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Abstract: The first total syntheses ofH)-prelaureatin andHf)-laurallene are described. An asymmetric glycolate
aldol addition was followed by a ring-closing metathesis to close the eight-membered ring allowing construction
of the oxocene core ofX)-prelaureatin and+)-laurallene in seven synthetic steps froR)-benzylglycidyl

ether.
The Laurenciared algae, particularljaurencia nipponica Vi WOH 7 .0 H —
and its predators contribute a stunning diversity of medium ring /V 0
ether metabolites to the C15 acetogerihdany of these C15 o o) B [ \H
nonterpenoids are halogenated and further decorated with a H P Me—: 0 /X
variety of substituents including enyne side chains or bromoal- e Br M H‘< c”

lenes. Two basic structural types of halogenated eight medium ° Br H_‘(
ring ethers have been isolated fraraurencia sp (Figure 1).
The lauthisan structural type containgia a,a'-disubstituted
oxocene and th& configuration at carbons 6 and 7 while the
laurenan subclass possessesSloanfiguration at C6 and C7
enforcing aransa,a’-disubstitution pattern at the ether oxygen.
Biosynthetic studies on tHeaurenciacyclic ether metabolites

prelaureatin pannosallene isolaurallene

have demonstrated that lactoperoxidase (LPO) directly trans- Me™ Me/‘: H
forms &E,6R,7R-laurediol into deacetyllaurendiand Z,657S | : ) )
S . - . aurencin X = OMe, isolaurefucin methyl ether
laurediol into prelaureatifh through a bromo cationic cyclization X = Br, bromofucin
(Figure 2)3 Deacetyllaurencin is further transformed to laure- X = Cl, chlorofucin

fucin* and laurexanyrfeby a second bromo cation cyclization  Figure 1. Medium ring ether natural products.
or to laurencif by acetylation. Prelaureatitf has been shown

to be the biogenetic precur$oof several members of the  for the construction of medium ring ethers has resulted from

laurenan structural subclass such as lauretisolaureatir8,? the synthetic efforts toward laurencifThe laurenan structural
and laurallene4 (Figure 3)'° Laureatin2 and isolaureatir8 subclass has received substantially less atteAfipresumably
display significant larvacidal activity (= 0.06 and 0.50 ppm,  because of the added challenge of constructing the oxocene with
respectively) in mosquitos. the appropriateS configuration at carbons 6 and 7 dictating a

The lauthisan class has been the subject of substantialtrans o,a’-disubstitution pattern at the ether oxyden.
synthetic effort culminating in several syntheses of the repre-  Recent reports from our laboratories described an asymmetric
sentative member laurencifr!> A wealth of new strategies  aldol-ring closing metathesis straté@yor the construction of
the oxocene core of laurencin and a second-generation synthesis
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metathesis approaéhHere we disclose the total synthesis of
(+)-prelaureatin andH)-laurallene demonstrating that both the
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metric aldol reaction between 3-butefi@nd the chlorotitanium
enolate of the acyl oxazolidinethio#€? (or oxazolidinone)
derived from acid7 would serve to establish the C6 and C7
stereocenters of the oxocene core. Since the critical C6 and C7
stereogenic centers are set in the asymmetric aldol reaction,
simple exchange of the auxiliary chirality could in principle
allow entry into either the lauthisan or laurenan structural type.
The synthesis of the oxocene cdrkis illustrated in Scheme
1. The alcohol8 was prepared in near quantitative yield by
treatment of R)-benzylglycidyl ether with vinylmagnesium
bromide in the presence of a copper(l) catakfstlkylation of
the sodium alkoxide of alcoho8 with the sodium salt of
bromoacetic acid provided the acidn 93% yield. The acid
was converted to the mixed pivalic anhydride and treated in
situ with the lithium salt of R)-4-benzyl-2-oxazolidinone to
produce 89% of the acyl oxazolidinoBe. Alternately, the acid
7 was converted to its acid chloride and the acid chloride was
exposed toR)-4-benzyl-2-oxazolidinethione and triethylamine
to give the acyl oxazolidinethior@h. Exposure oBato titanium
tetrachloride and diisopropylethylamine followed by addition
of a dichloromethane solution of 3-butenal gave 65% of the
aldol adduct6a accompanied by two minor diastereomers
(<10% combined yield). The oxazolidinethio®® provided
the aldol adduct6b with higher selectivity £95:5) but
somewhat lower vyield (57%). Protection of the secondary
hydroxyl of 6a as itstert-butyldimethylsilyl ether gave the diene
10in excellent yield. The dien&0was treated with the Grubbs

laurenan and lauthisan structural types are accessible througtruthenium catalyse resulting in smooth conversion to the4-

similar strategies.
Prelaureatirl was isolated by Fukuzawa and Murai in 1991
from laurencia nipponicalts structure was elucidated asy

oxocenellin 95% yield with no detectable dimerization. While
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from the substituted oxocerfethrough selective modification
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reactiont®19 exploiting the gaucheffec of the C6 and C7

oxygen substituents to accelerate the ring closure. An asym-
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there have been observations thatrans relationship of the wOTBS Na, NH3
substituents flanking the ether oxygen can adversely affect the NN THE
rate of ring-closing metathesis reactions of eight- and nine- H oTtes 95%
membered ethef$ the gaucheffectof the C6 and C7 oxygens OH 22
apparently has an overriding effect in this case. With the
successful execution of the ring-closing metathesis, the laurenan ; Em?r%
oxocene core, complete with the required stereochemistry and - ERVGET
the transa,a’-disubstituted ether linkage, had been rapidly 90%
assembled in just six synthetic steps. oTBS
Initial attempts to extend the C6 and C12 side chains focused " CBry, octsP
on a one-carbon extension at C5 (see Scheme 2). To this end, N0 H\ ot 70 °C
the chiral auxiliary was reductively removed with lithium ., oTes et
) . . X 88%
borohydride to produce the primary alcoH®2. The primary Me Y Me

alcohol 12 was oxidized to the aldehyde under Swérn
conditions and the unstable aldehyde was immediately exposed
to methoxymethylenetriphenylphosphorane to give a modest
yield of the vinyl etherl3 contaminated with varying amounts

of the unsaturated aldehydet. Ratios of13:14 varied from in the production of aldehyd#6, it was decided to pursue the
6:1 to 8:1 and storage of vinyl eth&B led to slow conversion extension of the C12 side chain prior to the attachment of the
to the aldehydd 4. Since removal of the C13 benzyl ether was C5 enyne.

required prior to introduction of the enyne moiety, the benzyl ~ Reduction of the oxazolidinonga or the oxazolidinethione
ether ofl13was cleaved by treatment with sodium in ammonia 6b followed by protection of the C5 and C7 hydroxyls as their
at —78 °C. The resultant alcohdl5 was exposed to aqueous tert-butyldlmethy|SI|y| ethers afforded the die@6é (See Scheme
mercuric acetate to effect hydrolysis of the vinyl ether. While 4)- The diene20 was treated with the Grubbs ruthenium
aldehyde16 was produced, the yield (37%) for the last two catalyst® resulting in smooth conversion to the-4-oxocene

unsaturated aldehyde was once again observed. required removal of the benzyl ether at C13. Treatment of benzyl

Other methods for one carbon extension were also investi- ether21 with sodium in THF and ammonia afforded the alcohol

I . 22 in 95% yield. Oxidation of the alcohd®2 under Swer#/
gated with little success (see Scheme 3). Conversion of alcoholConditions followed by addition of ethvimaanesium bromide
12to the mesylatd 7 proceeded readily, but attempts to displace ided th d y lcohol with 3|/ gd |
the mesylate (or triflate) with iodide or cyanide ion were plrol\{ 'l? ft ese(;ciﬂ a(;chc:j o Wlé 40(1 ygrgg est stﬁrep (I:;)ntro
unsuccessful presumably because of the adverse inductive effe hIS alr:] d 6:)\;%12 exzmSISel i;ein:jsi(c)g?[e 'zhlgt chglz;)t\i/grr]acgrﬁrol. is
of the adjacent ring oxygen and the steric effect of the adjacent Lo .
TBS ethtjar Directgcon>\l/gersion of the alcoht to iodide 139 apparently limited inci-alkoxyaldehydes where the chelating

also proceeded in low yield. Because of the difficulty with the ether oxygen resides in a medium ring, probably because of

. AR reduced Lewis basicity of the ether oxygen. Attempted use of
one-carbon extension at C5 and the problems gtimination diethylzinc in the presence of chiral catalysts to control the

stereochemistry at C13 was not effectif¢lowever, oxidation
of the mixture of secondary alcohol83 and 24 to the
corresponding ethyl ketone followed by Felkin-Anh reduction

23, X=H,Y=0H
24, X=0H,Y=H

1. Swern

[s)
2. L-Selectride 83%

(26) Linderman, R. J.; Siedlecki, J.; O'Neill, S. A.; Sun,HAm. Chem.
So0c.1997 119 6919-6920. Clark, J. S.; Kettle, J. Getrahedron Lett.
1997 38, 127-130. Clark, J. S.; Kettle, J. G.etrahedron Lett1997 38,

123-126.
(27) Swern, D.; Mancuso, A. J.; Huang, S.-L.Org. Cheml978 43, (28) Seebach, D.; Beck, A. K.; Schmidt, B.; Wang, Y. Metrahedron
2480-2482. 1994 50, 4363-4384.
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with L-selectridé® gave excellent stereocontrol for the desired
diastereomer24 (>95:5 diastereoselectivity). Exposure of
alcohol 24 to trioctylphosphine and CB# cleanly effected

Aldehyde28 was also converted directly to a 3:1 mixture of
E and Z enynes33 upon exposure to Wittig reageld? as
¢ . ! 1 Y e illustrated in Scheme 6. Removal of the alcohol and the
incorporation of the C13 bromide providing bromi2gin 88% acetylene protecting groups as before afforded a 3:1 mixture of
yield. E-prelaureatir84 and prelaureatii. The E-enyne was treated
With completion of the C12 side chain, attention turned once \yith tetrabromocyclohexadienone according to the procedure
again to extension of the C6 substituent (see Scheme 5). Thegescribed by Murdito produce laurallené and its bromoallene
primary TBS ether was selectively removed (HF-pyr, pyridine, diastereome85in 53% yield. The isomeric bromoallenes were
THF) in preparation for a one-carbon extension at C5. S#ern separated by HPLC to give puret)-laurallene4 and the
oxidation of26 followed by methoxymethylenation proceeded promoallene isome5. Synthetic ¢)-laurallene illustrated
in good yield to give a mixture of the vinyl ethe23 that were identical physical propertied NMR, 13C NMR, IR, [0]q) to
immediately hydrolyzed to the aldehy(@ EXpOSUre of those reported for the natural proda%t
aldehyde28 1o the ylide developed by StotkprovidedZ vinyl The first total syntheses ofH)-prelaureatin, £)-E-prelau-
iodide 29 in 70% yield. Due to the lability of the vinyl ethers  reatin, and ¢)-laurallene illustrate the efficiency and power of
27 and the aldehyd®8, it was important to process the alcohol  the asymmetric aldetring closing metathesis strategy for the
26to the vinyl halide29as quickly as possible. Rapid processing  construction of complex medium ring ethers. Both the lauthisan
led to reproducible, workable yields fro@6 to 29. The vinyl structural class such as laurencin and the laurenan structural
iodide 29 was converted to the enyi@® in 87% yield through  class exemplified by laurallene and prelaureatin are accessible
a Sonogashifd coupling with trimethylsilylacetylene. Removal  through this versatile and efficient strategy. Further application

of the trimethylsilyl andert-butyldimethylsilyl protecting groups  of the asymmetric aldetring closing metathesis strategy for
could be accomplished concomitantly witkBus;NF (THF, 0 the construction of medium rings is in progress.

°C) to give prelaureatirl, but competing elimination of the
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