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Abstract: The synthesis and spectroscopic properties of a novel biliverclm 4 with one inverted pyrrole ring are 
described; the dipyrromethane 8 and a,c-biladiene 6 were the key intermediates in the synthesis of 4. 

Biliverdin IXa 1 and related bile pigments, such as bilirubins, phycobilins and phytochromobilin, are widely 

distributed in animals or plants. 1~2 A number of synthetic approaches to bile pigments have been rep0rted.Z9 a,c- 

Biladiene dihydrobromides (e.g. 2) are commonly used as intermediates in the synthesis of unsymmetrically substituted 

porphyrins,10p11 and we recently showed that unsymmetrical 1,19-dibromo-a,c-biladienes (e.g. 3) can be converted in 

>70% yield into the corresponding biliverdins upon reaction with dimethyl sulfoxide (DMSO) in the presence of a 

catalytic amount of p-toluene sulfonic acid*2 or bromine/trifluoroacetic acid .I3714 Structural isomers of porphyrins are 

currently attracting great attention,ls on account of their novel spectroscopic and physical properties. A new class of 

porphyrin system with an inverted pyrrole ring was recently described,16917 and named “N-confused porphyrin”.17 

These compounds were obtained serendipitously from routine porphyrin synthetic approaches. Herein we report the 

results of rationally designed syntheses of a biliverdin 4 possessing an inverted central pyrrole subunit18 and an attempt 

to prepare the doubly inverted analogue 5, using synthetic methodology via intermediate 1,19-dibromo-a,c-biladienes.12 

The key intermediates in our synthetic strategy for the synthesis of mono-inverted and b&inverted biliverdins 4 

and 5, respectively, were the a,c-biladienes 6 and 7; we planned to obtain these compounds from dipyrromethanes 8 

and 9. Dipyrromethane 8 was obtained by reacting benzyl 4-hydroxymethyl-3,5-dimethylpyrrole-2-carboxylate 10, 
(obtained by NaBJ& reduction of the corresponding formyl analogue ll)lg with the or-free pyrrole 1220 in =-90X yield 

using Montmorillonite clay as a catalyst. 21 Self-condensation of hydroxymethylpyrrole 10 gave the 3,3’-linked 

dipyrromethane 9 in almost quantitative yield. Hydrogenolysis of dipyrromethanes 8 and 9 gave dipyromethane 

dicarboxylic acids 13 and 14, respectively. Condensation of dipyrromethane 13 with 2-bromo-S-formylpyrrole 15 in 

the presence of p-toluene sulfonic acid/HBr gas afforded the monopyrrole-inverted 1,19-dibromo-a,c,-biladiene 6 in 

80% yield. Bromoformylpyrmle 15 was prepared from pyrrole 16 by following the litexature procedure.12 
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Figure 1: Pmtoa NMR Spectrum, in CDC13, of Mono-inverted Biliverdin 4; (* = impurity) 

The doubly inverted 1,19-dibromo-a,c-biladiene 7 was prepared in almost the same yield by reacting the 3,3’- 

linked dipyrromethane dicuboxylic acid 14 with two equiv. of the 2-bromo-5-fotmylpyrrole 15 under similar reaction 

conditions. The a,c-biladiene 6 upon reaction with DMSO/p-toluene sulfonic acid gave the monopynole-inverted 

biliverdin 4 in 25% yield (Found: 470.2700; Calcd for QJ-I3&O$470.2682). Interestingly, under similar reaction 

conditions, reaction of 1,19_dibromo-a,c-biladicncs with no inverted pyrrole rings produced normal bilivexdins in more 

than 70% yield12 Figure 1 shows the lH NMR spectrum of the mono-inverted biliverdin 4; multiplicity of peaks, 

particularly in the NH region (inset), suggests the presence of two doubkbond isomers, 4A and 4B. The chemical 

shifts of the NH protons are temperature dependent, but do not pass through coalescence. The tH NMR data for the 

monopyrrole inverted dipyrromethanes 8,9,22 a,c-biladienes 6, 7*3 and for biliverdin 4 were similar to those of the 

related “normal” biliverdin analogues and intermediates. The electronic absorption spectrum of 4 (Figure 2). was also 

similar to the typical biliverdin type, except the main short wavelength band was red shifted to 394 nm. The longer 

wavelength transition (a broad band at 526 nm) was also shifted 112 nm to shorter wavelength compared with normal 

biliverdins (at 638 nm), these changes presumably reflecting the distortion in the linear planar@ of thepyrrole subunits. 
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Figure 2: Optical Spectrum. in CH$lz, of A, “Normal” Pire 9: Inhard Speclmm (KBr disc) of A, “Normal” 
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As shown in Figure 3B, the infrared spectrum of the monopynxk-inverted biliverdin 4 is similar to that of a 

normal biliverdins (cg. 17, Figure 3A). For 4 the lactam carbonyl absorptions appear between 1600-17~ cm-l. It is 

report& that verdlns occasionally show only a single lactam c--O peak, but usually have two peaks separated by up to 

26 cm-t (eg. Figure 3A: 1700, 1677 cm-l). Reduction of the biliverdin 4 with sodium bnrohydride afforded the 

corresponding monopyrrole inverted bilirubin 18 which possessed an optical spectrum b (CH2Cl2) 408 nm] very 

similar to that of the bllbii 19 m- (CH2Clz) 381 nm] obtained by reduction of the “normal” octaa&ylbiiverdin, 17. 

So far, attempts to convert the a,c-biladiene 7 into bis-inverted biliverdin type 5 have Wed, this mokcule would 

possess a cross-conjugated chromophore, and only de-composition products have been observed so far. Other synthetic 

methodologies are currently being explored to p&pare such doubl&nvuted systems. 
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