DRY ANALYTI CAL ELEMENT FOR LI THI UM ASSAY Thi's invention relates to t/h&>- &
field of clihical chemstry, particularly elenents for assaying |ithiumin
serum 5 ' Lithiumin the formof |ithiumcarbonate is .
adm ni stered to mani c-depressive patients. The therapeutic range of lithium
‘ion in plasma is quite narrow, nanely, 0.8 to 1.2 nM It is inportant to
monitor the lithiumlevel in such patientks because of 10 the toxic side

effects that appear gy ANRLUTtEAUNELEMENT POR! peduTuReagSAhe recommended

level. It is known to assay lIthiumquantjtatively .usi | uLi on assays -
and ion-sel ective eIectﬁ@i§$1QXR§£1&&uﬁ?kﬁ§%ﬁm?9cﬁFE4£g?i rOerivatives’
are known 15 cldhivea idhemi®t\ss Partickiiarbs cekatent $2£52688s4t D)

di scl oses a class .of such dyes that act as colorometric reagents in
extracting |i}ﬂ%§HPF}&M:ﬁﬁ ‘ons and as charge transport carriers for

i on-sel ect§ve el ect r odedithiampriob|the | formof nbithitm: Garkonake is

14- crown- 4- et : | ' [ %%ggg i y anal yti cal
el enents. Mor %%g%%%t%%éodé\%d %ﬁ%ﬁ% S | ngé%/ﬁleﬂgﬁf U?Flg% extractions
or ion-sel ect ithexgpentiiaangs fof kit weier inP thBranhterferant
problems. It wayldwbe flaediable, § adavs2 amdl Y ppaistimporeasteesd for 25

Abovs probl enBA SRR ok SIHHR (UG e, Lo OGh YT} eiFS cefanse 8" | "°
10 the toxic side effects that appear when the lithium
level in blood exceeds the recommended level.

It is known to assay lithium quantitatively
using solution assays and ion-selective electrodes.
Dyes, such as 14:Crown-4-ether derivatives are known

15 for use in such assays. Japanese Kokai 62/72683 (1985)
discloses a class of such dyes that act as colorometric
reagents in extracting lithium from solutions and as
charge transport carriers for ion-selective electrodes.
The problem is that none of the known l4-crown-4-ether

20 derivatives can be adapted for use in dry analytical
elements. Moreover the above *wet® methods involving
solution extractions or ion-selective electrodes suffer
from severe ion and other interferant problems. It
would be desirable to have a dry analytical element for

25 assaying lithium that obviated these problems.

This invention solves the above problems by
providing & multilayer dry analytical element for
quantitatively assaying lithium comprising a spreading

~ layer, and a reagent la&er characterized in that

30 sufficient buffer is present in a layer above the
reagent layer to establish a pH of at least 9 and the -
reagent layer comprises a l1l4-Crown-4-ether derivative
selected from Table 1 below:



guantitatively assaying lithiumconprising a spreading |ayer, and a reagent
| ayer- characterized in that 30 sufficient buffer is present in a |ayer
above the reagent layer to establish a pH of at |least 9 and the reagent

| ayer conprises a 14-Crown-4-ether derivative selected from Table 1 bel ow
-2- TABLE 1 14-Crown-4-Ether Derivatives [err] 5 Dye No. R

[err] [err] x 1 n-Cl2Hp_ [err]

[err] CH2 Jerr] [err] [err] CH 3
[err] [err] [erPABLE TH 4 CH2C6HS

[err] [err] CHli-CQH%95U5Ether Deﬂfvaﬂlv es [err]
CH6 [err] [err] [err] CH 7 n-Cl2H25 H
CH3 N Using the elenent of this invention a coloronetric assay for
lithiumcan be performed directly oQ t he anple wi t hout deproteinization.
The use of the above sel ected dyes o E?ﬁ% I s unobvi ous,

C

0
R
N=N O N°2
X
5
Dye . .
No. R Ry R2 X
1 n-C32H2s SO2CH3 ‘CH3 - CH
2 n-Ci2Hzs NO2 CH3 . CH
3 CH3 SO3N(n-CgH13) 2 CH3 CH
4 CHaCgHs SO2N(n-CgH13) 2 CH3 CH
5 CHCgHs SOaN(CH3)-n-C1gH37 CH3 CH
6 CH3 NO2 - n-CyH15 cH
7

n-C12H2s H CH3 N

Using the element of this invention a
Lcolorametric assay for lithium can be performed
directly on the sample without deproteinization. The
use of the above selected dyes of Table 1 is unobvious,
10 since not all 14-Crown-4-ether derivatives are useful
even in solution assays of lithium.
: The following procedure was used to prepare
dyes 2-'7 10-12 ‘of Table 2, infra. The procedure
compris;s the steps of:



10 since not all 14-Crown-4-ether derivatives are useful even in solution
assays of' lithium The follow ng procedure was used to prepare dyes 2- 7,
10-12 of Table 2, infra. The procedure conprises the steps of: -3- a)
reduci ng a 2-substituted-2-[2,5-bis- (al koxy)benzyl]nmalonate ester with a
strong reduci ng agent to produce a 2-substituted-2-[2,5-bis(al koxy)-
benzyl } -1, 3- propanedi ol , said al koxy groupbpeing-S benzyl oxy or
unsubstituted al koxy of 1 to 10 carbon atonhs, b) condensi ng t he

1, 3-propanedi ol of step @) wi teducing a 2-substituted-2-[2,5-bis-

5, 5-di substi tut 7ya4 5 s Ob | :
Do i subst ! Ut e BRAPPiRAForlate (st er Ni2thOa USEEoRgSYEGARARG) 1O

stituted-6-[ 2, RARNY A% PEOdREL 8 |2-1Subst itutedr2ni2. SchirdpikPRiecane, ¢
gyclig oggnﬂ ! ngb%ﬁ'{ﬁ{fi JOpropaed@isll, osasdecalkoxy ogikbaphpeingui none,

, 13, 13-tri substituted- .
6- (2, 5-di hy roiVHEﬁgﬁﬁX]9§L%ﬂﬁﬂP§E&?%5§gc?%F8¥%t?5-1150 aSCSﬁéPQ%

oxi di zi ng the ratsmsui none of step c) to the quinone,
i ene-3, 6- o one- 1-yI et o) 1 GUE0GHEHEG  she 1, 3rpropanediol of step
a) with a’'5,5-disubstituted-3,7-dioxanonane-1,9-diyl-
'bis(toluene p-sulfonate) to form a 6,13,13-trisub-
10 stituted-6-[2,5-bis(alkoxy)benzyl]-1,4,8,11-tetraoxa-
cyclotetradecane,

c) hydrogenating the bis(alkoxy) compound
of step b) to the hydroquinone, 6,13,13-trisubstituted-
6- (2,5-dihydroxybenzyl)-1,4,8,11-tetraoxacyclotetra-

15 decane,

d) oxidizing the hydroquinone of step c) to
the quinone, 6,13,13-trisubstituted-6-(1, 4-cyclohexa-
diene-3, 6-dione-1-ylmethyl)-1,4,8,11-tetraoxacyclo-
tetradecane, and

20 e) condensing the quinone of step d) with
an N-(p-nitrophenyl)hydrazine to produce the l4-crown-
4-ether azo dye product.

Preparxation Sequence I ,

The preparation of the diol portion of.the

25 dyes is shown in Sequence I, infra. A 2,5-
dibenzyloxybenzyl chloride ,compound 1, is condensed
with dimethyl 2-alkylmalonate, compound 2, yielding a
2-substituted-2-[2,5-bis(alkoxy)benzyl]malonate ester
,compound 3, which is subseqguently reduced with a

30 strong reducing agent to produce a 2-substituted-2-
[2,5-bis (alkoxy)benzyl]-1,3-propanediol, said alkoxy
group being benzyloxy or unsubstituted alkoxy of 1 to
10 carbon atoms, compound 4.



tetradecane, and 20 e) condensi ng the quinone. of step d) with
an N-{p-nitrophenyl)hydrazine to produce the 14-crown- 4-ether azo dye
product. Preparation Sequence | The preparation of the diol portion of.the
25 dyes is shown in Sequence |, infra. A 2,5- dibenzyl oxybenzyl chloride
conpound 1, is condensed w th dinethyl 2-alkylmlonate, conpound 2,
yielding a 2-substituted-2-[2,5-bis(al koxy)benzyl]mal onate ester , conpound
3, which is subsequently reduced wth SEQUENCEtEong reduci ng agent to
produce a 2-substituted-2- [2,5-bis(al koxy)benzyl]-1, 3-propanediol, said
al koxy group being benzyl oxy or unsubstituted al koxy of 1 to 10 carbon

atons, conpound 4. -4- Jerr] (Conmpound 2) ( Corgiyond COOCH;
(Conpound 1) R = [O8HzRb FQ:b[eﬁr] 5 OH (2) Compound g Lerr]
(Conmpound 4) R = [err] ,J£><%L\ : PhCH,0
c! ——
H
| (1) 4 07 o OCH; 0CH,Ph
OCH,Ph
(Compound 2) (Compound 3)
(Compound 1) R = n-CypHag "R = n=Cy,H,s
5
H OH
. . R R
(2) Compound 3 + _Vitride _ pnCu,0
OCH,Ph

(Compound 4)
R = n-CypHys

1. Preparation of dimethyl 2-dodecyl-2-(2,5-
bis{benzyloxy)benzyl]malonate {Compound 3)

i0 A solution of 121.4 g (404.7 mmol) of
Compound 2 (dimethyl 2-dodecylmalonate) in 600 mL of
dimethylformamide was added to 56.0 g (500 mmol) of
potassium tert. butoxide . After 30 minutes the
reaction mixture was cooled to 0°C and 137 g (404.7

15 mmol) of Compound 1, 2-(chloromethyl)-1,4-
bis (phenylmethoxy)benzene, was added and the mixture
allowed to warm to room temperature for 30 minutes.
The mixture was next heated at 60°C for 90 minutes and
an additional 4.5 g of Compound 2 and 4.5 g of

20 potassium tertiary butoxide was added. The reaction
mixture was then heated at 60°C for 10 hours. Removal



1. Preparati on of dinethyl 2-dodecyl-2-[2,5-

bi s(benzyl oxy) benzyl ] mal onat e ( Conpound 3) 10 A sol ution of
121.4 g (404.7 mol) of Conpound 2 (di met hyl 2-dodecyl nmalonate) in 600 nL
of di nethyl formam de was added to 56.0 g (500 mmmol ) of potassiumtert.
butoxide . After 30 mnutes the reaction mxture was cooled to 0OC and 137 g
(404.7 15 mml ) of Conpound 1, 2-(chl oronebhyl)-1, 4-

pi s(phenyl et Nayy) 0780 velle Sy 28188a2R 0V B8 *bEAS 2linaWeil10 Wi m L 0

roomtenperature for 3 re was next heate C for 90
m nutes and an RAKE1%beRedbetyeen ebhﬁbuasezagsdandsdglvﬁezo pota55|um

tertiary but OX'lﬁﬁdi‘@é}xP@Ffé acﬂie &ﬁéCEhénoE‘béhEE:ep?@§et B&&e@e@v@i at [err]
for 10 hours - 5- solveg ¥ d Vi Sscou 0| ThIS oi
was part|t|cnmx?éﬁ&ékﬁﬂse?ﬂ?%uﬂcﬁPifétﬁnd alEgre h?&%o&ﬁﬁ&ﬁd? thd the
or gani c pha5e<yueiacanrlmphydrvﬂsceudiu&nsubbmbennﬁlBnere¢ommbund 3

concentrated tqﬂ % gﬁg&g? iﬁcgﬁg gﬁkgéggggiund 3). Conpound 3

was used as prepare on of
2-dodecyl-2-(2, 5- dl(benzyloxy) benzyl) 1, 3- propanedi ol (Conpound 4) 10
A solution of 302.4 g (502.3 mmol) of

2. Preparation of 2-dodecyl-2-(2,5-di (benzyloxy)-
benzyl)-~1,3-propanediol (Compound 4)

10 A solution of 302.4 g (502.3 mmol) of
Compound 3 in 2 L of toluene was prepared. Then 200 mL
of the toluene was distilled off to remove residual
water. After cooling to room temperature 303.2 g (1.05
mol) of sodium bis(2-methoxyethoxy)aluminum hydride

15 (Vitride®) was added and the solution stirred for four
hours. The reaction was quenched with 90 mL of water,
90 mL 15% sodium hydroxide and 275 mL water. The
toluene phase was isolated and the aqueous phase
extracted with 500 mL of toluene. The combined organic

20 extracts were dried over anhydrous sodium sulfate,
filtered and the solvent removed. The resulting oily
product was triturated with petroleum ether. The
resulting solid was filtered and washed with'petroleum
ether yielding a compound having an 1 NMR spectrum

25 consistent with the structure of compound 4 {(melting
point 64-65 ©C).

Preparation sequence II
The final preparation steps for making the
proton-ionizable l4-crown-4-ether dyes (Dyes 2-7 and

30 10-12 of Table 2) are shown in Sequence II. The
initial ionophore is formed by condensation of 1,3-
propanediol, compound 4, with a 5,5-disubstituted-3,7-
dioxanonane-1,9-diylbis(toluene p-sulfonate), compound
9, ;maitosylate, to form a 6,13,13-trisubstituted-6-~

35 [2,5-bis(alkoxy)benzyl]-1,4,8,11-tetraoxa-~



Compound 3 in 2 L of toluene was prepared. Then 200 nL of: the tol uene was
distilled off to renove residual water. After cooling to roomtenperature
303.2 g (1.05 nol) of sodium bi s(2-nmethoxyet hoxy)al um num hydri de 15
(Vitride) was added and the solution stirred for four hours. The reaction
was quenched with 90 nL of water, 90 nL 15% sodi um hydroxi de and 275 nL
wat er. The tol uene phase was isol ated and-6éhe aqueous phase extract ed with

500 nL of tolu 5&%@% d %&, e I @adl |

anhydrous sodi %ﬁ&su‘ﬁ ate é%r (%a d ﬁﬂe solébﬁ?s?ggomee 2 ?he resul ting
oi Iy product wEqoTdinG R MetRoGe: desehiPedhin. thﬁeIPE§EF‘FPﬁ'& solid was
filtered and vasdigsbwhd s PES rehén h B@Qeﬁaeédl 80 eheohydroduiacney an

NVR t t ent tr d 4 | ti
boi nt oa- eépféréﬁ‘izée%%‘%#ﬁaﬁ“eaé“ﬁénee??eﬁ S T A
for making she :p,rm,tmmieuetzm:aa@etobanradecaae.dy:ewpwds 62-7 and 30
1012 of Tl € ClmBbGdle s | EnSRIURIAE bl coTPEeNd )3 ngnophore s

formed by condens e]j) x Wit
5, 5-di subst i tutmalet-dt%&aﬂoﬁahbv4-9¥§ﬂ-9h§i"§@ﬁ-6!’1§e‘ﬁe pﬂéﬂnﬁfﬂa‘[ e),

cormpound 9, ‘a jb f‘i?—lté ﬁoiﬂléeérééxééybﬂb%&&hwé&% 6-Copound
[ 2, 5- bi s(al koxy éyt et raoxa:
e des:.rea es are then prepared by condensation
10 of the quinone, Compound 7, with an N-(p-
nitrophenyl)hydrazine to produce the l4-crown-4-ether
azo dye product, Compound 8.

SEOUENCE II1
Y inl
C ) C )
0 o
(3) |' I 4+ Compound 4 ~—»
soz 502 R
Bz0
" 0Bz
CHs CH, {Compound 5)

R = n-Cyplag
(Compound 9)
Rz = CH3 R! = c“3

15



-6- cycl otetradecane, Conpound 5. Conpound 9 was prepared-.according to

nmet hods described in the literature. Conpound 5 is then hydrogenated to the
hydr oqui none, 6,13, 13-trisubstituted-6-(2,5-di hydroxybenzyl)- 5
1,4,8,11-tetraoxacycl ot et radecane, conpound 6. Conpound 6 is then oxidized
to yield 6,13,13- trisubstituted-6-(1, 4-cycl ohexadi ene-3, 6-di one- 1-
ylmethyl)-1,4,8, 11-tetraoxacycl ot etradecastes Conpound 7. The desired dyes
are then prepared by condensation 10 of the quinone, Conpound 7, with an

N- (p- nitrophenyl)hydrazine to produce the 14-cromn3ﬁ>ﬂ(Fhr azo dye

product, Conpound 8. SEQUENCE [err] [err] (3) [efr] Yerr] -7- Jerr]
-8- o o
Pd/C, H, E: :]
(4) Compound § . >
CHyOR/E1DAC
R
HO
OH

(Compound 6)
R = n-CyaHys

Rz = CHJ
0 0
(5) Compound 6 _ﬂo_l, : ( )
0
R
NS -’o

{Compound 7)
R = n-CyHss

Rz = CHJ



[err] 3. Preparati on of 6-Dodecyl -6-12, 5-di (benzyl oxy) -
benzyl]-13,13-dinethyl-1,4,8,11-tetraoxacyclo- 5 t et radecane
(Compound 5) A suspension of 110 g (219.8 mmol) of conpound 9,

5, 5-di net hyl - 3, 7- di oxanonane--1, 9-di yl - bi s(tol uene p-sulfonate), 120 g
(219.8 nnol) of conpound 4 and 12.2 g (220 mol ) of lithiumbromde in 10

2 L of dry t-pentyl alcohol was reacted wigh 7.0 g of I|ithium hydride.
After refluxing the-reaction mxture for 7 days the solvent was renoved and

t he residue dissolved in a mxture of dichlorometh d dilute

hydrochl oric acid. The dichloronetane,p hase was 15 rated dried over
anhydr ous nagne3|un1sulfate filteréd concentr at d tlo a dark oil. The
oil was dissolved in 1096d|chloronetha 0opetro her and el uted
through a silica gel colum ;600 g) ractlons ontalnlng t he product
(silica gel -6) freppurd ]’ e cominedNto yidld 83.2 g of

I mpure product (Conpound 5). 4. Prepa ation of
6- Dodecyl - 6- ( 2, 5- di hydr oxybenzyl ) -
13,13-dimethyl -1, 4,8, 11- tetraoxacyclotet?adefane 5 . ( Conpound 6)

N=N -2@—.02

(Cqmpound 8)

(Dye 2, Table 2)
R = n-CyyHys

R1 = “02

Rz = cﬂs
X = CH

3. Preparation of 6-Dodecyl-6-[2,5-di (benzyloxy)-
benzyl]-13,13-dimethyl-1,4,8,11-tetraoxacyclo-
5 tetradecane (Compound 5)

A suspension of 110 g (2;9.8 mmol) of
compound 9, 5,5-dimethyl-3,7-dioxanonane-1,9-diyl-
bis(toluene p-sulfonate), 120 g (219.8 mmol) of

. compound 4 and 12.2 g (220 mmol) of lithium bromide in
10 2 L of dry t-pentyl alcohol was reacted with 7.0 g of
lithium hydride. After refluxing the reaction mixture
for 7 days the solvent was removed and the residue
dissolved in a mixture of dichloromethane and dilute
hydrochloric acid. The dichloromethane phase was
15 separated, dried over anhydrous magnesium sulfaté,
filtered and concentrated to a dark oil. The oil was
dissolved in 10% dichloromethane/90% petroleum ether
and eluted through a silica gel column (600 g) the
fractions containing the product (silica gel



A sol uti-on of 15.8 g (22.5 mml) of Conpound 5 in 20 nL of ethyl acetate
and 20 nL' of nethanol was nmixed with 0.4 g of palladiumon-carbon in a parr
flask under a nitrogen atnosphere. The m xture was reacted 10 at [err]
under 50 ‘psi H2 for 4 hours. After cooling, the product was filtered

t hrough Celite di atomaceous earth and the solvent renoved to yield 12.7 g
of inpure product (Conpound 6). 5. Prepagat i on of .

6- Dodecyl--6- (1, 4: ohexadjene- .15 . .

S oot one 1. yi MY EHBATECCREN . 20 "pere, combined, to, yisld 183-2 &, 8% anc
(Conpound 7) A S$mputreoprefiuef. §cempdddd3synol ) of Conpound 6 in 600 ni of
di chl oronet hane was mxed with 50.6 g (581.9 mml ) of activated manganese

di oxi de. ©~ The 2 heferogeneous m.xture was .stirl.e oL oom t er at.ure for
L hour - The | nebt ubl EERAFACRERo 0L SEPOREEYATE -7 o A

di at omaceous earth ahd,iBedimethyl-364dnBsdl-tet raidxagysdichet rateaarie ur at ed
wi th 500 anpf petrokeuﬁgﬁpgars nd cool ed. The volume of solvent 25 was
reduced to 1/2 and the 'y ow soOlid suction filtered and washed with cold

pentane. A first and secohdSPrusiprdnodi 1§eBpgur@2z Snamaldoiaf SPmRAUARtg a
I[De”] NLVR Spe]‘ft!‘éughCQDSfr@%BFt e‘ﬁ’hgb. beetratd® %@@'2@ niC g metHand) was
reparation of 6-dodecyl-6-][2- roxy-=-(2, 4- .
1 o e 1 opheny! aZBHBERLPRER: 8- §300pirs P AN opr cazham i & HAR% F 1A%k ane
[ Conpound. 8 ‘(dyanderTabhétrogen atmosphere. The mixture was reacted
10 at 50-60°C under S50 psi H2 for 4 hours. After cooling,
< the product was filtered through Celite diatomaceous
earth and the solvent removed to yield 12.7 g of impure
product (Compound 6).

5. Preparation of 6-Dodecyl-6-(1,4-cyclohexadiene-
" 15 3,6-dione-1-ylmethyl)~13,13-dimethyl-1,4,8,11~-
tetraoxacyclotetradecane (Compound 7)
A solution of 67.6 g (129.3 mmol) of Compound
6 in 600 mL of dichloromethane was mixed with 50.6 g
(581.9 mmol) of activated manganese dioxide. The
.20 heterogeneous mixture was stirred at room temperature
for 1 hour. The insolubles were removed by filtration
through Celite diatomaceous earth and the solvent
removed. The oily residue was triturated with 500 mL
of petroleum ether and cocled. The volume of solvent
25 was reduced to 1/2 and the yellow solid suction '
filtered and washed with cold pentane.
A first and second fraction of compound 7 was
isolated, giving a 1H NMR spectrum consistent with the
assigned structure. '

30 6. Preparation of 6-dodecyl-6-[2-hydroxy-5-(2,4-
dinitrophenylazo)benzyl}-13,13-dimethyl-1,4,8,11-
""“tetraoxacyclotetradecane [Compound 8 (dye 2, Table
2)])



2)]+ .-210- A solution of 31.7 g (60.9 muol) of conmpound 7 and 14. 2 g (60.9
nmmol ) of 2, 4-dinitrophenyl hydrazi ne (15% H20) in 300 cc of acetic acid was
heat ed at [err] for 90 mnute with constant stirring. After renoving 5 225
m. of acetic acid, the product was added to 500 nL of petrol eum ether.
Initially several g of product was recomgped After recrystallization from

dichloronethane/petrol her co d tain err The
[err] NWR spectrunrmas % hiPR: @ tgaf? mﬁgo gg ??pﬁ%

Preparati on SEanmCE412Igﬁm6a19emma1)vefnﬂthedlwaSrophényﬂhwﬂepzmaeDyes 1,
A o Ohe 20y B2l £n "E060c] ¢! bEHPEARET fasREaRER B! goBee Ui O
used in the s quence was 1 nsat|

0- benzyl oxybef@x| 9¢ Hrinuke kahp@ﬁﬂﬁtéot ﬁﬁlanHQLknyZeGbGGUFNlHQ' 2-

met hyl - og 2'232?% r@f OR@é€ictacial ”tﬁesﬂbehbbﬁt ﬁdsdhahb‘d teRI5QR i,
conmpounds 2 or The supstitule i | opat e &cg&p unds 12a C,

were 20 sub§§5d@ﬁ?¥91?%ﬂu€ %o tﬁ@lﬁFB Ycﬁﬁﬁ&ﬁﬁ&sglﬁ Ma%ct i on
of the ditosyteteveredpounfit@r pedrysbhlldicapdondfidm b, c) yield the

correspondi NGg; hioromethane/petroleum ether compound 8 was
obtained, mp 64-65°C. The lH NMR spectrum was
10 consistent with the assigned structure.
Preparation Sequence III
An alternative method was used to prepare
Dyes 1, and 8-9 of Table 2. This method is illustrated
in Sequence III. . The diol used in the sequence was
15 prepared by the condensation of o-benzyloxybenzyl
chloride, compound 10, with dialkyl 2-dodecyl- or 2-
methyl- or 2-phenylmalonate, to form a substituted
dialkyl malonate, compounds 2 or 1llb-c. The
substituted dialkyl malonate (compounds l2a-c, were
20 subsequently reduced to the diol (compounds 1l3a-c).
' The reaction of the ditosylate, compound 9,
and diols'compound 13a, b, ¢) yield the corresponding
14-crown-4 ionophore compounds 14a, b and c.
Subsequent hydrogenation yields the proton-ionizable
25 1l4-crown-4-ether compounds 15a, b and c¢ which are then
converted into dyes by coupling with a diazonium salt.
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14- cr own-4-i onophore conpounds 14a, b and c. Subsequent hydt ogenat i on
yi el ds the proton-ionizable 25 14-crown-4-ether conmpounds 15a, b and c
7)

whi ch are then converted into dyes by coupling with a diazoniumsalt.
Li Al H4 D (Conpound 13) -12-

[err] (8) Conpound 12
[err] [err] O R (Conpound 15)  -13- [err] ( 11 )  Conpound 15 + [err]
[err] [err] T
SEQUENCE IIT
(7 ~CH,
1 R* COORy
(Compound 1p) COMPound 2. R = n-Cy,H,,
Compound 11b, R = CHy
Compound 11¢c, R = Phenyl
~CH,
COOR;
R COOR;
{Compound 12)
Compound 12¢, Ry = CHy
- Compound 12b,¢ Ry = CHyCHy
orCﬂz
(8) Compound 12 LiAln, (]}
———————

R oH

(Compound 13)

Compound 130, R = p=CyyH,g
Compound 13b, R = CH,
Compound 13c, R = pheny!



7. Preparation of dinmethyl 2-dodecyl-2-(2-benzyl oxy- benzyl)mal onate
‘(Conpound 12a) 5 ' A solution of 162.6 g (541.3 mmol) of dinethyl
2-dodecyl nal onat e (Conpound 2) in 800 nlL of dinethylfornmam de was m xed
with 67.2 g (600 nmol of potassiumtertiary butoxide under a nitrogen

at nosphere. After cooling to roomtenperature 116.0 g 10 (541.3 nmol) of
2- (benzyl oxy) benzyl chloride was added andl2he mi xture heated at [err] for
2 hr. The product was poured over ice/water, extracted tw ce_with ethyl

acetate, dried, filtered and isolated as an oily product. Thiz used as
recovered in the next step. 15 The nethyl and phenyl derivatifves) were
prepared in a simlar manner (See Sequence I11). 8. PreparatiOQ,of

2- dodecyl - 2- ( 2- benzyl oxybenzyl )- 1, 3-propanedi ol (Conmpound 13e) -14- A
sol ution of 260 (524 mmol es) of .conpound 12a in 1 L of tetrahyd?ﬁfuran
(THF) was added g’d &onasprhst on Compaer® tEq 785"l ) of |t hingm ad-dni num

hydride in 500 nL of dry THF. The reaction mxture was 5 reffl uxed for 2
hours and then quenched successively with isopropanol and .dil uPeg
hydrochl oric acid. The product was extracted intg ether, dri€d, Kiltered

and cu,’°

(Compound 14)
R = n-C,,H
Compound 140, 12725

RZ = c“!
9
(10) Compound 14 Pd/cC, Hy [:9 Q:]
| 0
R

Ho

(Compound 15)

Compound 150.R = na-CyyH,
Rz = CH,



concentrated to dryness. 9, Preparation of K

6- dodecyl - 6- (2- benzyl oxybenzyl )- 10 i
13,13-dinmethyl -1, 4, 8-11-t et raoxacycl ot et radecane (Conpound 14a) A sol ution
of 40 g (80 nmmol) of Conpound 9 and 35.2 g (80 nmol) of Conpound 13a in 400
mL of dry dinethylformam de (DMF) was slowy added to a 15 suspension of
13.4 g (560 nmol ) of sodi um hydride and 4 g (160 mol ) of lithiumiodide
in 200 nL of DVF at [err]. The reaction pfoduct was heated for 24 hours,
cool ed and the solvent renoved. The [err] nnr sp@ﬁgrun1of t he product is
consistent with the assigned structure. 20 The froduct was extracted into
ethyl acetate and washed with dilute hydrocmlor$ 2acid, then twice with a

saturated salt solution,,_ dried,oygeranhydrousWmg jumsulfate filtered
and the solvent(nehnved.cﬂﬂhg"ﬁfogﬁcf s el ut ¥ u8Pz2a silica gel
colum, yielding 13.8 g 25 (28.9%. The [err] spectrum of Conpound

1l4a is consistent with the assigned structure. 10. Preparation of

6- dodecyl - 6- ( 2- hydr oxybenzyl ) -

13, 13-dinethyl -1, 4,8, 11-tetraoxg et et radecane (Conpound 15) 30

A solution of 13.3 g (22.3 nmol) compound 14 in 200 cc of
“tetrahydrofuran and 150 cc of acktid acid was m xed with 8.0 g of Pd on
carbon. The suspension was hydro@en& ed at 55 psi for 16 hours at room
tenperature. After filtration gnd rengval of the

R /CH3

50,

{Compound 16)
Compound 160, R = n-CyHyg; Ry = CHy(Dye 1)

HO

7. Preparation of dimethyl 2-dodecyl-2-(2-benzyloxy-
benzyl)malonate {(Compound 1l2a)

5 A solution of 162.6 g (541.3 mmol) of
dimethyl 2-dodecylmalonate (Compound 2) in 800 mL of
dimethylformamide was mixed with 67.2 g (600 mmol of
potassium tertiary butoxide under a nitrogen
atmosphere. After cooling to room temperature 116.0 g

10 (541.3 mmol) of 2-(benzyloxy)benzyl chloride was added
and the mixture heated at 75°C for 2 hr. The product
was poured over ice/water, extracted twice with ethyl
acetate, dried, filtered and isolated as an oily
product. This was used as recovered in the next-step.

15 The methyl and phenyl derivatives were prepared in a
similar manner (See Sequence III).

8. Preparation of 2-dodecyl-2-(2-benzyloxybenzyl)-
1,3-propanediol (Compound 13a)



-15- sol vent Corrpound 15 was isolated. The [err] nnr spectrumis consi stent
with the assigned structure. 11. Preparation of

6- Dodecyl - 6-[ 2- hydr oxy- 5- ( 2- et hyl -

sul fonyl - 4-ni trophenyl azo) benzyl ]-13, 13-di methyl - 5

1,4,8,11-tetraoxacycl ot et radecane (Conpound 16) To a solution of 3.1 g (6.1
nmmol ) of Conpound 15 in 50 cc acetic acid at [err] was added a sol ution of . -
3.0 g (8.0 mol) of 2-nethylsulfonyl-4- nT:H'bphenyI - diazoni um
hexaf | uor ophosphate in 2§ sélwatieh 2H0289 oc (524 mma#aodruf gampourihe -

suspensi on was t| (re te r ure f qfuct was z
extracted int 01 gcgtﬁ %élﬁa&/qwcg%ﬁal cq”o t&:Eography CF
yi telhdlt Eg 0. 22 guééeﬁﬁﬁ.onf oconﬁoenéhlasﬂhmqmr of ddthipue @luminumeonsi st ent
W e assi r u I ed
to identify tﬁ&gr%é (?L %9 ;n?'he gr&()%ﬁmve?%at \/\oﬁfbgpmé&lwﬁ >
fornul ati n§ a veflunefyfpral bowrsnentothem quenched|SuGReasiVRIY it hi um 3
The data show ﬁﬁé‘h 280 %BB_EnoliuhnGOBﬁUte dreeH1E @lacidef uihé or T

conducting lithiumassays. - Three a 10% di nmej hyl . sul f.oxi des wat er
sol ution cont aPRPAYCS. uzsxea‘@raqmde 16‘F°a %ﬁ"fﬁ'O\éF%’d' 2 ]?tered an

concentrated to dryness.

9. Preparation of 6-dodecyl-6-(2-benzyloxybenzyl)-
10 13,13-dimethyl-1,4,8-11-tetraoxacyclotetradecane
(Compound 14a)

A solution of 40 g (80 mmol) of Compound 9
and 35.2 g (80 mmol) of Compound 13a in 400 mL of dry
dimethylformamide (DMF) was slowly added to a

15 suspension of 13.4 g (560 mmol) of sodium hydride and
21.4 g (160 mmol) of lithium iodide in 200 mL of DMF at
70°C. The reaction product was heated for 24 hours,
cooled and the solvent removed. The lH nmr spectrum of
the product is consistent with the assigned structure.

20 The product was extracted into ethyl acetate and washed 5:
with dilute hydrochloric acid, then twice with a s
saturated salt solution, dried over, anhydrous magnesium o

sulfate, filtered and the solvent removed. The product
was eluted through a silica gel column, yielding 13.8 g

25 (28.9%). The 1H NMR spectrum of Compound l4a is
consistent with the assigned structure.

10. Preparation of 6-dodecyl-6-(2-hydroxybenzyl) -
13,13-dimethyl-1,4,8, 11-tetraoxacyclotetradecane
(Compound 15)

30 A solution of 13.3 g (22.3 mmol) of compound
14 in 200 cc of t_etrahydrofuran and 150 cc of acetic
acid was mixed with 8.0 g of Pd on carbon. The
suspension was hydrogenated at 55 psi for 16 hours at
room temperature. After filtration and removal of the



ether dye, 50 [err] of a 1M pH 11 buffer (4-Am nobutyric 25 acid or
phosphate or 3-[cycl ohexyl am no]-1-propane- sulfonic acid [CAPS]) and 50
[err] gf aqueous lithiumchloride solution was mixed in a di sposable
cuvetté. Lithiumsolutions were added at the levels 0.0195, 0.0975 and

0. 1952 .MM whi ch produced m xtures containing 30 0.32, 1.61 and 3.2 nmM
l'ithiumrespectively. Absorbance was ngﬁ§ured I mredi ately at [err] =600 nm
and again after,5 mnutes to _nonitor the_progress._ of I|th|un1coaneX|ng by

the 14-cr own-SCLYSREF GoWPOYRE 1BcwesuAserassdn sohe: B D

bet ween 300 aipsl 86Ashstehtewithchhdbasslgned skzachares rreasurerrent. Thi s
measur enent al | ows -16- nonitoring of the 14-crown-4-ether absorbance

Concur rent 1 it sack* HOFRBLaR §ED &7 Db S I3TRB Siy Vel A ¢
absor bance val ues sul#anzlrgpnessnpaenyaazoﬂbenzwﬂ]rﬂa.dﬁeﬂﬁmanhmd-betmeen
0.3 and 32 nm arg ki gt ¢4 Be FABKRCGc16t 2 aReRBRe e, gglrﬂohmd”ﬂsqo”p'

possessing delta a sor ance va ues are consi sat’i sfact ory
for use in a dry anal yt Feap éPéHﬁthfQ PﬂhBUﬁﬁaés Semppungk 10

present invenisogn SBLEA BEeCEcldcCBOAN 4°CTWaE EEBHH“E!%E&ut;on of
3.0 g (8.0 mmol) of 2-methylsulfonyl-4-nitrophenyl-
diazonium hexafluorophoéphate in 25 cc water and 75 cc¢

10 tetrahydrofuran. The suspension was stirred at room
temperature for 16 hours. The product was extracted
into ethyl acetate and isolated by silica gel
chromatography -yielding 0.22 g (4.7%) of Compound 16.
The 1H nmr spectrum is consistent with the assigned

15 structure.

The following screening procedure was used to
identify those 14-Crown-4 ether derivatives that would
be useful in formulating a dry analytical element for
quantitatively assaying lithium. The data show that

20 some, but not all, derivatives are useful for
conducting lithium assays.

Three mL of a 10% dimethyl sulfoxide-water
solution containing 3.42 x 10-5 mole of a l4-crown-4-
ether dye, 50 pL. of a 1M pH 11 buffer (4-Aminobutyric

25 acid or phosphate or 3-([cyclohexylamino]-l-propane-
sulfonic acid [CAPS]) and 50 uL of aqueous lithium
chloride solution was mixed in a disposable cuvette.
Lithium solutions were added at the levels 0.0195,
0.0975 and 0.1952 mM which produced mixtures containing

30 0.32, 1.61 and 3.2 mM lithium respectively. Absorbance

) was measured immediately at y=600 nm and again after 5
minutes to monitor the progress of lithium complexing
by the-l4-crown-4-ether dye. The spectrum of each
solution was measured between 300 and 800 nm after each

35 600 nm absorbance measurement. This measurement allows

zi'-:#.: . _!-"'s‘..l‘.'. .



[err], 15 Delta DT Dye : : 3.2- No.

R

CH3 |
[err]
[err]
C18H37) 6
[err]

CH3

C6H5

- [err]

present ed,
el enent .

[err ]decrease

[err] ' R2 X .32 nM1 J[err]
CH 0.57 2 [err] CH3 CH 0.46 3
CH3 CH 0.31 4 CHCBH5 [err]
CH 0.12 5 CH2GC6H5 [err] [err] CH 0.18
[err] [err] ~16-[err] CH 0.22 -17- 7
HCH mon1tor1nj of @k 14- cﬂ)wn-@-@@he;g ab&brbance h&kihum L 10
Mo t}le Aithiup is 130%%w1tPerf

CH dye @nd ¥ cdndx‘ilﬁd'ﬁﬂ: ificrease in the abs@rBance m&kimufa. 09

Phosphat e Buff%r ool H hﬁ}éj e},t M&&&é@%i@é‘é 58{. %he dyes -

only dye

10

15

r Iteri use 1n anal yti cal
representative number of the dyes tested between 0.32

and 3.2 nm are listed in Table 2. Crown ether dye-
lithium complexes possessing delta absorbance values
2 .12 are considered satisfactory for use in a dry
analytical element for lithium assay provided by the
present invention.

JAEBLE 2
DELTA Dp OF 14-CROWN-4 ETHER DERIVATIVES

e,
C

o

0\_/0

O

NO,
_ } 4
Delta
D
Dye 3.2-
No. R Ry ~R3 X .32 nM
1 n-Ci2Hz5 SOCH3 CHj3 CH 0.57
2 n-Ci2Hzs NOp CHj CH 0.46
3 CHj SO2N(n-CgHj3)2  CH3 CH 0.31
4 CH2CgHs  SOaN{(n-CgHi3)2  CHj3 CH 0.12
5 CH2CgHsg SOpN(CHE3)-n- CHj3 CH 0.18

- - s cl 8H37 )
6 CH3 NO3 n-C7H1s CH 0.22



The el ement of this invention can be used to assay lithium:qualitatively
and quantitatively in biological fluids in animals or humans, but
preferably in humans. Such fluids include, but are not limted 10 to,
whol e bl ood, plasma, sera, lynmph, bile, urine, spinal fluid, sputum
perspiration and the like as well as stool secretions. It is also possible
to assay fluid preparations of human or anl®al tissue such as skel etal

nuscl e, heart, kfdney-CqaHygs, Pprains, bone 15 oWz ow, skin and e Iike.
El ement s of the L NV |on can ‘gggflgured in & vari ety of forns,

i ncl udi ng el ongaBed tapes of d ired width, ets, §Hdes & %hips.

The el enents cangbeQ&tgj I n m;SQ@GH;pr 20 autom@Hgd assaych echpiglues. I n
general, in usigg gﬁb@oenent i thium determ ion i Sé-ﬂ‘ﬁde by, takl ng the
el ement from a ppl |1, chip® packet or other Ssource IIy
contacting it wilh £HGells (NP2 exanpl e, up t oCHBO[ err] Cbf t<hd).|11 quid to
be tested so 25 tha{- 2<5a e and reagents |@t;.gract seqpent adgy W thin

t he el enent and econe n1xed uch contact can be~acconplishe i'n any
sui t abl e manner, for exanple, by dipping or imrersing the elenent into the

sanple or, prefpralblatBypaeLl it 4e7el ement by hand or machine

The data of Table 2 show that, of the dyes presented,
only dves 1-7 meet D7 criteria for use in a dry
5 analytical element.

The element of this invention can be used to
assay lithium qualitatively and quantitatively in
biological fluids in animals or humans, but preferably
in humans. Such fluids include, but are not limited

10 to, whole blood, plasma, sera, lymph, bile, urine,
spinal fluid, sputum, perspiration and the like as well
as stool secretions. It is also possible to assay
fluid preparations of human or animal tissue such as
skeletal muscle, heart, kidney, lungs, brains, bone

15 marrow, skin and the like.

Elements of the invention can be configured
in a variety of forms, including efbngated tapes of any
desired width, sheets, slides or chips.

The elements can be used in manual or

20 automated assay techniques. In general, in using the
elements, lithium determination is made by taking the
element from a supply roll, chip packet or other source
and physically contacting it with a sample (for
example, up to 200uL) of the liquid to be tested so

25 that the sample and reagents interact sequentialiy
within the element and become mixed. Such contact can
be aeccomplished in any suitable manner, for example, by
dipping or immersing the element into the sample or,
preferably, by spotting the element by hand or machine



-18- with a drop of the sample with a suitable di spensing neans. After
sanpl e application, the elenent is incubated, for a period of up to 5
mnutes, to 5 facilitate col or devel opnent. By incubation, we sinply nean
that the reagents are maintained in contact wwth each other for a period of
up to 5 mnutes before color neasurenents are nmade. The dry anal yti cal

el ements of this inVention 10 are nultikaﬁered I n one enbodi nent the

el enent includ dyqﬁ ' h buffer
and an addltloﬁzl reagen Iayer {aw g a:wif s%a%ﬁt%ﬂ'%l%g %@%gég of

t he foregoing M@P&Ss are coated on a support Anot her
Fnbodinegt |ncggd?s a foﬁmﬁ8¥j I fﬁg&{ghlay§étéigggn?ﬁigta subbi ng
ayer and an additiona ent |a east two djstinct zones.

In this elenenﬁnﬁyhﬁ&eq ég%: [Rﬁ%% ﬂﬂgt PPLAYERS. | S9er by means of

ei t her coat8 ng farmﬂataﬁeecz:dmﬁ &i@z@lmﬁtor Bal ineubatbgnbuivéesmply t he

spreadi ng | aye |

generally in ane% %gln tt%%a%%%e%% aaHne :}é%%flﬂ%& :LI éé ?Egagents

for exanpl e bukgsh) qtdxerbéqn aericed b un»emeﬁzrmmpbepobeﬂoregcohgrof

adj acent zones pealsthr¥disit VUL madien the el enent is contacted with an
agqueous

The dry analytical elements of this invention

10 are multilayered. In one embodiment the element
includes a spreading layer, a subbing layer which
contains buffer and an additional reagent layer having
at least two distinct zones. All of the foregoing
layers are coated on a support.

15 Another embodiment includes a combined
reagent/spreading layer along with a subbing layer and
an additional reagent layer having at least two
distinct zones. In this element buffer is incorporated
into the spreading layer by means of either coating on

20 the complete element or ball milling buffer into the

1spreading layer prior to coating.

In all embodiments the layers are generally
in fluid contact with each other, meaning that fluids
(reagents for example buffer) can be transported

25 between superposed regions of adjacent zones. In other
words, when the element is contacted with an agqueous
fluid, all reagents of the analytical composition of
this invention are mixed sequentially as stated
hereinbefore.

30 Useful spreading layers can be prepared using
fibrous materials, either mixed with a suitable binder
material or woven into a fabric, as described in U.S.
Patent 4,292,272, polymeric compositions or particulate
materials, for example a blush polymer such as

35 disclosed in U.S. Patent 3,992,158, beads bound
together with or without binding adhesives, as



fluid, all reagents of the analytical conposition of this invention are

m xed sequentially as stated hereinbefore. 30 Usef ul spreading
| ayers can be prepared using fibrous materials, either mixed with a

sui tabl e binder material or woven into a fabric, as described in U S

Pat ent 4,292,272, polyneric conpositions or particulate materials, for
exanpl e a bl ush pol ymer such as 35 di scl-ds®d in U S. Patent 3,992,158,

beads bound to 'th d|n [ a
described in g@é %t‘ 8§Eeg 4 9@5 ) ?]aﬁd?r?eo Blj:?gten
Publ i cati on 57(QEE@93§€1PGDenPanb&mP§Fn9nu§8ﬂ&98§ﬂré&dﬂﬁ9-Iayers conpri se

bari um sul phat ep@ftitﬁz.aarwl Gsesuﬂesp%aasnbhh Oripr s&° BArEny
appl i ed d|rectb% the s eS|ra e that the spreadlng

adi n
| ayer be isotr %taﬁggﬁl Q°FH§F th§1BGFb e in
each directBon gmehallxayapphiedadscéchy.yl nbethenaww:mgadwer, par es

e e hoLL P8 oLk REARLETCABLYERE BoblagibeAlaber B5 AR S
el ements for vapevoesemedningr thatotheppoxoisityl is the same in each
direction in the layer as caused by interconnected
spaces or pores between particles, fibers or polymeric
10 strands.

The elements of this invention can also
contain one or more other addenda commonly put in the
elements for various manufacturing or operational
advantages. Such addenda include surfactants,

15 Dbacteriostats, buffers, solvents, hardeners and other
materials known in the art.

The layers can be coated on transparent
supports such as polyethylene terephthalate. Other
supports are well known in the art.

20 Besides the references noted above, suitable
element components are described also, for example, in
U. S. Patents 4,042,335; 4,132,528; and 4,144,306 .
E ] f the I £y .
Dye 2 of Table 2 was teseed in the following
25 dry analytical element. The element was prepared
- according to procedures known in the dry analytical art
as described in the aforementioned patents.
LITHIUM ELEMENT '
Coverage g/m2

Useful Actual
Range Range
Reagent /Spreading Layer
Barium Sulfate : 75-120 100
---€ellulose Acetate 1-20 8

Surfactant TX-100 ' 0.2-2 0.7



advant ages. Such addenda include surfactants, 15 bacteriostats, buffers,
sol vents, hardeners and other materials known in the art. The |ayers. can be
coated on transparent supports such as pol yethyl ene terephthal ate. O her
supports are well known in the art. 20 Besi des the references
not ed above, suitable elenment conponents are described also, for exanple,
in U S. Patents 4,042, 335; 4,132,528; amnR0k 144, 306 Exanpl es of the

I nvention Dye 2 of T, £§ g was tested in the follongg 25 dry an§lytical

el ement. The el emenl Was prepared according to prdc&dures known Tn the dry
anal ytical art as de®cXybenein the aforenenti oned p&t-&8ts. LI THO®IM ELEVENT

Coverage [err] &Q8bihg zone ¢piahiRange Range Reagent/ Spreadi ng

Layer Barium Sul fate . . .75-120 10Q Cel | ul ose Acetate
1- 20 8 surPaivyipyiRyygdlidone 0. 2-32 0.74 -20-
Est ane Buffer 1-5 3 2-10 4
Reagent Layer Zone 1 (pH 7.0)
Hardened Gelatin 4-24 10
Surfactant F-35 0.005-0.1 0.01
Reagent Layér Zone 2 (pH 7.0)
Unhardened Gelatin 4-24 12
Surfactant F-35** 0.005-0.1 ° 0.01
l4-crown-4-ether Dye 0.2-1.0 0.6
2,4-Di-n-amylphenol* 2-10 3.2

Buffers:The buffer used is specified in tables 3 and 4.
CAPS pH 11, 4-aminobutyric acid pH 11,
Phosphate pH 11.7 arginine pH 12.3 can be

5 substituted.

*Other QOrganic Solvents such as 2,4-di-tert-amyl
phenol; N-n-butylacetanilide or
diethyllauramide can be used.

**Other Surfactants such as the Alkanol-XC sodium

10 naphthalene sulfonate mixture from DuPont can
be used. ’

. The elements were kept at 25°C and 15%
relative humidity until tested. Then they were spotted
15 with solutions containing human serum spiked with
lithium chloride. The serum contained actual lithium
concentrations varying between 0.27 and 10.59 mM.
After 5 minutes incubation at 37°C, the reflectance
density was measured on a recording reflectance
20 densitometer at A=600 nm. The lithium concentrations
obtained from these reflectance densities are the
predicted concentrations for the various spiked lithium



o- Xyl ene - 59-68 65 Subbi ng Zone (pH 11)

Pol yvi nyl pyrol | i done 2-12 4 Buffer

2-10 4 Reagent Layer Zone 1 (pH 7.0) Hardened Gel atin

4-24 10 Surfactant. F-35 0.005-0.1 0. 01 Reagent
Layer Zone 2 (pH 7.0) Unhardened Gel atin - 4- 24 .12
Sur factant F- 35** 0. 005-0.1-2168.01"14-crown-4-et her Dye
0.2-1.0

-gﬂ#ﬂg) ésé t d
Buf fers: The bu ? used I'S rs%ogem olzl:l ea%l?e%y%zgénédhecii 1SF%r v n ©

4- anmi nobut yri clacT@quSlﬁ absbhate pH 11.7 arginine pH 12.3 can be 5

substituted. *OQther Organic Sol vents supgdepee ®,4-di-tert-anyl phénol; :
N-n- butyl acetani |l i de_or diet | aur amm b ** Ot her Surfactants
such as the Al kanol - XC sodi ut#%ﬂ‘ay W%‘?ﬁr& né%tﬁﬁ&‘%n% sul fonate m xture
from DuPont ca®rbe used. The el enrOTSARere kept at [BREDICWED 15%rel ative

hum dity until Then t hey spotted 15 wit | uti ons containing
hunman serum splok%?tﬁ%t h [ithium cﬁetﬁ)gl de. The serumdgozl?t)al ned act ual
l'ithium concent&-e&ﬂ% varyi ng be®wB@n 0.27 and 10. 33l

0.71936 0.80 0.88
0.72882 1.00 1.11
0.75111 1.52 1.68
0.78255 2.50 2.57
0.81521 3.72 3.59
0.85550 5.00 5.00
0.98290 10.60 10.50

5 _____________
Buffer; CAPS is pH 11, 2.0 g/m2
TABLE 4
ASSAY USING DYE 2 OF TABLE 1
Dr ACTUAL PREDICTED
0.81035 - 0.28 | -
0.82587 0.50 - 0.49
0.83864 0.80 _0.89
0.85304 1.00 1.36
0.86021 1.52 1.59
0.88924 2.50 2.58
0.91160 3.72 3.39
0.95331 5.00 4.97
1.08228 10.60 10.62
1 (T TR ——

Buffer; 4-Aminobutyric Acid pH 11, 4.0 g/m2
Buffer; 4-Aminobutyric Acid pH 11, 2.0 g/m2

P Comparison of the actual values to the
15 predicted values in Tables 3 and 4 shows that the dyes
selected for use in the analytical elements of the



After 5 minutes incubation at [err], the reflectance density was measur ed
on-.a recording refl ectance 20 densMometer at [err]=600 nm The lithium

concentrations obtained fromthese reflectance densities are the predicted 1’

concentrations for the various spiked |ithium -21- levels. The results

for each dye tested is presented in Tables 3 and 4. TABLE 3 ASSAY WTH DYE

2 OF TABLE 1 DR . ACTUAL -22~ PREDI CTED 0. 68915

8 5238 inv%@é%orgzgggégde quantitag:igg analysis of 1 % Al 71936
1.52 in defiimOcdftaining interfa2rafits such as sodianf7 0 81521
3.72 8

Yo, 60 potaiyil; "3 Pdiun gne§=&811==sn ang, propRifis.)

USI NG DYE 2 OF Ja\p¥as jtested in a s:ulular e ement and gave s:.mlar

5 1results. Moreover it is expected that each of the dyes
of table 1 having a delta absorbance of at least 0.12
will provide similar results.

B aad

O Gt LRI L

s



DR ACTUAL PREDI CTED 0. 81035 0.28
0. 82587 ’ 0.50 0.49 0. 83864 0. 80

0.89 0.85304 1.00 1.36 0.86021 1
1.59 0.88924 2.50 . 2.58 0.91160 3

?0 220'185%3%& 4- Am n(5)b8'?yr| c Acid pH 14;32701[g?rZ]ZBBuffe“"m“mmm“mIHIII

4- Ami nobut yric %@EH 11, 2.0 [err] Conparison of the actual val ués to the
15! predicted v fn Tables 3 and 4 shows that the dyes selected for use
in:the analytical elenment3.of Ahmultilager drynanalyricaldelewent tfdxr ve

anal ysis of lit r ls C%ﬁsﬁﬁ(}q{ m
po{ assium cal c&hgﬁ?irergt%gse?% u@sggahgng 1%?’0 3tel nscEIEB}%qi/a es #1
simlar el errentlexergaﬂadsarrraagest dayen shanastesized tin £hatpect ed that
each of the dyegueh&aahe Bult®eirnd g2 plelslenitain0ab Ao fardvd 43 0. 12 wil |
pI’OVI de simlar results
, reagent layer to establish a pH of at least 9 and the
reagent layer comprises a 14-Crown-4-ether derivative
selected from Table 1 below:
TABLE 1

14-Crown-4-Ether Derivatives

:

Dye :

No. R Ry R2 X
1 n-Ci2Hzs SO2CH3 CHj CH
2 n-Cyi2Hzsg NO2 CH3 CH
3 CH3 SO;N(n-CgH13) 2 CH3 CH
4 CH2CgHg SOaN(n-CgH13) 2 CH3 CH
5 CH2CgHsg SO2N(CH3)-n-C3gH37 CH3 CH
¢ CH3 NO2 n-C7H15 cCH
vi

T n-Cy2H2s H CH3 N



-23- [err] CLAIMS: 1. A multil ayer__dL;La.an_)LLi_c_aL_...e.l.e,nErit
far quantitatively assaying lithiumconprising a spreading |ayer, and a

reagent | ayer characterized in that sufficient buff er”“ﬂlﬁﬂlﬂi”t“llw LI ayer
above the reagent layer to establish a pH of at |east t
| ayer conprises a 14-Crown-4-ether derivative sel ected frfomtTabBl e® 1 bel gw.

TABLE 1 14-Crown-4-Ether Derivatives [errd24ye No. R Rl

R2 X1 [err] S02 . CH3 CH. 2 err]
[err] CHa- %%_péemegg of claim 1 w[h&,qﬁzn tl{e

CH3 CH 4 xedagént layer habetwb distinct zonesCH3 CH 5 CH2C6H5
[err] CH3

h-C7HIS CH 7 [err] 3. e 81elEiit of claim 1 ¥ 2 yherein the
buffer is incorporated in a subbing layer between the

5 spreading layer and the reagent layer.
- 4. The element of claim 1 or 2 wherein the

' buffer is incorporated in the spreading layer.
5. The element of claim 1 or 2 wherein dye
1l or 2 of table 1 is used in the element. i
10 6. The element of claim 1 or 2 wherein the
buffer is present in amount sufficient to establish a
pH of at least 10.




[err] -24- 2. The elenent of claim1 wherein the reagent |ayer has two
di.strnct zones. 3. The element of claiml1 or 2 wherein the buffer is
i acorporated in a subbing | ayer between the 5 spreading |ayer and the
reagent layer. 4. The elenment of claiml1l or 2 wherein the buffer is
incorporated in the spreading layer. 5. The elenent of claim1 or 2
wherein dye 1 or 2 of table 1 is used in-2%e el enent. 10 6. The
el erment of claim 1 o hGiglhRrRaP isimF RS SOPhhil WGey Suf fi ci ent
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Abstract

to establish a pH of a

A novel 1l4-crown 4-ether derivative is
disclosed for use in a dry analytical element for
5 assaying lithium.




