Total Synthesis of Phenalamide A,
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Phenalamide A; (1b) has been synthesized for the first time. The synthesis features the homologation of aldehyde 5 to trienal 3 with the new
conjunctive reagent 6 and the formation of amide 14 with the functionalized Horner-Emmons reagent 4.

The myxalamid€e's2 and the phenalamidégstipiamide?)
(1) belong to a class of natural products isolated from gliding
bacteria (Figure 1). These compounds attract attention

1a 6,7-Z: Phenalamide A, , Stipiamide
1b 6,7-E: Phenalamide A,
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Figure 1. Myxalamides and phenalamides.

because of antibiotic, antifungal, and antiviral activity, as
well as being agents to reverse multidrug resistance phe-
nomena. A first synthesis of phenalamide(As stipiamide)

(1a) has been reported by M. B. Andrus in 198lowed

1999% The Andrus group has expanded their route to access
a series of analogues of the phenalamfdsaddition, the
group of D. A. Whiting has come up with a concise synthon
approach to the main chain of the myxalamides.

The nature of approaches depends on whether a C-6/C-7
Z- or C-6/C-7E-double bond is targeted. We envisaged and
realized a convergent route to phenalamidewfith the C-6/

C-7 E-configuration.

Key to our approach was the novel conjunctive reagent
by which C-9-C-18 enab can be homologated to tetraenal
3 and subsequently joined to C-1/C-2 amide building block
4 (Scheme 1). The homologation process is effected by an

Scheme 1
C (o]
Ph\/ﬁ/ﬁ/ﬁ/\/\/\/\y%h‘/g

1b H  OH
U

OH

0SiMe,'Bu 0 O
: s EtO),P. 2 4
PhWWO +( 2 N
H  OsiMe,'Bu
3

0SiMe,'Bu u
18 x

.

- B

5 o 6
kO

Ph

by a synthesis of myxalamide A by C. H. Heathcock in

10.1021/01990944x CCC: $18.00
Published on Web 11/02/1999

© 1999 American Chemical Society



allylboration reaction of the aldehyd®& followed by a
cycloreversion of the dioxene ring.
The requisite enantiomerically pure ertalas prepared

by a routé which is equivalent to the one used by Andfus.

The other component, the C-1/C-2 amidlewas generated
in a simple manner from monoprotected alaningcheme
2).
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The novel conjunctive reageftwas obtained from 1,3-
dioxene 8° by lithiation'® followed by alkylation with
a-chloroallyl boronated'! (Scheme 3).
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Racemic reagerf is a mixture of diastereomers, which
need not be separated in the present context. Reactién of
with aldehydes, e.g., isobutyraldehyde at room temperature,

furnished adductslO as a 2:1 mixture ofE/Z-isomers
(determined by NMR). Subsequent heatingl6fto 110°C

generated hydroxydienall by cycloreversion of the dioxene
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ring.1° Addition of a catalytic amount of iodine equilibrated
the mixture toward thé-isomer (E/Z-ratio> 20:1, deter-
mined by NMR). This reaction sequence can be conveniently
carried out in toluene as solvent as a one-pot procedure
giving, e.g.,11in 90—93% yield.

Conversion ofL1 to trienal12 requires the elimination of
water. To this end, brief treatment bf with methanesulfonic
anhydride and ethyldiisopropylamine in dichloromethane
furnished 90% of tetraendl2. This reaction sequence was
then applied to aldehydgin order to effect the synthesis of
phenalamide A(1b) (Scheme 4).

Reaction of enab with conjunctive reagert including a
treatment with iodine furnished 69% of alcoH8 as a 9:1
mixture of E/Z-isomers, from which the labile polyenal
(6,7-E/6,7-Z= 9:1) could be obtained in 85% yield. This

(8) Synthesis of aldehyde started from oxazolidinon&5, which was
alkylated to givel6, followed by transformation into aldehyd&. Standard
homologation led to aldehyd&8. We used the enantiomerically pure
a-chlorocrotylboronatel 92 to create the two new stereogenic centers in
20 with reagent control of diastereoselectivifyAlcohol 20 was obtained
diastereomerically pure. Even if the asymmetric induction was not complete,
the few percent of the diastereomeric byproduct could be easily identified
and separated on account of tRechlorovinyl unit as opposed to the
Z-chloroviny! unit of desired produc0. The use of chloroboronated
entailed an additional step to remove the chlorine atom. This was effected
after silylation of the alcohol by reduction with lithium in liquid ammo#fa.
Selective oxidative cleavage of the terminal double bond followed the
precedent set by Andrd8.Aldehyde21 obtained was again homologated
in a standard fashion to give the key aldehﬁje
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was immediately condensed with phosphorte give bis-
protected phenalamidet (76%). All the operations onward
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from 5 were carried out with essentially complete exclusion
of light, to avoidE/Z-isomerization of the polyene system.
Thus, at the stage of4 the material was> 90% all-E.
Phenalamide A(1b) was ultimately liberated in 86% yield
by treatment with HF in acetonitrile at TC.

When the 500 MHz NMR spectrum of the product
obtained was compared with data published by Hfle
noted that due to a brief thermal exposure on measuring the
NMR spectrum the obtained phenalamide was admixed with
ca. 40% of other double bond isomers, among which was
phenalamide Ato ca. 20%. To substantiate this assignment,
the iodine treatment after adding allylboronét® aldehyde
5 was omitted in a complementary reaction sequence. This
allowed hydroxydienal 3 (6,7-E/6,7-Z= 2:1) to be carried
through as aik/Z-isomeric mixture. This reaction sequence
resulted eventually in a 4:1 mixture of phenalamideafd
the C-6/C-7-Zisomeric phenalamide ;A
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