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S y: Bilin-1,19(21H,24H)~diones interact with O, in DMSO giving rise to adducts showi

wnmar <lin (e )-diones interact wi gt giving rise to adduc f‘s wing
charge-transfer character. This reaction can be reversed by addition of Oé~consuming
commounds, The Oz;biliverdin dimethyl ester adduct collapses partially to

10-oxobilirubin dimethyl ester when treated with thiourea and 2-mercaptoethanol.

The reactivity of superoxide jon (O;)1 toward biological compounds has become subject

2
organismsz. In this paper we report spectroscopic as well as chemical evidence that d;

with biliverdain (BV; 1a)3 and its dimethyl ester (BVDME; 1b)3 in DMSO giving rise to a

of considerable interest since the discovery that 0] is a respiratory intermediate of aerobic

interacts

reversible adduct4. Biliverdin is the first isolable product of heme catabo]isms.
When an excess of KO2 in anhydrous DMSO was added to a solution of BVDME6 in the
same solvest at r.t., an instantaneous change of the colour from green to yellow was observed.

Changes in UV-visible spectra corresponding to increasing amounts of added KO, are shown in

2
Fig. 1. The absorption spectrum resulting from the addition of an excess of KO2 to BV in DMSO
is also reported in Fig. 1. It was observed that the spectrum of the BVDME—KO2 mixture turns -

slowly (in 120 min. at r.t.} to that typical of BV in the presence of KOZ' This fact is Tikely
due to an Ozlcata1ysed hydrolysis of the ester groups of BVDME7. For this reason, using BVDME
as a substrate for studying the specific reaction between 0; and the bilatriene skeleton only

experiments sufficiently short to preclude hydrolysis were taken into account.
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By adding methanol or a few drops of conc. HCl to a DMSO solution of BVYDME and KO2
in excess, the absorption spectrum of the verdin reappears at once in agreement with a
quantitative recovery of the starting BVDMEB. Since superoxide ion disproportionates to
dioxygen and hydrogen peroxide in the presence of protic compounds], the occurrence of a

rapidly shifting equilibrium, such as (1), could be inferred:

2
1b 2

BVDME + 0,  =———> [BVDME....OZ]T (1)

This was confirmed by experiments carried out to calculate equilibrium constants at
different temperatures (see Table). Values were found to be consistent with a 1:1
stoichiometry9 and AH® = -20 kcal mol-]. Concerning the nature of the adduct 2, a charge-
transfer character can reasonably be assumed on the basis of the following facts: i) BVDME
and d; in aproti- solvents act as an electron acceptor (at C-10 position)]0 and an electron

donor respectively; i1) the absorption maxima of 2 in DMSO [A x:440 nm(eM~121,000 when

ma
estimated by adding KO2 in excess to a BVDME solution until constant absorbance) and 745 nm

(eM-20,OOC)] are strongly reminiscent of those of the radical anion BV37 in H,0 [Amax:400 nm

2
(eM-27,000) and 730 nm (eM~f17,000ﬁ]].
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Fig.1 Electronic absorption spectra in DMSO: ...BVDME 3K107M; =r = =+ BVDME 3107 + KO, 2.6x
107 BVOME 3x10 M + KO, 6x10™ M —-omam BV 2x107°M + Ko, 6x10" M.
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TABLE

Equilibrium Constants for Reaction (1) in DMSO(a)

T{°C) K x 1072
28.0 31

37.0 13

42.0 6.6

(a) Absorbance at 745 nm was chosen to monitor the above condition. At fixed lBVDME]o the

(titrated 1'odome1:1r1'ca11y)]2

concentration [d; ] was increased by gradual addition of KO2

to reach the condition [BVDME] = [2] for which K=2/(2[07]6-[BVDME]O)
repeated at several [BVDME]0 gave consistent values for K {which were averaged).

. Measurements

To gain an insight into the structure of 2 several attempts were made to induce it
to collapse in a way different from the reverse of reaction (1). The best results were
obtained by treating a solution of 2 in DMSO (100 m1,-10-3M, from BVDME and KOZ) with, in
the order, an excess of thiourea (200 mg) and of 2-mercaptoethanol (0.3 ml). Thiourea was
202]3, which could be formed as a by-product, and HS(CHZ)ZOH served as

a donor of hydrogen. The mixture was then treated with phosphate buffer (pH 7.6) and extracted

used to destroy H

with CHC13. After washing the organic phase with the above buffer several times, drying and

evaporating the solvent under vacuum, a crude greenish material was obtained. It appeared

to contain, together with minor verdinoid products, two yellow substances (TLC, Rf=0.2 and
0.5, C6H6-CHC13-MeOH 5:3:1) which were separated by prep. TLC. The more polar yellow compound
was shown to be the BVDME-mercaptoethanol adduct by comparison with a sample prepared

according to ref. 10. Structure 3, i.e. 10-oxobilirubin dimethyl ester, was attributed to the

second yellow product on the basis of spectral evidence: UV: )§:§13 = 408 nm and sh. at
446 nm; MS(FAB): m/z 627(M+1,30%), 329 (100%, likely due to 5-formylpyrromethenone fragments);
1 3a,6

H-NMR spectrum (CDC13, 300 MHz) exhibiting signals consistent with a BVDME-type molecule
lacking C-10 proton. 3 was unreactive toward diazo—reagents10 and gave bilirubin dimethyl
ester (3 with CH2 as central bridge) by reduction with NaBH414. It appeared to be unstable
in solution, thus explaining, at least in part, its very low yields (~5%) after isolation.
The formation of 70-oxobilirubin dimethyl ester can be explained as shown in the following

Scheme:



6040

CO,Me 0,Me

+

+ H T
2 —>
+ H*[from HS(CHy),0H] | N ¢ N | §
H on H
“OH
-H,0
CO,Me CO,Me
e U U cu o
; N =~N
H H
3

Acknowledgements - We thank Dr. G. Moneti (Centro di Spettrometria di Massa, Univ. di Firenze,
Italy) for running MS(FAB) spectra and the "Ministero Pubblica Istruzione"
of Italy for financial support.

REFERENCES AND NOTES

1) D.T. Sawyer and J.S. Valentine, Acc..Chem. Res., 14, 393 (1981); D.T. Sawyer and
M.J. Gibian, Tetrahedron, 35, 1471 (1979).

2) W. Bors, M. Saran, E. Lengfelder, C. Michel, C. Fuchs and C. Frenzel, Photochem. Photobiol.,
28, 629 (1978); I. Fridovich, Acc. Chem. Res., 5, 321 (1972).

3) (a) A.F. McDonagh, "Bile pigments: bilatrienes and 5,15-biladienes" in "The Porphyrins”
vol. VI (D. Dolphin, Ed.), pp. 293-491, Academic Press, New York (1979}; (b} for
nomenc |ature see: IUPAC-IUB, Pure Appl. Chem., 51, 2253 (1979).

4) Bleaching of BV during exposure to the aerobic xanthine oxidase reaction has been
reported: P. Robertson jr. and I. Fridovich, Arch. Biochem. Biophys., 213, 353 (1982).

5) R. Schmid and A.F. McDonagh, Ann.N.Y.Acad.Sci., 244, 533 (1975).

6) P. Manitto and D. Monti, Experientia, 35, 9 (1979).

7) It is known that reaction of 07 with esters yields carboxylic acids and alcohols:
M.J. Gibian, D.T. Sawyer, T. Unigermann, R. Tangpoonpholvivat and M.M. Morrison, J.Am.Chem.
Soc., 101, 640 (1979).

8) BVDME was found to be stable in DMSO containing KOH and/or H,0, in amounts calculated
assuming a complete dismutation of KO, used.

9) Job's method of continuous variation was used: P. Job, Ann. Chem.,[9], 10, 113 (1982).

10) P. Manitto and D. Monti, Experientia, 35, 1418 (1979).

11) E.J. Land, R.W, Sloper and T.G. Truscott, Radiation Research, 96, 450 (1983).

12) 1.,+20. ——= 21 + 0, (in DMSO); Iz in excess was tritated by standard methods after
dilution with water.

13) W. Walter and G. Randau, Ann. Chem., 722, 80 (1969).

14) D. Monti, R. Sala and P. Manitto J. Labelled Comp. Radiopharm., 18, 1237 (1980).

(Received in UK 13 September 1984)



