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Bl S(ALKYL- OR CYCLQALKYL- PHENYLETHYNL ) ANTHRACENES The inventi on 4g}
novel - fl uorescer conmpounds and to the use of those conpounds in é%ﬁ@ﬁ?ﬁiCB@x
whi ch are useful for generating chemiluninescence and to the use of such

m xtures for nerating chem | um nescence. 5 - Zwei g and Maul di.ng,
in U S Pate Nos. 3,557,233 and 3,729,426, and Maulding, in U S. Patent .
No. 3, 888,78 escri bed 9, 10- bi s(phenyLet hynyl ) ant hracenes substi tuted by
chloro, brono, fluoro, or lower alkyl groups and their use as fluorescers
with certain oxalic-type conpounds which 10 react wi th peroxide to produce
chemi | uni nescence. - TIBIS (WEKYL-0NOR " OYCIOA LKL PHENYLIETHY NYIh pANTHRAGBNESN

m xtures. that will have higher chem |l um nescence efficiencies as neasured

by the quantumyield, and will have higher |ight output as nmeasured by the

| |h ght capacity, 15 t/Rhe tincentitonrreddties teeinpvald Muorgseer compeynds
the Inventi U [ | r PNHEES i BEP osh haygeng the
fornul a- (| )%%SOI%S)S t?illfr{f:{ééé(r)b:\f/)m?rﬂégﬁ %Bfﬂg%ggplgg?gg%tm t he groulpl) %i(;ﬁs?sti ng
of [err] touseful ¥/ gensrpting) chemidpmingpaenaa and 4R Ehe usg ef '
provi ded nogglchTmildtiBfes\feP géflerating chemiluminescence.

5 . Zweig and Maulding, in U.S. Patents Nos. 3,557,233
and 3,729,426, and Mauiding, in U.S. Patent No. 3,888,786
described 9,10-bis(phenylethynyl)anthracenes substituted by
chloro, bromo, fludfo,-or lower alkyl groups and their use
as fluorescers with certain oxalic-type compounds which

10 react with peroxide to produce chemiluminescence. The
invention provides fluorescers for chemiluminescent
mixtures that will have higher chemiluminescence
efficiencies as measured by the quantum yield;'and will

. have higher light output as measured by the light capacity,

15 than those described by Zweig and Maulding.-

' Summary of the Invention '

The'invegtion provides novel fluorescer compounds

having the formdla-(I),

20

25

C

(1)
R

30 wherein R is selected from the group consisting of C4'to

C alkyl, and C4 to C8 cycloalkyl.
There are also provided novel mixtures which can

22

form one component in a system for generating
chemiluminescence. These mixtures comprise (a) a



f orm one -conponent .in a system for generating cheniluni nescence. These

m xtures.conprise (a) a 2- fluorescer conpound of fornmula (1) above, and

a\chenilunlnescent reactant, (as hereinafter defined) and optionas a

di fuent, i'n proportions and concentrations to produce chen1|un1nﬁ§k- ce
when the m xtures are 5 reacted with a peroxide conponent (as heRernafter

dé?fned) i'n the presence of a dil Ueng— The invention further provides a

process’ for generating chem | um nescence by reacting a mxture of the above

conposition with a peroxi de conponent. 10 . The preferred .

fIuorescersfrdorescewecempoundeoflnormnmapelolabbﬁelyaddshlnQU|shed from
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a The invention further provides a process for
h generating chemiluminescence by reacting a mixture of the

K ' above composition with a peroxide component.
. ‘10 The'preferred fluorescers of tﬁe present invention
\,/ are particularly d1stinguished from the prior art
| - fluorescers in chemiluminescent mixtures by the fact that
mixtures with the new fluorescers provide higher quantum
yields, about 15-16% versus about 9%, for 9 10-bis(pheny1-
- .15 ethynyl)anthracené, and they provide higher light
. capacities, about 380- 550 lumen-hours per liter, versus _
about 280 lumen-hours per liter for 9, 10-bis(pheny1ethyny1)-
anthracene. - :
~ Compounds of formula (I) can be prepared by
- 20 reacting about two molecular proport1ons of the lithium
' salt of a selected phenylacetylene with anthraquinone to
obtain a.d1hydrodihydroxybis(phenylethynyl)anthracene
i - ‘which is then converted to the corresponding 9,10-bis-
| '(phenylethynyl)anthracene by methods described in more



sal t-'of a sel ected phenyl acetyl ene wi th” anthraqui none to obtain a

di hydr odi hydr oxybi s( phenyl et hynyl ) ant hracene, which is then converted to
the corresponding 9 10-bi s- (phenyl ethynyl )anthracene by nethods descrlbed
in nore 3d n in the Maulding, U S. Patent No. 3,911, 038).

Il lustrative e | es of conpounds of Lotnula (1) include the follomnng

9, 10- bi s(p- n- hexyl phenyl et hynyl)- 5 - anthracene

'9, 10- bi s(p- n-octyl phenyl et hynyl ) - ant hracene,

9, 10- bi s( p- 2-detttayillheitry | pherifael Ayngny ). Snt r?raamme Ndo 3,911, 038)

9, 10-bi s(p-n-dodecyl phef‘b’ifé?%at%le) é% “ees“%f compounds of- formula
9,10-bis(p- cyclohexylpheny racene

9, 10- bi s( p- n{But yiinsHatda e n ?@}1°ﬂ5n"" ' ~ anthracene, and the
like. Presently the nmosg m.epjpgSgdncagpgq%eq{yﬁgmnyip-(|) for use in

chemi | unmi nescent mixtures.-is 9
5 anthracene,

9,10- -bis(p- n-octylphenylethynyl)-
: anthracene, .
9,10- b1s(p -2- ethylhexylphenylethy-:ﬁ.
. _ nyl)anthracene, _'_ _
10 S 9,10- bls(p n- dodecylphenylechy--
| nyl)anthracene," ' ;
- 9,10-bis(p- cyclohexylphenylethy-""
nyl)anthracene,
9,10- b1s(p-n butylphenylethynyl)- '
15 ; | : anthracene, B
“and the like. , o
_ Presently the most - preferred compound of form-'
ula (I) for use in chemllumlnescent mlxtures is 9 10-
bis(p-n- octylphenylethynyl)anthracene
20 D The term "chemllumlnescence,
in, is defined as the generation of electromagnetlc radi-

as employed here-:

ation between about 300 and 1200 nanometers by means of a
chemical reaction. _ . _
The term chemiluminescent_reactent"Jis defined_
25 -as any compound which enters into a chemical reéttibnf-x
ndthaapenmddb component u:;mnduce.nrihe;pnﬁmmcecﬁfa,fhxnxﬁxzm'of
Formula (I) and a diluent, chemiluminescence. The preferred chemilumine- -
scent reactants for use in this invention are oxalic acid esters, and
. certain oxamides, which are described. for example in U.S.
30  Patents Nos.3,597,362, 3,888,786, and 4,226,738.

The cerm "composition for reaction w1th ‘a per-
oxide component to cenerate chemilumlnescence e as.em-_
ployed herein, is defined as a mixture of a compound of
formula (I) and a. chem11um1nescent reactant in a diluent
in concentratiens sufficient to produce cnemllumlnescence-

L
W

by admixing with a perox..de component.".nus, the inmitial
concentrations of the compound of formula (I). the



bis(p-n-octylphenylethynyl)anthracene. 20 : The term

‘chem | um nescence, '’
el egfromagnetic radi -

of a chem ca

reaction.. The term "chem | um nescent reactant" is déflned

25 {_As any ,conpound whi ch enters‘int2~a chemical reaction with & . per,

conponent to produce in the prsence of

a fluorescer of Forrmula (1) an

as enpl oyed here- in, is defined-as'the,generation'of-
at.iron between about 300 and 1200 nanoneters by neans :

de

di'l uent, chem'| uni nescence. The preferred chenilum ne- scent reactants for

use in this i
are descri bed
and .4, 226, 738.

defined as a mxture
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chen1|un1nescent

component 10 968ckdhfselen: | ¥ paagRecchendtupfosBlaked horein, is

conpound o

reactant in a diluent Bse term E%ﬂ@éﬁinafl@ﬁsu§§ﬂfh@reﬁﬂ,t@epn§duce |
chemi.| um nescentgs byi g &b nﬂuﬂieién{ef{rOtsi-ﬂﬁgiﬁgpeaga&her Ibhs%onbm

initial concentrations of th ound_of fornula

conpound, as vEﬁ?c%%PY%et?H@PE%?%n?geﬂtlFH%nﬁﬁFﬁkFée conponent in the final

reaction mxture, nusiThe slidrescer tompoandcofchormulai (E)Cmuse. not
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readily react with the peroxide component, or with the

- chemiluminescent reactant, and must be at least partially

soluble in the diluent employed :
The composition for- reaction with a peroxide
component to generate chemiluminescence preferably -

'c0mprise“a diluent which will solubilize the fluorescer

compound of formula (I) and“the'chemilnminescent reactant
to provide initial concentrations in the reacting system

of about 10™°M to about 10M, more preferably about 101y
] 5

to about 1M, of the reactant compound and about 10 "M to
" about 10

°1M, more_preferably about-10'3u to‘lO'ZM, of the

fluorescer compound. This liQuid'diluent must be -
relatively unreactive toward the other ingredients of the
chemiluminescent mixture. -

The molar concentrations of the chemiluminescent

preactant and the fluorescer compound in the composition

for reaction with a peroxide component to generate

"chemiluminescence i.e. in the composition ‘before. addition_'
- and reaction with the peroxide component, is preferably

-_1'1-2 5, more preferably'aboutll 2-1.3, times'the molar

‘30

35

concentrations of the same materials in the final

reacting system. o : .
Typical diluents which ‘can be used in the

-composition for reaction with a peroxide component include

esters, ethers, aromatic hydrocarbons chlorinated
aliphatic and aromatic hydrocarbons such as those
described for the use_in.U.S. Patents 3,749,679 and
3,888,786. The most prefeérred diluent is dibutyl

'phthalate."'Solvent'combinations may be used but such

whi ch
888 786,

react ant



The term "admi xi ng" as used herein, means 5 "reacting" or sufficiently

~ bringing together conponent reactants to obtain chem | um nescénce. ,The
fl1uorescer conmpound of formula (1) nust not readily react with the peroxide
conponent,;ﬁ&?mﬁth t he chem | um nescent r.eactant, and nust, be at | éast
partially XQ%€ol uble in the diluent .enpl oyed. The conposition for reactlcmg
wi th a peroxide conponent to genera?e cheni | um nescence preferably conprl
“a diluent which mﬁll sol ubilize the fluorescer conpound of fornmula (I) and

" “the chenilu a 15 .t i ‘the
‘reacting sfg?gﬁfg %ﬁtg&gﬂid ggta 3&?9¥8N?t&8h B eraE q%%u lM to
about 1M 0$°1-1ﬁ%n‘ﬁ%ac‘-€‘éhtm§6?rp69héi§ndoabQEF‘OMElNI sm)molwanrqs. mor e

preferably about [erfhetgbphl 'di®hehbe hhUQBEECEEredMOuRTdesiHas dd quid
unr ive toward the ot her |n redlﬁnts of

di luent nust be 2 ativel a
Che ehent | i Diutla SGigente OxrBeRItie o EnteneacraRousd Aty formy
- chen1Iunine@DEnindeﬂhéaﬂhemﬁmdmihes&bnorQeaetanmnpound ln the conposi tion .
- for reaction with a fﬁro Lde £Q onea% te 2 %Fh!unlnescence

‘i.e..in the conpositToh BeFBrePH ﬂff Ploﬁ EX5 oxi de

- conponent, meamsed csabityionlo?. 8, hydrepprekédebbpmpbund in2-al stitiables the -

nmol ar concqg&iggﬁgns of the sane- naterlals in the final. reactlng systen1 -
The term '"hydroperoxide compound" includes (1)

10 hydrogen peroxide and (2). hydrogen peroxide-producing S

compounds. B . R T : -'i'fg‘/f
Hydrogen peroxide is the preferred hydroperoxide o .

‘compound. ~ Anhydrous forms of hydrogen peroxide,.such as

sodium perborate "sodium peroxide, and the. like, may!be

15 used. Generally, whenever- hydrogen peroxide is =
contemplated to be employed any suitable compound may be
substituted which will produce hydrogen peroxide. .

Solvents which can be employed for the peroxide
'component include any liquid which: 1s relatively -
20 unreactive toward the hydroperoxide the chemiluminescent
- reactant, and the fluorescer compound, and which .
‘accommodates a solubility to provide at least 0. 01M
hydroperoxide solution. Solvents suitable for the _
hydroperoxide compound include water; alcohols,.such_as TNl

25 ethanol, tertiary butanol, or octanol;" ethers,'such as ;

' diethyl ether, diamyl ether, tetrahydrofuran,”dioxgne,
dibutyldiethyleneglycol, perfluoropropyl ether, and 1,2-
di—methoxyethane, and esters, such as ethyl acetate
ethyl benzoate -dimethyl phthalate dioctylphthalate,

30 propyl formate. Solvent combinations ‘can, of course, be_
used such as combinations of the above with anisole,
tetralin, -and chlorobenzene providing said solvent .
combination accommodates hydroperoxide solubility.h
However, strong electron donor solvents such .as dimethyl :

35 formamide, dimethyl sulfoxide and.hexamethylephospnorf__
‘amide should not, in general, be used as a major.solvent



30 Typicél di luents which can be used in the. conposition for
reaction with a peroxi de conponent include esters, ethers, aromatic
hydroéar bons, chlorinated aliphatic and aromatic hydrocarbons such as those
descri bed for the use in U S. Patents 3,749,679 and 35 3, 888, 7sejb The

no t preferred diluent is dibutyl phghalate. -Sol vent conbi na may be
us but--such conbi nati ons shoul d not include strongly el ectron donatrng
sol vent s, strongly acidic, or strongly basic solvents. The term"diluent"”

as used herej_rcrb tife dsd f@@;h@sc ¢@¢r¢@l sol vent, or vehicle, for the
conpound of fornula nd t Egg E%ent reactant. The t

rm
"per oxi de_conponent, ép ok P UPPER* LT C aCAPBPBBRE oXi de
conpound i n is sn,r'im:bblha'sodﬂezbouﬂ'rmotmlnﬂidslyplemenbxdthethymomd" i ncl udes
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forns of 5hydrogen péPhﬁ( hmngRm wwobﬂommmtm'e;oaoﬁnuhhperoxr de, and

the |ike, o o omivde i 5
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a out 15M. Preferably, the concentration ranges from
about 1M to about 2M.
'~ The lifetime and intensity of the chemiluminescent
10 light emitted can be regulated by the use of certain

o

'\~/ regulators such as:
o (1) by the addition of a catalyst which changes
the rate_of reaction of_the hydroperoxide compound with
"the-compound of formula (I)- Catalysts which accompllsh
15 that objective include those descrlbed in M. L. Bender,
‘"Chem. Revs.," Vol. 60, p. 53 (1960). Also, catalysts
which alter the rate of reaction or the rate of |
‘chemiluminescence include those accelerators of U.S. _
Patent No. 3,775,366, and decelerators of U.S. Patent
20 Nbs 3,691,085 and 3,704, 231, or
(2) by the variation of the hydroperoxide _
compound. _Both the type and the concentration of the
. hydroperoxide compound are critical for the purpose of
-k,/ '  ~ ‘regulation. . _
25 Preferably, a weakly basic accelerator such as
' sodlum salicylate, is included in the peroxide component
to control the lifetime of the chemical lighting system.
) I The concentration of weakly basic accelerator used in
A - . the peroxide component may range from about 10 6M to
30 about 10 2M preferably from about 10 “44 to about 10 3y,
' " The initial concentration of the_ingredients of
the'perOXide component in the chemiluminescent reacting
system is generally about 0.15 to 0.60 of their
concentrations in the peroxide component since. the
35 peroxide component preferably comprises about 15 to
about 60 volume percent of the final reaction mixture.



substituted which will produce hydrogen peroxide. Solvents: which can be
enpl oyed for the peroxide conponent include any liquid which is relatively
20.~unreactive. toward the hydroperoxide, the cheniluninescent reactant, and
t he quorescer‘ﬁV npound, and whi ch acconmpdates a SO|UbI|Ity to provrde at

l-east O OLM héj} peroxi de solution. »_Solvents suitable for the S
hydr oper oxi de YeOnpound i ncl'ude wat er; al cohol's, such as 25 ethanol, ri‘
tertiary butanol, or octanol; ethers such as dlethyl et her, dianyl- ether

tet rahydrofuran, di etancorlidutyd el vt oneg! Hf&i-o%&%ﬁidér EB&BBMhdet her

and 1, 2- di- nethoxyethane and esters, such as et acetate

benzoate, dilfetihs ﬁﬂﬂWﬁQQEi?eﬁﬁ?Rﬁ3H?ﬂﬁ?%9%l%s aph iﬁﬂ%ﬁy?qPG;nﬁPetﬁe
Sol vent conhwmam<vvnd§ntraﬁidunutxthémnhemiuﬁmmﬁesseﬁﬁnbeﬂataQBSaﬁa t he

‘above with anj sal traI| oben ene sal | vent .
-conblnatlonlﬁtaﬁﬁ%ﬁﬁﬁ ro&?d ST U 7|??€ ? gﬁ
eIectron5domhemiﬂum@nﬁscanﬁ1naaaﬁanirﬁn Hhe feamhhmdesydtemthyl squOX|de

22?V2ﬁ?amt ?ﬂ fog{‘l%%gq er oxXi de CcO %ﬁe{@m 'I‘lf]e re er r e #‘\ilent B§Ol’a {Tﬁjeor |

perOX|de Coﬂ@&qgm;ned experimentally for each specific system
B The following examples are illustrative of. the

present 1nvent10n "All parts are by weight unless
10 otherwise 1ndicated B . R y_:_t.'_ L .

Preparation of 9, 10-Bis(p-n-octylphenylethz?yl)anthracene
Lithium amide (2.4635. grams; 0.1073 mole), dry |
| dioxane (160 mls), and p-groctylphenYIacetylene,:(22122'

15 grams of 90% purity;'0,0933 mole) are added, under a. . =
blanket of argon, to a reaction vessel equipped'with'a 2
thermometer, stirrer, argon 1n1et and reflux condenser,
and the resulting mixture is heated to 80° C, stirred for

_ 2, 5 hours,: and then cooled to room temperature. . .

20 Anthraquinone (9.2077 grams, 0.0442 mole) and additionall
dry dioxane (50 mls) are added and the resultlng mlxture
is stirred at 100°¢C for 56 hours '

The reaction mixture is cooled to 15°; _ _ -

'solutlon of stannous chloride dihydrate (33 5. grams) in o \vj,[

25 a mixture of N N—dimethylformamide (70 mls) and - -glacial '
. acetic acid (10 mls) is added and the resultlng mixturef

is stirred at 100°C for 5 hours. . The reaction mixture R
is then cooled to room temperature,-Stirrednfor 16 hours, B
and then cooled to 10°C. = Glacial acetic acid (100 mls). = = . %

30 and dilute sulfuric acid (100 mls) are added and the:
resulting mixture is stirred at ambient temperature for
one hour. . C _ _

_ The reaction mixture is allowed to settle and

the supernatant liquor is decanted from a dark brown
35 gummy residue. . The residue is_triturated.with-water.f
| (200 mls), stirred with the water for 0.5 hour, and



is a mixture of about 80 volune'peréent di mret hyl pht hal ate and about 20

vol ume percent ‘tertiary butanol. 5 " The hydrogen peroxide
cortentration in the peroxide conponent suitably may range fr bout 0.2M
t 0 ‘about 15M. Preferably, the concentration ranges from ab <JM t o about
2 The lifetinme and intensity ‘of the-cheniluninescent 10 |ight*enitted

can~be regul ated by the use of certaﬁn-regulators such as: (1) by the
addi tion of a catalyst which changes the rate of reaction of the

hydr oper ox| de FatRaUag Webah"®, AR 8! LOUBLLALLI) ng Gl atinld o
“Chem Revs.is Wibsofi®edpin58olhe6e) (400Ands).cat Thestresulitdmegnl ter the
ccel orat or sopruttn' B8, Efatedln ARATLHNTRIINEREE] 1 BAMERTIANG, poyony
20 Nos. '3, cundessvasyus, to40Ptainop darkpprowa resilduesn offhehaesidue
“hydroper oxi dgsCPER2H861vedBehh tbBeh¥he t#0d telde wi TRC ARhiyATRIS Aagnt®ium
hydr oper oxi de conpound are critical for the purpose_of regulation, 25
Py ot orably. SukEakey DABFD (Resistersd Trade MerHyd dzing Garbon
i ncl uded in {herpameridasGorneny)t ahd Maghesoltg Trialdemark 0FMde chem cal
Fighting sysgem, T0g:1525°50" 8ti20ed atC3E P uhP 0ot 3R IR FntdePd N
o ' azeotropically removing water by means of a Dean-Stark
g 10 trap. The hot reaction mixture is then filtered through
\~j  '_ a bed_of diatomaceous earth, and the filtrate is
concentrated to dryness to obtain a dark semi-solid.
The latter is recrystallized from hexane (120 mls) to
obtain 3.2 grams of a yellow crystalline solid, mp
15 131-133°%. Calculated for 046350:__ C,91.64%; H,8.36%.
_ Found: C,290.63%; H,8.45%
. _ Example 2 . o ' _
Preparation of 9,10-Bis(p-n~-dodecylphenylethynyl)anthracene
_ S Lithium amide (1.8712 grams; 0.0815 mole), dry
'20_ dioxﬁne (135 mls), and p-n-dodecylphenylacethylene (19.14
grams; 0.0708 mole) are added, undér a blanket of argbh,
to a reaction vessel equipped with a thermometer, argon
inlet, stirrer,'and reflux condenser, and the resulting
/  mixture is heated to reflux, stirred for 2.5 hours, and
25 then cooled to room temperature; Anthraquinone'(§.9754
grams; 0.0335 mole) is added and the mixture is heated
again and stirred at reflux for 15 hours. _ _
The reaction mixture is cooled_tb'fbom'temperature,
B a solution of stannous chloride dihydrate (25.4 grams) in
30 N,N-dimethylformamide (55 mls) is added and the mixture is
‘heated and stirred at 100°C for 5 hours. The reaction
mixture is again cooled and stirred at room temperature
. for 15 hours. Glacial acetic acid (150 mls) and dilute
sulfuric acid (150 mls; 5N) are then added, followed by
35 addition of warm cyciohexane (400 mls). The reaction

mixture is stirred for 30 minutes, then allowed to




-6 the per oxi de conponent may range from about 10 Mto 30 about [err],
preferabl y from about 10 4Mto about [err]. The initial concentration Qf
t he" i ngredi ents of the peroxide conponent in the chem|uninescent reacting

systemi-s gen 1y about 0.15 to 0.60 of their concentrations in the-
per oxi de conp nt .since-the 35 peroxide-conponent preferably conprises -
about 15-To about 60 vol une percent ~the final reaction m'xture. : 7- H“

The concentration of the hydroperoxide conpound in the chem | um nescent

reaction is I ce at| th

cheni | um nes%]gﬁkﬁrg‘?gctqg‘%{% &“’3’ tpfiﬁs;% big: ‘%Q{}’ein]tf ‘ﬂ' rﬂa§ {'ﬂgoved
concent r at i oRhef uppers layea Iiandré@demve:eamlwdrous tmnminm nsukystem
described abguan trza%eapwlwmwgtﬂrﬁ%%éqll i

experinmentally for each specific s e
p agfl PEg

_Ecg exangll %%dbar R

el (Eohps-unl ess 10

i I'lustrative LD, {Begisteres Tnede Mark), Supen

ot her wi sesi nnb.ﬁ&ti.&(le Bsaes! €oty o) ,0 ke stirred for one h ur

9. 10-Bi s(p-n- ogﬁ Qb%exlleth¥¥ ant ace e Li thium am de (2.4 rams
0.1073 nol e) 4@ é peratu xture is then filtered a.nd .

the filter cake is washed- with cyclohexane. The .
filtrate and washing liquid ‘are combined —_— : s




di oxane (160 m s), and p-n-octyl phenyl acetylene (22.22 15 grans of 90%
purity; 0:0933 nole) are added, under a..blanket of argon,.to action
vessel' equi pped with a-thernmoneter,. stirrer, argon inlet, and ux
condenser, 0 and the resulting mixture is heated to [err], stirred for 2.5
hoyr,s, and.then-cool ed to room tenperature. 20 Anthraqui none (9:2077
gramns; . 0.0442 nole). and additionhal dry di 6xane (50 nls) are added and the
resulting mxture is stirred at [err] for 56 hours. The reaction mxture is -
cooled to [erdrd wheahiti Do obnséaBvatedc umeerdes atitymir b ecoh83ih grans) in

25 1 xt f N, N-di et f l,d 9. \Chak ' gi d (10
sy i s added i 19t 1 ThigSHERbuLe' ol lredath M fd "t BEFbEGRBE.C
The reacti on fildttared j st imeed codtbdcoddr demprapaal when sdrieddtPor 16 '
hours, and t | eck t Lal a6atir aci (1 -

i lute surfuttt S Friobaie g, & BRI, 3ld APty {1 Redbytcadiiznt
stirredSat arficentfaampes thyleyédohernenkogiverha rxakclownsed xdurvbich

allowed to settl X natant |iquor is decanted froma dark brown
35  gumy reg%&&giqinagfrgg?ggé is triturated with water (200 nis), _

stirred wthCalsulated fior Cs4Hear, &n80.70%; H,9.30%
v Found: C,90.02%; H,9.35%

Examples 3-5 _

10 - Determination of Chemiluminescence | |

A - - Solutions of 7.5 mls of bis(6-carbopentoxy-
-2,4,5-trichlorophenyl)oxalate (CPPO) and selected
fluorescers (defined in Table I) are made in dibutyl
phthalate. Each solution is mixed with 2.5 mls of a

15 ‘peroxide component which consists: of hydrogen peroxide

and-sodium salicylate in 80% dimethyl phthalate-20% (by
volume) tertiary butamol. Each of the chemiluminescent
reaction mixtures contains_initial'concentrations of
0.38 M hydrogen peroxide, 1.56 x 10™%M sodium sali-

: 20 ~ cylate, 0.08M CPPO,'and 2.25 x_lO' M of the fluorescer.
Quantitative measurements of the chemiluminescence of _
the solutions are carried out by means of a Hirt-Roberts

 radiometer-spectrophotometer using the procedute de- |
- 5, scribed in the Journal of Organic Chemistry, Volume 44, .
.25  page 4115 (1979). The results are shoun in Table I.

e The fluorescer compounds of Examples 1 and 2 provided
| " significantly higher light'capacities'andfquan;um"yields
¢« than the comparison fluorescer (Example 5) which was

_ seiected because it is a prior art fluorescer of choice

3C for most oxalate ester cheﬁilumineséent compositions.

35



all owed to settle. The water is decanted and the residue is dissolved in

t ol uene (400 ms). The resulting solution.is filtered and the filtrate is
concentrated der vacuumto obtain a dark brown residue. The residue 5

i s redissol v@i N toluene, treated with anhydrous magnesi um sul f ate, " DARCO -
(Regi stered ade Mark) Decol orizing Cacbdg  Cl Amrericas, Inc.), and e
Magnesol * (Trademark; FMC Corporation) and stirred at refI ux for one hour R
whil e azeotropically renmoving water by neans of a Dean- Stark 10 trap.:

The hot reaction mxture is then filtered through a bed of -di atomaceous
earth, and the filt#ate i& cencentrated to drynessto obtain a dark _
sem - soI id. The | affjer®i s eMystallized fromhexane (120 ms)“to obtain -
3.2 grams of a yellow crystalline solid, np 15 131-133 C. . :Calcul ated for '
ferr]: 'C,91.64% H, 8.36% Found: C 90,63% H, 8.45% Exarrpl e 2 -

- Preparation of 9, B®-Bis(p-n- dodecyl phenyl et hynyl ) ant hracene Lithi um ani de .
'(1.8712 granms; O™RR15 nole), dry 20 . dioxane (135 ms), and . . - :
'p- n-dodecyl phenyl a 4t hyl ene (19.14 granms; 0.0708. nmol e) are added, under a’

bl anket of ar go:n a reaction vessel equipped with a thernoneter, argon -
inlet, stirrer,gant|r &l uX cdBdenser, and the resulting mixture is heated -
to reflux stlrgedgor‘”z 2 h@rs, - and 25 - then cooled to roomtenperature. - &
Anthraqw none (@.9%44 . ' - o : N
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. grams'; 0.0335 mol e) is added and the m xture i.s heated again and stirred
at . reflux for.,15 hours. The reaction m.xture is cooled to roomtenperature,
*a sol utifon of stannous chloride dihydrate (25.4 grans) in

N/N-di net,hyl f or mami de” (55 m's) is added and the mixture i at®g and
stirred at 1000C for 5 hours. -The readlon nmixture is again cool ed and
ti,rred at roomtenperature for- 15 hours. A acial acetic acid (150 m s)

- aml djilute sulfuric acid (150 ni's; 5N) are then added, followed by 35

~addition of warm cycl ohexane (400 rﬂﬁmgleihﬁ:ﬁeacti on mxture is stirred
for 30 minutes, then allowed to 35 £ sggglgﬁlg anig tod lowesesimmt: he -
| ower -l ayer is rermved.'rhmeP‘iﬁﬁ?equﬁeayer I's i ed over, %ﬂl@/@@gﬁ,mmﬁi um
carbon

“sulfate, then_traa iddt QARG qRecvacentnatigns M and HYFLO
- (Regi stered aﬁtéégqﬁ%?)ﬁ%} nﬁ?{j& ¢§ §Naredullayi | MheSalesu ks pAF %t i on) ,
~and stirred Example Houra"éffeé n ?errper ature. The m xture is then
filtered and 53-16‘%:5 iid erasb&ells washed with cycl ohexane. The filtrate ‘and
washi ng”li quid are conbined . .. ' '

. o0
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-9 -"and the mx is concentrated under vacuumto obtain a brown solid.

The solid is slurried in cold isopropanol, filtered,.rinsed with cold,

i sopropanol .then dried to obtain 8.5 grans of a brlght yel | ow sol i d. ! _
Recrystallize - tion from nethyl cycl ohexane gives a yellow solid whi ch
melts at 111‘-@r] Cal cul ated for [err]:-12G 90 70% H, 9. 30% Found: T
C,-90.02% H, 9.735% Exanples 3-5 10 Det erm nati on_of. _ *,,:"
Chem | um nescence Solutions of 7.5 nms of bi s(6 car bopent oxy- ) S
-2;4,5-trichl orophenyl )oxal ate-(CPPO) and sel ected fluorescers (defi ned in
.Table ) are made in dibutyl phthalate. Each solution is mixed with 2.5 nls
of a 15 perOX|de conponent whi ch consists:of hydrogen peroxide and

sodi um salicylate in 80% di met hyl phthal ate-20% (by volune) tertiary E
butanol . Each of th&lch@ni [RiniBescent reaction mixtures contains initial s
concentrations of 0838 4 hydr ogen peroxide, 1.56.x 10 M sodium sali- 20 -
cylate, 0.08M CPPO, and 2.25 x [err] of the fluorescer. QJantltatlve
measurenents of the chem | um nescence of the solutions are carried out by
nmeans of a Hirt-Roberts radi oneter-spectrophotoneter using the procedure

de- scribed in the Lour nal of -Organic Chem stry, Vol ume 44, 25 . page 4115
(1979). The resul tejare shown in Table I. ' : _ PR
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The 'f1 uor escer conpounds of Exanples 1 and 2 provided significantly higher
IlgbL capacities and quantumyields than the conparison fl uorescer (Exanple-
5) whictn was sel ected because it.'is.a prior art fluorescer of choice 30
forinost oxal ate ester chenilum nescent conp05|t|ons 35 O0US
Exanpl es 6-8 The procedure of Exanple 8=id3followed in all detail/ cept
vaFVTng concentrations of the conmpound of Exanple I, and 0.10M CPPO are
used. The results are 5 | shown 'nE;%Rkﬁes 91f515 20 25 30

' The procedure of Example 3 -is followed in
" every detail except 0.00450M of the compound of Example
‘1, and varying concentrations of CPPO were used as shown
5 in Table III. The results are showﬁ_in Table III.
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35. = - 13- Exanples 9-13 The pfocedUre of Exanple 3 is foollowed in
every detail except 0.00450M of the conpound of Exanple 1, and varying

Exam

cancentrations of CPPO were used as shown 5 in Table |II. The results. .~
are shown in Table Il1l. 10 15 20 25 30 35 A - 14 - SO ' . o
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15- GLAIMS: 1. A conpound defined by the fornula R R whereln R is selected

fromthe group consisting of [err] to [eulmmmm ﬂ r] to [err]
cycLoaIkyI 2. 9,10-Bi.s(p-n-octyl phenyl ﬁ"

9, 10- Bls(p n- dodechphenylethynyl)anthracene . A cbnpb5|t|on rising a
_chen1]un1nescent reactant, as hereinlkboere deflned and a conp

aéEbrqlng to any precedjng_clainr 5. A conposition according to O aim 4,
and including al so a diluent as hereinbefore defined. 6: A process for
generating &AMMSini neseence, which conprises mixing a conposition
according to aim5, with a peroxide conponent, as hereinbefore deflned

to provide concentratlons that mAII roduce chem | um nescence. 7. A process
for generating chenil (4%%%? % the femnpla: substantlally as

descrlbed in any one of Exanples 3 4 and 6 to 13 herein.
R

wherein R is selected from the group consisting of C, to ”

'022 alkyl and 04 to C8 cycloalkyl.

2. 9 10-Bis(p-n-octylphenylethynyl)anthracene.

3. 9 10-Bis(p—n—dodecylphenylethynyl)anthracene,

4. A composition comprising a chemiluminescent |
reactant as hereinbefore deflned and a compound
according to any preceding claim.

5. A composition according to Claim 4, and

1nc1uding also a diluent as hereinbefore defined. .

. LJ _ . 6. A process for generatingtchemilumlnescence,
which comprises mixing a composition according to Claim 5,
with a peroxide component, as hereinbefore defined, to
provide concentrations that will produce chemiluminescence.

7. A process for generating chemiluminescence,

- according to Claim 6 and substantiazlly as descrlbed in any

one of Examples 3, 4 and 6 to 13 herein.
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