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(57) Abstract

- Anprocess to manufacture a carboxylic acid salt is disclosed wherein an aqueous solution of a primary alcohol is contacted with a base
hydroxide in the presence of an effective amount of a catalyst consisting essentially of an alkali resistant support, from about 0.05 wt.%
to about 10 wt.%, based on the total weight of the catalyst, of an anchor metal selected from the group consising of platinum, palladium,
ruthenium, and gold, and between about 1 wt.% and about 50 wt.%, based on the total weight of the catalyst, of an element selected from
the group consisting of copper, cobalt, nickel, and cadmium combined’ with the anchor metal.
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salts which conprises contacting an am no al cohol with 25 an al kali netal ;
hydr oxi de in the presence of a Raney copper catal yst, or a copper

catal yst supported on zi rconi um oxi de. U S. Patent 4,810,426 =«
to Fields et al. discloses a process for the production of 30 .
N- phosphononet hyl gl yci ne by oxi di zi ng N- phosphononet hyl et hanol am ne,

or the cyclic internal = ~ ester thereof, with an excess of an aqueous

al kali and in the presence of a copper catal yst, "and thereafter,

heating at a tenperature between 200 [err]C ‘and 300 [err]C. WO

96/ 01146 - PCT/ US95/ 06754

-2- . - The resulting salt is neutralized with an acid to produce the
desi red N phosphononet hyl gl yci ne. U S. Patent 5,292,936 to

Franczyk discl oses an* improved process-to prepare an am no carboxylic
acid 5 salt. According to the process, an aqueous sol ution of an

am no al cohol is contacted with an al kali netal hydr oxi de in the

presence of an effective amount of a - Raney copper catal yst that has

from about 50 parts per mllion'to about 10,000 parts per mllion of an
10 el ement selected fromthe group consisting of chromum titanium

ni obium tantalum zirconium . .. vanadi an, nnlybdenun1 manganese,

tungsten, cobalt, ni ckel and nlxtures thereof

FOR THE PURPOSES OF WFORMATION ONLY
CodesusedtoxdmtxfyStawspmtytothePCl'onthcﬁmt of hlets ublis mtcmauonal

applications under the PCT. pages pamp P hing
AT Ausm ) : ., 'GB " United Kingdotn MR  Mauritania
AU Australia " GE  Georgia MW  Malawi
BB Barbados GN  Guinea NE Niger
BE Belgium GR  Greece NL Netherlands
BF Burkina Faso i HU Hungary NO Norway
BG Bulgaria IE Ireland Nz New Zealand
:.llt Benin IT Raly PL Poland

. Brazil JP Japan PT Portugal
BY Belarus KE  Kenya RO  Romania
CA Canada : . KG . Kymgystan: . - RU Russian Federation
CF Central African Republic . Kp Democratic People’s Republic SD Sudan
CG  Congo . . ofKoea . SE  Sweden
CH Switzerland . o ‘KR . .kepuhucoflcom st Slovenia
c Cote d'Ivoire KZ  Kazakhitan . SK ' Slovakia
CM  Cameroon LI Licchenstsi * “Senegal
CN China LK Sri Lanka ™ Chad
cs Czechoslovakia L Luxembourg TG  Togo
Ccz Czech Republic LV Latvia T3 Tajikistan
DE Germany MC Monaco ™ Trinidad and Tobago
DK Denmark MD  Republic of Moldova - UA Ukraine
ES Spain MG  Madagascar Us United States of America
FI Finland ML  Mali . . vz Uzbekistan
FR France MN Mongolia VN Viet Nam
GA  Gabon :

K 1




| - Although satisfactory results are achi eved by the 15 processes of the prior

article '

~Copper/[err]-A um na Cat a€8

'Depe

by Hsin-Fu
233- 242 discl oses an el ectrol ess copper plating nethod, a

preci pitation nmethod and an i npregnation

RIS

nde e of

el even copper/a-al um na catal ysts. The effects of the method of
preparatio
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on the dehydrogenation reaction of cycl ohexanol were
I nvestigated. The reported ]

. 055

'17. The

carboxylic acid salts, and more particularly, relates
to a method for the preparation of carboxylic acid
salts by the reaction of primary alcohols with a
hydroxide base in the presence of a novel catalyst.
The invention also relates to the preparation of the
catalyst and compositions thereof.

Carboxylic acid salts are useful in various
applications. The salts can be neutralized to the
corresponding acids which are also useful in a number
of applications, such as a material for
pharmaceuticals, agricultural chemicals, pesticides
and the like or precursors thereof. Many of such

. carboxylic acids are available commercially in large

quantities.

U.S. Patent 4,782,183 to Goto et al. discloses a
methed for the manufacture of amino carboxylic acid
salts which comprises contacting an amino alcohol with
an alkali metal hydroxide in the presence of a Raney
copper catalyst, or a copper catalyst supported on
zirconium oxide.

U.S. Patent 4,810,426 to Fields et al. discloses
a process for the production of
N-phosphonomethylglycine by oxidizing
N-phosphonémethylethanolamine, or the cyclic internal
ester thereof, with an excess of an agqueous alkali and
in the presence of a copper catalyst, and thereafter,
heating at a temperature between 200 °C and 300 °C.

SUBSTITUTE SHEET (RULE 26)

.art to convert an al cohol to a carboxyl ate using a cop @éﬁit or
*even a|%ﬂ%3? 4GCopper catalyst, it has now been found, ﬁ%ég%%&

‘With the teachings of the present invention, that the novel catal ysts
of the present invention can be used 20 to convert an al cohol to the
corresponding acid salt in a shorter period of time than with the use
of ot her copper catalysts, includrﬁﬁ Raney copper catal ysts. Thi s
results in S|gn|f|cant capi tal savings and operating costs, when such
reactlons are pragt | he j our nal

AL BEPY N : ROEBAN of Cycl ohexanol "
- Chang et al., Applled CataIyS|s A GEneraI 103 (1993)

30

met hod in the preparation of

35

e am no al cohol

| s nmonoet hanol ami NG g §nvention refuie rﬁbr%ﬁ$mﬁkéﬁafﬂéi5gjg¥Where'n the



al cohol is a

conmpound having the fornul a [err] wher ein

Rerr] is err]-Clerr] aryl and the resulting carboxylic acid 10 salt is
"146sal t of N-phosphononet hyl gl yci ne. PCT/US95/06754 The

an al kal W

met hod of claim 18 wherein R[err]

of claim 12 wherein the am no al cohol is

N- (2- hydr oxyet hyl ) am nomet hyl phosphoni c_aci d and the resulting
- carboxylic acid salt is the alkali nmetaR=salt 15 of

N- phosphononet hyl gl yci ne. 21. The nmethod of claim 12 wherein the

' - - | idinyloeth h d and th
b, Eos 9, FATe2 T8, bLRYATRNRN USSP 045 S, e
phosphononet hpirgducen&he dagired N-phoszhpnOAGMHyﬂgdymﬂnpnepar|ng a
catalyst comosit! fs. pakeRecd) 3b450aaCEY FAACLOIAN AT T |

am no al cohol
resul ting

el ectrol ess
t hereof in el

5
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salt. According to the process, an aqueous solution

of an amino alcohol is contacted with an alkali metal
hydroxide in the presence of an effective amount of a
Raney copper catalyst that has from about 50 parts per

~million to about 10,000 parts per million of an
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element selected from the group-consistinq.of
chromium, titanium, niobium, tantalum, zirconiunm,
vanadian, molybdenum, manganese, tungsten, cobalt,
nickel and mixtures thereof. _ .

Although satisfactory results are achieved by the
processes of the prior art to convert an alcohol to a
carboxylate using a copper catalyst, or even a Raney.
copper catalyst, it has now been found, in accordance
with the teachings of the-present.invention, that the
novel catalysts of the present invention can be used
to convert an alcohol to the correspoﬁding acid salt
in a shorter period of time than with the use of other
copper catalysts, including Raney copper catalysts.
This results in significant capital savings and
operating costs, when such reactionsiare-pnacticed on
a commercial scale. - R .

The journal article “Dependenée of Selectivity on
the Preparation Method of Copper/a-Alumina Catalysts
in the Dehydrogenation of Cyclohexanol" by Hsin-Fu
Chang et al., Applied Catalysis A: General, 103 (1993)
233-242 discloses an electroless copper plating
method, a precipitation method and an impregnation
method in the preparation of eleven copper/a-alumina
catalysts. The effects of the method of preparation
on the dehydrogenation reaction of cyclohexanol were

investigated. The reported results showed that the
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I s phenyl. _ - 20.  The net hod
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Steps of mixing together a source of plating ions, a suitable 25 conpl exi ng

agent and_an al kali resistant support carrying enbedded particles of an
anchor et 24/ 1460 presence of wat er and thereafter sl ?&@ﬂﬁ a
reduci ng agent to the resul'ting mxture to reduce the plating ions to
met al . WO 96/ 01146

PCT/ US95/ 06754 -3 - 4- m xtures thereof
deposited or enbedded on the support, and between about 1 wei ght
percent and about 50 wei ght percent, based on the total weight of the
catal yst, of e Ncr'a% s¥P cobal t, 5
ni ckel>/, cadm umdeg%gr%b%ﬁr%ggit hg(regg?tfytraﬁ'ect rg ess%& %"C%%Pg’tbgd on at

| east sone of tRAeadidgoinsreasedaup tocd certaimdimity and thed cpared by

a nethod which ge@linedswith fdskbert cop Doaddwg.l wei ght percent to
about 50 wei ght percent, bﬁsed on tée; ;t otﬁl wei Eht of the 10

catal yst, of an el enent sel ect copper, cobalt,

ni ckel , cadmgum and gxt er, : Loxi_de-resi support
havi ng from &bout %%%3?%@%@9,{%5 é‘gﬂ ptg"I()a"f;li'o“;ogué;j alﬁe%ia&?h%tgﬁté‘nt of an
anchor netal selprocess fon manufachuring acarhexylis acid salkmwhich
rutheni um 9ol ¢iiftilied WofitactiiiPla pripary alcdditil i (3RF 3 el th
the present invention there | prgbi eJ.a new and useful "net hod for
preparing a cat ffyMater mith a,strang hydnoxide base, such A%Qf &0 ect ed

fromthe group GARNIISHEtaQoMyATroxide,Calldlkalitielearddmaet®l and m xtures
thereof.. TQ% hydroxide, a tetraalkyl ammonium hydroxide, and the
like, in the presence of an effective amount of a
catalyst suspended in the water. The catalyst
comprises a hydroxide-resistant support, from about
0.05 weight percent to about 10 weight percent, based
15 on the total weight of the catalyst, of a finely
' divided anchor metal, such as a precious metal
deposited or enbedded on the support, between about 1
weight percent and about 50 weight percent, based on
. the total weight of the catalyst, of a metal selected
20 from the group of copper, cobalt, nickel, cadmium and
mixtures thereof in the elementary state which has
been electrolessly plated on at least some of on the
anchor metal particles. It is to be understood that
the term “electroless plating” as used herein means
25 ¢the chemical deposition of an adherent metal coating
on a suitable substrate in the absence of an '
externally applied electric source.
This invention also relates to a catalyst useful
for preparing carboxylic acid salts comprising a
30 hydroxide-resistant support, such as carbon,
preferably activated carbon, from about 0.05 weight
percent to about 10 weight percent, based on the total
weight of the catalyst, of an anchor metal in
particulate form, preferably selected from the group
35 of metals of platinum, palladium, ruthenium, gold, and

SUBSTITUTE SHEET (RULE 26)



met hod conprises the steps of m xing together in water a source of

wat er soluble ions of said plating netal, a suitabl e conpl exi ng agent,
and an aM@96/01i48si st ant support carrying enbedded pampcTalsos06ss an
anchor nmetal 25 and thereafter slowy adding a reducing agent to the
resulting mxture to reduce the said ions to el enental form whereby
the nmetal resulting fromthe reduction Is electrolessly plated on at

| east some of the nonenbedded sur+&ee of the anchor netal. 30
Description of Draw ng In the attached-drawing Fig. 1 is a
greatly gggnified_cross-seciional representation of the novel

catal yst of tRéXtHFes: thareof-fdepesited ar, gmbedded oncthecsuppoxtial

resi stant supapél beeweBhCabeat! 1 chésghSpeptent anaNabol! 8b velhhit
D Uaos] oayopetdent, 'Bised on"Eha*total veight gf the catalybecety
surface of thanaelementeselectedofren thelgroupaofetoppes)cesbaleling ?nOf
R s Yt 8, Dlckel, Bacniull 194 hEKENTRL" tbPpbEPe fpBlFRI R HIY 0 10
been el ect rol P3atpdpent at. leaspsene| ef othe anchernmepadcpavtictesl which
is attached t ghheatalPstiis prépared 5Y QaﬁeﬁﬂbdbﬁﬁﬂcﬂléBﬁHrQEeLhe anchor
metal is depositing from about 1 yeight percent to about 50
weight percent, based on the total weight of the
10 catalyst, of an element selected from the group of .
' copper, cobalt, nickel, cadmium and mixtures thereof,
on a hydroxide-resistant support having from about
0.05 weight percent to about 10 weight percent of an
anchor metal selected from thé:group of platinunm,
15 palladium, ruthenium, gold and mixturgs thereof.
. Also, in accd:dance;withqthe_p:gsent invention
- there is provided a new and useful method for
preparing a catalyst by electrolessly plating of an
element selected from the group comprising copper,
20 cobalt, nickel, cadmium, and mixtures thereof. The
method comprises the steps of mixing together in water
a source of water soluble ions of said plating metal,
a suitable compiexing agent, and an alkali resistant
. support ca:rying_embedded_particles of an anchor metal
25 and thereafter slowly édding a reducing agent to the
resulting mixture to reduce the said ions to elemental
form, whereby the metal resulting from the reduction
is electrolessly plated on at least some of the
nonembedded surface of the anchor metal.

30 ' _ sc :ion raw .

‘In the attaéhéd drawing Fig. 1 is a greatly
magnified cross-sectional representation of the novel
catalyst of the inventidn. Rgferen¢é'numera1 1
denctes an alkali resistant support on which particles

35 of an anchor metal 2 are partially embedded. The

SUBSTITUTE SHEET (RULE 26)



Yenoted by nuneral 4. Det ai | ed Description of the Invention
10 §8§ r ry al cohols which are useful as starting lals in
t he proce %ﬁ" ﬂ% present invention can be nonohydriclgpﬂﬁ§$@§§ ric.

al i phatic, cyclic or ‘aromati ¢ conpounds, including. pol yet her glycols,
whi ch react with.a strong base to forma carboxylate. It is 15
necessary that the al cohol and the resultlng carboxyl ate are stable in

a strongly basic solution, and that®the al cohol is at | east somewhat
wat er sol ubl e. . - SU|tabIe pri mary nonohydric al cohol s include

and ar omat i ¢ PURreddl, Ehidfibe b0 ENS Shendh AT 1a coftB Wifh [VC, °

with various an eI:nﬁno&hssrn}qﬁtngm# of oni catalytically agtiveent

groups do not § Htal’ i eha! faﬂeaeéﬁé sthte 25 TAYFIGXi ge
resi st ant support or t e cata yst at t gPeratures and- pressure
used for the com@cParticle of anghpr Jnetal| 2 t&stﬁ ystrated a8y e aliphatic

al cohols s haet Ehc%w,eﬁ@w@%sswtﬁnﬂtedpemév&tiénd bbe

i ke. 30 WD 96/ 01 f 4 to th

PCT/ US95/ 06754the nonprecious metal which is atgache o the support
but which has not been plated on the anchor metal is

denoted by numeral 4.
yescr] of the Inve
10 The primary alcohols which are useful as starting
materials in the process of the present invention can
be monohydric or polyhydric aliphatic, cyclic or
aromatic compounds, including polyether glycols, which
react with a sﬁrong base to form a carboxylate. It is
15 necessary that the alcochol and the resulting
carboxylate are stable in a strongly basic solution, -
and that the alcohol is at least somewhat water
soluble. | |
Suitable primary monohydric alcohols include
20 aliphatic alcochols which can be branched, straight
chain, or cyclic and aromatic alcohols, such as benzyl
alcohol and can be substituted with various
nonhindering groups, provided that the subtituent
groups do not adverseiy_react with a strong base; the
25 hydroxide resistant support, or the catalyst at the
temperatures and pressure used for the conversion of
the alcohol to the acid. Suitable aliphatic alcohols

- include ethanol, propanol, butanol, pentanol, and the
like.
30
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Am no al cohols represented by the formul a [err] 10 are al so
useful as starting materials in the present process where n is an

i nt eger WMQA$021460. 10 or nore and 15 mis at |least 1 and PEATUSESBEISHhi gh as
50 or nore. When Rlerr] and R err] are both hydrogen and n is 2, the

am no al cohol is nonoet hanol am ne. Wien one of Rerr] and Rlerr] is
[err] or -CN err] COOH, and the other group S hydrogen and n is 2, the
resul ting product fromthe 20 anmino al®ohol is an im nodiacetate salt. Wen
both R err] and R[err] are [err] or -CH err] COOH, the resulting product

am no- al conol o 1 AT ATRGHORE ghaldddntid 7 o8 Formal i o hanol ami ne

tri et hanol am ne, 25 N—nethyethanolanlne N—ethylethanolanlne

N-i sopr opyl et hanol am ne, N—buiglethanolan1ne N- nonyl et hanol am ne,

N ( 2- an1qﬁethyl)ethanolan1ne N—(3 anmi nopr opyl ) et hanol am ne,

N, N- di net hyl et hanol-ami ne, N,- N-di'gg hg famne, 30

N, N-di but yl et hanol am ne, . N—nethu(dle hano anlne . N-ethyl di et hanol am ne,
N- pr opyl di et hanol am ne, yIdlethanoIan1ne ' ' .
- N- et hyl - N- ( 3- am nopr opyl ) et #&nhol am ne and 3-am nopropanol-. 35 In
the abowo formula, Rerr] and/or R err] can also be an al kyl group
having from1l to 6 carbon atons, for exanpl e, nethyl et hyl, propyl,

i sopropyl, butyl,
are also ‘useful as startinq materials in the present

process where n is an inteqer from 2 to 10 or more and ‘

15 m is at least 1 and can be as high as 50 or more.

When R! and R? are both hydrogen and n is 2, the amino
alcohol is monocethanolamine. When one of R! and R? is
-CH,CH,0H or -CH,COOH, and the other R group is
hydrogen and n is 2, the resulting product from the

20 amino alcohol is'an iminodiacetate salt. When both R!
and R? are -CH,CH,OH or -CH,COOH, the resulting product
from the amino alcochol would be a nitrilotriacetate
salt. Specific amino alcohols include, for example,
monoethanolamine, diethanolamine, triethanolamine,

25 N-methyethanolamine, N-ethylethanolamine,
N-isopropylethanolamine, N-butylethanolamine,:
N-nonylethanolamine, N=-(2-aminoethyl)ethanolamine,
N-(3-aminopropyl)ethanolamine, : '

N,N-dimethylethanolamine, N N-diethylethanolamine,

30 N,N-dibutylethanolamine, N-methyldiethanolamine,
N-ethyldiethanolamine, N-propyldiethanolamine,
N-butyldiethanolamine, :
-N-methyl-N-(3-aminopropyl)ethanolamine and
3-aminopropanol.

35 In the above formula, R! and/or R? can also be an
alkyl group having from 1 to 6 carbon atoms, for
example, methyl, ethyl, propyl, isopropyl, butyl,
isobutyl and the like. By the practice of the present
invention there are then provided corresponding amino

- SUBSTITUTE SHEET (RULE 26)



fsobutyl and the like. By the practice of the present I nvention there

are then prOV|ded correspondi ng am no WO 96/ 01146

PCT/ US95/ 0¥P34/011 -7- BETYSLM6T i t h
t hese al kyl groups-which are ‘useful in a nunber -of applications.
Rlerr] or Rerr] can al so be a phosphononet hyl group such that the
starting am no acid can be N—phosphononethylethanolan1ne and the 5
resulting am no acid salt can be the sal T°765f N- phosphononet hyl gl yci ne.
When one of R err] or Rerr] is - phosphononet hyl and the other is

3o O A A Y g, s

N- phosphononet hyd gumder: afy appluiaad: @e&?npqneslﬂnohﬂ @0 t hose

T oo il it Sy sbir:
i ul ti | i
N-al kyl - N- phosptﬂﬁt’cﬂr&%l‘!ﬁ 93{)? anolanidie,c And,

N- phosphonon g hytesurt 1y tuime mmm can be ithd)saltPaent 5 068,404 to

Ml ler and Balt haz ct of th Nt,el Qvention is
t he use of ﬁb"%%%ﬂmf%% Tha @nmlv\%g 32 is t he
am no al cohol t plsphnaethyiatand tthe mtherzd.s:m%%om.nghear boxylic
acid salt is a GoiiPt¥thg amind'RciW dd¥t (1 & salt of

N-phosphonomethyliminodiacetic acid, which can be

10 converted to N-phosphonomethylglycine by a number of
techniques known to those skilled in the art. When
one of R! or R? is phosphonomethyl, and the other is
lower alkyl group,. the resulting amino acid salt is
N-alkyl-N-phosphonomethylglycinate which can be

15 converted to N-phosphonomethylglycine by the teachings
in U.S. Patent 5,068,404 to Miller and Balthazor.

Another aspect of the present invention is the

use of the catalyst of the present invention, wherein
the amino alcohol to be dehydrogenated to the

20 corresponding carboxylic acid salt is a compound
having the formula

HO-P-CHz -N-CH2CH20H

CH2Ry

wherein R; is C,-C, aryl, preferably phenyl or
substituted phenyl, and the resulting carboxylic acid
25 salt is an alkali metal salt of
N-phosphonomethylglycine.
' The amount of catalyst to be used for converting
the alcochol to the corresponding acid can range



[err] mherein Rlerr] is (err]-Cerr] aryl, preferably phenyl or

substltuted ghen and the resulting carboxylic acid 25 salt is an
al kal i nBYQPoeUde N- phosphononet hyl gl yci ne. PCT/USISMBE4anount
of catalyst to be used for converting the al cohol to the
correspondi ng acid can range WO 96/ 01146
PCT/ US95/ 06754 - 8- bet ween about 1
wei ght percent and about 70 wei ght 'ﬂpErcent, preferably 1 to 40 wei ght
per cent, based on the anngnt of the startlngtalcohol It haﬁePSFPy e
f ound t fhe ca st 9 t present. i nventi on can

- used repeatedl ?W?ﬁq1 qéﬁizgercen angd Abaut 70 wel Eﬂ s than a

conventi onal Reugent, pmmmblqaualwuo weiqht pekitenty,dbagelde dipses
suitable for ysfg idhddift of the starting alcohol. It has been found
that the catalyst of the present invention can .

-] generally'be'used repeatedly in the reaction for a
greater number of times than a conventional Raney
copper catalyst. - :

The hydroxide bases suitable for use- in the

process of the present invention_include the alkaline

10 earth metal hydroxides, such aS'magﬁesium hydroxide, "
calcium hydroxide, barium hydroxide and the like. The
hydroxide base can also be a tetraalkyl ammonium
hydroxide having up to and inclﬁding 5 carbon atoms in
each alkyl group, such as tetramethyl ammonium

15 hydroxide, dimethyldipropyl ammonium hydroxide,
tributylethyl ammonium hydroxide and the like or other
strong organic bases, such as quanidine and
aninoquanidipe.',However, alkali metal hydroxides are
preferred. Suitable alkali metal hydroxides for use

20 in the process of the present iqyention-include
lithium hydroxide, sodium hydroxide, potassium
hydroxide, rubidium hydroxide and cesium hydroxide.
Because of their ready availability and ease of
handling, sodium hydroxide and potassium hydroxide are

25 preferred; and sodium hydroxide is especially
preferred. The amount of the hydroxide base to be
used is an eqﬁiValent amount in the range of 1.0 to
2.0 equivalents relative to the hydroxyl group of the

- alcohol to be used in the reaction, as determined

30 after neutralization of any acid functional groups
and/or hydrolysis of any ester functional groups of
the amino alcohol starting material. The hydroxide
can be in the form of flakes, powder, pellets or an
aqueous solution.



Pprocess of the present invention include the alkaline 10 earth netal

hydr oxi des, such as magnesi um hydr oxi de, cal ci um hydroxi de. barium
hydr oxi deWaOLHE | ike. The hydr oxi de base can al so be PET{USPMSTF4y |
amroni um hydr oxi de having up to and including 5 'carbon atons in

each al kyl group, such as tetranethyl anmonium 15 hydroxi de,

di met hyl di propyl amoni um hydr oxi de, tributyl ethyl ammoni um hydr oxi de
and the |ike or other strong organi &%ases, such as guani di ne and

am noquani di ne. However, al kali netal hydroxides are preferred.

Sui tabl e al kali net dr oxides far e 20 in th [ SS. Ofg 1 present
I nvention include afn %PH&FW&% e mm%w&q&ﬁ"p&% um

hydr oxi de, r ubiahlynrectssarye tancontaiatnthelrabcahnl VitYBG_nilﬁdtﬂi their
nydr oxi do are AEHIGIRAAR in o FUKLCLh VHEAIH S giadliied ol A0St U
preferred. The efikthe catalysthps: Sheipueaent dnwentionatid s’ an equi val ent
anmount in the redgseritured between ABOWEILY M ENENRd I8 Rd¢.e gradditablyr oxyl
group of the al cohol to be used in the re ctlo(p,-' s deternined 30 after
neutral i zati on RREWARR Akay L}l?i’[ i &é“%rm 19 an‘gl/ RFDI ysis of any
ester functiongprefergilybetweenaboatial40 ceh@ndtE80 i4¢. mkterial . The
o e ot | St BB, Sodde o ! e SRR o7
PCT/ US95/ 06754 generally begins to lose some selechpivity. At
10 temperatures below about 50 °C, satisfactory results
' may be obtained, but the reaction may be undesirably
slow. Generally speaking, the reaction of
polyetherglycols to produce the corresponding
carboxylic acid salts will require a more elevated
15 temperature. '

Pressure in excess of atmospheric pressure is
normally but not always required for the reaction to
proceed at a sutiable rate at the temperatures
indicated above. However, the reaction pressure is

20 desired to be as low as possible to provide adequately
high reaction velocity. Generally, it is necessary to
exceed the minimum pressure at which the reaction
proceeds in the liquid phase, preferably between about
1.96 x 10° Pascals and about 2.94 x 10 Pascals,

25 preferably in the range of about 4.90 x 105 Pascals
and about 1.96 x 10% Pascals. The conversion of the
alcohol to the corresponding acid salt proceeds with
the liberation of hydrogeh . which is vented with care

- from the pressurized reaction vessel. The venting may
30 be monitored to determine the rate and completeness of
" the reaction. "

As is well-known in the art, electroless metal
plating results in the absence of an externally
applied electric current by using an agqueous plating

35 bath or aquebus deposition solution of a water soluble



In the process of the present invention, it is . only necessary to

contact the al cohol with an al kali netal hydroxide in a reaction
vessel i Wa¥%d1p6esence of the catalyst of the presenPCIAisgs06780 at a
5 tenperature between about 70 [err]C and 250 [err]C, preferably

bet ween about 100 [err] C and about 190 [err]C and nore preferably
bet ween about 140 [err]C and 180 *C. At t enper at ures above about 220
[err]C, the catalyst generally bediOrs to | ose sone selectivity. At
10 tenperatures bel ow about 50 [err]C, satisfactory results may be

obt ai ned, but tsg rﬁaﬁﬁion may be undesira? sl ow. CGenerally
speaki ng, theSRé&cP gimetal £g) be: depgeiteds tghﬁrBH§88rFﬁé

correspondi ngmetal terbeppéernccH isl peeseht LAdthecpiatbhg Bathated 15
t enper at ur e. of atnos

h
normal Ly but A8 2aakeE PeEibLacerds:, ESR.8e, PoRBER (eubrigioiocd o o
sutiabl e rat esulfake andpthetlike. Otherndonwentiiehaleingredientst he

react i on PeSEH' nbSpatR4 faaaegOCI9t161g§ Lg&pgs afcarkagihg Provide

adequatel y r ac lon_ve 'S necessary to
exceed the ni hyduexidessarcogplexing Pﬁe°h9&étﬂbﬁ agent:pﬁbéeeds in the

liquid phase, g §t§6§&!h YotReregsrnidation adaities, 18henr hgPascal s and

bout 2.94 1 b t h bout 4.90
b DaosaPRaniiisaks, spetabhabges bEsshtoas.andsuetsne:si on'or i he

al cohol to thageatsgsgtedi ng: aC|d salt proceeds with the liberation

Of Iyoroggg: Ui chebs YRBIEH Ut IntahcppeskERl HEERPRBRRUpLE Y BB " ¢
conpl et eness uvse is. predﬁcasadtupnn several factorsswedll krowmninn the art,

el ectrol ess nghal ape, ~ Plating results in the absence of an externally

applied electric current by US|ng queous pl ati ng
The preferred educ ng agent for copper

deposition is formaldehyde or other substance

15 reducible to the XCO0™ ion, wherein X is hydrogen for
formaldehyde and CH; for acetaldehyde. For
electroless reduction of nickel suitable reducing
agents include, for example, sodium hypophosphite, -
sodium borohydride, dimethylamine borane (DMAB) and

20 - hydrazine.

Suitable chelating agents or complexing agents
include the Rochelle salts (tartrates),
-ethylenediaminetetraacetic acid (EDTA),
N-hydroxyethylethylenedianine triacetic acia (HEEDTA),

25 nitrilotriacetic acid (NTA), N,N,N’ ,N’-
tetrakis (2-hydroxypropyl)ethylenediamine (Quadrol
chelant) or other substances to insure keeping the
metal ion .suitably soluble in the electroless metal

- bath. ' S _ R _

30 Particles of the anchor metal to be coated are
embedded on the surface of an alkali-resistant support
to form a substrate. Finely-divided particles of
platinum embedded on a carbon support are preferred.
The substrate is contacted under suitably selected

35 conditions of pressure, temperature and time for the



35 bath or aqueous deposition solution of a water sol uble WO 96/ 01146

PCT/ US95/ 06754 -10- salt of the
petal to D¥OQEPU4sted. The preferred metal is copper WAEHHSYP6P¥Mesent
in the plating bath as‘-a water soluble salt, -such as copper (cupric)
sulfate and the Iike. O her conventi onal |ngred|ents 5 in the bath

I ncl ude a reduci ng agent, an al kal i ne hydr oxi de, a conpl exi ng or

chel ati ng agent, and optionally otfdd= fornul ati on additives, such as
stabilizers, surfactants, brightness and wetting _ agents etc.

The choi ce of whi ch speC|f|c bat h con2g5|t|on to s pregbgated
upon several fRessrdepepitinpALi khe chelpted, petal onto th fhaNnEReKer r ed

regutCI ng agigtmé&ucgpaetsometimdepaal trea8 stahaifgl dehumepartgenea f

subst ance r e,to rogen for

f or mal dehyde aﬂggEﬁé ed o, FafégcggggeForguitmgg EFPBFﬁgg gaugtlon of

ni ckel suitabl pangéufiron the frmgezingi polintiepff thecdappsdtiondi um

: hypOphOSph'ée’solutiﬁgdip”gpgr9E¥ﬁh?d€em§hgﬁkﬂ¥ka”‘EﬁebEEQEﬁnQQBAﬁk and 20

hydr azi ne ent's or | exi ng agent
i ncl ude t he Roshe|metga|p@apiagtiatesiected 39tH9I§Reﬁi891ﬂetetraacet|c

acid (EDTA), catalytic surface. In general, the thickness of the
base metal coating on the plated anchor metal
particles is about 0.3 to 500 nanometers, preferably 1

10 to 5 nanometers.

' Surfactants may also be employed in the
electroless plating bath. Suitable surfactants are
substances which are capable of lowering the surface
tension of a liquid or the interfacial tension between

15 a liquid and solid. Such substances possess the
common feature of a water soluble (hydrophilic) moiety
attached to an organic (hydrophobic) moiety and
include detergents and emulsifiers.

- Hydroxide-resistant supports in the catalyst are

20 necessary since the reaction to convert the alcohol to
the corresponding acid salt is conducted in a strong
basic solution. Suitable supports include titanium

- oxide, zirconium oxide and carbon. Of these carbon is
preferred. Activated carbon is even more preferred.

25 The particulate anchor metal deposited on the
hydroxide-resistant support can be a noble metal. By

" noble metal is meant gold, platinum, palladium
ruthenium or mixtures thereof. Of these platinum is
preferred. The amount of anchor metal to be deposited

30 on the hydroxide-resistant support can vary from about
0.05 weight percent to about 10 weight percent, based
on the total weight of the catalyst. When less than
about 0.05 weight percent anchor metal is deposited on
‘the hydroxide-resistant support, there is insufficient

35 anchor metal to combine with the copper, cobalt,



N—hydroxyethylethylenedianine triacetic acid (HEEDTA), 25 nitrilotriacetic =
aci d (NTA N, N, N - tetraki s(2- hydroxypropyl)ethyl enedi am ne

( Quadr ol b96'®l:‘ﬁélant) or other substances to insure keepi NgI/UBWNO6754 net a
ion suitably soluble in the el ectrol ess netal - bath. 30

Particles of the anchor netal to be coated are enbedded on the surface
of an al kali-resistant support to forma substrate. Finely-divided
particles of pl ati num enbedded om¥R-<arbon support are preferred

The substrate is contacted under suitably selected 35 conditions of

ressure, tenper re and tine fqor the MD 96/ 01146
FI;CT/ Us95/ 06754‘ ¢ °Li a"“1/15%!»‘3 Y oo PrOVidee ac satdsfachory onto the

anchor &gr&aenstan?hn&h@b%he&ahuﬁd eirinmter?e
attached to t u r Uiy iy rat ures nge fr

freezi ng poi nF'%S? Qﬁ'@"d@&??ii gg&’%’lng’FFSﬁ"Fo‘Pﬁg"Fe %'e%?&%ﬁ’[ ure. The
t hi ckness of on thee totall Wﬂishtngflthaebatadystoiasdbpqyﬂhadion

tal yt e e h tal coating
on the L%Fﬁ&‘%&iﬁﬁ#& thle oryBcalpita8iag o 'praced BT O U0
preferably 1 kends éﬁ&ﬁé@éﬁs Larger crygtaicsises Myt&!%tpmedml oyed

in the el eth@nt%a Hethllneohéthmesu lealke tourbantanl satalytic
performance. It is preferred to use from about 0.1
‘weight percent to about 5 weight percent, based on the
10 total weight of the catalyst, of the anchor. metal. ' "
Suitable hydroxide-resistant supports containing
a suitable anchor metal can be obtained commercially.
The catalyst of the present invention is prepared
by depositing;from_about.1=wéight_percent to about 50
15 weight percent, based on the total wéight of the
- catalyst, of an element selected from the group
consisting of copper, cobalt, nickel, cadmium and
mixtures thereof on a hydroxide-resistant support
~having from about 0.05 weight percent to about 10
20 weight percent of an anchor metal preferably selected
from the group consisting of platinum, palladiuﬁ,
ruthenium, gold and mixtures thereof. The amount of
deposited element (i.e., copper, cobalt, nickel and/or
cadmium) should be sufficient to cover at least some
25 of the embedded particles. Silver may be deposited on
the anchor metal where the anchor metal is not silver.
In addition to the coated particles the presence of at
least some particles of the plating metal embedded on
- the support but not adherent on the anchor metal can
30 exist. : -

X-ray Photoelectron Spectroscopy (XPS) is a.
technique which can be used to measure the relative
concentration of deposited surface atoms in the
catalyst. Using this technique, it has been found

35 that preferably in the catalysts of this invention the



‘'subst ances which are capable of |lowering the surface tension of a
liquid or_the interfacial tension between 15 a liquid and solid. Such
_subst ance¥O 695 t he common feature of a water sol ubPETUIMGHhi i c)
nnlety attached to an organi c (hydrophobic) noiety and i ncl ude
detergents and enul sifiers. Hydr oxi de-resi stant supports in the
catal yst are 20 necessary since the reaction to convert the al cohol to
the corresponding acid salt is conduct®¥3tn a strong basi c sol ution.
Sui t abl e supports include titanium oxi de, zirconium oxide and carbon.

9‘5 t hese 'Cl'ﬁ;bg‘}lfﬂﬂﬂ% referredrﬁgl\%g&}{%bon trpéievn?e%anfr p{ﬁéerred

hydr oxi de- r esiatictitr netxY tig Pyrdéuter hidre 2u0 alandBymore praferakly) is

nmeant gold, plgti r *fgl ] ﬁﬁﬁt eof. O these

platinumis th ?@Berﬂglc#‘a%&%hnt*% nfﬂ]#e%ﬁ#o eﬂg‘éposi ted 30 on

t he hydr oxi demamdmmlkomm V3% about 0. 05 wei ght

percent to gbout 1uyelifindierse reecmﬁes can Odle tiked ck6! dugbalt of the
0

- catal yst. en | ess out ht t t
deposi ted on - the Qﬂfﬂ‘?E/cﬂ‘%’cieQ‘i‘e?% ?ﬁﬁﬁfeég'ﬁ‘gr Qfﬂggﬁﬁ |1a?1t

?F:%T / fLiJnch;)r et depsdibitive eoppéts cobalt, wnidlkeél, and/oi\caanfum46
cadni E?nSt 86553‘?”% the ancher metal. 1%, ﬁngfe?&frer%‘hy ?Q%géfbnsgng/wo{ he
ot her hand, whese electroless metal deposit A stated above
10 electroless metal deposition refers to the chemical
deposition of an adherent metal coating on a suitable
substrate in the absence of an externally applied
electric source.
Regardless of the method of depositing the anchor
15 metal onto the substrate, the size of the anchor metal
particles is an important parameter in that the size
influences the size of the crystals of copper, cobalt,
nickel, and/or cadmium to be deposited. The average
crystallite size of the copper, cobalt, nickel,
20 cadmium or mixtures thereof should be less than about
S00 Angstroms; and in the case of copper, it is
preferred that the average crystallite size is less
than about 300 Angstroms. Although applicants do not
wish to be bound by any particular theory, it is
25 believed that a uniform distribution of the anchor
metal is best for achieving high reaction yields, but
not necessary for achieving fast reaction rates.
Further, it is believed that it is important to have
small, well-reduced, highly-dispersed anchor metal
30 particles. ' _ .
In practice, the substrate containing the anchor
metal is added to and slurried in water. Next, a
plating solution, e.g., copper plating solution, is
prepared by mixing the plating solution in the
35 appropriate proportions while the slurry of substrate



nore than about 10 wei ght percent anchor netal, based on the total
wei ght of the catalyst is deposited on 5 the support, the crystallite size
of pl at edWO6MA1146 tends to increase. Larger crystal sizepcoiusssns7sal at ed

el emental netal sonetines |eads to reduced catal ytic performance. It is
preferred to use fromabout 0.1 wei ght percent to about 5 weight
percent, based on the 10 total weight of the catalyst, of the anchor

nmet al . Sui t abl e hydr oxi de-reseg8@ant supports containi ng a

sui tabl e anchor netal can be obtained commercially. The cat al yst
of the present invention is prepared by depositing from about 1 weight

percent to abo‘md Satier &letMerecbas‘b(i dnemmram:at ‘ofiapoutf the
catal yst, of e,{?nﬁosﬂecée&.fﬂ éf'ei dﬁgépg Ofn&opper,
cad ereo on a y

cobalt, ni ckel um. and m. xt res t OoXI de-resi st ant
suppor t hataking #elpkien cont euplexing Agent and aej ght

percent of an FgdiR®In qénﬂrﬁéedd@éd ﬁslaﬁe@llurryfﬁi)raﬁ&mgrour)

Chereof . e é'rﬁ“iﬁé‘”'? "By genthr tne PR IR Yitn Cach TIRTHIBETT 1 cice

and/ or cackﬁtm) ahcnd:pbd:prhﬂé tiutintemk; the | mext :lsmeeﬂ&lt of the

enbedded artl ' wher e

t he anchoE nﬁf %e#v%gySP&Iﬂf déd‘?’[I ?o ?%e ngfg@[ gﬁ cles the
presence of atBOluti@ast@%edwlM%I% %hetclﬁas-'ptadl QMGPGMded on
g(h(raasugﬁgg E)eltha%:at% %ﬁ‘eﬁfﬁeﬂﬂ 6ﬁ%%@%h&tﬂ%€%%€%?ﬁ%%1 csatif be used
to mgasurelq he'“?"é?a’?é;e‘gep°s§% f%? &1?1@36%‘1‘?% rFeBRIe% s in tl“‘
catal yst. Usialy éddentially qrslorlesestireratoures®its hat preferably in
the catalysts of tr%ﬁé Vgﬁiéfﬁbtiﬁheous solution in one embodiment

of the invention comprises the following active

ingredients. :
15 c_opp'er sulfate - 4.0 g/l:. -
Formaldehyde B 6.0 g/L .
Sodium hydroxide . 9.0 g/L
Excess EDTA chelant 0.06 molar -

- Next, the finished catalyst is filtered and
20 washed with distilled water. The filtration is best
done in an inert atmosphere, such as a nitrogen
- blanket, to avoid exposure of the catalyst to air.
' Washing the catalyst removes unreacted components such
‘as parts per million impurities and unreacted reducing
25 “agent, such as formaldehyde. It has been found that
from about 0.5 to 1.5 weight percent alkali metal
normally is left on the catalyst, which is usually not
harmful. The catalyst should be stored'in_a manner
which avoids exposure to oxygen, preferably by being
30 kept under water. :
The invention is further illustrated by but not
limited to the following examples.
As indicated above the preferred method for
, preparing the catalyst of the present invention
35 comprises the steps of first stirring or mixing



WO 96/ 01146 PCT/ US95/ 06754

- 13- XPS surface atomc ratio of the deposited netal on the

.anchor meP9% 14y eater than 2.0, and nore preferably, RGTLUSHSB6Tr f ace
atomc ratio is greater than the corresponding bulk atomc ratio. 5
Any nunber of techniques can be-used to deposit - the anchor netal on the
al kali resistant substrate and - to deposit the copper, cobalt, nickel,
and/ or cadm um onto the anchor net&3"t is preferred, however, to

use el ectrol ess netal deposition. A stated above 10 electroless netal

deposition refers to the chemni cal depgsi tion of dherent netal
coating on a sﬁ?gﬁﬁ‘e" 'n vatgeI: p,Pourfe; ﬁg Hﬁgﬁﬁcgoéﬁgéﬁ &%t nal | y
gpm i ed helaﬁh;i.euehumnecopper i_ons,Ragsudltabieobonpaemn?d ﬁf
epositing the_anchor 5_ne t S qi | t he anchor
met al par?gsﬁgs P?aaﬁni %&?ﬁgn?ebgggrirg?er&ﬁ?ksf ﬁatE Qg Eg ?lgge
i nfl uences t heembeddefl pasrtdcle: oifs apf apcpprr nesadapnd thereafdex!  and/ or
cadmumto ge Lt 5]:%9' a wical adhg i @f the copper,
cobal t, ni cgel gia&éy ?ggm th %\rﬂ%pn ?t%uP sdtr%bre f shoul bgﬁ | ess than about
500 Angstrons; FRANCARG Agentse sych: 38, £ormaldehyde, %Eﬁélr'@j OFh1*® he
avelrage crygt ahlikiecto Zhd stitged gixthwd a alrhiet m%&&%rjgﬂts(:m Al t hough
applicants do not W sh to he . bou ribcul ar theory, it is 25
believed that ZegNces ﬁ‘ﬂiegﬁ”r LoRefal foti afe tne u“a"r‘%eﬂlm i's best for
achi evi ng hi ghresadtiiogy yirdmithebxteductiomiisnedestxoleaslyn@liabedg fast
reaction r3h®Son at least some of the nonembedded surface of the

anchor metal. Some of the reduced metal may be

deposited as free standing metal particles on the

support without being deposited on the anchor metal.



Further, it is believed that it is inportant to have smal |,
wel | -reduced, highly-dispersed anchor netal 30 particles.

pract i ceWa%@16bst r at e cont ai ni ng the anchor met al PETASI76% and
slurried in water. Next, a pl ati ng solution, e.g., copper plating
solution, is prepared by m xing the plating solution in the 35
appropriate proportions while the slurry of substrate WO 96/ 01146
PCTI US95/ 06754 -16- - 14- and water is
gently stirred at a tenperature of about O [err]Cup to 30 [err]C or
hi gher in an open container. The | ating solution containing a
conpl exi ng agent and a reducingﬁﬁékﬂi!+£ added to the slurry in snal

5 incre ts b h ddi

Sopropriate tiwe  Phifvaninphs Kiiubtrafas vhe ‘brefration bl 1 ¢\ ouiy

addeﬂt The an?uaalyétpb;tthg p;esentuinvenhﬂdad depends on the desired

weight percent bhé-FLEEE Ny 1 R8s | BEREF BENFRIALNG' a! HE£EBRA V5L
IhRs! §F o1fs onfEld

10 When t he deposi. cata
essential |§ cpbbymerscoatedat s ¢eatlnster long, maqnetiesatirﬁénaqueous

solution in Oﬂére”Bﬂdh”ﬁa?neticoatlbeih ﬁﬂ&té”a?é”ﬁ&ﬂ&&slkbemtp||0“ﬂn9
active i ngr efi ent s p 4.0 g/L
For mal dehyde istilled wageg BPE 5 weigh gercen p&atinum on

activated carbon in powder form, available from

Degussa Corporation of Ridgetield Park, NJ, which

10 corresponds to 13.37 grams on-a dry weight basis. 1In

a separate one<liter beaker a copper plating solution

is prepared by adding the following components, most

of which are available from MacDermid, Inc. of -

Waterbury, CT, with stirring in the following order=

15 (1) 687 ml deionized water
' (2) 90 ml MACuPlex Ultra Dep 10008*
(3) 54 ml MACuPlex Ultra Dep 1000A%
(4) 18 ml MACuPlex Ultra Dep 1000D+*
(5) 5 ml 37% w/w formaldehyde
20 * proprietary products of MacDermid
TOTAL VOLUME 854 ml

According to MacDermid’s product description for
Product Code No. 17970, the resulting agqueous solution
comprises the following active ingredients:

25 ' Copper sulfate 4.0 g/L
Formaldehyde 6.0 g/L
Sodium hydroxide 9.0 g/L

Excess EDTA chelant 0.06 molar

The resulting plating solution is filtered and then
30 added to the stirred slurry of the 5 percent platinum
on activated carbon by adding 122 milliliter
increments every 3 minutes at 40 °C. The pH is
monitored to verify the extent of the reaction. Time



'Sodi um hydr oxi de 9.0 g/L Excess EDTA chel ant

0. 06 nol ag,, Next, the finished catalyst is filtered and 20 washed
With dist H?%‘%‘"\’\%ﬁ er. The filtration is best done i n ACTYRISN6754

at nosphere, such as a nitrogen bl anket, to avoid exposure of the
catalyst to air. Washi ng the catal yst renoves unreacted conponents such
as parts per mllion inpurities and unreacted reducing 25 agent, such as
formal dehyde. It has been found that =17= from about 0.5 to 1.5 wei ght
percent al kali netal normal ly is left Fg Lhe catagyst, which is

usual 'y not harnful . The catal yst shou e stored in ~a manner

whi ch gvoids Belheeen adait ;iir tended when-gag evadukien under water
The invention becomes htdoi vigerowsed by but not limted to the

fol |l ow ng exanpl i ndi_cated _gbqve the preferred nmethod for
prepar i ng therrgaﬁa"ltfﬁ the Pﬁé’@@?eﬁlz %‘&h?er??i‘%&“%?"c‘d‘rérq%e? the steps of
first stirringconplekedg the ca¥abye®ligtrecovered by filtration

PCT/ US95/ 069 54,44 r in water

a source o?;maI%rngo?U%T%1%%¥éyacuumi%&%ﬁkéu%h3gé5%%pgg?r?%g§?5ggsuitable
conpl exing  fThiker funpeln amdaiglasssdome ovepothectepydfigthe enbedded
particle of ane¥iREPrplik§ed with INPELSGER! Re€ePVEY18£8¢06n, SLRR as by
dropwi se addltégTidahaterial is washed with three to four 250-ml
portions of dgionize& water. The dry weight yield of
10 catalyst in this preparation is 18.4 grams.
Microanalysis of the catalyst shows the elemental
composition to be 13.4 weight percent copper and 3.4
weight percent platinum, based on the total weight of
the catalyst. The average copper crystal size as
15 determined by XRD line broadening is found to be 157
Angstroms.

Example 2

This example shows another preparétion of a cétalyst
of the present invention. _

20 TO a 2-liter glass beaker containing a Teflon
polymer coated, 2.5 centimeter long, magnetic stirring
bar on a magnetic stir plate is added distilled water
(190 ml) foliowed by 5 weight percent'platinum on
activated carbon, available from Degussa COrpofation,

25 corresponding to 16.42 grams (dry weight). An aqueous
copper plating solution is prepared in a 4-liter
beaker by adding the following components with

- stirring. '

(1) 500 ml DI water .
30 (2) NaKC H Oge4H,0 (tartrate) [29.99 g, 0.106
: moie]; stir to dissolve
(3) In a separate beaker, dissolve 11.79 gms of
CusSO,+5H,0 (3 gms Cu,) (0.047 mol) in 400
ml deionized water



reduci ng agent, such as formal dehyde, hydrazine or the like to the
stirred mxture. The netal ions are reduced to elenental netal form and
t he net aWwo9%6/014ssul ting fromthe reduction is el ectrol esslpﬂﬂ%ﬁ’@@“ 10 on
at | east sonme of the nonenbedded surface of the anchor netal. Some of
t he reduced netal may be deposited as free standing netal particles on
t he support w thout being deposited on the anchor netal. WO

96/ 01146 -18~ PCT/ US95/ 06754

~-16- This exanple illustrates the preparation of a

catal yst of the present invention. Into a one-liter glass beaker

~_containing a Tef(Wdn Midstopper @akutdons Gdnttonthe resltingnetic
stirring bar, on @y Iébfﬁﬁﬁdﬂl!})p|ate are added 169 niL

sty Ved vater and > aga 45, 65" Sepnn AE téa?‘%#’éhm%‘?gﬁo@@?efﬁrﬁihi”
NJ, mh{ch 10|;forrgsp 057 tio1)3. 37 grans on a dry wei ght basis. " a
T TIE e e PRI R
MacDerm d, Inc. of - molhterbury, CT, with . stirring in the follow ng
order: TOTAL VOLUME 1125 ml |
The resulting plating solution is added to the
‘slurry of 5 weight percent platinum on carbon in a
10 total of about twelve, 79 ml increments with each .
increment being separately added every 2.5 minutes.
The pH is monitored to verify the extent of the
reaction and to delay incremental addition in time if
and when the sclution degassing becomes too vigorous.
15 fThe catalyst, after the plating solution is added to
the slurry, is recovered by filtration as in
Example 1. The dry weight yield is 20.03 grams. The
composition is analyzed and is found to be 14.5
percent copper and 3.8 percent platinun, hased on the
20 total weight of the catalyst. The average copper
crystal dimension is 119 Angstroms.

Example 3

Example 2 is repeated except that components (1)
through (5) are mixed together with the platinum on
25 carbon substrate; and thereafter formaldehyde is added
dropwise to the resulting mixture over a 30 minute
period. As a result improved deposition.of the copper
onto the platinum is obtained as compared using the
catalyst composition prepared in accordance with the
30 method of Example 2. The catalyst is evaluated in the
' conversion of diethanolamine to the corresponding acid
salt. The reaction results in a yield of the
corresponding acid salt of greater than 95 percent.



15 (1) 687 m deioni zed wat er " (2) 90 mM MACUPlex Utra Dep

1000B* 3) 54 M MACuPlex Utra Dep 1000A* 4) 18 n
MACUPl ex Q74 “E) )1000D* (5 5 37%w w fornalgfaﬂé?é)“’fﬁ *
proprietary products of MacDerm d TOTAL VOLUMVE 854 m
According to MacDerm d's product description for ~ Product Code" No.
17970, the resulting aqueous sol ution conprises the follow ng active

i ngredi ents: 25  Copper sul fard9= 4.0 g/L

For mal dehyde . 6.0 g/L Sodi um hydr oxi de 9.0 g/L
Excess EDTA chelant 0.06 nol ar Tgﬁ rfsulting plating solution is
filtered and then 30 added to the sti ry of the 5 percent platinum

on-activated carb ' ' o da 0t |.nc every 3
mnutes at 40 [er W%%% iﬁzﬂ’gééﬂ#ﬂi %Trh@d ﬁ°§*f&r4f‘§}?t extent of the
reacti on. Ti ne diethapnodemine/to the disodium salt of iminodiacetic

PCT/ US95/ 06754 - - ' -1é- egween additions
i s extended mheﬁcigs(gﬁgPﬁ?igﬁing tﬁgcgﬁ§§1¥gg é? gfgﬂg;a 1 After the
addition of ®¥he p?%ﬂ#?ngls%%t%rﬂ%ochve equipped with a stirrer and

a 0.5 micron filter mounted at the bottom of the
autoclave are charged 15 grams of the catalyst of
Example 1 under an argon atmosphere, a 50% sodium
hydroxide solution (61.5 g, 0.77 mol), an aqueous

10 solution of diethanolamine (78.9 weight percent, 0.36
mol) and distilled water (47.5 g). The autoclave is
rapidly heated to the desired reaction temperature
while maintaining the pressure at 1.03 x 10° Pascals
with stirring beinq accomplished at about 800

15 revolutions per minute. The reaction is monitored by
measuring the hydrogen off gas from the reaction.
After the reaction is completed, the autoclave is
cooled to room temperature. The resulting reaction
mixture is discharged through the bottom of the

20 autoclave through the filter and collected. Distilled .
water is then added to the autoclave, and the catalyst
is stirred with the water which is then also
discharged through the bottom of the autoclave. About
100 ml to 200 ml of water is used. While the

25 autoclave is maintained under a nitrogen blanket,

reactants are recharged (excluding the catalyst) and

an identical run is made as above. The results of

nine cycles are’'shown in Table 1.



conpl eted, the catalyst is recovered by filtration 5 using a 4-liter
vacuum fl ask, a 350 ml coarse gl ass filter funnel, and a gl ass done
over theW@p6Nil4G he funnel purged with nitrogen. Afterpqq’gﬁﬁ’gﬂsén t he
solid material is washed with three to four 250-n portions of

dei oni zed water. The dry weight yield of 10 catalyst in this preparation
Is 18.4 grans. M croanal ysis of the catal yst shows the el enental
conposition to be 13.4 wei ght percent t®per and 3.4 wei ght percent

pl ati num based on the total weight of the catal yst. The average copper
crystal size as 15 determ ned by XRD e hroadening is found to be 157
Angst r ons. 2 Thi s exanpl e shows
anot her preparation of a catal yst ofRdJut:tnmsent i nvernSIDA 20 To a
2-liter glass ¢yngier corémppifrCl Tef IZime (Mimitemer coat¥iRl® Gkentineter

long, magnetic stirring - .bar on a magnetic-stir plate is added distilled
wat er (890 k) foll owe,‘cﬁby 5 wei ght pe@®®nt platinum *R«5 activated
carbon, avail abl? from Degigpa Corporatlon@S correspondgqigg to 16.42

gr ans (dry weight). An a eous - copper_ plating solution. |s prepared in
a4-liter behker by a -'hgthefollovm conponent s WEL R stirring.
(1) 500 m DI gater 30 1552) [err] (tmgrate) [29.99 95.0-. 106

nole]; stir to dissolve (3) In a arate beaker,,dissolve 11.79 -
gms of S CUsc1e4$? 5H[err]O (3448 cu,) (0.047 Ji_in 400

m deioni zpgl water = 155 144 94.9

7 185 R 71 A 94.9 ¢
8 155 150 . 94.8 |
9 16 . 150 1 94.7

;-This;example;illustrates~the_conversion_of
diethanolamine to the disodium salt of iminodiacetic
acid using the catalyst of Example 2.

The procedure of Example 4 is repeated except that
20 the catalyst of Example 2 ‘is used instead of the
catalyst of Example 1. The results are shown in

Table 2.
25 . ' Reaction DSIDA
Cvcle  Temp. (°C) - Time(Minutes) ~ Yield (%)
1 156 . . - 61 . 95,2
2 151 - _ . 94 . .95.7
3 151 » 97 - 95.6
30 4 151, . 96 . . . 95.8
. 5 144 147 95.4
6 144 ND# ~ ND*
7 145 154 95.5
8 145 155 95.4

35 #*ND - not determined



WO 96/ 01146 - PCT/ US95/ 06754

- 18- Add copper solution (3) to the resultin
.t artrate%%%‘f'l(l‘b% (2) (5) Add 13.60 grams. of 50 59618 ent
NaCOH ~ (0.17 nol) 5 (6) 11.35 m 37 wei ght percent
f or mal dehyde (0. 15 nol ) TOTAL VOLUME 1125 mi
The resulting plating solution is added to the slurry of 5 weight
percent platinumon carbon in a 10 tot#&}=of about twelve, 79 m increments
w th each i ncrement being separately added every 2.5 mgutes.OI I The
His nonitored to verify the extent of the reaction and to del ay
Pncrenental addition in tinme if 5*&“§*§TQruasolution degassing becones

tpo vigorous. 1omniBCesgh@idsiyydbbehchloeRbpkf °Be' 3304
the slurry, is récovere }% ron as i1n y melght
yield is 20. 0Fakalyst qﬂnézhe pmqmutn\tﬁmt mrand Aks MeRis found to be

14.5 Pg cent 1pe8Pgr 4am§t§r8gfs§aessanbet baumma d?:aglbhe 20 total
wei ght of the c e .average ngf | mensjon is 119
Angst r onms. Eiymz' coated, 5~centimeter long, magnetic stirring

bar, on a magnetic stirring plate are added distilled
water (471 ml) and wet 3 weight percent palladium on
activated carbon which corresponds to 40.5 grams of 3
- 10 weight percent palladium on activated carbon on a dry

weight basis. In a separate 4-liter beaker a copper
plating solution is prepared by adding the following
components with stirring in the following order:

(1) 1918.6 ml dionized water

15 (2) 251.2 ml MACuPlex Ultra Dep 1000B

(3) 150.73 ml MACuPlex Ultra Dep 1000A

(4) 50.24 ml MACuPlex Ultra Dep 1000D

(5) 13.96 ml 37 percent by weight formaldehyde

" TOTAL VOLUME 2384.8 ml

20 This plating solution is added to the slurry of the
3 weight percent palladium on activated carbon,
available from Engelhard Corporation of Iselin, NJ, by
adding 200 milliliter increments every 2.5 minutes.
The pH is monitored to verify the extent of the

25 reaction. Time between incremental additions is
extended, when gas evolution becomes too vigorous.

After the plating solution is added, the catalyst is
recovered by filtration using a 4-liter vacuum flask,
- a 500 ml coarse glass filter funnel, and a glass dome

30 over the top of the funnel purged with nitrogen.

After filtration, the solid material is washed with
three to four 250 milliliter portions of deionized
water. The dry weight yield in this preparation is
54.27 grams and microanalysis of the catalyst shows

35 the elemental composition to be 13.5 weight percent

copper and 2.1 weight percent palladium, based on the



Exanple 2 is repeated except that conponents (1) t hrough (5) are m xed
together with the platinumon 25 carbon substrate; and thereafter

f or mal deh¥@96{04144¢ded dropwi se to the resulting n xt uPETAISEH06I580

m nut e period. As a result inproved deposition.of the copper

onto the platinumis obtained as conpared using the cat al yst
conposition prepared in accordance with the 30 nethod of Exanple 2. The
catalyst is evaluated in the conver@®on of di.ethanolamine to the
correspondi ng acid salt. The reaction results in a yield of the
correspondi ng acid salt, of greater than 95 percent WO 96/ 01146

PCT/ US95/ 06754 total weight of the catalyst. The jayerage copper T s

exanpl e i1l ust rexystd e e\« detertiined byl xR AN brsadening 18 sodi um
salt of im nodi tm QA‘QFZCI d (DSIDA) using the catal yst of Exanple 1.

5 Into a 30 %ﬁ equi-pped-with a stirrer and . a 0.5 mcron
filter nount ed at Theepboceduref ofhExampleadt del meatedcbxcgp&. thagrans of

t he cat al yst h:ﬁ?% @aiﬁlﬁ? rg @tf@é%@g é stibén um
hydr oxi de s utlon 6l IHH (¥§ &mgﬁ'aggéous H-SSfutlon of

di et hanol ani ne ¥ |ght percent, 0.36 - nol) and distilled water
(47.5 g). The autoclave S r api dl ' to the desired reaction
t enperature whi |l e nalnta|n|ng the~ ‘pressure at 1.03 x- 10[ err] Pascal s
. Reaction DSIDA
10 stlg Ismn;_i_cl Iimsiuinu:ggl e.
1 - 160.5 . 120 94.9 e
2 - 161.5 1008  96.1
3 161 95 S . 95.2
4 161 . _ 97 - 1 95.1
15 5 - 156.5 | 121 96.3
6 151. 5-151 5 129 . 96.3
7 . 156 128 . 96.3
8 156 | . 120 96.3
9 156 o 121 96.3
20 10 156 122 96.2
. Example 7

This example illustrates the use of the present
25 catalyst to convert
N-(z-hydroxyethyl)aminomethylphosphonic acid to
N-phosphonomethylglycine. .
Into a 300 ml nickel autoclave equipped with a
stirrer is charged with a mixture of
30 N-(z-hydroxyethyl)aminomethylphosphonic ‘acid (12 0 g,
0.077 mol), water (120 g), 50 weight percent sodium
- hydroxide (21.7 g, 0.271 mol), and 12.5 g of the
‘catalyst of Example 2. The autoclave is sealed and
heated to 150 °C under pressure to 9.32 x 10° Pascals
35 while stirring the liquid phase in thérau;oclave until
hydrogen evolution essentially ceases. The yield of



with stirring being acconplished at about 800 15 revol utions per m nute.

The reacti ' nitored by nmeasuring the hydrogen off gas fromthe
teacti on. %667%' Sar the reaction is conpleted, the autocl aRCTESI5/06754
cooled to roomtenperature. The resulting reaction m xture is

di scharged through the bottomof the 20 autoclave through the filter and
collected. Distilled water is then added to the autoclave, and the
cat al yst is stirred with the water ™¥Th is then al so di schar ged
t hrough the bottom of the autoclave. About 100 mM to 200 m of water
Is used. Wiile the 25  autoclave js jmaintaijed under a njtroge | anket,
reactants are re’i| WQ’B&?WWXQ@%&%I%)’#@“ salt a‘ﬁ% Ehaﬁtical run
i s made as abovewefldist rpexcdnt of nine cycles are shown in Table 1. -
WD 96/ 01146 PCT/ US95/ 06754 '

- 20- , Examplen 8 DSI DA Cycle
Tenp, ([err] O Ti me( M nut es) ) Yie'%&?° 5 1 161

103 ofhis example illustrates the conversiopn;of

94. 8 % 2-oxo-3-Gxazolidinylmethi’lphosphonic acf® €o 4

155 138 . 1?5 144
94 9 N-phosphonomethylglycine in salt form using the

present catalyst. -
The procedure of Example 7 is repeated except that
N-phosphonomethyl-2-oxazolidone made by the process
10 described in U.S. Patent 4,547,324 is used instead of
N-2-(hydroxyethyl)aminomethylphosphonic acid. After
hydrogen evolution ceases, the yield of N-phosphono-

methylglycine is 86 weight percent as determined by
HPLC analysis.

15 ._ Exanple 9

This example illustrates the use of the copper
catalyst of Example 2 to convert 3-aminopropanol to
sodium 3-aminopropionate.

- The mixture consiS£ing of 3-aminopropanol,

20 (49.8 g, 0.66 mol), a slurry of 12 g of the catalyst
of Example 2 in 50 g of water, 50 weight percent NaOH
(57 g, 0.7 mol), and 25 g deionized water is charged
to a 300 ml nickel Parr reactor equipped with a
stirrer, a gas regulator to maintain constant back

25 pressure, and a Porter hydrogen mass flow indicator:
interfaced with an IBM computer. Heating to 160 °C

. induces rapid - "hydrogen evolution, and after it ceases,
analysis of the filtered product mixture by NMR is
consistent with a 85:15 ratio of sodium 3-

30 aminopropionate'and sodium propionate, respectively.



10 6 155 144 94.9 7 155

147 94.9 8 155 - 150 94. 8
9 WOI%®1146 150 94. 7 15 PCT/US95/06754
Exanpl e 5 This exanple illustrates ‘the conversion of

di et hanol am ne to the disodiumsalt of i mnodiacetic acid using ' the
cat al yst of Exanple 2. The procedure of Exanple 4 is repeated
except that 20 the catalyst of Exanpl4=2 is used instead of the

catal yst of Exanple 1. The results are shown in Tabl e 2.

Table 2 25 ‘Reaction DSI DA Cycl.e
Tenp. ([err]C) Tinme(Mnutes) EXaBPlE®AA0 R . 156

61 95. 2 2. 151 : .94 : 95.7
3 151 This example; illustrates thejige of) the present 157

96 cataiys® to convePt an aromatic alcohol toltie

95. 4 6 i44 ND* ND* 7

145 corzgsponding acid galf. 8 145 155

95.4 35 5*ND -A rmixtinteroonﬂining mm G!ll]anhol (62.6 g, 0.58
PC'FI-/U595/0675ﬂiol), a slurry of 12 g of the catalyst of Example 2 in
50 g of water, 50 weight percent NaOH (50.3 g, 0.63
- mol), and 24 g deionized water is charged to the
reactor described in Example 7. Heating to 160 °C
10 yields evolution of hydrogen. - After 30 minutes the .
temperature is increased to 170 °C to speed -
conversion. After hydrogen evolution ceases the
filtered reaction mixture is analyzed by NMR. The g
and 13c NMR spectra obtained from the product is
15 consistent with that of sodium benzoate. An aliquot
of the product mixture is acidified with HCl and
recrystallized from water to afford white plates: m.p.
121-122 °C (lit. m.p. 122.4 °C).
E ble 11
20 This example illustrates the use of the present
catalyst to convert a polyol to the corresponding
- acid.
~ The autoclave of Example 7 is charged with ethylene
. glycol (30 3 g, 0.49 mol), a 12 g of the catalyst of
25 Example 2 in 50 g of water, 50 weight percent NaOH
© (39.77 g, 0.497 mol), and 70 g of deionized water.
The mixture is heated to 160 °C with rapid_evolution
of hydrogen. After hydrogen evolution ceases,
analysis of the filtered reaction mixture by HPLC
30 reveals a 95 weight percent yield consisting of about
90 mol weight percent sodium glycolate and 10 mol
percent sodium oxalate.



- 21- This exanple illustrates the prepar ation of another

catal yst of the present invention and its use, Into - | gl ass
beaker coWORMHY Tefl on pol yirer coated, *5- centl met er P%ES 9é/{léé‘hetic
stirring bar, on a magnetic stirring plate are added distilled

water (471 m) and wet 3 wei ght percent pall adi um on activated carbon
whi ch corresponds to 40.5 granms of 3 1Q i ght percent palladiumon
activated carbon on a dry wei ght be#1™s. In a separate 4-liter beaker a
copper plating soluti.on is prepared by adding the follow ng

conmponents w th stlrrlnglnthefollm (1) 1918.6 nl

di oni zed water 15 °~ (2) 251.2 nml tra Dep 1000B (3)
150. 73 i 'VACUPl e"fh”!téi‘ ﬁge tra tﬁé)céﬂvgfs nMOEUE! gaddira Dep
1000D 13..96 7 percent %BSWEI ght, for ma‘T%de hyde H’

TOTAL VOLUME 2 qhq) to the corgespq tion is added to the slurry
of the 3 wei mhtopsr wtnpahiaebnna@aomwaafd céRapged cinn pilable

from Engel hgs d r Rora | sel b | 00 iter

i ncrenments g/ dﬁ] % 39‘?’#@%%‘1 Pé’m 1’9’2@ ’?’t’f‘z eq?f‘;# He ext ent
of the 25 readiidm mmmmm @fe Bampdadi i (12 8 g catalyetended,
when gas evol ut gftféﬂ“? 0 gV Y& t te, pl ng sol ution
i s added, the céa yS h 486 ?g%ered byq ” trdg |€’;1 i'ng a ﬂd -liter
vacuum f | ask, autodlawm i s@@éﬁgeagxdawmqq sith nH&rogen: a'@mss dore

30 over the tol%\ﬁ'foéﬂﬁré L!.@"?Jew%dﬂrt 'i::'ﬂédtﬁ%erbf o HMigs filtration,
the solid materlal IS washed ' Aree to four 250 mililiter

portions oflQeiRARGRAE to 1 7\9at°§r 'ﬁfé"ﬁi’r P¥anogan wvalntion (feasas,nar ati on
i's : | the reaction product filtered and the basic filtrate

is extracted with diethylether. The agqueous phase is
acidified and extracted with ether. The acid and base
extracts are evaporated and analyzed. The reaction

15 yields sodium 3-phenylpropionate (69 mol percent),
3-phenylpropanol (25 mol percent) and sodium benzoate
(8 moi percent). |

Example 13

This example illustrates the ccnversich of
20 polytetrahydrofuran (PTHF) to the corresponding acid
salt. The polytetrahydrofuran used in this example is
a linear chain polymer of the formula :
H(OCH,CH,CH,CH,) ,0H with an average molecular weight of
about 250. - |
25 Into a 300 ml autoclave are charged 15 grams of the
catalyst prepared in accordance with Example 2, 35.0
grams of 50 weight percent sodium hydroxide, 37.8
- grams of polytetrahydrofuran and 61 grams of deionized
water. The contents of the autoclave are rapidly
30 heated to a temperature between 160 °C - 170 °C while
maintaining the pressure at 1.03 x 10° Pascals.
| Slurring is maintained at 800 revolutions per minute.
After hydrogen evolution ceases, the reaction product
is cooled to 95 °Cc, removed from the autoclave. The



54.27 granms and microanal ysis of the catal yst shows 35 the el enental
conposition to be 13.5 wei ght percent

pal | adi ufO ¥44t$ on t he WO 96/ 01146 PCT/US95/06754

PCT/ US95/ 06754 -22- total weight of
t he catal yst.
| ine broadening is

shown in
React i on
1

105

95.2
156. 5
129

8

121

160. 5autoc£§i£mislgin§zglwith abgBtgigg mic3£ dIQHEQYLHUtiZi.5

1§6

10

15

copper and 2.1 wei ght percent

The aver age copper crystal size as determ ned by XRD

127 Angstrons.

Tabl e 3. Tabl e 3

wat&ﬁ.l The. filtPate and witer wash are comblhed and
analyigd }or the dibagécSacig T%e convergi%n f{é@ 5
the 941681 polymer to the ¢bfresponding the diacid salt
. 96. 3 ' 9 156
is grogntiplly glantitatiys. %07 1,
. . . Example 14 -

Exanple 13 is repeated except polyethylene glycol
having a molecular weight of about 200 is used instead
of polytetrahydrofuran._ Eventually 100 percent of the
diol is converted to the disodium salt ot the
corresponding dibasic acid having the chemical formula
of NaOOCCH,- (ocnzcnz),-_ocnzcoom. o

'In this example N-benzyl-N-phosphonomethyl-
aminioethanol is converted to the corresponding alkali
metal salt of N-phosphonomethylglycine. -

Example 13 is repeated except that 35 grams of
N-benzyl-N-phosphonomethylaminoethanol is used instead

~of PTHF. N-phosphonomethylglycine in a yield of

20

25

30

:greater than 95 percent is produced.

Although the invention has been described in terms
of specified emhodiments which are set forth in
considerable detail, it should be understood that this
is by way of illustration only since alternative'
embodiments and operating techniques will become
apparent to those skilled in the art in view of the
disclosure. For example, the copper catalyst of the
present invention can be used for any numher of other
reactions other than the conversion of an alcohol to
an acid, for example, hydrogenation reactions and
dehydrogenation reactions that are common to copper

' catalysts._ In addition, the electrolessly plated

catalysts of the present invention which are nickel,

cobalt, cadmiun, or mixtures combined with the anchor

_ The procedure of Exanple 4
i s repeated except that 5 the above2éatal yst is used. The results are

96.
96.

3
2

%



EXAMPLE 7 This exanple illustrates the use of the present 25
cat al yst t N- ( 2- hydr oxyet hyl ) am nonet hyl phosphoni c acid to
Nphospho%ﬂgﬁﬁy?{]l yci ne. Into a 300 mM nickel aut o%?%%"s@&ﬁ“pped
with a stirrer is charged with a mxture of 30

N- (2- hydr oxyet hyl") am nonet hyl phesphoni ¢ aci'd (12.0 g, 0.077 nol),
wat er (120 g), 50 wei ght pericent sodi Umga_ hydroxide (21.7 g, 0.271
nol), and 12.5 g of the - catal yst & Exampl e 2. The autoclave is -
seal ed and heated to: 150 [err] C under pressure to 9.32 x 10[err]
Pascal s 35 gl i bl hed icatad vi2a2sReolsd e Unereti|
hydr ogen evol ut or?qescgg‘ntsigal ?hcgglses. TK%Ig iigilog 0?@3&! WO 96/ 01146
PCT/ US95/ 06754 8uch metals are commonly used as argatalyst.

N- phosphononet Adcarddngdyss modd fieditionedidan'de Fdde witht@ht percent.

Ex le 8 : i Le illyst.rat h i f 5
2- g)r(rg_ g- oxazol GRRNF I Sh F%%%m@%ﬁa&?ﬁfé%wmm'm yci ne

in salt formusing the present catal yst.



The procedure of Exanple 7 is repeated except that _
N- phosphononet hyl - 2- oxazol i done made by the process 10 described in U S
Pat ent 4Y6%6/4336 i 5 ysed i nst ead of _ PCT/US95/06754

" N-2-(hydroxyet hyl ) ami norret hyI phsphoste—aeid ——hydrogen——
evol ution ceases, the'y et hyl g]%}gsher;te}{gssﬁeei%ﬂﬁﬁeght

of y .
Ent Hu'u ﬁ'" I“""ﬂ”” ﬂl gyexaﬁpl g| ""Ai"-"----a-z—. de of t hﬂmm" II II’

catalyst of éxanple 2i to convert 3-am nopropanol to
(4.8 g 0066 mol). a siurry of DEUAF GFE (RRDRP, o oM EPPLIRTRC S Th
g_(e)i gn?fze\c/iva;[/\g{ ér |smqhg?3e%§%sggﬁgiﬁ}} éﬁiﬁarr&ﬁ ggu?pbed
R e
evol utlonnpan&“EPP %cb&gi Leé 1‘%@5?935 %f%i‘ﬂeal‘ﬁ% %S'{fuct

m xture by NVEnchor metadocvatiod it lare edectroleisiso plating ldﬁ 3t 30 -,

ani nopr opi onakgai¢e3adi4y ReRRVY HohpretiRis' withY in tne'O 96/ 01146

_elementary state.

10 2. The catalyst of claim 1 wherein the anchor
metal is platinum, palladium, ruthenium, gold or a ‘
mixture thereof. :

3. The catalyst of claim 1 wherein the plating

metal is copper, cobalt, nickel, cadmium or a mixture
15 thereof.

4. The catalyst of claim 1 wherein the support
is titanium oxide, zirconium oxide or carbon.

5. The catalyst of claim 1 wherein particles of

the'nonplated anchor metal are also embedded on the
20 support.

6. A catalyst useful in the preparation of
carboxylic acid salts comprising a finely divided
anchor metal partially embedded on a carbon support
and having at least some of the nonembedded surface of

25 the anchor metal coated with an electroless plating of
copper metal.

7. The catalyst of claims 1 or 6 wherein the
- amount of anchor metal is between about 0.05 to about
10 weight percent of the catalyst.

30 8. The catalyst of claims 1 or 6 in the form of
a catalytically active powder.

9. The catalyst of claims 1 or 6 vherein the
amount of plating metal is between about 1 to abcut 50
weight percent of the catalyst.



‘Exanpl e 10 This exanple illustrates the use of the present

catalyst to convert an aromatic al cohol to the correspondi ng acid
.salt 5W096A)11146xture cont ai ni nibenzyl aI_.-coho-I (62 6 g, GCH'GJS95/°675‘MDI) a
y—ef—12g-of the catalyst - 50 g of water;—56

Q—@-O_

cent NaOH (50.3 g, 0.8 ™ aphL ' jf 1 g dei
cha Replac"dr eact or desqgkd e Heat ﬂmm mllmw ﬁ,ﬂl#
H on of hydrogen. Afteﬂ930 m nutes t he npemat

|ncr err]C to speed conversion. After hydrogen evol ution
ceases the flltered reaction m xture |z anal yzed bx NE The 1H
and [err]c NMR spect¥a oBhai gabalysk pheCpprdingct ¥ 6 wherg Bistent with

that of SOd'U”HQQ&?éﬁbeparémcihbqa!tcopperoﬁsthesﬂreﬂbeddeXmnr
acidified with HC ag recrystallized fromwater to afford white
pl ates: mp. suppgg *122 [err]C (lit. mp. 122.4 [err] Q).

Exanpl e 11 2 ?éa\qp#st*,hk“%tzr E-S a gﬁﬂuaecamhﬁa%ewh

catal yst to convert cor The
aut ocl ave of Esaislby?regctlaggedpwdnnrytn&n@h@l thyayhydrexdde g 0. 49
ml), a 12 g opak@e gaiggy EeQEnc35ofE%aEEkﬂ %stﬂ Eﬁegiﬂ révesientb0 wei ght

percent NaOH e|0n|ze wat er .

The mixture |S°HG§P6&°FézE bVePPPé‘W Paﬁ‘&‘é'g&aﬁt ppount of & hyqrogen.

~After hydrogencataiysit ﬁing nely wividedl ahehbirl metad reaction
revea S.q fgp

m xture by HPLC gsgge%EFXb%thpg §g€1(ﬁg about

90 nol wei ght
oxal ate. - 10 having at least some of the nonembedded surface of the

anchor metal coated with an electroless plating of a
catalytically active nonprecious metal in the
elementary state._

12. The method of claim 11 wherein the anchor
15 metal is platinum, palladium, ruthenium, silver, gold
or a mixture thereof.

13. The method claim 11 wherein the plating
- metal is copper, cobalt, nickel, cadmium or a mixture
thereof.

20 14. The catalyst of claim 13 wherein discrete
particles of copper are also embedded on the support.

15. In a method of preparing a carboxylic acid

salt by the reaction of a primary alcohol with a
hydroxide base in the presence of a catalyst, the

25 improvement characterized by employing a catalytic
amount of a catalyst comprising a;fineiy divided

- platinum metal partiaily embedded on an activated

carbon support and having at least some of the
nonembedded surface of the platinum metal coated with

30 a electroless plating of copper metal.

16. The process of claims 11 or 15 wherein the
anchor metal comprises about 0.05 to about 10 weight
percent of the catalyst.
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the formula 19. The process of claim 15 wherein discrete

particles of copper are also emhedded.

20. In a method of preparinq a carboxylic acid

salt by dehydrogenation of an amino primary alcohol "
10 with a hydroxide base in the presence of a catalyst,

the improvement characterized by employing a catalytic

amount of a catalyst comprising a finely divided

anchor metal partially embedded on an alkali resistant

support and having its nonembedded surface coated with
15 an electroless plating of a catalytically active

nonprecious metal in the elementary state.

21, The merhod of claim 20 wherein the anchor
metal is platinum, palladium, ruthenium, silver, gold
or a mixture thereof.

20 ~ 22. The method of claim 21 wherein the plating
metal is copper, cobalt, nickel, cadmium or a mixture
thereof.

23. The method of claim 22 wherein the support
is carbon.

25 . 24, The method of claim 20 wherein the amino
alcohol is monoethanolamine, diethanolamine,
triethanolamine, N-methylethanolamine,
_ N-ethylethanolamine, N-isopropylethanolamine,”
N-butylethanolamine, N-nonylethanolamine, '
30 N-(z-aminoethyl)ethanolamine,
.N-(s-aminopropyl)ethanolamine,~ -
N-dimethylethanolamine, N N-diethylethanolamine,
N N-dibutylethanolamine, N-methyldiethanolamine,
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PCT/ US95/ 06754 N=butyldiethanolanine, - -26- autoclave is
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wash are conbi ?eu fln gs.dlﬁ/{zﬂe#%ryph ﬂg&% “Iﬂg 6. The conversion
from . t he dl%‘ra gvmﬁpeep he corresponding the d|aC|d salt 5is
essentially quantitative. nple 14
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- acid.

26. The method of claim 25 wherein the alkali
‘10 metal is sodium or potassium.

~27. The method of..cla:l.m 24 wherein the amino
alcohol is monoethanolamine.

28. The method of claim 27 wherein the alkali
metal is sodium or potassium.

15 29. The method of claim 20 wherein the amino
alcohol is a compound having the formula

0
20
HO-P-CH2-N-CH2CH20H
25 - OH CizRa

wherein R,

is c‘.-c., aryl and the resulting carboxylic acid salt is
30 an alkali metal salt of N-phosphonomethylglycine.

- 30. The method of claim 29 wherein R! is
phenyl. '

31. The method of claim 20 wherein the amino
' alcohol is N-(2-hydroxyethyl)aminomethylphosphonic
35 acid and the resulting carboxylic acid salt is the
alkali metal salt of N-phosphonomethylglycine.



correspondi ng di basic acid having the chem cal formla of

NaOOCCH err] - (CCH err] CH err])[err]-OCH err] COONa. In this exanple
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- N-ben hyl am etk ifist ead of PTHF.
N-phogmumlﬂmmm'HMLe inavyield of320 greater than 95 percent is
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speci fied enbodi nents which are et fort con I derabl e deta|I It
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exanpl e, the gg‘%etﬁ’l% Sﬁqﬁ}&lﬁ]eﬁ'&r@t"mi q etarl(r?vélnt |tc!)‘(nu csa;ln e used for’
any nunber of metiadr salt ofcdtphesphonemethyly mnﬁ)nverm on of an al cohol

to 30 an acid, for exanpl e, hydrogenation reactlons and
dehydr ogendk i on redds ons Rm&h%r‘@fg!ﬂﬂnﬂ# carboxyligs |n

addi tion, the a@i@tdﬂ@aﬁbmﬁ drogenwww&tacﬁidmebmraewyomvent i on

\Qﬂlcﬁgrare ni ckel gfeimary alco%oT ugr{Joups wf&ure%y&nmi?d bvgsteh, the

PCT/ US95/ 06754:he improvement characterized by eniploying a catalytic
- amount of a catalyst comprising a finely divided
10 anchor metal partially qmbédded on an 'a:_lkali resistant .
support and having the nonembedded surface coated with
an electroless plating of a catalytically active
nonprecious metal in the elementary state.

34. The method of claim 33 wherein the anchor
15 metal is platinum, palladium, ruthenium, silver, gold
or a mixture thereof. : :

35. ' The method of claim 33 wherein the plating
- metal is copper, cobalt, nickel, cadmium or a mixture
thereot.

20 36. The method of claim 33 wherein the polyol
is ethylene glycol, proleene”glycol, diethylene
glycol, triethylene glycol, tetramethylene glycol,
tetraethylene glycol, polyethylene glycol,
Polypropylene glycol, random or block éopolyﬁers of

25 ethylene glycol and propylene glycol.

.37. The method of claim 33 wherein the polyol
is polytetrahydrofuran.

38. The method of claim 20 wherein the primary
alcohol is benzyl alcohol or cinnamyl alcohol.

30 . 39, A method of preparing a catalyst
composition comprising mixing together in the presence
of water a source of plating ions, a suitable
complexing agent, a suitable reducing agent and an
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‘metal can be used to catal yze thosé reactions where such netals are
comonly used as a catal yst. : Accordlngly nodi fications can be nade

Wit hout WO@®BH6ti ng from the spifit—of—the—deseni bed i nvBRT/USHSNO6754

-28 - WHAT | S CLAI MED: 1. 1 THEHSHEEUHASEGEMJFIHGfa carboxylic acid

salt by reacting a primary al cg oI\MHﬁpuacﬁwdroiLje base in the presence of
a catal yst the inprovenent charlsestes F—enproyi Ng a“wlm"'n)m ﬁm)ujull of
a supported catal yst conprising a flne+y3d|V|ded anchor

enmbedded in an al kali resistant support the non-enbedded portlons of* tHe
anchor netal having a non-enbedded surface at |east some of the nonenbedded

surface of theingxfosuppert earrying enbedded, particles %38 aRFRIR et al

sel ected fromgéeaproup of copper, cobalt, nickel, cadm um and m xtures
thereof, in the elenental state. 2. The method of claim1 wherein the

anchor metal is plagenum mélm&wa otitdtaim 9 herein khel gourcei xt ure
metal compri seRf dHae Eorpes, fand L rord é&ﬁ%%%é?é?hy;{ “Feadt “some of
e Corber B2t e S, RIS S JFeRED a caduiyaein 2 TDd O
a hydroxi de baﬁ@mpﬂsihﬁopr!%eﬁk%ﬂ%#O%ﬁiﬂmkﬁﬁttﬂgc@fa??@!ertH@OPH%Fovenent
characteri zed ﬂicﬁ&?'0¥t&ﬂi@mcaéa&%ﬁiﬁt@ﬁ@“ﬂ&eﬁ@oﬂ W PE@PémeRCAR! F6im
conprising a f'”eaX aﬁgﬁor mgta Iggg;gfhfhg the steps of mixing
together a source of plating ions, a suitable
10 complexing agent and an alkali resistant support
carrying embedded particles of an anchor metal in the
presence of water and thereafter slowly adding a
reducing agent to the resulting mixture to reduce the

plating ions to metal.

15 42.  The method of preparing a catalyst
composition by electroless plating of copper metal on
an anchor metal comprising the steps of mixing
together a source of copper ions, a suitable
complexing agent, an alkali resistant support carrying

20 imbedded particles of an anchor metal in the presence
of water and thereafter slowly adding formaldehyde to
the resulting mixture to reduce the copper ions to
copper metal. '

43.  The method of claim 42 wherein the source
25 of the copper ions is copper sulfate.

44, The method of claim 43 wherein the

- complexing agent is a tartrate salt, EDTA, HEETA, NTA
or mixtures thereof.

45. The catalyst of claims 1 or 6 wherein the
30 thickness of plated metal is about 0.3 to 500
nanometers

46. The catalyst of claims 1 or 6 wherein the
thickness of plated metal is about 1 to 5 nanometers.
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“partially enbedded on an activated carbon support, at |east sone of the
nonenbedded surface of the platlnun1netaP havi ng thereon a | ayer of copper
Jmetal in WOAOK4E| form 5. THe ‘met hod of’ cl ai m 4 whePETWSPHBTI at i num
metal conprises fromabout 0.05 to about 10 wei ght percent of the supported
catal yst. 6. The nethod of claim4 wherein the copper netal conprises
between about 1 to about 50 percent weight percent of the catalyst. 7.
The method of claim4 wherein the hydroxide base is sodi umor potassium

hydr oxi de. 8. The net hod of e of the copper netal
i s embedded in the support. - || THIS SHEET HAS BEEN -
29 - 0. In a method of prepafling aREBMER|ic drid salt by

dehydrogenation of an amino primary alcohol wih a hydroxi de base in the
presence of a catalyst, the inprovenment characterized by enploying a

catal ytic anmount of a supported catal yst conprising a finely divided anchor
netal partially enbedded on an al kal i '?s'stant support the nonenbedded
-surface being coated with a catalyticalffy" active |ayer of a nmetal selected
from copper, cobalt, nickel, cadm umor mxture thereof, in elenental
state. 10. The met hod of claim9 wherein the anchor nmetal is platinum
pal | adi um ruthenium silver, gold or a m xture thereof.

/{\( AR

FlG. 2.
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11, h'dTh”}a Imwmﬁuﬂilmtherei n tlhe ﬁuloport s C ézon.. 12, The
met hed o i e ani no al cohol is mono %&W

di et hanol ant né, tri 8t hdanot am ne. N-net hyl et hanol am ENT S4BT a fi
N-i sopropyl et hanol ami ne. N butyl et hapol am ne. N | et | am ne,

N- (2am noet hyl ) et hanol am ne. N-(3- anfnopropyl)eth B%{*fnﬁ@w --------

N. N- di net hyl et hanol 41 n | £t Qyl e | &g n N- :
di but yl et hanol am ,neﬁn'N- ﬁre?%y:}‘i#ﬂfmg an%g%mN-qg h?P&FS?Ran% Smfene
N- pr opy| dilsiahthb| ki Renoethanglamdpfanol ani ne.

N- net hyl - N- ( 3- am nopr opyl ) et hanol am ne or 3-am nopr opanol . 13. The

met hod of claim 12 wherein the am no al cohol is diethanglam ne and the
resul ting carboxyl i ¥8aci th@amethod helyiGlaimi ket ¥heXsin &he nidfidi%cetic

acid. Jﬂ-cohoTheisraWhpéuﬁaaﬁgvia%v\/aaéefmrhmaal kali resistant support
I's resistant to sodi um or potassi um hydroxi de. 15. The nethod_aof claim |

12 wherein the am no al cohol is nonoethanol am ne. 3 of
cl ai msl5 wherein the a1'kaFi resi stant support is resls 91 ) or

pot assi um hydr oxi de. 17 The net hod of claim1\w
conprises from about OHG-PAEHgN-CGBRCHEOH t 0 about wej ghﬁAﬂe\(ﬁb” af the :
supported catal yst. | I 2

OH CH,R,

ne.

wherein R, is C;-C; aryl and the resulting carboxylic acid
10 salt is an alkali metal salt of N-phosphonomethylglycine.

19. The method of claim 18 wherein R' is phenyl.

20. The method of claim 12 wherein the amino
alcohol is N-(2-hydroxyethyl)aminomethylphosphonic acid and
the resulting carboxylic acid salt is the alkali metal salt

15 of N-phosphonomethylglycine.

21. The method of claim 12 wherein the amino alcohol is 2-
Ox0-3-oxazolidinylmethylphosphonic acid and the resulting
carboxylic acid salt is the alkali metal - salt of N-
phosphonomethylglycine.

20 22. A method of preparing a catalyst composition
of a catalyst according to any of Claims 1 - 9 by electroless
plating of copper, cobalt, nickel, cadmium or a mixture

thereof in elemental form on an anchor metal comprising the
steps of mixing together a source of plating ions, a suitable
25 complexing agent and an alkali resistant support carrying
embedded particles of an anchor metal in the presence of
water and thereafter slowly adding a reducing agent to the
resulting mixture to reduce the plating ions to metal.



-30 - . 18. The nethod of claim11 wherein the & _Fetal—comprises

from about 0.1 wei ght percent to about-5'wei ght pegemmceMeNThSHEEDAPrt ed
catal yst. 19. The method of claim| wherein flhe catalytically ggtive
metal conprises fromabout 1 to about 50 wei ght em&&]q,ﬂmt.w.s.upp rted
cat al yst. 20. The met hod of claim 17 wherein yEreay—act i ve
nmetal conprises fromabout | to about 50 wei ght percent of the supported
cat al yst 21. The net hod of claim 18 wherein the catalytically active
metal conprises fromabout 1 to about 50 wei ght percent of the supported
cat al yst. +22. The met hod of claim| wherein the catal yst has an XPS

surface atomc ratio of the catalytically active netal to the anchor netal -
and the XPS surface atomic ratio of fhe catalytically active netal to the
anchor nmetal is greater than 2.0. 24 The nethod of claim 17 wherein
the catal yst has an XPS surface atomc ratio of the catalytically active
metal to the anchor netal and the XPS surface atomc ratio of the
catalytically active to the anchor netal is greater than 2.0. 24. The
met hod of claim 19 wherein the catal yst has an XPS surface atomc ratio of
the catalytically active netal to the anchor netal and the XPS surface
atomc ratio of the catalytically active netal to the anchor netal is
greater than 2.0. 25. The nethod of claim1 wherein the catal yst has
an XPS surface atomic ratio of the

N
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cataiyt' &“ -t ] a tal to the anchor netal and_the XPS surface atomc
ratio ikl |y active nmetal to the anREJPLﬁ% -
t han tﬂum ngiﬂaugl rlﬁgb;ul kiatomi c ratio. 26. The net (;EygNgT%lﬁT
wherein the catal yst has' an XPS surfacg atom c raf ig ”Fﬁ jical |y
active nmetal to the anchor netal and fﬁ@'XPS surfjace CE&? ra+ﬁ%¥21 t he
catal yti oglAY ISCLABVMED: 2l to the anchor netal i sff geat rJAM he
correspondi ng bul k atom c rati o. 27. [Ehe_nmethod O cT'4i i 19
wherein the catal yst has an XPS surface atomc ratio of the catalytically
active netal o n&qg el al . he . XP r tomc ratio of, the
cat al yt in]éal I yfna%Hé\%ﬂnet anaEgé?ah%a?%b%X %%‘aries? ztiisbyi %&gﬁégté%%ﬁa%o# leWlth a

cor r espomadirewgdeobidsk inttheripeeseraeiof.a catdt the Tyrovertdno charhctedizid roylempleyiaim t he

average crystallit | ze of the catalyticall ctive netal is |ess tgn
Sbout 2 ofaksS b ot & Susbortbd RSt ol SR SRRy GHET afshor freriverial
crystal | éritseddedzia afalledinpsistadt SupgRFithé halerthdéd gétoiNd ke £idRor met@having e
met hod of claim2 wherein the average crystallite size of the catalytically

active ntnggmbegdedsusfagars irasisompnte Renpmbedded surfaceph thepaehos et beingarontetl
wher ei n he 2 CabRtivdlyCatily nRGl bd&diEt ﬁe}s@%ﬁ&%ﬁdco%gf ke, 2H&mium and

crystallite sizé of "copper I's less than ngstrons.
mixtures thereof, in the elemental state. :

2. The method of claim 1 wherein the an_chor metal is platinum, palladium, ruthenium, silver,

gold or a mixture thereof.

3. The method of claim 1 wherein the catalytically active metal comprises discrete particles

of copper and wherein at least some of the copper particles are embedded in the support.

4. ., In a method of preparing a carboxylic acid salt by the reaction of a primary alcohol with
a hydroxide base in the presence of a supported catalyst, the improvement characterized by
employing a catalytic amount of a support catalyst comprising a finely divided platinum metal
partially embedded on an activated carbon support, at least some of the nonembedded surface of

the platinum metal having thereon a layer of copper metal in elemental form.

5. The method of claim 4 wherein the platinum metal comprises from about 0.05 to about

10 weight percent of the supported catalyst.

6. The method of claim 4 wherein the copper metal comprises between about 1 to about 50

percent weight percent of the catalyst.
7. The method of claim 4 wherein the hydroxide base is sodium or potassium hydroxide.

8. The method of claim 4 wherein some of the copper metal is embedded in the support.
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32. " The ajm 27 wherein the catalytically active netal is
copper anHW" lﬂﬂ}ﬂi]H %ﬂlstal lite size of copper i JJUSHBET
Angstrons. '« i hod of claim| wherein { es a

| ayer and the thickness of the |ayer iégfrom abou
34. The nethod of claim1 wherein thé”Coating defines a | ayer andjthe
t hi ckness of the layer is froml to 5 nanoneters. |
claim 20 wherein the coating defines a |ayer and‘'he=thckness—of the | ayer
i s from aboutInG Bethes shprepping esprbogylic acghsalt byidehydregmetionost a5l amine ROmaner ei n
the co ?t dihoRhth NHERy dRoridY dse A the! f16sehd G ERayRS b qﬁp}o@&ﬁént' halab @y P 32
nanomnet ers. - -
-37. Themplestitg d cathlytit amouatiofishapponted: datlyst aormpripinged finelg cﬁvid&:iymch@‘ndet%lhe

t hi ckness _of the laver is rmapout 0.3 .to 500 nanoneters.. 38..  _The
net hod oqmcaluﬁier%"%f g@v@h"élr%‘l ?%{(@hléwé%ﬂ'i ?WBO%gFi 'P?BS“‘B"@&@&Y'%%H %e‘f‘ﬁ &R Bithess of
t he | ayedatalygiciltyo activiedaifer bf tamétalngeiseted tfegns .copper, cobalt, nickel, cadmium or mixture

thereof, in elemental state.

10. The method of claim 9 wherein the anchor metal is platinum, palladium, ruthenium, silver,

gold or a mixture thereof.
11 The method of claim 9 wherein the support is carbon.

12. The method of claim 9 wherein the amino alcohol is monoethanolamine, diethanolamine,
triethanolamine. N-methylethanolamine. N-ethylethanoianﬁne. N-isopropylethanolamine.  N-
butylethanolamine. N-nonylethanolamine, N-(2aminoethyl)ethanolamine. N-(3-
aminopropyl)ethanolamine. = N.N-dimethylethanolamine. = N.N-diethylethanolamine. = N.N-
dibutylethanolamine. N-methyldiethanolamine. N-ethyldiethanolamine. N-propyldiethanolamine.

N-butyldiethanolamine. N-methyl-N-(3-aminopropy!)ethanolamine or 3-aminopropanol.

13. The method of claim 12 wherein the amino alcohol is diethanolamine and the resulting

carboxylic acid salt is the dialkali metal salt of iminodiacetic acid.

14. The method of claim 13 wherein the alkali resistant support is resistant to sodium or

potassium hydroxide.
15. The method of claim 12 wherein the amino alcohol is monoethanolamine.

16. The method of claim 15 wherein the alkali resistant support is resistant or sodium or

potassium hydroxide.

17. The method of claim 1 wherein the anchor metal comprises from about 0.05 weight

percent to about 10 weight percent of the supported catalyst.
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39. ‘\ The rretnml w{q' I I erein the coatiing defines a | ayer and thﬁ 4
t hi ckness of ﬂ mmqﬂmx‘about 1 to 5 nanone EEME net ho
1 ERLACEMENT SHERT ve

of claim1l wheferm nCOsit tal defines an ouf

surface, sai d surface being free of an_alloy of t Hb‘Loll t he
catalytically active netal. éarret hod of gﬁ%@

coated netal defines an outsi de cat aI ytically act s LBIZiC W ;Jrface
bei ng free of an f. the anchor netal with t cararyticat -agtive
met al . ? '?ng 4079“{‘}2%@ lovhereigithe apohaxmetab comprises Fowit Bk an

out si de { verrht YerB&Gh oY fheSH \ d surface being free of an alloy
of the aﬁ?ﬁglrjty %h y\ﬁet h tohe eca%lg(ﬁ%t8 ¢ Fts active netal . 43. In a
nmet hod of preparing a carboxylic acid sal t by reacting a prinary al cohol

f
char act oft zca by e of A vHERArBE RatynBukCicRre Bocl psEtiommpyst o

consi st mi:gutai;@swatghabéryenobfthe supported cgralyst. an al kali resistant support;

(b) a plurality of noble netal particles dispersed and partially
enbedded in said support the non-enbedded portions of said
parti cl ez, havTimétaed 6ndMaAIEOwherein the catalytlcallysh{ftlfv@?rﬁﬁl cérﬂfaﬁiseglﬁg fgl as
said surfaces being in elenental fo a coating o ase

net al searbéﬁtt%‘hwﬁllgbhi’qfﬁ@t gfeaﬁumorfeépmlyst cobalt n| ckel , _
cadm um or m xtures thereof said base nmetal being in el errent al formsaid
coating bei ng attached to and covering at |east sone of the
non- enbetlded Bherrhethabofxdlaimal8dwherein the catalyticallynauiVe mieral 8dmpises frémebosal ©

[ ti ve surface.
coating a%%l\xltl ﬂ)gwelghtoplajetrgéng of &%tsﬁ‘;l) otrtle& %zlitzlal}j/stac

22. The method of claim 1 wherein the catalyst has an XPS surface atomic ratio of the
catalytically active metal to the anchor metal and the XPS surface atomic ratio of the catalytically

active metal to the anchor metal is greater than 2.0.

23, The method of claim 17 wherein the catalyst has an XPS surface atomic ratio of the
catalytically active metal to the anchor metal and the XPS surface atomic ratio of the catalytically

active to the anchor metal is greater than 2.0.

24, The method of claim 19 wherein the catalyst has an XPS surface atomic ratio of the
catalytically active metal to the anchor metal and the XPS surface atomic ratio of the catalytically

active metal to the anchor metal is greater than 2.0.

25. The method of claim 1 wherein the catalyst has an XPS surface atomic ratio of the
catalytically active metal to the anchor metal and the XPS surface atomic ratio of the catalytically

active metal to the anchor metal is greater than the corresponding bulk atomic ratio.

26. The method of claim 17 wherein the catalyst has an XPS surface atomic ratio of the
catalytically active metal to the anchor metal and the XPS surface atomic ratio of the catalytically

active metal to the anchor metal is greater than the corresponding bulk atomic ratio.
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- 33- 44, The met hod of claim4 wherein plati num et al conprises from

ovaryor R A oo o < i mﬁef’ﬁrfﬁ?R
e

is from about® 03 fo 500" nanoneters. _46. " In a
carboxylic acid salt by reacting a prT?r]aFy al cohol
presence of a catalyst, the inprovenent characteri z

catal yti c amount of a support catal yst conprising a = ;
net al pa¥ti alihy wethediqbglaim 19 wharein|the casalyssthegtan syrfa Nl
conpri si -

cat ol yor b EALY @0kl & houither SR ARE EheB oty HIF oFHB RS Ry
non- enbedtifedmstal foatbe anthor gwtal isgresgerothart the cooaespohdidg bdlkswrhiaaetiof t he anchor
metal having thereon a layer of a catalytically active netal selected from
the group of copper, cobalt, nickel, cadm um and m xture thereof, in the

el ement &@8. st athe metvdl of @laith Y iwhesdid the avdraige@rysailat sicOOPhé SitalghdallP AbBRGHMdtIl t O
about 50Q i ght percent of the supported catal yst the catal yst having an
XPS surf‘%iggs g‘f"bﬁg‘?}‘tr‘sgf’i%‘gﬁ?“ﬂ%e catal ytically active netal to the anchor
metal and the XPS surface atomc ratio of the catalytically active netal to
the anchor netal being greater than 2.0 the |ayer of the catalytically
active rR8tal Thavhetkpdaof 3aigkh§élsreimﬂtp raweraganerusthltitenside ofocopperds tase than sbodthe
aver age gby é@tlr&}lge size of the catalytically active nmetal being | ess than
about 58 ngstrons. 47. In a nethod of preparing a carboxylic acid
salt by reacting a primary alcohol with a hydroxide in the presence of a
catal yst., the.,inpr.ove t characterized by enplaying a catal ytic, amount of
a support- ca&&‘ﬁr’}%fh%&ggﬁi%ﬁﬁg‘e%?mf fiaysrage ?/x;fagggmgﬁ catalytically, agtive apqta)
enbeddeds jefs fbn 3K Anpstfddssl St ant support the -anchor netal conprising from
about 0.1 to about 5 weight percent of the supported catal yst, the

non- enbedded portions of the anchor nmetal having a non-enbedded surface, at
| east s o] '1?’%9 . e h havi t hereon a
| ayer 019 rfg cgthglhfﬁﬂ@a 'y a%ﬁy/%yérlr{étﬁgl ca@éﬁ%@ eg&gﬁ gﬁrﬁtﬁée&%:p grﬁaﬁldo %Vc?ﬁ%;gr,
cobal t, cnistki¢ size aflndpper &rieksthaat aboet 300cAxgstroms t he el enental state, the
catalytically active netal conprising fromabout | to

32. The method of claim 27 wherein the catalytically active metal is copper and the average

crystallite size of copper is less than about 300 Angstroms.

33. The method of claim | wherein the coating defines a layer and the thickness of the layer

is from about 0.3 to 500 nanometers.

34, The method of claim 1 wherein the coating defines a layer and the thickness of the layer

is from | to 5 nanometers.

35. The method of claim 20 wherein the coating defines a layer and the thickness of the layer

is from about 0.3 to 500 nanometers.

36. The method of claim 20 wherein the coating defines a layer and the thickness of the layer

is from 1 to 5 nanometers.
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about 50 the supported catalyst .the catal yst havin

XPS surfaﬁalﬁn{mﬁmﬂﬂm mf the catalytically acti veRE(P@AC{EMEN'ﬁréJHEET
and kavd ng. ancokrespondi ng bulk atomc ratio r-“'=—-,-=---._. XP

surface atomic ratio of the catalytlca%#y active g BEPLMCEMENasﬁE

being greater than the correspondlng bufk atomic r@tio, .the layer o

catal yticall y act I ve netal Datef. 2..

5 5 P‘IiﬁﬁEl he method of claim 21 wherein the coating defines a layer and the thickness of she Tayer

havi ng gs }'d}hpiﬁ&ﬁﬁ@_glt@ 5bBadorites.f rom 0. 3 to 500 nanoneters the average
crystallite size of the catalytically active netal being | ess than about

500 Angstrons. 48. A supported catal yst useful in the preparation of

“car boxyljgc acd ﬁéﬁllédsof cﬁ@rh%b;i@{e?&!i% b cgﬁfﬁgc{eﬁn&ga layer and the (thl%knfi%ls ro? q&qallggei%l |

resi stant suppor I"ura & et

di spersedframdabpart itca b Ingnaamdverslded i n sai d support the

non- enbedded portion of said particles having non-enbedded surfaces,

said noble netal on said surfaces being in an el enental state; (c)
a coating. of TheemtRldydfictaih|2y vafeldiy the TBARL cﬁﬁﬁ&%tl%rﬁﬁ@iﬁbm&ngis@f%quyer
copper, bal t ni ckel , cadm um or 'm xture thereof said

cat al yt |‘%§PW"b8EEH {5 RaRoMetesRi ng i n el emental form said

coating being attached to and covering at |east sonme of the
non- enbedded surfaces of said noble netal particles said coating having an
out si de 40.  The method oftclaiml ¥ twherein the zosted enetali défines .an outside catalytically active

surface, said surface being free of an alloy of the anchor metal with the catalytically active metal.

41. The method of claim 2 wherein the coated metal defines an outside catalytically active

surface, said surface being free of an alloy of the anchor metal with the catalytically active metal.

42. .. The method of claim 39 wherein the coated metal defines an outside catalytically active
surface, said surface being free of an alloy of the anchor metal with the catalytically active metal.

43, In a method of preparing a carboxylic acid salt by reacting a primary alcohol with a
hydroxide base in the presence of a catalyst, the improvement characterized by employing a

catalytic amount of a supported catalyst consisting essentially of:

(a) an alkali resistant support;

(b) a plurality of noble metal particles dispersed and partially embedded in said
support the non-embedded portions of said particles having non-embedded
surfaces, said noble metal as said surfaces being in elemental form.

(c) a coating of a base metal selected from the group of copper, cobalt, nickel,
cadmium or mixtures thereof said base metal being in elemental form said coating
being attached to and covering at least some of the non-embedded surfaces of said

noble metal particles said coating having an outside catalytically active surface.

| REPLACEMENT SHEET

0.2 JAN 1998




‘ I I” ai m 48 wherein the noble netal |Ps pl ati num E
pal I adl nv!]ﬂ [ ﬂ| mﬂ d or a mxture thereof. SRE me%m

rei N catal ytically active netal is peap EN;E‘§§ ET
cat aI yst of claim 48 wherein the support is titani _
oxi de, carbon or activated carbon. 533 - The cat§ f c%hé ﬁ%T ere| n
sone particles of the catalytically active netal aff Dagrdédd
support. A supported catal yst useful in theprepata

car boxyl #& acT'tF mgthod of elaimchwheipist pleémpr imstak pomprises frong apout 0.

support; (ttg % neI y divided particles of noble netal
parti al Iv)gel l?ttbpéeéc ghoﬁtgegu@ar oﬁats pport so as to define an

enbedded portlon and an non- enbedded portion the non-enbedded

ortion dde urface oating of co
gt tac hed’r%a1 o sal dmﬁglﬁije?brfzat"gl giﬁﬁreérb&l?r fhtfﬁm’tsﬁé’frtﬁ% laé(ﬁ{)ésdﬁ%‘& aboit 0.3 10500
sur f acesnambmaters| east sone of said noble netal particles said coating of
copper netal havi ng an outside surface to elenmental state

sai d outside surface being catalytically active in the
preparatyedn ofy £ el Yot frefihg aS@loRylic acid salt by reacting a primary alcohol with a

hydroxide in the presence of a catalyst, the improvement characterized by employing a catalytic

rree

amount of a support catalyst comprising a finally divided anchor metal partially embedded in an
alkali resistant support, the anchor metal comprising from about 0.1 to about 5 weight percent of
the supported catalyst, the non-embedded poitions of the anchor metal having a non-embedded
surface at least some of the nonembedded surface of the anchor metal having thereon a layer of
a catalytically active metal selected from the group of copper, cobalt, nickel, cadmium and
mixture thereof, in the elemental state, the catalytically active metal comprising from about | to
about 50 weight percent of the supported catalyst the catalyst having an XPS surface atomic ratio
of the catalytically active metal to the anchor metal and the XPS surface atomic ratio of the
catalytically active metal to the anchor metal being greater than 2.0 the layer of the catalytically
active metal having a thickness in the range from 1 to 5 nanometers, the average crystallite size

of the catalytically active metal being less than about 500 Angstroms.

47. In a method of preparing a carboxylic acid salt by reacting a primary alcohol with a
hydroxide in the presence of a catalyst, the improvement characterized by employing a catalytic
amount of a support catalyst comprising a finally divided anchor metal partially embedded in an
alkali resistant support the anchor metal comprising from about 0.1 to about 5 weight percent of
the supported catalyst, the non-embedded portions of the anchor metal having a non-embedded
surface, at least some of the nonembedded surface of the anchor metal having thereon a layer of
a catalytically active metal selected from the group of copper, cobalt, nickel, cadmium and
mixture thereof in the elemental state, the catalytically active metal comprising from about 1 to
about 50 weight percent of the supported catalyst the catalyst having an XPS surface atomic ratio
of the catalytically active metal to the anchor metal and having a corresponding bulk atomic ratio
and wherein the XPS surface atomic ratio of the catalytically active metal to the anchor metal

being greater than the corresponding bulk atomic ratio, the layer of the catalytically active metal

 REPLACEMENT SHEET

02 JAN 1998




54, ‘ Thq_ ﬂ@nst of clains 48 10 53 wherein the noble netal conprises
bet ween w J,! ﬂmgt 10 wei ght percent of t| t e
cat al yst ﬁﬂ! L, H"t 'sl #b3 wherein said catal yst W%Nﬁ%HEgﬁ]
catalytically active powder. 56. The cat al yst ﬁhﬁé :
wherein the anount of copper netal is-Bétween aboljt & EMENT SI9EE ght
percent of the catal yst. 57. The catal yst of ID'i' g Z'SJAN) wher ei n

sonme discrete particles of copper are enbedded i ﬁtf ort:e . B8N,
supported catal yst of claim48 wherein the noble netal pa

from abqut. 0. 05. wei ght percent to abo 10 wei ght percent of the supported
cat al yotiavingsothickiegldn #F0isa6e BmChS 4 y0R TBIORER Hheoitae CEHIN 8i2h SR

met al  pafafalyeicQl GANRGR Helr2 RN adul SOEARSLMroREr cCent to about 5 weight
percent of 't he supported catal yst. 60. e supported catalyst of claim
48 wherein the catalytically active nmetal conprises fromabout | to about
50 weig per t t ed : S oLt | yst
of ol ai 5. vy oo aRLR BRI ECuEOhEdabn of Plporyic SECHARLAESERLE

t o aboutcob@rivmeg:ght percent of the supported catal yst.

(a) an alkali resistant support;

(b) a plurality of noble metal particles dispersed and partially embedded in said
support the non-embedded portion of said particles having non-embedded surfaces,
said noble metal on said surfaces being in an elemental state;

(c) a coating of a catalytically active metal selected from the group of copper, cobalt,
nickel, cadmium or mixture thereof said catalytically active metal being in
elemental form said coating being attached to and covering at least some of the
non-embedded surfaces of said noble metal particles said coating having an outside

catalytically active surface.

49. The catalyst of claim 48 wherein the noble metal is platinum, palladium, ruthenium, gold

or a mixture thereof.
50. The catalyst of claim 48 wherein the catalytically active metal is copper.

51 The catalyst of claim 48 wherein the support is titanium oxide, zirconium oxide, carbon

or activated carbon.

52. The catalyst of claim 48 wherein some particles of the catalytically active metal are
embedded on the support.

53. A supported catalyst useful in the preparation of carboxylic acid salts said catalyst
comprising;

(a) a carbon support;
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- 36 - d catal yst of claim59 caI I y
‘active net ammm‘mmumm about 1 to about 50 m%ﬁﬂm3{
supported catal yst. 63.* The supported catal ysj ol
XPS surface atomc ratio of the cat al y gscal ly act \%mmsﬁ&ﬁl e
nmetal is greater than 2.0.. The’~support ed 0s? I m [[61
wherein the XPS surface atomc rat|o of the cat al ) -4y dLLINY mefjal to
the noble netal is greater than 2. et—tcatadystl of

claim 62 whdbki n fingly dtwée%mmele%ofapbhreetalatarwIMfentbnédeéat mcgrbp@aunpyrtéet i ve
tal to th bl
Catalyst of o ai mes Yodhe b elbEBLAorkidihazn fon-emBBided poii HURBREh Bded

.catalytically act |pw610rrdtaaingtamdnl=amheddlﬂdsurfa¢eal |s greater t han the
correspondi ng bul k atom c. rati ted cat al yst aim
55 wheran 1R8" xpe SapTE A oRbertteched i spicpou oL B (Pl g e ORSREy o
to the nobl e met alsuifscegbfalicakt sofdf tdi¢nsbdé meRaPPdrk]BGsaldldolitird ¢FEopper aiekaD -
68. The supported catalyst of claim 62 wherein the XPS surface atom c

ratio of the catalpringan P‘}ts'%%‘irf?ée tewlementabstat said guiside purfage beiag eatalytically t han

the correspondi ng B einah® Pleparhiidn &carboﬁ?hc acid BsSupported catal yst of
claim48 wherein the average crystallite size of the catalytically active

netal is |ess than about 500 Angstrons.

54, The catalyst of claims 48 to 53 whereiu the noble metal comprises between about 0.05 to
about 10 weight percent of the catalyst.

55.  The catalyst of claims 48 to 53 wherein said catalyst is in the form of a catalytically active

powder.

56. The catalyst of claims 48 to 53 wherein the amount of copper metal is between about 1

to about 50 weight percent of the catalyst.

57. The catalyst of claims 48 to 53 wherein some discrete particles of copper are embedded

in support.

58. The supported catalyst of claim 48 wherein the noble metal particles comprises from about
0.05 weight percent to about 10 weight percent of the supported catalyst.

59. The supported catalyst of claim 48 wherein the noble metal particles comprise from about
0.1 weight percent to about 5 weight percent of the supported catalyst.

60. The supported catalyst of claim 48 wherein the catalytically active metal comprises from
about | to about 50 weight percent of the supported catalyst.

61. The supported catalyst of claim 58 wherein the catalytically active metal comprises from
about | to about 50 weight percent of the supported catalyst.
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70. ~ The onit talyst of claimb53 wherein th rystallite

si ze of cHWEﬂWHﬁ@HEEAﬂ‘%n about 300 Angstrons. ?L%EiﬂﬁﬂTtSHEET

catal yst o alm in the average crystallit RkA ,

catal ytically active netal .is |ess thap 500 Angstrons. =MENT §HEET

supported catal yst of claim 62 wherei & he catal yti Atg, Bc2i JAN rml.

copper and the average crystallite size of copper i ~Lhamn-aboeut...

Angst r ons. . e . T s

The supp8rt edhesupnoyied caaly|odicleing 9 wiherel the catalytiealls| agtivecmptal camnriseefromt al

I's copp d t r ' ' opper is less than about 300

Angst orrgd.{)olij}nl7t .Jﬁgu@ﬁ(gwg%gtp%{r%ég%@ﬁgkéﬁgp@b@%ﬁﬁ%p& m 48 wherein the coating

defines a layer and the thickness of layer is fromabout 0.3 to 500

nanomnet ers. 75. The s or at aJyst of cl aiyn.48 wherein the coating

def i nes 93 | aylf %‘r‘?ﬂmitq‘ilecaftﬂ?@k eg@%fJE¥Wi‘eﬁeﬁyg?e_ St F‘H%gi Ags W&ﬁo‘%ﬁf rs.

76. ThataBHBRRT dctide Gibttaklty e MobleChathins Gleavdp @i 0.t he coating defines a

| ayer and the thickness of the layer is fromabout 0.3 to 500 nanoneters.
64. The supported catalyst of claim 61 wherein the XPS surface atomic ratio of the

catalytically active metal to the noble metal is greater than 2.0.

65.  The supported catalyst of claim 62 wherein the XPS surface atomic ratio of the
catalytically active metal to the noble metal is greater than 2.0.

66. The supported catalyst of claim 48 wherein the XPS surface atomic ratio of the
catalytically active metal to the noble metal is greater than the corresponding bulk atomic ratio.

67. .. The supported catalyst of claim 61 wherein the XPS surface atomic ratio of the

catalytically active metal to the noble metal is greater than the corresponding bulk atomic ratio.

68. The supported catalyst of claim 62 wherein the XPS surface atomic ratio of the

catalytically active metal to the noble metal is greater than the corresponding bulk atomic ratio.

69. The supported catalyst of claim 48 wherein the average crystallite size of the catalytically

active metal is less than about 500 Angstroms.

70. The supported catalyst of claim 53 wherein the average crystallite size of copper is less

than about 300 Angstroms.

71. The supported catalyst of claim 61 wherein the average crystallite size of the catalytically

active metal is less than 500 Angstroms.

72.  The supported catalyst of claim 62 wherein the catalytically active metal is copper and the

average crystallite size of copper is less than about 300 Angstroms.
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1 ayer and the layer is from about

77.  The mﬂ ﬂmed cat al st of claim61 wherein the . coati ng def| nes a

The suppor Ial m 62 wherein the co
t he thickness of the Iayer is fromabout 0.3 to The
supported catal yst of claim®62 wherei n3the coati nd t he

t hi ckness of the layer is fromabout 1 to 5 nano Bfg---.-.80.
supported catal yst of claim 68 wherein the coating defines a t+3a and t he
t hi cknes®B. of Thesuppoyied catslysstrqﬁnhambé&whqremdhﬁcmnm& aqtive meta is copperiand the
supported ca [ ts) catal ytically active
surface ﬁver% éé‘%,&%l;me ng{)fléoiﬁb \t{\%ﬂh%n %Pg'ﬂ 369 %g\%do&ﬁ the catalytically
active netal. The supported catal yst of claim53 wherein said

O G o e R 5 P ey POl ™

cl ai mSQﬂmF@ﬂorﬁ&bﬂut(an&jmﬁ@bﬂlbtﬁsl cally active surface is free of an
all oy of the noble netal with the catalytically active netal.
-38 -

75. The support catalyst of claim 48 wherein the coating defines a layer and the thickness of

the layer is from 1 to 5 nanometers.

76. The supported catalyst of claim 61 wherein the coating defines a layer and the thickness

of the layer is from about 0.3 to 500 nanometers.

77. The supported catalyst of claim 61 wherein the coating defines a layer and the thickness

of the layer is from about 1 to 5 nanometers.

78. .. The supported catalyst of claim 62 wherein the coating defines a layer and the thickness

of the layer is from about 0.3 to 500 nanometers.

79. The supported catalyst of claim 62 wherein the coating defines a layer and the thickness

of the layer is from about | to 5 nanometers.

80. The supported catalyst of claim 68 wherein the coating defines a layer and the thickness

of the layer is from about 1 to 5 nanometers.

81. The supported catalyst of claim 48 wherein said outside catalytically active surface is free
of an alloy of the noble metal with the catalytically active metal.

. 82, The supported catalyst of claim 53 wherein said outside catalytically active surface is free
of an alloy of the noble metal with the catalytically active metal.

83.  The supported catalyst of claim 80 wherein said outside catalytically active surface is free

of an alloy of the noble metal with the catalytically active metal.
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84. A supp | yst useful in the preparation of carboxylic acid

salts said cﬁ' P’Hﬂmﬁﬂmﬁﬂmg essentially of : - , EET
resistant suppord, | e s a plurality of nobl'8 ggd Cﬂﬂﬁﬁfﬁﬁﬁér

di spersed and partially enbedded in said sgp ort the
non- enbedded portions of said particlé&s®having non- grigsi¥ed JAN 1998
surfaces, said noble netal on said surfaces being i

(c) a_coating of a base netal selected fromthe group of copper, cobalt,
ni ckel , 8. A supported eaialyst ifefs} imithe preperatione of shrboyly hud saltsesad dolysy i n
el enent QF | .1 ng bei ng attached to and covering at
| east sg#élglof@tﬁgérﬁgﬁ}?gﬁbedded surfaces of said nobl e net al
-particles sai@) coaan alkalheesisngt swppatt si de catal ytically active surface.

85. The catalyst_of gl ai to 53 wherein the thickness of plated. netal
e about 0.3 08 Sob Bafishnsferehle gl Parkif chipeisef gud bty ambecdes ok
wher ein the thi cknapporofthd|ndhethbeded! pdriordDefitsaill pattifled) MRONB SInSembedded

surfaces, said noble metal on said surfaces being in elemental form;

(c) a coating of a base metal selected from the group of copper, cobalt, nickel,
cadmium or mixtures thereof said base metal being in elemental form said coating
being attached to and covering at least some of the non-embedded surfaces of said

noble metal particles said coating having an outside catalytically active surface.

85. The catalyst of claims 48 to 53 wherein the thickness of plated metal is about 0.3 to 500

nanometers.

86. The catalyst of claims 48 to 53 wherein the thickness of plated metal is about 1 to 5

nanometers.
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PROCESS FOR PREPARING CARBOXYLIC'AC;D_SALTS AND

CATALYSTS USEFUL IN SUCH PROCESS

ABSTRACT

REPLACEMENT SHEET
0 2 JAN 1998

Date f..ccivoreirireesisnns

A process to manufacture a carboxylic acid salt
is disclosed wherein an aqueous solution of a primary
alcohol is contacted with a base hydroxide in the
presence of an effective amount of a catalyst
consisting essentially of .an alkali resistant support,
from about 0.05 wt. % to about 10 wt. §, based on the
total weight of the catalyst, of an anchor metal is
selected from the group consisting of platinum,
palladium, ruthenium, and gold, and between about 1
wt. ¥ and about 50 wt. §, based on the total weight of
the catalyst, of an element selected from the group
consisting of copper, cobalt, nickel, and cadmium

combined with the anchor metal.
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