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This invention relates to the preparation of 5 triarylborane from ni ckel
conpl exes of the fornul a: Ni ( NC( CH2) 4rXiE NCBAr 3) 2 where Ar is phenyl

or phenyl substituted wt Lkyl _greu 4 carbon atons
where the al kyl group may con al%a%gé!on o8 Qr??¥gﬂg°%ahg atons. These

ni ckel conpl exes may be contalneEIEﬁDLQE-EHEaE¥KE§IIQH|due formed during
the al kene hydrocyanati is mve&ft%ne&@rmlc@sb%a@hengraw&aﬂaaaufon) usi ng

or ganophosphor ous ni cke | exes ,as cat ts a I aryl borane as

catal ytic ﬁ%onﬁfé?§ylb°rane "rom nickel’c Eéiﬁﬁfﬁmﬁﬁcﬁ ?HEOFNV Rl ON 15

ging et al. U Pl(ﬂaﬂeng)acﬁ9§(&&ﬁAdgsglQhesethe is phgdydcganpheagiof
pentenenitrile | | u Kk S

catal ysts and 8?83%?@“%8 l%g ﬁ%kﬁgdgrggppgéﬁngrg géuchggkgégc?gﬁg i on

reactions pheuaceheaaAkyétgrespdmey whnthiar engr pramprg 2Quorine

NI (NCR)[err] (Nggéfnger& éksr hhi cRenetBabl ekekChay" BE EenaalH@&C.%n Shook

U S Patent 4 811 discloses treati_ng such reS|dues th ammoni um
hydroxi de %% pratpprtaferernddusi fermaducrrang the ﬁi&ﬁpﬁbsyéﬁ@cwﬁétwn

triaryl borane g&Brbexapgreebadatiiefe hydkbeyaﬂduibnbyubiﬁgtnent w th netal
hydr oxi de- - see Shook 25 pr esent

i nvention is a®dPRECP HEPH85°BF n1CkFic89@P§eﬁFstﬁ§ F?F%F?Fﬁgraﬂg pr onot er

fromthe catal ygtiarylbbeanduas catalytic promoters.
BACKGROUND OF THE INVENTION

15 King et al. U.S. patent 3,798,256 discloses the
hydrocyanation of 3-pentenenitrile to produce adiponitrile
using nickel complexes as catalysts and organic boron
compounds as promoters. Such hydrocyanation reactions
produce catalyst residues which are primarily

20 Ni(NCR)4 (NCBAr3), hereinafter referred to as NCBCs. Shook
U.S. Patent 4,082,811 discloses treating such residues
with ammonium hydroxide to precipitate the amine adduct of
triarylborane. The triarylborane can be recovered from
the adduct by treatment with metal hydroxide--see Shook

25 U.S. Patent 4,134,923. '

The present invention is a direct method of
recovery of the triarylborane promoter from the catalyst
residue.

SUMMARY OF THE INVENTION

30 " The present invention is a process for the
manufacture of a triarylborane having the formula: BArj
where Ar is phenyl or phenyl substituted with an alkyl
group having 1 to 4 carbon atoms where the alkyl group may
contain one or more fluorine atoms, which comprises

35 heating a complex of the formula: Ni (NC(CHy)4CN)j (NCBAx3) 2
where Ar is as above, in ar inert atmosphere at a pressure
less than atmospheric to a temperature in the range of 120
degrees C to 300 degrees C; thus forming a vapor
containing the triarylborane, and condensing triarylborane



SUMMARY OF THE | NVENTI ON 30 The present invention is a process

for the manuf acture of a triaryl borane having the fornula: BAr3
wher e Ar WQ968237y| or phenyl substituted with an al kyl PCAVINIB0H3Yi Ng 1
to 4 carbon atons where the al kyl group may contain one or nore

fluorine at dmem whiec vaponpr ilsesa 35re flegateidn @mvoddmeingx off thtee frarcadsa:
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i nert atnosphere at pressure | ess than atnospheric to a tenperature
in the rangErdpryiporane gey@edOne MheRsy theytedarylharagef dsni ng a vapor
cont ai ni ng theadehisady| borane, and condensing triaryl borane WO
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t he vapd?. In a preferred e an inert gas stream
nmoves t he vapor contBenidupwing tis & \dimgramnattia ooss \derteidieEl view

triaryl bora ' : ‘ TI OF THE
DRAN NG BE L% apga%%@ﬁ%f%ﬁﬂtéile for use in carﬁggﬁgigﬁg b

awng I's a agranmat i1 c ectional view

of an appar R¥@sess§ odblther gm fioR.carryi ng out the process of the
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I n one enbodi nent of_the i1 nventjon, the catalyst . residue or NCBC is

pl aced ¥ a convent iId’né:fn%Lﬁﬁ'E‘? meR of éffpd‘%’a‘f 9%y tYhe st SElinder an

i nert at nospleeidusudr NCBAS sniglamgeh iar aarqgeiveryionalefkibilinat igider

reduced apparatus and then heated under an inert atmosphere such
as nitrogen or argon, or, preferably, under reduced
pressure to decompose the catalyst residue or NCBC and

15 release BAr3 and RCN. BAr3 and RCN solidify on the '
sublimer cold finger. Temperatﬁres ranging from 120°C to
300°C may be used, 170°C to 230°C is preferred. Pressures
ranging from 0 to 760 torr may be used, .001 to 40 torr is

, preferred.

20 In a second embodiment of the invention, the
cétalyst residue or NCBC is placed in a tube and then
heated, preferably under reduced pressure, while a stream
of an inert carrier gas, such as nitrogen or argon, is
passed over the catalyst residue or NCBC and through a

25 cold trap. BAr3 and RCN released during this process are
swept into the trap by the carrier gas and condensed onto
the surface of the trap.

The catalyst residue is obtained from alkene,
preferably 3-pentenenitrile (3PN), hydrocyanations carried

30 out in the presence of the active Ni catalyst Ni[P(OR)3lg4
and a triarylborane promoter of the formula BAr; , where R
is an aryl radical having up to 18 carbon atoms and Ar is
an aryl radical having up to 10 carbon atoms, preferably
BPhjy (Ph=phenylf. Typical Ni catalysts of this type

35 * include Ni[P(OCgHs)3l4, Ni[P(O-p-CgH4CH3) 14, Ni[P(O-m-
CgH4CH3) 314, and Ni[P(O-m&p-CgH4aCH3)3]4. The amount of
promoter used can generally be varied from about 1:16 to
50:1 mole ratio of promoter to catalyst. A detailed
description of the formation of catalyst residue is found
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pressure to dec%&ose the catal yst residue or NCBC and 15 rel ease BAr3 and
RCN. BAr3 3¥@9 2%olidify on the sublinmer cold finger. Berosyspbisres

rahging from 120[err]C to 300[err] C may be used, 170[err]C to 230[err]C
is preferred. RArddu$ esPatent oghgd#)y 8Xbm 0 to 760 torr may be used, .001 to
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carrier gas, suckamsléétrogen or argon, is passed over the catal yst
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catal yst residue is foun
15 B, 4.26.
| Example 1
0.158 g (0.195 mmol) of ADN-NCBC was placed in a
sublimer equipped with a dry ice cold finger and then
heated at 150°C at 0.004 torr for 15 minutes, whereupon a
20 white solid began to form on the cold finger. The
temperature was increased to 190°C for 30 minutes and
then, finally, 200°C for 4 hours. The apparatus was cooled
to room temperature and the white solids collected from
the cold finger. Yield 0.133 g. 1H NMR spectroscopic
25 analysis of these solids indicated a 1.5:1 mix of ADN to
BPh3y, and a small amount of a diphenylboron derivative.
Yield of BPhy = 83%. '
Example 2
2.0 g of Ni catalyst residue was heated to 210°C
30 at about 0.004 torr in a sublimer equipped with a dry ice
cold finger. After 1 day the the temperature was increased
to about 230°C for several hours. After cooling the
apparatus to room temperature, 1.192 g of a white solid
was collected from the cold finger and analyzed by 1H NMR
35 spectroscopy. The sample contained a mixture of BPh3 and
adiponitrile in a ratio of 1.0:1.1, and a small amount of
a diphenylboron derivative. Yield of BPhy = 71%.
Example 3
5.0 g of Ni catalyst residue was placed in a

3



WD 96/ 00227 PCT/ US95/ 07127 I n
U S. PapiéeheS2, 811 NCBC s can be prepared as described in
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15 activity was performed in a 51ngle stage, 22-ml glass .
continuous stirred-tank reactor. U.S. Patent 4,874,884,
which is incorporated herein by reference, describes the
use of continuous stirred-tank reactor to evaluate
promoter performance. The steady-state conditions for the

- 20 continuous hydrocyanation were as follows:
' Reaction rate = 1.0 x 10 E-4 moles ADN / liter-
second
20% conversion of 3PN
0.1 moles of Ni(TTP)4 catalyst / mole HCN fed

25 (where TTP refers to trltolylphosphlte) 0.12 moles

of TTP / mole HCN fed
0.0065 moles of BPhy / mole HCN fed
Temperature = 40°C
The reactor was initially charged with a 3PN

30 solution containing 24 wt.% Ni(TTP)4 catalyst, 6.3 % TTP,
and 0.28 % BPh3. The steady-state conditions were achieved
by pumping the following solutions in a continucus fashion
fcr 41 hours:

_ Rezgent Feed Rate
35 25 wt.% HCN in 3PN 0.88 g/hr.
2.24 % BPhy in 3PN 0.57 g/hr.
35 % TTP in 3PN 0.66 g/hr.
51 % Ni(TTP)gq, 3.7 % TTP in 3PN 2.39 g/hr.
3PN 0.80 g/hr.



cold finger. After 1 day the the tenperature was increased t o about
230[ err] C foows®aral hours. After cooling the appar at Uspé&prukssai 27
tenperature, 1.192 g of a white solid was collected fromthe col ¢
finger and anal yzed byThe BER33brspeteroscdpyiofhwasanptie wabhabaed g

m xture of BPh n adi penitk ke _jn L9 O : , a smal |
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Exanpl e 3 degraded BiocgtaivysF &8t Bl§sPapesrddesariPplatBdExample 2.
3 WO 96/ fR22¢sis of thé solution by liquid chromatogP&ph{/SER6WEA27

ceram c boat 1,jnside a ass tube .as ,Sho the, fiLgure. The pressure
i nsi de thef%ysF%ﬁFmﬁéeraggB§a°Po°88§ﬁ%n§S 9'§@t8 r‘mg?#%‘a ni trogen stream
4, was passed over theThe reatabyspredectiuwast caliettedf fabuuth20@eattorn.
The tube 5 wa 1 r o] th o} '

product s coIIeéygggéggtgérdgggﬁgélgigg %393?§r§m§?§§§%§§g' ghée%?%gﬁggPid
was col | ect ed ¢fom gheenr BpomeFeKMRan bespgBaragsespredahy| yBesybeldneand

product indi caggdeativXtUe8 showff bBPHR. aNGhdDNebhats\BEcRRYabY ¥WebkBhbed
BPh[err]. 10 rocyanati on_Perforpa BPh3 (bt ai ned. from

d ce O
Degr aded’ Gt al g¥er samples EAReALol! 17t Fontor PORESHETEM SRS cORPEPRIAG OF
tri phenyl bor onceneanacad flow.densadedohpdroispanathenresuleat akgsalso the

manner descri bed aboye, for Byds 8G¥ARah 8Pocyanation under the same
conditions, except for the use of BPh3 purchased on the
commercial market as the promoter.

15 Recovered BPh3  Purchased BPh3
ADN Yield | 92.6 % 92.9 %
Linearity 96.2 % 96.3 %
2PN Yield 3.7 % 3.6 %
VN Yield 0.04 % 0.04 %

20 Definitions:
Conversion = moles reacted / moles fed

VN = Valeronitrile

2PN = 2-Pentenenitrile

MGN = Methylglutaronitrile
25 ESN = Ethylsuccinonitrile

ADN {2PN/VN) Yield = moles ADN (2PN/VN) produced
moles 3PN reacted
Linearity = moles ADN / moles ADN + MGN + ESN.



15 activity was perforned in a single-stage, 22- gl ass cont i nuous
stirred-@Yspppactor. U S Patent l&nﬁhICh I S 1 ncorporated
herei n by refoerence descrl bes th&am‘“““lmu) l\ i nuous EETASAFOM 2 Kk

reactor to uat.e ter perférnance. *The st eady-state conditions
for the 20 anation were as follows:

Reaction rate = 1.0 x 10 Ec4 noles ADN/ liter- second
20% conversion of 3RN A process forltheMagtirdlcNidll TR 4 catalyst / nole
HCN fed 25 (whére TTP refers to trltonI hosphite) 0.12 nol es

of TTP / noF&ipgNlpegane having theqfgupylas BATaf WEPFTFerAF] is pieaYHCN f ed
Tenper atsir eo¥ $#8kakl] ubstituted withhanr aaryor gm&pl hb&ﬂlaalgl /] @:féarzlged wi th

a 3PN 30 solutlion co ntain 24wt (TIP err % TTP,
2nd 0. 53 o6 EBRPGR: RronR. Wtdeitnt afibl Ebleohel B8 Bitirandyia) T,
punpi ng thewhébhowpmgrssbstheaslng a conmpilexoos thshiommula :for 41 hours:

Reagent Feed.:Ra % HCN i n 3PN
0.88 g/ hr. N1<N5(5§2&4§Ehﬁerr Arﬁ $PN where R118768 %@ev%%uggy / hr. 35 %

TTP in 3PN defined,in an iner atmosehee’egﬁﬁr a presgure, Nﬁ@?TP)h[a@rr] 3.7 %
TTP in 13PN atmospheric38cdahktemperadBie in the range of 120 degrees C
0.80 g/hr. to 300 degrees C; thus forming a vapor containing the
triarylborane, and condensing triarylborane from the
vapor.
2. The process of claim 1 in which an inert gas

15 stream moves the vapor containing triarylborane to a zone ‘

where the triarylborane is condensed.

3. The process of claim 1 in which the complex is
contained in catalyst residue.

4. The process of claim 1 in which Ar is phenyl.
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The BPh3 pr‘BHﬁf’@?zzgol ution was nade with 52.0 g 3PN and BCY/U§957127
sublinmed material, recovered from degraded NI catalyst in the manner
described in Example 2. Anal ysis of the solution by liquid
chromat ogr aphy showed 5 that the solution contained 2.24 wt.%BPh[err].
The reactor product was collected fromthe reactor overflow for

anal ysi s by gas chromat ography. The reaction of a given pronoter can be
characterized by the yields and selectivities shown below. The results
shown are averaged 10 over sanples taken at 17 to 41 hours fromthe

i nception of continuous flow As a conparison, the results are also
shown for a continuous hydrocyanati on under the sane condi tions, except
for the use of BPh3 purchased on the commercial market as the pronoter.
15 Recovered BPh[err] Pur chased - BPh3 ADN Yield
92.6 % 92.9 % - Li nearity 96.2 % 96.3 %
2PN Yi el d 3.7 % 3.6 % VN Yield 0.04 %
0.04 % 20 Definitions: Conversion = noles reacted / noles fed
VN = Val eronitrile 2PN = 2-Pentenenitrile MGN =
Met hyl glutaronitrile 25 ESN = Et hyl succinonitrile ADN (2PN VN)
Yield = nol es ADN (2PN VN) produced nol es 3PN reacted

Linearity = noles ADN / noles ADN + MGN + ESN 2
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