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HYDROFORMYLATI ON PROCESS FI ELD OF THE | NVENTI ON Thi s
invention relates to a process for hydrofornylating

wa@bdoglizabeohol to produce 4-hydroxybutyral dehyper/uIioes/002464

process produces an unexpectedly high ratio of
4- hydr oxybut yr al dehyde: 3- hydr oxy- 2- et hyl pr opi onal dehy
de (linear: branched) product. BACKGROUND OF THE

| NVENTI ON The hyéYOROFORMYIATION RROGESS cohol is a
wel | - known and comTerci ally practiced process. See,

zorzsgxiggl e4 678. 85€FELd\§% T@%Wﬁél}@nﬂ el

hydr offaisninventiorn relatas t tocan praddsg | foalhgdtoddrmytatingaallye dicohol to
with a H2 ga | xture ion the presence of a catalyst ..
Brodic? AR puRy AR VAS adhyuaSpfisaoasres ppAnaapSasdY hich
hatics e pRr attgdrdxybatytdi@erf@iedd-hgdroxye2 gnethyagrodrizidehyde  (linear:
xtracto and hydrogenated to form 1, 4- but anedi ol
((BBE’B@?' 55@@ dycls  pat. No. 5,504,261 . Various catalyst
systens have been enpl oyed for the hydrofornyl ation
reaction, nost notably a rhodi um COWJI ex together with

a phosphi ne | i g&ACKSBOUND OF THEINVENTIONys .
4, 06445, df]ofgl?rﬁylﬂﬁr% o@"éﬂyl"’alé@l?olqg@ we@RﬁHWH'éhd commercially

enployed phosphlne I gands are trisubstitut
PrRishd regcessch See. tier ghample, dh@sﬂ?ﬁtnélosmém 145, 4,215,077,

YRt 2gee 8571 Qﬁd@@éé’ﬁ%wlnameoﬁ oﬂfr@?%éugﬁir’ﬁgéﬁon, allyl

er cOproducts’ or products are af
amhpl igrreacted Methcas§iQ/ldd gaBAixtureeiarthe prabeoce ofaeatalyst to form

AP A A AL SRR b DS S Fom o
lcatatysthed.g.obp rwatec texkadtide3d dndo hgdrogesatedcto fsm 1,4-butanediol
?BBbglpgréglU.gngapr’\%pis%w,%eﬁyde. Al t hough HVWPA may be

Various catalyst systems have been employed for the hydroformylation
reaction, most notably a rhodium complex together with a phosphine ligand
(see, e.g.,, U.S. Pat. Nos. 4,064,145, 4,238,419, and 4,567,305). Commonly
employed phosphine ligands are trisubstituted phosphines such as triphenyl
phosphine. One disadvantage of the hydroformylation process is that other co-
products or byproducts are also formed in addition to the desired HBA linear
product. The hydroformylation of allyl alcohol typically produces some 3-
hydroxy-2-methylpropionaldehyde (HMPA) branched co-product and C;
byproducts such as n-propanol and propionaldehyde. Although HMPA may be
hydrogenated to produce 1,3-methyl propanediol (MPD), which is a useful
material, the MPD co-product reduces the yield of BDO. Formation of the Cs
byproducts effectively represents another yield loss in the process which can
have a severe adverse effect on the process economics.

To increase BDO vyields, research continues to improve the
hydroformylation process and reduce less desired co-product/byproducts. U.S.
Pat. No. 6,127,584 discloses that the use of a trialkyl phosphine ligand having at

least 2 methyl groups results in increased HBA:HMPA ratio. The use of
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hydr ogenated to produce 1, 3-nethyl propanedi ol (MPD),
which is a useful material, the MPD co-product reduces

wao b@sgeabd of BDO. Formation of the C bypr oducPGI/US2008/002464

effectively represents another yield loss in the

msmesﬁhimmigéhmasw}y@ beers mwfdetcéggm:velageﬂ-fmﬁim tdie. The

I Qcess conom.,.cs O .| NCrease AN S, researcC

Do 8 Blve Hmoh, USBeorTRAILE SomAIER cealslg and

IdRpHeSphines digahdsd eachpr odgct /P odiget S tradsS, 2-BR{diphenyl-
6,127,584 discloses that the use of a tria

. I kyl
PRBSRHTAECTYRIRPIRTS | SN MR g Py GRS Kokal Nos.

lesaid3a5i And NGE-02054k4 HRG IVEAPAL ING. 406W8?. U.S. Pat. No.
t(%}‘H"g’zlsghosphl ne |igands has al so been found to inprove

AvRleseatthal meigainigr broeenaeatration of GP|ipthe reaction

0oh i r hedi | - i
THGED Sl b8 4 HRICARE B85 Y i il
prodyicty wheharsyigpa cataysi aemprisey of ya rhsisliura reonmpdexs Rodya ligand

[ t BV [ 6-2./9345

S 15015, L Al oo REIISLE P onefESRIZRAS (oo

@ljseR5e5 Onatliustigo sie 8, 3-Oasoprapylidenaidi8rdittydraxyric 44bts{lzis (3c5rdi-n-

AlyfPRenPerEph RSy idAls BRMES iBom sy pigh vied of 4

O@ﬂn’o_&ﬂlblﬂymldﬂhﬁde ltIBh’iDQreﬁ. 0aB-hygroky-2angthiipespiaialdehyde.

e oS Belndthests o TRyl algghol to produce 4

g&g@ﬁ%lﬁwldﬁrﬁﬁé?@ﬁet;di@;d.d!?ﬁhigglaﬂy v:laluable processes would result
.3-O-isapropylidene-2, 3-di r oxy-

Ty High [ BT SrL Ay eRYVEALTCE. (HBADHAmAASEE alge 3-hvdroxy-2-

|rﬁ&ﬁﬂ§rdpﬁ>‘ﬁéldéﬁ|yhé‘(ﬁMW()Y high yield of

Ahydr oxybut yr al dehyde conpared to
3- hydr oxy- 2- net hyl pr opi onal dehyde. In sum new

processes for hydsopmAaRryabE THERINVENAICRPhO! to
produce Ahydroxybutyral dehyde are needed. Particul arl

val uabhe ipretiessiss anpigcass dkafl comprisesgReadding oallybfalcohol with
Larben’ ROKBKLY ge! A Agu BB R0t 9 SHIHT R a2catalyst
maet hyl prop#‘onaﬁéﬂﬁ C@S?HWEA ?C& © a-carays
system to produce 4-hydroxybutyraldehyde. The catalyst system comprises a
rhodium complex and a trans-1,2-bis(bis(3,5-di-n-alkylphenyl)phosphinomethyl)-
cyclobutane. The invention surprisingly results in high ratios of 4-

hydroxybutyraldehyde product compared to 3-hydroxy-2-methylpropionaldehyde.

DETAILED DESCRIPTION OF THE INVENTION
The process of the invention comprises hydroformylating allyl alcohol in
the presence of a solvent and a catalyst system. The catalyst system of the
invention comprises a rhodium complex and a trans-1,2-bis(bis(3,5-di-n-
alkylphenyl)phosphinomethyl)cyclobutane. Trans-1,2-bis(bis(3,5-di-n-alkyl-
phenyl)phosphinomethyl)cyclobutane has the chemical formula:
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SUMVARY OF THE | NVENTI ON The invention is a process
that conprises reacting allyl alcohol with carbon

worwesn2ded and hydrogen in the presence of a soP@ENS208816)2464

a catal yst systemto produce 4-hydroxybutyral dehyde.
The catal yst system cpnprises a rhodi um conpl ex and a
trans-1,

2-bi s(bis(3,5-di
cycl obut ane. Thg
hi gh rati oB—©
to 3-hydroxy-2-me
DESCRI PTI ON OF THE | \ENTIO\\Ihe orocess of the

- —

R
| kyl phenyl ) phosphi nonet hyl ) -
et i on suror|5|ngly results in

i nvention conprises hyt Img allyl alcohol in
the presence of a solvgnt and a catal yst system The
catal yst system of t i nvention conprises a rhodi um

conpl ex and a ptTans-1
, 2- bi s(bi s(3, §-di |nal kyl phenyOphosghi nonet hyCcycl obut a
ne. Trans-1 , 2b+8{bi s(3, 5-di - n-alkyl phenyl )

phosphi nonet hyl )cycl”iy ut ane has=he chem cal
formul a: wherein Ris an n- alup Preferably, R
(/

is methyl, ethyl, or prBpyf= # sphosphi ne |igand
i S nost preferably trafs-1 , 2\h ~/bis(3,5-
di met hyl phenyl ) phosphd onethyl)cy obutane or trans-1
, 2- bi s(bi s(3, 5- d|- enyl ) R
phosphlnonet ane. The trans-1,
2- bi s(bi s(3, 5-di - nNalLk3{_phenyl ) phosphi nonet hyl ) cycl obu
tane nmay be prepared by any possi bl e nethod. For
instance, (it may be prepared by the reaction of
tr anszere.ZrJ Byig Iaﬁﬂhia'&WeQiP%t Reaienably, R is methyl, ethyl, or propyl.

bi s(t ‘T’hé‘e%‘f‘s%ﬁbgﬁ’rﬂﬁée)hg%& hid i ltanPnE)referabl trans-1,2-bis(bis(3,5-

di (3, 5-di - n-al kyl phenyl') phosphi ne.” The catal yst 'system
afmethwlphﬁmémhpgnhlao@@trwaﬁmbtw@n% phodﬁau\mh&bgﬁ(lm 3,5-diethyl-

lﬁle}', gh%sﬁﬁﬂgh%ﬁ@e%&tgﬁgﬁecont ai n rhodi um attached to

um conplex is preferably
sol ubTFbe| ntramﬁe1,§dbls(@m(3 Sﬁmmkﬂp@enydjppasnhlrmxhaﬂwyl)cyclobutane

may be prepared by any possible method. For instance, it may be prepared by

the reaction of trans-1,2-cyclobutanedimethanol, bis(toluenesulfonate) with
lithium di(3,5-di-n-alkylphenyl)phosphine.

The catalyst system of the invention also comprises a rhodium complex.
Suitable rhodium complexes contain rhodium attached to ligand groups. The
rhodium complex is preferably soluble in the solvent. There are no particular
restrictions regarding the choice of ligands attached to the rhodium complex.
For example, suitable ligands include hydrides, carbonyl, substituted and
unsubstituted cyclopentadienyls, 2,4-alkanedionates, trialkyl or triaryl
phosphines, diphosphines, and mixtures thereof. Particularly preferred ligands
include carbonyl, acetylacetonate (2,4-pentanedionate), triphenylphosphine, and
mixtures thereof. Examples of preferred rhodium complexes include
(acetylacetonato) dicarbonylrhodium and tris(triphenylphosphine)rhodium
carbonyl hydride.
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restrictions regarding the choice of |igands attached
to the rhodi um conpl ex. For exanple, suitable |igands

wo pBaziahydri des, carbonyl, substituted and PCT/US2008/002464

unsubstituted cycl opentadi enyls, 2, 4-al kanedi onat es,

trial kypk @hoditimarcempgIoSEdH Nes , r@-éﬁs@&i&mme\ﬁnh afhé trans-1,2-

m xtures thereof. Particularly preferred Ilgands

,brrﬁgpra(j’%S(ghpﬁl}ﬁmhenge@r@%pgwgylpyclobutane prior to use in the
(hdforppiaedi eaaétRh tshbﬁhemé'tph@@phlmb.seﬁstdnh@w&fenyn

t her eof . Exanpl es of preferred rhodi um conpl exes
inh\@smeomﬁm gYdtuitenmdioandliferms aas o Hbai rfiyAy complex, or it

éad%eeraﬂapéregp hiigdver °|@isU5PeFe?£98 Y 'adBXﬁ'é H%.Jrh Zomplex

rho I'um conpl'ex ¢ be pre-associated wt trans-1
sgparate from the trans-1,2-bis(bis(3,5-di-n- alkylphenyl)phosphrnomethyl)

5- Y, e I .
56308, 5o Fiabi KRB e RSRD| PSRRI S B Ay
tdmaspmlhembtfw()bmys(dbufarm -rhed:hk‘ryt:qnhplr&yl@ -preferably in the range of
%EQ nlorret hyl ) cycl obut ane ligand forns part of the

Corrpl ex, or it can be added separately.

Hovvevedthowgh het mcefsea@btr& tatalyedsyishen maydadditioeiiy | cexnprise a

te fromthe trans-1 . o -
”2‘? POPBRINPG, G9MROURd,) EQ? SREMANCSANLE HATRAMNA)/i8)in addition to
qlbmrm RiRe. 3ngz_)eihg tha ﬁr;&aﬁfblr’ii E@sd@faté&@ntﬁﬂﬁﬁ&h&dlum complex The
i -n-a e i none
%%Erﬁ%'ﬂ e cpﬁwaruuﬁﬂ%@ryﬁﬂgeastwesrpirpép {BP YN e fkefesented by
rtﬁé]gﬁn@fa() 5:1 to 5:1 . Although not necessary, the

catal yst system nay aqidl tionally conprise a
nonophosphi ne corrpodﬁd)s The nmonophosphi ne conmpound i s

Wher8HIRi98nt I%?Bé"@hﬁ%' @uria‘b@é\ﬂ)hﬁah@h’ '&Uuﬂ%ernclude methyl,

assocl ated with therhodi um conp he monophosphi ne

@ctmrhonuhutyi ses-autyls 0efyk |andtcta$ybhcfspﬂab|¢eartomtlc| groups include
S f
9 FOWI le%cf’ﬂagﬁ f?l/ol q@g}% z%m&s%r%ghatr %%Eﬁwepgr dre o‘?ﬁbrent but

Lai:éy aret gl same.  Preferably, the monophosphine is a trlsubstrtuted aryl
phosphine. More preferably, the monophosphine is triphenylphosphine or
tritolylphosphine. Triphenyl phosphine is particularly preferred.

A reaction solvent is also required for the process of the invention.
Typical solvents are those that are capable of solubilizing the rhodium complex
and are not reactive to the hydroxyaldehydes that are produced in the
hydroformylation step. Suitable solvents include any organic solvent having very
low or minimal solubility in water. Preferred solvents include Cs-C, aliphatic
hydrocarbons, Cs-C,0 aromatic hydrocarbons, alcohols, ethers, and mixtures
thereof. Particularly preferred solvents include toluene, cyclohexane, methyl t-
butyl ether, and mixtures thereof.

Typical reaction conditions for the hydroformylation step are mild to favor
the formation of the linear 4-hydroxybutyraldehyde (HBA) rather than branched
3-hydroxy-2-methylpropionaldehyde (HMPA) reaction product. Reaction
conditions are preferably in the range of from about 20 to 120°C and pressures
of from about 20 to 600 psig, more preferably from about 45 to 85°C and 30 to



10

15

20

25

30

ethyl, n-butyl, sec-butyl, octyl, and decyl. Suitable
aromati ¢ RL groups include phenyl, tolyl, and

woapktitmb4s The RL groups may be the same or arBCT/US2008/002464

different, but preferably are the same. Preferably,
4o puy) epidosphi prefdrablg ftonh abb6t 50 6 80°CaKH 40MESFH0 psig. The

More prefera hine is

M3 &ae rﬂ{o?ﬁ;ﬁﬁe'soﬁypqu??o? %h6§ph?'ﬂ’@ug'1’r fgn&alig can vary
RBASIEIaBE . | ThePpatibCpredsry dpict %rtysléauﬁvmﬂﬁqﬁé ﬂihge of 5 to 100
solvent i's also required for the process of

iPEigenthe ﬁaﬁ@yareéawesqﬂ Rysrgendp éYR'?RJEYéN'f%fh%faé‘QSéﬁ 49 te 200
OEigS OT A iddcib e EdHRIuchRhURR SO B ditorRNshtRa S rB@dminance of the

reactive to the hydroxyal dehydes that are produced in

eHd algahelf basn/Factedn &sd-ef0 touPP bk .etheoPrashicts .mmwépégely 4-

SR AR SBin SRNEDG-NEIG | REH RALEE, T ot of
waq@nat firoe Hy drad cetitigaln Hut c:(suamoar wwaetion tinyel obdsd ok hours is
, ethers, and m xtures thereof. Particularly

pregerred sol vents include toluene, cycl ohexane,
rret hyPr&fbmbw thee &yl alcahd! stactingroescerteatieafan Jygadtiah solvent to

I on. C drofo Iat| te
%S fsaBeJ? f foﬂ%&%’ §§° % PEfRsTt PY,uigichtin the"SoIEnt. more
éféfymbwmwmbdﬁﬂ’amm i6 tiBé\yarrget dfes tot tTapereeansywdight may be
3- h%dr oxy- 2- met hyl pr opi onal dehyde (HMPA) reaction
uct. Reaction conditions are preferably in the

r angePﬁéfefa'bW“tﬁ@WHrcﬂ@rrﬁ)@at&ﬁlO@ anyll apsobdh & €srriedl dut@tich that
about 20 to nore preferably fromabout 45 to

@ﬁ:caﬂaeré@ttpa&fog&%g the, Jiguidorbass Jesb 11 'F?'BF%'%@POVG 4
ﬁﬂnél@/n&QO@ 6oyl (P dhﬂnéotﬂepﬁycﬁofoﬁh?lan&h ar Th@tydufof [COJiq is

p| cally about hough the ratio can

dgfinedt oy | e$ab'? Nee hadda. 5¢9 pr eS4gfeeatly. dbei diquid phase

h¥@r’o@@hjc¥r%ntrhbﬁoi@§ n{o?é}gr%u@fls w the r&t@& Qfserm 10*€ to about 1:2,
partial pressur rogen i1s typically within the

ﬂmﬂg@ﬂifﬁf%ﬁf@m@@tfpég@ﬂ fi#e reaction is conducted at
e poFRhS, B8 PG g 8 3R 8 B I prorral
separgtadaifiger the-solvent and catalyst system by water extraction in an
extraction vessel. Water extraction methods are well known in the art and can
be affected by any suitable means, such as mixer-/settlers, packed or trayed
extraction columns, rotating disk contactors, or passed to a settling tank for
resolution of the mixture into aqueous and organic phases. HBA, and any
HMPA, remain soluble in the water (aqueous) phase and is separated from the
solvent (organic) phase.

The 4-hydroxybutyraldehyde (and any 3-hydroxy-2-methylpropion-
aldehyde) reaction product is preferably subjected to an additional step of
hydrogenating the 4-hydroxybutyraldehyde in the presence of a hydrogenation
catalyst to produce 1,4-butanediol (BDO). Hydrogen is added to the reaction
vessel for the hydrogenation. Suitable hydrogenation catalysts include any
Group VHI metal, such as nickel, cobalt, ruthenium, platinum, and palladium, as

well as copper, zinc and chromium and mixtures and alloys thereof. Especially
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hydr oxybut yr al dehyde wi th sone branched reaction
products. The anpunt of reaction tinme is not critical,

wheiosasusd |y a reaction tinme of 0.5 to 4 hour SPCHUS2008/002464

adequate. Preferably, the allyl alcohol starting
cpoefe&edj lad¢ nizkelocatalystsaddosirpreferred rare Rankte®@dyanickeli and fixed
th a of about 5 to 40 percent by weight in the

P\Pécﬁ(te #%S@ pr eferably, |ower concentration in the

r an?eTh% |h5dm§ﬁgt|lqmr&$mn byndl&d)rw‘lér]:emiiyfldmwlfreme rlange of from
ef er r of or n of a c I S
ahpnt B0 1 20D o avesvete. St Bhtp bttt 209 Tecf oD epa. more

|pkéféfafﬂ>l)phaﬁ\ealéc5m0 I 40SC ERIANSGU RﬁdOB@@‘é@ 4Generally reaction

mmol s/liter (0.004 M during the h rofornyl ation

vmqg»@fdfw[wwslageaepm@atq nPyying theyd rw?naéorzz@@eg “BDO

Bhef RIF»! tsrmédewhidiUhe RiGAS %tﬁy@r qsh%ar ar B%cﬁeaoesﬂo@acts is
molar ratiois in the range of from 10:1 to about

sobstaptiallysetainegd, ﬁmmvstmo 8" lgMora-Prodact/isprodigitng the

hydr of ormyl ati on step, the HBA product is preferably
separated fromthe solvent and catal yst system by

wat er Thetfollawing exampias werelndlistsatevibesaventipat efhose skilled in
?ﬁéé éﬁﬂélyﬁ'g%@ﬁﬁoﬂﬁan r\%ﬂ\gﬁ{DJéS lﬁﬁ%g‘r’]gge vs'ﬁth rﬂ%eagﬁlrlﬁgfjth%alﬂventlon
ang ecope bf lhercsalmacked or trayed ext ractl on col umms,
rotating disk contactors, or passed to a settling tank
for resolution of the m xture into aqueous and organic

?ggazgus) M%E&y @g@agﬁ[@@@?@[ﬁ%gpwége wat er

(or gamAc)yBphagel. hc T[D@hésﬁhldf@ﬂﬁbgB%/ aad dedh il ehe amgmrg/general
I OX net o n yae reacti on pro uct 1Is
gq ”i? Eﬂy@/’eg de%’t@?‘?b %?f &d‘ﬂltl onal step of

PAI'2
u////,// / PAI’Z
i
|
'
1A 1B 1C

A solution of trans-1,2-cyclobutanedimethanol, bis(toluenesulfonate) in
dry/degassed THF (1 equivalent, 1.73 g, 3.7 x 10" moles of the dioxolane in 50
mL THF) is added drop-wise under argon to a solution of the appropriate lithium
diarylphosphine (see formulae above) in dry/ degassed THF (2.3 equivalents in
100 mL THF). The mixture is heated at reflux for 2 hours, then cooled, and the

solvent is removed under reduced pressure. The remaining solids are re-



hydr ogenati ng the 4-hydroxybutyral dehyde in the

presence of a hydrogenation catal yst to produce
wazeshemianedi ol (BDO) . Hydrogen is added to theCT/US2008/002464

reacti on vessel for the hydrogenation. Suitable

Hj&bﬁgdnatdndﬂommahaﬁé Sfilienéed feughng $Bicauped/l and tied dblvent is

such a n| c Qalt rut heni um Iatl n{fj E}?ﬁ

PP §rwelrfe Weed o ppEFSSUSE ne Bnd ¥Whidoni (i andrans-1.2-

mgealumoaadmahieﬂm)cw@tsﬁeﬁe Especi al | ypreferred are

ni ckel catal ysts. Mbst ?greferred are Rane

r
ni ckelPihogphine JA: trans+1iZ-Ris(bigFosinataylp ghospﬁlnomethyl)
Iaﬁg{)glggﬁ@tl on reaction conditions are preferably in
e range of from about 60 to 2000C and pressures of

f r om &eARaratiye RiphaspiinentB (fransot.&-is( stﬁ"ﬁlﬂt@Y'WW%\H)

hg hu%)méfﬁ 300 to 1000 psig. Cenerally
eactl on tifres of to 10 hours are appropriate.
Dur i ngomparativedipkesphinmi € ctaans-b.2;biKBOhenphveephirgmettyl)

\6/8%55 Fg high ratio of linear to branched products is
lrally retained, along with other |ow
co- product / byproduct s. The foI | ow ng exanpl es nerely

i1l ustra t.h e, skille

w1 BB e TPhat e f” aRaentrth o i FoiBhlo genera
$armuld am‘prtabaredraeedéslcﬁbedibdlo&cope of the clains.
EXAVPLE 1: PREPARATI ON OF DI PHOSPHI NES 1A, 1B, and 1C
Di phosphi nes 1A, 1B, and 1C of the foll ow ng general
formula are preparedoas de | bed below. PAr, -PAr, A
solution of trags-1/, gdi met hanol ,

bi s(t ol uenesul fo e) in|dry/ degassed THF ( 1

equi valent, 1.7379,\3.7 10 3 nol es of the dioxol ane
in 50 M _ THF) is add dm; ‘Hawﬁerzunder argon to a
sol ution of the appropriate hi um

1D 1E 1F

A solution of 2,2-dimethyl-4,5-bis[(toluenesulfonyloxymethyl) methyl]-1,3-
dioxolane in dry/degassed THF (1 equivalent, 1.73 g, 3.7 x 10™ moles of the
dioxolane in 50 mL THF) is added drop-wise under argon to a solution of the
appropriate lithium diarylphosphine (see formulae above) in dry/ degassed THF
(2.3 equivalents in 100 mL THF). The mixture is heated at reflux for 2 hours,
then cooled, and the solvent is removed under reduced pressure. The
remaining solids are re-dissolved in dichloromethane, filtered though a silica
bed, and the solvent is removed under reduced pressure to yield the 2,3-O-

isopropylidene-2,3-dihydroxy-1,4-bis(diarylphosphino)butane.
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di aryl phosphi ne (see fornul ae above) in dry/ degassed
THF (2.3 equivalents in 100 nL THF). The m xture is

whemsazliisad reflux for 2 hours, then cool ed, anpPCT/li82008/002464

solvent is renoved under reduced pressure. The

r emai Cohfpasativied Dipticsphe@l ST 2exlOLiSoptoplicenemes-amydroxy-1,4-
d t ho i ca bed, and the solvent is

fl l t%égts HWH%PBTJE)ngﬁ‘P@%%]BP@”PO yield the trans-1, 2-

?I s ( dcamyapapep Di hihg )1‘B‘ﬁ biyoogﬁ&ﬁopyﬂd@hemn@dﬂo&y-1 4-
rans-
ﬁ!ﬁé@%'ﬁémiﬂwwnmpblﬂglwgCgrrpa%/at i ve Di phosphi ne

1Bt E3hatative: mlﬁﬁ@ég‘g(nde MR hﬁ'dobel%(drbeyhdene -2, 3-dl1 ydroxy-1,4-
phosphi nomet nyl) cycl obu . Conpar at | I'ne
_’o@[bls(upaﬁeyl)phozzp ingl, énpwe @I RS phi nonet hyl )

cycl obutane. 1D, 1E, and 1F. Di phosphines 1D 1E, and
1F of the follow ng general fornula are prepared as
descri b&EXAMPR2: demﬁ)rmﬁllamiosudmadtion using Diphosphines

2, 2-di | f onyl oxviet Ryl .
et ny (i 9 PRUASHRIAET e SBRGEPHR Xyt according to
tpifollawvimgtprodediBerg, 3.7 x 10 3 noles of the di oxol ane
50 THE d nder 0. a,n
sot ot AR ofuPe 383580 RSP, (AT fo Bk g moles)
(s eley ﬁegmdeaietowﬁ%eorgf ?) [fi:b” ﬁﬂ%ﬁ@%#ﬁ?@td’)‘ﬁc@ﬁ)}% equivalent or
ui ents | e mxture 1s he
Aok'x J° Fifis) Bodr 0" ke Hatoatieiavan it S0Py aheisged three
tigewath andecoras Hﬁﬂdrepérﬂﬁmhq)reé@mzé@f@nao pYigSwitH the CO/H,
are re-dissolved in dichloronmethane, filtered thoug&135 L)

fmtufﬁa beriautgstave fiethepl heatrd 1ob5°Erwilteetiringellyt @
W ah th %%Q)cﬁe!}% i€ gseégurlied to 200 psig with the CO/H, mixture.

|so opyI| ene- r oxy-
Thesutgaliaver yl@ﬁbspmcmﬁbnt press@erni208tsig abidpthe gaisi updake of

2 reactorPs MORASIRY! MRSt ferd Tsdﬂlmcpm”h%%%'a& up?é'ke, the autoclave is

cooled and depressurized. The resulting solution is analyzed by gas

chromatography to determine the products of the reaction. The reaction
produces HBA, HMPA, and C; products (n-propanol and propionaldehyde).

The results, shown in Table 1, demonstrate that the trans-1,2-bis(bis(3,5-
di-n-alkylphenyl)phosphinomethyl)cyclobutanes of the current invention
unexpectedly result in significantly higher HBA:HMPA (l:b) ratio than any other
comparable diphosphine.
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bi s[ bi s(4-met hyl phenyl') phosphi no] but ane. Conparative

Di phosphi ne 1F: PABLEME @Qﬂfo@FMihédﬁﬁﬁpa’ﬁs%an hydr oxy- 1

, 4- Dbi s[ bi s(phenyl ) phosphi no known as DI OP. EXAMPLE
2: B 0oAVErStemdT | ABAUS) NgiMpANgspra.nes A Tyl
aIcahopﬁﬁﬁﬁﬂgdrofqnqylatedgn§|ng dimhosghi (my 1|alt rafo
accprding, to the ow|ngg Cledure; Alsolu i gn
t heldesired di hné% bnp (2 gglll v al ¢§h S gr S?L%i 18 ’

nmol es) hB*dry degessed t0|&Eﬂe (15&3 i 9 adaded [to 9.1

[ RSO L\*dbab g T chl val entiot W
in h 100%0 _ Parr9&8foclja 6The s8-8t dn 0 filus

three ti S mﬁth ~1 (I) tureg, and t
BB gg.és. .?%8 Tt ighs AN, hen 95

pr essuri zed to psSig-fwi ixture |l The

aut pcl av€*i s thengheatec 1 86.65C mnuhsstlrrmng, al Iyt

alc:rh'cﬂ_gﬁ. TMj[ected, j@and_ e gutaciavie 1.5
pressuri1 ed to 20896§| g V\/l?fﬁzthe A i xPfre.| THe
aGoopdraiveExampleept at a constant pressure of 200 psig,
and the gas uptake of the reaction is nonitored. \Wen
there is no further gas uptake, the autoclave is

cool ed and depressurized. The resulting solution is
anal yzed by gas chromat ography to determ ne the
products of the reaction. The reaction produces HBA,
HWPA, and C3 products (n-propanol and
propi onal dehyde). The results, shown in Table 1,
denonstrate that the trans-1 , 2-bi s(bis(3,5-

di - n- al kyl phenyl ) phosphi nonet hyl ) cycl obut anes of the
current invention unexpectedly result in significantly
hi gher HBA: HWPA (1 :b) ratio than any other conparable
di phosphi ne. TABLE 1: Di phosphi ne Conpari sons
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Conparative Exanplel claim 1. A process to produce
4- hydr oxybut yr al dehyde conprising reacting allyl

w@bk@ehzi19wi t h car bon nonoxi de and hydrogen i n PEEUS2008/002464

presence of a solvent and a catal yst system conpri sing
dcliadi um conpl ex and a trans-1, 2-

bi s(bi s(3,5-di -n-al kyl phenyl ) phosphi nonet hyl ) cycl obuta
e 21 e piesass do Yol i Bimebdy R RS SRS fedcting
Nt REBHSP Wthi EtBoh MoridXf HAY FYERIgRN iANHe tprédscé of a solvent
, 2-bi s(bis(3,5-di-nmethyl phenyl ) phosphi nonet hyl ) -

@pel 8bGaNs! B/SteMe CpMBEBiBg Bf rediim comPiaxeiandt Re trans-1,2-
t%ggﬁgqeié-dﬁu%i@mheﬁmwo%sﬁinb%tﬁﬁﬁgaamnsﬁap' ex and

, 2- bi 8( bi s[I% Bragesehgiandnyherehvtehiatastisygtem comprises the
- 4 | ai |
PO 58P D A RS Homor

C¥cl@2@ané.i phati ¢ hydrocarbons, aromatic hydrocarbons,

et her 3 al fr\%g}d%’esggﬂ clrgh%Hu\;vﬁ regrpﬁ'lreetgaft%lyé'cﬁyyé% e{)ﬁéﬁéés the

of claim1l rern the solventl Ts Sele rom

gnaxiyomc cosipdéX ngnaf trans-a nkieis(bis(8)Sediestiayighenybphgdphinomethyl)-
t'cgutt#tl et her, and m xtures thereof. 6. The process of
V4P ¥ " %her ei n the rhodi um conpl ex conprises rhodi um

and | #gandehe prastise bffdigim t hehareimuthecsurgeritis s@legted from the

hydride, carbonyl, trialkyl or triaryl phosphings, .
Gl Ros BATTIRNG cPL] Sitiachlatphis. Pydrcasbaliinbdionia egromatic
mdro&hﬁﬂohﬁ,eahé&?é%@ﬁols?anJh@(tWe@Qﬁéﬁoﬂf claiml

erein the reaction js perforned at a tenperature

wi t hi B t he TPErRIECRSS abgatm AswhersinHisysoleent g sglegted from the
BF &S BbBsi¥irgbf toluene, cyclohexane, methyl t-butyl ether, and mixtures
thereof.

6. The process of claim 1 wherein the rhodium complex comprises
rhodium and ligands selected from the group consisting of hydride, carbonyl,
trialkyl or triaryl phosphines, diphosphines, cyclopentadienyls, 2,4-
alkanedionates, and mixtures thereof.

7. The process of claim 1 wherein the reaction is performed at a
temperature within the range of about 45°C to about 85°C and a pressure within
the range of about 30 to about 400 psig.

8. The process of claim 1 wherein the catalyst system further
comprises a monophosphine compound.

9. The process of claim 8 wherein the monophosphine compound is
triphenylphosphine.

10. The process of claim 1 further comprising hydrogenating the 4-
hydroxybutyraldehyde in the presence of a hydrogenation catalyst to form 1,4-
butanediol.

11.  The process of claim 10 wherein the hydrogenation catalyst is a
nickel catalyst.
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the range of about 30 to about 400 psig. 8. The
process of claim1 wherein the catal yst system further

w@orpneges a nonophosphi ne conpound. 9. The prPCEES2008/002464

cl ai m 8 wherei n the nonophosphi ne conpound is

triphepyl pAos;atauy'se cdrﬁprls'fﬁ% @rAh m&ﬁnd ogomwa{ndahﬁf gr tti@6-1,2-
S tin e yrox ut yr al dehyde in

i’f?ggﬁbeégﬁﬂ@)ﬁﬂ 6‘&""6‘38 ewiieyelg f‘gto form 1, 4-

but anggi ol Thd @ata%ﬁo@élﬁ‘lﬁﬁﬁ whlerdih ﬂ"lé"%:étgly@hﬁ/sﬁérﬂ cbhfbrlses the

%/Rrogenatl on catal yst is a nickel cataly

¢

diys copplepsr ARY Hgans-+, Rdm(aﬁ"(%61%1@&“%'&59@')%9?@“10@@*1)4)-

ngggutgg,g 5-di - n-al kyl phenyl') phosphi nomet hyl ) cycl obut a
13. The catal yst of claim12 wherein the catalyst

syst efftconphe satglyshef ¢lwau121mh@t&m|tfee<caﬁbrst $ystn comprises the

r I

ruR L CeripTe B e B R RO Bl einqaethy-
cutlabytenesyst em conpri ses the r hodi um conpl ex and
trans

, 2- bi g%bi s?é? §?E§ﬁ'y-s ca| envapBrr%s%al hhgrgeqrﬂﬁoywplex comprises
cmmmbmmhgarid's s@baedm@hme glbup:lmnalsﬂri’g wheiydnde td=@bonyl,
rhodi um co 1ses rh m and I| cted
SRR e oTBDE ™ REPLbERG HRRRBATEL cveBBRldeRT °¢ 2.
atkaakdiphates, amd mixtlreghbeebf.nes, di phosphi nes

cycl opent adi enyl s, 2,4- al kanedi onat es, and m xt ur es
t her eof .
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