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Abstract. The oxidation of 1,19-di-t-butoxycarbonyl-b-bilenes with 
bromine affords not only a major biliverdin, but also minor biliverdins. 
Elucidation of their structure revealed that cleavage of the b-bilene 
chain takes place during the oxidation, followed by dimerization of one 
dipyrrylmethene half. 

IV B . 

The synthesis of mesobiliverdins IXg , XI p , 
IX6 and coprobiliverdin II p are described. 

Biliverdins can be prepared by oxidation of b-bilenes using bromine in trifluoroacetic 

acid’-‘. This is achieved by the controlled oxidation of 1,19-di-t-butoxycarbonyl-b-bilene 

hydrobromide, followed by an alkaline work-up. The oxidation of the b-bilene hydrobromide 

gives only moderate to low yields of biliverdins. Nevertheless, the synthesis of the b-bil- 

ene has the advantage of using pyrrylmethane intermediates which are also useful for por- 

phyrin synthesis, thus enhancing their value as synthetic intermediates of both biliverdins 

and porphyrins. 

When a 1,19-di-t-butoxycarbonyl-b-bilene hydrobromide is oxidized with bromine in tri- 

fluoroacetic acid, a major biliverdin is always obtained, together with minor green or blue 

products in negligible amounts that are usually observed in addition to the main biliverdin 

reaction product. 

Attempts to obtain mesobiliverdins by oxidation of the appropriate 1,19-di-t-butoxycar 

bonyl-b-bilene hydrobromides afforded two bilivordins in each case. The main product was 

SCHEME 1 

1. RZ-RR-R12-Rl,‘He; R13-Rig-Et; 3 , R -R -pIi’ 

He 
4. RJ-R8-R12-R1R-Me; R2-Rl,-Et; R7=Rl,-P 

7. RZ’Rg=R13-Rig-he; RlZ=R17 
Me =Et; RS+,-P 

Me-CH3; Et-C2Hg; pHe =CH2CH2C02CH3 

the expected mesobiliverdin and the minor product was a biliverdin formed by the cleavapeof 

the b-bilene followed by dimerization of one of the resulting dipyrrylmethene halves. The 

relation of the main to the minor biliverdin was usually 5:l. 
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Thus, when the b-bilene hydrobromide 1 (Scheme 1) was treated with trifluoroacetic acid 

to cleave and decarboxylate the t-butyl ester residues at C-l and C-19 and this treatmentwas 

followed by oxidation with bromine as described elsewhere ls5, mesobiliverdin IX p (2) and 

coprobiliverdin II p (3) were obtained (Scheme 2) . The same procedure when applied to b-bi- 

lene hydrobromide 4, afforded the mesobiliverdin XIB (5) and the mesobiliverdin IV B (6). 

The obtention 

biliverdin II 

of mesobiliverdin IX 5 (g) from the b-bilene hydrobromide 7 also gave copro- 

p (3) as the secondary product6. 

SCHD(E 2 

2. R2=Rg=R12=R1,=He; R13=R1g=Et; 

3. R2=RR=R12=R1R=Me; R3=R,=R13=R17=P nc 

5. R3=RR=R12=R1g=He; R2=R17=Et; R,=R13=P 
tie 

6. R2=R8=R12=R18=H~; R3=R1,=Et; R7=R13=P 
He 

8. R2=R,3=R13=R1,3=H~; R12=R1,=Et; R3=R,=P 
ne 

He-CH 3; m=c2115; Pne-CH CH co CR 
2 2 2 3 

The formation of the minor biliverdin products can be rationalized as outlined in Scheme 

3 for the case of b-bilene 1. Rearrangement in acid medium of the 1,19-dibromo-b-bilene 9 

leads to the formation of the a-bilene 10’ , which could then be cleaved by attack of the tri 

fluoroacetate anion to give the dipyrrylmethene 11. The latter dimerizes to give the a,c- 

biladiene 12 which is ultimately transformed into 3. It is known1 that a,c-biladienes are 

oxidized by bromine to give biliverdins. 

The synthesis of the 1,19-di-t-butoxycarbonyl-b-bilenes 1, 4 and 7 was achieved by con- 

densation of the a-unsubstituted dipyrrylmethanes with a-formyldipyrrvlmethanes. Five 5- 

t-butoxycarbonyl-5’-benzyloxycarbonyl dipyrrylmethanes 19, 21, 24, 26 and 29 were obtained 

by condensation of the corresponding 2-acetoxymethyl-pyrroles 13-15 with the a-unsubsti- 

tuted pyrroles 16-18 (Scheme 4) following the procedures described by us 3.4 and otherslD2. 

Hydrogenolysis of the benzyl residues of the dipyrrylmethanes 19. 21, 24, 26 and 29 over 10% 

Pd/C afforded the dipyrrylmethane-5’-carboxylic acids 20, 22, 25, 27 and 30. Decarboxylation 

of 22 and 27 with p-toluensulfonic acid in an aprotic solvent gave the a-unsaturated dipyr- 

rylmethanes, which by fonnylation with the dimethylformamide-benzoyl chloride reagent afford 

ed the 2-formyldipyrrylmethanes 23 and 28. 

The pyrroles 13, 14, 16, 17 and 18 are known 4,8,9 . Pyrrole 31 (Chart 1) was prepared by 

a Knorr type synthesis from benzyl propionylacetate and t-butyl acetoacetate and was hydro- 

lized with 33% hydrobromic acid in acetic acid to give 32. The reduction with diborane of 

32 afforded the pyrrole 33 
10 , which was then transformed into its 2-acetoxymethyl derivate 

15 with lead tetraacetate. The pyrrole 33 was prepared also by a Knorr synthesis from ethyl 

propionylacetate and t-butyl acetoacetate to give 34. Hvdrolvsis of 34 as described for 32 
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gave 35, which WBB reduced with diborane to 36 and transesterified with benzvl alcohol lo to 

33. 

The biliverdin esters were charaterized by their NMR, their maas spectra and their UV 

and Vis spectra. 
1 

H NMR spectra were specially useful (see Experimental). The signals of the 

methyl residues were extremely useful in the characterization of the mesobiliverdins. In 

the mesobiliverdin IXB (2) the endo methyles at 8 and 12 were at lower field values (2.17 

SCHME 3 

MO Me 
MB P P Me Me Et Me El 

~-Buo2c~~co*~-Bu 
U w 

1 

I 

TFA, Brl 

be pMe pMeh4e h4e Et Me El 

I ,-OCOCF, 

Me Et Me E1 

Me 
Me P P”‘Me 

Me 
Me P PMshb 
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and 2.15 ppm) than the methyl protons of CH3-17 and CH3-2 (2.09 and 1.85 ppm). Heeobiliver- 

din IX 5 (8) showed too peaks at 2.20 and 2.07 ppm for the protons of the ClI3-8 and CH3-13 

residues (endo) and two peaks at 1.85 and 1.80 ppm for the protons of the CH3-2 and CH3-18 

residues (exo). The pattern of the methyl resonances was very different for mesobiliverdin 

XI p (5) and mesobiliverdin IV p (6) and allowed to distinguish between them. Meeobiliver- 

din XI p (5) showed three endo methyl groups at 2.2 ppm (CH3-8 and 12) and 2.1 ppm (CH3-3) 

and one methyl exo group at 1.82 ppm (CH3-18). Weeobiliverdin IV p (6) showed one peak at 

SCHME 0 

13. RI-Me; R2-PEt 16. Rl-Et; R2-He 19. 

14. RI-He; R2-Et 17. I$-k; R2-Et 20. 

15. RI-Et; R2-Me 18. RI-PEt; R2-He 21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

R-C02CH2C6H5; R3-R4,-Me; R3,-Rq-Et 

R-C02H; R3-R,,,-Ue; R3,-R&-Et 

R-C02CH2C6H5; R4,-R4-Ue; R3,-RjPet 

R-C02H: R4,-R4-He; R,,-R3-PEt 

R-CHO; Rq,-Rq-k; R3,-R3’PEt 

R-C02CH2C6H5; R,/R4-He; R3,-P 
Et 

; R3-Et 

R-CO2H; R4,-R,,-He; R3,-Pet; R3-Et 

R-C02CH2C6H5; R3-R4,-Me; R4-Et; R3,‘P 
et 

R-C02H; R3-R,,,‘UC; R,,-Et; R3,-P 
et 

R-CHO; R3-R4,-He; RI-Et; R3,-P 
Et 

R-C02CH2C6H5; R3,-R4-He; R3-R4,-Et 

R-C02H; R3,-R4-He; R3-R&,-Et 

He-CH 3; Et-C2H5; PEt -CH2CH2C02C2H5 

31. R-C02CH2C6H5; RI-C02C(CH3)3 

32. R-C02CH2C6H5: RI-C02H 

33. R-C02CH2C6H5; Rl-‘X3 

34. R-C02C2H5; Rl-CO,C(CH,)3 

35. bC02C2H5; RI-C02H 

36. R-C02C2H5; RI-CH3 
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2.22 ppm which integrated for 6 H for the protons of the CH3 -8 and (X3-12 and one peak at 

1.83 ppm which integrated also for 6 H for the protons of CH3-2 and (X3-18. 

EKF’ERIMENTAL 

Melting points were determined on a Kofler melting point apparatus and are uncorrected. 

lH NMK and l3 C NMK spectra were recorded in CDC13 on a Varian PT-80A spectrometer at a con- 

centration of 10 
-2 

M for biliverdin esters. Mass spectra were obtained with a Varian CH-7 

spectrometer. Electronic absorption spectra were determined in CH2C12 using a Hitachi 110 A 

spectrophotometer at the concentration of 10 
-5 

M. The silica gel used in column chromato- 

graphy was TLC Kieselgel (Merck). TLC was performed on precoated silica gel F-254 plaques 

(Merck, 0.25 mm layer thickness). For biliverdin esters 10% acetone-chloroform was used as 

the TLC development system. The substances were spotted by spraying the plaques with Ehr- 

lich’s reagent (2% p-(dimethylamino)-benzaldehyde in 6N HCl), or by treatment with bromine 

vapour which gave orange or red colours with the dipyrrylmethanes. 

gen~yl-5-t-butoxycarbonyl-3,4’-dimethyl-4-ethyl-3’-(2-ethoxycarbonvlethyl)-dipyrrylmethane- 

5’-carboxylate (26) 

A solution of 1.16 g (3 mmol) of acetate 138, 0.63 g (3 rrrmol) of pyrrole 174 and 72 mg 

of p-toluensulfonic acid in 72 ml of dry methylene chloride was heated at 40” during 4 h 

while stirred with a stream of N2. The solution wss then cooled, washed with water, then 

with a 5% sodium bicarbonate solution, again with water, dried (Na2S04) and evaporated to 

dryness. The residue dissolved in a small volume of 2% methanol in benzene was applied on a 

TLC silica gel column (4 x 30 cm) which had been packed with the same solvent under pres- 

sure. The dipyrrylmethane was eluted from the column by using the same solvent and by ap- 

plying a moderate pressure. The elution fractions were monitored using TLC. The solvent was 

evaporated to dryness affording an oil residue 1.45 g (90% yield); MS: m/e 536 (M+, 12.5). 
13 

C NMK, ppm, 172.84 (G2C2H5), 161.66 (C02CH2C6H5), 161.07 (C0,C(CH3)3), 79.75 (C (CH3)3), 

63.42 (C6H,CH2), 60.05 (C02CH2CH3), 34.61 (CH2CH2C02), 28.13 (C(CH3)3), 22.68 (pyrr-CJ2- 

pyrr), 19.14 (cH~CH~CO~), 18.25 (CH2CH3), 14.88 (CH2CH3), 13.83 (C02CH2G3), lo.42 (CH3-4’), 

8.27 (CH3-3). 

Ben~yl-5-t-buto~carbonyl-3’,4-dimethyl-3.4’-diethyl-diuyrrylmethane-5’-carbo~late (29) 

This dipyrrylmethane was prepared following the procedure described for the synthesis 

of 26 by condensation of the acetate 15 (0.945 e, 3 mmol) with pyrrole 164 (0.63 g, 3 rmnol) 

which gave 1.02 g (73.3%) of dipyrrylmethane 29. that was recrystallized from methanol- 

water mp 55-57’; M8: m/e 464 (M’+, 8.1). 
13 c NMK. ppm, 161.49 (F~cH~c~H~), 161.31 

(g2C(CH3)3), 80.13 (C(CH3)3), 65.54 (C6H,CH,). 28.38 (C(E3)3), 22.96 (pyrr-CJ2-pyrr), 

18.42 (CH,CH3-4’). 17.10 (CH2CH3-3). 15.23 (fi3CH2-3). 14.94 (G3CH2-4’). 10.32 (CH3-4). 

8.38 (CH3-3’). 

t-Butyl-3,4’-dimethyl-4-ethyl-3’-(2-ethoxycarbonylethyl)-5’-carboxydipyrrylmethane-5-carbox- 

ylate (27) 
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0.910 g of dipyrrylmcthnne 26 was tlisnolvrd in 70 ml of tetrahydrofuran containing 

0.04 ml of triethylamine and was reduced with hydrogen at 50 psi over 0.450 g of 10% Pd on 

charcoal during 3 h. The catalyst was filtered, the solvent was evaporated to dryness in 

vacua and the solid reeirluc vas crystnllizcd from othnnol-voter mp 133” (0.72 8, 95% yield); 

MS: m/e 446 (N+, 39). l3 C NHR, ppm, 172.83 (C02Cl12Cl~,), 165.69 (C02H), 163.20 (co,C(CW3)3). 

81.24 (C(CH3)3), 60.08 (C02CH2CH3), 35.09 (CH2fi2C02), 28.20 (CQ,)3), 22.47 (pyrr-c2- 

pyrr), 19.62 (~2Ct12C02), 18.60 (z,ClI3), 14.95 (C13C112), 13.98 (C02CH2C_H3), 10.50 (CH3-4’). 

8.49 (CH3-3). 

t-Butyl-3’,4-dimcthyl-3,4’-dietl~yl-5’-cnrboxy-dipyrrylmcthnne-5-cnrboxylate (30) 

The dipyrrylmethane 29 was reduced following the procedure described for 27 with 95% 

yield, mp 115” dec (ethanol-water). MS: m/e 374 (!4+, 7.4). l3 C NMR, ppm, 171.51 (C02H), 

164.54 (C02C(CM3)3), 81.18 (C(Ctl3)3), 28.43 (C(z,),), 22.52 (pyrr-g2-pyrr), 17.53 (g2Ct13- 

4’). 17.27 (CH2CH3-3). 15.48 (CH3CH2-3). 14.48 (CH3CH2-4’), 10.75 (CH3-4). 8.74 (CH3-3’). 

t-Butyl-3.4’-dimethyl-4-ethyl-)’ -(2-cthoxyrnrhonylctt~y1)-5’-formyldipyrrylmethnnc-5-corboxy- 

late (28) 
p-Toluensulfonic acid hydrate (0.4 n) dissolved in 8 ml of dry methanol and 20 ml of 

dry methylene chloride was ntidctl to a solution of 0.43 g of dipyrrylmethane acid 27 in 

20 ml of dry mcthylene chloride and the mixture was stirred during 2.5 h under N2. The so- 

lution was washed with water (20 ml), 5% nqueous sodium bicarbonate (2 x 20 ml) and water 

(20 ml). The organic phase was dried (Nn2S04). cvaporatcd LO dryness in vacua and the un- 

saturated dipyrrylmethane thus obtained (0.370 g, 95.6X yield) was dissolved in 11 ml of 

dry dimethylformnmide and 0.53 ml of bcnzoyl rhloridc van added to the cooled solution at 

5’ during 30 minutes. After 3 h at ?@‘, the solution vas dilu’ted with ethyl ether (20 ml) 

and extracted with water (3 x 10 ml). The aqueous extracts vere recsrracted with ether 

(1 x 10 ml) and vere ndjustcd to pll 8 with 107. sodium cnrhonnte solution. After 18 h at 20’ 

the solution was cooled at 5”. filtered and the solid residue was recrystallized from etha 

nol-vnter, mp 104-l Oh’, 0.170 g (43% yield). Pound: C. 66.98; II, 5.59; N, 3.26. C261124N05 

requires: C, 66.75; II, 5.73; N, 3.45. tIS: m/c 430 (h+ 71.2). 
13 

C NHR, ppm, 176.69 (CIIO), 

172.81 (C02CH2CH3), 161.23 (C02C(CH3)3), 79.94 (QCH3)3), 60.34 (C02CH2CH3), 34.71 

(Cl12~2C02), 28.37 (C(c,)3), 22.88 (pyrr-Cl12-pyrr), 19.15 (~2CI12C02), 18.42 (~2CI13), 

15.04 (CH2fi3), 14.07 (C02Cl12~3), 8.62 (CIl3-4’), 8.23 (CH3-3). 

Benzyl 3-ethyl-4-t-butoxycarbonyl-5-mctl~yl-pyrrole-2-carboxyla~e (31) 

A solution of 7.2 g OC sodium nitrite in 26 ml of water vas slowly added with stirring 

to a solution of 20.6 g (0.1 mol) of benzyl propionylacetate in 30 ml of acetic acid kept 

below 5”. The resulting solution vns kept at 5” during 18 h nnd was slowly added to a ati: 

red solution of 15.82 s (0.1 mol) of t-butyl acetoncetnte in 20 ml of acetic acid, while a 

mixture of zinc powder (18 g) and sodiur acetate (18 g) was also simnltaneously added. 

After the additions vcrc complrtcd. tllc rcsllltinc mixture vns stirred nnd heated at 65” 

during 1 h. The mixture was poured over 1:l of ice-water. the precipitate was filtered. 

dried and crystnlliard twice frow mcthnnol; 13.7 p. (4OZ yield); mp 98-100’. Pound:C, 69.82; 

11, 7.18; N, 4.20. C201125Nl~lr rcqllirrs: C, 60.97; II, 7.28; N. 4.08. MS: m/e 343 (M+, 26.5). 

13 
C NMR, ppm. 164.35 (g2C(CH3),), 161.35 (C02C112C6H5), 79.76 (C(CH3)3), 65.84 (C6He2), 
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28.25 (C(CJ3)3), 18.92 (~tI2CIl3), 15.55 KII~CII~), 14.03 (CH~). 

2-Benzyloxycarbonyl-3-ethyl-5-methyl-pyrrole-4-carboxylic acid (32) 

6 B of 31 were diesolved in 20 ml of acetic acid and 20 ml of a solution of 33X hydro- 

btomic ncid in ncctic acid vns c~ddc*cl. ‘Tho mixlurc kcot during 6 h at room temperature, 

poured over 1:l of ice-water and the precipitate filtered and washed with could water. Re- 

crystallization from methanol-vntcr afforded 3.2 R (95% yield), mp 262.. MS: m/e 287 

(M+, 31.9). I3 C NHK (NaOlJ), ppm, 176.26 (CO2), 170.71 (C02CI12), 66.69 (C6He2), 18.76 

(CH2CH3), 16.78 (CJ3CH2), 12.80 (CH3). 

Bcnzyl 3-cthyl-4,5-dimethyl-pyrro~e-2_carbo~ 

Boron trifiuoride etherate (20 ml) was slowly added to a cooled stirred solution of 1 g 

of the acid pyrrole 32 and 2 R of sodium borohydride in 80 ml of dry tetrahydrofuran. The 

mixture vne kept nt room tcmpcraturc ovcrniRht, it vns thrn cooled below 5’. adjusted to 

pH 6 with 5% hydrochloric acid and extracted rith chloroform (3 x 100 ml). The extracts 
were washed with vater, dried (Nn2S06), cvnporated to dryness and the residue was cryetel- 

lized twice from methanol-water; 0.892 (561: yield); mp 87. (lit1’89-90’). MS: m/e 257 

(M+ 62.6%). 13C NMR, ppm, 161.18 (C02CH2C6H5), 65.24 (C6H5CH2), 18.62 (CH2CH3), 15.00 

@3CB2), 11.21 (CH3-6). 8.35 (Cfly5). 

Ethyl 3-ethyl-6-t-butoxycarbonyl-5-metl~yl-pyrrole-2-carbo~~ate O_ 

A solution of 9.2 B of sodium nitrite in 18 ml of water was slowly added with stirring 

to a solution of 18.6 g (12.7 ml) of ethyl propionylocetate in 38 ml of acetic acid, kept 

below 5’. The resulting solution was kept at 5’ durinR 18 h and was slowly added to a 

stirred solution of 20.21 R (12.7 ml) of t-butyl ncctoncctate in 25.5 ml of acetic acid, 

while a mixture of zinc powder (24 g ) and sodium acetate (24 B) was also simultaneously 

added. After the additions were completed, the resultinR mixture was stirred and heated at 

70” during 1.5 h. The mixture was poured over I:1 of ice-water, the precipitate was filter 

ed, dried and crystallized from methanol; 12.56 R (35% yield); mp 98-99’. Found: C, 64.20; 

H. 8.05; N, 4.75. C15H23N06 requires: C, 66.05; H. 8.18: N, 6.98. MS: m/e 281 (M+, 20). 
13 

C NMR, ppm, 164.42 (C02CH2CH3); 161.91 (g2C(CH3)3); 139.21, 137.02, 116.81. 113.66 

(arom) ; 79.32 (C(CH3)3); 59.99 (C02G2CH3): 28.14 (C(CJ3)$; 18.Rl (CH2CH3); 15.33 (CH&) 

14.02 (c”3Cl12C02); 13.84 (Cl13). 

2-Ethyloxycorbonyl-3-ethyl-5-methyl-~yrrole-6-carbo~~~c um 

The pyrrole 34 was hydrolized following the procedure described for 32. 3.09 R (96.6% 

yield) mp 230’. Found: C, 58.55; II, 6.57; N, 6.10. C111115N04 requires: C, 58.67; II, 6.67; 

N, 6.22. 13C NMR (NaOD), ppm, 175.26 (C02); 163.67 (C02CH2CH3); 137.67, 137.25, 120.70, 

116.19 (arom); 61.68 (C02CH2CH3); 19.02 (z2CH3): 16.09 (Cli3Cli2); 16.33 (CH3CH2C02); 12.92 

(CH3). 

Ethyl 3-ethyl-4.5-dimethyl-pyrrole~-2_cetboxylatP_1342 

Boron trifluoride etllernte (/IO ml) vns slovly ntldrrl to .-I cooled stirred solution of 2~ 

of acid pyrrole 35 and 6 p. of sodium borohydride in 1RO ml of dry tetrahydrofuran. The 

mixture was kept at room tempcrntllre ovcrninht, it was cooled below 5”. adjusted to PII 6 

with 5: hydrocl~loric acid nntl cxlr;~cicd with chlt~rofurm (3 x 10 ml). The extrrlcts vcro 



1178 J. AWRUCH 

washed with water, dried (Na2S04), evaporated to dryness and the residue wao crystallized 

from methanol-water. 1.37 g 079.2% yield); mp 80-81’. MS: m/e 195 (M’ 100%). 
13 

c m, PP”s 

162.07 (g2CH2CH_,), 134.12, 130.15. 116.35, 116.12 (arom), 59.69 (C02E2CH3), 18.73 

(CJ2CII3) ( 15.29 (Z3Cll2) ( 14.64 (~3C112C02) ( I I .44 (Cll3-4)) 6.53 (CH3-5). 

Bentyl 3-ethyl-4-methyl-5-acetoxymethylpyrrol~2~carbo~late (15) 

Lead tetraacetate (4 g) was added in small portions , over a period of 2 h, to a stir- 

red solution of 33 (2 g) in 40 ml of Slack11 acetlc acid and the solution woo rtirred for 

additional 4 h. The mixture was poured over ice-water, the precipitate wag filtered,dried 

and crystallized twice from acetone water; 2.10 g (65% yield), mp 102’. Found: C, 68.65: 

H, 6.77; N, 4.22. C18H21N04 requires: C, 68.57; H, 6.66: N, 4.44. MS: m/e 315 (M+,.39.7). 

13c NHR, ppm, 171.12 (CH3C02), 161.80 (C0,Cl12C6H5), 65.53 (C6He2), 56.81 W20), 20.56 

(Ci~~co~), 18.14 (cII,cII~), 14.85 (Cl12CI13), 8.16 (g3). 

~l3.18-diethyl-3.7-di(methoxycarbonylethyl)-2,5.12,l7-tetramethyl-l,19-bilindione (meso- 

bilivordin I% 6 ) (2) and 3.7.13. ~7-tctra(mctt~oxycarbonylcthyl)-2,8.12,l8-tctroactf~yl-~ I9_ _-- 

bilindione(coprobiliverdin II p ‘) (31 

To a solution of carboxydipirrylmethane 201 0.0748 R (0.2 mmol) and the formyldipyrryl 

methane 233 0.1004 (0.2 mmol) in 40 ml of methylene chloride was added a solution of 

0.215 g (0.176 mmol) of anhyd p-toluensulfonic acid in 4.5 ml of dry methanol and themix- 

ture waa stirred at room temperature overnight. The solution was then poured over 100 ml 

of water, the organic phase waa separated, washed with 5X aqueous sodium bicarbonate (2 x 

50 ml), then with water (2 x 50 ml) dried (Nn2S0,,) and evaporated to dryness. The residue 

wan dissolved in 10 ml of dry mcthylcnc rhloridc nnd 1 ml of.mcthnnol containing 0.01 ml 

of 48% hydrobromic solution waa added. The solution wan evaporated to dryness in vacuoand 

the residue dissolved in dry benzene nnd cvnpornted to dryness (twice). The red residue 

wag diesolved in anhyd methylene chlorldc and poured over a column (1.5 x 15 cm) of deac- 

tivated alumina (prepared by suspending Merck grade I alumina in methanol, filtering and 

drying in air), prewashed with mothylene chloride. The bilene (yellow band) WBIY eluted 

with the same solvent and was collected in a mixture of 1 ml of methanol and a drop of 

48% hydrobromidc acid, The eluates were evaporated to dryness and the red residue wan rcd- 

iasolved in dry ethyl cthcr nnd the solution WAR ngnin evnporntcd to dryneee. Bright red 

crystals of b-bilene hydrobromide was obtained (0.161 8. 90% yield) Amax 510 nm. ‘H NHR, 

ppm, 7.15 (b, lH, CH-), 4.4 (s. 411, pyrr-CII2-pyrr), 4.1 (m, 411, C02CH2), 2.65 (m, 12H. 

CH2Ch2C0 and Cl12Cl13), 2.30 (n, 611, 2Cll3). 2.25 (3, 3H, Ch3), 2.20 (R, 311, CH3), 1.65 (b. 

18H. (CH3)_,), 1.35 (m, 12H, CJ3Cl12 and CJ3Cn2C02). 

The b-bilcnc I~yclr~l~romtclc- w~rc dis~nlvrd in 20 ml of prcvioualy dognsaod (N2) triflnor 

acetic acid, the solution was cooled at 5’ and 0.02 ml of bromine vas added over a period 

of 40 minutes while the solution was kept under N 2. The solution was poured over solid 

sodium bicarbonate, cooled degnsscd water wns nddcd (200 ml) and extrncted with nitrogen 

purged chloroform (3 x 50 ml). The organic layer washed with water, dried (Na2S04) and 

evaporated. The residue ~7.9 dissolvrd in n snnll volnnr of 10% nccf~n~ in chloroform nnd 

was filtered through a TLC silica pcl column (3.5 x 24 cm) packed and prewashed with the 
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190" gave dark blue prisms (25 mg, 20% yield). Found: C, 68.20; H, 6.50; N, 9.07.C35H42N406 

requires: C, 68.40; H, 6.84; N, 9.12. MS: m/e 614 (Id+, 100X). 1H NMR, ppm, 6.7 (8, lH, H-10) 

6 (8, lH, H-S), 5.92 (8, lH, H-15). 3.7, 3.65 (8, s, 3H, 3H, OCH3), 2.65 (m, 12H, CH2CH2C0 

and g2CH3), 2.20 (a.. 3H, CH3-8). 2.07 (s, 3H, CH3-13). 1.85 (s, 3H, CH3-2), 1.80 (a, 3H, 

CH3-18). 1.1 (m, 6H, E3CH2), A 
max 

362 nm (g 37,940). 650 nm (E 13,671). 

Coprobiliverdin IL 8 (Rf 0.22) was recrystallized from methylene chloride-hexane, 

mp 115' as deep blue crystals (4 mg, 3.2% yield). 
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