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PROCESS TO PREPARE A MJULTI DENTATE PHOSPHI TE COVPOUND The
i nvention relates to a process to prepare a mul tidentate phosphite
conpound remgm by the 10 general formula (1) [ @CiiNLo7/00118 N
which nis 2-6, Ri1s an n-valent organic group and Rlerr] and R err]
are fused aromatic ring systens with 2 or nore 20 rings, which rings are
substituted on the ortho position relative to the oxygen atom only

W th hydr ogen, provided substitution is possible. The phosphi te
conpounds are prepared by first preparing a phosphorochloridite
conpound fromRerr]-OH and R err]-0OH 25 al cohol conmpounds and a
phosphor us _chl or] n to oA AGL t he
phosphor och ori M‘%%Wﬁr@g 'chlfmqg@éﬁ'@%rrpound
according to R-(OH)[er] to yield the phosphate conpound.

Such a process is described in US-A-5235113. 30 This patent publication

descri bes the preparatio f h chloridite by .reactin
3,6-di-tert-butyl-2- F%%ﬁﬁ?ﬁ%ﬁi |s§§?§gégi€£téi ?ﬁﬁslﬁtﬁepﬁﬁaagfl[err]
di ssol ved anmebt idaptake Rhrsnbdte SRBRPURE oL PRI SARKER bt khe

prepared hyp cogéastay tbemptws@hporochloridite compound 35 with

2,2 -bi phenyldiol in triethylam ne. D sadvant ages of this
known process include the difficulty in preparing the internediate
phosphorochl oridite conmpound in a ngﬁm@ield when
R~-0-P (1)
15 \
OR?

in which n is 2-6, R is an n—-valent organic group and
R' and R? are fused aromatic ring systems with 2 or more
20 rings, which rings are substituted on the ortho
position relative to the oxygen atom, only with
hydrogen, provided substitution is possible. The
phosphite compounds are prepared by first preparing a
phosphorochloridite compound £rom R'-OH and R2-0H
25 alcohol compounds and a phosphorus chloride compound.
In a subsequent contacting step the phosphorochloridite
compound is contacted with an alcoholic compound
according to R-(OH), to yield the phosphite compound.
Such a process is described in US-A-5235113.
30 This patent publication describes the preparation of a
phosphorochloridite by reacting 3,6-di-tert-butyl-2-
naphthol dissolved in triethylamine and PCl, dissolved
in toluene. A bidentate phosphite is subsequently
prepared by contacing the phosphoroch{p;idite compound
35 with 2,2'-biphenyldiol in triethylamine:
Disadvantages of this known process include
the difficulty in preparing the intermediate
phosphorochloridite compound in a high yield when
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-2- starting fromalcohols (Rlerr]OH and R err]OH), in which the
steric bulk of the nol ecul e around the hydroxyl - functional group is

not suffici rge. The main product will then be grmnion
tri organopkﬁ@%k’%"’fséﬁcorrpound, in 5 which the organo-groupsﬂ.{:rorrelgodcl)%d W th

the starting al cohol compound. The_fgromation of this conpound can be
expl ai ned by the |l ess steric hinderance around the P-O bond of the
phosphite, which nmakes it possible that t hree nol es of al cohol

conpounds reag i 0 rra o2 : . ereis a
need for a proéctea\gstfllmr? V\hiogﬁgiﬁgégig (@(an}{ogp?ﬁ]oﬁo%%}brll%i‘{helcélor‘ﬁ]o;%unds can be
prepared i n a $H&fic bulk efdthe BPHePuI® aroumsl &heo hyABRAYE—t he cl ass of

rrultidelnt ate syl _'dnfalcgtfm@nd_s A6 € O gl Mk fentflgr rIuIr§e15Thélr)laﬂlhhi ch g
presently are u o] ai.n. i LML chi eved in
that the pﬁ?ofjsépdncoctr 8{: ll ort ?’ %‘t é@ ?strp%%rp%ar%oc}) ht?ys p%;g}: ? orgh%qhg&??é n
fol | owi ng Bwo Wigls the Prgameogroups ceyrespshiddh fheastarpbtid with the
%[ener?l C]Eor rriJlﬂl:corToJI onipouzd. 'rll'he fohﬁamxfhfbﬂ?[teﬁrs] c%ﬁ_llﬁoﬁ%@ré&n 615%_{

err|- err al Kyl. gr S, W . err a r
conpounds, ana""xl’k]‘a do%c&ﬁ’teaéﬁsﬁgsfﬁ%i? e%’tﬂ‘ﬁr%cgo]ﬁﬁSBﬁg B&g-e% (a)
whi ch has t he Bepdnffa @) phosphite, whigly/mgkegp it possible thafyith Hy,
wherein Y reprissdd ol dlofgan cahein copounds react WAER bfAengoldeofPr ocess

accor di ng,40 tﬂﬁ:_

There is a need for a process in which these
phosphorochloridite compounds can be prepared in a high
vield in order to be able to prepare the class of
multidentate phosphite compounds according to formula

15 (1) which presently are difficult to obtain.

This aim is achieved in that the
phosphorochloridite, is prepared by performing the
following two steps in a solvent:

a) contacting a compound with the general formula:
20 R? Cl
\ /
N-P (2)
/ \
R* cl
25 in which R® and R* are C,-C, alkyl groups, with
the R'OH and R20H compounds, and
b) contacting the resulting compound of step (a)
which has the formula (3):
- R? OR!
30 \ /
N-P (3)
/ \
R* OR?
with HY, wherein Y represents a halogen atom.
35 When using the process according to the

invention it is possible to prepare the
phosphorochloridite compound and thus the phosphite
compound according to formula (1) in a high yield.
A method for preparing phosphite compounds
40 directly, in one step, from a dialkyl-N,N’'-
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.invention it is possible to prepare the phosphorochl ori dite conpound

and thus the phosphite conmpound according to fornula (1) in a high

yi el d. A et hod for preparlng phosphi te conpounds 40
directly, i 9eaabLP, froma dialkyl- WO 97/ pe8Raor00115

PCT/ NL97/ ooﬁg - 3-

di al kyl phosphoram te conpound and a none-al<ohol is described in

Synt hesis, 1988, 2, 142. The resulting phosphi te conpound is however a
nonodent at e phosphi te conpound. It appeared to be difficult to directly

Sralifhars o maihaglphbspRaeaRit s %&‘*mﬁ*"w‘aﬁ’ﬁ”"a‘““"?]%fn“o“‘fe’gCaiﬁfoﬁf hod by
o Beap IRl in EPRUASE L) 10ag.02 AR, Pebd el

functionalitie unds
Rl err] OH and RphospBiite coppetrdabs yhdweareerl @- 80nodehbat@tphmspritepr ef er abl y

ﬁgphfgg})ri Zet ﬁ]; anol nggg 21:43 H?ﬁge@r d Cdirflfligﬁlt Ei‘.(é”@if(;e;cté orrglr :dj acent
to the carbdn &5H3ST ﬂhﬁ&ﬁggﬁﬁn{ erRRﬁ%ﬁbﬁtegFSHB°P§ sthA tuted, are
substituted, ifanalogoussmekbedoby ystatthing dirogen. cb*hpomdlerR(cQH)l;on at ons of

15 the fused Rings g% Qashoaﬁélaaé)&&ptﬁ;ncwhﬁﬁlmas (n_Pther groups,
for exanpl e al koxy, alkyl roups. Preferably R err]

and Rlerr] are the sane SFBEB}ng gq#&%ﬁ*ﬂcaﬁﬂﬂgﬁPBa?] r ﬁF@f@rgﬁ ly
9- phenant hryl m@rdferapiyhphve 10g30upmrbd0 atoms and preSimpbiw) can be

performed if t%ﬂﬁﬁ'{%e”%'ﬁnﬁétweenaﬁ-ﬂeﬁﬁéd)%(iohgt§¥nﬂ‘ﬁ§é SIE ;ﬁes2 _

142-144. This arthﬁb] descr bes fhe ar at on of ﬁ# %# aryl di-
tert-butyl phodYifat@® Phg ART E??°¥nﬂ eRant r°are% I dgﬁhoranidite
as an i nt er nedicaobogo@romsdad2scehi &0 | the casdoat stonnpowhiicls téeal oguous

to the COMMEMIGX3A ¢R%G Ibsds@wséfiaﬂaéi G%k substituted, if The
conpound accordin neth s knomn

o oS kb inl el ety i b 57drodeny T8 GRbEE card ARE

descri bed LB 3Gha Hassdowdngst msyeoptionally be substituted vnth
other groups, for example alkoxy, alkyl, amine and
halogen groups. Preferably R! and R? are the same group.
R! and R? are preferably 9-phenanthryl or l-naphthyl
groups.

20 Step (a) can be performed in the same manner
as described in Synthesis, 1988, 2, 142-144. This
article describes the preparation of alkyl and aryl di-
tert-butyl phosphates using di-tert-butyl N,N-
diethylphosphoramidite as an intermediate compound.

25 This intermediate compound is analoguous to the
compound as described by formula (3).

The compound according to formula (2) can be
obtained by the methods known to the man skilled in the
art, for example on an analogous manner as described in

30 the above article.

R*® and R' are C,-C, alkyl, for example methyl,
ethyl, propyl, butyl or tert-butyl. Preferably R® and R*
are the same group.

In Step (a) the compound according to formula

35 (2) is contacted in a suitable solvent with the R'OH
and R20H, preferably in the presence of a base.
Examples of bases include organic bases, for example a



Rlerr] and Rlerr] are (Jerr]-Clerr] alkyl, for exanple nethyl, et hyl,

propyl, butyl or tert-butyl. Preferably R err] and R err] are the sane
group. In Step (a) the conmpound according to fornula 35 (2)
i s contact ggglg pui table solvent with the Rerr]COH 15
preferably 1n the presence of a base. Exanpl es of bases 1 ncl ude organic
bases, for exanple a WD 97/ 338924 -

PCT/ NL97/ 00115 -4- trialkylamne with
2 to 12 carbon atons. Exanpl es of . suitabl e solvents are for exanple

aromatic sol é exanpl e nzene or. toluen
preferably petsf“d CaECLVEBRPRER T RARRLS ehBegRy for W“[Férer] C or
nor e preferabldjiekbyldt etbenm,t diprase Wwre. tetrahydrofuran od herieatgent r ati on of

the compound aea9edtaYror okim ;ﬁ éJ:R[tggrﬁfgé'abéye ofaeqn 0. 01 and

ethers, for e’&%%hﬁglamlﬂbe{ﬁ‘ﬂm ?t{grlz (@a@ﬁ%‘ﬁeaeam&etﬁg{ﬁ(egeg lgtan Or

nol /| The mol ar ratloo err conmpound (2) is
10 preferBbl PrefsrahlEper fermes arétql‘ti’%aéﬂéepbeé‘?"b?’é —-80 angit a

greater effort0 8cthen meedeﬂréﬁemm;f )&Hdﬂﬂ: roompt&dpl@iature. In Step
(b) the Y of HY can be Fy ongéngfatl nlo thBrSLS g HY |s Cl . HY can be
present in a 15 _gaseous Tormor Y 5 in-a Sor ? l e an

ether, for ex&ﬁpfﬁé’rH‘Péf‘hW)ef‘ﬁePreftﬁfcﬁPéﬂe hgtween Peﬂa#ﬂirﬁ)mlaﬁi-or
aromati cs, fomhexmflhe bebienef OR'OH anidoRAGH eandltthe ed@Poahar e2) nistep (b)
Is prefergfly poe rr T L ar t Cl and 20
conpound ) Pgegreg erab Fto%gh\i;\‘glg%@:gig dtgeg Qgt% '8'até ﬁ&&ﬁlﬂg step (b)
phosphor ochl 0P PegFEaEPFoﬁff°rtp1'%cﬁRﬂn needgantPaPryifhitthehed di ssol ved
in the r epcodaetni xt ure as obt ained in step (b) having

Rlerr] Rlerr] NH. HCL salt 4 r§§g§t tﬁ:@r& Q% %gvgghaggoys &o, %Sth srepar ate the

salt fromthe _phogs horoc | Qri re Using I's conpound
further. Separtat PoRr@ifrped HY ﬁ%rﬁ%}'néﬁ‘ 3P PEr PEREARE iR | tration of the

reacti.on 15 gaseoue. form or dissclved in a solvent, for example an
ether, for example diethyl ether, dioxane or
tetrahydrofuran or aromatics, for example benzene or
toluene. The temperature in step (b) is preferably
between -80 and 60°C. The molar ratio of HCl and
20 compound (3) is preferably between 0.8 and S.

The step (b) phosphorochloridite reaction
product, is generally obtained dissolved in the
reaction mixture as obtained in step (b) having
R3R*NH.HC1 salt present. It can be advantageous to

25 separate the salt from the phosphorochloridite compound
before using this compound further. Separation can be
performed by, for example, filtration of the reaction
mixture.

The thus obtained phosphorochloridite

30 compound is subsequently contacted with an alcoholic
compound according to R-(OH), in which R is the n-
valent organic group of formula (1) and n is 2-6.

The conditions for such a contacting in order
to prepare the phosphite compound are generally known

35 and are for example described in the aforementioned Us-
A-5235113. Generally the contacting is performed in a
suitable solvent, for example the solvents as mentioned



;The thus obtai ned phosphorochloridite 30 ¢onpound is subsequently

contacted with an al coholic conpound according to R(OH)[err] in which
Ris the n- val ent organic group of formula (1) and n is 2-6.

The conditi QpSofAakeesuch a contacting in order t o prepaperNasr@imssphite
conpound are generally known 35 and are for exanple described in the

af orenmenti oned US- A-5235113. Cenera@8 |-y the contacting is performed in
a sui tabl e solvent, for exanple t he sol vents as nentioned WO
97/ 33892 PCT/ NL97/ 00115

- 5- f az P%%tSEWSQJ.B%VSGNeﬁEH fsdzerzst(e@) (alr eﬁ?éﬁ@rlfé/biﬁﬂ:he CO”L acting
is perforned in resepce o exanp or gani ¢ base,

for exanple al BAR% énPo?'s per%g&?%s:}q F?‘& RyPERFRR. °§'eﬁr3’eﬂs 'u

preferably 5 exempdenan8Organid(ffse.,|for example alkylamiﬂaaﬁogactlon

m xture Obta'nQQahQIStegzéiﬂ lamxnéx“ﬁEHﬁSrQQuEQe19hﬂ§§f5YéH¥y oridite
)

conpound angd t t may be used in"the preparation
of the %u Pgﬁgﬁfgt€88h hié%hkgnpound Preferably the 10

phosphor ochl ori di t e conpBhbadreactionmisdpyrearbiained in sttde (b),
R[err]R[err]NHcHﬁ?rqghhgbgﬁer %?Efddﬁldtﬁﬁlﬂgoésﬂbéﬁhd and @¢Heound. This

Is especially d 1s_not very
reactive. Sepalr%ag [r(g‘y sd"g‘q'f &ay

Toth! the mEaRAT SH3OP OF 589 on.
The n-val ent gumuhtlﬁemantBephngph&tﬁunqmpoundbrPdgfagagﬂxn#thn ch are

conmmonl y kpgwn Jﬂysphoroﬁ"ﬁhbkﬂéﬂé@t&W'ﬂsefQPHPOH raiidd £2eapl € those

groups which ar SeLl.be 5113, EP- A ggé r
VO A- 9518089. o PR it %53 gF & PREP3Ling hhe 5’%868"?135 at | east
two carbon at orompHuwada- Waﬁenﬁsgvam&n#aliWemubEyrhaé when | idus RH{QH)40 carbon

atoms. The n- V%mamﬂaoua HBY V¥éry :eaﬂd@we&ngegaeaﬁoerm W gy aromatic
groups. Exanples SS|bhebaI roups are ethyl ene,
trinet hyl ene, aﬂﬁ&?r& H§F8 Br %;3 %%ﬁ§?hylene Exanpl es of al cohol s
according t8 R (OH) [ err] Thehhrchabent tgreupuiR dapgbs| asksoxganic

bridging group which are commonly known for

multidentate phosphite compounds, for example those

groups which are described in US-A-5235113, EP-A-214622

or WO-A-9518089.

20 Preferably the n-valent group has at least
two carbon atoms. The n-valent group preferably has
less than 40 carbon atoms. The n-valent group may be
alkylene groups or divalent aromatic groups. Examples
of possible alkylene groups are ethylene, trimethylene,

25 tetramethylene or pentamethylene. Examples of alcohols
according to R—(OH),, which are the building blocks of
the n-valent organic group are 2,5-di-t-
butylhydroquinone, 2,5-di-t-amylhydroquinone, 2,5-
dimethylhydroguinone, 4,6-di-t-butylresorcinol, 4,4'-

30 isopropylidenebisphenol, 4,4'-methylenebis(2-methyl-6-
t-butylphenol), 4,4’'-oxobis(2-methyl-6- '
isopropylphencl), 4,6’'-butylidenebis (3-methyl-6-t-
butylphenol), 2,2’-biphenyldiol, 3,3’,5.5'-tetramethyl-
2,2’'~-biphenyldiol, 3,3’,5,5'-tetra~-t-butyl-2,2-

35 biphenyldicl, 3,3’'-dimethoxy-5,5’~dimethyl-2,2'~
biphenyldiol, 3,3’'-di-t-butyl-5,5’~dimethoxy-2,2'-
biphenyldiol, 3,3’-di-t-butyl-5,5'-dimethyl-2,2'~




the n-val ent organic group are 2,5-di-t- ' butyl hydr oqui none,

2, 5-di -t-anyl hydroqui none, 2, 5- di net hyl hydr oqui none,
4,6-di-t-butylresorcinol, 4,4 - 30 isopropylidenebisphenol,

4, 4" - met hy| waahisdez - net hyl - 6- t-butyl phenol ), 4, 4" - oxoRkserBlky! - 6-

| sopropyl phenol ), 4,6'-butylidenebis (3-nethyl-6-t- but yl phenol),
2,2'-biphenyldiol, 3,3 ,5 5 -tetranethy ¢ - 2,2'-bi phenyldiol, 3,3 ,5,5
-tetra-t-butyl-2,2"- 35 biphenyldiol, 3,3 '-dinethoxy-5,5 "-dinethyl-2,
2' - bi phenyl diol, 3,3 -di-t-butyl-5,5"-di net hoxy-2, 2'-

bi phenyl di ol , Biphes§tdidut ¥, 25 -nietdyTBhEY! s 42nsthyl-6—t— WO 97/ 33892
PCT/ NL97/ 0011 bi phenyl di ol ,

' s - 6-
2, 2" -net hyl ene ?%¥52$E§?%Aﬁ(i%%-—mEthK&F??Bh%ﬁ&ﬂ3§hy1'6"t’
2, 2" - met hyl endpeylpkangd }.6-2,2 '~thibbti s phwethyl -6-t-butylphenol),
2,2' -t hi obi s( 42 pethy k) -
2" 2' -t hi obi (45{?%}’1[ I‘?%i.g‘b?#ﬁb%ﬁ??oh?‘e%“%*?“e?“' 2,2
t hi obi s( 4, 6- di t%t %w‘e‘%') ~bptylphRpgh) 5 (bl ~thighiglAol ), catechol ,
2, 3-di hydr oxyreaphttiehe, dat®chol, &i,Bydibyxdnephidptiaiene, 1,8-

1, 4- di hyd 154 ' 1" et byl enebi
(2 napnthol ) TSNS pbeh e, 1, ARG ohay 11 Y1 CnED! S

v da 1 -di - 2- napht hol , -9-p
ethyleneglycol?rﬁf%gﬁﬁﬁﬁkﬁﬁiﬁQEﬁ,11?2753F§ﬁ%ﬁﬁ?ﬂfs 1(2rnaphthgl) anedi ol ,
pent aer yt hri t o} 41 tr@&irs2-naphihollohdPaheddi+~9-phemsintht 02, cycl ohexanedi ol ,
cis-1, 2- cy@l ohexayEsh ]kgnql,' - LS 5 o[ 1ol or,the |ike.
A preferred aqg mmn%j%ﬁass o# Si85%?2?%“%%PyEh%ggﬁﬁggggg%gbuﬁa% accordi ng
to formula (1)°%h r BRSASTREAEIEPY! ngrand e Il ehrkanediodl a (4):
20 cis-1,2-cydlaexhexanediol, cis-1,2-cyclohexanedimethanol,

cis-1,2-cyclododecanediol or the like.
A preferred and novel class of bidentate
15 phosphite compounds according to formula (1) have a
group R according to the following formula (4):

OR®)
i O—~O

X

25 in which X is hydrogen or an organic group and
preferably both X are an organic group and more
preferably an alkyl group, an aryl group, a
triarylsilyl group, a trialkylsilyl group, a
carboalkoxy group, a carboaryloxy group, an aryloxy

30 group, an alkoxy group, an alkylcarbonyl group, an
arylcarbonyl group, an amide or a nitrile group. The
invention is also directed to this novel bidentate
phosphite ligand.

The alkyl group is preferably a C,-C,, alkyl

35 group, for example methyl, ethyl, propyl, isopropyl,
butyl, tert-butyl, isobutyl, pentyl or hexyl. Anm
example of a triarylsilyl group is triphenylsilyl and



25 in which X is hydrogen or an orgéanic group and preferably both X
are an organi c group and nore preferably an al kyl group, an aryl group,
a triarylsilyl group, a trialkylsilyl group, a car boal koxy group, a
carboaryl oxyy@bf4smez an aryl oxy 30 group, an al koxy group, rennNedimpisar bonyl
group, an aryl carbonyl group, an amde or a nitrile group. The

i nvention is also directed to this novel Pbi-dentate phosphite |igand.
The al kyl group is preferably a CJerr]-Clerr] alkyl 35 group, for exanple
met hyl , ethyl, propyl, isopropyl, . butyl, tert-butyl, isobutyl, pentyl

or hexyl. An exaa;saaal 8f 04 @:ia(ll@mdﬂ'yh.}’brgﬁﬁl@réstiﬁt Iﬁghyl and
WD 97/ 33892

-7- exanﬁPgs %eghY}?eﬁxaﬂsﬁﬁ%ﬁetéfguﬁrﬁ}egf?$%%p%§lS|I P20 and
triethylsilyl.crEbparatangr yfoyrenappligabengyio Polyl, naphidylacsons, for
exanpl e benzyl phegh¥tnr paphtFeterred a:ynbﬁgaaiaﬁyé nﬂ@faertroedzaryl oXy

gr oups have 6 to ar bon_at ons enox Pref erred al koxy
groups have® 1 FSI%Bncﬁﬁﬁﬁﬁ af?ﬁn?xﬁqﬂl %%ﬁé%?égd ﬁ;? gxy,
tert-but oxy or groupsopaxs. lmef@rmrbon althyﬁcafqaorsntangﬂwpethaw.z to 12

carbon atons, fL@hoxy, eéaepb@tasa}me %rolg%:sbxyt eﬁef)éwéd:ar bonyl Preferred
10 ar v car bomvL 99UBen0RYE dedRd i 1s M el asom RS o
car boaryl oxy gesapple- ety Rearkqnylin teritchuRyéeatboryln Ryefprred group

with 1 to 2§ ca&m&aabaa*flogr&ﬁp@rndvegrvo% et BadBoR-dlonts! E¥R at ons.
Exanpl es of SU|tabI§ groug re thyl, ethyl, propyl, isopropyl,

n-butyl, tert- e PRepLIpt Y henyl tonI Even nore preferably bot h
X's are subst ituted Xiid moet mecam«aakgayboglml or

Rierr] and R eicakbaatyRbfyehrdhys O-FUt2 Rl ¥h which R® is an alkyl
group with 1 to 20 carbon atoms or an aryl group with
15 6-12 carbon atoms. Examples of suitable R groups are
methyl, ethyl, propyl, isopropyl, n-butyl, tert-butyl,
isobutyl, phenyl, tolyl. Even more preferably both X'’s
are substituted with the same carboalkoxyl group.
R! and R? are preferably 9-phenanthryl or 1-
20 naphthyl groups. )

The phosphite compounds having a bridging
group R according to formula (4) as described above can
be advantagecusly used as part of a homogeneous
catalyst system also comprising rhodium. Such a

25 catalyst system is preferably used for the
hydroformylation reaction of an unsaturated organic
compound and especially of an internally umnsaturated
organic compound to a terminal aldehyde organic
compound. High reaction rates and high selectivities to

30 linear aldehyde (terminal aldehyde) products can be
achieved when using such catalyst system.

For example it has been found that when using
such a catalyst system the reaction of a C,~-C, alkyl 3-
pentenoate ester to the C,~-C, alkyl 5-formylvalerate

35 ester proceeds with a high selectivity, yield and
reaction rate when compared to state of the art
processes, such as form example described in WO-A-



20 napht hyl groups. The phosphite conmpounds having a

bridgi ng group R according to fornmula (4) as descri bed above can be
advant ageously used as part of a honbgeneous catal yst system al so
conpri sing w Such a 25 catalyst systemis preferabpyragsfoois’ the
hydr of or myl'at 1 on reacti on of an unsaturated organic compound and
especially of an internally unsaturated g — organic conpound to a term nal
al dehyde organic conmpound. High reaction rates and high selectivities
to 30 linear al dehyde (term nal al dehyde) products can be achi eved when

using such caigghgpgeSys Sninven ion is also EEEeSééapés dl JB%% egn found

t hat when u5|ng such_a catal yst systemthe reaction err]-Clerr]
al kyl 3- ﬁP@ﬁSaFe‘%sF@#Ygo Fﬁ@rEY%Y?}QQERQrﬁSEQIQyIPS¢?6¥%?1WaIerate
35 ester pr ocet@ésa\l/kym dshmgbhgk| @ctethyly, yield and reaction rate when

compared to state of th?r@férablyWﬁ@%ﬁﬁ%ﬂai‘ﬂﬁ@eaﬁhé%ﬂt@(aml ¢ descri bed

PCT/ NL97/ Ots.)llg‘f'r‘”“p°"‘mi agsesBing LT (3 PE 9PERIRRT ¥ dd9 o a process.
to prepargr@kess]oﬁ[ehe]invkgtidhfi:’mpbﬂahsratpokymers. Preferably

the al kyl is nBthy g@ cethyl .. Preferably the nultidentate
phosphite 5 conpoun aécording to formula (1) as obtai ned by the

process of the |nvent|oﬁngeﬁsgﬁyaﬁh%iWﬂﬂ?}ﬁ@Ptate ghasphite

Preferably t hembhndeababe&phgspdmfua:mula qarypaundbesmédilm e fornula (1)

as obtain b O,¢ePLRGE | S Aifdd € retarding
additive. £4 3(::5'&%3% of E?% Z?‘é{l %gddg%t gt gk‘%ﬁ éﬁaltedd conpound
as obt ai ned b?dpﬁéiﬂFocess of the |nvent|on S used as part of a
honbgeneous cat al yst sy®refeanabdy 1the ouilpridentgte pboaphife G oup VIII. The

hormogeneous con@%h%ld)’%E SBEB‘EHb&aS'y b&é'sd?:%cfe‘é% BEethéoi‘E&éMdd’QsOf

ol efins. Moire preferabl ¥ eheous cat al {
used as part of a ho ogeneous catalyst system also

15 comprising a metal of Group VIII. The homogeneous
catalyst system can be used for the isomerization of
olefins. More preferably the homogeneous catalyst
system is used in the hydroformylation of an
ethylenically unsaturated organic compound to a

20 terminal aldehyde compound. When used as a
hydroformylation catalyst the group VIII metal is
preferably rhodium or iridium and most preferably
rhodium. The molar ratio of multidentate phosphite
ligand to rhodium is generally from about 0.5 to 100

25 and preferably from 1 to 10 and most preferably less
than 1.2 (mol ligand/mocl rhodium). It has been found
that by using a slight excess of ligand, the ligand
degradation can be reduced. Preferably the unsaturated
compound is an pentenocic acid, its corresponding ester

30 or pentenitrile. The resulting 5-formylvaleric acid,
its ester or nitrile are important intermediates in a
process to prepare precursors for Nylon-6 and Nylon-
6.6,

The hydroformylation reaction is preferably

35 performed as described below.

The concentration of rhodium in the reaction
mixture may vary from 1 to 5000 ppm rhodium.



.systemis used in the hydrofornylation of an et hyl eni cal | y unsat ur at ed
organi ¢ conpound to a 20 term nal al dehyde conpound. Wen used as a
hydr of ormyl ati on catal yst the group VIII netal is pref erably rhodi um or
iridiun1and“ﬂg?kﬂﬁﬁeferably rhodi um The nol ar rati o okcrymigzoonst at e

I gan

phosphite d to rhodiumis generally fromabout 0.5 to 100 25 and
preferably from1l to 10 and nost preferaldl v | ess than 1.2 (nol

| i gand/ nol rhodium. It has been found that by using a slight excess of
i gand, the |igand degradati on. can be reduced. Preferably the
unsaturated pr&fEPABTY, | thadlediRithtRALEoACi S bétwediDFocapandoog ester 30
or pentenitrile.  The resulting 5-fornylvaleric acid, its ester or
nitrile are inBB?tant intermediates in a process to prepare precursors
for Nylon-6 and Nyl on- The meagtion mixture may s@rvehydr @f SoAyeati on
reaction is prgsembéya&% A Anedaasteencot s Hidonal solvent The

concentration of diumin the reacti re m1to
5000 ppm r odlﬁﬁ1n°9 necesgal ¥y gfagg1on mlfggfélls gP%dx% ¥e of

PCT/ NL97/ 00115the reactants of the hydroformylatipon, for emampdeabh¢, the
concentration 1fis@ehy&@eed S6r itk cl @poundppPbhe aldehyde and/ofhBykeaction

t he addi f
nadi i onal” sof BERPASEE ERENEd . cin paryIchiat  Blle b Pindutial i on of an
the reactants bighhbohlingftemgaratuses.f € araxddit ional solemgat deat ed
organi ¢ Coﬂpouadde&beaaé&’@xhﬂé&@ﬂﬂ/&bcmfbon. £6F 0&*&&;&14 YaPREhal, N

particul ar the toducts wt lin eratures,.l.f an

addi ti onal soI&gﬁngg 10mﬁﬁﬁﬁ§} ?% gFu?XFQB ﬁ§ %ba? it ﬁﬁﬂmagiﬁnple
napht ha, kerwpPuRd, nforrexangle GolupgoPehb/pzZene OrXYkene it RB

COWDO:Jnda_ f gr exaepl efbp! am1$§1my1b£heae toiraﬁya:offxﬁtaher orf ier
O e anomer KRFOHE! ebF| LY A bnnthntng  of o e, BATLE | o0
tetragl yme}&rr Pxemienbenzonjatmﬂ@) ‘taxanolPt ap| bet raglEmesdUndont | onal
solvent. A Carbide), is suitable for use as additional solvent. A
mixture of two or more of these compounds is also
suitable for use as additional solvent.

The temperature is generally between room

20 temperature and 200°C, preferably between 50°C and
150°C. The pressure is generally between 0.1 MPa and 20
MPa, preferably between 0.15 MPa and 10 MPa and most
preferably between 0.2 MPa and 1 MPa.

The molar ratio of hydrogen and carbon

25 monoxide is generally between 10:1 and 1:10, preferably
between 6:1 and 1:2.

The hydroformylation reaction can be carried
out in a gas/liquid contactor known to a person skilled
in the art. Examples of suitable reactors are a bubble

30 column, screen—-plate column or a gas—-liquid agitated
re-ctor.

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

35 Example I
3.88 g (20 mmol) 9-phenanthrol was dissolved

in 250 ml toluene and the water was removed by



m xture of two or nore of these conpounds is also suitable for use as
addi ti onal solvent. The tenperature is generally between
room 20 tenperature and 200[err] C, preferably between 50[err]C and

150[ err] C. wh9psessure is generally between 0.1 MPa and % ; %\%Een 0.2

preferably between 0.15 MPa and 10 MPa and nost prefe

MPa and 1 MPa. The nol ar jpati o of hydrogen and carbon 25
nonoxi de is generally between 10:1 and 1:10, preferably bet ween 6:1 and
1: 2. The hydroformyl ation reaction can be carried out in

a gas/liquid ee@lAebeickBWR1iPatifie! Sbsdiy yn the art. Exanples
of suitable react gésgz;?e a bugbie”"}o col um, Ieglgggén?b?a?_e colum or a
ro*

gas-liquid agitfAf&gylamipg ap g (10 mmol) d}Rpby}RMiAQDN shal | be
el uci dat ed w Phosphorousf dicbhwnideorerds riddedgaex aoph etempe Bftupeanpl e |

3.88 g (20 mekli1@ BbeRanhhl okn e dliisoldietnyiamihd dBthdHadidlighe and the

wat er was tenpyed 97/ 338
PCT/ NL97/ 0 11§£ospg¥te was syx\zl\gxes:.zed (%11’ NMR 1§ 138.7 PP‘“Aze‘BPropi C

di stillation. obtedaqdéphepanthBene phodphorhlyl amloeidedi2d . m¥ o 1@ nmol )
di ethyl ami no- i rc1PBe3AREEAUEn WLIYY LRAYE' GaBldRded! (1ORlpogPET at U e
hyl am no di p

while stirring..In thi di et hy] ] phenant hr en 5 osphite was
synt hesi zed (?’g}r?PpRWSQ’\[Agg?]‘ %%'?/‘P‘b&ﬁx.t“m vas ghleerediiafitbriant hr ene
phosphor ous cliher Eddtzatel 30§ 630 mmol Mtiddlethgll uambne i andliridaylg et her was

added P el _kha ' \ Ir s filtered and
to ('Eﬁ]ém%i I‘i?lgdgtﬁyl 2.3 dfr%ol ,%lrr;&é?h iﬁ@gﬁ??}lghﬁéﬁﬁg g 10 di nethyl

2, 2" - di hydrox?—lf,atfgs’gflgag%?ﬂﬁ e rfiddedy Atter gtinF bR yFox L hdtiaud@sed. After
stirring for tbentmracéion washeommlettddandaEe It tvacs avthodea3byCl Was
renmoved by  f£ifickhtabhO(Et X Gt TV drnell80198hY CPA s VRSP e and
the product was purified by crystallization from
15 acetonitril/toluene (3P NMR & 126.6 ppm). The yield of
Compound 1 was 90%. '

Q) O
” OO,

QO.Me:

@@ :’: 0 . ©@ (Compound 1)
e O | O .

Comparative Ex iment A
Compound 1 was also intended to be prepared
30 by the synthetic route as described in Example 10 of
US—A-5235113 starting from 9-phenanthrol. It was
however not possible to .obtain the phosphorochloridite
intermediate in a high yield (about 5%). Mainly tri(9-
phenanthryl)phosphite was obtained. The 5% of the
35 desired product could not be isolated sasily. This
experiment illustrates that it is difficult to prepare
the Compound 1 by the prior art synthetic route.




.the product was purified by crystallization from15 acetonitril/toluene
([err]p NMR [err] 126.6 ppm. The yield of Compound 1 was 90% [err]
Conpar ati ve Experinent A Conmpound 1 was al so intended to be
prepared 30wdosdste synthetic route as described in Exanpl ectSrLewoo11s

US- A-5235113 starting from 9-phenanthrol. It was however not possible
to obtain the phosphorochloridite +ntkrsaediate in a high yield (about”
59 . Mainly tri(9- phenant hryl ) phosphite was obtained. The 5% of the 35
desired product could not be isolated easily. This experi ment

illustrates thggampiésygifficult to prepare t he Conpound 1 by the prior

art synthetic route. 7/ 33 _
PCT/ NL/ 97/ 00115 A 150 \{\nq %las%cﬁ?%y C st.eelll a_utoclavedgﬁf)fé y

A 150 nl Hast evasyf il kedandrn guitaegepPyith 5.8 mmRh(aqasad (GRJer nitrogen
with 5.8 ng Rh(aeae)¢ ERetylacdtimtey acBykaretonaly) (4.6 x 1dferr] nol),

(e 255 By Bt Elm BRI bR phpd AR Lk o
{L/Rh) = 2.9 mol/mol) and 60 ml of toluene. Hereafter,
the autoclave was closed and purched with nitrogen.
Next, the autoclave was brought to a pressure of 1 MPa
using carbon monoxide/hydrogen (1:1) and heated to 90°C

10 in approx. 30 min. Subsequently a mixture of 7.44 g (65
mmol) freshly distilled methyl 3-pentencate and 1.2
gram of nonane topped up to 15 ml with toluene was
injected into the autoclave. The composition of the
reaction mixture was determined by gas chromatography.

15 After 7 hours of reaction a 90.1% conversion was
determined. The selectivity to methyl S5-formylvalerate
was 75.1%. The molar ratio of methyl 5-formylvalerate
and the sum of methyl 3- and methyl 4-formylvalerate
{n/b ratio) was 9.3, and the hydrogenation to methyl

20 valerate was 5.7%.

Example TIIT
Example II was repeated in which the L/Rh was

3.1 with a ligand according to:

Q O
Pr.O,C @ @ CO,iPr

35 The conversion was 81.8% and the selectivity to methyl
5-formylvalerate was 84.6%.

25



t he autocl ave was cl osed and purched ‘wi th nltrogen. Next, the autocl ave
was brought to a pressure of 1 MPa usi ng carbon nonoxi de/ hydrogen (1:1)
and heated to 90[err]C 10 in approx. 30 mn. Subsequently a m xture of 7.44
g (65 eshly distilled nethyl 3-pentenoate and %"ﬁ7 r am of
nonane top?éﬁd);upé{zo 15 M wth toluene was I nj ected irl;g',g t éwéﬁt ocl ave.
The conposition of the reaction nixipre was determ ned by gas

chromat ography. 15 After 7 hours of reaction a 90.1% conversi on was

determ ned. The selectivity to nmethyl 5-fornylvalerate was 75.1% The

mol ar ratio oﬁ¥gﬁéf¥II§-fornylvalerate and the sum of nmethyl 3- and
met hyl 4-fornylTva (n/b ratio) was 9.3, and the derogenation to
nethyl 20 val erate was B*3mple I was-rapepied| psing as R-(OH), Exanple || was

gepeﬁted i n whompothe ﬂi¥&%a§ﬁbpyl 2B.2¥ ddbhyAr ex{+pand-winpmtinad ehe~ 25 [err]
5 The convergi g@a_ ehechiVi _
5-fornyl val er gfg mg’géggﬂ%%@ﬂ@ %E%D%%%\yiség%agﬁﬂamcm‘bound 9

PCT/ NL97/ (o118henanthrol. A compound accordipg to:

Q Q
O~Q)

iPrOz . 0) Ozin
10 P P (Compound 3)

Or, b &
<:> . (:) 1. e - —jr&4§;

15 was obtained as a slightly yellow coloured powder in a
85 % yield.

Example V
Example I was repeated using as R-(OH),
20 compound pentaerythritol and as R!(OH) starting
compound l-naphthol. A compound according to:

25 @ (Compound 4)
(O)—o-rfo-oac

/2 4

30 was obtained as a yellow coloured oil in a 80 % yield.

Example VI
Example I was repeated using as R-(OH),
compound diethyl 2,2'-dihydroxy-1,1'-binaphthalene-
35 3,3'-dicarboxylate and as R!(OH) starting compound 4-
chloro—l—-naphthol. The yield was about 90%.



—_—
Example 1V Exanpl e [ was repeated using as R-(OH)[err]

conmpound di -i sopropyl 2,2 dlhydrj " ﬂ | ene-

3,3 -dicarboxylate and as R err] m ﬂ Mﬂ"ﬂm)mmgound 9- 5 phenanthrol. A
conmpound acGeghssges O: M5 swas obt ai ned aeTALSeIlE | Y
yel | ow col oured powder in a 85 % y| el d. Exampl e V

Exanpl e | was repeated using as R-(OH)[-eng] -20 conpound pentaerythritol
and as R err](OH) starting conmpound 1-naphthol. A conpound according
to: [err] 30 was obtained as a yellow coloured oil in a 80 %

yi el d. Exanpl e VI g%am)iqa Ig was repeated using as
R-(OH)[err] conpound di et hyl 2,2"-dihydroxy-1, 1' - bi napht hal ene- 35
3,3 -dicarboxylate and as Rerr] (OH) starting conpound 4-

chl oro- 1- napht igl . Pwecpisel dovnpsepdrerita Ikt identate phosphite

compound represented by the general formula (1)

5
OR*
/
R-0-P (1)
\
10 OR?
in which n is 2-6, R is an n-valent organic group
and R! and R? are fused aromatic ring systems with
2 or more rings, which rings are substituted on
15 the ortho position relative to the oxygen atom

only with hydrogen, by first preparing a
phosphorochloridite compound from a R!'-OH and R*-OH
alcohol compound and a phosphorus chloride
compound and subsequently contacting the

20 phosphorochloridite compound with an alcoholic
compound according to R - (OH),, characterized in
that the phosphorochloridite is prepared by
performing the two steps in a solvent:
a) contacting a compound with the general

25 formula:
R? (o3 1
/
N-P {2)
30
R¢ Cl

in which R?® and R* are C,-C, alkyl groups,
with the R'OH and R?0H compounds, and

35 b) contacting the resulting compound of step (a)
which has the formula (3):
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- 13 - CLAI MS 1. Process to prepare a
?u;tgdentate phosphite conpound represented by the general formula
in which nis 2-6, Ris an n-valgatmes Cc grou
and Rlerr] ﬂﬂal"ﬁsgr] are fused aromatic ring systens with Bﬁ'iﬁ g P
nmore rings, which rings are substitutedign_15 the ortho p05|t|on
relative to the oxygen atom. onIy wi th hydrogen, by first preparing
a phosphorochloridite conmpound froma R err]-OH and Rlerr]-
al cohol compound and a phosphorus chloride— ound and

subsequently contactinggshe 20 (f phosph chl oridite conpound with an
ng
t hat the phosphorochl ori di ye—-i B prepared! )‘w

al coholic conmpoung accoydi to R ,Ili,,lmnwmnact e{ hze? in
ng tRe)two

steps in assol vent: ‘/ a) \contactlng a conpouhd i t*h t he general 25
formul a: [err] R OR? in which Rerr] and Rlerr] are
Cerr]-Cerr] alkyl groups, with the Rlerr]OH and Rl err] OH

conpounds n . .
P , and with HY, wherein Y represents a halogen atom.

2. Process according to claim 1, chafacterized in

10 that HY is HCl.

3. Process according to any one of claims 1-2,
characterized in that R® and R* are the same alkyl
group.

4, Process according to any one of claims 1-3,

15 characterized in that the HCl is dissolved in a
solvent when contacting with the compound
according to formula (3).

5. Process according to any one of claims 1-4,
characﬁerized in that gaseous HCl is contacted

20 with the compound according to formula (3) present
in the solvent. '

6. Process according to any one of claims 1-5,
characterized in that the temperature of step (a)
and (b) is between -80°C and 60°C.

25 7. Process according to any one of claims 1-6,
characterized in that the phosphorochloridite
compound is separated from the precipitated
R3R*NH.HC1 salt, which salt is also formed in the
process, of the reaction mixture which results

30 from the process.

8. Process according to any one of claims 1-7,
characterized in that R'-OH and R?-OH are one of
the alcohols including naphthol, anthranol or
phenanthrol.

35 9. Process according to any one of claims 1-8,
characterized in that group R has between 2 to 40
carbon atoms.

10. Bidentate phosphite compound according to the
following general formula:



35 . b) contacting the resulting conpound of step (a)

whi ch has the formula (3): - 14 -
[err] wi th HY, wherein Y represents a hal ogen atom 2.
Process accqggioghgagh Claim 1, characterized in 10 t hacTINL9/801k4C] .

3. Process according to any one of clainms 1-2, characterized in
that Rlerr] and R err] are the sane al kyli1s - gr oup. 4. Process
according to any one of clainms 1-3, 15 characterized in that the HC
is dissolved in a sol ven oftadt i ng wi.th the conpoupe—
according to fornmula (3). 5. @

1-4, characterized in tha ; 1

*

characterized in
b) is between -80[err]C and
of clains 1-6,

S L

6. Process according to any one 0

that the tenperature of step (a)

60[err] C 23 7. Process accordng ¢o an
dinth

characteriz at the phosphorochloridilte conmpound i s
separated fromthe precipitated®—0— RﬁE?PTﬁ&brr]NH.HCl salt, which
salt is also formed in the oces of the reaction m xture which
results 30 fromthe process. S.ﬁ)Process according to any one of
claims 1-7, characteri zed iEﬂtha@QR[err]-CH and R2-OH are one of
t he al cohol s i ncl udi¥my wheigiit ¥olis hgthogenl onran organic group and R!

10 and R? are fused aromatic ring systems with 2 or

more rings, which rings are substituted on the
ortho position relative to the oxygen only with

hydrogen.
11. Bidentate phosphite compound according to claim
15 ° 10, characterized in that X is an alkyl group, an

aryl group, a triaryl silyl group, a trialkylsilyl
group, a carboalkoxy group, a carboaryloxy group,
an aryloxy group, an alkoxy group, an
alkylcarbonyl group, an arylcarbonyl group. a

20 nitrile group or an amide group.

12. Bidentate phosphite compound according to claim
11, characerized in that X is a carbo alkoxyl
group 6: carboaryloxy group according to -CO - 0 -
R?, in which R? is an alkyl group with 1 to 20

25 carbon atoms or an aryl group with 6-12 carbon
atoms.

13. Bidentate phosphite compound according to any one
of claims 10-12, characterized in that R! and R?

_ are l-naphthyl or 9-phenanthryl groups.

30 14. Process to prepare a bidentate phosphite compound
according to claims 10-13 by using the process
according to any one of claims 1-9.

15. Homogeneous catalyst system comprising a metal of
Group VIII and a multidentate phosphite compound

35 as obtained by the process according to any one of
claims 1-9 or 14.

16. Homogeneous catalyst system according to claim 15,



phenant hrol. 35 9. Process accordimg to any one of claims 1-8,

characterized in that group R has be carbon at ons.
10. Bidentate phosphite conmpound aCHmﬁ ”mI HIII fol |l ow ng
general for VEE7/33892 L

Lo o7/ oo gsiasen M5 [ery) FCTMNLOTOOUS

in which Xis hydrogen or an organic groyp _and Rerr] 10 and Rierr]
are fused aromatic ring systens with 2 or nore rings, which rings
are substituted on the ortho position relative to the oxygen only
wth hydr Bl,d t h o] d. according to
claim 15 10, Qgﬁ%?ﬁ%fgﬁ%%gd h @ﬁ%@ é?%q} gﬁ%&lﬂggggp gan

aryl group, a trla@ﬂOQﬂqmyl group, a trialkylsilyl group, a
Cﬂ(boal koxy griomup, Himib@ebfé@hﬁl |Q&‘£a!ﬂ9§tlpsystem accor@ﬁ.n@r )fbot‘]{aﬁﬁ@up, an 20
al koxy group, an rbon n a group, a
nitrile group or an an1deC% %3 ? %219 téh? p%ﬁ gﬁ? tY%onpound

accordi ng Bo cl ai mGroup VIIIlBetéhamaéé¥|§§k#Qriﬁlﬂ&ﬁwﬂepsahp%bfbo al koxyl
group or carboaryl @nd gr.@up according to -CO- O - R3, in which R3

'65 1gnc:|r Eg'n ar{yip ‘Méé‘o’f the’ Homdgeneous S LAY A' ¥Patlh 8P My ofFOUP W LH
clalms 15-17 in the hydroformylation of an
ethylenically unsaturated organic compound to an
10 aldehyde compound.
19. Use according to claim 18, characterized in that
the ethylenically unsaturated organic compound is
a C,—C, alkyl 3-pentenoate.



13. Bidentate phosphite conmpound accotdi ng‘fﬂ“o any one
and R err]

10-12,

characterized in that R err]

9- phenant hryl groups. 30 14. Process to
conpound

according to an

conprising a net f G oup

according to claims 10-13 by using the proc
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(57) Abstract

(54) Title: PROCESS TO PREPARE A MULTIDENTATE PHOSPHITE COMPOUND

Process to preparc a multidentate phosphine compound according

to general formula (1) in which n is 2-6, R is an n-valent organic group
and R! and R? are fused aromatic nngsyswmswnh 2 or more rings,
which rings are substituted on the ortho posmon relative to the oxygen
atom only with hydrogen, by first preparing a phosphorochloridite com-
pound from a R!-OH and R2.0OH alcohol compound and a phosphorus
chloride compound and subsequently contacting the phosphorochloridite

compound with an alcoholic compound according to R-(OH),, wherein
the phosphorochloridite is prepared by performing the two steps in & sol-
vent: a) contacting a compound with general formula (2) in which R3
and R* are C;-C4 alkyl groups, with the R1OH and R20H compounds

and b) contacting the resulting compound of step (a) which has formula

(3) with HY, wherein Y represents a halogen atom.

R-0-P
r3
N-P
n‘
R.‘l
\ /
N-P
/ \

OR?

oRz

Cl

c1
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