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mononitrile such as 3-pentenenitrile through extraction of the product fluid
with a paraffin or cycloparaffin hydrocarbon solvent. It describes that the
ratio of mononitrile to dinitrile must be 0.65 or less to obtain effective
recovery, with efficiency improving as the ratio is reduced. Therefore,
when hydrocyanation reaction conditions produces a mononitrile to dintrile
ratio greater than 0.65, mononitrile must be removed from the product
mixture before extraction is performed.

In contrast to the recovery of catalyst comprising monodentate
phosphites and Ni, we have observed that Lewis acids utilized as
promoters in the hydrocyanation reaction inhibit the effective recovery of
diphosphite-nickel catalysts. It is therefore desirable to find conditions
underwhich this inhibiting effect is reduced or eliminated.
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the molar ratio of organic mononitrile present to organic dinitrile is from
about 0.01 to about 2.5 and wherein the mixture is treated with a Lewis
base compound selected from the group consisting of monodentate
25  phosphite ligand, alcohol, water, organoamines, ammonia, and basic
resin, and wherein the extraction solvent is a saturated or unsaturated
alkane or saturated or unsaturated cycloalkane.
DETAILED DESCRIPTION OF THE INVENTION

The processes of the present invention involve methods for

30  recovering diphosphite-containing compounds from a mixture comprising
diphosphite-containing compounds and organic dinitriles, using liquid-
liguid extraction. We have discovered that catalysts comprising
diphosphite complexes of Ni allow recovery via liquid-liquid extraction to

occur at a higher ratio of organic mono-nitrile to organic dinitrile than



resin, and wherein the extraction solvent is a
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the mixture which apparently bind either to the nickel catalyst or to the Lewis
acid and disrupt the association of the Lewis acid with the catalyst. We
have found that introducing monodentate phosphites to the catalyst
mixture can improve the extraction recovery. If the size of these
25 monodentate phosphites become large, this effect is reduced. Some of
the monophosphite ligands that are useful as an extraction enhancement
treatment are those which are disclosed in Drinkard et al US 3,496,215,
US 3,496,217, US 3,496,218, US 5,543,536, and BASF WO 01/36429.
We have found that the addition of weakly Lewis basic compounds,
30  such as water or alcohols, or more strongly Lewis basic compounds such
as ammonia, aryl- or alkyl amines, such as pyridine or triethylamine, or
basic resins such as Amberlyst 21® a commercially available basic resin

made by Rohm and Haas, can reduce or eliminate the inhibiting effect of
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wherein in |, Il and 1l R" is phenyl, unsubstituted or substituted with one or
more C4 to Cq2 alkyl or Cq to C42 alkoxy groups; or naphthyl, unsubstituted
or substituted with one or more C to C4; alkyl or C, to C42 alkoxy groups;
and Z and Z' are independently selected from the group consisting of

20 structural formulae 1V, V, VI, Vll, and VIII:
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and wherein
R' and R are independently selected from the group consisting of
10 H, C1 to C12 alkyl, and Cy to Cs; alkoxy; and CO.R"™,
R'3is Cito Ciz alkyl or Cg to Cqgaryl, unsubstituted or substituted.
with C4 to C4 alkyl ;
Yis O, S, or CHR™),
R™is H or C1 to Cy2 alkyl;
15

VIl
wherein R'®is selected from the group consisting of H, C4 to C+2 alkyl, and
C1to Cyz alkoxy and CO,R'®;
20 R is C4 to Cyy alkyl or Cs to Cqoaryl, unsubstituted or substituted
with C1 to C4 alkyl.
In the structural formulae | through VIII, the C4 to C; alkyl, and C4
to C12 alkoxy groups may be straight chain or branched.
Examples of bidentate phosphite ligands that are useful in the
25  present process include those having the formulae IX to XXXII, shown‘
below wherein for each formula, R".is selected from the group consisting
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Additional suitable bidentate phosphites are of the type disclosed in
US Patents 5,512,695; 5,512,696; 5,663,369; 5,688,986; 5,723,641,
5,847,191; 5,959,135; 6,120,700; 6,171,996; 6,171,997, 6,399,534, the
disclosures of which are incorporated herein by reference. Suitable
bidentate phosphinites are of the type disclosed in US Patents 5,523,453
and 5,693,843, the disclosures of which are incorporated herein by
reference.

With one or a combination of these treatments, it is possible to
recover the catalyst more efficiently with fewer stages of extraction. This
is a great benefit in that it adds flexibility to the process énd reduces
process costs. With these treatments, the extraction can be done in a
smaller extraction column, or in simple mixer settlers and/or the extraction
can be accomplished using far less solvent than previously reported. The
extraction can be accomplished across a broad range of compositions. To
be most effective, these treatments should be done before extraction.

The present invention has advantages over prior methods for
recovering of phosphite and diphosphite Ni complexes that are used as
catalysts. These advantages include the ability to achieve a very high
fractional recovery; the ability to achieve economical recovery in simple
equipment, such as mixer—settlers instead of more complicated extraction
towers; the ability to perform the extraction over a wider range of
hydrocyanation reaction compositions; and the ability to enhance the
extraction to significantly increase the recoverability of the catalyst in

various types of extraction-suitable vessels.

11



Addi ti onal suitable bidentate phosphites are of the
type disclosed in 5 US Patents 5,512, 695; 5,512, 696;
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countercurrent multistage extractor.
Table 1:

Catalyst and ligand extraction coefficient

25 for various ratios of mononitriles to dinitriles.
Example | mononitrile/ Catalyst extraction ligand extraction
dinitrile coefficient coefficient
1 2.33 1.28 4.09
2 1.85 1.33 8.08
3 1.19 2.02 16.97
4 0.91 2.63 35.99
5 0.57 4.82 49.59
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using liquid-liquid extraction. 5 EXAMPLES 1In the
foll ow ng exanpl es, values for extraction coefficient
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4.82 49.59 extracting solvent phase.
Time, % of steady state % of steady state
minutes concentration at 40°C concentration at 50°C
2 12 11
19 38
34 53
14 52 95
30 78 104
60 100 102
91 100 100

Example 7: Effect of temperature on the extractability on catalyst

A mixture comprised predominantly of organic dinitriles and a Ni
20 diphosphite complex, the structure of the diphosphite ligand being shown
in Structure Xl (where R17 is methyl, R18 is methyl and R19 is H) and
ZnCl; (equimolar with Ni) was divided into three portions. The portions

were batch liquid-liquid extracted at 50°C, 65°C and 80°C, respectively,

13
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Example 8: Effect of adding water

5

10

15

20

l pethyl and |

Fifteen grams of a mixture comprised predominantly of organic

dinitriles and a Ni diphosphite complex, the structure of the diphosphite

ligand being shown in Structure XIIl (where R17 is methyl, R18 is methyl

and R19 is H) and ZnCl, (equimolar with Ni), was batch liquid-liquid

exfracted at a temperature of 50°C with an equal weight of cyclohexane

for one hour resulting in an catalyst extraction coefficient of 4.3. To this

mixture, 100 microliters of water was added. After continuing to heat and

agitate for another hour, the diphosphite Ni extraction coefficient was

measured as 13.4 — a three fold increase.

Examples 9-20: Effect of addition of organic monophosphite

compounds
Examples 9 —-20 illustrate the beneficial impact on catalyst recovery

of adding a monophosphite to the catalyst mixture. They utilize a common

experimental protocol as follows: A mixture comprised pentenenitrile and

adiponitrile (in a ratio of 0.3) and a Ni diphosphite complex (2-5 wt%) and

ZnCl, (equimolar with Ni) and very small amounts (<0.3 wt%) of

monophosphites (present as side products of the ligand synthesis) was

14



ZnCl 2 (equinolar with Ni) was divided into three
portions. The portions were batch liquid-liquid

wezdaonact’esl at 50C, 65C and 80C, respectively, PABUYY004/000375

20044 0 ' ' '
200481 T ARy M o AL o8Bl e
showsesandTadd thil8l pdrtibh én 8adh eratipld as thedy is Tabke 44®bring the
st ead stﬁte a% % of steady st teyﬁt at 50C 65C 80C 2

0. 0 GopORNgSPhite,cenasNEation Updodwi%, Gach gortipn as betah

50 o35 e s Ty e g bl ahetpng 2 2000 R fufutes and

B f tihen ajloanrsl tof conl B 25T eoramiphowethdsaapridranbb of
organic dinitriles and a N di phosphite conplex, the )
st r emperaire; Hoedngasypdiaatalyst eydingtiorcagiisianim areishown in
Stru&%g&q;Xlll (where R17 is nmethyl, R18 is nethyl

and is H and ZnC 2 (equinolar with Ni), was batch
liquid-liquid 1o extracted at a tenperature of 50C

with an equal weight of cycl ohexane for one hour
resulting in an catal yst extraction coefficient of

4.3. To this mxture, 100 microliters of water was
added. After continuing to heat and agitate for

anot her hour, the di phosphite Ni extraction

coefficient was neasured as 13.4 - a three fold

i ncrease. 15 Exanples 9-20: Effect of addition of

or gani ¢ nonophosphite
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conmpounds Exanples 9 -20 illustrate the benefici al
i npact on catal yst recovery of adding a nonophosphite
W eoottle276at al yst m xture. They utilize a commoPCT/B82004/000375
experinmental protocol as follows: A mxture conprised
pentenenitrile and adiponitrile (in a ratio of 0.3)
and a N di phosphite conpl ex w% and 2Znd 2
(equinmolar with Ni) and very; sma}l anounts, (<0.3
of nonophosphites (present,
I i gand synt hesi s) was e
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room tenperature. e nmeasured catal yst extraction
coefficients are shown in Table 4. 15 WO 2004/ 062765
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Examples 21 - 32 show that treatment of catalyst containing solutions with

anhydrous ammonia, an amine resin or a soluble organic amine, improves

the extraction efficiency.

Example 21:
A mixture comprising predominantly of organic dinitriles and a Ni

diphosphite complex, with the diphosphite ligand shown in Structure IX
(where R17 is isopropyl, R18 is H, and R19 is methyl) and ZnCl,
(equimolar with nickel) was divided into two portions. One portion was
treated with excess ammonia by bubbling anhydrous ammonia through the
mixture and the other portion was untreated for comparison. Both
ammonia-treated and untreated portions were separately liquid-liquid
extracted using cyclohexane in a Karr type column. Catalyst recovery was
complete for the ammonia-treated mixture but only 76% recovery was

found from the untreated mixture.

17
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wei gier the resiméiepiast mixiuredaitroniy Ad%omcoreryovas foyst remrthe

was i’éaﬁ@&% {u% conparison. Both resin-treated and
untreated portions were separately liquid-liquid batch
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m xt ly 45% recovery was found fromthe

115 S ey o e s

| 1 ow ng conmon protoco erived
f r ondipbasgnsncemplex, thedstoumjaneatfitba dighosphite digand being shown

P B tugtiig Rl Ugnerd' R17'is fethfl, R18TS thydand R19 is H), and
ZnCl; (equimolar with nickel) was divided into two portions. One portion
was treated by contacting with an equal weight of Amberlyst 21 resin, and

20 the other portion was untreated for comparison. Both resin-treated and
untreated portions were separately liquid-liquid batch extracted with an
equal weight of cyclohexane. Catalyst recovery was 91% for the resin-
treated mixture but only 45% recovery was found from the untreated
mixture.

25

Examples 24 —-35 use the following common protocol:

Catalyst mixtures derived from pentenenitrile hydrocyanation
comprised of pentenenitrile and dinitriles (predominantly adiponitrile) in a
ratio of about 0.3, a Ni diphosphite catalyst (1.5 wt%), and ZnCl, (about
30  0.25 wt%) were divided into three portions and the second and third
portion treated either with Amberlyst A-21 resin (1 volume of the Amberlyst
A-21° resin to 2 volumes of dinitrile solution), or pyridine and heated at

50°C. An equal weight of cyclohexane was added to each portion, heated

18
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Example 36 — 43 use the same common protocol for tfreatment with

10 anhydrous NHs.
Catalyst mixtures derived from pentenenitrile hydrocyanation

comprised of entenenitrile and dinitriles (predominantly adipontrile) in a
ratio of about 0.3, a Ni diphosphite catalyst (1-1.5 wt%), and ZnCl, (about
0.2 wt%) were divided into two portions. One portion was left untreated.

15 The second portion was treated by bubbling NH; through the solution for
10 minutes, followed by nitrogen to remove any unreacted NHs. An equal
weight of cyclohexane was added to each portion and agitated vigorously
at room temperature, and then allowed to settle. Samples were carefully
withdrawn from top and bottom liquid phases. The top phase being the

20  solvent or extract phase, the bottom being the raffinate phase. Analysis

was done for all samples. The results are shown in Table 6.
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WO 2004/ 062765 PCT/ US2004/ 000375 CLAIMS What is
claimed: 1. A process for recovering
wale@hoehs t e- cont ai ni ng conpounds 5 from a nm RCTDE2004/000375

conpri si ng di phosphite-contagin conmpounds and
organic nononitriles and ora%%ﬂis-di nitriles, using
i a\Wilst'is @iifle@Xt raction, wherein the nolar ratio of
organic nononitrile present to organic dinitrile is
from about 0.65 to about 2.5 and wherein the

extractign solvent is.a rate S :

al kane or''sat &%EOQSS%FOFJ%@‘?‘?I?“& cgahg%%ﬁ%é?wé@ﬁgfﬁorﬁlpounds
A PrR&EMIRAFEDhiisiny SibAbspHitesbertaining bempoliads aatiicdganic
of organic nononitrile to organic dinitrile is from
abomonpnitriies ansbatganicdingriles, sipg digyidtliguid gxiaeligmyvherein
dip ik e- Wl o Xk

contis Bt R RY Bl I TRRNES Brescit fo i RicTtkE s from

or gaboat 0 @5totabdue 2. 5add Whersindbée éxtrasiiorgsolvent is a saturated

liquid-liquid extraction, wherein the lar, ratio of
or g&@h iué‘sﬁﬂiﬁ%ﬁﬂtaﬁlﬁr@ B Sl Fﬂtegé’r ('J'P@ﬁ&f\r%tggi ycloalans; s
rom about 0.01 to about 2.5 and wherein the m xture

I's treated with a Lewi s base conpound selected from
t he grou@.condi pldcegs accomiingltnclaine 1pttaerein the mplgamatio of

20 al cohol , watge or ganoampi nes,. ammoni a, '

s RGOSR ARt AR ARRTRBE is HOHE by, PP o ABBLE 1.5
saturated or unsaturated al kane or saturated or

unsat urated cycl oal kane. 4. A process according to

claims 1,3.2 orA Bragiess éorivechvering dipbreRpfs-caniaiiingcampgunds

SRR e G il oRTAY chot8 28 organic

( RLiAR{IEE h@PLERAS Bcid, Lsing/iGuR-EM Bkagtion, Wherein theZolar
ratio of organic mononitrile present to organic dinitrile is from about 0.01 to
about 2.5 and wherein the mixture is treated with a Lewis base compound
selected from the group consisting of monodentate phosphite ligand,

20 alcohol, water, organoamines, ammonia, and basic resin, and wherein the
extraction solvent is a saturated or unsaturated alkane or saturated or |

unsaturated cycloalkane.
4. A process according to claims 1, 2 or 3 wherein the

25  diphosphite-containing compound is a Ni complex with a diphosphite
ligand selected from the group consisting of:  (R'0).P(OZO)P(OR"),

21



WO 2004/ 062765 PCT/ US2004/ 000375 0O )Z1 (R10O 2P QzO P/
and Il whereinin I, Il and IIl Rl is phenyl,
wp®4yer7s3 ut ed or substituted with one or norECILS1004/000375
Cl2 alkyl or Cl to Cl2 al koxy groups; or naphthyl, 5
unsubstituted or substituted wth one or nore Cl to
Cl2 alkyl or Cl1 to C12 /ﬂlk@)gy groups; and wherein Z
and-Z' él?@)zipnd'e?ﬁ&‘idwrtﬂ’\\&se Zctadl fromthe group
consi sting of structural romulae IV, V, VI, VII, and
VI 3R2R23R6XREi /I RR\N\ 1 7RT R RR5R5
R4 RB RO RO RB 10 IV V gnd wherein R2, R3, R4, R5,
R6, R7, R8, and RO are independently selected from

the group consisting of H, Cl to Cl2 alkyl, and Cl to .
Cl2 al kowhererginy, |lang IR igphenyRupsubsiitafedonsubstitsted with

ri1 AR bbre ot SRRk €1 Sy dhon SRR ph g,

<sogsu'rsub9’@tutéd ot Stitistitlﬂe?:mtmbrk@' br rr[mmel CI;]to;Cbm@ﬂQ/l at Kaxty C1z
and CO2R13, 22 004 27 PCT/ US2004/ 000375 3
i s CKPY FouPs) %ﬁﬁ) Wﬁsre' %'af %116'% PERLS %?'EPT@EJ%W the

subsfrbtiyicBHsisthd br ShuttdrdMo@hli¥E v, V, VI, VI, and VIII:

6 6
R X\ / R
R N R’
8 RYRY RE
10
v V

and wherein
R2 R® R* R% R® R’, R® and R?® are independently selected
from the group consisting of H, C4 to C12 alkyl, and C4 to C42 alkoxy;
15 Xis O, S, or CHRR™);
R'is H or C4 to Cy2 alkyl;

Y
\ VI

20 and wherein
R and R' are independently selected from the group

consisting of H, C4 to Cyz alkyl, and C4to C4; alkoxy and CO,R™,
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Yis 0, S, or CHRl4); R4 is Hor Cl to Cl12 alkyl; 5
R15 RI5 H VIII wherein R15 is selected fromthe
W(grz(mu,p62705’15i sting of H Cl to Cl2 alkyl, and EIT/US20CL®0375

| k 6, 10 ClLto
Q10" aY TR DEIES e plih oF CadBSum DK @HS%?%H@@P&%?W%

al k .n for structural fornmulae | through
vn?("l"th ﬁ% ehelgn, | alkyl, and Cl to C12 al koxy

groups mafisle, StoaCQNR dhaln or branched. 15 5. A
process accor or 3 wherein the
extraction isq% éﬂ. Utmgﬁﬁv@ﬁ4oc 6. A process
gccording to claim3 wherein the Lewis base conpound
is selected fromthe group conS|st|ng of water,

met hanol, 20 et hanolR |300r00anoIR1ethterne glyco
phenol , cresol or Xxyleno
clain13, wherein t he
nonodentate triaryl pho
are unsubstituted or

£in the aryl groups
N\w th al kyl groups

6 wherein the aryl
groups nmay be interconne process accordi ng
to claim3 wherein the Lemns\g se conpound is

sel ected fromthe group consi'sting of anhydrous

ammoni a,  pyrighdigin RI%Y 'sé!@cﬂ% frgl‘nqmé)dréﬁb 68n3|§fiﬁt% of H Cqto
trial kyl am ne wherein the al ave

car bon at@mmlkyl,281dND: kDG4 @BQWSSH@COdﬂég,OOM 000375 9
A pr ocessﬁgqi%g? IES%?&ZE(?% ésgr@f(}%?ﬁ,' %éJE)S’[l{_U%% or l%ﬁsg’u’tuted

1 onpound
with C4 to C4 alkyl, and wherein for structural formulae | through VIII, the

C1 to C4z alkyl, and C4 to C42 alkoxy groups may be straight chain or
branched.

15 5. A process according to claims 1, 2 or 3 wherein the

extraction is carried out above 40°C.

6. A process according to claim 3 wherein the Lewis base
compound is selected from the group consisting of water, methanol,

20 ethanol, isopropanol, ethtylene glycol, phenol, cresol, or xylenol.

7. A process according to claim 3, wherein the Lewis base
compound is a monodentate triarylphosphite wherein the aryl groups are
unsubstituted or substituted with alkyl groups having 1 to 12 carbon

25 atoms, and wherein the aryl groups may be interconnected.

8. A process according to claim 3 wherein the Lewis base
compound is selected from the group consisting of anhydrous ammonia,
pyridine, alkylamine, dialkylamine, and trialkylamine wherein the alkyl

30 groups have 1 to 12 carbon atoms.
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5 10. A process according to clainms 1, 2 or 3 wherein

the extraction solvent is cyclohexane. 11. A process
w@ewened7ey to clains 1, 2 or 3 wherein said prPCEES2004/600375

carried out in an extraction colum or a

m xer-settler. 10 12. A process according to clains 1,

2 or 3 wgereip pﬁ%b&@é@&ggﬁlg toSIAMFES WHaréin the Lewis base

hydr ocyanati on process.
compound is Amberlyst 21° resin.

5 10. A process according to claims 1, 2 or 3 wherein the
extraction solvent is cyclohexane.

11. A process according to claims 1, 2 or 3 wherein said process
is carried out in an extraction column or a mixer-settler.
10
12. A process according to claims 1, 2 or 3 wherein said process

is used in a hydrocyanation process.
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