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Fi he Inv

10 The production of butanediol from allyl alcohol is a well known and
commercially practiced process. See, for example, US 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 reasans, it would be advantageous to produce butanediol from aliy!

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
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PCTI EPOQ' 02743 B TAN | 'PRODI &Tl1 ON Background of the | nvent¥ 5 e present
i nvention provides a process for the production of butanediol. fromallyl
al cohol by hydrofornylation at conditions of varying severity; preferably,
the same CO H2 reaction gas m xture is used tRroughout the process. Field
of Lhp-.invention 10 The production of butanediol from.ally] alcohol is a
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nerally, allyl al cphymglecataipacipslems hhd %ré?r#iﬂ%%%@é(wé&m‘ﬁfbwrr]xgxtﬂr_e_.

rhodi um - phosphi-ne catalyst systemto form4, butanal 7t
hydroxy butanal is dojiatnattheliregstion ismarnied cultatirglatively mild conditions afdemperaturd

hydr ogenat ed over a nri”cgkel' catal yst. .to formb ta%c}i ol . .See- U. S. Patent
5,504, 261. The aboveEYRPETHIE fauor the Spiectionf lipswr feaction pejdugts, Using:

catal ysts and gisualg béfﬁlﬁéteéy%?émrétﬂﬁﬁﬁéfﬁa 8% !éﬂoﬁ?di‘ﬁ ec%rﬁﬁl.{rﬁaﬁnd gjn. Lihatic

reactions. For obvious reasons, it would be advantageous to produce
but anedi ol from al | yahosphiaec Subisequently thel reacticn isgoatinaedivith the same watahdt

preferably using onl ne _reaction,gas mxture. .It has been reported, for
exanpl e, in Kokai hﬁ&s%gﬂ-aféga?fﬁ?bl ﬁ‘\&iﬁf’"ﬁ"& eqactipn (gasg miivee., & 'BPrecseveR
produced fromallyl rébéﬁ&ipéoridi!iﬁlsqa%wﬁh%lm?&bhfé'ﬂeaibﬁtem using a rhodi um

and trial kyl phosphine catalyst system 25 However, a disadvantage of the
proceds described in S52-Theeush iaeliee of elhgt inventiom,owisadvantages 10f the prior

he-Tvent i on B 1 Prdsisies of 1B o RE NS atbef. colaydth AHLC i, sSaifaRon of
provi-ded for - 8 OCintaffiadiafe proelupt betwdenoreaetiofsihrn adbidbd ynd hecttionf af4
2 sTngt e react i on gagtanedlrs2 Fibinflof o) BoprosiBL s thR wrockit I snisendy -
relatively mld condhhhf®sd. of tenperature and/or pressure which favor the

formati on of |inear reaction products, 'using 5 a catal yst system conpri sed

of .. a rhodi um conpound Asdngther featyiga aiforther novel reaction is provided wherein allyl -
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,, cycloalkyl .
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



phosphi ne. Subsequently the reaction is continued with the sanme catal yst
system and preferably the sane reaction - gas m xture, at nobre severe
reaction' conditions to formmainly 1,4 butanediol. Through practice of

t he invention, disadvantages of the prior 10 procedures~df 0ChelllEe of two
di fferent. c@ide%sis and the separation of internmediate product between
reactions are avoided and. the ratio . of 1,4 butanedi ol tSC“z"ER@(%W 1,3
propanedi ol in the product is significantly enhanced.. As another feature,
a further novel reaction is provided whergin allyl 15 . al cohol is reacted
with CO and H using a novel catalyst system conprised of rhodiumand an

al kyl phosphi ngerfy ). i tapnl t .-t of R
R, )e/md R2is a rre{)?lylérg%gﬁgw %@g&oﬁgpc\ﬁcwé%mﬁgt&B fﬁgfpﬂﬂy\p@e a
to €20 al kyl oma@r 1oixtores of dCaam IH,gamupseful dSUgHIBE @t Lah begn found
that 'the use . h ines.significantly inproves the linear to
branched pr odugéngrlggf%.iy %‘éf@@ﬁ%&aﬂ@j ngsﬁFf%Pflsng%Egp&aﬂ Reenplpyed. (The

nvent i on, al| yaosbaahebnduetdd dtthedeMRdE%oHaliBns BRI ZpleBotiianBt gPFRCE Of 2

rhodi um - trial kyl phosphine catal yst systemat relatively Eact i on
condi ti ond whi 8lyls?Icehgl has masted, tag. 6 bniS08h ihie piodeats beimy rgelyhan

branched reactj lustrative reactiqn condjtions are - 8 OCT
2003 WD 00/ 631512&8%%‘?%%?@‘74?%% elu#Rd branghed reactien prodiestsoC and
pressures of 30sk8ly psir@ictibhltimgodfat Bi X tAEGS %Bh%gearﬂﬁdéﬂ' ?cﬁ{oﬁ’tio‘ﬁiefsm

p

al though the ratio can vary considerably and partia ressures of
5-30 psi can badeayatsyed. The reaction is conducted at these milder

conditions until a . L.0an 5 al Ly/. al cohol has reacted, eg. 60
to 90% the pr oductghgg?%t%aﬁggﬁ% CQBEMM%U?%W %tgﬁs%tﬂﬂﬁr&nedi ol

and braandBed r sewéreocorpiitihscéftempesateld ¥nd presdiirk 08g ! fefbefdturest & do-hours at
these m | der C%&Lél ons is adequate. The reaction I's. then continued with

t he sanme cat al (ANdier tatglerressures \af - 006Q tsishs Toe same &QMHygasand
essire, %0 hemmshiSoiel S IR Gk S SaE1 e, 0

psig. The sane 2 gas m Xxture®can be use
severe condi t i butanedinl isformedtverilecthe lhigts ratior ofitheah it BranBRed beducht jso of

| i near to branche oducts i substantially retained. CGenerally reaction
ti mes of 1-10 ﬁ&ﬁqgﬁﬁ‘ﬁgﬁﬁ&'?ﬁfie@eﬂﬁr eiRadicadimes poird Odiours aldhe spereate. In
an illusygati vee\RiFE@@naRiBhs 8fe-Abtophy@Ntion, allyl alcohol and catalyst,
preferably with a suitable solvent are charged to a reactor to which is

al so introduced t helrcanHilusteativei embgdiment xafuthe. inveatior aallybraldohohaatied t o
20 reacti on ¢ FEAUSE PETRERY WY A OIS spRDl av e dnch abpaor fwbigh oo
Pref erably 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.



agitation is provided. Thereafter, the tenperature-of the reaction m xture
is increased along with the COH2 pressure to the nore severe conditions
for butanediol formation and these conditions are maintai (il until the
desired conversion 25 to butanediol is achieved. The p.ro&zl[bzft #iUxt ure can
then be sepavaowei@ t her by extraction of the diol productecirkmoygser or
by vacuumdistillation of the diols fromthe reaction mxture. 8 OCT 2003
WO 00/ 63143 PCTI EPOQ 02743 4 An inportant feature of the invention is the
fact that by carrying out the reactiondfirst at relatively mld conditions
foll owed by reaction at nore severe conditions the selectivity of the
overal | reaction tAnimpértant featdeaf thevefition ishke Pact tiestbycedrryas et | S
significantly inproved with the production of the 5 branched 'diol 2 -

methyl 1, 3 -th§riGashenifist qtéﬁ'é&\é%lgy mildcranditions felipyed py seadtion afmetee
| nvent! on ot é@erdlBhaiibAL ROty SAhe Berli rédcliof i1 A Blftinedfl Gy €201 | Y
enpl-oye

achi eved. The catal yst systens are those derive diumor a

r hodi um conpofantheapriferredipiogupt) issqigrificantip fmprioved withitiee prsdluefion et kyl 10
groups are net hyl third is a C - Cl12 alkyl dgroup. A m xture of
Hyed.

and, th ¢
carbon nmdnoxi @%ﬁhﬁ‘qtﬂlﬁlr gg‘eﬁ‘ef"y' drpt opeepangdind red nindeed.i thsough hydr ogen
to carbon no I I qn%p %mfh . : ref. ly 1:2
to 2:1 and non@iélcggzkj gFﬁae{;ﬁyé :I -n t |Igj%eu§gaerﬂclhgpfd§oﬁa ng%ﬁilaea%@gﬁﬁ%é\ﬁse
t he. sane gas amexeadiy abhievedhout the entirety of the 15 reaction although

| ess advant ageously the copposition of the gas can be varied. The
i nventive process f%%‘éfvéggﬁi%as Smp?qvﬁd@&% Se ‘@'&VFF' Hegughagium or a
sem cont i nousy ; ' iri ; i j ctice of
The. i nventi o CRN™ o AN RO BInE Ppgspin® WERE R B 1 BRI 0% e
H2/ CO g8 ni xgroups lace mathyleahdabe thitd ised Gt + CgJ) alkylrgrowp.condi ti ons which favor

formation of |ineay hydroxyal dehydes over . branched hydroxyal dehydes.
Reacti on tenper at 5'_%'%6‘(9 9%‘*@%@ deAnd hydsegernis %{%/619)5? 'Igeﬂe_éég’ures of
30- 100 psig (rﬁoﬁﬁhﬂ%’%‘éﬂﬁ)ﬁﬂb?@ﬂl t@c:amrﬁsneisdehﬁ/t@z)ga 1!@#0 Rgli G and this

first stage reaction is coniinued for 1-4 hours. ereafter, the
reacti on tenpnelayed, peeferably 1t 2:4 S8l mosCpeeferablyr &dsut és espekBallyl 000 psi g

and the react ' t d.at_these nore ever.e ndi t j.ons r 2-4
nour s mor e TARVArkRcR e W o 85 Rl B G TRul B ahtiely ol B 5 e
same H2{80 gaeaBtien @itRough Rissdvantaguedsiy thd ebmpobitisd @F thPgad-tar Ya3 WO
00/ 63143 PCT/ EPO0Q/ 02743 5 The reaction product m xture has at- least a 3/1

ratio of 1, ﬂadli’pan_edi ol to 2 - methyl 1, 3 - propanediol and these
products are CO”Y%@WHJ%&@}Q@&%%J b Bl %gi ig Ké&hbﬁoﬁ@&%@br"”. or
vacuum di still ation procedureés. ere, In accordance Wwth the 1 nvention, a
di met hyl phossgimiceniiroussmodecontimpoos iscpreferssd. t o branched product ratios
are achi eved both Y\/mere . . . . i .
~ 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.



the varied severity reaction procedure is enployed as above described as
well as where a single set of reaction conditions is enployed. Phosphines
used in,this inventive process are trinethyl phosphine and osphi nes
wherein two of R, R and R2 are nethyl and the remaini ng 8dpzlud c2 - ci12
10 al kyl th octyl phosphine. The invention can be illustrated by
t he fO||OMAn688&§Hﬁ¥eS Exanple | Into a stainless steel pr&d&RIBssel
equi pped with a nagnetic stirrer 15 was charged ally! alcohol (2 g, 34
mmol ), toluene (30g), and catal yst ngglsed of rhodi um di car bonyl

acetyl acetonate (0.04 g, 0.16 nmol) and dlnethyldodecylphosphlne (0.36 g,

1.6mml ). The vessgj.h was fl ushcg-}%vm t.h é: /1), pressurl zed
with the syn gas td"E8agendr sqt 3?5 EOPfebcﬁb'éiﬁ“ﬁﬁEQ carri ed
out for four heurs methyreses Cﬁi?@?éﬁafmél i et bl s”§re7§é§@éruéﬁ\ﬁfda”yl

al cohol had reacted to give t oW ng se trvities r oxy
but anal , 6%5Bpamq/frnmth9 cataiyspby estratdiby de vaculin 8itillatibniproasscies! and

8. 3% 2- net hyI anedi ol . Reacti rature_was then raised to
14(500 reaction pr e%ﬁg@ I} geoRsHanE B‘"tﬁgh %“F’%a%ld%ﬂh&'oﬁ’ﬁ?w for an

addi tiong twsBAUintprodéd liméar t& Bradtfe8prédlice rétld%%r@lakﬂllevéééﬁﬂﬁphg:égwer sion

was 100% and the follow ng yields were obtained: 74 ut ane and 13%
2- et hyl - |, 3- e panediseyeninreagtion gpregedule ineamplopér a$ abovd desdribeiduasanol . 8

Foed mxt ur o NPTEORCare A SBRRYST b o8 Ehifans WERAGREE Fhoshies e,

al l'y) al cohol ugedMviarthisoimveatve ﬁ%%@rmletthmef ho§phife >andr é@%édﬁe
follow ng yields: 62% 4- %droxy but anal , Smﬁ’drg(h nmet h ?h

i onal dehyde, &9eteintygiofFeffi and Rasre metex! japd the aerpalamargéqupaﬁ Cz 1@}@
i sobut yrsg dehy q& %@.ﬁe{ﬁyﬁ&&wpﬂ&p@n@h%e two exanpl es show the benefits

of running the st age conditions to obtain a higher |inear

to branched.ratio Jime ihesrtiof4ah\be ifustchied by tHex folfplvingexampiéew t hat ot her
di met hyl al kyl phosphi nes can al so be used for this one step reaction,

exanple 1 was repeated using a catal yst conprised of rhodium dicar bonyl

acetyl acetonate (0.04 g, 0.16 mmol) %ggmg@gt hyl - n- hexyl phosphi ne (0. 23 g,
1.6 mmol ). After 4 hours at 80C and , 82%of the allyl alcohol had

reacted to give thdéntbc stamiess steel presswretvessel eﬁ&iﬁpedﬂwmydmgnduutsanet 2%
hydr oxy thyI propi onal % 1, 4- bugapedi o nd_9%

Y e B 5 ashERaiaRl e AkeRoL 12 (& rrmh o ke (ks andh catabt -
140C, reacti or&onwreaalafehé&u:ﬂ%aﬂsbw a@ef}léc@ﬁ:rra@@ed 044, 6. etmm&)daﬁd)r

69
another 2 hours. "At the end of that” tinme, al 361%1 al cogo conver'si on
was. 100% and tdmeﬂvmﬂeoﬂplmsobw(o 3ﬁgct1Lﬁmmgav & vessel wast flushedfwith

Lot anecd, ol B 1R 1) b o AR AP APk B SRRp s heare
triethyl phosphy 78°@s THeI rﬁﬁdﬁﬁbn deiu carpied vbfardolr parsat thesd eenditiopsat ed in

the | I}t ezroat o %Vhléll;l tlme 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 allyl alcohol conversion was 100% and the following yieids

. were obtained: 74% 1,4-butanediol and 13% 2-methyl-1,3-propanediol. A

yield of 11% was obtained for isobutanol.



stainl ess steel pressure.vessel equipped with a magnetic stirrer was
charged allyl alcohol (2 g. 34 mmol), toluene (30 g), and catal yst
conpri'sed of B OCT 2003 WO 00/ 63143 PC7'/ EPOQ) 02743 7 rhodi um di car bonyl
atetyl acetonate (0.04 g, 0.16 mml) and triethyl phosphine (0.18 g, 1.6
m%ml) The vessel was flushed with syn gas, .pressurized to 100 psig, and
heated to 70C. The-reaction was carried out for 2 hours at t@eqtg
conditions at which time 78%of the all yl al cohol had reacf zjl ve t he
foll owing selectivities: .55% 4- hydroxybut anal, 37% hydroxy net hyl

propi onal dehyde, 2% 1, 4-butanediol, and 3% 2-meghyl - 1, 3- propanedi ol .
Reaction tenperature was then increased to 120C, reaction- pressure to 400.

psig, and the reaction was continued for our At the end

of -that tine; allyl alcohol conversion M(% i’l 85 were 57% .
1, 4-but anedi ol and 39% 2- Example &a@rr@péﬂédlmthaﬁmlmlféeén{;ﬂﬂ@ﬁf %ﬂd@énd
Anot her trial kyi phosphi ne other than triethyphosphi ne was used

two- stage reaction. RO paidie 2hans Atihe anshefdhaldinne, ailyl alcoholado;wemon was
d of rhodi 0.
comr 5 o v e haned g 96530 3P Dk T s,

75% of the ally! al ceuednd)ag8% Bydrofy niet g I _
52%(; 4- hydr oxybut anal , 3n3% hydroxyjr?rgt hygz;)'::gfdgﬁyeﬁwé)%% 1%&5“&‘“ 8%82

1, 4-but anedi ol , and MEihg-hatpRopanediobr! Ub‘lfaldﬂmiﬂ. iaod Ténqnhutannte was

then i d to 140C, d.th t
wscont | nued for anot her 13e e RERRHRA Shdif 15 et of Rifind frel oL agR At
conversion was 100% rifilecotiditiohsverdbtain @ highér e e Brdhcralckadis 4nd less C, by-

2-nmet hyl -1, 3-propanediol. It should be noted that it i's not practical to
carryythe reaction thOCBl‘iFFpI etion under the nild. conditions of the first
stage in view of the excessive reaction times which would be needed. - 8

OCT 2003 8 CLAIMS: 1. A process.for the production of 1,4-butanediol by -
hydr.of or nyl ati on of. al | y] al cohol vvlth a CCEkarhPleghs mi xture usi ng a

catal yst conprised of rho | or 0 und and a t
phospﬁl ne hgel ng at | east ? ﬁﬂﬁgyFW@‘?sBPBE§§" e&-&&%@f%m
carrying out the hydbﬁé@féﬁ/ie&bn@@ @:an?ﬂeaoﬁa REpeHie u§iﬁg7a9éat55§t é&ﬁpﬁé& of

psig) until at |east 50% by wei ght of allyl al cohol has reacteéd

conti nui ng the reactiegiym qmogﬂv@eé"%@ﬁ&ﬂ@ﬁﬁoﬁ%’%& 8J61mond andi dmthy 96
kPa_ (100-1000 psi Q) h@; nﬁ}?se?&?geqlé)hw&bh 9%9%%%?533{:@9‘@%9 o St m

1 wherein the phosphin I et i ne
according to claim 182/%ezfé‘lmaltwhelqohoblp¢d raacted m‘glvmthe ﬁoﬂomnigaselét(tm}s%’é%

robess acordimg o BngTesyoBOAD' 2%, Moy et PRl Pt 0"
butanediol, 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



until 60-90% of the allyl alcohol is reacted. 5. A process according to any
]pr.ecedi ng claimwherein a) is carried out at 60-80C and 308 to 791 kPa

| (30- 100 psig) until 60-90% of the allyl alcohol is- reacted. 6. A process
according to any preceding clai mwherein the same CO H2 gasB B0t dbi8 i s

jused during and step b). 7. A process according to di ng
.clai m\/\herei‘ﬁétﬁ(ﬁﬁeﬁ)r%ol ar ratio H2:COis from1:3 to 10: 1. Sﬁ%ﬂé@gg 9 8. A

"process according to any preceding claimwherein the rhodium conpound is a
rhodi um car boxyl conpound. 4 1 - 8 OCT 2803 ..IF 1llor nr Appllcst n hto
PCT/ EP 00/ 02743 A. CLASSI FI CATION OF 5 EJECT HATTER | PC 7 C07C29/ 16

C07C31/ 20 BOL 2d Al t %?EEB'I’ na t ent al ficatl (IPC) or
to both nati oﬁgﬁegﬂgs%ﬁ%%Wanﬁewﬁ . ii—t%EL SB%E%CI-QEBM %‘W@ungﬂd
doaanenftti on tdethylphedpliide (.18 gcabimmol)aMhiecldseglasasffushedalitreagay r nbot )

| PC 7 CD7C BOLJ Doct nentafion searched other than rNnerxm doasnennbon to
the extent t haﬁfeiﬂifﬁgﬁ&ﬁé‘hi’@gaﬁ*@ hﬁ%’?gd@asl G- tihe reaFtirn waacaried ®tect r oni c

dat.a bees corwAed rHué ' ; and,
where pr acticaé{e seﬁcﬁé%ﬁggﬁs&hégg?b%?Q%Wém%%@@%gg EL EVANT
Cat egor yl ] t addaaeteddisogiventhe fallowingnselebtivities: b5 dhydapybatasal, G7% he

rel evant pass | nt_to dale . AT ABITRACTS OF JAPANL-9 vol .
001, no. 120 ?%%g%’%g@f ‘2’58?’88%‘@'1% Z(é)ggﬁg%ng;?ﬁgngg %’@?ﬁ%@-% ( UBE
IND LTD), 2 Jrgpdfedioll 1977-07-02) cited in the application abstract XEP 0

151 822 A (SHELL INT RESEARCH) 10-14 21 August 1985 (1985-08-21) page 2,
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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.
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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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