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ABSTRACT

Construction of
Maleic Anhydride ~~ \
by Carbonylation

Pd-Catalyzed
Ketone Synthesis
with Organozinc
Reagent

Phomoidride B (1)

We have developed a new synthetic route to phomoidride B, which could also be applied to the synthesis of phomoidride B derivatives using
Pd-catalyzed coupling reaction of a thiolester with an organozinc reagent. In addition, direct construction of the maleic anhydride moiety has

been achieved by a Pd-catalyzed carbonylation reaction.

Phomoidride B {)* was isolated from the culture broth of
an unidentified fungus by a Pfizer group and shown to inhibit
squalene syntha%eas well as Ras farnesyl transferdse.

Because of its attractive biological properties and a unique,

complex structure, numerous synthetic approachéstave
been reported and so far, four groups including otisave
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completed the total syntheSisn our previous total synthesis
of phomoidride B, construction of the maleic anhydride
moiety has been achieved by a unique formation of a
thiobutenoride and oxidation of a siloxythiophene. Herein,
we describe another method for constructing the maleic
anhydride moiety using a Pd-catalyzed carbonylation which
was first reported by Shair and co-workers in their total
synthesis ofl®! and a new synthetic route towhich could
also be applied to the synthesis of phomoidride B derivatives
having various substituents at the upper side chain. The two
side chains ofl are highly likely to affect its biological
activities. Therefore, the new derivatives of phomoidride B
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Scheme 1. Retrosynthetic Analysis

Scheme 3

4

prepared by the present route might help understand the

structure/activity relationships of the phomoidrides.
Our retrosynthetic analysis df and its derivatives as

shown in Scheme 1 is based on the intermediacy of the

thiolester2 as a key intermediate, which could be coupled
with a variety of organozinc reagents by means of a Pd-
catalyzed reaction developed in our laboratbSince this

coupling reaction proceeds under very mild conditions,

Scheme 2
O
0 EtS \ / CBH15 Xp EtS \ / C8H15
a
Xp)ﬁ + MeO,C — R
CO,Me MeO,C CO,Me

5

MeO,C COpMe
4

aReagents and conditions: (a) s, CH;CN, 50°C, 73%;
(b) BwBOTf, =78 °C; EN, —78 to 0°C; 8, CH,Cly, 0 °C, 71%;
(c) S&-Py, DMSO-i-PrNEt, 73%; (d) ZnCJ-OEt, Py, CHCI,,
88%.

2236

MeO,C CO,H
12

aReagents and conditions: (a) LiSEt, THF,°G, 75%; (b)
Ba(OH)-8H,0, MeOH; (c) CICQMe, EgN, CH;CN; ag NaHCG;
(d) (COClIY, cat. DMF, CHCly; CHyN,, Et,O, —20°C, 41% (three
steps); (e) PhCgAg, t-BuOH, 50°C, 36%.

selective conversion of thiolester to the corresponding ketone
is possible in the presence of esters, aldehydes, and ethers.
Hence, we fully anticipated that preparation of a range of
ketones would be possible from such highly oxy-function-
alized compoun@ at the very last stage of the synthesis.
We envisioned that thiolest@would arise from the ketone
intermediate3 via the formation of ther-lactone-acetal. The
intermediate3 in turn could be obtained from the bicyclic
compound4 by a four-step sequence involving removal of
the Evans’ chiral auxiliary (Xp), one-carbon homologation
of the 5-side methyl ester at C-14, conversion of the ethythio
group at C-26 to the ketone, and construction of the maleic
anhydride moiety.

The bicyclic compound! was synthesized according to
our procedure reported earlier (Scheme 2). Assembly of the
three fragments (1,3-diene urdit N-acryloyl-(S-4-benzyl-
oxazolidinoneb, and enantiopure,3-unsaturated aldehyde
8 which was prepared from-malic acid) was effected
successively by Michael reaction, Evans’ aldol reactiand
the intramolecular DielsAlder reaction to givet in good
yield.

The Evans’ chiral auxiliary was removed by treatment with
lithium ethylthiolate to afford the thiolest&i0 (Scheme 35.

To carry out a one-carbon homologation of theide methyl
ester at C-14, selective conversion to the corresponding

(7) Tokuyama, H.; Yokoshima, S.; Yamashita, T.; Fukuyama, T.
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Scheme 4 Scheme 3

R = Et(21) R = Et(22)

a Reagents and conditions: (a) 80% aq AcOH;Z034% (two
steps from16); (b) Jones oxidn; (c) (COG)) cat. DMF, CHCIy;
EtSH, imidazole, ChHCl,, 63% (two steps); (d) cat. Pd{PPh),,
RZnI-THF solution; pump up; toluene, 68 h, 78% R0), 65%
3 (21); (e) HCQH, quant.

a Reagents and conditions: (a) allyl bromideQQs, DMF; (b)
NaH; p-O,NCgH4NTf,, THF, 71% (four steps from thiolestéo); of the carbene into the C-12 position and successive

(c) cat. Pd(PP$)4, HCOH, Et;N, CH,Cl,; (d) (COClI), cat. DMF, - . . .
CH,Clo; CHoNs, EO, —20 °C, 64% (two Steps); (€) PhGRg, decomposition of the resultingrketo ester moiety might be

EtN, t-BUOH, 50°C, 86%:; (f) m-CPBA, CHCl,, —20 °C: (q) responsible for the poor result.

TFAA, i-PrNEt, ELO, 92% (two steps); (h) cat. Pd(OAcP(2- Fortunately, we found that this homologation reaction
furyl)s, i-PRNEt, HO, CO (1 atm), DMF, 90C, 10 min; H". could be improved by introducing a double bond between
C-11 and C-12. Thus, the free carboxylic acid1&f was
protected as the allyl ester (Scheme 4). While extraction of
' : : - the proton at C-12, which was situated at the concave side
barlum_hydromde proceeded_sele(_:tlvely at _the thiolester and ¢ the bicyclic system, was quite difficult when a large base
the f-side methyl ester to give dicarboxylic acid. The g0 a5 | HMDS was used. Deprotonation proceeded smoothly

successful differentiation of the two methyl esters might be using a small base like sodium hydride. Subsequent treatment
attributable to the steric hindrance of the ethylthio group at it p-O,NCHANTH,1! gave the enol triflatel4 without
C-26 near thex-side methyl ester. Successive treatment of ;.\ ~iqent. After removal of the allyl group, the resulting

11 with methyl chloroformaté? triethylamine, and aqueous ¢4 hoxviic acid was subjected to Arndt-Eistert reaction to
sodium bicarbonate caused selective esterification of theaﬁord the correspondintert-butyl ester15 in good yield

carboxylic acid at C-12, yielding the desired monocarboxylic (86%). We next attempted construction of the maleic

acid 12 as the sole product. Conversion 2 to the  appydride moiety. Despite attempts under a variety of
diazoketone and the subsequent Wolff rearrangement pro-congitions, Pd-catalyzed carbonylationi&was unsuccess-
vided homologateeert-butyl esterl3in disappointingly low | hresumably due to the steric hindrance by the ethylthio
yield (36%). We reasoned that the unexpecteddnsertion  4.5yn To decrease the steric effet§ was converted to

the ketonel6 by Pummerer reaction. Gratifyingly, carbo-

monocarboxylic acid was required. Hydrolysis 1) with

(8) A detailed procedure for the preparation of aldehgde described
in the Supporting Information.
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nylation of 16 was in turn successful upon treatment with a coupling reaction proceeds more slowly in THF than in
catalytic amount of Pd(OAg) P(furyl)s, andi-PrL.NEt under toluene!* Indeed, when THF was removed under reduced
an atmosphere of CO (1 atm) in DMF containing water at pressure before adding toluene, the reaction proceeded
90°C, giving the desired maleic anhydri@én a quantitative smoothly to give the desired keto28in 78% yield without
yield after acidic workup. On the other hand, use of methanol affecting the other delicate functional groups. Finally,
instead of water resulted in the formation of dimethyl deprotection of theert-butyl ester with formic acid gave
maleate, which could not be converted to the maleic phomoidride B ). Similarly, the ethyl ketone analogu2?)
anhydride3. While Shair and co-workers reported earlier a was synthesized.

construction of the maleic anhydride moiety by Pd-mediated In conclusion, we have successfully developed a new
carbonylation, it required rather drastic reaction conditions synthetic route featuring Pd-catalyzed carbonylation reaction
(5.0 equiv of Pd(OAg) 12.5 equiv of P(OMeg) and CO and Pd-catalyzed coupling reaction of thiolester with organo-
(500 psi) in THF-CHCN) .59 Nicolaou and co-workers have  zinc reagents, which could be applied to the synthesis of
attempted the similar Pd-mediated transformation without phomoidride B and its derivatives. Because the introduction
succes$? of the upper side chains are performed at the last stage of

At the last stage of the total synthesdsyas converted to  the synthesis, it is easy to prepare a variety of the side-chain
the key intermediate thiolesté® (Scheme 5). WheBwas  analogues of phomoidride B. Hopefully, the present synthetic
heated with 80% aqueous acetic acid, removal of the route would help understand the structure/activity relation-
acetonide and the cyclization occurred concomitantly to ships of phomoidrides.
provide they-lactone-acetdl 7. The resulting primary alcohol
of 17 was oxidized with Jones reagent to give the carboxylic
acid 18. Conversion ofL8 to the acid chloride followed by
treatment with ethanethiol furnished the thiolegt®# With
the thiolester in hand, the critical Pd-catalyzed coupling
reaction was next attempted. Initial attempts at coupliig
with (E)-3-pentenylzinc iodide (1.0 M THF solution) in
toluene were unsuccessful, recovering only the starting
material. The model studies revealed that the Pd-catalyzed Supporting Information Available: Experimental details

and spectroscopic data. This material is available free of
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