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PROCESS FOR PREPARI NG AN ALKOXYLATED ALCOHOL OR PHENOL
The present invention relates to a process for

wonrepasiksdg an al koxyl ated al cohol or phenol . Bachgrowsds4777

of the Invention A large variety of products useful,

for instance, as nonionic surfactants, wetting and
emul si fying agents, solvent, and chenlca

i nternedi ates, are prepared by the addition reaction

(al FRRPESS iR EREEFPEANCoRNa Ry OEN&ATRIPd 85 COEPBX PBe EHENOL
wi t h organi c conpounds having one or nore active

hydr ogen atons. For exanple, particular nention nmay be
made ofT hehe rasleartolingtehndyiypinatred aded &lok pl pubskistutfed
phenal et.hox Iat p d reaction. of

O RO REAC G0 48 RLEATATPoRg: POLaPBSnGE BB bst it ut ed
phenol s _either be|no of 6 to 3Q carbon atoms. Such

et hoxy 28I L %t correspondi ng

pr opoxy %&%@%ﬁ@ﬂgp@%&%&%@%@@fmlxe%r instance, as
oxyet hyl ene "and oxypropyl ene groups, are widely
enpb@y@@lassmaﬁ@@ma@t@et@egénngc@npoﬁmnﬂeléylng agents,

co [ Ci n fornu t|on use_in_i ndustry
and o4 s PR 1 5P ehe SaPaBarRAL SR By the
an a@ldmri@n Qteﬁ@tmlo@t e{a(lrkeameenbad rbyctepmil afl bilkylene
belomb by addi tion of a nunber (k) of ethylene oxide
Gﬂﬁﬁ#ﬁﬁé IW}t@0059§Pﬁ§I€OQP@§ﬁ@ﬁ rRBVéagl ene or

I t th q
CHZJ B vs BRp SRR St | | ReRd Rl Pt it
as mfs&ddremam ber efegles ctfo tamsy apkaawdt egholyd aaddi tindnalkyl-
reacti on of a n nber g% of .al kyl ene oxi de nDIeFuIes
t o 4 gﬁlat s prepared by t reaction

of ethylene ox1de with aliphatic alcohols or substituted

phenols either being of 6 to 30 carbon atoms. Such
ethoxylates, and to a lesser extent corresponding
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
ethoxylate (represented by formula III below) by addition
of a number (k) of ethylene oxide molecules (formula IT)
to a single alkanol molecule (formula I) is presented by

the equation

R—OH + k.H,C CHy ——» R—O~{CH;—CH,—O-H

I 11 171
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cont ai ni ng organi c conmpound. Al kyl ene oxi de addition
reactions are known to produce a product m xture of

woanienssal koxyl at e nol ecul es havi ng di f f er ent POWMAP00S/054777

of al kyl ene oxi de adducts (oxyal kyl ene adducts), e.gqg.
havi ng different val ues for the adduct number k in
fornula above. nunber a a factor whic

in many SSESEWS 8&5??3ﬁgggﬁt BFOBEF?I §LGf Ny heeters B any

al kexyliateomokaeubadiandnetbart soar efmMdguhBetai kor o
the_average adduct nunber of a product and/or the
di§ﬂkw6@pﬁoﬁXéﬁea@@é§€uﬁ@ﬁbépsawﬁ@ﬁgheaaﬁﬁéaacbydéogﬁé

pfegﬂg%lﬁl 2§Eg3§eE¥ﬁ 8unkn the preparation of

al koxy ate S It s often the case that primary
aIcoholQ;ayéenerexudachdﬁetlandreacsmnascasesknown to

substantlallé nore reactive tEan t he cor; ? len

sePGRAEFS An8TPEPELaly *EBfFoRhdYaTEBESeR Eﬁ ¥latgjgolecules
means:haliiflrelranROh uAbWa¥s oBoasikhh 8nkoodi HECh Y uct s

et hoxyl ate secondary and tertiary al cohol s

sud@@y@ﬂ$Wﬂ¢n§|ﬁdduph§ neaeguohgvmpghduﬁéegeattwn@ues for
%hol can. be s

A esEihs Sl andrabRrary Tarbotgr o TR SUlllet

r esp@elkirvealsy a &ﬁ@tb&ethbﬁathMaﬁ& 3@@p@daeycah@@bqb the
et hoxyl ates and tertiary al cohol ethoxyl ates,

r eSFEPEILFAIRP, Ofi thea &Py YIRIE BORPLERE oRPdecfforts are
di stri-buti en . g¢cenda awe@kg%h%aue%nnhﬁb@%r b\feq Eﬁfg@uct

relatively cheap feedstoc such as paraffins
oxa@@ﬂm&nﬁhﬁ @u@hrabuth@@eoﬁaﬁdﬁhpmsnpm@@mee@1thamla
Flscher Tr %gltechnol gies, .or fromshaort chain

CgPEPY CalPENGICS” oy FERSKY PEEVORF . For this

reason'ﬂh‘@%@ %r@%aratlon of alkoxylated alcohols it is
often the case that primary alcohols are more reactive,
and in some cases substantially more reactive than the
corresponding secondary and tertiary compounds. For
example, this means that it is not always possible to
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 alcohol ethoxylates and
tertiary alcohol ethoxylates, respectively, with a very
wide ethylene oxide distributicn.

Secondary alcohols can be derived from relatively

cheap feedstocks such as paraffins (by oxidation), such
as those paraffins produced from Fischer-Tropsch

technologies, or from short chain Cg-Cypg 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
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desirable to devel op a suitable process for the direct
al koxyl ati on of secondary al cohols. It has
weungvizsiongl ybeen found by the present inventoPeTHRAG05/054777
secondary and tertiary alcohalsg,_as well as primary
al cohol s, may be successfully al koxyl ated by carrying

t he .al kaxyl at | tion i h f
Y BPBeACPT dobY dbP anB- So58F onTEORFAT ARG EoRBGRRA2¥nand
al kexylaredapeedytss aanweont asnpreddegdal e¥BbSsPfmay be

free unreacted al cohol and have a narrom;range of .
al Ryremreséxildy addagtlatstr Pucpsnyinenpiielibeoatkexylation

ad .pr.epar ' | kal h I
oL URLEiBRCRA Eh el a BNl b2 BylEbBEnYSLOKLAR and
eabrepnandniaieihbexihpbeuhbdan that with a doubl e neta

cyani de talyst, as the reaction t eratyre ca

e var | 0%0FeRo8 PGB BGACELS. CaPoCPBE TBtESHHGethaeTels
cabal ystel sinskeARken tocus81t BAR hReDY¥ChaReowhik6Rge of
requires a conplex catal yst synthesis. The process of

t helkpvenei oridanadbgetgivetaibuchohi ghempygireddtef the

al k | at ed product ¢ ared use c I f

21 Rt B Rgaren 8 0R 5 ek Badn P by PR e c2ralyst
abserce @fcbesen ogoptradnicigoaoipousdadlyheakikeashdonere
B- O_bond. US- A-4456697 descri bes _the al koxyl ati on of
naAycEipas dhagoirpetndl tmengonkilenmaré L pFyaarficaRtiC

Se%%%ggr%tgl%%th%’rE@c%@%npE%%ﬁ@%%tggehﬁgﬁoﬁgnvaried over
fluori g and a netal al koxide; use only of primary

al cohalss irsirgxerplg.f i-ed. tUS14050344@3tdescatbegst hes
producti on of polyether po%&%ls from an epoxy conmpound
i n stiFe Lgredongsofthary dact Ve RypGr oy IChc s/ AIRFga complex

CoQB%%ﬁ@Stb%VHiﬂggf%h akthe 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.

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 1is
exemplified.

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.

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
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epoxy catal yst such as boron trifluoride, and a basic
salt . WD 03/044074 descri bes the production of

woabyasimr pol yol s from an al kyl ene oxi de in tRE€T/EP2005/054777

presence of an initiator, whiich may be a hydroxyl
conmpound w th at | east one hydroxy group, but is

preferably a uch cer eacti.on
P EngCRRpkr osBY YRt urh BR YR Paavhg BV aRknPRaen
WEE&thyaeidﬁdCatabMBEeaﬁétthb98ah8¥ tAthhesprggance

of a cocatal yst which nmay be anong g others boric
acPBtéPrgdiletRy FhBoPALECNER B 2 gPyaErdystsvhbght Bgy be

“‘Eﬁoﬁgoﬁghgn%tﬂékgebBQéEhScEBeg?”E§lﬁg Eé?r88§9te. In Ex

| uoride and trinmethyl borate stripplng
an@d puytkeplr eactreectwdt Riphopybepéeori deidr tithethe

presence of oubl e d t I

B BRRFERREr B0l AT CGF Pweh GAE. S0erBge ForbEnY A PRERGHe

of 3000k @QIQ%PQhQQaR@Tf@EEBEQaEbQ@tlon with propylene
PCT/ EPO4/ 051366 i shed after the priority date of

th@xpdeséntt@pppmeaemeﬁ a¢ w0de0b5,0088680 disvlidsesaialyst

arative Exanple the qrati on o an_Cl4/ C15
or WP CALEhe) PRORBL)EAt Boby ot Rk PAB i 4 CCTaFClg ecutas
pr wdaigh talogol3olo oggrpasi tion in the presence of HF and
trinmethyl borate. There are n

nee o
appl|ca@Po@e@ﬂlPﬁePgﬂkéﬁ?ﬂé@?éﬁoﬁfnggégﬁég/95é§66 published
t ertany (gl C%*}q'o%lt ARG o¢f thhe p&@geﬂe %pﬁ\geert%ﬁg as

to the present i nvention there is provided a process
f oM Op REPAI/iI0NG 381 @hh@&pB&EednaﬁompekaeowprEgamgle D the

react tart |
CeBGhamy DR & Care Cary PRLEaRG! & ARECH SrarEyLote by
ethoxylating a Cq4/Cqig 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

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

hydroxy alcohols.
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thereof, wth an al kyl ene oxide in the presence of
hydr ogen fl uori de and a boron-contai ni ng conpound

woaoprizsiong at | east one B-O bond. Accordi ng teCameRiwens4777

aspect of the present invention there is provided the

use of hydrogen fluoride and a boron-contai ni ng

conpou i.sing_at. | east qne B-C)?on for the
alkoxyggfﬁgﬁﬁg ggcgnggfs%gﬁdaﬁgFfFaP foRy &FERY

al dolvelnt.iAcc aheireg itso paofvuieie @speeksofotrherebasenly an
invgptio there i,s provided a process for preparing an

al ROXYFAEd S5t Pfefy Tl édren odofpFPSilng "Pederichgra @ primary
P BRI HRIAY Arexycal Gahel W th S akkyhene 9xidg in

the presence of hydrogen fluoride ng a

boPgs-setmeaiati mydeeogpourdd voaripei sinag aabolreastoone iB4iQg

bo rein is_exclude process i.ch co ises .
resoTENEEE RS Hlr B 3B Bohor Wionerrl Mo coRt dé

i N etdad upleess en e ook sidF wand ht cio@irhyk sbeeat-e 1 nAcaordisng 1 s

to a further aspect of the present invention there is

pr BFHEd Ya 3p1e6E@d s Withihe I8 téorsnes ex1feadti ifeappeiseacg of HE
nono-hy.qgr. c ith an al kyl ene oxide in the
pr%ggh%gﬁg?%ﬁ' r%&gﬁﬁ%'uoride and a boroncont ai ni ng
conpoundccorpling ng at flueaskronepBc® bandhewbereientt he
bor,on- cont ai ni ng conpound is sel ected from boric acid

and &M Ok it&legﬁh;}&r PFEY19BE: 8i PEACBESCHPPENOROBPIsES

| nventdtam gThe pieGesS rdeehdiRg x _aQQ%hgﬁp%QEho%ntQQkylene
present invention conprises reacfing a starting

nmows-ilieed iox yhel ealesiensel edt by drogens édondady aindoholbsron-

tertiary _alcohols and m xtures thereof with an
alﬁﬁngﬁen6£@dgop?ound comprising at Qeast one B-0 bond,

wherein the boron-containing compound is selected from

boric acid and boric acid anhydrides.

Detailed Description of the Invention

The process according to one aspect of the present
invention comprises reacting a starting mono-hydroxy
alcohol selected from secondary alcohols, tertiary
alcohols and mixtures thereof with an alkylene oxide in
the presence of hydrogen fluoride and a boron-containing
compound comprising at least one B-0O bond.

While the process of the present invention gives
particular advantages versus conventional processes for
the alkoxylation of secondary and tertiary alcohols in
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
present invention 1s also suitable for the alkoxylation

of primary mono-hydroxy alcohols.
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the presence of hydrogen fluoride and a
bor on- cont ai ni ng conpound conprising at |east one B-O

woanah/03¥Wei7l e t he process of the present invent PON/ERRMNSH54777

particul ar advantages versus_cgnventi onal processes
for the al koxylation of secondary and tertiary

al cohol s i rms, of . providin to direc
ethoxylgyéggéggn 5?§tgﬁa ?gF g8?§m§¥EoHS?slPo£b¥ve

et poxphatedoal eehal kpkodueta havbRglkomeleval snefude
unreacted, residual alcohol and a_narrow ethoxyl ate
di 8L KPBGLSonSUfhedpr 6B88sC6f 1t Re BPese@rPoNn?EARPON i s

al so suiptable hor the ahgexgkggggpegéeeti [Yreaspons of

nono- hydr oxy al cohol's. Suita arting al cohols for
useoich plecpseparatoonaoteabkdxybamedcakhtohelschefekthe

i ncl ude ﬁlkgnols sgcq as_ones, of i to ?9 caﬁbog . £

at BREYUBFef 5PEnEECCAR 8l <8 BaTbxfrédgedl *FBPPelashgI from
of gbebh 3pr acess apenf ebMBOCeaaREnCafBREG @k tuatyetef oy

t he product, for alcohols in particular al kanol's
hadileghblemcontadd@esiuabrasp@etferd@dcantbdoggatons,gwallbohols
C9 to C24 al cohols considered nore preferred and C 9

t 0 cOR6 iakecekoe stopsederaeddnosticprdfienr mdxtimesudhrgeof,

m xtures thereof sucg ?s a giﬁture of . C.9 ang C20 1
al CORGI 85 AsTA*GEREr & 31 879 h8OaP¢oRBPE Sray Befopernera
br aghed gl ShiBhGNL Gl RCSLEUELULE,ABPRATLAG. 0B ENENa 1y
i ntendéd use. I'n one enbodi nment, preference furtHher
exisstractarealdepkold ingachanhs intehided gseat én than 50

percent, nore preferabl reater than 60 _percent and
SO BTl PYFSSt e Phai L FebeFdaft Sof CEng 1 cono

Mol G tar § nOfynliichedir s kiaialh %@aF@kc%ﬁ&poﬁore
structure. In another "enbodi ment, preference further

exipstes efrab lal galegiter 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
preferably greater than 60 percent and most preferably
greater than 70 percent of the molecules are of branched
carbon structure.

The secondary starting alcohol is preferably an
alkanol with one hydroxyl group, especially situated in a
2, 3, 4, 5 or 6 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 2-undecanol, 2-hexanol, 3-hexanol, 2-
heptanol, 3-heptanol, 2-octanol, 3-octanol, 2-nonanol, 2-
decanol, 4-decanol, 2-dodecanol, 2-tetradecanol, 2-

hexadecanol and mixtures thereof, especially of alkanols
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reactants in which greater than 50 percent, nore
preferably greater than 60 percent and nost preferably
wonetisuosrhan 70 percent of the nol ecul es are ®CT/EP2005/054777
branched carbon structure. Theysecondary starting
aIcohoI is preferably an al kanol mﬁth one hydroxyl
oup eC|aII situated jn 6
?goghat M nt %rlngo? on#the énd o?r%%et?%%gié?onanOl
cam@ynb@hased_The al kanol is preferably linear.
Exanpl es of secondary_al cohols suitable for_ use herein
i ncl udeTReurBEEAABY, 22CABRANBF 2 BlAgx@hEPNOD-15 preferably

heQéaQQkanthEt@”Qh e§§85£§ 9328CL2PBLy §t8ﬁ§a”9éd may

ecano ecanol noI 2-tetradecanol

hexadgeamrghkmand mvxtuﬂ¢§256@ﬁépbﬂ espeshahl ¥aoh of RL R2
al kanol sof the same carbon content . ,

, 8ahui REt hyhidnnapanehemaymbeousadffdhent erireprysents an
al cohol starting al cohol is preferably an al kanol of
4- 24kgépgcpaplyfglzeocaabbnnatonﬁ pndfeangbbg ofpresents

f R2)JC (R h of
orgggﬁ RX éﬁ%gﬁSafﬁénggngﬁékgr%ﬁyesgn#Qngggr8geﬁ?¥eaﬁt
;& s9reye, Etﬁygooeag s, b?aHEEf$P§9EyRQeQE§S§BtS
al ons may be [inéar or have at
Ie@&éf@m@bﬂ@thybreseethyﬂkbﬂanéhlwhiberR@nand R. methyl,

f bl | k
Gt RyFy Spr B7PY It SSBPBAGEVEs SBABYEY IouBE Yoy OReRGR LS -

Exammkes «af %eﬁkk%ﬁﬁr§|%QG%%%l%Ubh@@b%lEOEo¥S@s@ehékeln
i ncl ude hydroxylated mainly termnally (miinly 2- and

3- ineéulel hiydaoslydd t€g- m@@néaréﬁﬁmmgaéﬁyrgmﬁgnﬂWoﬁraand 3-)
i REIPNL -ErABRRRP L35y RRITRIAL LY BYRY! 30 o Fischer-
Tropsch process.

Commercially available mixtures of primary
monohydric alkanols prepared via the oligomerisation of
ethylene and the hydroformylation or oxidation and
hydrolysis of the resulting higher olefins are also
suitable as starting alcohols in the process herein.
Examples of commercially available primary alkanol
mixtures include the NEODOL Alcohols, trademark of and
sold by Shell Chemical Company, including mixtures of Cg,
C1g and Cq11 alkanols (NEODOL 91 Alcohol), mixtures of Cq»
and Cj3 alkanols (NEODOL 23 Alcohol), mixtures of Cpp,
C13, C14 and C1s alkanols (NEODOL 25 Alcohol), and
mixtures of Ci4 and C1s alkanols (NEODOL 45 Alcohol, and
NEODOL 45E Alcohol); the ALFOL Alcohols (ex. Vista
Chemical Company), including mixtures of Cjp and Cqp

alkanols (ALFOL 1012), mixtures of Cjyp and Cq4 alkanols

(ALFOL 1214), mixtures of Cqg and Cqg alkanols (ALFOL
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nonohydri c al kanol s prepared via the oligonerisation

of ethylene and the hydrof ornylation or oxidation and
woydrsnizy®rs of the resulting higher ol efins ar @eCaEPR005/054777

suitable as starting al cohols gn the process herein.

Exanpl es of commercially available primary al kano

m es include the NE Al cohol s de f
ot BBl SHET I ChEN C31 > Conbany. L7 it i 40 T RELPES Gh-7O™
k E ]
of 4% ana e T Al KEROP E° (RECoA 2 AT EBRel ) o U e
oflﬁ,‘&Eud&@,Smlﬁxlﬁeandf@i@ ahd&a®pp sal NEGDCE PIBPAL 1012),
Al cohol ), and nmixtures of Cl4 and C15 al kanol s ( NECDOL
45mpktohes, candl NEODOLC 45 Akeohbs ) (EPAe MEFO., and

Al cohol s (ex. Vista Chem ca an , I ncludin
n1%%ﬁF@§e§fOélQﬂéndCCﬁZaQ@kgh&lgPK%%%bE 18455 19%8), and

m Kbty BE7G1 b aﬁﬂ AP ABre Geeriels) D ahueing

n1%§%ﬁ§§e§fo§]C? % aO%hCQQdatE ngl 8ahALEOLTEREOTOL-L
t he EPAL Al cohol's (Ethyl em cal npany) i ncl udi ng

m xberes BfisE] sniandl€] f3rahkanbese{EPAE HOARYL, 1, Wthh is
m xtures of C] 2 and Cl 4 alkanols EPAL , 1214)
m REGResiey e1%11cal kaﬁa €] _BlaPk¥R6YsSEEPA l§4i§$ "the

o ebee ooty £Ea TaRA R RO PERPRERR) g P St 1o

Arsgasuirtablkectenrusaghenety estAEODOEoL exuhpth,i 8he CO
primarily a C al kanol . Also very suitable are the
comner ERaPirpdag ﬁla§|Brapﬁﬁﬁoﬁ§dpEéBQ#§dCBVP€H¥ and the TA

re F y c fatty esters, for
exgg%%h%ﬁﬁhefC%%ngh$Aog?og5h gg f Prgcter and Ganbl e

CbnpanyEa@@cubelyApabéehmbg staashhgndlGohoCsnpanyuse in
Especiall v erered $1actine,aleghots Lot Uelchlary
alcohols.

Mixtures of primary and/or secondary and/or tertiary
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 be used herein.

Mixtures of alcohols comprising primary and
secondary alcohols are particularly suitable for use
herein.

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

In particular, oxidation products arising from
Fischer-Tropsch derived paraffins (which may include

mixtures of primary and secondary alcohols) are

particularly suitable for use herein.
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the process of the present invention are secondary
al cohols . Mxtures of primary and/ or secondary and/or

woebndsisugp7al cohol s are al so suitable for use heceipr2005/054777

For exanple, mxtures of primagy_and secondary and
tertiary al cohols can be used herein. A s another

e useaPnBPErHL WY Fee BF aF RoHeLa EambP, &FRgose ay as

priesry iaed secendaryrakaehal soayeapabhi 68l 8hkystarting
suitable for use herein . Mxture of alcohols
CORPFPEPRg sdBoRBary tahBatévVei REGCEFEoRSI shar Brapspt

par i y syktabk 15€4h particukar,
PR EREHLIORY SHELBOLE LObaSRANBLEazs LA:PALLLSULAL an
derilked ypartatf phsenpwhicohpmay ingciredetngt ar esaoting mono-

primary and.secondary al cohols) are rticul arl

PRt Sreasd Harh AraddRuibrdiaytarssinete Presence of
al k@urated fiRot-hgesan wWayoasndesarbbadnhetenpohan

the al koxyl ation of the starting alcohol. I n an

al FEFRALISVEIpRECcdSSSéf oneBpPeSent i nvention, there is
provi deq, praeessy, %Eo&&egﬂéhgg ﬁggahﬁggyﬁggeg BRERSL rings,
g tar nofy

conprising reacti a ting ra r oxy phéeno
W b tdenallkyl enesexitdeednwilie preseace ohehydeegennon

fluoride and a boragn-contai ni ng conpound conprisin& at
Ie§§@r@ﬁ§1B§OSH@ﬁ&}t?ﬁ@tn§H6hh§éréggyéhengpeHQQeﬁﬁ emay be

L BRI g DO Lnl) ¥ WAL U MRS o, o

al kyl a Thenphenol-ingy ke tplen@lirnhaaer 1basapht Boly.on-Beaikyl

based on a phenol ring, or
substituents, each ©f 1-20 carbon atoms, preferably 1-3
such as methyl or ethyl, or 6-20 carbons such as hexyl,
octyl, nonyl, decyl, dodecyl or tetradecyl. The alkyl
group (s) may be linear or branched. The substituted
phenol may be p-cresol or a nonylphenol, especially a
linear or branched one or one which is a mixture of
branched nonylphenols, optionally with n-nonyl phenol.

Suitable alkylene oxide reactants for use herein

include an alkylene oxide (epoxide) reactant which
comprises one or more vicinal alkylene oxides,

particularly the lower alkylene oxides and more

particularly those in the Cy» to C4 range. 1In general,
the alkylene oxides are represented by the formula (VII)

R8

/O\C/
Ny

(VII)

\
C
/

wherein each of the R®, R7, R8 and RY moieties is

preferably individually selected from the group
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on a naphthol ring, either with at least 1 e.g. 1-3
al kyl substituents, each of 1-20 carbon atons,

wonedsasabdliy 1-3 such as methyl or ethyl, or 6-ROT/EP2005/054777

carbons such as hexyl, octyl, ngonyl, decyl, dodecyl or
tetradecyl. The al kyl group (s) may be | i near or

br@%ﬁgﬁgtiﬁgeo%upghlFﬁ%gd Ben%kyg& ﬁgﬁég §£em8y ge

nony enol,” espe |near or
onen@hw&dum&l& EeXbutedOErbmaBQEGQrBQﬁyb@h@ﬂ@king of
optional |y with n-nonyl phenol. Suitable alkylene

oxXi &Qrpgﬁgtaﬁ9§yﬁoﬁngs§YHéP§Wﬁlkﬁél@ééeéﬁeélwyténéhe
OXbQ%VQ%Bo%hg%)1Be§ﬁEa@Brwnﬁ9hV§? FE%@ QPengr mB®E€than 2

vi ci nal al kyl ene oxi des, particula
aIhyﬁe@eyeik@ésgandpﬁoeegpaphecbharbyefbmablynnbhe.CQ
to C 4 ran e. gener al. | ene.qxi des ar

th K .
r eprasen thReCPQPﬁﬁFS ?%F?he eP&i- eeaBHOBVﬁﬁﬂé rxide,

, ButyRe@%doﬁlﬂéle@&@%ld&lpr@Eeh@RkMrEBdEMEQ@@E|Mre more
selected fromthe groupconsisting of hydrogen and
al RyEirgirety e®2pbi Cag B LhESEI Hharhyceapactedsteomially

th fg%Q%&%%ﬁ%Sb§EBEgaﬂﬁ.Eﬁgpﬁggﬂe alkyl anglﬁxlgﬁg oxide

hydr oxya noi eties w € provi so tha
f ormakaa¥its thesesaiegnesseneithay 2rhydnoxgakkykide are
gro ne but preferably none. Reactants which

coﬁﬁ%s§§egﬁﬁy98ﬁ§ 8%?5@rrﬁﬁoﬁ?P@nEhﬁx?HéndBGﬂQFeﬁé

OXi-gemedlyairde poQ%uEh%E%%e§th%E%oErQE%1@@rSf alkoxylation
preferred, particularly those which consi st

espancesisiey , obnet hylsené roxi dbeantiapdppyhénefoxhde.

A YR 1L oheRSLANLE AT AL 19, S3R20LL AL Kol coc
St@ﬁdﬁ@I@Ud@EtC@HﬁE&Qbakl@ﬁ@OftUnltlES for the
practice of al koxyl ation processes, and also fromthe
standpoFﬁF Sreprgation of the alkoxylate compositions

herein the alkylene oxide reactant and the starting
alcohol are contacted in the presence of hydrogen
fluoride and a boron-containing compound.

The hydrogen fluoride can be added as such or can be
formed in-situ. Hydrogen fluoride can be formed in-situ
for example by the use of compounds from which hydrogen
fluoride can be separated off at reaction conditions.
Hydrogen fluoride can be obtained by acidification with
mineral acid e.g. sulphuric acid of alkaline earth metal
fluorides e.g. calcium, strontium or barium difluoride.
The HF may be generated in situ 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

e.g. acetyl fluoride or aryl carbonyl fluorides e.q.

benzoyl fluoride, or organic sulphonyl fluorides such as
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preparation of products having narrowrange ethyl ene
oxi de adduct distributions. For preparation of the

wealbk@ophare conpositions herein the al kyl ene oRCUEP2005/054777

reactant and the starting alcohol. are contacted in the
presence of hydrogen fluoride and a boron-containing

fl [ b dd h
or L4 BeTPACkaNC: RISPranYEy G BGERCeT UBF: B BARTBL OF

f ochedniyl- §ilturtae. exarpferbylyhetsenhofiregapodndsride is
fromwhi ch hydro en fluorlde can be separated off at
reééﬁ?énaéoﬁapbu theyBregeast PliokPEePEAREDE bbvanhedn:

bytﬁ%' ﬂ;yakeetew@ %wd@ @gg%eagas}ea Os §ﬁhBBHE‘ Gragi g, of

al kal'i ne eart met al orides e
StB@ﬁﬁOuﬁ1by barCuntdntkaonbdebuEhESFErHﬁyrbbly anhydrous.

gener at situ by_addi. to the reaction mxture a
enct tvaPT HOFTRESEONE AP COnBORRGTERAD FBFAmcRFoRAUNt

thahali XtuegtsUGBeas taem-xadtaBhYdEi d8c0Et Kt 2R 8Mconol
organi c or inorganic acid. Exanples of such conpounds

ar@lﬁbyﬁhﬁlQéﬁlQésm§@@haé§YéB@Qn©yﬂdﬁBuorTﬂ@sa@ognt needed
acggyl #grld hgerEXklgﬂregggbdgl88r£g§uf8r her reﬁctlon

benzoy or organic ori des suc
astnmtuhsmanaeehﬁhcsubphohylstbuonnqealObhsmlphuﬂyltﬁé
thi onyl fluoride. Preferablé the hydrogen fluoride is

ad@edYaSrEuCK 1S PRESEPbecesse FeFﬁElBPe eRPErAVBREY ofuTther

th%oﬁ%@ﬁﬁ@%”wﬁh%ﬁrbg@ 5§¥sgﬁtagg8dwﬁ§cﬁqugu§e§Eteag co-
of 30-50 % by wt concentration but 1s preférably

anhydaQU§t Thedhydeogenifkdopirddurs . préseataﬂmysuthean
t hat cat.a e reaction of the st

t
B P A LR HRe Ve T b PP AR RO benog PR iR OF Lrom
ampupboseeded 0k) &gt akysatt heoreaptke@Brdppends @Rokhe. 001

further reaction
to 5%, by weight, more preferably of from 0.002 to 1 %,
by weight especially 0.05 to 0.5 % by weight, based on
the total amount of starting alcohol and alkylene oxide.

The presence of a boron-containing compound
comprising at least one B-0O bond in combination with
hydrogen fluoride has been found to be particularly
useful for catalyzing the reaction of an alcchol with an
alkylene oxide.

Suitable boron-containing compounds comprising at
least one B-0O bond for use herein include boric acid
(H3B0O3), boric acid anhydrides, alkyl borates, and
mixtures thereof. Suitable compounds may contain 1-3 B-O
bonds in particular 3 B-0O bonds, as in boric acid or
trimethyl borate.

The boron-containing compounds for use herein can
either be introduced into the process as such or formed

from their organoborane precursor(s) by hydrolysis or

alcoholysis in-situ.
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ci rcunst ances such as the starting al cohol used, the
al kyl ene oxi de present, the reaction tenperature,

wouodsvseosconpounds whi ch are present and whi chPO®EP2005/054777

react as cocatal yst, and the_dgesired product.

General ly, the hydrogen fluoride will be present in an
amount of fr 005 0% by wei ght r.e.
preferag eF’ro Bub%ib% /IXByaﬁgggﬁngﬂﬁ}ges for use
preéeeablyncﬂuﬁéombeaOEart@ dcY%i, (hpoye) ahdtespestad | ¥ciq
0.05 to O. % by wei ght, based on the total anount of

st AFeF4Ry) a?BQhBPraﬁdoéFQ?léﬁéoakrde The presence of a

bor on- cont ai ni ng _conpo st one B-O |
bond |nE§8W8 tpg nﬁﬂgﬁgﬁﬁd? Bﬁi ggESF?Ee Rasupgefierein
fomﬁalh@eb@r@aéthgml@bkxt@setyhetﬁplc@béhyéln9r£5§opy1
reaction of an alcohol with an al kyl ene oxi de

SubpaBre: béﬁénlééﬁfapﬁﬂnéoﬁéhﬁouhésbubﬁbrbsrﬁgeaﬁnd the

(RS REr R Re Y Anhoal GE& EpkPThlor apaehtahi) “a1conol

m xtuies bhﬁbegﬂatSultabheth9mpbuad3enay p@étatﬁea.S
B- O bonds i.n particular 3 B-O bonds, as in boric acid

or trimethyf BBFatBleThe BEFBAIEORPAPRI AGTESHBBENASVING at
fofcyse Bﬁ@esnocgenelahegl@@.'nk59de§sﬂgn@teh&heompound 9-

process as such or forned fromtheir organoborane
pr eoursoryCdp [By 3hydnohyskes (BBNal wbhohydbss not contain any

i N-Si.t ampl.es. of suitable boric acid nh dri

LeEhe PRt Refnd naeh' B8 PeoBere PrSsfotYarrd7Re: B
ach@dbxzBAEK) oandcheren QXtHeméBﬂgﬁbl oExaaEb@slﬁfthe
suitabl e al kyl borates for use herein include

t r FRBERYPIbBEELE tri et hyl borate, tripropyl

Preferred boron-containing compocunds for use herein
are selected from boric acid, boric acid anhydrides and
mixtures thereof.

A particularly preferred boron-containing compound
for use in the present process, especially from the
viewpoint of providing an alkoxylated alcohol with
relatively low levels of residual alcohol and a
relatively narrow alkoxylate distribution is boric acid.

The boron containing compound comprising at least
one B-0 bond is present in such 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
reaction temperature, further compounds which are present
and which may react as co-catalyst, and the desired
product. Generally, the boron containing compound
comprising at least one B-O bond will be present in an

amount of from 0.0005 to 10%, by weight, more preferably
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borate, tri-isopropyl borate, tributyl borate and the
boric ester derived fromthe starting (secondary)

walewhcksor its ethoxylate; trimethyl borate i 8BCT/EP2005/054777

preferred. It is possible to-prepare boron conpounds
havi ng at | east one B-O bond in-situ. For exanple the

conpo 9, abicyglo [3 .3 ] nonane B iC

dogg %g?mcghpgﬁnggn§°8- b%%a%h%antEGugééﬁ?ggBrgpaEefrom
9- aebhaxyoandior b9- wbyghexyeBBhcoaitonbact wotb.5 3 by

met hanol or water in the reaction mxture. Preferred
boFEhIEENPEPRFNG cbhBotiREs f BOURE Rér&FArktaIseleehedy and

framcboehe ggide. boric acid anhydrides and mixtures
thereof. A particularly preferred boron-containing
conpound@heoweugbti nathe pfesent processenespetnal Eympound

f h [ | f._providi k I | coh
w £ PERaP RS M halePe b ool aBhl Pt eoh e ofing o

repatireebylpant 0w abkogyhat esgestribyt Bon 5 besic

acid. The boron containing conpound conprising at

| east ofbeBaOkbamdaksopr psenessnmsycheapeafountdt hat -20°C
it acts as co-catalyst for the reaction of the

st &Pt PRE @l corel &F t i 24 Condudr e raikyl e 13°desr
Th d d JLhe furth tion .
ci PERREt A5 bulAHaERRE D% 1 hos Gicc ol GSed - M0%E, in

al kyh-eneu9xirdecPreaaBEt, niReohgact k8PLLETRRL at ure,
further conpounds which are present and which may

react as$ncopredeakysdt alindyibheedesicedopsoduetuced by the

Ceneral ly, the. boron containing.conppund_co i si_ng_at
| CHLPCSAE BTOBanAT AFFN bo"sraSeRt | nAn=Anbaht C6f Lroo
fram:0n0003 st aolf%rebynuai ght , moeeeppeeternbl,yab hbem than
0.001 to 5% by ME|%ht, nore preferably of from
1%, even more preferably no more thah 0.5% by weight of
the alkoxylated alcohol.

At the end of the reaction, when the desired number
of alkylene oxide units has been added to the alcohol,
the reaction may be stopped by removal of the HF and/or
the alkylene oxide. The acid may be removed by
adsorption, by ion exchange with a basic anion exchange
resin, or by reaction such as by neutralization. The

alkylene oxide may be removed by evaporation, in

particular under reduced pressure and especially at less

than 100 ©C, such as 40-80 ©cC.

Examples of suitable ion exchange resins are weakly
or strongly basic or anion exchange resins to remove the
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
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0.002 to 1 %, by weight, especially 0.05 to 0.5 % by

wei ght based on the total anobunt of starting al coho
weandecaiskyene oxi de. The weight ratio of said POTMR2005/054777

cont ai ni ng conpound to hydragen tluoride is usually

100:1 to 1:100, preferably 1:10 to 10:1, especially

to The al kox t ocess hm or ned
3 1ub0 4o Thes hOIVLA! L0, REOSESS . e, pey f or TG
pre¢esablyi 501438 86n0inesSRECH Byt 8dnlwsshtiRe AEDG in a
or 500C such as 0-500C in particular to reduce

bye@bemetthéeﬁebu%hlcmnlere¢%$$@dt%¢k@&@¢%&%@ Rrednel s
pdeuceﬂ?théPe §853f01n58€195€fﬁ§tt% Vﬁﬁtignbythe

anount o ree a I'S NO nore

preéetablyzaOiunre Thas 8y eaepenﬁoEmedeWEtmbéybmee or
nore _than 0.5% by wej ght of the al koxy] ated  al cohol
At"LhR 8ndcbF Phe? rEgg??%nbaﬁﬁeﬁn?h%e%%s??eﬂ ntnberade or

al kyh engagxihdei HBiryanDas peegaaéﬁedlée bhe @i@@hg{ least
the reaction may be stopped y renoval of the

angdpoe ﬁhéUQﬂRyFEnenoihdereaﬁelge|Hrﬁﬁbeesu@hna@dabyleast
ad ion, b S |
exiﬁgzﬁ e Xeu??a%%%géﬂgﬁ.&%Esugﬁggsﬁgygg OMea1i metal or

ge resin reacti o
nediunahi zat teRbotheeabkybeoerbxhdee neycheas esoa edmby

evaporation, in particul ar under reduced pressure and
essééPQPP§6a9r|e§§OPﬁHﬁ ¢opPenete Stichhascaprepreneing

Strg§k§§leg §Hbﬁaggesbaguﬁxﬁpaggﬁlags'Qﬁm@ﬁ?aﬁggglMaQrbe

basi c or anion exc ange resins to renobve t he

fIueednePaafemabﬂyeyhﬂayeberaﬁlkeason|agpattlsnanherganlc

e b a8nd" oA QXYL 8L 0L FXAIRL 8E QT hgse 88t NShe

ar eompound such a g
aminic nitrogen atom such as 1-3 such atoms. Examples of
suitable amines are primary secondary or tertiary mono or
diamines. The organic group or groups attached to the
amine nitrogen{s] may be an optionally substituted alkyl
group of 1-10 carbons such as methyl ethyl, butyl, hexyls
or octyl, or hydroxyl substituted derivative thereof such
as hydroxyethyl, hydroxypropyl ,or hydroxyisopropyl, or
an aromatic group such as a phenyl group optionally
substituted by at least one alkyl substituent e.g. of 1-6
carbon atoms such as methyl or inert substituent such as
halogen e.g. chlorine. Heterocyclic 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 1is a
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 -6 carbons such

as in 2 hydroxyethyl groups. Oligoalkyleneglycolamines
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those sold under the Trade Mark AMBERJET 4200 and
AMBERLI TE | RA 400. The reaction product may be m xed

woi2006/034371 on exchange resin in a batch operat POWEP2005/054777

andsubsequent|ly separated therief Lom but preferably the
renoval is in a continuous operation with the resin in
a col um ed.the.reaction product.

ANGT Hef ﬁé?%%gg%?drngg?leﬁgfﬁgr?ﬂeamﬁn?§ o)

nedieshhzat b@hne Tht 81isanabhel peifior aed Mhéhc@rpé§§oﬁﬁing
with a salt of a strong base and weak acid. The base

or 18aPFORAPC BTN RBP gBAF cLaF hC paprPeundrnayiebai ddad in
gféﬁguﬁgngoSHEH@Ehl£¥e'QttP§a5§aﬁ£i9n PfeﬁgChgsgﬁQ as

east /'1. The neutralization agent
alkaéfenebay ot aewbhi i cafbbhate or bicarbonate such

as sodign1£ﬁrbo ate or anmoni um car bonate or. th
R4

corresp §EhydPExPHe9GRh &S %BﬂFEﬁYﬁEErBQ?d%F is a

anpBRhangasafBy1beyusgrdenEr piepabkyrhhggngut s bt zaki on
agent IS an organl C conpound such as an organi ¢ am ne

MAfhuarlﬁ@asﬁléhéoanﬂhpélﬁﬁtl@géﬁ ax@mpégchfasuqhsa reagent

such ons. f suita %e am,nes, ar
SeEn EhPIP o EHaT, S3C8h PULLAR) SRS LR BLATRLY

greumaaﬁlgeeupswaytaehﬁdthe tbroaniaeeni brogeot|[ sh aay
be an optionally substituted al kyl group of 1-10
caPBBASIEGER §§rﬁ€Pﬁ99 &tRAYE: butyl, hexyls or octyl,

or hydr?%&'réHQ%&ﬂtHEGQnQ@EhV§EhME bheg gof ;sugh 88ually
hydroxyethyl, hydr oxypr opyl , or hydroxyi sopropyl, or

Eakgaﬁhb@ QtOHptémpbraﬁu@epBQMMk gooap §§&hOBQ|EU 800C or
stituted by at |east one al kyl substituent e.g. of

1 6spabbeml§t@hﬁlaukbep$ngethyltempénathrsubsﬂbWUeDPC.
such as hal ogen e.qg. chlorine. Hetero

cyclic
nltrogeHBGs §§¥§lnﬁ§ ahegtp¥atien P éﬂFcHFtﬁ@anﬁg
CopLakREmARC LR MBI 8r after any removal or stripping to

reduce the content of volatiles such as unreacted
alkylene oxide, any by-products such as 1,4-dioxane and
possibly unreacted alcohol feedstock. The removal is

preferably performed under reduced pressure and may be at
a temperature below 150 ©C, preferably below 100 ©C such

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 to neutralize the HF
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

low volatility[e.g. with an atmospheric boiling point

above 150 ©C or an amine containing more than 12 carbon



10

15

20

25

30

nitrogen atons, as in pyridine or an al kyl pyridine.
Preferably the organic neutralization agent is a

woydremsyal kyl am ne, especially a nono am ne, WRCTEP1005/054777

2 or 3 hydroxyal kyl groups ,1hg ather valency (ies) if
any on the nitrogen being nmet by hydrogen or alkyl;

the h d oxyal and al k I s contain 1 -6 carbons
suc %S |n% Eyar y%?ﬁy g?% gormer case, the stripping

d wgoal kylpnegl yerbagi pesssy @tseeb@duégdvoihﬁlle base.
preferred am nes are_ diethanol am ne, triethanol am ne
anarFﬁ%régﬁVeEB%naFﬁpréﬁﬁrbﬁaﬁ%F§ﬂ¥%%§ rpEopasremoval of
coppoung BBYy.be; adds n egst
hal f of t%g ﬁF éng e¥e? n?ggg? EaE? a %iéf fity 88
AmdeherlbypeabbvagentatoonnaclaVale ahendélF is a

tth th HF I
oo heteB PhE Rt bl BT e Tadart ExmBrEs brob bkt i the
reagepkyastthi rbeues Akyisenrbelyatolugsbdes whighncapor

be volatilised away fromthe al koxyl ated product in a
subsefoeént 15t fpppragnssager Mag benbvarher purified eg to

| OELLYELL Bl DGt LUl BESLOLETEL, 2o snprove

espeei abllypuwhbk€okeepsag t he tenperature bel ow 400 C .
The renopval or inactivation of the HF can be perforned

bef or elBf APVBRTARY VihbvEP SRISReFphlhgSteatedue® the
CO@B@TEwQBgV@&QRbh@§ SHebe@érun%§€H5§9 @L%X%?Hﬁ pxkLde,
any by-products such 1, 4-di oxane and possi bfy
unneacnedoalcghoheﬁeedseoaElCThmboémmvatsLs preferably
performed under reduced pressure and nmay be at a

t eBpemptiese bel ow 150 0 C, preferably below 100 0 C
such as 40-70 0 C ; advantageously the renoval of
vokghib@s 1S- Ethoxylation of the secondary alcohol 2-

undecanol

To a “Teflon” bottle, equipped with a magnetic
stirring bar and immersed in a (water) cooling bath, was
charged with 2-undecanol (58 mmol, 10g), boric acid
(50mg) and hydrogen fluoride (50mg). Ethylene oxide was
added in the gas-phase at atmospheric pressure, at such a
rate that the temperature did not exceed 50°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
ca. 50mg of diethanol amine. The yield of ethoxylated 2-
undecanol 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 free alcohol was performed
using high performance liquid chromatography (HPLC). The

technique for these measurements involved derivatising



ai ded with passage of inert gas such as nitrogen

t hrough the reaction product. \Wen the renoval of the
woRomocwws before the stripping, any base usedPCO/EP2005/054777

neutralize the HF is preferably Lnorgani c or maybe of

much hi gher voIatiIity [e g. wth an atnospheric

b ' C talnj .
CoLhEngROLItaPE o A00e0 (ol SRR DS eEm AL TS e
OCEhéSpbeﬁOEe tbetheﬁoaﬂhlpée&Fbyl@r&@ﬁeh@ttﬁutﬁaﬁengh

¥ base is preferabl | nor gani ¢_or of Iom;volatllltg .
eﬁformFFﬁeaHl%Phﬁs%HEPme BOrfPRY POIRT AabBYbydseiy Amino

C Sta@ioARtDepRQBLal NERY.AD{ §oLhan 12 carbonat oms]. By
this neans in the fornmer case, the stripping will help

toheeﬁneéethaéesebateéstdbah1Voihe|mebbheephaeeferaetgction

the_stri in er rmed, bef pre renpva

addfti B @g? gﬁd gFargﬁpggga??F?fgaﬁgedes@??ﬁghflgatlon
abQMGb9rm@aﬂ@nofobﬁthh@e@ﬁhmenofﬁéﬁisébﬁoﬁtEé@ﬂhﬂguéndThe
the renoval of the HF the al koxyl ated product may be
redd§uiep aSehascsherylabe @Xé%ﬁ%@uthoﬂeﬁedgeh@sreéldual

na¥rg EEFFHSE EE'E Qnega/?agfgaiaﬂglgpsgﬁafgge given in

al co uori e sa s an i Fove

befake psecehbe Inent isart mid)l. be further illustrated
by the follow ng exanples, however, without limting
t hEXPRP&Rt Pon to these specific enbodi nents. Exanpl es

EX%HHEQ%%a;iEBhﬁfykﬁEiQQBBBd%P§ SEEQAGArY_ éhﬁ@@&ho%'

magnet i Chet ethbrglbatoandfi Arendedannlawgwateryied out

igﬁ%&ggbgﬁ mgmﬁsdcg%rgxam ghlzegggggagggt(ggengggctlon
temperature was maintained at 70°C. Measurement of the
average numbper of moles of ethylene oxide per mole of 2-
undecanol, the ethoxylate distribution and the residual
free alcohol content was carried out using the same
techniques as used in Example 1. The results are shown
in Table 1 below.
Example 3

Ethoxylation of the secondary alcohol 2-undecanol

The ethoxylation of 2-undecanol was carried out
using the method of Example 1 except that the reaction
temperature was maintained at 130°C. Measurement of the
average number of moles of ethylene oxide per mole of 2-
undecanol, the ethoxylate distribution and the residual
free alcohol content was carried out using the same
techniques as used in Example 1. The results are shown

in Table 1 below.
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the ethoxylate distribution and the
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acid catalyst have significantly reduced levels of free
alcohol (k=0) and relatively narrow ethoxylate

distributions (i.e. peaked distributions) compared to the
ethoxylated secondary alcohol prepared using a
conventional potassium hydroxide ethoxylation catalyst.

Example 5 to 7

Propylene oxide (4g) was added to an equimolar
mixture of tert-butanol (0.2 mol, 14.8g), iso-propanol
(12.0 g, 0.2 mol) and ethanol (0.2 mol, 9.2 g). Then 0.1

ml of trimethyl borate was added and 0.3 ml of 48%

aqueous 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, isopropanol and
ethanol.

Examples 8 to 10

Ethylene oxide was bubbled through to an equimolar
(0.2 mol, 14.8qg),
(0.2 mol,

mixture of tert-butanol

(12.0g, 0.2 mol)

iso-propanol

and ethanol 9.2 g) containing



TABLE 1nd = not determined It can be clearly seen from

Table 1 that the ethoxyl ated secondary al cohol s
wonrepased7usi ng a HF/ boric acid catal yst have PCT/EP2005/054777

significantly reduced | evel s_-ofg free al cohol (k=0) and

relatively narrow ethoxylate distributions (i.e.

peaked. di str red to.t ated

segoﬁdrarllfqy%gllcgg#n Qﬂgépggggéﬁsﬁﬂa g goﬂ eﬂ? %h | aqueous HF.

poﬂ?assrtemplaydltoxedeaet hepyl Btion gatatyst aArEXampl €05minutes
to Propyl ene oxi de (4g) was added to an equi nol ar

i %Pﬁr éegFttlQPt WB§t SR6PPEG. 2nfApfhemixgyye analyzed with
IS@L repa ( 2 d a I,

o3 R o Ry T et AP Berar o uge aaucd
ande@lgaﬁﬂveﬁ 489 agbiebusahkl, Thsopeapanom ghdr teHanol.
i mredi ately. After the consunption of the propyl ene
oxide (30 mn) the mxture was analyzed with GLC to
show a m xture conprising nonopropoxyl ated derivatives
of tert butanol, isopropanol and ethanol . Exanples 8
to 10 Et hyl ene oxi de was bubbl ed through to an

equi nol ar m xture of tert-butanol (0.2 nol, 14. 8Q),

i so-propanol (12.Qg, 0.2 nol) and ethanol (0.2 nol,

9.2 g ) containing0.1 m of trinmethyl borate and 0.3

m of 48% aqueous HF. The tenperature was kept bel ow
30 C. After 10 minutes the reaction was stopped and
the m xture analyzed with G.C to show a m xture
conpri si ng nono- et hoxyl at ed derivatives of
tert-butanol, isopropanol and ethanol .CLI MS 1
Process for preparing an al koxyl ated al cohol

conprising reacting a starting nono-hydroxy al coho
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sel ected from secondary al cohols, tertiary al cohols
and m xtures thereof with an al kyl ene oxide in the

wonremasem7of hydrogen fluoride and a boron- contarmpPa@s/ 054777

conmpound conprising at | east g e B-O bond. 2 . Process
according to Caim1 wherein the boroncont ai ni ng

conpound conprising at |east one B-O bond is sel ected
fromboric acid, boric acid anhydri des, borate esters,
and mixtures thereof. 3 .CPeoteEdMa®cording to daim?2
wherei n the boroncontai ning conpound conpri sing at

| east one B-O bond is selected fromboric acid, boric
acid anhbydekdesfandprepibties dhmesElodxyYatedrolesisol
according.to Caim3 wherein the boroncontainin

cofPBRRYES LBAPFFIThynat 2| h3F L bie BT PRV PBY bt Fehol
ackgs o0t odPEPERSSAGHALEY N1 LOnA &l M drOf a2y YHIRESADL s and

t he boroncontal ning compound conprising at 1east one
B-@ibondesstheraef hyithoanat @l kglen®roxeds aeconei pgesence
an¥ OE §Iains % to 5 mhergin éhe al kyl ene oxi de is g
sePEchEdrPPEh BLHOTafR BRT dR, PPt Byt &k bitiyg, compoun
butyhppesoxhdet gbystdeheapdonbxhares thereof . 7 .
Process according to any of Clains 1 to 6 wherein the

al Ryl enBregrde pScerfiynenkookigéen 8 whergtaskhe boron-

308859598'Eg a8 8En§'QEH§r}s£9g7a@hﬁé§£9 Lhe £§08§§d is
i s-carried out at a enperature’in the range o rom
0Cstne2008, fporf boabbyatidm BOCitoadBOCaBhydPidesssborate

according to any of C ai 1 to 8 wherein the starting
aI@SﬁSFSVsaBdSQg5585?§ ﬁggﬁgﬂ%droxy al kanol .

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.

4. Process according to Claim 3 wherein the boron-
containing compound comprising at least one B-O bond is
boric acid.

5. Process according to Claim 1 or 2 wherein the boron-
containing compound comprising at least one B-O bond is
trimethyl borate.

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.

7. Process according to 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 0°C to 200°C, preferably from 50°C to 130°C.
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10. Use of hydrogen fluoride and a boron-contai ni ng
conpound conprising at |east one B-O bond for the

wealbk@opkari on of a starting nono- hydroxy al coh®CT/EP2005/054777

sel ected from secondary al cohols, tertiary al cohols
and m xtures thereof . 11. Progess for preparing an
al koxyl ated al cohol conprising reacting a primary

nono- hydr oxy al cohol mﬁth an al kyl ene oxide in the

prgsencsr8ée9¥d58989d ?eaédg%agdga %%ﬁ% fmﬂé?%nﬁﬁggeln

conmpound conpri Srng St

exchadedaatmhgcessombncmscanpét§ﬁ§af§aﬁém@gh§d£aﬁ G&ﬁkanol
al cohol with ethylene oxide in the presence of H

trﬂﬁethyﬁebaﬁabédrqgenPﬁée@§§d$o@nﬁrépg@rﬁ@ gﬁntalnlng
a'BBﬁ%béBSdcéh?QE%' §0QpPrishog éﬁ?célﬁgbé%ﬁrngr%%e

nono- hydr oxy al co Mﬁth an al ene oxide rnt
preiénxglat1hydoﬁgensthnbmngemand aydoopp- gbodlaohi sglected

ound co r|S|ng % Leas% ge B-O ond wherei n, the
RTcBREMFhY 20HPBENT’ i 555kt 2EY el ??%ﬂ%%o?? mExgures
both@ragfd anhydrldes and m xtures thereof. 13.

Process for preparing an al koxyl ated phenol conprising
redéti ngracssar EPAgPRoRBr hydr akya phervlaed ha hpohol

I d d fl .
o KXpEDE oHbec L0108 BT SHER, oL INCROER.Ll HELIAE) o

onanBaOkbaade &41d€rmﬁe85eapgesdnﬁg b0 Kyaroydd fluoride
wherein the boroncontalnlng npound conpr|5|ng
| e88f BnBCBOD HBRE2ARYNEhE ’ﬁPRW@n%O‘BRFH%l%gea sleast one

SFE?E?QOB@Sp@ﬁEk¥§hyléne§BYu888 Qf pebalb 88 #nPcRNdomprises
reacting a C14/C15 alcohol with ethylene oxide in the
presence of HF and trimethyl borate.

12. Process for preparing an alkoxylated alcohol
comprising reacting a primary mono-hydroxy alcohol with
an alkylene oxide in the presence of hydrogen fluoride
and a boron-containing compound comprising at least one
B-0O bond, wherein the boron-containing compound is
selected from boric acid, boric acid anhydrides, and
mixtures thereof.

13. Process for preparing an alkoxylated phenol
comprising reacting a starting mono-hydroxy phenol with
an alkylene oxide in the presence of hydrogen fluoride
and a boron-containing compound comprising at least one
B-O bond.

14. Process according to Claim 13 wherein the boron-
containing compound comprising at least one B-0O bond and
the alkylene oxide are as defined respectively in any one

of claims 2-5 and claim 6 or 7.



