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Studies in Macrolide Synthesis: Control of Remote
Stereochemistry by Sulfenic Acid Cyclization and
2,3-Sigmatropic Ring Expansion

Summary: Three asymmetric centers are generated
stereospecifically by cyclization of a +v,6-unsaturated
sulfenic acid derivative, 7, to give an a-alkenyl tetra-
hydrothiophene, 9a, the starting material for stereospecific
synthesis of a 4-thiacyclooctene, 2.

Sir: Synthetic approaches to macrolide antibiotics must
solve the difficult problem of stereochemical control at
remote asymmetric centers. In this communication we
outline the construction of a sulfur heterocycle 2 which
incorporates the C,-C, segment of methynolide 1 with the
natural stereochemistry at C,, C;, and Cq. Our main
purpose is to describe a synthesis of the tetrahydro-
thiophene 3 by a remarkably stereospecific sulfenic acid
cyclization and to show that the C, stereochemistry of 3
can be transformed into the Cg stereochemistry of 2
(Scheme I). The latter process is achieved by taking
advantage of the predictable geometry of 2,3-sigmatropic
ring expansion reactions.! A description of strategy for
conversion of 2 into methynolide precursors will be de-
ferred to subsequent publications.

Ylides derived from oa-alkenyl tetrahydrothiophenes
rearrange to 4-thiacyclooctenes.!* The major product from
stabilized ylides is invariably the cis double bond isomer
of an eight-membered ring, so the transition state geometry
for ylide ring expansion can be drawn as the tub con-
formation 5. The required cisoid propenyl rotamer is then
constrained to rearrange to 2 with predictable stereo-
chemistry at Cg as shown. It is the relative stereochemistry
of C, with respect to C; and C, which ultimately controls
Cg; if C4 were inverted, it would be necessary to use an
analogue of 5 having a cis-propenyl group to afford the
same stereoisomer 2. Inspection of 5 suggests that C,
geometry can also be predicted since the ester will un-
doubtedly prefer an exo orientation with respect to the
bicyclo[3.3.0]octane-type transition state.

The synthesis of 3 is outlined in Scheme II. A sulfenic
acid precursor 6 is available by a simple, precedented
sequence which controls the geometry of the trisubstituted
double bond.?2 Slow addition of 6 to refluxing 1:1 acetic
acid—acetic anhydride (boron triflucride etherate catalyst)
gives a single volatile product 9a (81%) isolated by simple
distillation. As shown by Morin and co-workers, ther-
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molysis of tert-alkyl sulfoxides in acetic anhydride gen-
erates sulfenic acetates via initial fragmentation to the
sulfenic acid.® Electrophilic addition of the sulfenic
acetate 7 to the internal double bond is responsible for the
formation of 9a.

To convert acrylate derivative 9a into the desired a-
propenyl tetrahydrothiophene structure, a two-stage
operation was performed. First, methanolysis of the
acetate (K;CO3) and alcohol protection (dihydropyran,
TsOH) gave 9b. Without isolation of intermediates, 9b
was reduced (DIBAL) to an allylic alcohol and mesylated
(BuLi; MsCl), and the sensitive allylic mesylate was
converted into a propenyl derivative 9¢ by Li*Et;”BH*
(35% overall from 9a).

The crucial cyclization of sulfenic acetate 7 was expected
to give 9a according to the following argument. Morin
cyclizations are believed to involve episulfonium ion in-
termediates,® and two such species, 8A and 8B, are possible
depending on which face of the double bond is attacked
by electrophilic sulfur. The undesired intermediate 8B
is strongly destabilized relative to 8A by a severe endo-
methyl-endo-methyl interaction, and also suffers from
steric congestion along the path for Sy2 attack by acetate
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at C;. No sign of the corresponding isomeric cyclization
product 10 has been detected, nor can we find elimination
products which might reflect involvement of carbonium
ions.

The acrylate 9a is reasonably stable to the conditions
of cyclization and shows no tendency for stereochemical
change. However, derivatives having the propenyl side
chain are much more susceptible to acid-induced equili-
bration.’ Thus, «-propenyltetrahydrothiophene 3
(available from 9¢ by protecting group manipulation)
interconverts with an isomer when exposed to the con-
ditions of sulfenic acetate cyclization. The new isomer is

(5) Equilibration probably occurs by way of acid-catalyzed regeneration
of episulfonium salt 8A and reversible S-C, cleavage to give a tertiary
allylic carbonium ion. In 9a, the inductive effect of the carboethoxy group
inhibits carbonium ion formation and equilibration does not take place.

SNNF 0
! CH,S-#-Bu
i
The equilibration process is also observed when dienyl sulfoxide i is

subjected to conditions of sulfenic acid generation. Inevitably, mixtures
of 8 and 11 are formed from i.
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assigned structure 11 because its HC,~C;H J value of 10.5
Hz is identical with the analogous coupling constants for
tetrahydrothiophenes 9a-c, 3, and 12. In all of these
structures, the conformation which minimizes eclipsing
interactions of ring substituents results in an HC,—C;H
dihedral angle close to 180°. The corresponding angle for
10 is ca. 30°, and a much smaller J value would be ex-
pected.

A europium-induced shift comparison between the
isomeric alcohols 12 (desired) and 13 confirms all of the
stereochemical assignments, Thus, both ring methyls of
13 are shifted to a smaller extent (Aé for C,~CH; = 2.73
ppm; Aé for C,~CHj = 8.77 ppm), consistent with both
methyls trans to OH. In the correct stereoisomer 12, the
europium effect on the methyl group cis to OH is con-
siderably larger (Ad for C,~CHj; = 4.45 ppm; A for C,—CHj,
= 2.51 ppm) as expected.

Ring expansion of 3 by successive S-alkylation (CF;S-
0,CH,CO,C,H;)® and ylide generation (DBU) affords 2 as
the major product (ca. 40% over two steps). No isomeric
thiacyclooctenes can be detected among the products.
However, an inseparable mixture of at least two isomers
which retain an unrearranged propenyl group is also
isolated (10-15% each). Tentatively, these substances are
presumed to be diastereomeric Stevens rearrangement
products 14.7 Assignment of stereochemistry to 2 is based
on the transition state argument mentioned earlier, and
is supported by available NMR evidence. A conformation
which minimizes transannular interaction of substituents
nicely accounts for the observed vicinal coupling constants.
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The stereochemical control which has been achieved is
presumed to result from conformational preferences in the
formation of strained bicyclic episulfonium intermediates.
We suggest that similar steric interactions will control
stereochemistry in any cyclization process which forms a
five-membered ring by net trans addition to an endocyclic
double bond. Interesting examples of relevant stereo-
specific cyclization to form five-membered iodo ethers or
iodo lactones have been reported recently.®®
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