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Abstract: The biosynthetic pathway to uroporphyrinogen-III, the 
parent macrocycle for all the pigments of life, involves the 
formation and ring-closure of an hydroxymethylbilane. The 
non-enzymlc rlng-closure of this bilane is studied under 
different pH conditions. Also octamethyl esters of related 
bllanes are synthesised which have elther a cyan0 or a methyl 
group blocking position-19 which is free on the termlnal ring-D 
of the natural bilane. Studies are made of the ring-closure of 
these substltuted bilanes under acidic condltlons. The conclusion 
is reached that there is a strong preference for non-enxymic 
ring-closure of an hydroxymethylbllane to occur at the terminal 
carbon atom (posltlon-19). 

The octa-acids derived from the cyano and methyl substltuted 
bllanes lnhlblt the action of cosynthetase on the natural 
hydroxymethylbllane. 

Uroporphyrincgen-III (31, shortened to uro’gen-III, is the biosynthetic parent 

of all the pigments of life such as protohaem, the chlorophylls and vitamin B12. 

This central position held by uro'gen-III has led to extensive studies being made 

of the biosynthesis of the macrocycle (3) starting in the 1950'8 and continuing, 

with increasing scope and sophistication, to the present day: the progress made has 

been reviewed.2 For our purpose in this paper, it is necessary to concentrate only 

on the terminal stages shown in Scheme 1. These stages require two enzymes, 

hydroxymethylbilane synthaae (E.C. 4.3.1.8) and uroporphyrinogen-III synthase (E.C. 

4.2.1.75); the latter is normally referred to as cosynthetase. 

Bydroxymethylbilane synthase builds the unrearranged bilane3" (2) from four 

molecules of porphobilinogen (1) and the bilane (2) is then ring-closed by 

cosynthetase, with a single intramolecular rearrangement of ring-D5#(j, to generate 

uro'gen-III (3). Scheme 1 also shows a possible mechanism for the rearrangement 

process via the Spiro-system7 (4) and there 18 evidence from synthetic 5tudie58'g 

that this mechanism ia chemically feasible. An alternative mechanistic proposal, 

which also fits all the experimental data, has been made4 but has been less studied 

than the Spiro-mechanism. Finally, the hydroxymethylbilane (2) rapidly ring-closes 

non-enxymically under very mild conditions (ca -* pH 8) to form essentially pure 

uro'gen-I (51, that is, ring-closure without rearrangementl. It is probable that 

ring-closure of the bilane (2) both enrymically and non-enzymically involves the 

azafulvene (6) (OK the unprotonated form) as an intermediate. 

Ring-clomure of the Batural Byd --- rO5YBethYlbil.Ule 

Our first aim was to examine the effect of ring-closing the natural bilane (2) 

under conditions more acidic than pH 8. At pA 8, many if not all of the acidic 

side-chains of the bilane (2) will be ionised. So it was conceivable that by 

'Dedicated to Ralph Raphael on his 65th birthday. 
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lowering the pti, thus altering the charges on the side-chains, the preferred 

conformation of the bilanc in solution might be changed. There would then be a 

chance for ring-closure to occur at the alternative starred site on ring-D [see (2) 

Scheme l] finally to produce some uro’gen-III (3) via the Spiro system (4). - 
Accordingly, the hydroxymethylbilane (2) was synthesised essentially as 

4 earlier ; details of improvements are given in the Experimental part. Separate 

portions were then treated for 5 mins in the appropriate buffers at pH’5 2, 4, 6 

and also at pH 8 as standard. The uro’gen(s) thus formed were aromatised by 

oxidation with iodine and the esters of the resultant porphyrin(s) were 

fractionated under conditions which separate the type-1 (7) and type-III (8) 

systemslO. All four experiments gave the same result via. that the product Of 

acid-catalysed ring-closure of bilane (2) was essentially pure uro’gen-I (5). So 

there is a pronounced preference for ring-closure onto the terminal a-free position 

of ring-D in bilane (2) to produce the larger macrocycle (5) rather than the 

smaller one (4). 

Ring-clommc of Bilancs Carrying C-19 Substituents _- 
A possible alternative way to affect the direction of ring-closure of an 

hydroxymethylbilane could be to block the a-free position on ring-D (fi. position- 

19, see (2)). Our second aim therefore was to determine the effect of treating the 

19-cyanobilane (18) and the 19-methylbilane (36a) with acid. 

The 19-cyanobilane (18) was synthesised from the pyrromethanes (14) and (16). 

The former was built as earlier4 and the route to the latter is shown in Scheme 2. 

The aldehyde” (9) reacted with hydroxylamine to yield a mixture of the w and 

anti oximes (10) which, without separation, were converted into the nitrile (11) by 

treatment with phosphorous oxychloride and dimethylformamide12. Finally, the 

acetoxymethylpyrrole (12) was prepared from the nitrile (11) using lead 

tetraacetate. 

Normally, an acetoxymethylpyrrole is coupled with an a-free pyrrole (e.g. 13) 

using a catalytic quantity of p. -toluene sulphonic acid but only a very slow 

reaction occurred under these conditions with the cyanopyrrole (12). One 

equivalent of acid was needed and then two isomeric pyrromethanes were formed. One 

was the required pyrromethane (15). The formyl group of the other isomer was 

converted into the oxime for dehydration as above and the product was shown by 

n.m.r. to be the symmetrical dicyanopyrromethane (22). It follows that the second 

intial coupling product was the pyrromethane (21). 

This unexpected product presumably arises by attack at the formyl-bearing 

carbon of pyrrole (13) to yield the protonated pyrrolenine (20) followed by a 

series of 1,5-sigmatropic rearrangements; related migrations of alkyl groups on 

similar systems have been previously observed13. 

With the required nitrile (15) in hand, steps analogous to those used for 

synthesis of the unsubstituted bilane (2) were carried out to yield the 19- 

cyanobilane (18); see Scheme 2. 

In comparison to the properties of the unsubstituted bilane (2), the 19- 

cyanobilane (18) was remarkably stable. It was substantially transformed only by 

treatment with trif luoroacetic acid (TPA) in dichloromethane. Under these 

conditions, the n.m.r. signal for the HOCH2-group was rapidly lost and the solution 

became red-orange (strong absorbance at 487 nm). Pyrromethenes (see 23) show 

absorbance around 480-490 nm and that shown by the red-orange solution corresponded 

to 25-308 of the original bilane having yielded this chromophote. Also new n.m.r. 

signals appeared in the region 67.4-7.8 where methine protons of pyrrooethenes 

(23) appearll. Finally, pyrrorethenes are readily reduced to colourless 

pyrromethanes by borohydrfde and the colour of the red-orange solution was rapidly 

discharged by borohydride. 
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Figure la. 250 mz ‘El-n.r.r. of 

19-methylbilane (36a) in CDcl3; 

signal S is from solvent and X 

from t120. 

Figure lb. 250 Dlliz ‘ki-n,r,r. of 

19-methylbilane (36a) treated 

with 1 eguiv. of TFA in CDc13; 

signal S is from solvent. 

in refluxing diethylformamide and the product (32) was focmylated to provide the 

desired aldehyde (33). Interestingly, attempted direct formylation of acid (31) 

with TFA and trimethylorthoformate gave the aonopyrrole (39) as the only isolable 

product. This probably arises by acid-catalyscd fragmentation of the protonated 

pyrromethane (31) or of its decarhoxylated product (32) to yield pyrrole (38) which 

is trapped by formylation. 

The remaining steps to the 19-methylbilane (36a) essentially followed those 

used above for the unsubstituted and 19-cyanobilanes (2) and (18). 

Three tetrapyrrolic products can be envisaged from treatment of the 19- 

methylbilane (36a) with acid. The open-chain bilene (Ila) and isomers could be 

formed analogously to what vas observed above for the 19-cyanobilane (19). 

Alternatively, the two possible modes of ring-closure could yield the Spiro-system 

(43a) or the larger macrocycle (42a). These should all be distinguishable by 

n.m.r. so a solution (in CDCl3) of the 19-methylbilane (36a) was treated in the 

n.m.r. tube with one equivalent of TFA. The ‘H-n.m.r . spectrum of this solution is 

shown in Fig. lb which should be compared with the spectrum (Fig. la) from the 

starting bilane (36a). The important observations are: (a) Fig. lb still shows 4 

NH signals in keeping with there being one major product; (b) the signal at 64.42 

for the HOCH2-pyrrole residue in Pig. la is absent in the product, Fig. lb; (~1 a 

new signal appears at 64.25 from the product which is barely resolved in Fig. lb 

but is an AS double doublet and was clearly observed to be so with the slightly 

different concentrations used for later labelling experiments (9. Fig. 2b). This 

low field signal is one of the two crucially important signals and is assigned to 

the diastereotopic hydrogen8 at C-15 of structure (42a)r the chemical shift and the 

AS-pattern are as expected for this environment. We can be sure that the spiro- 

system (43a) would not show such a low-field signal by havlng closely related 

synthetic models availableg; (a) the second crucial signal was that from the C- 
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Figure 2a. 250 'El-n.m.r, of 

19-methyl-[2H,-hydroxymethyl]bilane 

(37al in CDC13; signal S is from 

solvent and X fraP H20. 

Figure 2b. 250 MHz ‘a-n.r.r. of 

(37al treated’vith 1 equiv. TPA in 

CDc13; signal S is fran solvent. 

methyl group which moved upfield from 62.09 in Fig. la to 61.41 in the product, 

Fig. lb. The latter position corresponds well with what is expected for structure 

(42a) on the basis of synthetic standards* containing a 2-methyl-2Ppyrrolenine 

system. 

The crucial signal assignments above were confirmed by the appropriate 

labelling experiments. Thus, (13C-methyl)-19-methylbilane (36b) was synthesised 

from the 113C-methyl]pyrrole (28a). The latter was obtained by reductive 

methylation15, using 90 atom % 13C-paraformaldehyde, of the pyrrolec’f’ 3 (261 

followed by reductive cleavage of the benzyl ester: the product was diluted with 

unlabelled material so that the final mixture contained E. 40 atom % 13C. This 

was used for synthesis of the I 13C-methyl]-19-methylbilane (36b) which was ring- 

closed with TFA as above. The signal at 61.41 was now a doublet (J=13ORZ) 

superimposed on a singlet (from 12C-material) thus confirming its assignment to the 

s-methyl group in the product. 

In addition, the 12H1-hydroxymethyllbilane (37a) was prepared by reduction of 

the aldehyde (35a) with borodeuteride and it shoved only 1H at 64.42, Pig. 2a. 

This product treated with TPA as above and the ‘H-n.m.r. spectrum Of the 

solution still showed the 2H AEi double doublet at (54.25 (Fig. 2bl in keeping with 

the earlier asaignement of this signal to the CH2 at C-15. 

Finally, because of the results obtained with the 19-cyanobilane (181, we 

checked for the formation of bilenes (e.g. 4la) from the 19-methylbilane (36al. 

The absence of significant signals in Fig. lb around 67-0 pointed against 

significant quantities of such bilenes being formed and measurement of u.v. 

absorption at 400 nm. confirmed that conclusion. 

The sum of all this evidence shows that the major product from acidic rfng- 

closure of the 19-methylbilene (36a) is the macrocycle (42a) and not the spiro- 
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Figure 3. Inhibition of cosyuthetase by the 19-methylbilane (4081 Double-reciprocal 
plots are shown for the cosyntbetase-catalysed conversion of hydroxyeethylbilane (21 
into uroporphyrinogen-III (31 in the presence (01 and absence (01 of 19-rpthylbilane 
(IOal, lOy_I. Assays were perfoxmed in 0.2 W-Tris/ECl buffer, p0 9.25, at 25 .C. 
Duplicate assays were -de in each case and 6th results are shown where these were 
not identical. 

system (438). 

Thus, both the natural bilane (2) and the 19-metbylbilane (36a) undergo non- 

enzymic acid-catalysed ring-closure to the larger macrocycles (5) and (42a), 

respectively, rather than to the smaller Spiro systems (4) and (43a). This can be 

understood on grounds of steric strain. Examples of the smaller maccocycle present 

in the Spiro system (4) have been synthesised’ and X-ray analysis of one of these 

showed the macrocycle to be so tight that considerable puckering occurred to 

relieve the steric pressures. 

EnxYric studies 

Our main interest (see below) was to determine whether the hydrolysed 19- 

methyl or 19-cyanobilanes (4Oa) and (19) acted as inhibitors of cosynthetase. 

Initially, however, we sought for signs as to whether the two bilanes were 

themselves affected by cosynthetase. In neither case could any evidence for this 

be found: one example of these experiments will auf fice. A solution of the 

hydrolysed 19-methylbilane (40a) slowly developed absorption at 490 nm (bilene 

formation?) and the rate of this process was unaffected by addition of 

cosynthetase; exactly parallel results were found for the hydrolysed 19-cyanobilane 

(19). It was important in the case of the 19-cyanobilane (19) to check that basic 

hydrolysis had not destroyed the cyano function. Accordingly, the more readily 

available 5-cyanopyrromethane (16) was hydrolysed under the same conditions and the 

i.r. spectrum of the resultant acid showed that the cyano function was intact. 

Addition of hydrolysed 19-methylbilane (4Oal to cosynthetase assays which use 

the hydroxymethylbilane (2) as substrate’ showed that the 19-methylbilane was an 

effective inhibitor. The kinetic results (Fig. 3) are consistent with the 

inhibition being competitive with respect to the hydroxymethylbilane (2). The Ki 

determined from Fig. 3 was ll@ An alternative approach using a Dixon plot16 in 

which the concentration of 19-methylbilane (40a) was varied at a fixed 

concentration of hydroxymethylbilane (2) showed the inhibition to be linear over 

the concentrations of 19-methylbilane (4Oa) used (O-153 P&J). The Ki derived from 

this second plot was 8uM in good agreement with the value from Fig. 3. 
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The 19-cyanobilane (19) was similarly studied but with less precision. What 

was clear, however, was that this bilane also inhibits cosynthetase, the results 

were consistent with the inhibition being competitive with respect to 

hydroxymethylbilane (2), and the Ki value was ~a. lO/un_. 

In additiar tc the directlone given in ref. 3, the following sixnild be noted. Anhydrous Hg504 was 

also used for drying organic solutions. ?or substances which were distilled in a Kugelrohr 

apparatus, the bg. quDt.ed is the oven temperature. Host ++n~~.r. spectra were rM at 90 MI2 cn 

an EM-390 spectrameter unless otherwise stated. 1.r.. and u.v. spectra were measured in mlj. All 

solvents were redistilled before use. 

Reshly distilled sulphuryl chloride (2.9 g, 21.5 mmol) was added dropwise to a stirred 

solution of banxyl 5-acehyl-3-(2-nethoxycatbonyl~hy)-~aat~bonylhyl~rolc2_cstbor 

(7.8 g, 20.9 mmol) in CI12C12 (50 ml). Ihe eolutian was stirred at 18 % for 1.5 h then evaporated 

arkI the residw was mixed with tSaWz (5 g, 60.9 mmol) in BlWz QM ml). lhe mixture was stirred at 

60 % for 20 min then evaporated and the residue was slurried with water (50 ml). lhe solid was 

collected by filtration, washed with water (2 x 50 ml) and dried. Ihe product was dissolved in 

CH2C12 and filtered through silica gel (2 x 2 cm) , washing with more cY2C12-ether-hexane to give 

the title acetoxymethylpyrrole (7.44 g, 83%) m.p 106.5-109 9 (lit.“, m.p. 107-108 %. 

5~-Pormyl-4,3’-di(2-methoxycarbonylethyl)-3,4~-bismethoxy-carbonylmethyl-2,2’- Beneyl 

mcthylenedipyrrole-5boxylate 

A solution of benzyl 5’-t.butyloxycarbonyl-4,3’-di (2-methoxycarbonylethyl)-3,4’- 

bismethoxycarbonylmethyl-2,2~-methylenedipyrrole-5-carkcxylate (2.94 g, 4.22 mmol) in ‘!?‘A (20 ml) 

was stirred at 18 9 in the dark, under argon for 2 h, then cooled in ice and treated with freshly 

distilled lZ(CM3 (20 ml). After 20 min, the solution was poured into agueous ~a212co3 (lO& 100 

ml) and the product was extracted into CX2C12 (3 x 50 ml). Ihe residue from the organic extracts 

was purified by flash chromatography on silica (15 x 3 cm) using 6:4 EtOAc:hexane and 

crystallisation from CH2C12-ether-hexane to give the fcrmylpyrramethane (2.24 g, 85%), m.p. 119-121 

9 (lit.4 ll9-120.5 oC). 

Mrr-entymic Ring-clcsure of pyclroxymethylbilane (2) 

The octamethyl ester of (2) (25.9 mg) was stirred in the dark under argon, with argon 

saturated aqueous ROH (2tj, 1 ml). Aliquots (0.10 ml) of this solution were added 0.05! pH 2.0 

(RCI-HCl), 4.0 (Phthalate-BCl), 6.0 (KR2P04-NaCFI) and 8.0 (KH2P04-NaOE) buffers.” Fqueous AC1 

(0.25, 1 ml) was added to each buffer with the alkaline solution to neutralise the KCPL After 5 

min, the solutions were adjusted to @I 8 with aqxzars NacH (O.W, and then miaed with I2 (0.58) in 

aquaccs KI (l.Ot, 1 ml). Excess I2 was &&toyed after 5 nin with agueous NalSO3 (5% lml) and a 

slurry of LlEAE OellUlcSe axI52) (5 g) was aMed. After being stirred for 15 rain, the resin was 

collected and washed with water (100 ml). Ior the p4i 2 run, the DGAe cellulose treatment was 

repeated. Ihe porphyrin was eluted from the cellulcse with methanolic I1cI (.I00 ml) and the dried 

residues from evaporation were treated vith HeCRl8lj ~SO4~MeO)3 (20x1:2, 20 ml). After 16 hr 

the mixtures were pwred into water (100 ml), nutralised with aqiecus NH3 (aO.88) and extracted 

with CX2Cl2 (50 ml, 3 x 25 ml). Chrcmatography of the pcducts on silica (1 g in a Pasteur pipet 

eluting with lr99 CH2C12) gave urqorphyrin cctamethyl esters as shown below. 
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Yield of 

Fe uropqhyrinester t Yield 

2.0 2.1 mg 82 

4.0 1.6 xq 63 

6.0 1.1 lsq 44 

8.0 0.74 xg 29 

Each product was fractionated by h.p.l.c.1' on Spherosorb SW with 1:l hexane: EtOAc at 1 

ml/mine1 with chart speed 120 mm/h" and the detector set at 400 nm. These conditions were 

dsmonstrated to give a gmd separation of authentic samples urqnrphyrin-I md uroporphyrin-III 

octamethyl esters. AU the atova pccducts vovad to ba essentially pure *I esters. 

mxtimllmtiie~~~ --- 
P-ketcuymethy Sty l- ~l-(2~lethy4_3_n~~L#UIylpyrrole (12) 

A mixture of the focmylpyrroleU (9)Q.68 g, 10 mmol), N12ae9cl (0.78 g, 11 mmol) arxl NaoAc 

(0.82 g, 10 mmol) in IMli (lo ml) was heated under reflux for 45 nin, then evaporated. The residue 

was dissolved in CI12CL2 (25 ml), washed with H aqmcus NaBC03 (25 ml), dried and evaporated to 

yield e and anti forms of ths (1O)as an oill b 2.14 (0.38, 8, Ar-aI3), 2.20 (ZlH, 8, Ar- 

CH3), 2.39-2.57 (2H, m, CH2ChIiCC2Me), 2.73-2.97 (2H, m, CHHcFL2C02ne), 3.39 (0.6E, s, CHH2Me), 

3.40 (l.IH, 8, CHHC02Me), 3.63 and 3.67 (each 3H, 8, 2 X CD$E3), 7.33 (0.7H, 8, p), 8.09 

(0.3H, 8, CIjNCfI), 8.42 (0.7H, br, NH), 8.62 (0.38, br, NH), 9.63 (0.3H, br, OR) and 10.00 (0.78, 

br, ai). 

lDZl3 (I..5 ml) was added to a solution of all the oxima in dry D!W (8 ml) at -20 %. After 15 

min at -20 OC, the mixture was warmed to room temperature over 1 h and then treated with 15% 

agusous N~@uz (25 ml). Stirring was continusd for 5 min and then the mixture was neutralird with 

saturated agueous Kp+ diluted with water (40 ml) and extracted with CE2C12 (3 x 20 ml). The 

combined extra&n were washed with water (3 X 20 ml) and yielckd the cyancqyrrole as an oil;i2.l3 

(3H, 8, Ar-CH3), 2.48-2.66 (2H, R, CH2Cl&CO2Me), 2.78-2.97 (2H, m, C!H&$!H2C02Me), 3.40 (2H, 8, 

C++$O2kk), 3.68 (6X, 8, 2 X -3) and 9.71 (I& br, ?W). 

All ths cyanqyrrole in AQkc (20 ml) and k20 (4 ml) at 80 % was treated with 18(CW4 (7.7 

g) until t.1.c. analysis showed no remaining atatting material. Yhe a~ol mixture was treated with 

(902 (5 ml) then diluted with water (20 ml) and extracted with -12 (50 a~! 3 X 20 ml). I?be 

axnbined extracts ware washed with 5% aqueous Nf&KD3 (2 X 100 ml) and preparative t.1.c. (eluent 

ether-haxane, 4:1) of the product yielded the WetoxyPwthyl~rrole (l.89 g) as an oil (Rnxmd: M+, 

322.1155. C15H18N206 requires M, 322.1160); Umax 3 420, 3 3OCbr, 2 220 and 1 730 cm-l; 62.04 (f, 

8, CIIR), 2.47-2.67 (2H, n, CI12C¶&CC+), 2.79-2.98 (ZH, m, CiCB$O$4e), x50 (2H, 8, CS&CD2Me), 

3.67 (81, 8, 2 X CC&Ii,), 5.01 (2H, s, qL$nc) and 9.78 (lH, br, WI; m/x 322 (218, M+), 271 (27), 

262 (75, M+ - ClIfiH), 230 (77), 220 (65), 171 (100) ud 143 (85). 

5-Cyano-5'-formyl-4,31-4i-(2-methoxycarbonylethyl)-3,4'-bismethoxy carbonylmethyl-2,2'- 

methylenedipprole (15) 

A mixture Of the faegoing acetoxymethylpyrrole (320 mg, 1 mmol), the formylpyrrolelg (13) 

(250 mg, 1 mmol) and anhydrous ~-~WCKI (170 mg, 1 mmol) in dry C~2Cl2 (0.5 ml) was stirred under 

nitrcgen for 4 h then diluted with Cl&p2 (10 ml). After washing the solution with 5% aqxeux 

NaHC03 (20 ml), the residue from evaporation gave by p.1.c. (eluent ether) a mixture of two 

Coqounds which were separated by p.1.c. (elutad twice with CYi2C12-ether, l:ll, containing 18 

MeOH). The higher Rf product was 5-cyano-5 ~-formyl-4,4~-di-(2-methoxycarbonylethyl)-3,3g- 

bismethaxycartuvlmethyl-2,2%tethyknedipyrro~e (21) (74 mg, II%), see below, m.p. 132-134 ‘% fram 

EtCAc. (lVund: C, 58.0; H, 5.7; N, 8.0. C251i29N30g requires C, 58.2; E, 5.7; N, 8.15%); Urnax 3 

300br, 2 220, 1 735 and 1 650 cm"; 62.54 (2H, t, J 7.3 Hx, CH2~SC02He), 2.57 (2H, t, J 7.6 Hz, 

Ul2mnC), 2.86 (2R, t, J 7.6 Hx, CH&CII+2Ne), 3.01 @II, t, J 7.3 Ex, a&CO+), 3.56 and 3.58 

(each ZH, 8, 2 X CHHC02Me), 3.63, 3.66, 3.80 and 3.82 (each 3H, s, 4 X fz02Ca3), 3.83 (ZH, s, 

methane cH2), 9.58 aH, 8, CRO), 10.30 and 10.43 (each lH, lx, 2 X M); m/X 5l5 CM+). 

Ihe lower Rf product was the desired pyrrathane (15) a59 mg, 31a), m.p. 109-110 Oc from 

Et-c. (Found: C, 58.3; H, 5.6; N, 8.3. C25H29N30g requires C, 58.25: A, 5.7; N, 8.151); Urnax 3 
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300br, 2 225, 1 740 and 1 650 cm-'7 62.54 (ZH, t, J 7.6 Hz, CE12CHHCC2Ne), 2.58 (271, t, J 6.5 Hz, 

CXi2CEIE), 2.76 (2% t, J 6.5 Bz, CflCK2C02@!e), 2.83 QH, t, J 7.6 Us, CI&Bi2C02kie), 3.U QH, 

8, cA,C02Me), 3.63, 3.64 and 3.66 (each 3H, 8, 3 X CO2CE3), 3.71 (2H, 8, C&CO,He), 3.73 (3H, 8, 

Cqar3, 332 (28, s1 methaplc a2), 9.48 (la, s, CRD), 10.32 ad 10.53 (each lH, tx, 2 X Mi): m/r 
515 (n+). 

A soluticm of the 5-cyax+5~-fccaylpjrroet~ 01) (52 ag) in neoB (0.2 ml) Y- heated rnder 

reflux fa l.5 h with qm (8 mg) ad Naollc (9 mg) ad thsn evaprated. ‘Its residu in -2 

(5 ml) w= washed with 58 eqreux~N_ (10~11) ad the product fran the driedcR2Cl2solutiarwas 
treated at -20 % in dry DMP ((22 ml) with PCC13 (15 ~1). After 15 min, the mixture was w& 

during 30 min to 18 %, then diluted with water Q ml), neutralised with saturated aguaous Kp3 

andextracted witbQ92Cl2 (3X 5ml). Tbs extracted material wm pcified by p.lc. on silica with 

ether to give tha dicymxz?yrroPrthuw (22) (34 mg, 651)r 6(4OMW) EM (&i, t, 2 X s), 

2.85 (IA, t, 2 xcagCK2cq), 3.56 (IH, 8, 2 x CH2C02), 3.65 and 3.79 (each 68, s, 4 X 0~x3)~ 3.77 

(2% sr metW2), 10.47 (2& br, s, 2 X tKb; m/r rr*nd: 512.1915 C2&9N4% re~liree 512.1907. 

1-@ano-19-forsy1-2,7,12,17-tetra(2-pe~letby1)-3,8,13,18- 

t.etrakiss~~~~arbary~#t~~Ibi~~, (in 

-4 (40 mg) was a&dad in beyeral portions to a stirred solution of the Wrranethane (15) (42 

Wr in dry necm (la) containing tK?t3 (6 drop). After 10 min, the niature was diluted with 

cR2Cl2 (10 ml), washed with txins (3 X 4 ml), and the pccduzt from evaporation, (which was ths 

hydroxymethylpyrroae] was disaolvad in CZifl12 (4 ml) containing MZt3 (2 dropa) and addad 

drcguise ovar 5 min to a stirred solution of tbs famylpyrr~4 (W(40 mg) in CB$l2 (3 ml) 

ad I%Bz (1 ml) uxkr argm inttm dark. After 15 nin, the mixture was washtd with 5% l quaora 

NaKC03 (50 ml), dried and evaporated to ~a. 0.5 ml under argon. 13eCH (3 ml) was added to the 

rcsiducsndthemixt~ewsaagainevaporatsd. This procedure was repeated and the resulting solid 

was collected & centriwtion Md pxified by p.1~ (eluant CZl3:clscA, 19r1, containing (11% i- 

PrtKR.2). 'Ihe formylbilsne (17)QS mg, 31%) was reaxered with minimum expxnxe to air and light as 

a pow&x, mg. 140-145 oC @xmp.); 6(CD2C12) 2.40-2.60 WEi, m, 4 X C$CFlFlHe), 269-2.88 (8Fh 

m, 4 X C3&E2Cqlrc), 3.45-3.86 (38H, each s, 4 X CKi&02~, 3 X methane CS!2 and 8 X 0qCI13)r 9.20 

md 9.38 (each Ui, br, 2 X NiQ, 9.52 (I.& 8, CaO), 9.82 and 9.98 (each I& br, 2 X NfII; 'p/r 990 (n+ 

+ 1). 

19-@anc+1-hydrcayrWhy1-3,8,13,18-tetra-2(2-mthcqcarborrf1ethy1)-2,7,3.2,17- 

tetrakisBt.bxycarbcWlmathylbilane (la 

NBBII~ (66 mg) was add& in one portico to a stirred solutico of the foregoing famylbilme (15 

mg) in a~x~ (L5 ml) aDntaining MeoB (0.6 ml) and t~t3 (5 drw). After 5 min, the mixtrne w&r 

diluted with CZX!13 (5 ml), washed with brine (3 X 2 ml), dried and evaporated with a stream of 

argon. The residue was purified by p.1.c. (eluent CKiCl3:MeDR, 1911 containing 0.1% NEt3), the 

plate bairq CUL in tha dark under argon. lbe product was recovered with minimum exposure to air 

ti light by extraction frca ths plate with (Bc13:k!aa1, 19:1, clpntaining al% tKR3 a0 ml). * 

extract was axxxntrated to ck (12 ml undar argon, then diluted with MscIl (2 ml) and a>nosntratcd 

a befae. mC residus was sra~ in WCOB ((15 ml) containing tEt3 (3 drops) cad the resulting 

solid was collected b centrifugation to yield tha cy~drcaymethylbilane (18) (6 mg, 408) as a 

powder; 6(CD2C12) 2.30-2.61 (9E, m 4 X CE2CEECO2Me and UI), 2.71-2.87 (8A, m, 4 X CEECTI2CO2He), 

3.43, 3.46, 3.45, 3.52, 3.58, 3.62, 3.67, 3.68, 3.69, 3.69, 3.70, 3.72, 3.74, 3.75 and 3.82 (388, 

each S, 4 x err, 3 X methane CR, ad 8 X C$(83), 444 (ZA, sr %Ui), 916 (2& IX, 2 X MIA), 

9.35 and 10.09 (each 1 71, br, 2 X Nf07 m/s 992 CM+ + I), 991 (I&, 976, 9% 974 and 973. 

A solution of the benzyl ester of (28a) (6 g) in MeCM (500 ml) was hydrogenated at room 

temperature owx WC (101, a5 g). whan hydrogen uptake cc~&, the solution was filtered cad the 

rasidus from evaporation wizm recrystallized frca! a12C12-ether-hexaneto give pyrrolecarboxylic acid 
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(28a) (4.13 g, 918), m.p. 133-138 OC (decomp.) 62.23 (3 B, s, CB3), 2.30-2.87 (UI, m, C!B2CB2C02), 

3.70 ad 3.73 (ead~ 3a, a, 2 x m3), 3.86 Q.E, s, CR*), S.20 (l& bt, CfXR), 9.M (I.& h, le); 

m/z 283 (X3. 

A e4ohtion of the faegoing acid ( 2-1 L1 9) in 'IpA (20 ml) was stirred at roolp temperature 

La 30 min Bvapration of the solvent and flash Dra@y of the residue tm silica (l5 X 1 

m) with 3:2 etherrbexane gave the urtabie wrolc (2%) (730 mg, 86%) as an oil. 6 215 (3 B, 8, 

CH3), 2.23-2.90 (Iii, II, cH2~2m2), 3.45 (ZB, s, CA29), 3.67 and 3.69 (each 3H, s, 2 X OCB3), 

6.53 UH, d, J=3Hz, pyrroLe_H), 8.07 (lH, br, NI); m/z 239 (H+). lhis sodrrt muld be aDnverted 

intothedesired material but the following methcd was simpler. 

pTosOH (0.72 g) was added to a stirred solution of acid (28a) (1.5 gr 5.3 mmol) and 

acetoxymethylpyrrole (27) (l.52 g, 3.52 mmol) in Cl&$12 (20 ml). Ru solution was stirred in the 

dark for 1 h at 18 % uder argn and then evaporated. Flash chranatogrmy of the residue on 

silica (15 X 3 cm) with 2:3 EtOAc:hexane, then 1:l EtDAc:hexane gave benxyl 3,4'-di(2- 

tho;rycarbonyletlryl)~,3'-bisarthoJrycar~smlmcthyl-5~~~1-2,2~-aethylensdi~rolc~~~~ 

Y& a3 an Oil . (Fund: QO.25l5 CsH38wO requires Q0.25263. 6 2.15 (3H, s, Ca3), 2.3S3.00 

(8H, m, 2 X CH2CR2C02), 3.53 (2H, 8, CSi2CD2), 3.67, 3.68,, 3.69 and 3.71 (each 3H, 8, 4 X DCB3), 

3.90 (UI, 8, ai* and mettWnFui2), 5.30 (2H, s, ql'h), 7.45 (5H, m, PB), 8.70 and 9.05 (eactr 

lH, br, 2 X NH). 

All the foregoing product in MmH (15 ml) was hydrogsnated at 18 % over W-C (lo\, 100 mg). 

After hydrogen upeake oeased, the solution was filtered (Celite) and the residrm from evaporation 

was recrystallised frcm CR2Cl2-hexane to give the lyrromethurecarboxylic acid (29a) (695 mg, 38% 

over two steps), m.p. 150-154 9 (beoolrp.) m C, 57.6; A, 61r N, 54. G&i32Y%O requires 

C, 57.7; R, 6.2; N, 5.49), ,,,ax 3 660-2450 br, 3420x1, 3010~1, 173Os, 1665s cm-'y 6(250 MHz) 2.10 

(3B, s, CB3), 2.39 (2H, dd J = 8.5, 6.1 Rs, CH2c~~2), 2.57 (28, t, 516.2 Hz, CH2CHHC02), 2.68 

(2B, dd, 519.7, 7.1 fix, CI&CS2CO2), 2.79 (2B, t, S7.2 Ax, Cnda$q), 3.47 (ZH, s, Qtl03L), 3.63, 

3.65, 3.67 and 3.74 (each 3H, 8, 4 X OCIi3), 3.82 and 3.83 (each 28, s, CB2C02 and methane-CB2), 

8.55 and 9.82 (each I& br, 2 X tW); m/z 520 (PI+). 

~~rmyl-3,4'-di(2artharycarbcnyle~l)4,3~-bi~thaxycar~cnylmcthyl-5'amthyl-2,2~- 

methylsradipyrrole (33a) 

A solution of acid (31a) (294 mg, 0.565 mmol) in freshly distilled Et2m (3 ml) was heated 

at reflux for 3 h. mC solvent was removed by Kugelrohr distillation (100 9, 19 mm) tbn the 

residue (32a) in DMF (2 ml) was stirred at 18 oC WKIM argon with phoxl (167 mg, 1.19 1~01) for 16 

h. me solution was then Fed into aqueous NaR (101, 50 ml) and extra- with C~2Cl2 (1 X 50 

ml, 3 X 25 ml) the extracted ~oduct being taken up in ether (100 ml) and washed with water (4 x 25 

ml). Preparative t.1.c. of the product frcm the ether with 7:3 EtCPc:hexane and recrystalisation 

from CH2C12-ether-hexane gave aldehyde (33a) (133 mg, 47\), m.p. 126127.5 OC. M: C, 60.0; H, 

6.4; N, 5.5. C25B32Nz0, requires C, 59.5; B, 6.4; N, 5.59). UmbX 34lOw, 331Ow, 3010, 173(6, 1645 

Cal-l; Amax 331 nm; 8 (250 MBz) 2.Ll (M, 8, CTi3), 2.40 (ZH, m, Cf12Czii), 2.65 (4H, m, CHI~$~, 

2.83 (ZH, m, CHHCH2Co2), 3.48 (ZH, s, CB2C02), 3.64, 3.66, 3.68 and 3.80 (each 3H, 8, 4 X 0CB3), 

3.74 and 3.85 (each 2H, s, CB2CO2 and methane-CA2), 8.58 (lH, br, NH), 9.55 (lH, s, CHO), 10.30 
(lH, bc, Ml); m/z M: 504.2lO53 %5H32N209 requires 5042105. 

~-~~l-3,8,13,18-tetrs(2~~c~~yle~yl)-2,7,12,17-tetrakis~~~~~~yl-l~ 

methylbiLsnt(3k) 

MBB4 (20.2 mg, 0.53 mmol) was added to a stirred solution of formylpyrroPlethsnc (33a) (l9.1 

mg, 0.038 mmol) in M&H (1 ml) orttaining ~3t~ (3 drops). After 10 min, CSf2C12 (lo ml) was added 

and the solution was washed with brine (3 X 5 ml). Ihc cornbind aqeous p>luticn was extracted 

with CB$l2 (5 ml) ad the product from the oolnbined C&Cl2 solutions in C&El2 containing m3 (3 

drops) was added dropwise to a stirred solution of a.ldeh@e (14) (U.8 mg, 0.0851nmol) in ai2C12 (5 

ml) containing IIQeu: (1 ml) udcr argcn. After 10 min at 18 ct3, the solution warn washed with brine 

(20 ml) and ncutralihd with solid WeBq. lhe organic m was washed with water (2 X 10 ml) and 

the residue therefran was triturated with MxW (2 ml) and evaporated again with an argon strccrm. 

Rm residue was resuspnded in HeCH (2 ml) and centrifucd. mC sqernatant (containing eIDsu 

pyrronethane (14) was removed and replaced by fresh MeOB. Thin trituration*ntrifugation 
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promdure was reFeatedtwi.ce mtxt and tlm final wlid residue was further plrified bypeparative 
t&c. an silica rmder ugm l luting with 1119 MeCfiSEC13. lbe~oductwamadesolidusingNaCRi 

(tB alDIe to give formylbilane (35a) (12.2 mg, 3%). (Rnxxlt 'P/t 9784109. C491i62N4017 reqira 

978.4110; Urnax 3 390 II, 3000 m, 173Os, 165tB cm-', &a, 311 nmr 6 (400 ME?) 2.08 (38, s, CIi3], 

2.35-2.9 tea m, 4 X C+C3$C2], 2.62-2.81 (8% m, 4 x c&a+ab2,, 3.379, 3.383 and 3.42 (each 2& 

s, 3 X CE2CCb$, 3.58, 3.60, 3.62, 3.64, 3.647, 3.654, 3.67 and 3.70 (each 38, s, 8 X CCE3), 3.628, 

3.637, 3.72 and 3.80 (each 2~, 6, ~a)2 and 3 X methane-cI12), 847, 9.l7 md 9.29 (each 3.~4 br, 3 

X NE], 9.50 (la, s, ClfO], 9.85 (1X, br, NH]. 

l- ~thyl-3,8,13,1&tetra(2arthaxycu~leWl)-2,7,12,17-trtrdtislrt~~Wl-l~ 

lleWlbil.ane~ 

NaBE4 (13.8 mg) was added to a stirred solution of formylbilane (35a) (6.5 mg] in 5:2 

UiCl3;HeCEl (0.7 ml] at 18 OC. After 15 min, the solution was diluted with CRC13 (2 ml] and 

l xtractsd with twine (3 X 1 ml). lbe residue from the organic wlutia, was txiturated with nSae 

and the UeClH was evaporated with nitrogen. The residue was resuspended in HeOH (2 ml) and 

centrifuged and the solid was dried in vacua to give hydroxymethylbilane (36a] (5.6 mg, 86t). 

(Fomd: 980.4248. C49ii64N4%7 requires 98CL4266); U- 3440 Ix, 303m, 1770s cll-', 1, 244 M; 

6(40013Rz] 2.08 (3% s, CH3), 2.30-2.90 (168, m, 4 X CE2CE2C02), 3.35, 3.39, 3.42 and 3.43 (each 

2B, 8, 4 X CH2CC2], 3.56, 3.59, 3.61, 3.63, 3.64, 3.67 and 3.68 (each 38 s, 8 X CCH3], 3.58, 3.69 

and 3.71 (each 28, 6, 3 X methane-CH2), 4.43 (2H, d, J=S.IBt, CHHCSi), 8.52, 8.92, 9.07 and 9.20 

(each UI, bt, 4 X Ml. 

1~~2e3rbrLldascfms 

C(2-~~baryleW~-~~~Wl-~113C]llbWlWrr~Lt2~blic acid B 

The benzyl ester of the title acid was jxepared as earlier' from I+] parafccmaldehyde (SO 

atao t) and part (112 mg) was diluted with unlabelled material (.l.l2 mg). l'bi8 was hydrogenolysed 

as for unlabelled material above to yield the acid (148 mg, 92t) having an n.m.r. spectrum 

identical to that of the unlabelled sample save that the signal at62.23 was a doublet 13C!H3 

(J=128Hz] euprimpcsed on a singlet %33, 6, 11.67 (%$. m/z 284 (1%112C121+71K@ and 283 

(%3%7Nos]- 
~oxynmthy1-3,8,13,1~te~a(2~~~1e~y1)-2,7,12,17-te~~i~~~~~1-1~ 

~3C]meWlbirsn(36b) 

mC synthesis of this labelled bilans followed the rmlabelled series exactly: the data for the 

intermediates and final bilane were as follows. 

Acid (28b) (268 mg] and pyrrole (27) (407 mg) gave the I%meWll methylenedipyrrole (3l.b) 

(128 mg, 26t), m.p. 148-153 OC (decomp.]. The signal at62.10 was a doublet 13CIi3 (J=127Iiz] 

superimposed on a singlet 12C!E3: ic 11.12 (13CH3]. m/z 521 ('3C112C24H32N2010), 520 

(12C25g32YC10]* 
This product (I.20 mg] yielded the 5-formyl-(1&neWllmethylenediEyErole (3%) (34 rag, 29%], 

m.p 124-126 OC; 62.11 ckxblet 13ar3 (J=l2'IRz) auprimpoecd an a singlet %I31 6c 11.12 (13CZi3]. 

m/z 505 (13+%24g32~~, 504 (12C25A32%091. 
me foregoing product (19 mg) and pyrromethane (14) (47 mg] gave the fOrmyl-19-113C- 

methyl]bilane (3%) (12.3 mg, 33t);62.08 (38, d, J-127% 13CH3 superimposed on 8, 12CE3] 6C 

11.09 (13CE ) 3' 
em labelled formylbiLMe (a2 mg) was redwed to the hydrorymethyl-l~ll~-nrcWllbflsne 

(362~) (58 ng, Tit); 62.08 (38, d, J-127H2, 13CH3 suprimposad cn 6, %I,]. 

the unlabelled formyLbiLsne (35a) (5.1 mg] was reduced as eulier with NaBD4 (10 mg] to yieti 

l-([2~]hydroPrynthyl)-3,8,13,1&tetra(2~hDxycuhonyl~yl~-2,7rl2~l7- 

tetrakismethoxycarbonylmethyl-19-methylbilane (37a), (4.7 mg, 92t); lB-n.m.r. identical with 

unlabelled material l lpapt for 6443 (I.& Lx, EKlD]. 
&idcatalymd ring~losureofunlabelled and l&elled fofms of 19-mtthy - ---_ lbilaneB 

~tm details of them experiments and the ILAB.~. spectra obtained are gim in the discussion 

section. 

rpprice= dzs 

The bilane esters (18) and (36a) were hydrolysed at 18-20 OC with aqueous 2tj-KOH (100 l/lag of 



Biosynthesis of porphyrins and related a1acro~ycl~27 3135 

bilane) fcr 16-18 h uder argon or nitrogen Md and the final alkaline solution was carefully 

adjlleted to p4I 8-9 with BZl. Assays for cceynthetase activity were performed as earlier1 using 

various concentrationa (range 20-166 plj) of hydroxymethylbilane (2) without and with 19- 

methylbilane (48a) (102 un) or 19-cyanobilane (19) (13.5 NE). For the Dixon plot, the 

concentration of 19-methylbilane (40a) was varied over the range O-153 Pg and that of the 

hydroxymethylbilane (2) wm held at SO PI& 
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