Oct. 1977

Structure of Azomesobilirubin Isomers (1)
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The structure of azomesobilirubin isomers as their methyl esters were determined using nmr

and Eu(fod); as a shift reagent.

. Heterocyclic Chem., 14,1101 (1977)

The two azo-pigment derivatives of mesobilirubin
formed when it reacts with diazo reagents have been
scparated by several chromatographic techniques in order
to perform some spectroscopic studies (2-4).

Literature reports showed poor yields in both catalytic
reduction of bilirubin to obtain mesobilirubin (5-6) and
the diazo reaction to generate the azo-pigments (2-4). The
above mentioned difficulties come together with the in-
stability of mesobilirubin to oxygen and light. Unsuitable
procedures to have both azo-pigment isomers in large
amounts, restrict the feasibility to obtain accurate nmr
analysis. This is the purpose of this communication.

The diazotizing reaction cleaves the molecule at the
methylene bridge, producing two benzeneazodipyrro-
methene isomers (2-4) as shown in Scheme 1.
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SCHEME 1

Even though mass spectrometry has provided a con-
siderable amount of structural information for mesoazo-
pigments (4), the distinction of methyl-ethyl positional
isomers [Ia and IIb can not be settled by this technique.
The position of the methyl-vinyl substituents in a pair of
isomers derived from bilirubin, have been previously as-
signed by nmr (7); the main interest in this study is to
establish the methyl and ethyl positions on the lactam
ring in each isomer. Proton assignments and shifts in the
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Spectral Shifts of the Isomer 1la Protons
Induced by Added Eu(fod);
5 SR (a)

Proton 5, A B C D E F
His 095 112 1.34 1.57 1.81 1.96 2.08
Hy 201 2.08 2.16 2.25 2.33 2.39 245
Hyq 204 211 2.27 2.43 2.61 2.70 2.80
Hy, 225 250 2.82 3.20 3.46 3.65 3.83
H, 268 2.76 2.85 3.05 3.23 3.36 3.50
Hg 293 299 3.09 3.22 3.38 3.45 3.50
Hja 365 3.69 3.78 390 4.03 4.12 4.25
Hyo 581 592 6.06 6.25 6.41 6.53 6.61
Hp 699 7.02 7.05 7.23 7.26 7.27 7.26
Hm 728 7.33 7.38 7.46 7.53 7.57 7.59
Ho 746 7.52 7.59 7.73 7.80 7.89 7.88

(a) 6, in absence of added Eu(fod)s. A with 0.111 molar equiv-
alents of Eu(fod)s; B, with 0.223 molar equivalents of Eu(fod)s;
C, with 0.345 molar equivalents of Eu(fod)s; D, with 0.471 molar
equivalents of Eu(fod)s; E, with 0.597 molar equivalents of
Eu(fod);; F, with 0.708 molar equivalents of Eu(fod);. Induced
Chemical Shifts in ppm from internal Me4Si.
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Molar equiv. Eu(fod)y per molar equiv. Substrate
Spectral Shifts of the Isomer IIb Protons
Induced by Added Eu(fod);
5 SR (a)
Proton 5 A B C D E F

Hi, 112 119 127 135 142 153  1.62
Hys 174 204 235 263 302 336 3.72
Ho 206 208 213 217 224 232 239
Hy; 242 252 266 276 290 3.04 318
H, 272 274 280 290 306 322 3.36
Hsg 294 297 305 313 322 334 350
Hia 366 368 375 381 392 405 421
Hio 586 593 605 616 627 641 656
Hp 698 710 715 715 712 716 7.19
Hn, 729 732 737 743 748 752 757
H, 745 750 755 761 768 774 7.83

(a) &, in the absence of added Eu(fod)s; A, with 0.057 molar
equivalents of Eu(fod);; B, with 0.142 molar equivalents of
Eu(fod)s; C, with 0.221 molar equivalents of Eu(fod);; D, with
0.304 molar equivalents of Eu(fod)s; E, with 0.392 molar equiv-
alents of Eu(fod)y; F, with 0.507 molar equivalents of Eu(fod)s.
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two azo-pigments Ila and IIb, are based on initial and
lanthanide induced chemical shifts as is detailed in Figure
la and 1b. The enolizable carbonyl on the lactam ring,
has been shown to be favored to complex the shift reagent
Eu(fod); (7). Consequently, pronounced shifts in the
signals of protons from « substituents to the lactam car-
bonyl group are observed.

In Figure 1a it can be seen that methyl and methylene
from the ethyl group have the largest change in chemical
shifts, suggesting that an ethyl substituent is attached near
to the complexed substrate carbonyl function. The oppo-
site occurs in isomer IIb Figure 1b, where the nearest
methyl group « to the lactam carbonyl group has a signifi-
cant change. It can be concluded that the nmr shift
reagent Eu(fod); is a suitable tool to solve in a reliable
manner, structural problems in these types of compounds.

EXPERIMENTAL

Isomers Ila and IIb were obtained following the method pre-
viously described (3,4). Nmr spectra were taken in deuteriochloro-
form to which TMS was added as an internal reference as well as
to provide the internal lock signal in a Varian HA-100 Spectro-
meter. Solid Eu(fod); (8) was added in known amounts to isomer

Ha (35 mg. in 0.4 ml. of deuteriochloroform) and isomer IIb (35.5
mg. in 0.4 ml. of deuteriochloroform) until a first order spectrum
was obtained. The peaks are given in & values.
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