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ON THE CONFORMATION OF BILIRUBIN DIMETHYL ESTER

FROM CIRCULAR DICHROISM SPECTROSCOPY
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Stereochemistry, Circular Dichroism

Yu-Ming Pu and David A. Lightner*

Department of Chemistry, University of Nevada
Reno, Nevada 89557-0020

ABSTRACT

Unlike the parent diacid, the dimethyl ester of (aR,a’R)-dimethylmeso-
bilirubin-XIIle exhibits only a weak bisignate circular dichroism (CD) spectrum
in a wide variety of solvents. This implies a loss of conformation stabilization
afforded (in the diacid) by intramolecular hydrogen bonding, and with it the loss
of an allosteric effect that forces the parent acid into the P-helicity conforma-

tional enantiomer.

INTRODUCTION

Bilirubin, the neurotoxic yellow-orange pigment of jaundice,! consists of
two dipyrrinone chromophores joined at a -CH,- group (Fig. 1). Rotation of
the dipyrrinones, like blades of a propeller, about the -CH,- generates a large
array of conformations,?3 only one of which uniquely brings the propionic acid
COOH groups and opposing dipyrrinone NH and C=0 groups into juxtaposition

for conformational stabilization through intramolecular hydrogen bonding.
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FIGURE 1. (A) Linear representation for bilirubin showing two dipyrrinone
chromophores connected by a -CH,- group. (B) Planar projection of the intra-
molecularly hydrogen-bonded conformation adopted following rotation of the
two dipyrrinone chromophores about the central -CH,- at C,.

Whether such conformational stabilization can be achieved with bilirubin di-
esters, where the COOH groups are replaced by COOR and the maximum num-
ber of hydrogen bonds is thereby reduced by one-third, has been an important
question in studies of bilirubin stereochemistry.*> Recent CD and 'H-NMR
studies of (aR,a’'R)-dimethylmesobilirubin-XIlla provided evidence for ridge-
tile intramolecularly hydrogen bonded conformations in non-polar, aprotic sol-
vents and for less well-defined structures in polar solvents, such as (CH;),SO,
that engage in hydrogen bonding with solute molecules.® In the following, we
show that CD spectroscopy of optically active bilirubin analog, (+)-(aR,a'R)-

dimethylmesobilirubin-XIIla and its dimethyl ester provides experimental evi-
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dence that bilirubin diesters do not engage effectively in conformation-determin-

ing intramolecular hydrogen bonding.

EXPERIMENTAL

Circular dichroism spectra were recorded on a JASCO J-600 spectropo-
larimeter, and UV-visible spectra were run on a Cary 219 spectrophotometer.
All NMR spectra were obtained on a GE QE-300 or QN-300 FT-spectrometer.
The deuterated solvents used were 99.9% from Aldrich.

(+)-a,a’-Dimethylmesobilirubin-XIllae  and  (+)-(aR,a'R)-dimethyl-
mesobilirubin-XIlla (100% e.e.) were prepared as previously described.® The
dimethyl esters were prepared by activation of the acid functional group with
carbonyl diimidazole then treatment with methanol as follows.

To a 25 mL 3-neck round bottom flash equipped with a reflux condenser
and N, inlet/outlet were added 20 mg (0.0324 mmol) of the (R,R) or (§,5)-«, '~
dimethylmesobilirubin-X1lla, 44.0 mg (0.27'mm01) of 1,1’-carbonyl diimidazole
and 5.0 mL of (CH;),S0 (dried and N, saturated). The mixture was heated at
55°C and stirred with a magnetic bar under an N, atmosphere for 2.5 hours.
The 12 mL of methanol (purged with N,) was added, and the mixture was
heated at reflux under N, for 2 hours. The mixture was poured into 40 mL of
dichloromethane, and the organic phase was washed with 0.2 M sodium bicar-
bonate (5 x 60 mL), dried over anhydrous sodium sulfate and evaporated to
dryness to give a quantitative yield 92% pure by HPLC.” This fairly pure
product was chromatographed to afford a very pure product (>98% pure by
HPLC, 80% yield) on a Woelm silica gel column eluting with dichloromethane
containing 5% methanol. It had mp 230°C (dec.); IR (KBr) »: 3343, 2924,
1736, 1662 cm’!'; 'TH-NMR (CDCly) é: 10.66 (2H, s), 10.21 (2H, 5), 5.91 (2H,
s), 4.11 (2H, s), 3.67 (6H, s), 3.00 (2H, m), 2.62 (4H, m), 2.32 (4H, q, J=7.2
Hz), 2.09 (6H, s), 1.44 (6H, s), 1.13 (6H, d, J=6.0 Hz), 1.00 (6H, t, J=7.2
Hz) ppm; 3C-NMR (CDCly) 8: 177.00 (s), 174.27 (s), 147.01 (s), 131.15 (s),
128.87 (s), 123.96 (s), 123.46 (s), 123.05 (s), 117.76 (s), 100.17 (d), 51.52
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(@), 41.01 (d), 28.73 (1), 22.81 (1), 17.79 (1), 16.50 (q), 14.71 (q), 9.91 (q),
7.72 (q) ppm.

Anal. Caled. for C47H gN,4Oq4 (644.8): C, 68.92; H, 7.50; N, 8.69

Found: C, 68.50; H, 7.51; N, 8.39

RESULTS AND DISCUSSION

Intramolecularly hydrogen-bonded bilirubin (Fig. 1B) folds into either of
two ridge-tile shaped conformations, which are non-superimposable mirror
images (Fig. 2). Introduction of a methyl group at the o and «' carbons of the
propionic acid chains of bilirubin or mesobilirubin-XIIle greatly stabilizes one
folded conformer relative to its enantiomer through allosteric action, but only in
the intramolecularly hydrogen bonded structures. Thus, when mesobilirubin-
Xl is folded and held in the P-chirality ridge tile conformation by intramolec-
ular hydrogen bonding, the pro-S o and «' hydrogens come in close contact
with the pyrrole CH; groups at C; and C,5; whereas, the pro-R hydrogens lie in
a sterically less crowded environment (Fig. 2B). In the M-helicity conformer
the inverse situation obtains, with the pro-R o and o' hydrogens being in the
sterically more crowded environment. Consequently, replacing the pro-R hydro-
gens by CH; groups can be expected to force the conformational equilibrium
strongly toward the P-helicity conformer. However, in the absence of signifi-
cant intramolecular hydrogen bonding, the allosteric stabilization of the ridge
tile conformations by CH; substitution would be lost and minimal conformation-
al enantioselectivity would be expected. The a-methylated mesobilirubins thus
serve as excellent chiral probes of pigment conformational stereochemistry.

In complete agreement with the predictions of the allosteric model and
exciton coupling theory, the R,R-enantiomer of «,a’-dimethylmesobilirubin-
XMl shows an intense bisignate CD that is characteristic of the P-helicity
conformational enantiomer (Fig. 3). Although the CD intensity decreases to
~50% of the maximum value with increasing ability of the solvent to partici-

pate in hydrogen-bonding, as in CH;0H, only in (CH;),SO does the intensity
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FIGURE 2. (A) Three-dimensional representations for the intramolecularly
hydrogen bonded conformations adopting a ridge-tile shape. There are two
enantiomeric ridge-tile conformers, which interconvert by breaking all six
hydrogen bonds, rotating the dipyrrinones about the C,, -CH,- and remaking
the hydrogen bonds. The helicity or chirality of the two enantiomers is
designated M or P according to the helical arrangement made by the electric
dipole transition moments oriented along the long axis of each of the two
dipyrrinone chromophores of each molecule. (B) Ball and stick conformational
representations for the ridge-tile shape intramolecularly hydrogen bonded,
interconverting enantiomers. The C, and C,5 methyl groups are represented by
the darkened circles. The hydrogens on the « and &’ -CH,- groups are either
pro-R or pro-S, only one of the set is designated. When the M-helicity con-
former inverts into the P-helicity, steric crowding of the pro-R hydrogens is re-
lieved and taken up by the pro-S hydrogens.
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FIGURE 3. Circular dichroism spectra of 2.0 x 10 methanol solutions of

(aR,a'R) and (aS,a'S)-dimethylmesobilirubin-XIIIa [(1) and (2), respectively]
and their dimethyl esters [(3) and (4), respectively] at 20°C.

fall drastically (Table 1). This is consistent with the picture where (CH;),SO
solvent molecules are bound between the COOH and dipyrrinone polar groups
thereby decreasing the a-CHj; | C-CH; and o'-CH; | C3-CHj steric interac-
tions and hence the conformational enantioselectivity.® Nevertheless, the Ae
values in non-polar solvents are close to the theoretically predicted® maximum
Ae values, as expected for solvents that do not disrupt the matrix of intramo-
lecular hydrogen bonds.

In marked contrast, (aR,a’R)-dimethylmesobilirubin-XITI« dimethyl ester
exhibits CD spectra weaker by more than an order of magnitude than those of
the parent diacid in most solvents studied. The bisignate shape of the dimethyl
ester CD’s is still indicative of an exciton coupling origin, but the small Cotton
effect magnitudes are in keeping with structures where the allosteric influence of
the a,a’ methyls is diminished, apparently by a reduced importance of intra-
molecular hydrogen bonding. The ineffectiveness or lack of such hydrogen
bonding in conformational (enantiomer) stabilization is consistent with earlier
NMR studies indicating that (1) bilirubin dimethyl ester self-associates through
dipyrrinone-dipyrrinone intermolecular hydrogen bonding in non-polar sol-

vents,'0 such as CHCl,, and (2) the propionic ester residues are tethered via
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FIGURE 4. UV-visible spectra of 2 x 10° M solutions of (aR,a'R)-
dimethylmesobilirubin-XIlla dimethyl ester in benzene (1), chloroform (2),
methanol (3) and dimethylsulfoxide (4) solvents at 20°C.

bound solvent molecules to the opposing dipyrrinone NH groups in hydrogen
bonding solvents such as (CH;),SO.%!! In (1) the pigment probably adopts a
helical shape, where the propionic ester chains are not immobilized by intramo-
lecular hydrogen bonding, and thus the allosteric model (Fig. 2) fails. In (2),
with intramolecular hydrogen bonding being swollen by (CH;),SO solvent par-

8 the allosteric effect on enantiomeric conformational selection is

ticipation,
diminished. Further evidence for the suggest conformations in CHCly and
(CH;),SO comes from the UV-visible spectra (Fig. 4). In (CH;),SO the di-
methyl ester spectrum is essentially the same as that of the parent diacid, and
the conformation adopted in these solvents is thought to be folded!! (into the
shape shown in Fig. 2, more or less). In contrast, the hypsochromic UV-visible
spectral shift seen in CHCI; can be ascribed to a helical conformation adopted
by the intermolecularly hydrogen bonded dimer.> The spectral shifts are consis-
tent with those expected from the exciton model, where the two dipyrrinone

electric dipole transition moments go from an essentially perpendicular align-
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ment in the folded conformer present in (CH;),SO to an almost parallel align-
ment!? associated with a helical conformation in CHCl;.

The origin of the (weakened) bisignate CD spectra of the dimethyl ester
in a variety of solvents comes from electrostatic coupling of the induced electric
dipole transition moments of the two component dipyrrinone chromophores.”
However, neither the hydrogen bonding model of Fig. 2, nor the allosteric
conformational selectivity due to methyl substitution, that when taken together
produce the very intense CD spectra of the parent acid, appear to be present in
the dimethyl ester. Without these conformation-determining factors, one cannot
predict the CD Cotton effect signs, but from the Cotton effect signs one can
predict that the helicity of the two transition moments is P for the ester in non-
polar or non-hydrogen bonding solvents (as it is for the parent diacid in all the
solvents studies),® but the helicity changes from P to M in hydrogen bonding
solvents. The exact conformational changes of the diester that accommodate
such changes are at present unclear.

Of special interest are the CD data obtained from (CH;),SO solvent.
NMR studies in (CD);SO of both bilirubin and its dimethy! ester (1) indicate a
very limited motional freedom of the propionic side-chain in both (compared to
the independent fast motion in the chain of a dipyrrinone methyl ester),!! (2)
render unprobable direct hydrogen bonding between the propionic residues and
the dipyrrinone NH groups. Both the CO,H and CO,CH; residues are thought
to be tied to the nearest dipyrrinone NH residues by bound (CH,3),SO solvent
molecules. Presumably this solvent greatly reduces the forced enantioselectivity
of the a-methyl groups in the parent acid and leads to an unusually diminished
CD intensity. One might therefore expect the same CD for the diester and the
diacid. And indeed its CD intensity is quite comparable in magnitude to that of
the diacid, stronger even than those of the diester in other hydrogen bonding
solvents. Surprisingly however, the Cotton effect signs are opposite to those of
the parent diacid. So even here, for steric reasons as yet unclear, the diester

and diacid conformations differ.
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CONCLUSIONS

Comparison of the CD spectra of (aR,a'R)-mesobilirubin-XlIa dimethyl
ester and its parent diacid indicate that the diester adopts different conformations
from those favored by the diacid in both non-polar and in polar, hydrogen bond-
ing solvents. Although the helicity of the exciton-interacting electric dipole
transition moments can be known from the CD spectra, the exact diester confor-

mations responsible are unknown.
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