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8-aminoIevulinic acid-4-14C ñas built up fro m  phthalim ide using 
K 14C N  as the radioactive starling material. This m ethod avoids the 
less practical synthesis via glycine-14C and its condensation with 
phthalic anhydride lo a fford ph tha ly!glycine-l-14C whose yield, 
hased on K 14C N , is thus considerably improved.

I n t r o d u c t i o n .

The advent o f  isotopic tracer  techniques opened  the m odern  era o f  research 
into porphyrin  biosynthesis, and  the origin o f  all the a tom s o f  the te trapyrroll 
haem system has been elucidated by using isotopically labelled precursors 
and  subsequent degradation  o f  the haem (1- 2). 14C proved to  be particularly 
useful in the  elucidation o f  the mechanism o f  porphyrin  form ation  (3), and  the 
role o f  S-aminolevulinic acid in this biosynthesis was dem onstra ted  employing 
the afore m entioned isotope <4, 5).

Shemin and  coworkers have shown the usefulness o f  S-aminolevulinic 
acid-4-,4C  and  5-14C in their  studies on the form ation  an d  m etabolism o f  
porphyrins , an d  have p roposed  a m ethod  for the synthesis o f  the radioactive 
precursors (6,7). Pichat an d  Herbert (8) synthesized S-aminolevulinic acid-4-14C 
starting from glycine-l-,4C. The biological im portance o f  this intermedíate,
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the  sensitivity an d  ease o f  determ ination  o f  its metabolites, lead to  the conside- 
ra tion  o f  the  possibility o f  improving its synthesis as regard to  the yield.

F o r  the prepara tion  o f  the 8-aminolevulinic acid-4-14C hydrochloride, 
K 14C N  was chosen as the radioactive s tarting material. This salt has been used 
since 1945 in the  synthesis o f  carboxyl- labelled com pounds  <9). Phthalimide 
was first condensed with form aldehyde to  yield the N -oxym ethyl derivative. 
This p roduct was then  converted  into the  N-chloro-m ethyl com pound ,  which 
was then subjected to  a substitution reaction with K 14CN . The phthalyl- 
acetonitr ile -l-14C thus ob ta ined  was hydrolysed to  the  glycine derivative, which 
was then t ransfo rm ed  into S-aminolevulinic acid-4-14C hydrochloride by the 
usual m ethod .

The yield o f  phthalylglycine-l-14C based on  K14CN , is appreciably better  
when the radioactive cyanide is reacted with N-chloromethyl phthalimide, 
(in the p rior  synthesis <8) glycine-l-14C used as start ing  material, had to  be 
previously synthesised an d  then condensed with phthalic anhydride); tha t  
im provem ent justifies the  extra steps required by the  new synthesis.

E x p e r im e n t a l .

N-oxym ethylphthalim ide. 10 g phthalim ide was heated  2 hr a t l 0 0 ° C  
with 25 mi 10 % aqueous form aldehyde in a closed tube with occasional shaking 
until the phthalim ide w ent into solution (about 30 min). After cooling and 
opening the tube the  solvent was evaporated  and the p roduct recrystallized' 
from ethanol- to luene (1 : 1) m .p. 146-148° C (lit. 141-142° C from to lu e n e ) <10>.

N-chloromethylphthalimide. N -oxym ethylphthalim ide was reacted with 
excess thionyl chloride, fo r  2 hr at ro o m  tem perature .  The mixture was heated  
for 30 min at 90-100° C, then the excess reagent was evaporated . The residue 
was trea ted  three times with anhydrous benzene, evaporating  the solvent un d er  
reduced pressure each time. The p roduct recrystallized from toluene melted 
at 133-134° C (lit. 132-134° C) from benzene (11).

P hthalylacetonitrile-l-u C. 2,234 g N -chlorom ethylphtha lim ide dissolved 
in 5 mi h o t  dioxane was poured  into a solution o f  0.6517 g K C N  contain ing 
11.3 mg K 14C N  (5 mCi) in 20 m i anhydrous  m ethanol.  The mixture was 
stirred 5 hr, then  the precipita ted KC1 was centrifuged out and  washed three 
times with small portions o f  ho t  d ioxane which was then added  to  the solution. 
O n evaporation  o f  the  solvent 1,769 g phthalylacetonitr ile-l-14C  was obta ined  
(95%). The p roduc t  was recrystallized from water, m.p. 121-122° C (lit. 124- 
125° C, from ethanol)  <12).

PhthaIylglyeine-l-l lC. 1,769 g crude ph tha ly lace ton itr ile -l-14C was sus­
pended  in 30 mi acetic acid-HCI ( 3 : 1 )  and  refluxed for 1 hr. The acid solution 
was evapora ted  under  reduced pressure, the residue taken  up with 5 mi water 
and  evaporated  to  dryness, this t rea tm en t w asrepea ted  2 o r 3  times. The crystal- 
line p roduc t  was suspended in 5 mi o f  ice w ater  afterwards, it was filtered
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immediately and washed with ano ther  5 mi ice water, and finally dried. 1,753 g 
phthalylglycine-l- ,4C was ob ta ined  (90%, 85.5%  based on K 14CN), m.p. 
189-192° C ,13).

Glycine-l-14C was dem onstra ted  to  be present in the water  washing by 
pap e r  ch rom atography  an d  Thin Layer C hrom atography . This aqueous 
solution, which we colled (1) was w orked as described below, for the purifica- 
t ion  o f  the final product.

Phthalylglycine-I-14C  chloride. 1,753 g phthalylglycine-l-14C and  8 mi 
thionyl chloride were kept for 2 hr at 40-50° C  and  then heated to  80-90° C 
until all the solid had gone into solution (about 20 min). The excess reagent 
was evaporated  under  reduced pressure and  eliminated completely by the 
addition o f  3 portions o f  anhydrous benzene and subsequent evaporation. 
T he  slightly yellow crystalline product weighed 1,922 g (100%), m.p. 84-84.5° C 
(lit. 84-85° C) (14).

l-Diazo-3-phthal¡midopropanone-2-14C  (8>. A solution o f  1,922 g phthalyl- 
glycine 1-14C  chloride in 20 mi anhydrous  e ther  was added  d rop  by d rop  into 
a  solution o f 2 2  millimoles d iazim ethane in 60 mi e ther  with stirring, at — 5 ° C  
th roughou t  the addition. Immediately after the addition o f  some phthalyl- 
glycine-l-14C chloride, a “ flocculent” white precipítate, began to  separate from 
the mixture, which was kept overnight in the refrigerator. U pon  evaporation  
o f  the solvent, 1,878 g l-d iazo-3-phtha lim idopropanone-2-14C was obtained 
(95% , 82%  based on  K 14CN ), m.p. 168° C decomp.

l-Bromo-3-pluhalimidopropanone-2-14C . 2.5 mi 48%  HBr was slowly 
added , with stirring to  a suspensión o f  1,878 g 1 -d iazo-3-phtha lim idopropanone- 
2-14C in 30 mi glacial acetic acid. The solid was observed to  dissolve with 
evolution o f  n itrogen gas. Stirring was continued for 3 hr, after which the sol- 
vents were evapora ted  under  reduced pressure, the rem aining HBr was eli­
m inated  by addition and  evaporation  o f  severa! small portions o f  water. The 
solid residue was taken  with benzene and filtered, and  the solution was eva­
po ra ted  to  dryness affording 2,171 g l -b rom o-3-phtha lim idopropanone-2-14C 
(77%  based on K14CN), which after recrystallization from ethanol melted at 
147-148° C, form benzene (15).

8-Aminolevulinic acid-4-14C hydrochloride. A suspensión in dimethyl- 
fo rm am ide (recently distilled) o f  5,712 g di-t-butyl m alonate  sodium derivative, 
p repared  by treating the ester with sodium metal at room  tem perature  in 
anhydrous  ether, was added to  a solution o f  2 ,711 g l-brom o-3-phtha lim ido- 
propanone-2 -14C in d im ethylform am ide and the mixture was stirred for 24 hr 
at room  tem perature ,  after which the reddish solution was evaporated  to  dryness 
under  reduced pressure. The crystalline residue was taken  up with 20 mi 
dioxane and  sa tura ted  with gaseous HC1 at 0° C, and  kept at room  tem perature  
overnight. The dioxane was then evaporated  and  the residue suspended in 
HCl-acetic acid (1 : 1) a n d  refluxed for 24 hr. The solution was evaporated  
to  dryness, taken  up with distilled water and  evapora ted  (once more). This 
opera tion  was repeated three times, and  finally the residue was suspended in
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water,  filtered and  washed until the  solution was colourless. The yellow fíltrate 
contained  S-aminolevulinic acid-4-u C  an d  o ther  ninhydrin-positive impurities, 
as well as a radioactive substance whose presence could n o t  be detected with 
ninhydrin <2). The crude acid hydrochloride solution was poured  on to  a Dowex 
50 W  x  12 (H +) column (100 X 1 cm) and eluted (6 ml/hr) at  room  tempera- 
ture  with 0.05 N  HC1, collecting 100 fractions o f  3 mi each <8). The elution 
was completed with 600 mi 1 N  HC1. N o  destruction o f  the p roduc t  was 
observed. The fractions contain ing the puré p roduct were frozen-dried, yield- 
ing 0,826 g S-aminolevulinic acid-4-14C  (50 % based on K 14CN). The fraction 
containing S aminolevulinic acid and glicine -1-14C, were frozen-dried together 
with solution (1), and the mixture was separated into its com ponents  by 
ch rom atography  on cellulose colum n (4 x  40 cm), using as solvent the upper 
phase (a t  24° C) o f  butanol-acetic acid-water (31.5 : 5 : 13.5) a t  a ratio  o f  6 ml/hr. 
200 fractions o f  3 mi each were collected, and those contain ing puré J-am ino- 
levulinic acid-4-14C hydrochloride were frozen-dried to  aflford 0,102 g of  the 
product (6 % based on K 14CN), with added to  the previous quantity  gives a 
overall yield o f  56 %.

Radioactivity measurem ents were done with a  “ liquid scintillator” , a 
valué o f  0.47 m C i/m M  was obtained.

By using the enzyme, S-aminolevulinic dehidratase, the biological acti- 
vitv o f  the product was dem ónstrate .
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