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B TAN | PRODI &TlI ON Background of the Invention 5 The present invention
provides a process for the production of butanediol. fromallyl alcohol by
hydr of or'nyl ati on at conditions of varying severitys:- preferably, t he sane
CO H2 reaction gas mxture is used 'throughout the proces ET elpgy of Lhp-

I nvention 10 The production of butanediol fromally] al cohol Is a well
known and covred@ied |y practiced process. See, for exanpl epcfePpodiadszent s
4,238,419, 4,678,857, 4,215,077, 5,290,743 and the |ike. Cenerally, allyl
al cohol is reacted with a COH2 gas m xture using a rhodium - phosphine
catalyst systemto form4 - hydroxy butanal, the 4 - hydroxy butanal is
separated 15 fromthe catalyst W@@Mnd hydr ogenat ed over a
ni ckel catalyst to form butanédro 5,504, 261. The above
regcti on sequence involves the use of different catalysts and usually

di fferent reaction gas m xtures_faor each of the reactions. For obvious

reasons, it woul d be advant ageo#s batibe lnvardiendi ol fromal lyl 20

al ¢ohol us$ ng only arikd rwégén@aﬁ@nyaﬁaﬁgﬁgdg@?%?o%%gr@ gRL oaﬂ&g% onlLy one

reaction gas mxture. It has been re
S52-78809 by Kuitanediol &omaallytaramhmmgamﬂomnngrano@et RbAGERE of RrQi‘Prr?d !

al cohol in ao p_r system ysing a rhodiumand tri.alk

phosphi ne cat a&%@ sP& e 3 RB%\E?FEP é%sdﬁ%@lﬂ"a@ésomlﬂh@ p$00$§ﬁs
described in Sﬁﬁr&%@tth’i&dﬁr&)&ssf el atlvel y lowratio of 1, 4 - butanediol to
2 - nethyl - 1, pr opanedi which is produced. summary of the Invention

30 In accordance with the present Fiieid efithepinventiqar ocess i s prOVl ded for - 8
OCT 2003 42 the pro t nedi i on of al I al cohol with
CO and H2 02usr ng a g'lth(r\lég @Qﬁél o) ?3@‘@1&@%‘%%&'?@ his| 3 well ﬁyﬂeaﬂdeact i on
gas m'xture. commercially practiced process. See, for example, U.S. Patents 4,238,419,
4,678,857, 4,215,077, 5,290,743 and the like. Generally, allyl alcohol is
reacted with a CO/H, gas mixture using a rhodium - phosphine catalyst

systern to form 4 - hydroxy butanal, the 4 - hydroxy butanal is separated
15 from the catalyst by water extraction and hydrogenated over a nickel catalyst
to form butanediol. See U.S. Patent 5,504,261.

The above reaction sequence involves the use of different catalysts
and usually different reaction gas mixtures for each of the reactions. For
obvious reasons, it would be advantageous to produce butanediol from allyl

20 alcohol using only a single catalyst system and preferably using only one
reaction gas mixture.

It has been reported, for example, in Kokai No. $52-78809 by
Kawahito et al that butanediol can be produced from ally! alcohol! in a one
step reaction system using a rhodium and trialkyl phosphine catalyst system.

25 However, a disadvantage of the process described in $52-78809 is the
relatively low ratio of 1, 4 - butanediol to 2 - methyl - 1, 3 propanediol which
is produced.

Summary of the Invention

30 In accordance with the present invention, a procéss is provided for



Initially, the reaction is carried out at relatively mld conditions of
tenperature and/or pressure which favor the formation of |inear reaction
prooducts, 'using 5 a catal yst system conprised of.. a rhodi um conpourid and
an. ‘ali phatic  phosphine. Subsequently the reaction is'continued with the
same catalyst systemand preferably the sanme reaction _'gﬁigﬂd§@ﬁreh at
nore severe reaction conditions to formmainly 1,4 butanediol. rough
practice of ' the invention, di'sadvantages of the prior 10 procedures of
the use of two different. catalysts and the separation of intermediate
product between reactions are avoided and. the,ratio . of 1,4 butanedi ol
to 2 methyl 1,3 propanediol in the product iS'gignificantIy enhanced. . = As

T oohol 1o rencted wEipredydRN StpLEREHOTEY Ieacibe BlAIET HEPRe Guh S0 bt isive
of rhodium and an al 5)§ingggQ§a%ly§lesﬁterhh§nﬂ %@?équé’blg @g;&%%e\kﬂﬁ%hwmhﬂr@t '

least -two of R ‘R and R2 is a nmethyl group. R I'S not
nmet hyl may be a C2 tloitiglin the keaction isCaried @Akt celatively injit cgnditions dftteperature

surprisingly been foung that 'the.yse of, these. . phosphines signifjeantly
“mproves the 1 near. 578 RIRGHIR WVGHEYE thedpanatisd of inger tsaclien pradyets Heing

accordance witIp the 4 RaeAlydt08ystéth! sdmpvigerhef al fhokiiunited alih th afFRaER

in the presence of a.rhodium’™ trialkyl phosphine catalyst system a?

relatively mld reaqiiosphipen@ubisequentty thie reactiongis\continaed with thosameicatalyst
ctihon products.|llustrative reaction

linear rather than br{a\nched re : -
conditions are - 8 &)ﬁ%@nw&gﬁ'ﬁ? 1 ﬁ@?ﬁEﬁ?@L’B@% mixture, at more severe
' reaction conditions to forn mainly 1,4 butanediol. '
) ' - Through practice of the invention, disadvantages of the prior
- 10 procedures of the use of two '-'d'rffe_reht.catalysts and the separation of
intermediate product between reactions are avoided and the ratio of 1,4
-butanediol to 2 ’methyl 1,3 propanediol in the product is significantly .
' enhanced. | o ' ' -
As another feature, a furtﬁ_er novel reaction is prdvided wherein aliyl
15 .alcohol is reacted with CO and H, using a novel catalyst system comprised

of thodium and an alkyl phosphine of the formula -

) - 20 wherein at least-two of R, R, and H;,' is a methyl group. R,R, or Rz-.
which is not methyl may be a C, to C,, alkyl or C;, to C,, cycloalkyi
group. l.t has surprisingly been found that ‘the use of these

phosphines significantly improves the linéar to branched product ratio.

25 ~ Detailed Description
_ In accordance with the invention, allyl alcohol is first reacted with
CO/M, in the presence of a rhodium - trialkyl phosphine catalyst system at
relatively mild reaction conditions which strongly favor the formation of linear

rather than branched reaction products. lliustrative reaction conditions are



tenperatures in the range of 60-80C and pressures of 30-100 psig; 1/1
nol ar m xtures of CO and H are useful although the ratio can vary

consi derably and CO H2 partial pressures of 5-30 psi- can-be enpl oyed. The
reaction is conducted at these nilder conditions until a~gy 886niMance of
the 5 ally/ @gFmh9isshas reacted, eg. 60 to 90% the products bei@ﬁ] | argel y
4- hydroxybutanal wth sonme butanedi ol and branched reactioﬁc-ﬁ’FB 2143
Usually a reaction time of 1 to 4 hours at these mlder conditions is
adequate. The reaction is. then continueg with the same catal yst but at
nore 10 severe conditions of tenperature and pressure, eg. tenperatures of

80- 140C and/ Oferh@értuiRsqs T Pindd ofl 698698 4P hksslils ﬁ%ﬁghﬁ%hgﬁ;roduct

m xture can be used. During reaction at the nore Sevére
but anedi ol is MalAkmies of EOhansh H,aaie uskful i atitmugh ahbr @RS hagh pagduct s is

substanti al | ' ly reaction tines_ of 1-10 hours at the nore-
12 severla co%dF?é%ﬁggggyea%%g&gﬁ%@@esﬂreo'f‘rPfiser@%'rcaf‘ibﬁéﬂmhﬂﬁtii- et of the
i nvention, all ydactibfodedndieted a_ﬁ’cé!?]éié’ﬁf[d?r&fo%ﬁﬁ?bﬁgl ﬁm.{aﬁgm@ghgggk sol vent

are charged to a reactor to whic I's also 1 ntroduced ction
gas m xtuPe. TAWYIr@lseberhassreasiechceg. B0 te&OC, othet prodaciat beisy angelpressuri zed

ith the CO H2m desired 2 ti ti to f 4 - hydrox
butanol i th, n xeplerh( vy sfEhfnedlol S87 ieated easioninetucs.
Thereaf ter, ! hosianper agationoimb sr 1 BCA ! 1RSLrE! ! iHeBe! MyadiCLaRififhelONd

or putan

with the CO H2 pressure to the nore severe conditions edi ol
formation and 8#ed¥ateonditi ons are maintained until the desired conversion

ci'ther by extr acti onSreRrin e SRR M e Rafe BB SR e
di stil'l afiDon ofevere chrajitiorisr aftetriperatuRAGhH Prediurt UES. tefrperaturddOs SR
00/ 63143 PCTI ERPOCY Q2743 4 . )
140°C and/or total pressures of 100-1000 psig. The same CO/H, gas
mixture can be used. During reaction at the more severe conditions product
butanediol is formed while the high ratio of linear to branched products is
substantially retained. Generally reaction times of 1-10 hours at the more:
15 severe conditions areappropriate. , _ _
In an illustrative embodiment of the invention, allyl alcohol and
catalyst, preferably with a suitable solvent are charged fo a reactor to which
is also introduced the CO/H, reaction gas mixture. The reactor is heated to
reaction temperature and pressurized with the CO/H, mixture for the desired
;20 reaction time to form 4 - hydroxy butanol with high selectivity. Preferably
-agitation is provided.

. Thereatfter, the temperature of the reaction mixture is increased along
with the CO/H, pressure to the more severe conditions for butanediol
formation and these conditions are maintained until the desired conversion

25 to butanediol is achieved.
. The product mixture can then be separated either by extraction of the
diol products into water or by vacuum distillation of the diols from the

reaction mixture.



An inportant feature of the invention is the faet-that by carrying out the
reaction first at relatively mld conditions foll owed by reaction at nore
severe conditions the selectivity of the overall reaction % ”“g

but anediol, by far the preferred product, is S|gn|f|ca.r|t5§lT ved with

t he product ivopo@éilahe 5 branched diol 2 - nethyl 1, 3 - propaneshoot4s
reduced. |ndeed, through practice of the invention nor mal di ol / branched
diol ratios of 3/1 and higher are readily achieved. The catal yst systens
enpl oyed are those derived fromrhodi umor a rhodi um conpound and
trial kyl phospi ne phosphi ne where two of the alkyl 10 groups are methyl and

the third is a C2 An@hﬁo&bhyieagrrelqﬁthaﬁmnemidms thé oAt byendg sugnd
hydrogen is enpl oyed genera lé ratios of drogen to carbon nonoxi de
in the range WeFe@stiqn fistatgela YﬂY W@ocorﬁit@ﬂérfﬁﬂﬂ%dl p reactigniatanerenost
preferably 1: 1t . m xture
t hroughout t hééeveérrl% |c Pg?lgéngﬁeaéét%qgvi?ﬂg@ﬁ |é gg&gﬁ%%%gﬁ%?e ng%%gﬁiogz ously the

conposi ti on ofar theeprpderredprddect, isgigrificanlipémproved Withehe preistos ahtHee carri ed
out in batch, sem conti nous node; continuous is preferred.

It is esSent |%’a”98é{3n¥8f§ce"ﬁh)ﬂ He 3 n\seRansdial redueed. t iindesd, ttheougdact i on
20 between al higdctigb 6P i ind8fkidr Forkifd! GiduBRhoRlbtididi FaliSs §P4/1 5 Rhe!

relatively condit1ons vor

hydr oxyal dehyareseadily acliewed.ned hydr oxyal dehydes. ReactLon t enper at ur es of
20- 80C, preferably 60 80C at . total ressures of 30-100 psig. (5-30 psig
partial pressures bi€ CRIBNELSYstams g C?V&F’l%?wqq{i"§d1f'i°ﬂ'éfh°:§5("~él'@@fraeact i on

i's continued rh%ﬂltﬁ'n‘éohﬂw d & t-ﬁaﬁ’(ﬂr?g{ﬁ%%ég f&@%pﬁlﬁé%ﬂ&?@ ﬁdﬁ@?%@gwp s

i ncreased to 80-140C and pressure psig and the reactron is
conti nutd at growpe ane methyandtbe thirdlista Gps Cf.oalk@-gtolmur s rmre The sane !

s 2l o erl oyed i mEkFE oLIHRE masoKEe BVt RTINS e 143
mol ratios of hydrogen to carbon monoxide in the range 1:3 to 10:1 are
employed, preferably 1:2 to 2:1 and most preferably 1:1. It is especially
advantageous to use the same gas mixture throughout the entirety of the

15 reaction although less advantageously the composition of the gas can be
varied. _ |

The inventive process can be carried out in batch,. E:ontinuous or

semicontinous mode; continuous is preferred.

~Itis essential to practice of the invention that initially the reaction

20 between allyl alcohol and the H,/CO gas mixture be carried out at relatively

mild conditions which favor formation of linear hydroxyaldehydes over

branched hydroxyaidehydes. Reaction temperatures of 20-80°C, preferably

60-80°C at total pressures of 30-100 psig (5-30 psig partial pressures of

H/CO, 1/1 mol ratio) and this first stage reaction is continued for 1-4 hours.

25 Thereafter, the reaction temperature is increased to 80-140°C and

pressure to 100-1000 psig and the reaction is continued at these more

severe conditions for 2-4 hours more. The same catalyst is used in both

stages and preferably the same H,/CO gas mixture is also employed in both

stages.



5 The reaction product m xture has at least a 3/1 ratio of 1, 4 butanedi ol
to 2 - methyl 1, 3 - propanedi ol and these products are conveniently
separated fromthe catalyst by extraction or vacuumdistillation
procedures. Were, in accordance with the invention, a di BrdiC yﬂNéhosphine
is 5 used, hngrgygg linear to branched product ratios are achi eved both
where the VAPt &bverity reaction procedure is enpl oyed £ETARSYERM3
described as well as where a single set of reaction conditions is

enpl oyed. Phosphines wused in this inveq%ive process are trimethyl
phosphi ne and phosphines wherein two off RR, R and R2 are nethyl and the

remai ning group is - Ccl2 1 | kyl , eqg dinmethyl, qctyl phosphine. The
i nvention can be i |T$§§F?§P8@"Pfﬁ-'°?ﬁ@¥‘wﬂh tﬂﬁf%ﬁéhﬂ?@%&ﬁéﬁh‘#ﬁée@m nto a
stainl ess steg} pregs S L Hheg- yv t] Lrrer o 15 was
charged al ly! al cohol H{@ %?S?rﬁﬁi}%ﬁat %?%@E\%E?g(r%)g?&aﬁ% ?é ‘é%@g?ﬂy
conpri sed of sapatated fiooehe caalystby eytrantioh onsaeuupd didtliagionbrbbeaures) and

di met hyl dodecyl phosghine.(0. 36 1.6pmpl ).. The vessel was flushed with
Sy gad (001 1. 15 ~ IS it Becirhesiuiihe iinerdin, S SimetyiBesAES and
heated 150 75Gsedhipnpresd Ii%hr‘t@ﬁré%ﬁ.“hbb%‘??c?l}t? rdtfls 4r@ AEhiBOSY Boft whgfegegi ve

conditions at 20 which tinme 75% of the all al cohol had reacte
the fol | owi ngthe¥paed severite seacignprodegyraisyerbpioyerhas aboedeyaibedyastet hy|

React 1 on  empdias ahdike va SeEBE i Rngtiche el JRBGARITA, 400

psi g, and the usedahni s Ewehiivelprbcess =78 tAseiHyl ?ﬂé—épﬁiﬁ@ andupBospiinddre 25
end of this tinme allyl alcohol conversion was 100% and the follow ng yields

wer e obt ai ned Wheasiniwa of ik Bnand K. ase methyand tbe pgmaining-gspup ismber 8, A
i el dyofsnll % Al | |. 8 OCT 2003 . .6 Ex | 2
! compar a8 ve) A% SPARH, ot dr3BHingT? ure a

(conpar at’i ve) With a simlar feed m xture at 100C
and The invention can be illustrated by the following exampies. :

Exampie 1

into a stainless steel pressure vessel equipped with a magnetic stirrer
15 was charged ailyl alcohol (2 g, 34 mmol), toluene (30g), and catalyst
comprised of rhodium dicarbonyl acetylacetonate (0.04 g, 0.16 mmol) and
dimethyldedecylphosphine (0.36 g, 1.6mmol). The vessel was flushed with
syn gas {(CO/H, = 1/1), pressurized with the syn gas to 100 psig, and heated
to 75°C. The reaction was carried out for four hours at these conditions at
20 which time 75% of the allyl alcohol had reacted to give the following
selectivities: 67% 4-hydroxy butanal, 2.6% hydroxy methyl propionaldehyde,

11.8% 1,4-butanediol and 8.3% 2-methy!-1,3-propanediol.
Reaction temperature was then raised to 140°C, reaction pressure
to 400 psig, and the reaction continued for an additional two hours. At the
25 end of this time ally! alcohol conversion was 100% and the following yields
. were obtained: 74% 1,4-butanediol and 13% 2-methyl-1,3-propanediol. A

yield of 11% was obtained for isobutanol.



200 prig for 2 hours. At .the end of -that—time, ally) alcohol conversion was
100% and the reaction m xture gave the follow ng yields: 62% 4- hydr oxy

but anal , 3% hydroxy nethyl prop ional dehyde, 6% 1, 4- but anedi ol , . 8% 2-
methyl - 1 3- propanedi i ol , 16%|sobutyr al dehyde, and 2% sobut anot. These two
e>karrp| es show t he beneflts of running the fi.rst stage at mld conditions
to obtain a higher -linear to branched.ratio and | ess C4 by- ggﬁ z

Exanpl e 3 To show that ot her di net hyl al kyl phosphi nes can al 5o ea for
this one step reaction, exanple 1 was repeated using a catalyst conprised
of rhodi um di carbonyl acetyl acetonate (0.04 g,g0.16 mmol) and dinmethyl -n-
hexyl phosphine (0.23 g, 1.6 mmol). After 4 hours at 80C and 100 psig, .82%

of the allyl alcohol had reacted to gi V%%—d%%& iel/fct ivities: 65%
4- hydr oxy butanal, 2% hydroxy nethyl - 1, 4- but anedi ol ,
and 9% 2-net hyl -1, 3- pr opaiExénsle Wéﬁrepé\atbafmﬂféfsiﬁﬁl%r"@éd Hhigbre hf‘?é@@&ﬁd
"to 140C, reaction pressure to 400 %@ d the reaction continued f

another 2 hours. At t289 psigiipred hewms: &fl endl ofythatdtiroe ally! abnhelrmvars:on was

was.lOO%and'the_rea Q Xt ure gay Id of )

1, 4-but anedi ol and 1 OP?RQQ%?%WQT r?"%‘l"&%fﬁ@ofﬁﬁ%' W%’MGX"Z éé)‘k4hydroxy
(conparative) The t Wrusdri e3%e rb?jﬂ mxﬁﬁ%pﬁobic@ﬁldé%ydéses% 1,4-butanediol, a% 2-
triethylphosphine as I|gand hosphi ne’ |'i gand” has been. reported

the literature. I|ntometbyll, aﬂ?é%Ba%Q del, 1@%!5@@”5"&’@@!3%18 aqdlaﬂbmbmannla
magnetic stirrer was. char oh t oJ.ue

and catal yst conprised of ﬁgﬁbéé&%%&%g%bﬁt%m&@ f[';sﬁ'% gen
di carbonyl acet yl acehtiteésnditbrid4odbtdin kb higher Jinddido mﬁm&iéayﬂaabmhw@cﬁ By-18
g, 1.6 mol). The vessel was flushed with syn gas, pressurized to

psig,yand heated to PORAUCHhe reaction was carried out
To show that other dimethylalkylphosphine§ can also be used for this:
. one step reaction, example 1 was repeated using a catalyst comprised of
thodium dicarbonyi acetylacetonate (0.04 g, 0.16 mmol) and dimethyi-n-
hexylphosphine (0.23 g, 1.6 mmol). After 4 hours at 80°C and 100 psig,
82% of the allyl alcohol had reacted to give the following selectivities: 65%
4-hydroxy butanal, 2% hydroxy methyl- proplonaldehyde 13% 1,4-
.butanedlol and 9% 2- methyl—1 3-propanediol. - |
 Reaction .temperature was then increased to 140°C, reaction
) _pressure to 400 psig, and the reacﬁo_h ponﬁnuéd for another 2 hours. At fhe
end of that time, 'allyi alcohol conversion was 100% and the reaction product
mixture gave a yield of 72% for 1.4—butanediol and 12% for 2-methyl-1,3-

propanediol.

Example 4 (comparative) .

The two-stage reaction was carried out using triethylphosphine as
ligand. This phosphine ligand has been reported in the liferature. Into a
stainless steel pressure vessel equipped with a magnetic sﬁner was charged

allyl alcohol (2 g, 34 mmol), toluene (30 g), and catalyst comprised of



for 2 hours at these conditions at which tine 78% of the allyl al cohol had
reacted to give the followi ng selectivities: 55% 4-hydroxybutanal, 37%
thydroxy met hyl propi onal dehyde, 2% 1, 4- but anedi ol , ~and 3% 2- metgyl -1, 3-
propanedi ol . Reaction tenperature was then increased to 1260 0@addl3on

|pressure to 400 I g, and the reaction was continued for hours
At the end o (Qt /%E"?&tl me, allyl al cohol conversion was 100%%%@?23'? ds were

'57% 1, 4- but anedi ol and 39% 2- met hyl - 1, 3- propanedi ol . Exanple 5
(conparative) Another trial kyi phosphi ne «ﬁt her than triethyphosphi ne was
used for the. two-stage reaction. The above exanpl e was repeated using a

catal yst conphbagsh ofd,éd}ggg ﬁfﬁ‘gﬂaﬂétf &W&a to qbe @'%@ﬂrgﬂgo 16

nmol ) and tri-n-butyl phosp ter t 70C

and 100 psi g, tighyiphospiiee . Il&g, tBaninal). e \resaeltmh flies held it $yn ?@J | owi ng
sel ectivities: 520/ 4- %gbﬁegbuta al, 33%.h g g,h ymet hyl propi onal dehyde, 5%
1, 4- but anedi olP S%Lfﬂfe?a iyand heatsd 48 /He © IR8ELAN was carisdratur e was

then increasedot 0 HeAREat {36 !coRitioRS ¥ HHich lithePbeit thle aﬁ@anééﬁ%lu hg&ct ' on

was conti nued for another hour s. e en at ti al cohol
conver si on wadeaded tor Befeyﬁhel ibliowing sélﬁ&wltlels bﬁﬁ%nMydfm@bdtaai%S'l%

carry the + oad VRS BeRyBPIETRBROGHRICEE dHECHEDRSIeh Ak T demBIVEAG | r St

stage in viewpbpahediolexcessi ve reaction times which would be needed. - 8
OCT 2003 8 CLAI IVB 1. A process for the production of 1,4-butanediol by
hydr of or nyl ati on ofRegatiph tempstature\i was athed incteasgsks tei 12000 t&actrgna

t al yst f di d
Shospii ne haviRiaSsy® eUtB R fs i Bthe BRI BF Sadneladoithes o)
carrying out tAwahéeedef dattimel alﬁnﬂa%bh@l%cﬁﬂgrs?érﬂwﬁgaooﬁ/@ Tilyikida wepe- 100

psig) until at_|east 50% by wei ght of al I'y al cohol has reacted,;
57% 1.4-butanediol and 39% 2-methyl-1,3-propanediol.

Example § (comparative)

Another trialkylphosphine other than triethyphosphine was used for
the two-stage reaction. The above example was repeated using a catalyst
comprised of rhodium dicarbonyl acetylacetonate (0.04 g, 0.16 mmol) and
tri-n-butylphosphine (0.33 g, 1.6 mmol). After 3 hours at 70°C and 100 psig,
75% of the allyl alcohol had reacted to give the following selectivities: 52%
4—hy'd'roxybutanal, 33% hydroxymethyl propionaldehyde, 5% 1,4-butanediol,

| and 7% 2-methyl-1,3-propanediol.
| Reaction temperature was then increased to 140°C, reaction
pressure to 400 psig, and the reaction was continued for another 2 hours.
At the end of that time, allyl alcohol conversion was 100%. The yield were
56% 1,4-butanediol and 37% 2-methyl-1,3-propanediol.
It should be noted that it is not practical to carry the reaction to
; completion under the mild conditions of the first stage in view of the

excessive reaction times which would be needed.



and b) continuing the reaction at nore severe conditions of 80-1401C and
791- 6996 kPa (100-1000 psig) to form1, 4-butanediol. 2. A process
according to claim21 wherein the phosphine conprises tri-methyl phosphine.
3. A process according to claim1 wherein the phosphine is of the fornula:
R(CH3) 2P wherein R represents a C2 to C20 al kyl or C3 to C20 cycl oal kyl
group. 4. A process according to any preceding claimwherein &) Q8[cz3i ed
out * until 60-90% of the allyl alcohol is_reacted. 5. A process according
to any preceding claimwherein a) is car rfed out at 60-80C and 308 to 791
kPa (30-100cpgigk.until 60-90% of the allyl alcohol is reacted. 6. A
process according to any precedi ng claimwherein the sane COH2 gas

mxture is used dluring psoessddr MRGbrodeRIdH of 7,4-KutRhOKER | ' y
preceding claimwherein the nolar ratio H2:COis from%@‘?frg?l : aﬁ%%

2003 9 8. Aty sdeadwl yithhp i Qi tgasanixtpreecsing ag:achlgsteovhprisédnof Aodidiadirym

conpound is %gri hodi um carqb)ox&l [of0) Ogé%i 41 - 8 OCT 2803 ..I1F 11llor nr

Appl | cst n RIS BR1GERPRID3nY 7 Rially! ptgsepinerhayingratdeestrtoro mpatheRgrREs7

C07C29/ 16 CRfchlbgteBlorRbi4 AQGAN I |l qnal P

dasal ficatlon (1 PC) or toE)l:;ot hét}nat orta ‘Jgéi‘??f"ﬁﬁﬂ’( ﬁﬁ i Fﬁéﬁ@oc’r_q: EP$H308

SEARCHED  to 791 kPa (30-100 psig) until at least 50% by weight of allyl alcohol has reacted:
and b) continuing the reaction at more severe conditions of 80-140°C and 791-

6996 kPa (100-1000 psig) to form 1,4-butanediol.

2. A process according to claim 1 wherein the phosphine comprises

trimethyl phosphine.

3. A process according to claim 1 wherein the phosphine is of the
formula:
R{CH,),P

wherein R represents a C, to C;, alkyl or C; to C,, cycloalkyl group.

4, A process according to any preceding claim wherein a) is carried out

until 60-90% of the allyl alcohol is reacted.

5. A process according to any preceding claim wherein a) is carried out

at 60-80°C and 308 to 791 kPa (30-100 psig) until 60-90% of the allyl alcohol is

reacted.

6. A process according to any preceding claim wherein the same CO/H,

gas mixture is used during step a) and step b.).

7. A process according to any preceding claim wherein the molar ratio

H,:C0 is from 1:3 to 10:1.
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