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Abstract: A general synthetic strategy based upon thermally-induced Claisen ring
expansion as the pivotal step allows for rapid elaboration of the lauthisans in enantio-
merically pure condition and proper absolute configuration. The short sequence (nine
steps) constitutes a new and versatile route to naturally occurring medium-ring ethers.

As a general reaction type, the Claisen rearrangement constitutes an exceptionally
efficient bond reorganization process offering broad and versatile application to organic
synthesis., Although such transformations have been widely studied,2 only recently has its
utility for the convenient elaboration of medium-ring carbocycles been demonstrated.

Thus, Kinney, et al capftalized on the thermally induced conversion of 1 to 2 (87%) to
accomplish a short, stereocontrolled synthesis of (#)-precapnelladiene (3).38 Kang's

3b

allied route to an epoxy basmenone is equally noteworthy. In addition to the valuable

1. TSNHNH,

2. n-Bul

features usually associated with Claisen technology (viz., regiospecific allylic transpo-
sition, generation of specific olefin geometries, transfer of chirality, etc), this new

application appeared to us to hold considerable added potential. The present study demon-
strates these features within the context of concise, enantiocontrolled syntheses of cis-

(4) and trans-lauthisan (5).4

thedicated to Professor David Ollis, stereochemist extraordinaire, on the occasion of his
65th birthday.
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The isolation of structurally unusual Cys-nonisoprenoid mesocyclic ethers from vari-
ous Laurencia species as well as the opistobranch mollusks that consume these red algae
has been reported with increasing frequency during the past two decades.® The varied
biological activities of these oxygen heterocycles and their novel constitutional features
have prompted them to become attractive synthetic targecs.7'16 While 4 is the skeleton of
the marine natural product 1aurencin,17 its acquisition has often served as the testing
ground for efficient oxocane construction.ga'll'lhc

From the outset, our expectations were that the Claisen-based strategy developed in
this report would evolve as a highly flexible scheme with regard to stereochemistry and
the incorporation of needed functional groups. These added advantages stem from initial

reliance on the Sharpless epoxidation to set absolute configuration,l8

recourse to small,
conveniently available building blocks to develop structural complexity as required, and
the concomitant introduction of a double bond and carbonyl group following thermal activa-

tion.

Results and Discussion
The (3,3) sigmatropic model for mesocyclic ether construction leads one to envision
the important C-C bond forming step in the context of ring expansion of a smaller hetero-

b4e

cyclic ring.l With 3-oxocen-7-ones as initfial targets, the first synthetic task becoumes

one of galning access to 1,4-dioxanes typified by 7. Critical to the serviceability of

r — Ix

] 7
the 7 - 6 transposition was recognition that the stereochemistry at €-3 and C-6 in 7 is
not of ultimate consequence. The topological and diastereofacial features associated with
intramolecular capture of the 6-vinyl group by the exocyclic methylene was expected to be
dom{nated overwhelmingly by installation of a cis double bond within the medium ring.19
Beyond that, the stereochemistry at C-8 in 6 is ultimately subject to control by conven-
tional epimerization. In contrast, definition of configuration at C-5 in 7 (or C-2 in 6)
would be difficult to achieve by kinetic means or otherwise. Since the stereochemical
features inherent to 6 can ultimately be related to that at C-2, the need exists for
developing an approach in which this stereogenic center is defined early in an absolute
sense.

This requirement is easily met. Thus, treatment of (#)-l-penten-3-ol with cumene
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hydroperoxide and titanium isopropoxide in the presence of diisopropyl L-tartrate was
performed such that epoxidation was allowed to proceed to approximately 70% completion.
The unconsumed 8, assumed to be the R enantiomer on the strength of Sharpless’ mechanistic
patadign,2° was shown to be of 100% ee purity by 19 »R analysis of its Mosher ester?l
and that of its racemate. A change to D-tartrate would have resulted in equally facile
acquisition of the pure $ enantiomer. Consequently, the opportunity for proceeding for-
ward in either configurational series is established early and can in principle be applied
to any allylic alcohol.

Heating of the sodium salt of 8 with commercially available (+)-2-bromooctanoic acid
in tetrahydrofuran resulted in efficient conversion to 9 (90%, Scheme I). The presence of
two diastereomers was reflected in the 1H and 13 NMR spectra of 9. The configuration of
the alkoxy carbon was not affected by these conditions and, as discussed above, that a to
the carboxyl was not of long-term consequence. Accordingly, 9 was directly ozonolyzed and
the resulting aldehyde 10 was condensed with vinylmagnesium bromide without undue delay.
In this way, the possibility of unwanted enolization was greatly minimized. In fact, the
[a]D ultimately recorded for our synthetic sample of 4 showed that partial racemization

was not operative during the formation and handling of aldehyde 10.

Scheme I
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As a direct consequence of the presence of a chiral center a to the carbonyl group in
10, 1,2-addition to this functional group operated with a certain amount of stereocon-

trol.22 Acid-catalyzed cyclization of the hydroxy acids delivered 11 in 63% overall yield
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from 9 in the form of two major and two minor diastereomers. Since neither of the two new
stereochemical markers ultimately impact on the chiral integrity of the target molecules
or the efficiency with which they are produced, no attempts were made to establish with
certainty at this stage the prevailing configurational relationships.

The 1,4-dioxanone mixture was treated at room temperature with the Tebbe reagenc23 in
a tetrahydrofuran-benzene solvent system containing a small amount of pyridine. The vinyl
ether, isolated following a quench with 15% sodium hydroxide solution, required twofold
chromatography on basic alumina to rid the sample completely of organometallic impurities.
As will be discussed, failure to take this precaution eventuated in unwanted internaliza-
tion of the vinyl ether double bond. Notwithstanding the need for this precaution, the
yield of purified 12 was 65%. With the carbonyl oxygen replaced by CH,, (3,3] sigmatropy
could be performed smoothly in base-washed sealed tubes at 185 °C for 36 h. The oxoce-
nones 13 and 14 were isolated with 86% efficiency in a ratio approximating l:1.4.

Before proceeding to completion of the synthetic undertaking, it is appropriate to
examine the various steric factors at play in the Claisen transition states (Scheme II).
The assumption that a chair-like sigmatropic arrangement is adopted in all cases seems
well grounded, since to do otherwise would necessitate that the double bond in the 3-
oxocen-7-one products be trans. The added energy cost of approximately 10 kcal/mol19 for
introducing the alternative E geometry appears adequate to discourage involvement of any
boat-like option. Another less likely possible interpretation is that all or part of the
Claisen process proceeds by way of a boat-like spatial arrangement, with the E product
subsequently isomerizing to the thermodynamically favored Z form under the reaction condi-

tions.

Scheme II
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The data suggest further that the 2R,5S,6R and 2S,5R,6R stereoisomers 15 and 16 may be
channeled through manifolds in which the 1,4-dioxane ring adopts chair-like features as
well. The end result is initial production of the oxocenone in the non-extended geometry
{llustrated by 17. In the two remaining diastereomers 18 and 19, the likelihood exists
that the dioxane ring may take on boat (or twist-boat) character in order to guarantee
that the n-hexyl substituent become equatorially disposed. In 19, the ethyl group is
thereby also projected equatorially. The barrier to this conformational inversion in
simpler 1,4-dioxanes is recognized to be low.2% To the extent that these conformational
tendencies are manifested in the latter transition states, the oxocenone will be initially
formed with extended geometry as in 20.

Divergence from the normal regiochemical course of these reactions was noted under
certain circumstances and ultimately traced to the carry-through of organometallic resi-
dues from the Tebbe reaction. Although catalysis of Claisen rearrangements by Lewis acids

is a well recognized phenomenon,2e

such contaminants in the present context served to
promote internalization of the double bond as in 21 and 22 prior to the sigmatropic shift.
The acid lability of 12 allowed this proton transfer to be observed spectroscopically.
Exposure of CgD¢ solutions of 12 to head vapor from a concentrated hydrochloric acid
container triggered complete isomerization to a 1.7:1 mixture of 21 and 22 during 12 h at
room temperature (Scheme III). As expected,3 these dioxenes underwent Claisen rearrange-

ment efficiently in their own right. Dihydropyrans 23 and 24 derive from 21 and 22,

respectively, via chair-like transition states.

Scheme III
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With arrival at ketones 13 and 14, it will be recognized that two highly functional-
ized medium-ring ethers are in hand. For our present purposes, saturation of their double
bond would afford a clear route to the lauthisans. Consequently, the 13/14 mixture was
hydrogenated over 5% palladium on carbon. In order to gain relevant information on the
extent and direction of thermodynamic bias in these oxocanones, 25 and 26 were separated
gas chromatographically and individually subjected to epimerization with potassium carbon-
ate Iin methanol (Scheme IV). In light of the fact that the parent oxocane molecule pre-

fers to adopt a ground state boat-chair conformation,Sb'25

cis isomer 25 should prove
dominant because of its capacity for projecting both alkyl groups equatorially. This was
indeed the case, the 25/26 equilibrium favoring 25 by a factor of 5.6:1 at 20 °C. This
isomeric distribution is similar in magnitude to those determined earlier for 27 (cis/

trans, 8:1)16b and 28 (cis/trans, 5:1).1A°
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Removal of the carbonyl oxygen in 25 and 26 could be accomplished straightforwardly,
although the proximity of the ether linkage had to be given proper consideration. For
example, hetero atoms attached to a carbon atoms have long been recognized to be subject

26 Similar reactions occur with

to reductive elimination under Clemmensen conditions.
other reducing metals.2? Furthermore, the popular Wolff-Kishner process could also even-
tuate in irreversible ring cleavage.28 For these reasons, our attention turned to free
radical methodology, since C-O bonds do not undergo homolytic cleavage when positioned g
to an odd-electron site.>0 33
Individual lithium aluminum hydride reduction of 25 and 26, conversion of each oxoca-

nol to its xanthate, and subsequent heating with tri-n-butyltin hydride and AIBN in
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benzene34 gave &4 and 5, respectively, with comparable overall efficiencies of 82%. The
specific rotations of 4, [a]3? +14.4° (c 0.09, CHCly), and of 5, [a]32 +13.7° (c 0.18,
CHCl3), are similar in magnitude and direction. Major contribution to the molar rotation
by closely related conformations of the oxocane ring may be responsible. More relevantly,
the [a]D of our synthetic cis-lauthisan is virtually identical to the value recently
reported by Katsuki, et al [+13.9° (c 0.15, CHCly)].ll The identities of 4 and 5 were
further confirmed by direct IR and Iy mr spectral comparison with those of samples pre-
pared elsewhere by different routes.g'14

In summary, the fundamentally new approach outlined here significantly broadens the
range of precursors potentially available for assembling chiral eight-membered cyclic
ethers. More generally, the straightforward nature and brevity of the sequence provides
for the ready acquisition of target medium-ring oxygen heterocycles in either enantiomeric
series from simple allylic alcohol precursors. The various intermediates also offer
considerable latitude with which to achieve chemical diversity, making inroads to more
highly functionalized members of this class conveniently feasible. We hope to report on a

number of developments in this field at a later date.
Experimental Section

Infrared spectra were recorded on a Perkin-Elmer Model 1320 spectrometer. 1H NMR
spectra were recorded at 300 MHz, the 1H NMR spectra at 75 MHz, and the 19F NMR spectra at
250 MHz. Optical rotations were determined on a Perkin Elmer Model 241 polarimeter. Mass
spectra were obtained at The Ohio State University Chemical Instrument Center through use
of a Kratos MS-30 mass spectrometer. All solvents were reagent grade and were dried and
distilled before use. All reactions were performed under argon unless otherwise
indicated. TLC determinations were made on silica gel 60 F254 Merck plates (elution with
33% ether in hexanes); column chromatography was performed on silica gel 60 unless
otherwise indicated. The preparative GC work made use of a Varian Serles 2700 unit. The
purity of all title compounds was judged to be > 97% by TLC, GC, and 1H/13C NMR spectral

determinations.

(-)-(R)-1-Penten-3-o0l (8).35 To an oven-dried 500 mL flask was added 2.5 g of 4 R
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molecular sieves, 190 mL of dichloromethane, 1.39 g (5.93 mmol) of diisopropyl L-tartrate,
and 8.61 g (100 mmol) of l-penten-3-ol. This mixture was cooled to -5 °C, treated with
titanium isopropoxide (1.4 g, 4.0 mmol), and stirred for 30 min in order to "age" the
catalyst. Cumene hydroperoxide (36 mL of 80%, 195 mmol), previously dried over 4 A molec-
ular sieves for 30 min, was slowly introduced over 30 min., The progress of reaction,
monitored by GC (3 mm x 2.0 m 3% OV10l on 100/200 Gaschrom Q, 30 °C), was allowed to
advance to the 70% level. Quenching was accomplished by adding the cold (-5 °C) mixture
to an ice-cooled solution of ferrous sulfate heptahydrate (33 g, 0.12 mol) and citric acid
monohydrate (11 g, 0.06 mol) in water (100 mL). After filtration and extraction with
dichloromethane, the combined organic phases were concentrated and distilled (40-50 °c, 20
Torr) to give 3.0 g of an ca 1:1 mixture of cumene and l-penten-3-ol (1H NMR analysis). A
pure sample of the alcohol obtained by preparative GC (11 ft x 0,25 in. 5% SE-30 on Chro-
mosorb W, 70 °C) exhibited [a]Z? -24° (c 0.45, CHCly). The Mosher ester of this alcohol
prepared from the chloride of (R)-(+)-2-methoxy-2-(trifluoromethyl)phenylacetic acid

consisted of a single observable diastereomer when analyzed by e owr (s at § 72.59).

2-[(1-Ethyl-2-propenyl)oxyloctanoic Acid (9). To a mechanically stirred slurry of
6.90 g (162 mmol) of 60% sodium hydride dispersion (in oil) in dry tetrahydrofuran (40 mL)
was added dropwise a solution of l-penten-3-ol (4.00 g, 46 mmol) in tetrahydrofuran (40
mL). This mixture was heated at reflux for 12 h, then cooled to 0 °C. 2-Bromooctanoic
acid (10.36 g, 46.4 mmol) was introduced dropwise as a solution in tetrahydrofuran over 20
min. The reaction mixture was refluxed for 48 h and cooled to 0 °C. The mixture was then
slowly added to 200 mL of ice water. Following acidification to pH 4 with concentrated
hydrochloric acid, the product was extracted into ether. The combined ether extracts were
dried and concentrated. The residue was purified by silica gel chromatography (elution
with 20-80% ether in hexanes). There was obtained 9.51 g (90%) of 9 as a pale yellow oil;
IR (neat, cm'l) 3080, 2960, 2920, 2870, 1718, 1460, 1420, 1380, 1235, 1130, 1100, 995,
930; 1y nir (300 MHz, €DCl,) § 10.15 (br s, 1 H), 5.76-5.55 (m, 1 H), 5.26-5.14 (m, 2 H),
4.00-3.91 (m, 1 H), 3.70-3.62 (m, 1 H), 1.80-0.85 (series of m, 18 H); MS m/z MYy caled
228.1725, obsd 228.1733.

A small sample of this acid was esterified with diazomethane and the ester was
subjected to combustion analysis after preparative GC (1.5 m x 3 mm 5% SE-30 on Chromosorb
W, 150 °c).

Anal. Calcd for CIAHZGOS: C, 69.38; H, 10.81. Found. C, 69.65; H, 10.83.

When this reaction was repeated with (-)-(R)-l-penten-3-ol having 100% ee, the acid

was produced in comparable yield.
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6-Ethenyl-5-ethyl-3-hexyl-1,4-dioxan-2-one (11). Ozone was bubbled through a solution
of 9 (5.92 g, 25.9 mmol) in 300 mL of chloroform until a blue color appeared. The reac-
tion mixture was then flushed with oxygen to remove the excess ozone. Dimethyl sulfide
(50 mL) was introduced and stirring was maintained overnight at room temperature. Follow-
ing the addition of water (200 mL), the separated aqueous phase was extracted several
times with dichloromethane. The combined organic layers were dried and concentrated to
give 5.55 g (93%) of the aldehyde as a colorless oil, which was used directly without
further purification.

A magnetically stirred solution of this aldehyde (2.68 g, 11.6 mmol) in dry tetra-
hydrofuran (60 mL) cooled to -78 °C was treated dropwise with a solution of vinylmagnesium
bromide (11.6 mL of 1 M, 11.6 mmol) in tetrahydrofuran. After 30 min, an additional 23 mL
(23 mmol) of Grignard reagent was added. The resulting cloudy mixture was stirred for 1.5
h at -78 °C prior to being acidified to pH 2 with 5% hydrochloric acid, allowed to warm to
room temperature and agitated overnight. The reaction mixture was poured into water and
the aqueous layer was extracted twice with ether. The combined extracts were concentrated
and the resulting brown oil was taken up in benzene (60 mL), treated with camphorsulfonic
acid (30 mg), and heated at reflux for 2 h under a Dean-Stark trap. After solvent evapo-
ration, the residue was chromatographed (silica gel, elution with 8:1 hexanes-ether) to
give 1.74 g (63%) of a pale yellow oil consisting of two major and two minor isomers; IR
(neat, cm'l) 3060, 2940, 2840, 1740, 1455, 1420, 1370, 1340, 1285, 1210, 1100, 1040, 1000,
980, 930; 1y ar (300 MHz, CDCl;3) (one major isomer) § 6.03-5.69 (m, 1 H), 5.48-5.34 (m, 2
H), 4.65 (dd, J - 7.2, 8.2 Hz, 1 H), 4.36 (dd, J - 7.0, 12.9 Hz, 1 H), 3.50-3.44 (m, 1 H),
2.17-1.11 (series of m, 12 H), 1.04-0.95 (m, 3 H), 0.88 (t, J = 12.1 Hz, 3 H); (second
major isomer) § 6.03-5.69 (m, 1 H), 5.48-5.34 (m, 2 H), 4.73-4.69 (m, 1 H), 4.32-4.26 (m,
1 H), 3.83-3.67 (m, 1 H), 2.17-1.11 (series of m, 12 H), 1.04-0.95 (m, 3 H), 0.88 (t, J =
12.1 Hz, 3 H); MS m/z (M*) calcd 240.1725, obsd 240.1718.

Anal. Calcd for C14Hp403: C, 69.96; H, 10.06. Found: C, 69.66; H, 10.25.

6-Ethenyl-5-ethyl-3-hexyl-2-methylidene-1,4-dioxane (12). The Tebbe reagent was
prepared by adding titanocene dichloride (6.00 g, 24.1 mmol) to a solution of
trimethylaluminum in toluene (26 mL of 2 M, 52 mmol) under argon. After 48 h, all
volatiles were removed under high vacuum and the residue was dissolved in dry benzene (30
mL) .

A solutlon of 11 (250 mg, 1.04 mmol), pyridine (3 drops), and dry tetrahydrofuran (1.5
mL) in benzene (3.5 mL) was prepared under argon. The magnetically stirred reaction

mixture was cooled to 0 °C and Tebbe reagent (3 mL of 0.55 M, 1.65 mmol) was introduced
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dropwise over 1 min. After 90 min of stirring at room temperature, the solution was
cooled to 0 °c, quenched with 15% sodium hydroxide solution (0.6 mL), and diluted with
ether (50 mL). The resulting slurry was filtered and concentrated to leave a residue that
was chromatographed twice through basic alumina (activity II) using petroleum ether as
eluant. There was obtained 160 mg (65%) of 12; IR (neat, cn'l) 3070, 2950, 2920, 2860,
2840, 1655, 1645, 1460, 1420, 1375, 1320, 1270, 1120, 1090, 1060, 1020, 985, 925, 840; 1y
NMR (300 MHz, C¢D¢) 6§ 6.30-5.92 (m, 0.5 H), 5.71-5.59 (m, 0.5 H), 5.31-5.03 (m, 2 H),
4.71-4.62 (m, 1 H), 4.26-3.86 (m, 3 H), 3.70-3.65 (m, 0.21 H), 3.60-3.55 (m, 0.39 H),
3.52-3.45 (m, 0.23 H), 3.26-3.19 (m, 0.17 H), 1.97-0.74 (series of m, 18 H); 3¢ o (75
MHz, C¢Dc) ppm 159.69, 159.14, 157.92, 157.58, 134.91, 134.87, 133.89, 133.74, 118.97,
118.42 (2 ¢), 118.12, 91.70, 91.19, 90.73, 90.70, 83.00, 82.29, 80.44, 80.19, 80.02,
78.79, 75.46, 74.85, 72.70, 72.67, 72.42, 71.44, 32.97, 32.53, 32.36, 32.31, 32.25 (4 C),
29.69, 29.64, 29.53, 29.41, 26.00, 25.87, 25.68, 25.48, 24.95 (2 C), 24.53, 24.43, 23.05
(3 C), 22.60, 14.29 (4 C), 10.08, 9.97, 9.78 (2 C); MS m/z (M') calcd 238.1933, obsd
238.,1937.

Thermal Isomerization of 12. A solution of 12 (602 mg, 2.53 mmol) in benzene (80 mL)
was placed in a base-washed heavy-walled glass tube, sealed under vacuum, and heated at
185 °C for 36 h. The resulting yellow solution was concentrated and the residue was
chromatographed on silica gel (elution with hexane-ether, 5:1) to give 515 mg (86%) of a
1:1.43 mixture of the cis 13 and trans 14 isomers. Preparative GC separation of this
mixture (1.5 m x 3 mm 5% SE-30 on Chromosorb W, 175 °C) gave the individual isomers as
colorless liquids.

For 13: IR (CHCl,, cm'l) 3000, 2960, 2930, 2870, 2860, 1700, 1460, 1420, 1400, 1380,
1330, 1220, 1125, 1115, 1090, 1000, 915; 1y mr (300 MHz, CDCl,) 6 5.78-5.68 (m, 1 H),
5.42-5.37 (m, 1 H), 3.86-3.81 (m, 1 H), 3.58 (dd, J = 3.0, 9.5 Hz, 1 H), 3.53-3.39 (m, 1
H), 2.93-2.74 (m, } H), 2.41-2.30 (m, 1 H), 2.04-1.94 (m, 1 H), 1.77-1.27 (series of m, 12
H), 0.98 (t, J = 14,7 Hz, 3 H), 0.89-0.83 (m, 3 H); L3¢ mr (75 MHz, CDCl,) ppm 216.40
131.54, 129.01, 88.30, 83.35, 40.00, 33.44, 31.65, 29.19, 28.91, 25.60, 22.56, 22.17,
14.04, 10.34; MS m/z (M*) calcd 238.1933, obsd 238.1933.

For l4: IR (CHCl,, cm'l) 3000, 2960, 2930, 2880, 2860, 1700, 1460, 1420, 1395, 1380,
1350, 1330, 1220, 1160, 1125, 1110, 1075, 1000, 910; 1y or (300 MHz, CDCly) 6§ 5.99-5.71
(m, 1 H), 5.34 (dd, J = 3.8, 10.6 Hz, 1 H), 4.31-4.30 (m, 1 H), 3.80 (dd, J = 5.5, 7.8 Hz,
1K), 2.99-2.82 (m, 2 H), 2.52-2.38 (m, 1 H), 2.35-2.24 (m, 1 H), 1.76-1.26 (series of m,
12 H), 0.95 (t, J = 14.7 Hz, 3 H), 0.86-0.73 (m, 3 H); 3¢ NMR (75 MHz, CDCl;) ppm 216.20,
133.16, 130.92, 79.20, 75.90, 41.67, 32.27, 31.64, 29.14, 27.06, 25.52, 22.72, 22.55,
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14,04, 10.26; MS m/z (M ) calcd 238.1933, obsd 238.1933.

Anal. Caled for CygHpe0,: G, 75.58; H, 10.99. Found: ¢, 75.57; H, 11.00.

When the analogous reaction was performed on enantiomerically pure material, the
purified cis and trans ketones exhibited [a]%5 values of +63° (c 0.46, CHCl,) and -179° (e

0.38, CHCl3), respectively.

Acid-Catalyzed Isomerization of 12. A solution of 12 (74.4 mg, 0.312 mmol) in
benzene-dg (0.5 mL) was placed in an NMR tube into which a small amount of vapor from the
air space inside a container of concentrated hydrochloric acid was introduced by means of
a pipette. The isomerization to 21 and 22 was complete after 12 h at room temperature.
The solution was filtered through a plug of activity III basic alumina and concentrated to
give 74 mg (100%) of a 1.7:1 mixture of 21 and 22; IR (neat, cm'l) 3140, 3060, 2910, 2860,
2840, 1700, 1455, 1370, 1240, 1210, 1060, 980, 920; 1y ar (300 MHz, CDCl,y) (trans-21) &
5.90-5.74 (m, 1 H), 5.41-5.23 (m, 2 H), 4.00-3.95 (t, J = 13.9 Hz, 1 H), 3.45-3.39 (m, 1
H), 2.08-2.00 (m, 2 H), 1.76 (s, 3 H), 1.73-1.28 (series of m, 10 H), 1.06-0.86 (series of
m, 6 H); (cis-22) § 5.90-5.74 (m, 1 H), 5.41-5.23 (m, 2 H), 4.34-4.31 (m, 1 H), 3.75-3.70
(m, 1 H), 2.08-2.00 (m, 2 H), 1.75 (s, 3 H), 1.73-0.86 (series of m, 16 H); MS m/z (M+)
calcd 238.1933, obsd 238.1923.

Claisen Rearrangement of 21/22. A solution of the 21/22 mixture (74.4 mg, 0.312 mmol)
in benzene (15 mL) was placed in a heavy-walled glass tube, sealed under vacuum, and
heated at 185 °C for 28 h. The resulting yellow solution was concentrated and the residue
was chromatographed on silica gel (elution with ether-hexanes, 1:8) to give 59.1 mg (79%)
of a 2:1 mixture of 23 and 24. Careful rechromatography (silica gel, same eluant)
resulted in clean separation of 23 from 24.

For 23: colorless oil; IR (neat, cm'l) 3070, 2940, 2905, 2850, 2840, 1715, 1650,
1450, 1410, 1370, 1345, 1250, 1210, 1130, 1105, 1050, 910; ly ow (300 MHz, CDCl3) § 5.50-
5.45 (m, 1 H), 5.36-5.32 (m, 1 H), 3.91-3.88 (m, 1 H), 2.16 (s, 3 H), 2.12-1.08 (series of
m, 14 H), 0.96-0.91 (t, J = 14.7 Hz, 3 H), 0.88-0.47 (m, 3 H); L3¢ mm (75 MHz, CDCl,) ppm
213.74, 129.04, 122.50, 81.66, 69.95, 32.91, 31.65, 31.26, 29.62, 29.28, 25.96, 23.40,
22,54, 13,97, 9.37; MS m/z (M') caled 238.1933, obsd 238.1978.

Anal. Caled for CisHpg0p: C, 75.58; H, 10.99. Found: C, 75.52; H, 11.02.

For 24: colorless oil; IR (neat, cm'l) 3020, 2940, 2900, 2850, 2830, 1712, 1450,
1370; 1y aw (300 MHz, C¢D¢) 6 5.74-5.68 (m, 1 H), 5.41-5.36 (m, 1 H), 4.04-4.01 (m, 1 H),
2.82-2.73 (m, 1 H), 2.03 (s, 3 H), 1.94-1.84 (m, 2 H), 1.67-1.03 (series of m, 11 H),
1.02-0.97 (t, J = 19.7 Hz, 3 H), 0.96-0.35 (m, 3 H); L3¢ mr (75 MHz, CDCly) ppm 211.51,



4498 L. A. PaQuertk and T. J. SWEENEY

128.36, 123.62, 82.90, 72.55, 31.57, 29.65, 28.31, 24.09, 22.81, 22.64, 22,57, 21.00,
14.08, 9.00; MS m/z (M') calcd 238.1933, obsd 238.1971.

cis- and trans-Lauthisan-3-one (25 and 26). A solution of the 13/14 mixture (57 mg,
0.239 mmol) in ethyl acetate (1 mL) containing 10 mg of 10% palladium on carbon was
hydrogenated at atmosphereic pressure for 6 h. The reaction mixture was filtered through
a Celite plug and concentrated to furnish 54.4 mg (95%) of the two saturated ketones. The
pure individual isomers were obtained by preparative GC (same column as above, 160 °C).

For 25: colorless oil; IR (CHC13, cm'l) 2985, 2910, 2840, 1695, 1445, 1425, 1370,
1340, 1320, 1255, 1215, 1185, 1150, 1090, 1040, 990, 950, 905; 1y or (300 MHz, CDCl4) 6
3.44 (dd, J = 3.5, 9.4 Hz, 1 H), 3.34-3,28 (m, 1 H), 3.01-2.93 (m, 1 H), 2.11-2.05 (m, 1
H), 2.01-1.94 (m, 1 H), 1.77-1.18 (series of m, 17 H), 0.96 (t, J ~ 14.8 Hz, 3 H), 0.88
(t, J = 13.1 Hz, 3 H); ¢ o (75 MHz, CDCl,) ppm 220.97, 86.06, 82.78, 37.60, 33.07,
31.63, 31.34, 29.33, 28.88, 27.70, 25.40, 22.53, 21.98, 14.00, 10.91; MS m/z (M") calcd
240.2089, obsd 240.2105.

For 26: colorless oil; IR (CHCl,, cm'l) 2985, 2910, 2840, 1695, 1445, 1425, 1400,
1370, 1340, 1320, 1270, 1260, 1215, 1180, 1150, 1115, 1090, 1070, 905; 1y or (300 MHz,
CDCly) 6 3.70-3.64 (m, 2 H), 2.95-2.88 (m, 1 H), 2.11-1.98 (m, 2 H), 1.85-1.80 (m, 1 H),
1.67-1.03 (series of m, 16 H), 0.92-0.82 (m, 6 H); 130 NMR (75 MHz, CDC13) ppm 221 14,
82.03, 77.43, 37.86, 32.91, 31.74, 31.60, 29.88, 29.11, 26.53, 25.50, 25.24, 22.52, 13.98,
10.89; MS m/z (M") caled 240.2089, obsd 240.2105.

Anal. Calcd for 015H2802: C, 74.95; H, 11.74., Found: C, 75.09; H, 11.74.

When the analogous reaction was performed on enantiomerically pure material, the
purified cis and trans isomers exhibited [a]%5 values of +111° (c 0.14, CHCl3) and -99° (¢

0.51, CHC13), respectively.

cis- and trans-Lauthisan-3-ol. A stirred slurry of lithium aluminum hydride (22 mg,
0.55 mmol) in dry tetrahydrofuran (1 mL) was treated dropwise with a solution of 25 (62.5
mg, 0.260 mmol) in the same solvent (1 mL) at 0 °C. The reaction mixture was stirred at
this temperature for 1.5 h prior to the slow addition of 1l:1 ether/ethyl acetate (1 mL),
1 M sodium hydroxide solution (0.2 mL), and ether (10 mL). After filtration through
Celite, the filtrate was dried and concentrated to give 57.3 mg (91%) of the stereoisomer-
ic alcohols; IR (neat, cm'l) 3400, 2940, 2910, 2840, 1455, 1370. 1110, 1080, 1060, 1020;
1h R (300 MHz, C¢Dg) § 3.55 (br s, 1 H), 3.41-3.34 (m, 1 H), 3.32-3.24 (m, 1 H), 3.23-
3.12 (m, 1 H), 2.01-1.08 (series of m, 20 H), 0.98-0.85 (m, 6 H); L3¢ mvr (75 MHz, CgDg)
(major isomer) ppm 82.29, 80.90, 70.81, 34.35, 33,65, 32.32 (2 C), 30.03, 29.23, 26.58,
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24.79, 23.06, 21.13, 14.33, 11.00; (minor isomer) 82.20, 81.73, 74.93, 35.41, 22.59, and
overlapping signals at higher field; MS m/z (M%) calcd 242.2246, obsd 242.2248.

Analogous reduction of 26 was equally efficient and gave a different pair of
diastereomeric alcohols; IR (cc1,,, cm'l) 3440, 2940, 2860, 2850, 1450, 1390, 1375, 1360,
1295, 1270, 1250, 1220, 1125, 1075, 1050, 1010, 995, 950, 910, 880, 835; Iy R (300 MHz,
CgDg) & 3.68 (br s, 1 H), 3.53-3.41 (m, 3 H), 2.28-1.11 (series of m, 20 H), 1.04-0.99 (m,
6 H); L3¢ mr (75 MHz, C¢Dg) (major isomer) ppm 80.12, 72.16, 69.80, 34.33, 33.57, 32.32,
30.09, 29.01, 28.91, 27.62, 26.51, 23.06, 19.69, 14.34, 11.36; MS m/z (M%) caled 242.2246,
obsd 242.2254. .

cis- and trans-Lauthisan (4 and 5). To a magnetically stirred suspension of 98%
sodium hydride (20 mg, 0.83 mmol) in carbon disulfide (0.5 mL, freshly filtered throught
basic alumina) was added a solution of the first epimeric alcohol pair (46.9 mg, 0.193
mmol) in the same solvent (1 mL) during 10 min. This mixture was stirred for 30 min,
treated slowly with methyl iodide (0.6 mL) during 25 min, and agitated for 38 h. The
reaction mixture was brought to 0 °C where it was quenched with saturated ammonium
chloride solution and extracted with several portions of ether. The combined organic
phases were dried and concentrated. The residue was purified by chromatography on silica
gel (elution with 8:1 petroleum ether-ethyl acetate) to give 62.8 mg (98%) of the
xanthate, which was used directly.

To a hot (80 °C) solution of xanthate (44.1 mg, 0.133 mmol) and AIBN (3 mg) in benzene
(2.5 mL) was added neat n-butyltin hydride (0.15 mL, 0.536 mmol) via syringe. The
reaction mixture was refluxed for 30 min, cooled, and concentrated. The residue was
passed through a column of silica gel (elution with petroleum ether) to give 27.5 mg (92%)
of 4; colorless oil; IR (CHCl,, cm'l) 2920, 2840, 1455, 1440, 1375, 1350, 1340, 1105,
1085, 1060, 995, 945; 1y R (300 MHz, C¢Dg) 6 3.35-3.30 (m, 1 H), 3.24-3.17 (m, 1 H),
1.83-1.29 (series of m, 22 H), 0.98 (t, J = 14.7 Hz, 3 H), 0.90 (t, J = 13.4 Hz, 3 H); 13¢
NMR (75 MHz, CcD.) ppm 80.53, 79.21, 37.40, 33.82, 33.65, 32.37, 30.18, 30.01, 27.47,
26.70, 24.34 (2 C), 23.10, 14.26, 11.05; MS m/z (M) caled 226.2297, obsd 226.2276.

Entirely comparable handling of the other diastereomeric alcohol pair gave 5 (90% for
the two steps); colorless oil; IR (CHCI3, cm'l) 2960, 2930, 2880, 2860, 1455, 1445, 1380,
1360, 1260, 1200, 1160, 1130, 1080, 1000, 910; ly NMR (300 MHz, CgDg) 6 3.59-3.52 (m, 1
H), 3.48-3.41 (m, 1 H), 1.76-1.28 (series of m, 22 H), 0.98-0.88 (m, 6 H); 3¢ MMR (75
MHz, C¢Dg) ppm 74.87, 74.17, 37.15, 32.80, 32.57, 32.32, 30.04, 29.95, 27.15, 26.52,
26.47, 26.25, 23.07, 14.34, 10.67; MS m/z (M%) calcd 226.2297, obsd 226.2296.

Anal. Cal for CysHag0: C, 79.58; H, 13.36. Found: C, 79.53; H, 13.24.
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When the analogous reaction was performed on enantiomerically pure material, the
purified cis- and trans-lauthisans exhibited [a]%5 values of +14.4° (¢ 0.09, CHCla) and
+13.7° (¢ 0.18, CHClj), respectively.
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