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A SYNTHESI S OF PORPHOBILINOG EN-1 1-13 C 

Grac ie l a  Buldain and Aldonia Valasinas  
Facul tad d e  Farmacia y Bioqu-mica, Universidad d e  Buenos 
A i r e s ,  J u n h  956, Buenos Aires, Argentina 

SUMMARY 

P ~ r p h o b i l i n o g e n - l l - ~ ~ C  w a s  prepared by using benzyl  34 P -me- 

thoxycarbonylethyl) -4- (methoxycarbonylmethyl)-2-pyrrolecarboxyla- 
t e  as a s t a r t i n g  material, A Vilsmeier-Haak formylat ion wi th  N , N '  

d i n ~ e t h y l f o r m - ~ ~ C - a m i d e  gave t h e  2-formylpyrrole, which w a s  trans_ 

formed i n t o  its oxime, and t h e  l a t t e r  w a s  hydrogenated t o  t h e  hy- 

d roch lo r ide  of 5-carboxyporphobilinogen dimethyl  ester. The hydrg 

ch lo r ide  cycl ized t o  5-carboxyporphobilinogen lactam a t  pH 9, and 

t h e  la t ter  was f i r s t  decarboxylated and then sapon i f i ed  to g i v e  

t h e  t i t l e  cmpound. 

Key Words: Porphobilinogen, N,N' - d i m e t h y l f ~ r m i r m i d ~ ~ ~ C ,  Vilsmeier-Haak. 

1NTRonrr CT TON 

Porphobilinogen (PIG) 1 is t h e  b i o s y n t h e t i c  p recu r so r  of a l l  t h e  n a t u r a l  porphy - 
r i n s  (1). A s  such i t  has  been t h e  t a r g e t  of many chemical s y n t h e s i s  (2-6). t o  prepa- 

re i t  both as un labe l l ed  and as l a b e l l e d  material. Of s p e c i a l  importance is t h e  s y ~  

t h e s i s  of PBG-11-13C, which has been v e r y  u s e f u l  i n  b i o s y n t h e t i c  s t u d i e s  (7,8), si_n 

ce  t h e  11-aminomethyl r e s i d u e  g ives  rise t o  t h e  meso-methine b r idges  of t h e  porphy- 
r i n s  (1). The s y n t h e s i s  of P ~ ~ - l l - ~ ~ c  has  been descr ibed ( 4 ) .  and i t  has a l s o  been 

prepared (9) by using one of t h e  aforementioned s y n t h e t i c  approaches (5). We found 

however, t h a t  n e i t h e r  method gave e n t i r e l y  s a t i s f a c t o r y  r e s u l t s  f o r  t h e  s y n t h e s i s  of 
PBG-11-13C and w e  t h e r e f o r e  want t o  r e p o r t  he re  a s y n t h e t i c  approach t o  PBG-11-13C 

which gave good and r ep roduc ib le  y i e l d s  a t  a l l  t h e  s t ages  of t h e  sequence of l a b e l -  

l e d  in t e rmed ia t e s .  

The s t a r t i n g  material was t h e  by now e a s i l y  a v a i l a b l e  p y r r o l e  2 (101, which was 

transformed i n t o  t h e  2-formylpyrrole L w i t h  a Vilsmeier r e a c t i o n  using N,N' -dime- 
- 

- 
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t h y l f o r m a u ~ i d e - ~ ~ C  (Scheme I). The fo rmylpyr ro le  3 w a s  then t ransformed i n t o  i t s  ox$ 

m e  4, and t h e  l a t t e r  w a s  reduced w i t h  hydrogen ove r  10% pal ladium on c h a r c o a l  t o  t h e  

hydroch lo r ide  5. A simultaneous hydrogeno lys i s  of t h e  b e n y l  ester also t ook  p l a c e  

du r ing  t h e  r e a c t i o n .  The hydroch lo r ide  o f  t h e  aminoacid 2, when d i s s o l v e d  i n  anhy- 

drous methanol,  spontaneously c y c l i z e d  t o  t h e  lactam 5 (88% y i e l d )  when t h e  s o l u t i o n  

was  a d j u s t e d  t o  pH 8.5 w i t h  base.  
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Synthesis of Porphobilinogen-17- C 

t o  t h e  P B G - ~ ~ - ' ~ C  lactam 1, which 

d rox ide  a t  20'C. This  seqyence of 

b i l i n o g e n  1 s y n t h e s i s .  - 
A v a l u e  of approximately 35-36 

The f i n a l  t r ans fo rma t ion  of t h e  5-carboxylactam 2 i n  & w a s  achieved by two w e l l  

hiown r e a c t i o n s  (3,111, By d i s s o l u t i o n  of 2 i n  b o i l i n g  water i t  w a s  decarboxylated - 1, 

was s a p o n i f i e d  t o  PBG-ll-L"C 1. by 2N potassium hy_ 

reactions a l s o  p rov ides  a s i m p l e  method of porph? 
- 

ppm w a s  determined for  t h e  Z - a m i n ~ m e t h y l - ~ ~ C  i n  

t h e  p y r r o l e  Mannich bases  1 and 2, t h a t  s h i f t e d  t o  41-41.5 ppm i n  t h e  c y c l i c  lactams 

5 and 2 der ived  from then. 
I - 

- - - 
EXPERIMENTAL 

A l l  me l t ing  p o i n t s  were taken on t h e  Kof l e r  b l o c k  and a r e  uncor rec t ed .  h-NMR 

s p e c t r a  were recorded on a Perkin-Elmer R-12 spec t romete r ;  CMR were recorded on a V_a 

r i a n  FT-80A spec t romete r ,  Me S i  w a s  used as i n t e r n a l  s t anda rd .  4 
Yic roana lys i s  were performed by t h e  Alfred Bernhardt Mikroana ly t i s ches  Laborato- 

rium (FLbach). 

-1- C-3-(methoxycarbonylmethy1) -4-( fs methoxycarbonylethyl)-5-pyrrol_e 
ca rboxy la t e  2. N,N'-Dimethylf~rm-~~C-amide (90% 1 3  C , l  mL, 12 mmol) and 1.1 mL (12 mmol) 

of phosphorous oxych lo r ide  were mixed a t  5°C. Af t e r  keeping t h e  mix tu re  a t  20'C dur ing  

15 min, i t  w a s  aga in  cooled t o  5"C, and a s o l u t i o n  of 1.4 g of 2 i n  8 mL of 1 . 2 - d i c h l ~  

roe thane  w a s  s lowly added. The mix tu re  w a s  heated and s t i r r e d  a t  85'C during 90 min, 

and then cooled and a d j u s t e d  t o  pH w i t h  a concen t r a t ed  sodium hydroxide s o l u t i o n .  The 

mix tu re  was  poured ove r  200 mL of water, t h e  s o l u t i o n  was e x t r a c t e d  w i t h  chloroform ( 3  

x 80 mL), t h e  e x t r a c t s  were washed w i t h  w a t e r  (40 mL), d r i e d  (Na2S04), and evaporated 

to  d ryness  i n  vacuo. The r e s i d u e  w a s  d i s s o l v e d  i n  a small v o l m e  of  32 methanol i n  c h l c  

roform, adsorbed on a c o l u m  (2 x 30 cm) of TLC s i l i c a  g e l  (Fluca AG) packed w i t h  t h e  

same s o l v e n t ,  and t h e  aldehyde 3 was e l u t e d  by using t h e  former so lven t  and applying a 

s l i g h t  n i t r o g e n  p r e s s u r e ;  1.26 g (82%) of 3 were o b t a i n e d ,  mp 79-8OoC (ethanol-water)  ; 

'H NMR(CDC13), 

5.3 (s,2H,CH2Ph), 7.4 (b,5H,Ph), 9.7 (a,lH,CHO); ClG3(CDCl3), 

Calcd.for CZOH2N07: C,62.0; 11.5.4; N.3.6. Found: C.62.1; H.5.5; N,3.7. 

1 3  

- 
9 

- 
- 

2.5, 2.9 (m,m,4H,CH CH CO 1, 3.5, 3.6 (s,s,6H,OCH ), 3.8 (s,2H,CH2C02), 
2 2 2  3 

181.1 (d,CHO). Anal. 

p y r r o l e c a r b o x y l a t e  5. A s o l u t i o n  of 0.6 F: of hydroxylamine hydroch lo r ide  i n  25 mL of a: 

hydrous methanol w a s  added t o  a second s o l u t i o n  of 0.2 R of sodium i n  30 mL of t h e  same 
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s o l v e n t .  The a ldehyde  2 (1.26 g )  w a s  added t o  t h e  mix tu re ,  and t h e  l a t t e r  was then 

hea ted  under r e f l u x  f o r  30 min, coo led ,  and poured  over 200  mL of ice-water. The 

p r e c i p i t a t e d  was 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  from e thano l -wa te r :  1.25 g 

(96%): mp 88-9OoC, w i t h  c r y s t a l l i z a t i o n  and r e m e l t i n g  a t  118-124OC; 'H NMR (Cl3CD), 

- 

- 

8.2 (b,lH,CENOH). Ana1.Calcd.for C20H22N207: C,59,7: H.5.5; N,7.0. Found: C,59.6; 

H,5.b; N,6.9. 

Hyd+ochloride-aminomethyl-3- ( m e t  hoxy carbony lme t h y 1  1-4 - ( p -met hoxy ca rb  onyle- 

thyl)-5-pyrrolecarboxylic a c i d  5. A s o l u t i o n  of 1.25 g of  oxime 

methanol and 1.5 mL o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  were reduced  w i t h  hydrogen 

a t  50 p s i  du r ing  3.5 h over  1.5 g of 10% Pd on  c h a r c o a l .  The c a t a l y s t  was then  f i l -  

t e r e d ,  t h e  s o l u t i o n  was evapora ted  i n  vacuo a t  30°C, and t h e  r e s i d u e  was d r i e d  i n  va_ 

CUO o v e r n i g h t  o v e r  a l k a l i .  The h y d r o c h l o r i d e  2 w a s  c r y s t a l l i z e d  f r a n  dry  methanol- 

e t h e r ;  0.87 g (84%);  mp 206-208°C: 'H NMR(D20); 2.7.3.0 (m,m,f+H,CH2CH2C02); 3.7,  

3 .85  (s,s,6H,0CH3), 3.75 ( s , ~ H , C H ~ C O ~ ) ,  4.35 (s,2H-CH2NH3 ) ,  C?IR(D20): 

NH >. Anal.Ca1cd.for Cl3Hl9C1N2O6: C.61.3, H,7.5; N . 1 1 . 0 .  Found: C,61,2; H,7 .4 ,  N, 3 
1 1 . 2 .  

5-Carjioxy p~rphibilinogen-ll-~~C-lactam methyl  ester 2. A s o l u t i o n  of 0.87 g of hy- 

d r o c h l o r i d e  5 i n  140 mL dry  methanol ( f r e s h l y  d i s t i l l e d  ove r  C a H  1, was a d j u s t e d  t o  

DH 8.5 w i t h  sodium methoxide i n  methanol.  The m i x t u r e  w a s  s t i r r e d  o v e r n i g h t ,  then  

poured o v e r  a n  equa l  volume of water, and t h e  carboxylac tam 5 w a s  p r e c i p i t a t e d  by 

a d d i t i o n  of concen t r a t ed  h y d r o c h l o r i c  ac id .  The p r e c i p i t a t e  was f i l t e r e d ,  washed 

wi th  w a t e r ,  and d r i e d ;  0 .6  g (88%); mp 236-238'C (methanol ) ;  'H NYR(I)%O), 

2.7 (m,m,4H,CIl CH CO ), 3.1(b,2H,CH2CONH), 3.5(s,3H,0CH3), 4.2(b,2H,CH2NH), 7.65 (b. 

l l ( , C O w ) ,  11.2 (b,lI1,CO2H); MR(?l-rX)Na), 

P ~ r p h o b i l i n o g e n - l l - l ~ C  lactam methy l  ester 1. A suspens ion  of 600 mg of 5 i n  90 m L  

of wa te r  w a s  h e a t e d  under r e f l u x  u n t i l  a l l  t h e  s o l i d  d i s s o l v e d ,  and t h e  hea t ing  w a s  

then cont inued  f o r  a f u r t h e r  1 h .  The s o l u t i o n  w a s  evapora t ed  t o  d r y n e s s  i n  vacuo, 

and t h e  r e s i d u e  was c r y s t a l l i z e d  from methanol:  360 mg (70%);  mp 244-245'C; %-NMR 

(DMSO) , 2.8 (rn,4H,CH2CH2CO2), 3.6 (s,3H,0CH3), 3.9 (b,2H,CH2CO), 4.6 (b,2H,CJ2NH), 

6.8 (h.1H.H-5). 8.0 (b,lH,NH); CM((DMSO), 41.58 (t,CI12NH). Anal .Calcd . for  C H N 11 14 2 
03: C.59.4; 11.6.7; N,12.7. Found: C.59.3; H , 6 . 3 ;  N,12.7. 

P o r p h ~ b i l i n o ~ e n - l l - ~ ~ C  2. The l ac tam ester I (360 mg) w a s  d i s s o l v e d  w i t h  s t i r r i n g  i n  

a m i x t u r e  of  5 mL of methanol and 5 mL of 4N po tas s ium hydroxide .  The s o l u t i o n  w a s  

kept  a t  2O'C dur ing  7 2  h ,  t h e  methanol w a s  evapora t ed  w i t h  a stream of n i t r o g e n ,  

i n  150 mL of dry  - 

+ 34.8 (t,CH2 
+ 

- 2 

- 
2 . 5 ,  

2 2 2  
41.18( t  ,CH,NH). 

- 

- 
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was f i l t e r e d  off, washed w i t h  cold water, then methanol,  d r i ed ,  and s t o r e d  a t  20°C: 

296 mg (75%) ; 'H NMR (0.5M-NaOD) $2.1,2.6 (m ,m,4H,CH2CH2CO), 3.2(s, 2H, CH2CO), 3 .5(s ,  

2H CH NH ), 6.6(b,lH,H-5); CMR (Y-NaOD), s35.9(t,CH2NH2). The PBG-11 C was pure 

when compared by paper chromathography w i t h  an a u t h e n t i c  s y n t h e t i c  sample (3) and 

was completely consmed when incubated w i t h  PBC deaminase (1). 

13  
'-2 2 
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