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PREPARATION OF A RADIOBROMINATED FLUORESCEIN FOR LIVER SCANNING 
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SUMMARY 

A rad iob romina ted  compound, 4 ,5 ,6 ,7 - te t rach lo ro-2  ' ,4 ' ,5 ' ,7 I -  

t e t r a b r o m o f l u o r e s c e i n -  B r 4  was prepared f rom r e s o r c i n o l ,  

t e t r a c h l o r o p h t h a l l i c  anhydr ide  and Na B r  by a two-s tep  

s y n t h e s i s .  The p r e c u r s o r  was i d e n t i f i e d  by spec t romet ry .  

F i n a l  p u r i f i c a t i o n  u t i l i z e d  column chromatography. The 

p roduc t  was i d e n t i f i e d  by t h i n  l a y e r  chromatography and 

spec t romet ry .  
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The y i e l d  was 60% o f  t h e o r e t i c a l .  

Key Words: Bromine-77, b rorn ina t ion ,  rad iobrorn ina ted  e o s i n ,  rad iob romina ted  

Ph lox ine-B.  

INTRODUCTION 

A number o f  rad iopharmaceu t i ca l s  have been developed f o r  use i n  s t u d y i n g  

l i v e r  f u n c t i o n .  O f  t hese  1311-Rose Bengal assumed a r o l e  i n  d i f f e r e n t i a t i n g  

h e p a t o c e l l u l a r  d isease from p a r t i a l  common b i l e  duc t  o b s t r u c t i o n  i n  p a t i e n t s  

p r e s e n t i n g  w i t h  symptoms a t t r i b u t a b l e  t o  b o t h  h e p a t i t i s  and b i l i a r y  a t r e s i a .  (1) 

v a r i a b l e  f r a c t i o n  (5%) i s  removed f r o m  t h e  body th rouqh  t h e  r e n a l  system. ( 2 )  

I t  i s  apparent  t h a t  1311-Rose Bengal i s  n o t  an optimum agent .  A smal l  b u t  

A lso ,  p a r t l y  because o f  t h e  presence o f  endogenous de iod inase  enzymes, t h e  

C - I  bond i s  n o t  adequa te l y  s t a b l e  i n  v i v a .  ( 3 )  
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More r e c e n t l y  developed 99mTc-hepatobi l  i a r y  agents  may(4) o r  may n o t  (5 )  

p rove  s u i t a b l e  f o r  t h i s  use i n  humans. 

o f  a rad iob romina ted  Rose Bengal analogue, where in  t h e  more s t a b l e  C - B r  bond 

has been u t i l i z e d  i n  an a t tempt  t o  overcome t h e  i n s t a b i l i t y  o f  t h e  C - I  com- 

pounds. 

We he re  p resen t  d a t a  on t h e  s y n t h e s i s  

(6) 

77 

t y p i c a l  shipment con ta ined  l e s s  than 1% Na 

Bromine-77 has a p h y s i c a l  h a l f - l i f e  o f  57 h o u r s ( 7 )  and decays by e l e c t r o n  

cap tu re  (99%) and p o s i t r o n  emiss ion  (1%). 

KeV (29%) ,  300 KeV (6%) and 520 KeV (17%) .  

The r a d i o n u c l i d e  was o b t a i n e d  as Na B r  i n  s l i g h t l y  b a s i c  s o l u t i o n .  A 
77 77 Br03 and no d e t e c t i b l e  NaO Br .  

P r i n c i p l e  gamma enerq ies  a r e  240 

RESULTS 

Syn thes i s  o f  4,5,6,7-tetrachloro-2',4',5',7'-tetrabromofluorescein- 77 Br4  

(2) was ach ieved by b u b b l i n g  gaseous 77Br2 i n t o  a sodium b i c a r b o n a t e  s o l u t i o n  

o f  4,5,6,7-tetrachlorofluorescein (1). Using a m o d i f i c a t i o n  o f  t h e  method o f  

S launwhi te  and Nee ly (8) ,  t h e  7 7 B r 2  was genera ted  by  b o i l i n g  a m i x t u r e  o f  

Na Br, manganese d i o x i d e  and s u l f u r i c  a c i d  i n  a pear-shaped double-neck 

f l a s k ,  t h e  bromine b e i n g  channeled t o  t h e  b romina t ion  t u b e  th rough  a g l a s s  

s i d e  arm. 

77 

Syn thes i s  o f  1 c o n s i s t e d  o f  f u s i o n  of a m i x t u r e  o f  r e s o r c i n o l  and t e t r a -  

c h l o r o p h t h a l l i c  anhydr ide .  

f rom a sodium b i c a r b o n a t e  s o l u t i o n  u s i n a  h y d r o c h l o r i c  a c i d .  

The p u r i f i e d  p roduc t  was o b t a i n e d  by  p r e c i p i t a t i o n  
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The identity of 1 was confirmed by spectrometry and melting point deter- 
mination. 

active product (2) from any radiochemical contamination. 
Column chromatography was performed to isolate the metabolically 

Column chromatography with Sephadex 6-25 was utilized to isolate 2. The 

elution diagram (Figure 1) was obtained from 2 washed twice with hydrochloric 
acid and sodium bicarbonate. 77 The diagram shows that the Na Br activity was 

eluted within the first 10 cm’, and the radioactivity peak at 105-115 cm5 

corresponded with the elution volume of an authentic sample of Phloxine-B. 

The structure of a substance giving rise to a third radioactivity pedk at 

25-30 cm’ remains unknown, and its biological activity has not been determined. 
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FIGURE 1. 
peaks for Na77Br and 2 washed twice with HC1 and NaHC03. 
the elution volume of authentic Phloxine-B. See text for details. 

Composite elution diagram showing the location of the radioactivity 
The arrow indicates 
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T h i n  l a y e r  chromatography o f  t h e  subs tance e l u t e d  i n  t h e  r a d i o a c t i v i t y  

peak a t  105-115 cm3 i n d i c a t e d  t h e  presence o f  two m ino r  rad iochemica l  contam- 

i n a n t s  ( F i g u r e  2 ) .  Sodium b r ~ m i d e - ~ ~ B r  m i g r a t e d  w i t h  an Rf=0.05. An i n t e r -  

med ia te  r a d i o a c t i v e  m i x t u r e  a t  Rf=0.62-0.67 was a l s o  no ted .  

peak a t  Rf=0.94 corresponded w i t h  t h e  Rf  o f  pu re  Ph lox ine-B (p i n  t h e  chroma- 

togram i n s e r t  o f  F i q u r e  2 ) .  The i d e n t i t y  and b i o l o g i c  a c t i v i t y  o f  t h e  r a d i o -  

a c t i v e  m i x t u r e  a t  Rf=0.62-0.67 remains unknown. 

The r a d i o a c t i v i t y  

R f  

F i g u r e  2. The t h i n  l a y e r  rad iochromatogram o f  p u r i f i e d  4 showinq Na77Br a t  

Rf=0.05. I n s e r t  shows a chromatogram o f  Ph lox ine-B ( d a r k  s t r e a k  

a t  p). O= Oriqin,  P= Phloxine-B, SF= s o l v e n t  f r o n t .  

I n  t h e  p u r i f i c a t i o n  procedure  i t  was found t h a t  each success i ve  washinq 

o f  2 w i t h  h y d r o c h l o r i c  a c i d  and sodium b i c a r b o n a t e  r e s u l t e d  i n  a r e d u c t i o n  (50%) 

o f  t h e  r a d i o a c t i v i t y  i n  t h e  f i r s t  10 cm3 o f  e l u a n t .  

a c t i v i t y  i n  t h e  f i r s t  10 cm was m in im ized  when t h e  volume o f  Na77Br used i n  

3 t h e  s y n t h e s i s  o f  1 was l e s s  than  1 cm . 
s l i g h t l y  b a s i c  Na77Sr d i l u t e  t h e  s u l f u r i c  a c i d  and the reby  i n t e r e f e r e  w i t h  

p r o d u c t i o n  o f  B r 2 .  

See t e x t .  

A lso ,  t h e  amount o f  r a d i o -  

3 

Presumably l a r g e  volumes o f  t h e  

77 
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It may appear unusual t h a t  t h e  lower molecular weight species were 

e l u t e d  from the  column ahead o f  t h e  h igh  molecular  weight product. 

Determann and Walter") have shown t h a t  t he re  i s  a s t rong  assoc ia t i on  between 

t h e  l e s s  coarse Sephadex Dextran ge ls  and aromatic h e t e r o c y c l i c  substances. 

They have demonstrated t h a t  so lu tes w i t h  8-e lect rons a re  s t r o n q l y  adsorbed t o  

t h e  e the r  groups o f  these gels, and are thus retarded i n  t h e i r  e l u t i o n .  

However, 

F igure 3 shows the  absorpt ion spectrum o f  non-radioact ive 1_ (Phloxine-B), 

prepared by brominat ion o f  1. 
c a t i o n  o f  t he  method o f  Corm'"), confirmed t h e  i d e n t i t y  o f  2. 

Comparative spectrophotometry, using a m o d i f i -  

I I I I I 
0.2 0.4 0.6 0.8 1 .0 

Color Density, log lo/l 

Figure 3. The spectrum o f  non-radioact ive 1. 
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EXPERIMENTAL 

To p repare  4,5,6,7-Tetrachlorofluorescein ( l ) ,  an i n t i m a t e  m i x t u r e  o f  

r e s o r c i n o l  (1.Og) and 1.39 t e t r a c h l o r o p h t h a l l i c  anhydr ide  ( A l d r i c h  Chemical 

Company, Milwaukee, Wiscons in  

The r e a c t a n t s  were heated  a t  35OoC f o r  30 min and gave a v i scous  maroon s l u r r y  

which hardened a t  room tempera ture .  

50 m l  beaker, d i s s o l v e d  i n  20 m l  sodium b i c a r b o n a t e  s o l u t i o n ,  0.08 molar ,  

pH 8.3, and h y d r o c h l o r i c  a c i d  (1 .0 normal )  added dropwise  t o  a pH o f  1.5. 

p roduc t  was a l l owed  t o  p r e c i p i t a t e  a t  4OC o v e r n i g h t .  

c rude p roduc t  was f o l l o w e d  by washing w i t h  1.0 normal HC1 t o  remove any 

adher ing  i m p u r i t i e s .  The p roduc t  was d r i e d  on ung lazed p o r c e l a i n  ch ips ,  

g i v i n g  a y i e l d  o f  9% o f  t h e o r e t i c a l .  

s o r p t i o n  a t  515 nm, wh ich  agreed w e l l  w i t h  t h e  d a t a  f rom O r n d o r f f  and H i tch( ' ' )  

To p repare  4,5,6,7-Tetrachl o ro -2  ' ,4 ' ,5 ' ,7 ' - t e t r a b r o m o f  1 u o r e s ~ e i n - ~ ~ B r , ,  ( 2 ) ,  

53233) was p laced  i n  a Kontes M i c r o f l e x  tube .  

The c rude p roduc t  was t r a n s f e r r e d  t o  a 

The 

Vacuum f i l t r a t i o n  o f  t h e  

Spec t roscop ic  a n a l y s i s  showed an ab- 

5 mg anhydrous manganese d i o x i d e  and 5 m l  o f  s u l f u r i c  a c i d  were p laced  i n  a 

double-neck, pear-shaped f l a s k .  One neck was f i t t e d  w i t h  a Dewar condenser. 

To t h e  o t h e r  neck was a t t a c h e d  a g l a s s  t u b e  t o  p r o v i d e  f o r  t h e  passage o f  an 

e n t r a i n i n g  a i r  f l o w  th rough  t h e  system. A g l a s s  s i d e  arm a t t a c h e d  t o  t h e  con- 

denser d i r e c t e d  t h e  a i r - b r o m i n e  m i x t u r e  t o  t h e  bo t tom o f  t h e  b r o m i n a t i o n  tube.  

One-ha l f  t o  one m i l l i c u r i e  o f  an aqueous s o l u t i o n  o f  Na77Br con ta ined  i n  

n o t  more t h a n  1 m i  (MRC Cyc lo t ron ,  Hammersmith H o s p i t a l ,  London, England) was 

i n t r o d u c e d  i n t o  t h e  r e a c t i o n  f l a s k .  A s low  a i r  f l o w  was s t a r t e d ,  t h e  c o l d  

f i n g e r  was charged w i t h  an i ce -wa te r  m i x t u r e  and g e n t l e  hea t  was a p p l i e d  u s i n g  

a Bunsen Burner .  The 77Br2  t hus  genera ted  was bubb led  i n t o  a t e s t  t ube  con- 

t a i n i n g  5 mg o f  1 i n  4 m l  o f  sodium b i c a r b o n a t e  s o l u t i o n  (0 .08  molar ,  ptl 8 .3 )  

f o r  15 min o r  u n t i l  t h e  t r a n s f e r  o f  r a d i o a c t i v i t y  was complete.  

r e s u l t i n g  orange s o l u t i o n ,  1.0 normal h y d r o c h l o r i c  a c i d  was added dropwise  t o  

pH 1.5, and t h e  p roduc t  (2) a l l owed  t o  p r e c i p i t a t e  f o r  2 h ( o r  o v e r n i g h t )  a t  

4OC. 

To t h e  

The y i e l d  was 30% based on t h e  s t a r t i n g  r a d i o a c t i v i t y  and c o r r e c t e d  f o r  
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decay. The wavelength a t  maximum absorbance was 535 nm. (Phloxine-8,  537 nm). 

Spectrophotometry (Beckman Model 25, Beckman Products,  F u l l e r t o n ,  C a l i f -  

92634) was performed t o  c o n f i r m  t h e  i d e n t i t y  and p u r i t y  o f  1 and ?. A o r n i a  

m o d i f i c a t i o n  o f  Conn’s method( lO)  was used f o r  t hese  de te rm ina t ions  i n  which 

1 mg o f  t h e  compound was d i s s o l v e d  i n  10 m l  sodium b i ca rbona te  s o l u t i o n  (0.08 

mo la r )  and t h e  wavelength a t  maximum absorbance determined. 

made w i t h  a sodium b i ca rbona te  b lank  and a holmium ox ide  standard.  

Comparison was 

Column Chromatography was c a r r i e d  o u t  u s i n g  a 1 x 13 cm q lass  column 

packed w i t h  Sephadex 6-25 f i n e  (Pharmacia F ine  Chemicals, Uppsala, Sweden) 

which had been p r e - t r e a t e d  w i t h  0.08 mo la r  sodium b i ca rbona te  s o l u t i o n .  

H y d r o s t a t i c  pressure was used t o  m a i n t a i n  a f l o w  r a t e  o f  1 m l  pe r  minute.  

A f t e r  washing t h e  adsorbant w i t h  b i ca rbona te  s o l u t i o n ,  0.5 mq o f  

molar  b i ca rbona te  s o l u t i o n  was p laced on t h e  column. Using 0.08 molar  sodium 

b i ca rbona te  as t h e  e luan t ,  5 and 10 m l  f r a c t i o n s  were c o l l e c t e d  i n  t e s t  tubes 

a t  t h e  d e s i r e d  f l o w  r a t e .  

i n  0.08 

Ascending T h i n  Layer  Chromatography o f  1 was performed u s i n g  t h e  method 

1.T.L.C.-S.G. (Gelman r e p o r t e d  by V iv ian ,  e t .  a l .  (I2) f o r  1311-Rose Bengal. 

I ns t rumen t  Company, Ann Arbor,  Mich igan 43106) was used f o r  t h e  s t a t i o n a r y  

phase. The s o l v e n t  cons i s ted  o f  ch loroform,  a c e t i c  a c i d  ( 9 : l ) .  Na B r  and 

Phloxine-B were used as standards.  

77 
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