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ABSTRACT

The synthesis of the polypropionate chain of Streptovaricin U (1) is described utilizing a new approach for the stereoselective synthesis of
the macrolide-type antibiotics via sulfur ylides.

The macrolide-type antibiotics represent an important and
large class of natural products1 with intriguing biological
activities against bacteria and attractive molecular structures
that have resulted in seminal contributions in the fields of
medicine2 and chemistry.3 Structurally, these natural sub-
stances are characterized by the presence of multiple ste-
reotriads and -tetrads in a macrolactone framework derived
from the polyacetate and polypropionate biosynthetic path-
ways.4 Our experience in the chemistry of sulfur ylides5

prompted us to investigate the use of epoxy amides as

suitable building blocks for the construction of these
structural units. Preliminary results6 in this area were quite
promising for the stereoselective preparation of tetrads and,
consequently, encouraged us to engage in the preparation
of larger macrolide fragments. In principle, an iterative
synthetic sequence consisting of (1) synthesis of an epoxy
amide by reaction of an aldehyde with an amide-stabilized
sulfur ylide, (2) regioselective opening with lithium dimethyl
cuprate of the resulting epoxy amide, (3) protection of the
secondary alcohol of the hydroxy amide obtained in the
opening step, and (4) reduction of the amide function to the
aldehyde would provide a new synthetic strategy for the
construction of this type of structures. This new strategy
possesses some advantages, such as the versatility and
reactivity of the oxirane function, but also some drawbacks,
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most notably the exclusiveanti relative configuration of the
opened products, which arises from thetrans geometry of
the starting epoxide formed during the sulfur ylide condensa-
tion. With all these considerations in mind, we targeted a
polypropionate chain that possessed the configurational
features supported by this methodology, the fragment in
Streptovaricin U (1). Interestingly, this natural product,
belonging to the ansa family7 and isolated fromStreptomyces
spectabilis,8 presents an unusual open structure that possesses
antibiotic potency similar to its cyclic congeners.9 Its
intriguing mode of biological action, featured by its inhibitory
activity against RAUSCHER leukemia virus RNA-dependent
DNA polymerase,8,10 together with the fact that, so far, no
total synthesis has been reported11,12 renders Streptovaricin
U a compelling target for synthetic endeavor.

According to our retrosynthetic plan (Scheme 1), the
coveted polypropionate chain, in the form of compound2,
could be disconnected at the double bond which could be
introduced via a Wittig reaction. On the other hand, the
methyl group at the C-4 position could be incorporated
through an opening reaction of the epoxy amide3 by the
action of lithium dimethyl cuprate.13 The synthesis of3 would
be feasible by reaction of aldehyde4 with the sulfur ylide5
and, from this point, through a series of synthetic sequences
(steps 1-4) in an iterative way, would lead to aldehyde614

as a key precursor (Scheme 1). The intermediate6 is not
only useful for this particular case but also of interest for
many other macrolide-type compounds.15

For the synthesis of aldehyde6, we sought to employ
compound7, readily synthesized from 2,3-O-isopropylidene-
D-glyceraldehyde via reaction with the sulfur ylide5,16

through a possible tandem process17 in which we would be
able to introduce two methyl groups from theO-mesylate
derivative10. Toward this aim, compound10 was prepared
according to the sequence outlined in Scheme 2 by manipu-
lation of the protecting groups present in compound7. With
compound10 in hand, we proceeded with the introduction
of the required methyl groups by reaction with an excess of
lithium dimethyl cuprate, to obtain the desired dimethyl
derivative11 in a 68% yield. The outcome demonstrated
that our proposed mechanism for this reaction, depicted in
Scheme 2, was well conceived. After conversion of com-
pound11 to the aldehyde6, the second sulfur ylide reaction
was carried out by treatment of aldehyde6 with an excess
of the sulfur ylide, prepared according to the one-phase
method. The result was the formation of a 2:1 mixture of
epoxy amides14a/14bin a 93% combined yield in favor of
the Felkin-Ahn product, compound14a. The observed poor
stereoselectivity can be justified by theoretical studies18 of
aldehyde6 that reveal a conformational preference (see
Figure 1 of Supporting Information) for nucleophilic attack
at both thesi andre faces. Despite the lack of stereoselec-
tivity, the result was considered satisfactory since it supplied
a sufficient amount of the minor diastereoisomer (14b) to
continue the Streptovaricin U synthesis.

Having prepared both epoxy amides, the following step
in our research was to explore the synthetic scope of the
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Scheme 1. Structure of Streptovaricin U (1) and Synthetic
Strategy for the Polypropionate Chain
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sulfur ylide chemistry in the chain elongation process
required for the preparation of a polypropionate derived
fragment. For this study, we initially worked with the major
isomer of epoxy amides14a/b, which was prepared for a
second reaction with sulfur ylide5. Thus,14a was treated
with lithium dimethylcuprate to give the hydroxy amide15
in 75% yield and complete regioselectivity, followed by
protection of the secondary alcohol as a silyl ether, by the
action of tert-butyldimethylsilyl trifluoromethanesulfonate
(TBSOTf), affording the amide16 (85%). The conversion
of this amide16 to the aldehyde18 was achieved in two
steps, entailing treatment with lithium triethylborohydride
(Super-H)19 to give alcohol17, and oxidation mediated by
Dess-Martin periodinane (DMP)20 to furnish aldehyde18
in a 77% overall yield. The resulting aldehyde18 was then
reacted with the sulfur ylide5 to give, in this case, epoxy
amide19 in a 65% yield as a 4:1 diastereomeric mixture, as
demonstrated by its1H NMR spectra. Again, theoretical
calculations for aldehyde18 reveal, in this case, a confor-
mational preference in which there face of this aldehyde is
clearly favored for a nucleophilic attack in contrast to thesi
face, which is hindered by the presence of thetert-
butyldimethylsilyl protecting group (Figure 2 of Supporting
Information). The diastereomeric mixture of epoxy amides
was then subjected to the action of the Gilman reagent, to
provide the hydroxy amide20 in good yield (73%), which
was separated from its minor isomer by flash column

chromatography. Finally, hydroxy amide20 was protected
as its silyl ether21 by treatment with TBSOTf (part A of
Scheme 3).

In light of these encouraging results, we then decided to
translate this synthetic scheme to the minor isomer, epoxy
amide 14b. As indicated in part B of Scheme 3, the
preparation of amide22 was carried out following the same
synthetic sequence as for14a, with only slight differences
in yields and stereoselectivities.

With compound 22 in hand, which represents the
C5-C16 fragment of Streptovaricin U, the introduction of
the next 1-methyl-2-hydroxy structural unit required a new
sulfur ylide reaction involving aldehyde4. To this end, amide
22 was subjected to the action of Super-hydride to give the
alcohol 23 in a 78% yield. In contrast to previous Super-
hydride-mediated reductions of amides, on this occasion, a
large excess of reductive agent, accompanied with a long
exposure time, was required for complete conversion to the
alcohol, likely due to the steric factors in the starting amide.
The subsequent oxidation of23 to aldehyde4 was ac-
complished without difficulty by treatment with DMP,
followed by reaction with sulfur ylide5, under similar
conditions as previous condensations. The result, after
purification by flash column chromatography on silica gel,
was the isolation of epoxy amide3 in a remarkable 76%
yield and complete stereoselectivity in favor of the expected
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Scheme 2. Synthesis of Epoxy Amides14a/b

Scheme 3. Synthesis of Amides21 and22
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Felkin-Ahn addition product.21 All that was required for the
completion of the polypropionate chain of Streptovaricin U
was to repeat the known synthetic sequence to install the
structural motif present along the aliphatic chain, by oxirane
ring opening with lithium dimethylcuprate of epoxy amide
3 (73%), silylation of the resulting opening product24 (80%),
reduction to alcohol26 (88%), and oxidation to aldehyde

27mediated by the action of TEMPO/BAIB.22 Finally, Wittig
reaction of aldehyde27with the stabilized phosphorus ylide
2823 in THF under reflux conditions furnishedR,â-unsatur-
ated ester2 in a 58% yield over two steps (Scheme 4).

In conclusion, we have established a new methodology
for the construction of the structural motifs derived from the
polypropionate biosynthetic pathways extensively occurring
in natural products, via the reaction of sulfur ylides with
aldehydes. Having demonstrated the utility of this methodol-
ogy in the preparation of long polypropionate chains, it is
important to mention the limitations of the methodology due
to the imposition of atrans configuration of the resulting
epoxide, which leads to ring-opened products with ananti
relative configuration. Therefore, this methodology is not
amenable to those fragments possessing asynconfiguration.24

The aforementioned limitations do restrict the synthetic
applications; however, compounds such as Streptovaricin U
possess the configurational features amenable to this meth-
odology.
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Scheme 4. Completion of the C1-C13 Fragment of
Streptovaricin U
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