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AN EFFICIENT ROUTE TO 

J. 0. Grunewald*, 

XANTHOBI LIRUBIC ACID, A N  OXODI PYRRY L M E T H E N E ~  

R. Cullen, J. Bredfeldt and E. R. Strope 

Department of Biochemistry 
University of Kansas Medical Center 

Kansas City, Kansas 66103 

2 Although the monumental work of Fischer and his colleagues still 

serves as the primary reference to synthetic procedures for monopyrrol es 

and pyrrole pigments, some of the methods for the preparation of moder- 

ately complex molecules are tedious and require many steps. Additionally 

some of Fischer's improvements on his earlier work are difficult to 

locate in the literature. We report here a more efficient route to 

xanthobi 1 irubic acid (Ia, 5-[ (1,5-di hydro-3-ethyl -4-methyl -5-oxo-2i- 

pyrrol-2-yl i dene)methyl]-2,4-dimethyl- I!-pyrrol e-3-propanoic acid) , using 
modified 1 iterature procedures. Oxodipyrrylmethenes such as Ia are use- 

ful as model compounds for bilirubin (11) in photooxidation ~ t u d i e s , ~  an 

area of intense research interest because of the use of phototherapy in 

neonatal jaundice. 

4 

5 

Ia R1 = CH2CH2COOH I 1  R1 = CH2CH2COOH 

I b  R1 = CH2CH2COOCH3 R2 = CH=CH2 
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GRUNEWAID, CULLEN, BREDFELDT AND STROPE 

The key step i n  the  synthesis o f  I a  i s  the condensation o f  2-bromo- 

methylene-3-ethyl-4-methyl-3-pyrrol in-5-one ( I 1  I ) w i t h  2,4-dimethyl-lH- - 

pyrrole-3-propanoic ac id  ( IV) ,  6-8 which proceeds i n  reasonable y i e l d  t o  

H H 

I 1 1  I V  

g ive  the methyl es te r  I b .  

reactants i n  s a t i s f a c t o r y  y i e l d s  and p u r i t y .  

I I I i nvol  ves reac t  i on o f  2,4-dimethyl-3-e thy1 - l l - p y r r o l  e (kryp topy r ro l  e , 
V) w i t h  hydrogen peroxide, then brominat ion o f  the  product, 4-ethyl-3,5- 

dimethyl-3-pyrrol  i n-2-one (V I )  . 
bromine/mole VI )  gave on ly  t race  amounts o f  I 11  i n  an i n t r a c t a b l e  mix- 

tu re .  

The problem l i e s  i n  ob ta in ing  the  monopyrrol ic 

The two-step synthesis o f  

9 

7 Fischer  ' s  o r i g i n a l  procedure (0.5 mole 

'$3 1'2~5 '$3 1'2~5 
Br, 

.. 
H H 

V V I  

8 Only when a l a t e r  mod i f ied  procedure was found 

V I )  was I11 obtained i n  good y i e l d .  

(1.8 mole bromine/mole 

Both o f  the methods developed by Fischer for t he  synthesis o f  2,4- 

dimethyl-l~-pyrrole-3-propanoic a c i d  ( IV) "  requ i red  f i v e  steps and u t i -  

1 i zed  e thy l  3,5-dimethyl-l~-pyrrole-2-carboxylate ( V I I )  as s t a r t i n g  

mater ia l .  

d i e t h y l  methoxymethylmalonate, the synthesis o f  which invo lves  the use 

One r o u t e  employed hydrogen cyanide" and the  o ther  requ i red  
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AN EFFICIENT ROUTE TO XANTHOBILIRUBIC ACID 

of the  carcinogen, chloromethyl methyl ether.12 A d d i t i o n a l l y  compound 

V I I  i t s e l f  i s  no t  a v a i l a b l e  commercial ly and must be prepared i n  two 

steps13 from d i e t h y l  3,5-dimethyl-1~-pyrrole-2,4-dicarboxylate (V I  11).  9 

We there fore  sought a more convenient synthesis f o r  I V ;  thus we pre- 

pared e t hy 1 4- (2 -e t hoxyca r bo ny 1 e t hy 1 ) - 3,5 - d i me t hy 1 - 11- py r  r o  1 e- 2 -car bo xy- 
14 l a t e  ( IX)  according t o  the  simple two-step procedure o f  Bu l lock  e t  a l .  

using the r e a d i l y  a v a i l a b l e  s t a r t i n g  ma te r ia l s  2,4-pentanedione, e t h y l  

ac ry la te  and e thy l  acetoacetate. The hyd ro l ys i s  o f  I X  t o  the  d i a c i d  X 

proceeded i n  near q u a n t i t a t i v e  y i e l d  when n i t r i c  ins tead o f  s u l f u r i c  ac id  

H 2 CH2 COOH 
1 )  NaOH 

> 
EtOOC 2 )  HN03 HOOC CH3 H2° 

H H 

I X  X 

was used t o  n e u t r a l i z e  the  hydro lys is  mixture,  so t h a t  on l y  a small 

amount o f  water was necessary t o  wash the  inorgan ic  s a l t  away from the  

product ( X  i s  q u i t e  so lub le  i n  water ) .  The unpur i f i ed  d i a c i d  X was de- 

carboxylated by heat ing i t  i n  water;15 e x t r a c t i o n  w i t h  ether gave I V  i n  

75-85% y i e l d .  Since I V  i s  r a p i d l y  ox id i zed  i n  a i r ,  a l l  poss ib le  manipu- 

l a t i o n s  were c a r r i e d  o u t  under n i t rogen.  

We mod i f ied  F ischer 's  condensation by using p u r i f i e d  

I 1 1  and the f r e e  a c i d  r a t h e r  than i t s  methyl es te r  and by c a r r y i n g  o u t  

the reac t i on  under n i t rogen  t o  prevent ox ida t i on  o f  I V  and the  product. 

The pure methyl es te r  I b  i s  obtained ( e s t e r i f i e d  by the  solvent,  l i b e r -  

ated HBr as c a t a l y s t )  i n  g rea ter  than f i f t y  percent y i e l d  a f t e r  recrys-  

t a l l  i z a t i o n  from benzene. 

A1 ka l  i n e  hydro lys is  o f  I b  was c a r r i e d  ou t  under n i t rogen,  w i t h  the  

reac t i on  mix tu re  p ro tec ted  from l i g h t .  The in te rmed ia te  sodium s a l t  was 
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GRUNEWALD, CULLEN, BREDFELM! AND STROPE 

i so la ted ,  then neu t ra l i zed  t o  g i ve  I a  i n  g rea ter  than seventy-f ive per-  

cent y i e l d .  

and spec t ra l  c r i t e r i a  and was used w i thou t  f u r t h e r  p u r i f i c a t i o n  i n  photo- 

chemical experiments. Recrys t a l l  i za t ion  from py r id ine  6 was unnecessary. 

Xanthob i l i rub ic  ac id  I a  so obtained was homogenous by t l c  

EXPERIMENTAL 

Mel t ing  po in ts  were determined on a Fisher-Johns apparatus and are  
uncorrected. Ir spectra were recorded on a Beckman Model IR-8 g r a t i n g  
spectrometer, nmr spectra on a Varian T-60, w i t h  te t ramethy ls i lane  as 
i n t e r n a l  standard, and uv -v i s ib le  spectra on a Cary Model 14 record ing  
spectrophotometer. Mass spectra were run  on an A t las  CH-5 spectrometer, 
using a d i r e c t  i n l e t  system. 

2-Bromomethyl ene-3-et hyl-4-me thy1 -3-pyrrol  i n -  5-one ( I I I )8. - 4-E t hyl-3,5- 

dimethyl-3-pyrrolin-2-one (VI, 19.5 g, 0.14 mo1)7'8 was d isso lved i n  39 

m l  absolute methanol,16 and the  so lu t i on ,  p ro tec ted  w i t h  a d ry ing  tube, 

was brought t o  r e f l u x .  

mol) i n  66 m l  absolute methanol was then added a l l  a t  once, and the 

reac t i on  mix tu re  re f l uxed  f o r  6 hr.  The methanol was removed i n  vacuo 

and the residue placed i n  a vacuum des icca tor  w i t h  s o l i d  NaOH overn igh t .  

Recrystal 1 i z a t i o n  o f  the  dark brown res idue from ethanol-water fo l lowed 

by subl imat ion (loo', 50 p )  y ie lded  16.30 g (54%) o f  wh i te  c rys ta l s ,  mp. 

139-141', lit.8 mp. 140-141'; ir (CHC13) 3453 cm-l (NH), 3110 (=CH), 1700 

(C=O), 1640 (C=C); nmr (CDC13) 6 8.10 (s br,  1, NH). 5.90 (s ,  1, =CHBr), 

2.40 (q, J = 8 Hz, 2, CH3-C%), 1.85 ( s ,  3, ring-CH3), 1.12 ( t ,  J = 8 Hz, 

3, Cti3-CH2); uv (95% EtOH) 282 nm (E 19,000). 

A s o l u t i o n  o f  bromine (12.7 m l ,  39.5 g, 0.247 

2,4-Dimethyl-5-carboxy-1H-pyrrole-3-propanoic Acid ( X )  .- A mix tu re  o f  

e thy l  4- (2-ethoxycarbonyl e thy l  )-3,5-dimethyl-lH-pyrrol e-2-carboxyl a t e  .- 
( IX )  ( 8  g, 0.03 mol)." sodium hydroxide (6 g, 0.15 mol), 30 m l  water 

and s u f f i c i e n t  ethanol t o  make a homogeneous s o l u t i o n  was s t i r r e d  and 

heated on a steam bath  f o r  2 hr.  The ethanol was removed i n  vacuo, the  
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AN EFFICIENT ROUTE TO XANTHOBILIRUBIC ACID 

remaining aqueous solution chilled in an ice-salt bath and neutralized 

slowly with stirring by dropwise addition of 94 ml o f  10% nitric acid. 

The precipitate was suction-fil tered, washed with several portions of 

cold water and dried in a vacuum desiccator. 

(5.8 g, 92%) was too unstable to be purified. 

( s  br, 2, COOH), 11.40 ( s  br, 1, NH), 2.53-3.23 (m, 7, CH2CH2 and ring- 

CH3), 2.67 ( s ,  3, ring-CH3). 

The slightly pink powder 

Nmr (pyridine-d5) 6 13.30 

2.4-Dimethyl-1H-pyrrole-3-propanoic acid (IV) .- 2,4-Dimethyl-5-carboxy- 
1tJ-pyrrole-3-propanoic acid ( X ,  1.44 g, 6.8 mol) was added to 5 ml of 

nitrogen-saturated water and the mixture heated on the steam bath for 30 

min with nitrogen bubbling through it. After cooling to room tempera- 

ture, the solution was extracted with eight 10 ml portions of ether, the 

ether removed in vacuo and the residue dried in a vacuum desiccator. The 

light yellow crystalline solid (0.90 g, 79%) had mp. 139-142", lit.14 mp. 

140-141", and was used without purification. 

(bra 2, NH, COOH), 6.45 (unresolved multiplet, 1, ring-H), 2.92 (m, 4, 

CH2CH2), 2.28 ( s ,  3, ring-CH3) 2.22 (s, 3, ring-CH3). 

Nmr (pyridine-d5) 6 10.13 

Methyl 5-[ (1,5-Uihydro-3-ethyl-4-methyl-5-oxo-2H-pyrrol-2-y1 idene) 

methyl]-2,4-dimethyl-1H-pyrrole-3-propanoate (Ib) ,8- A solution o f  pure 

2-bromomethylene-3-ethyl-4-methyl-3-pyrrol in-5-one ( I 1  I, 1.23 g , 5.7 
mmol) in 25 ml o f  absolute methanol16 was added to 2,4-dimethyl-11- 

pyrrole-3-propanoic acid ( I V Y  0.95 g, 5.7 mnol), the mixture refluxed 

for 1.5 hr under nitrogen, then cooled to -5". The yellow precipiate 

was collected by filtration (1.20 g, 67%) and had mp. 216-218", lit.8 mp. 

213". A sample (0.937 g) was purified by dissolving it in 300 ml chloro- 

form and extracting with 10 mM sodium hydroxide. The chloroform solution 

was dried (Na2S04) and concentrated in vacuo. The residue was recrys- 
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GRUNEWALD, CULLEN, BREDFELDT AND STROPE 

t a l l i z e d  from benzene t o  g i ve  0.728 g o f  b r i g h t  ye l low needles, mp. 217.5- 

220.0'. Spectra: ir (CHC13) 3360 cm-' (N-H), 1728 (es te r  C=O), 1663 

( lactam C=O), 1630 (C=C); nmr (CDC13) 6 11.23 ( s  br, 1, NH), 10.30 (s br, 

1, NH), 6.10 (s, 1, =CH), 3.67 ( s ,  3, OCH3), 2.20-3.00 (m, 9, C 3 C H 3 ,  

Cl-l$-12, ring-CH3), 2.13 (s ,  3, ring-CH3), 1.93 ( s ,  3, ring-CH3), 1.17 (t, 

J = 8 Hz, 3, CH2-CH3); uv (95% EtOH) 414 nm ( E  25,800); mass spectrum 17 

(164', 70 eV) m/e 317 (Mf + 1, 18.4%), 316(Mf, loo%), 244 (11.6%), 243 

(Nt- ( *CH2COOCH3), 64.4%). 

5-[(1,5-Dihydro-3-ethyl-4-methyl-5-oxo-2H-pyrrol-2-ylidene) methy l l -  

6 2,4-dimethyl- lH-pyrrol e-3-propanoi c Acid (Xanthobi 1 i r u b i  c Acid, I a )  , - 
The methyl es te r  I b  (1.46 g, 4.62 mmol) was suspended i n  150 m l  o f  10% 

sodium hydroxide and the  mix tu re  (p ro tec ted  from l i g h t )  s t i r r e d  and re -  

f l uxed  under n i t rogen f o r  3.5 hr. 

and then f i l t e r e d  t o  i s o l a t e  the  b r i g h t  ye l low inso lub le  sodium s a l t  o f  

Ia ,  which was washed w i t h  two 75 m l  po r t i ons  o f  ch lo ro fo rm t o  remove 

unhydrolyzed es te r  (0.26 g, 18% recovered). The sodium s a l t  was suspend- 

ed i n  75 m l  o f  10% hyd roch lo r i c  a c i d  and s t i r r e d  under ni t rogen, p ro tec t -  

ed from l i g h t ,  f o r  15 min, the  mix tu re  f i l t e r e d  and the  co l l ec ted  ye l low 

s o l i d  washed w i t h  co ld  water and d r i e d  i n  a vacuum des icca tor  over c a l -  

cium su l fa te .  

es te r ) .  

because the mater ia l  began t o  decompose a t  285'. The ma te r ia l  was pure 

by t l c  ( S i l i c a  gel F, 5% a c e t i c  ac id /ch lo ro fo rm and polyamide, methanol- 

10% ammonia-water (9:1:2, v:v:v)) .  Spectra: ir (Nu jo l )  3360 cm-l (NH), 

3200-2500 (COOH), 1705 (carboxyl C=O), 1670 ( lactam C=O), 1630 (C=C); nmr 

(DMSO-d6) 6 11.83 (very  broad, 1, COOH), 10.18 (s br, 1, NH), 9.67 (s, 

br, 1, NH), 5.93 (s, 1, =CH), 2.25-2.80 (m, 6, C%CH3, C$C$ and r e s i -  

dual protons from solvent) ,  2.22 (s, 3, ring-CH3), 2.07 ( s ,  3, ring-CH3), 

The reac t i on  mix tu re  was cooled i n  i c e  

The y i e l d  o f  Ia was 0.905 g (79% based on unrecovered 

The mel t ing  p o i n t  ( l i t . 6  mp. 290-291') was d i f f i c u l t  t o  observe 
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243 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

1.81 ( s ,  3, ring-CH3), 1.10 (t, J = 7 Hz, 3, CH2Ci3); uv (MeOH) 416 nm 

( S  33,700); mass spectrum17 (246O, 70eV) m/e 303 (Mf t 1, 18.6%), 302 

(N?, 92.9%), 287 (!It - C H j ,  26.4%), 273 (Mt - *CH2CH3, 13.6%), 244 (18.6%) 

(M? - *CH2COOH, 100%). 
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