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about 30 t® ¥g sum e'ug‘rt1 ocsf ‘t/he gas Wit ctiéht! ;U tﬁ@]idiopjﬂ&ﬁ wth a
mag- In the &P Qeﬁlﬁch as Cfﬂsﬁle WEiRditatdthe t Réncent@tionCandl {the c(EVerMSOmemYbed with
50 m of 60 cdxﬁ}ﬂ&ﬁbﬂfﬁf&ﬁdﬁ@&hﬂdﬂﬁﬁhﬂ) autoqlraVP heneg ghe 1 shipy agween ithsy ng pressnd0 5
predet er m netwa&aﬂbmﬁ topfook pad thy g5 Z%go Fhasaf F‘é‘& rﬁ%}g‘ ﬁﬁf%ﬁpﬁ t‘éreeal i s not
a phenyl ﬁo% m tjwlﬁf ﬁfé Q' Exdhipeisi sBovaajaaluble of
varying the dhindA Sndedved aﬁ)dlﬂlged bniotvh argon gas ratio of the

present i nveuu un W| | —naw gstra: 115 1By@ds vRAuded. The
ﬁg é&ﬂ TIoUD (%ﬁ ydes'p.
0

product . 3Accord| ngI y, the and 250 eIs of propylene were fed into
rhodi um concentrati on can be determ the autoclave. The autoclave
was then ad- 65 considering bOththelrmrn d to the
predet erm ned tenperature and 1319 , 4 Partial Pressure of Water Gas (kg/cm®)

1, 440, 413 40 Reaction ota e rea Was, i hitiated
by i ntroducing aTe #eed of Bgﬁzfrz ehydef;}t %1‘51& %Elgggilcﬁﬁd gas of

car bon nonoxi de an dr ogen ob%w—eed—hﬁ—eaeh—ﬂ—ﬁsmm—shomed t hat
(molar ratio of [errl]m co=1. 17) t@Oa pr edet er - he conver si of propyl ene

was nore t4fan 20 mlged pressure75I n order to sidpplenment thgg 99% and the
selectivity to butyr} dehydes 5 ggnsunption of ghe gas due #0 the reaction,
was nore than 98% appi xed gas hmoi ng the samel®ol ar ratioll® In the

fol |l owi ng Exanpl es andl Ref erencel®as supplied ({i%grl ng the re}%tl on to the
Exanpl es, the pressuf® is indi ca%%d in terns autgpocl ave fronpg a gas bonb
connect ed to of a t@pal pressuregp Al though thesgpartial 25 the autoclave

t hrough a neans folg ma%nlt ain- préssure of watef3 gas cannot The defined in-
10 ing the gas prSelsenty 0tvbﬁf"@the ut cla e dently since the
partial pré&Ssur e Wit iGaucertagig of %ﬂ%}'m‘f hemglgﬁgtﬂcn%fﬁﬁ‘g&n the—gas—wit h t he
reaction tenperature, the propyl ene ceased, whi ch was COI’ISI dered to

indi cate the concentration and t hEXAMRLES i ©n7 of propyl - conpletion of the

reacti on, the agéﬁcl ave  ene t he [ ,Stabc%}rhﬁﬁﬂe%th%é’\ﬁr%dﬁrgﬁs {eptonth ppg-es- 30

d o
was al | oved E‘s}ﬂ &%lcéin&aég?@@&ﬁen&mebf 16 tig@edlick dfheluanacadeulagdsaspart i al
pressure under @bﬁ&tal end sesptibrtlcophisisns usdrie tissetxempleviand gheys/é ratip REMPeact i on

condi ti ons usedsitingthheraEehidpl ers skmoRetBE2ARY- t o deternine the amount of
and Referer%ge Exanpl es is shown in Taglg goropyl ene which remai ned unreacted
and the elow. 35 TABLE 1 Partial Pressure of Water Gas (kg/cnferr]) 40

Reacti on Tot-al—Ferperatdre ressure At
Initiation At Termination (err) ?{{%‘L}é”@sf of

React i on 10 of Reaction 120 Reaction h11n71 4

19 45 Rl Total Pressured0 Temperature (m mole/litre34 49
120 Exaﬂlﬂ?(ﬁo. (kg/cm*G) 5¢°C) toluene) 74 12161 Ratio

oo 84 50 99420 10 120179

104 75 112 120 75 160120 1 144166

159 50 130 75 200 120 10 184 180

199 90 4 20 75 120g ?g 20 éé

2 s 38 % 50 g@ 1 1.50




Sol vent: Tol uene 55 Initial Concentration of Propylene: 5 noles/litre
of toluene EXAMPLES 1 to 7 60 These Exanples were carried out in
accordance with the procedure as set forth pre- viously but using rhodi um
at a concentration of 10 ng per litre of toluene cal culated as rhodium
nmetal. The reaction conditions used in these Exanpl es and the n/j @of

the resulting butyral dehydes are shown in Table 2 bel ow. 65
TABLE £ Concentration of Tri phenyll%bo‘ﬁ- 70
ARt

React i orr @“ re—Reference Pressure Tenperature 5(m
mole/litre mmi Rg:‘l!;ltgaig bsgt/S_hdﬂGh Table 2 above veR 5o obtained when the! U€N€)
n/i Ratio Yas carried out using relgeatggl n; a colntmuous _REfkr or when the ab(_wl eaction
1.79 75 arating the Zesultin butyraldeh;des ‘?rl?mystt-con?clgmg toluene é_@@o_n obtained by sep- 1
166 3 5 7 § llleG on mixture by distijlafion 1.80 4
75 120 REFEREMNKCE EXAMPLES 1 to 10L. 83 5 100

1. 78 6 50 120

120 These R AT : .
1 forth pievﬁgsrleméeltEl)lcgmples were garried out in accordancggsllrllth the procedure as set0Q

) . ng rhodium ‘in a concentrati i
triphenylph@@ghine at 5 concentration of 1to 30 m lrgglegfpé litrg o%e:ol{;gnee I toluene,]_, 440, 413

10

Conpar abl ePFEYE fefsthang30tkg (pseGs Iibpumesils obalbdard sibh@ Ve TIH £h v%S "¥#t ai ned when
t he above reaction was carried o%&ﬂ&%ea conti nuous manner or when the above
reacti on was—ear+ied-out using re y a catal yst-containing tol uene

sol uti o obtained by sep- arating the r esul ¢ind@heBtiny sl dehydes™ from t he
reaction m xture by distillation REFERENCE E¥gMablphesl to 10 These Reference
Exanpl es wer Refesthéel €d B4l j,rgssﬁgcorﬁ?g‘étnwith t PBinpr ocedure as set forth
previ og&l y BaimpsNeg r hedjoasy N a co@g%ﬁ?ratﬁ"h@iﬂ@el)‘tfo ny /pei%(sll itre of

t ol uené) 10— tTiphenytphosp—ine—at—a-concentratian of 1 ¥ F¥°m nol es per

litre of toluene and a to @I pressure_less than 30 kg/cnferr]. The results
obt ai ned are shown in Tab%@ 3 bel ow. I%@ABLE 3 151(1) 1.16

Concen% ation a&f Triphenybkphos- Reacthoon 20 Phi ne Ref{eéience Tot al
Pressufe Temlerature g(?n mol e/ 1iti2® Exanpl e bp. (kg/16i52G)

([err]) s tol uene)s n/ i io20 1 1 15320

120 7 1 120 1. 167 20 %g; 120
10 81.47 3 160 2ho 1 120 14 20
1.64 28 2 200 20 120 1 120 138 30

1.79 5 120 50 10 1 191 1.53 6
120 120 10 1.73 7 120
120 35 30 1.81 8 160 120

1 1. 47 30 REFERENSE EXAMPLES 11 to@[0 120

1 These RefcBenddIExampl i i : 90 10

1.91 35 forth previously but usingp fhso‘c'ivi?::l c:trr é%@m %@lﬁﬁgﬁﬁ %;x%g?ﬁg?smkse Ref er ence
Exanpl gs {@g’ﬁﬁ‘é’{ggggﬁ?'%ﬂ n¢eptration of etalersie SOnint oléshyr [ifr® 6 thillefe. agheset forth
previ ousl j Bible ¥ puig T hoth it Referencediremples andithprrewits dbpined apahov tre of

t ol uene, triphenyl phosphine at a concentration of at |east 50 m nol es per
litre of toluene. The 40 reactimaBIaMitions used in these Reference

Exanplygs and the results obtarmed—are—showr—+r—TFable—4—-below— TABLE 4 45
Concentration of Triphenyl phos- Concentration of
Reaction i peﬁgf o
EReferlench Total Pre;ssure Temperature (m mole/litre
s xample No. (kg/cm*G) O toluene) n/i Ratio
11 20 120 100 222
12 20 120 50 1.94
55 13 50 120 100 1.96
14 75 120 100 1.95
60 REFERENCE EXAMPLES 15 to 18

; Tﬁlese Reference Examples were carried out in accordance with the procedure as set
Oi't previously but using rhodium at a concentration of 100 mg per litre of toluene
calculated as rhodium metal and at a reaction temperature of 90°C. The reaction con-

6 g;tlié)&s used in these Reference Examples and the results obtained are shown in Table 5



React i on phi ne Reference Total Pressure Tenper ature (m

nol e/litre Exanpl e No. (kg/cmerr]) [err] t ol uene)
n/i Ratio 50 11 20 120 100

2. 22432 20 120 : 50 1.94
13 _ 50 120 100 1.96 55

14 : 75 120 100 1.95
REFEREN \- ES 15 to 18 60 These Reference Exanples were carried out in

accor dance”w t he procedure as set 1#6%41B previ ously but using r hodium at

a concent rattomof 100 g per Titr eax%r tolsuene cal cul ated as rhodi um net al
and at a reaction tenperature of 90C |he reaction con- ditions used in
t hese Ref erence_Exanpl es and the results—ebtained—are—showr i Table 5 65

bel ow. TABLE 5 Concentration of 5 Cgﬁc'igraﬁ“ﬁ)s‘_’f

Tri phenyl phos- Reaction phi ne {Refgrence ppﬁé)t al Pressure

Tenper at ure (RFInE! | 1t hgaEradmEe Nemperatufekg/ (n€miole/litre CJerr]

t ol uene) Bihpl&dol 0 1(kg/cm*G) 15 O . toluerge)) n/i Ratio 90

100 24516 50 o 90 4 100
2.04 17 10 15" 75 ® 90 o9 100100 74 196 18
20 é% 75 10 90 1. 8015 REFEREh%% EXAMPLES
19 to 20 20 The Ref er ence0Exanpl es wde carried®ut in actBr dance with

the procedure as des- cribed in the Exanples but using triphenylphosphite

in place df t riphenyl phosphi ne. The reaction conditions used in these

Ref erence Exanples and the results obtained are shown in Table 6 below 25

TABLE 6 Concentration of Tr iREFERENGFEXAMBLES 19 to 20

Reacti on ite f : ER&EY Rith the TRstpdrabudes- (M

ot ol |1 1 b qg R e B e e o EphemIphosBhie. {of Lene)

n/i Ratio 19 The reaction conditicA® used in these Referencg Egamples and the results_l_ebtalned are

1.76 35 sha@@@ in Table 6 below. 50 120 10

1.60 40 25 REFERENGEFEXAMPLES 21 to 23 These Reference

Exanpl es were carried out in accordance with the procedure as des- cribed

i n the Exanpl es—bw#t—using—hexene=—t—as—aTaw ol & &éﬁrﬁmgl(gce of propylene in
t 1%

[

an amount of 2.5 nole/l of the reaction solven %‘al, nikd3g benzene in pl ace
of toluene,as a 45 reaction solvent. Ragtieacti on ppirdi tions used in these
Ref erence Exanpl gsfed t heTos Suistise obfTampreaturar e @hBAIS/IT Tab) e wqbel ow.
TABLE 7 50 ConcErenpit Non of kaicmifReny| phds©® Reacti gfi o phine 55

Ref erence Total Pressure ,, Tenper at upg (m nohe/litre BEXdigpl e No.

(kg/cnierrke 5(9) [err] 50 reactitoon solventd n/i Rato 21
100 110 3 : 1.18 22 50
110 3 2. 66 60 . 23 - 30

110 3 2.68 Having regard to the provisions of

Section 9 @f the Patents Act, REFERBNCBEXAMBiESSH tad3

These Reference Examples were carried out in accordance with the fprocedligre1 easind:;

cribed in the Examples but using I}exenel-l as a éaw.oleggn;réngl?gepﬁ ) ep:)(;ptyo ene in 2
mount of 2.5 mole/1 of the reaction solvent and using

45 2rleaction solvent. The reaction conditions used in these Reference Examples and the

results obtained are shown in Table 7 below.

TABLE 7
50
Concentration of
Triphenylphos-
Reaction ( phin71itre
T erature m mole . .
» E&:frgﬁgc%o. TOta(lkgfce:rsriBé% emp(oc) reaction solvent) n/i Ratio
1.18
100 _ 110 3
%% 50 110 3 22663
60 23 30 110 3 .

Having regard to the provisions of Section 9 of the Patents Act, attention 1s directed

65 to the claims of Patent No. 1,228,201,



65 to the clains of Patent No. 1,228, 201. 7
1,440, 413 WHAT V\E CLAIM I S: - phosphine is coordinated
with rhodiumnetal, (2) propylene, (3) carbon nonoxide 1. A process for

produci ng butyral de- and (4) hydrogen into a reaction zone main- f
whi ch conprises reacting propylene tained at a tenperature of t,eJ 60 to
150[err]C 50 5 with a water gas in a reaction solvent con- a
car bon ponoxi de- hydrogen total taining a triaryl phosphine and a */.
pressure of from30 to 100 kg/cnR, 144&413] - rhodi um conplex in Wit

portion of s8Ar wi egaest esul tant re Gépon M XTUr e _disciar
1

triaryl phosphine is coordinated with r N cﬁorf’r"t Laﬁgﬂmrg%i on zone
to isol ate, ut rPfoqfrfétfar Ptcuindm batyzamreboandrmmmogégnhm eg8bh zod des as a

di still ag ??gw rm}‘i?gr‘if 18 B rqmrlem)t ine plasiompeatuk of from6B@ 150°CLOSH
kg/[err] &Iﬂmgl’afl ﬁ %ﬂa vt c?t‘rgﬂ'b hty st t°
terrperaturléocbtimtcrmmex w&ﬁhi@@{tﬁﬁl&j th® RbHiahiCredcil re @ é%ﬁ ex and the
triaryl- tBi‘é} Iﬁ %°Q9fdﬂtal-’¢g “%hrrlanrd Iéﬁh (n.i;rsexd é?ﬁtglgﬂone@ to sai d
reacti o % t $1eARYde |ag andistiialg dnd rs<arcld1gstb¢ ufsl e

amount  of gtgrlaptdrrisﬁdi'ﬁgé i Orﬁ%ﬁl o %C aeniA Rl % % LPEREHE nat ed wi th
rhodi um total Q!nqueiawftth«)maﬁmihmmhe ﬁnasémr nph%ﬁihdler Updicti ilzg @la] bei ng from

1to 30 m ﬁaﬁ‘j‘&r% lex coor dmate é&'&@?ﬁdjlﬁorh&)!eedamunhofrhaﬁtuammmhe esdnf) id r om of

sai d T eBCthdd) b y?glrﬂtl t0 30 odium spi n rsaul |rlnqdemvof6osa| d
reaction f séd rqetnsissBCCOr Ol NGt B °°°rdmat,ﬁl'9 i ﬁme% id soluble

rhodi um ¢ Aexp Q5SS a®0rdmg pr dﬂmslacsbnéxdr ng to alm 7, present at a
concent r at qﬁ ngJPﬁral 5 reﬁn A harogssr b@nrdmnmq(dam( 3) and the
65 20 SR e el of i
|ntroduce@frsmdacapxronpommon of sai re f bNET hydm errmof;m of [err]
to 7 noles e}rrc?rémg mpl éilamfn 3. sAid qarbommmxa&ecorg 5 aim 2,
said carb r;gsﬁl’{} ﬁ‘t% mm 0§o B é P9 ﬂmrdmmupcmm i7$)r 8, 9. A

pr OceSSZSanngI’cﬁibdMedt [ etQ g) lit f'ron oﬁ‘}"o 'Eﬂg{s fPom 5 to
100 wher ef mléaaadlosebludnte rhodi um  co Qxlcdla&ed dn'iIH mét ed as

r hodi um :(;rm - %%;%ﬁifr%‘%ngf sgﬁ%ﬁgﬁgiﬁg an@aMmecttonadslvmn of fr@am 5 to 100 of
sai d reacthh geording fch Glinurh eret al , per
litre 40 lﬁlf'l]@agllgﬂﬁlnﬁ Ry fairlﬂgfso min & o g r?@ SB stagtiglly 4s hersinbefgres JPvent .

Claim wh eenhis from 5rtat2000n<ﬂés oﬁmdﬂtnhnryl ar yilphASProcesslfar AdRERL B&igraRE.COrding to
daimil 05.; ‘?Fepeérﬁﬂa"r‘ Hewi ¥ nseidnbpdiym f cbwdns sibstautially aﬂgmm;%rceaiagnmdbst antially
as her ei nbej Op rgéss%gcoﬁﬁllglkglaﬁy EHQ iy My SRR 9 A ee Pt Fé%imtl‘rsolnto descrr bed.
sol vent3si Slafm, ovmeut i Garyphb @)ﬁm@ g d for i @raﬁkyrardehy?dl wn% [RE&S

produci ngP rxlroarrlxzre hosphi ne per gr amratss 3 ddimédinGny Pro¢tdip Clai ydes

subst ant i gty dhede E‘{) 828y ggesdingbed net al

W th refengiiéen k ,m@mgn%go,ﬁfe “&2‘ fﬁﬂr,lé lto éhargl:{fé%%g atccordr ng to any

pr ecedi4fgtion/of */, to 7 moles of hydrogen per mole Chan & m wherein said
triaryl ph OHI(;,III(‘)%I;?;“ grrr rodm}lz b,tA l%(tijt yr al dehydeCwinesy pameduced by

utyra
phenyl phogyyai Waich comprlseg contln\;gouslyyintrg a prieess “l@Wed in any

precedi ngdicingi (1) a EreacfiorD kdMehS SonfiGifidy! £l NY t 0 anyg MELERLNY C aim wherein the
wat er éé_str@(yhsphgqphmgfand a soluble rhodufEE & CO. hﬁdﬂcﬁ@-&mu’ﬁaﬂ car bon nonoxide in

a’ propor - ©omplex in which & partia gbeid friarplgent s, 4gents fm thsf Appbeans. t o 7 ol es of
hydr ogen per nNOdigted for Her Majmty%ﬁ%@b)ﬁce@ﬂﬁ&% &%on (Ag'ug onQ Lg[—)—q% I de.

Chancery Lane, 7Publ}3hegbrt6e€e@sntmpeﬁ tad@uildingsyloadot] C2A 1AY London, WC2A
| QU, hydes which conprises C8RIT ﬁ?ﬁ’ﬁ%’l’?b‘?‘i’?’[“'f’?ﬂ and duci ng
(1) a reaction solvent containing a 39 Epsom Road, 45 triaryl
phosphi ne and a sol ubl e rhodi um Qui l dford, Surrey. conplex in
which a portion of said triaryl- Agents for the Applicants. Printed for

Her Majesty's Stationery Ofice by Burgess & Son (Abingdon), Ltd.-1976.
Publ i shed at The Patent O fice, 25 Sout hanpt on Bui | di ngs, London, WC2A 12AY

ST i



