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Bilirubin (I) is a bile pigment that is normally
present in low concentration in plasma tightly bound
to albumin (2). When present in high levels due to
abnormal or disturbed metabolism, bilirubin casues
several jaundice diseases, neurological damage known
as kernicterus (3) and is present as crystalline salts of
calcium in human gallstones (4). A method has
therefore been developed (5) for the quantification of
bilirubin and bilirubin metabolites. Despite the con-
siderable instability of bilirubin, a few derivatives of
the whole molecule have been used in spectroscopic
determinations (6). Most structural studies of the
bilirubin metabolites from dog, rat and human bile,
have been performed with the stable azo derivatives
).

Due to the importance and widespread use of the I
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FIGURE 11 SHIFT DIAGRAMS FOR AZOBILIRUBIN AND AZOMESOBILIRUBIN ISOMERS

we considered that a carbon-13 nmr
study could provide considerable structural information
of unknown bilirubin compounds (8).

The present communication is concerned with the
assignments of the carbon-13 chemical shifts of azo-
bilirubin (1I-Il) and azomesobilirubin (1V-V) isomers
(9,10).

Carbon-13 chemical shifts for the peripheral sub-
stituents on rings A and B in the series of compounds
studied are given in Table . Spectral assignments were
made essentially on the basis of comparing chemical
shifts of the collapsed multiplets induced by total

azo pigments, group isomers. The sp® carbon atoms exhibit absorp-
tion between 115-175 ppm with small variations
existing between compounds. The position of carbon
C; on the pyrrole ring is affected when the vinyl
group is hydrogenated. The paramagnetic shift magni-
tude for this carbon atom is ~1.7 ppm in the couple

Table 1

Chemical Shifts of the Substituents of
Bilirubin Derivatives (a)

(In Ppm from Internal TMS)

11 1 v \’

proton deC(.)upling.. Th(:) resonances of t.he s‘l.lbstituents N o o or 96.6
on ring A in the four isomers shown in Figure I can Py ,-CH, (1) 20.2 19.8 20.0 20.0
readily be identified by comparison with substituted e (L” (1) o NG o o
pyrroles and porphyrins (11). The alkyl and the azo- P2 ) ) '6 173.6
phenyl groups attached to ring A remain without (IZ'O () LE _ :
significant change in the four azo pigments. The OCHj3 (q) 51.7 5L.4 51.7 51.6
ipso-carbon C; of the phenylazo group appears at low

) . . . Py ,-CH 9.6 9.6 9.6 9.6
filed with shifts resembling the carbon atoms of phenyl- Y CHs (@
hydrazine, azobenzene or N-benzylideneanilines (12). Py CH (d) 125.8 128.7
The remaining benzene carbon atoms are easily ascribed ‘(Ilﬁz (t) 121.7 122.6
from intensity and chemical shift considerations. The
methine bridge carbon signals are found at high field Pyg-CH3 (q) 9.6 9.4 9.4 8.5
in the spectra of mesobilirubin derivatives, compared

. ‘ S o Pyg-CH; (1) 17.0 17.5
with those compounds having vinyl group substituents. i
The same behavior is observed in most of the CHj3 (q) 13.2 14.0
porphyrins 'wh.ere the me‘thine bri.dge is bindi‘ng two N-N.C. (s) 153.1 153.1 153.4 153.4
pyrrole moicties. The introduction of a vinyl or Cl N . 1155 115.7 N
methyl ketone substituent on the same side of the o (d) : - -
methine group generally results in the deshielding of Cp (&) 129.4 129.1 129.4 129.4
the methine carbon atom (13). Cp (d) 124.1 123.4 123.6 123.6

Figure Il is a graphic comparison of the corres-
ponding shifts of the saturated and unsaturated vinyl

(a) PyA = pyrrole ring; PyB = pyrrolinone ring.
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[I-1V and ~ 1.2 ppm in the HI-V pair as shown in
Figure Ilab. Since carbon C; is bound to two nitrogen
nuclei, its signal appears as a broad singlet in a region
relatively free of other signals.

The carbon atoms corresponding to the vinyl groups
were readily identified from the longer chemical shift
changes induced by hydrogenation.  Furthermore,
hydrogenation also causes chemical shift changes in the
carbon atoms of ring B in both the azobilirubin and
azomesobilirubin pair of isomers. The B-substituents
to the carbonyl group are shifted more than those
attached to the a-position. A greater anisotropic effect
is observed in the pyrrolinone carbonyl signal when
the vinyl or ethyl group is bonded on the §-carbon C3'.
The small variations induced in the Cs+ signals allow
distinction between the carbon signals arising from the
side chain carbonyl group.

The ester carbonyl carbon positions are virtually
the same, showing absorption between 173.3 to 173.6
ppm as shown in Table I. The frequencies of the signals
resulting from the lactam and ester carbon atoms
correspond adequately with the assignments previously
made in earlier carbon-13 nmr studies (14). In pairII
and IV shown in Figure Ila, carbon C4' is shifted by
8 7.7 ppm; the other carbon atoms Cjzs and C,’
remain almost unaffected. However, carbons C3’ and
C,' in compounds I and V shown in Figure IIb are
shifted by & 4.9 and & 3.4 ppm, respectively.
The change for carbon C,' is rationalized in terms of
The chemical shifts of the
nitrogen containing rings are given directly on the
corresponding formulae and can be seen in the bar
diagram in Figure I1I. The foregoing results could be

lost cross conjugation.

important for current and future research on bilirubin
metabolites, bilirubin isomers and photodegradation
products of bilirubin.

EXPERIMENTAL

Compounds II-IV were prepared as described previously (9,10).
The carbon-13 nmr spectra were determined in the pulse FT
mode using deuteriochloroform solutions on a Bruker at 22.63
MHz and in a Varian Associates CFT-20 spectrometer. The
chemical shifts were extracted from proton noise decoupled
spectra and the number of directly attached hydrogen atoms
was established from off resonance cw decoupling experiments,
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