A Novel Synthetic Approach toward Phycobilin
Derivatives -A Total Synthesis of Phycocyanbilin
Dimethyl Ester
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Abstract A convenient method for the preparation of A-, D- and C/D-rings components of
phycobilins toward the total synthesis of phycocyanobilin dimethyl ester was developed.
3-Ethyl-4-methyl-5-tosyl-(1,5-dihydro-2H-pyrrol)-2-one and diethyl 4-ethyl-3-methyl-
5-0x0-(1,5-dihydro-2 H-pyrrol-2yl)phosphonate which are both related to D-ring, were
readily synthesized regioselectively from the corresponding pyrrole derivatives by
bromination and the subsequent acidic hydrolysis. These pyrrolinone derivatives underwent
the coupling reaction with various aldehydes according to Wittig-type and Horner-
Emmons-type reactions respectively to afford the corresponding S-exomethylene derivatives
in good yields. This method was successfully applied to the synthesis of C/D-rings.
component. Furthermore, a new synthetic approach to diethyl 4-ethyl-3-methyl-5-oxo0-(1,5-
dihydro-2H-pyrrol-2yl)phosphonate (D-ring) and 2-ethylidene-3-methyl-1-thiosuccinimide
(A-ring) was investigated by using commercially available mucochloric acid as a starting
material. The C/D-rings component and A-ring synthesized above were successfully
employed for the total synthesis of phycocyanobilin dimethyl ester.



Biliproteins such as phycocyanin and phytochrome which exist in plants contain the
chromophores, phycocyanobilin and phytochromobilin, known as tetrapyrrole pigments.
They play an important role in the course of photo- R Me
synthesis and photomorphogenesis. Even though .
the chromophoric units, bile pigments could be iso-
lated from natural sources, the knowledge of the
relationship between the structure of synthetic com-
pounds and biochemical properties of the bilipro-
teins obtained by combining them with an apopro-

tein is interesting and important to reveal the pre-
cise function of the phycobilins. Therefore the syn- Phycocyanin (R = Ethyl, R' = H)
thesis of the bile pigments and the study of their ~ Phytochrome (R = Vinyl, R'=H)
structural aspects became important for chemists.

Gossauer and his co-workers reported the total synthesis of phycocyanobilin and
phytochromobilin derivatives. However, their methods required many steps and the yields
for some steps were poor, or it was difficult to get the reproducible results. Therefore it was
at first required to develop the new methodology for the synthesis of four pyrrole
components toward the total syntheses of phycobilin derivatives.

Recently, in our laboratory, a convenient method for the preparation of a pyrrole
compound common to B- and C-rings of phycobilins and a new approach to the total
svnthesis of phycocyanobilin dimethyl ester and its derivative bearing a photolabelling group
have been exploited.

In the present work, the syntheses of A-, D- and C/D-rings components of phycobilin
derivatives and the total synthesis of phycocyanobilin dimethy] ester were achieved.

In Chapter 2, the preparation of 3,4-disubstituted 5-tosyl-(1,5-dihydro-2 H-pyrrol)-
2-ones related to D-ring of phycobilins and the C/D-rings components of phycocyanobilin
dimethyl ester was described. The former pyrrolinone derivatives could be synthesized
regioselectively by bromination and the subsequent acidic hydrolysis of the corresponding
3,4-disubstituted 2-tosylpyrrole derivatives which were obtained from nitroolefins and
TosMIC in the presence of DBU according to Barton's method in good yields. The
pyrrolinone derivatives thus obtained could be coupled with various aldehydes by Wittig-type
reaction in the presence of tri(n-butyl)phosphine and a base to afford the corresponding
5-exomethylene compounds including pyrromethenone derivatives and C/D-rings component
of the phycocyanobilin dimethyl ester in excellent yields. The 5-exomethylene compounds
were formed as a mixture of (Z)- and (E)-isomers, however, the (E)-isomer was readily
converted to thermodynamically more stable (Z)-one by treatment with a small amounts of
iodine quantitatively.
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In Chapter 3, the preparation of diethyl 3,4-disubstituted 5-oxo-(1,5-dihydro-2H-
pyrrol-2-yl) phosphonates and their coulping with various aldehydes were described. Diethyl
3,4-disubstituted 5-oxo0-(1,5-dihydro-2 H-pyrrol-2-yl)phosphonates could be prepared regio-
selectively via diethyl 3,4-disubstituted 2-pyrrolylphosphonates, which were synthesized
from nitroolefins and diethyl isocyanomethylphosphonate according to Barton's method, by
bromination and the subsequent acidic hydrolysis in moderate yields. These diethyl
3,4-disubstituted 5-oxo-(1,5-dihydro-2 H-pyrrol-2yl)phosphonates underwent the Horner-

Emmons-type coupling reaction with various aldehydes in the presence of ‘BuOK to afford
the corresponding S5-exomethylene derivatives including the C/D-rings component of
phycocyanobilin dimethyl ester in good yields. Although the formation of C/D-rings
component was successfully performed, the yield of the D-ring was unsatisfactory.
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In Chapter 4, to improve the yield of the diethyl 4-ethyl-3-methyl-5-oxo-(1,5-
dihydro-2H-pyrrol-2-yl)phosphonate (D-ring), the synthesis of D-ring starting from the
commercially available mucochloric acid was investigated. A precursor, 3,4-dichloro-
5-methoxy-1-(p-methoxybenzyl)-(1,5-dihydro-2H-pyrrol)-2-one derived from mucochloric
acid could be converted to D-ring bearing diethyl phosphono group at C(5) by the following
sequence; (1) methylation at C(4) with 6 molar amounts of Me,CulLi, (2) ethylation at C(3)
with ethyl iodide in the presence of KH, (3) phosphorylation at C(5) with triethyl phosphite
in the presence of TiCl,, and (4) deprotection of p-methoxybenzyl group with anisole in TFA.
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On the other hand, a synthesis of 4-ethyl-5,5-dimethoxy-1-(p-methoxybenzyl)-(1,5-
dihydro-2H-pyrrol)-2-one as a precursor of A-ring was also described in this chapter. They
could be obtained by the sequence; (1) regioselective ethylation at C(4) of a mucochloric acid
ester using EtMgBr in the presence of a catalytic amount of PdC1,(PPh,),, (2) conversion to
the corresponding lactams using p-methoxybenzylamine followed by treatment with alcohol
in the presence of conc. H,SO,, and (3) treatment with sodium alkoxide in alcohol to create an
acetal functional group at C(5), in excellent yields.

cl Cl Et
MeO MeO MeO MeO N

In Chapter S, a new method for the preparation of A-ring as a monothiosuccinimide
derivative was investigated using mucochloric acid as a starting material. It could be prepared
by a series of (1) methylation at C(3) of 4-ethyl-5,5-dimethoxy-1-(p-methoxybenzyl)-(1,5-
dihydro-2H-pyrrol)-2-one derived from mucochloric acid as described above, (2) hydrolysis
of acetal group, (3) oxidative deprotection of N-p-methoxybenzyl group with CAN, (4)
regioselective thiocarbonylation by the use of Lawesson's reagent.
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It is now tried to synthesize the A-ring with a few steps according to the following
route.
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In Chapter 6, a total synthesis of phycocyanobilin dimethyl ester was achieved by
employing the new coupling method of C- and D-rings described above (Eq. 1) and the
known sequence for the coupling of A- and B-rings as follows; (1) condenstaion of A- and

B-rings based on thio-Wittig-type reaction (Eq. 2), (2) coupling of the A/B- and C/D-rings
under acidic conditions (Eq. 3).
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phycocyanobilin dimethyl ester

Further, a promising method for the synthesis of A/B-rings component shown in the
following scheme is now attempted.
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As mentioned above, the new methods for the syntheses of D-ring, A-ring and
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C/D-rings components of the phycobilin derivatives could be developed in this work and
these methods were successfully employed for the total synthesis of phycocyanobilin
dimethyl ester.
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