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A b s t r a c t  - Condensation of 2.2'-bis(5-formylfuryl)methanone w i t h  a 2.2 ' -d ipyrry lmethane-  

5 , 5 ' - d i c a r b o x y l i c  a c i d  i n  t r i f l u o r o a c e t i c  a c i d  a f f o r d e d  a macrocyc le ( 6 )  analogous t o  

t h e  o x o p h l o r i n  ( o ~ y p o r p h ~ r i n )  system. IR and UV spec t ra  i n d i c a t e  t h a t  t h i s  compound 

e x i s t s  as t h e  k e t o  tautomer (6) r a t h e r  t h a n  t h e  f u l l y  con juga ted  en01 form (7a ) .  

( 6 )  d i d  n o t  r e a c t  w i t h  a c e t i c  anhydr ide -py r id ine  and t h e  en01 a c e t a t e  (7b )  c o u l d  n o t  

be i s o l a t e d ,  a l though  t h e  d i p e r c h l o r a t e  s a l t  nas formed under a c i d i c  c o n d i t i o n s .  

S p e c i f i c  o x i d a t i v e  c leavage o f  heme leads1 t o  t h e  b i l e  pigment b i l i v e r d i n .  T h i s  process i s  b e l i e v e d  

t o  t a k e  p l a c e  v i a  t h e  i r o n  complex o f  a  meso-hydroxyporphyrin ( l a )  and s t u d i e s 2  w i t h  

CC-hydroxymesoheme ( l b )  s u p p o r t  t h i s .  Meta l  f r e e  neso-hydroxyporphyr ins (Za)  have been s y n t h e s i s e d  

by a v a r i e t y  o f  methods3-5 and a re  i m p o r t a n t   intermediate^^'^ i n  t h e  t o t a l  s y n t h e s i s  o f  p o r p h y r i n s .  

These compounds a f f o r d  r o y a l  b lue  s o l u t i o n s  i n  o r g a n i c  so lvents;  t h e  S o r e t  band i n  t h e  near  

u l t r a v i o l e t  i s  sonewhat'reduced i n  i n t e n s i t y  compared t o  the p o r p h y r i n s  and t h i s  i n d i c a t e s  t h a t  

t h e  m a c r o c y c l i c  r i n g  c u r r e n t  i s  d imin ished.  IR and NMR spectra suggest5a t h a t  these  compounds 

e x i s t  as t h e  k e t o  tau tomer i c  species (2a) and the en01 form i s  o n l y  favo red  i n  t h e  meta l  complexes 

and d i c a t i o n i c  spec ies .  They may be cons ide red  as 0x0  d e r i v a t i v e s  o f  t h e  d i h y d r o p o r p h y r i n  p h l o r i n ,  

a  system f i r s t  d i s c e r n e d  by waodward6 i n  t h e  t o t a l  synthesis  o f  c h l o r o p h y l l - a ,  and f o r  t h i s  

reason have been namedsa oxoph lo r ins .  

The furan and th iophene  o x o p h l o r i n  analogs (2b)  and (2c)  have been syn thes ised7  and t h e  

spec t roscop ic  and chemical p r o p e r t i e s  o f  these  macrocycles p resen ted  an i l l u m i n a t i n g  c o n t r a s t  

t o  those o f  t h e  t e t r a p y r r o l i c  compounds. Ue were i n t e r e s t e d  i n  ex tend ing  these s t u d i e s  t o  t h e  

r e l a t e d  macrocyc le ( 6 )  and t h e  s y n t h e s i s  o f  t h i s  conpound was approached v i a  t h e  c o u p l i n g  o f  

a  d i p y r r y l m e t h a n e  ( 5 )  and a d i f u r y l  ketone ( 4 ) .  

2,2'-Bis(5-formylfuryl)methanone ( 4 )  was from ( 3 )  by consecu t i ve  t rea tmen t  w i t h  

n-buty l  l i t h i u m  and e t h y l  N,N-dimethylcarbarnate i n  e t h e r  a t  -20•‹c, fo l l owed  by a c i d  hydro lyses .  

The known 2.2'-dipy~r~lmethane-5.5'-dicarboxylic a c i d  (5; R = H)'O , prepared  b y  hydrogenolyses 

o f  t h e  co r respond ing  d i b e n r y l  e s t e r  (5 ;  R = -C1i2C6H5), war d i s s o l v e d  i n  t r i f l u o r o a c e t i c  a c i d  

a t  room temperature and a molar  e q u i v a l e n t  o f  ( 4 )  added por t i onw ise  o v e r  1 0  min. The 

o x o p h l o r i n  a n a l o g  ( 6 )  was i s o l a t e d  a f t e r  chromatography on n e u t r a l  a lumina as deep p u r p l e  
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c rys ta l s  (mp >300•‹c) i n  15% y i e l d .  The compound was sparingly so lub le  i n  neut ra l  solvents 

forming deep blue so lu t ions  which e x h i b i t  b r i g h t  r ed  porphyr in- l ike f luorescence under l ong  wave 

u l t r a v i o l e t  l i g h t .  The I R  spectrum o f  (6) d i d  not show an absorption i n  the  OH region, i n d i c a t i n g  

t h a t  l i t t l e ,  i f  any, o f  the en01 tautomer (7a) was present, and an absorpt ion a t  1551 cm-' was 

recorded reminiscent o f  t h a t  observed f o r  the  oxophlor in system (C=O s t re t ch ) .  

The UV spectrum i n  chloroform ( f i g .  1)  gave a  band o f  low i n tens i t y  i n  the Soret reg ion i n d i c a t i n g  

t ha t  the conjugat ion o f  the macrocycle i s  s i g n i f i c a n t l y  interupted, presumably by the cross 

conjugated carbonyl. Addi t ion o f  small quan t i t i es  of TFA lead t o  the formation of a  d i sc re te  

species showing marked bathochronic s h i f t s  o f  minor absorptions but l i t t l e  change i n  the  Soret 

absorptions ( f i g .  1 ) .  This was ascribed t o  the  monocationic species (8) .  I n  10% TFAlchloroform 

an intense Soret band was observed a t  400 nm ( l o g 6  5.25) corresponding t o  the  f u l l y  

conjugated d i c a t i o n  (9) .  

The very low s o l u b i l i t y  o f  (6)  i n  common organic solvents precluded the attainment o f  the proton 

HMR spectrum f o r  the f ree base. However the oxophlor in analog was s u f f i c i e n t l y  so lub le  i n  d-TFA 

and the resu l t an t  NMR spectrum ( f i g .  2) was cons is tent  with the f u l l y  conjugated d i c a t i o n  s t ruc tu re  

(9).  The very low f i e l d  s h i f t s  o f  the aromatic protons are s i m i l a r  t o  those seen f o r  porphyr in 

d ica t ions ;  these r e f l e c t  the macrocyclic r i n g  cu r ren t  o f  the f u l l y  aromatic system together w i t h  

f u r t he r  deshielding due t o  the protonated ni t rogens. careful examination o f  the NMR spectrum shows 

the presence o f  two doublets for two protons each (corresponding to  the furan p -p ro tons )  and one 

s i n g l e t  corresponding t o  two br idge protons. The t h i r d  bridge proton has been l o s t ,  presumably due 

t o  exchanqe w i t h  the d-TFA. This might be reasonably explained i f  the conjugated d i ca t i on  (9) were 

i n  equ i l i b r i um w i t h  the C-protonated species (10). Simi lar  proton exchange has been noted i n  

the ~ x o ~ h l o r i n s ~ ~ .  

Attempts t o  reac t  (6) w i t h  acet ic  anhydr ide-pyr id ine under a v a r i e t y  o f  condi t ions f a i l e d  t o  afford 

the en01 acetate (7b), although oxophlorins r e a d i l y  undergo t h i s  react ion.  However treatment of the  

oxoph lor in  analog (6) i n  ace t i c  anhydride w i t h  perch lor ic  ac id  l e d  t o  the p r e c i p i t a t i o n  of the 

d i ~ e r c h l o r a t e  s a l t  o f  ( 7 b )  as b r i g h t  red c rys ta ls ,  mp 240'~ (decamp.). gmax 1773, 1732 crn-l; 

hmax ( l o g  C ) (chloroform) 377 (4.61), 393 (4.56). 512 (3.66), 578 (3.60). 629 (3.14) nm. 

Attempts t o  i s o l a t e  the free base l e d  t o  e l im ina t i on  o f  acetic ac id  and reformation of (6). 

(6) a lso  f a i l e d  t o  complex w i t h  z inc,  copper (I!], n ickel  and.cobalt (11) sa l t s ,  i n  variance 

w i t h  the t e t r a p y r r o l i c  compounds. Further studies are now i n  progress and the synthesis o f  a 

d i t h i e n y l  analog i s  i n  hand. 
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Fig. 2. P ro ton  NMR (90 MHz) o f  d i c a t i o n  (9)  i n  d-TFA 
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