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where R, is H or an aliphatic group of from 1-8 carbon atoms, R, is H or C(Y)=X where X is O or S, Y is H or an aliphat-
ic group of 1-8 carbon atoms, nis 1 or 2, mis 1 or 2 and A is an anion of a strong acid.
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"8-ANILINO NAPHTHALENE -1- SULPHONIC ACID ANALQGUES"

THIS INYENTION relates to new analogues of 8-anilino
naphthalene -1- sulphonic acid, processes for their preparation,
and their use in enzyme immunoassay techniques.

The known organic chemical 8-anilino naphthalene-1-sulphonic
acid (ANS) has been widely used as an additive to reagents used in the
technique known as radjo-immuno assay to prevent interferences result-
ing from the binding of serum protein constituents to the drug or hor-
mone ligand/ligand-tracer which binding interferes with the specific
binding of such ligand/ligand-tracer to the specific binding antibody
used in the proceedure. Such use is exemplified in proceedures such as
the radio-immuno assay for thyroid hormones such as thyroxine e.g.
Chopra, 1.J. 'A radioimmunoassay for the measurement of thyroxine in
unextracted serum'. J.Clin.Endocrinol 34 (1972) p938; and also in the
assay for triiodothyronine e.g. Sekadde C.B. et al. 'Rapid Radioimmuno-
assay of Triiodothyronine'. Clin.Chem. 19 (1973) p1016. 1In such cases
the use of ANS provides a specific benefit to the assays in providing
marked improvements in the speed of the assay as well as in the specific-
jty of the assay. The reason for this improvement has been extensively
studied as for example Cheng S. et al. Biochemistry 16 (1977) p3707 in

" which ANS binding to pre-albumin was studied; and Nilsson S.F. and
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Peterson P.A. J.Biol.Chem. 250 (1975) 8543 in which ANS binding to

thyroid binding globulin was studied.
The binding of ANS to other proteins has also been extensively

studied as for example Stryer L. J.Mol.Biol 13 (1965) p.482 and Steiner
R.F. et al J.Biol.Chem. 241 (1966) p560., and in addition to its use with
the assay of thyroid hormones ANS has been used as an assay constituent
in radio-immuno assays for drugs such as for example with a commercial
disoxin radio-immunoassay ‘Disoxin 1 125 IMUSAY' Abbott Laboratories
North Chicago I11. USA. It is noted that by including ANS in the assay
marked improvement in the specificity of the assay results. The improve-
ment would appear to be due to binding of ANS to serum albumin wherein
such binding prevents disoxin otherwise being so bound.
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More recently developed immunoassay techniques such as
enzyme immunoassays both homogeneous and non-homogeneous, and fluorescent
immunoassays would appear also to benefit from the use of ANS but its use
in such assays is hampered by the physical properties of ANS which is
unstable in the presence of 1ight, absorbs light strdngly in the region
of 340-420 nm, and shows natural fluoresence which is further enhanced
when combined with proteins, Thus instead of using the simplified and
rapid techniques possible when ANS is used in a thyroxine assay for
example, these techniques utilise more cumbersome procedures to allow
such assays to function.

This invention relates to a chemical modification of the molecular
structure of ANS to form an analogue such that the analogue retains the
protein binding characteristics of ANS but does not possess the light
absorbance or fluorescence properties, or the instability to light
characteristic of ANS which inhibits its use with non-isotopic immunoassay
technigues.

The structure of ANS is as shown in figure 1 and it would appear
to be the peculiar nature of the configuration of the three aromatic
rings that confers on the molecule the ability to be tightly bound to
thyroid binding globulin, pre-albumin, and also the binding to albumin.

S\ |

NH O
SO-

FIGURE 1
The sulphonate group causes the molecule to be water soluble.
From consideration of the structure it would appear that the lone pair of
electrons present on the anilino nitrogen will allow electron conjugation

to occur throughout the three aromatic rings. It is usual for such
conjugation to be associated with shifts in 1ight absorbance to wavelengths

v
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associated with .the known fluorescent characteristics of ANS.

. It is the object of this invention to create analogues of ANS
by chemical substitution on the anilino nitrogen to involve the lone
pair of electrons and thus block conjugation of the anilino aromatic
ring to the naphthalene ring system. The structure of the ANS analo-
gues may have the folloking formula as shown in figure 2.
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FIGURE 2

In Figure 2, R; may be H or an alkyl group of from 1-8

carbon atoms, R, may be H or C(Y)=X where X may be 0 or S, Y may be H or

an aliphatic of from 1-8 carbon atoms, nis 1 or 2, mis 1 or
2 and A is the anion of a strong acid.

Preferably R, is lower alkyl of 1-4 carbon atoms and is more
preferably methyl or ethyl. Most preferably however R, is H.

Preferably Y is lower alkyl of 1-4 carbon atoms and is more
preferably methyl or ethyl.

A preferred compound of the invention is where R; is H, R; is
-COCH, and A is sulphate thereby providing the compound N-acetyl-8-
anilinium-naphthalene 1-sulphonic acid sulphate, {hereinafter referred

to as NA-ANS).
A is an anion 'of a strong acid and may include chloride or

nitrate but is most preferably sulphate.
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A compound of Figure 2 wherein R, is H and R; is H may be
prepared by reaction of ANS with 2 strohg acid under appropriate
conditions. Most preferably the acid in sulphurtc acid and the
reaction occurs at room temperature.

A compound of Figure 2 wherein R; is H and R, is C(Y)=X
may be prepared by reaction of ANS with an acylating agent of 1-8 carbon
atoms (e.g. acetic - anhydride, trifluorpacetic anhydride, acetyl chloride
or 2 thioacylating agent of 1-8 carbon 2toms (e.g.asulphenyl chloride or
thicanhydrides) in the presence of a strong acid which is most preferably
anhydrous sulphuric acid at room temperature.

A compound of Figure 2 wherein R, is C,-8 alkyl and R; is C(Y)=X
mey be prepared by reacting ANS with a suitable alkylating agent of 1 to
8 carbon atoms in the presence of a strong acid such as sulphuric acid
at room temperature, A suitable alkylating agent is alkyl halide (eg alkyl

chloride).
A compound of Figure 2 wherein R; is C,~8 alkyl and Rz is C{Y)=X

may be prepared by reacting the product of the process of the above
paragraph initially with a base and then an acylating agent or thioacylat-
ing agent as described above.

The synthesis of such an analogue, N-acetyl-8-anilinium-
naphthalene-1-sulphonic acid sulphate, (NA-ANS), will be detailed and
this analogue will be shown to retain the protein binding characteristics
of ANS while the above noted light and fluorescent detrimental properties
of ANS are significantly altered. Thus NA-ANS is able to be successfully
utilised in non-isotapic‘innunoassays'in 2 manner analogous to the use
of ANS itself in radic-immunscassays and such uses will be detailed.
Synthesis of NA-ANS

To a suspension of 6g. of ANS {ammonium salt, Sigma Chemical
Co. practical grade) and 60 mls. of acetic anhydride was added dropwise
with swirling 30 drops of concentrated sulphuric acid. An immediate
change of colour from green to purple was evident. After 10 minutes
300 mis. of ethyl acetate was added to the mixture and after a further
30 minutes the NA-ANS product was filtered, washed with ethyl acetate
and dried in vacuo to give 5g. of 2 purple powder of melting point
172-176 degrees (decomposes).
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Physical Properties
Infrared spectrum <KBr disc:- 3450,3150,1615,1595,1495,1270,

i170,]120,1050,1030,830,765,735,698,675.620.615,580,545 and 510 cm-1.

Mass spectrum - m/e 216 (100%), 281 (20%), 282 (4%).

UV-Visible spectrum - lambda max. 290 nm., extinction coeffnt.
7800 in 10 mM phosphate buffered saline. _

Fluorescent spectrum - excitation 352 nm., emission 442 nm. in
10 mM phosphate buffered saline.

NMR spectrum - proton and 13C spectra observed were consistent
with the NA-ANS structure.

Verification of Structure.
Luts H.A. reported in J.0rg.Chem. 33 (1968) p. 4528 the synthesis

of pyridinium N-Acetyl-8-anilino-napthalene-1-sulphonate. This substance
was synthesised following the method detailed and was converted into
NA-ANS by treatment with both acetic anhydride - concentrated sulphuric
acid as above and also by treatment with concentrated sulphuric acid in
ethyl acetate as solvent. NA-ANS was also able to be converted into
pyridinium N-acetyl-8-anilino-naphthalene-1-sulphonate by treatment with

pyridine at room temperature.
Use of NA-ANS in non-isotopic immunoassays
The use of NA-ANS in non-isotopic immunoassays was demonstrated

- ~by way of example by its use in non-homongenous enzyme immunoassays for

thyroxine, triiodo-thyronine, digoxin and theophylline. It will be evid-
ent to those skilled in the art that such use and observed benefits are
not exclusive to the particular non-isotopic immunoassay procedure
described and utilised herein but are equally applicable to other enzyme
and non-enzyme non-isotopic immunoassay procedures.

A. Total Serum Thyroxine enzyme immunoassay

Our patent application PCT/AU80/00065 and the references cited therein
describe the manufacture of antibodies and antibody derivatives together
with the manufacture of enzyme-ligand derivatives for 2 series of
different non-homogeneous enzyme immunoassays and such procedures were
followed for these experiments. b-Galactosidase-thyroxine was synthesised
by using a thyroxine maleimide derivative using a method modified from
those described by Ishikawa E. et al in 'Enzyme Labelled Immunoassay of
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. Hormones and Drugs: Ed, Pal S,B, Walter de Gruyter Berlin New York
.(1978) page 43, )
Principle: b-galactosidase thyroxine, serum thyroxine, and
anti-thyroxine antibody framents (Fab) were incubated in buffer for
5 thirty minutes at room temperature, solid phase precipitating antibody
added, and the mixture incubated for a further 30 minutes. The mixture s
is then centrifuged at 2000 rpm for 5 minutes on a bench centrifuge and
the supernatant assayed for residual enzyme activity.
Reagents:
10 1. b-galactosidase thyroxine solution containing 200
nM moles thyroxine and 130 nM moles protein.
2. Anti-thyroxine antibody. Fab derivatives of anti-
thyroxine gamma globulin sufficient to give 60% binding of
b-galactosidase thyroxine in assay.
15 3. Solid phase precipitating antibody. Sepharose-anti
Fab antibody diluted in buffer to give 100% binding of
Fab in the assay.
4. Enzyme substrate solution. on-nitro phenyl b-galactoside
1.2 mg/ml phoshate buffered saline.
20 5. Buffer solution. 0.01 M phosphate pH 7.4 0.15 M NaCl
containing 4 mg/ml bovine serum albumin, bovine gamma glo-
s bulin 4 mg/ml, gelatin fragments 7.5 mg/ml, 0.3 MM oleic
acid, and 0.79 mg/ml of NA-ANS.
6. Thyroxine standards. Human serum containing
25 10,40,80,130,180,240 nM of thyroxine.
Method: _
The procedure of the assay is as follows and all steps
are carried out at room temperature. Duplicate assays were carried
out on all samples.
30 (2) Make a dilution of enzyme thyroxine by taking 1 part
of enzyme and 134 parts of buffer. Pipette in order
into a '0.25' ml conical autoanalyser cup 200ulL of the
diluted enzyme-thyroxine, 20uL of sample or calibrator, E
and 50ul of the diluted Fab antibody. Also prepare a
35 'total' enzyme activity tube using 200uL of enzyme-
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ligand in buffer, 20 ulL of a calibrator, with 50 ulL of
_buffer, and treat similarly to the other tubes.

(b) Incubate for 30 minutes

(c) Add 50 uL of Sepharose anti Fab, cap the tubes, and
then incubate for a further 30 minutes with gentle
continuous inversion to keep the antibody in suspension.

(d) Centrifuge on a bench centrifuge for 5 minutes at 1000g.
with the caps in place.

(e) Assay for enzyme content on a centrifugal analyser by
sampling the supernatant directly from the sample cup.
Follow thé~gain in absorbance over 5 minutes at 405 nm.

(f) - Calculate the mean of the duplicate enzyme rates of
the unknown specimens and calculate the percent bound
for each standard or unknown sample as follows:
ybound = 100 - (100xobs.enz.rate/total enz.rate)

(g) Derive a binding curve by plotting %bound Vs concen-
tration of calibrator.

(h) Read the concentration of the test samples from the
curve,

A typical curve resulting from use of the assay is shown in

figure 3, and also shown is a curve resulting from following the above

+ méthod with the sole alteration of omitting NA-ANS from the buffer

solution. It is to be seen that in the absence of NA-ANS a practical
total serum thyroxine assay is not achieved. It is apparent however

that the much reduced binding curve seen in the absence of NA-ANS corres-
ponds to the calibration curve and it is probable that this curve is a
measure of free thyroxine in serum as opposed to the total thyroxine assay
resulting from use of NA-ANS.

B. Total Triiodothyronine Assay

An assay for triiodothyronine was similarly established using methods
similar to that described above with the exception that the buffer used
was borate 0.05M pH 8.6 and the use of appropriate Fab fragments directed
against triiodothyronine and a b-galactosidase triiodothyronine deri-
vative. In an analogous manner to the above similar binding curves

in the presence and absence of NA-ANS were observed.
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C. Serum Digoxin Assay
- An-assay for serum digoxin was reported in our previous patent applicat-

ion PCT/AU80/00065. 1t has been found that the inclusion of NA-ANS

in the assay results in an improvement in the accuracy and precision E
5 of the assay as compared to the results observed in the absence of NA-ANS.

D. Serum Theophylline Assay

In a similar manner it has been observed that an enzyme immunoassay for

theophylline fashioned in a manner similar to that reported in the above

patent application for dilantin was also aided with respect to accuracy

10  and precision by the inclusion of NA-ANS in the buffer solution.

It is evident from the above results that the subject invention
provides the benefits to non-istopic immunoassays similar to that observed
with ANS in isotopic immunoassays and allows for improved, simple and
rapid assays by its inclusion in the assay. The previous limitations on
such assays by the chemical and physical properties of ANS detrimental
to such assays have been circumscribed by the altered properties observ ed
with the alterations to the ANS molecule.

Thus, the invention also includes within its scope a process
for the determination of a component of the reaction between a bindable
substance selected from the group consisting of an antigen, a hapten,
and a low molecular substance and a protein capable of binding said

" ‘bindable substance specifically, said protein being selected from the
group consisting of an antibody and a specific binding protein character-
ized in that said reaction additionally includes as a reaction component
a compound as defined inFigure 1 wherein said compound binds to serum
proteins present in the reaction system thereby inhibiting binding of
said bindable substance to said serum proteins and thus improving the
specificity of said process for determination of said component. The
abovementioned process is more applicable to non isotopic immunoassay
procedures such as enzyme immunoassays which may be homogeneous or
non-homogeneous.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
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10.
11.

A Compound of the formula

® Y%
N Pl
\Rl

S0,H

L ' _In

wherein R; is H or aliphatic of 1-8 carbon atoms, Rz is H or c(Y)=X
where X is 0 or S, Y is H or aliphatic of 1-8 carbon atoms, n is 1 or
2, mis 1 or 2 and A is an anion of a strong acid.

A compound of claim 1 where R; is lower alkyl of 1-4 carbon atoms.
A compound of claim 2 where R, is methyl or ethyl.

A compound of claim 1 where R, is H.

A compound of any one of claims 1-4 wherein X is 0 and Y is Tower
alkyl of 1-4 carbon atoms.

A compound of claim 5 where Y is methyl or ethyl.

A compound of claim 1 where Y is H andX is 0.

A compound of claim 1 where Y is methyl, X is 0 and R; 1is H.

A compound of claim 1 where A is sulphate anion and n is 2.
N-acetyl-8-anilinium-naphthalene-1-sulphonic acid sulphate.

A process for the preparation of a compound having the formula -

- n

H
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where R is C;-8 alkyl, A is the anion of a strong acid, n is
1or2andmis 1 or 2 including the step of reacting ANS with an
alkylating agent of 1-8 carbon atoms such as a C;-8 alkyl helide in
the presence of a strong acid to form said compound.

12. A process for the preparation of a compound of the formula -

13.

®

NH2

SO;H

Q.

where n is 1 or 2, mis 1 or 2 and A is the anion of a strong acid
including the step of reacting ANS with a strong acid to form
said compound. "

A process for the preparation of a compound of formula -

- -

0sH

_ n
where R is C;-8 alkyl and R; is C(Y)=X where Y is H or C,;-8 alkyl,
XisOorS,nislor2,mis1or2, and A is the anion of a strong
acid including the step of reacting the compound prepared by the
process of claim 11 with an acylating agent or thioacylating agent

having 1 to 8 carbon atoms after initial reaction with a base.
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A process for the preparation of a compound of the formula -

~
>

l
O .
\\Rs | A

SO3H

n

where R;, n, m and A are as defined in claim 12 including the step

of reacting ANS with an acylating agent or thioacylating agent

having 1 to 8 carbon atoms in the presence of a strong acid.

A process for the determination of a component of the reaction

between a bindable substance selected from the group consisting of

an antigen, a hapten, and a low molecular substance and a protein
capable of binding said bindable substance specifically, said protein
being selected from the group consisting of an antibody and a specific

- binding protein characterized in that said reaction additionally

includes as a reaction component a compound as defined in claim 1
wherein said compound binds to serum proteins present in the reaction
system thereby inhibiting binding of said bindable substance to

said serum proteins and thus improving the specificity of said
process for determination of said component.

A process as claimed in claim 15 wherein said component is as

defined in claim 10.
A process as claimed in claim 15 or 16 which is utilized for radio-

immunoassays.
A process as claimed in claim 15 or 16 which is utilized for non-

isotopic immunoassays both homogeneous and non-homogeneous.
A process as claimed in claim 15 or 16 which is utilized for enzyme

jmmunoassays both homogeneous and non-homogeneous.
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