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WD 2008/ 073298 PCT/ US2007/ 025077 M XTURES OF AROVATI C

ESTERS FOR MARKI NG OR TAGGE NG ORGANI C  PRODUCTS,
wORRKER260MPCS| TI ONS COVPRI SI NG THE SAME AND  PCT/US2007/025077

MANUFACTURI NG METHODS THERECF 5 CRCSS REFERENCE TO

RGP AR B e AR proani
PR@S!?.@ ézﬁlﬁﬂ‘f\;KE éﬂmﬁéslﬂdﬂéf@éw%@m@’r% §AI\E AND

agglng gani c ucts
MAG&JE@GTURDNQ KETHOBNGHERE@ENe and Manuf actur| ng io
Met hod Thereof," filed in the Korean Intell ectual
Property O fice on Decenber 7, 2006, which is hereby
i ncor RERAIREY HFEE RCETTO RALAYTEDEPAT ERYAPPEGATION
FI ELD™I5 [000Z] The present disclosure relates to
m xtures of conpounds useful for nmarking or tagging

100}’ 70" PhRAHEAENE Ciahs REHELSH Rocs®h EelintRERin No. 10-
ZO@WQnt@I@d [“M?Qt@}ed\@f Kfinsatds Bstevd sdraviagdngior Thgging

used to tag products, y{)l cally petrol eum products,
Orgagric Emmﬁ,éwﬁlrwt%vp@w ioms Eompneng the Sanw aad Manufacturlng

I f
el Bl e B AL Rsbor8Rce op Decemper .
2008, vﬂh@MS:l&érdb@Shc@lpotdﬂedttﬁg@@ehqu ils enﬂm‘lyl cat i ons
of markers 25 include use by the government to ensure

that the appropriate tax has been paid on particul ar
fuels. G| conpanies q@mﬂp@ M products to help
identify those who ir products.
[0004] I\/Iarkers have been used in petrol eum products

oob] TSR ey A BB AR T B g
mafkﬁ'ﬁé or fé%ﬂlﬁé‘%ﬁéh@ﬁ?&j&fts §ﬁél’%§@'etr@13drﬁ 'f&é‘ls?&ﬂ%dl\kﬁftﬁ and to

exa US 6482651 di scloses a class of
Commagh@m%an@m@ﬁbbﬂhﬁﬁabéahﬂbﬁﬁxewﬂhhat are particularly
useful in this nmanner due to their ease of use and
ease of testing. However, such WO 2008/ 073298
PCT/ US2007/ 025077 mar IsACKOROUNEs suffer a
di sadvantage in that they nust be fornulated with

[0003] Markers are substances which are used to tag products, typically
petroleum products, for subsequent detection. The markers are normally
dissolved in liquids to be identified, then subsequently detected by performing a
simple physical or chemical test on the tagged liquids. Applications of markers
include use by the government to ensure that the appropriate tax has been paid
on particular fuels. Oil companies also mark their products to help identify those

who have altered their products.

[0004] Markers have been used in petroleum products for many years.
Many have proven extremely useful in providing definite means of identifying
particular fuels for the purpose of criminal activity and theft. For example, US
6482651 discloses a class of alkylated phenolphthalein esters that are particularly

useful in this manner due to their ease of use and ease of testing. However, such
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| arge anounts of co-solvents in order to, first,
stabilize the concentrated solutions that are nost

walemsnatbe for markers of this type; and, secopPd/Usm07/025077
aid in the dispersi on of the marker into the

etrol eum f| chi e t he |,ow dosage, ate
mafkessRpTROUSS AT Sl aINRaRE in AL e R B Prpusted with

larg;’g;?m%gn&% I@f‘%@ltv@ﬁf%tln(lfrﬁéf‘tdl%?& 'S‘traﬁlli%@'tﬁé cBREBAIrSted solutions

vents. pyrol i di none, N nethylpyrolid none,
thatja‘amembyt dei;ifabtecﬂer markmrsmjltmlertmnami skaord do@idin the

disigaon & hewer Moyt pelOfuf BB didK i Ighdsage rate
(<29EB!<H7$J$VJ§II§ Bﬁibl&ﬁid Wﬁtﬁlmélhﬁéﬁér@ydf ocarbon sol vents.
e aprotic solvent may be used at anywhere from 25 to

35 wt. % of the marker conposition. Cresol phthalein

100PgE: 21 cGBaMBHR T aftba BB 2P oAb Sofms. -
octypyiviitirione, Nﬁ@trwlpwbﬁam@nesamwauﬁmdel dintethpiféimeamide
freezer and will not di sperse into diesel 15 fuel even

havgi preven @@p@g@"wqﬂrsm@d dte prtemds onesf cost.ubhpt isythese
apr?ﬁc E8|v88{§3éﬂéem69r{°r#%; %fdeg'{giv So%angieq}dqeurﬂt s‘é%rﬁ@%??rbon

osene 1's a Ver to mo
solverts vﬁneyapmtrcmdl\mfntcrhay betumedsati arswinede st 28\te 35wt % of the

agGro0Tion. G eep bRt BTty ab gl i U 878565
reqhﬁ’e@%\f’}éa@? g’%ﬂ%rn-oﬁ RURSIRoME] ?ghéﬁﬂé'é el f#ifaRin

Zero Co-SoO vents to eve t he sired stability and
predipitptEssirostandingevenigitiic the Esemmnd)wnmot[dj@mﬂse,dmo diesel

fuehen?éoqiwgﬁ ?{}gog{)ué Eﬁgﬁ{ges@at Cﬁo?)\ﬁ eg rgpﬁgﬂqg{/zsg o comglne 10% by

weiBhepRthBliR Mtsikeresdry. Rergseneds a vt difficGiabbvent Rework with. It
present disclosure is directed to a m xture of at

hasl wery thonweolar ehanestaristisapmdraesiodyes andrinaikers rawgovery poor

So|l?b0ﬂ§/Qgﬁggﬁef’g&_‘gsZOO?/ 025077 0O N

[0006]  Inview of the above, it would be desirable to provide marker
compounds which require less or zero co-solvents to achieve the desired stability

and dispersion characteristics.

SUMMARY
[0007] An embodiment of the present invention is directed to a mixture of at
least two different alkylated phenolphthalein ester compounds. Specifically, the
present disclosure is directed to a mixture of at least two different compounds of

formula I:



0-CR XI+ Xu 5 X8 Xio Xu 0 07X 0 10 X XZ X3:: 15

wherein Rl represents a straight chain al kyl group
whawsng298to 11 carbon atons; R2 represents aPtyusmgemms077

atomor a group of the formula C(OR4 where R4 is a

hydrogen atom or a straight chain al kyl group having 1

to 11 carbon atoms; X2 - X5 |qgependently repr esent

hydrogen; X6 - X13 is sanme or_#different, and

represents hydrogen or a stra "t or branched chain

al kyl group having 1 t&" kBn atons. It further

relates to a marker conposj containing said

m xtures dissolved in a [ 0008] An enbodi nent

of the present inventiaﬂ reNes™k® the use of the

mar kers conpriXi

of fornmula | | o' m frar ked conp03|t|ons The

mar ked conpoOsi j 3

as a petroleu guct or an Fr'g-ani c solvent and a
det ect abl e amoyft o conpri sed. of the above.
These mar ked (;(orrpos" be identified by adding

A Th&r eof which forns
color in or changes the ( of the sanple. In one
enbodi nment, =a" petrol eum pig .canvbe 30 identified

, [ i @ubsequently
extracting the devel oped “in“an extraction
medi um ; 3 WD 2008/ 073298 PCT U82007/025077 [ 0009] The
present disclosure is based on the discovery that the
m xtures of at |east two coppounds of fornula I
provide a remarkabl e inprovehent over previously

SRR CE SRR AR PRl e e ¥ g toms:
R? fpreSems i hydrdgeR @tomtdiey gfip dthedormliRtE R where R is a
hydrogen atom or a straight chain alkyl group having 1 to 11 carbon atoms; X2 —
X5 independently represent hydrogen; X6 - X13 is same or different, and
represents hydrogen or a straight or branched chain alkyl group having 1 to 12
carbon atoms. It further relates to a marker composition containing said mixtures

dissolved in a solvent.

[0008] An embodiment of the present invention relates to the use of the
markers comprising a mixture of at least two compounds of formula | in forming
marked compositions. The marked compositions comprise an organic product
such as a petroleum product or an organic solvent and a detectable amount of a
marker comprised of the above. These marked compositions can be identified by
adding a developing reagent to a sample thereof which forms color in or changes
the color of the sample. In one embodiment, a petroleum product can be
identified by adding a developing agent and subsequently extracting the

developed marker in an extraction medium.
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5 higher concentrations than is the case with prior

art chem cals because of this inproved solubility.
wWORDALEES DESCRI PTI ON 10 [0010] In the foll ow PQI/US2007/025077

description nunmer ous specific details are set forth.

will__be apparent however hat, t hese enbodi
[OO%Iy be prhgcpieseat discipsyre i Based o e dicoyaacdat the mixtures of

at 1888 %D GOSN dSof ﬁo‘?m‘EﬁJ‘ ?brdvﬂfé aneRarkait impbREment over

process steps or elenments have not been described in
predieualyl disclosed enarket componnds @3 Hwtithgy mﬂysbemmrtdﬁactured and

RS0 b b o ST i AT B rmotes
hi ﬁérkd’drﬁi&@ra%ﬁg%M¥é1ﬁ‘l|e%d%eaﬁﬂl$bnépﬁﬂ%h@%cals because of this

SpeC| ically, the present disclosure is directed to a
Immmmsglubdmr| sing at least two different conpounds of
formula I: 20 XX12 X10 / .r X13 xa x 25 ------ 1-0

70 30 X 4 WD 2008/ 073298 PCT/ US2007/ 025077 wher ei n

Rl represents a stIZEDRILEBESCRIBAION oup, cont ai ni ng

1 to 11 carbon atons, preferably, 3 to 7 carbon
atons, nore preferably, 3 to 6 carbon atonms, and nost

fera
[ooﬁbﬁl ude%?f%g fcﬁﬁ)rvﬁﬁg d%'éegﬁtl W&lﬁé; e@hf@’det?ﬂé’ﬁ?set forth. It
will itm(mmarehh efoam‘ver ltthbt thesesembbdlmemm ada}t be rpedact:ce[d)ﬁ)ilﬁ@ut

t f
sorQe 66§ of gtpoéseeaggpmﬁg details. r|1¥)tl%enr |F1§tanceg O\Aslclal known' process steps
or elements have not been described in detail in order not to unnecessarily

obscure the disclosure.

[0011] An embodiment of the present invention is a mixture of at least two
different alkylated phenolphthalein ester compounds. Specifically, the present
disclosure is directed to a mixture comprising at least two different compounds of

formula I:
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nore preferably in the 4-position. R2 represents a

hydrogen atomor a group of the fornmula C(O R4 where
wR200857RI"ydr ogen atom or a strai ght chain al kpCT/GRMOPY25077

io containing 1 to 11 carbon atons, preferably, 3 to 7

carbon atons, nore preferably, 3 to 6 carbon atons,

and nost preferably 6 carbon atons. The al kyl groups

whgem ﬂlm‘f]eﬁ%s % Q@trb?fﬁt chdh éﬁk¥lg§rBPEr€6ﬁtalnT 1%t1qré’arbon

SO nuc nmor e i st ant advertent renoval
atoﬁmoméfbeamystarm 'équHmMS trhare prefenablyn8dodr carbed atoms, and
dro

moSuBlGEBRL Sere b AR xR ol SRR R AL BB buty
perfiyid h@ﬂ)ﬁnhéﬁt{ﬁaﬁ& E@rﬁ@ﬁs tﬁéréﬁfaﬁ@ﬂt?% ﬁ&ainﬁit@i nédretar. oup,

cont ai ni ng 12 carbon atoms, preferably 1 to 5
carbon atons. Preferably, one or two of X6 to X9 are

100325 nodgie 35 ThpEY s egreraRly i aresitonBE 28hen i ind
mowp@f@wa@i;ern&hbm p@Qlﬁoﬁf R’é’?regr@lsems amm@e«h atcﬂﬁ daraogwup of
butyl, one of X1l and X12 is methyl, propyl

thekﬁgrtnytula (é(rQJ)PothéQfe)R gisqpydrogea a¢9m@rg@ﬁtra[9mm?mml&syl group,
cont&ﬁhn%n‘? td W%Iaﬁéqr{ E@gﬁléégﬁ?gfﬂ?gﬁlgg% é(g 9Lér%é§n 'atc%?‘, Pre preferably,

3 td:@@dkt?droatbn@sl(hn;dm:mgagmmg*wﬁIoarlzcm ﬁt@ngﬁﬁhe EISY groups R'
refore, it shou e understood that the conmpoun
andR* b 1hq same Prreideranty PensaeaRR B mer%{@%{stant to

ol RS o e G SRch R IR REH AR 0
coudergarts(9 R20 - o Rep OH X7 Xe XS, °~ 0o X7 Xe XS ||

[00%] X4 82 %o X repre)éenf(s hydlrogen and X® - X'3 is same or different, and
represents hydrogen or a straight or branched chain alkyl group, containing 1 to
12 carbon atoms, preferably 1 to 5 carbon atoms. Preferably, one or two of X% to
X? are alkyl and the others are hydrogen, while one or two of X' though X' are
alkyl and the others are hydrogen. More preferably, one of X" and X% is methyl,
propyl or butyl, one of X" and X2 is methyl, propyl or butyl, and other X groups

are hydrogen.

[0014] The lactone ring of the compounds of formula | may be readily or
instantaneously opened under some conditions and form a carboxylic acid group.
Therefore, it should be understood that the compounds of formula | are in

equilibrium with those of formula |l shown below:
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15 [0015] Under nost circunstances, the formation of
the lactone forns (1) are greatly preferred. The

wo a@BomMR2g8 ar e advant ageous i n that they increaB€r/Us2007/025077
resistance to inadvertent renoval of the markers and
m nimze the overall color of the wundevel oped
substances. 20 [0016] The m xtures of two or nore
conmpounds of fornula | can be prepared fromthe
reacti on of t f%; nore phenols with phthalic Q

1
anhydri de, ,an sequent ly esterifying wth X! CR X2
anhydr i des’ o acti on general [y known wi thi
art starting lro knpown or conmercially avalla I 1
st ar fsi ngxsn’iaterl al sX°Preferably, a mixtyse gp* X
met h\_pienol , gdropyl phenol -and-butyl phen sed E
Wizhh ' 25 _anhydri de, —fottomed gay—gub? —0OH . °

()
.

but yri Ty de, t

a cogposyd i.on tihat eqw res zero co-sol wnt xsr\/*sx
of anhydri o~al S0 useful in that they al

concentr at ed Js t|ons to be prepares. The forma ol ,
of the com?i?)uns oK formula | is not limted tKerefo X
and ot her ways ¥or  formng the sane will be readi P"y
apparent to the worker of ordinary skill in the art.

30 [0017] In one enmbodi nent, in the m xture of twogor
nore different al kyl ated phenol pht hal ei n ester
conmpounds, one of al kyl ated phenol pht hal ei n ester
conmpounds conprises at | east about 10 % by wei ght
based on the total weight of 6 W) 2008/ 073298

PCT/ US2007/ 025077 the m xture, and anot her ester

[Ooi % b Ounigacgqﬁﬁﬁgt;"g“ mhst ?H%es%oa%:g gftotpeqﬁgtoneq’orms (1) are

greHil%bHsff@rreE r'eh&lahbies Ql‘k?a@f/antbaéo@é Wih%‘t ‘?r‘?ey increase resistance
phenol pht hal ei n ester conpoundS in the m xt'ure

to inadyarient semovakefthe madkers 26d ypibimizeithatoviesaleeolon of the
of the m xture, and another ester 5
un @gﬁ‘%&?ﬁﬁslﬁh&? W& xture conprises at | east about 25%
by wei ght based on the total weight of the m xture.

More preferably, mninmmanount of each al kyl at ed

[oOp6ENOl pmﬂmmutnressdfawmwnomdsmmuhbe ofrfortule |icanrs
| ess t han about 25 [

0 by mel io [001
preparedhyemnihe reacton eéwpro @hﬁﬂelsémt B%lﬂﬂ“é‘t%{}‘yd”de and
su bi%ur {]ﬁﬂéﬁr&ﬂ%%glnﬁ{ ﬁg\eﬁﬁﬁwmrfl‘ygﬁfl@grg WDyl reabfich §eABIy known within the
art starting from known or commercially available starting materials. Preferably, a
mixture of methylphenol, propylphenol and butylphenol may be used with a single
anhydride, followed by subsequent esterification with butyric anhydride, to also
yield a composition that requires zero co-solvent. Mixtures of anhydrides are also
useful in that they allow more concentrated solutions to be prepares. The
formation of the compounds of formula | is not limited thereto and other ways for

forming the same will be readily apparent to the worker of ordinary skill in the art.

[0017] In one embodiment, in the mixture of two or more different alkylated
phenolphthalein ester compounds, one of alkylated phenolphthalein ester

compounds comprises at least about 10 % by weight based on the total weight of
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wei ght al so i nproves the sensitivity by providing
hi gher strengths per given weight of marker. 15

wQ 0@307329%e m xture according to an enbodi nent POf/US1967/025077
present invention can be used as markers in organic
products, typically petroleum products and other

the mgnme;:ambanethtes estercamepend v theanixivre alse cpatprisesahleast

abfie 0% by e e o thd BBt of BET by rprerably, one of
the %ﬂ&ﬁ’a?@é heﬁBﬁ)Hiﬁélléﬁf eSfeX U OAYS Wtr%dﬂﬁ)&uFé)céﬁ%nses at least

pet’rol eum product in dry formas a 20 powder or
abaout P5t%|by weight based oo tbe§©ﬂamwe¢ght@cﬁrﬂ¢@mlxtar@. and goother ester

corpautich indhS Mtre carTaings 1507 shafes R biiaRLodses oa the
totab W offtlﬁ@?mf(t'u%\" Mbrb'&éfé?éblyﬁl‘?ﬁﬁnﬂhﬁ?mmﬂ o‘?”é%@h alkylated

attractive to the petroleumindustry than dry
phesolphdhglebdestes compoandsyn b midore Isqmtdes&tf@reatsmlﬁr% % by
handle. Dry or solid fornms of markers can, however,
we 'Egt'used directly. 25 Exanples of liquid petrol eum
products that can be marked by the m xtures of the

10086V Filite BRIMAIE STiee i ppts Seenidtvaieln

phe?\b&qﬂﬁéleirﬁeﬁbfaés}nddwﬁbs |é!\’ﬁréf8rdb$e CERASAAORY, 'Ié\ﬁépﬁidléfcular
l'inear, branched or cyclic al kanes. Suitab

we:gbt slsatmpfavestbe sensitivity dyi progisinghigher sbeaguhst @er given weight
f ' gl ude aromatics solvents, for instance, aromatic
Ol 4¥Pbcar bons, 30 incl udi ng al kyl benzenes such as

xyI ene, and napht hal enes as well as aronatic

al cohols. [0020] The marker m xtures of this

[00&9kcl osUihe rpixduii ed@@rﬁ*@%@cﬁn WM/@?‘BQ@SGSG”’( invention

co LR ATRRET o Rl P eq it n
othér ordjahid sslvénts asad nhmmadeﬂnfyahe petrglgunofpraduct or solvent by

co-sol vent, to createanon- aque olution that ha
colgy davgioriBentyi 1he petralessr PGS Wﬁuf?c@é e Al aflﬂeqreases

Thd Mrket m@frﬂsg ‘E)'éeéjc;d%?)dtof tﬂgg{’fétﬁﬂéﬂn IrbBG&intdrg fb‘rsrﬁ a@fa

any or ess anount co 5 vent t an required f
povider guroeystalssinasia siquinssmlutien kencerdraieu hipuid chmys rmuﬁh as
formul ated a

congrftetzceo it aipiLualy Prelgrier: P AIBRIGEoE e R Compounds

to uermésléeﬁeéCfldwhhb iligMids TAKEBEHERh MESHRIONE lafBactiva totthee
of [east two compounds of formula I, quite

petmtp’n|1|3qiuﬁjrwthagejry@rts(@l|§tmgdm¢t§ @rimarily because liquids are easier
to handle. Dry or solid forms of markers can, however, be used directly.
Examples of liquid petroleum products that can be marked by the mixtures of the
present disclosure are gasoline, diesel fuel, fuel oil, kerosene and lamp oil. A
preferred petroleum product is diesel fuel, which is composed principally of linear,
branched or cyclic alkanes. Suitable solvents for use with liquid petroleum
products include aromatics solvents, for instance, aromatic hydrocarbons,
including alkyl benzenes such as xylene, and naphthalenes as well as aromatic

alcohols.

[0020] The marker mixtures of this disclosure provide a marked
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mar ker conposition (concentrate solution) and

di sperses into the petroleumio product even w thout
w@rgosom29®l vent or with [ess than the usual aneCmUSD7/025077

28% m ni mum of co-solvent. [0021] In one enbodi nent,

a 10 %to 75 %of active m xture according to the
imppoesraant overgrevionslyadiscloseld nwarker sampennds fwbichanust be

disSefuct bt egrBlcopigBasanPaYE Waib 1 50 shivenssastenfy @ non-
aqd@%ru %ol&ﬁi??ﬁ%‘t hbe% M s%mﬂgw Ip@trb%@rﬁ YréQudts) intRBEthey may

i ese | eve equi red dosage rate.
be mm&mmnedoam fmmtedemmmamh@ese eﬁamry;prr‘rameamount of co-

SO G OF S PO A L TSP SRaNpgunci. They may

als& BE%?rﬁ@la?&PHf hléhépc/@)r%’eﬁ‘é?dt@'ﬁ% tRAn 'isf‘ﬁﬁe”&é@éi\'ivﬁh prior art

accordi ng e present invention in an aromatic
chesmbalerttecablae@d tios impeovent solubitityy htheofarkenskeaamprising a mixture

of a{RAR g BBROUNGIS PN IGURHRY. A LA UG- SAVs b SIApZe the
maﬁs}%HH‘r’pd%ﬁ%?{ cébneeﬁﬁatb:{uw 4Hd a@zﬁs&@sqnm thRASFhI88m

total weight of marker conposition. aromati c
prodottvemen witloluti anyac@Solyent ocwithﬂesmﬂiwrthemmxatk amaunt of 28%
sel ectgd based upon the type of petrol eum

. Wll b
m'”HPHHthtecq ‘AAVePS to be marked. For instance, a nore
volatile solvent will be chosen to mark gasoline

products and a less volatile solvent will be used in
[0024) ker ' Inonpcmhbd)dinﬂants@d 0t% tna?rﬂ("/oamforadtuennimyreohmding to
roduct s

I
the BrpaRiTbi o B meel e TsoMert iR APy OUdngR, o fpsm a
compl@%ly@!%léﬂ@bmhbn %R/eﬁrun%%%lbﬁ é@'s‘t’cﬁﬁ?e cdp@itfonk at -88 C. This

yvvelg a mxture nmprisin | east two )
maldnef benwltmnkmlaatb@dacﬂﬂmwlrmttydal Karnsese of d'te@ﬁbmahﬂsachleve

d . t 0 -.2709 i ght of I
tne Pl dbSach oo phebilbBR in BouwseadGechasedly el
PCT/ US2007/ 025077 ester conpound is selected fromthe
ent ed b f or mu|

1008507 ”ln SR PR RO FRRE L btk PrcdPhERn oyt o tkatrate

soluftion?) W‘bfén’éralﬁ/ é’orﬁSﬁ@@bBBhﬂ-@@%% weghtlst l%‘étrﬂmt&e according
anount the "marker is an anpunt "t ha al | ows

to ﬂ@l@PEQﬁertb m\@htlpnen @oarPolie sedverdr based pedbe total welght of

e BT S TR0 A o SRR i g Bt Foigb
and usually from about 20-25% of the mixture according to the present invention,
based on the total weight of marker composition. The aromatic solvent used in a
particular marker composition will be selected based upon the type of petroleum
product that is to be marked. For instance, a more volatile solvent will be chosen
to mark gasoline products and a less volatile solvent will be used in marker

compositions used to mark and identify diesel of home heating oil products.

[0023] In other embodiment, the marker composition comprises about 42 -
99 % by weight of an aromatic solvent; about 1 - 30 % by weight of a mixture
comprising at least two different alkylated phenolphthalein ester compounds; and

about 0 — 27 % by weight of co-solvent, wherein the alkylated phenolphthalein
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i n an aqueous extraction nmedium Spectrophotoneter
scans, generally in the visible range, nay be

wo paosopeg ed i n the regul ar absorbance/t ransm PCHIS®07/025077
nodes. 1o But, where there is significant sol vent
background color, the results are preferably

estem¢ampoena s sgletted fsemdhd gieup vhtomponnde reprasentestiby formula
Typically, the anmobunt of marker present in an organic

. product ranges fromat |east about 0.05 ppmto 50ppm
nore commonly fromabout 0. | ppmto 10 ppm and nost

003af, 15 trkuerasds dGeatnahtraicoRbEk o hE Bitked or tagged in
a déﬂé\éﬁéﬂlé ‘éfho'ﬂrﬁ QO‘O%EécﬁéSIeoémoﬁﬁts%’f‘tHé‘Ha)fk@rolboéﬂ STouRthat

sol uble 1 n organic products, their presence is
allowust foc tetedbipn qféhetduenglotplednnameln ba vmmwélo(bpervailon spectroscopic
use, in

d | f
insB0RRoN oL AR FhromatedtdBn: Bt PABE Mk oBenlfoduct o
in alnSacﬂJ@odsl éRtiRHoh medidin? Bpdchophofonisteakass, gidin the

such as a base, preferabl a strong base such as an
visiblleanpengayl bq]mq;r@,(et@g md%e mlapamcybgapg/t@nsmlttance modes.

ButdWRERS Ehaélr ré l@g |f| Bllyg b%éﬁ%&%l‘é&% IoThﬁedr%gﬁthEt@greferably

t eagen S gerve the

inteppretet by siee eécdmd Henmta/ecmmarﬁrrmeﬂhod Ofypidallyethet amou nt of
about 100 ppm nore typically about 500 - 10000 p
markes PrRseNt iy BNAop 9'06{15999“1’@@93? droanatiteash ebophth0

S0ppr FhERe R Pty O pESE O R AT IO PRI ?Ré”ﬁev‘aﬁfgﬁﬁﬁgﬁf ata

Ieveleﬁ@bout arsdpprinetoedbout &ppme nor e devel oper reagent to
be added. [0026] The devel oper reagent is preferably
di ssolved in a solvent that is 30 mscible wth the

[0025Y ked s5uali8e tRe WU kA Sehe! HBSENtGRIGRRIH AR colorless or
Typically, the devel oper conprises about 1 % 10%

essaotiallycalddeshand sbhuie vermNibprogeictfh theiopresdnce is detected by

read St e WL Adraoper OF e Pl RhERnE F R P 4h parpodiment
of tRe Breldeht |fﬁ)@i‘1tl6ﬁfﬂ1d0<ﬂé\fé%@hg}feb eMmahup®e, 8boid nét Wkited to, an
2008/ 073298 PCT/ US2007/ 025077 1/20 and 1/5. The

elegiwnefepiingerppaund SHCR@F 3 taaw»e;?rrefﬁﬁﬁ’plma,étr@n@@aﬁ@rsw@ as an
e S o o BT bl AR A o,
hydeoséde.dEheldgvetoging reagent is generally added to a sample of the marked
product so as to form a concentration of at least about 100 ppm, more typically
about 500 — 10000 ppm, and more typically about 1000 to about 5000 ppm. The
presence of base reactable substances such as acids in the marked product can
compete for the developer reagent and thereby require more developer reagent to

be added.

[0026] The developer reagent is preferably dissolved in a solvent that is
miscible with the marked sample to form a developer composition. Typically, the
developer comprises about 1%-10%, more preferably about 2%-5%, by weight, of
the developing reagent. The volume ratio of developer added to a sample is
preferably between about 1/100 and 1/2, and more preferably is between about
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5 [0027] After addition of the devel oper reagent, the
sanple is inspected to determ ne whether the
waelewsloozesl mar ker is present therein. This i nsperusmn7/025077
may be visually carried out with the unai ded eye or
Wi th proprjate instrunmentation uch as ultraviolet,
112§ iandafte’ he developer caBRSSHIANIREY SUERFTEBPERR faLesing agent
S J bel ‘?ﬁéﬁ@oﬂ@ftlcﬁﬁéﬁ?’ fically t
in dr&lj.la| [ %ﬁsﬁé}éﬁgreheggﬁgwgtd;éveo%t he latter 10 f‘g@vﬁlr%%a yto
sup‘poessm\zereldae\t:atd)pmanbf di lution of the marked product.
Furt hernore, because the nmarkers of the present
i nvention form water sol uble anions upon reaction with
[002PF develRpiRitisPrhe ddvafo Bt Tkagent @ik BEmple is inspected to
concentrated i nto an aqueous extraction nedium 15
detgooipe]wiretber theddeveloped markenisapresent thereindiTds inspegtion may

oo PRFaLEIRREREllL e TFHIFSchf LBt B PRllymeptatn

suchtgs gledvitet, ViRibld o infidted tdbR oftstitd s didphetgastergdd liquid
mar ker are burned or used up vvlth t he product so that

chremagegranby.ail hg deterainatien wait e Apakifptivapr qiaptiadive dihe latter

allognﬁ@cj %rtﬁéﬂégé‘eé\}%ﬁwg%fe%ﬁﬁlag:owﬁé?r{nark%’fi 'p%dﬁ(?sro“ &?We because

thesmnkees of the pres&st invantidrefarandaterdohubdlo rdnisrss @psmereactlon with

ain the addition of a fuel m scible. aci
theﬁ’g leagendriharinarkess Séﬂﬂei @%@PH%‘?S@W%@“@"&G&US

ic acid. In this way fuel at the original
eXt%%Hbigngmdlﬁﬁ{not be color contam nated by the addition

of "devel oped” f uel V\/ni ch may contain active

10028} oF e Frariden Aoy & etrlaute RolEtPnnife Pigsence of the
markél ifdquired! fl’@'fhé\n%oﬁﬁ\é@ RKIIPE, " ﬁf'é‘FEbﬁ]dlé‘Frﬁayaﬁb returned to

extraction medium This may be acconpli shed
its spduice.i bnthis want e deveheping reagenttantcmaske e turrned artsed up

wit P Boneh e iH saio A daft W ol g Pe838sice test,

acc@hifates foldispb¥sIoIPiriteretudhitgrheimarkesdeMeRpet fael sample to
phase separation enhancer pronotes an easier

its agigingl ousee, dhe markaf Maike senfaied spiqriessingesagain by the
add@éﬁ &aé tl}r/ﬁltsrﬁgc'ﬁ?g 548t b%r?%%%g} %ﬁnog ?%%ﬂaﬁ%llya%g: §u%@}s oleic

or |§tyste<alnurm;|d Atiﬁihis Waylfhel atahbemgmdtsbameawm fistrbel €oldO
2008/ 073298 PCT/ US20Q7/ 025077
contaminated by the addition of "developed" fuel which may contain active,

unreacted developer.

[0029] Alternatively, the colored marker may be rendered more visible by
extraction from the developed fuel sample into an extraction medium. This may
be accomplished by addition of water alone as an extraction medium to the
sample, but the use of mixtures of water and a phase separation enhancer such
as aliphatic alcohols, glycols, or glycol ethers are preferred. Use of a phase
separation enhancer promotes an easier separation of the aqueous and organic
phases. Typically the extraction medium is added to the petroleum sample in a
ratio of about 1% to about 20% by volume. Additionally, other substances, for

10



exanple pH buffer salts, nmay be present in the

extractant phase to stabilize the colored anion or
wornoker32ofor exanpl e, the extracti on nedi um f uP€H®E82007/025077

conprises a devel opi ng reagent such as quaternary

al kyl anmmoni um hydr oxi de conmpounds to provide a one
exanplg prebuifar salts, deay bermragentria tha extiaciang phase ta siatilize the

colé%?ﬁrgéf\r or}ﬁa%‘eﬁgﬁ ﬁé%’%upﬁehiﬁtgé ngggtionb stwg’furtper comprises a

de@rdsmag&e@@emt%wheé@qu@@rmralm@mmbﬁrurﬁhyamude compounds to
devel oped nmarker is obscured other colorin
%e{m atger strong

prOMﬁietm@nse&te@n@;hﬁ)@ﬁ@d@@temlnmm Q’?’i@?célaﬁdbﬂtm%
baée% l)LQl%:éo]m y'tg%g.@é{i Eé%rﬂgul%ﬁ gfeﬁ h%?o%ﬁ{i}é?dThg use of

3o I'0 unders rng-’o

extrawnenns prefefiied exemtieesolar of tr@pdamus@d markeristbzorred by
not |ntendedtoI|mt the sc the inventiagn.

othehFIeENg RgeRts BthetRRIFAIPYD, pre@ﬁeteqﬂwh%% he goRcRUEAtiaN is low.
wei ght. Exanples 15 [00311 Table 1: Phenols and
Anhydri des Used M xture Nunber Phenols Used

[0038hydri deee tdstleWing Examnples MNenfresgnied tGrprsvidean thare detailed

Phenol anaqi c hydride 0- Cresol and
undrSBERNG ke PrIHS LEBR SHOMEIGR PREpesensetivg s e not
mtéi‘i?d@d%sli‘hﬁit thedsdope H‘lﬁ@%vé’ﬂﬂﬁinar@hl%séw @éte@eoth@rvwse percent

Cresol and o-sec 4 butyl Phenol Hexanoi c Anhydride 5
(%)ds basedain wetght- sec- Hept anoi ¢ and Hexanoi ¢ butyl
Phenol Anhydrides o-Cresol and o 6 isopropyl phenol
Hept anoi ¢ Anhydride 7 o-Cresol and o- Butyric and

Exdmpiegoi ¢ i sopropyl phenol anhydrides
[0031] Table 1: Phenols and Anhydrides Used

O Cre ol( nd
1 Heptanoic Anhydride
o-sec-butyl Phenol

. 0- Cresol and
2 Heptanoic Anhydride
o-sec-butyl Phenol

0- Cresol and o-sec-

3 Heptanoic Anhydride
butyl Phenol
0- Cresol and o-sec- . .

4 Hexanoic Anhydride
butyl Phenol

5 0- Cresol and o-sec- Heptanoic and Hexanoic
butyl Phenol Anhydrides

o-Cresol and o- _ .
6 ) Heptanoic Anhydride
isopropyl phenol

o-Cresol and o- Butyric and hexanoic

isopropyl phenol anhydrides

0-Cresol, o-sec butyl, ) .
8 Butyric Anhydride
and o-isopropyl phenol

o-Cresol, o-sec butyl, . .
9 Heptanoic Anhydride
and o-isopropyl phenol

11
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o-Cresol, o-sec butyl, 8 Butyric Anhydride and

o-i sopropyl phenol o-Cresol, o-sec butyl, 9 Heptanoic
we\ntvgarizee and o-i sopropyl phenol 11 WO 2008/ BTBRSB07/025077

PCT/ US2007/ 025077 M xt ure Nunber Phenols Used
hepl(mmmeumhyeh)l Jles Exarrpl el : Prepar ation of
M lUIC UI U= uch ) I IICF
But ybpht hal ei n di bjgﬂggr?gg%leb E&FOO’ 5&&&?8‘?%@1&& Tgl ask

fifted with stirrefNd¢iserRBABRYR! ahigrtaeQis YISt el s

charged with 100 granms of phthalic anhydride, 110

grans of nethanesulfonic acid, and 98.8 grans of
Ex8nip1€9C paiphrafioR SF MiRtupé o‘P‘oSGFeé%l Y\'tlﬁ’il@ﬂﬂiihé_ noate and o-

m Xt U S stirred an eat e
Bulylph¢haléire dileptanoaten xture i s then drovvned |nto 800

granms of ice and water mixture. The pH of the reaction

io mxture is then adjusted to 9 - 10 by addition of

[00%5?( 0 sodi AP |y A3 ReedWithestiraRl tﬁbﬁham&eraaﬁcﬁﬁéﬁf? Widhtel is
ow 60C. Aromatic(r) 200, 300 grans, is now ad

chargedivétraj0@ grams f ﬁgalmﬁrmydu'ud@ m&gmrgsaf methanesulfonic

sl YA AL e GBS Bt SRR gl e

miY &l Rt deasl hBated ©s1ET LMosACyr 36 dwussldThe e8adiorBrxture is
grams n-heptanoi ¢ anhydri de maintaining a 15

thenadrpanedinte 820 grarpe Of igajard pater mdurs: Hhey bl of thegeaction

ST OR LW IS R

maﬁhé Qgém BYaturel BEloweeed o aticBrand, Sobhfranead Réw added
9 and ransferred to a separatory funnel where

to hhﬁeathp@wu@p@nalpnc;v/téhemxwp&f ghthalgipg. [Theeieagtoe suixture is

B SR e A AL A5 a8 oo an ten

esterified by slow addition of 342 grams n-heptanoic anhydride maintaining a

temperature below 50°C and a pH of 10 or higher. The reaction mixture is then
stirred till esterification is complete, as determined by thin layer chromatography.
The reaction mixture is then heated to 90°C and transferred to a separatory funnel
where the layers are allowed to separate. The lower aqueous phase is removed
and discarded while the upper organic phase containing the mixture of esterified
phthaleins is dried free of water by heating it under vacuum to a temperature of
120°C. The dried product is further diluted with Aromatic® 200 to a weight of 1000

grams. The product is then filtered to remove any suspended insoluble material.

Example 2 : Preparation of Mixture of o-Cresolphthalein diheptanoate and o-

Butylphthalein diheptanoate

[0033] The same procedure was followed as in Example 1 except 87.0 g of
o-cresol and 62.2 g of o-sec-butylphenol were used, thus reducing the molar ratio

of cresol to butylphenol from 3:1 to 2:1.

12
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20 phthaleins is dried free of water by heating it
under vacuumto a tenperature of 120C. The dried
w@e@dnr29s s further diluted with Aromatic(r) 2POT/US2087/025077
wei ght of 1000 grans. The product is then filtered to
remove any suspended insoluble material. Exanple 2 :
Preparation of Mxture of o-Cresol phthalein
tanoate and 0- 25 Butyl ph haI

of

(e} ‘;.

g ﬁéﬁmi'éi"aﬁ @BP ogté:resol nd 62 2

used, thus reducing the nolar
ratio of cresol to butylphenol from3:1 to 2:1. 12 WO

2008/ 073298 PCT/ US2007/ 025077, EX le_3 par at |
[003A] v xt ukRe 82ME-REPESBHTSHYVARS fQlqwes gg,!ﬂ EXBRIAS RKCgDt 85.9 g of

Rudoy pat RO, Ths AT §
Ocprocgdur%‘aagjs&f FPSJ% g@éﬂ Eéanp e 1mgsxcep lr%)go_t.hg rgolar ratio
of arésoldednglphenoldr®h.31 go df1.0- sec- but yl phenol were

used, thus reducing the nolar ratio of cresol to

butyl phenol from3:1 to 1:1. Exarrple 4: Preparation of

i ﬁ(dfmm)&ﬂ}é?b jfxdribate and o-

Butvlbhﬂmblmn mrm)qarmatg t her nonet er and heating mantel is
charged with 100 grans of Phthalic anhydride, 110
grans of methanesulfonic acid, and 98.8 grans of

[0035F esol a oMk ﬁﬁfstl SFQﬁéﬁﬁéﬁﬁlem hedfitfg Aantel is
m xture is stirred and heated to 100 - 105C for

charged svithTh@0 gearos iob Phthiadicuardhyidsidet N$0 gdamarad anéthiaoesalfonic

i ce an wat er, m e. The pH of th eact i

acifh 413,088 G ack ¢l @45 8 Frads NP SEEHIRNER

mi Qf@ 4 BRI Ahd AEatditber 00”33'1 OSQ’C ) ﬂohﬁém'?ﬁé“i'é'étﬂlon mixture is
el ow 60C. Aronmatic(r) O grans, Is now added

thenarowaed qoted3 (0 gmmsnﬁloenam:f wat&r mixttner el kg pH of the reaction

T BTN RN N A T T
malht&ihfg Q?exﬁﬂgrétﬂn%”belgﬁft@@qd \AgEnaxice 200, gd@'g}rb% ? né¢hdded

grans n- hexanol ¢ anhydri de nai ntai ni ng enper at ur e
to thelanweb0€ saspensiphl aftha mixturériof hbthalaine. Meeoeaction mixture is

h - '
maflg HigHY alkatiosd addilion st g5 dmidi 28 SRl Brayisg and then
estéffed S?%‘dv@ @dmtléhldf%mzlgt;ﬂahﬁ‘nhf@(bﬁﬂld ABRFRaintaining a

transferred to a separ funnel
temperature below 50°C and a pH of 10 or higher. The reaction mixture is then

stirred till esterification is complete, as determined by thin layer chromatography.
The reaction mixture is then heated to 90°C and transferred to a separatory funnel
where the layers are allowed to separate. The lower aqueous phase is removed
and discarded while the upper organic phase containing the mixture of esterified
phthaleins is dried free of water by heating it under vacuum to a temperature of
120°C. The dried product is further diluted with Aromatic® 200 to a weight of 1000

grams. The product is then filtered to remove any suspended insoluble material.

Example 5 : Preparation of Mixture of o-Cresolphthalein dihexanoate, o-

Butylphthalein dihexanoate, o-Cresolphthalein diheptanoate, and o-

Butylphthalein diheptanoate

13
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25 where the layers are allowed to separate. The | ower
aqueous phase is renoved and discarded while the

W@ p@sn7egani ¢ phase containing the m xture ofPCT/US2007/025077
esterified phthaleins is dried free of water by
heating it under vacuumto a tenperature of 120C. The
dried product is further diluted with Aromatic(r) 200

10038 { o1 o DO STPEISE RGNS AapATHE RSP & ATEnegufonic acid

L t
o 0 B 0 W o renc wer s n
heatied tx 400 at H)5°¢ for @0chquirs h dlhei neadtiore priztuoa isthesndrosvned and

ht hal ei n di hept angat 3 WD 2008/ 298 o
the Bl BRIGAFBRB PRI o301 SBSUOH arid Y aHitRBI125% sodium
hyd%mgwmh% még».@ aifl] So%aﬁt@méhf@”@ paShihtic®2@ud, 300

8 grans o 45. 8 grans of
gramss ea:nd»utaﬁdpkidndhe \gueoss isuspension of eatréxture of pbthaleins. The
reaét?qﬂscnﬂwf O{J%Zg; rggaﬁ} Thgq”(raﬁﬁéttl} oA lc)érﬁ]%h?;léslgrtglnq]s of 25% sodium
hydﬁéi)g&étaﬁ the %sterﬂf%dbdy 3% Hd@foRbf 2TPixaRE! df“i'71 grams n-
I OXI 'e maintalning a tenperature bel ow 60C.
hep@amtaunbydmdéz@ad 1805 ggaras®f hiexanoiw andydddeovhileemaintaining a

term RIS Rel Stlste a8 St O WoBet VRED Setficatioro
n%le@%@?@éﬁloﬁfmmfé%@hmeﬂw acre é‘fﬁ'@’trtahgférred to a

esterified by slow addition of a mxture of 171 grans
separator)hﬁmmhmher@mwlayemaamaﬂloym ® gemteafThmboa\rﬂrlaﬂueous
t t. b
phaliidy SEBRVEH B0 AR G sl Brah G196 Gabiaming the

muxﬁﬁ%f%tsf‘enﬂe'aepﬁtﬂé@h@& died #&8 of ﬁ/a‘téﬁw Reatirg |ttLQ10%QQacuum to

and transferred to a separatory funnel where the
a temparaturarad 120Powdhe dn@d;pmcutCéJs fhoindaer dwgteda\qlhbé‘mgmatlc 200 to

o WBRR ' SPRRCTRR S5 M D RBSHny G688

insdbleah8ickmli s dried free of water by heati ng |t under
vacuumto a tenperature of 120C. The dried product is
further diluted with Aromatic(r) 200 to a weight of
5 h

X3 0 aration. o, : esolphtha itngdlhenqgﬁogpé/
o-iﬁwhmlah mwﬁoﬁfe 0- Or esol pht hal ei n
I hept anoat € o-1sopropyl pht hal ei n di hept anoat e

[0037] 100 grams of phthalic anhydride, 110 grams of methanesulfonic acid,

and 98.8 grams of o-cresol and 41.5 grams of o-iso-propylphenol were stirred and
heated to 100 — 105°C for 20 hours. The reaction mixture is then drowned and
the pH of the reaction mixture is adjusted to 9 — 10 by addition of 25% sodium
hydroxide while maintaining a temperature below 60°C. Aromatic® 200, 300
grams, is now added to the aqueous suspension of the mixture of phthaleins. The
reaction mixture is made highly alkaline by addition of 225 grams of 25% sodium
hydroxide and then esterified by slow addition of 342 grams n-heptanoic
anhydride while maintaining a temperature below 50°C and a pH of 10 or higher.
When esterification is complete, the reaction mixture is then heated to 90°C and

transferred to a separatory funnel where the layers are allowed to separate. The
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[0037] 100 grans of phthalic anhydride, 110 grans of
nmet hanesul fonic acid, and 98.8 grans of o-cresol and
wa@ 2008/0gR20818 of 0-i so- propyl phenol were stirredPEndsS208%025077
heated to 100 - 105C for 20 hours. The reaction
m xture is then drowned and the pH of the reaction
lowet aqueeus phastj: isstemboved 9nd dmanyechw@ileitml uppepsrganic phase

corfanis BBCh e iR oBNasdtr gTigt 'SP BT M LR Bgating it

unde‘? vtaeﬁu%eé)té?nﬁét%ﬁ%sdfomﬁgb e ahed %P@dﬁt is further diluted with

pht hal eins. The reaction mxture is made ?
Aromatm®|26}§) t@;@ aeitihtiosrd 060 gramsy rTmsproﬂugtsl%tbenl iiferegbto remove
OXId (g épen Eﬁ erlfled by sl ow addition of 342
any Qﬁﬂ?nﬁe TUNDE Wrdri de while maintaining a
tenperature bel ow 50C and a pH of 10 or higher. Wen
esterlflcatlon is conpl ete, the reaction m xture is
‘ i Al ghthalginsdiestar #7 \(see Table
funnel wher e t he | ayers are allowed to separate The
1) 14 WD 2008/ 073298 PCT/ US2007/ 025077 | ower aqueous
phase is renoved and di scarded while the upper organic
phase containing the m xture of esterified phthal eins
[0038] dr i ed Her samefpreeedurebyahtaliowey as in bxarapleshexaept 88.8g of

ture of. 120C. . The dried duct urther
o-ofhseh BB 414 B of RrishRr RS et “BeGe Ay 1835 Hng® of butyric
anHydABE- an'BthOJS‘qi'é'ﬁfs n&dnBWaﬁwdrﬁfeaﬁet@ugméj aNthe 342
suspended i1 nsol ubl e material.” Exanpl e : Preparation
gragts ofl hepdaroik @nhydedel pht hal ein diester #7 (see Table
1) io [0038] The same procedure was followed as in
Exanple 1 except 98.8g of o-cresol and 41.5 g of

Exéinpfé’ﬂr: Wlébapé“t%ﬁ’|ofm&édt’eﬂﬁglgmlgﬁﬂf’aléirﬂﬂﬁiﬁep#8 (see Table
utyric anhydride an .5 granms hexanol ¢ anhydri de
1) were used instead of the 342 grams of heptanoic
anhydride. 15 Exanple 8 : Preparation of M xed al kyl
phenol pht hal ein di ester #8 (see Table i [0039] The

[0039]113 pr q&@@&rﬁe\@écédﬂrb@ﬁ@ﬁfcﬂl&xﬂe@ FXAPkEmpleeX ekBépt 44.3 g of
o-cresol, 61.5 g of o-sec-butyl phenol, and

o- cwos 6;1 @g ofa- §@<pnbu99n>hemfén@md #6580 0f edsoprapyiaftenc werg used,

a”"g%éga@ié ‘?"ZW%%&&Q@@‘Eﬁy#‘%%ﬁgno%ﬁ?ﬁgﬁe?n: di ester #9

(see Tabl e

Example 9 : Preparation of Mixed alkylphenolphthalein diester #9 (see Table

1)

[0040] The same procedure was followed as in Example 1 except 44.3 g of
o-cresol, 61.5 g of o-sec-butylphenol, and 55.8 g of o-isopropylphenol were used.

Anhydride charge remained 342 g of heptanoic anhydride.

Example 10 : Preparation of Mixed alkylphenolphthalein diester 10 (see
Table 1

[0041] The same procedure was followed as in Example 1 except 44.3 g of

o-cresol, 61.5 g of o-sec-butylphenol, and 55.8 g of o-isopropylphenol were used,
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ji 25 [0040] The same procedure was followed as in

Exanple 1 except 44.3 g of o-cresol, 61.5 g of
wo288071208 vyl phenol, and 55.8 g of o0-isopropyl pPenub2007/025077

wer e. used. Anhydride charge remai ned 342 g of

hept anoi ¢ anhydri de. Exanple 10 : Preparation of M xed
andylaaylixtprecofcd 2 tdbligrio atihgdtide, 107 §dexandic drahdride, and 114 g

0041], Th anme procedyre was followed as in Exanple 1
of g @p&lcwﬁﬁ@d%we%%@ Jof Eh%astsr'ﬁcavi%n-

0- sec- butyl phenol, and 55.8 g of o-isopropyl pheno
were used, 15 WO 2008/073298 PCT/ US2007/ 025077 and,
[0042]r xt urkheomabRericampositions campyidingde makker mixtereaprEpared in
anhydride, and 114 of heptanoi.c .anhydri de were use
acopaGRmEh 57 APYa EXGPIPD PSS WHiad 18 Aralals G S Bty
LS P! ' rdance
e R S B R T o SIPHIAP L B oo Pher
solubility effects (dispersion characteristic) and
E@biléﬁ% at | ow tenperatures. Test Procedures: 10
Tes? HAL]CAUreBy eparati on of the marker conposition The
mar ker conpositions are prepared by conbining a narker
m xture prepared in accordance with the above
[00&3hnpl es Rvephratiooneftthe nsardkee somgogitiono- sol vent (i f
any). 15 [0044] - Storage solubility test Storage
solubility was tested on the marker conposition by

Pl e ghaHE: Gorhposifloss ateBrepédib) omBihgla hifREEMmixture
The tenperature was fixed at 0C and 20 exam ned

perprepareal inyaqcordancedaith yhe above Exampleawitbraronjaligssgylvent and
- Mscilbi I i@fy test The marker conpositions were added
dr SRt aﬂ)é' g of solvent 25 (kerosene or diesel
fuel). The systens were then observed if the marker
conpositions went into solution, or if they renai ned

[0044] a sepaBlaragebakbilitytestcl ung to the sides. of the
beaker. Gentle agitation is enpl oyed alt hough

Storage solubility was tested on the marker composition by placing 100 g in
a sealed container into a freezer. The temperature was fixed at 0°C and

examined periodically (i.e., daily) for precipitation.
[0045] - Miscibility test

The marker compositions were added drop-wise to 100 g of solvent
(kerosene or diesel fuel). The systems were then observed if the marker
compositions went into solution, or if they remained as a separate phase
and clung to the sides of the beaker. Gentle agitation is employed although
it makes no difference. A drop added will either fall to the bottom of the
beaker (determined as showing poor miscibility) or will readily dissolve

(showing miscibility).

[0046] - Stability test
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it makes no difference. A drop added will either fall

to the bottomof the beaker (determ ned as show ng
w@o@s/ond2egi bility) or will readily dissolve 30P¢HOSM0OTIORS077

mscibility). [0046] - Stability test 16 WO

2008/ 073298 PCT/ US2007/ 025077 The stability test was

pr otiee dizdbility tédst vesepm ceetiedlin kerasensi (ddviatist donsiaered the worst

case for sojuhility). 10% by weight marker. conpasi t.i on

o Gassdar slublvlosiate by BRRELIRPESioR i Bdded S

quﬂ@rb&ﬁﬁé.“?hl%@?fs_ tbﬁarbbi%erﬁ §GaMthtie nuffblrtd tﬁé’ﬁﬁ@cibility

| f no phase separation or precipitation Is observed,

t hereSull abbple. if podeasensepsdation 06 pedtligitationds aipskeeved], the

21 OO4|7]. The nmar kgr Gopposi,tions (as indicated by
Exa%ﬂﬂ'%? ig gesaynined @s "SKBi¢-epar ed by conmbi ni ng t he

m xtures prepared from above Exanples 1-10 with
solvent in the fornmation as described in the table 2

Exdmpievi1 c@fparati ve Exanple 1 - 3 15 [0048] For
conmparison, the prior art marker conpositions (as

indi cated by Conparative Exanples 1-3) were prepared
[oo@g Conb'vHéwla@k@fS&}rﬁbéaﬁbﬁé (as MidRisted tayzaﬁa%smb@q@tm Y Were

6482651 w th sol vent and co-sol ven
prepated Ipy coimbitiing kg mixturés pfepared ifrom abode Examplds itr10 with

the table 2 bel ow 20 [0049] Table 2: Formulation of
solygifie i Eyralor B CS5ers Mdne BB ZREBR- Co- Amount of

Active marker organic solvent in active marker in
conmpound solvent in conposition conmposition

Conmapative iExanilenbrd 11 M xture prepared ZERO 20%
Quantity to from Exanple 1 100% i n total

[0048] For comparison, the prior art marker compositions (as indicated by
Comparative Examples 1-3) were prepared by combining cresolphthalein
dibutyrate, as taught in US 6482651 with solvent and co-solvent (N-

octylpyrolidinone) in the formation as described in the table 2 below.

[0049] Table 2: Formulation of marker compositions

Mixture prepared Quantity to
Example 11 ZERO 20% .

from Example 1 100% in total

Mixture prepared Quantity to
Example 12 ZERO 25% .

from Example 1 100% in total

Mixture prepared Quantity to
Example 13 ZERO 20% .

from Example 2 100% in total

Mixture prepared Quantity to
Example 14 ZERO 20% .

from Example 3 100% in total

Mixture prepared Quantity to
Example 15 ZERO 20% .

from Example 4 100% in total
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Exanpl e 12 M xture prepared ZERO 25% Quantity to from

Exanple 1 100%in total
WQER®02298 Quantity to

Exanpl e 13 M xture prepared
from Exanple 2 100% i n POL/EB2007/025077
from

Exanpl e 14 M xture prepared ZERO 20% Quantity to

rrar kér

“’2°08/"¢3ﬂ

CONpOSi t|

Ity to f
SmBke US2

d sol
e 16

on Exan

venthpasitionc 6fipo

M xt ure prepar:

5 l\/l vfnrn brepar
, prepa

RN 4 15Qr{poluﬂt$ tal.
V 00?f02%ﬁ77 Ano
Co- AnDu tcopl (ﬁp&;l ve npPR¥"tEt gani c

it “pf I’muT’I

& BFRMERarkef 1t
s{'toropositomposi

ed ZERO 20%

—

%Tount of
on@amc ‘

EcYIGent in
lono 2
composition

Quantity
Exappletl@r e |

DI
100% i n LGPR) xa@g§§D|e

Wturta,r;ﬁmai?éeﬁrrpl e 5 100%in t
pEER@uantity to

18 M xture pre

bt al  Exanpl e
P9%m Exanpl e

@dantity to
@00% in total

har ed ZERO 20po

Exagiple

ntity

thl‘.bXtUl‘B rroenaEsdan

P 100%in t
%'g}o?éjant ity to

D Exanpl e
2o

1 Quantity to

are prfr@mfﬁxsmp@%RO m Exanpl e1b% in total
100% in total Exanplel 20 Mxture-preparedZERO 2004
ExaQHRNGI tY Mixtyre g £cr@ 100% in tobg, Exanple Qyantity to
xture plfremeErxeudeZERO 20% QJant i ty to| from Exanpl 103 in total
166% 1 )&Ure ésbéféoal ve—Cresotphttalerm—28% <o quantity to
Exafple@p 200 W{. W QuprgRdY to 20% ,y
from Example 8 100% in total
Mixture prepared Quantity to
Example 20 ZERO 20% )
from Example9 100% in total
: - Mixture prepared Quantity to
Example 21 ZERO 20% )
from Example 10 100% in total
Comparative Cresolphthalein 28% (or more) 20% (or less) Quantity to
Example 1 dibutyrate 100% in total
Comparative Cresolphthalein <27% 20% Quantity to
Example 2 dibutyrate 100% in total
Comparative Cresolphthalein 28% >22% Quantity to
Example 3 dibutyrate 100% in total
[0050] The marker compositions comprising a marker mixture prepared in

accordance with the above examples were tested to evaluate the storage stability,

the miscibility and the stability according to the test procedures as described

above. The test results are provided in the following table.

[0051]

Table 3: Solubility Comparison:

Pure Phthalein Esters vs. Mixed Phthaleins and/or Mixed Esters

Example 11

>3 months

Compietely miscible

Completely stable

Example 12

>3 months

Completely miscible

Completely stable
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Exanple 1 di butyrate 100%in total

Cresol phthal ein <27% 20% Quantity to
walzianyet e 100% i n tot al

28% >22% QJant [ ty t 0

Conpar

Conparative Cres

ati ve

Exanple 2
ol pPCTYEE®IOT025077
Exanpl e 3 di butyrat e 100%| n

P!
Exaﬁﬁ gt ity

cordi ng

£ nk‘rﬁh- '
t O e est

d:brh;Slé(d;el?‘\'h‘ﬂsc}b'llec stabi

IFoce es as descrilb
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exehaare p

r eUnRiely Misciie f ol | d
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ExalanébISJ

Esters vs-

rabl &3 Rents®! UDI

M xed-Pht ha

CEMipI GO RAIbRON. Pt

ains .and/ aor
IVI I\\lu

Ecdﬂnilél@r!./ @tlaISIe

Hct ar c

EX&‘@P’Br@ge M

S BPMS y wi |

b HORRIFBY BHREDS abi | i t

fo&qp‘l’eéel{ Slgble

Exa&bﬁbi’/l [ ty

at3 dtey D e

s@bm;ﬂexely rrmibﬂﬁl on in

Oﬁemm)e;em gtable

| € J.J. IID \., I IJI [S] L
Exa?s"ﬁ? F! a>n35 gr’iﬁl's‘z ot 1%&&&%% bR ely ni SCI kf’FértEygtable
Exa@olepPet el y| Stmapites 18 \Ammeﬁlmm% PCT/ USZrmmieisis etatte
Exa QE'@?ei MsEd Rbdthd Y W ﬁorﬁ;ﬂétaﬁmllbﬁf abr 11 t)CdPrﬁplélelSEQt‘é’bie
abl ] V Euve Sol 1l |nn lr Kar ncana
Exa@??rﬁil e 13| 3R hs ConpTRIPEl PisHEki bl e Qoqf’é“pget@}'?tab'e
Congjatdile Exjampleehabs >3 matibis Conpl et el y m|Idxtsbleble

Exa%l@pll etely r%gr"fm

Scibl e

Jte Exal
onpl etely st

npl e 15 >3 nont hs Cd
ble Exanple 16 >3

npl etely

nont hs

Conpargdvet el y
ExamgféchS Con

>3 nmont

i 4P bl e Co
pletely m sc

hs— Conpletel

npnle frésciplest Mgy W Exa
&Hn@er@@mﬂ et el y St ab

ceir hl o

ﬁ!ﬂtéolgb}e >3
|l e Exanple

v ot Aahl A

Cormaratie ¢ 19

Exaspld e Exja

anpl e 20 >3

numtérdra@mepl et el y m

<93nt hs Co%ly 8‘:!58?3{? %@% TQEﬁ e CMF@P%Fy

sci bl e

Conptetety stabte—Exanpte 21 =3 months Conplietety

m sci bl e Conpletely stable Conparative Mre than 3
[005RECi bl eadNshownlinFhBle 3, the marker compositions comprising a mixture
according to the present invention provide a marked improvement over prior art
marker compounds (e.g., Comparative Examples 1-3) in that they may be
manufactured without the use of any co-solvent. In addition, the test resuits of
stability of a 10% solution shows that the mixture according to the present
invention can be formulated at higher concentrations than is the case with prior art
chemicals based of this improved solubility.
[0053] The invention having been thus described, it will be obvious that the
same may be modified in many ways without departing from the spirit and scope

of the invention as defined in the following claims.
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Exanpl e 1 nont hs Conparative <7 days Only m scible at
very | ow Not soluble Exanple 2 concentration

w@oimparyeps ve <7 days Only miscible at very | ow@®DUS2007/025077
sol uble Exanple 3 concentrations [0052] As shown in
Table 3, the marker conpositions conprising a mxture

CL rding to the present invention provide a marked
i mprovenent over prior art marker conpounds (e.g.,
Conparative Exanples 1-3) in that they may be 5
mariuf actAimexturé chmpristrigeatisasvtivaadiffetent stkylated. phenolphthalein
addition, the test results of stability of a 10%
solSHE SPRARRCS hat the mixture according to the
present invention can be fornul ated at higher

concentrations than is the case with prior art
chéhi cal Bhveabddreacedrding iepeaimd , yhearsin theyalkylatgd 053]

on SRR EieL B RRll b e R KR e drayigf@fpounds

Wi tropréscfeRPbY forendlaeom the spirit and scope of the
invention as defined in the followng clains. 19 WO
2008/ 073298 PCT/ US2007/ 025077 = CLALM5-1. A m xture
conprising at |east two differentgalkyl ated
phenol pht hal ei n ester conpounds.§ 3 2. The mixture
according to Ciaim 1, wherein. t{ie~al kyl ated .
phenol pht hal ei n. ester ¢ ound k's selagt ed:f romtthe
group of conpounds repres ' . mul-a“t: 10 1
0-CR Xr X12- Xto Xta 15X|x ’ a

2

wherein R represents a straight chain alkyl group having 1 to 11 carbon
atoms;

R? represents a hydrogen atom or a group of the formula C(O)R* where R*
is a hydrogen atom or a straight chain alkyl group having 1 to 11 carbon
atoms;

X2 — X5 independently represent hydrogen;
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Xs , 251 wherein Rl represents a straight chain
al kyl group having 1 to 11 carbon atons; R2

w0 e@sesRes s a hydrogen atom or a group of the POT/IBL0a7/025077

C(OR4 where R4 30 is a hydrogen atomor a strai ght

chain al kyl group having 1 to 11 carbon atons;
x5 Xehu&pane eame,or afieraitnand jepregents hysisogen or a stralght or

7
ai PR sl SRR N0 (82 cafbich afbreh, 0,
branched chaln al kyl group having 1 to 12 carbon
Th t to d .
epr osenthe BGEFR pERTATE e, RYTETBRS FPRpoRGISs FEaioht

7 t r
| SRt MR U egseden, B o

at dyydoogen stonaiog Iatgrohalqﬁ tm formuja &(@)Réwhege:ﬁ tis a7hydrogen
t .. 4. Th ] xt to C

nca o1 SraishLeBAp Ak oo RIS 3 N7 Aroa i oup

having 3 to 6 carbon atons; and R2 represents a

hydrogen atom or a group of the fornula C{O R4 where
R4 4.s a Haimigere agerging tosCkaimald, gvhereitaRn repriepentsra giaight

“""V'a% A oA P oarBon 6B ERFE EEFEIAES, |
al ydregeriatdm\or agyréup T es farirna C(@R* R&e"re Reisenhydragen
hydrogen atomor a group of the fornmula C(O R4 where

R4 atemng airaighh CB@'Grﬁ'bY' gaougmamﬁ te RGarban RPMSr oup
having 6 carbon atons. 6. The m xture according to any

of Clainms 2 to 5, wherein X6 - X13 is 20 sane or

di f5.er erfhe mnxtureepcwdntgstd@mmg%wvrmrem Bf reprgisentsra straight

branched chaln | .grou 5 carbon

ot et ol favecdaibbubintead K eSents atydrogen

oo G R O O WP K2 My ffbder ftomor a
straight chain alkyl group having 6 carbon atoms.

6.  The mixture according to any of Claims 2 to 5, wherein X® - X" is
same or different, and represents hydrogen or a straight or branched chain

alkyl group having 1 to 5 carbon atoms.

7. The mixture according to Claim 6, wherein one or two of X8 to X® are
alkyl group having 1 to 5 carbon atoms, one or two of X'° to X'* are alkyl

group having 1 to 5 carbon atoms, and the other X groups are hydrogen.
8. The mixture according to Claim 6, wherein one of X" and X% is
methyl, propyl or butyl, one of X"" and X'? is methyl, propyl or butyl, and

other X groups are hydrogen.

9. The mixture according to Claim 1 or 2, wherein the mixture

comprises at least three of alkylated phenolphthalein ester compounds.
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25 group having 1 to 5 carbon atons, and the other X
groups are hydrogen. 8. The m xture according to

wW@@sirR9Is wherei n one of X7 and X8 is nethyl , PEr/op3on7/025077

or butyl one of X11 and X12 is nethyl, propyl or

DU o B oS P T S Lk BaheraR e et

I
zz{ﬂgtén@m@a'ﬁfé%kﬁ&%%u@%s%%@@ﬁ%@?@@oﬁ%zézg%é;

10.10%h é)yrwargbt baa@i ondhe gotabweig‘lt of theomigurejmrdcanothee ester

of the al J henol ht haI ster .G unds. |
C heomhdigtindbip sk StBathabous gk By eight based on
basgd ta| {V@%Ht@fgﬁemktgi’é of the m xture, and anot her

ester conmpound in the m xture conprises at | east
about 10% by wei ght based on 5 the total weight of

undriei n IhEmiRtys 2eEoRA I G R iitehots B B Bpovatea

C Orghindfshthaleirhester tbmp@u@d@”ﬁlﬁ lth?eﬁﬁ\l)ﬁhré e6iprigbe 4t leakt Ubout
by wei ght based on the total %ht of the m xture,

an@ 35 Oy HueigBE based @nébﬁﬁ@ahwem ohthemixture anshpRethes ester
at éoﬁﬁﬁ%%rﬁfﬂghren%ﬁ tﬁ éﬁif}&]@& ﬁeisrtc%bgtﬁ%‘%, %Welght based on

conpe It@tah@emhtmfmmmtusell vent and a mxture

conprising at |least two different alkyl ated

phenol phthal ein ester is conpounds. 13. The

conposi t R’ ddie d ixt

al ky %%rﬁ%ﬁgﬁ'srﬁpteglgbglér?nz%@ge"ﬂ&gg\rgggﬁﬁg IS se ant e%l mixure
fr mmnu;bnasugg atifeast two djfteradtalkylatedegkeen@phthaléioraatér | :

1 -cA Xl1* X12
oc%mpodndos.c

13.  The composition according to Claim 12, wherein the alkylated
phenolphthalein ester compound is selected from the group of compounds

represented by formula I:

(o)
. 1
O—CR
X"IEE x'?
g - X1 P e
x7 X3 x5 / o
i N x2
.
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XX)CO:ais 251 XX~,~~o0 30 X4 X2 X3 1., 22
WD 2008/ 073298 PCT/ US2007/ 025077 wherein Rl

WO 8oz s a strai ght chain al kyl group havi ngCWUsmoszOW

carbon atons; R2 represents a hydrogen atom or

gro lpeforrrua |sahd
%ffe'rhﬁsf%rﬁaﬁﬁt%a ot ¢ ?'nﬁbﬁ@fﬂae. { gg 11 carbon

ca(rjéqgn, g0 atons; X2 - X5 independently represent

hydrogen; X6 - X13 is sane or different, and s

r eﬁ%@qmesem;arimbogem atorstara goupof the farmouadC R where R

o PR B s ATk o P caron

reg;tgﬁgnts a straight chain alkyl group having 3 to 7
carbon atons; and R2 represents a hydrogen atom or a
grdﬁ:b —-of5 tndepeodentlareprepeat Wese@ens is a hydr ogen

oL 0053 LRSI o, hAHLABER NRYbE: Byt or

C| drahdded vh&ineilkyl Grotis paement fo 42 cattien ghim@hal n
al kyl group having 3 to 6 carbon atons; and R2

represents a hydrogen atomor a group of the fornmula

A Q4 V‘t}?ﬁ( Soﬁéolsﬁlﬁﬂ &36‘3?@95 o gﬂélﬂm 8r wﬂe?énﬁ@@g%bi%sents a

chaln al avin car boh at’ ons
Th estltabgm@iain alkyagmlpdna\gng 8 t@l 7acarbbh, ateins:; ahd B2 represents a

(o SRoGmaem 24 dUp e Srmed CEDRY Sutke H'9s aupvarogen
9r YHBnOhr 4 BRailght EHAR &k@g%uw?\%w]g%é 7 GrbyNLRSAS.

15.  The composition according to Claim 14, wherein R represents a
straight chain alkyl group having 3 to 6 carbon atoms; and R? represents a
hydrogen atom or a group of the formula C(O)R* where R* is a hydrogen

atom or a straight chain alkyl group having 3 to 6 carbon atoms.

16. The composition according to Claim 15, wherein R represents a
straight chain alkyl group having 6 carbon atoms; and R? represents a
hydrogen atom or a group of the formula C(O)R* where R* is a hydrogen

atom or a straight chain alkyl group having 6 carbon atoms.

17.  The composition according to any of Claims 13 to 16, wherein X° -
X' is same or different, and represents hydrogen or a straight or branched

chain alkyl group having 1 to 5 carbon atoms.

18.  The composition according to Claim 17, wherein one or two of X8 to
X® are alkyl group having C1 to C5 carbon atoms, one or two of X' to X"
are alkyl group having 1 to 5 carbon atoms, and the other X groups are

hydrogen.
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atomor a straight chain al kyl group having 6 carbon
atons. 25 17. The conposition according to any of

WQE@s083298 to 16, wherein X6 - X13 is sane or PCT/US2007/025077

different, and represents hydrogen or a straight or

branched_ chain al kyl gro havj, n to,5 carbon _ 7 8.
at o, 1Bhe w@peéﬁpasaqq%ﬁﬁaée&ila'ﬂhé?t wherelf angrof X' and X is
Whenef 0bn&®f 0! ard X @it Kylo TSHButI and
ha\?ﬁﬁé‘@l (P?Sp)q Ibgﬂ atomsa one {)r t\/\@o? )%% y X13

ar e)tbekmgrgupsjprdnbydnmgem to 5 carbon atons, and the

ot her X groups are hydrogen. 23 WO 2008/ 073298

PCT/ US2007/ 025077 19. The conposition according to

d "’Ed'” 17Thd"68ﬁ®o§|tféﬂ9aé2foraﬁg@6@léﬁ1 D ornE, IW&Hereﬁ’\r1<li|l€,**)’|4n|xture
or butyl, one of Xl1 and IS meth propyl

butepmpriges atdeastthregyobalsylatedphoaelp thalels exter qcpmpounds
conmposition according to Claim12 or 13, wherein the
m xture conprises at |east three of al kyl ated

phenpgl phthekeiposhictracemingnd<lain?12 ofes, edrgrem oneof the
according to Caim1l1l2 or 13, wherein one of t he

al i veted pheaeiphhalein epter ssmaoLRgR iR MiKire kemprises at
R T

estaefotnenmendompouhe mirthﬁ uﬂﬂummcpmpeees at |dashaboabd0% by
10% by = wei ght based on the &@C wei ght of the

ni Wejght based Wéh%gﬁﬁ'o‘é’?lglheﬁ BPEiSy to O ai m 21,

wherein one of the alkylated 15 phenol phthal ein ester
conpounds in the mxture conprises at |east about 25%

by 2&i ghthdaseqbositiontacapodiag twé)lgim 20f whieesimonewfdhe alkylated
and ano ester un xture conpri ses

ot nrenoletihali Suier E5MRALGRS DA TGS PRERTAFY et st about

weighvl, by wéight Hhé‘édibﬁ th@@otaﬁfvefah‘? oﬁm@ﬁﬁ*thlfé)rhnd another ester
according to C ainms 3, conprising about 1- 30%

by osehsinchin tbeurdnxtﬁrthsnnepmeai leastiatout &586 bwewlht besed on
th Siti 24 . The conposition according to
d ib‘ﬁi&%gwsph?é’f”& Pgﬁ ng about 15- 25% by wei ght of
said m xture based on the total weight of the
conposition. 25 . . .
. The composition according to Claims 12 or 13, comprising about 1-

30% by weight of said mixture based on the total weight of the composition.

24.  The composition according to Claims 12 or 13, comprising about 15-
25% by weight of said mixture based on the total weight of the composition.

25.  The'composition according to Claims 12 or 13, comprising about 20-
25% by weight of said mixture based on the total weight of the composition.

26. The composition according to claim 12 or 13, wherein the aromatic
solvent is selected from the group consisting of alkylbenzenes, xylene,

napthalenes, and benzyl alcohol.

27. A marker composition, comprising:

24



10

15

20

25

30

25. The conposition according to Clainms 12 or 13,
conprising about 20- 25% by wei ght of said m xture

whawsw7e8 t he total weight of the conposition. PCRES200Me25077

conmposition according to claim12 or 13, wherein the
aromatic_30_sol vent . i el ected fromthe group

corfat Ag 9%023?31(‘9’?[9@2?gﬁBQrOWIt'ﬁﬁQWenﬁapt hal enes, and
be | c | [ rikkure idih@ Bt | HXTRN Hiffish
o B 3R e B Ly Reig T RIRLEXEATISiNG Bt |2 ho Shiftent
weialkylated phermiphthalain estereompaunsist and- 30% by wei ght
of m. xt u C ri.si,ng at least two different

al ot d'gzg%g%%q%i%'%%w%?t'corrpou_nds; and about O
- 246 WRi ARYIa®d pReSSIbHEH ein Bstdrdcthpolifte st ¥t RidEfom the
phenol pht hal ein ester conpound is selected fromthe

gr arpupfof compawnds reprasested by foynyladnula 1: 0 Q CR

1o, \ Xu XIl XL0 X13 Xa 15 XT XS p 20 X4 XZ 1 25
~wherein Rl represents. a straight' chain alkyl .group

having 1 to 11 carbon atons; R@ represents a hydrogen
atomor a group.of the forml % % Q R4 vx\hgre‘ R4

wherein R' represents a straight chain alkyl group having 1 to 11 carbon
atoms;

R? represents a hydrogen atom or a group of the formula C(O)R* where R*
is a hydrogen atom or a straight chain alkyl group having 1 to 11 carbon
atoms;

X2 — X5 independently represent hydrogen;

X6 - X13 is same or different, and represents hydrogen or a straight or

branched chain alkyl group having 1 to 12 carbon atoms.
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is a hydrogen atomor a straight chain al kyl group
having 1 to 11 carbon 30 atons; X2 - X5 independently

wo eEsezemt hydrogen; X6 - X13 is sane or differPenus2oanakso77

represents hydrogen or a straight or branched chain
al kyl group having 1 to 12 carbon atons. 25 WO
2008/ 073298 PCT/ US2007/ 025077 28. A nethod of

I dez*é | f YA PSetRBd o SheHt Ry lﬁg%ﬂ%ﬁgenv&‘b@au%@wmﬁ%%mﬁ?ses
addi ng a devel oping reagent to a sanple of an organic

pr oduct 5 containing a detectable |evel of a marker

| nmed | a.
0 DA aseling refesiu o rtamel G Rloanid plRe ©
Sa'dbrﬁéﬁﬁmgea détectditle |6 TG Masrdontprising bahitd@ as claimed

wherein the devel oping reagent o0 conprises a
quaﬂanrya@fﬁlammtgmh@adoxu de. 30. The nethod

) B bE PelintisTiR e Rt TS The e

of a spectrophotorreter 15 31. The nethod according to
cI a| m 28, wherein said determ nation of the presence

2% d hhe Rathed pereiding ta Alaine @8 haraini the devplapipg reagent
sa| ygg to claim 28,
ééwq&é%;wer ug%ﬁgg&%@m%mng sai d devel oped
rmrker prior to said determ nation step. 20 33. A
ring the m xture of Kk
D ol AoA SRee g asbiainn 28 uhar S aar ditegmjnaion of the

I
3} o 4 SOTD LB A1 0 o s kot

aIkyI phenol pht hal ei ns, and 25 esterifying the alkyl
glr |pd haI e| Sd VamcE:grdang {o g’lalm %?w%fereallnkélalid determination of the

presence of sald marker determines the concentration level of said marker.

32. The method according to claim 28, which further comprises

extracting said developed marker prior to said determination step.

33. A method of preparing the mixture of alkylated phenolphthalein ester
compounds as claimed in any of Claims 1 to 11, comprising:

reacting at least two different phenols with phthalic anhydride to form
alkyl phenolphthaleins, and
esterifying the alkyl phenolphthaleins with at least one of alkyl anhydrides.
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