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ABSTRACT

A close examination of Mehta and Kundu’s synthesis of an analogue of spiculoic acid A revealed discrepancies between their proposed
structure and corresponding data. A revised structure is proposed for Mehta and Kundu’s analogue after a careful analysis of their key
synthetic transformations and published data.

Spiculoic acid A (1) is a polyketide natural product recently
isolated from the marine spongePlakortis angulospiculatus
by Andersen et al.,1 who proposed that it is biosynthesized
via an enzyme-catalyzed intramolecular Diels-Alder reac-
tion.2 A similar group of natural products were subsequently
isolated from the marine spongePlakortis zyggompha.3 The
absolute configuration of spiculoic acid A (1) (Figure 1) was

previously unknown and was depicted as the enantiomer of
1 in Andersen’s original publication. Our group recently
completed the biomimetic synthesis ofent-1 and thereby

established the absolute configuration of this interesting
natural product.4

Prior to our publication, Metha and Kundu disclosed their
synthetic studies toward spiculoic acid A (ent-1) and prepared
a truncated analogue of the natural product.5 While in the
process of reviewing the synthesis of spiculoic acid A (ent-
1) and other related compounds, a number of discrepancies
in Mehta and Kundu’s work came to our attention. We have
conducted a thorough assessment of their spectroscopic data
and have concluded that the structure proposed by Mehta
and Kundu for their analogue (given as6) is incorrect.
Herein, we present our interpretation and provide a revised
structure of this compound.

The key reactions of Mehta and Kundu’s synthesis are
reproduced, along with the reported NOE correlations of their
analogue product, in Scheme 1. Allylic alcohol2 was sub-
jected to a Sharpless asymmetric epoxidation6 usingD-(-)-
diethyl tartrate to apparently give3, which was treated with
Et2CuLi7 to give diol 4.
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Figure 1. Natural spiculoic acid A (1).
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Diol 4 was transformed into precursor5 via a number of
conventional steps, which underwent an intramolecular
Diels-Alder reaction upon heating to apparently give
spiculoic acid A analogue6. The absolute configuration of
their analogue product was deduced using NOE correlations
based on H-7 as the known reference center (Scheme 1).

A cursory inspection of Mehta and Kundu’s publication
revealed that the C-7 configuration in analogue6 is depicted
as being (R), and the corresponding chiral center in precursor
5 is depicted as being (S). Our initial response was that the
proposed absolute configuration of analogue6 was incor-
rectly assigned due to the erroneous representation of the
C-7 reference center. Hence, all their NOE conclusions were
invalid. However, on further inspection of Mehta and
Kundu’s publication, we discovered that the situation is more
complicated than first thought.

Scheme 2 depicts our analysis of the key chemical steps
reported by Mehta and Kundu. The two authors claimed that
their Sharpless asymmetric epoxidation of allylic alcohol2
usingD-(-)-diethyl tartrate gave epoxide3 with theâ-config-
uration indicated in Scheme 1. This is in contradiction to
what is predicted by the Sharpless mnemonic model.6 The
correct product of the reaction should bedia-3, in which the
epoxide has theR-configuration indicated in Scheme 2. In-
deed, both-OBn and-OTBDPS protected versions of2
have been epoxidized usingD-(-)-diethyl tartrate in the Sharp-

less epoxidation to deliver the correspondingR-epoxides.8

Subsequent reaction of Et2CuLi with epoxidedia-3 should
have givendia-4.7 Eventually, after the subsequent functional
group manipulations and chain extension reactions, the
expected product should bedia-5. The intramolecular Diels-
Alder reaction9 of dia-5 should therefore have delivereddia-6
as the analogue product.

The absolute configuration ofdia-6 was established in the
following way. First, we assigned the major1H chemical
shifts todia-6 (Table 1) on the basis of an analysis of the

Scheme 1. Synthesis and NOE Interpretation of the Spiculoic Acid A Analogue Product as Presented by Mehta and Kundu5

Scheme 2. Refined Analysis of Mehta and Kundu’s Synthesis of the Spiculoic Acid A Analogue

Table 1. 1H Assignment of the Major Signals ofdia-6
Recorded in CDCl3

C no. δH C no. δH

2 3.18, d 8 2.20-2.32, m
3 5.41, ddd 9 2.11, t
4 5.60, dd 10 1.00, d
5 1.95-2.05, m 11 1.30-1.40, m

1.60-1.80, m
6 1.85-1.95, m 12 3.39, d(1/2)ABq

3.44, d(1/2)ABq

7 3.86, t 13 1.60-1.80, m
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1H and COSY spectra provided in Mehta and Kundu’s
Supporting Information.5,10

It should be noted that a1H signal of one of the diaster-
eotopic C-11 protons resonates atδ 1.30-1.40. The1H signal
betweenδ 1.60 and 1.80 should correspond to the remaining
C-11 and C-13 methylene protons. A detailed discussion of
the 1H NMR assignment can be found in the Supporting
Information.

We then proceeded to examine Mehta and Kundu’s
NOESY spectrum to establish the correct absolute config-
uration of their analogue product. Our rationale is presented
in a number of NOE diagrams, to illustrate the logic of our
deduction.

We observed NOE correlations between H-6 and H-7, H-7
and H-8, and H-6 and H-8 (Figure 2). This was not

surprising, as we predict that all three of these protons should
be oriented on theR-face, as dictated by the synthetic
transformations involved.

Mehta and Kundu reported observing NOESY correlations
between H-7 and H-5 and between H-7 and H-9 (Scheme
1). However, we observed neither of these correlations in
their spectrum. Instead, we were able to pinpoint correlations
between H-10 and H-5, H-10 and H-9, and H-11 and H-9
(Figure 3). We therefore conclude that both H-5 and H-9

are on theâ-face and that the ring junction is cis.
Having established the absolute configuration of the ring

junction, we then focused our attention on elucidating the
stereochemistries of the remaining C-1 and C-2 stereocenters.

To this end, NOE correlations were observed between H-12
and H-2, H-12 and H-5, and H-12 and H-9 (Figure 4). These

are consistent with Mehta and Kundu’s observations, and
we agreed with their deduction that H-2 and H-12 are both
on the same face as H-5 and H-9. However, we conclude
that all four substituents are on theâ-face, not theR-face.

Additional evidence substantiating our conclusion lies in
the observation of NOE correlations between H-4 and H-6
and between H-4 and H-10 (Figure 5). The stronger of these

correlations is the former, indicating that H-4 is in closer
proximity to H-6 than it is to H-10. The “butterfly” shape
of the molecule, a result of the cis ring junction, therefore
requires that H-5 and H-9 be on the convexâ-face. Thereby,
H-4 is in closer proximity to H-6 than to H-10.

Further supporting evidence is afforded by an analysis of
the four possible anti and syn intramolecular Diels-Alder
transition states. Figure 6 illustrates, using simplified triene
7 as a model, that anti and syn transition states would lead
to trans and cis C-5/C-9 ring junctions, respectively. The
cis ring junction ofdia-6 therefore reveals that it must have
been formed via a syn transition state. A close inspection of
Figure 6 reveals that a syn transition state dictates that both
the C-1 substituent and H-2 are not only on the same face
but also on the same face as both H-5 and H-9. This supports
the observed NOE interactions illustrated in Figure 4. A
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Figure 2. NOE correlations observed between H-6 and H-7, H-7
and H-8, and H-6 and H-8.

Figure 3. NOE correlations observed between H-10 and H-5, H-10
and H-9, and H-11 and H-9.

Figure 4. NOE correlations observed between H-12 and H-2, H-12
and H-5, and H-12 and H-9.

Figure 5. NOE correlations observed between H-4 and H-6 and
H-4 and H-10.
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possible theoretical rationale for the formation of diastereo-
isomer dia-6 can be found in the Supporting Infor-
mation.

We also considered the possibility that Mehta and Kundu
might have synthesized epoxide3 (Scheme 1) usingL-(+)-
diethyl tartrate but mistakenly reported the wrong tartrate in
their publication. However, we consider this to be highly
unlikely. The intramolecular Diels-Alder reaction of com-
pound5 would have generated compound8 containing 6R,
7S, and 8Rconfigurations, regardless of the stereochemistries
at the remaining chiral centers (Figure 7). Such a structure
would be inconsistent with the observed NOE interaction
between H-6 and H-8 as they would be on opposite faces of
the five-membered ring. In addition, it would be reasonable
to expect that an NOE correlation between H-8 and H-10
would be observed in compound8. The absence of this
correlation implies that Metha and Kundu did not synthesize
8.

In conclusion, we have conducted a thorough analysis of
Mehta and Kundu’s synthesis of their spiculoic acid A
analogue. The discrepancies uncovered in this exercise have
been rationalized and led to a revision of the structure of
their Diels-Alder product from6 to dia-6.
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Figure 6. Illustration of the relationship between the Diels-Alder
transition state and the resulting relative stereochemistry.

Figure 7. Illustration of the (6R,7S,8R) stereochemistry that would
be present in the analogue product if Mehta and Kundu had used
L-(+)-diethyl tartrate.
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