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SUMMARY 

Mercur i sa t ion  r e a c t i o n  of the  i o d i n a t e d  f l ~ o r e e c e i n - ’ ~ ~ I  
has been s t u d i e d .  I n d i v i d u a l  p r o d u c t s  formed in the reaction 
miz ture  were i s o l a t e d  w i t h  bo th  paper chromatography and 
chromatography on alumina column. I t  was found t h a t  i n  
c o n t r a s t  t o  u n s u b s t i t u t e d  f l u o r e s c e i n  the yieM o f m d -  
d e r i v a t i v e s  is c o n s i d e r a b l y  lower i n  case  of i o d i n a t e d  
f l u o r e s c e i n - 1  ’ I .  

I N T R O D U C T I O N  

In o u r  previoue papere A - 3/ we studied the preparation of  

marcuri-derivetivee of fluoreecein labelled with x ) 3 ~  or l 9 7 ~ g  

by aubetitution reactions, axchange reactions and recoil-labelung. 

These eubstancee were used for e t u w  o f  accunaiLation of eubstancee 

i n  injured tiaauee. The accumulation o f  radioactivity o f  deriveti- 

VBB o f  fluorescein partially mercurized i n  injured tieeues proved t o  

be 80 high that it wee poeeible to  work out a method for detection 

o f  heart-attack i n  vivo (4) .  Further experiment8 have ehown, how- 
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ever, that  c l in ica l  w e  of thesa methods has some drawbacks. The 

most serious argument against the routine wabe of these substan- 

ce8 may be a relat ively large hold-back o f  act ivi ty  i n  kidneys, 

which is accomparded with a rather high radiation dose absorbed 

in tne body. 

'Iheref'ore, we t r ied  to  modify the o r i k i n a l  ruolecule of mercu- 

rif luorescein by additional substi tution with *%. when intmdu- 

cing t h i s  eubatance into the organism one can expect e i ther  in- 

creased excretion by l i ve r  ( i n  w h i c h  way iodinated derivatives 

o f  fluoreecein a r c  mostly excreted), or degradation o f  the mole- 

cule in kidneys, which resu l t s  i n  increasing excretion of ulI 

both by l i v e r  and kidneye. Biological behaviour of these substan- 

ces is the object of another our atudy, the resu l t s  of which will 

be publiehed elaewhere. 

Ekperimental 

Chemicals: 

Fluorescein (reagent grade, Lachema, Prague) was purified a s  

a eodium s a l t  on afi alumina. column. Dist i l led water was wed an 

elution agent. Only f i r e t  coloured fract ion was collected. 

Iobfluorescein-UlI  and di-iodonuoreecein-ulI were prepa- 

red a s  followe: To a carrier-free solution of sodium iodide-=lI 

the eolution of inactive sodium iodide was acidified with di lute  

hydrochloric acid and elemental iodine m e  aftemarda extracted 

into chloroform a f t e r  releasing by addition o f  hydrogen peroxide. 

After separation of aqueous phase from the chloroform layer, 

aequimolar solution of fluoreeceine (10 mg/nl) was added t o  the 

Latter. The mixture wae shaken f o r  1 hour. The aqueous phase 

containing unreacted fluoresceine and i t e  iodinated derivatives 

added, 
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was separated and evaporated t o  dryness a t  lCO°C i n  V ~ C U O .  The 

residue was,dissolvedin a aolutiox: of 5% aca t i c  acid i n  chlo- 

roform and t h i s  solut ion was poured ontc a c o l u r ~ i  o f  e i l i c s  & G 

which was prepared by rixi1.g diy s;llca gel i n  the same solution 

a s  mentioned above (5% ace t i c  acid i n  chloroform). To separate 

50 mg of the residue resul t ing from the crude reaction mixture, 

a. column of 3 cm i n  diameter and 15 CDI high was used. The solu- 

t i o n  of 5% ace t i c  acid i n  chloroform was used a s  the elution 

agent. The first f r ac t ion  was tri-iodofluorescein, the second 

and the th i rd  ones were di-iodo- and iodofluorescein, respectively. 

The puri ty  of iodo- and d i - i o d o f l ~ o r e s c e i n - ~ ~ ~ I  was checked by 

thin-layer chromatography on s i l i c a  ge l  G. The chromatograms we- 

re developed by a 3% solution of ace t i c  acid i n  chloroform (5).  

The inactive iodofluorescein used for preparation o f  mercurized 

iodofluorescein-203Hg was prepared i n  the same way a s  labelled 

iodofluorescein-1311. S i l i c a  ge l  G used f o r  column and thin-layer 

chromatography was a Uercki product, similarly a s  mercuric oxide, 

from which mercuric acetate  was prepared. A l u i n i n i u m  oxide (accor- 

ding t o  Brockman) used for column chromatography was a product 

of  Rearm1 (Budapest, Hungary). 

Determination of  mercuqy i n  the products: 

Mercuric a ~ e t a t e - ~ ' ~ ; I g  of known specif ic  ac t iv i ty  was used 

for preparation of reaction mixture. The l a t t e r  was applied on 

the column of aluminium oxide (Reanal) and individual f ract ions 

were eluted by 0.2M solution of potassium bicarbonate. The content 

o f  the product i n  tile e luate  was detorrninad gravimetrically a f t e r  

precipi ta t ion by di luted ace t i c  acid. The ac t iv i ty  of the p'OdUCtf3 

was measured under exactly the same conditions as  the a c t i v i t y  
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of tha stock solution of mercuric 

mercury i n  individual f r ac t ions  was calculated f r o m  the r a t i o  of 

specific a c t i v i t y  of  the former t o  t h a t  o f  the l a t t e r .  

TQe content of 

The course of mercurization reaction: 

l’he aqueous solution o f  chromatographically pure sodium s a l t  

of iodo- and d i - i o d o f l u ~ r e s c e i n - ~ ~ ~ I  ( the  concentration was 

10 ng/ml)  was mixed with the solut ion of mercuric acetate  ( the  con- 

centration 10 mg/ml) which resulted i n  formation of a dark-red 

precipi ta te .  The reaction mixture was then heated a t  100°c under 

r e f l w  f o r  1 hour. F i r s t  sample f o r  cnromatocraphic separation 

was removed immediately a f t e r  mixing tkre reactiori rLxture a t  room 

temperature. Then, i n  short  intervela ,  individual samples were 

removed from boiling mixture and a f t e r  dissolution of the preci- 

p i t a t e  by addition of 0.1 I solut ion of sodium bdrox ide  and 

applied t o  chromatographic paper. 

Separation of the products of mercurization reaction: 

Paper chromatography: 

The separation was carr ied out  on chromatographic paper Whet- 

m n  No 3 i n  the system 6% ammonia-metheno1 (1 : 1). 

Column chromatography: 

The separation of products can be carr ied out preparatively 

on the alumina column with 0.2 Dll solut ion of potassium bicarbonate 

a8 elut ion agent. The f i r a t  eluted f r ac t ion  is pure iodofluoresce- 

in-*% and the second one is hydroxymercuriiodof luoreacein-*% ., 
Bis(hydroxymercuri ) i o d o f l ~ o r e s c e i n - ~ ~ ~ I ,  which remains on the 

column can be eluted by 0.1 M potassium hydroxide. Mercurization 

products o f  d i - i ~ d o f l u o r e s c e i n - ~ ~ ~ I  can be separated i n  the same 

way. 
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Fig. 1. Yields of individual products of mercurization 

of i o d o f l ~ o r e s c e i n - ~ ~ ~ I  as a function of heating time . 
The molar ratio of i o d o f l u o r e ~ c e i n - ' ~ ~ I  to mercury: 

a) 3 :  b) 2 : 1  
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Yields of individual products of mercurization 

of iodofluoresce,in-1311 as a function of heating time. 
The molar ratio of i o d o f l u o r e ~ c e i n - ~ ~ ~ I  to mercury: 

a)  I : 1  b) 1 : 2  

8 -  J F  0 -  J F H g  0 - J F H g p  
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Activity measurements : 

Radiosctivity of chromatogram was measured by means of a 

GM-tube and a h’ieseke-Hoepfner scaler .  

R e e u l t e  and discuseion 

A number of derivativea is  formed i n  the reaction mixture 

during nercurization of fluorescein (1 - 3) .  It was therefore 

poasible t o  an t i c ipa t e  the presence of several  products a lso 

i n  the reaction mixture during mercurizetion o f  iodinated fluo- 

rescein. Preliminary chromatographic experimei,ts bhowad t i a t  on 

chrometograms of the reaction d x t u r e  of i o d o f l u o ~ . c s c e i r i - ~ ~ ~ ~  

and mercuric acetate,  inact ive spots o f  mercuriderivetives o f  

fluoreacein a s  well as ac t ive  spots of mercurized derivativea 

of iodo- and d i - i o d o f l u ~ r e s c e i r ; - ~ ~ ~ l  can be found. If chrouiato- 

graphically pure i o d o f l u o r e ~ c e i n - ~ ~ ~ I  is  used, only two act ive 

q o t s  of mercurized derivatives of i o d o f l u ~ r e s c e i n - ~ ~ ~ I  a re  ep- 

parent. The respective % valuee axe given i n  the Table 1. The 

anelyda has shown t h a t  the product with the Rp = 0.04 corres- 

ponds to  bis(hydroxymercuri)iodofluorescein (IFHg2). The other 

spot with % = 0,42 corresponds t o  hydroxymercuriiodofluorescein 

(I-). The mercurization reaction was studied i n  some more d e t a i l  

using reaction mixtures w i t h  varying molar r a t i o s  o f  iodofluores- 

crein-1311 t o  mercury. The r e s u l t s  of t h i s  study a re  shown i n  

Figa. 1 and 2. In  the presence of excess o f  iodofluorescein-% 

i n  the  reacijDn mixture, the overal l  amount of the products is 

small as can be seen from Fig. 1 a ,b  while bis(hyWdroxymercuri)- 

f luorescein i s  present only i n  minute quantit ies.  A t  aequimolar 

Eatio or a t  excess o f  mercury, larger  amounts of the products a r e  

found. All four Figures show that  mercurization reaction take8 
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place mostly i n  first 20 minutes o f  heating and afterwards the 

distribution of  products practically does not vary. 

In contrast to unsubstituted fluorescein ( 2 )  the y i e ld  of 

mercuriderivatives is considerably lower i n  case o f  iodofluores- 

Cein-l3lI. Even a t  excess of  mercury (Pig. 2 b) tile reaction 

reaches an equilibrium between the componente without the reac- 

tion of iodofluoresceirr-ljlI be i lg  complete. 
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Fig. 3. Yields of individual products of mercurization 

of i o d o f l ~ o r e s c e i n - ~ ~ ~ I  after 1 hour heating as a function 
of molar ratio of i o d o f l u o r e ~ c e i n - ~ ~ ’ I  to mercury. 

0 -  J F  0 -  J F Hg 0 - J F Hgz 
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So one can see that additiorml subst i tut ion of iodofluoree- 

cein is u c h  more d i f f i c u l t  than mere iodination or mercurization 

of fluoresceiu. Tne p l o t  o f  the yield of mercurization products 

of i o d o f l ~ o r e s c e i n - ~ ~ ~ ~  against  the molar r a t i o  of reactant8 

f o r  1 hour's heating is shorn i n  Fig.). Here one can see tha t  the 

largest  quarititiee o f  products can be obtained i n  the presence 

of an excess of mercury. However, the disadvantage i e  that both 

hydroxymercuri- and bis (~ydrorymercur i ) iodof l~oreece in -~3~1  a re  

formed under these conditions. Additional chromatographic separa- 

t i on  is then necessary t o  produce these compounde pure. 

Substi tution of di-iodofluoresceinJ11 (I~F) ~ t h  mercury 

is  even -re d i f f i c u l t  than i n  the case of i o d o f l u o r e s c e i n a l 1  

aa i a  shown i n  Fig. 4 a. Here is shown the formation of hydroxy- 

mercuri-di-iodofluorescein-*lI (I .pg2) a t  the molar r a t i o  of 

1 : 1 of di-iodofluoreecein t o  mercuric acetate  as a function 

of heating time. In  the presence of excess of mercuric acetate  

( aee Fig. 4 b) larger  quant i t ies  of hydrorymarcuri-iodonuores- 

cein and par t ly  also b i e ( h y d r o ~ e r c u r i ) d i - i o d ~ f l u o r e s c e i n - ~ ~ I  

a r e  produced 

is eliminated from d i - i o d o f l ~ o r e e c e i n - l ~ ~ I  while hyhrymercuri-  

iodofluorescein and mercuric i0dide-l-3~1 are formed. me former 

can be found on chromatogram a s  separate f ract ion,  while mercu- 

r i c  iodide-1311 remining a t  the start contributes probably t o  

the ac t iv i ty  of b i s ( h y d r o x y ~ r c u r i ) d - i o d ~ f l u o r e ~ c e ~ - ~ ~ ~ ~ .  

The respective % values a re  shown i n  Tab.2. 

Besides, probably a port of 

Similarly ao i n  case o f  iodofluorescein-% also for prepa- 

ra t ion of pure mercurized derivatives of di-iodofluorescein ad- 

d i t i ona l  chrometographic separation is neceesary. 
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Fig. 4. Yields of individual products of mercurisation 
of d i - i o d o f l u o r e ~ c e i n - l ~ ~ I  as a function of time. 

The molar ratio of di-iodofluorescein-1311 to mercury 
a )  1 : l  b) 1 : 2  
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Product 

% 

Table 1 

- 
J F Hi32 J F H g  J F  

0.04 0042 0.64 

9-va;ues of products i n  the reactiorl mixture of iodofluorescein- 

1311 arid mercuric acetate (6% anmnia-methanol, 1 : 1).  

Product J2 *2 J2 F Hg 32 

L R P  

- 
0.07 0031 0058 

Table 2 

$-values of  products i n  the reaction mixture o f  di-iodofluoreecein- 

13% and mercuric acetate (6% ammonia-methanol, 1 : 1).  
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