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was selectively converted into the allylic alcohol 19 (88%) via the
2,3-sigmatropic shift of a selenoxide with bonding to the more
accessible alkene 8-face. Finally, MCPBA oxidation (77%) and
thermal sulfoxide elimination (135 °C, xylene, CaCO; buffer)
gave d,l-zygosporin E (52% isolated), identical with natural
material according to spectroscopic and chromatographic data.1®!
None of the isomeric (Z)-olefin was detected.’? The same se-
quence of steps from 16 produced d4,/-16-epi-zygosporin E, 20,
70% yield for sulfoxide pyrolysis and 44% overall from 16.!!

The synthesis of zygosporin E illustrates the use of sulfide bridge
stereochemistry as a relay for stereochemical information in
medium-sized rings. High selectivity at eight of the nine asym-
metric centers in 1 has been achieved. More important, the
synthesis demonstrates that remote stereocontrol in a complex
macrocycle is not restricted to the coupling of optically pure
subunits,5¢13
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Although exocyclic olefins are now readily available in a
stereocontrolled manner,? the stereospecific synthesis of aryl-
substituted exocyclic olefins® still remains a challenging problem
in organic synthesis.* A few years ago, on the basis of molecular
design, we took an interest in the synthesis of the carbacyclin
analogue with an aryl-substituted exocyclic olefin 13. In this
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(4) Pd-catalyzed vinyl/aryl coupling might be one of the most promising
methods for the stereospecific synthesis of aryl-substituted exocyclic olefins.
However, unfortunately, no method for the stereospecific synthesis of exocyclic
vinyl halides is available now.
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9(a) TBDMSO sogtei, n-BuLi, THF, -52 °C, then Ac,0;

(b) Na-Hg (5%), NaH,PO,, MeOH; (c) (naphthalene)Cr(CO),,
acetone, 19 °C; (d) MnO,, molecular.sieves 4A, benzene, reflux.

communications we wish to report a stereospecific synthesis of
the various simple molecules 18, 19, 20, 21, 24, and 25 as well
as a highly stereoselective synthesis of 13.

In the synthesis of carbacyclin by (methyl benzoate)Cr(CO);
catalyzed 1,4-hydrogenation reaction, we had already detected
the stereo- and regiocontrolled 1,5-hydrogen shift of the conjugated
diene, which proceeds at 130 °C via the U-shaped #°-pentadienyl
hydride intermediate with 18-electron configuration.>¢ Fur-
thermore, very recently, we found that this isomerization reaction
proceeds smoothly even at 20 °C by the use of (naphthalene)-
Cr(CO); as a catalyst. On the basis of the argument described
above, it was envisioned that both of (Z)-2 and (E)-2 would be
converted to 8 stereospecifically by (naphthalene)Cr(CO); cat-
alyzed isomerization followed by aromatization. Thus a mixture
of (Z)-2 and (E)-2 was first synthesized from the enal 1, obtainable
from the Corey lactone in a stereo- and regiocontrolled manner
(ca. 70% overall yield),” via a three-step sequence of reactions
(73%, (Z)-2:(E)-2 = ca. 1:1). It was expected that (Z)-2 would
be isomerized to the most stable 4 in a stereo- and regiocontrolled
manner through the U-shaped »*-intermediate 3 generated by
abstraction of the hydrogen Ha. Likewise, (E)-2 was anticipated
to be first isomerized to 6 through § formed by abstraction of the
hydrogen Hb. We further expected that 6 would be isomerized
to 4, because it is known that cyclic 1,4-dienes are converted to
1,3-dienes by (arene)Cr(CO); complexes.® Namely, regardless

(5) (a) See: ref 2a. (b) Tucker, J. R.; Riley, D. P. J. Organomet. Chem.
1985, 275, 49.

(6) The 1,5-hydrogen shift of conjugated dienes catalyzed by (arene)Cr-
(CO); complexes was already known. However, the stereochemistry of the
reaction had been clarified by us,? indicating that perfect formation of U-
shaped 7’-pentadienyl hydride intermediates makes the complete stereo-
chemical control of isomerized products possible.

(7) Sodeoka, M ; Shibasaki, M. Chem. Letr. 1984, 579 (now commercially
available from Nissan Chemical Industries, Ltd, Japan).
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of the stereochemistry of the starting triene 2, only 4 was expected
to be formed stereospecifically (Scheme I).

As expected, treatment of 2 (E:Z = ca. 1:1) with (naphtha-
lene)Cr(CO); (20 mol %) in acetone at 19 °C for 22 h (argon
atmosphere) afforded a mixture of 4 and 6 in a ratio of 8:1 (100%),
which was then converted to 8 (E) in 87% yield as a single product
by reaction with activated MnO,. The Z-isomer was also prepared
from 8 by photochemical technique. In comparison of 8 with the
Z-isomer, the stereospecificity of the present reaction was une-
quivocally confirmed. 8 should be the versatile key intermediate
for 13 and the related compounds.’!!

The methodology described above was further applied to 10
having the w-chain. The enal 9'° was transformed into 10 (79%,
E:Z = ca. 1:1). Treatment of 10 with (naphthalene)Cr(CO), (20
mol %) in acetone at 18-20 °C for 2 h gave a mixture of the
isomerized products 11, which underwent aromatization to give
12 stereospecifically (58% overall yield from 10). The stereo-
specificity was confirmed by the same technique as described
above. 12 was converted to 13!! (89%) by treatment with fluoride
anion (Scheme II).

Finally it was found that the six-membered ring compounds
with an aryl-substituted exocyclic olefin 18 (73%), 19 (76%), 20
(79%), 21 (73%), 24 (73%), and 25 (88%) could be also obtained
stereospecifically from the corresponding partially conjugated
trienes 14, 15, 16, 17, 22, and 23 (in every case, £:Z = ca. 1:1),

(8) Frankel, E. N. J. Catal. 1972, 24, 358.

(9) For selective deprotection of alcoholic and phenolic silyl ethers, see:
Collington, E. W.; Finch, H.; Smith, 1. J. Tetrahedron Lett. 1985, 26, 681.

(10) Mase, T.; Sodeoka, M.; Shibasaki, M. Terrahedron Lett. 1984, 25,
5087 gnow commercially available from Nissan Chemical Industries, Ltd,
Japan).

(11) Biological activities of 13 and the related compounds will be reported
in due course.
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demonstrating the generality of the present methodology (Scheme
I1).

In conclusion, we have developed the conceptually new method
for the stereospecific synthesis of aryl-substituted exocyclic olefins
by utilizing the room temperature 1,5-hydrogen shift of conjugated
dienes catalyzed by (naphthalene)Cr(CO); complex. Further
studies are in progress.

Supplementary Material Available: Experimental data for 1-8,
spectral data for 18 and 24, and synthetic routes to 14, 15, 16,
17, 22, and 23 (5 pages). Ordering information is given on any
current masthead page.
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Ultraviolet light irradiation of aliphatic «,8-unsaturated esters
having one hydrogen atom in the vy-position led to the corre-
sponding deconjugated esters through a dienol intermediate.??
This reaction was sufficiently general to be proposed as a synthetic
procedure for the preparation of 8,y-unsaturated esters.* If the
starting material bears one a-alkyl substituent, the dienol inter-
mediate is prochiral, and we have shown precedently that enan-
tioselective protonation of the a-carbon could be observed in an
aprotic solvent containing small amounts of chiral aminoalcohols.’
Thus, optically active 3,y-unsaturated esters were obtained through
an asymmetric bimolecular reaction. A model involving a cyclic
transition state was proposed to explain the chiral discrimination.®

Photochemical studies of an intramolecular asymmetric in-
duction in solution have been mainly restricted to photocyclo-
additions.®’ Thus, we chose to determine the importance of an
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