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. _Bg%g_ WER PREFPARFRIH AN ALKOXYLATED ALCOHOL e pre t| on rel ates
3(%30 a p?ocess for preparing an al koxyl at ed aI?(;hol. %;dgég%%ﬁn E51200he54777
1nvention A large variety of products useful, for instance, as 5 nonionic
" -surfactants, wetting and enul sifying agents, solvent, and cheni cal
I nternmedi ates, are prepared by the addlition reaction (al koxylation
reaction) of al kylene oxides (epoxides) with organi c conpounds havi ng one

or nore active hydrogen atons. For exanple, particular 1 ghkoppMay be
made of the al kanol ethoxyl ates and al kyl - substituted ph gﬁgg“erhuxylates

prepared by the reactlon of et hyl ene oxide with aliphatic al cohols or
substituted phef3t 3%“0@% o MEQHLRHE L PIROHEuCh

et hoxyl ates, and to a Iesser extent correspondi ng 15 propoxyl ates and
~conpounds containing m xed oxyet hyl ene _and oxypropyl ene groups, are w dely
enpl oyed as nonTBﬁlEreﬁﬁPér@Eﬁ?négﬁﬂoﬁéhﬁge%ft@oﬁnﬁF@¢9F$cf@§n|ng

fornul ati oRsepfiPi nHdSeni B1kBYYSLEYaaRPcbRoi Ne home. An illustration of the
preparatlog 3? anng gno goyethoxyla?eﬂ?represented by formula 111 bel ow)

by add't'OﬁacﬁéréﬁﬁH”B?rEﬁE)IB%eﬁ%?%he”e oxi de nolecules (fornmula IS) to a
single al k s presented.-by the equation 0 R-OH +

k. H2C/\ CH2 =t RAQLEFBeCHAri®rH of pfbduttseuseﬂuht for ERScancdunaso,
200618 44: 2311 581 o VEHPER. HEST W0 2008/ 234 %8ML eI EFTAg0R68R8L T 2

solvent, and chemical intermediates, are prepared by the
addition reaction {alkoxylation reaction) of alkylene
oxides {epoxides) with orxganic compounds having one or
more active hydrogen atoms. For example, particular

10 mention may ke made of the alkancl ethoxvylates and alkyl-
substituted phenol ethoxylates prepared by the reaction
of ethylene oxide with aliphatic alcochels or substituted
phenols either being of 6 to 30 carbon atoma. Such
ethoxylates, and to a lesser extent corresponding

15 propoxylates and compounds containing mixed oxyethylene
and oxypropylene groups, are widely employed as nonionic
detergent components of commercial cleaning formulations
for use in industry and in the home.

An illustration of the preparation of an alkanol

20 ethoxylate (represented by formula III below) by addition
of a number (k) of ethylené oxide molecules (formula II)
to a single alkanol molecule (formula I} is presentad by
the eguation

R—OK s k.HsC

CHy ———m R—O—LCH;—CHp—O%H

I TI 11T
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The term "alkoxyl ate', as used nerein, refers to any product of the
addition reaction of a nunber (k) of alkylene oxide nolecules to a single
active hydrogen containing organic conpound. 5 Al kyl ene oxi de addition
reactions to produce a product m xture of various al koxyl ate
'nD1ecuIesvﬁﬁiwgﬁ§&@7fferent nunbers of al kyl ene oxi de adBﬁ@@@mm?$¥§Qlkylene
adducts), e.g. having different values fo¢ -the adduct number k in fornula
1l above. The adduct 10 nunber is a factor which in many respects controls

the properties ofThberabkoxylpbeyiRtecul &5 @ashefidpsts, ar@roFRAE, tonfail or
t he average adduct nunber of a product and/or the distribution of adduct

number s w t hi Br@dugt odficthe caddet pedueictiomt @hdedi@elr&t cék) 1651 n t he
reparation o I s it s ften the case that prinar
orepar st on CLyPLIONY| Bhede hERLLSaLloh s SLAST, LRE: epec) bRLape! 1Y

al cohol s are nore reac in sone ca B reactive

than the cor¢espoiding segandaryompduh@(tiary conpounds. For exanple, this
means that it is not always possible to 20 directly ethoxyl ate secondary and
tertiary al cohol s Abk¥éensf arigespddetine Feactiond arehkapenstarting

s cohl can U6t 200 FaB,LEo: 0B A L 00e 1o A GRCLEE o

secondary an rary al conoe respéectrvely, —a

secondary al cehpingt H0XYEabAs AnEb3bsteFt ABkYlehsobRidet hadytases,
respectively, with a very wde ethylene oxide distribution. Secondary
al cohol s can bexdetkvéeneraffpetalively. tavipofebfiesveks vatheasfparaffins

(by oxidation S s.t ataff£ins _pro ed from Fischer-Tropsch 30
technologies,%%? $§§H$§h8P?B%%aRnl€5£8ﬁﬁug?iﬂggyg% %%holgﬁg(%Qducg
propoxyi@ti onpunbef Lbi § raasen whiwhukfl Renydesspabte tendeyekopna suitable

process for the direct al koxylation of secondary al cohols. It has
serprisingly WooPeu6ieg4997theTAER2BYEADS4MIYecule, and efforts are

made to tailor the average adduct number of a product
and/or the distribution of adduct numbers within a
product to the product’s intended service.

15 In the preparation of alkoxylated alcohols it is
often the case that primary alcochols are more reactive,
and in some cases substantially more reactive than the
corresponding secondary and tertiary compounds. For
example, this means that it 1is not always possible to

20 directly ethoxylate secondary and tertiary alcohols
successfully since the reactions with the starting
alcohol can be slow and can lead to a high proportion of
unreacted secondary and tertiary alcohols, respectively,
and the formation of secondary alcchol ethoxylates and

25 tertiary alcohol ethoxylates, respectively, with a very
wide ethylene oxide distribution.

Secondary alcohols can be derived from relatively
cheap feedstocks such as paraffins (by oxidation), such
as those paraffins produced from Fischer-Tropsch

30 technologies, or from sheort chain Cg-Cqg primary alcohols
(by propoxylation). For this reason it would be
desirable to develop a suitable process for the direct

alkoxylation of secondary alcohols. It has surprisingly



3 been Y r ' H'GF'S that secondary and tertiary

al cohols, as well as primary al cohols, may be successfully al koxyl ated by
carrying out the al koxylation reaction in the presence of hydrogen fluoride
and a 5 boron-containing conpound. The al koxyl at ed products can contain
.reduced | SV@RY6/034997 r ee unreacted al cohol and have a nar PEWEPANGE54577

al kyl ene oxi de adduct distribution, conpaged to the adducts prepared with
an al kali netal hydroxide catalyst. 10 Their process of production is

Loty S0 BeBROLERNA nl EXLObELOAD LRALAYELD EndoubLecfELRl gygn 0 DV

catal yst, as fe reactlon te ure can be varle over e'range e.g.
-20 to 150C andrtherpaaatyhblss asi wplérasopubeatpanl tbro DB aag wai ch
requires a conplex 15 catal nth sis. The process of the_ invention can
al so give a nﬁ%ﬁcﬁﬁaﬁéilyléigoﬁy 3F§§x9Ya?%Hrb%%ﬂu%Ft EBRpatkaxydatisenas

catalyst of alkalisgetal budroxkdenor oBvAIAEsRch! uorbdeqbnaphe absence of

boron containrng conpoun east o] 2456697
descri bes t hebakknxygbatadnioly mampoutgpes of conpound, anmong which are

primary and secondary al cohogls, in the Eresence of hy drogen fluoride and a
metal al koxi de: us&NBnPykBRYpAERAr PraflERs| SansCoBkaMBI FEfgedogevels

US- A 5034423 deselheanl e cpLadystbanobyBohYGLE" naPaLYOLSahEOREAN epoXy

conmpound in the presence o reactive ydroxy con al ni ng conmpound, boric

acid, an epoaykgaéabysklaecbdaSCboﬁthtibﬁtmon;deompaded hasthe salt. 30 W
03/044074 descri bes the production of polyether | yol s from an al kyl ene

oxide in the Bﬁ@§§ﬁ§epéﬁpéﬁ9dlHFFPa?BralﬁﬁﬂéhmﬁE9 b@yérﬁﬁéﬁﬁxyﬁtééﬁﬁ tnd
with at heast,00e Aydraxy g9rouRoqRULibE PEeLENGRhY BaRPLY¥OLAFURR8S

(w flexible than that with a double metal cyanide DMC

catalyst, as the reaction temperature can be varied over

a wide range e.g. —20 to 150°C and the catalyst is
simpler to use than the DMC one which requires a complex

15 catalyst synthesis. The process of the invention can
also give a much higher yield of alkoxylated product
compared to use as catalyst of alkali metal hydroxide or
hydrogen fluoride in the absence of boron containing
compound with at least one B-0O bond.

20 US-A-4456697 describes the alkoxylation of many
types of compound, among which are primary and secondary

- alcohols, in the presence of hydrogen fluoride and a
(“ metal alkoxide; use only of primary alcohols is
exemplified.

25 US-A-5034423 describes the production of polyether
polyols from an epoxy compound in the presence of a
reactive hydroxyl containing compound, boric acid, an
epoxy catalyst such as boron trifluoride, and a basic
salt.

30 WO 03/044074 describes the production of polyether
polyols from an alkylene oxide in the presence of an
initiator, which may be a hydroxyl compound with at least

one hydroxy group, but is preferably a polyol such as



CITEPZO057 0547774 gl ycerol, the reaction being catal ysed
by hydrogen fluoride and a double netal cyanide catalyst and optionally in
‘the presence of a cocatal yst which may be anong nmany others boric acid or
trinmethyl borate. In Ex 5 2 glycerol is reacted with propyl ene oxide in the
-presence MO KYAPHIYN fluoride and trinmethyl borate, fol RGUBRRMSNS4THi ppi ng
and further reaction with propylene oxide- n the presence of a double netal
cyani de catalyst to produce a polyether polyol of weight-average nol ecul ar

10 wei ght of qg%gg | . - i.ng. RCI. appli.cation, PCT/.EPO4/ 051366 publi shed
after the prigglrl y %t ethc%) l?%ﬁplrncg}seb%&gggpqaitcagﬁsoerg fsy\}@' 05360

di scl oses i n Cormairda iaredl Exaimliel O idteal prepards it afyan @1CL5 prinary

al cohol ethoxylate b 15 et hoxyl ating a C14/Cl15 primary al cohol conposition
in the pr eserRiétJd?nﬁ—léﬁérﬂdl th et AR .2 IRGAL Ao nitamieda n this

application J . Vi O i cohal s.. Summary
of the Inven?%%%ngdﬁiégéﬁgﬁﬁggp%ﬂgﬂ%%ﬁgggen %é%ﬁéﬁﬁiﬁfqéﬁéisisq%}gyfded a
process 5f or @ efaydarp B sl ket ed edl e qebwdy leatprassideg ineged i ng a starting

nono- hydr oxy al cohol selected from_ secondary al cohols, tertiary al cohols
and m Xt ur es PESRSREA | 0% R¥F RO IdA etvel &k i |t iRt ir b dedweat F 25 hydr ogen

fluoride and t.al i ng. rd sl ng t B- Q bond.
According to %?1%?%‘%}1 gﬁeﬁﬂﬁﬁi%ﬁgﬁ&%ﬁeﬁ%%ﬁ hVLe%%i%P%%()]ﬁr%ed t he
use of hydrogstide udi itiee amtk sendoref - ofkdd e Ngs ONPORHITE €O nge t 51 P at

| east one B-0 30 bond for the al koxylation of secondary and tertiary nono-
hydr oxy al cohe? sPr@ines- 2006t vebhas: pet YRowME T byt osoeRog /e 4777

10 weight of 3000g/mol.
(n Co-pending PCT application PCT/EPC4/051366 published
o after the priority date of the present application as
WO 2005/005360 discloses in Comparative Example D the
preparation of an C14/C1l5 primary alcohol ethoxylate by
15 ethoxylating a Ci4/Cqy5 primary alcohol composition in the
presence of HF and trimethyl borate. There are no
examples in this application of the alkoxylation of

secondary or tertiary alcohols.

Summary of the Invention

20 According to the present invention there is provided
a process for preparing an alkoxylated alcohol comprising
(v reacting a starting mono-hydroxy alcohol selected from
‘ secondary alcohols, tertiary alcohols and mixtures
thereof, with an alkylene oxide in the presence of
25 hydrogen fluoride and a boron-containing compound
comprising at least one B-0 bond.
According to another aspect of the present invention
there is provided the use of hydrogen fluoride and a
boron-containing compound comprising at least one B-0O
30 bond for the alkoxylation of secondary and tertiary mono-

hydroxy aicohols.



-5 Detailed Description of the Invention The process according to one aspect
of the present invention conprises reacting a starting nono-hydroxy

- 30-0612006 8 c1Xd2f r B econdary al cohol's, tertTary 5 wmmBsedarEqanggéwfﬁ;
thereof with an al kyl ene oxide in the presence of hydrogen fluoride and a

- boron-contai ning conpound conprising at |east one B-0 bond. Wile the
process of the present invention gives gparticular advantages versus
conventional processes for 10 the al koxylati on of secondary and tertiary
al cohols in _ter .qoftprodein ay.to dire%tl et hoxyl ate secondary and
tertiary al Fo-F & b S FOYRBELOR: oduct s having |ow | evel s of
unreacted, residgdla YreRREs RNGAIMY LW RLh@SKLAke o Thiel BHbisans the
process of the 15 present invention i's also suitable for the al koxylation
of primary ARSYSH@N0RPTRIERRS Feaatiad at sthetEng swnPmhveFoxXg06 16: 44: 55.
Pa- ~10) "1 4 1QcrANENDRR BT 00R103490 01 BERR205.084¢c7 6 Suitabl e
starting al cohol's for use In e preparation of al Koxylated‘al cohols herein
includé al kdmohelsswohl asxoneseofthkteo 3Wichr hon adtkpimnePrefieiseiee can al so
be expresse for reasons of bot h process performance and caomyerci al
val ue of thg‘heprp&?t?@tn,cef &ioahy & ifﬂ'uﬁgr"fjiecﬁnéir 3 PER EWREH NG Prom 6 to
30 such as & 5@deQﬁﬁ@gkgggnqaaﬁMﬂégg@goh@ 824 ranenhol s consi dered nore
preferred and to C20 al cohols considered nost preferred, including
m xt ures t her eof Whig &sdde axrerafistafi £h6f regsand Eroeditdshivledveas a gener al
rule, the al I y chad Al ai t dependi ng
on the int er?%?}ql@g?ﬁ r#ag?]ég{t%ﬁdi rrer‘l%,r %%fgggtﬁéga rtor%srsleé)%i slf'zog for
al cohdlf the alkoxylation of secondary and tertiary alcohols in

- D o mad

terms of providing a way to directly ethoxylate secondary
and tertiary alcohols to give ethoxylated alcohol
products having low levels of unreacted, residual alcohol
and a narrow ethoxylate distribution, the process of the
15 present invention is also suitable for the alkoxylation

of primary mono-hydroxy alcohols.
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reactants in g ‘BUTpercent, nore 15 preferably greater than
60 percent and nost preferably greater than 70 percent of the nolecules are
of linear (straight chain) carbon structure. In another enbodi nent,
preferenc§g$urther exi sts for alcohol reactants in which greater than 50
-per cent, B985 et erabl y greater than 60 percent and FOVEPHPUIMIHD) v
greater than 70 percent of the nolecul es @re of branched carbon structure.
The secondary starting alcohol is preferably an al kanol with one hydroxyl

group, especially siit@bed staftind® Accholts PoPMufe CAY oL atom nunbering
fromthe end of the |ongest carbon chain. The al kanol is preferably |inear.

Exanpl es of Seeepmkaiyien cohortkexyialbt@ dbrohsks hereim imclude 2- undecanol ,
2- hexanol , 3- hex 2- _heptanol , 3- tan 2-gctanol, 3-octanol,
2-nonanol , 2 %@‘%{e]cg%%'ol?ug‘?d%%a%‘?s, %E]%dfe%g%%l?a 29115 dfeRanol , 2-
hexadecanol and m xt&f &6ehber €8h , a BSPESE adtyr Of s@d Kar®t sre380106-2006' 006

15: 20 FROM TO 0004989239944 EP2005054777 - 1 of the sanme carbon content,

2,6, 8-t met YPtl-pepends PeaajopBangedandhecee ¢zl wlohodtfstheting

al cohol is prefe |y of  4-24 especi al 9-20 carbon atons, and
my 5 be of I?%?éfirlu%%’  §5F ﬁ%@?@ﬁ%‘b—?a%“é‘?‘gﬁ re%%%a%?fﬁh?&l%%d?ﬂé‘? whi ch
are the sanme ertgli 86 esesh, asepresedld scafbor! kydmgy oupecwfcd-29 cgybons. Rl
preferably represents alkyl of 4-18 carbons, which may be |inear or have at
| east one netaytolslst byhsbdenel mbiéepRfante®3add Qg eterebhyaleprisesent

al kyl of 1-8 carbons e.g. nethyl, ethyl, propyl, isopropyl isobutyl, butyl
or hexyl; . &xaspliesedfmbettpaeyeatedhoisciudiadl eitonrasetherens, include

hydr ox ted mainly term nall mainly 2- and 3-
y yh? such Xs a ngturg gf Cg Xnd Con alcghols. As a general

(# rule, the alcohols may be of branched or straight chain
. structure depending on the intended use. In one
embodiment, preference further exists for alcohol
reactants in which greater than 50 percent, more
15 preferably greater than 60 percent and most preferably
greater than 70 percent of the molecules are of linear
(straight chain) carbon structure. In another
embodiment, preference further exists for alcohol
reactants in which greater than 50 percent, more
20 preferably greater than 60 percent and most preferably
greater than 70 percent of the molecules are of branched
C‘. carbon structure.
The secondary starting alcohol is preferably an
alkanel with one hydroxyl group, especially situated in a
25 2, 3, 4, 5 or © carbon atom, numbering from the end of
the longest carbon chain. The alkanol is preferably
linear. Examples of secondary alcohols suitable for use
herein include 2Z-undecanol, 2-hexanol, 3-hexanol, 2-
heptanol, 3-heptanol, 2-octanol, 3-octanol, 2-nonanol, 2-
30 decanol, 4-decanol, 2-dodecanol, 2-tetradecanol, 2-

hexadecanol and mixtures thereof, especially of alkanols



' s~8Werging froma Fischer- 15 Tropsch
process. Especially preferred starting alcohols for use in the process of

L&D bs | nyewt | gag@r e secondary al cohol s. xtur Lopry and/ or
égg@n and/or tertiary 20 alcohols are aISS&Luita%?%g%%#i%ﬁg%ﬁﬁﬁﬂﬁﬂﬁ47Fbr

exanple, mxtures of primary and secondary and tertiary al cohols can be
used herein. As another exanple, mxtures of primary and tertiary al cohols
can be used herein. Mxtures of alcohotd eonprising primary and 25 secondary
al cohol s are particularly suitable for use herein. Mxture of alcohols

conpri sing gEcen@aRemnGa iRl idintedtCohel, $,8~¢ raleehRa-Yi-adhahby Suitabl e
for use herein. .10 In particular, oxidation products arising from
Fi scher - Tr ofé¥h P@eMs@st paraffins (which may include ;eived at the EPO on

Jun 30, 2006 16: 44:55. “yary alediVEN T -2Q0 .21 FROM
10 0004689530044 RSB, 4 s HeY ?Egs’égf‘gpra}%g’?%qaﬁ %é%%%%g?:?/yal cohol s)
are particwrarllkasuilt aff o fF aspediendin 9-20 ttabbenaldtyinene and dayr eact ant s

for use herein include an alﬁé:e e OXEFG (epoxi de) reactantRﬁhi%h 5
conpri Ses o® &f fsrraugiziiihl JEni&~0dHd e he rgdmy ieadihafy Reh&4 ower
al kyl ene oxi de d nor articularly tho In the C2 to c4 range. In
gener al , tﬁé"il%l éﬁg"gh%’i% e 5305 & e HEHTRASRTEVR R6 RB °
\cl alkyl group of 1-20 carbons. rl preferably represents

alkyl of 4-18 carbons, which may be linear or have at

least one methyl or ethyl branch while RZ and R3

10 preferably represent alkyl of 1-8 carboens e.g. methyl,
ethyl, propyl, isopropyl isobutyl, butyl or hexyl;
Examples of tertiary alcohols suitable for use hexein
include hydroxylated mainly terminally (mainly 2- and 3-)
methyl-branched Co~Cpg paraffins emerging from a Fischer-

15 Tropsch process.

Especially preferred starting alcohols for use in
the process of the present invention are secondary
alcohols.

.~ Mixtures of primary and/or sacondary and/or tertiary
20 alcohols are also suitable for use herein. For example,
mixtures of primary and secondary and tertiary alcohols
can be used herein. As another example, mixtures of
primary and tertiary alcohols can pbe used herein.

Mixtures of alcohols comprising primary and

25' secondary alcohols are particularly suitable for use
herein. | _

‘Mixture of alcohols comprising secondary and
tertiary alcochols are also particularly suitable for use
herein.

30 In particular, oxidation products arising from

Fischer-Tropsch derived paraffins (which may include

seived at the EPO on Jun 30, 2006 16:44:55, Pa~- *~ -=~~
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R (VIl) 7/ 4 10 wherein each of the R6, R7, R8 and RO noieties is
preferably individually selected fromthe group consisting of hydrogen and
. ahka | Jobs essiyt mRgq be individually sel ect fromthe group consisting
gbk%ﬁ§gg%gen, al kyl and hydroxyal kyl noieties it th thgm%§8%¥@ 13?26@&%%?77
the formula VI1 there are no nore than 2 hydroxyal kyl groups e.g. one but

"preferably none. Reactants which conprise ethyl ene oxide, propyl ene oxide,
butyl ene oxi de, glycidol, or mxtures 4lgereof are nore preferred,
particularly those which consist essentially 20 of ethyl ene oxide and
propyl ene oxjide. KR8 1Gh] S LS e ntially of
et hyl ene oxi de gﬁ? %Ln??ﬁ%éggﬁﬁggﬁ%%%gﬁgrF§8Q?F§#P?%é ??ghdpoint of
commer ci al  @EEddQudiarles shortatle fcac tisee hefrealnkoxyl ati on  processes, and

al so fromthe st hnt, qf e 25 pr.eparation_of products,having

narr owr ange eth?& % hﬂg&%ﬁgﬁgﬁaé%t St ARG %E.%ﬁ5r“ﬁﬁé8§F§PPon of the

al koxyl at e devilesid 20N 1Kye@id diilal (eplogideoXirde chea’! aMicand the starting
eived at the EPO on Jun 30, 200616:44:55. Pa-- '' - - AMENDED SHEET

' 30- 06°2006 SOTEE 155 PERAV TOXFOTALSFL30G4KYERPGOSFAAFE? - 9 al cohol are
cont act ed | fhaliS SHIGHANCEIRS IMALOGANy1ehi0LhdRedNdnd hiRan- contai ni ng
conpound. THhe hydrogen fluoride can bé added as such or can be forned

i n-situ. Hygeogdeulamdni ddrasan ive ther fid tionCgi rang® .f olnexgemelralby the use
of conpounds from whi ch hydrogen fluoride can be separated off at reaction
condi ti ons. thaydrldga®r GHidEs &ht persrsanted By Adiedifautidod VWY h

m neral acid e.qg. sulphugic acid ofsalkaline earth net al

R 0 R
NSNS
//F—-%C\\ {(VII)
9
RT R
10 wherein each of the R®, R7, RB and R® moieties is

preferably individually selected from the group
consisting of hydrogen and alkyl moietles but may be
individually selected from the group consisting of
hydrogen, alkyl and hydroxyalkyl moieties with the

15 proviso that in the formula VITI there are no mors than 2
hydroxyalkyl groups e.g. one but preferably none.
Reactants which comprise ethylene oxide, propylens oxide,
butylene oxide, glycidel, or mixtures thereof are more
preferred, particularly those which consist essentially

20 of ethylene oxide and propylene oxide., Alkylene oxide
reactants consisting essentially of ethylane oxide are
considered most preferred from the standpoint of
commercial opportunities for the practice of alkoxylation
processes, and alse from the standpoint of the

25 preparation of products having narrow-range ethylene
oxide adduct distributions,

For preparation of the alkoxylate compositions

herein the alkylene oxide reactant and the starting

eived at the EPO on Jun 30, 2006 16:44:55, Pa~- « * -~
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fluorides e.g. calcium strontiumor bariumdifluoride. 10 The HF may be
generated in situ by adding to the reaction mxture a reactive fluorine

. QLA NI PEHE 0 pP4nd t fornms H? in that mxture such as a m xed anhydri de
%‘?%hgdygnd an or gani’_:rga‘gr i norgani ¢ aci d. Exanpl®s of CHRREIEBIIEAIIDSE5E777
~acyl fluorides such as al kanoyl fluorides 15 e.g. acetyl fluoride or aryl
carbonyl fluorides e.g. benaoyl fluoride, or organic suiphonyl fluorides
such as trifluoronethyl sulphonyl fluorg de, or sul phuryl or thionyl
fluoride. Preferably, the hydrogen fluoride is added as such to the process

of the present invention; 20 the hydrogen fluoride be added as aqueous
HF e.g. of %;fﬁﬁyi%ﬁﬁf\594%§ﬁﬁﬁﬂll it BEFSFECSrgfggggF?gﬁﬁhydrous. The
hydrogen f| uinictd des apvce setodon -t 2dn iago¢einpblaki.it catal yses the
reaction of the starting alcohql w th the one or nore al kyl ene oxi des. The
amount needed ZgﬂFbsﬁ%éhﬂﬂﬁﬁaé%ﬂ?qﬁgﬁbpﬁénbaeﬁéﬁﬁg 8% EHED gFt RER Peaction
Ci I cumst ancC e ded 185 itk St afidriedl GahRl-idaeeant B kxleng-gxige

£8
present, the reaction tenperature,” further conpoun%s WEICh are present and
whi ch fay r et examed-e dat dihsstuseand conpdasidsedrprodhdch Bydergehy, the 30

hydr ogen fl ugrj | r | u from_ Q. to 10% by
wei ght , rmrelﬁﬁ'{roe éir@at#af§eofsfe§%y&tﬁgll%%Fﬁgg%qgggg:\;@%gﬁtoflgﬁfgggﬁﬁ'eferabl y of.
from 0. 002 thydrcipen Miwed dd ddre HEPObarided B, a2Q@6ficad44oh5wiPR-- 4 C -G

AVENDED SHEET, ' 30-.06- 20062006 15: 21 FEROM Tato 043%%%39944 EP2005054777 10
by wei ght eSPRETAY PGDE 1T U8 RRUR Wéicdfit Pthad&didne £RE SPolgtinount of

starting al qohQicideg & gyl ena Otirde st rbhe iR S9N 8 rafymd A e R rg ARt ai ni ng
conmpound conprising at |east one B-0 bond in combination with 5 hydr ogen

fluorife hasthsedif Msuhde genermrkad il ity by adding to the reaction
mixture a reactive fluorine containing compound that

forms HF in that mixture such as a mixed anhydride of HF
and an organic or inorganic acid. Examples of such
compounds are acyl fluorides such as alkanoyl fluorides
15 e.g. acetyl fluoride or axyl carbonyl fluorides e.g.
benzoyl fluoride, or organic sulphonyl fluorides such as
txifluoromethyl sulphonyl fluoride, or sulphuryl or
thionyl fiuoride. Preferably, the hydrogen fluoride is
added as such to the process of the present invention:
20 the hydrogen f£luoride may be added as aqueous HF e.g. of
30-50 % by wt concentration but is preferably anhydrous,
The hydrogen fluoride is present in such an amount
that it catalyses the reacticn of the starting alcohel
with the one or more alkylene oxides. The amount needed
25 to catalyse the reaction depends on the further reaction
¢circumstances such as the starting algohol used, the
alkylene oxide present, the reaction temperature, further
compounds which are present and which may react as co-
catalyst, and the desired product. Generally, the
30 hydrogen fluoride will be present in an amount of from
0.0005 to 10%, by weight, more preferably of from 0.001
to 5%, by weight, more preferably of from 0.002 to 1 &,
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useful for cataly eS0T an al cohol with an al kyl ene oxi de.
Sui t abl e boron-contai ni ng conpounds conprising at |east one B-0 bond for

el 2026l ned:ade bepd ¢ acid 10 (H3BO3), borig acid Ldes, al kyl
%@?g[@g? and m xtures thereof. Suitable conpounds nayg%ﬁ%{%%’%g EP 20605477 Td s

in particular 3 5-0 bonds, as in boric acid or trinethyl borate. The

bor on-cont ai ni ng conpounds for use herein can 15 either be introduced into
the process as such or forned fromthel® -organoborane precursor(s) by
hydrol ysis or alcoholysis in-situ. Exanples of suitable boric acid

anhydri des fgr h@le@laid i e OKi | ek ) ransboric acid
20 (H2B40,) gngé%gpgn g%%%éa?%ggg)ngESHSIgs%o?gsﬂﬁéggﬁg SFE&P ggrates for

use herein theckegalt gnesety ofhetarsingr pdehhiblbandt alkyliepeopyidebor at e,
tri-isopropyl bo e [ I r n . [ r ,derived fromthe
RGeS b 8oL 021000 BoRgle

starting (secondary) “al co rrts etho tri H?I borate is
preferred. kompeipdsg lalte leastr eper 8-Dobendcdnpounbsnhatbagwath | east one

B-0 bopd in-situ. For_.exanp] e.the_ co und 9- borabicygl o[ 3. 3.1 nonane (BB
whi ch does HggrggﬁpaF&%ﬁ%?%eBhﬁsbgﬁﬁgp%QHngetﬁsgﬂ Péréﬁgﬁ Péﬁg-nethoxy (BEN

and/or 9 30ukreHuOX¥-BBNaRISANICEN kRapREBANGE ah WAkeholNwilRg aheaction
m xture. .eived at the EPO on Jun 30, 2006 16:44.55. Pa-- ' ~ A~ ANMENDED

SHEET 30. 0682898 <p@06%15e21 FROM TO 0004989239944 EP2005054777 - 11
L e, Lo SR SO b DB cthpessleg! gy (rom bor i
least one B-O bond for use herein include boric acid '
10 {(H3BO3), boric acid anhydrides, alkyl borates, and
mixtures thereof. Suitable compounds may contain 1-3 B-0
bonds in particular 3 B-0 bends, as in boric acid or
trimethyl borate.

The boron-containing compounds for use herein can

15 either be introduced inte the process as such or formed
from their organcborane precursor (s} by hydrolysis or
alcoholysis in-situ.

Examples of suitable boric acid anhydrides for use
herein include meta boriec acid (HBQ;), tetra boric acid

20 (HzB40+) and boron oxide (B203).

Examples of suitable alkyl borates for use herein
include trimethyl borate, triethyl borate, tripropyl
borate, tri-isopropyl borate, tributyl borate and the
boric ester derived from the starting (secondary) alcohol

25 or its ethoxylate; trimethyl borate is preferred.

It is possible to prepare boron compounds having at
least one B-0 bond in-situ, For example the compound 9-
borabicycle[3.3.1]lnonane (BBN) which does not contain any
B~-0 bonds c¢an be used to prepare 9-methoxy and/or 8-

30  hydroxy BBN on contact with methanol or water in the

reaction mixture.
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A particular ' ' *BHtETHI NG Compound 5 for use in the present
process, especially fromthe viewoint of providing an al koxyl ated al cohol

anes 206 vebyzil owrbevel s of residual al cohokpand a ' y harrow

ég&§¢a e distribution is boric acid. The borg% contg?%%%gi%%gaﬁﬁﬂﬂDSUS4777
_conprising at least 10 one B-0 bond is present in such an anmount that it
acts as cc-catalyst for the reaction of the starting alcohol with the one
or nore al kyl ene oxides. The anopunt neet®ed depends on the further reaction
ci rcunst ances such as the starting alcohol used, the al kyl ene oxi de

present, the 15 mpeadidrerd ememidintaibihyheongeipaends Wiisehnhakaifpr esent
and which nmay reagt as co-catalyst, and the desired product. CGenerally, the

boron cont aiffen§FedEFrEeh F * FoRFS RGige POZIC 8FddBanhysxd RSl BNBe present

in an anoupf; 6 O35 to 10% by weight, nore preferably 20 of from
0.001 to 5% by weight, nore preferably of from 0.002 to 1 1, by weight,

especi al ly 0.05 o igudyar heipgef drassd bor onhe ondigdin lago watnpofandt art i ng
al cohol; and | e i de....The weight rati f .sai.d ron. containi ng
conpound 25'@0%}?&@9%3‘ I"?’uroerglI%‘et ipsr%%s?&gl'l )?%f'%&”‘fi}é' %&f&b,t%epr ef erably
1:10 to 10: kiesgedcitaldy pkokvidink 3n El&caiyl@xykatailenhplocash my be

performed at -20C to 200C, S%ﬁh as_ 0-200C, but preferably 50-130C or
especi al |y #eYaddyalatovdewH sRE F5otdelo23¢ehaly 286 Barticular to

reduce bypr oG IR Mol NG AR d%'s'ﬁ%'u%tig?x L RS arcgéuced by

the process of the present invention, the anount free ;eived at the EPO
on Jun 30, 2006 Ehe4bEsn Rontainivg AVENOEDASKHEREPriZErg6-22X00626686 15: 22

FRCN'H@ 009%3&9%ﬁ%?%ﬁxﬁf%gpﬁgéﬁ%&&yih.%%ch an amount that it acts as

co-catalyst for the reaction of the starting alcohol with
the one or more alkylene oxides, The amount needed
depends on the further reaction circumstances such as the
starting alcohol used, the alkylene oxide present, the

15 reaction temperature, further compounds which are present
and which may react as co-catalyst, and the desired
product. Generally, the boron containing cempound
comprising at least one B-0 bond will be present in an
amount of from 00,0005 to 10%, by weight, more preferably

20 of from 0.001 to 5%, by weight, more preferably of from
0.002 to 1 %, by welght, especially 0.05 to 0.5 % by
waight based on the total amount of starting alcohel and
alkylene oxide,

The weight ratic of said boron containing compound

25 to hydrogen fluoride is usually 100:1 to 1:100,
preferably 1:10 to 10:1, especially 3:1 to 1:3.

The alkoxylation process may be performed at -20°C
to 200°C, such as 0-200°C, but preferably 50-130°C or
especially at less than 70°C or 50°C such as 0-50°C, in

30 particular to reduce byproduct formation.
In preferred alkoxylated alcochols produced by the

process of the present inventicn, the amount of free
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al cohol is no nore than 3% nore preferably no nore than 1% even nore

Bk € logegno1m@pe 0.5% by weight of the_al koxylated al cohol. At the
g‘?l@%?db?he reaction, IIglija'nV\)hen the desired nunber of al E?ﬁ‘@ﬁ%%a%"c@:gwsbgﬁlﬁs
.been added to the al cohol, the reaction nay be stopped by renoval of the HF
and/ or the al kyl ene oxide. The acid may be renoved by adsorption, by ion
exchange with a basic ani on exchange -rgsi-n, or by reaction such as by
neutralization. The 10 al kyl ene oxi de may be renoved by evaporation, in

particul ar edyc L.eSS and e [ S 0C, such
as 40-80 C.QEQQE%Feggoﬁgs%P?%bﬁégpoggéxgﬁgﬁgékégg?%ghgréomégggyégg? strongly
basi c or anilén exehamgeer psieifertiblyenoveotrbethdah 0L G&rbpewabghn; ofhey may be

at least in_part.in_their chloride or hydroxyl form Exanples of these
fesine are TRRoGLKEEVABSRECPILREFrade Nark AVBERJET 4200 and AVBERLITE I RA

400. The reactioptpeBduehdmef Reemrigdtivhi hwhBe tBB gushaeaentfbkp in a
batch gperation_and 20 subsequently separated therefrom but preferably the

removaP is PR alkyherrussddsperatisohas PRephadeiedi fAoi Ahe adepPbh. t hrough
which is pagagd:kiechBACkag" Rl Q@B&Eedp‘ﬂ?t BenogRiNGE ehel HRChLYALLND the HE
Thi nmed Wt

Is by neutralization. may be“perfo a base or wth a salt
of a strongtbasaliplieneakxidied. The badd mayshit rempvbd bgorganic, in

particular one with at |east some_solubility in _the reaction. product such
a5t T east Sa8gEpELoR  EYa Tora PRGATGR HiGh: S SHE ARCANKEFFPRREH o
anmoni um caglgnal eo@r byl ¢aEkeAake stidkhaasbyodeumrd®igarhonat eThe amoni um
carbonate or _the correspondi ng. hydroxi de _such as sodi um hydroxi de; ammoni a
gas maf be adsydengr epdagpmpYt Be XEHCVSF Pyt PEAPRGBRLCOPs 47 organic

conpound su r ' ) | ashdo s ak -t PO on Jun
30, 200616: ggg:ggsagg?_ WAt ATRRM bRolbuk23hd088pRREKEY vk ! hE s |

than 100 °C, such as 40-80 ©C.

Examples of suitable ion exchange resins are weakly
or strongly basic or anion exchange resins to remove the
15 fluorine anion; they may be at least in part in their

chloride or hydroxyl form. Examples of these resins are
those sold under the Trade Mark AMBERJET 4200 and

AMBERLITE IRA 400. The reaction product may be mixed

with the ion exchange resin in a batch operation and

20 subsequently separated therefrom but preferably the
removal is in a continuous operation with the resin in a
column through which is passed the reaction product.

Another method of inactivating the HF is by

neutralization. This may be performed with a base or

25 with a salt of a strong base and weak acid. The base or
salt may be inorganicg, in particular cone with at least
some solubility in the reaction product such as at least
10g/1l. The neutralization agent may be an alkali metal or
ammonium carbonate or bicarbonate such as sodium

30 carbonate or ammonium carbonate or the corresponding

hydroxide such as sodium hydroxide:; ammonia gas may be

used. Preferably the neutralization agent is an oxganic

compound such &8 an organic¢ amine with at least one
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|m.ni Isbfpgen -3t o ch as 1-3 such atons. Exanples of suitable am nes
g‘ﬁ?g%fgqogary secgﬁdarl%é%r tertiary nono or di aff nes. Wgﬁ?ﬁé‘?ﬂﬂmgm%gﬁ

.groups attached to the amne nitrogen[s] may be an optionally substitute

al kyl 5 group of 1-10 carbons such as nethyl ethyl, butyl, hexyls or octyl,
or hydroxyl substituted derivative therepf- such as hydroxyethyl,

hydr oxypr opyl or hydroxyi sopropyl, or an aromatic group such as a phenyl

group optionakhyc SURSHAEH 4Ry stlenl 8ast- nguehk&koﬁxgb%wa&hﬁggfgggg- of 1-6

10 carbon atons such as “nethyl or iInert substituent such as ne.g.
chl orine. Henétedyel adimies egenpurdmsayeserapdaalysorbéensdarynmohibchrt he ring

cont ai ns ong.qQt..00Ie htrQ to s .in ridine_or.a | k pyri di ne.
Preferably t g%% ggﬁicqﬁghfggﬁﬁggtggﬁugggﬁtgg§u5slg%ﬁﬁﬁpggygpkékeanine,
especi al | y amimeo ndmiregenis]h nky BeOln Iphidhazxygl kubsgieured aekother

val ency(ies) if any gn_ the nitrogen being net by hydrogen or alkyl; the
hydrox;é'al ky*aH® &k i~ 16 GRpd AR £3- BeshvBo§hydeh budy Linhgxyls
hydroxyet nYlo dlcae, G $RRIM6H\AN kD ATERCRe2E R Al SRcBROESRen The
preferred am nes are diethanolam ne, triethanolam ne and the correspondi ng
| sopropanol &® mydrtxyaiisile dudioxynepylbe cadlivdronyisopuopytle preutral i ze

at | east ha%& %&c&gﬁiﬁF égﬂkgﬁgﬁﬁg%b%y8§%P§§a§%8ﬁélﬁ&%&k%ﬁé%5 Anot her type

of agent to Thactrvate t rea a HS of formng a
volatile flstwsitdevntad bgomdileasde dne al kglaspbetdkusnch ea gr.eagent6 as this
i1icon tetrafluoride which n.be . vola%igi ed .away fromthe
g

f
al koxyDat ed SRR & GO SHFTS diss ARRIL QF FBEEhy SuPsgd tuent such as

halogen e.g. chlorine. Heteroacyeclic nitrogenous bases may
also be used in which the ring contains one or more
nitrogen atoms, as in pyridine or an alkyl pyridine.
Preferably the organic neutralization agent is a

15 hydroxyalkyl amine, especially a mono amine, with 1, 2 or
3 hydroxyalkyl groups ,the other valency(ies) if any on
the nitrogen being met by hydrogen or alkyl; the
hydroxyalkyl and alkyl groups contain 1 -& carbons such
as in 2 hydroxyethyl groups. Oligoalkyleneglycolamines

20 may also be used. The preferred amines are
diethanclamine, triethanolamine and the corresponding
isopropanclamines.The basic compound may be added in
amount to neutralize at least half of the HF and
preferably at least a2ll of it. '

25 Another type of agent to inactivate the BF is a
reagent capable with the HF of forming a volatile
fluoride. Silicon dioxide is an example of such a reagent
as this forms silicon tetrafluoride which can be
volatilised away from the alkoxylated product in a

30 subsequent stripping stage.
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ﬁ g%oég 00§, }? 2 ROM TO 0004989239944 EP2005054777 14 The renoval or
19 t1on of The is usually performed at® a ten?%’ﬂﬁﬁi&ﬁ%‘-’!‘ibglpqm%%@ 7
.such as 20-800C or especially while keeping the tenperature bel ow 40C. ghe
removal or inactivation of the HF can be 5 perforned before or after any
renmoval or stripping to reduce the conf4gent of volatiles such as unreacted
al kyl ene oxi de, any by-products such as 1, 4-di oxane and possibly unreacted

al cohol feedstock eT98m5859V6E hﬁacgigggﬁgﬁom/1§%égﬁgegsugggé}i§duced

pressure and may e at a tenperature refera bel ow 100 C

such as 40p@@f6rmedvaat ag@@m@bﬁatheem@w'19@0&‘05&&}1'% b6- s@oée&rwth
passage of Inert gas such as nitrogen through the reaction product. Wen

t he rennvalespethalEE @himPskebpingethéetempepatﬂge B8Yovasecgsed to
neutralize the |nor$an|c or be of much hi gher

' bl
volatility [e.g. tﬁegﬁvgﬁnﬁggﬁgﬁﬁﬁlﬁﬁF PRgehoFhe %EIGQP %0 C or an anine

cont ai §i ng pessorhan BegdrBoBrakersl ahyafembealtas §££LB§iﬁg ggeurs before
the renoval of HF. In the latter case any base is preferably i norganic or

of 20 |OM/vsﬁaﬂpﬁutypecgntﬁpﬂhoénvaiﬁbsbﬁérﬁecboaﬁungrpacﬁed above 150 C or
an ani ne co Qéﬂg BRE thgﬂ 1% ?Egaﬁct tgggh g 8% the f or mer
K 5 ré5| U

case, the s r| pl ng mn enove races b a voIa |Ie base.
Pref erably phessbiypphogactedeafiached Beédseockoo¥hé pémadbalhesHF by
addi tion of an_am w volatility aapcggscribed abov non_vol atile

B he. CAf { ePLBRETePLY pBRREOHIE%: HESPENS PRESPRTENBRIaTREYF ot oo

Plrtndd par or EeiPag¥shoh BeItu"1sB Bk bBReaPiPIR Bp O E08 S 4502 and or -

| mprove as 40-70 ©C; advantageously the removal of volatiles is
aided with passage of inert ¢gas such as nitrogen through
the reaction product. When the removal of the HF occurs
before the stripping, any base used t¢ neutralize the HF

15 is preferably inorganic or maybe of much higher

volatility [e.g. with an atmospheric boiling point below
100 ©C or an amine containing less than 6 carbon atoms]
than when the stripping occurs before the removal of HF.
In the latter case any base is preferably inorganic or of

20 low volatilityle.g. with an atmospheric boiling point

above 150 ©C or an amine containing more than 12 carbon
atoms}. By this means in the former case, the stripping
will help to remove trages of residual volatile base.
Preferably the stripping is performed before removal of

25 the HF by addition of an amine of low wvolatility as
described above or a non volatile amine.

After the stripping and the removal of the HF the
alkoxylated product may be ready for used as such, f{eor
example in detergents, or may be further purified eg to

30 separate unreacted alcehol, fluoride salts and/or improve
| its colour before use,

The invention will be further illustrated by the
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' its colour before use. The invention will be further illustrated by the .
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wiithout Iimting the invention to these specific enbodi nents. %PB 77
‘Example 1 - Ethoxylation of the secondary al cohol 2- 5 undecanol To a
"Tefl on" bottle, equipped with a magnetic stirring bar and imersed in a
(water) cooling bath, was charged wit H32-undecanol (58 mol, 10g), boric
acid (50mg) and hydrogen fluoride (50ng). Ethylene oxide was 10 added in
t he gas- phafel owangosphmplesprbswever, arishumit al imbt eng helhet he t enperature
did not exceed C te bout 3.bhours.. 15 8 of ethyl ene oxide (358
nmol ) was %%%%%ﬁ%%nﬁﬁ?cﬁhﬁg?r3%%8%%% wf@??é?@ﬁﬁh%é of ethoxylation of 6.2
on intake) and then the product was treated with 15 ca. 50ng of di et hanol
am ne. The §¥%$%£%$ et hoxyl ated 2- undecanol was 0.316 kg EQ per g HF.

Measur enment gf the average

nugber of poles of eth Ienf oxi de, per nol e of
2-undecano|? at-ho 2P REYGRES ok | BE RO LN oF 22! af%ohol was
perforged 2Qnsastagshni gh performance |iquid chromatography (HPLC). The
techni que fOr TNESE neasurenents involved derivatising the ethoxylated

al cohol using 4-HPtaobBazegnénPettde. eqhirpeddutthis maghebhdl ysed by
Gradi ent El yti op; Hi Per. f, 0t I gl o US| | ygosi |
amno 25 ot St Sy Baz R HAREE el M £ TREOLPL PHEAEIG UBLER, BulY 1T
nobi | e phasehabDgédctibh Zwasdperfol meHSs pmal [ rH0y) pl Bbrabsacbdnce.

Quantif1catigg. of s, RY 5A03,2h 20ub0LSL oSy LagLioy Leehe - The

10 added in the gas-phase at atmospheric pressure, at such a

rate that the temperature did not exceed 30°C. After
about 3 hours, 15.8 g of ethylene oxide (358 mmol) was
consumed which corresponds with a degree of ethoxylation
of 6.2 on intake)‘and then the product was treated with

15 ca. 50mg of diethanol amine. The yield of ethoxylated 2-
undecancl was 0.316 kg EO/per g HF.

Measurement‘of the average number of moles of
ethylene oxide per mole of 2-undecanol, the ethoxylate
distribution and residual frea alcohol was performed

20  using high performance liquid chromatography (HPLC). The
technique for these measurements involved derivatising
the ethoxylated alcohol using 4-nitrobenzoylchloride.

The product is then analysed by Gradient Elution High
Performance Liquid Chromatography using a Polygosil Amino

25 stationary phase with an iso-
hexane/ethylacetate/acetonitrile mobile phase. Detection
was performed by ultra-viclet absorbance. Quantification
is by means of an internal normalisation technique. The
results of the ethoxylate distribution and the residual

30 free alcohol are shown in Table 1 below and are given in

mass percent (Em/m = Swt/wt).
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1 results of the ethoxylate distribution and the residual 30 free al cohol are

shown in Table 1 below and are given in nmass percent (ismm= %/ w).

3B 0o teHhel PO ofRPUN 30, 200616: 44: 55. Pa- TAVENDEBsSHEER0- %6- 20062006
15: 23 FROM TO 0004989239944 EP2005054777 - 16 Exanple 2 Et hox 2008054477
‘t.he secondary al cohol 2-undecanol The ethoxylation of 2-undecanol was
carried out wusing the nethod of Exanple 1 except that the reaction 5
tenperature was nai ntained at 70' C. Ned$urement of the average nunber of
nol es of ethyl ene oxi de per nole of 2- undecanol, the ethoxylate

di stributi obxampléh2 residual free al cohol content was carried out using

t he same techniques,as used in Exanple 1., The Ie ults are showmn 10 in
Table 1 beIgﬁﬁgﬁﬁgﬁg£8E3EELEBE¥E3£2£§§51JEH§5§éEdiﬂ%ﬁgﬁﬁiﬂﬁioI 2- undecano

The ethoxyl ationrpé £eHBL9EaRLbnV8E SapAdECaRyl walSi BErkhgangifod of Exanple
1 except that the reaction 15 tenperature was nai ntained at 130C

Measur enent usinghthe smetrhgs adnBsamplendbl except ethgt ehbeoxedetper nmol e of 2-

contont was - RRPFFAREER T Ee; hE DA hafoaCl T 07 o EEA U PhmehE FREBAR LY. 1 e

resul ts areasé@osge RAOmbarTalll aclebebdvetixhent codid€&opparableedt Pt assi um
hydr oxi de ¢

at al ysed._ et hoxyl ati on,of the . secondary al cohol 2-undecanol.
Y ndecanol ST4BE8R0 L anbhe. 9ERBOVASER Ut AGBLORT o SB0ERe SFPIRGL at  150C
Thten 3 m okrkel 4enenver eoaddad wandcherP¥edobY e51h§PLRE ¥hh& nitrogen (for
wat er

‘techniques as used in Example 1. The results are shown
10 in Table 1 below.

Example 3
Ethoxylation of the secondary alcohcol 2-undecanscl

The ethoxylation of 2-undecancl was carried out

using the method of Example 1 except that the reaction
15 temperature was maintained at 130°C, Measurement of the

average number of meoles of ethylene oxide per mole of 2-

undecancl, the ethoxylate distribution and the residual

free alcohol content was carried out using the same

technigues as used in Example 1. The results are shown
20 in Table 1 below.

Example 4 (Compaxative)

Potassium hydroxide catalysed ethoxylation of the

secondary alcchol Z-undecanol.

2-Undecancl (10.0g) and 0.2g potassium hydroxide
25 were stirred at 130°C. Then 3 ml of toluene were added
and removed by stripping with nitrogen (for water
remcval}. To the remaining seolution {2.%9g), the EQ was
dosed at atmospheric pressure and stopped after the
consumption of 16.7 g of EO. After cooling the mixture
30 was neutralised with acetic acid. The yield of
ethoxylated 2-undecancls was 0.083 kg EO/g KOH.
The average number of moles of EQ per molecule, the

ethoxylate distributioen and the level of free alcohol
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removal ) . t 50
er e

To the remaining solution (9.99),

t he EO was

fdﬁég'rsﬁ%bgaéée%%%:%ggeﬁ%u ralised with acetic acit? The Q@?éﬁlﬁﬁzéﬂgﬂgﬁmggb
E

.2-undecanol s was 0.083 kg EQ g KOH. The average nunber of noles of

mol ecul e, the

Lo 5 09 4RO sl 18 L5

| 1 SeR

com.

§&s

et hoxyl ate distribution and the |evel

SpoW

Aver

of free al cohol
at the EPO on Jun 30, 200616:44:55. Raj7 - -~ AVENDED SHEET $0- 06- 20062006
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dosed at atnospheric
consunption of 16.7 g of EQ After cooling

S4FRy
per

cei ved

17 were neasured using the sane

T SN

a

TABLE
9 6.7

6.2 6.0 NubberTfeolégolisEsbaxghewr ik BablédulibalowR- O (CH2- CH2- O ) k- OH

k=0, Resi dual
k=2 (%u) 4.5 3.0 3.6 4.2
7.5 k-5 (%p—ldedelQ. L1l 73,1

free 1.1 0.7 0.5 5.2

al cohol

k=3 (cw )T8BBES511 6.5 6.3
k=G—{ Ot

(%t )

Z

k=1 (%) 2.5 1.4 1.5 3.1
k=4 (9mt) 1
10 0N0.11. 0 124

0

9.6 12.0 12.|8 7.4 k=8 (%) 8.3
k=10 (%) 7. Bxamples Mob.7 k=11 (

9.7 9.2 6

Bate) 15. 0

8 k=9 (¢
Fa5 £ 8 5

) 8.1 1
Bx. 3

O

0.1
Q. k=7
.0 8.7
Ex. 4

{comp.)

7
e
6

.8 9.3
)
0

Average Ethoxylation
Number (mol/mol)

Ethoxylate
Distribution,
R=0= {CH,~CHp~0-) ~OH:

k=0, Regidual free
alecchol (&wt)
k=1 (&wt)
k=2 (%wt)
k=3 (%wt)
k=4 {(Zwt)
k=5 (%wt)
k=6 (&wt)
k=7 (%wi)
k=8 {(%wtf)
k=8 (%wt)
k=10 {%wt)
k=11 {3wt)
k=12 (3wg)
k=13 (Zwt)
k=14 (%wt)
k=15 {%wt)
k=16 (%wt}
k=17 (%wt)
k=18 (%wt)
k=192 (%wgC)
k=20 (%wt)
k=21 (%wt)
k=22 (%wWt)
k=23 (%wt)
k=24 (Swtg)
k=25 {%wt)
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nd not determined

It can be clearly seen from Table 1 that the

5 ethoxylated secondary alcohols prepared using a HE/beric
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k=12 (9%w) 4.3 4.3 3.5 4.7 k=13 (;w) 3.1 3.4 2.5 4.0 k=14 (%) 2.1 2.5
2.3 3.5 k=15 (%) 1.6 2.0 1.5 3.0 k=16 (%) 1.4 1.2 1.0 2.5 k=17 (%)
4D-06-20066%4 21SF 23 k=AM %) nd 1.1 0.5 1.7 k=P (Wég@%@gﬂg&;&%.g k=20
(3wt) nd 0.3 nd 1.0 k=21 (%) nd nd nd 0.7 k-22 (%) nd nd 09054473
((9t) nd nd nd 0.7 k=24 (%) nd nd nd 0.4 k=25 (%+) nd nd nd 0.3 nd -
not determned It can be clearly seen from Table 1 that the 5 ethoxyl ated
secondary al cohol s prepared using a HASofi ¢ ceived at the EPO on Jun 30,
2006 16:44:55. Pa-- ' -t “a AMENDED SHEET 30 06- 2006006 15 23 FROM TO
00049892399a4i¢P2absbgat 7iave $8untfdcantbyystdhosed beyalsi cfinftgereduced

| evel s of f cohol., (k=Q) d.relatively narrow ethoxylate
distributioéggf?sg.?gégkean iE?EPBﬁY%gﬁsﬁaEgﬁ%a?g%°¥%£?ﬁ% et hoxyl at ed
secondary atitsbeibptéepasediusi ngeakddcobyenibebnbbnppt esspapelydsoxndge

et hoxyl ati on_cata 7 Progglene oxi de (4g) was added to an

t. Ex | 5
equi nol ar ﬁFQ?ﬁYng?dt§FFSEEF§HoPig@thﬁB P32e@g¥510g02pr opanol  (12.0 g,
0.2 no§) angoﬁ%@%ﬂ%ﬁné@-ﬁoﬁﬁbsi@m2h9$ro§b§@ el gti8h EEtHRLRY! borate

was added and O. of 48% aqueous HF. The reaction started 1 medi ately.
After the Examnhprbopoof the propyl ene oxide (30 min) the mixture was

analyzed with Gg, L0 $ORY BTy Y4§) CAUDT 45488 PB"9R equimolar

mixture of tert-butanol (0.2 mol, 14.8g), iso-propanol
(12,0 g, 0.2 mol} and ethenol (0.2 mol, 9.2 ¢g). Then 0.1

10 ml of trimethyl borate was added and 0.3 ml of 48%
aguecous HF. The reaction started immediately. After the
consumption of the propylene oxide (30 min) the mixture
was analyzed with GLC to show a mixture comprising mono-
propoxylated derivatives of tert butanol, isopropancl and

15 ethanol. '
Examples 8 to 10

Ethylene oxide was bubbled threough to an eguimolar
mixture of tert-butanol (0.2 mol, 14.8¢g), iso-propanol
(12.0g, 0.2 mol) and ethanol (0.2 mol, 9.2 g} containing

20 0.1 ml of trimethyl borate and 0.3 ml of 48% aqueous HF.
The temperature was kept below 30 °C. After %+ 10 minutes
the reaction was stopped and the mixture analyzed with
GLC to show a mixture comprising mono—ethoxylateﬂ

derivatives of tert-butanol, isopropanol and ethanol.

ceived at the EPO on Jun 30, 2008 16:44:55. Pa~-~ 74 ~ e
AMENDED SHEET



pr-opoxyl at ed derivatives of tert butanol, isopropanol and 15 ethanol.

¢ 28ed 013:Q=Et bighene oxi de was bubbl ed through to an equinolar mxture
@?@ ®out anol (0.2 nol, 14.8g), iso-propanol ¥ (12. 08’?’@‘@??%%4‘55%59 Erﬁépl
(0.2 nmol, 9.2 g) containing 20 0.1 m of trinmethyl borate and 0.3 m of 48%
aqueous HF. The tenperature was kept below 30 C. After 10 mnutes the
reaction was stopped and the m xture ana yzed with G.C to show a m xture

conpri si ng nono- et hoxyl ated derivatives of tert-butanol, isopropanol and
ethanol. ceived at the EPO on Jun 30, 2006 16:44:55. Pa -- Anli Q. AVENDED
SHEET 30- 06- 20062006 '5' 23 FROM TO 0004989239944 EP2005054 S 1445

FF AMENDEDCLAI MS 1l Process for preparing an al koxyl ated

al cohol conpri.sing reacting faMtEam iME mond- yd IxyM & cohol selected from
secondary al cohols, tertiary alcohols and mxtures thereof with an al kyl ene
oxide in the pregence f _hydrogen fluoride an or pn- cont ai ni ng conpound
conpri si ng gt | e §?08ﬁ§ %96 §5ﬁ8.ri?gP?Bc@ggoﬁxgﬁgﬁan@fFﬂhﬁﬁain11 wher ei n
the boron- gempeiBing eeapeund aoa’eakﬁiﬂg AbnbeRGLroR¢ B18okend is selected
fromboric acid, boric acid anhydrides, borate 10 esters, and m xtures

thereof. 3.SPLBEEed AEEWr APAENEBTY AL APDOIRer EBPRLEABY bBEEALOESNRRM Ni ng
conpound co LS| t =0 ' ct gd o L . acid,
boric acid gﬁ%gﬁ&?geghgkgainwggﬁrgg ?Eg?g% é 3%§a$ %ﬁogéésﬁgggéé ?ng to

d ai m 3 wheeéi hydhegbor fhvorddeaanidng bonpouadntanpingi ngmpouhdast one 5-0
bond is

comprising at least one B-0 bhond.

-2, Process according to Claim 1 wherein the boron-
containing compound comprising at least one B-0 bond is
selected frxom boric acid, boric acid anhydrides, borate

10 esters, and mixtures thereof.

3. Process according to Claim 2 wherein the boron-
containing compound comprising at least one B-O bond is
selected from boric acid, boric acid anhydrides and
mixtures thereof.

15 4, Process accerding to Claim 3 wherein the boron—
centaining compound comprising at least one B-0 bond is
boric acid.

D Progess according to Claim 1 or 2 wherxein the boron~
containing compound comprising at least one B-0 bond is

20 trimethyl berate.

6. Process according to any of Claims 1 to 5 wherein
the alkylene oxide is selected from ethylene oxide,
propylene oxide, butylene oxide, glycidol and mixtures
thereof.

25 7. Process according te any of Claims 1 to 6 wherein
the alkylene oxide is ethylene oxide.

8. Process according to any of Claims 1 to 7 wherein
the process is carried out at a temperature in the range
of from Q0°C to 200°C, preferably from 50°C to 130°C,
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boric acid. 5. Process according to Caim1l or 2 wherein the boron-

L eges onpaand pRpri sing at | east one B-Qgbond i jret hyl
é@lr.&aq?%&@ Process according to any of O ains E1hjto 5 vi.ﬁae‘;%igﬁﬁgé%ﬁpagﬂéﬂ%337
oxide is selected fromethylene oxide, propylene oxide, butylene oxide,
glycidol and mi xtures thereof.c 25 7. Process according to any of Cainms 1
to 6 wherein the al kyl ene oxide is ethyfene oxide. 8. Process according to
any of Clainms 1 to 7 wherein the process is carried out at a tenperature in
the range ¢f froemo@eGe ac¥dAngref erablof Tlaims0'1Ctlo 8l3bGreiaei ved at
t he EPO on Jun 30, 200616: 44- . 55. Pa- AMENDED SHEET 30- 06- 2006 %006 15: 24
FROM TO 000 %@éf&&néibféﬁé%’ 77R & FEONABry. DR oG YSIARYg H-E2TAY - of
Caims 1 to1@ Wl e HRIEIR NG icRhand & HeTeeerdata iFme hydr oxy
al kanol. 10. Use of hydrogen fluoride and a_boron-containing “conpound
conpri si ng &ompeasd GREES-idifghd i dreastte oReaBréx oRd FProfth® starti ng

nono- hydr ox e s d GRIAdan I rtjar l.cohol s

and m?gureéﬁ{% r%ﬁ%ﬁféﬁ%ﬁg%&cce%v%%o%%@g%gn éfﬁr?\ég%d 2006

16: 44: 55. P& rAENEEDNSAERT al@bMolR 26Gertiary alcohols and mixtures
thereof,

TS1445FF.P846
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