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ABSTRACT

The enantioselective total synthesis of (+)-laurencin 1 is achieved in 18 steps from (S)-(+)-4-benzyl-3-benzyloxyacetyl-2-oxazolidinone. The
key steps in this synthesis are an asymmetric glycolate alkylation leading to acyl oxazolidinone 2 and a subsequent ring-closing olefin
metathesis to construct the oxocene core of 1. The approach to medium ring ethers utilized in this synthesis provides a general and efficient
route to the cyclic core of other marine natural products.

Red algae and marine organisms that feed onLaurencia
species have produced a diverse collection of natural products
containing medium ring ethers (Figure 1).1 A representative

member of this group of marine metabolites, (+)-laurencin
1, was isolated from the extracts ofLaurencia glandulifera

by Irie and Masamune in 1965.2 The notable challenge in
assembling medium ring ethers has led to significant work
directed toward the development of strategies for the
assembly of the oxocene core of (+)-laurencin. These efforts
have resulted in several formal and total syntheses of the
natural product.3,4

We recently reported the development of an asymmetric
aldol-ring-closing metathesis strategy for the rapid construc-
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52, 127-134. Masamune, T.; Murase, H.; Matsue, H.; Murai, A.Bull. Chem.
Soc. Jpn.1979,52, 135-141. Bratz, M.; Bullock, W. H.; Overman, L. E.;
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Figure 1. Medium ring natural products.
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tion of substituted seven-, eight-, and nine-membered rings.3,5

The medium ring closure was effected without the use of
cyclic conformational constraints by exploiting the known
gauche effectof 1,2-dioxygen substitution. The preferred
conformations of theR,ω-diene chain is dictated by the
preference for a gauche disposition of the two oxygen
substituents, resulting in the stabilization of one of the
conformations with the two olefinic chains gauche. The
gauche effectresults in substantial rate increases in the ring-
closing metathesis reaction, based on comparison to examples
without vicinal oxygen substitution, thus allowing for the
formation of medium rings without significant dimerization.
The ability to construct medium ring ethers without the use
of cyclic constraints allows rapid access to the cyclic ether
core and renders the strategy easily adaptable to a number
of targets. With the success encountered in this recent study
in mind, we reasoned that an asymmetric alkylation-ring
closing metathesis strategy might, in certain cases, provide
a more direct route to medium ring natural products. The
implementation of this plan resulting in a second-generation
total synthesis of (+)-laurencin is the subject of this Letter.

A brief retrosynthetic analysis of our approach to (+)-
laurencin demonstrates the efficiency of this strategy (Figure
2). Introduction of the (E)-pentenyl side chain of1 would

be accomplished through elaboration of the acetate aldol
adduct of aldehyde4. Aldehyde4 would be accessible by
applying the key asymmetric alkylation-ring-closing meta-
thesis strategy to acyl oxazolidinone3. The synthesis of3
required only the development of an efficient, scaleable route
to chiral alcohol5. It was this endeavor that we deemed the
first goal of the project.

The preparation of chiral alcohol5 began with (S)-(+)-
4-benzyl-3-benzyloxyacetyl-2-oxazolidinone6 (Scheme 1).6

Alkylation of the sodium enolate of6 with allyl iodide
provided a 75% yield of acyl oxazolidinone7 (>98:2 ds).7

Reductive removal of the chiral auxiliary with lithium
borohydride gave chiral alcohol8 in 89% yield. Swern
oxidation8 followed by a chelation-controlled addition of
ethylmagnesium bromide, according to the method of
Asami,9 provided the desired secondary alcohol5 in 83%
yield over two steps (>95:5 ds). To the best of our
knowledge, this is the first example using a simple asym-
metric glycolate alkylation of an acyl oxazolidinone to
construct these types of protected homoallylic alcohols.10 It
is clear that a similar approach could be used to assemble a
variety of these functionalized glycolate structures.

With an efficient route to5, we were ready to test the key
glycolate alkylation-metathesis sequence to complete the
construction of the oxocene core of (+)-laurencin (Scheme
2). The sodium alkoxide of5 was alkylated with the sodium
salt of bromoacetic acid to give an 88% yield of acid9 and
5% of recovered starting alcohol. The mixed pivalic anhy-
dride of acid9 was treated with lithiated (S)-(+)-4-benzyl-
2-oxazolidinone to provide acyl oxazolidinone3 in 76%
yield. Treatment of the sodium enolate of3 with allyl iodide
at -45 °C resulted in rapid, stereoselective alkylation to
furnish diene2 in 71% yield (>95:5 ds). Exposure of diene
3 to ring-closing metathesis conditions (5 mol % of
[(C6H11)3P]2Cl2RudCHPh, 0.005 M, CH2Cl2, 40 °C, 3 h)
gave oxocene10 in 94% yield. Although we had hoped to
carry the benzyl ether through until the (E)-pentenyl side
chain was introduced, all attempts to remove the benzyl ether
after incorporation of the enyne led to partial isomerization
of the trans olefin. In addition, preliminary experiments
indicated that a nonchelating silicon protecting group led to
enhanced selectivity in the acetate aldol addition of14 to
aldehyde4. Consequently, the benzyl ether was cleaved with
DDQ to provide alcohol1111 and the resultant alcohol treated
with (i-Pr)3SiOTf to provide the triisopropylsilyl ether12 in
83% yield over two steps. Reductive removal of the chiral
auxiliary with lithium borohydride yielded 90% of the
primary alcohol, which was subsequently oxidized under
Swern conditions8 to provide aldehyde4 in 97% yield. With
aldehyde4 in hand, all that remained to complete the total
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D. A.; Cage, J. R.; Leighton, J. L.; Kim, A. S.J. Org. Chem.1992,57,
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Figure 2. Retrosynthetic analysis.

Scheme 1. Synthesis of Chiral Alcohol5
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synthesis of (+)-laurencin was introduction of the (E)-
pentenyl side chain and conversion of the protected alcohol
at C11 to the alkyl bromide.

The strategy for installation of the unsaturated side chain
centered on an asymmetric acetate aldol addition to aldehyde
4 (Scheme 3). The aldol reaction was accomplished by

adding a dichloromethane solution of the aldehyde4 to the
chlorotitanium enolate of (S)-(+)-3-acetyl-4-isobutyl-2-thia-
zolidinethione14at-78°C.12 The reaction provided an 83%
yield of a 3.3:1 (15:16) mixture of alcohols, which were
easily separable by simple flash chromatography. Initially

we had hoped to take advantage of a chelation-controlled
addition to aldehyde4 to control the diastereoselectivity in
this aldol addition. Unfortunately, aldehyde4 shows an
unanticipated preference for the Felkin addition of nucleo-
philes. In fact, addition of the chlorotitanium enolate of the
achiral 3-acetyl-2-thiazolidinethione provided a 2:1 mixture
of diastereomers in favor of the Felkin product. In addition,
complexation of aldehyde4 with titanium tetrachloride prior
to the addition of the chlorotitanium enolate of14 failed to
enhance the diastereoselectivity. It is also interesting to note
that the same conditions when applied to aldehyde13 resulted
in a reversal in selectivity. In this case, the C11 benzyl ether
and the aldehyde carbonyl may be chelated to the metal
center, thus altering the facial selectivity.

Direct reduction of the chiral auxiliary of alcohol15 with
(i-Bu)2AlH provided the corresponding aldehyde, which was
immediately exposed to the ylide generated from phospho-
nium salt19 to give enyne20 in 74% yield over two steps
(Scheme 4). The enyne20 was isolated as a 5.5:1 mixture

in favor of the desiredtransenyne. Treatment of the alcohol
with acetic anhydride gave the acetate ester in excellent yield.
Removal of both triisopropylsilyl protecting groups was
accomplished in 96% yield upon treatment with (n-Bu)4NF.
Secondary alcohol21 was treated with carbon tetrabromide
and trioctylphosphine at 70°C in toluene to provide (+)-
laurencin in 58% yield. The synthetic sample was identical
in all respects (1H NMR, 13C NMR, IR, and [R]24

D)13 to those
reported for natural (+)-laurencin.2,4

In conclusion, this synthesis has established that the
asymmetric alkylation-ring-closing metathesis strategy for

(12) For an example of a similar acetate aldol with simple aldehydes,
see: González, AÄ ; Aiguadé, J.; Urpı́, F.; Vilarrasa, J.Tetrahedron Lett.
1996,37, 8949-8952.

(13) [R]24
D ) +51.7° (lit.2 [R] 27

D ) +70.2°). The low value of the
specific rotation is presumably due to contamination of the sample with a
minor amount of thecis enyne diastereomer of (+)-laurencin.

Scheme 2. Construction of the Oxocene Core

Scheme 3. Asymmetric Acetate Aldol

Scheme 4. Completion of (+)-Laurencin
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the synthesis of medium ring ethers is an efficient and
practical approach to marine natural products. The total
synthesis of (+)-laurencin was accomplished in 18 steps from
(S)-(+)-4-benzyl-3-benzyloxyacetyl-2-oxazolidinone6. The
success of the second, more complex glycolate alkylation
portends well for the use of this general strategy for the
preparation ofR,R′-trans-disubstituted medium ring ethers
such as bromofucin, laurallene, and obtusenyne. TheR,R′-
trans-disubstituted systems have proven more difficult to
access using other methods for medium ring ether synthesis.
Current efforts are focused on the expansion of this strategy

to these and other medium ring ether containing natural
products.
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