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PROCESS TO PREPARE 5- FORWLVALERIC ACID 5 ' The invention ~

relates to a process to separate | inear 5-fornylvaleric acid froma

m xt ure of §§ @fgsé' % %and/or'4-branched fornylval eric acids. The

I nvention al to a process to prepare 5-fornylvaleric acid 10

starting from pentenoic acid by hydrofornylation. Furt her nore

the inventiop,rebetes §9:88 2iPhRYCHog7 cBhEEEATnLOTRE EPALEional
0 ed an

[err]-caprolactamstarting froma mxture ranc | near
forrryl Valerl ='—— N oy NL96 .‘a;.'gn’:\:. ‘; . Ir ef: 8228W0 It

I s known fron1DE—C-9§2442 t hat 5- {orﬁilvéléric acid can be prepared by

hydr of or nyl ati on of pent enoi ¢ acé$§§E&%r | e 3-pentenodic acid. Wen
5- formylvaleric acid is prepare d#@é%ggylation branched

by- products (3- and/or 4-fornylvaleric acid) are 20 "also fornmed. Two

met hods for sepascati BguliBReht NeRhgo 0 aker | 3 d
4-forny|va|e€ic ac%d g?eﬁﬁe tdeé%?ingsi%RtéggééSEﬁﬁégt@§§gT%éQ%%xFﬁ?g_of
branched andPTOcesfeBprtLEraEivanvReRsPepECsUBfceRed 1Brger2BACEPYREICial

scale.

)4}

The aim of the present invention is to'ptovide a
process to separate 5-formylvaleric acid from its isomers, 3-
and/or 4-formylvaleric acid, with a high yield to 5-
formylvaleric acid in a more simple process than the process
described in DE-C-952442.
This aim is accomplished in that the separation is
'performed by fractional extraétion with two immiscible
solvents of which one solvent is an aqueous solvent (resulting
in an aqueous phase) and the other solvent is an organic
solvent (resulting in an organic phase) which has the
following characteristics:

~2.8 <A < -0.2 and 0.14 < B < 2.39 | (2)

or

1.7 < A < 4.0 and -4.0 < B < -1.64 (3)

in which, A énd B are:

A= 0.23 * (T,-138.54)/62.36 + (5)
0.24 * (p-935.64)/184.82 +
0.0554 * (n,—1.4370)/0.0635 +

'AMENDED SHEET



am nation. The resulting am de product m xture can be 25 separated in

I'i near and branched am de products. (2) The separati on of
5“fornylvaleric acid fromthe m xture can be performed by
esterificatign.-pbs P {ipear and branched fornylvaleric acids and a - -
subsequent separatrton he 5- fornylval erate ester. By hydrolysis of
the isolated 5- 30 fornylvalerate ester 5-fornylvaleric acid can be
obtained. To letter datéﬂd2§aﬂﬂﬁn19§¢ @6né@€nfﬁé5in9@$39916§aihat a

ni trogen cont ai JgO‘MﬁSt' Sstrg 8 8_ D§ﬁ1 products is
Obt al ned V\Ih| =1L e . &) Lo d ef- 8228W0
5-fornylvaleric acid is not obtalned as an 35 isolated product. '
A di sadvant age of the second net hod ﬁﬁﬁﬁ P veral chem cal reactions
have-to be perfornmed to obtain ég$nrny#é§¥%#§§ acid starting from

pent enoi ¢ acid. Loss of val uabl e product in these reactions and the
need for extra Encl osure 1. 1. To letter dated 21 May 1997

concer ni ng Internation%; %pqllcatlon No. PCT/ NL96/ 00260; DSM N. V. ; our ref:
82280 -351 (EAVENDES2P4EE -56 +

0.1208 * (84 — 16.68)/1.738 +
0.4135 * (8, - 6.11)/5.16 +
0.3462 * (8, — 8.05)/6.97 +
0.4177 * (8 - 20.69)/5.087 +
0.3370 * (p — 1.73)/1.20 +
0.3723 * (Ep.30, — 41.14)/7.61

*
%

B = -0.3009 * (Ty — 138.54)/62.36 — (6)

0.3882 * (p — 935.64)/184.82 - |
0.5914 * (ng — 1.470)/0.0635 +

1 0.1225 * (g, - 15.02)/18.66 -
0.5506 * (8§, — 16.68)/1.738 +
0.0970 * (8, - 6.11)/5.16 +
0.2291 * (8§, — 8.05)/6.97 +
0.0583 * (§ - 20.69)/5.087 +
0.0381 * (p - 1.73)/1.20 +

in which Ty represents the normal boiling point (°C), p the
density measured at 20°C (kg/m®), n, the refractive index (-),
e, the dielectric constant measured at 20°C . _
().’ 84 the Hansen solubility parameter of dispersion (MPa¥),
§p the Hansen solubility parameter of polarity (MPa¥), &, the
Hansen solubility parameter of hyd#ogen'bonding (MPa*¥), & the
Scatchard-Hildebrand'solubility parameter (MPak), u the dipolé
moment (Debey) and E,(;,, the Lewis donor/acceptor property
(kcal/mol) (all properties of the organic solvent) or the
organic solvent is an ether or an ester with 2 to 10 carbon
atoms represented by the following formula -



process equi pnent, and thus an extra investment makes this process
unattractive when perfornmed on a | arge and commerci al scal e. The
ai mof the present invention is to provide a process to separate
5-fornylvaleric_acid fromits isonmers, 3- and/or 4-fornylvaleric acid; with
a high yiel dER§i9sSUWLe do3pai eric acid in a nore sinple process than the
process described in DE-C-952442 - This aimis accoHpIished I n
t hat the separati S f t extraction w.t
Py 1e(?:ri:er Zrieq'lag%ll\?:?ﬁf c'o%rlaeﬁ'.nd.&?e §5’Ia\1fé‘|?tn

imm scible solvents of Oné a'(Elresultlng
A 2

in an aqueouwsﬂh‘ue D ¥ ] ) 822881l ti ng
I n an organi ¢ phase) which has the follomﬁng characterlstlcs
-2.8 <A< -0.2and 0.14 < B < 2.39 (2) or 1.7 <
A < 4.0 and -4.0 <B< -1.64 (3) in which, A and B are: A
0.23 * (T[err]-138.54)/62. 3QMENDED PAGE 2B ° (5) 0.24
* (p 935.64)/184.82 + 0.0554 * (n[err]-1.4370)/0.0635 +
R' - 0 - R? (7)
R3-0-C-R*
I | (8)
0 .

in which R!, R?, R? and R* are independently an alkyl or aryl
group with 1 to 7 carbon atoms and in which R! and R? is
optionally a divalent group.

| In this 1nventlon it is understood that two
solvents are immiscible when two separate phases form when the
solvents are mixed.

The values for the above described solvent
properties for moSt of the generally applied solvents can be
found in the following references: Properties of liquids and
gases, fourth edition, Reid, Prausknitz & Poling, Mc—-Graw
Hill, 1987; Properties of polymers (Their correlation with
ehemlcal structure), D.W. van Krevelen, Elsevier Scientific
Publishing'Company, Amsterdam 1990; Solvents and Solvent
Effects in Organic Chemistry, Ch. Reichardt, VCH
Verlagsgesellschaft mbH, Weinheim (Germany, FRG, 1990) and
DIPPR - Tables, Physical and thermodynamic properties'of pure
components, Daubert & Danner, Taylor & Francis, 1994.

’ 'It has been found that with the process according
to the invention it is possible to separate fhe linear 5-

- formylvaleric acid from this mixture with an extraction
process. This was unexpected. In particular because the linear
and the branched formylvaleric acids have very comparable
physical properties. The fact that an extraction process can
be used for solving this problem is very



Encl osure 1. 2. To letter dated 21 May 1997 concerning | nternational

application No. PCT/NL96/00260; DSM N.V.; our ref: 8228WD .

ANVENDED PAGE 2A 0. 3916 * ([err] - 15.02)/18.66 +

1208 * ([ gLk 8)/ 1.738 + ' 0.4135 * ([err] - 6.11)/5. 16 +

3462 * ([§?FF9§HégbgT#%-97 . 0.4177 * ([err] - 20.69)/5.087 +

3370 * ([err] - 1.73)/1.20 + ' 0.3723'* (Elerr] - 41.14)/7.61
Tool%@.Q%r) d(aT:[eQT 72]1 Ma]y3&.95947) /cﬁihd’eﬁ:nlng Internat 1ona1( 6)

0.

0.
0.
B =
0.
+

16.68)/1.738 +

AMENDED PAGE 2C

advantageous because extraction processes are easily épplied
in large scale processes. - | '

A further advantage is that it is possibie to
- obtain relatively pure 5-formylvaleric acid in a high yield
calculated on the starting amount of 5-formylvaleric acid in
the (crude) mixture of formylvaleric acids.

Another advantage is that possible pentenoic acid
or valeric acid, can also be separated from the linear 5-
formylvaleric acid in the process according to the invention.
These compounds are the starting compound and a possible by-
product respectively of the hydroformylation process to
prepare 5-formylvaleric acid. Thus an additional separation of
5—-formylvaleric acid and pentenoic acid and/or valeric acid is
not needed if these | '



0.0970 * ([err] - 6.11)/5.16 + 0.2291 * ([err] - 8.05)/6.97 +
0.0583 * ([err] - 20.69)/5.087 + 0.0381 * ([err] - 1.73)/1.20 +
Q.-1550 * (E[err] - 41.14)/7.61 in which T[err] represents the nornal
boi l'i ng poi rg di&dgd &)y . the density neasured at 20[err]C (kg/nferr]),
‘nferr] the r@%TaCELVE'LﬁuE (-), [err] the dielectric constant neasured at
20[err]C (-), [err] the Hansen solubility paraneter of dispersion

E I\/Pa][ e{ L] ), i@rIétﬁéhebdrﬁ@édmZEOMalibl 1997 PONEEEA Big Ointg@&ﬁdttidhafivpa[ err ][ ) ]
err e ns soJ ubi | aneLer dr 09 bondi n Pa ] err
t he Scatchar%ﬂﬁl*%%é. e su.éj@?. yg " " =3 D rer ‘}| pol e

nonent (Debey) and Eferr].the Lew s donor/acceptor property (kcal / nol) (al
properties of the organic solvent) or the organic solvent is an ether or an

ester wwth 2 to 10 carbon atoms represented by the follow ng fornula
Enclosure 1.3. To letter dated 21 ﬁ&ﬁﬂﬂﬁglzéﬁﬁcérning | nt er nat i onal
application No. PCT/NL96/00260; DSM N.V.; our ref: 8228WD

products are present.

It has been known to prepare 5—-formylvaleric acid
by hydrolysis of the corresponding methyl 5-formylvalerate as
described in US-A-4730040. A disadvantage of this process is
that methanol is obtained as a by—product and that the yield
of the hydrolysis to 5-formylvaleric acid, as shown in the
examples of US-A-4730040, is too low for a commercially
interesting process. The mefhyl 5—-formylvalerate is preferably
prepared by hydroformylation of a methyl pentencate ester
which is preferably prepared by carbonylation of butadiene

'with methanol. By preparing the pentenocic acid by
carbonylation of butadiene with water, followed by the
preparation of the formylvaleric acid by hydroformylation of
the pentenoic acid the use of methanol or any other alkanol is
avoided. Moreover with the present invention it is possible to
prepare and isglate S5-formylvaleric acid in less process steps
starting from butadiene. |

The agqueous solvent used in the process according
to the invention may be optionally a mixture of water and
another solvent which is miscible with water and has a low
solubility in the organic solvent of the other phase such that
two separate phases are formed. Preferably water is used as
the aqueous solvent.

v The organic solvent used in the process according
to the invention is characterized with A and B which have.
values within the A-B space as described by the formula's
above or is an ether or ester with formula (7) or (8)
respectively. '



AVENDED PAGE 2B "Rlerr] - O- Rerr]

(7) : - Rerr]-OCGRerr] : [err]

(8) - - O in which Rl, R2, R3 and R4 are* |ndependently an

al kyl or arygn&reswraM fhgl to 7 carbon atons and in which Rl"and R2 is
optionally a divalent group. In this invention it is understood

that two solvents are inm scible when two separate phases form when the
sol vents areroiketiter dated 21 Nap vabwesohoerhirgabeverAestorded sol vent

properties t I ed epts can be_found in the
fol | owi ng r%ét?éﬁrﬁﬁe??{? aéﬁ%.bg(?a\%ﬂ%%%—%ai&—%ﬁ—?—%—egﬁ%%
Reid, Prausknitz & Poling, Mc-Gaw H |Il, 1987; Properties of polyners

(Their correlation with chenical structure) D. W van Krevel en, El sevier

Scientific Publishing Conmpany, Ansterdam 1990; Solvents and Sol vent Effects

in Organic Chenistry, Ch. Reichardt,AMEIPDER.PAGE 3Ac| | schaft nbH, Wi nhei m
(Germany, FRG 1990) and DI PPR - Tabl es, Physical and thernodynam c

't “Pas been found that " roTdRiry CRebeSnTUREH p (oY R QR (A T d LG

possible to %@p@h@tenYﬁ@ti¢nem§Y5bef@nnybvaanxccsabvdnfrwm1¢h|has1atmtgher

?M. t gacran ext et e P’ LELPR1 tJ NEST VES£OPRYPEL1 EFic | A PAT S SFVA T L REGAYSE the
affinity for both the 3- and the 4-formylvaleric acids (3FVa +
4FVA). In describing the present invention, it may be useful
to use the partifion coefficient K as a measure for the above
mentioned affinity:

: [aCid]ozgan'l.c phase :
Kacia = _— (1)
[acid]gater phase

in which [acid] is the concentration of the specific



and the branched fornylvaleric acids have very conparabl e physi cal

properti es.

The fact that an extraction process can be used for solving

this.problemis very Encl osure 1.4. To letter dated 21 May 1997

. concerni ng
8228WO

Iﬁte{nationfl application No. PCT/NL96/00260; DSM N. V.; our ref:
Nnc.io o /o

Sure AMENDED PAGE 2C  advant ageous because

extraction processes are easily applied in | arge scal e processes.

Afurther adygniggeet Sakbah b

5-forny|va|er|c1a

5-fornyl val

applied . .
VRIS cErtPoung FRteLB B it o
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Anot her advantage is that possible pentenoic acid or valeric acid, can al so
be separated fromthe linear 5- formylvaleric acid in the process accordi ng
to the invention. These conpounds are the starting conpound and a possible

by- product respectively of the hydr dMENDEDBAGE @dr ocess to

formylvaleric acid in the specific phase in mol/l. In order to
achieve the benefits of the present invention, the K for S5FvVa
is smaller or greater than the K for 3FVA and the K for 4FVA,
If the K for SFVA is greater than the K for 3FVA and 4FVA the
5FVA will be obtained dissolved in the organic solvent after
the extraction according to the invention. In general the K
for 5FVA is smaller and the isolated 5FVA will be obtained in
the water solvent after the extraction according to the
invention. For practical reasons the K for 5FVA is preferably .
at least 1.5 times larger or smaller than the average K for 3-
and 4FVA. _

The organic solvent and water are subtantially
immiscible. Some guantities of the other solvent will usually
dissolve in the other phase in practice. With substantially
immiscible is therefore meant that the mutual solubility is
not higher than 10 wt.%. _

—Examples of suitable organic solvents are méthyl.
tert-butyl ether, butyl acetate and nitrobenzene. Preferred
solvents have a normal boiling point between 30 and 200°C.

It has been found that suitable organic solvents
are those solvents which have a similar polarity,
polarisability and H-bond formation character as nitrobenzene
or more preferably methyl tert-butylether (MTBE). Examples of
suitable solvents with these similar properties as MTBE are
most esters and ethers. Exampleé of organic solvents which are
less suitable, and which do not have a similar polarity,
polarisability and H-bond formation character of MTBE or

‘nitrobenzene, are alcohols, for example benzylalcohol,

dodecanol, aromatic solvents, such as benzene and toluene,



prepare 5-fornylvaleric acid. Thus an additional separation of
H5-fornylvaleric acid and pentenorc acid and/or valeric acid is not needed.
i f. these Encl osure 1.5. To letter dated 21 May 1997 concerni ng

I'nt ernati on 'epplicat'o No. PCT/ NL96/00260; DSM N.V.; our ref: 8228WD
AVENDED PA are presSent. ' It has been known to -

prepare 5- fornylvalerrc acid by hydrolysis of the correspondi ng nmethyl:
5-fornyl val el i 7 vl eoensf this
process is ?{1 "at[s ﬁéf‘%g 2 tﬂg?*rjg%iﬁgg ggﬂéglr%l%ct anlgtmt ha e yield of
t he hydrol ysaR RNy PEE/NLAG/0026Q; DI, Q B2 ZRWO

US- A- 4730040, is too Iom/for a connercrally |nterest|ng process The nmet hyl
S5-fornylvalerate is preferably prepared by hydrofornylation of a methyl

pent enoate ester which is preferably prepared by carbonylatron of but adi ene
wi th met hanol. By preparing the pent A

carboxylic acids, such as acetic acid, alkanes, such as n-
heptane. However extraordinary alcohols, aromatic solvents and
carboxylic acids may be similar to MTBE or nitrobenzene as
described above. The qualitative terminology of similar
polarity, polarisability and H-bond formation can be
quantified with the A- and B- characteristics.

| Solvents similar to MTBE have A- and B-
characteristics according to formula (2). Solvents similar to
nitiobenzene have A- and B-characteristics according to
formula (3). Preferably in formula (2) and (3):

B> 0.965 * A - 1.033 ' _ (4)



éarbonyLation of butadi ene with water, followed .by. the preparation of the
formyl val eric acid by hydrofornylation of the pentenodic aci.d the use of
met hanol or any other al kanol is avoi ded. Mreover with the present

i nvention |tEA§18§§§ébie?to prepare and isolate 5-fornylvaleric acid in

| ess proces g from but adi ene. : The aqueous sol vent
used in the process according to the invention nmay be optionally a m xture
of water andp@npébeer s@hveat 2vhMak 1997w sonbbenihyhintéenatidnahs a | ow

SoluBLITLY | Sphl2L98 foSobkely 86 /bB3BLIBENPRERE, SUAP ORI baPaParale
phases are f >

The organic sol vent used in the process according to the |nvent|on IS
characterized with A and B whi ch havewainis piidehign the A-B space as .
described by the forrmula's above or i's an ether or ester with fornula (7)
or (8) respectively. Enclosure 1.6. To letter dated 21 May 1997
concerning International application No. PCT/NL96/00260; DSM N.V.; our ref:
8228W0

_ Examples of organic solvents which are within the
A-B space as described by the formula’s above are (solvent
(A,B)), methyl tert-butylether (-2.2, 1.7), butylacetate (-
1.09, 0.62), nitrobenzene (2.09,-2.08), di-ethylether (-2.42,
2.01), ethyl tert-butylether (-2.13, 1.51), methyl acetate (-
0.82, 1.38), ethYl acetate (-1.01, 1.06), di-ethylketone (-
0.39, 1.01) or di-isopropylketone (-0.97, 0.72).

Typical examples of less suitable solvents are
benzylalcohol (1.53, -1.65), dodecanol (0.1l, -0.44), benzene
(-2.17, -1.36), toluene (-1.95, ~-1.29), n~heptane (-3.2,
0.83). The A and B values of these less suitable



AMENDED PAGE 3A - The organic solvent. used in the process
according to the invention nmay be any orgdnic sol vent whi ch has a hi gher or
l.ower affinity for 5-fornylvaleric acid (5FVA) than its affinity for both
the 3- and tpg.f55QF ivgberlc acids (3FVA + 4FVA). In describing the _
pr esent InV'ﬁT%Uﬁ__ngﬂHY—ﬁ useful to use the partition coefficient K as a
measur e for t he above nentioned affinity: [ aci d] organi ¢ phase
Klerr] = ___To letter dated 21 May 1997 concernln? Interha %10 al
.[aC|d]mater -h?fe tln whi ch acag 6|s.t2h ratlon of the SlECIfIC

e concen
Encl osure 1.92 802686 7DSK
appl i cation No. PCT/NL96/00260 DSM N. V. ; our ref:-8228MD

AMENDED PAGE 7

2 A

solvents fall outside the ranges of the above formula's.

| As mentioned before another group of suitable
organic solvents are ethers and esters with 2 to 10 carbon
atoms which can be représented'by the formula (7) and (8)
respectively.

This group of ethers and esters is not necessarily
restricted to the A-B space as described above. Preferably at
least R! in the ether compound with formula (7) is an alkyl
group. Preferably at least R?® or R* is an alkyl group in the
ester compound with formula (8). Examples of ethers are methyl
tert-butyl ether, ethyl tert-butylether, diethYlether,
diisopropylether, dibutylether, dipropylether, anisol or

'tetrahydrofurane. Examples of possible esters are butyl
acetate, propylacetate, ethylacetate, methylacetate,
ethylbutyrate, methylbutyrate, methylpropionate,
ethylpropicnate or propylpropionate.

' Ethers are prefered over esters because esters can
transesterify with the formylvaleric acid in which mixed
esters are formed which is disadvantagedus.

| Figure 1 is a schematic representation of a
fractional extraction performed in a gravity separated
extractor as will be further described below.

Figure 2 is a schematic representation of a process
in which: pentenoic acid is converted in several steps to g—
caprolactam comprising a hydroformylatlon section (A+H) an
extraction proéess according to the invention (C + D +
optionally B) combined with an upgrading section (G+E) and a
caprolactam—-end section (F). The combination of these sections
in this figure is not



AVENDED PAGE 4 fornylvaleric acid in the specific phase.in nol/l. In
order to achieve the benefits of .tthe present. invention, the K for 5FVA is
snal I'er or greater than the K for 3FVA and the K for 4FVA. 1f the K for
SFVA is greag 1%@%Qetqe § for 3FVA and 4FVA the 5FVA will be obtai ned

di ssol ved |n—§ﬁe—vrganrt-so1vent after the extraction according to the
invention. In general the K for 5FVA'is smaller and the isolated 5FVA wi ||
be obtai ned 8 h@e rea! darvdl VANaY %07 RorRe:pAgl %tg%%%ﬁglt o the

i nvention. For ractlcal r easons for SEVA i s preferabl | east 1.5
times | ar ger ag ! o B '_ O/ ANk % A No Y . e\ ref 8228W0 The
organi ¢ sol vent and wat er are subtantlally |nn1SC|bIe Sone quantities of

the other solvent will usually d'SSOEéENbED gggg 22 phase in practice.

Wth substantially inniscible is the t the nutual solubility
I's not higher than 10 wt. Exanpl es of stitable organic

sol vents areh&&&berh@ﬂhtH%hV'p@ﬂ%ﬂhoﬂaﬂaéldac%%a%%t%&%e%'t %egiﬁ%%y Eted
Preferred solvents have g nor nal i 1ing poi_nt between 3 f

It has been PEBHETORS 3Sdi% &5t V@é\ﬁa@%s\}é{n&e Xsec ﬁ&sétéélt\}é‘ﬁft §ofpoxRd
have a sini| ga7poliar iat y:yd}mmlfa:rrm@alaiﬂnd:y (and td- partarer Seifio@myahanagtier as

b th t vl et-her Exanpl.es of
ghf[gbfgzggfegﬁanaf% & g%e siFm %69 eé%ﬂ?@%%gé%ﬁﬁgé%gﬁ hﬁ§ﬁce§Fé and
ethers. Exanpreyisg &hgaﬁmchgﬁmﬁnﬁssaMhuﬂm 409 Icess beuifuather pmdosisiseld,do
not have a Sk ltﬁatp@h%ttfamlmw 'pi&lél 's'%:ggfivlaﬂa%@ B%&'EBH' OBb%Q%@ater

of MIBE or njitrobenzene, are al cgho for npl e benzyl alc
dodecanol , aFSﬁa?FémQ&PVe§F§°§ﬂX¥Y%%§IB§n 2814 £38 p@|§@p@rated from the

mixture by crystallization or more preferably by distillation
or extraction with an organic solvent. This organic solvent
can for example be the organic solvent used in the dual
solvent extraction, but also other organic solvents may be
used. Examples of other suitable solvents are benzene, toluene
or xylene.

The linear 5-formylvaleric acid can be
advantageousiy used as starting compound for the preparation
of adipic acid by (quantltatlve) oxidation. Adipic acid is an

. Nylon-6.6 intermediate.

Another example of a very interesting use is the
reductive amination of the 5-formylvaleric acid to 6-
aminocaproic acid and the subsequent cyclization to e-
caprolactam. The 5-formylvaleric aéid is preferably obtained.
by hydroformylation of pentenoic acid to a mixture of 3—-and/or
4- and S5-formylvaleric acid and subsequently separating 5-
formylvaleric acid from 3- and/or 4-formylvaleric acid with
the process according to the invention. g-caprolactam is a

' precursor for nYlon—G. The reductive amination of 5-
formylvaleric acid and the cyclization to e-caprolactam is for
example described in the above mentioned DE-C-952442 and US-A-
'4730040. The reductive amination may be performed in any
suitable solvent in which the S-formylvaleric acid is soluble.



Encl osure 1.8. To letter dated 21 May 1997 concerning International
application No. PCT/NL96/00260; DSM N. V. ; ‘our ref: 8228WD -
ANMENDED PAGE 4A carboxylic acids, such as acetic acid, alkanes, such as

n- hept ane. Yeh 8X T rdinary al cohols, aromatic solvents and
carboxylic lar to MIBE or nitrobenzene as descri bed above.
The qualitative termnology of simlar polarity, polarisability and H bond

formation Caf?bfeﬂt'éf't agf d it ﬂagh§9g7 eﬁﬂcﬁmmgrﬁﬁ&s%&hs al

Solvents simlar to NWBE ave A- aracter stics accor Ing to

formul a (2).2BB+4E8 : PCTENEDP6/083R28nBSHalNeVA: guE BeERaBAZBWO| st cs

according to formul a (3) Preferably in formula (2) and (3) '
- * *

< -1.12 A + 0.96 and | AMﬁ&D SPA. 12% 033

(4)

Examples of these solvents are wafer, ammonia, C,-C,; alkanols,
for example methanol, ethanol, propanol or butanol, ethers,
for example diethyl ether, methyl tert-butyl ether, |
dipropylether or diisopropylether. Ethers are solvents because
5-formylvaleric acid can be easily extracted from the aqueous
phase with an ether. More, prefered water is used as the
solvent because the 5-formylvaleric acid is obtained dissolved
in water after the fractional extractional. Optionally part of

this water (18) is separated from the agueous mixture before
the
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Sol vent s S|n1Iar ‘t-0 MIBE have the follow ng

characteristics:’

(2) 5

characteri st

(3) 10

-2'8 < A< -0.2and'0.14 < B < 2.39

ﬁglxent%esbnalar to nitrobenzene have the foll ow ng
"1.7 <A< 4.0and -4.0<B<-1.64

Preferably in fornula (2) and (3): B<-1.12 *

A + 0.96 andpg letter dat

(4) 15

I n

lette %? 2B ibQ-Q%§7 c%nce%ﬂqaé fnternational

ar e
11cat10n No. PCT 1L.96/00260; DSM

nction of solvent
our ref: 8228W0

AMENDED SET OF CLAIMS

Process to separate linear 5-formylvaleric acid from a

mixture of 5—- and 3- and/or 4-branched formylvaleric

acids, characterized in that the separation is performéd

by fractional extraction with two immiscible solvents of

which one solvent is an aqueous solvent and the other

solvent is an organic solvent which has the follow1ng

characterlstlcs.

~2.8 < A< -0.2 and 0.14 < B < 2.39

or

in which, A and B are:

A = 0.23 * (Ty-138.54)/62.36 +
0.24 * (p-935.64)/184.82 +
0.0554 * (ny,~1.4370)/0.0635 +
0.3916 * (g, - 15.02)/18.66 +
0.1208 * (5, — 16.68)/1.738 +
0.4135 * (8, - 6.11)/5.16 +
0.3462 * (8§, — 8.05)/6.97 +
.. 0.4177 * (8 - 20.69)/5.087 +
0.3370 * (yg - 1.73)/1.20 +
0.3723 * (Ege30) — 41.14)/7.61
B=  -0.3009 * (T, - 138.54)/62.36 -

0.3882 * (p — 935.64)/184.82 -
0.5914 * (n; — 1.470)/0.0635 +

* c L M s - *



properti es: A = 0.23 * (T[err]-138.54)/62.36 +. .

(5) 20 0.24 * ([err]-935.64)/184.82 + - 0.0554 *
Qn[err]-l 4370)/0 0635 + 703916 * ([erf] - .15.02)/18.66 +
0.1208 * ([eghd16sdPebS)bl. 738 + ' 0.4135 * ([err] -

6.11)/5. 16 Eifrosifelet 30 1 0, . ([err] - 8.05)/6.97 +

0.4177 * ([err] - 20.69)/5.087 + 0.3370 * ([err] -

1.73)/1.20 +ro letter dated 20. ﬂ3¥31§9?EE6ﬁ&brn1 iﬂﬁéfnﬁﬁlonﬁﬂ B =
-0. 3009 * (Tler ( ’3882 *

([err] - 935-o4 B4C —5C e €3 426%18. 0635

0.1225 * ([err] - 15.02)/18. 66 - 0.5506 *
([err] - 16.68)/1.738 + 35 amENDED OsBP7 ] - 6.11)/5.16 +
0.2291 * ([err] - 8. 05)/6. 97 + O =i ([err] -
20.69)/5.087 + Encl osure 1.9. '

0.1225 * (g, — 15.02)/18.66 -
0.5506 * (5, -~ 16.68)/1.738 +
0.0970 * (8, - 6.11)/5.16 +
0.2291 * (8, — 8.05)/6.97 +
0.0583 * (§ - 20.69)/5.087 +
0.0381 * (p -~ 1.73)/1.20 +
0.1550 * (Eggy, ~ 41.14)/7.61

in which Tp represents the normal boiling point (°C), p
the density measured at 20°C (kg/m®), n, the refractive
index (~), &, the di-electric constant measured at 20°C
(=), 83 the Hansen solubility parameter of dispersion
(MPaX), 8, the Hansen solubility parameter of polarity
(MPa¥), 8, the Hansen solubility parameter of hydrogen
bonding (MPax), 8 the Scatchard-Hildebrand solubility
parameter (MPa¥), p the dipole moment (Debey) and Ep s,
the Lewis donor/acceptor property (kcal/mol) or the
organic solvent is an ether or an ester with 2 to 10
carbon atoms represented by the following formula

R* - 0 - R? | e
R3-0-C-R*
) u - (8)
0 |

in which R!, R?, R? and R! are independently an alkyl or
aryl group with 1 to 7 carbori atoms and in which R* and
R? is optionally a divalent group.

2. Process according to claim 1, characterized in that
B<-1.12 * A + 0.96 and

R ————

N O A R



To letter dated 21 May 1997 concerni ng Internatlonal appILcation No.
PCT/ NL96/ 00260; DSM N. V.; our ref: 8228WD
AMENDED PAGE 6 Exanpl es of organlc solvents which are within

the A-B spaﬁﬁ%ggiggﬁgrébgd by the formula's above are (solvent (A B)),

met hyl tert- =2.2, 1.7), butylacetate (- 1.09, 0.62),

ni trobenzene (2.09,-2.08), d| ethylether (-2.42, 2.01), ethyl

tert- bUty|eﬁhﬁrlétgeﬂ3daéeélil ﬁE-hYbQﬁC@éﬁéérﬁinQ ﬁgte§n§§ion§ihy| acetate
(-1.01, OQQ PI-Et I etone -0, 01) |-|so-rop ketone & 0. 97,
0.72). ; : LA oL :
benzyl al cohol (1.53, -1. 65) dodecanol (0 11, -0.44), benzene (-2.17,

-1.36), toluene (-1.95, -1.29), -*gg% S% % éﬁiﬁ%. The A and B values
of these |l ess suitable E £ g o tter dated 21 May :

1997 concerning I nternational application No. PCT/NL96/00260; DSM N.V.: our

9y

ref: 8228WO0 B > 0.965 * A — 1.033,
3. Process according to any one of claims 1-2, characterized
in that -2.8 < A < -0.2 and 0.14 < B < 2.39. '
4. Process according to any one of claims 1-3, characterized

in that the fractional extraction is performed
continuouély in which initially pure water and initially
pure organic soivent.are contacted counter currently in
various contacting stages in which the crude mixture of
formylvaleric acids is continuously fed at an
intermediate stage resulting in a water phase rich in 5-
formylvaleric acid and an organic phase rich in 3-
formylvaleric acid and/or 4-formylvaleric.

5. Process for the preparation of 5-formylvaleric acid
wherein a mixture of 3- and/or 4- and 5-formylvaleric
acid is prepared by hydroformylation of pentencic acid
and S5-formylvaleric acid is separated from 3- and/or 4-
formylvaleric acid by the process according to any one of
claims 1 to 4.

6. Process according to claim 5, characterized in that the
hydroformylation is performed in the presence of water
and a water soluble catalyst system comprising platinum
or a platinum compound and a water soluble organic

- bidentate ligand.
7. anocess_for the preparation of e-caprolactam in which the
. folloﬁing steps are performed _
(a) hydroformylation of pentenoic acid to a mixtﬁre of
3- and/or 4- and 5-formylvaleric acid and
Subsequently separating 5—formylvaleric acid from
3- and/or 4-formylvaleric acid accordxng to any
one of claims 1 to 4,

* [+ L M S *



AVENDED PAGE 7 solvents fall outside the ranges of the above fornula's.
As nentioned before another group of suitable organi ¢ sol vents are ethers
and esters with 2 to 10 carbon atons which can be represented by the
fornmula (7) Emcd osRre @s@ectivel y. This group of ethers and
esters is not necessarily restricted to the A-B space as described above.
Preferably at | east RL in the ether conpound with fornula (7) is an alkyl

group. Pref éEIOaBJ%tf@tr |dedad R JeRA9Y HPnasaning Gﬂlr‘}eirrﬁlattﬁé’né‘é'{ er conpound
with forml g : NT&y ;- ey Ir e@t:h @2 2 g0ty |
tert-butyl ether, y , di'i sopropyl et her, yl et her,

di propyl et her, ani sol or tetrahydrofurane. Exarrpl es of possible esters are
butyl acetate, propyl acetate, et AMENDEDAISET OFt CYAIMNSt ate, et hyl butyrate,.
nmet hyl butyrate, nethyl propi onate, ethyl propionate or. propyl propi onate.
Ethers are prefered over esters because esters can transesterlfy with the
fornyl val eri c aci P} n wiednat el aminakion ©oFf dhifeRINAUP sPlution of

di sadvant ageous. step H r&brﬂtamﬁ@@eﬂ&tmﬂ«aq@m&.emtd Gh Qfhikh
fractional extraction perforned in rawta;os arate extractor as wll_be
further described bel ow2R @queous m lcfmrc@;ﬁ;é’s’é:ntaé’ﬁ%n

of a process in which pernchmﬁcamrhctsamorwmhtmined,several steps to

bxt rnct 1 on proceot hocor R i e ¢k KM I by | a% {1it)g Hrngrate.
conbi ned with an upgr adu&@gwuwm;@acaWa@%maet@ rheé‘mfrs?é'd{ﬁ%n (F).
The conbination ofg§hesessRftdo1n of e-caprolactam from the aqueous
nixture.
8. Process according to claim 7, .charact;.erized in that step
(c) is performed using the agueous mixture obtained in
step (b).

0] O
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in this figure is not WD 97/ 02228

PCT/ NL96/ 00260 meant to limt the present invention to this |nt egﬁ'&T’f“].
process for the preparation of:[err]-caprol actam The

separation of 5-fornylvaleric acid fromthe - crude m xture O L

fornylvaleric acids is perforned by a 5 fractional extracti on #WR®Mi ng to

the invention. In gener al ,worbd WreliE8RAL ROARTYOREANEAOON NET el .(”"JJ ol ves
t he inti mate con;I(:lct of an i npure Wewewpd By, t h bot h phases o t he

fracti onal BWERNATIONAL AWPLICATION PUSLISHED INDERIAE BATENT COOPERATION TREATYYBCH

that t hef @ Riskbrafiohd Pandf Clashificitioff 6 €NT 1 AT | )oH égm v . the wigh
and t he }m eh., E9IP{7 gg purified ( >F\( )(ul s di ssgﬁ'\l/’e ?ﬁﬁ;{mﬁ% ot her 2?12%2'28
y the Ta agueous and or gani mﬁhkmwmmﬁonmsechsumlwmmm)

Preferab
subst ant yatty pore formm—Wttrpure—for T syTearnt trat—Toor —atmost o
f or Nyl a) @& Ineratnsl 8 prlieation Nusbeent . a(snmhmlu LAU, BB,38d, nlechrm?d%z.&
recovere Eol thg in 99&# ar
product a‘n“}f"% arn | ess W&l an "'ﬂ%a | npg§1 I D A w&g%gﬁg
m xture.| The process can be perfornmed di scpnti nBgasis .Aé,kgmucg K, FI,
European patent (AT, E, DK, ES, FR,GB
perfor ned%%@ﬁjsl Y- 41ty 1995 (040795 EP GR, IE, IT, LU, MC NL, PT, SE), OAPI patent (BF, BJ,
(34) Countries for which the regional or CF, CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, TG).
international application was filed: NL et al.
Published ,
{71) Applicants (for all designated States except US): DSM N.V. With international search report.
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(54) Title: PROCESS TO PREPARE 5-FORMYLVALERIC ACID
(57) Abstract

Process to separate linear 5-formylvaleric acid from a mixture of 5- and 3- and 4-formylvaleric acids, wherein the separation is
performed by fractional extraction with two immiscible solvents of which one solvent is an aqueous solvent and the other solvent is an
organic solvent, in which the organic solvent has a higher or lower affinity for 5-formylvaleric acid than its affinity for the 3-formyivaleric
acids and for the 4-formylvaleric acid. Furthermore the invention relates to an improved process to prepare e-caprolactam starting from a
mixture of branched and linear formylvaleric acids or starting from pentenoié acid.

ré




20 The extraction performance can be further I nproved by
ysi ng an extracti on enhanci ng agent. Exanpl es of these agents are bases
or conpl exing agents. In the process; of the present invention the
separation can however be performed W thout using these agents. By 25

| eavi ng out these enhancing agents a nore sinple process poTNISBb@kd Y-
The tenperatdWQ’ﬁq ressure at which the npfra(F:)tlonaI extraction is
performed is not critical. In general - Henext ranges are suitable. The
pressure of the 30 extraction is preferably betmeen 0.1 and 0.5 MPa. The
tenperature of the extractlon_ls f erabl > \ , : and
100[err] C. Generally the Eere e Tt TTe POTT 1 ng poi nt of
the organic solvent at the used pressure Any of the known
met hods for gcconplishing a 35 fractional extraction mﬁth t wo solvents may
be utilized to carry out the Bresen nvention. For

xa
settlers may be used wher &r8 JR¥epsAAP 55#%??% %ladpmcess ggv@f
PCT/ NL96/ 00260 1linear 5-formylvaleric acid from-®mixturenpft Srecand &Erely

added-to a vesse 3 dHd) $ohyepi hol BvERAELH IPY
extraction syste%¥85§F 4rB{%% g°ﬁ§¥ ture ?sca ltateg v O?%Ugf °
acconpl i sh relates to a process to prepare -formylval ric ac1d

10 starting from pentenoic acid by hydroformylation.

Furthermore the invention relates to an improved
process to prepare g—caprolactam starting from a mixture
of branched and linear formylvaleric acids or starting
from pentenoic acid.

15 It is known from DE-C-952442 that 5-
formylvaleric acid can be prepared by hydroformylation of
pentenoic acids, for example 3-pentenoic acid. When 5-
formylvaleric acid is prepared by hydroformylation
branched by-products (3—- and/or 4-formylvaleric acid) are

20 also formed. Two methods for separating the linear 5-—
formylvaleric acid from 3- and 4-formylvaleric acid are
described in DE-C-952442: (1) The mixture of branched and
linear acids can first be subjected to a reductive
amination. The resulting amide product mixture can be

25 separated in linear and branched amide products. (2) The
separation of S-formylvaleric acid from the mixture can be
performed by esterification of the linear and branched
formylvaleric acids and a subsequent separation of the 5-
formylvalerate ester. By hydrolysis of the isolated 5-

30 formylvalerate ester 5-formylvaleric acid can be obtained.

A disadvantage of the first method is that a
nitrogen containing waste stream of branched amide
products is obtained which is difficult to dispose of.
Furthermore, 5-formylvaleric acid is not obtained as an

35 isolated product.

A disadvantage of the second method is that
several chemical reactions have to be performed to obtain
s—-formylvaleric acid starting from pentencic acid. Loss of
valuable product in these reactions and the need for extra



intimate contact of the crude fornylvaleric acids with 5 each of the two
sol vent phases. One of the solvents can contain the crude fornylvaleric
acids. After sufficient m xi ng, the phases are allowed settle out

t hrough gravity or through the use of a centrifuge.

| f
both a high pugj high yield of 5- 10 fornylvaleric ac%ﬂ'mﬁ§£ﬁﬂku' red
. the process acg%i F%%gto the invention is preferably perforime

continuously in which the m xture of fordl-valeric acids is contacted
“with the two extraction solvents in a plurality of contacting

stages. 15 Suc ontin s, process i.s characterized in
. that conti nuousl yplf%%esléjni%giﬁ%i/eq‘gqugﬁéstg% VEhOxHR 1nve|s§ifnﬁp IW%rté‘is
 organi ¢ sol vent aPEOGRF#R dmadti@stiver wvhen pegfanmed, omay3prggsardnt acti ng
stages in which t&emmerminl scabexture of formalvaleric acids is

continuously fed at an 20 oy %;iﬁpq’kartgﬁts#ac ant invention Ffsﬁéo&(??vn%ee aof

a preferred continuous fraction I on I's acconp
gravity separ & edProcess i &eRarasepbrEPHaY bekedsy @cdfl comi ths bsomens,

(see ~ also Fi gweaﬂa/dmiﬂfm?e.&a_hbywoaﬁﬂmvmplai ﬁggnb?iéiést@%- or
trays in order to | nerease the ef.ficie extractjon. In using

f th
such col umms the TPUBEISAAS A%44 40 QCX%%? o%i”*eﬂyq BSPEPEFabPINEP® ed t o
the colum at a nPupesss descrnikededn DPE-§-9%2442.t he pure (heavy) aqueous

]E)haze Wi ||t bfe i feddt 0, NHIND %lrinpeknhca;&uéh%hrcéa 4 £6AQ) tflad?]@&é)é’t fidie 30
eed point o e, or valeric.acids, e pure | ght'er) Qr.ganic
sol vent phaself{t/vi | % béerfefeootqéeoryfyl &XSF%1°mgo?’h‘irﬁ°r¥p’ﬂ?e"é8Pu§‘rﬂ°(1 I%Gfg’l%el ow
the feed point ofsekeents off pddchoomgl salvent ixciads agBpoler selwénigravity

the |ighter pheesu M idg Nirdiad &quediseprasd Lridd vievatdby Q&fé&wifw 35
of S5FVA i.s )ma

t he branched forngl val eri.c acids [ S er than

' {he K .
the K of 3FVA and>2RFE2R s“s’i"t‘%ﬁ‘(a“It Ré%giﬁ%ﬁr?ge in an organic phase).

In this invention it is understood that two solvents are

15 immiscible when two separate phases form when the solvents
are mixed. )

It has been found that with the process
according to the invention it is possible to separate the
linear 5-formylvaleric acid from this mixture with an

20 extraction process. This was unexpected. In particular
because the linear and the branched formylvaleric acids
have very comparable physical properties. The fact that an
extraction process can be used for solving this problem is
very advantageous because extraction processes are easily

25 applied in large scale processes.

A further advantage is that it is possible to
obtain relatively pure 5-formylvaleric acid in a high
yYield calculated on the starting amount of 5-formylvaleric

_ acid in the (crude) mixture of formylvaleric acids.

30 Another advantage is that possible pentenoic
acid or valeric acid, can also be separated from the
linear 5-formylvaleric acid in the process according to
the invention. These compounds are the starting compound
and a possible by-product respectively of the )

35  hydroformylation process to prepare 5-formylvaleric acid.
Thus an additional separation of 5-formylvaleric acid and
pentenoic acid and/or valeric acid is not needed if these

THIS SHEET HAS BEEN
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al sc; be di scussed bel oV\})—?ﬁaWI I b_'éwrermved over head WD 97/ 02228

PCT/ NL96/ 00260 This Sheet Has Been Replaced - 10 - (11). The heavi er
phase will m grate down “‘H‘H“l t he col unm di ssol ving the
5-fornylvaleric acid and noved as bottons fromthe col um
(13). The gravity separated extractor is nor scade
i ke apparatdyoagﬁﬂa The feed point of the crude fornylvaleric acid

di vides the cascade in an enriching secBion (D) and in a stripping
section (C) (the letters and nunbers refer to apparatus and streans as
described in Figure 1 and The enriching section (D)

e 2)..10
Is generally a pro %S &Y )Prﬁ?sggéd extraction colum with between 5 and
100 and preferably betitedwslbegnokagwn o pnepezle Sefarmylwileric st ages.

The stri ppi ngI seeréi@rbhf Q)ydr%l%ls%% gE”?ﬁ%'&%’rrﬁéspond‘i@x thae%x&yb@kaced 10 and
20t heor ot i cal - %Yﬁvé[w%%r“ﬂ%”a%é%%&%a%#%%@?@?%ﬁﬁﬁﬁO?E#’ﬁﬁQ col um
or may be 5 splisadvanteoq ©f tbhis) PEefesmsis that methanol I cohtraidwd
mxture fornyl vad@rd pypGhrbdiit Rad Bhét the |yiElid JorKeatyarsiy$is dissol ved
ina sol vent Narmplly, 201 ddie s22/oRE ARVEUS! 13 LhSaQLEENLE SO Vet
which is used y P

US-RA-4730040, is too low for a commercially interesting

process. The methyl 5-formylvalerate is preferably

10 prepared by hydroformylation of a methyl pentenoate ester
which is preferably prepared by carbonylation of butadisne
with methanol. By preparing the pentenoic acid by
carbonylation of butadiene with water, followed by the
preparation of the formylvaleric acid by hydroformylation

15 of the pentenoic acid the use of methanol or any other
alkanol is avoided. Moreover with the present invention it
ig possible to prepare and isclate S5-formylvzleric acid in
less process steps starting from butadiene.

' The aqueous solvent used in the process

20 according to the invention may be optionally a mixture of
water and another solvent which is miscible with water and
has a low solubility in the organic solvent of the other
phase such that two separate phases are formed. Preferably
water is used as the aqueous solvent.

25 The organic solvent used in the process
according to the invention may be any orxrganic solvent
which has a higher or lower affinity for 5-formylvaleric
acid (5FVA) than its affinity for both the 3- and the 4-
formylvaleric acids (3FVA + 4FVA). In describing the

30 present invention, it may be useful to use the partition
coefficient K as a measure for the above mentioned
affinity:

[ aciad ] organic phase
[acid]yater phase

in which [acid] is the concentration of the specific

THIS SHEET HAS BEEN |
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in the fractional extraction. In a continuous process using a gravity
separator the concentration of the crude fornylvaleric acids in the
feed is preferably betmﬂ&mSﬂﬁﬁH%EkeﬂhﬁﬁQQ wei ght percentage. A | over

concentration will 25 genm m‘m in economcally unattractive
di mensi ons  wd¥ychg Str

enriching (D) secti OiayNL96/00260
Preferably the concentration o ornylvaleric acids is as high as

possi bl e (provi ded phase separation at ‘tﬁé‘feed.point still occurs) at
the feed point (plate) in 30 the gravity separated extraction columm. To
acconpl i sh t&b&mgmaﬂaﬁéoaéwdvni HeC spekif £€ é A b1 NI gR IS
for exanple around_b -go vvefl]ght'%ﬂe;b MT?%tlss gs as, 215930 (é.sol vent,
it can be useful P*88%s 8a?‘é o oT0 o e %o V2R ?)sre&e VERtERB f eed
or solvent |eavi thet Kef85 SFVA cisrsmald®st iogngueatéefithan diitee X fgprt AEVA

Stripping Segll Bl RNEof UPRN! A ikdd & £bPT SRV A€ grete tndh LhE
feed point (plate) Is the average concentration_of strea) .
97/ 02228 5 1for 3FVA and 4FVA the 5FVA wi#%jpg&gkyqxggﬁ)dlssolva@7§nand

(9). An exanpl e a@hesoehandt veslvarp aftidronheSextragtiem ddacdoding?tol the
separator B Orga%%eEQFXSDtIngéﬁéﬁﬁmtne K 8br! AYA s L 18 GREERhe
section and organic _solvent of . .
isolated 5FVA will be obtained in the water solvent after
the extraction according to the invention. For practical
10 reasons the K for 5FVA is preferably at least 1.5 times
larger or smaller than the average K for 3- and 4FVA.

The organic solvent and water are subtantially
immiscible. Some quantities of the other solvent will
usually dissolve in the other phase in practice. With

15 substantially immiscible is therefore meant that the
mutual solubility is not higher than 10 wt.%.

Examples of suitable organic solvents are methyl
tert-butyl ether, butyl acetate and nitrobenzene.
Preferred solvents have a normal boiling point between 30

20 and 200°C.

It has been found that suitable organic solvents
are those solvents which have a similar polarity,
polarisability and H-bond formation character as
nitrobenzene or more preferably methyl tert-butylether

25 (MTBE). Examples of suitable solvents with these similar
properties as MTBE are most esters and ethers. Examples of
organic solvents which are less suitable, and which do not
have a similar polarity, polarisability and H-bond
formation character of MTBE or nitrobenzene, are alcohols,

30 for example benzylalcohol, dodecanol, aromatic solvents,
such as benzene and toluene, carboxylic acids, such as
acetic acid, alkanes, such as n-heptane. However
extréordinary alcohols, aromatic solvents and carboxylic

) acids may be similar to MTBE or nitrobenzene as described

35 above. The qualitative terminology of similar polarity,
polarisability and H-bond formation can be quantified in
the following manner:

THIS SHEET HAS BEEN
REPLACED




the feed (5) is separated (6) and the concentrated m xture 5 (7) is fed

to the stripping section (C). The sol vent separation in (B)
can for exanple be performed in one flash or sinple distillation step
at a pressure of between 0.1 and 0.5 MrPa. The aqueous and
organi c solvesi %@*ﬂﬂ? flow 10 rates defined by the foll ow S
-1/ Kerr] * [1 9 (9) an err] *
S [12]/719] (¥0p £5 and Klerr] *[12]/]9]
©(11) are preferably larger than 1 and nore preferably between 1.1

-and 2, in which [10], [7], %% t é respect vqlunetrlc
" flow rates of the water 5%(])( gﬁ st lasrol ??&B hjaxe E‘iﬂ?e#‘? :
stripping and ethﬁnnmﬂeristlsect|ons corresponding with fl ows (10), (7),
- (12) and (9) (as shown in Fig. 2) The lighter organic

phase .obt ai ned overhead (1 5 a urther _prac sse or der t
: obtain substantially '%z % édﬁo?g 1% aé’cﬁ*@eﬂrg f ﬁtﬁ%ranched(
fornyl val eric5 acid (15) When the crude m xture |s obtained in a

hydrofrornyl ati on gfi wiitseRAind 1861 o YA A0 nale/ Oh fomﬁm@w' ¢ acid
are al so obtained ove%&ﬁgd The purified 30 organic so?vent (14)” can be

recycled to the T i CS&xtraction col um (10). The organic sol vent
(14), the branched fornylvaleric acid (15), unconverted pentenoic

acid (17) and valeric acidjgRdcohhers by pfuct 9 18) <of t he 3)
hydrofornylaalon can be obtained in separate flows by 3% ?or exanple
di stillationt®The branched fornyl val eric acids

Preferably in formula (2) and (3):

B<-1.12 * A + 0.96 and
B> 0.965 * A — 1.033 (4)
15

in which, A and B are a function of the solvent
properties:

A= 0.23 * (T,~138.54)/62.36 + (5)
20 0.24 * (p-935.64)/184.82 +
0.0554 * (n,~1.4370)/0.0635 +
0.3916 * (g, - 15.02)/18.66 +
0.1208 * (&, — 16.68)/1.738 +
0.4135 * (8, — 6.11)/5.16 +
25 0.3462 (8, — 8.05)/6.97 +
0.4177 * (8 - 20.69)/5.087 +
0.3370 * (p - 1.73)/1.20 +
0.3723 * (Epg3y — 41.14)/7.61

* * * % *

-0.3009 * (T, — 138.54)/62.36 ~ (6)
0.3882 * (p — 935.64)/184.82 -

0.5914 * (n, — 1,470)/0.0635 +

0.1225 * (g, — 15.02)/18.66 —

0.5506 * (35 — 16.68)/1.738 +

35 0.0970 * (5, — 6.11)/5.16 +

0.2291 * (&, - 8.05)/6.97 +

0.0583 * (§ — 20.69)/5.087 +

30 B

. * % * »



may be further processed,— i{#—*ﬁﬁﬁﬁﬁ1rﬂnr7§ -decar bonyl ati on, in which

the starting conpound of th os Been R&REdOSUre 1. 11. To letter dated 21
May 1997 concerni ng | nt ef ation No. PCT/NL96/00260; DSM N. V. ;
our ref: 8228WD mﬂ“ AVENDED PAGE 12

hydr of or ny| atI% @ enoi ai ned. The unconvertwmc
acid can adva y be used as starting conpound (17) in
hydr of or myl ati on (ﬁo to prepare 5-fornylvaleréc-aci d. The agueous phase

(13), rich in 5-formylvaleric acid | eaving the enrichnent section (D) can
be further processed, so that ntla I fornylvalerlc acid is
obt ai ned. For exanple, 5- fg$ alerfb aé %322% % separated fromthe

m xture by crystallization Q)-r15ﬁ9ré’ dEetsy abl 41 Ly )i7sBLl | ation or extraction
wi th an organic solvent. This organic solvent can for exanple be the

organi ¢ sol vent uged hn é en£ extraction,, gut al so otyer organic

solvents may be u$Bd¥“ER %é?p&esSPﬁﬁr bgi ponfat 3’&1\} REsPRLBE betlne

tol uene or xyl%®nethe density measured at 20°C (kg/m®), n, the refractive
index (-), e, the dielectric constant measured at 20°C
(-). 84 the Hansen solubility parameter of dispersion
(MPa¥), §, the Hansen solubility parameter of polarity
(MPa¥), §, the Hansen solubility parameter of hydrogen

10 bonding (MPax), 8 the Scatchard-Hildebrand solubility

parameter (MPax) p the dipole moment (Debey) and Epc30) the
Lewis donor/acceptor property (kcal/mol) (all properties
of the organic solvent). '

The values for the above described properties

15 for most of the generally applied solvents can be found in
the following references: Properties of liquids and gases,
fourth edition, Reid, Prausknitz & Poling, Mc-Graw Hill,
1987; Properties of polymers (Their correlation with
chemical structure), D.W. van Krevelen, Elsevier

20 Scientific Publishing Company, Amsterdam 1990; Solvents
and Solvent Effects in Organic Chemistry, Ch. Reichardt,
VCH Verlagsgesellschaft mbH, Weinheim (Germany, FRG, 1990)
and DIPPR — Tables, Physical and thermodynamic properties
of pure components, Daubert & Danner, Taylor & Francis,

25 1994,

Examples of organic solvents which are within
the A-B space as described by the formula'’s above are
(solvent (A,B)), methyl tert-butylether (-2.2, 1.7),
butylacetate (-1.09, 0.62), nitrobenzene (2.09,-2.08), di-

30 ethylether (-2.42, 2.01), ethyl tert-butylether (-2.13,
1.51), methyl acetate (-0.82, 1.38), ethyl acetate (-1.01,
1.06), di-ethylketone (-0.39, 1.01) or di-isopropylketone
(-0.97, 0.72).

Typical examples of less suitable solvents are

35 benzylalcohol (1.53, -1.65), dodecanol (0.11, -0.44),
benzene (-2.17, -1.36), toluene (-1.95, -1.29), n-heptane
{(-3.2, 0.83). The A and B values of these less suitable

| THIS SHEET HAS BEEN
REPLACED




The: | i near 5-fornylvaleric acid can-be-—advantageously used as starting:
conpound for the preparation of adipic acid by (quantitative) oxidation.

Adipic acid is an Nyl onThSS@?eTm ged Anot her exanple of a

very |nterest|ng use is m nation of the 5-fornylvaleric acid
to 6- am noca 0|c aci d

ent cyclization to [
caprol act am 2%yl val eric acid i s preferably obtai neﬁ{m'%m”o

hydrofornylation of pentenoic acid to a m-=xture of 3-and/or 4- and
S-fornylvaleric acid and subsequently separating 5- fornylvaleric acid from
3- and/or 4- forrryl valeric acid.-with the process according to_the jinvention.
E- capr ol act am i s YRR il ratsidrokbe ramges &fydihey abanenbeImRL s 5-
fornylvaleric acid and t hasyrintianednbéfof @rafjotm gratbabti suftdbBxanpl e

described in the, & fe ”%&Hélﬁg‘sd a’e’ &8&3&4&@’%%§$W1ﬁ390€9 1d h@a%b%

reductive amnatlo rmed I n an ["vent T n wh
5-fornyl val eri c ﬁ%‘l"ﬂst ST%’O? lH:H%‘P of etherErﬂ:‘F‘@)ﬁﬁf@rf is notTpecessarilght ed

21 May 1997 ®nceestinicted et alieconzB 8ppté Cad | dasdidbeACabdi-86/ PR 68k hd2EM

N, V ;rour ref: 8gggvgsters can be represented by @@%Ql%@%glgé‘rmula

R!-0-R? (7)
10 R’-o~l<|:—a‘ (8)
o

in which R, R?, R® and R* - independently - can be an

15 alkyl, aryl group with 1 to 7 carbon atoms and in which R?
and R® can be one divalent group. Preferably at least R! in
the ether compound is an alkyl group. Preferably at least
R? or R* is an alkyl group in the ester compound. Examples
of ethers are methyl tert-butyl ether, ethyl tert-

20 butylether, diethylether, diisopropylether, dibutylether,
dipropylether, anisol or tetrahydrofurane. Examples of
possible esters are butyl acetate, propylacetate,
ethylacetate, methylacetate, ethylbutyrate,
methylbutyrate, methylpropionate, ethylpropionate or

25 propylpropionate.

Ethers are prefered over esters because esters
can transesterify with the formylvaleric acid in which
mixed esters are formed which is disadvantageous.

Figure 1 is a schematic representation of a

30 fractional extraction performed in a gravity separated
extractor as will be further described below.

Figure 2 is a schematic representation of a

. process in which pentenocic acid is converted in several

' steps to t—-caprolactam comprising a hyd}oformylation

. 35 section (A+H) an extraction process according to the
.invention (C + D + optionally B) combined with an
upgrading section {G+E) and a caprolactam—end section (F).
The combination of these sections in this figure is not

| THIS SHEET HAS BEEN
REPLACED




Exanpl es of these solvents are water, ammonia, Cl-C6 al kanols, for exanple
met hanol , et hanol, propanol or butanol, ethers, for exanple diethyl ether,
met hyl tert-butyl ether, dipropylether or diisopropylether. Ethers are

sol vents because 5-fornylvaleric acid can be easily extracted fromthe
aqueous phase with an ether. Mre, prefered water is used agwhﬂﬁagﬁh&?nt
because the 5“¥HVW$V§aIeric acid is obtained dissolved in te er the
fractional extractional. Optionally part of 8h+s water (18) is separated

fromthe aqueous m xture before the WO 97/ 02228
PCT/ NL96/ 00260 t
amination. PrefeP8BPY Fﬂ|§1§b5a5%ﬁ|(ﬁ?%ﬁptwéPg?ntl°n|E?rﬁﬂﬁﬁa?ﬁ&uc Y ©

distillation, angrpoeespfefctl@|prenaratiopf pEce~capprantam. In an ef fect

evaporation water is Seper absuk alﬂlotnwa.fos fsfﬁymltéua a\M&uCBrSﬁC@h&mt
Is 5 operated at a_l ower res éﬁ rior.unjt and whi ch t he

evapor at ed wat er CFUFBFR} X BRI V? F§i acb@%dﬁhé@ﬁﬁq¥m§deYtﬂer
unit, therebyssufiphygtbgnabeekermdction according to the invention. In

general, this fractional extraction merely involves the
intimate contact of an impure material with both phases of
the fractional extraction, which phases are substantially
immiscible, such that the impurities are preferentially

10 dissolved in one of the phases and the material being
purified (SFVA) is dissolved in the other phase.
Preferably the initial agueous and organic solvent are
used in a substantially pure form. With pure form is meant
that no or almost no formylvaleric acids are present. The

15 material being purified is then recovered from solution in
its particular phase. The recovered 5FVA product will
contain less 3FVA and 4FVA impurities than the crude
mixture. The process can be performed discontinuously but
is preferably performed continuously.

20 The extraction performance can be further
improved by using an extraction enhancing agent. Examples
of these agents are bases or complexing agents. In the
process of the present invention the separation can
however be performed without using these agents. By

25 1leaving out these enhancing agents a more simple process
is obtained.

The temperature and pressure at which the
fractional extraction is performed is not critical. In
general the next'ranges are suitable. The pressure of the

30 extraction is preferably between (¢.1 and 0.5 MPa. The
temperature of the extraction is preferably between 20°
and 100°C. Generally the temperature is lower than the
boiling point of the organic solvent at the used pressure.

Any of the known methods for accomplishing a

35 fractional extraction with two solvents may be utilized to
carry out the present invention. For example, mixer-
settlers may be used where crude formylvaleric acia



necessary to evaporate water in the further unit. Wth
reductive amnation is neant the reaction 10 of the 5-fornylvaleric acid
with a nolar excess of anmonia and hydrogen. The reductive amnation is
general ly performed in the presence of a group 8-10 netal containing

(hydrogenati o Ahyst, for exanple Ni, Co, Ru, Pt or mﬁmes of
specific hydrgggggﬁlon catal ysts are Raney 15 nickel, Raney Egga t ang

- supported Ru catal ysts for exanpl e Ru on%arbon or Ru on al um na.
~ Anmoni a i s present ina 2 to 50 fold nolar excess. The pressure is

: t | ef 0.5 d .30 h
enperature i gdbGmd 8. HegaY S843E o 5 JHHer SRRERInLES BoKh 1y o
exanpl e be preserfokient ghaseg of theecfiractionaly exackotiiondsyStem ragdlict i ve

ani nati on Imay f ortieeeRrges mixtube PSrAQit®eed Wi%dﬂ&%l&_erﬁﬁtﬂéc&ﬁpﬁis_h _
conti nuously stiryed t reacto e cyclLzatiqn is
preferably perfor#éé?ﬁ%?%Ié?gggcgaﬁé aﬁe%ﬁ%??ﬁ%&ﬁﬂxévﬁéeﬁéﬁdg?*#ﬁtﬂ?t
reductive ani Rati@arh of thenhéwopgeivent phasemt: Orar ofCtheGsal kentd sanThe
cyclization | Gotl 11 @theOruldd BoPRPBvalér il AR idklehrtbe Seelidiomf

oresent during ¢ MEUEARg | F3E Sheb¥h.Ehe' $E1nid dartTa ot oPhORen HRaH i op
is general |y betvRerEhrough ¥hegnge39p| &reemd eifrgs.ef er abl y above 260C. The
LRy | et it RSO CHUETLY B WA grosacie - |1 2
i nocapr of o 1061 ¢ am AR EaThEie {5 Fiaitied 3e Brerans saorting el or
(20) can be separthednyentgoneisnpreferably rpanfarimesiatoohinuowsXyf cmbl y
distillation or eyhi@CtiH mixture of formylvalerd/UEe ilbXi s Sor b Wi%n
linear and branchgﬁg two extraction solvents in a plurality of contacting
stages.

15 : Such a continuous process is characterized in
that continuously the initially aqueous solvent and
initially pure organic solvent are contacted counter
currently in various contacting stages in which the crude
mixture of formalvaleric acids is continuously fed at an

20 intermediate stage.

An example of a preferred continuocus fractional
extraction is accomplished in a gravity separated
extractor comprising some sort of vertical column (see
also Figure 1) which generally contains packing, baffles

25 or trays in order to increase the efficiency of the
extraction. In using such columns the crude formylvaleric
acids will preferably be fed to the column at a midpoint
thereof (5’) while the pure (heavy) aqueous phase will be
fed to an upper point in the column (10) and above the

30 feed point of the crude formylvaleric acids. The pure
(lighter) organic solvent phase will be fed to a lower
point in the column (12) and below the feed point of the
crude formylvaleric acids. By force of gravity the lighter
phase will migrate countercurrently upwardly dissolving

35 the branched formylvaleric acids (in case the X of 5FVA is
smaller than the K of 3FVA and 4FVA. This situation shall
also be discussed below) and will be removed overhead
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- 14 - fornylval eric acids can be, for exanple, obtained by

hydr of ormyl ati on of a pentenoic acid. The hydrofornylation reaction, in
whi ch the pentenoic acid reacts with carbon nonoxi de and hydrogen, w ||
I n general/prg{’g{w be 5 perforned in the presence of a hosEgRRVED

cat al yst However het er ogeneous eﬁgrofornylatlon catal yst
systens may al so be used. The catal yst sysT Wi || conprise a Group
VI1I nmetal of the Periodic Table of El ement s. Preferred netal s are Co,
B Pdodr andail ohd hRabRef  gRAS0A A Highh &Bh iz ifrdl ySt
systenrls descrlbe 0

r the aration oxyli c acids by
hydr of or nyl at i on.theCaligns FeEsp 'ﬁ”g?e%?ﬁ “'é'fl" g%r?ﬁlh:zﬁ%m Slcbe
aci ds and especi aldmoved rarsrrplo\tabnmtrmlthe colln;nnhxniawf ornyl ati on not nmany

catal yst systems are 15 degqldl ﬁ?gving +é§%ﬂégfex@g\é@¥g£ i@%mgﬁ C%t al yst

systens for hydrofornylation i above ri bed
metals are .nsmga%%ﬁaaperwmm‘sb) The-fepfopoint of the crude

Pr e; er eddhydr of orfanBilvell eR1i@Cag$aSd i vidde pitice o%@csdéomyéﬁaézﬁriauafd d gr e
performed in an aqueols reac Py Qi aci
di ssol ves wel | ‘ie}: Po &ﬁ ﬁngqﬂeous m%#%ﬁieg %glrj:'zgewg ﬁ* errésact I on

in an aqueou§n€bm9mr>¢ﬁslf ete PRrazAtYS @RS AB58AES e QREER:I Jtlted in
Figure 1 and 2). -
10 The enriching =section (D) is generally a

vertically placed extraction column with between 5 and 100
and preferably between 10 and 40 theoretical separation
stages. The stripping section (C) is also generally a '
vertically placed extraction column with between 5 and 100

15 and preferably between 10 and 40 theoretical separation
stages. The two sections may form one column or may be
split in two (or more) columns.

The crude mixture formylvaleric acid can be in a

liquid form as such or dissolved in a solvent. Normally

20 this solvent is water or the organic solvent which is used
in the fractional extraction. In a continuous process
using a gravity separator the concentration of the crude
formylvaleric acids in the feed is preferably between 20
and 100 weight percentage. A lower concentration will

25 generally result in economically unattractive dimensions
of the stripping (C) and enriching (D) sections.

Preferably the concentration of formylvaleric

acids is as high as possible (provided phase separation at
the feed point still occurs) at the feed point (plate) in

30 the gravity separated extraction column. To accomplish
this optimal formylvaleric acid concentration, which is
for example around 50-60 weight% when MTBE is used as
organic solvent, it can be usefull to separate some of the
solvent present in the feed or solvent leaving the

35 enrichment section and before entering the stripping
section. The concentration of formylvaleric acids at the
feed point (plate) is the average concentration of streams



a pentenoate ester. The ester group will - during the 25 hydroformnylation

r-eacti on - undergo hydrolysis to the acid group by which the
formylvaleric acid will be forned. Preferably the catal yst systens of
t hese processes have a greater solubility-in water than the branched

and | i near val eric acids when extracted with a su

sol vent. Thi SW‘ES)%M ageous because the catal yst system Wﬁgn be
easily separated fromthe crude fornylval eritl - acids by extraction (H).
Preferably the extraction is performed with the same organic sol vent

as used in the fractiqnal extraction_ in the process according to the
35 invention. Thel?% ht?e‘la)qis(grﬁ x4y 8X8PP1e oL fufth iS4 VERE separation vid system
(3) al so obt ai nedgiverslioh Fig.c2tr Znt separator (Borganibesolivemt g @tdaam

recycled to the h f n ARV
PCTyNL96/00260 V8l of v BHlAlene enrlchmentvxaéifqg 248 orga?ﬁg solvent of

An ‘exanpl e of sucH® &88%I (Pt 18y 8PRATALSY (6) ang,shanreneentraked wixtaret em
conmbi ned wi t hSwat €7) sid fiEde to thbi senippEnghemyiione (C) gands. Such a

catal yst systemis for 5 eRMbevd §C§é ﬂﬂm“@n 18928088 or example be
Preferably a cat aI ll}/stem IS use
d in one flash o imple distillation step at a

pressure of between 0.1 and 0.5 MPa,
' The agueous and organic solvent volume flow
10 rates defined by the following formula‘’s

1/Kgpya * [101/[7] (9)

and

Kagva * [12]/19] (10)
15 and

Kegwa * [12]/([9] : (11)

are preferably larger than 1 and more preferably between
1.1 and 2, in which [10}, [7], [12] and [9] are the
20 respective volumetric flow rates of the water and organic
solvent phases entering the stripping and enrichment
sections corresponding with flows (10), (7), (12) and (9)
(as shown in Fig. 2).
The lighter organic phase obtained overhead (il)
25 can be further processed in order to obtain substantially
purified organic solvent (14) and branched formylvaleric
acid (15). When the crude mixture is obtained in a
hydroformylation of pentenoic acid, valeric acid and/or
pentenoic acid are also obtained overhead. The purified
30 organic solvent (14) can be recycled to the fractionmal
extraction column (10). The organic solvent (14), the
branched formylvaleric acid (15), unconverted pentenoic
acid (17) and valeric acid and other byproducts (16) of
the hydroformylation can be obtained in separate flows by
35 for example distillation. The branched formylvaleric acids
may be further processed, for example by a
decarbonylation, in which the starting compound of the



platlnuntor a platinum conpound and-a-water sol uble organi c bidentate
.ligand. It has been found that, apart fromthe above nentioned

advant ages, a hydroforﬂmd$mﬂ¢hﬁ dess usi ng such a catal yst system
will result |n a high. “ to the linear 5-fornylvaleric acid.
Preferably, mater- used as bldentat y be
r epr esent ed HV omﬁng - general formula ﬁc%hﬁﬂﬁﬁmﬁa
R5R6- ML- R- M2- R7R (12) - 12 where ML and M2 represent a
phosphorus (P) atom an ' antlnnny atomor an arsenic atom R represents
a divalent 20 organic bridgin havln at | east three at ms and
where R5, R6, R7REAZCRRr %ﬁg °§8ﬁ€ g?‘ { 1¥20Rained. .o IRe; ¢ groups

and where R5, R6nnEEnvéEkeduﬁentéiaxmnanﬁdecan adwantesgaounly hpduepﬂia$c

group. It | s Prebehtetnd dbodfloditl (17) YR BOnpar SEGRIOILILA Th)2kEITS. 25

The hydrophilic group rou | Nncr eases the SO|UbI|Ity
of - the organi c bPYERBEESTF va erﬁcnaﬁaperThQTﬂip?ﬂﬂﬁ(Rﬂ%ﬂq 130 oubiGRy

be a stronglyspohars—formfuihmhridﬂadidaﬁnbavaﬁgnEhékﬁnﬁ&ﬁhméﬂt seetiexanpl e
di al kyl am ne groéﬁgugénng H ﬁ?fﬁé? Séeisegn'gog@ﬁ%%)sﬁ%§%é§%1333§'£#ﬁ9 of

t hé hydrophilic I'n critica
hydr ophi | i ¢ gr oup-feymptvalexiel QQid is OPﬁélgﬁéuﬁEOFEﬁﬁﬁwR%evté‘the bri dgi ng

group R formylvabEai®| £6i Dicatliibeaepai @béd fehi Gy hiiktareuUpy
are a sul phonat e g&%&n?g@ on P'Hbstl%h%'}%%%r%ﬂ?pbo;f Pﬁ%lﬁaﬁo %Eboxy' ate

group, -COQZ, or nova i oni c
“N(R9) 3X, whdPe Exﬁéppéeem!lah an om@apeﬂuve&ht N‘éhﬁs: @frcamc Relaﬁnt
al i phatic or arogah €or example be the organic solvent used in the dual

solvent extraction, but also other organic solvents may be
used. Examples of other suitable solvents are benzene,
toluene or xylene.

15 The linear 5-formylvaleric acid can be
advantageously used as starting compound for the
preparation of adipic acid by (quantitative) oxidation.
Adipic acid is an Nylon-6.6 intermediate.

Another example of a very interesting use is the

20 reductive amination of the 5-formylvaleric acid to 6-
aminocaproic acid and the subsequent cyclization to &-
caprolactam. g—~caprolactam is a precursor for mylon-6. The
reductive aminatién of S5-formylvaleric acid and the
cyclization to g—caprolactam is for example described in

25 the above mentioned DE-C-952442 and US-A-4730040. The
reductive amination may be performed in any suitable
solvent in which the 5-formylvaleric acid is soluble.
Examples of these solvents are water, ammonia, C,-Cg
alkanols, for example methanol, ethanol, propanol or

30 butanol, ethers, for example diethyl ether, methyl tert-
butyl ether, dipropylether or diisopropylether. Ethers are
solvents because 5-formylvaleric acid can be easily
extracted from the aqueous phase with an ether. More,
prefered water 1ls used as the solvent because the 5-

35 formylvaleric acid is obtained dissolved in water after
the fractional extractional. Optionally part of this water
(18) is separated from the agueous mixture before the

| THIS SHEET HAS BEEN
REPLACED
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- 16 - hydr ocar bon group having from1l to 18 carbon atons or
hydrogen and X represents an anionic group. If the bidentate | i gand
contains aryl groups for exanple for R5, R6, R7 and/or R8, the

cationic grouy n.amoniumsalt 5 preferably is bonded t mﬂﬂﬁmﬁﬁy

group in the %@ﬁgﬁf | i gand. These non-aryl groups cagcﬁe the

bridging group (R) or the non-aryl greup® for R5-R38. Another exanpl e of
hydrophilic group is a phenolate group Ar-QZ, present in the

[ gana.” e A “efnbive TRk Bekerofie thinsebpsptipn ohorarer

| norganl c cati onssopemmed by gistdllatdénal &ad imoned prefeeablih by kal i
metals, for exa@feeée%w@lomwl ) an effawé«mpm%tﬁeh' yles yell as

quat er nary ammoni um i ons. for exarrETTB tetrf anmoni um
tetrapropyl amonP8R2Eate iIP U Tt PeIRBRER 10 wh1ch each ungk 418 o5 of
sui t abl e ani @i cogepaped (a9 ariower prabsdee, than pilet @rdnd phospand eimr oups

d R10-SC3-, R t
G C12 ol kyl 20 3oyt v AEEE UORGET thebiRy e o BEAB:HIETRDSPNLD @

hydr ophi | i ¢ grouﬁgnpgnsed in further unit, thereby supplyzng the heat
necessary to evaporate water in the further unit.

With reductive amination is meant the reaction
10 of the 5-formylvaleric acid with a molar excess of ammonia
and hydrogen. The reductive amination is generally
performed in the presence of a group 8-10 metal containing
(hydrogenation) catalyst, for example Ni, Co, Ru, Pt or
Pd. Examples of specific hydrogenation catalysts are Raney
15 nickel, Raney ccbalt and supported Ru catalysts for
example Ru on carbon or Ru on alumina. Ammonia is present
in a 2 to 50 fold molar excess. The pressure is super
atmospheric, preferably between 0.5 and 30 MPa. The
temperature is generally between 40 and 150°C. The
20 catalyst may for example be present as a slurry or fixed
in a packed bed. The reductive amination may for example
be performed in a tube reactor or a continuously stirred
tank reactor.
The cyclization is preferably performed in the
25 same aqueous nmixture as used in the reductive amination.
Other possible solvents are C,~C; alkanols. The cyclization
is carried out in a separate step after the reductive
amination. Preferably the catalyst of the reductive
amination is not present during the cyclization. The
30 temperature of the cyclization step is generally between
150 and 370°C and preferably above 260°C. The cyclization
may for example be performed in a tube reactor or im a
continuously stirred tank reactor. After cyclization of 6-
aminocaproic acid to e—caprolactam the g—caprolactam (21)
35 and water (20) can be separated by for example
crystallization or preferably distillation or extraction.
The crude mixture containing linear and branched



between 1 and 6. It is preferred for the nunber of groups to be between

1 and 4 per nolecule of bidentate |igand. R5, R6, R7 and R
may be Cl-Cl5 (cyclo)al kyl 25 groups or C5 - C20 aryl groups. These groups
preferably are aryl groups such as naphthyl, phenyl or a heterocyclic

aryl group s ridyl. Exanples of possible substi tﬂﬁﬁ@,%mﬁ, al kyl
groups, for ﬁﬂiﬁﬁ%ﬁxa nmet hyl , et hyl or isobutyl group, alkoxy groups
for instance 30 nethoxy, ethoxy, isopropoxyléand hali des.

Bridging group R may be an organic group with 3- 30 carbon atons. R may

be a divalent C9-Cl12 al kyl grou faqr e le_trimethyl ene
t et r anet hyl ene, Mﬁ'gfﬁ?frgﬁeagms o‘falﬁcei?(ea'nﬁqgfé‘ﬁg@i?ﬁ dbt e BY Exanpl es
of bi dent ate phodyine£cdrmydaliionnpbumdeentenaiccecddngThe hydrmficrmydption

wi t hout the hydr gRfidtiend QuPwAiEeh the lpenttirbicdaRRanybaWSPIiH @hbepane,
1, 4- bi s(di phenyl - 2

: 97/ 02228 .
PCT/ NL96/ 00260 mMmonoxide angohy rogen, will in Qf?egal/prefﬁﬁﬂkﬁﬂﬂqﬁb)butane,
i, :Z gl m(eél_hyl ? ﬁﬁni&m&%@ﬂ pgesphésm).e}eof_ d()lltomog eneous catalyst
, 4-bi s(dicyclo S u s
p-folyl-phosphin§§%ropéne,b%?£-b§s Ig&gné?ﬁ%§§%ﬁgﬁgf@ylation ?ataIYSt
phosphi no) but ane,SYSt#m feg; pherypP h%g‘l\‘r e LafglyRE system will

comprise a Group VIII metal of the Periodic Table of
Elements. Preferred metals are Co, Ru, Rh, Pd, Ir and Pt.

10 In DE-A-3628664 a Rh—-triphenylphosphine catalyst system is
described for the preparation of formylcarboxylic acids by
hydroformylation. For the specific preparation of
formylcarboxylic acids and especially 5-formylvaleric acid
by hydroformylation not many catalyst systems are

15 described in literature. However the known catalyst
systems for hydroformylation in general, based on the
above described metals are in most cases suitable for this
reaction.

Prefered hydroformylation processes to prepare

20 5-formylvaleric acid are performed in an agueous reaction
mixture, because the pentenocic acid dissolves well in such
an aqueous mixture. When performing the reaction in an
aqﬁeous reaction mixture the starting compound may also be
a pentencate ester. The ester group will - during the

25  hydroformylation reaction - undergo hydrolysis to the acid
group by which the formylvaleric acid will be formed.
Preferably the catalyst systems of these processes have a
greater solubility in water than the branched and linear
formylvaleric acids when extracted with a suitable

30 solvent. This is advantageous because the catalyst system
can then be easily separated from the crude formylvaleric
acids by extraction (H). Preferably the extraction is
performed with the same organic solvent as used in the
fractional extraction in the process according to the

35 invention. The aqueous mixture still containing the
catalyst system (3) also obtained in such an extraction
(H) can be advantageously recycled to the hydroformylation



5 1, 3-bi s(di phenyl phosphi no) - 2- oxopr opane and 2- net hyl -

(et hyl di phenyl phosphi no) - 1, 3-di (di phenyl phosphi no) - propane. The above
| i gands, when substituted with one or nore hydrophilic group, are
exanpl es of possible water- sol ubl e bidentate |igand conpounds used in

t he process ding to the invention. Proiriidbbosed Ne
bridgi ng grcjﬁh%gwgéém a "rigid" link between ML and M2. By a "rigid"

link is meant a link that allows ML amd1®R-little or no confornational
freedom relative to one another (conparable to a double bond, 15 which
also allows little conformational freedom i rrispective of which groups
R5-R8 are presenﬂP)rt has been found that bidentate phosphine |Iigand
conpounds having a br i kryi expmpleu Lt Buchad | cakauste aysteor dat aonal

freedom | viel dnbasin!Bysud AR 11t byBeoft SORSANY With Vateroablghle

di st ance bet ween

hese at
may represent, bBéFEEEaE%rWPIR%Sé%&gﬁm Su hs%&?*g'yﬁjfe sﬁ?ltﬁﬁ‘géﬁ for
oxygen, sul preir amdmphes@éscr iteshsin WO-A-9426688. Exanple of suitable

"rigidd” bridging groups arge ezéﬂlbeae'&*atﬂi ag! %é?&‘\%n Q%étdalcghgglgin%eaSt

one cyclic 25 grog I h the chalin t ween grou

may be aromati c. P*Prgénlé?c?ﬁ’cag?]cﬁfdr’f%&ﬂn?°?ﬁ g and § gater sﬁﬁb‘ﬁ éfties to
t he bridgi ng groopgandcnajdemsstidllidand. It| hakecbedro fdurahd/hat ,Mdpact an

al kyl group havi eqoinr femelawve me&ﬁafehoad%agﬁgeén ;w@&&iﬁﬁgmh' e
bri dgi ng gro¥§s be, represent ed X the ener.a ornuLa

- R11 - process using suc a(fg)a Smfé?!g r!lrgle & dnja high
hydr ocar bon groupelskitdigy otp 3t doweai Asfarmybeatemite apid.i c structure

(which cyclic Preferably, the water-soluble compound used as
bidentate ligand may be represented b§ the following
general formula:

15
RSRS-M'-R-M2-R7R® - {12)

where M* and M? represent a phosphorus (P) atom, an
antimony atom or an arsenic atom, R represents a divalent

20 organic bridging group having at least three atoms and
where R®, R®, R’ and R® represent the same or different
organic groups and where R%, R, R?, R® and/or R comprise
at least one hydrophilic group. It is preferred for M' and
M? to be phosphorus (P) atoms.

25 The hydrophilic group may be any group which
increases the solubility of the organic bidentate ligand
in water. This hydrophilic group may be a strongly polar
group, for example amine derivatives, for example
dialkylamine groups or more preferably a ionic group. The

30 position of the hydrophilic group in the ligand compound
is not critical. The hydrophilic group may be linked to
the groups R*-R® or to the bridging group R.

Examples of suitable ionic hydrophilic groups
are a sulphonate group, —S0,2, a phosphonate group -PO,%, a

35 carboxylate group, —C00Z2, or a monovalent cationic group
of an ammonium salt -N(R®),X, where Z represents a
monovalent cationic group, RS an aliphatic or aromatic



structure inmparts rigidity to the bridge group), the cyclic structure

optionally being substituted and which WD 97/ 02228

PCT/ NL96/ 00260 - 18 - hydr ocar bon
conpound may contai n heteroatons such as oxygen, nitrogen, phosphorus
and sul phur aggopiese R11 and R12 may i ndependently of ooemnNss#izer be
omtted or may I ndependently of one another represent a Cl-C3 al kyl ene
5 group. Preferably, the cyclic structuré WPIT contain from 3 to 20
atons. ML and M2 may be cis or trans to the rigid ring Y. If a group

R11 and/or R12 'ﬁéé«f&mﬁﬁer&mﬂpt hakex f:omtp%wcaebehsaeams r&ns to the
rigid bridge Y. ; a bidentate phggppﬁne havi ng a

10 cyclic strudiYREPIen \’%lxcﬁeé’(fﬁtsgg 3’1 HREYS G
0-i sopropyl i deneb Xienthtrey drigandl consad pdi prehydmoupsphifior) examplé)uﬁrmais
(DI OP), which i SacOfﬁmaﬁa?bkynavaeﬂea@a%ao@wem of afl@ 'ir#n‘éﬁ‘imfnrQQ}PI oP

are al so suitable. Anot roup of structures ornmul a

(13) are cycld c BFIREARADYY %Mdééi EQCROBPRTATEL TPuPo i She, bidRM A St ane
and cycl ohexrigandr i Thgak mon-aalykagesups ozgn dree thiegbiridging sy dwibl e t o
be” used as cycli gp ruRNe Inbd-Wr! Jrbddl- for RERATPASSERL: ViGhoRE deed

cycl oal kanes are
hydrophilic group is a phenolate group Ar-0Z, present in

the ligand. The Ar group may be any (aromatic) group R®,
10 R®, R7, R® and/or R.

Examples of suitable cationic groups (Z) are the
inorganic cations of metals, especially of alkali and.
earth alkali metals, for example sodium, potassium,
calcium and barium as well as quaternary ammonium ions,

15 for example tetramethylammonium, tetrapropylammonium or
tetrabutylammonium. |

Examples of suitable anionic groups (X) are
halides, sulphate and phosphate groups and R!'°-S0,", R%-
CO,” and R!'°-P0O,” groups, where R'® represents a C,-C,, alkyl

20 or C,-C,;, aryl.

In general, the number of hydrophilic groups is
between 1 and 6. It is preferred for the number of groups
to be between 1 and 4 per molecule of bidentate ligand.

R%, R®, R? and R? may be C,-C,; (cyclo)alkyl

25 groups or Cg -C,, aryl groups. These groups preferably are
aryl groups such as naphthyl, phenyl or a heterocyclic
aryl group such as pyridyl. Examples of possible
substituents are alkyl groups, for instance a methyl,
ethyl or isobutyl group, alkoxy groups, for instance

30 methoxy, ethoxy, isopropoxy and halides.

Bridging group R may be an organic group with 3-
30 carbon atoms. R may be a divalent Cy—-C,, alkyl group,
for example trimethylene, tetramethylene, pentamethylene
or hexamethylene.

35 Examples of bidentate phosphine ligand compounds
according to formula (9) without the hydrophilic group are
1,3-bis(diphenyl-phosphino)propane, 1,4-bis(diphenyl-



bicyclo[l,l,Z]hexane, bi cycl o[ 2, 2, 1] hept ane and 20 bicycl o[ 2, 2, 2] oct ane.

The cyclic structure of Y nay optionally be substituted with one or
nore aryl or al kyl groups and/or wi th other functional groups. The
functional groups: substituted on Y may al so be hydrophilic groups which
25 increasesgknﬁ uMIity of the organic bidentate |igantepmnrokodss | N
the process a corglng to the invention. The functional groups may
optionally be used for imobilizing t kelBi dent at e phosphine on a
carrier. Exanples of these functional groups are, for instance,

car bonyl, hydrox an1ne and thlde

suitable "rigid" zéﬁ? dlmeg?$%ﬂ*ﬂﬁTQ&FégﬁPEEQYBBB%sERﬁHQ% i ng
(at least) 2 couphEEhe. 1, qﬁhﬂsaﬁabwylahenmlphpsphuqy)bu&haes 178ebia@di+ ng

syst ens havep 2, bl Pt i) beepsﬁleativs-ﬁi%mepaﬂ%E98&ggﬁ§nﬁ35

result of which 0SSESS conpounds

| r oper
are descri bed i nPRESBRIRG)D '|ﬁs?aﬁég ip eniinha%a&&neﬁganbe tePdmistry,

React i ons, NErhaniBﬂbigwﬂiphenylphosbﬁhﬁabQZQ&ibpropane and z—methyl—z—
PCT/ NL96/ 00260

Jerty Narch, 4n(BECPELUPRORIINRARRIng) L3 ai (GtptnyLphoaBhis) ! ¢

propane. The above llgands, when substituted with one or
more hydrophilic group, are examples of possible water-
soluble bidentate ligand compounds used in the process

10 according to the invention. _

Preferably the bridging group R forms a "rigid"
link between M* and M2. By a "rigid” link is meant a link
that allows M! and M? little or no conformational freedom
relative to one another (comparable to a double bond,

15 which also allows little conformational freedom)
irrispective of which groups R°-R® are present. It has been
found that bidentate phosphine ligand compounds having a
bridging group that aliows more conformational freedom
vield less favourable results. Preferably the shortest

20 distance between M! and M? is formed by 3, 4 or 5 atoms.
These atoms may represent, besides carbon, a heteroatom
such as the nitrogen, oxygen, sulphur and phosphor atoms.

Example of suitable "rigid" bridging groups are
divalent organic groups containing at least one cyclic

25 group in the chain between M! and M?, which cyclic group
may be aromatic. This cyclic group imparts the "rigia®
properties to the bridging group and may possibly be
linked to M' and/or M? via an alkyl group having from 1 to
3 carbon atoms. An example of suitable bridging groups may

30 be represented by the following general formula:

-~ R - ¥ - RY2- (13)

where ¥ represents a hydrocarbon group, which group

35 contains at least one cyclic structure (which cyclic
structure imparts rigidity to the bridge group), the
cyclic structure optionally being substituted and which



page 101. Exanpl es of suitable coupled ring systens are bi phenyl ,

‘bi napht hyl and bipyridyl. An exanple of a bi dent at e phosphine with a
"rigid" bridge group with 5 coupled ring systens is 2,2

- bi s- (di phenyl phosphi no)-1, 1" - bi napht hyl (BINAP), which is

comercially We. The ring systenms nmay be substltm@om sane

way as the cyclic structure Y descri bed above.

conpletely different group of suitable "rigt&8" =10 bridging groups Rwth

cyclic compounds are bis(h- cycl opent adi enyl )- coordi nati on conpounds

of netals (also e¥drgggmx?%éﬁoﬁhhoﬁﬁf?egnté}@%J%&Uaﬁﬁh | H%ﬂg%ét at e

metal | ocene is f sui t
phosphi nes wi t h @X¥9¢R g Bl {H9gRR -n§hgEBEREUS Fen‘? i RAwEc Aody WhepRi Ri'cagdoups
have not yet beer'i pag' hadepefdatEly vf emd iatbthent bonamitted BrOhay

bi s(di phenyl phosgﬂ%&ﬁ%ﬁ&%rﬁ]&ﬁfc @ %;rgagﬁog:hgaf' bi%éfgééﬁt a C,-C; alkylene

nmet hyl phenyl ) pho ane
[ (bi cycl o] 2. B 1] atpepnelLe ltﬂhgﬂll!)rb‘tgenélfﬁ%%n%ﬂuc%e will contain from

bi s[ di phenyl phosghtgelo &¢cws. M‘bhﬁﬁcﬂb[n%ﬂ bél Q‘ibaBQ Qra"ns to the rigid

di yl') bi s( et hyl epe hen el 5§ af]
bi s(di phenyl phos ﬁHi %btﬁg 30 3t aneﬂc{yaﬁvﬁB /ar’ﬁspresent, it/they,
1, 2- bi s[ di phenyl pngsmmbetm larr 458n8 o the lbigsi[%fbényllg]ecﬁl obut ane and

the earlier mentioned Bl NAgh eaémple of a hléfé@téfwlr PHIEphli feOheVPRg CAN
readily be IJ ked tg tthe above- LQ ound Sul gg nate %r ups,
for i nstithceSYEAAC bEEDEHIF t15l Fgaﬁﬁnm Sﬁ(‘j‘ﬁéf’ A h the
aid of S3 in subphaopcomlmer@a-rzbéxﬁnavdrgxnubs'l—bls(qambspmphoeplgimps

and cationic r adhﬁ%ﬁeOfD:@C'SPﬁmmc%mlgocoﬁﬁbicﬁﬁhp%dﬂqabﬂﬁr ag&flp Sehdd
synt hesi s proces es | ati nun}or t he

pl ati num conpoun éﬁegwﬁ%ﬁ%@j ard a?ﬁo sﬁbﬁ%@eﬁe&ﬁ"@f& grP

het er ogeneous, i A¥obiti stoucturesforeh iHoﬂng\mba)u@l%)yarencyalec pabltmesed.
Since platini§n guch as ecyclopropane, cyclobutane, cyclopentane and

cvyclohexane. Bridged cycloalkanes, too, are. highly
suitable to be used as cyclic group ¥ in formula (13).
Examples of such bridged cycloalkanes are
bicyclo[l,1,2)hexane, bicyclo{2,2,1)heptane and

20 bicyclo[2,2,2])octane.

The cyclic structure of Y may optionally be
substituted with one or more aryl or alkyl groups and/or
with other functional groups. The functional groups
substituted on Y may also be hydrophilic groups which

25 increases the solubility of the organic bidentate ligand
used in the process according to the invention. The
functional groups may optionally be used for immobilizing
the bidentate phosphine on a carrier. Examples of these
functional groups are, for instance, carbonyl, hydroxyl,

30 amine and halide groups.

Other suitable "rigid" bridging groups are
divalent organic groups containing (at least) 2 coupled,
preferably aromatic, ring systems. The two ring systems
have a hindered rotation relative to one another, as a

35 result of which the bridges possess ’'rigid’ properties.
Such compounds are described in detail in, for instance,
"Advanced Organic Chemistry, Reactions, Mechanisms and



35 .forns a conplex with the bidentate conmpound in situ, the choi ce of

an initial Pt conpound is not generally critical. Suitable platinum
conpounds are for exanple WO 97/ 02228

PCT/ NL96/ 00260 - 20 - salts of

pl atinum wit émnﬁgstance hydrogen hal i des, nitric agicg/NisshdewPni C
acid and carb ? aci ds having not nore than 12 carbon atons per

nol ecul e. Exanples of such salts are Pt& 27 Pt (AcAc)2 (AcAc=

acetylacetonate), 5 CODPtC 2 (COD: cyclooctadiene) Pt(CH3CN)4(BF4)2 and
CODPt ( AcAc) BF4.

n f rny ion S
I n gener al b%?%% o ahT(?rfé'OF Fp ‘feg‘grgg §°§ @kg‘#’g%
120[err]C. 10 page 10i. mwleéseﬁesustw@le cqqurpileél rind systems). aﬂ@e
between 4 and 2% {lenyl, binaphthyl ahe mi\naﬁtlanoaxauslag@ﬂ 40 carbon
nonoxd de ffefts t he

ratio of the y|e %th(ﬁ*ﬁ§ s@@?ﬁﬁxyglc aC| %d" $ﬁ§d§|e9g°ﬂ
di car boxyl i c Saci ceuplE rdingasiyebemsc iac? 62 ' dokadifi pbenylphosphingirtk.ilfy

reaction m xtur ebﬂléﬁhﬂlﬁqr q@ANARY ,"Whech is Coom¥ciR12Y 80aifapbed rd the
desi red product |s fo

ng ségéems may be substituted in the same way as the
cyclic structure Y described above.

A completely different group of suitable "rigig®

10 bridging groups R with cyclic compounds are bis{(h-
cyclopentadienyl )~ coordination compounds of metals (also
known as metallocenes). A particularly suitable
metallocene is ferrocene.

Examples of suitable bidentate phosphines with

15 1rigid bridging groups (R) into which hydrophilic groups
have not yet been incorporated are the earlier mentioned
DIOP, bis(diphenylphosphine)ferrocene, trans-1,2-bis(di(m—
methylphenyl )phosphinomethyl )cyclobutane, trans-

[ (bicyclo[2.2.1])heptane-2,3~diyl)bis(methylene) }-

20 Dbis[diphenylphosphine], trans-[(bicyclo[2.2.2}octane-2,3-
diyl)bis(methylene)]-bis[diphenylphosphine], trans-1,2-
bis(diphenylphosphinomethyl )cyclcbutane (DPMCB), trans—
1,2-bis[diphenylphosphinomethyl]trans—-3,4-
bis[phenyl]cyclobutane and the earlier mentioned BINAP.

25 The hydrophilic groups can readily be linked to
the above-mentioned compounds. Sulphonate groups, for
instance, can be bonded to the ligand via sulphonation
with the aid of SO, in sulphuric acid. Carboxylaté groups,
phosphonate groups and cationic radicals of an ammonium

30 salt can be incorporated using synthesis processes known
in the art.

Platinum or the platinum compound can be applied
in a homogeneous system or a heterogeneous, immobilized
system. Homogeneous systems are preferred. Since platinum

35 forms a complex with the bidentate compound in situ, the
choice of an initial Pt compound is not generally
critical, Suitable platinum compounds are for example



carboxylic acid, the nolar ratio of carbon nonoxide to hydrogen wi |l be.
about 1:1. If a significant anmount of 20 dicarboxylic acids is desired, the

nol ar excess of carbon nonoxi de rel ative to hydrogen is higher than 5.
The nolar ratio of unsaturated carboxylic acid to platinumas a rule is
bet ween 100: 1 0:1 but preferably between 400:1 ang~HRibvchor6d>

The nol ar rati saturated carboxylic acid and water as a rule lies
bet ween 1:20 and 1: 2. Next To?®%dter other solvents may
optionally be present. Exanples of other solvents are

di met hyl f or mam desa&ts otfeglgtﬂﬁﬁﬂf Wwiéh, dﬂf‘tgz:.%tta'imicle aﬂgdf‘{ﬁ%ﬁ’gﬁ ides

Pent enoi ¢ acid used as st i'ng_compoun ove ornylatlon
can be 4-, 3- or B¢ 8¢dc &BFBh"nlc(ﬁc‘rﬁ and é’?erxYﬁé%ea‘é
Pent enoic acid Ca‘fbt mor@d\tm&xageouatbobeawnfsoqreed nb)leealbomyiﬁpm @ff

no. oxplai ned bef Y Aa1Eh a¥e BEATE PEORAE)2°tatiLF adechlatdinate),

[ err]-caprol aét arffQRBLSHRal FOR=(oYgleegtaiiene) , o Bt ARH:BalBFy) banfeused in

the extraction (Ilépmitheac)BF,. WO 97/02228

PCT/ NL96/ 00260 The temperature of thé2¥ydroformy1ation is in
general between 50 and 200°C and preferably between 90 and
120°C.

10 The pressure is not critical and may e.g. be
between 4 and 20 MPa.

The molar ratio of hydrogen to carbon monoxide
may e.g. be between 1:10 and 10:1. This ratio affects the
ratio of the vield of formyl carboxylic acids to the yield

15 of dicarboxylic acids. The dicarboxylic acids content of
the resulting reaction mixture will increase as more
carbon monoxide is used. If the desired product is formyl
carboxylic acid, the molar ratio of carbon monoxide to
hydrogen will be about 1:1. If a significant amount of

20 dicarboxylic acids is desired, the molar excess of carbon
monoxide relative to hydrogen is higher than 5.

The molar ratio of unsaturated carboxylic acid
to platinum as a rule is between 100:1 and 1000:1 but
preferably between 400:1 and 600:1.

25 The molar ratio of unsaturated carboxylic acid
and water as a rule lies between 1:20 and 1:2.

Next to water other solvents may optionally be
present. Examples of other solvents are dimethylformamide,
tetrahydrofuran, benzonitril and acetonitril.

30 Pentenocic acid used as starting compound for the
above hydroformylation can be 4-, 3- or 2-pentenoic acid
or mixtures of these compounds. Pentenoic acid can
advantageously be prepared by carbonylation of butadiene
and water as for example described in EP-2A-405433.

35 As explained before the water obtained in the
extraction (18) and e-~caprolactam preparation (20) can be
advantageously be reused in the extraction (10) and



cyciization (22).

extraction (4) and (12).
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extraction (6) and 3(24) can be1 adyantageousj ;5 jpe reusefein]

6. @he hydrofodmPlaibn dxtralctVoal ¢4jland (12)L4.0ptionally 15.8

[er@%egpak%EEng gan ggsguggﬁfted tg 4dn addltxoﬁkl

purification.

The invention will be elucidated with the
following non-limiting examples.

Examples IA-Ib and comparative Experiment A were
performed with methyl tert-butylether, butylacetate and

toluene.

For the calculation of their A and B’s the following

solvent properties were used:

UNIT MTBE BUTYL-

ACETATE
Ty oC 56 126
p kg/m3 jq 745 876.1 867
ln,, - 1.37 1.39 1.50
'Ls, - 3.672 6.0 2.379
uad MPa* 14.5 15.8 18.0 ]'
8, MPa¥* i 2.9 3.7 1.4 n
L MPa* 5.1 6.3 2.0 ﬂ
8 MPa* 15.8 17.4 18.2
lrp Debye 1.28 1.84 0.31
“Em, kcal/mol 35.5 38.0 33.9 l
a - + -2.21 -1.09
B - 1.70 0.62

Example Ja

[err]



[erf] MPa[ err ] 15. 8 17. 4 18. 2 [err] Debye

1.28 1.84 0.31 25 FElerr](30) kcal/nol 35.5
38.0 33.9 A - 2.21 -1.09 -1.95
B - 1. 70 0. 62 -1.28 30 Exanple la

WO 97/ 02228 PCT/ NL96/ 08%0“0
- 22 - WO9702228 A njxture of 2.25 g 5-fornmylvaleric a

mml), 0.21 g 3-fornylvaleric acid (1.6 nmel32and 0.50 g
4-fornylvaleric acid (3.8 nmml), 0.86 g pentenoic acid (8.6 mmol), 0.7
g valeric acid (6.8 nmmol) and 47 g water _5 in which_ the mxture had a

total volune of 50 M, was® mixé‘&%?aﬁfe%i 23 OrErrPELYALer ¥ afiddddy|
tert-butyl ether mmol), 0.21 g 3-formylvaleric acid (1.6 mmol) and 0.50 g

4-formylvaleric acid (3.8 mmol), 0.86 g pentenoic acid
(8.6 mmol), 0.7 g valeric acid (6.8 mmol) and 47 g water
5§ in which the mixture had a total volume of 50 ml, was
contacted at 22°C with 50 ml methyl tert-butyl ether
(MTBE) for 2 minutes. The two phases were separated by
phase separation and analyzed by gas chromatography.

10 water MTBE
5-formylvaleric acid (V) 50% 50% (=100%)
3-formylvaleric acid 35 65
4-formylvaleric acid 36 64
3-pentencic acid 13 87

15 valeric acid 12 88

(1} percentage of the original amount in the respective
phases. .

20 Example Ib
Example Ia was repeated with the same weight
amount of butylacetate instead of MTBE:

Water Butylacetate
25 5-formylvaleric acid 48 52 (= 100%)
3—-formylvaleric acid 31 69
4-formylvaleric acid 31 69
3-pentenocic acid 4 96
valeric acid ] 95
30
Comparative experiment 2
Example I was repeated with toluene instead of
MTBE. The results were:
35 vater toluene

5—formylvaleric acid 87 13 (= 100%)
3~-formylvaleric acid 87 13



(NWBE) for 2 mnutes. The two phases were separated by phase separation

and anal yzed by gas chromat ogr aphy. 10

wat er MI'BE 5-fornylvaleric acid (1) 50% 50% (=100%
3-fornylvaleric acid 35 65 -+ 4-fornylvaleric acid

36 64 -pent enoi ¢ acid 13 87 v I C
aci d wogﬁozgﬁ 12 88 (1) percentage o?éﬁwﬁ@ﬁ;gi nal
anount in the respective phases. 26 2Bxanple Ib

Exanple la was repeated with the sane wei ght anount of butyl acetate

I nstead of MIBE: . . Wat er

Butyl acet ate 25 4SEPERFAYALATAS @cdd ¢ 85 43 15 52 (= 100%
3-fornylval eri ¢ &epentenocic acidl 69 16 4-foridl valeric acid

31 69 5 teppdc acid 4 96 val eric
acid - vafeffd 5 95 30 ég%parativgsexperinent A
Exanple | was repeated with tol uene instead of MIBE. The results were:

5 2as is clear from Examples Ia, Ib and comparative
experiment A, the use of toluene does not result in a
separation of the 5-formylvaleric acid from the 3- and 4-
formylvaleric acid, and that separation activity is
observed when MTIBE and butylacetate are used as organic

10 solvent. Furthermore, these experiments show that in order
to obtain subtantially pure 5-formylvaleric acid, several
extraction stages are necessary. Therefore, it appears
advantageous, to perform the invention in a continuous
multi stage extraction.

15

Example IIT .
The following were weighed into a 150-ml

Hastalloy C autoclave: 37.4 mg (0.1 mmol) of CODPtCl, (COD
= 1,5-cyclooctadiene) and 89.7 mg (0.1 mmol) of

20 tetrasulphonated trans-1,2-bis(diphenylphosphino-
methylene)cyclobutane in 45 ml of degassed water. After
half an hour of stirring, 5.3 g of freshly distilled 3-
pentenoic acid was added and the autoclave was heated to
100°C at 5.0 MPa with CO/H; = 1 (mol/mol). The final

25 pressure was adjusted to 8.0 MPa with the CO/H, gas
mixture. After 4 hours the reaction mixture was cooled.
The pressure was relieved after the reaction mixture had
cooled down. The aqueous reaction mixture was then
extracted with MTBE (3 x 50 ml) under a nitrogen

30 atmosphere. After this first cycle the ether phase was
analyzed by GC. The amounts of products and starting
materials in the ether layer are given in Table 1.
Hereafter, an amount of fresh 3-pentenoic acid was added
to the agqueous phase (Table 1, column 1), whereupon the

35 reaction was repeated in the manner described above. This
cycle was repeated five times. The etheral extract was
analyzed by GC after each cycle. After the last cycle the



35 wat er t ol uene 5-fornylvaleric

acid 87 13 (= 100% 3-fornylvaleric acid 87
13 WD 97/ 02228 PCT/ NL96/ 00260
- 23- 4 fornylvaleric acid 85 15 3-pentenoic acid
16 ric acid 15 85 E60260°
clear from EX‘X%I Iéﬂzﬁ I b and conparative experi ment A,Pcztrﬁg',use of

tol uene does not result in a separ at ion2éf-the 5-fornylvaleric acid
fromthe 3- and 4- fornylvaleric acid, and that separation activity is

observed when MI'B g)hl&%té/b?%eg#g %ﬁeeéib GQ:rganl c 10 solvent.

Furt her nore, the§% experiments S In order to obtain
subtantial |y purkalsle dr mhoys ébpcameunnts sf d~pentenoiqtacid jand dtheyes are

necessary. Therqféﬁ@ts lofARRRA Eycle. AEhEEY AL &ﬁdpeaé@rﬂnatém:wvent i on
|n.a conti nuous ataf?éélcéﬁi%%adlfgr gtééﬁgeéLwhlle reganlng its
5 activity.
The total conversion after 4 cycles was 78.8%.
he selectivity for valeric acid was 6.2%, for 5-
formylvaleric acid 62%, for total formylvaleric acids
80.3%, for dicarboxylic acids 11.4%. N/Br was 3.4.
10
Example IV
In a laboratory a glass pilor column, 0.05 m in
diameter and 4.5 m in height, was modified so as to
accomplish a fractional extraction separation of 5FVA from
15 3- and 5-formylvaleric acids:
An inlet point for the curde formylvaleric acid was placed
about 3 m £from the bottom of the glass column, an inlet
for a fresh MTBE stream provided about 0.20 m £from the
bottom of the column and an inlet for water provided about
20 0.20 m from the top of the column. The bottom of the glass
column itself was adapted for removal of the aqueous phase
and the top of the column fitted for removal of the MTBE
phase.
The column as packed with 12 mm ceramic Raschig rings. To
25 be able to controll the interfacial mass—-transfer area a
pulsator was attached to the bottom of the column to
generate an up and down movement of the total ligquid
content of the glass column. Both the amplitude and the
frequency of the pulsation could be varied as a means of
30 controlling the energy dissipation in the extraction
column.
An acid mixture as obtained in Example III, consisting of
3.25 kg/h MTBE, 1.17 kg/h 5FVA, a total of 1.40 kg/h 3-
and 4-formylvaleric acids, 0.23 kg/h pentenoic acid and
35 0.46 kg/h dicarboxylic acids, the pure MTBE and the pure
water were fed continuously to the column at the points
referred to above; the flow rate of pure water equaled



The fol | ow ng were weighed into a 150-m Hastal | oy C autoclave: 37.4 ny

(0.1 mmol) of CODPtC 2 (COD = 1,5-cycl ooctadi ene) and 89.7 ng (0.1
mol ) of 20 tetrasul phonated trans-1, 2-bi s(di phenyl phosphi no-
nmet hyl ene) cycl obutane in 45 m of degassed water. After hal f an hour of

stirring, 5. 3“@ ?9 eshly distilled 3- pent enoi ¢ acid gg?gmand
t he autocl ave s}“ﬁ{éﬁatedto 100[err]C at 5.0 MPa with CW:

(rmol /mol). The final 25 pressure was adj os28d-to 8.0 MPa with the CO H2
gas m xture. After 4 hours the reaction m xture was cool ed. The

pressure was reljgy, afrer t reacti on m xture ha cool ed down. The

aqueous reacti oni%%dmgli]ﬁé‘ﬁ %E"weﬁ?{%c‘f PUks &TWBEQW\%{%?S@'%) under

a nitrogen 30 ak®Otphere. After this first cycl e the ether phase was

anal yzed by GC. piei sy DpelraRiefuCtie afded ddals as waﬁeé#aé in the
res

ether, layer are given in Table 1. . reafter, .an upt of
3- pent enoi ¢ aci ag%fmhavcf&f mam%glflﬁg 3 uelB?}ét [}ﬁagé %%b?éei'}e%ﬁlﬁﬁ? 1),
wher eupon t hé 35streketliengbhaofr ppdsabion nwete sednter 90estrobesl péove. This

cycl @ was repeatgfindie/ ardd D1 M)erebpesaiverg ract was anal yzed by GC
after each cycl e, fﬁt r the last . c clg t he WD 97/ 02228
PCT/ NL96/ 00260 B° the organic top stream and thg, agqueous bottom stream

were analyzed for the different acids. The weight ratio of
the S5FVA -to the total amounts of acids in the aqueous

10 bottom stream (the purity of the S5FVA) was about 0.98 (the
other components were 3FVA and 4FVA) and the yield of 5FVA
(the mass-flow rate of 5FVA in the aqueous bottom stream
relative to the mass-flow rate of 5FVA in the acid feed)
was about 0.98.

15



wat er phase was al so anal yzed by GCC. Tabl e 1 shows the anounts of

3-pentenoic acid and the results of each cycle. These results indicate
that the catal yst can readily be reused while retaining its 5
activity. The total conversion after 4 cycles was 78. 8%
The sel ecti vi tyyologpaaygl eric acid was 6.2% for 5- fornyl *@Jrﬁﬁ' ¢ acid
62% for total fornylvaleric acids 80.3% for dicarboxyl 2601 4%
N Br was 3.4. 10 Exanple |V =26 - n g |aboratory a glass pilor
colum, 0.05 min Ganeter and 4.5 n _height, was nodified so as to
acconplish a fractional tipn jseparatijon @ SFVR t1pm 15 3- and
5-fornylval eric acids: An |inle Fint f he cufde gornylvaleric acid
was pl aced about 3 gm.fromft 3¢ Holdom of} t.h@ gl asp cojum, an inl et
for a fresh MIBE strearp 8 ovitgeg} &joeH rgmth@@ bottom of the
col utm and an inlet forf-wetertpepuiidad 24 0. 2D from the top of the
col'um. The bottom of thhe gl as célum | ts@lf wap adppte ufor renmovgl
of the aqueous phase ~angd t top ¢f the]l coBumS f|ttell for@remogal qof
t he MIBE phase. ' nglas|paeket Svilt b §12| @ feransc Rag:hi gg,
rings. To 25 be able tjo8co Jhglipterf acfak dape t lansfgr arga a ©
pul sator was attached t§o oot the PO #nfid ol ® QgencBate & up®and
down novenent of the tqd i qui @ content @& fhelglags cOBumm. gBot h§t he
anplitude and the il B¢ QW SPL g0 cou d bf var®ed ag a r@ans
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3.25 kg/h MIBE, 1.17 kg/h 5FVA,_a total _of 1.40 kg/h 3- and
4-fornylvaleric acids, 0.23 kg/h pentenoic acid and 35 0.46 kg/h

di carboxylic acids, theTpigphee e lackk pure wat er were fed
continuously to the colu IF S referred to above; the flow
rate of pure mg&ual 97/ 02228

PCT/N|_96/00268ﬁ‘w’r . 25 - TRETALI6260 o nd

the flow rate of pure MIBE equal ed 6.97 - 2%g+h. - During the operations
the feed streans as well as the col um were mai ntai ned at about
25[err]C. The frequency and 5 stroke |ength of pulsation were set to 90
strokes per mnute and 0.01 m resfedifdi il S Both the organic top
stream and the aqueous bottom stream were anal yzed for the different
acids. The weight ratio of the 5SFVA to the total anmpunts of acids in
the aqueous 10 bottom stream (the purity of the 5FVA) was about 0.98 (the
ot her conponent st wer FZARAE S HP Eﬂigaﬁﬁdil’cw&isélf@rw yalpric aqichfrom
mass-fl ow rate of S5F\A mixture afuSeuandol+ andiorcawbrancheédiati ve to the

mass-Tlow rate of 5Pl #9cdabe8E) cnarde:AR04! 18 2Bat Lhe
separation is performed by fractional extraction with
two immiscible solvents of which one solvent is an
aqueous solvent and the other solvent is an organic
10 solvent.

2. Process according to claim 1, characterized in that
the organic solvent has the following
characteristics:

or

20

in which; A and B are:

A= 0.23 % (T;~138.54)/62.36 +
0.24 * (p-935.64)/184.82 +

25 0.0554 * (n,~1.4370)/0.0635 +
0.3916 * (g, — 15.02)/18.66 +
0.1208 * (§; — 16.68)/1.738 +

0.4135 * (8, - 6.11)/5.16 +
0.3462 * (8, — 8.05)/6.97 +
30 0.4177 * (8 — 20.69)/5.087 +
0.3370 * (p - 1.73)/1.20 +
0.3723 * (Ep30, — 41.14)/7.61
B = -0.3009 * (Tp - 138.54)/62.36 —
35 0.3882 * (p ~ 935.64)/184.82 -

0.5914 * (ny - 1.470)/0.0635 +
0.1225 * (g, — 15.02)/18.66 —

L e



WO 97/ 02228
PCT/ NL96/ 00260

-uééu- [err] Encl osure 2.1 To
etter dated 21 May 19%nisShercdasiyie érnatlonal application No.
ﬁ AVENDED

I
PCT/ NLO6/ 00260; DSM N. V. le ‘m
SET OF CLAI Pro e Ilnear 5- fornylval INLS&ba%sel T OM 2

m xture of 5- and ranched fornylvaleric

- 28 -
0.5506 * (85 — 16.68)/1.738 +
0.0970 * (8, — 6.11)/5.16 +
0.2291 * (8, — 8.05)/6.97 +
) 0.0583 * (§ — 20.69)/5.087 +
5 0.0381 * (p - 1.73)/1.20 +
0.1550 * (Eqc3g) — 41.14)/7.61

in which T, represents the normal boiling point (°C).
p the density measured at 20°C (kg/m®), n, the
10 refractive index (-), &, the di-electric constant
measured at 20°C (-), §; the Hansen solubility
parameter of dispersion (MPa*), §, the Hansen
solubility parameter of polarity (MPa*), 8, the Hansen
solubility parameter of hydrogen bonding (MPa*), &
15 the Scatchard-Hildebrand solubility parameter (MPa*)
p the dipole moment (Debey) and Eq 3 the Lewis
donor /acceptor property (kcal/mol).
3. Process according to claim 2, characterized in that
B<-1.12 * A + 0.96 and
20 B > 0.965 * A — 1.033.
4. Process according to any one of claims 2-3,
characterized in that -2.8 < A < -0.2 and 0.14 < B <

2.39-
5. Process according to any one of claims 1-4,
25 characterized in that the fractional extraction is

performed continuously in which initially pure water
and initially pure organic solvent are contacted
counter currently in various contacting stages in
which the crude mixture of formylvaleric acids is

30 continuously fed at an intermediate stage resulting
in a water phase rich in 5-formylvaleric acid and an
organic phase rich in 3-formylvaleric acid and/or 4-

formylvaleric.
6. Process for the preparation of S5-formylvaleric acid
35 wherein a mixture of 3- and/or 4- and 5-formylvaleric

acid is prepared by hydroformylation of pentenocic
acid and 5-formylvaleric acid is separated from 3-

L
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acids, characterized in that the separation is perfornmed by fractional

extraction with two immscible solvents of whi ch one solvent is an
aqueous sol vent and the ot her solvent is an organic solvent which has
the foll ow ng characteristics: -2.8 < A< -0.2 and 0. 14
< B< 239 1.7 < A< 4.0 and -4.0 pcBNEocob2604

I n which, A ang gmare A= 0.23 * (T[err]-138.54)/62.36 +

0.24 * (p 935.64)/184.82 + 0.2%554 * (n[err]-1.4370)/0.0635 +
0.3916 * ([err] - 15.02)/18.66 + 0.1208 * ([err] -

16.68)/1.738 + 1

0. 346)2 * ([err] - 8238YPE 87 Rotdyivarddsd ra]°18 g‘l?']'f'g‘é ?%‘?rrﬁs 2C58T84PF5 087+
0.3370 * ([err] - 1tp3pny ope+of claims 1 to §.3723 * (Elerr] - 41.14)/7.61
B = - 0. 3009 7. (T[PQ'bE:bss 438obdid®XS&laim 6, characteiziBAn" thAt-

935 64)/184.82 - the hydroformylation is performed in the presence of
5 water and a water soluble catalyst system comprising
platinum or a platinum compound and a water soluble
organic bidentate ligand.
8. Process to prepare e-—caprolactam in which an aqueous
solution containing 5-formylvaleric acid, which is
10 obtained by the process according to any one of
claims 1 to 7, is (a) subjected to a reductive
amination in which an aqueous mixture comprising 6-
aminocaproic acid and e-caprolactam is obtained, (b)
cyclizing 6-aminocaproic acid in a separate step to
15 : g~-caprolactam at elevated temperature and (c)
separating e—-caprolactam from the aqueous mixture.
9. Process according to claim 8, characterized in that
step (b) is performed using the agueous mixture
obtained in step (a).

This Sheet Has BeenlllTilaced
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0.5914 * ([err] - 1.470)/0.0635 + " Encl osure 2.2 To letter dated
21 May 1997 concerning International application No. PCT/NL96/00260; DSM

N.V.; our ref: 8228WD AVENDED SET OF CLAI M5
0.1225 * ([err] - 15.02)/18.66 - 0.5506 * ([err] -

16.68)/ 1. 738 +yo 97/02228 0.0970 * ([err] - 6.11)/5.16 +

0.2291 * ([err] - 8. 05)/6.97 + 0.0583 * ([err] FCUNLYEMI8 (g7
+ 0.0381 * ([err] - 1. 73)/11.12) + 0.-1550 * (FEerr]
- 41.14)/7.61 in which T[err] represents the nornmal boiling point
([err]O, p the density nmeasured at 20[err]C (kg/nferr]), n[err] the
refractive index (-), [err] the di-electric constant neasured at
20[err] C (-), [err] the Hansen solubility paranmeter of dispersion

(I\/Pa[grr]), [err] the Hansen solubility paraneter of polarity

10 11
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(NPaierr]), [err] the Hansen solubility paranmeter of hydrogen bondi ng

(WMPaferr]), [err] the Scatchard-Hi | debrand solubility par anet er
(MPa[err]), [err] the dipole nonent (Debey) and Ef err] the Lewi s
donor/acceptor property (kcal/nmol) or the organi c solvent is an ether
or an ester W 10 carbon atons represented by t al | owi ng
formul a “ﬁﬁp?ﬁniﬁ RL- O - R JE%hhsﬁhnﬂ)

(7) R3-O-C- R4 2/2 [err]

(8) O in which Rl, R2, R3 and R4 are

i ndependently an al kyl or aryl group with 1 to 7 carbon atons and in
whi ch R1 and R2 is optionally a dival ent group. 2. Process
according to claiml1, characterized in that B<-1.12 * A+ 0.96 and

Enclosure 2.3 To letter dated 21 May 1997 concerning | nternational
application No. PCT/NL96/00260; DSM N.V.; our ref: 8228WD
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AVENDED SET OF CLAI M5 B>0.965* A- 1.033. 3. Process accordi ng

to any one of clains 1-2, characterized .. ..:-in that -2.8 < A< -0.2 and
0.14 < B < 2.39. 4. Process accordi ng to any one of clains 1-3,
characterized - in th 'ﬁ-::i% | I nis perforned
continuously in which ini F @&A%E‘“F %éﬁé Q g [-yational ApplicatyeiNee  Or gani
sol vent are cont act ed counter currently I n varl cuecw»ms&moza@ st ages
in which t formyfvarertT acrus s cominuousty 1 ed

at an N‘ﬁ 8r rr&Q?‘éﬁ%l‘gt ad@mféﬂﬁtl ng in a water phase rich in 5-

fornyl val efic acid and an organlc phase rich in 3- fornylvaleric acid

p==}

and/ or 4-fg¢rm lvaltrlerjﬁrmgmﬁ L BESS S ormltmﬂme ation of 5-fornylvalerid
acid V!‘l?ﬂ?"” y = Te T .- =10 rtraterTT a:cr‘d—
| S pl‘ epal‘e Mitihum Acailentition seardiied 'l-'l‘ ", u_;‘qj'r‘q’_j‘uf”l-]u‘rgﬂ-v &0 O Y Var
acid is sepapatsed 0OFOmM 3- and/ or 4- formylvaleric acid by the process
aceording §o any one of clains 1 to 4. 6. Process accordi ng to clain
5, charact ¢&ized—-s—th e . ' AEAAT 46
presefice off water. A e s5’| uB e cmta ysf“ system corrprl si ng
pl a&ti num or a pI ati num corrpound and a water soluble organic
bi dentate IH Drm‘ess fnr |
whi ch the m"T"ST"I"oVW‘%‘""s"T 18 é'?'f’&'ﬁ‘?‘éﬂ’“‘m"ﬁ)' Bt or nyl ation of
pentenoic gcid to a mxture of 3- and/or 4- and 5-fornylvaleridg
acid and subsequently separating 5-formylvaleric acid from
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3- and/or 4-fornylvaleric acid according to any one of clains 1
to 4, Encl osure 2.4 To letter dated 21 May 1997 concerni ng
I nternational application No. PCT/NL96/00260; DSM N. V.; our ref: 8228W0

AVENDED SET OF CLAI M5 %ﬁﬂu ] jon_of the agueous
sol ution of 5{12'55 a T(I:%ﬁ&g‘[ | gega‘%%Tv } edstio! Aje@dsigh Non WHi Ch

an aqueous m xture conprising b- AN Roe c acid ¥CT/NL 96/00266

[ err]-caprdract ag S, aprar ned, i C) CyCcH T SatT gir- o - oTaprorT
acid i n-a slepar aitedin search report stpe"bﬁﬁ})' [efr] -cams%fam at kel evﬁeﬁ

t enper at ur g, Al Separ at {PN-Gls T er 71~ otactanTfromrtie—agueous
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(c) is perfjormed using the agueous m xture obtained in step (b).
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