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CONCERNING THE MECHANISM OF FORMATION
OF BILIVERDINS FROM b-BILENES

Josefina Awruch

(Received in USA 18 September 1989)

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. The synthesis of mesobiliverdins IX p , XI B
v p , IX 8 and coprobiliverdin II p are described.

’

Biliverdins can be prepared by oxidation of b-bilenes using bromine in trifluoroacetic
acidl_s. 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 biliverdins in each case. The main product was
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the expected mesobiliverdin and the minor product was a biliverdin formed by the cleavageof
the b-bilene followed by dimerization of one of the resulting dipyrrylmethene halves. The

relation of the main to the minor biliverdin was usually 5:1.
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Thus, when the b-bilene hydrobromide 1 (Scheme 1) was treated with trifluorcacetic acid
to cleave and decarboxylate the t-butyl ester residues at C-1 and C-19 and this treatment was
followed by oxidation Qi:h bromine as described elsewherel-s, mesobiliverdin IX p {2} and
coprobiliverdin II ﬂ (3) were obtained (Scheme 2). The same procedure when applied to b-bi-
lene hydrobromide 4, afforded the mesobiliverdin XIPB (5) and the mesobiliverdin IV (6).
The obtention of mesobiliverdin IX & (8) from the b-bilene hydrobromide 7 also gave copro-
biliverdin II B (3) as the secondary productﬁ.
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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 107, 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 Ot -unsubstituted dipyrrylmethanes with O -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 @-unsubsti-
tuted pyrroles 16-18 (Scheme 4) following the procedures described by us3'4 and othersl’z.
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 O -unsaturated dipyr-
rylmethanes, which by formylation with the dimethylformamide-benzoyl chloride reagent afford

ed the 2-formyldipyrrylmethanes 23 and 28.

The pyrroles 13, 14, 16, 17 and 18 are knowna's’g. 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 3310, 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. Hydrolvsis of 34 as described for 32
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gave 35, which was reduced with diborane to 36 and transesterified with benzvl alcohol‘lo

to
33.

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

and Vis spectra. "H NMR spectra were specially useful (see Experimental)

. The signals of the
methyl residues were extremely useful in the characterization of the megobiliverdins. In

the mesobiliverdin pr (2) the endo methyles at 8 and 12 were at lower field values (2.17
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and 2.15 ppm) than the methyl protons of CH3—17 and CH3-2 (2.09 and 1.85 ppm). Mesobiliver-

din IX & (8) showed too peaks at 2.20 and 2.07 ppm for the protons of the CH3—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
X1 ﬁ (5) and mesobiliverdin IV ﬂ (6) and allowed to distinguish between them. Mesobiliver-
din XI B (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). Mesobiliverdin IV ﬁ (6) showed one peak at
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2,22 ppm which integrated for 6 H for the protons of the CH3-8 and CH3—12 and one peak at

1.83 ppm which integrated also for 6 R for the protons of CH_-2 and CH3-18.

3

EXPERIMENTAL

Melting points were determined on a Kofler melting point apparatus and are uncorrected.
1H 13
NMR and

centration of 10~

C NMR spectra were recorded in CDCl, on a Varian PT-80A spectrometer at a con-

2 3

M for biliverdin esters. Mass spectra were obtained with a Varian CH-7
spectrometer. Electronic absorption spectra were determined in CH2012 using a Hitachi 110 A

3 M, The silica gel used in column chromato-

spectrophotometer at the concentration of 10~
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%Z 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.

Benzgl-5-t—butoxycarbony1—3,4'—dimethyl-é-ethy1~3'—(2—ethoxycarbonv1ethyl)—dipxrgylmechane—

5'-carboxylate (26)

A solution of 1.16 g (3 mmol) of acetate 138, 0.63 g (3 mmol) 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 Nz. The solution was then cooled, washed with water, then
with a 5% sodium bicarbonate solution, again with water, dried (NaéSOa) 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 (90X yield); MS: m/e 536 (M+, 12.5).
13C NMR, ppm, 172.84 (QQZCZHS), 161.66 (QQZCHZCGHS), 161.07 (QQQC(CH3)3), 79.75 (C (CH3)3),
63.42 (C6H59§2), 60.05 (COngZCH3), 34.61 (cuzgﬂzcoz), 28.13 (c(gg3)3), 22.68 (Pyrr-ggz—
pyrr), 19.14 (QEZCHZCOZ), 18.25 (EEZCHB)’ 14.88 (CHZQEB), 13.83 (C02CH2953), 10.42 (CH3—4'),
8.27 (CH3-3).
Benzyl—S—t—butoxycarbonyl—3',4-dimethy1—3,4'-diethy1—dioyrry1methane-5'—carboxylate (29)

This dipyrrylmethane was prepared following the procedure described for the synthesis
of 26 by condensation of the acetate 15 (0,945 g, 3 mmol) with pyrrole 164 (0.63 g, 3 mmol)
which gave 1.02 g (73.3%) of dipyrrylmethane 29, that was recrystallized from methanol-
water mp 55-57°; MS: m/e 464 (M', 8.1). 13 MR, ppm, 161.49 (CO,CH,CH), 161.31
(QQZC(CH3)3), 80.13 (g(CH3)3), 65.54 (C6ﬂsg§2), 28.38 (c(g§3)3), 22.96 (pyrr-gﬂz—pyrr),
18.42 (252CH3—4'), 17.10 (gﬂZCH3—3), 15.23 (gﬂ3CH2-3), 14.94 (gﬂBCHZ-A'), 10.32 (CH3—4),
8.38 (CH3-3').
t—Buty1-3,4'—dimethyl—&—ethyl—3'-(2—ethoxycarbonylethy1)-5'—carboxydipyrrylmethane—S—carbox-

ylate (27)
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0.910 g of dipyrrylmethane 26 was dissolved in 70 ml of tetrahydrofuran containing
0.04 ml of triethylamine and was reduced with hydrogen at SO psi over 0.450 g of 10% Pd on
charcoal during 3 h. The catalyst was filtered, the solvent was evaporated to dryness in
vacuo and the solid residue was crysatallized from ethanol-water mp 133° (0.72 g, 952 yicld);
Ms: m/e 446 (M, 39). L3¢ MR, ppm, 172.83 (CO,CU,CH,), 165.69 (CO,H), 163.20 (CO,C(CH,),),
81.24 (Q(CHa)j), 60.08 (Cozgﬂzcﬂj), 35.09 (CHZSEZCOE)’ 28.20 (C(Eﬂj)3)= 22,47 (pytr—ggi-

pyrr), 19.62 (EHZCHZCOZ), 18.60 (EHZCH3), 14.95 (EEJCﬂz), 13.98 (COZCH2§B3), 10.50 (CH3-6 )
8.49 (CH3—3).

t-Butyl-3', 4-dimethyl-3,4'-diethyl-5'-carboxy-dipyrrylmethane-5-carboxylate (30)

The dipyrrylmethane 29 was reduced following the procedure described for 27 with 95%
yield, mp 115° dec (ethanol-water). MS: m/e 1374 (M+, 7.4). 13C NMR, ppm, 171.51 (COZH)’
164.54 (ggzc(cn3)3). 81.18 (g(cu3)3). 28,43 (C(QHJ)3), 22.52 (vyrr-gﬂz-pyrr), 17.53 (gﬂzcnj-
&'y, 17.27 (g§2CH3—3), 15,48 (E§3CH2'3)’ 14.48 (§§3CH2-4‘), 10.75 (CHJ-G), 8.74 (CH3-3').

t-Butyl-3,4'~dimethyl-4-ethyl-3'-(2-cthoxycarbonylethyl)-5'~formyldipyrrylmethane-5-carboxy-
late (28)

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

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

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

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

(20 ml). The organic phase was dried (NaZSOA), evaporated to dryness in vacuo and the un-

saturated dipyrrylmechang thus obtained (0.370 g, 95.6% yield) was dissolved in 11 ml of
dry dimethylformamide and 0.53 ml of benzoyl chloride was added to the cooled solution at
5° during 30 minutes., After 3 h at 20°, the solution was diluted with ethyl ether (20 ml)
and extracted with water (3 x 10 ml). The aqueous extracts were reestracted with ether

(1 x 10 ml) and were adjustcd to pll B with 10Z sodium carbonate solution. After 18 h at 20°
the solution was cooled at 5°, filtered and the solid residue was recrystallized from etha
nol-water, mp 104-106°, 0.170 g (43% yicld). Found: C, 66.98; 1, 5.59; N, 3.26. CZhHZQNo
requires: C, 66.75; U, 5.73; N, 3.45, MS: mfe 430 (M+ 71.2). ]3C NMR, ppm, 176.69 (CHO),
172.81 (CO,CH,CH,}, 161.23 (CO,C(CH4) ), 79.94 (C(CH,) ), 60.34 (CO,CH,CH,y), 34.71
(CHZQEZCOZ), 28.37 (C(QEJ)J). 22.88 (pyrr—guz-pyrr), 19.15 (EEZCH C02), 18,42 (EEZCHJ),
15.04 (CH2§ﬂ3)v 14,07 (C02CH2§uJ), 8.62 (CHJ-b'), 8.23 (CH3-3).

Benzyl 3-ethyl-4-t-butoxycarbonyl-5-methyl-pyrrole-2-carboxylate (31)

5

2

A solution of 7.2 g of sodium nitrite in 26 ml of water was 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 was kept at 5° during 18 h and was slowly added to a stir
red solution of 15.82 g (0.1 mol) of t-butyl acetoacetate in 20 ml of acetic acid, whilea
mixture of zinc powder (18 g) and sodium acetate (18 p) was also simultaneously added.
After the additions werce completed, the resulting mixture was stirred and heated at 65°
during 1 h. The mixture was poured over 1:1 of ice-water, the precipitate was filtered,
dried and crystallized twice from methanol; 13.7 g (40X yield); mp 98-100°., Found: C, 69.82;
i, 7.18; N, 4,20. CZOHZSNOA requires: C, 69.97; H, 7.28; N, 4.08, MS: m/e 341 (M+, 26.5).

13 .
C NMR, ppm, 164.35 (EQZC(CHJ)])’ 161.35 (ggzcnzcﬁns). 79.76 (Q(CH3)3), 65.84 (CGHSEHZ)’
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28.25 (C(gﬂs)s), 18,92 (ggicuj), 15.55 (gﬂjcnz), 14.03 (an),
2-Benzyloxycarbonyl-3-ethyl-5-methyl-pyrrole-4-carboxylic acid (32)

4 g of 31 were dissolved in 20 ml of acetic acid and 20 ml of a solution of 33% hydro-
bromic acid in acectic acid was added. The mixture kept during 4 h at room temperature,
poured over 1:1 of ice-water and the precipitate filtered and washed with could water. Re-
crystallization from methanol-water afforded 3.2 g (95% yield), mp 242°, MS: m/e 287
o, 31.9). 13 nMr (NaoD), ppm, 176.26 (€0,), 170.71 (CO,CH,), 64.69 (C HCH,), 18.76
(ggzcug), 16.78 (gﬂ3CH2), 12.80 (CH3).

Benzyl 3-ethyl-4,5-dimethyl-pyrrole-2-carhoxylate (33)

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

of the acid pyrrole 32 and 2 g of sodium borohydride in 80 ml of dry tetrahydrofuran. The
mixture was kept at room tcmperaturce overnight, it was then cooled below 5°, adjusted to

pH 4 with 5% hydrochloric acid and extracted with chloroform (3 x 100 ml). The extracts
were washed with water, dried (Nﬂzsoa)' evaporated to dryness and the residue was crystal-

lized twice from methanol-water; 0.892 (567 yield); mp 87° (11:1089-90’). MS: m/e 257

+ 13
(M 42.6%). ~°C NMR, ppm, 161.18 (CO,CH,C Hc), 65.24 (C,H.CH)), 1B.42 (CH,CH,), 15.00

(QEJCHZ), 11.21 (CHJ-b), 8.35 (CHJ-S).
Ethyl 3-ethyl-4-t-butoxycarbonyl-5-methyl-pyrrole-2-carboxylate (34)

A solution of 9.2 g of sodium nitrite in 18 ml of water was slowly added with stirring
to a solution of 18.4 g (12.7 ml) of ethyl propionylacetate in 38 ml of acetic acid, kept
below 5°. The resulting solution was kept at 5° during 18 h and was slowly added to a
stirred solution of 20.21 g (12.7 ml) of t-butyl acctoncetate in 25.5 ml of acetic acid,
while a mixture of zinc powder (24 g ) and sodium acetate (24 g) was also simultaneously
added. After the additions were completed, the resulting mixture was stirred and heated at
70° during 1.5 h. The mixture was poured over 1:1 of ice-water, the precipitate was filter
ed, dried and crystallized from methanol; 12.56 g (35% yield); mp 98-99°. Found: C, 64.20;
H, 8.05; N, 4,75, C15H23N06 requires: C, 64.05; H, 8.18; N, 4,98, MS: m/e 281 (H+. 20).
13C NMR, ppm, 164.42 (QQZCH2CH3); 161.91 (EQZC(CHJ)J); 139.21, 137.02, 116.81, 113.64
(arom); 79.32 (g(cn3)3); 59.99 (COZEEZCHS); 28.14 (C(£ﬂ3)3); 18.81 (gﬂch3); 15.33(CH1§1?
14.02 (EEJCHZCOZ); 13.84 (CHJ).
2-Ethyloxycarbonyl-3-ethyl-5-methyl-pyrrole-4-~carboxylic acid (353}

The pyrrole 34 was hydrolized following the procedure described for 32. 3.09 g (96.62

yield) mp 230°, Found: C, 58.55; H, 6.57; N, 6.10. cll"lSNoé requires: C, 58.67; H, 6.67;
N, 6.22, 13C NMR (NaOD), ppm, 175.26 (C02); 163.67 (ggZCHZCH3); 137.67, 137.25, 120.70,
116.19 (arom); 61.48 (COZEEZCHJ); 19.02 (£ﬂ20“3)3 16.09 (EEJCHz); 14.33 (gﬂ3CH2C02); 12.92
(CH3).

Ethyl 3-ethyl-4,5-dimethyl-pyrrole-2-carboxylate (36)

Boron trifluoride etherate (40 ml) was slowly added to a cooled stirred solution of 2g

of acid pyrrole 35 and 4 g of sodium borohvdride in 180 ml of dry tetrahydrofuran. The
mixture was kept at room temperaturc overnight, it was cooled below 5°, adjusted to pH 4

with S% hydrochloric acid and extracted with chloroform (3 x 10 ml). The extracts were
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washed with water, dried (ansoa), evaporated to dryness and the residue was ctystallized
from methanol-water. 1.37 g (79.2% yield); mp 80-81". MS: m/e 195 (H 100Z). C NMR, ppm,
162.07 (EQQCHZCH3), 134,12, 130.15, 116.35, 116.12 (arom), 59.69 (CO CH ), 18.73
(cu,cng), 15.29 (CH.CH,), 14.64 (CILCHLCO,), 11.44 (CR4-4), B.53 (CH -5)

Benzyl 3-ethyl-4-methyl-5-acetoxymethylpyrrole~2-carboxylate (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 glacial acetlc acid and the solution was stirred for
additional 4 h. The miXture was poured over ice-water, the precipitate was 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. 018 21NO4 requires: C, 68.57; H, 6.66; N, &4.44. MS: m/e 315 (H .39.7).
13, NMR, ppm, 171.12 (CH,CO,), 161.80 (CO,CH,C.H,), 65.53 (CH.CH,), 56.81 (CH,0), 20.56
(Cl1,C0,), 18.14 (Cl,CH,), 14.85 (CUL,CH,), 8.16 (CH).

-13.18-diethyl-3,7-di (methoxycarbonylethyl)- 2,8,12,)7-tetramethyl-1,19-bilindione (meso-
biliverdin 1X B )(2) and 3,7,13,17-tctra{methoxycarbonylethyl)-2,8,12,18-tetramethyl-1, 19~
bilindione(coprobiliverdin II B ) (3)

To a solution of carboxydipirrylmethane 20 0.0748 g (0.2 mmol) and the formyldipyrryl
methane 23 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 was stirred at room temperature overnight. The solution was then poured over 100 m!

of water, the organic phase was separated, washed with 5% aqueous sodium bicarbonate (2 x
50 ml), then with water (2 x 50 ml) dried (ansoﬁ) and evaporated to dryness, The residue
was dissolved in 10 ml of dry methylene chloride and 1 ml of .methanol containing 0.01 ml
of 487 hydrobromic solution was added. The solution was evaporated to dryness in vacuo and
the residue dissolved in dry benzene and evaporated to dryness (twice). The red residue
was dissolved in anhyd methylene chloride 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 methylene chloride. The bilene (yellow band) was eluted
with the same solvent and was collected in a mixture of 1 ml of methanol and a drop of
48% hydrobromide acid. The eluates were evaporated to dryness and the red residue was red-
issolved in dry ethyl cther and the solution war apain evaporated to dryness. Bright red
crystalg of b-bilene hydrobromide was obtained (0.161 g, 902 yield) A 510 nm. IH NMR,
ppm, 7.15 (b, 1H, CH=), 4.4 (s, 4H, pyrr—C"z-pyrr), 4,1 (m, 4, CO CHZ)' 2 65 (m, 12H,
K2Ci(2C0 and Cil. Cﬂ ). 2,30 (s, 601, 2Ctt ) 2.25 (s, 31, CH3), 2,20 (s, 34, CH ). 1.65 (b,
18H, (CH )3). 1 35 (m, 12H, cu3cu2 and cu3cn2co ).

The b-bilene hydrobromide werc dissalved in 20 m] of previously degnsscd (NZ) trifluor
acetic acid, the solution was cooled at 5° and 0.02 ml of bromine was added over a period
of 40 minutes while the solution was kept under N2' The solution was poured over solid
sodium bicarbonate, cooled degnssed water was added (200 ml) and extracted with nitrogen
purged chloroform (3 x 50 ml). The organic laver washed with water, dried (Nazsoa) and
evaporated. The residuc was dissalved in a small volume of 10X acetone in chloroform and

was filtered through a TLC silica gel column (3.5 x 24 cm) packed and prewashed with the
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same solvent. The blue bands were eluted using the same solvent under slight pressure, the
eluates were evaporated to dryness and each residue was dissolved in 5 ml of 5% sulfuric
acid in methanol and kept at 5° overnight. Each solution was diluted with chloroform and
then washed with 5% sodium bicarbonate solution, water, dried (NHZSOA) and evaporated to
dryness. Mesobiliverdin IX p (Rf 0.5) was recrystallized from methylene chloride-hexane,
mp 218° (lit11 mp 220-221°) gave blue crystals (18 mg, 14.6% yield). Found: C, 68.20; H,
6.75; N, 9.03. C35H42N406 requires: C, 68.40; H, 6.84; N, 9.12. MS: m/e 614 (M+, 100%2) .
1H NMR, ppm, 6.65 (s, 1H, H-10), 5.95 (s, 1H, H-5), 5.85 (s, 1H, H-15), 3.67 (s, 3H, 0CH3L
3.71 (s, 3H, OCH3), 2,55 (m, 12H, EEZQEZCO and g§2CH3). 2.17 (s, 3H, CH3—8), 2.15 (s, 3H,
CH3—12), 2.09 (s, 3H, CH3—17), 1.85 (s, 3H, CH3—2), 1.15 (m, 6H, CH3-l3b and 18b); A'max
363 nm (€ 43,659), 655 nm (£ 14,430).

Coprobiliverdin II p (Rf 0.26) was recrystallized from methylene chloride-hexane mp 115°
gave deep blue crystals (5.1 mg, 4% yield). Found: C, 64.20; H, 7.16; N, 7.48. C39H53N&010
requires: C, 64.11; H, 7.26; N, 7.67. MS: m/e 730 (H+, 20.3), 360 (100). IH NMR, ppm, 6.72
(s, 1H, H-10), 6 (s, 2H, H-5 and K-15), 3.71 (s, 6H, 20CH,), 3.67 (s, 6H, 20CH,;), 2.6 (m,
16H, CH,CH,C0), 2.2 (s, 6H, CH,-8 and CH,~12), 1.85 (s, 6H, CH,-2 and CH,-18); A
363 nm (¢ 62,796), 650 nm (€ 21,431).
2,17-diethyl-7,13-di(2-methoxycarbonylmethyl)-3,8,12,18-tetramethyl-1,19-bilindione (meso-
biliverdin XI B )(5) and 3,17-diethyl-7,13-di(2-methoxycarbonylmethyl)-2,8,12, 18-tetra-
methyl-1,19-bilindione (mesobiliverdin IV B )(6)

3 max

Was obtained by condensation of 0.892 g (0.2 mmol) of carboxydipyrrylmethane 254 and
0.860 g (0.2 mmol) of formyldipyrrylmethane 28 to give the b-bilene hydrobromide which was
oxidized as described above, affording the mesobiliverdin XIP and the mesobiliverdin IVf .
Mesobiliverdin XI ﬂ (Rf 0.45) was crystallized from methylene chloride-hexane mp 205-206°
gave blue prisms (20 mg, 16.3% yield). Found: C, 68.31; H, 6.70; N, 9.05. C35H42N406 re-
quires: C, 68.40; H, 6.84; N, 9.12. MS: m/e 614 (M+, 100). 1H NMR, ppm, 6.65 (s, 1lH, H-10),
5.9, 5.92 (s, s, lH, 1H, H~5 and H-15), 3.66 (s, 6H, OCH3), 2.8 (d, 4H, CHZCHZCO), 2.55
(d, 8H, CH,CH,CO and CH,CH.), 2.2 (s, 6H, CH;-8 and 12), 2.1 (s, 3H, CH;-3), 1.82 (s, 3H,
CHy-18), 1.2 (m, 6H, CH.CH,). Anmx 360 nm (€ 41,066), 649 nm (€ 13,689).

Mesobiliverdin IV p was crystallized from methylene chloride-hexane mp 220°(Rf 0.35),
gave blue prisms (4 mg, 3.3% yield). Found: C, 68.52, H, 6.90; N, 9.15. C35842N406
C, 68.40; H, 6.84; N, 9.12. MS: m/e 614 (M', 100). 'H NMR, ppm, 6.7 (s, lH, H-10), 5.95 (s,
2H, H-5 and 15), 3.65 (s, 6H, OCH3), 2.8 (d, 4H, Cﬂzgﬂzco), 2.5 (d, 8H, ggzcnzco andEEZCH3),
2.22 (s, 6H, CH3—8 and 12), 1.83 (s, 6H, CH,-2 and 18), 1.25 (m, 6H, CH29§3). Ammx 361 nm
(€ 29,600), 652 nm (¢ 10,930).
12,17-diethyl-3, 7-di (methoxycarbonylethyl)-2,8,13,18-tetramethyl-1,19-bilindione(mesobili-
verdin IX 8§ )(8)

Was obtained by condensation of 0.0748 g (0.2 mmol) of carboxylic dipyrrylmethane 30

requires:

3

and 0.1004 g (0.2 mmol) of formyldipyrrvlmethane 233 to give the b-bilene hydrobromide which
was oxidized as described above to give mesobiliverdin IX® and coprobiliverdin IIB .

Mesobiliverdin IX § (Rf 0.6) was crystallized from methylene chloride-hexane mp 188-
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190° gave dark blue prisms (25 mg, 20%Z yield). Found: C, 68.20; H, 6.50; N, 9.07.C35H42N[‘06
requires: C, 68.40; H, 6.84; N, 9.12. MS: m/e 614 (H+, 100%) . 1H NMR, ppm, 6.7 (s, 1lH, H-10)
6 (s, 1H, H-5), 5.92 (s, 1H, H-15), 3.7, 3.65 (s, s, 3H, 3H, OCH3), 2.65 (m, 12H, CHZCHZCO
and CHCH.), 2.20 (s, 3H, CH,-8), 2.07 (s, 3H, CH,-13), 1.85 (s, 3H, CH,-2), 1.80 (s, 3H,
CH3—18), 1.1 (m, 6H, §§3CH2), A'max 362 nm (¢ 37,940), 650 nm (€ 13,671).

Coprobiliverdin Il B (Rf 0.22) was recrystallized from methylene chloride-hexane,

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