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ABSTRACT

The asymmetric synthesis of both enantiomers of cis -lauthisan (3) is achieved in only six steps from diethyl pimelate (4), the key steps being
the diastereodivergent reduction of â-ketosulfoxide 7 and the highly cis-stereoselective Et 3SiH/TMSOTf-promoted reductive cyclization of
enantiopure hydroxy sulfinyl ketones ( S)-14 and (R)-14.

Medium-ring ethers constitute important structural features
present in a number of biologically active marine natural
products, particularly fromLaurencia red algae.1 Many
compounds of this class contain an eight-membered oxocane
or oxocene ring usually with cis stereochemistry in the alkyl
substituents at C-2 and C-8. Among them, (+)-laurencin (1),
isolated from the extracts ofLaurencia glanduliferaby Irie
and Masamune in 1965,2 and (+)-laurenyne (2), first isolated
from a sample of the algaLaurencia obtusacollected in the
Aegean Sea off the coast of Turkey by Thomson and co-
workers in 1980,3 are representative examples that have been
the subject of significant synthetic efforts within the past

decade.4 The difficulty of the eight-membered ring construc-
tion from acyclic precursors, due to entropy factors and
developing transannular repulsions as the ring is formed, is
well-known.5 Thus, the development of efficient and ste-
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reoselective approaches to cis-2,8-disubstituted oxocenes and
oxocanes6 has been an important challenge to synthetic
organic chemists.

(+)-cis-Lauthisan (3), the fully saturated core of the natural
derivative (+)-1, has been often used as a target to check
the validity of a particular synthetic methodology for efficient
oxocane construction. Although several strategies have been
employed for the stereoselective preparation of racemic7 and
enantioenriched8 cis-lauthisan, most of them require multistep
synthesis or take place with moderate cis selectivities. For
example, the last synthesis of racemiccis-lauthisan, published
in 2002 by De Voss et al.,7a was achieved in seven steps
from commercially available precursors but with a moderate
2.3:1 cis selectivity. On the other hand, Kim et al.8a reported
in 2004 the last preparation of (+)-cis-lauthisan with an
excellent 21:1 cis selectivity, but they needed 18 steps to
accomplish the asymmetric synthesis.

In connection with a program devoted to asymmetric
synthesis mediated by sulfoxides,9 we have recently described
a highly stereoselective approach to different sized cis-
disubstituted cyclic ethers based on the Et3SiH/TMSOTf-
promoted reductive cyclization of enantiopure hydroxy
sulfinyl ketones.10 This method had first been reported by
Olah for the synthesis of acyclic ethers from alcohols and
ketones11a,b and was later applied by Nicolaou for the
preparation of racemic oxepanes.11c,d

In this communication, we extend the scope of our
methodology, for the first time, to the efficient construction
of eight-membered cyclic ethers as illustrated by the short
enantioselective total synthesis of both enantiomers of the
2,8-disubstituted oxocane, (-)- and (+)-cis-lauthisan (3).

The asymmetric synthesis of the (-)-enantiomer ofcis-
lauthisan (3) is depicted in Scheme 1 and started with

commercially available diethyl pimelate (4). Thus, the
addition of 2 equiv of the LDA-generated anion of enantio-
merically pure (SR)-ethyl-p-tolylsulfoxide (6) to the diester
4 gave rise to the correspondingâ-ketosulfoxide7, as a 50:
50 mixture of epimers at theR-carbon with respect to the
sulfinyl group, in 79% yield. (SR)-Ethyl-p-tolylsulfoxide (6)
was prepared by condensation of ethylmagnesium bromide
and (SS)-(-)-menthyl-p-toluenesulfinate (5), following the
method reported by one of us12 for the methyl derivative,
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Soc.2003, 125, 10238-10240. (e) Saitoh, T.; Suzuki, T.; Onodera, N.;
Sekiguchi, H.; Hagiwara, H.; Hoshi, T.Tetrahedron Lett.2003,44, 2709-
2712. (f) Matsuo, G.; Kadohama, H.; Nakata, T.Chem. Lett.2002, 148-
149. (g) Martı́n, M.; Afonso, M. M.; Galindo, A.; Palenzuela, J. A.Synlett
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61, 7648-7649.

Scheme 1. Asymmetric Synthesis of (-)-cis-Lauthisan (3)
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with 91% yield. The highly stereoselective reduction of the
ketone functionality of7 using DIBALH in the presence of
ZnBr2 afforded a 93:7 mixture (86% de) of the (R)- and (S)-
epimeric carbinols at the newly created stereogenic center.13

After flash chromatography, major stereoisomer8, bearing
the (R)- absolute configuration at C-7, was obtained with
88% yield in optically pure form (>97% ee).

At this point, we decided to transform the hydroxy sulfinyl
ester8 into the corresponding hydroxy ketone10, bearing the
sulfinyl group, and submit it to the reductive cyclization con-
ditions we have previously reported for smaller cyclic ethers.
Thus, the treatment of8 with N,O-dimethylhydroxylamine
hydrochloride in the presence of trimethylaluminum14 afford-
ed, in 70% yield, the Weinreb amide9, which, after reaction
with n-hexylmagnesium bromide, gave rise to ketone10 in
90% yield. Nevertheless, when the hydroxy sulfinyl ketone
10 was treated with Et3SiH in the presence of TMSOTf,
formation of the oxocane cyclic ether11 was not observed.

We reasoned that, in this case, the difficulty of formation
of the eight-membered ring from the acyclic precursor could
be enhanced due to the presence of the bulky sulfinyl group
in the starting hydroxy ketone10. Therefore, we decided to

follow the same synthetic pathway but using the derivatives
lacking the sulfoxide.

Thus, the treatment of the sulfinyl-substituted hydroxy
ester8 with Raney nickel in ethanol at room temperature
for 1 h afforded the hydroxy ester12bearing the (S)- absolute
configuration at the unique stereogenic center, as demon-
strated after transformation into the corresponding Mosher
esters,13 in enantiomerically pure form (>97% ee). The
Weinreb amide (S)-13 was obtained from ester (S)-12 as
above in 85% yield. After addition ofn-hexylmagnesium
bromide, (S)-13was transformed into the corresponding
ketone (S)-14in quantitative yield. In this case, when
hydroxy ketone (S)-14was submitted to the reductive
cyclization conditions (TMSOTf, Et3SiH, CH2Cl2, 0 °C, 2
h), we observed formation of the desired eight-membered
cyclic ether3 together with a byproduct resulting from the
reduction of the carbonyl of14 to a methylene group. After
SiO2 flash chromatography, we isolated, as the only cyclic
diastereoisomer, the oxocane (-)-cis-lauthisan (3){[R] 20

D

) -4.0 (c 0.15, CHCl3)},15 in 40% yield. This reductive
cyclization was completely cis stereoselective, and the
corresponding diastereoisomer,trans-lauthisan, was not
detected in the crude reaction mixture. The relative cis
stereochemistry of derivative3 was determined after a
NOESY experiment, which demonstrated the close spatial
proximity between the two protons H2 and H8 situated on
the carbons adjacent to the oxygen atom (Scheme 1).

The asymmetric synthesis of (+)-cis-lauthisan (3), shown
in Scheme 2, started with the common intermediate keto

sulfinyl ester7 and followed a synthetic pathway similar to
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Scheme 2. Asymmetric Synthesis of (+)-cis-Lauthisan (3)
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that described for the (-)-enantiomer. In this case, the
diastereodivergent reduction of the ketone functionality of
7 in the presence of DIBALH furnished, in a highly
stereoselective way, a 92:8 mixture (84% de) of the corre-
sponding (S)- and (R)- epimeric carbinols at the newly
created stereogenic center.13 After SiO2 flash chromatogra-
phy, major stereoisomer15, bearing the (S)- absolute
configuration at C-7, was obtained with 83% yield in
optically pure form (>97% ee).

Elimination of the sulfinyl group of derivative15 was
performed using Raney nickel and gave rise to the hydroxy
ester12with an (R)- absolute configuration, as demonstrated
after transformation into the corresponding Mosher esters,13

in enantiomerically pure form (>97% ee). The transformation
of ester (R)-12 into ketone (R)-14was achieved after reaction
with N,O-dimethylhydroxylamine hydrochloride in the pres-
ence of trimethylaluminum (75%) and condensation of the
resulting Weinreb amide (R)-13 with n-hexylmagnesium
bromide (83%). Finally, the treatment of hydroxy ketone (R)-

14 with Et3SiH and TMSOTf afforded, in 39% yield, (+)-
cis-lauthisan (3){[R] 20

D ) +4.0 (c0.15, CHCl3)}.15

In summary, we have described a short asymmetric
synthesis of both enantiomers of the eight-membered cyclic
ethercis-lauthisan (3) in only six steps from commercially
available diethyl pimelate (4) with 22 and 14% overall yields
for the (-)- and (+)-enantiomers, respectively.
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