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SUUUARY 

Ethy 1 3- dime thy l a d n o m t h y  1- 5 -ben zy loxy - 6 - azain d o h -  2 - carboxy- 
late w a s  condensed with t h e  sodim s a l t  of d i e t h y l  malmate-2-10C 
i n  deca l ine ,  i n d  e*yl 5-benyloxy-2-ethoxycarbcnyl-6-azaindole-3- 
(2 ' -e thoxycarbmyl)  pr~picna te-2 ' -~ 'C hydrodrlor ida waa obtained 

i n  good y i e l d .  Further  t reatment  of the l a b e l l e d  azaindole with 
a c i d  a f f o r b d  t h e  labe l led  6-azaindanme which w a s  reduced t o  

5-carboxyporphcb i l inogen lactam. Decarboxylatim and s a p m i f i c a t -  
icn of t h e  la t ter  af forded  porph&ilinoger1-9-~~C with in o v e r a l l  
y i e l d  of 27% i n  t h e  f i v e  l a b e l l e d  s teps .  

Key Words : 6-azaindoles, d i e t h y l  malcnnate-2-14C, porphohilinogaa-"C. 

INTRODUCTION 

Pofphobilinogen i is  the m i v e r s a l  metabolic precurrror of all the  n a t u r a l  

porphyrins, c h l o r i n s ,  and corrins (1). lhe p r e p a r a t i m  of l a b e l l e d  poxphobili- 

nogen 2 is of permanent i n t e r e s t  since it is uped both for  research and for 

c l i n i c a l  s t u d i e s .  Although porphobilinogen-"C can be  obtained f r o m  its rneta- 

b o l i c  precursor ,  5-aminolevulinic 

acid, by making use of i m m a b i l i -  

'"'<;LCO2H 5 NH2 zed aminolevul inic  ac id  dehydra- 

n tase (21 ,  t h e  s y q t h e t i c  

- 1 approaches t o  are c l e a r l y  t h e  

methods of choice when s p e c i f i c a l l y  l a b e l l e d  poxphobilinogen is desired.  

Porph&ilinogen has been t h e  subject of several syntheses  which made use 

of t h e  classical Knorr s y n t h e s i s  of pyrroles (3-6). lhe m c e t  elaborate of 
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them (6)  allawed the  synthesis of po1phobilinogen-6-~~C. A d i f f e ren t  route of  

wm damloped by Frydmw a t  al ( 7 ) ,  which mda w e  of the  transformatian of 

conveniently subs t i tu ted  6-azaindoles i n t o  porphcbilinogen lactam, followed 

by a saponi f ica t i tn  of the  lat ter t o  porphobilinogen A. This method, together 

with its recent modifications (81, offers  an extremely ve r sa t i l e  route for the 

introduction of labe l led  atom i n  the  porphobilinogen molecule. Hornover, s ince 

the synthesis of  pyrroles f r o m  azaindoles can also be w e d  t o  prepare porpho- 

bilinogen-like molecules (91, the method can be w e d  t o  l a b e l  the 2-aminomthyl- 

pyrroles a t  canvenient sites. The o r ig ina l  synthesis (7 )  has been used t o  

prepare porphcbilinogen-8-14C for b icsynthe t ic  s tud ie s  (101, (11). 

D d n g  the course of  our wo* cn urcporphyrinogen bicaynthesis (see (12) 

and references there in) ,  we have mainly w e d  porphobilinogen-9-"C, which cw 

eas i ly  be prepared by introducing seve ra l  m d i f i c a t i t n s  i n  t he  o r ig ina l  synthesis 

( 7 ) .  The readily available e t h y l  2-benzyloxy-5-nitro-4-pyridincrpyruvate 1 ( 71, 

w a s  reduced with iron pmder  i n  a c a t i c  ac id  t o  give the  5-benzyloxy-6-azaindole 

- 3 i n  58% yield.  This procedure is a carsiderable improvement ovBr the  o r ig ina l  

mthod ( c a t a l y t i c  hydrogenaticm), and avoids the use of chromathographic 

procedures. The azdndole  Z w i r p  then converted i n t o  its Mannich base 5 

f o l l d n g  the o r ig ina l  procedure (71, and the  l a t t e r  w a s  reacted with d ie thyl  

mala1ate-2-~~C in decaline i n  the presence of sodium. The 6-azdndole hydro- 

chloride Ewm thw obtained labe l led  a t  the  s i d e  c h d n  i n  50% yie ld .  Treatmnt 

of b with boi l ing  hydrochloric ac id  produced the hydrolysis of a l l  the  e s t e r  

gmups, of the 5-benzyloxy e t h e r  residurr, aa w e l l  a8 t h e  simultaneous 

cbcafioxylatian of  the 2*-carboxyprcpionate.  he re su l t i ng  azaindanane-14C a 
w a s  reduced by c a t a l y t i c  hydrogenation t o  the  carboxylactam-"C 1. 
Ihcarboxylaticm of the  l a t t e r  i n  bo i l ing  water gave p0rphobilinogen-9-'~C 

lactam 0 which wm t r ans fo rmd  e i t h e r  i n t o  the  methyl ester by t r n a t m n t  

w i t h  diaecmthane (for m e  in pyrrylmethane synthesis) (121, or i n t o  porpho- 

bilinogon-g-"C by s p c n i f i c a t i t n  with 2N potassium hydroxide (7). 
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EXPERIHENTAL 

Melting pointa am Imcormcted. Radioactivity w a a  measured by the l iquid 

s c i n t i l l a t i a n  technique using an ICN TRACERLAB m o b 1  SC-722 spectromter.  

Diethyl ~ l a n a t e - % ~ ~ C  w a s  purchased from Nw hg land  Nuclear.  

Ethyl 5-benzyloxy-6-azaindole-2-ca~oxylate 8 .  A mixturm of 5 g of pyridine- 

pyruvate 2 (71, 25 g of imn p m b r  (Harck's I m n  reduced), 100 ml of acet ic  

acid, end 50 ml of water, w a ,  s t i r r e d  and heated a t  13O0(extexmal bath) 

during 30 min. Ihe  bath tenperatum w a n  ~ l a v l y  raised from room tenperaturn 

t o  130° t o  avoid foaming. The mixture w a s  then cooled, poured over 500 ml  of 

ice water, t he  precipitate was f i l tered,  dried, and extracted i n  Soxhlet 

extraction q p a m t u s  wi th  e thyl  acetate. I h e  extract8 were evapomted t o  

dryness, and the maid- w a s  cry8tall ized from ethanol-water; 2.5 g (58%); 

np 150-152O (lit. ( 7) , mp 150-152O). 

Ethyl 5-benzyloxy-2-ethoxycarbanyl-6-azaindole-3-(2~-ethoxycarbonyl) propimate- 

2*-"C hydrochlori& 1. ?he 6-azaindole i (600 mg) w a s  transformed i n t o  the 
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Mannich base dihydrochloride 2 (400 mg) f o l l w i n g  t h e  descr ibed procedure (7) .  

The free base w a s  then l i b e r a t e d  from i ts  sa l t  by d i s s o l u t i c n  i n  aqueous 

a l k a l i  and ex t rac t ion  i n t o  e t h y l  e t h e r .  

The c r y s t a l l i n e  base 2 (200 mg) w a s  d i sso lved  i n  6 m l  of decal ine and 50 I% 

of sodium followed by 160 mg of d i e t h y l  malonate-2-"C (2mCi, 4mCi/mmol) w e r e  

added. Ihe mixture w a s  hea ted  a t  12O0 during 6 h r  rndar anhydro- conditions. 

The w k m  decal ine s o l u t i o n  was then d i l u t e d  with 10 m l  of e t h e r  and 6 m l  of 

2N hydrochlor ic  acid,  t h e  mixture w a s  c o o b d ,  m d  t h e  p r e c i p i t a t e  E w a s  

f i l t e r e d ,  d r i e d  and c r y s t a l l i z e d  f r o m  e thanol-ether ;  150 mg (50%); np 158O 

( l i t .  (71, mp 158O); s p e c i f i c  a c t i v i t y ,  2.7mCi/mol. 

2-Carboxy-5-oxo-5,6-lH-pyrrolo [ 2,3-c] p y r i d i n e - 3 - p r ~ p i m i c - 2 ~ - ~ ~ C  a c i d  6.  

The 6-azaind01ylmethylmalonate-~~C hydrochloride 5 (150 mg) w a s  d issolved i n  

2 ml of concentrated hydrochlor ic  a c i d  and heated mder r e f l u x  f o r  6 hr .  The 

s o l u t i c n  w a s  evaporated t o  dryness, t h e  res idue  w a s  d issolved i n  25 m l  of a 

10% sodium carbonate s o l u t i o n ,  and t h e  a c i d  w a s  p r e c i p i t a t e d  a t  pH 4 with 

acetic acid; 70 mg (94%); s p e c i f i c  a c t i v i t y ,  2.2mCi/mmol; np 28O0 ( l i t .  (7 ) ;  

mp 2800). 

2-Carbo~-5-oxo-4,5,6,7-tetrahydro-lH-pyrrolo 2.3-c pyridine-%prcpicnic-2'- 

- I4C  a c i d  (5-ca?boxyporphobilinogem lactam) 7. The a ~ a i n d a n o n e - ~ ~ C  6 (70 mg) 

w a s  d issolved i n  5 m l  of a sodium cadonate s o l u t i o n  (pH 71, and w a s  reduced 

with hydrogen a t  50 p.s.i. over 70 nig of 10% palladium tn charcoal  for  2 h r .  

The c a t a l y s t  w a s  removed and t h e  s o l u t i c n  w a s  adjus ted  t o  pH 4 with acetic acid. 

The p r e c i p i t a t e  w a s  c o l l e c t e d  dissolved i n  a smll  volume of 

hydroxide and was f i l t e r e d  through an alumina column (aluminium oxid goakt iv ,  

n e u t r a l ,  C. Merck), using t h e  same ammonium hydroxide s o l u t i o n  for e l u t i o n .  

The e l u a t e  w a s  a c i d i f i e d  t o  pH 4 wi th  acetic ac id  and t h e  p r e c i p i t a t e  w a s  

c o l l e c t e d  and dr ied ;  68 mg (90%) s p e c i f i c  a c t i v i t y ,  1.26mCi/nmol; rrp 295O 

( l i t .  (71, np 295O). 

Poxphobilinogen-9- 14C lactam 8. 5-Carbo~yporphcbilinogen-9-'~C lactam 1 (68mg) 
w a s  suspendad i n  10 ml of water and hea ted  under r e f l u x  for 4 hr. The s o l u t i o n  

ammonium 
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w a s  evaporated t o  dxyness and th residue w a s  recrys ta l l ized  from water; 50 mg 

(95%); s p e c i f i c  ac t iv i ty ,  1.35mCi/mml; np 290° (lit. (7)  295O). 

Porphobilinopn-9-1‘C 1. The fonner lactam S -“C (50 mg) was dissolved i n  1 m l  

of 2 N  potaesium hydroxide and the  soluticm w a s  kept a t  20Oduring 72 hr .  I t  

w a a  then a d j w t e d  t o  pH 4 with concentrated ace t i c  acid,  cooled, t he  p rec ip i t a t e  

of i w a a  f i l t e r e d ,  dried, and pu r i f i ed  by dissolution i n  d i lu t e  ammmium 

hydroxide and prec ip i ta t ion  with cancentrated a c e t i c  acid; 40 mg (68%); s p e c i f i c  

ac t iv i ty  1.22mCi/mol; mp 165O(Llt. (1) 167O). I t  w a s  pum by paper radio- 

chromatography and w a s  quant i ta t ive ly  transformad in to  urcporphyrinogen I by 

porphcbilinogen deaminirse. 
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