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ISOPROPYLIDENE ANALOGS OF BILIRUBIN
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Abstract. Analogs of bilirubin with isopropyl (1) and isopropylidene (2) groups attached to the central

C(10) carbon were synthesized and evaiuated by a combination of NMR, UV-vis and circuiar dichroism

speetroscopy and molecular dynamics caicuiations.
effect (NOE) experiments in CDLI3 solutions indicate that the rubins’ carboxylu,

s lexcly

These methods and “H{ H}-homonuciear Overhauser
cid groups are tethered

to the mpymnone iactams and/or pyrroles by intramolecular hydrogen bonds and confirm that the pigments
e R TR SR PS4 ~ 1 0o T e d AW Y Lo ommnmmrrnd
aaopt a lug ile shape in soluition. © 1998 Elsevier Science Lid. All rights reserved

INTRODUCTION

Bilirubin (Fig. 1) is the end-product of heme metabolism in mammals. Best known as the colorful herald
of hepatobiliary disease, |2 bilirubin is also the toxic agent in kernicterus,! the major component of pigment

gallstones,? and an endogenous inhibitor of free-radical injury.* In the form of its ester conjugates with sugars,

it is the principal pigment in bile.!3> Bilirubin and its analogs have been studied extensively as paradigmatic
models for hepatic glucuronidation and for carrier-mediated hepatic uptake and excretion.”

Yy

01 &N/ \Lm l/ %l ,LA 1|

5 CO%“ (B) F\ //‘l
.

/™S 4 |

W |

s

[/\\A:O‘ H
O o |\ : )
?‘“- H H 8 ~100° (’ =0 l-'!q_\< 4=’ }/»tg{ o= | ™ e-i00°
Bilirubi N T " 4
Hirupin /// \@’T \_ 1 B //JN‘W, \\\\

R S AN | Ve/r LT
| 4 N ~ § g N | /

(C) \ AR 5‘0\\,,,* ? o l\//

/
[ — \
10 HG' ‘H H- i“’

FIGURE 1. (A) Constitutional structure of bilirubin. (B) Conformational representations for ridge-tile-shape M and P
chirality, intramolecularly hydrogen-bonded, interconverting enantiomers of bilirubin. Hydrogen bonds are shown by
dotted lines. (C) Edge view of the bilirubin ridge-tile conformations showing the C(10) hydrogens at the seam.
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Bilirubin is conformationally flexible in solution, but one conformation is significantly more stable than
all the others: a folded ridge-tile structure with intramolecular hydrogen bonds between the pyrrole and lactam
functions of the dipyrrinone halves and the propionic carboxyl (or carboxylate) groups (Fig. lB).‘S'8 Although
bilirubin can form porphyrin-like helical conformers, they are of relatively high energy, and the linear conforma-
tion (Fig. 1A) is especially high energy.”? The ridge-tile conformation is the only one that has been observed in
crystals of bilirubin® and its carboxylate salts.8 Larly spectroscopic studies, particularly NMR,10-11
energy calculations, 12,13 jndicate that hvdrogcn-bonded ridge-tile conformers also prevail in solution,

supported by

14 even in
the dinolar hrntnnhll > solvent dimethyl sulfoxide. 10,15 Individual ridee-tile conformers of biliruhin are chiral.
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disfavored conformations.

HO2? COH Bilirubin and its analog 4 are insoluble in water and in
\ L/ N . #( N, dilute bicarbonate. Yet, a derivative of 4 with two methyl groups
o 3l N L NN | atC(10) on the ridge-tile seam (3) was found to increase the pig-

H H R H H ment’s solubility in organic solvents and, seemingly contradic-
3 R=CH. 4 R=H torily, render the pigment soluble in dilute aq. bicarbonate.! 72

) _ The reason for this is unclear because C(10) substituents arc {ar

edce / edae / removed from and project away from the hydrogen bonding

region. In the ridge-tile conformation, however, the C(10)

_'—"l —CH, ——'(\— H methyls are sterically co

B H methyls rica mpressed against the 8,8 CH; groups of
e CHI(CH.). the nranianic acride and thic intarmal ctarin intarastinn ic thanaoht
bna e 3L i [JlUl.llUlllU UWVINID, GUIN LT THILWELIGL Sl IV LUV avLivLL 10 illUuleL
3 1 to cause a widening of the ridge-tile interplanar angle.!”® The
N o CO.H L SR n
Bt °>" o purpus (8] me 10110W11'lg uuuy lb io (.l(,lL(./l dl'l(l explore an lﬂllU
Ny N ) oy N ence of C(10) substitution on bilirubin’s intramoiecuiar hydrogen
— /N JEAY -
oA, YA Ny WS ‘\\\/\N g bonding and solution properties. For this we synthesized two
N N N . . . .
H H H H analogs with only one substituent at C(10): isopropyl rubin (1)
1% ¢ ... 2 X C=C(CH, and its isopropylidene analog (2).
wrgeng)s

~ o s

Synthesis. Faik ef ai. 18 showed that two equivalents of an a-free dipyrrinone (3-ethyi-2,7,8-trimethyi-{10/)-di-
pyrrin-1-one) may be condensed with isobutyraldehyde in the presence of p-toluenesuifonic acid catalyst, and then
oxidized with DDQ to afford a linear tetrapyrrole with an isopropylidene group at C(10). The reaction is believed
to go first to the rubin, which is oxidized (DDQ) to an unstable verdin that rearranges. Following this procedure,
which we modified by using trifluoroacetic acid catalyst and deleting the oxidation step, we found that the simple
dipyrrinone (2,3,7,8-tetramethyl-(10/)-dipyrrin-1-one, 13)19 reacted smoothly with isobutyraldehyde at room
temperature in dichloromethane solvent to afford the C(10) isopropyl rubin 5 in 52% isolated yield (Synthetic
Scheme). As noted earlier for a related compound,18 attempted oxidation of § to its C(10)-isopropy! verdin using
DDQ led instead to the double—bond isomerized isopropylidene rubin isomer 6. During the course of the oxida-

a transient green-blue co deve]nned due to verdin formation, but this faded to a vellow rubin color.
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Similarly, condensation of dipyrrinone 12 with isobutyraidehyde led to isopropyl rubin 1. The precursor
dipyrrinone (11) was prepared by condensation of 3 4-dimethylpyrrolinone' 72 with pyrrole aldehyde 10. The latter
was prepared by ceric ammonium nitrate oxidationZ? of the a-methyl group of ethyl 2,3-dimethyl-(5-ethoxy-
carbonyl)-1H-pyrrole-4-propanoate (9)21 in high yield. As above, attempted oxidation of the rubin dimethyl ester
(7) with DDQ to its verdin gave only the isopropylidene rubin ester (8), which was saponified to give isopro-
pylidene rubin acid 2. Attempts to isolate the verdin intermediates prior to 6 or 8 were unsuccessful.

Solubility and Chromatographic Praoperties. Consistent with the attachment of lipid-solubilizing isopropyl and
isopropylidene groups, 1 and 2 are 5-10 times more soluble in a nonpolar organic solvent, such as chloroform, than
the unsubstituted parent rubin (4). Surprisingly, they are also more soluble in polar solvents, such as methanol,
and interestingly, while 4 is insoluble in 5% aq. sodium bicarbonate, 1 is soluble but 2 is insoluble. Thus, 1 and

2 are much more amphiphilic than the parent (4), and thus mimic the behavior found for 3. 17 The solubility behav-
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{22 and 20 minutes, respectively) vs. 3 (8.1 min.} and 4 (15 min.).

™ T ~ 1
i

e HPLC data suggest that i and 2 are less
poiar and more lipophiiic than their parent (4), and seemingly contradictorily, they suggest that 3 is more polar
than 4. Characteristic of rubins whose propionic acid groups are engaged in intramolecular hydrogen bonding,
the acids (1 and 2) are much more lipophilic than the corresponding dimethyl esters (7 and 8) in chromatography:
7, Rf 0.53 and retention time 6.2 min.; 8, Rf 0.37 and retention time 4.9 min.

Structure and 13 C-NMR Spectra. The i3C.NMR spectra (Table 1) of the isopropyl and isopropylidene rubins
are consistent with the constitutional structures shown. Carbon chemical shifts were assigned by analogy with
known rubins and by long-range 1-13C-NMR coupling experiments (HMBC and HMQC) and by homonuclear
NOE experiments. The expected chemical shift differences were found at C(10) and C(10') and at C(8)/C(12),
which are at or close to the new substitution center. Interestingly, the rubin acids (1, 2, 3, 4) all exhibit lactam
carbonyl chemical shifts that are 1-2 ppm more deshielded than their corresponding dimethyl esters (7, 8, 15, 16)
or their peralkylated rubin analogs S and 6. Since rubin dimethyl esters and peralkylated rubins are thought to
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{H_.NMR and Hydrogen Bonding, The TH-NMR data from rubins 1,2, 3, and 4 (Table 2} are similar in many
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iatter, the isopropyi methyis of i are equivaient, indicating iree rotation and no diastereotopicity. In conirast, in
CDCl; the methyls are no longer equivalent and remain non-equivaient at 60°C, suggesting that the pigment
adopts a different or a less mobile conformation in CDCl;. If 1 were to adopt intramolecularly hydrogen-bonded
conformations in CDCl5 like those in Fig. 1B, the isopropyl methyls would be diastereotopic.

Evidence for intramolecular hydrogen bonding in 1 and 2 in CDCl; comes from the characteristic deshield-
ing of the COOII hydrogens and the lactam N(21)/N(24)-Hs due to intramolccular hydrogen bonding between
these two functional groups. There is also notable shielding of the pyrrole N(22)/N(23)-Hs due to the magnetic
anisotropy afforded by a bent, ridge-tile conformation where these NHs lie above or below the neighboring pyrrole
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or dipyrrinone T-eieciron system. 23 Similar chemical shifts are found in the pareni C(i0)-unsubstituted rubin (4)
and 1ts C(10)-gem-dimethyl anaiog (5)," thus indicating the iikeiihood that the rubin acids of Tabie 2 adopt a
ridge-tile conformation similar to that of bilirubin (Fig. 1B), where the propionic acid COOH groups and opposing
dipyrrinones can engage in intramolecular hydrogen bonding.

Unlike the parent rubin (4) and its 10,10-dimethyl (3) and 10-isopropylidene (2) analogs, 10-isopropyl
rubin 1 exhibits two non-identical sets of dipyrrinone NH chemical shifts in CDCl5: 11.06 and 9.17 ppm; 10.77
and 9.13 ppm for the lactam and pyrrole NHs, respectively. These data indicate molecular dissymmetry in the
intramolecularly hydrogen bonded ridge-tile conformation.* The ridge-tile conformers of 2, 3 and 4 have C,-
symmetry; in 1 they do not. The nonequivalence of proton signals in 1 suggests slow conformational inversion

of the type shown in Fig. 1B and a weakening of intramolecular hydrogen honds in the half where the isopropyl

aroimn () n aronmea
group |3 100N Il e Uil 12 €1IC 1 On e PrOPIonIc acla p-iIiciil F+CnC gIoups
Enirthoar citnnnrt far tha intramnlasnlarly hudrnaosn_handad ridoa_tila canfarmatinn cnamaog fram analveic
L Uluicl SUp/pPUIt 1UL UlC HIdallivitiuialiy 1y WUgLIicuUuucu Huge-uae CUULaudii CUTNCS 11Ol diidry 5is
Al o it n] TTITT mmveanlican en Alan smenemiirin amaAd I Y T Y TT qamvennsds L1 2 2 .1 A O o e S
)L UIC VICIHdL 1101 L«Uuplllls lll LHC PIUPIVILIG avlia bpllzbal 12\_/\.’2] 1 \CE HnCI> vl 1, 4, O ang 4. LOoniirming a

1 13'

mou—:cmar sndpe WI]CT@ Ult, pl'OplODl(.o residues are L()Ilbll"dll'lecl io d(.l()p[ IIXCG moiecuiar conIormauom HlC HiH
coupiing constants indicate an ABCX pattern consistent with a fixed staggered propionic acid segment geometry
(Table 3) — as has been reported previously for bilirubin. Y The o-hydrogens (Hg and Hc) at L(S") and (,(12‘)
and the B-hydrogens (H, and Hy) at C(8%) and C(12") show vicinal coupling constants characteristic of torsion
angles (H,-C-C-H¢, Hy-C-C-Hp and Hy-C-C-H) of ~60°, while (H,-C-C-Hp) is ~180°. They are clearly not
the typical averaged 3] values found in the spectra run in (CD3),80 solvent, and found in dipyrrinones in either
solvent. In those cases, there is greater conformational flexibility in the propionic segment, whose CH, groups
appear as triplets (A,B- pattern).

Unlike the more symmetric rubins (2, 3 and 4), isopropyl rubin 1 exhibits two sets of ABCX patterns for
the propionic acid & and 8 CH, signals in CDCl;. These data, too, indicate that in its intramolecularly hydrogen-

bonded conformation 1 does not exhibit the expected

-symmetry o of the tetrapyrrole framework. One triad of

Yy
TABLE 3. 'H-NMR Chemicai Shifts® and Couplings in the CH , HyCHpH~CO,H /
pay & ZXC prcTT2 H)<B.>Lm/\§

FalaVall

Propionic Acid Fragment of Bilirubin Analogs in CDCi; Soivent at 2

H
Chemicai Shift (8, ppm)~ Coupiing Constant (J, Hz)
i4: R=CH, 259 | 2.89 | 2.78 | 2.54 | 135 28 | -150 | -18.7 | 2.6 4.6
13: R=C(CH3), 3.50 § 298 | 278 | 2.55 11.5 2.0 -13.0 | -18.5 2.6 4.7
2 R=C=C(CHy), | 297 {286 | 274 [ 254 1 135 | 25 | -150 | -188 | 20 | 45
1: R= CH(i~Pr)b 3.34 3.03 2.85 2.71 11.0 2.5 -15.0 | -18.5 2.5 4.5
3.12 | 296 | 2.85 | 2.59 12.0 2.5 -15.0 | -18.5 2.5 4.5

“In ppm downfield from (CHQ)AS[ for 10~ 3 M solutions in CDCl5. b Two sets of protons.
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Nuclear Overhauser Effect. Additional evidence for intramolecular hydrogen bonding and thus for ridge-tile
conformations in 1 and 2 come from "H{'H}-homonuclear NOEs found between the CO,H proton and the lactam
NHs, and between the lactam NHs and pyrrole NHs. The former indicate a close proximity between the acid and
lactam groups, as is found when they are linked by hydrogen bonding; the latter indicate a syn-Z configuration of
the dipyrrinones, which is confirmed by the NOEs seen between the C(5) and C(15)-Hs and the nearby CH;
groups.'® Interestingly, while we could detect no NOEs from the isopropylidene methyl groups, the isopropyl
methyls exhibited NOEs with the propionic acid §-CH, groups.

CHd CHS CH3 CH3

FIGURE 2. Important 1H{ lH}—homonuclear Overhauser effects shown by double-headed arrows in 1 and 2 in CDCl;.

Conformational Analysis from Molecular Dynamics Calculations. Additional insight into the influence of C(10)
isopropyl and isopropylidene substituents on bilirubin conformation may be gained from molecular dynamics cal-
culations.” Using the force field in SYBYL,2 conformational energy maps (Figs. 3 and 4) can be constructed by
rotating the dipyrrinone units of 1 and 2 indcpendently about the C(9)-C(10) and C(10)-C(11) bonds, correspond-
ing to torsion angles ¢ and ¢,, respectively. With ¢, and ¢, defined as 0° in a porphyrin-like conformation, a
large array of conformations can be created through rotations about ¢, and ¢, including the linear conformation

(Fig. 2) with ¢; = ¢, = 180°. Figures 3 and 4 show a mapping /-

of conformational energy vs rotation angles,
¢, and ¢, for 1 and 2, respectively. Some conformations are greatly stabilized through intramolecular hydrogen
bonding,”%'3 but even the absence of intramolecular hydrogen bonds, as in 5 and 6, the global energy minimum
conformation is nearly the same as those of 1 and 2 and other bilirubin pigments26 — a ridge-tile shape.® As in

)17b intramolecular hydrogen bonding stabilizes the ridge-tile conformation of 1 and 2. The presence

the parent (4
of C(10) isopropyl and isopropylidene groups apparently adds further stabilization by raising the energy of local
minima. Molecular dynamics calculations find global energy minima corresponding to identical enantiomeric
structures for 1 (and for 2) with each enantiomer being represented by several different wells on the surfaces of
Figs. 3 and 4. Thus, isoenergetic global minima are found for identical M-helicity conformers near (¢, ,¢5) ~
(-60°,-60°), (+300°, -60°), (-60°,+300°) and (+300°,+300°) and for the isoenergetic P-helicity conformer
located near (¢.9,) ~ (+60°,+60°). Intramolecular hydrogen bonding forces the molecule to adopt a basic three-
dimensional molecular structure where the two dipyrrinone chromophores lie in nearly orthogonal planes with
dihedral angles 0f 94° in 1 and 88° in 2.

The M and P conformational cnantiomers of 1 and 2 (Figs. 3 and 4) interconvert over barriers calculated
to be significantly higher (27-32 kcal/mole) than those of the parent rubin (4) (19-22 kcal/mole) and its C(10) gem-
dimethyl analog (3) (15-17 kcal/mole).!” The interconversion occurs by breaking 3-4 hydrogen bonds while the
dipyrrinones are rotated about ¢; and ¢, then remaking the hydrogen bonds.” From an examination of Fig. 3,
two distinct low energy interconversion pathways are found in 1 to take the P-helicity conformer to the M: (i)
A route from (¢=b, ~60°) ~ (d; ~10°, b5 ~90°) = (¢~ -40°, by ~90°) ~ (1~ -40°, b, ~120°) ~ (¢~ -40°,
$;~180°) » (¢~ -60°, ¢, ~180°) and down to ($;~ -60°, , ~300°) with an activation barrier of ~28 kcal/mole.
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FIGURE 4. (Upper Left) Potential energy surface and (Upper Right) contour map for isopropylidenerubin (2) conforma-
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global minimum is found near (d1,9;) ~ (+50°, +50°). (Lower) Ball and stick conformational representations for the ridge-
tile shape M and P intramolecularly hydrogen bonded enantiomers of 2. The hydrogens of the isopropylidene methyls are

removed for clarity of representation.
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(if) A route from (¢;=¢, ~60°) ~ (¢; ~10°, ¢y ~90°) = (¢~ -40°, ¢y ~90°) = (| ~—80°, b5 ~60°) ~ (b~
-90°, ¢, ~30°) - (b~ -90°, &| ~0°), (¢~ -90°, ¢, ~ -60°) and down to (¢;~ -60°, ¢, ~ —60°), with a barrier
of ~32 kcal/mole. In Fig. 4, the two lowest encrgy pathways for interconverting P and M conformational
enantiomers of the C(10) isopropylidene rubin 2 are essentially isoenergetic: (i) A route from (¢ = ¢, ~50°) -
(1~ ~20°, by ~50°) = (¢~ ~50°, ¢y ~60°) = (b~ ~50°, ¢y +90°) ~ (by~ -50°, 5 ~150°) = (b; ~ -50°, &b,
~240°) and down to (b~ - 50°, ¢, ~310°) over a barrier of 27 kcal/mole. (ii) A route from (¢ = ¢, ~50°) ~ (¢,
~=20°, &5 ~50°) = (d;~ = 50°, by ~60°) = (b~ -50°, by ~30°) = (b~ -50°, by ~0°) = (b~ -50°, by ~ -20°)
and down to (¢ = ¢, ~ -50°) over a barrier of 28 kcal/mole. The isopropyl group of 1 and isopropylidene group
(or C(10) sp? carbon) of 2 thus appears to raise the interconversion barrier between the M and P ridge-tiles. Such
high interconversion barriers suggest the possibility of resolution of 1 and 2 into enantiomers that are stable at
room temperature.

Induced Circular Dichroism. As may be seen in Fig. 5, solutions of 1 and 2 in CHCI; solutions containing a
300:1 molar ratio of quinine:pigmc:nt27 give well-defined, strong bisignate circular dichroism (CD) spectra for the
long wavelength UV-visible transition. The CDs are identical in sign but differ in magnitude and spectral center
relative to that observed for the parent rubin (4) and bilirubin, which are known to exist as a 1:1 mixture of enan-
tiomeric ridge-tile conformers of M and P helicity (Fig. 1).7 In solutions with quinine (Q) the equilibrium Q-M
= Q-P is no longer evenly balanced, and there is an excess of one enantiomeric pigment conformation, with a net

CD resulting at the pigment’s Inno wavelength transition. The isopropylidene rubin (2) exhibits a CD curve of

CD resu pigment velen The isop dene rubin chibits
very nearly the same shape and magnitude as the parent (4). The isopropyl rubin (1) exhibits a weaker CD, and
the reason for the difference is not entirely clear but probably comes from structural distortion due to nonbonded
steric repulsions between the C(10)-isopropyl group and one of the propionic acid B-methylene groups.

60

1 FIGURE 5. Comparison of

Ae M circular dichroism (LD) spectra
o \ of C(10) isopropyl rubin 1,

C(10) isopropylidene rubin 2
and the parent rubin 4 in
CHCI; solvent in the presence
of quinine at 22°C. The molar

=50 - ratio pigment : quinine is 1 :
300, and the concentration of 1,
i 2and4are2.5x 107> M, 3.0 x
107 Mand 3.0 x 1075 M. re-
-90 I 1 L ] v T oiva aillG o S. V1, IC
300 350 400 500 Spectively.
Wavelength[nm]
Human serum albumin (HSA) is also known to act as a chiral complexation agent for bilirubin and rubin

1uman serum \Visy) als

4. When bound to HSA and other species’ serum albumin, these pigments are known to exhibit optical activity,
seen typically as an induced circular dichroism (CD), which is usually intense and bisignate (Fig. 6 and Table 4).
In contrast, only very weak induced CDs are found with analogs having no acid groups, e.g., rubin 5. 20 The pro-

tein apparently acts as an enantioselective binding agent for bilirubins with carboxylic acid groups and constrains
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the pigment to adopt a chiral conformation. And it is in such a chiral conformation, whether selected by HSA or
quinine, that the induced CD occurs through intramolecular exciton coupling” between the dipyrrinone chromo-
phores of the rubins. However, unlike bilirubin, its analogs and the C(10) isopropylidene rubin 2, a reversed
bisignate CD is found for C(i0) isopropyi rubin i in the presence of HSA. The isopropyi group apparenily has
considerable influence on the enantioselection; whereas, an isopropylidene group does not. Pigment 1 is thus
forced to adopt a unique chiral conformation where its component dipyrrinone electric dipole transition moments

have a negative exciton chirality.

60
i 4 2
FIGURE 6. Comparison of cir-
40 L cular dichroism (CD) spectra of
C(10) isopropy! rubin 1 (curve 1),
3 and C(10) isopropylidene rubin 2
20 (curve 2) on human serum albu-
min (HSA) with the parent rubin
Ae L (4). on HSA (curve 4) in pH 7.4
L Tris buffer at 22° C The concen-
0 = tratinn nf n nt ch cnec.
~ tration of pigment in each spec-
L trum is 3 x 1075 M and that of
N}K\/ HSA is 6 x 1075 M, fora 122 mo-
-20 lar ratio of pigment to albumin.
-30 -
300 350 400 450 500

Wavelength{nm)

TABLE 4. Comparison of Circular Dichroism and UV-visible Spectral Data® for 10-Isopropyl Rubin (1), 10-Isopropyli-
dene Rubin (2), Parent Rubin 4 and Bilirubin in pH 7.4 Tris Buffered Aqueous Human Serum Albumin Solutions
Containing 2% Dimethylsulfoxide.?

Circular Dichroism UV-Visible
Pigment A€ (M) A at Ae=0 Ae .k (M) Emax (M)

10-Isopropy! rubin (1) +13 (387) 407 - 18 (436) 35,000 (416)sh
39,700 (438)

10-Isopropylidene rubin (2) -24 (398) 416 +53 (447) 51,800 (441)
Parent rubin (4) ~24 (384) 407 +56 (429)4 36,900 (412)5h
38,500 (430)

Bilirubin -24 (400) 425 +50 (449) 44,000 (452)

9Aeand € inl.-mole”! - cm™! and A in nm; bFor2-3x10° M pigment solutions run with 2 mole equivalents of human
serum albumin, 30% (CH3),SO has no effect on the BR-HSA CD spectrum.

UV-Visible and Circular Dichroism Spectroscopic Data. The UV-vis data (Table 5) of rubin acids 1, 2, 3 and
4 are rather similar, with the iong wavelength absorption centered near 425 nm in a range of solvents o
polarity and hydrogen bonding ability. These data are thus rather like those recorded prev1ously for rubins that
engage in intramolecular hydrogen bonding. In contrast, their dimethyl esters (6, 7, 14, 15) and analogs with pro-
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1/ + 1 oLl J RV PO,
pmuu. dblub leldbCU Dy mc y \D auu U} czuuuu Apax SHLITCU 1O SHUIKE W

solvents due io intermoiecular i GI'OgCIl Donumg,.

TABLE 8. UV-Visible Spectroscopic Data® for Rubin Acids (R=H): 1 (Xt CH-iPy), 2 (X C=C{CHjy},). 3 Xt C(CHy),),
4 (X: CH,); For Rubin Esters (R=CH,): 7 (X: CH-iPr), 8 (X: C=C(CHj),), 14 (X: C(CH;),), 15 (X: CH,); and Per-
methyl Rubms 5(Y: CH-iPr) and 6 (Y C=C(CH3),).
RO,C GO,R
2 \
N N N N 2 Y N N
04NWN§;X4NVQ\\[\N)\\\‘O o N),//‘ /N\ Y_//Ng/\(N)Q
H H H H H H H

€MaX (AM3X) Values in the Specified Solvent
Pigment CeHe CH,Cly CHCly {CH3),CO CH;0H {CH;),S0
1 47500 (420)5h » 37700 (402)%" | 38400 (402)*P
51200 (436) | 50600 (437) | 49900 (433) 47600 (421) | 46500 (430) | 49700 (434)
2 45200 (427)sh
46400 (440) | 47200 (437) | 47400 (439) | 47100 (431) | 48300 (431) | 51800 (437)
3 44200 (395)h
50600 (434) | 50100 (425) | 50400 (434) | 46300 (426) | 46000 (426) | 58000 (425)
4 Insol. 51000 (427) | 58000 (431) nsol. Insol. 57300 (426)
7 59300 (379) | 63900 (376) | 56300 (380) 61400 (380) | 41500 (400) | 40700 (398)
17600 (424)% 45200 (398)% | 24100 (415)%h | 53400 (432) | 55600 (433)
8 38700 (394) | 38700 (399) | 43300 (407) 28900 (402)™" 45500 (434)h
25200 (416)*" | 36500 (415)™" | 39200 (420)Sn 29400 (415) | 43600 (440) | 48000 (444)
14 36000 (404) | 40500 (414) | 40700 (414) | 40900 (413) | 46400 (424) | 45500 (420)
is 52700 (384) 57600 (379) 48400 (381) 47GG0 (381) 32530 (389)5h
36600 (411 134000 (427yh 1 47400 (427) | 43500 (428)
5 65000 (388) | 50300 (382) | 48100 (384) 65600 (382) | 44500 (381) | 40800 (391)%
18600 (425" | 44100 (400)" | 43100 (400)2 | 21300 (417)%" | 25800 (428)™ | 43200 (434)
6 61700 (393) | 48300 (395)*" | 45600 (400)* | 58200 (386) | 39400 (415)*h
14800 (440)S1 | 54600 (408) | 51600 (408) 19400 (432)51 | 42800 (438) | 35700 (441)

@AM in nm. €™ in [ - mol~! - cm ™! for 1073 M solutions.

These data are important because bilirubins are bichromophoric molecules, and the relative orientation of

the two dipyrrinone chromophores determines the shape and A™#* of the pigment's long wavelength absorption
band. UV-visible and circular dichroism spectra are characteristic of two coupled chromophores with little orbital
overlan betwccn them and strongly allowed long wavelength transitions. In the case of the ridge-tile conformation
~35.000) (Fig. 1B) maximum exciton interaction between the component dmvrrmone intense
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1B decreases), the spectrum shifts. The porphyrin-like, the ridge-tile and the linear conformations of bilirubins
correspond to the classical cases for parallel, oblique and lincar orientations of the induced clectric dipole
transition moments studied in detail by Kasha et al?8 In the ridge-tile conformation (Figs. 1B, 3 and 4), both
exciton transitions are allowed and may be seen, e.g., in the pigment’s long wavelength UV-visible spectrum as
a broad band centered near 430 nm in 4 or as A™3 and nearly AS (Table 5). As the pigment unfolds toward the
linear shape (6 - 180°), the UV-visible band is expected to sharpen and red-shift as the transition probability to
the lower energy exciton state increases. As the pigment folds more toward a porphyrin shape (0 - 0°), the long
wavelength UV-visible band is expected to sharpen and blue-shift as the transition probability to the higher energy
exciton state increases.

In the C(10)-isopropyl rubin 1, and C(10)-isopropylidene 2, the UV-visible spectra exhibit very little
solvent dependence, observations consistent with very small conformational changes over the range of solvents
studied. This is unlike their estcrs (7 and 8) which showed blue-shifted spectra in non-polar solvents and red-
shifted spectra in polar solvents. A similar behavior is found in the parent ester (15) and the permethylated analogs
(5 and 6) of 1 and 2. Here the data suggest a conformational change from a more folded helical conformation with
smaller 8 in non-polar solvents to a more open shape in polar solvents. Taken collectively, the UV-visible data
implicate the role of much stronger intramolecular hydrogen bonding in 1 than in 2 in nonpolar solvents and
relatively unchanged conformations in more polar solvents.

!HH_.NMR of Dimethyl Esters. Unlike the TH-NMR spectra of the rubin acids, their dimethy] esters (7, 8, and 15)
in CDCly exhibit ordinary triplets for the propionate methylene groups (- CH,CH,CO,CH3) — indicative of
unrestricted motion on the NMR timescale. These pigments, as well as those with methyl groups replacing the
propionic ester groups (5 and 6) also exhibit pyrrole and lactam NH chemical shifts which are very different from
those seen in rubin acids (1-4 of Table 2) in CDCl; and correspond to the NH chemical shifis (Table 6) typically
seen from intermolecular hydrogen bonding. In (CD3),SO, however, the NH chemical shifts are more like those
of acids 1-4 (Table 2), consistent with the UV-vis data that suggest similar conformations in dimethyl sulfoxide.

CHy0,C  GO,CH,

H H

H H

TABLE 6. 'H-NMR Chemical Shifts and Assignments of Dimethy| Esters
7 (X: CH-iPr), 8 (X: C=C(CHy)), 14 (X: C(CH3),), 15 (X: CH,) and

Permethylated Rubin § (Y: CH-iPr) and 6 (Y: C(CHj;), in (CD4),SO and OJ\TS, /N\ﬁy, W o
CDCl5 Solvents.? H H H H

Chemical Shifts in (CD5),S0 Chemical Shifts in CDCl4
Proton 7 8 5 6 15 7 8 5 6 15
21,24-NH 9.83 9.99 9.67 9.98 9.78 9.92 9.95 11.00 10.35 10.44
22,23-NH 9.93 10.37 9.77 10.02 10.41 9.92 9.95 9.98 10.33 10.28

2 Run at 4 x 1073 concentration of pigment at 22°C. Chemical shifts in ppm downfield from (CH;),Si.
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Intramolecular hydrogen bonding between propionic acid CO,H and dipyrrinone groups is known to be
a dominant, conformation stabilizing force in bilirubin and its zmalogs.6 The experimental evidence for
intramolecular hydrogen bonding in isopropyl rubin 1 is supported by molecular dynamics calculations, > which
indicate a global minimum conformation folded into either a P or an M molecular chirality ridge-tile shape that
is held in place with six intramolecular hydrogen bonds. The M-helical minima may be found on the conforma-
tional energy map at (=~ -60°), (¢~ +300°, Py~ -60°), (¢~ -60°, dy~ +300°), and (d,=d,~ +300°), as
shown in Fig. 3. The enantiomeric P molecular chirality ridge-tile conformation lies at ¢;=d,~ +60° and the

"L
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ove the

lowest energy interconversion pathway between M and P chirality conformers lies some 28 keal/mole a
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conformer of Fig. 4. The giobal minimum corresponding to the £ moiecular chirality conformer is found near
(¢;=, ~ +60°), and the M = P interconversion barrier is computed at ~27 kcal/mole.

The current study shows that even when an isopropyl or isopropylidene group is located at C(10),
intramolecular hydrogen bonding persists in non-polar solvents. Such rubins are much more amphiphilic than the
parent rubin while being constrained to adopt a ridge-tile shape. The C(10) isopropy! group introduces a molecular
dissymmetry with one half of the molecule accommodating less effective intramolecular hydrogen bonding.

EXPERIMENTAL

T Y

Y
in 6 ppm referenced io the residual CHCly
- . ;. . PR - . . g PR, - el . .
echo experiment (Attached Proton Test) was used to assign *“C-NMR spectra. Meiting points were taken on a

H signai at 7.26 ppm and -C signe .0 ppm. A J-modulated spin-
1
Mel-Temp capillary apparatus and are uncorrected. Combustion analyses were carried out by Desert Analytics,
Tucson, AZ. Analytical thin layer chromatography was carried out on J.T. Baker silica gel IB-T plates (125 p
layers). Flash column chromatography was carried out using Woelm silica gel F, thin layer chromatography grade.
Radial chromatography was carried out on Merck Silica Gel PF,5,4 with gypsum preparative layer grade, using
a Chromatotron (Harrison Research, Inc., Palo Alto, CA). HPLC analyses were carried out on a Perkin-Elmer
Series 4 high performance liquid chromatograph with an LC-95 UV-visible spectrophotometric detector (set at
410 nm) equipped with a Beckman-Altex ultrasphere-1P 5 pm C-18 ODS column (25 x 0.46 cm) and a Beckman
QDS precolumn (4.5 x 0.46 cm). The flow rate was 1.0 mL/minute, and the clution solvent was 0.1 M di-n-
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eous methanol pH 7.7, 31°C). Spectral data were obtained in spectral grade solvents
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Ethyi Z-formyi-3-methyi-(5-ethoxycarbonyi)-iH-pyrroie-d-propanoate (i0). Ethyi 2,3-(5-ethoxycarbonyi)-
dimethyl-1H-pyrrole-4-propanoate (9)2} (10.0 g, 37.5 mmol) was placed in a 2-L 3-neck round bottom flask equip-
ped with a mechanical stirrer, and 300 mL of THF, 600 mL of glacial acetic acid, and 500 mL of water were added
with stirring. The mixture was cooled to 0°C, and 83.0 g (0.154 moles) of ceric ammonium nitrate (CAN) was
added. The ice bath was removed and the reaction was allowed to stir for one hour. The mixture was then transfer-
red to a 4 L separatory funnel and 800 mL of water was added. The aqueous solution was extracted with CH,Cl,
(3 < 100mL). The combined organic laycrs were washed with water (2 x 300 mL), sat. aq. NaHCO, (2 x 300 mL)
and sat. aq. NaCl (2 x 300 mL), dried over anhyd. Na,SO, and evaporated to give a yellow oil. The oil was placed
under vacuum overnight which caused it to solidify. Recrystallization from ethanol (saturated with water at the

hoiling noint) eave 8.6 o of slightlv tan formvl nvrrole in 82% vield. It had mn 84-86°C (1.it 29 R7°CHY: IR (KRr)

rpEEEED VAT OV VY OOV o o ar & s rJ o ma—  alid i bl St ~ ~7 el Sl
v 3420 NN 290N 1730 1700 1445 r\rﬂ‘1 IHNMR (CDCIY A 1247t PH T=71H> 13871 2 1=7 2 H»)

3420, 3080,2900, 1730, 1700, 1645 em 7 "H-NMR (CDCl3) 60 1.24 (8, 2H, iHz), 138 (8, 2H, J=7.3 Hz),
NAA Lo AN VLA AT F—7 2 LT 20478 2T T—T 2L A 19 7a LT T—7 21 L0 A 24 [~ DLIT T1—7 12 1T\ O AQ
Lo \D, Jll}’ e iy 4 \L, GiLly, JTL.O lllg}, gV \b, SLLy J 1.0 111_4}, T. 1L \\-1, P22 % ) foJ llL}, . JU \Li) Ldky I .2 llL}, 7.0
Ve T 17T ANITIN N 77O 7 1TY YT PP | 131-‘\1'\[“ LT N R O AN £ TANDY 7 1A NT AN\ 10 Ny YA LA
(ors, 10, Niij, .78 (s, irl, CHU) ppi; and ~- C-NVIR (CoCi3) 00 8.20 (q), 14.03 (g), 14.07 (q), 19.65 (1), 34.54
(1), 60.18 (1), 60.92 (1), 124.36 (s), 129.63 (s, 129.64 (s), 130.0Z (s), 161.83 (s), 172.67 (s), 179.10 (s) ppm

2,3,7-Trimethyl-(10H)-dipyrrin-1-one-8-propanoic acid (12) (3-nor-neo-xanthobilirubic acid). 3,4-Dimethyl-
3-pyrrolin-2-one! 72 (3.0 g, 27 mmol) and (10) (6.5 g, 23 mmol) were placed in a 500 mL flask containing a
magnetic stir bar. To the mixture of solids was added 250 mL of 95% ethanol and 60 mL of 4M aq. KOH, and
the solution was allowed to reflux overnight. The cooled solution was extracted with ether to remove any
unsaponified compounds, and the aqueous layer was acidified to pH 3 with concentrated HCI. A bright yellow
solid dipyrrinone (11) separated and was repeatedly washed with water and collected by centrifugation. After
drying, this afforded 6.3 g (84%) of the desired dipyrrinone diacid (11). It had mp 220°C (dec.); 'H-NMR
S0) d: 1.75 (s, 3H), 2.01 (5, 3H), 2.03 (s, 3H), 2.33 (1, 2H, J=7.5 Hz), 2.85 (t, 2H, =7 5 Hz), 5 88 (s, 1H),

(G =5 =11, 4740 28

without further purificaiion.

Diacid (11) (5.39 g,19.7mmoi), KOAc trihydrate (24.3g) and NaOAc trihydrate (22.6 g) were placed in
a mortar and ground to make an intimate mixture. The yellow paste was caretully transferred to a 250 mL round
bottom flask containing a magnetic stir bar, and slowly lowered into an oil bath at 120°C. The mixture melted
and the material clinging to the sides of the flask was washed down by basting the outer walls of the flask with
hot oil using a Pasteur pipette. The temperature was increased to 130°C and decarboxylation commenced as
evidenced by profuse bubbling from the molten mixture. The temperature was allowed to remain at 130-150°C
for 20 min., and then the flask was allowed to cool. The resultant solid residue was dissolved in water and acidi-
fied to pH 3 with concentrated HCI which caused precipitation of an olive green solid. This solid was repeatedly
washed with water and collected by centrifugation. Drying overnight in a vacuum desiccator over P50 yielded

Vasill wiill vwdalcl Al Plyills U

D
rrinone (12). It had mp 245-248°C (lit.} 73 mp 245-247°C); TR (KBr) v: 3345,

406 o (87 5%) of t It had m 1 15-24

+ U0 g {8/ 0%) o th Tinon ). 1 2 ! N1 -

2195 201N 1615 cm- L TTV_Vie (CH_OIN- e (AM2XY — 27000 (205} (DMSON): ¢ £ AMAX\ — 30000 (2Q5)- [RERNG V)
Jl.—J, I_-/LU’ LW LW wiil » oy Y 10 \\ullj\_llj} ~— \lu / P IV AVAY \_}/-J}, \ULVALJ\.I]. — \lh } [OAVAVEVAY ] \_)/_IJ’ LA L viviiw
MO AR 1T QL 7c 2L D D1 7o 2L D D224 2N D70+ DIT 17D 10\ D QN+ DL I=7 DY I\ K AS (¢ 1T T N0
k\;u\/‘lS} v. 1.7V \D, Jll}, Lok L \\, Jl].}, paryare ) \b, JLL}, Lan B NI \L, L1 1’ o IEY llL}, L OV \l, LA kg J .0 ll‘,}, v.OY \»), lll}, r.Jo
/ ATIN N A 7L ~ 1YY WTTYN 11 NO /.. 1TT NITYN -..J]_ M NINATY 7T R TON /N DNEL N TN T SN
(S, 1), ¥.04 (0rs, 1M, INIi1), 11.Y06 (OIS, 111, INI) ppl, and LoINVI (LU J O /.02 ({), 7.00 (), 1U. 1T ),
20.13 (0), 34.44 (1), 109.54 (d), 121.40 (s), 123.81 (s), 124.25 (s), 125.36 (s), 127.83 (s), 125.45 (s), 145.82 (s)
172.22 (s), 179.98 (s) ppm.
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10-Isopropyl-8,12-bis-(2-carboxyethyl)-2,3,7,13,17,18-hexamethyl-1,10,19,21,23,24-hexahydro-1,19-dioxo-
bilin (1). 3-Nor-neo-xanthobilirubic acid (12)!72 (548 mg, 2.00 mmol.) was placed in a 25 mL round bottom flask
along with a small magnetic stir bar. The flask was then fitted with a rubber septum, and 6 mL of dichloromethane
was added. After flushing the system with N, for several minutes, isobutyraldehyde (99.9 uL, 1.10 mmol) and
TFA (500 puL) were added using a syringe. Upon addition of the TFA, the mixture became homogeneous and red-
dish orange. It was allowed to stir under N, at room temperature for 8 hrs; the dark solution was then taken up
in 100 mL of dichloromethane, and washed with water and saturated aq. NaCl. After drying over anhyd. Na,SOy,
the solvent was evaporated to give a dark solid. This solid was initially purified by flash-column chromatography
on silica gel, eluting with dichloromethane-methanol 100:2 (by vol). The solvents were removed under vacuum
to give an orange solid. Further purification was carried out by radial chromatography eluting with dichloro-
methane-methanol 100:2 (by vol.) to afford 464 mg (77%) of the desired bright yellow pigment. It had mp 260°C
(dec); IR (KBr) v: 3410, 3258, 2954, 2916, 2364, 1687, 1654, 1616, 1437, 1404, 1363, 1260, 1186, 1008, 939,
843 cm™!; and '"H-NMR and '3C-NMR reported in Tables 1 and 2.

Anal. Calcd. for C34HyyN4O¢ (602.7):  C,67.75; H, 7.02; N, 9.30.

Calcd. for C34H4oN4Og - CH;0H (636.7):  C, 64.83; H, 7.56; N, 8.41.

Found: C,64.84;H,7.13; N, 8.63.

10-Isopropyl-8,12-bis-(2-methoxycarbonylethyl)-2,3,7,13,17,18-hexamethyl}-1,10,19,21,23,24-hexahydro-
1,19-dioxobilin (7). Cesium carbonate (130 mg, 0.674 mmol) followed by iodomethane (25.2 uL, 0.405 mmol)
was added to a solution of (1) (100 mg, 0.165 mmol) in dry DMF (3.50 mL) and stirred at room temperature
overnight. The yellow solution was then taken up in 50 mL of dichloromethane and extracted with water (3 x 100
mL), dried over anhydr. Na,SO,, and evaporated to give an oil still containing some DMF. The oil was placed
under high vacuum for a day, and the solid residue was purified by radial chromatography. Elution with dichloro-
methane-methanol 100:3 (by vol) afforded 88.7 mg of the desired diester (7) as a bright yellow solid (85%). It
had mp 250°C (dec). IR (KBr) v: 3399, 2953, 2867, 2363, 1737, 1676, 1652, 1628, 1437, 1384, 1364, 1268,
1244, 1168, 1054, 944, 901, 846, 754, 723, 692, 580 cm ™ !; and 'H-NMR (CDCly) &: 0.64 (d, 6H, 6.40 Hz), 1.39
(brs, 6H), 1.93 (s, 6H), 2.11 (s, 6H), 2.47 (t, 4H, J=7.80 Hz), 2.72 (m, 1), 2.85 (t, 4H, J=7.80 Hz), 3.74 (s, 6H),
3.74 (d, 1H, J=11.30 Hz), 5.85 (s, 2H), 9.92 (brs, 4H, NH) ppm. 'H-NMR ((CD3),80 ) &: 0.84 (d, 6H, 6.40 Hz),
1.74 (s, 6H), 1.92 (s, 61), 2.02 (s, 6H), 2.46 (t, 4H, 1=7.80 Hz), 2.65 (t, 4H, J=7.80 Hz), 2.70 (m, 1H), 3.38 (s, 6H),
3.75 (d, 111, J=11.75 Hz), 5.87 (s, 2H), 9.83 (brs, 2H, NH), 9.93 (brs, 2H, NH) ppm. !3C-NMR data are reported
in Table 1. An analytical sample was prepared by the addition of hexane to a dichloromethane solution of the
pigment followed by slow evaporation of the solvents under a stream of nitrogen. The resultant bright yellow
crystals were collected by filtration and dried over P,Os in a drying pistol overnight.
Anal. Caled. for C36HygN4Og (630.8):  C, 68.55; H, 7.35; N, 8.89.
Found: C,68.13;H, 7.41; N, 8.64.

10-Isopropyl-2,3,7,8,12,13,17,18-octamethyl-1,10,19,21,23,24-hexahydro-1,19-dioxobilin (5). 2,3,7,8-Tetra-
methyl-(10 H)-dipyrrin-1-one (13)19 (432 mg, 2.00 mmol) was converted to (5) exactly as described for the
synthesis of (1). The crude coupled rubin was initially purified by flash-column chromatography on silica gel
eluting with dichloromethane-methanol 100:1 (by vol) to give an orange solid. Further purification was carried
out by radial chromatography, eluting with dichloromethane-methanol 100:1 (by vol) to afford 252.7 mg (52%)
of the desired yellow-orange pigment. It had mp 260°C (dec); IR (KBr) v: 2966, 2919, 1678, 1648, 1631, 1437,
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C-NMR data are reported in Table 1. An analytical sample was prepared by the addition
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of methanol to a dichloromethane solution of the pigment followed by slow evaporation of the solvents under a
stream of nitrogen. The resultant yellow-orange crystals were filtered and dried over P,0Oj5 in a drying pistol
overnight.
Anal. Calcd. for C3gH;gN,0, (486.7):  C,74.03; H, 7. 88; N, 11.52.
Calcd. for C33H3gN4O, - V2 CH30H (502.7):  C, 72.88; H, 8.24; N, 11.15.
Found: C,72.84; H, 7.91; N, 11.00.

10-Isopropylidene-8,12- bls-(2-methoxycarbonylethyl)—Z,3 7,13,17,18-hexamethyl-1,
dioxebilin (8). To a solution of 0.100 mmol isopropyl rubin dim 1
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with sat. aq. NaCl (2 x 100 mL), and finally dried over anhydrous Na,SO,4. The brownish-yellow solution was
then evaporated to give a brown solid. The crude product was purified by radial chromatography cluting with
100:3 (by vol) dichloromethane-methanol) to give 27.1 mg (43%) of the desired yellow pigment (8). Repeated
chromatography is necessary as starting material and product have very similar R¢’s. It had mp 270°C (dec.); IR
(KBr) v: 3349, 2921, 2363, 1735, 1663, 1636, 1508, 1438, 1364, 1262, 1170, 943, 758, 692 cm™!; and 'TH-NMR
(CDCly) 8: 1.61 (brs, 6H, 1.73 (s, 6H), 1.98 (s, 6H), 2.12 (s, 6H), 2.49 (t, 4H, J=7.80 Hz), 2.72 (t, 4H, ]=7.80 Hz),
3.69 (s, 6H), 5.94 (s, 2H), 9.95 (brs, 4H, NH) ppm. 'H-NMR (( CDs),80) &: 1.75 (s, 6H), 1.80 (s, 6H), 1.97 (s,
6H), 2.04 (s, 6H), 2.22 (t, 4H, J=7.80 Hz), 2.35 (t, 4H, J=7.80 Hz), 3.33 (s, 6H), 5.90 (s, 2I1), 9.99 (brs, 2H, NH),
10.37 (brs, 2H, NH) ppm. I3C.NMR data are reported in Table 1.

Anal. Caled. for CygH,4N4Og (628.7):  C, 68.77; H, 7.05; N, 8.91.

Caled. for C36H4N4Og - HyO (646.6):  C, 66.85; H, 7.17; N, 8.66.

AA A
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Found: C,67.10;H, 6.80; N, 8.35.
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I LT, o T L5 DU EONpRpi R in 14 ml ALTILIN ANAATT 1.1 /ey orn TY qemd 4lagen 1A 2T 0N 1
mmol) of ascorbic acid. The solids were dissolved in 14 mL of THF-MeOH 1:1 (by vol.) and then 14 mL of 0.1

> for 90 min. The cooled basic solution was

a

M NaOH was added. The orange solution was stirred at 37-40°
extracted with chioroform, and the aqueous layer was acidified with glacial acetic acid, then extracted with chloro-
form. The organic layer was washed with water, dried over anhydr. Na,SO, and evaporated to give a yellow
residue which was purified by radial chromatography. Elution with 100:2 (by vol) dichloromethane-methanol
afforded 16.1 mg (76%) of the desired diacid (2). It had mp 310°C (dec.); IR (KBr) v: 3414, 2921, 1694, 1649,
1620, 1438, 1406, 1402, 1361, 1259, 1179, 939, 838, 755, 692 cm™ !; and 'H-NMR and 3C-NMR reported in
Tables 1 and 2.
Anal. Calced. for C34HygN4O¢ (600.7): C,67.98; H, 6.71; N, 9.33.
Found: C,67.65;H,6.76;N, 9.08.
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i0-Isopropyiidene-2,3,7,8,12,13,17,i8-octamethyi-1,19,21,24-tetrahydro-1,19-dioxobilin (6).
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isopropylrubin (5) (48.6 mg, 0.100 mmoi) was converted to (6) exactly as described for the synthesis of (8). The
crude product was purified by radial chromatography efuting with 100:2 (by vol) dichloromethane-methanol) to
give 47.2 mg (98.0 %) of the desired yellow pigment (6). It had mp 285°C (dec.); IR (KBr) v: 2912, 2353, 1680,
1664, 1647, 1636, 1508, 1446, 1382, 1253, 1166, 1096, 938, 8§16 cm™!; and TH-NMR (CDCly) 6: 1.57 (s, 61D,
1.72 (s, 6H), 1.94 (s, 6H), 1.95 (s, 6H), 2.08 (s, 611), 5.97 (s, 2H), 10.33 (brs, 4H, NH) ppm; TH-NMR ((CD3),S0)
8: 1.54 (s, 6H), 1.71 (s, 6H), 1.77 (s, 6H), 1.96 (s, 6H), 1.98 (s, 6H), 5.85 (s, 2H), 9.98 (brs, 2H, NH), 10.02 (brs,
2H, NH) ppm; 13C.NMR data are reported in Table 1.
Anal. Calcd. for C35H36N,O, (484.6):  C,74.35; H, 7.49; N, 11.56.

vy

.
Found: C,74.41;H,781;N, 11.62.
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