
Journal of Labelled Canpounds - Vol.  XI, No. 2 295 

PREPARATION OF BILIRUBIN SPECIFICALLY TRlTlATED 
AT THE - VINYL GROUP 
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C l u i f i o a t i o n  of severa l  important aspeota of b i l i r u b i n  metabolism, 

e.g. p l a s u  t r anspor t ,  t i s s u e  d i s t r i b u t i o n ,  i n t e s t i n a l  reabsorp t ion  eto. ,  

repuires prepara t ion  of t he  r ad io i so top ioa l ly  l a b e l l e d  pigment of high 

epeoi f io  a o t i v i t y .  A number of methods for introduoing l a b e l  i n t o  b i l i -  

rub in  have been repor ted  ; they include ii) biosynthea is  from [ 2 -14C1- 

g lyo in r -  and from 8 -aminolevulinio w i d  l a b e l l e d  with tritium (at C - 3  

and C-5) or with 14C ( a t  C-4)- ; ohemioal syn thes i s  from 2-formyl-3-methyl- 

4-( p -oarboryethyl)pyrrole [ f o r w l  -14C 1 
t e o h n i o u f  . 
l imi t a t ions ,  0.g. low i n t e n s i t y  of l abe l l i ng ,  ooet of t he  l a b e l l e d  pre- 

oursors, l abor iousness  eto.  
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t r i t i a t i o n  by the  Wilzbaoh 

However, a l l  of these  methods are subjeoted t o  a l o t  of 

We r epor t  here a simple prooedurm fo r  preparing [8b -3E21 b i l i r u b i n  IXa 

(L), whioh reouires only oommeroial b i l i r u b i n  and t r i t i a t e d  water as 

s t a r t i n g  ma te r i a l s  (Soheme 1 ) .  

Suoh a method is baaed on the  py ro lys i s  of the  b i l i r u b i n  de r iva t ive  ( 2 )  - 
prepared by ac id-oa ta lysed  add i t ion  of t h ioaoe t io  ao id  t o  b i l i r u b i n  i n  

c h l o r o f o r J .  I n  f a c t ,  we found t h a t  the  adduot (2-1, when heated under 

vacuum undergoes th ioaoe t io  ao id  e l imina t ion  a f ford ing  b i l i r u b i n  I X a  i n  

good y ie ld .  Therefore, i f  a l l  t he  reagents  of t he  r eac t ion  from ( 1 )  t o  

(2) a r e  previously enu i l ib ra t ed  with t r i t i a t e d  water f o r  exchangeable pro- 

tons,  ( ; , H * r  3H)  can be easy obtained through the  above addition- 

e l imina t ion  seauenoe. 

To exolude s i g n i f i c a n t  randomisation of the  l abe l  during the  prepara- 

t i o n  of t r i t i a t e d  b i l i r u b i n ,  a monitoring experiment was c a r r i e d  out  us ing  

D 0 ( 99.5 % D)  t o  e a u i l i b r a t e  b i l i r u b i n  and th ioaoe t io  aoid. 

deu te ra t ion  a t  the  &-position of (2- , H*= 2H) and (1 

montrated by t h e i r  VS end NMR spectra.  

of deutera ted  b i l i rub i i i  IX a (1 , E* I 2E) exhibited in t he  v iny l  group 

region a marked oh- only of the ABC pa t t e rn  due t o  the  =-vinyl protons 
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Fig.1. PIW spectra (at 100 MH5) 
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of natural bilirubin IX a (A) and of 

18b - 2H J bilirubin IX a (B) in DW0-S . Only vinyl group 

regio8 ia reported 1 oherioal shifts are in parts per million 

from internal tetramethylsilono. 
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(Pig. 1 ) .  

a comparison of  the Bw s p e o t m  of b i l i r u b i n  IX u 

bin 111 u 

v iny l  groups i n  a - p o s i t i o a ) z  . 

Tho a t t r i b u t i o n  of the peak4 t o  each vinyl  group Is based oa 

with those of b i l i r u -  

(both (both vinyl groups la .xo-posit ion) and b i l i r u b i n  XIIIu 

Additional ovidonoe for tho absenoe o f  l abo l l ing  in s i t e s  of the mole- 

ou l s  o the r  t h u  the -vinyl group was obtained b j  ohromrto dograda- 

tion- of t r l t i a t e d  b i l i r u b i n  proparod as dosoribod above. Thus, only 

methylvinylmaleimide ( 5 )  a r i s i n g  froa the  ou te r  p p r o l e  r i n g s  of b i l i -  

rubin I X a  (1) warn found t o  bo radioaot ive (Sohomo 2). 
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T.1.c. wae oar r i ed  out on p l a t e s  coated with Merck s i l ica  gel  OF254 . 1.r. 

epectra were recorded f o r  solut ions i n  chloroform on a Perkin-Elmer257 spectro- 

aeterj p.m.r. spectra  f o r  so lu t ions  i n  heradeutermdieethyleulfoxide on a Varian 

XL-100-FT spectrometer at 100 ME% ; U.V. spectra  f o r  so lu t ions  in ohlorofom 

on a Perkin-Elmer spootrophotoreter Mod. 402 . Xass spectra  were determined 

with an LKB 9000 simple-focueing mass spectrometer by d i r e c t  i n l e t  system. 

Radioactive samples were counted on a Paokard Trioarb l i o u i d  s c i n t i l l a t i o n  
3 speotroaeter  Mod. 3320 ( i n t e r n a l  s tandard I HI toluene ) ; the  composition of 

t he  so lven t - sc in t i l l a to r  w a s  : POP ( 6.5 g ) , dimethylPOPOP (130 mg),and mphtha- 

lene (104 g )  i n  toluene (500 1.1) and dioxan (500 m l ) .  

To reduce the oolor  quenching of  b i l i r u b i n  and i t s  thioadduct, a chloroform 

solut ion of the earple  (30 -100 

v i a l  and evaporated under a slow stream of nitrogen. 

of a molution of arraonium pe r su l f a t e  i n  0.1-N I a O H  

closed with i t s  oap and kept a t  r.t. overnight . The above l i q u i d - a c i n t i l l a t o r  

w a s  then added t o  the  r e s u l t i n g  c o l o r l e s s  solut ion before counting. 

p g  i n  0.5 m1) w a s  plaoed i n t o  a glass counting 

After add i t ion  of 0.2 il 

(1 m g / m l )  the v i a l  w a s  

Preparation of [ 8b -3H 1 b i l i r u b i n  IX a 

Bil i rubin (500 mg) and thioacet io  aoid ( l m l )  i n  chloroform (500 ml) were 

shaken with t r i t i a t e d  water ( 80 01, spec i f i c  M t i V i t y  6.4 mCi/ml) for 2 h. 

After separat ing the water l a y e r  , a f e w  c r y s t a l s  of p t o l u e n s u l f o n i o  ac id  

were added t o  the chloroform so lu t ion  previouoly dried on anhydrous sodium 

eulfate .  The reaot ion mixture wae kept a t  r. t. overnight,  then the eroess of 

p t o l u e n a u l f o n i c  aoid warn f i l t e r e d  o f f  and pure (2- , H * r 3 B  )( 412 mg ) 

ram reoover.4 by evaporation of the  eolvent under vaouum and by yashing of 

t h e  residue with methanol. Such a produot wae oharaoterized and oheoked for its 

p u r i t y  by p.m.r, , i.r. , U.V. spectra  and t . l .o? j i t s  speo. acrtivity wam 

915 . lo5 d i s i n t .  ruin,’ nmol-’ J O  mg of t he  SO prepared compound wam 

pyrolyeed by heat ing at  280° f o r  45 s in .  under vacuum (6 . 10 mmEg ). 

The crude product of pyrolyeie was then ex t r ac t ed  with chloroform and the 

insoluble  res idue separated by centr i fugat ion.  After  adding methanol t o  the 

ohloroform solut ion and evaporating t o  a small volume, [8b  -3H21 b i l i r u b i n  IXa 

o r y ~ t d l i s e d  ae orange needles( 11 mg 1 pure i n  t.1.o. : beneene - o h l o r o f o m  

-4 
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methanol lOO:5O;l.2 as eluent ; m.s., i .r.  and p.m.r. spectra identioal with 

those of an authentio radioinactive eample; U.V. 452 nm , C 60,000 2 1,000 ; 

speoifio activity 452 . 10 
after repeated crystallization). 

5 disint. min;’ mmol-’ , whioh was ehown to be constant 

Chromate denadation of bilirubin 1x0 

Tritiated bilirubin ( 00. 1 mg) preuarsd as described above was dissolved 

in dimethylsulfoxide (1 ml). were added, 

the mixture turned grsen immediately. After 1 h at r. t. this mixture was ad- 

ded to 1.0 ml of an aoueous solution of potassium hydrogen sulfate (1%) and 

sodium dichromate (If), stirred for 3 h at r.t., diluted with water (20 ml), 

and extracted with ethyl aoetate (3 x 5 ml). The organio layer was washed 

with saturated eodlum hydrogen oarbonate solution ( 2 I 10 ml), driod on 

anhydrous ysS04, and evaporated to leave a residue , whioh wae shown to be pure 
methylvinylmaleimide by t.1.c. oomparison with an authentio sample- (eluent : 

benzene - diethyl ether 981 3 dsteotion by the color reaction of the imides 

with chlorine benzidinr ). 
-1 disint. min. . 

\%en a few orystale of FeC13 . 6H20 

6 

6 2 Such a residue, when counted, exhibited 218 .10 

The sodium hydrogen solution used to wash the above ethyl acetate extract wae made 

aoid with oono. HC1 and extracted with ethyl aoetate ( 3  x 10 ml). The organic 

extraot was waehed with water (2 x 5 ml), dried on anhydrous %SO4 , and evapo- 
rated to give r mixture of hsmatinimide ( 3  ) and py~rolc2,Fdioarbaldehyde ( 4 
se shown by t.1.o. oomparieon with authentio mrmpler (eluent : ethyl aoetate - 
ethanol 8.5ri .5 8 detection by epraying with 2,4-dinitrophenylhydraminr ). 

Tho activity of the aoid mixture reeulting from bilirubin degrrdation 

580 dieint. min-l. 

) 
6 - 
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