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Abstrffct: Linear tetrapyrroles, such as the formylbilane (1). were 
obtained by condensation of a-hydroxymethyldipyrromethanes with a-free 
dipyrromethanes using Montmorillonite clay as acid catalyst. After 
reduction of the formyl group, hydroxymethylbllanes were cyclized to 
Uroporphyrinogens in presence of the clay. 

Over the years, a number of inorganic solids, such as silica gel or 

alumina, have been used as catalyst in organic synthesis.1 More recently, 

Montmorillonite clay has been successfully applied as initiator for a wide 

range of organic reactions.2 In pyrrole chemistry, the oxidation of a- 

methylpyrroles to a-formylpyrroles by treatment with a thallium (III) 

nitrate/Montmoriflonite clay system has been reported.3 The same authors 

have also found that unsymmetrical dipyrromethanes were obtained very 

cleanly by coupling a-acetoxymethylpyrroles with a-free pyrroles in 

presence of clay and symmetrical dipyrromethanes by self-condensation of 
ol-acetoxymethylpyrroles.4 

Our laboratory has been interested for some time in Uropo~hyrinogen 

III synthase, the enzyme in the porphyrinoid pathway, which cyclites the 

linear tetrapyrrole hydroxymethylbilane (HMB, 2) to Uroporphyrinogen III 

(Uro’gen 111, 3). a key precursor of many vital pigments present in living 

system (vitamin 812, chlorophyll). In the absence of the enzyme, HMB ring- 

closes chemically to form Uro’gen I (4)(scheme 1). in order to perform 

mechanistic studies on this enzyme, it was necessary to prepare different 

HMB analogs.5 Particularly, the 19-bromo-HMB was selected as potential 

inhibitor of the enzyme, but could not be obtained following the method 
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developed for the preparation of HMB [condensation of the hydroxy- 
methyldipyrromethane with the formyldipyrromethane in acetic acid- 
dichloromethane system (scheme 1)l.s For this reason, we decided to 
investigate the use of Montmorili~nite clay as acid catalyst for the 
preparation of bilanes, 

P P A P 

Uro’Qan ill (3) UroQan I (4) 

Scheme 1: Synthesis of Uro’gen. 

As shown in table 1, a variety of tetrapyrroles were prepared in 
reasonable yield in this way.7 Yields of several runs to 1 were observed to 
be extremely variable. Comparative experiments were carried out with 
different samples of clay washed prior to the reaction with buffer at 
various pH (4 to 8), thus altering the acidity of the clay. The best results 
(35-5g%~ were obtained by simply washing with distilled water. This was 
particularly important in case of compound 9 (the precursor of f Q-bromo- 
HMB), which proved to be more acid sensitive than the parent bilane 1. 
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Table 1: Synthesis of Linear Tetrapyrrolas.7~* 

bilane 
1 
5 
6 
7 
6 
9 

10 
11 
$2 
13 

PI Pa Pa P4 P!5 P6 
H AMe PMa H H H 

w3 Ah 
W3 AMe 

H A- 
H AMe 
H AMe 
H AMe 
H Afv@ 
H AMe 
H AMe 

17 
8 

50 
19 
30 
43 
39 
37 
23 

After reduction of the formyl (1, 8,12 and 13) or the acetyl (5) groups 
with sodium borohydride, the o-free bilanes (R4=H) were cyclized to Uro’gen 

I analogs (scheme 1) using again the clay as acid catalyst (table 2).e 

Table 2: Cyclization of 
Hydroxymethylbilanes to Uro’gens.8,9 

In conclusion, an alternative method using Montmorillonite clay as mild 
acid catalyst for the synthesis of tetrapyrroles and the preparation o’t 
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Uro’gen I analogs from hydroxymethylbilanes was developed to allow the 

obtention of acid sensitive products. 

Acknowledgment: We thank the National Institutes of Health 
(N.I.D.D.K.) for financial support of this work. 

References and notes: 

1. a) Thomas, J. M.; Theocharts. C. Ft. Mod. SjMhh. ~ef~ds 1989. 5, 249-304. b) Izumi, Y.; 
Utabe, K.; Dnaka, M. Zecfjfe, Gky, and ~~f~fopofy Acid in O#anc FleacUons; VCH Publishers: 
New-York.1992. 

2. a) taszlo, P. Science lQ87,235, 1473. b) Balogh, M.; Lasrlo, P. Organic Chemistry Using 
Clay; Springer-Verlag: 3erlin, New-York. 1993. 

3. a) Jackson, A. H.; Rao, K. R. N.; Ooi. N. S.; Adelakun, E. 7eirahedron L&f. 1984,25, 8049. 
b) Jackson, A. H.; Rao, K. R. N.; Smeaton, E. Tefrahedmn Leff. IQSQ, 30, 2673. 

4. Jackson, A. H.; Pandey, R. K.; Rae, K. Ft. N.; Roberts, E. Tetrahedron Letf. 1985.26, 793. 

5. a) Pi&on, C.; Atshaves, EL P.; Stolowich, N. J.; Scott, A. I. Bio. & Med. Chem,, in press. b) 
Piihon. C.; Atshaves, 8. P.; Da~o-Danquah, R.; Stolowlch, N. J.; Scott, A. I. Bio & Med. Chem., 
subrn~~. c) Pichon, C.; Atshaves, B. P.; Xue, T.; Stolowkh, N. J.; Scatt, A. I. Bio & Med. Chem. 
Let& submitted. 

8. Battersby, A. R.; Fookes, C. J. R.; Gustafson-Potter, K. E.; McDonald, E.; Matcham, G. W. J. 
J. Chem. Sot., Perkin Trans. 11982, 2427. 

General procedure for the preparation of bilanes: The clay was washed with distilled H20 
&I mL) then with MeOH (5 mL) and dried at 150 “C for 2 hrs prior to use. A solution of the a- 
hydroxymethyldipyrromethane (0.1 mmol) and a-formyldipyrromethane (0.2 mmol) in CH2Cl2 
(2 mL) was stirred over clay (500 mg) at RT under Np in the dark for 2 days. The solution was 
flltered and the clay washed with CH2CI2 containing 5% MeOH. After evaporation of the solvent, 
MeOH (2 mL) was added to the solid resktue. The solid, containing mainly the bilane. was separated 
by centrifugation from the solution, which contained mainly the excess of a-formyi- 
dipyrromethan~. The bilane was further purified by preparative TLC, eluting wtth CH2Cl2fMeOH 
(9515) under N2 in the dark. 

8. The yields reported have been optimized only in case of 1,7 and 9. All compounds gave 
satisfactory $H- and 13C-NMR and mass spectra. 

9. General procedure for the cyclization of forrnylbilane to Uro’gen I: The formylbilane (0.02 
mmol) in MeOHKH2Cl2 (l/l, 1mL) was reduced with NaBH4 (20 mg) in presence of NH4CI (15 
mg) at RT under Np in the dark. The reaction was quenched with H20 snd the hydroxymethylbllane 
extracted into CH2Cl2. The solution was dried over MgSO4, filtered and the volume reduced to ca. 2 
mL. Clay (150 mg) was added and the reaction stirred under N2 for 2 days. The solution was 
filtered, the clay washed with CH2Cl2/MeOH (95/5) and the Uro’gen product was purified by 
preparative TLC, eluting with CH2CWMeOH (95/5) under N2. 
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