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| AN ALKYLATED HYDROXYAROVATI C COVPOUND SUBSTANTI ALLY

FREE OF ENDOCRI NE DI SRUPTI VE CHEM CALS AND METHOD OF
MAKI NG THE SAME 5FI ELD OF THE | NVENTI ON The present
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reacti ng at least o oneti ¢ conmpound 10

with a propylene oligoner in the presence of an acid
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- catal yst. The respidliphgrbramarednefmyn al kyl at ed

hydr oxyaromati ¢ conpound has been determ ned to be
substantially free of endocriné disruptive chem cals
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&Ry by sts(r), solid acid clays and acidic zeolitic
materials. Alkylation with | ower nol ecul ar wei ght

ol efins, such as propyl ene, can be 25carried out in
the liquid or prapRGRENAGE OF PHEANKENGIDRNS With

hi gher ol efins, such as CI6+ ol efins, the al kyl ati ons
are done in the liquid phase. There is increasing
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carried out in the liquid or vapor phase. For alkylations with higher olefins,

such as Cqe+ olefins, the alkylations are done in the liquid phase. |

Thereis increasing evidence that certain synthetic and natural chemicals may
act as agonists or antagonists to estrogens or androgens and.may interfere in
multiple ways with the action of thyroid hormones; such combounds can be
called endocrine disruptors.. For example, endocrine disruptors can mimic-or
block chemicals naturally found in the body, thereby altering the body’s ability
to produce hormones, interfering with the ways hormones travel through the |
bod.y, and altering the concentration hormones reaching hormone receptors.
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Endocrine disruptors and natural estrogens share a
common mechani sm of action. In normal cases,

“estrogenic activity is produced by bindi ng natural

estrogen to an estrogen receptor (ER) wi.thin the
nucl eus of the cell, 'followed 5 by transcriptiona
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Di - 2- ethyl hexyl phthal ate (DEHP), butyl benzyl
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Some studi es have shown that there are |inks between
al kyl phenol s and decl i ni ng-4perm count in human nal es
and 10 there is evidence that al kylphenols may

R ng (:tlﬁf‘cﬁgdé &!S}O(agg?,tpggg?b'f?e?grﬂ{e@mﬁgﬁﬂ)phenol (TMBP), |

“harnfully disrupt the activity of human estrogen and

androgen receptors. Concern over the environnent al

. and health inpact of al koxyl ated al kyl phenol s has | ed

to governnental restriction on the use of these
surfactants in Europe, 15as well as voluntary

i ndustrial restrictions in the United States. Many

i ndustries have attenpted to replace these preferred
al koxyl at ed al kyl phenol surfactants wi th al koxyl at ed
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20al koxyl ated al kyl al cohols are related to the
residual free al cohol, which is the portion of the
react ant al cohol that does not react with al kyl ene
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,dsltrag@rﬁaﬁdjaﬁma@enlécmwl et al., US. Patent No.

7,777 disclose a process for preparing branched
ol efins conprising 0.5%or less quaternary aliphatic
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copol yner and a nmet hod for making said copolynmer. The
branched noiety is forned by radical polynerization

- reaction or anion polynerization reaction. Fenoui

et al., US. Patent No. 6,765, 106 di scl ose a process

“for preparing branched ol efins conprising 0.5% or

| ess quaternary aliphatic carbon atonms, which process
conpri ses dehydrogenating an isoparaffinic
conposition over a suitable catal yst which

i soparaffinic conposition conprises paraffins having
a
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5 carbon nunber in the range of from7 to 35, of
whi ch paraffins at |east a portion of the nolecul es
i's branched the average number of branches per

| , east 0.7 and the
D200 e e yr—and optionally ethyl
branches and whi ch |soparaff|n|c conposi tion may be
obt ai ned by- hy drocracklng and hydroi someri zati on of a

Bdsraa. iLhS cPalght Ne ot B&3 02 c%sec'%ﬁes alybglenpguifpfatRo.
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Arglesetne s Bitafio IRy G B five an 20
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Aoy, i Pliest Noe & 157 B criagodes s Bioshat (A procuiing

IR erme Mo Binfided |itedrasifh/ saranmlisSmemEaBH 6k by
the liquid phase reaction of an aromatic conpound

_ Gempristpgdinesieeieinone hydroxyl group with an 25

al kyl ati ng agent in the presence of a heteropoly acid
and water. Leston, U S. Patent No. 4,475,001 _
Finoull ebas LhS pPaleatdof 60841 dy| disglens hmsess tor ORAFHINAEdS

e i, 3 REGPAIH R SyphERalon oo

vmmlo%$mmrsﬁdﬁmmtlm guiseparafénia cdoipesition over a
RSB i ARG B AT v o
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‘conpound W th a branched ol efinic propyl ene oligoner

havi ng from about 20 to about 80 carbon atons in the

Ffd'ngsé% neeuy. et 7‘3@413536(§td|sc§l@sepé Rk R pRidakinglifar
roxyaromati c conmpound wherein
andior branched unsaturated product hydrocarbons used ring opening cross-

metathesis.
Matsugi et al., U.S. Patent No. 7,022,763 disclose a branched olefin

copolymer and a method for making said copolymer. The branched moiety is

formed by radical polymerization reaction or anion polymerization reaction.
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15 the benzylic carbon attached to the
hydr oxyaromatic ring is substituted with one al kyl

" group having 1 to 5 carbon atons and a second al kyl

S R R

. DPARER ofkFIRL RbRPriding®. B4R O RaTEry APhBtiAcHB6A @.cbms

aspect, there is provided a process for al kylating
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cegndpanimhes irs therrange Obfr@@em 3y iof mh!camadaféa% at \zast a

p%%ﬁedé B pi%lercﬁ%lél i b%cﬂéa dfﬁ‘étavgf%ﬁ@ uﬁgn%{ gF P%H&Mé?b&d

roxyaronmati c conpound hav oW n
pataﬂim: mom:ulecmamg ahieaeﬂ 7 Rbditse aremcalng teethpails logl mgﬁhamnd

' i | ¢ b
Bl s etk B PR B AP BB BB R e

obtaivieed bybhypatrackiag hntl diydradsorberizatidronba pRfiirsc aaxal kyl
group having 1 to 5 carbon atons, and R3 is either
hydrogen or an al kyl group. In a third aspect, there

i—ia‘a‘srl@étcé{i deg, raatlehbmbcagﬁzgzgidasmﬁmsdmylmd eedrpsiisi ng:
or amount o il of lubricat|

st AN Hen Ao a hedngy e el A BRY i arkal s then 40

mﬁ%'mQHé‘QlkplbﬁéEﬂér%ﬂwéﬁ)é HYdRICRPIRSSis Q0PI hisd (1) at IEaE DD RE. %
| east one hydroxyaromatic conpound 15with a

%tf@r@memaé@mﬁﬁt%h "BEFPeRds BIMyEAEYIaavi ng from
about 20 to about 80 carbon atons in the presence of
an acid catal yst, wherein the resulting product

Gsovgit sals Lah. aﬁﬂwt Noedl OK§ 16 djsplaseer precesmios alkylating
pﬁéﬁélgg\/h"ené?n HALLQWiARY aﬁ(&fa%?& Wik the?Qefin component of a

thermally cracked sulfur conta;mng petroleum distillate derived from residua in
the presence of an acid catalyst to provide monoalkylphenols which have an

average of less than two alkyl branches in the said alkyl group.

Takeshita et al., U.S. Patent No. 4,912,264 disclose a process for producing -
hydroxyl-containing alkylated aromatic compounds by the liquid phase

reaction of an aromatic compound having at least one hydroxyl group with an

- alkylating agent in the presence of a heteropoly acid and water.

Leston, U.S. Patent No. 4,475,001 discloses a process for alkylating phenolic
compounds to produce ortho- or para-monoalkylated phenols or 2,4- or 2,6-

dialkylated phenols.
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RIRTHON |

wherein Rl is a branched al kyl group of at |east 18
carbon atons having an average of at |east one branch .
every 2 carbon atons wherein each branch contains 1
L .Q aving 1'to
5 carbon at ongR! RIS e '-v-- sricl an al kyl
group. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Wi | e

the invention is susceptible to various nodifications
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invention to the particul ar fornms disclosed, but on

t WBCHBNET ﬁkeﬁ?uﬁeﬁ’é)yisﬁ?@ﬂtm%h’r?t?“to cover all :
nodi fi cations;, equivalents, and alternatives falling
within the spirit and scope of _t .0 .tion as
defined by the appdiiag 5= 1Y ]
Aefins - The term"olefins" refers to a class of
unsaturated aliphatic,  hydrocarbons havi ng one or nore

c i i st aspash AheIsuHPEVISSH @S altAte REloREraMalls nunber
gg?rﬁg&&%ﬁ&%ﬁare?imysaepr%eégsaéd&m@in@n@a@lmwbéte bond are

d nonoal kenés, and those with two doubl e bonds
desstonkl Iedrakyanesaticatdoypadineineit) a branghed elsfinic. prapyiene

RS hauraden e Dt PbERE B KR S E | Q8 bRl

cond “car
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d t he start yint, for medi um bi od lLe .
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Branched Linear Oefins - The term* Parhl al l@%/ _
peast d Begrvomalgm ohaingan ayYpge ot PBS RINCASYCRE 2 FRRRR
L Q) 58 IgRghchespitdifan 19P&ambdfyatoRisanch per
%‘ﬁ“?g‘?‘g ?H%ﬁguﬁr??%éjﬁtecz’?'ﬁait'ﬁ%ﬁt-he Goubl & bond, wher ei n
the al kyl branch may be a nethyl group or higher.

ating

‘Partiall br ancﬁgd linear ol efolcgssS fgiaglkﬁl SQ a%ont ain

- dB @iesoBd AP d

FiiS BEPVEISEr Y
hydroxyaromatic compound comprising reacting at least one
hydroxyaromatic compound with a branched olefinic propylene oligomer

» having from about 20 to about 80 carbon atoms in the presence of an acid

catalyst, wherein the resulting product comprises an a[kyiated

- hydrdxyaror_natic compound having the following structure: .
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“aromati c hydrocarbons havl

Branched A efins - The term "branched ol efins" refers
to a class of olefins 30 conprising one or nore alkyl
branches per |inear straight chain containing the
doubl e bond, wherein the al kyl branch may be a net hyl
group or higher. Non-Hydroxyl Containing Aromatic
Conmpounds - The term "non-hydroxyl containing
aromati ¢ conmpounds" refers to aromatic conpounds t hat
dehaein Rase taaycmwathxlygroqn oﬂp’sieesttﬂ&e)arbpn athens having an

ﬁﬁr’]‘g'aurrr%é‘% $ %{J‘%%t %Ef[l S u b hgjo%nétqlﬂé%&%\ 'eagh branch

" ctirsaIRS 1 itd thgﬁbmmmns@ s aireémysgrb@p R&GN@Uite 5 carbon atoms,
conpounds that do not have any substituents attached

1% Reis &itbardEopehgl ) akh@SEPconpounds may be

nmonocyclic, bicyclic or polycyclic. Exanples of such
compounds include, but are not limted to, 10
benzene, napht hal ene and the |ike. Monosubstituted

%r‘{ﬁtra g?%%ﬂ?éf rovf'c]@@ al G BatifPs ftfoH cBFhprising:

npoun o aromati ¢ conpounds that have one

-substltuent attached to the aromatic ring. These

d b :
T5pot Yiyal # DA ARIESNEh Dok Blost e o

are not limted to, aromatic conpounds with one of

the foll

‘N2 B PRI GBI ORATE camPaine pregPIsg P Ana Sress
i s a hal i demiismhstdacin@t Baenaid ydompesmalsc conffeind

term "di substituted conpounds” 20 refers to _aronmatic

conpounds Wib2 hﬁw@e@mﬁmg{w{%ﬁ@g%ea%\é@g fremygheut

aromatic réd}g(a%but g &arBs9 ARkristn G ReLEHds ofay abie catalyst,
monocycnc, bicyclic or polycyclic. Exanples of such

conpounds Wwigsbindiee rpsilting @r t comprises ancatkiatsrat i ¢

f-ol | owi ng:
like, wherein Ris an alkyl group and X is a.

ForT ow ng: Mok RAROS bR Re i BRI B

. 25hal i de. Hydroxyaromati c ¢fgpnpound At | east one

hydroxyar omati ¢ conmpound dr a mi xture of

hydr oxyaromati c 30 conpourjds may be used for ‘the

al kyl ation reaction in e esent. i nvention. The

hydr oxyar omat i c--conpou ds tha may be al kylated in

accordance with the prgcess of the present i nvention

i ncl ude nononucl ear nohqhy y and pol yhydr oxy
-+834, and preferably 1

to 3,

~ wherein Ry Is a branched atkyl group of at least 18 carbo_n atoms
having an average of at least one branch every 2 carbon atoms
wherein each branch contains 1 o 2 carbon atorns, Ryis an alkyl group

having 1to 5 ca.rbon atoms, and Rsis either hydrogen or an alky!

group.
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-9-  hydroxyl groups. Suitable hydroxyaromatic
conpounds i ncl ude phenol, catechol, resorcinol,
hydr oqui none, pyrogallol, cresol, and the |ike. The

preferred ngﬁggr%hﬁ;}ﬁgﬁﬁgpwq m. @Eﬂ@,\, ‘Sour ces
of Hydrox 7

hydr oxyaromati c corrpound or the m xture of

rQ t|c co e t he ent
Iy BB R s RAEN, B s RS ofat e R Rt
famrishepeific. endfbdbhehtsnsere Soaedesein deSirdiedns detaling: shouid
Iefl ns, e {1@%%” tg this invention are branched chain
B¢ epprStaedr &+ B/ W5 deRErRIONIER N Phspesiioembodiments
RIS b michefivenidy tcbﬁheﬁba'ﬁﬂcmé# 'ﬁﬁ'rr%fdlgcﬂ@é'léa”' %gt on
%{eﬁgnns The ol efins may al so be substituted wth
ey 816 iteationy isdaseveisab mogificatipns osguiv enfpsand
SRRk 8 | !
e URE M R B ] SRR e it o by
iappendeshelaims. qui d catal yst. The mixture of olefins
is selected from propyl ene oligonmers with carbon
nunbers rangi ng from about -20 carbon atons to about
Befinidgrison at ons. Preferably, the mixture of ol efins
is selected from propyl ene oligomers with 25 carbon
nunbers rangi ng fromabout 20 to about 60 carbon

@letins - Timertemptaéfrs” esfoforiom abswisf 2RafupatabaubhaAR
n one enbo t he branched olefin

e disdiing kST a0 B bRRPPE S0HB SESSRANEH Y 2
riumebdren pbdde@sé‘aafTJ%e&Ioﬂfﬁlﬁhé aabedublie bbh8 are called | mono-

dr oxaropatic ring is substituted with one y
Pesies. A Rge Wb wa Biblsdrpece celind s slkucianes! or

dIbIefits. OAIpR4 olefiAS hrelﬁarﬁé‘ﬁlgﬁﬁ‘ réﬂcﬁﬁ@b&%b@ %@Boﬂﬁ bR is

of -one branch every 2 carbon atons erein eac
hetuprmthedinstandsetond carboas b ramplessre 1axitensGandally st

obYRieehd xwh.&msre%é%ﬂ e smg&%ggto @gpﬁgﬁum.b[@d#%ame

prepared usin cat al
sgicfpelents. Linear and branched olefins are also included in the definition of

olefins.-

Partially Branched Linear Olefins — The term “partially branched linear olefins”

- refers to a class of linear oleﬁns comprising less than one alkyl branch per

straight chain containing the double bond, wherein the alkyl branch may be a
methyl group or higher. Partially branched linear olefins may also contain

doubie—bond isomerized olefin.

Br_anéhed Olefins — The term “branched olefins” refers to a class of olefins
comprising one or more alkyl branches per linear straight chain containing the

double bond, wherein the alkyl branch may be a methyl group or higher.
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Preferably, the acid catal yst conprises hydrochloric
acid, hydrofluoric acid, hydrobromc acid, sulfuric
acid, perchloric acid, trifluoronethane sulfonic
acid, fluorosulfonic acid, Amberlyst(r) 36 sulfonic
I*ﬁm Uydmmlﬁonmymbé\rpmabh GosOoLOdS roTrheR@rrm BeTthygiesyl
r L
Rt AltgfioohioynEieleS o AR LB ARAE 32 Akt
lawe dng ayadoygitgromys &ither eo\tioé atbroatio mypoesraaedsudsivent
useq n a batch process or a continuous process. 15
Ski d catalyst may be regenerated after it becones
deactivated (i.e., the catalyst has lost all or sone

f I h
 igibs et Cogpo-ds ol et i Ry st BreReS

rRACTd HrBinatc H&ﬁg@ﬁh&@tﬁbﬁd@@lbﬂh@\@ alysubstitnts attached to
Preparation of efinic oner The ol efi

the pepmaticsngls)| bhese ‘Fctmﬁ’fl‘t’é‘%rf@%}éﬁ? MONPERF iCo RICKE @ or
; egaﬁ;s Ex&fipRY d?'sua?mbauﬁ& iREIRY] @ Aot Ihﬁlted to,

ence of 'an acid catalyst. Preferably, the
tepetred, inapbthalengangrihadke.a car bon range of from about
20 to about 80. The olefin oligonmer may be prepared
by reacting the propyl ene nononmer with the acidic
N’fmdsczbktstqhek:lohroataabmnpca@dd esOrd tegn “enepubstified

ti i
FRYRLBHE forerS Bt SBgRiigHph Bk D P4 5AE BDIAEAR afbchec
tatimpapheticcingr Esese @am;momim:un ayl b@@tqmmicgcllchlesfdic or ‘

ocess _condjtigns are not of
BiGo SRS EEdmales SEo RRBlags BbiRtoudl hBLifde
a@bm&tI@Ctbrfﬁp(\Mﬁdél\nltHb@eSilmpe‘oi@tfwgdjnsatésttmmmm R, -X, -NH,
Process for Prep | kyl.at e roxyar .
B Gms 06 BedRenBaaIeHIR o 6 AL S et T Baideon
the al kylation process is carried out by charging a
hydr ocar bon feed conprising an hydroxyar tic 5
IS HEE BroTBaR SOMPEUEAS TIPS SPoREes GrraBtHYS”
r@felf% 1 4088k cBhBbUAJS SR AHRE Swd bulsstitudiRd HadhYIte iR

gonerﬂ) and an acid catalyst to a reaction_zone in

atmm@hc Hog(ehtTnerrPEala CAMAPHBES MPNOSTBeRPRYCHE HRYRIGe
Ay diend! bl &'skh 2birBBLReS ﬁxcmebu@érbﬂo@hﬂnﬁf&j fo,

ndi'tions for a time sufficient to all ow substanti al
aromtic soopogidsewith two seesituerts relpetsisidiom e fellewing: -RAS -

| at£ Hﬁﬂl(g)r t glla%{Her]l %meégarl g%ﬂm | &roup and X is a

sired tine rea
hailde

Hydroxyaromatic Compound

At least one hydroxyaromatic compound or a mixture of hydroxyaromatic

compounds may be used for the alkylation reaction in the present invention.

The hydroxyatomatic compounds that may be alkylated in accordancelwith :

_the‘process of the present invehtion include mononuclear monohydroxy a_nd

polyhydroxy aromatic hydrocarbons having 1 to 4, and preferably 1 to 3,
-9-
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mxture is renoved fromthe al kyl ati on zone and fed
to aliquid-liquid separator to all ow hydrocarbon
products to separate fromthe acid catal yst which may
be recycled to the reactor in a closed | oog Cxc'lgﬁb
hywiexylydipersar Bgkabis Byrliexyargmelie parapondsdpeldde 8hefiove
s & L i
Py AR o QUG K3 ol el ERTERANE ™
pedféyéchedroxyatoeiatic Thepeied &sphep@k oxyar omat i ¢
conmpounds can al so be recycled to the reactor. Mny
types of reactor configurations nmay be used for the
Speaesaf Hydrexya@indtleeGempoghdide, but are not |imted

"to, batch and continuous stirred tank reactors,

reactor riser configurations, ebulating or fixed bed

~ Theatlezisson@hgdroky@dmatiacbaipoand br thermikiwwesf t hat are

|1 known in the art. ny .sych reactors .are known , -
WO R PTEGUGS PREIHED I PSS UNCIPR & PO
b§niiithédd ®at sRAGEN Ribwr Ih tRateeh or semi -bat.ch reactors,
agitation is critical for the al kylation 25reaction
and can be provided by rotating inpellers, with or
OMsddout baffles, static mxers, kinetic mxing in
Tisers, or any other agitation devices that are well
Sereems afPleffis art. The al kyl ati on process may be
carried out at tenperatures from about 0OC to 30 about
200C. The process is carried out under sufficient
Tpe esafinsemplayecainghissmeantivalarg branchbed ehain ipefing gigrived from

| tl'geoér@g@lg%ﬁ' % { g&h;g%né hﬁwé b@ﬂh%zfysl?e;% {ﬂi)ﬁﬁ@ &f%réﬂche@. ‘

r ure o psig I's sat ory to nmalntain

ofefied. and products in the |iquid phase. The

residence time in the reactor is a tinme that is
sufficient to convert a substantial portion of the
Tokeléfmstroaphisy Ibat seibstitathdcvith dther firttomad guoupsd sich 4% om

t 30 ds t t 300 .mi nutes. : '
VR SRS BRSSP e R ) A0S i Frfibed
thidi&uah Grolpsnd msitrehctsdiitr thedicididionicdigoidocRalyst. measur e

the kinetics of the al kylation process. The at | east
one hydroxyaromati ¢ conpound or m xture of

THEGRIRA N CPBRTAE iSCURAN S TARAp{IBRe Bligdriére with @lredn s
may be injected separately into the 10reaction zone
nopibesy ranging e 3hrHbe0 perbion) kTS dhab®EBE0 GRRY) ‘o8N
PFeiekAt 8he mixture of olefins is selected from propylene oligomers with
carbon numbers ranging from about 20 to about 60 carbon atoms, more

preferred from about 20 to about 40 carbon atoms.

~In one embodiment, the branched olefin is attached to the hydroxyaromatic

compound such that the benzylic carbon atom attached to the hydroxaromatic

ring is substituted with one alkyl group having 1 to 5 carbon atoms and a

- second alkyl group of ét’lea_st 18 carbon atoms having an average of one

branch every 2 carbon atoms wherein each branch contains 1 to 2 carbon
atoms.
-10 -
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reaction zones may be used with the injection of the
hydr oxyaromati ¢ conpounds and the m xture of ol efins
into one, several, or all reaction zones. The
reaction zones need not be maintained at the sane
process conditions. 15 The hydrocarbon feed for the

| kyl ati gn process may conprise a mxture of
@g@ﬁ@i@éﬁgon&ti c compounds and a mi xture olefins in
whi ch the nolar ratio of hydroxyaronatic conpounds to
olefins is from about 0.5 about 50 1 or nore.. In

Prricaticibe aHfoleeed ROmRcoTina TRAY By BTRERR GHRY PE
SRAPQY DR IUre Wk 48ds). 1. 0, there is an excess
anount "of hydroxyaromati'c conpounds 20 present.
Preferably an excess of hydroxyaromati c conpounds is

aﬁigvﬁhtg%r(ﬁ%\ﬁ%g%w%%e qugﬁé AL 8rRAB it BBIHOMGdrBIGSHCACid,

ydr oxyaromati ¢ conpounds _
ra;deobrsesmt; atithesufude seidupereligse @sldhgr@w@wmtm sWfgnie acid,

faf
e PR A B 3 o0 I F e pfafbe Blfghased
fesrh dWihmeand bibas hntnaldcyd atthedik@ar ocess is a conti nuous
process with closed | oop catal yst recycle. A
hydr ocar bon feed conprising hydroxyaromatic

maw awtﬁrsﬁ:roﬁéssimﬁybbwamaﬁ olityd Bdeyetr mrmtritmu@tmmmumis

ure of olefin(s cont i nuo to
B el Pl eh e Py ok SSTp ihs JRod i PRl
$roBPRUH SontRduspiwicess of ol efin(s) may be charged
by separately. At the beginning of the process, an
amount of fresh acid catalyst is charged through to

Tﬁheaélg ﬁﬁiaﬂfst mEYD VGRG0 bR sakiabinate | UleC the

urd cat’alyst are nmaintained in the reactor wt

@j;‘b@tha@ﬁoﬁrﬁﬂe}f saMeyrationef itsigtalylip aeivi). MalRes 8?% are

| Wl kvt fthﬁ aﬁ%ay{ bé“ésé toolrééj%ﬁeifa% thie FedeBvABY 'hﬁhroﬂuonc

anount o ur e oléfins in the feed ¢

ar ge
2ed eatatyst.and form an hydroxyaronatlc al kyl at e

~conpound. Pressure in the reéactor is maintained by a

backpressure valve. The effluent fromthe reactor is

Peepsediot f QlefimiaObawker essure valve 5 to the

separator. In the separator, the inmscible
hydr ocarbon and acid catal yst separate: into two

“pieaslefinic Atigdiersaanplogad 'mitpaetpré&mﬂwenhmnam symétresided by

drocarbon ase he aci d ca al
lPr 28 HRBISRs in e Bréee o alftoifut Feleinddpe
@efiflc oRgathyStias & canvdh Iramdecot feorhigbbul 200 Mtene
bottom of the separator - the flow of fresh catal yst
is stopped and "used" or 10"recycled" catalyst is

TRd Hkﬂﬁ@l!%&néhﬁiay %@%@gﬁar&ﬁ o redctingapa prdpgifenel rﬁohtbrhér w1th
enbodi nen the ma -portign of this process is t

heacidiewnisised e3a ﬁft ﬁ6ﬁ§5@?b®dﬂ9&f"'§ﬁs't” % eeRfigus. i For
WHhCL80 P:fefcﬁéﬁ pFiedb )é%fmﬂnsa@ﬁ@ezb eto %bm eoc&@aérld a
anount o e-up catalyst is added. The hydrocarbon
plessiwretof stmesphetiomrassuiratp aprutHPEP exigarldieaeipcocess

a ﬁ%&ﬁ
%%ﬁmﬁﬁ%%§gggﬁa ﬁgglﬁﬂm arged t@n&%@@%ﬁﬂ%@og%ggpgtion
slemmaizatiom optheduefin is e\pfdilrrathecmmpef@émm\feﬂﬁon-
hydr oxyaromati c conpounds are distilled off and
returned to the reactor, |eaving an alkyl ated
hydr oxyaromati c conpound A kyl at ed Fydroxyaronatlc
Compound 20 .
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The resulting product is an al kyl ated hydroxyaromatic
conpound having the follow ng structure: OH 25
wherein R1L is a branched al kyl group of at |east 18
carbon atons haV|no an average of at | east one branch
ZE5Y°, o YIASE QiU FX M T D E 1Y contains 1
to 2 carbon atons R2 is an aIkyI group having 1 to 5

b
B PoRs s o St S, DR oo ot

‘ om Wy chiaggiof eomytdnocarhdn fradacarsiabIgsan Bydmpyafamayc t he

Bibpiid of b bEhbrAG R mput Stedl, d h BT a8,
c@ﬁipb@n@@ eg@otypmﬁﬂ%rpﬁmlﬁgomﬁmnd & heid catdlwxu e ngastion

b to th
zpae rerﬁlg a‘éi{agi% |§gn%¢p%8r}eﬁde g@}ﬁ rgaul# ing mlftﬂget s (,Jt&egdo mﬂ?e
aBQRfibhH z6n& TRESH é’[ﬁﬂhﬁorﬁéoﬁdﬂcﬁ]slfﬁr\/ﬁ ﬂmleasrmﬁ&ﬁﬁhtw gliowot to
be construed in any way as p{}g the_s e ofedt)oe

supgtanial Gﬂ”VeIS'ERAI\/@LE@eE%‘aﬁBI“éOIT P& RS gpact
the QiR &Ry drb (}%?HI%EB’EI&%I IaR e ARt r the debird®time! d&Feaction

4-neck, round bottom-flask fitted with a mechani cal
reixiure isrempgeshépBT theciadatioay Zoneiaqgifad failigigrictishnel

s%@?rah{}% Eﬁ’(gftﬁ hﬁ& ro é)g{ﬁﬁ&%{s‘% 558 1ord ‘ﬁ‘le{ dcif @atalyst

a nitrogen atnosphere. '
vtrecn’rpmaaba rrecwzfed i@ethﬁ serdpoin aelesetiosp ¢yels. fgg@yqjchbon

F}l’ﬁgﬁl’ ﬂeeﬁ&ﬁ’ t§ ee%egs Zn-ggé&%d h&drg aromatic

ane sulfonic aclid was pWI Se Vi a

' c@yrrpionges émmepircmsatlylodnfmm oaropeundgiree thendasirgd géviade or )

I d d
TRRHD) e BB E AT SRR 10R A SR ALYl e
régmael The reaction mxture was held at 130C for 2

hours and then cooled to roomtenperature, diluted
with 1 liter of hexane and washed w th aqueous

I\??ﬁ%@é@& %Q&bg Eb!bﬂlglﬁlétlitﬁih sahd gy belugkd eor.thd l*‘éaolﬁx]frge@nec
ef was dried over anhydrqg

Bweaeulrtcguqei PUGATE oL HEEAAO 1A t%ﬂ@%ﬁmg Shref
EAGHHMTeMCd? ris8r %ﬁﬁ@lﬂaﬁﬁ@ gpuiaf ngﬂox’ﬂb@\d‘rbeféﬂ reactbrs, and

portion (775 gm brown oi | was fraction IIy

ajberuaAstar aanfiop éﬁilom éh&tzafe WRHAERWa Wil Jx MesY §
% QorkCdrE KRBHN S MRSIAIITER iRMROEA BB Gré sGiMblSfor it &%atlon

to renove any remal ni ng unreacted phenol and
ryaethme dn baghgnsemidaddrieagtass. Agiatpn is qsgtlcqlgor the alkylation

reaction and can be provided by rotating impellers, with or without baffles,
static mixers, kinetic mixing in risers, or any other agitation devices that are

well known in the art.

The _alkylatidn process may be carried out at temperatures from about 0°C to

about 200°C. The process is carried out under sufficient pressure that a

~ substantial portion of the feed components remain in the liquid phase.

Typically, a pressure of 0 to 150 psig is satisfactory to maintain feed and

products in the liquid phase.

-12-
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portion of this second brown oi | (575 gn) was
fractionally vacuumdistilled a second tinme (10"x2"
unpacked Vigreux colum at 0.3 Torr and tenperature
programed from 193 to 240C) to renove any C2-Cl8
al kyl phenol and afforded the purified propyl ene

' T?lle'rQQ ceat'i réé( W%%Ectoﬂu'é‘ ANYRe tiht & ﬁjf@c@rﬁl% %onvert a

al 1 pha (0O-H) and 6.6-7.
s¢bstentiz! |port©nH)f the alefiato glkylate prPHue- th@;ilrrpﬁ]@%'lr?d isgipom

aéogpﬂsné] Q@#@dgi&ﬁ%@ﬁ%l r)lmuép LGy @g@;}i‘n’éc‘ée @e&%&e"hrﬁ@ may

anol: water nut es

 b8HetE e By Meskakiled frothe35t wiimgibaish atirad tﬁnkmeactor@ to

m cr ol I,n Si ore 225 313
_Efﬁsu%%\fgiﬁf'% cl@??\%!k %Eﬁat&r}%ﬂ%é%ual kifzﬂgﬁm pr)ésent,
Adsor pt i OR 10 phroLralt og:]aphy §]8| I idca Cel SepPak(r),
exane, the i -et t .
s b A SR o b8 P B FEmate
c@H@éQﬁ@é‘thd Methixtie of ergihs ﬂﬁafy Hban}egtedrue@acate@ into the

‘ | | Ex
rREHIOD 285 PF B8y ReHEMPELFER IACRG. pRANA NS PO CHHFIe

reacidhtzoBESREeR deiesin thléhﬁ;@@ﬂlorp@f' thé HPﬁir%ﬁj/éro\ﬁ@Sc

prepared fromthe al kylation of phenol with a m xture
compotage AR thenaixiure 16 oEfiss e one %?Wvéﬁ Nrrpagian zpnes.

Tfhreggbﬁroﬁ’\ n%Q %e(aﬁtr{o@?% mdARdinkh &t iRSdtrkd Bﬂ)c@%&éérﬁﬂ?ﬁiﬂ%

I'owm ng carbon 20di stribution: Carb :
Number W% C9 010,11 6.6 012 82.7 013+ 10.7

The hydrocarbon feed for the alkylation process may comprise a mixture of
hydroxyaromatic compounds and a mixture olefins in which the molar ratio of
hydroxyaromatic compounds to olefins is from about 0.5:1 to about 50:1 or

more. in the case where the molar _ratio of hydroxyaromatic compounds fo

olefin is > 1.0, there is an excess amount of hydroxyaromatic compounds

present. Preferably an excess of hydroxyaromatic compounds is used to
incr'éase reaction rate and improve product selectivity. When excess
hydroxyaromatic compounds are used, the excess un-reacted
hydroxyaromatic in the reactor effluent can be separated, e.g. by distillation,

and recycled to the reéctor.

One embodiment of the alkylation process is a continuous process with
closed loop catalyst recycle. A hydrocarbon feed comprising hydroxyaromatic
compound(s) or a mixture of hydroxyaromatic compounds and a mixture of
olefin(s) is charged continuously to a reactor. Alternatively, the
hydroxyaromatic compound(s) and mixture of olefin(s) may be charged by
separately. At the beginning of the process, an amount of fresh acid catalyst
is charged through to the reactor. The hydrocarbon feed and acidic ionic
liquid catalyst are maintained in the reactor with agitation under alkylation
-13 -
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"~ then 48.8 gm (1.16 nol es)

To a 5 neck, 3 liter round bottom flask equi pped with
a nmechanical stirrer, Dean Stark trap fitted with a
condenser under an atnosphere of dry nitrogen 25 was
charged 607 gm (2.32 nol es) of the above 012 branchergl,e

PEOGESS sREdIEENT for BewEgian) imeon griesTom eyBaNtY epoypbN t
| n‘ﬁk‘!éjre Epﬂaléﬂﬁg i e %e%a@ﬁ%a&&%%@n%%%a%&

ailned at this nperature overni'ght "'with
afitylate mglpoﬂ'mﬂa Riessunedn fiegsradetor i ogindained by a backpressure

BT RS0 e P T e

t6 transeatistor hinGhe ma;nmhto@dhpamnﬁ:smﬁ& hydabedrhbon andeacid

'cg:}q)fyfs:f Sﬁaéraﬁeﬁ EW p{ﬁ%@el yé\sqlﬂ% %gﬁec%?ae%gt%r%om E!ghse than

R ap@mtﬁmbﬁlpyiaee? Ge beid @Btﬁlpstlsﬁ‘ate&lttfy tHe Hémwm ahitehel d

at this te eraurevvlt rr Qr.

sapatare B! EREITCEDLY e A AU IP BN AbfR e Ihe Snd
tﬁ@bé@&ntdﬁ thd SIPRRAtaL, Wendw o? §osh aadiyeeisdtdgpederkicusedd” or

hours. The m xture was then coaled to 230C a

d
“rasyaled] ertalyals refieeddaig mare TR g sperateh dniiigt ur e
éf‘ﬁt?ocfnlﬂﬁﬂt ﬁ\%oljnﬁﬂr g@m@ﬁ%’i i PRiceky |§{§Q§0F&%téd ldgdred

hrough a sinter l'ass Buchner funnel caontaining
@eﬂltloeﬁ of catalwstsrecmlej under winichs ivegheatalystis geged at ?ﬁ'éa
S, | f
il flow! st biBed Shhy e YRt ct sroam
qmta)mleg the mmrmyammaum@aylatestzom@@mdcanﬁﬁxcem% gn-reacted
eact i on re
o EREeRs BERER T PG epaEhR § o B0 Bl el
sﬁpmat ex&sEhmrpkﬁeretlé’rcopwoenés Pendistitied off and returmned

noI Cal ci u Br anched phenol
R e AR A BV B EEE RIS of
phenol Wlth a branched chain 014-C18 otefin derived
rlmarllyfrom ro | ene ntamer. To a 2-liter round
MkYlE AR/ AR 1L a mechanical stirred, 20
Dean St ark trap fltted vvlth a condenser under an
at nrosphere of dry nltro s charged with 78?I g}g th
(Hheggsying prodyet i 'a aer#v@ sﬂéw PP Wgagﬁéﬁmpwa g the
BYnrAlg g&reChevron RLOP 100N oi | . This m xture was
cool d to approxi mately ]6% using an ice bath and

f cal ci um hydri de (98%

cal Conpany) was added
ortions with stirring.

obtai ned from Al drich Chem
25in approximately 10 g
The reaction was then to 100C over 50 m nutes
and then heated to 20 ver 140 m nutes and hel d
at 200C for approxinat,ly 2Jhours and then heated to
280C over 1 hour and he
then cool ed to 230C and he
approxi mately 14 hours. E reacti on was then cool ed
to 150C 30 and filtered throudfk a dry, hot (150C) 600
mL Buchner funnel containing a filter bed of Celite
and maint ai ned between 110C and 120C with the aid of
whereuBnistobrantoedialkylgrodm of atlsastaitratgoatomspayng an

Ao Rl PR TR Guior SRR A

dodecyl phenol , was prepared fromthe al kyl ati on of
phenol with a branched chai n Cl0-Cl15 ol efin derived
from S5propyl ene tetraner anttthe resulting

- al kyl phenol had the follow ng carbon distribution:
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Car bon Nunmber W% io | Ci 18 Cl2 59 G 3 17 Cl4 15
1 Conparative Exanple D - Propyl ene Tetramer D mer
Al kyl phenol 10A gl ass, three-neck, round bottom flask

fitted with a mechanical stirrer, water condenser and
corttsinsdntotdearhers atoes, deds antaksgwughavings! tp hearbey afms,

ag% §u4 ?ﬂ'leerk%rroﬁgﬁl 6ghrgm{ gp& 2.4 gm of Amberlyst(r)

ont ¢’ acr Rrexel resin. This m xture was
heated to DO C with stlrrlng and then 753 gm (8.0

P{RhSE . e BIGRRG g5t Wi 884 iRt SRR pardiéomers.

Typically, the product will contain about 1 to 99% ortho isomer and 99 to 1%
para isomer, and preferably, about 5 to 70% ortho and 95 to 30% para

isomer.

Other embodiments will be bbvious to those skilled in the art.

The following examples are presented to illustrate specific embodiments of
this invention and are not to be construed in any way as limiting the scope of

the invention.

EXAMPLES

Example 1-Preparation of Propyiene Oligomer Alkylphenaot

A 2-liter glass, 4-neck, round bottom flask fitted with a mechanical stirrer,

water condenser, liquid addition funnel and thermometer was charged with
268.9 gm (2.86 moles) of phenol under a nitrogen atmosphere. The
temperature of the reaction was raised to 130°C with agitation and
approximately 6.7 gm of %rifluoromethane sulfonic acid was added dropwise '
via. syringe (the reaction mixture turned an orange color) followed immediately -
by 787 gm (approximately 0.95 moles) of polypropylene oligomer via ah the
addition funnel. The reaction mixture was held at 130°C for 2 hours and then
cooled to room temperature, diluted with 1 liter of hexane and washed with
aqueous saturated sodium bicarbonate soiuﬁon._ The organic layer was dried
over anhydrous magnesium sulfate, gravity filtered and the solvent removed
under vacuum with to afford 806 gm of a brown oil. A portion (775 gm) of this
brownr oil was fractionally vacuum distilled (10"x2” unpacked Vigreux column
at 1.0 Torr and temperature programmed from 151 to 204 °C} to remove any
remaining unreacted phenol and yielded 725 gm of a second brown oil. A
-15-
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- 15 reaction was increased to 120 C and held for 24

hours. The tenperature of the reaction was then
i ncreased to 130 C for 1.5 hours and then allowed to
cool to roomtenperature. The reaction nixture was
;:tdnm ofi this eseeandhbtawnt ¢ib(54P grof waatactionely vagynmadiglilesisa
e
S 88 ITRR ot RO8 VierdR oBERH 41 LY Tl b obictirs
M)gmemectfnbmm@s tib@zm&:)ﬁorremoﬂé ang ithetataliyiphenoarahmed

AR A e BTSRRI o

(ghm?elula}o gm 45?9&1 @mrwgad F@eamnwdmdne (If;BlDth{Qm (lzr? 1

I STI e ons roauc ra on

@a%%vkﬂah@ﬂ?lﬁ |8 ANJPBiR vaﬁ ngppm*%&, S'edJ Sule

@&hMﬁnm 39 hetRsrol: \h@t@p@o MiHORs mﬁ@gsamdof% M@tﬂé}ﬂ)i o 35
5 C to renpve any -C18 25 :al ki: phenol an

ramtsa&&éd ref?rslr@%rafprthﬁé IHEEHAT WINGHRASHA r%??é’“f’%lz?ﬁr*é’ﬂ?’ em)

0| h henol
SOTER PRI <Fwa“;%§*§é“bﬂpf‘e%ﬁf e s
@h@mf@gtammswsaﬁeé SepPan’d Tezanathga ghethyetherpiawed the

SRR IigRof A G it To A PRRC ke ki o
ram‘airider beingiurred died polypjopyteinemligemay a Fl uor escence
225 x 313 em) showed 3. 05 wei ght % C2-C18 al kyl phenol
present; Adsorption chromatography (Silica Gl .
Geappaia(ive Exrapien® — Rurifind direpyigheT beahesAliipdendid alcium
é)ésopyl ene tetramer dinmer al kyl phenol contained 88.0
ght % al kyl phenol with the renai nder being
unreact ed pol ypropyl ene tetramer dinmer. 10 Assessnent
Assessment of Pubertal Devel ogrrent i n_Juveni M@Ferra e
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Conmpar ati ve Exanp A- adm ni st er ed
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difiBolgF:- col ogy screen referred to as the "fenal e
pubertal assay." This assay detects estrogenic and
anti-estrogenic activity as wel | as perturbat| ons to

the hypéh[‘%ﬁ"ﬂhh‘l&é AU tary-gonadal/ tThyT Opggl axi's
. €

duri ng e course of twentyidays of test _.substance

adm nistratiab Effects are|det ect ed via @hanges to
+he

t-he tl LILLJ "‘d af Sexual IIClt t-att+on \agc Cll %Vdgl IId.I

openi ng), cpé%@es to organ weights, and age at first

estrus. Thiscassay is desighed to be seng82five to

endocrine nndnnl nts. but—is i i
per spective (t:1hat it cannot $ingle out ontdParti cul ar 8

endocri ne- medi at ed mechani sm 25T shoul'd be noted

that the femal e pubertal assay is an apical assa%/
Thab nesk. 3bitescoursheatioaflaskpalipprobwiy raaechagioal sier,

ﬁ@ﬁpsfa@ﬁ tr%%f ’ﬁﬁ%é{] A V@'% & actekgb]t @ﬁ&#%aﬁﬁ%%mé% gr? nitrogen
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- that act upon other conponelis in these endocrine

axes.
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- Briefly, the assay is conducted as foll ows.
Suitable female rats, 21 days of age, within the

- wei ght range were weaned and random zed into four

treatment groups. Each treatnent grou conS|sted of

aﬂﬂf‘i?e% gy @rﬂaﬁ eleshot sajeiumelivirisie (Erbl. % ohiaias &M
Wnﬁ%%d}ﬁﬁﬁnﬁ&&%@ eogj%ddta'tﬁé’ mPAGhs l%bﬁrtbtmmétely 10

wer e ora a test conpound or the

: gmmport@ne Mithaitising. Eitsﬁr misiurg wee ghemherjed i arrogimaigly

A% B gl 0vRush e sspE A SR 69

rou

© hoanc uTheern ixtqre wiztsh tremodvoteahiod?(8i€ overriightemid théry reisadethe

- GrbRalBay e B eto b atd gy R pThe ARG ufle”

choiet m@tzad) Cﬂaayﬁd rRANBEaidd étwszsmpamtml cs/ewegla Ghemivkge

3 o B0 5T Ly Ol SRR e

B@Eﬁﬁéﬁ%né'&@nﬁﬂﬂwg 0Rlie filkstsid Rpiet dRermghttat aLoWynto a
vagi nal snears to determ ne the stﬁe of ertrus

dméﬂl&erﬁéﬁlf withnilee BERTYAPHYT QYCT ARPTAXNNAEY Pty P F-

| r@ﬁfltﬁr@' IRt H@néWéd!breBQQﬁ%dhtalﬁéd RE PREYIAA. R réaetion

femal"es wer e "eut hani zed and bl ood 15 was col | ect ed
wasorpedted ved dhe a0mbingd PEpRIGIS TR hoRGY eelared liquid

iah N51e) :ﬂ?ﬁe (TSH) and Thyrroxi ne (14).
°§[“ a'iﬂﬁhniﬁ Bgv%'ré)% Iver, pituitary, kidney, thyroid and
adrenal wei ghts were coI | ected. Body weights, body

per}‘orlatl on, maan age of fi rst estrous and estrous
Cﬂ%gsp%ngqj{'qxfmpgregéj cg ﬁgt qss'c;ﬂgﬂérleaaipﬂhh;qagxlk¥la‘uor%of
pé‘zép?!a:ﬁﬂﬁa b(aNts!ﬁl}i_/ﬁ)é:EhEm Cd@t(@g wigie denived grimagily dfrom propylene
iffere
eI d ozt s Rafierd Mk EairRe iyl { Age g SR rred

therssthk t¥adfittet] wﬁh@onnGeMwn&er ghtatradsphexalaf dry nitrogen

Mat ur at i on_ Exanpl e
was charged with 705 gm (2 32 moles) of a Cys branched alkylphenol followed

by 500 gm of Chevron RLOP 100N oil. This mixture was cooled to

approximately 13°C using an ice bath and then 48.8 gm (1.16 moles) of
calcium hydride (98% obtained from Aldrich Chemical Company)} was added
in approximately 10 gram portions with stirring. The reaction was then heated
to 100°C over 50 minutes and then heated to 200°C for over 140 minutes and
held at. 200°C for approximately 18 hours and then heated to 280°C over 1
hour and held at 280°C for 8.5 hours and then cooled to '230°-C and held at
230°C for approximately 14 hours. The reaction was then cooled to 150°C
and filiered through a dry, hot (150°C) 600 mL Buchner funnel contaihing a
filter bed of Celite and maintained between 110°C and 120°C with the aid of a

vacuum to afford a product containing 3.51 wt% calcium.
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‘Comparative Example C — Propylene Tetramer Alkylphenol

Branched, principally, C12 or branched dodecyl phenol, was prepared from the
alkylation of phenol with a branched chain C1¢-C1s olefin derived from

propylene tetramer and the resulting élkylphenol had the following carbon

distribution:
Carbon Number‘ Wit%

o 1
C11 , 18
Ci2 | 59

- Ciz , 17
Cus - _ 4
#15 1

Comparative Example D - Propylene Tetramer Dime:; Alkyiphenol

A glass, three-neck, rouhd bottom flask fitted with a meclr;anical stirrer, water
condenser and thermometer was charged with 896 gm (~ 2.7 moles) of '
propylene tetramer dimer and 82.4 gm of Amberlyst® 36 sulfonic acid ion
exchange resin. This mixture was heated to 90 °C with stirring and then 753
gm (8.0 moles) of phenol was charged to -the reacior. The 'temperature of the
reaction was increased to 120 °C and held for 24 hours. The temperature of
the reaction was then increased fo 130 °C for 1‘.5 hours and then allowed to

cool to room temperature. The reaction mixture was then filtered With the aid

~of vacuum thfoug-h a glass fritted Buchner funnel. The resulting filtrate (1721

gm) was fractionally vacuum distilled (10" x 2" Vigreux column, 10-50 Torr,
temperature programmed from 111 to 180 °C) to remove unreacted phenol
and afforded 1079 gm a.bottoms product. The above alkylation reaction was
repeated and the combined distilied bottoms product (1721 gm) were
fractionally vacuum distilled a second time (10" x 2" Vigreux column, 1.0 Torr,
temperature prégrammed from100 to 195 °C) to remove any Cz'-Cm
alkylphenol and afforded 675 gm of the purified propyiene tetramer dimer

alkylphenol: IR 745 cm-1 (ortho-alkylphenol), 825 cm-1 (para-alkylphenol);
- 18-
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Exanple A 60 28.3 104.4 250 27.9 96.0 1000 27.6
74.6 Conparative 0 33.2 110.9 Exanple B 60 29.6

FIMS analysis showed the presence of Cy¢-Ca1 alkylphenols; HPLC (Scm x
46cm5uC8 Column, 78:22 methanol: water 10 minutes then 85/15 100 %
Methano! for 35 minutes at 1-ml/min, 2 microliter injection usinga
Fiuorescence 225 x 313 em) showed 3.05 weight % C2-Cs alkylphenok
present; Adsorption chromatography (Silica Gel SepPak®, hexane, then di-
ethylether) showed the propylene tetramer dimer alkylphenol contained 88.0

weight % alkylphenol with the remainder being unreacted polypropylene

~ tetramer dimer.

Assessment

Assessment of Pubertal Development in Juvenile Female CD® (Spragué—
Dawley) Rats was carried out after exposufe to the compounds of Example 1
and Comparative Examples A-D, administered by oral gavage. This
assessment is a modified version of the toxicology screen referred to as the
“female pubertal assay.” This assay detects estrogenic and anti-estrogenic
activity as well as perturbations to the hypothalamic~pituitary-_gc;hada[lthyroidaI
axis during the course of twenty days of test substance administration.

Effects are detected via changes to the timing of sexual maturation (age at
vaginé.l opening), changes to organ weights, and age at first estrus. This
assay is designed to be sensitive to endocrine endpoints, but is an apical

design from the perspective that it-cannot single out one particular endocrine-

‘mediated mechanism.

It should be noted that the female pubertal assay is an apicél assay that may
detect chemicals with biological activity upon the hypothalamic-pituitary-
gbnadal/thyroida[ axes. Chemicals what act directly upon the female gonads,
such as those described as estrogen mimics, would also be detected ina
simpler assay known as the uterotrophic assay. The uterotrophic assay is
specific for estrogenicity. However, the female pubertal assay should detect
both chemicals that act directly upon the female gonads as well as chemicals

that act upon other components in these endocrine axes.

-19-
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Briefly, the assay is conducted as follows. Suitable female .rats, 21 days of
age, within the weight fange were weaned and randomized into four treatment
groups. Each treatment group consisted of fifteen females. VDosage' levels
were determined and dose volumes were based on daily body weight.
Animals were orally doéed with a test conipoun'd or the vehicle (Mazola® com
oil) beginning on day 22 and continuing through 41 days of age. A separate
vehicle control group dosed with corn oil was run concurrently with each
corﬁponen-t. Clinical signs were observed twice daily during the experimental
period with body weights recorded daily. Beginning with posthatal-day “PND”
PND 25, animals were examined for vaginal perforation. The day of complete
vaginal perforation was identified as the age of vaginal opening, and body
weight waé recorded on that day. Daily vaginal smears to determine the
stage of esfrus were perfornﬁed beginning on the day of vaginal perforation

until necropsy. At necropsy on PND 42, females were euthanized and blood

-was collected from the vena cava for analysis of Thyroid Stimulating Hormone

(TSH) and Thyrroxine (T4). Utering, ovary, liver, pituitary, kidney, thyroid and
adrenal weights were coilected. Body weights, body weight gains, organ
weighis (wef and blotted) luminal fluid weights, mean day of acquisition of
vaginal perforation, mean age of first estrous ahd estrous cycle length was
analyiéd using statistical methods, such as by a parametric one-way analysis

of variance, (ANOVA) to determine intergroup differences.

-20 -
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TABLE 1 — Vaginal Opening and Body Weight of Treated Females

Compound Dose Days to Vaginal Body weight at
{mg/kg/day) Opening Sexual Maturation
Example 1 0 321 111.4 '
60 325 1124
250 32.5 112.2
1000 311 103.4
Comparative | 0 34.5 105.9
Example A | 60 28.3 104 .4
| 250 27.9 96.0
1000 27.6 74.6
Comparative | 0 33.2 110.9
Example B | 60 29.6 89.7
250 26.5 75.2
1000 27.9 77.4
Comparative | 0 325 111.9
Example C |10 33.3 113.5
50 28.3 85.4
200 28.2 83.4
800 28.9 73.9
Comparative | 0 32.7 109.7
Example D |60 31.7 98.5
250 26.9 73.9
28.5 71.9

1000

The data in Table 1 demonstrate sensitivity of the assay to differentiate

by sexual maturation.
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~anong the conpounds in capablllty to dlsrupt

endocrine function as neasur exu h t i on.
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decrease in days to vagi nal opening (See Table 1 and

FaediFigu o dc%tﬁraé&sl'é bPHY WGt #t PRI BalWaler| (See Table
gi %ﬁﬁﬁﬁso é’r%'t:@e EhanBreCANP AL bAOD sHoWBRPEHAIdNe8

D showed evi dence 5 of endocrine:
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10 salt (See Conparalive Exanples A and C).
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5 reacting at |east one hydroxyaronafic conpound with

.a branched ol efinic propyl ene oligoner having from

about 20 to about 80 carbon atonms in the presence of
an acid catalyst, to provide an alkylated .

ﬁg%ﬁgrg&t IEC conpound wherein the benzylic carbon
a : the hydroxyaromatic ring is . -

substituted with one al kyl group having 1 to 5 carbon

toms R YT A oAl Bl By 8932 R

at ons mp@ﬁlmg each branch contains-1 to 2 carbon
atons. 15The al kyl at ed hydroxyarorratl c compound
prepared- by the process of Claim1l, wherein the at

| east caae:tlmg/dir!eaymmmydiroxyammamd:ohﬁ)o@nm@nwﬁia%%ﬁed
hydr ox from about

about %gﬁ@g%@’ %‘? Cargr%a%%\é'érg @Qﬂug?gdo abo&t éD carbon |
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“Claim

~hydr oxyar onat |

hydr oxymmintiie prasEpestd aprRBakatiRY 14 BRwio5eikyRled
wherein the at |east one hydroxyar orratlg

conpou ﬁ&drpga&orﬁxgﬁs FREIRSARd HResin e GRaEYIE daykhroatanbaitached
havi ngtd memyakeyk

4. The al kylrh}gte h;%?%%ﬁ‘?%%?ﬁ%ﬁ%‘@%%hg%%ﬁ*?@ having 1
t he pr&cesaben a@"ﬂ‘ﬁrﬁf@ a gereerd alkylgrowrt of ﬁdeastdraecarbon

hydr ox The | at .
SERTR D SO TRAIIE ofork B oVl i ol ey wherein
30any 6&aeh bfancfheopmmlt@g cdrbometomaherein the acid = -
catal yst is trifluoronethane sulfonic acid or

- Ambér |l yst(r) .39 sulfonic acid.- The al kyl ated

hydr othe elk@lat@j hpdreRyabrREtRPEsREbUN ﬂr@ﬁa@ﬁ%ﬁﬁﬁé pﬁfcess of
any one cedl ng?cl ai ns, wherein the branch

ol efi n| ”Br1 %eé‘?\’é‘ |a§3:ﬁ?§|t°ﬁ‘§§‘yfi¥°é$ﬁ@r§5tﬂ§$ @UIWU&B@U@
60 car hfyRoAL@SE: h r@xﬁg}ﬁnﬁ%ﬂﬁhﬁﬁrﬁ% 12 m Mdoﬁt 110

- conpound prepared by the process of

the br 8R4 4IErexil @rpeRpy| ene ol i goner has from about

20 to about 40 carbon atons. A process: for al kyl ating

an hydroxyaronatlc conpound conpri si ng ‘
3. The alkytated hydroxyaromatic compound prepared by the process of

- Claim 2, wherein the at least one hydroxyaromatic compound isa
mononuclear hydroxyaromatic hydrocarbon havmg from about 1to

.about 3 hydroxyl groups

14_. The aEkyIated hydroxyaromat:c compound prepared by the process of

Claim 3, wheretn the at least one hydroxyaromatic compound is .
 phenol. '
5. The alkylated hydroxyaromatic compound prepared by the process of

any one of the preceding claims, wherein the acid catalyst is trifluoromethane

sulfonic acid or Amberlyst® 39 sulfonic acid.
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10reacti ng ‘at | east one hydroxyarornatic conpound

~with a branched ol efinic propyl ene oli gomer having .
from about 20-.to about 80 carbon atons in the-

presence of an acid catal yst, wherein the resultrng ‘

. pr-dtia etkyleﬁe‘d)hyc&esymmaht)doartp&nimumemarbqnm pmcess of

conpound- havrn thefolbovvln truture 15R2 wherein

R1 ams%e DirPap SHRITP W

at @a® dhaui NWcAEbaY 81 8&i8on aford. Ieast one branch every
2 carbon atons wherein each branch contains [ to 2

carbon atoms, R2 is an alkyl group havi ng 1 to5

’ .ggg[ﬁkgu%i@a?%aehﬁr og%ss SCCOF dﬂ%{ r{&yﬁéﬁ&%ﬁ bgfthé‘ r&leg%f

t hé:!aleeﬁrlvt'hengrrpmed:m‘[chr cde@nioi pwmrlme:)bhgmmdsrdrmrfdmpwcaﬂ

gﬁe[ b ‘ﬁm(% rThea’c rocess according to Caim.9,
PR°P F%(%’Et ?T'prl ses fromabout 1 to 99 %
ortho i somer and from about- 99 to about 1% para '

f1The rocess according to Caim 10, '
Bfoﬁﬁ? Her pty| t't“igr?& e aNE T CrEHR CPERSURY S%“QB%‘EH 5

; t 0 ahaml of b ehbhgdro&?%mmcémsammm a$pat@eabout

30% para i soner rocess accord to any one
of c&ﬁmmeroayleaemgomﬁehevwgtfrrén BPanCcHE® anauk BAcarbon

P ar%}ﬁn@ F}Pthgnyré&gﬂ@ _%Qﬁﬁcrﬁ 9220 UhkrefPineFe profuct

on ato e.process according to aim 12,

© whestsipnised ankal kyisled cﬂrydn‘oeoyanmmaﬂ@pmmpwmm\omg thener

rom a Lﬂ: .20 to about 40 carbon atons. 14. A
®:conposi tion. conprising: a major
anmount of. an oil of |ubf¥Ftating viscosity; and 15

© b.an alkyl at ed hydroxya omatl c conpound prepared by a

process

' wherern R1 is a branched atkyl group of at least 18 carbon atoms
havrng an average of at least one branch every 2 carbon atems
wherein each branch contains 1 o2 carbon a‘roms_, R, is an alkyl group

' héving 1105 carbon atoms, and Rsls either hydrogen or an alkyl |
~ group. ' ' |

The process ‘according to Claim 8, whereln the resu!tmg product is a -

mixture of ortho and para isomers.

10.  The process according to Claim 9, wherein the rjroduct. comprises from:

about 1 fo 99 % ortho isorner and from about 89 fo about 1% para

isomer.
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Conprising: reacting at |east one hydroxyaromatic |
conpound w th a 20-branched ol efinic propyl ene

"ol i gomer -havi ng from about 20 to about 80 carbon-

atons in the presence of an.acid catal yst, wherein
the resulting product conprises an al kyl ated 7
hydroxyar omati ¢ conpound having the foll ow ng -

st uct Phe prdellss Waes@iry Bifna o LARKS; indp

of at I eagt_ 18 car bon@at omsﬁﬂavi’ @E%%\%ﬁ%@%@gg{h
| east eMBPERESNEPMabetS5 o akpbbrO & o isbeeeand Bamtebout 95

‘br anchﬁ%wgg% éa%qs&n%ar-bon atons, R2 is an al kyl

avi ng carbon atoms, and R3 is either

group

.hydrogen or an al kyl group. 15.The lubricating oil

CORposi &4 on accor di ng to Claim14 wherein.the
resul ting- prodacCr¥ARS R R0vieee of claimstbtoati wharei the branched
i soner solefi@it GropyeneWiigorid S 1R aSQIBOSL LLON - .
according to daim 15 gWher ein theai?esuﬁt%‘%’%gmglﬁa&ﬂ‘@f’_” atoms.

conprises fromabout 1 to about 99 % ortho i somer and

f 19 aheuiprodfst acahaity thLR/HAZ §)§Eﬁaﬁn ik oradded olefinic .
l ubricating oil conposition.according to any one o
cl ai mePreryiese phgp@esnas frae albeut 20 togbotibdd carbon atoms. -

conprises from.about 5 to ‘about 70% ortho isonmer and

" from about 95 to about 30% para isoner. 18. The

15

20-
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| Ubr i dalubnigating of coppssitiporcosemdirdi:ng to any one of

clainms 14-17 wherein the branched ol efinic propyl ene
ol'i goner has from about 20 to- 20about 60 carbon

-atons.a.19. alimajdrumowratcf ag ol of IGEHEMERY VisesiBEsM di ng -

to Claim 18 wherein the -branched olefinic pr,opy_l ene

.oligoner has from about 20 to about 40

b.~  an alkylated fhydroxyarbmatic compound prepared by a 'prdcess
© " comprising: o ' B

' reaé{ing at least one hydroi(yaromaﬁc compbund with a
branched oieﬁ’nic-propylene oligomer ha\}ing from about 20 to

ﬁ about 80 carbon atbms in the presence of én acid cétalyst', o
wherein the resulting product Cbmprises "an:alkylated '

hydroxyaromatic compoUnd having the fb]lowing structure:

OH
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15.

18,

17.

18.

18.° The lubncatzng oil cornposmon according to Claim 18 whereln the

: _branched olefinic propylene ohgomer has from about 20 to about 40

wherein Ryis a branched alkyl group of at least 18 carbon atoms ‘
hav;ng an average of at ieast one branch every 2 carbon atoms
wherein each branch contains 1 to 2 carbon atoms, R is an
alkyl group havnng 1 to 5 carbon atoms, and Rsis either -
hydrogen or an aikyl group

The lubricating oil composition according to CI'_aim' 14 wherein the

resulting product is a mixture of ortho and para isomers.

The Iubi’icaﬁng oil composition according to Claim 15 wherein the
resultmg product comprises from about 1 to about 99 % ortho isomer
and from about 99 to about 1% para isomer. -

The Iubricating ol composition according to any one of claims 1 4-16 -
wherein the resulting product comprises from about 5 to about 70% ortho

: lsomer and from about 95 to about 30% para isomer.

The Iubricaﬁng oil composition according to any one of claims 14-17

wherem the branched olefinic propyiene oligomer has from about 20 to
about 60 carbon atoms.

carbon atoms
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