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ABSTRACT

The total syntheses of the initially reported and revised structures of the neuroprotective agent palmyrolide A are reported. The keymacrocyclization
step was achieved using a sequential ring closingmetathesis/olefin isomerization reaction. The synthetic work described herein serves to confirm the
recent structural revision of this unusual natural product.

As part of a drug discovery and screening program,
Gerwick and co-workers recently reported the isolation of
palmyrolide A,1 a neuroprotective macrolide with an un-
common N-methyl enamide moiety2 from Leptotyngbya
cf. sp. and Oscillatoria sp. (Figure 1). Murine cerebrocor-
tical neurons treated with palmyrolide A showed a sig-
nificant decrease in Ca2þ oscillations, along with pro-
mising neuroprotective properties.

These biological properties, combined with its low cyto-
toxicity, render palmyrolide A an excellent candidate for
further pharmacological evaluation.1

Palmyrolide A was initially proposed to possess a syn-
relationship between the stereocenters at C(5) and C(7),
leading to the assignment of the natural product as either
macrolide 1 or 2 (Figure 1).1 However, this assignment has
since been revised based on an elegant total synthesis by
Maio and co-workers who established that the natural
product actually possesses anti-configured C(5) and C(7)
stereocenters (3; Figure 1).3 Herein, we now report the
asymmetric synthesis of 1, ent-2, and the revised structure 3
of palmyrolideA, thereby further confirming the structural
revision of the natural product.
At the outset of this project, the work of Maio3 had not

yet been reported and hence at this timeour initial goalwas
to confirm the absolute configuration of the natural

Figure 1. Initially proposed (1, 2) and revised (3) structures of
palmyrolide A.
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product by synthesizing the twoC(5)�C(7) syn-configured
macrolides 1 and ent-2.1 Our original approach was to
employ an enamide ring closing metathesis (RCM)4

approach as the final, macrocyclization step in the synthe-
sis of palmyrolide A (Scheme 1). Unfortunately, despite
attempting a plethora of RCM conditions, no macrocycli-
zation was ever observed (Scheme 1). Although the full
details are not discussed herein, knowledge of this failed
approach is necessary when considering the modified,
ultimately successful syntheses detailed herein.

In a modified approach, it was envisioned the key macro-
cyclization step could be achieved using a sequential RCM/
olefin isomerization sequence,5 with the isomerization possi-
bly occurring in tandem with RCM in the presence of the
Grubbs’ catalyst. The RCM precursors 4 and 5 would be
constructed from the common intermediate alcohol 6 by
esterification with carboxylic acids (R)-76a,b or (S)-7,6a,c

respectively (Scheme 2).

The synthesis of fragment 6 commenced with the copper
promoted reaction of the known (R)-epoxide 87 with
isopropenylmagnesium bromide and subsequent esterifi-
cation with acryloyl chloride to produce diene 9. Smooth
RCM gave dihydropyranone 10, which upon hydro-
genation gave lactone 11 as a single syn-diastereomer,

as confirmed by NOE studies. Finally, straightforward
reduction of lactone 11provided 12 as amixture of anomeric
lactols (Scheme 3).
Lactols 12 were treated with the anion of phosphonate

13, affording an enoate that was subjected to hydrogena-
tion and hydrolysis (Scheme 4). The resulting carboxylic
acid was then coupled with commercially available
N-methylallylamine to afford the key alcohol 6. Despite the
hindered nature of alcohol 6, use of the Yamaguchi
conditions8 enabled smooth esterification of 6 with (R)-7
and (S)-7, affording 4 and 5 respectively, thus setting the
stage for the key macrocyclization step (Scheme 4).
Complete consumption of diene 4 was observed after

treatment with Grubbs’ second generation catalyst for
two days; however only RCM took place with no evi-
dence that isomerization had occurred (Scheme 5). A
separate isomerization step was therefore conducted

Scheme 1. Original Macrocyclization Approach

Scheme 3. Synthesis of Lactols 12

Scheme 2. Retrosynthetic Analysis
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with carbonylchlorohydridotris(triphenylphosphine)-
ruthenium(II)9,10 in toluene under reflux for 24 h to
afford macrocycle 1 in good yield over two steps. To the
best of our knowledge, this reaction constitutes the first
reported isomerization of anN-allylated tertiary amide in a
macrocyclic setting.11,12 Diene 5was subjected to the same
sequential RCM/isomerization conditions to afford ent-2,
also in good yield (Scheme 5). This RCM/isomerization
could also be conducted in one pot with excellent yield
(84%), as exemplified by conversionof 5 to ent-2 (Scheme5).
Comparisonof the 1Hand 13CNMRdata for synthetic1

and ent-2with that of the natural product revealed several
significant discrepancies, particularly the 1HNMR chemi-
cal shifts for the olefinic protons. Coincidentally, it was at

this stage that the first total synthesis and structural revi-
sion of palmyrolide A3 was reported, and as such, our own
synthetic studies were therefore redirected toward the
revised structure of the natural product (3). To achieve
this goal, use of the anti-configured lactols 17 in our estab-
lished synthetic sequence was required, the synthesis of
which is detailed in Scheme 6.
Initial ring opening of epoxide (S)-8 was effected using

vinylmagnesium bromide followed by esterification to give
diene 14. Smooth RCM gave dihydropyranone 15 which
upon addition of the cuprate derived from methylmagne-
siumbromide gave the anti-alkylatedproduct 16 as a single
diastereomer, the 1Hand 13CNMRofwhichwere identical
to those of known ent-16.13 Straightforward reduction of
lactone 16 gave a mixture of lactols 17 (Scheme 6).

Scheme 4. Synthesis of RCM Precursors 4 and 5 Scheme 5. Synthesis of Macrolides 1 and ent-2

Scheme 6. Synthesis of Lactols 17
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With lactols 17 in hand, the total synthesis of palmyr-
olide A could now be completed. Following the same
synthetic sequence that had proven effective for the synth-
esis of 1 and ent-2, lactols 17 were converted to 18 using a
similar method to that described previously (Scheme 4).

Esterification of alcohol 18 with acid (R)-7 followed by
RCM/isomerization gave palmyrolide A (3). The spectro-
scopic data were in full agreement with the data reported in
the initial isolation paper1 and the first total synthesis paper.3

The optical rotation of (�)-3 {[R]D
21 �27.3 (c 0.56, CHCl3)}

was inexcellentagreementwith the isolation report {[R]D�29
(c 0.9, CHCl3)}

1 and the first total synthesis {[R]D
21 �27

(c 0.86, CHCl3)},
3 thereby establishing unequivocally the

absolute configuration of the natural product (Scheme 7).
In conclusion, we have completed the total synthesis of

two syn-configured analogues of palmyrolide A (1 and
ent-2) that refutes the initially proposed structural assign-
ment of this neuroprotective natural product. Further-
more, we have completed a complementary synthesis of
the revised structure 3 that further confirms the reassign-
ment of palmyrolide A by Maio and co-workers.3 The
synthesis of (�)-3 reported herein proceeds in 10% overall
yield (12 steps) which compares favorably with the pre-
vious synthesis (7%, 10 steps).3 This synthetic route will
also enable the convergent parallel synthesis of analogues
of palmyrolide A and related natural products such as the
laingolides,2a�c madangolide,2b and sanctolide.2d
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