;'0123e3e"VWWIYTZN'6ATA 1 19 Sept enber 2002 NOVEL FURYLPHOSPHI NES AND
ORGA LEXES COMPRI SI NG THEM The present invention relates to
novewmmﬂm}mmﬂ uryl phosphines. 5 It al so rel at es19 Septemhes 2002 | i c
conpl exes @Rkl sing these furyl phosphines and to the use of such
conplexes. It also relates to the process for the preparation of the
wat er - sol ubl e furyl phosphi nes. 10 Unsubstituted trifuryl phosphines are
described in an article by V. Farina and B. Krishnan published in the
Journal of the AwEicaor€neroselIRes atp, okedloMETAL ey eDMPDIFR59S.
According to this article, systens conprising these trifuryl phosphines i5
exhibit a notable catal ytic acti vcOMPRIBENGr THEMart does not di scl ose
wat er - sol ubl e furyl phosphi nes such as those form ng the subjectmatter of
the present invention. The poys¢nwatevesol abl eelargs phospbrabsw2er -
correspond to the general formula (1): ~RIl~m 3-n n in which: - n represents
an integer fromidble Syrylphoselastemne RZ radical represents a hydrophilic
group, such as * 116G 19 Septenmber 2002 2 -SQZM -SO03M - CO2M or
-PO M M¥%epresenting ahti#ab?garttaiors diqarnE2eaneonl £i¢ espmmbexpdsen from
a proton, cations derived fromalkali netals or alkaline earth_netals,
amoni um cat i PR R)A, EheE: N F oI RRPSPRINSS \ARENE? N R &5atof sSuahi ch are
identical or different, represent a hydrogen atomor an al kyl radical
havi ng from I°Y®P4%*Tarbon atoms, or other cations derived from netals
« havi ng furyl sul phinic id r yl i Cl furyl sul phoni c acid or
furyl phosphonic acid szaijicti Saﬁ%é'\/\%%%%{%%étéo u%l%rd?cne“?lxslat%?f &?\I( R?3X, in the

formul a of W@&&%&f{&ﬁ)o&% ‘y\gpl _@ﬁﬁ%gﬁ%ﬁ%@éﬁmfégnt, repr esent

a hydrogen atom-or an al kyl radical having carbon atons and X
represenfs an organi ¢ OfndOEPANCed trifurylphosphines are

described in an article by V. PFarina and B. Krishnan

published in the Journal of the American Chemical -

Society, 1991, 113, pages 9585-9595. According to this

article, systems comprising these trifurylphosphines
15 exhibit a notable catalytic activity.

The prior art does not disclose water-soluble
furylphosphines such as those forming the subject-
matter of the present invention.

The novel water-soluble furylphosphines

20 correspond to the general formula (I):

(Ry)g (Ry)n
/
P
(o]
in n

in which:
- n represents an integer from 1 to 3,
- at least one R, radical represents a

hydrophilic group, such as *166166*

R




15 ani on,

having 1 to 12 carbon atonms. The term "wat er-sol ubl e"

- OH,

- Rl represents a hydrophilic group as defined for Rz or an
al kyl or al koxy group having 1 to 12 carbon atons, a hal ogen at

nitrite group or a hal oal kyl 20 group having 1 to 12 &%ﬁﬁg %ﬁbz
represents 1 or 2, - p represents an integer fromO to 3, - mhen mis equal
to 2, an Rz radical can represent an al kyl or al koxy group having 1 to 12
25 carbon atons, a halogen atom a nitrite group or a hal oal kyl group

"soluble in water" is undgogtpodsd o, meaw,midrt heo,m,1H S@g@”g@{tﬁ@%é
present text,
wat er - sol ubl e fLnoygphaspbirnesganthecahventtoreatdugenrbakhy feompaunds of
formula S (1) in which: - n represents an integer from1l to 3,
represents a hpdebphil cetgroepdesuvhdasro8Oabkal S08ktal M aikaPOnt) M
representing an inorganic or organic cationic residue chosen froma proton)
10 cations der¢gsthf merprdbkapmmppidmscarignkat NiB) earirh thet aff asmudmroni um
cations -N(R)4) in the formula of which the R synbols, which are identical
veprlsehe B Ry®PBYEN abéﬁhoﬁranlaﬁnwcaéd%aﬁlﬁé@rﬁgtfrom 1

gener al

or different,

a conmpound soluble to at least 0.01 g per litre of water.

to 4 carbon atons or otheé ations derived from 15 netal s_havi ng
¥ ¥

furyl sul phi ni cX8RFESeRhr §|
;urylphosphonlg aCI? §a|E§ 20LE Qnagg050|ugLeoLQe¥BE§Eions SEEP% egents 1 or

10

15

20

25

589§Pi6t88i8r fOry ﬁipﬁ%ﬂ?%aéchﬂVng

from metals having furylsulphinic acid, furylcarboxylic
acid, furylsulphonic acid or furylphosphonic acid salts
which are soluble in water,

- N(R),X, in the formula of which the R
symbols, which are identical or different, represent a
hydrogen atom or an alkyl radical having from 1 to 12
carbon atoms and X represents an organic or inorganic
anion,

-OH,

- R, represents a hydrophilic group as defined
for R, or an alkyl or alkoxy group having 1 to 12 carbon
atoms, a halogen atom, a nitrile grour or a haloalkyl
group having 1 to 12 carbon atoms,

- m represents 1 or 2,

- p represents an integer from 0 to 3,

- when m is equal to 2, an R, radical can
represent an alkyl or alkoxy group having 1 to 12
carbon atoms, a halogen atom, a nitrile group or a
haloalkyl group having 1 to 12 carbon atoms.

The term "water-soluble™ or the expression

"soluble 1n water" is understood to mean, in the

or the expression

The

Rz



- Rl represents a hydrophilic group as defined 20 for RZ or an -N(R), X
substituent, in the fornula of which the R synbols, which are identical or
different, represent a hydrogen atomor an al kyl radi thbeplenbeg2M0%pm 1 to 4
carbon atons and X represents an organic or inorganic anion, an -CH
substituent, an al kyl or al koxy 25 substituent having 1 to 4 carbon atons,
a halogen atom a nitrile group or a triffuoroal kyl group, - p represents
an integer fromO to 2. Another subject-matter of the present 19

Sept ember 2002, 4 dMe e IS ddMpURPAALIKIRE oo the ol ovaferg splubl e
furyl phosphines. This preparation is generally carried out starting wth a
S

precursor, sughtas dmhemyf.uryl phosphi ne or phenyl di furyl phosphi ne or
trifuryl phosphine, which is unsubstituted by hydrophilic groups. It

consists in introduci ngTRe adreaphidliublgr dups/ lgaspgHiedsuod thengs and,
optionally, Rl groups onto the phenyl rings. For exanple, furylphosphines

of formula (I|)inventadrnt hus gemenralllly beompoeparsed bhyereuplli Mpramula
organol i t hi um conpound, the organic part of which corresponds to a conpound
of generaPb forldil an( Whighi:ch does not conprise Rz substituents and which is
bonded to the lithiumatomvia its furyl ring or rings, to the 15

el ectrophilic centre of "aft REPFESEHESoRR HERIRY, trOM dx&®ple, sul phur

di oxi de, carbon di oxi de, alkﬁl chloroghosghﬁies ,géridine sul phonat es or
trial kyl ani ne sul phonat és R2ThRPbF§&ROFi & hittifF 2BRHOLRIIFSUPt sBRFoBEai ned 20
by the action liLhiate se_(f xapple butyllithiun. on the,

precur sor furyg%H§Sph%Q€R Re éaeﬁge %éﬁﬁbggﬁﬁﬂ%feﬁ%ﬁtfwﬁa1ﬂeﬁﬂﬁ¥ﬁ?QﬂFcﬁ t he
precursor furylp i;nes,. . t.a, .fo | e, rticle A J. Zapata and
A. C. Rondon i%kc?gggg#gp%éfégﬁﬁgc%&%ﬁﬁﬁg_%ﬁf%2%5%(%@b§)P9é§§€§ S67 et seq.
vt er - sol gbl ecfﬁ'erixshehaﬁmk,@%s £PRHE a1l aRQS Hel2laf ot @rPLERANE HQr gARQAEt Al liC

conpl exes whi c
metals, ammonium cations -N(R),, in the formula of which
the R symbols, which are identical or different,
represent a hydrogen atom or an alkyl radical having
from 1 to 4 carbon atoms, or other cations derived from
15 metals having furylsulphinic acid, furylcarboxylic
acid, furylsulphonic acid or furylphosphonic acid salts
which are soluble in water,
- m represents 1 or 2,
- R, represents a hydrophilic group as defined
20 for R, or an -N(R),X substiﬁuent, in the formula of
which the R symbols, which are identical or different,
represent a hydrogen atom or an alkyl radical having
from 1 to 4 carbon atoms and X represents an organic or
inorganic anion, an -OH substituent, an alkyl or alkoxy
25 substituent having 1 to 4 carbon atoms, a halogen atom,
a nitrile group or a trifluoroalkyl group,
- p represents an integer from 0 to 2.

Another subject-matter of the present



conprise at | east one water-sol uble furyl phosphi ne of 19 Septenber 2002 5
formula (1) and at | east one netal. The netals which can be conpl exed by
wat er sol ubl e furyl phosphines are generally all the tA%8eptemher2802|s from
G oups | b, 2b, 3b, 4b, 5b, 6b, 5 7b and B of the Periodic Cassification of
the El enents as published in "Handbook of Chem stry and Physics, 51st
Edition (1970-1971)" of The Chem cal Rubbgr Conpany. Mention nmay nore
particularly be nade, anpong 10 these netals) of the nmetals which can be

used as cat al ysiwefi Sheid cahe NeaSEd 051 orf WIS, £ HEE MM M e @fsd1QMs1ld i ting
exanpl es, -of nickel, cobalt, iron, ruthenium rhodium palladium osm um
iridium platifuglSopRsiinss ) VEIis gotabaZdi Miton cagndama el 1kb deneiwWy. The
organonetal | i ¢ conpl exes conprising the water-sol uble furyl phosphi nes can
be prepared byur istpmgiag sal i i orpdcarsonpanch afs t he chosen netal into
contact with an aqueous solution of the water 20 sol ubl e furyl phosphi ne of
formula (1). Thelompolnd lfhasmhing adr qrermel di Ssot Mo dphiwet err or in an
organi c solvent, it being possible for the said organic solvent itself to
be m sci bl% ortyifHecimiesiine watlerch 25 e vyhataltutiad tthe conpound

enpl oyed, can either be at the degree of oxidation which it will have in

t he or ganonet aNMICRBNPI e RURR - ol thigeTi deyride it g usati k.

hydrophilic groups onto the furyl rings and,
optionally, R, groups onto the phenyl rings.
For example, furylphosphines of formula (I)
10 can thus generally be prepared by coupling an
organolithium compound, the organic part of which
corresponds to a compound of general formula (I) which
does not comprise R, substituents and which is bonded to
the lithium atom via 1ts furyl ring or rings, to the
15 electrophilic centre of an R, precursor, such as, for
example, sulphur dioxide, carbon dioxide, alkyl
chlorophosphates, pyridine sulphonates or trialkylamine
sulphonates.
The organolitﬁium compound is itself obtsined
20 by the action of a lithiated base (for example
butyllithium) on the precursor fﬁrylphosphine.
Reference may be made, for the preparation of
the precursor furylphosphines, to, for example, the
article by A.J. Zapata and A.C. Rondon in Org. Prep.
25 Proced. Int., 27, S {(1995), pages 567 et seq.
Water-soluble furylphosphines make it
possible to prepare organometallic complexes which

comprise at least one water-soluble furylphosphine of



19 Septenber 2002 6 It may be indicated, by way of exanples, that, in the
organonetal lic conpl exes of the invention, rhodiumis at the degree of

oxi dation (1), rutheniumat the degree of oxidation (199eptgmber at the
degree of 5 oxidation (1), palladiumat the degree of oxidation (I1),

osm um at the degree of oxidation (0), iridiumat the degree of oxidation
(0) and nickel at the degree of oxidat ign ( O ) . If, during the
preparation of the 10 organonetallic conplex, the netal is enployed at a

hi gher degr eer 9fm@xd datj oAndi bt Wikhshayget gebglr educed in situ.
Organonetal i c conpl exes conprising the water-soluble furyl phosphi nes of
formula (1) can be 15 uskd asteatabysts oknchenteapleradt bgngatkp-agqueous

t wo- phase catal ysis, the water soluble furyl phosphi nes benefit fromthe
syner gy bet wesml ulhke nb oy ibhbgdhophs| acet genérahéyfatyl theng and t hat of
the Rz radical or radicals. They achieve 20 very high solubility values in
wat er. Menti orr#myibeomatetahs Ehewm eapupeatbi oAb, wBbch4banSbe éhtal ysed by
organonetal | i ¢ conpl exes conprising the water-soluble furyl phosphi nes of
formula (%), B%,and(8 e&%n‘bhl%,P%ﬁéoayar6i@$ﬁyﬁa@abhoanafthéezslements
hydrocarbonyl ation of olefins in the presence of rhodium conpl exe~d the
hydr ogenat i orf SfP'&P ¥ Fied h?db%?ﬂ%@?ochHsgh%ﬂéﬁFﬁﬁsaaﬁdthF%Bﬁronatic

compounds I n § e, RLESENSS Pl o DALY o NRAL UM oL AL1 UL,

lst ition
Company.
Mention may more particularly be made, among
10 these metals, of the metals which can be used as

catalysts of chemical reactions. Thus, mention may, of
non-~limiting examples,- of nickel, cobalt, iron,
ruthenium, rhodium, palladium, osmium, iridium,
platinum, copper, silver, gold, zinc, cadmium or

1S mercury.

The organometallic complexes comprising the
water-soluble furylphosphines can be prepared by
bringing a solution of a compound of the chosen metal
into contact with an aqueous solution of the water-

20 soluble furylphosphine of formula (I).

The compound of the metal can be dissolved in
water or in an organic solvent, it being possible for
the said organic solvent itself to be miscible or
immiscible with water.

25 The metal, in the compound employed, can
either be at the degree of oxidation which it will have
in the organometallic complex or at a higher degree of

oxidation.



19 Septenber 2002 7 pall adi um conpl exes) the tel onerization of dines, the

i sonmerization of olefins, the dinerization of ethylene or of acrylonitrile,
t he hydrocyanation of olefins in the presence of nicktd Septapihex@d02 t he
synthesis of 5 furan in the presence of ruthenium conpl exes, the netathesis
of olefins in the presence of ruthenium conpl exes) the polynerization of
acrylates in the presence of nickel conplgxes or carbon-carbon coupling
reactions, such as, for exanple, the Heck or Suzuki 10 reaction, in the

presence of nickel or pald qpa'l}yrggom)&%d,_ b‘ghq%éé?{g;ég%n{?jeé he invention

are in particular of use in the isonerization-re triles obtained

by hydrocyanatip of; (g pboiy £1 118 Radd 1l |3 tdee | SoRERE zaL1 on of
2-methyl -3 butenenitrile to 3-pentenenitrile. This reaction has great

i ndustrial inpodange i dheny depsed oif tdhe danuactur e Al sk papif¢il e.
The latter is a major synthetic internediate in, in particular, the 20
manuf act ur e oft HORWERfese fof qoldmtiates 1 Huchplas icapt ol dsgree of
hexanet hyl enedi am ne. The exanples which follow illustrate the invention.
19 Septentser 206028 IEAMALES da IN@dH um syintthes ide gofe anat ferexsicl atl en

furyl phosphines of fornula (1) EXAVPLE 1 . sodium .

2- (di phenyl| phodghi n®smiran-8- ddrbaslgde & IXBlagiq7(GnplHriglium at
n-butyl lithium (assaying at 1.55M are charged to a SO0 m four-necked

r oundbot t oned tHeasleFagaf Befistahiait Wt e tricden aid Wi mngnes oF a
pressure-equalizing dr op@)i ng funnel, by a reflux condenser equipped with a
bubbl er, by aoi‘(}drﬂg'clt‘?éhi Al stirrer and by a thermoneter and then 6.4 m

(42 mmol ) of tetranethyl ethy| enedi atrpéeper(Tl\/EDA ,_in 50 m of anhydrous
ethyl ether degassed wi t nitHogeh, i ETEHAY Th&dr tated. 10.65 g (42.3

ol o Phend e s sQhyeg elonshang iy &P Y S o
higher degree of oxidation, it will have to be reduced
1n situ.

Organometallic complexes comprising the
water-soluble furylphosphines of formula (I) can be

15 used as catalysts of chemical reactions.

In agueous two-phase catalysis, the water-
soluble furylphosphines benefit from the synergy
between the natural hydrophilicity of the furyl ring
and that of the R, radical or radicals. They achieve

20 very high solubility values in water.

Mention may be made, as chemical reactions
which can be catalysed by organometallic complexes
comprising the water-soluble furylphosphines of formula
(1), of, for example, the hydroformylation and the

25 hydrocarbonylatioﬁ of olefins in the presence of
rhodium complexes; the hydrogenation of olefins,

aldehydes, acids, enamides and nitroaromatic compounds

in the presence of ruthenium, rhodium, platinum or



run in dropw se, the tenperature being allowed to rise to 35C. The m xture
turns orange in colour. After stirring for 15 mn under a stream of
nitrogen, the formation of the anion is nonitored by #9Septembar200%| s
formation is conplete 15 mn after the end of addition of the phosphine. In
pl ace of the reflux condenser, a tube is then fitted which allows the
solution to be transferred dropwi se into-a Dewar flask conprising solid
carbon 25 di oxide i mrersed,,~. n approxi mtely 200 m of anhydrous et hyl

et her degassegd Wi bRilt EBBBNexEBE @REORCN BRREH ahelivhnCouPlBe A Jitte a White
precipitate. After 19 Septenber 2002 9 | eavi ng overni ght exposed to the
open air, theiwbmnteisaktidn bfi slspensi onhkendehben zaits drake dthyilenk00 m  of
a saturated NaHCO03 sol ution and the conbined m xture is extracted. The

et hereal phaseri sff arrhépnextidet edhai hirdsotwentitnes 3F mlledfirdegassed

wat er. The aqueous phases are conbi ned and acified under cold condi.tions
with smal|l porheopzestne2NoECrickeheapmplepkls, Thhe synédesishade is
extracted with three times 50 m dichl oronmet hane. The organi c phases are
conmbi ned and foran4dngthp psEPERFAYEEOXHERENENESEPTRdEXESa ftd® M of water,
are added to them After eva?oration of the _ solvents, a viscous

yel | ow- br own BfFafFBeghEarhedlehhPEniti FREsPEBRGBFEedtt FUSPEME NI t e powder

after several trituration and shing_operations in_anhydrous ethyl 15
et her and aftSPmHﬁﬁfﬁﬁ'th§OEP$§88FlgﬁEEHH1oil?ﬁﬁy A5FSt HE &&Si red product

(o ) 5" CofRERYERTHr hyfet XORI-OLS 000 oLl SaEAN prutad . 317
RH (b 6'81régktlghsgng%ch Qsj EOQGE&thiQH’téE)HECk or Suzuki
10 reaction, in the presence of nickel or palladium
complexes.

- The compounds of the invention are in
particular of use in the isomerization reaction of
nitriles obtained by hydrocyanation of a diene and more

15 particularly the i1somerization of 2-methyl-3-
butenenitrile to 3-pentenenitrile. This reaction has
great industrial importance in the process for the
manufacture of adiponitrile. The latter is a major
synthetic intermediate in, in particular, the

20 manufacture of monomers for polvyamides, such as
caprolactam or hexamethylenediamine.

The examples which follow illustrate the

invention.



13C NWVR(D20) : b -117.8 (s, CH , b - 124. 9(m CgH) ,b =131 . 1( d ,
‘J~p=7. 0, Cera) , b- 131 . 7 ( S,Cpata ) , b -13S. 5 (d,zJ~P = 19.
7, Ch) , b- 136 . 8 (d, 1J~P = 4 .4 ,25 CIFS) , b -t93eptemberedy2
1s6. 9 (d, I1J~p=13 .7,CSH) , b -16 8 . 1 ( s (C2H) . The solubility of
this furyl phosphine in water is 250 g/1 at 23C '19 Septenber 2002 10
EXAMPLE 2 . disodi um 2-(di phenyl phosphi noxfuran-5 phosphonate 33.8 m (52
mol ) of n-butyllithium (assaying at 1.55 are charged to a SO0 m

four-necked raupd,s Pot{ ofgd, fl asl, prged @tefzgél_eé‘?ngo#;ﬁfe ni trogen and
surnount ed by @ pressure-equal | Zing droppi ng Tunner, Dy refl ux condenser
equi pped with g, bl SEph e £ SECHNCEY BEjrrer and by a thernoneter and
then 6.4 m (42 mmol) of TMEDA, in 50 ni of anhydrous ethyl ether 10
degassed with nitrogen, are rapidly incorporated. 12.32 g (48.9 mmol) of

di phenyl furyl phosphi ne, dissol ved beforehand in 40 m of anhydrous.et hyl

et her degasseEXAMPLEI 1 r ogesdiwan e2 + (i phre rdy lopive Seh i ddnlef dexgpes at ur e bei ng
allowed to rise to 35C. The m xture 15 turns orange in colour. After
stirring for l&arboxwlmles a stream of nitrogen, the formation of the anion
is monitored by Sip NVR This formation is conplete 15 mn after the end of
addi tion of the phosphi n - 200 Thet T aaral Jor fri tktheittey § i tdvotred(ass270®@ and a
tube is fitted in place of the reflux condenser. The solution is

transferred dridpw sfntdra SEEHRF fiurhetd®diy et ore &R ppradi th t he
sanme devices as the first, which is cooled to, -60C and which conprises 25
7.3 n (49 mg?cjttcﬁm‘?ﬁ eﬁﬁ‘ﬁk ISt h%esfg?ﬁﬁ o 1P B PR B anhydr ous
ethyl ether. The m xture.,is allowed to return tor lpomt;enqi.)]erﬁgature gjgfore
bei ng hydr ol ysEtF AT W th HO0 W 01 B aUdbl s SR G CHIO i

a reflux condenser equipped with a bubbler, by a

10 mechanical stirrer and by a thermometer and then 6.4 ml
(42 mmol) of tetramethylethylenediamine (TMEDA), 1n
50 ml of anhydrous ethyl ether degassed with nitrogen,
are rapidly incorporated. 10.65 g (42.3 mmol) of
diphenylfurylphosphine, dissolved beforehand in 50 ml

15 of anhydrous ethyl ether degassed with nitrogen, are
run in dropwise, the temperature being allowed to rise
to 35°C. The mixture turns orange in colour.

After stirring for 15 min under a stream of
nitrogen, the formation of the anion is monitored by

20 *P NMR. This formation is complete 15 min after the end
of addition of the phosphine.

In place of the reflux condenser, a tube is
then fitted which allows the solution to be transferred
dropwise into a Dewar flask comprising solid carbon

25 dioxide immersed, in approximately 200 ml of anhydrous
ethyl ether degassed with nitrogen. The anion

immediately couples to give a white precipitate. After



19 Septenber 2002 1

sul phat e.

1 sol ution.

Extraction is then carried out with three

times 50 mM ethyl ether. The organi c phases are conbined and dried over M
The solution is filtered and evaporated to 19 Septembep200%f 7
yellow s brown oil. The latter is heated at 100C under 10-z nmm of nercury

(1.3 Pa)

in a bulb oven In order to renove the phosphates.

17.2 g of a

vi scous yel | ow brown oil

are recovered, which oil

i's subsequently

chromat ographed on 10 cm of silica gel

with a 50/50 10 et hyl acetate/hexane

m xture as el leavinAf beke reMapar axkpeseef tiche heolopem $irl4.cheg wifica col our ed

oi |
di ehl or onmet hanelii,t
of 15 bronotri net hyl

are coll ected, which oil

is placed overnight in solution in 60 m of
b nmegis@leine istn rim rgLhem tike tpkesenge iof 1100 ml & nmol)
silane. The reaction is exothermc and the m xture is

observed to decehturatAfit dlaHéfaperatf banofndhehsotyshisedt héxpuoduts is

taken up in 60 m of.

acetone and 2 mM of distilled water. After 2.h 30,

the sol vents axerag¢saperafldg gvdemeslpipddget liss fugkde rugxtraze edheriini num

anount of nethanol .

3.04 g of sodium hydroxide, in 400 aqueous sol ution,

are incorporat¥f \‘ivilf“ﬁsst:*ior miln g fuRRSRSEEAd YESRE -t ITEEs 2INRNISt @NFSEE pi t at e

is forned. The sol vepnts

acetone) filt8F&d“8

product. i.s washed with

SeAraria 1o LP;%&F FRChif Ofe “ded r ed

LB

duct th | 4 gh d by: 3'P NWR
R
m d Xey e -
(dd, qJ~P = pg%? %H)e cxigtel %’]‘é ke tz‘if)eg 52% 3 .5,JcP = 21.0,

CAH) , b -5 1§%chngogeth§ﬁB %he %rggna%t%hhses ar%sc%mbl%eﬁ 2ng CPdta )

8 13S.8(d)zJcp =19.2,~rtho) s- 137.8 (s, CIPs) , bl55.4(dd, Jcp =7.4, JCP-
= 10.4, ©H 1. bg- 1@5 %oﬁQum| rold9e0, Gildso1 vERe is0kulichd ty off this
furyl phosphl ne in 10 water is 680 g/1 at 20C
water, are added to them. After evaporation of the
- solvents, a viscous yellow-brown oil is obtained, which
0il 1s converted to a fine white powder after several

trituration and washing operations in anhydrous ethyl

15 ether and after drying at 90°C under vacuum. 11.44 g of
the desired product (36 mmol) are recovered, 1.e. a
yield of 85%. B

It is characterized by:
- 3P NMR (D,0): & = 25.1

20 - 'H NMR (D,0): & = 6.20 (d, 1H, Ju = 3.2, GH), & =
6.81 (m, 1H, CH), & = 7.06 (m, 10H, Ar)

- 3C NMR (D,0): & = 117.8 (s, CH), 6 = 124.9 (m, CH),
& = 131.1 {(d, Jep = 7.0, Creca) s & = 131.7 (s, Cpp,), 6 =
135.5 (4, %Jep = 19.7, Coreng) . © = 136.8 (d, 'Je = 4.4,

25  Cipso), 8 = 156.4 (s, CO0), & = 156.9 (d, 'Je = 13.7,

CH), 6 = 168.1 (s, C,H).

The solubility of this furylphosphine in

water is 250 g/l at 23°C.



EXAMPLE 3 . tetrasodium 2, 2' - phenyl phosphi ne di yl bi s(furan-5-phosphonat e)
42 mL (65 mmol ) of n-butyllithium (assaying at 1.55M are charged to a 500
m four-necked round 15 bottoned fl ask purged beforeH&rﬁPmmheh?Q%gen and
surnounted by a pressure-equalizing dropping funnel, by a reflux condenser
equi pped with a bubbler, by a nechanical stirrer and by a thernoneter and
then 9.15 m (60 nmmol) of TMEDA, in 50 maioof anhydrous ethyl 20 ether
degassed with nitrogen, are rapidly incorporated. 4.41 m (60.0 mol) of
furan, dil utedxafraeivand disotliun 2of ( dindhadndyshetghyilneetherardegassed with
nitrogen) are run in dropw se, the tenperature being allowed to rise to 35C
over 30 min. Phesphdanate turns orange in 25 colour. The mixture is cool ed
to -40C in order to run in dropwise 4.2 m (30 mmol) of 19 Septenber 2002
13 di chl or ophenyl phosphide &imlut&® imncd0 ML of- Ratherl itA¥ig  (rsdavdimiang t he
formation of the product by '1P NVR the mxture is returned to room

t enper at ure i RtortdéSMo d45c GHFIIRce t® 5 30 (Ho avslreskervEDandr 5 50 m
of ethyl ether, and then 42 m (65 nmo f n-butyllithium (assaying at
2 560 ar & 1 uKC S dryEaritIe (At TG 78 R AT ek S of

nitrogen, the formation %];ﬁtahe ani on i s noni.tared

. 31P NMR.  Thi
formation is (’f“'woé]tnetef% i ﬁrteesrsutrﬁée&%l&{ldfzlé’(?dicﬁi)éé)r?lf@ dM‘Emtnﬁgl';l?é’sphi ne.
Th ti i i | - 7 .a.tube s fitt i | f th
o e bnaanay et SRRl Qi A Pkl | § W PLACe of the

fournecked re3elor, jequi RRGd Wt b same devices s fhe t%%,nf Il St . i Ch
is cooled to -50C and which conprises 8.9S m (60 mmol) of diethyl

chl or ophosphat(g 2didméh19d den 2o, afh avhydr s SiHMrRih&chyihedHext ure is
allowed to return to roomtenperature before being hydrolysed in situ with
100 m ofioan adguecusdammN witehlgen da 20 reqlidliyonncthgoraxtedr.e i s then
extracted with three tines 50 ml ethyl ether. The organi c phases are

conbi ned and dri.e@ eaverdsMy sulgihated. dilipdesyllfturgn phesfolitner,ed and
evaporated to produce 20 g of a red-brown oil. The latter is heated at 100C
under 10-z nmdofssRB viest dwrfprieha@dPan 49 albwlfh agerd riowsoreddry It @ therrove t he
phosphat es. The product is subsequently chromatographed on 10 cmof silica
gel with et hydegestsside wid helnddmogedi f @@l phenypliospmiuse andre
nonophosphoryl at ed conpound . 19 Septenber 2002 14 are thus renoved. After
evapor ati on oft eMperEdWente ing 5 1d rd fice Pesdit 3a°€ ¢ dNee el Y@ el d:
230). The entire reaction i.s repieated a second time in order to obtain

sufficieff pr&ddes P52 e oS ridti on of the

After stirring for 15 min under a stream of
nitrogen, the formation of the anion is monitored by
p NMR. This formation is complete 15 min after the end
of addition of the phosphine.

20 The reaction mixture is cooled to -70°C and a
tube is fitted in place of the reflux condenser. The
solution is transferred dropwise into a second four-
necked reactor, equipped with the same devices as the
first, which is cooled to -60°C and which comprises

25 7.3 ml (49 mmol) of diethyl chlorophosphate diluted in
20 ml of anhydrous ethyl ether. The mixture is allowed
to return to room temperature before being hydrolysed

in situ with 100 ml of an aqueous ammonium chloride



5 synthesis. 8.55 g (16.6 mmol) of di phosphoryl ated conpound are placed
overnight in solution in 50 m of dichloronmethane, with magnetic stirring,
in the presence of 9.43 ml (70 mmol) of bronotrinet hylPs3epigiaberi2002, o
reaction is exothermc and the m xture is observed to decolour. After
evaporation of the solvents, the - product is taken up in 50 m of acetone
and 2 m of distilled water. After 2 h 33,1 the solvents are evaporated and
the product is taken up in the mni num 15 anount of nethanol. 2.8 g of

sodi um hydr oxiSed.utien40 ErdiRes i s dlutihen At et ororat e Sxee stirring
under cold conditions. The m xture darkens fromyellow to brown. The
solvents are é\}ﬁ‘r%;r ae dlafd e oG + i & z%?gj‘écs(ﬂl'}%ﬁQ% 3%§ turated and
washed with acet 20 filtered off and dri at 1 0C under, vacuum 6.7 ¢

of the desired ¢ angk AnyEt Vet o (ﬁﬁ’rlp esr%ldl%qrh B yield of
82% (W th res to the dlpho t ed _conpou |s char acteri zed
%ﬁ,gt RIFERAVA T Compey %? LA

by: 25 _ '1P b. =6

67 2 \ 1' C NWR
(D20§n? o5 C%Ebbn7 ?& Q%gcﬁ tf%HlSC%E%ﬁ ﬁ?at 1°d%%:Qg} ggﬁéﬁ%é?mzooz 15
123.9 (dd 'Joﬁomer%u%y &icg Pa}8.i acﬁﬂhb &%en %%ld%dé¥ E%MH%moJé 0

C,era) , b - , Cpara ) . b

136.9 (s, C pthe p%b%?hatesl §7a2 gla3 5 @decbh%pyeiﬁowiﬁnowh ofi 10 .4,
CSH) , b =16 4 . , 1J~po =199 . 5, CH) . 5 The solubility of

this furyl phoaphi recorewatier whs chl14Q 194t aub23GQuebXAMPLE 4 . sodi um

2- (di phenyl phosphi no) furan-5sui phinate 26.3 m (40 mmol) of n-butyllithium
(assayi ng 10 ahrbma2byrapéechanged ko afS@Q lilcaf ger- ndacked saymsdbot t onmed
flask purged beforehand with nitrogen and surnounted by a

pressur elequakkbiyigadeopperipekansemixtiyre eef kdxengndéfser equi pped with
two bubblers (water and silicone oil), by a nechanical stirrer and by a 15
t her nonet er aRyapPhEAtiEN6SLgtPa2s31vRBIE  of ddipBeryl fucplphasshicrie,

di ssol ved beforehand_in 50 ml of anhydrous _ethyl ether degassed with
nitrogen, are2f@nCPhl 8?669& sé’thﬁeotlérrﬁéré’t&Fé b@l"ﬁ@“&lglh(‘}v\é@ toriseto
3pC. The m xture turns'.yel |l ow.i rl 20 After stir for 45 m n under
a Stream of n?PﬁB&éHn \é Pofnr]raﬂfo 15#% PRE™SHPER S swr’r('iﬁ?l f“g‘lgé’&t&? 31p NMVR

The reaction nkxture is, cogbed ta, -690 a@dl he st ianlol ni trogen is
repl aced by aSStF&affof *BulpRuPrar8% ae’ B 'Y af& appears and

then thelS bromotrimethylsilane. The reaction is exothermic and

the mixture is observed to decolour. After evaporation
of the solvents, the product is taken up in 60 ml of
acetone and 2 ml of distilled water. After 2 h 30, the
gsolvents are evaporated and the product is taken up in

20 the minimum amount of methanol. 3.04 g of sodium
hydroxide, in 40% agqueous solution, are incorporated
with stirring under cold conditions. A white
precipitate is formed. The solvents are evaporated and
the product is washed with acetone, filtered off and

25 dried at 100°C under vacuum. The desired product is
recovered with a yield of 54%.

It is characterized by:

- 3p NMR (D,0): & = 28.2, 6 = 0.8 (P=0)



25 mxture turns yellow in colour and subsequently brown. The reaction is
exothermc. A strong streamof nitrogen is subsequently reestablished in
order to degas the 19 September 2002 16 reactor and9iSeptembkeri002; s
allowed to slowly return to roomtenperature. 100 m of degassed water are
subsequently added in situ and the mxture is left stirring for one hour.
Extraction is carried out three 5 tinmes with water. The aqueous phases are
conbi ned, cooled with an ice bath and acidified with 10 mM of 3N HCL in the
presence of 100 HH NMR dilblor dnet barve. (The 2yl ICMy, cOJHur di-=sappear @,
Extraction is then rapidly carried out three tinmes w th dichl oronethane.
The 10 organi c1pHas@s)are conbined and 1.2 g of sodi um hydroxi de are

i ncor por at ed mﬁtﬂ stirring under cold conditions. The solvents are
evapor at ed under “Fa¥MEm(DePik: t @npet T uP e (B@i ngfch i M4 €’ £ 0'Jas maXdmfm of 40C
6.86 g (20.3 mmul) of the desired product émhite solid) 15 are obtained;
the yield is 5%4! Trfe pricfuc 13 chbwatt &r? zedeby: 21-07 1CHINVR (= D20 ) : b
- 26 . - 1H NVR (DzO),; b -_6_.40 (m 1H, C3H) , b - 6 . 53 (m 1H CgH)
. b- 7. 06 ( 116+Egp«iiyo=-7f%c JeD2oF 1362 181, Beara)(s,0CBH) , b -
124 .8 (m 4 22131, . 1 (,d,, 3I~p,= 4 . ca.) b,- 131 . 7 ( S
Copara ) bw?§5g5(?d,ﬂﬂz\‘j~b {o oy 4§°‘°~“F)[ho{ = prgsk) %’d-’;°)l'\]ép=: 2. 9,
CPs) , b- 15 d ~Py= 1655,CSH) ,_ by 417. (8)_ (325: Th

sol ubility of ?ﬁ?sﬁfﬁ?éfpﬂ%sphfhé’iEqvatgf'fé gggig,ﬁ 255 @25l

Sept enber 2002.1yo&EXAMPEES 5 TO 13 . preparation of netal conpl exes of
wat er - sol ubl e furyl ~phosphi nes of fornula (1) and use of these conpl exes as

hydrogenation catal ysts The PoePBLALEPNoEScRAE! E8Ey PPhobPh@and0; Al

10 water is 680 g/l at 20°cC.

EXAMPLE 3 : tetrasodium 2,2'-phenylphosphine-
diylbis (furan-5-phosphonate)
42 ml (65 mmol) of n-butyllithium (assaying
at 1.55M) are charged to a 500 ml four-necked round-
15 bottomed flask purged beforehand with nitrogen and
surmounted by a pressure-equalizing dropping funnel, by
a reflux condenser equipped with a bubbler, by a
mechanical stirrer and by a thermometer and then
9.15 ml (60 mmol) of TMEDA, in 50 ml of anhydrous ethyl
20 ether degassed with nitrogen, are rapidly incorporated.
4.41 ml (60.0 mmol) of furan, diluted beforehand in
40 ml of anhydrous ethyl ether degassed with nitrogen,
are run in dropwise, the temperature being allowed to
rise to 35°C over 30 min. The mixture turns orange in
25 colour.
The mixture is cooled to -40°C in order to

run 1n dropwise 4.2 ml (30 mmol) of



5 autoclave) the walls of which are coated with Teflon and which is

equi pped with a nmagnetic bar, a safety valve, a manoneter, a valve for
delivering gas and a valve for introducing liquid. Tht® Septesber 200%i um
conpl exes (Exanples 5 to 10 8), which will subsequently be used as

catal ysts for the hydrogenati on of Z-a-acetam docinnam c acid (Exanples 9
to 13), are first of all prepared. The prgparation of the rhodi um conpl exes
consists in stirring, for 10 m n under an argon 15 atnosphere, a sol ution,
in 2 nm of wabgkchlolrd@henymdlosph 0re Al dthel et ero- sl Wd edhwy) phosphi nes
prepared in Exanples 1 Co 4, which solutionis mxed with a solution, in 1
m of acet oneAfakr0mdas tordingoft HeRCEOR)Z]onPEG- tHE0p rodiyad doct’aeli ene)
After the 20 colouring of the m xture has changed from orange to yell ow
moni toring i SNM&rricke odixthye LR MWRUrTies dHearasstiretiestiess tofre higr Rh

conpl exes prepared are collated in Table 1 bel ow 19 Septenber 2002 18 S
Exanpl esFur yl OAgg&atanéaisorpRIdter fhdSpAilndEith msied) (125 BMEDBEXanpl e 1cl ear
vividl4. 6 (d)144-{ellowEx. 6Exanpl e 4cl ear vividl5.0 (d)148yel | owEx.
7Exanpl e 2cl eaf Filvrdietdyddetpers) prgyéheanwte. Pl L65pamyEl. Hexanpl e

3cl ear vivid-l.g %s PZg)l50ye||OMh4.0§&?, P;,..) Table 1 The caonpl ex
prepared abov8 PELYALLEGIEEY (AREG YRS delPalB” GEnd W SYY iAol | owed
by a squtionAgt 0.3&0 g, 2 %QEJESOfi - a5 %etang %cinna 'c.%pid in 10 30 m
of methanol afid"6f Waté&f *(Pn "propor (i 6ns By vél dme 6 1 "or- S The

mXxture remal @geh%‘%ﬁﬁg%%ofAt%?%?l%% 9 %o&ﬁt‘éﬁ@r b0 tfes: dpdfa) of
hydrogen is establ'ished and the mxture is stirre or
formation is complete 15 min after the end of addition
10 of the phosphine.

The reaction mixture is cooled to -70°C and a
tube is fitted in place of the reflux condenser. The -
solution is transferred dropwise into a second four-
necked reactor, equipped with the same devices as the

15 first, which is cooled to -60°C and which comprises
8.95 ml (60 mmol) of diethyl chlorophosphate diluted in
20 ml of anhydrous ethyl ether. The mixture is allowed
to return to room temperature before being hydrolysed
in situ with 100 ml of an aqueous ammonium chloride

20 solution. The mixture is then extracted with three
times 50 ml ethyl ether. The organic phases are
combined and dried over Mg sulphate. The solution is
filtered and evaporated to produce 20 g of a red-brown
0il. The latter is heated at 100°C under 10? mm of

25 mercury (1.3 Pa) in a bulb oven in order to remove the
phosphates. The product is subsequently chromatographed
on 10 cm of silica gel with ethyl acetate asgs eluent.

Difurylphenylphosphine and monophosphorylated compound



15 a variable tinme (see Table 2 bel ow) depending on the nature of the

furyl phosphi ne and the absorption of gas. At the end of the tes af t er
degassing, the reaction mxture is evaporated to dryn@s%e%{ﬁ'ﬁ ﬁhé\?%ed by LH
NMR i n db-di net hyl sul phoxide. 20 The characteristics of the various

exanpl es 19 Septenber 2002 19 (reference of the conplex, organonetallic
conpl ex/ substrate to be hydrogenated ratijg by weight in o) Hz pressure,
duration? and the results obtained (degree of conversion of the substrate)

are collated igr$S diabd er dndbeddW. Af t X e RSO e Yo £ exiadps&lvents,

ref erence) Conpl ex, o by wei ght Met hanol /water rati oHz PressureDurationDegree
of conver si onEx. 5 dxafpber S lp25dud . r dar il SO66YELy i dDEXanpt . 5the51/ 13. 0
bar 4h 3095%x. 1l1Exanple 71.2S1/13.1 bar2h100%x. 12Exanple 60.51/13.0

bar 18h 308%EXx.erit3Exanpd &c Bilo251¢ 13z de dtaa® hel 0996 drab| mife NLIO eoddy 3tdN O O N
19 Septenber Z002 21 EXAMPLES 14 TO 16 . preparation of netal conplexes of
wat er - sol ubl e dhtrgi phoshii veentofpfedual L4 )t eneimiat en saf dcleonpl exes
in the hydrofornylation of styrene Preparation of the conplexes S The
organonet & | i YOt EXSis preformed by the dropwi se addition of the

furyl phospFiqRe(g‘c))forCrlriJIéa '?(J%)?Rgi%%“\{";g@l gﬂfl ﬂg{gj%\/\}aﬁ%&aa%g%t h'('a rretftl
precur sor , ~ O . ca . n "acac
T e VAT SPEL S A8 IS S Py P s 3
honogeneous nedi oPéméEhQnem v?iftﬁ q*ébq{"éeci(calgteirrqa%r{ﬁ'e{ rtme( b) in Table 3

bel ow), which Teads to a resulting heterogeneolus nmedi um (two- phase nmedi um .
presence of 9.43 ml (70 mmol) of bromotrimethylsilane.

10 The reaction is exothermic and the mixture is observed
to decolour. After evaporation of the solvents, the

- product is taken up in 50 ml of acetone and 2 ml of
distilled watexr. After 2 h 30, the solvents are
evaporated and the product is taken up in the minimum

15 amount of methanol. 2.8 g of sodium hydroxide, in 40%
aqueous solution, are incorporated with stirring under
cold conditions. The mixture darkens from yellow to
brown. The solvents are evaporated and the resulting
orange solid is triturated and washed with acetone,

20 filtered off and dried at 100°C under vacuum. 6.7 g of
the desired product, off-white in colour, are recovered
with a yield of 82% (with respect to the
diphosphorylated compound) .

It is characterized by:

25 - %P NMR (D,0): & = 49.5, 6 = 0.0 (P=0)

- 'H NMR (D,0): 6 = 6.67 (m, 2H, CH), &6 = 6.80 (m, 2H,
C,H), 6 = 7.41 (m, S5H, Ar)

3C NMR (D,0): & = 117.7 (d, *Je = 20.4, CH), & =



15 When the preparation is carried out in heterogeneous nedium transter of
the yell ow colouring fromthe organi c phase to the agueous phase isS
observed and the solution obtained is clear. Wen thg%@éﬁpﬁ?ﬁmzi S
carried out in 20 honobgeneous nedium a portion of the nmetal reprecipitates
in the formof netal-green needles and the colour of the nmediumis
yel | owi sh, indeed even bl ack. The use as p$ecursor of the diner

[Rh(CO) ZCl]lz 25 requires the addition of triethylamne (0.1 ml). The

conpl exes t husld? epaf@d, weleer andl-PsedIby =" 1P-RIVRCa1) r obnrt bhbet afdre. They
all result in a spectrumexhibiting_ a broad peak (characteristic of 19
Sept enber 2002922 Tohpl deend) - WPt Fi gébi'a 8Rchsnge 0of° 15 gattis) W+t Hdee =

chem cal shift b - -10 to +20 p ccording.to the _phosphi ne used.

Hydr of or nyl at i oh- f %ﬂtryﬂenegTAPgéOgnfs auémyl)av , Teduirpped i t fera=magnet i ¢

bar, a safety ve) a_ opet ar..and; tv lves for_ delivering gas, is
purged with ar%éta)%’. %%I Ugﬁg'gﬁdgﬁ)s‘ti? I—\(,a\g“%//\g‘t%r?d’bot‘jﬁmdégiggeg'b $'0r ehand
under nitrogen, and the e ( OF gano |1ic, 10 conplex) are
successi veé)y introducedﬁ%mgtﬁggsgll%g%{e&un egr’regggﬂgl&?nsgglgggbﬁ Two t est

al ternative fqrnhs, e ysigdiolt:,50al ternative form(a)) with 8 nl of
water/8 n onAtIO uethza ng of“gtyrene, on the one hand,- 15 and 1 m of

acetone/1 m of distilled water/0.08 nmol of Rh/0.16 nmmol of
furyl phosphine, on thz other hand, - alternative form(b), with 2.5 m of
water/2.5 m ofxibuens/ 1 go@iust yr eAtphery 1bieo opiei hangurands 1 - nl  of

toluene/1 m of distilled 20 water/0.04 muol of Rh/0.08 mol of
furyl phosphi nesulpshihec ot her hand. A pressure of 10 bar (1 MPa) of carbon
nonoxi de and of 10 bar (1 MPa) of hydrogen is established. The reaction
mxture is heated at the26.3 ml (40 mmol) of n-butyllithium (assaying
10 at 1.52M) are charged to a 500 ml four-necked round-
bottomed flask purged beforehand with nitrogen and
surmounted by a pressure-equalizing dropping funnel, by
a reflux condenser equipped with two bubblers (water
and silicone o0il), by a mechanical stirrer and by a
15 thermcmeter and then 10.65 g (42.3 mmol) of
diphenylfurylphosphine, dissolved beforehand in 50 ml
of anhydrous ethyl ether degassed with nitrogen, are
run in dropwise, the temperature being allowed to rise
to 30°C. The mixture turns yellow in colour.
20 After stirring for 45 min under a stream of
nitrogen, the formation of the anion is monitored by P
NMR. The reaction mixture is cooled to -60°C and the
stream of nitrogen is replaced by a stream of sulphur
dioxide. A white precipitate appears and then the
25 mixture turns yellow in colour and subsequently brown.

The reaction is exothermic. A strong stream of nitrogen

is subsequently reestablished in order to degas the



25 tenperature (TC) with vigorous magnetic stirring for 18 h. After
ventilating off the excess gas, the reaction mxture is separated by
~settling into two 19 Septenber 2002 23 phases and t HO Saptember 20M02se i s
anal ysed by gas phase chromat ography. The results are collated in Table 3
bel ow. yield (Yd) of al dehyde and branched al dehyde/li near al dehyde (bA/ I A)

rati o. Phosphi nePrecursorAlternative 16
f or MTCYdbA/ | AEi canpl e( Exanpl e) Exanpl epr epar ed[ Rh( CO) 2C1] z(a) 55C32986/ 1414Ex

anpl e 1Exanpl epreg&ited( R@@C@)hzamdoc]t(La’)%E@l&Q%BB/elﬂEg@i%Wﬁ}yer turn to
2Exanpl epr epar ed[ Rh( CO) 2acac] ( b) 50C69%81/ 1916Exanpl e 4 Table § N'Co“8~ w co
3NOON 19 5epfef58Peroonres; ERAVRLESflAcyas26d wabse Qf<netal

conpl exes with dng erent |igands in carbon-carbon cou~ling reactions in"
aqueous medi um FHBERIBERELYoATIedniel Si6u4ang) tbe modobeazeseleBenmol 5

(0.30 g) of ethy|l.acrylate, 3 | (0.31 g) of triethylam ne and 3 nl of
acetonitrile ar ék%ﬁf%éauﬁ‘d Pﬁgggau chEgRKactibenedai ppediaitbua rmgaeti c

bar and under ap; on; here,., 0.0S nol (11.2 g) of Pd(OQ CCH3), is
added to 10§t he&r‘r@%‘ilgu?nlé%’g??g%d Eg}eaaﬁﬂ‘agbﬁi Rh@sesgane ¢omdbnednol ) in the

L emper at Ur e W TR SO0t Bas Rt Lo i KA n B aB bE LT A hobgBhi SBLEN Of
the medium 15 t1the end ﬁ%e&@ﬁcéegfti88’m£hgfsglégié¥5$é%hane. The
vyellow colour disappears. Extraction is then rapidly
carried out three times with dichloromethane. The
10 organic phases are combined and 1.2 g of sodium
hydroxide are incorporated with stirring under cold
conditions. The solvents are evaporated under vacuum,
the temperature being limited to a maximum of 40°C.
6.86 g (20.3 mmol) of the desired product (white solid)
15 are obtained; the yield is 51%.
The product is characterized by :
- P NMR (D,0): 6 = 26.7
- 'H NMR (D,0): 6 = 6.40 (m, 1H, CH), & = 6.53 (m, 1H,
CH), 6 = 7.06 (m, 10H, Ar)

20 - BC NMR (D,0): &

il

111.6 (s, CH), 6 = 124.8 (m, C.H),

6 = 131.1 (d, 3Jg 7.0 Crecad v 0 = 131.7 (s, C.,.), & =

~zpara

2
135.5 (d, *Je,p = 19.4, Coreno) + 8 = 136.8 (d, e = 2.9,

C

—1p50) ’

0 =156.5 (d, Jep = 16.5 CH), 6 = 170.1 (s,
C.H) .
25 The solubility of this furylphosphine in

water is 205 g/l at 21°cC.



filtered and then transferred into a funnel in order to be separated by
settling. After washing several tinmes with water and with ethylether t he
conpounds formed are extracted 20 with ether. After é@é%ﬁ*ﬁ? H?892 t he
solvents, a brown oil is collected. The degree of conversion of the

i odobenzene is determ ned by proton NMR anal ysis of the brown oil 25

coll ected. The nature of the |ligands usedi7the reaction tenperature and the
reaction tine are shown in Table 4 bel ow. The degree of conversion of the

i odobenzene t @XAMBLESept enbel3 2002r@baehbiybncofinasabe csmplesrespeci fied in
this table. The various Ilgands used are: - ngand A . d|||th|um

2, 2' - phenyl phosgts 3 Sosph pihe § 8
2- (dlphenylphosphlno)furan S—phosphonate) - ngand C. sodlum

2- (di phenyl phagpse hé) H S Folal: 1o Elithium

2, 2' - phenyl phosphi ne 1G d|be|s(furan 5 carboxylate) - Ligand E . trisodium
met a- t ri phenyl phosphi ne Th¢s®¥%ﬁ@ﬁ%§é0QI1§aﬂ@r©1€@h@Ubrlbraa$@)ml Exanpl el7

' 18192021222324250260L|gandsABCDTC22804070408040804070EUrat|On
autoclave, the walls of which are coated with Teflon®

and which is equipped with a magnetic bar, a safety
valve, a manometer, a valve for delivering gas and a
valve for introducing liquid.
The various rhodium complexes (Examples 5 to
10 8), which will subsequently be used as catalysts for
the hydrogenation of Z-a-acetamidocinnamic acid
(Examples 9 to 13}, are first of all prepared.
The preparation of the rhodium complexes
consists in stirring, for 10 min under an argon
15 atmosphere, a solution, in 2 ml of water, of 0.05 mmol
of one of the water-soluble furylphosphines prepared in
" Examples 1 to 4, which solution is mixed with a
solution, in 1 ml of acetone, of 0.025 mmol of
[Rh(COD),}PF,” (COD = cyclooctadiene). After the
20 colouring of the mixture has changed from orange to
yellow, monitoring is carried out by *'P NMR.
The characteristics of the Rh complexes

prepared are collated in Table 1 below.



(hours) 102.521212121Degr ee of conversion of the iodobenzene (~) 65 100 100
100 55 90 99 100 21 100 Table 4 NJ co 3 1 NN 19 Septenbe 2%@ 28 The
| i gands in accordance with the invention therefore mil?esqpﬁe'ﬂé%'sg eto
obtain a degree of conversion of the iodobenzene at tenperatures which are
not very high and even at roomtenperature. 5 EXAMPLES 27 to 29c . Use of
metal conplexes with different ligands inyghe isonerization reaction of
2-met hyl - 3-butenenitrile (2MBBN) to 3-pentenenitrile 3 PN 1.5 g of aqueous

solution of a = te
Examples Furyl- Appearance & P Jan-»
phosphine (in ppm) {HZ)
Ex. S Example 1 | clear vivid 14.6 (d) 144-
yellow
Ex. 6 Example 4 | clear vivid 15.0 (d) 148
yellow
Ex. 7 Example 2 | clear vivid | 12.0 (d, P,.,) 148
vellow -1.7 (s, P=0)
5 Ex. 8 Example 3 | clear vivid | -1.0 (s, P=0) 150
vellow -4.0 (d, P,.)
Table 1

The complex prepared above is introduced into
the autoclave using a syringe, followed by a solution
of 0.410 g (2 mmol) of Z-w-acetamidocinnamic acid in

10 30 ml of methanol and of water (in proportions by
volume of 1/1 or 1/2).

The mixture remains homogeneous.

A pressure of 3 to 4 bar (0.3 to 0.4 MPa}) of
hydrogen is established and the mixture is stirred for

15 a variable time (see Table 2 below) depending on the
nature of the furylphosphine and the absorption of gas.
At the end of the test, after degassing, the reaction
mixture is evaporated to dryness and analysed by 'H NMR
in d,-dimethyl sulphoxide.

20 The characteristics of the various examples



1C Il ~gand L, with a concentration expressed in mmol/kg of |ligand, are
introduced into a Schl enk Cube equ, ~pped with a magnetic bar and under an
argon atnosphere. 5 g of 2M3BN and then 40 to 45 ng of 198gptemiber 2002

cycl ooct adi ene) ni ckel (0) (N (COD),) are added in order 15 to obtain, in the
m xture, a Ligand/ N cker nolar ratio equal to 4.5. The stirred m xture is
brought to 90C and nmintained at this tenpgrature for 3 hours. After
cooling, the reaction mass is dissolved in acetor and anal ysed by Gas Phase
Chr onat ogr aphy ilnededenceoo?o cguapbinbakixvel I .the organic
conpounds present. ill'he/r esul ts obtai %edlx\/vi tc%lfggglﬁlﬁgﬂﬁifands, two of which
i n accordance wkehplas/snbentrhon, tar BeCahly i abl.e .5 bel ow.. ,
Exanpl e272829cLj gandsdi | i t hi um 2, 2' -t et rgsgc‘gi%%rrrl]araeg Vet 53 %y weight in

2, 2' - phenyl phosphi e dingssiussphehytaphiosphi sredi yi i lségﬂggné%ﬁ;y}]ggi nate) (fur
an-5-phosphonatf Na, TPPTSConcentrati on of SO0800500I i gand
(ol / kg) Li gand/fFI¥e¢ i 9. Sansarsbegres dhe aebSBEQBépnx%SEﬁmg clhe2MBBN
(9% 3PN Yi els,g (%7}%9287 TPPTS: neta-triphenyl phosphi netri sul phonate Tabl e 5
Nco Nc~ 3 c~ D N Peiey sept enber 2002° 30 The |igands of the invention
make it possible to obtain high degrees of conversion of the 2MBBN with
good selectivity for 3PN. In Tables 4 and S, Exanples 25c, 26c and 29c 5
are conparative exanples carried out with a ligand of the prior art. 19
Sept enber 2002



31 CLAIMS 1. Furyl phosphi nes, characterized ~n that they are water-sol uble
and correspond to the general 5 formula (i ) (~1)y (R .03 nnin
which: 10 - n represents an integer froml to 3, - at19l%&’5QmBWe2q0§d| cal P~
represents a hydrophilic group chosen fromthe group conprising: -SO=M
-S03M -CO=M and -PO3M M representing an inorganic or organic cationic
resi due chosen from 15 proton, can ons deppved from al kali netals or

al kal i neearth netal s, anmonium can ons -N(R)~ in which fornula the synbols
R, which may be _dentical or different, represent a hydrogen atom or an

al kyl radical containing from1l to 12 carbon atons and the other 20 can ons
derived fromnetals, the salts of furylsul phin~c acids of furvlcarboxy' ?c

acids, of furyl sulphonrc—-ad—ds—or—pr—furylphosphonic a~sids of which are
wat er-soluble, {N(R&8X, !'n which fprnula the synbols R, which fTla~~ be ?
dent ~ ¢31 G df 9 f2rent, represent c hyd oger 19 Septenber 2002 32 atom
or an al kyl radi c@l Eont aijnggngl fromal {a. 12 ®arjbon atoms, X represents an
organ_c or ~noraa§| csani o, °- QP + R |repreSents a hydrophilic group
according to 5 the dgfini t| on lgi veh fof R~|or 4n al kyl or al koxy group
containing 1 to 12 c@rbon Mons;, a hal ogen @atom| a nitrile group or a
hal oal kyl groupjcontaining 1 tjo 1Zf carpon atomg, - mrepresents 1 or 2, 10
- p rep=esents anginteger |[fromO tp 3, |- ,when mis equal to 2, a radical P:
can al so represerrg an al kyl 2or| & bt Qxy| group_.cqgntaining 1 to 12 carbon
atons, a hal ogep mtom a nitrifl & group oF Falloal kyl group containing 1 to
12 carbon atons Q5 2. watjef- siolFub) e f uryl phosphi nes accordi ng
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to claim1, charact2ri_ed in that they correspond to the general formula
(I') inwhich: - nrepresents an integer froml to 3, - R> represents a
hydrophilic group chosen fromthe 20 group conprising® Swnge’-%M -COM
and -PO-M M representing an i norgan?c or organic cationic residue chosen
fromproton, cat-~ons derived fromalkali nmetals or alkaline Earth netal s,
ammon! um can ons -N(R)4 in which fornula 2% the synbols R which may be
identical or differ=nt, represent a hydrogen atomor an al kyl r=decal

cont a~n~ng fr oBEKAMPQES gdr On 1at onprepheadtiber ofamewas dempleckas=arh net al s,
th= salts or furylsulph nc aC|ds 99 Septenber 2002 33 G furylcarboxyllc
aci ds, of furyksg 9 = yd ph ' 2 :

mater-soluble
Gceording ~to & Bad oANgLhg SIS &
3X, in which fornula the synbols R, mhlch nay be i dentical G dlfferent
represent a hyd£sgé U #Pcal containing from1l to 9 carbon
atonms and X represents a

substituen? or an al kyl Epea %Qé@o@%gg??eggﬁb%giﬁkgﬁﬁ?%gegoggeg gﬁfbon
atons, a halogeﬁ?ato a.n é&ﬁ%eégrogg Pfed y& uar. %H%%Iogr u§@Pﬁﬁ|e 5

r2p~esents an I Yidm Procéss prepari ng wat e

furyl phosphi neg, ?Ccaaggesvga eht *ﬂ%l%é%éh@? l.andyg, m%Q%ﬁagltrca;

that it conS|sts in carrying out a condensati on of an organo hi u

conpound, the @ﬁg@@bg(ggrtbqn[@%(@@;cgcggfregppnggbggvgaggggouggagt gener al

formula (1) containing no substituents R~ and which is 20 i nked to the
l'ithium atom vh@ahtggf Uaybtr{yhBEEEInaveth anpsecuEsoh efichBe ghoup,R~ chosen
fromthe group conprising sul phur dioxide, carbon dioxide, alkyl

chl orophosphat o8, ap¥tbfeneasukphanatvesfand tg)akikylramilee 3swkphanat es. 25 ~.
Organonetal I'i c conpl exes, characterized In that the~, ~ conprise at | east
one wat er - sol ubhechut gbphosphanreaustoiagngotiogenthes @esddhai nerliand and .t

| east one netal chosen tramthe transition 19 Sept enber 2002
1 ml of toluene (alternative form (b) in Table 3

below), which leads to a resulting heterogeneous medium
(two-phase medium) .

15 When the preparation is carried out in
heterogeneous medium, transfer of the yellow colouring
from the organic phase to the aqueous phase is observed
and the solution obtained is clear.

When the preparation is carried out in

20 homogeneous medium, a portion of the metal
reprecipitates in the form of metal-green needles and
the colour of the medium is yellowish, indeed even
black.

The use as precursor of the dimer [Rh(CO),C1],

25 requires the addition of triethylamine (0.1 ml).

The complexes thus prepared were analysed by
3ip NMR at room temperature. They all result in a

spectrum exhibiting a broad peak (characteristic of



34 netals fromgroups |Ib, 2b, 3b, 9b, 5b, 6b, 7b and 8 of the Periodic
Tabl e of the Elenents. ,5. Ggafl OreLalllC COrrpI Px2S aCCOrdlng t0O claim 4,
characterized in that Lhey conpr?se at |east’ S one ntfSeptembee’dodZ om

ni ckel, cobalt, iron, ruthenium rhodium palladium osmum *“ridium

pl ati num copper, silver, gold, ~~nc, cadm um and nercury. 6. Process for
preparing organonetal lic conpl exes accorddng to either of clains 4 and S,
10 characterized in that a solution of a conpound of the chosen netal is
pl aced in contca:nwtpmxﬂncﬁrwiaﬂuamgidsoimﬁme)foﬁ hei gwatds + sol wipl 2

furyl phosph?ne of formula (1) 7. Preparation process according to claim
15 6, char act ethiemsid-aln ghiatt tthe net@ltorgpowrni saciesdlved-¢ ntiwater or in
an organi c solvent, the said organic solvent itself possibly being

m sc~. bl e or |Erhﬁ852ifllb19e udedh water. 8. Pr eparation process according to
either 20 of clains 6 and 7, characterized in that the netal in the
conpound usedmmmstate whi ch ’?t wlll have in the

organonetal lic conplex or | hcr ox~.dation st v¥|\th an in-situ
reduction.® 9. Process ac’*co’r%ﬂ ﬁ'&t B, SBRG c"f LA P aAGNg e when
the netal ?s ~nah|%heg Qrid ~on stale nlnstu red ctlon of this
metal ~s carri edf ‘odt . ik éfep]‘t erfber TG ENA orfg%rnorret allic

conpl exes accqfeqllq)qerthlge gta@er ;of Fg;_{radégs @ltarpdar%grp_r the catal ysis

Toluene and distilled water, both degassed beforehand
under nitrogen, and then the catalyst (organometallic

10 complex) are successively introduced, with a pipette,
under a stream of argon.

Two test alternative forms.were carried out:

- alternative form {a), with 8 ml of
water/8 ml of toluene/2 g of styrene, on the one hand,

15 and 1 ml of acetone/1 ml of distilled water/0.08 mmol
of Rh/0.16 mmol of furylphosphine, on the other hand,

- alternative form (b), with 2.5 ml of
water/2.5 ml of toluene/1 g of styrene, on the one
hand, and 1 ml of toluene/1 ml of distilled

20 water/0.04 mmol of Rh/0.08 mmol of furylphosphine, on
the other hand.

A pressure of 10 bar (1 MPa) of carbon
monoxide and of 10 bar (1 MPa) of hydrogen is
established. The reaction mixture is heated at the

25 temperature (T°C) with vigorous magnetic stirring for
lB:h.

After ventilating off the excess gas, the

reaction mixture 1is separated by settling into two



of hydrofornyl ati on and hydrocarbonyl ati on reacL?ons of olefins ~n the
presence of rhodi um conpl exes, 5 hydrogenation reactions of ol efins,

al dehydes, acids, enanides and nitroaromatic conpound$d Septembepi2882nce of
rut henium rhodium platinumor palladiumconpl exes, teloneri~ation
reactions of dienes, isoneri~ation reactions of olefins, dinerizan on
reactions of 10 ethylene or of acrvlonitri(te, hydrocyanation reactions of

ol efins sn r_he presence of nickel -~onpl2xes, furan synthesis reactions in
t he presence gfhastdhemdiniconptexesc pphathesi snabasédong ghsoprhkas in the
presence of ruthenium conpl exes, and pol ynerization 15 reacti ons of

acryl ates in tHerprasegiceply - nTokeresohpsexes. collated in Table 3
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103?0%%&' ()-" 115@5&' 0) 2% 31099 () O%g& N1E¥dd§eAEF- REFoskEed - + \
xnmbC into a Schlenk tube equ1pped w1th a magnetic bar and

under an argon atmosphere.

0.05 mmol (11.2 g) of Pd(0,CCH,), is added to

10 the medium, followed by a phosphinic ligand (0.15 mmol)
1n the form dissolved in 0.5 ml of water.

The mixture is heated to a predetermined
temperature with vigorous stirring in order to obtain
homogenization of the medium.

15 At the end of the reaction, the solution is
filtered and then transferred into a funnel in order to
be separated by settling.

After washing several times with water and
with ethylether, the compounds formed are extracted

20 with ether.

After evaporation of the solvents, a brown
0il is collected.

The degree of conversion of the iodobenzene
is determined by proton NMR analysis of the brown oil

25 collected.

The nature of the ligands used, the reaction
temperature and the reaction time are shown in Table 4

below. The degree of conversion of the iodobenzene to
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The ligands 1n accordance with the invention
therefore make it possible to obtain a degree of

conversion of the iodobenzene at temperatures which are

not very high and even at room temperature.

EXAMPLES 27 to 29c : Use of metal complexes with

-

different ligands in the isomerization reaction of

2-methyl-3-butenenitrile (2M3BN) to 3-pentenenitrile

3PN

1.5 g of aqueous solution of a water-soluble
ligand L, with a concentration expressed in mmol/kg of
ligand, are introduced into a Schlenk tube equipped
with a magnetic bar and under an argon atmosphere.

5 g of 2M3BN and then 40 to 45 mg of bis(1l,5-
cyclooctadiene)nickel (0) (N1(COD),) are added 1n order
to obtain, 1n the mixture, a Ligand/NickeY molar ratio
equal to 4.5. The stirred mixture is brought to 90°C
and maintained at this temperature for 3 hours. After
cooling, the reaction mass is disscolved in acetor and
analysed by Gas Phase Chromatography in order to
guantitatively determine the organic compounds present.
The results obtained with several ligands, two of which
in accordance with the invention, are collated in

Table 5 below.
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1. Furylphosphines, characterized in that

they are water-soluble and correspond to the general

(Ry)g —] ,r Ry
L/
e
O T@/
3-n

10 - n represents an integer from 1 to 3,

5 formula (I):

in which:

- at least one radical PR; represents a hydrophilic
group chosen from the group comprising:
-50;M, -S0O3M, -CO:M and -PO3M, M representing an
inorganic or organic cationic residue chosen from
15 proton, cations derived from alkali metals or alkaline-
earth metals, ammconium cations -N{R),; i1n which formula
the svmbols R, which may be rdentical or different,
/ represent a hydrogen atom or an alkyl radical
containing from 1 to 12 carbon atoms and the other
20 cations deraived from metals, the salts of
furvlsulphinic acids, of furyvlcarboxylic acids, of
furylsulphonic acids or of furylphosphonic acids of
which are water-soluble,
-N{R}3X, 1n which formula the symbols R, which

may be identical or different, represent & hydrogen

[AV]
w
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e IR T TR
73\ (L0%BUE (L} (IQVABUE () - kbkkKKKEn} LEdnG (10RURLEL0) 23%h, -
nitrile grecup or a haloalkyl group containing 1 to 12
carbon atoms,
- m represeants 1 or 2,

10 -~ p represents an integer from 0 to 3,

- when m is equal to 2, a radical P:; can also
represent an alkyl or alkoxy group containing 1 to 12
cé;bon atoms, a halogen atom, a nitrile group or a
halocalkyl group containing 1 to 12 carbon atoms.

15 2. Water-soluble furylphosphines according
to claim 1, characterized in that they correspond to
the general formula (I) 1n which:

- n represents an integer from 1 to 3,

- Ry represents a hydrophilic group chosen from the

20 group comprising:

“—éO;M, -S03M, -CO0-M and -PO;M, M representing an
inorganic or organic catironic residue chosen from

proton, cations derived from 2lkal: metals or alkaline-

earth metels, ammonium cations -N(R)s 1n which formule

i~
w

the symbols R, which may be i1denticzl or differ=nt,
repressnt a hydrogen atom or an alkyl radical
contarning from 1 to 4 cerbon atoms, the other cations

rom metals, ths salts of furylsulphinic acids,
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comprising sulphur dioxide, carbon dioxide, alkyl
chlorophosphates, pvridine sulphonates and
trralkylamine sulphonates.

25 4. Organometallic complexes, characterized
in that thesy comprise at least one water-soluble

-

furvlphosphine accoraing to either of claims 1 and 2

and at least one metal chosen from the transition
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15 6, characterized i1n that the metal compound 1s

dissolved 1n water or 1n an organic solvent, the said
organic solvent itself possibly being miscible or
immiscible with water.
8. Preparation process according to either
20 of claims 6 and 7, characterized in that the metal in
the compound used 15 erther an the oxidation state
which 2t will have in the organometallic compleéex or in
a higher oxidation state with an in-situ reduction.
9. Process according to claim 8,
25 characterized 1n thet when the metal 1s 1n a higher
oxidztion state, &n 1n-situ reduction of this metal 1s

carried out.



9-110%b5. & ()-;f 67| [:vU410 d910%B&' ()- 910%& ()- L' 109B& ()- FS-

10%B& ()- 5FS- 10%57& ()- ss109B& ()-"28b|[:vU4l10 @31098&' ()- 9109B& () -
1098& ()- 1098& ()- S 1098& ()- &10%8& ()-b?x|[:vU41019-Septoraieer(2002° +f
1098& ()- )109B& ()- ':109B& ()- %0MB& ()- < 3"@

10% 4& () - 80| [ NA410108108108 8109B&' () - ?/(;100/(8&' ()- L4Z109B&' () -

31098& ()- S/ s109B& ()-+c|[:NA41010 109X8&' () - 109%X8& ()- 109%X8& () -
109X8& () - ~109K8& ()- 109%%8& ()-I1]|[:'NA41010 109%X8& ()- ,109%X8& () -
9109%%8& ()- 9Y 109X8& @) - 109X8&E(khs 408XBEMEY 2] iblAdLDRD=%x209X8& () -

, 109X8& () - 910%X8& ()- 9Y 10%X8& ()- $gl0%X8& ()- "yl09X8& ()- Normal"
"Headi ng 13] cdcc¢dHadiqigr @3¢ cthé Heafli nha 883 c? dmdalbi Agr48he"cdtehdsng 53] c"
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default

Par agr aph Forrt 0"y d Ay HVRAVSS . & hdgliny & pegmixdpylation reactions of

$b*2: FSTZbk”p, uuzr| mopqr st uvwxyz{|}~I'v hOg] f .
"$&9@4)b*x,-_QMﬂﬂMﬁng$345nygpgesence of rhodium complexes,

; b; s <Hk<<=?@EG JKLNPR&TUVWKBZt ZZZZZ[ B B[ n[ [ [\ K’\@I)_x ", No " C.dewfg,ii]j
kkkkl -1 O Bl windnogenation reactions of olefins, aldehvdes, acids,
noo”p8qgqr sssssssst (t Ft Tt et xt t uvxy. yb y3/y2$z:zz! {n] ME[ gX*b

| " #$UR () * 6TISTESUIST REYR kG 2R AR ¢ NSIPRP Eht AR FOR R m
P"#$UR' ()*+,-./0123456789: ; . . ,

<=>? GABCDEFGAM FREMBPORSGAMEFZ] \F Y2 S ¥ g 4 Aoy rSMRABART | } ~

!"#$%&f()*+’1éﬁomerizatlon reactions of dienes, isomerization
reactions of olefins, dimerization reactions of
10 ethylene or of acrvlonitrile, hydrocyanation reactions
of olefins 1n rthe presence of nickel complexes, furan
synthesis reactions in the presence of ruthenium
complexes, metathesis reactions of olefins 1n the
presence of ruthenium complexes, and polymerization

15 reactions of acrylates in the presence of nickel

complexes.



