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Abstract: The agalacto-spirotetronate B subunit of quartromicins
was synthesized in a predictible manner, following the Claisen–
Ireland/metathesis approach (CIM strategy). Ene–yne ring-closure
and selective mismatch Sharpless dihydroxylation are discussed as
key steps, allowing an efficient approach to these structures.
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In 1991, an impressively complex family of compounds,
the quartromicins, was isolated.1 They exhibit a large
spectrum of antiviral activity against herpes simplex virus
type I, influenza virus type A and human immunodefi-
ciency virus.2 The highly symmetrical structure results
from a junction between diastereoisomeric spirotetronate
subunits A and B (Figure 1).

Figure 1 Quartromicin A3 (R = a-D-galactosyl) and Quartromicin
D3 (R = H); M+ = Na+, K+, Ca2+.

Several natural products containing a quite similar central
subunit have been isolated, such as chlorothricolide,3

kijanolide,4 okilactomycin,5 tetronothiodin,6 tetronolide,7

ircinianin,8 pyrrolosporin A,9 PA-46101 A, A88696 C and
F.10

Despite the exceptional work accomplished by Roush and
co-workers in establishing the relative configurations of
quartromicins,11 to the best of our knowledge, no total
synthesis has yet been published.

We have recently described a highly enantioselective
sequential Claisen–Ireland/metathesis process (CIM)
which allows the synthesis of cycloalkenes bearing two
contiguous highly functionalized asymmetric centers
(Scheme 1).12

Scheme 1 CIM: 1) KHMDS, PhMe, –78 °C; 2) TMSCl, –78 °C to
r.t.; 3) Grubbs’ I or II, CH2Cl2; 4) CH2N2, Et2O.

In this article we would like to present our work concern-
ing an approach to the type B backbone, using the follow-
ing retrosynthetic analysis (Scheme 2). The target
molecule 1 can be obtained through a Dieckmann reaction
of compound 2, with an in situ protection of the enolate.
Ester 2 is derived from diene 3, using a selective dihy-
droxylation and protecting group exchange. The key step
of our approach is a Claisen–Ireland rearrangement fol-
lowed by an ene–yne metathesis ring-closure to give 3
from the acyclic ester 4. Compound 4 is easily obtained
from allylic alcohol 5 and carboxylic acid 6.

Scheme 2

Synthesis of the Ester 4

Having previously prepared allylic alcohol 5,12 we turned
our efforts to the synthesis of the chiral alkyne 6. This
compound can be made from the known enantiomerically
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pure lactone 713 in six steps after DIBAL-H reduction.
Treatment of the resulting lactol with trimethylsilyl diazo-
methane enolate14 gives the open chain alkyne. Overnight
reaction in a mild basic methanolic media was required to
isolate 8 in 39% overall yield.15 Hydroxyl MPM protec-
tion under acidic conditions, followed by smooth ammo-
nium fluoride deprotection gave the desired primary
alcohol 9 in 62% yield. The absolute configuration of the
MPM protected alcohol is not important at this stage, as it
is lost in the Claisen–Ireland deprotonation step. Oxida-
tion of the primary hydroxyl group in two steps with
TPAP, NMO and sodium chlorite under buffered condi-
tions then afforded the carboxylic acid 6 in 81% yield
(Scheme 3).

Scheme 3

Esterification of 5 and 6 under classical conditions (DCC,
DMAP) and subsequent alkyne protection furnished the
conveniently functionalized ester 4 (Scheme 4).16

Claisen–Ireland/Metathesis Sequence

The ester 4 was then submitted to the CIM process, using
as a last step, a Grubbs II ene–yne metathesis
(Scheme 5).17,18

As we have previously observed in our model study, when
the acetylenic moiety is unprotected, the diastereoselec-
tivity in the Claisen–Ireland rearrangement drops. This
particular behavior was tentatively explained by the
generation of a double-metallated species at the beginning
of the Claisen–Ireland process.12

The transition state involved in the CIM process is shown
in Figure 2.

Figure 2

Access to the Spirotetronate Subunit
In order to selectively oxidize the external double bond of
the cyclic derivative 3, we anticipated that a mismatch
Sharpless dihydroxylation with AD-mix reagent should
cleanly and selectively touch this alkene. This remarkable
transformation has already been observed19 and we have
applied it in a similar strategy during our total synthesis of
(–)fumagillol.20 The best result was obtained when 3 was
treated with AD-mix b giving the diastereoisomeric mix-
ture of 12a and 12b. Cleavage of the resulting 1,2-diol
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with sodium periodate, direct sodium borohydride reduc-
tion, and protection of the primary alcohol resulted in the
formation of the compound 13 in a 48% overall yield
(Scheme 6).

Scheme 6

Previous experience gained in the course of our fumagillol
synthesis20 showed that the deprotection of the MPM
group with this kind of structure under known conditions
(DDQ or CAN) can be problematic. The use of a strong
nucleophile with a Lewis acid activation has been found
to be a convenient solution. However, BF3·OEt2/PhSH re-
sulted in extensive deprotection of the TBDPS protecting
groups and we preferred a smoother method using AlCl3/
PhSH.21 The desired tertiary alcohol was obtained in 70%
yield. Finally, acetylation followed by Dieckmann cy-
clization using conditions already applied by Roush and
co-workers gave the quartromicins spirotetronate subunit
B 14 (Scheme 7).11a,c,d,22,23

In conclusion, we have shown that the CIM strategy can
be efficiently applied to the synthesis of the spirotetronate
subunit B of quartromicins. The subunit A is also accessi-
ble through the same CIM process by simply using the
modified alcohol 15,24 previously prepared in our labora-
tory (Scheme 8). The transition state in the Claisen–Ire-
land rearrangement is depicted in Figure 3.

Scheme 8

Figure 3

We are currently studying this new approach, as well as
the total synthesis of quatromicins and analogous com-
pounds.
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