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Bilindionostilbenoparacyclophanes are a new type of photodynamic molecules capable of 
stabilizing, at convenience, helical-shaped or «stretched» conformations of bile pigment 
chromophores without changing the structure of the latter. - Why do «native» phycobilipro­
teins intensively fluoresce, but they do not after denaturation? Which is the reason for the 
enhanced absorption of visible light of biliprotein chromophores when compared with free 
bile pigment molecules? These and other related questions have to be answered by the study 
of the spectroscopic properties of bilindionostilbenoparacyclophanes, particularly of their 
E-isomers, in which the bile pigment chromophore is constrained in «stretched» conforma­
tions of adjustable strain, otherwise not accessible in model systems for biliproteins so far 
investigated. - Our present results prove, for the first time experimentally, the intimate 
relationship between the conformation of biliprotein chromophores and their light absorp­
tion. Until now, however, the origin of the fluorescence of native phycobiliproteins could not 
be elucidated. Most likely, the bile pigment chromophores are immobilized, in a particular 
conformation, within the apoprotein framework. In order to verify this hypothesis more 
sophisticated models are required, whose synthesis is a target of current work on this area.
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1. The Role of
Phycobiliproteins in Nature

The progressive incorporation of molec­
ular oxygen, from biological origin, into 
the initially reducing earth atmosphere 
changed basically the environmental con­
ditions under which already existing mi­
croorganisms further evoluted, and new 
living forms (e.g. the eukaryotes) ap­
peared. The origin of the oldest so far 
known organisms capable of carrying out 
oxygenic photosynthesis - the cyanobac­
teria - traces back to about 3000 millions 
years111. Cyanobacteria differ from other

photoautotrophic prokaryotes (i.e. green 
and purple bacteria) in containing chloro­
phyll a (instead of bacteriochlorophyll a) 
as photosynthesizing pigment and in utiliz­
ing two photosystems (I and II) in the pho­
tosynthetic process, which enable them, 
like green plants and algae, to oxidize wa­
ter to molecular oxygen. In contrast to 
green plants, however, cyanobacteria do 
not contain chlorophyll b as an accessory 
photosynthesizing pigment but a system of 
photoreceptors - denominated collectively 
phycobiliproteins - which is also found in 
all red and some cryptomonad algae. On 
the basis of their coloration, phycobilipro­
teins are differentiated into two main 
groups: phycoerythrins are clear red by 
transmitted light and emit a brilliant 
orange-yellow fluorescence; phycocyanins 
and allophycocyanins are blue with a

strong red fluorescence. Phycoerythrocya- 
nin (which sometimes is considered erro­
neously as a synonym of phycoerythrin) is 
a phycobiliprotein whose occurrence is 
limited to certain genera of filamentous 
cyanobacteria121. The a subunit of this bili­
protein (vide infra) carries a bile pigment 
chromophore of unknown structure.

Most species of cyanobacteria as well as 
red and cryptomonad algae contain both a 
phycoerythrin and one or more phycocya­
nins, although a single biliprotein usually 
predominates thus giving rise to the colour 
of the particular species. Depending on 
their origin, both phycoerythrins and phy­
cocyanins are differentiated by capital let­
ters set as prefixes, thus C, R, and B stand 
for Cyanobacteria, Rhodophyta, and 
Bangiophyceae (a subclass of the lower red 
algae), respectively. However, such a cor­
respondence with the taxonomic pattern is 
now known to be only partly fulfilled.
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Fig. 1. Structural relationship between the different types of phycobiliprotein chromophores.

Fig. 2. UV/VIS absorption of phycobiliproteins, purified from phycobilisomes, superposed 
on the UV/VIS spectrum of chlorophyll a (afterm).

The prosthetic group of the phycobili­
proteins belongs to the same class of com­
pounds as the bile pigments, i.e. they are 
bilindione derivatives (cf. Fig. 1). The 
chromophores which are covalently bound 
to the apoprotein via ring I can be released 
by boiling methanol, yielding two different 
types of bile pigments (termed phycobi­
lins'), namely phycoerythrobilin (PEB: 1), 
from phycoerythrin, and phycocyanobilin 
(PCB: 2) from phycocyanin and allophy­
cocyanin. Phycocyanin and allophycocya­
nin differ only in the apoprotein moiety.

Besides PEB, phycoerythrins contain a 
third type of chromophore, named phyco­
urobilin (PUB), which is not released by 
refluxing in neutral methanol. Its structure 
has been elucidated by high-resolution 
'H-NMR analysis of oligopeptide-bound 
derivatives obtained by enzymatic degra­
dation of R-phycoerythrin131. In phycoery­
thrins, some PEB and PUB chromophores 
are attached to the apoprotein through 
two thiocther bonds to rings I and IV[31.

The structures of PCB and PEB have 
been elucidated by means of spectroscopic 
analysis1'371 and degradation methods[8,91, 
and confirmed by total syntheses110"121. The 
absolute configuration of PEB has been 
determined by synthesis1131 and recently 
corroborated by comparison with an uro­
bilinoid model compound prepared from 
an optical active precursor whose absolute 
configuration was assigned by X-ray dif­
fraction analysis1141. The structures of the 
protein-bound chromophores of C-phyco- 
cyanin1151, B-phycoerythrin[16], and phyco- 
erythrocyanin1'71 have been investigated by 
high-field ‘H-NMR spectroscopy.

Phycobiliproteins play an important 
physiological role in bacterial and algal 
photosynthesis as photosensitizers of chlo­
rophyll a in photosystem II. Because their 
light absorption range complements that 
of chlorophyll, cyanobacteria and red al­
gae become able to absorb light of wave­
lengths which are not absorbed by chloro­
phyll (cf. Fig. 2). Thus, some red algae are 
able to grow up to 180 m depth in sea 
water, a property which possibly played a 
role during the evolution of these organ­
isms before the ozone content in the earth 
stratosphere became sufficient to render 
possible live outside the oceans.

2. Supramolecular Structure of the 
Biliproteins

In the living organisms, the phycobili­
proteins are organized in supramolecular 
assemblies - so-called phycobilisomes - 
which are attached to the outer surface of 
the thylakoid membrane which contains 
the chlorophyll-binding proteins and the 
reaction centre of the photosynthetic appa­
ratus. In cyanobacteria, the free thylakoid 
membrane is situated near the periphery of 
the cytoplasm; in red algae, like in green 
plants, it is a component of the chloro­
plasts which actually seem to be adapted 
organelles descending from a cyanobacte­
rium ancestor.
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Depending on the species investigated, 
intact phycobilisomes, when observed by 
transmission electron microscopy, appear 
as bundle-shaped, hemidiscoidal, hemiel- 
lipsoidal, or block-shaped structures of 
30=40 nm along the base (cf. Fig. 3a). 
Probably, the most common types are the 
hemidiscoidal and the hemiellipsoidal (viz. 
hemispherical-oblate) phycobilisomes, 
whereby the latter seems to be restricted to 
the red algae.

The development of improved isolation 
methods, using detergents for liberation of 
the phycobilisomes and high ionic strength 
buffers for their stabilization, combined 
with preparative ultracentrifugation tech­
niques and electron microscopy analysis of 
negatively stained samples have furnished 
a more precise insight in the structure of 
the phycobilisomes. On the basis of these 
studies, a model of the biliprotein distribu­
tion in hemidiscoidal phycobilisomes has 
been proposed, which combines the 
aspects of fine structure and energy trans- 
fer’M1. Thus, hemidiscoidal phycobili­
somes contain two major domaines of sub­
structure: a «core» region consisting of 
three cyclindrical elements and «rods» or 
stacked discs, five to six of which radiate 
from the core in a hemidiscoidal arrange­
ment (cf. Fig. 3b). In the phycobilisomes, 
the different phycobiliproteins are ar­
ranged following the frequencies of their 
visible absorption maximum (cf. Fig. 2). 
Thus, phycoerythrin is located at the tips 
of the rods, phycocyanin in the middle, 
and allophycocyanin resides in the core. 
The absorption maxima moves to longer 
wavelengths following the spacial order. 
Hence, excitation energy is transmitted 
down-hill from tips to core and, finally, to 
chlorophyll a, consistent with the energy 
transfer sequence established by spectro­
scopic studies’251.

In certain species, the phycobilisomes 
constitute up to 50% of the total protein 
content of the cell. The major portion of 
the protein content of phycobilisomes is 
represented by the phycobiliproteins: phy­
cocyanin (75%), allophycocyanin (12%), 
and phycoerythrin. In addition, however, 
there are 10-15% colorless «linker» poly­
peptides which function is to mediate the 
ordered assembly of the biliproteins into 
multimeric complexes.

The most prominent building elements 
of the phycobilisomes are single discs, 10- 
12 nm in diameter and 6 nm high. In edge 
view, the discs have a central line dividing 
them into two layers, each 3 nm thick. The 
central line is also frequently seen in the 
discs comprising the «arms» of the phyco­
bilisomes. An accumulation of stain is also 
visible at the centre of some subunits, sug­
gesting that the discs have a ring-like struc­
ture.

As a morphological substructure, each 
disc is composed of oligomeric phycobili­
proteins. Thus, at pH 5.3, C-phycocyanin 
from the thermophilic cyanobacterium 
Mastigocladus laminosus is a hexamer 
([a^]6) of molecular weight 250 000 dalton,

Fig. 3. Supramolecular structure of the phycobilisomes: a) Under the electron microscope, 
the phycobilisomes of the cyanobacterium Microcoleus vaginatus appear as small granules 
located in the stroma side of the photosynthetic lamellae (after ’191) .-b) Schematic model of 
the supramolecular structure of the hemidiscoidal phycobilisome of the cyanobacterium 
Mastigocladus laminosus (after 120-221); P = protein inserts in the thylakoid membrane con­
taining linker polypeptides, chlorophyll a binding proteins, the reaction centre of photosyn­
thesis, and the oxygen evolving complex, c) Schematic representation of the C-phyco­
cyanin hexamer from the cyanobacterium Agmenellum quadruplicatum, as determined by 
crystal structure analysis (after1241); the 3fold symmetry axis of the complex is indicated. - 
d) Chromophore arrangement in the C-phycocyanin trimer from Mastigocladus laminosus 
(after1231 f

whose monomer (af) is made up of two 
distinctive subunits (termed a and f) dif­
fering both in the polypeptide chain, which 
contains 162 and 172 amino acids respec­
tively, and in the number of covalently 
bound bile pigment chromophores (one to 
the a and two to the f subunit). The amino 
acid sequences of both a and f subunits of 
phycocyanin’26,271 and allophycocyanin’281 
are known. In C-phycocyanin, the bile pig­
ment chromophores are linked covalently 
to the sulfur atom of cystein at a-84, ^-82, 
and /?-l 53. The monomer of R-phycoery- 
thrin contains three subunits (a, f, and 
7)[2”.

Recently, the structure of C-phycocya­
nin from the cyanobacteria Mastigocladus 
laminosus1231 and Agmenellum quadruplica­
tum 1241 has been determined at 300 and 250

pm resolution, respectively, by X-ray dif­
fraction methods. These investigations 
confirmed that the above mentioned dis- 
coidal substructures are build up by two 
trimers ([a/Hs) which are aggregated head- 
to-head to form the hexamer (cf. Fig. 3c). 
Both trimers fit complementarly and are 
held together by polar and ionic inter­
actions. Each trimer consists of three iden­
tical (a/?)-units which are arranged around 
a three-fold symmetry axis to form a hol­
low cylinder of approximate dimensions 
11 nm x 3 nm with a central channel of 
3.5 nm in diameter. Chromophore ^-82 is 
stretching into the central channel, a -84 is 
neighbouring, and f-153 is placed at the 
periphery of the disc (cf. Fig. 3d). Both 
subunits, a and f, exhibit a similar struc­
ture and are related by a local two-fold
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rotational axis. Each subunit is folded into 
eight helices and irregular loops. Six he­
lices are arranged to form a globular part, 
whereas two helices stick out and mediate 
extensive contact between the subunits. 
Both tertiary structure and aggregation 
form of the crystalline C-phycocyanin are 
supposed to be the same as these found in 
the rods of native phycobilisomes.

As shown by the X-ray diffraction 
studies, the bile pigment chromophores of 
C-phycocyanin occur in «stretched» con­
formations rather than in the helical­
shaped conformation which is character­
istic for bile pigment molecules in solution. 
Both theoretical calculations130-311 and com­
parison with the UV/VIS spectrum of iso- 
phorcabilin (3, an almost rigid bile pig­
ment chromophore isolated from the but­
terfly Papilio ph orcas™') suggest that the 
«stretching» of the bile pigment chromo­
phore conditions the enhanced extinction 
of the visible absorption band of phycobili­
proteins with respect to the band in the 
near UV-range (£Vis/euv = 4.1 for the native 
phycobiliprotein), a feature which is of es­
sential physiological relevance for the mi­
croorganisms in order to utilize visible 
light for the ultimate excitation of the chlo­
rophyll receptors (cf. Fig. 4).

As mentioned before, an additional 
characteristic spectroscopic property of 
the phycobiliproteins, namely their intense 
fluorescence, differentiate them from free 
bile pigment chromophores. Actually, 
phycobilisomes are very efficient trans­
ducers of light energy, which is transferred 
along phycobilisome rods with an overall 
efficiency of over 90%[25]. In aqueous solu­
tion (phosphate buffer, pH 6.5 - 7.0), na­
tive (i. e. not denatured) phycobiliproteins 
emit an intense fluorescence which is 
quenched when the protein is denatured 
with 8 m aqueous urea. On dilution with 
water, the fluorescence reappears (see 
Fig. 5).

Concerning their spectral properties, the 
phycobilisome chromophores can be di­
vided into sensitizing («s») and fluorescing 
(«t») bile pigment molecules[3H61. The 
former absorb at the blue edge of the ab­
sorption band and transfer the excitation 
energy rapidly to the latter. However, a 
distinction between «s» and «t» chromo­
phores is purely phenomenological, since it 
is not an inherent property of a chromo­
phore, but rather of the aggregation state 
of the pigments. In all biliproteins and 
their functional aggregates, it is always the 
chromophore of lowest energy which fluo­
resces exclusively or, at least, predomi­
nantly. Moreover, although all bile pig­
ment chromophores occur in «stretched» 
conformations, their geometries, which are 
enforced by the particular protein sur­
roundings, are different, and correspon­
dingly, their absorption and emission spec­
tra are not identical. Thus, the a-84, /?-82, 
and /?-153 chromophores of C-phycocya- 
nin from Mastigocladus laminosus absorb, 
in the visible range, at 2mlx = 617, 623, and 
599 nm, respectively1371.

The distances between the chromophore 
molecules in the hexamer subunits and in 
the columns of hexamers seem to be too 
large for strong excitonic coupling. Effi­
cient energy transfer by inductive reso­
nance (Forster mechanism), however, is

possible1381. As the transfer of the absorbed 
light energy within the phycobilisomes is 
initially dependent on the relative dis­
tances and orientations of the chromo­
phore molecules, the X-ray diffraction 
studies on C-phycocyanin have contri-

Fig. 4. Spectrum of «native» (—) and denatured C-phycocyanin (-----) from the cyanobac­
terium Spirulina platensis (after ™).

Fig. 5. Fluorescence of native C-phycocyanin in aqueous phosphate buffer (pH 6.5-7.0).
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buted decisively to the knowledge of the 
preferential pathway for the energy trans­
fer within the phycobilisomes. Thus, the 
crystal structure suggests that light energy 
absorbed by a-84 or /LI53 pigments is 
transferred first to the /L82 chromophores 
within one hexamer and than transduced 
via /?-82 chromophores along the phycobi- 
lisome rods. It is possible that chromo­
phore /J-153, located at the periphery of 
the hexamers, plays a role in lateral energy 
transfer between rods'241.

3. Bilindionostilbenoparacyclophanes as 
Model Compounds for the Chromophores 
of Phycobiliproteins

Despite of the enormous progress made 
during the last years in the study of the 
macromolecular structure of the phycobili­
proteins, a precise knowledge of the rela­
tionship between conformation of bile pig­
ment chromophores and their spectrosco­
pic properties should be more directly ac­
cessible with the aid of models which 
mimic the features of the phycobiliproteins 
without changing the structure of the chro­
mophore. Such a prerequisite is fulfilled by 
the macrocyclic compound 9f (see Fig. 7), 
the synthesis of which has been reported 
recently1391. The biliverdin chromophores 
of the (Fj-bilindionostilbenoparacyclo- 
phane 9f ^ and its (Z)-isomer 8f are held in 
a «stretched» and helical-shaped confor­
mation, respectively, by the rigid p, p'-di- 
phenylstilbene moiety. On irradiation of 
benzene solutions of 8f or 9f with a high- 
pressure mercury lamp, a mixture of the 
two compounds in photostationary equi­
librium is obtained (cf. Fig. 7), from which 
both isomers can be separated by chrom­
atography. On the contrary, neither 8f nor 
9f is photoisomerized by red light (zmax = 
525 nm). Thus, the conformational 
changes of the bile pigment chromophore 
brought about by isomerization of the stil­
bene double bond correspond presumably 
to the changes which are observed on 
denaturation and renaturation of the phy­
cobiliproteins.

As a matter of fact, the light absorption 
of the blue biliverdin derivative 8f and of its 
magenta isomer 9f strikingly differs as in 
the natural pigments (see Fig. 6). Never­
theless, 9f absorbs in the visible range at 
the same frequency as phycoerythrin, 
whose chromophore is three C=C bonds 
shorter. Thus it becomes apparent, that 
twisting of the chromophore in the 
«stretched» conformation equals a shor­
tening of the conjugated system, a feature 
which accounts for the different absorp­
tion maxima of one and the same chromo­

phore in natural phycobiliproteins, 
depending on the protein surroundings 
(vide supra). Moreover, whereas a well- 
resolved 'H-NMR spectrum of 8f could be 
obtained at room temperature, only broad 
signals are observed in the case of 9f at 
+ 25 to — 45 °C, in CDC13, thus indicating 
that rotation around the exocyclic formal 
G-bonds of the bile pigment chromophore 
in the latter compound is strongly hindered 
by the strain imposed by the p, //-diphe­
nylstilbene spacer moiety. In order to in­
vestigate the influence of strain on the UV/ 
VIS and NMR spectra of «stretched» bile 
pigment molecules, a series of (£)-bilin- 
dionostilbenoparacyclophanes (9a-9c) 
was synthesized as depicted in Fig. 7. As 
expected, the maximum of the absorption 
band of the biliverdin chromophore, in the 
visible range, is shifted to longer wave­
lengths on elongation of the aliphatic 
chains which link the bile pigment mole­
cule to the spacer moiety. This bathochro- 
mic shift is more pronounced, however, 
when compounds 9c and 9f are compared, 
than within the homologous series 9a-9c 
(cf. Fig. 6).

8a 8b

In agreement with theoretical calcula­
tions'311, the absorption of the «stretched» 
bile pigment chromophores, in the UV 
range, is extremely weak (cf. Fig. 8). On the 
other hand, the ratio of the absorption in 
the visible and UV range decreases regu­
larly with increasing length of the connect­
ing aliphatic chains (cf. Table 1).

As a matter of fact, the gain of energy 
caused by the transition of the bile pigment 
molecule from the energetically more fa­
vorable helical-shaped conformation in the 
Z-isomer 1451 to a «stretched» conforma­
tion in the £-isomer seems to be balanced, 
to some extent, by the difference of energy 
between the Z- and £-isomers of the p, p'- 
diphenylstilbene moiety. Actually, photo­
isomerization experiments which were car­
ried out with compounds 8d, 8e, and 8g 
pointed out that, at least qualitatively, the 
above condition has to be met in order to 
«stretch» the bile pigment molecule. Thus, 
bilindionostilbenoparacyclophane 8g in 
which two acetic (instead of propionic) 
acid residues link the bile pigment with the 
spacer moiety do not photoisomerize un­
der the same conditions used for 8f al-

8c 8f

*'According to Vogtle et al.'401 the systematic name of 
9f is: 10,15,16,21,22,28-hexamethyl-46-octyl-2,32-di- 
oxa-3,31 -dioxo-[5](2,18)-1,19-[21H,23 H,24^]bilindi- 
ono[5]paracyclo[0](4,4')-stilbeno[0]paracylophane.
Throughout this account the generic name bilin- 
dionostilbenoparacyclophane will be used.

9a 9b 9c 9f

Fig. 6. Differences in coloration of ( Efbilindionostilbenoparacyclophanes 9a-c and 9f in 
CH2Cl2 solution (3 • 10~5 m). Above, the corresponding (Z)-isomers.
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Fig. 7. A short synthesis of bilindionostilbenoparacyclophanes from biphenyl-ketone deriva­
tives: i) TiClfZn in dioxane, refl. for 6 h; ii) LiAlH4 in tetrahydrofuran at room tempera­
ture; Hi) dicyclohexylcarbodiimide and 4-dimethylaminopyridine in dichloromethane at 
room temperature for 72 h (cf. m); iv) high-pressure Hg lamp in benzene (8- 10~sm) for 10 
min. The Z- and E-isomers were separated by chromatography on Al2O3 (Woelm N, activity 
grade Super I) with ethyl acetate)dichloromethane (4:1), then gradient elution with dichlo­
romethane containing isopropanol (2-5 %).

Fig.8. UV) VIS spectra of 8c (----- ) and9c (—) in CH2Cl2 solution (10 5m/

though the stilbene moiety is the same in 
both compounds. Likewise, the yield of 9d, 
isolated after photoisomerization of the Z- 
isbmer 8d, is less than 5%, whereas in the 
homologous series 8a 8c the correspond­
ing yields amount to 50-60%. As, under 
the same conditions, the photoisomeriza­
tion of 8f, in which the length of the con­
necting aliphatic chains is the same as 
in 8d, yields a mixture of the Z- and E- 
isomers in the ratio of 2:1 M, it may be 
inferred that the enthalpy for Z/E iso­
merization of the a, a'-dimethylstilbene 
moiety of 8d is smaller than that of the 
octyl derivative in 8f. This is in agreement 
with the free-enthalpy differences for the 
E- and Z-isomers of a-methylstilbene 
and a,a'-dimethylstilbene (A(AG°) = 0.83 
± 0.02 and 0.23 ± 0.2 kcal/mol, respec­
tively) reported by Fischer et al. [42].

The above considerations do not take 
into account, however, the energy which is 
really necessary in order to «stretch» the 
biliverdin chromophore. Actually, as force 
field calculations show, the conversion of 
the energetically most favorable helical­
shaped conformer, i.e. with 5Z,10Z,15Z 
geometry at the exocyclic double bonds 
and 5s/>,10j^, 15^* ’ conformations at the 
exocyclic formal single bonds, into a fairly 
linear conformer (e.g. Z,Z,Z; ac,sp,ac) 
requires about 11.4 kcal/mol[44], a figure 
which exceeds largely the energy which can 
be liberated by Z)E isomerization of the 
stilbene chromophore. Most likely, irra­
diation of the bile pigment chromophore 
during the photoisomerization of the stil­
bene double bond contributes to the 
«stretching» of the former. In this case, 
indeed, photoisomerization at the exocy­
clic double bonds of the bile pigment mole­
cule is, in principle, possible, so that 
«stretched» conformations may be ob­
tained with considerably less energy de­
mand, or even with energy gaining (see 
also Ref.|45i). Accordingly to this hypothe­
sis, monochromatic irradiation of 8c at 
2max = 290 nm proved to be inefficient for 
its transformation into the £-isomer. As 
the ‘H-NMR spectra of derivatives 9a-9c 
are well resolved, studies directed to the 
elucidation of the actual geometry of their 
bile pigment chromophores are, at present, 
in progress.

*) According to the IUPAC rules (E-5.6) for the no­
menclature of conformational isomers[43( conforma­
tions are described as synperiplanar (sp), synclinal (sc), 
anticlinal (ac), or antiperiplanar (ap) according as the 
torsion angle subtended by the two planes defined by 
the set of atoms N-C-C-N is within ±30°, ±60°, ±120°, 
or ±180°, respectively.

Particularly interesting in this connec­
tion proved to be compound 8e. As both 
(Z)-«,a'-di-lert-butyl-stilbene[461 and its 
p,p'-diphenyl derivative isomerize nearly 
quantitatively to the corresponding (E)- 
isomers on heating at 140-160 °C in nitro­
benzene, it was expected that bilin- 
dionoparacyclophane 8e would likewise 
yield the corresponding f-isomer 9e under 
similar conditions. Actually, however, no
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change in the UV/VIS spectrum of 8e 
could be observed after heating in xylene, 
dimethylformamide or hexamethylphos­
phoric triamide (HMPTA) solutions for 
12 h at 135°C. Apparently, the necessary 
energy to «stretch» the biliverdin chromo­
phore of 8e is not compensated by the gain 
of enthalpy for ZfE isomerization of the 
stilbene moiety, which may be estimated at 
about A (4H°) = 4.8 kcal/mol according to 
the value determined experimentally for 
a, a'-di-tert-butylstilbene1461. Under the 
same conditions, however, the £-isomer 9e 
which was obtained by reaction of 7 with 
(E)-p.p '-bis(4-bromomethyl-phenyl)-a, a '- 
di-tert-butylstilbene in HMPTA solution 
at high dilution1471, was entirely trans­
formed into 8e within 15 min.

4. Conclusions and Outlook
Although not fluorescent, the bridged 

biliverdin derivatives so far investigated 
imitate the spectral properties of phycobi­
liproteins in solution: the Z-isomer allows 
the energetically more favorable helical­
shaped conformation of the bile pigment 
chromophore, the £-isomer, on the con­
trary, forces the latter in a «stretched» con­
formation, which is characterized by a con­
siderable enhancement of the extinction of 
its visible absorption band at the expense 
of the absorption in the near-UV range.

In contrast to the relative stabilization 
of «stretched» bile pigment molecules in 
some solvents (e.g. HMPTA1481), the con­
straint imposed by the rigid spacer moiety 
of the bilindionostilbenoparacyclophanes 
enables to investigate the spectroscopic 
and chemical properties of a complete 
population of «stretched» bile pigment 
chromophores.

Moreover, bilindionostilbenoparacyclo- 
phanes are versatile models for the protein- 
bounded chromophores in native phycobi­
liproteins. The degree of strain of the 
«stretched» bile pigment molecules can be 
adjusted by the length of the aliphatic 
chains connecting the stilbene and bile pig­
ment chromophores. Both the structures 
of the p, p '-diphenylstilbene and bilindione 
moieties can be widely varied, so that, par- 
ticulary, weak interactions between both 
chromophores (e. g. via hydrogen bonding 
with suitable proton acceptor sites in the 
spacer moiety) may be investigated. At 
present, the syntheses of a series of bilin- 
dionostilbenoparacyclophanes bearing the 
bile pigment rac-101491 as a more appro-

Table 1. UV/VIS spectra of bilindionostilbenoparacyclophanes in CH2C12 (10 5 m).

Compound 8(Z) 9(£) Q (£vis*/{uv*)
V Iga •''‘max 1g S Z E

a 632* 4.28 588* 4.58
366* 4.81 366* 4.31 0.30 1.84
301 4.61 279 4.90
266 4.65

b 626* 4.27 590* 4.66
367* 4.77 361* 3.98 0.32 4.84
301 4.60 281 4.87
266 4.67

c 626* 4.23 589* 4.63
367* 4.72 362* 3.87 0.32 5.88
301 4.55 281 4.79
266 4.65

d 610* 4.28
367* 4.72 — 0.36 —
302 4.62
266 4.75

e 623* 4.23 588* 4.69
367* 4.75 364* 4.16 0.30 3.53
290 sh 286 4.79
259 4.74

f 608* 4.32 559* 4.54
368* 4.62 (345)*b> (4.12)w 0.50 2.60b)
306 4.51 317 4.62
265 4.66

g 607* 4.36
368* 4.67 0.49 —
302 4.57
263 4.71
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