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6'-Aoinometliyltripyrranes (pyrrylmethyldipyrrvlmethanes1 are intermediates of great 

interest for the biosynthetic studies of porphyrins'. The tripyrranes derived from the 

self-condensation of porphobilinogen 1 (and isoporphobilinopr. 2) have hcen repeatedly - 

as intermediates in the biosynthesis of both uroporphyrinogen III and uroporphyrinogen 
-1 

We have recently"' reported the interaction of 

them with the enzymatic system that polymerizes 

formal 

proposed 

12. 

some of 

pornho- 

CO*H 

EJH 2 
H 

1 - 

1 
biosynthesis'. Hence a versatile 

will be outlined. 

Tripyrranes are rather 

Simple tripyrranes stabilized by 

bilinogen to uroporphyrinogens. The obtained results 

indicated that the specific enzymatic incorporation 

of tripyrranes into woporphyrinopens may give the 

final answer to the mechanism of umporphyrinogen III 

and simple synthetic method of the aforementioned tripyrranes 

exotic compounds and only a handful of them have been prepared. 

electron-withdrawing substituents have been prepared by 

condensation of; 11 2-bmmomethylpyrroles with the lithium salt of dipyrrylmethane oC.- 

carboxylic acids 
4 ; 2) a 2-chlommethylpyrrole or a 2-acetoxymethylpyrrole with a P-unsubstituted 

dipyrrylmethane5; and 3) a Z-acetoxymethylpyrrole with a 2-unsubstituted dipyrrylmethane in the 

presence of a catalytic amount of p-toluensulphonic acid6. Procedures 1) and 2) were found to 

be unreliable due to secondary rearrangement reactions 4-S , and were discarded 7 for the 

synthesis of tripyrrane 5. Instead, the prior synthesis of a tripyrrene (stabilized at the (a) 

bridge) was introduced, which was then transformed into a tripgrrane bv reduction 793 . We found 

that procedure 3) also failed to give the desired tripyrranes 5, 7 and 9. - - 

It was however , possible to build up complex linear pyrrylmethane derivatives 

(SCHEME I) provided certain precautions were taken. 

--- 
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3 - 5; 

7; - 

2; 

2; 

R=0CH202C; P1=FMe; R2=Ane 

R=@CH202C; R1:Pi'e; R2=PMe 

R=U. , F.1+Me; R;,AMe 

R=H; R1=AMe; R,zp"= 
L 

2.; R=OCIi202C 

13: R=l! 

PMe=Cli2CH2C02CJi3; AMe=CH2C02CH3 

SCt!!HE I 

In a typical experiment a solution of benzyl 2-chloromethyl-3-(o(-met-hoxycarbonyl- 

methyl)-4-(p-methoxycarbonylethyl) pyrrole-5~carboxylate 3 (216 mg)' 

lactam 41" 
- and dipyrrylmethane 

(216 mg) in 20 ml of dry pyridine was placed in a glass vessel, the solution was 

thoroughly deareated, the vessel was then closed under vacuum (O,l Torr), and heated at loo', 

during 64 hours. After evaporation of the solvent, tic analysis OII silica-gel coated plates 

(using Q% methanol in chloroform), indicated that a single tripyrrane was formed and that 

unreacted dipyrrylmethane 4 was still present. They were separated by chromathopraphy on a 

column (20cm x 2 cm) packed with tic silica-eel, by using the above mentioned solvent and 

by applying a slight pressure. 



No. 5 339 

Tripyrrane 5 (lfili tnc; 23s) was thus obtained: lin 2!7-220 (from methane;, canillar __ 

tube sealed under vacuum); ir c&r): 3353 cm -' (111:); 16RO cmwl(amide co): 17x cm 
~1 

(rinp ester 

CO); 1742 cm (side c!lain ester CO); uv max (ethanol), 205 nnr (tt 20,000); (nmr; F,fridine-d,; 

i=o, TKS); i2.7 (m, 12h, -C!i,Cfl,-); 3.5 (n, Zij, Cl',CC): 3.6 (i:, ?Sk:, OC!13); u.OF> (s, Lii!, 
.) 

Cii2c00); 4.12 (s, 4ti, -ci;,-1; 5.0 (b, zi‘, cfi ~fi); 5.5 c5. 2ki, c!r,fi); 7.3 (b, 511, (:6hE): ms, 
2 

(n/e; direct inlet, 210") 
-- 

, main reference f:eAks: P:XC i!Jt, 3?;), t.95 (‘: cal’5C112-CC2. 13% 1; 6CE 
(17%); 505 (64%); 372 (34%); 458 (2%); 236 (63%): 727 (lOO%!.(r;cfa:F{f: TI). 

10 -y condensation of 3 and 6 t-e tripyrrane 7 was obtained; mn 703-205L, (from . . . - 

methanol); ir (KC'r): 3450 cm -I (IIH); 1745 om-1 
-1 

(side chain CO); 1730 cm (rinp ester CO); 

i680 cm -* (amide CO); nnr (pyridined5): 62.7 (m, 12!!, CP2C!I2); 3.5 cm, 2l!, c1:2cc ); 3.6 

(b, 15H, OCli,); 4.0 (b, Zff, -Cii,-); 4.1 (b, 2H, -Ci! 2-); 4.4 (b, 4H, CP,COO); 4.7 (iC, 2fi, 

CI_12Nh); 5.25 (s, 2H, CfI20); 7.3 (h. 511, CFf!5); ns We), 83C (II+, 3%), 6'15 (IS?), ljOF (15%), , 
505 (706), 372 (30%),-x8 (384), 236 (20%), 222 (100%). 11,~ condensation of 3 and dipvrryl- 

9 
methane lactam 8 , the tripyrrane 9 was obtained; np 226-228:' (from nx?tk.anol, 24?), ir (KPr): 

3400 ml 
-1 -- -1 

; 175C cm ; 1725 cm-'; 1690 CTT. 
-1 ; uv max (ethanol), 283 nm (E24,IOC); nmr (pyridine 

-d5); 62.8, 2.7 (b, m, 1211, Cfi3CE3C0, CH2Cf$), 3.5 (b, 15H, CC"3); 4.05, 4.17 (h, 4H; -Cfl2-); 

4.25, 4.30 (b, 6H, CH2COO); 4.7 (b, 2f1, CHJK); 5.25 (s, ZH, Cf!20); 7.3 (b, 2f!, C&); ms 

(m/e), 830 (n*, Sr,), 695 (12%), 608 (139,), 505 (50%), 372 (308), 458 (35%), 23E (E,'9,), 222 (100%) 

The benzyloxycarbonyl group of the three tripyrranes was eliminated hy hv.dropenolysis 

followed by thermal decarboxylation. In a typical hydrop;enolysis experiment, 104 mt: of 5 

dissolved in 10 ml of glacial acetic acid, 

- 

was reduced with hydrogen over an equal weight of 

10% Pd on charcoal at 50 psi during 2 hours, The residue obtained after filtering ::he catalyst 

and evaporating the solvent, was decarboxylated by heating "in vacua" to.05 Torr) at 220“ 

during one minute. Only tripyrrane _lO was obtained as judged by tic analysis. After a 

purification on a silica-gel column as described above, it was isolated in 33% yie_d; mp 223- 

225(:, 
-1 -1 

ir (KEr) 3350 cm 
-1 

OiH); 1675 cm 
-1 

(amide CO) , 1725 cm (side chain CO), 1750 cm ; 

nmr (pyridine-d5): 6 2.7 (m, 12H, CH2CH2); 3.4 (b, 2f1, Cff2CO); 3.55 (5, 15fi, OCfl5). 3.7 

(s, LIE, Cti2COC); 4.0 Ib, 4t1, -Cff,-); 4.8 (m, '2, Ui2Hli); 7.0 (b, 1E, Cl,-E); ms (m/c ): 636 

1 

. CM+, 3%), 474 -m-222; 25%), 462 (11, 70%); 227 !3005b). The 
+ 

analogous dimethyl-tetraethyl ester has been desrrihed . 7 

The tripyrrane lactam 12 was obtained from 7 by I similar - - 

procedure; (mp 14O-142", 34%): ir (KBr), 3450 cm.13 1740cm 
-1 

1660 cm ; 
-1 

nmr (pyridine-d5): L2.7 (m, 1211, Sf!2:'fT2); 3.45 

(b, 2H, CH2CO); 3.6 (b., 15E, CC'l3): 3.7 fs, 4!!, CF,COC); 4.1 (b, 43, -(X2-), 4.8 ( , 2, Cff2Nf); 

7.0 (b, 0*9l!, Cl' -Ii); ms (m/e): 696 (PI+, 5%); 474 (?5":), 462 (8OC,), 222 (lOO%). Hy:rogenXysis 

and decarbozylation of 9 afforded tripyrrane 13; mp 110-112" (methanol, 36%), ir (?Br), 3350 .^ 
-I -1 

nmr (pyridine-d5); 2 2.9 Ib, rr, 121!, CH2Cf!2C0, Cff2Cfi2). 3.4 (h, 

--.. 

cm , 1720 cm 
1 , i68O cm-- , 

GE, Ch2C00j; 3.6 ("u, 15H, Wf?,); 4.0 (b, Wf, -CI!2-); n.25 (n, 2t?, Cf!,W); 6.5 ib, :.8ff, C,,-:I) 

ns (m/e), 696 (#+, 4$), 474 (40%): 462 (70%)$ 222 (100%). 

I - 

Eecarboxylat-icn attempts using triflusroacetic acid resulted in extensiw decoqosi- 

tion of either 2, 12, or 13. - 

The tripyrrane lactams were saponified by using the procedure introduced for the 
10, 9 

analogous dipyrrylmethane lactams . The lactams lo, 2, and 13 (25 mg) were slwly - 
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dissolved under a-stream of nitrogen in a 2EJ KOD solution (0.5 ml) and the d-isappearance of 

the lactam methylene signals was followed by nmr. After 72 hours the saponification of the 

lactam rinp and the ester groups was completed; L? had nmr (KOD, <=O for DE:;); 62.B (m, 8H, 

-CH2CH2-1, 3.7 (b, 611, -Cl$COO), 3.85 (b, 2H, -CH2NH2), 4.1 (h, 4H, -CH2-1, 6.8 (b, 0.8H, Cl,-H) 

15 had nmr; 62.8 (m, 8H, -CH2CH2-1, 3.6 (h, 61!, - -CH,COO), 3.85 (b, 2H,-CH2N!12), 4.05 (s, 2H, 

-CH2-). 4.10 (s, ZH, -CM-,), 6.0 (h, lH, C1,-H); - 16 

-CH,COO), 4.0 (s, 4H, -CH2-), 4.3 (s, 2H, CH3NH2), 
- 

had nmr: 2.8 (m, Eli, -CH+:H2-); 3.6 (b, 614, 

6.9 (b, O.SH, Cl,-H). 

2; Rl=R3=R5=CH2CH2C0+i; R2:R4=R6=CH2C02H 

l5_; R1=R4=R5=CH2CH2C02ti; R2=R,+=R6=CH2C02H 

16; R1"R3=R6=CH2CH2C02H; R2=R4=R5=CH2C02H 

As can be seen the nmr spectra of the three aminomethyltripyrranes differed among 

them. The very slow exchange of the Cl' -H with deuterium is in contrast with the very fast 

exchange of the K-free hydrogen of the analogous 2-aminomethyldipyrrylmethanes 
9; 10 

; and 

explains the lower porphyrin yields obtained by dimerization of the 6'-aminomethyltripyrranes 
3 

as compared with the 2-aminomethyldipyrqlmethanes . The 6!-aminomethyltripyx-anes were very 

unstable substances and were directly used in solution at pH 7-B for enzymatic and chemical 

studies. 

REFERENCES 

1.-B. Frydman and R.B. Frydman, Act. Chem. Research, 11, 201 (1975). -__-_------- 

2.-B. rrydman, R.B. Frydman, A. Valasinas, E.S. Levy and G. Feinstein, Ann. ?I.Y. Acad. Sci., -_.- -._. __----- 

44, 371 (-1975); and references therein. 

3.-R.B. Frydmab, A. Valasinas, S, Levy and B. Frydman, FEBS Lett., 38, 134 (1974). ---.- 

4.-A. Hayes, G.W. Kenner, and N.R. Williams, J. Chem. Sot., 3779 (1958); A.11. Jackson, G.W. 

Kenner, a&% D. Parburton, J. Chem. Sot., 1328 (1965). -_---~ -- 

5.-P.S. Clezy and A.J. Liepa, Aust. J. Chem., 23, 2443 (1970). 

G.-J.A.S. Cavaleiro, A.K. d'A. Rocha Gonsalves, G.h'. Kenner, and K. M. Smith, ~J~z~~_S~~.. 

Perkin I, 2471 (1973). ~____ 

7.-J.M. Osgerby, J. Pluscec, Y.C. Kim, F. Boyer, N. Stojanac, H.D. Mah, and ';,F. MacDonald, 

can,_ J,_.C~~., 50, 2652 (1972). 

8.-B. Franck and A. Rowold, Angew. Chemie (Int. Ed.), 2, 423 (1975). -_------.II 

9.-A. Valasinas, E.S. Levy and 9. Frydman, J. Org. Chem., z, 2872 (1974). ----I 

10.-B. Frydman, S. Reil, A. Valasinas, R.B. Frydiran and H. Rapoport, J. Am. Chem. Sot., 93 ---_- ---- 
2738 (1971). 

Acknowledgment. This work was generously supported by grants from the National Institutes of --_-_-_____ 

Health (GM-11973),the Consejo 1:acional de Investigaciones (Argentina) and hv a Grant from the 

Petroleum Research Fund administered by the American Chemical Society. 


