carboxylates of these butenols which are
derived from saturated or unsaturated aliphatic
carboxvlic acids‘having 1 to 12 carbon atoms.

3) Process according to one of Claims 1 and
2, characterized ih that the allylic butenol esters
used are the allylic butenol esters of acetic acid, of
propionic acid, of waleric acid, of adipic acid or of
pentenoic acids.

4) Process according to one of Claims 1 to
3, characterized in that the iridium catalyst is chosen

from the following wvarious sources of iridium:

metallic Ir; Ixr0Q,; Ir,0,;

IrCl,;; IxCl,.3H,0;

IrBr,; IrBr,.3H,0:

- IrIX,;

”!""c’ ""” '"H""ll,” I!" : This is the-replacemnt sheet
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reaction conditions. 12) Process according to aim11l, 25 characterized
in that the solvent is chosen fromacetic acid, propionic acid, butanoic
acid, valeric acid, adipic acid, pentenoic acids, benzoic acid,

phenyl acetic acid, benzene, toluene, chlorobenzene, - 15 -

di chl or onet hane, hexane and cycl ohexane. 13) Process according to one of
Clainms 11 and 12, characterized in that ¥he sol vent represents from10 %to
99 % by volune relative to the total volunme of the reaction m xture, and
preferably from30 %to 90 % by volune. 14) Process for the preparation of
adi pic acid, characterized in that a pentenoic acid prepared by a process
according to any one of the preceding clainms is hydroxycarbonyl ated by

car bon noggéhggrgggtﬂgsgt'hexane and cyclohexane.

| 13) Process according to one of Claims 11

and 12, characterized in that the solvent represents

from 10 % to 99 % by volume relative to the total

volume of the reaction mixture, and preferably from.30
% to 90 % by volume.

14) Process for the preparation of adipic acid,
characterized in that a pentenoic acid prepared by a process

according to any one of the preceding claims is
hydroxycarbonylated by carbon monoxide and water.

* c L M H *
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