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Recent progress in the synthesis of butenolide
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Abstract- Two kinds of method (the Wittig and sulphone methods) to prepare
4-alkylidenebutenolides are described. An empirical rule regarding the NMR
chemical shifts of H-3 in 4-alkylidenebutenolides displaying an extended conjuga-
ed gystem at the C-2 position is shown. Total synthesis of racemic peridinin and
pyrrhoxanthin has been accomplished by means of the sulphone method and optically
active peridinin has been synthesised. Recent work on the synthesis of butenolide
retinoids is also described.

INTRODUCTION

Of ca. 600 naturally occurring carotenoids of known structure (ref. 1), butenolide
carotenoids, peridinin (1), peridininol (2), anhydroperidinin (3), pyrrhoxanthin (4),

and pyrrhoxanthinol (5) are unusual C 7—ske1etal nor-carotenoids because of the presence of
a 4-alkylidenebutenolide system (6) carrying an allene or an acetylene function in the main
polyene chain. They are found in the photosynthetic dinoflagellates. The principal
carotenoid of the planktonic algae causing "red tide", peridinin, was first isolated in
1890 (ref. 2) and its unique Cgp-tricyclic formulation was published in 1971 by the Jensen
group (refs. 3,4). The stereosZructure was determined in 1977 by the same group (refs.

5,6).
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On the other hand, from the point of carotenoid function, peridinin is known as an auxiliary
light-harvesting pigment for photosynthesis. Because of the importance of peridinin in
photosynthesis in the sea, total synthesis of peridinin has been an important goal. The
synthesis of peridinin is difficult because of its complicated structure and instability.
Therefore, total synthesis of peridinin presents an interesting challenge to synthetic
chemists in the carotenoid field. In addition, a new CAO—butenolide carotenoid, uriolide
(7), was recently found in a prasinophyte (ref. 7).

SYNTHESIS OF 4-ALKYLIDENEBUTENOLIDES

Two procedures, a Wittig method (refs. 8,9,10) and a sulphone method (ref. 11), were
developed to prepare the 4-alkylidenebutenolides (6) which display extended conjugation
at the C-2 position. The numbering system used throughout this section is that for the
butenolides and illustrated in 6.

i) Wittig method (Schemes 1 and 2)
(a) Treatment of the retinoidal acid anhydride (8) with acetyl phosphorane (9) gave the
ylidenebutenolide (10) which was converted into the retinoidal ylidenebutenolide (11).
In this Wittig reaction, regioselectivity at the carbonyl groups of the acid anhydride
(8) was not high. Attempts to extend the conjugation by use of compounds (10) or (11)
were frustrated by the instability of the intermediates. In addition, the ketone group
in (10) was unreactive towards the conjugated polyene ylide.
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(b) The lactone-Wittig salt, derived from the corresponding hydroxy-butenolide (12) and
triphenylphosphonium bromide, was condensed with conjugated aldehydes in the presence
of NaH to give carotenoidal ylidenebutenolides (13) in low yield together with many by-
products. This reaction is presumed to proceed via the lactone-ylide intermediate
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Both Wittig methods were found to be inappropriate for the preparation of alkylidene-
butenolides with longer conjugated chains because of the drastic reaction conditions.
However, by combination of two Wittig methods, E and Z isomers of 4-alkylidenebutenolides
having the common structure (15) were prepared. Consequently, we found an empiricel rule
that in compounds of this type, the NMR signal for H-3 in the 4Z isomer was observed at
§7.00 to 7.20, whereas the corresponding signal for the AE isomer was found downfield below
§7.40 (Table 1). These values can be used to determine the stereochemistry of the ylidene
part of the conjugated double bond chromophore.
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TABLE 1. Chemical shifts (& ppm) of H-3 in 4-alkylidenebutenolides (ref. 12)

004R2
RIS 15

H
4Z-series 4E-series g: @’ b: /6:%" ¢ m'
Rlza, R’=d 7.08 7.93 MeO HO
Rl=b, R’=d 7.08 7.95
Rl=a, R*=1 7.02 7.42
Rl=c, R¥:=1  7.07 7.44 k/CO M
€ . -
R'za, R=m 7.04 7.42 d: *‘LO TS 2 f: -
Rl=g, R%=1 7.05 7.44 CO,Me
Ri:g, R;=d 7.16 7.96
Rlzg, R%=h 7.0 8.01 ) CO-Me
Rl=g, R%=i 7.08 751 g Me h: CO,Me o2
Rl=g, R%2=f 17.13 7.46

Rl=g, R%=j 7.05 7.42
R'=g, R%=k 7.11 7.49

je . s . N
R'=a, R’ze 7.00 ik ,VCHzOMe k: /©/

R'=b, R¥:=e 7.03
Rl=a, R%.zf 7.09

Rl=p, R?=f 7.11
Rl=g, R’=e 7.50 m: ,M

ii)Sulphone method (Scheme 3)

The reaction of the conjugated formyl ester (16) with various allylic sulphones (17) in the
presence of lithium di-isopropylamide (LDA) at -78°C gave conjugated alkylidenebutenolides
(18) in moderate yields as a mixture (ca. 1:1) of Z and E isomers about the ylidene double
bond (Table 2). In this reaction, addition of sulphone-anion to the aldehyde, cyclisation
of the resulting hydroxy ester, and elimination of the sulphone group took place succes-
sively in one pot to give the expected products (18).
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TABLE 2. Synthesis of conjugated alkylidenebutenolides

Entry Sulphone (12 Product (18) ';';)It;ala g"llegi
Oy o
1 )Vﬁ/\sozpn SV S b 56%
0y o
2 NIRNTRIN SO,Ph VIV 46%
Oy o
3 NIRRT T 50,Ph WRINIDRID 46%
0 0O
(¢) o )
S 7 N 50,Ph OV 37%

* This was improved to 49% yield by use of n-BuLi in THF containing HMPA .

By use of the sulphone method, the first synthesis of peridinin and pyrrhoxanthin was
achieved by the reaction of the Cqg-epoxy formyl ester (19) with the conjugated Cpp-allenic
sulphone (20) or C,o-acetylenic suiphone (21), respectively, (Scheme 4).

Scheme 4
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SYNTHESIS OF C45-EPOXY FORMYL ESTER

t-butyl-dimethylsilyl(TBDMS) ether (23) of 4~hydroxy=-2,2, 6-trimethyleyclohexanone (22)
(ref. 13) was converted into the enol triflate (24) in 89% yleld by the reaction with
N—phenyltrlfluoromethanesulphonlmlde(Tf2NPh)(ref . 14) in the presence of LDA (Scheme 5).

A coupling reaction (ref. 15) of the triflate (24) with methyl acrylate, in the presence of
a palladium (II) catalyst, afforded in 937 yield the diene-ester (25) which was reduced with
lithium aluminium hydride (LAH) and acetylated to give the allylic acetate (26, 80%). The
allylic sulphone (2’7) was prepared in high yield by the reaction with sodium sulphinate
catalysed by Pd( PPh (ref. ‘16 Functionalisation (introduction of carbomethoxyl and al-
1yl groups) of the su_zfphone ) and deprotection gave the compound (28) which was oxidised
regioselectively at the termlnal vinyl group and the sulphone group eliminated to afford a
mixture of the formyl ester isomers (29, 21%) and (30, 17%), which were each obtained pure
by preparative h.p.l.c.. Iodine-catalysed isomerisation of the iscmer (29) provided a mix-
ture (3:4) of 29 and 30. Epoxidation of compound (30) with m-chloroperbenzoic acid (MCPBA)
gave a mixture of the cis(8)-epoxide (31, 567} and trans(o)-epoxide (32, 19%). The stereo-
structures of both isomers were confirmed by 'H MR data (ref. 11).
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SYNTHESIS OF C,,-ALLENIC AND C,,-ACETYLENIC SULPHONES

The known Ci5-acetylenic diacetate (33, ref. 17) was transformed through the epoxide (34,
ref. 13) ghe allenic aldehyde (35, ref. 18) which possesses the required three chiral

centres in the Cop-allenic component (Scheme 6). Wittig condensation of the Cy5-allenic

aldehyde (35) with the C,—phosphonium salt (36) and deprotection of the product gave a mix-
ture of two C ~—allenic aldehydes (37) and (38) which were cleanly separated by preparative
h.p.l.c. in the dark. Each isomer (37) (38) was independently transformed to the (all-
E)-allenic sulphone (20) in three steps (Scheme 6). The formation of the (all-E)-sulphone



18
Scheme 6
an - CH;0Ac )\/CHzOAc
& .
o 5 steps z MCPBA cis- ) trans-
—————= epoxide *+ 0 epoxide
33 28% AcO 34 20%

1) Meoj)\NCHzPPhJCl
HO
A/ MeO  / NaOMe M
1) DIBAL ﬁ % ﬁ
2) MnO; Ho OH 35 2) H* HO OH a.E 37 l

66%
11
33% 12
0
112 3.8.

1) NaBH,
2) Ac,0/Py CH,SO,Ph
3) PhSO,Na / i-PrOH-H,0 R NN
reflux o
- 63% from all-E
AcO “ou 20 51% from 11Z Scheme 6

(20) from the (11Z)-aldehyde (38) is presumed to result from isomerisation in the refluxing
conditions. The Cor-acetylenic component was prepared similarly as shown in Scheme 7. The
Cq5-acetylenic diacetate (33) was converted into the hydroxyaldehyde (39) which was con-
densed with the C -W:Lttlg salt (36) After deprotectlon and purification by preparative
h.p.l.c. this gave the (all-E) 2—aldehyde (40, 417), the (11Z)-isomer (41, 23%), and the
(92)-isomer (42, 9%), respectlve% The all—E)—acetylenlc sulphone (21) was synthe51sed
mdependently Trom the two aldehydes (40 and 47), but the (9Z)-isomer (43) was always
produced in ca. equal or greater amount than the (all-E)-isomer (21).
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TOTAL SYNTHESIS OF PERIDININ AND PYRRHOXANTHIN

The trans-epoxide (32) was condensed with the (all-E)-sllenic sulphone (20) in the presence
of LDA at -78 ¥ to afford, in 9% yield, the expected products (Scheme 8); preparative
h.p.l.c. in the dark gave peridinin (1) and its (11'E)~isomer in pure form in ca. equal
yield. The spectral properties and h.p.l.c. behaviour of the synthetic peridinin were in
good agreement with those of the natural specimen (ref. 19). Condensation between the
trans-epoxide (32) and the (all-E)-acetylenic sulphone (21) in the presence of LDA at ~78°C
produced a mixture (1:1) of pyrrhoxanthin (4) and ite (17'E) —1som?r in 137 yield; these
were cleanly separated by preparative h.p.l.c. in the dark. H NMR data of synthetic
pyrrhoxanthin were in accordance with those of natural pigment (ref 20).
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SYNTHESIS OF OPTICALLY ACTIVE PERIDININ

The synthetic peridinin was a mixture of diastereoisomers from which optically active
isomers could not be isolated by h.p.l.c.. Thus, with the readily available (4R,6R)-4-
hydroxy-2,2 6-tr1methylcyclohexanone (4, ref. 21) as starting material, the same pathway
as descrlbed in the synthesis of the racemic peridinin was used for the synthesis of the
optically active form. The optically active Cqs-epoxy formyl ester was prepared in 12
steps and the Cpo-allenic sulphone in an optlcafly active form was prepared in 13 steps.
Condensation of %he two components produced optically active peridinin (Scheme 9) whose
spectral data (UV-VIS, IR, NMR, and MS) were identical with those of the natural specimen.
In addition, its circular dichroism (CD) spectrum (Fig. 1) was nearly superimposable on
that reported by the Jensen group (ref. 6). This is the first total synthesis of optically

active peridinin. 0
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Fig. 1. CD spectra of natural peridinin and
optically active synthetic peridinin (in EPA solution)

SYNTHESIS OF BUTENOLIDE RETINOIDS

The most attractive compound among the recently described retincidal butenolides is
manoalide (45, ref. 22) which inhibits phospholipase Ay and possesses topical anti-
inflammatory activity. Manoalide contains a B-substituted y-hydroxybutenolide moiety whose
efficient synthesis was described recently by Isoce et al.(ref. 23). This provides a general
synthetic method for y-hydroxybutenolides with various substituents, and employs photosen~
sitized oxygenation of substituted o-trimethylsilylfuran, and chemoselective oxidation of a
furan ring possessing tri- and tetra-substituted olefins in the side chain., This method
was applied to the total synthesis of manocalide (45) which was achieved by two groups

{refs. 24,25), by the approaches shown in Schemes 10 and 11.
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The precursor (46) of the retinoidsl acid anhydride (8) possesses a y~hydroxybutenolide
moiety with a conjugated substituent at the g-position. Cytotoxic activity of the
retinoidal butenolide (46) on mouse neurc cancer cells has been examined. Compound (46)
was found to be about 90 times more potent than retinoic acid (refs. 26,27). In addition,
46 and related compounds (47) showed anti-ulcer activity against ulcer models induced by
HCl-ethanol, though compound (12) exhibited no activity (ref. 28).
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