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Abstrack The synthesis an& spectroscqic properties are described for homrubin (I), a novel bilirubii analog with 
a central -CH2-CH2- unit replacing the -CH,- bridge at C-10. 

Bilirubin, the yellow-orange pigment of jaundice, is formed copiously in healthy humans and excreted as 

its glucuronide esters into bile.’ Its structure consists of two dipyrrinones conjointa at a central -CH2- group, 

and its properties and metabolism are determined by the presence of two propionic acid groups, one in each dipyr- 

tine, located at C-8 amI C-12. Through bond rotations a&ut the central -C!H2-, the dipyrrimmes and their at- 

tached propionic acid are brought into favorable juxtaposition for intramokcular~hydmgen bond& resulting in 

a highly stabilized conformation shaped like a ridge-tile. 2,3 Analogs such as wsobilirubin-XII&x with propionic 

acids at C-8 and C-12 have very analogous properties and metabolism, as they also adopt the ridge-tile ~hape.~*~ 

The shape is controlled by the presence of but a single central -CH,- group (C-IO), about which nearly planar 

clipyrrone paddles may rotate until a stable coufonnatlon is adopted in which non-bonderl steric interactions are 

minimized and lmramolecular hydrogen tinding OCCUTS.~*~ If nature bad made bilirubin with two central -CHz- 

units rather than one, another rotational degree of freedom would have been introduced that would enable the 

pigment to adopt new and different conformations. In the following we report the synthesis and properties of 

humorubin (1) an analog of mesobilirubin-XI&x with a central -CH2-CH2-. 
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Homorubin [lp was prepared fotlowing coupling of dipyrmk 2 with bmmomethyknepyrrolinone 37 in 

refluxiq methanol to give homorubin dimethyl ester. The coupling step involves in siru adeearboxylation fol- 

lowed by reaction of the rx-free dipyrmk with 3. It is entireiy analogous to that,used in the synthesis of methyl 

xanthobilirubiite (4) from 3 and monopyrrok 5,’ which resembks half of dipyrmk 2. The yields of homonibin 
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dimethyl ester from 2 and 31 have so far been 

variable, ranging from 19 to ~27% and are cur- 

rently beii optimized. Sap@fication to give 

1 proceeded smoothly and /in 80% yield in z 3 4 
methanolic KOH. Synbesis~ of the colorkss 

key dipyrrole intermediate ( ) followed from 

the interesting conjugated 

i 

og (61, frrst by 

catalytic reduction (I&/Pd( )), 98% yield) 

then by saponification in kthanolic KOH 

(94% yield). Yellow as prepared in 38% yield by McMurry coupling (Zn, Tic@ of monop~te 

aldehyde 7, which was p from the diethyl ester of 5’ in 88% yield by conventional method~.~ 

and mesobilirubin-XIIIcu7~10 are both yellow pigments with similar properties, 

On silica gel TLC, 1 has a smaller Rf value (0.6553 than mesobilirubin-XI& 

(0.92) witb CH$l,-CH 955 vol/vot) irrigant. The data suggest that 1 is slightly more polar, and this is 

confirmed on reverse- LC,” where 1 has a shorter retention time (13.3 min.) as compared with meso- 

bilirubin-Xl& (lJ.6min.j ODS- 18 column efutiq with 0.1 M di-n-octylamine acetate in methanol-5 % Hz0 

at a flow rate of 1 mUmin. onsistent with homologation, the mass speclrometric molecular weight (602 amu) 

of homorubin (1) is found 14 mass units (one -Cl-I,-) higher than that of mesobilirubin-XlIIa (588 amu). 

As might be expected, the -NMR spectra (Fig. 1) are nearly identical, and due to symmetry, no new carbon 

The 13C resonance of the central -CH2-C&- unit in 1 is shifted downfield - 3 

ppm relative to the C- 1 

by -3ppm,buttheo 

t in rnesobiGrubiu-XICIar. The C-4/C-16 carbon resonances are aiso de&Gelded 

on resonances are essentially identical, including those at C-S/C-15. 

m 80 160 140 80 60 ’ 
m’I”‘.I”“t”“I” ““I”“I~‘~“l”‘~l”“t”“l”“l~“~ 
14 13 12 11 10 “;j 8 -I 6 5 4 3 2 ppm 

mcxm 1. cd-t) WNMR (Right) ‘H-NMR specm of homorubin (1) (Lower) and mtsobilirubin-XUla (Upper) at 25°C. 

Dataarcreportedin6ppm from (CH,,,Si in (CD@0 (t3C-NMR) aad CDCl, (‘H-NMR). 
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The *H-Nh4R spectra (Fig. 1) arc also very similar, with signifkant diffm ocuWngonlyhthi2moce 

shielded central -CH2-CH2- proton resow at 3 -34 ppm in 1 coqared with the C-10 -CIQ ITS- (4.08 

ppm) in mesobilirubhGIlIcr, and in the N-N resonance region between 8 and 11 ppm. Most interestingly, the 

la&m and pyrrole N-H chemical shifts differ by only - 0.5 ppm from the corresponding resonances in mesobili- 

rubiu-~ar.lo These pa.ttidar results p rovide an important structural and stem insights because in 

bilirubin and tnesobiliibin-XlIIa N-H chemical shifts have been used to detect carboxylic acid to dipyrrinone 

intramokular hydrogen bondii and distinguish it tirn dipyrrinone to dllyrrinone intermolecular hydrogen 

bonding found in their diiethyl esters aud in di~yrrin0nes.l~ With inrmmolecular hydrogen bonding (see 

previous page), the lactam and pyrrole N-H resonances iu CDCl, are typically - 10.6 and - 9.2 ppm, respec- 

tively ; in intermolecular hydrogen bmdii, they are typically - 10.5 and - 10.3 ppm, respectively.12*13 The 

observed N-H resonances of 1 at 10.2 and 8.6 ppm in CDCI, are more characteristic of immmolecular hydrogen 

bonding. Although in mesobilirubin-WIa! intramolecular hydrogen bonding translates into the ridge-t&z 

stru~ture,~~ it seems intuitively unkiiely that 1 could adopt a ridge-tile shape, considering that two C-C-C bond 

angles must be ~c~~onunodated in the center of the molecule as opposed to one in mesobilirubin-XHIa. 

Like mesobilirubin-XIlIa, homorubin 1 gives yellow 

solutions in organic solvents, and their W-visible spectra 

(Fig. 2) are nearly identical This is surprising, as the spec- 

trum of mesobiliibin is determined by exciton coupling be- 

tween its two dipyrrinone chromophores, with the shape and 

position of the component e&ton bands being dependent on 

the relative orientation of the dipyninone long wavelength 

electric dipole transition momenk3 The W-visible spectrum 

of mesobilhubin-XI& corresponds to the ridge-tile structure 

shown earlier. Although homorubin is also expected to be an 

exciton system, it would not be expected that the relative 

orientation of its dipyninones would be the same as in meso- 

bilirubin. In simpler analogs; diphenylmethane for ntesobili- 

rub&XI& and bibeuzyl for homorubin, it is easy to imagine 

a much wider variety of conformers in the latter than in the 

former. Only a few such possibilities are d&rammed in Fig. 

3, where the gabled conformation of diphenylmethane corre- 

sponds roughly to the ridge-tile in bilimbin or mesob&ubin- 

XIIIa, and homorubin might adopt conformations akin to the 

limiing cis and trnns conformers shown for bibenzyl. 

Although the preferred conformation of 1 is as yet not com- 

FIGURE 2. UV-vi5 spectra of 10m5 A4 homorubii 
(- ) md msobihbin-XIIItx (- - -) in CH,CI, solvent 
at 22T. Par the former, ETA = 57,000; for the Ialter, 
EyJ = 57,oaL 

pletely clear and awaits the results of extensive molecular dynamics calculation currently underway, preliminary 

results indicate a probable preference for a conformation resembling the cis of Fig. 3. 

Synthetic investigations in progress include oxidation of the -CH2CH2- unit of 1 to -CH=CH- and 

=CH-CH = and the preparation of new expanded bilirubin analogsI with other Z-carbon and [C&), extensions. 

Molecular modelling and metabolic studies of homorubin are currently underway. 
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FIGURE 3. (A) Planar an& T confonnatkms of diphenylmcthanc - a foMonal model for m%obilirubin-XIIIu. The gabled 
conformation, with pbenyt rings f-to-face corccspond wximatt?Iy to the ridge-tile conformation of mesobilirubin-Xl&. (B) 
cis and mm rotahmal coafor& of bibemyl, a rotational model for homorubii (l), which is thought to favor the cis. 
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