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Abstract: The blepharismins (1) from Blepharisma japonicum give the corresponding oxyblepharismins
(2) on irradiation in vitro and in vivo. The chemical structures of these compounds are elucidated and a
mechanism is given for this unusual transformation. © 1998 Elsevier Science Ltd. All rights reserved.

The pale purple colored ciliate Blepharisma japonicum has been studied extensively by Giese.! This

organism shows negative phototaxis which was attributed to a photoreceptor. Exposure to bright light kills

the organism due to the photodynamic activity of the pigments.” Giese has already demonstrated the

existence of blepharismin (“red pigment”) and its photoproduct oxyblepharismin (“blue pigment”). The “red

pigment” absorbs in both ethanol and in the living cell at Apa = 576 nm. The absorption maximum of the

roduct (“blue pigment”), however, is shifted to Agux = 592 nm (ethanol). HPLC analysis of the
coloring matter gave five blepharismins® having a UV/Vis spectrum and structural features similar to
compound 6¢ which was later isolated from Stentor coeruleus.* According to HR-MS the major pigment of
the blepharismin family possesses an elemental composition of C4,H300“.3 The chemical structure of the
major component of the blepharismin family was elucidated by Song et al. very recently.” The structures of

the other homologues were elucidated independentiy by Naoki et ai.. % The biepharismins possess basically a
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Fig. 1. Ex-vivo RP-HPLC/ESI-MS® of B. Japonicum grown in the dark (a) and in day-light (b) and of
stentorin A-E (¢).

Ex-vivo RP-HPLC-ESI-MS?’ analysis of B. japonicum cultures'® confirmed the presence of at least three

ed blgpha_rismins \-E (1a m"nrdmcr to the order of elution

major and two minor components nam A-E (la-e) according to the order of elution.
Cultures grown in day-light contain in addition significant amounts of later eluting oxyblepharismins A-E
and traces of the more polar stentorins A-E (6a-e) (Fig. 1). According to the molecular mass determination
blepharismins C and D are isomers with (M-H)™ 697 mu, B and A lower homologues (683 and 669 mu,
resp.), and E (
consistently two hydrogen atoms less indicating an extra double bond or a ring. Blepharismin C (1c¢) was
converted into oxyblepharismin C (2¢) by irradiation in ethanol saturated with argon. The UV/Vis spectrum
shows a number of isosbestic points (Fig. 2) which excludes accumulation of significant amounts of
intermediates. The bathochromic shift of the long wavelength absorption pattern by going from
blepharismins (1) to oxyblepharismins (2) reveals a striking similarity to protohypericin (3) and hypericin
(4) and leads straightforwardly to structure 2 for the oxyblepharismins. This assignment is supported by the
fact that the blepharismins (1) dissolve in alkaline solution with a blue color like 3, the oxyblepharismins,

however, dissolve under these conditions with a green color like 4. In accordance, contrary to the
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blepharismins, the oxyblepharismins are casily cleaved with 2% sulfuric acid in methanol to the stentorins 6
and p-hydroxybenzaldehyde. In order to prove the proposed structure of the oxyblepharismins, the quinones

1a-e were isolated by preparative HPLC."' The substitution patterns of 1 determined by '"H NMR are as
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hydroxypheny! residue is placed above the quinoid system (Fig. 3). In this endo position it is shielded by the

extended m-system of the quinone moiety which perfectly explains the upfield shifts of 2'-H and 3'-H by 1.13
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Fig 2: Irradiation of 1c in ethanol with A = 400-600 Fig 3: Calculated (AM1) structure of
nm (Schott KL. 1500, 150 W) under Ar. endo-blepharismin C (1c¢)

Ic was irradiated on a preparative scale to afford 2¢. Its 2D NMR spectral dala arc in full accord with the
proposed structure. Of particular significance are the chemical shifts of C-11 at § 100.8 and 11-H at & 5.50
and the AA’BB’ pattern of the p-hydroxyphenyi group at 6 6.90 and 7.30, resp.. In addition acidic hydrolysis
of 2¢ yields p-hydroxybenzaldehyde and stentorin C (6¢) identical with an authentic sample.'* As expected,

the blepharismins (1) are not cleaved under these conditions. We propose as the mechanism of this

norcaradiene structures 1 and 7, resp. by a thermally allowed disrotatory process. Although the equilibrium
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is greatly in favor of 1, as can be estimated f

rom the chemical shift of & 126 for C-1

~ e .

norcaradiene tautomer undergoes photoinduced rearrangement: the C-1i—C-10a and C-11-C-iia bonds
migrate to the adjacent oxygen atoms. An irreversible dehydrogenation follows to restore the quinoid

system. The small amounts of the stentorins (6) found in B. japonicum grown in the light [Fig. 1, trace (c)]
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NMR spectroscopy at low-temperature, photochemistry under rigorous anaerobic conditions, and studies on

other Blepharisma and Stentor spp. are in progress.
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