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CHAPTER 1

Introduction



Dkadaic acid was isolated from two kinds of sponges,

Halicondria okadai, found along the Pacific coast of Japan, and

Halicondria melanodocia, <collected in Florida Keys.l Its struc-
ture was eluciated to be 1-1 as shown in Fig 1-1 by X-ray
crystallographic analysis on the o-bronobenzvl ester. Okadaic
acld was later identified as a major toxic component isclated
from a benthic marine dinoflagellate Prorocentrum lima collected
in French Polynesia.2 A highly cytotoxic compound,
acanthifolicin 1-2 was isolated from a sponge, Pandaros

acanthifolium collected around the U. S. Virgin Islands.3 X-Ray
analysis of this compound revealed acanthifolicin 1-2 to be an
05/10R episulfide of ckadaic acid as shown in Fig 1-2.

Recently, okadaic acid 1-1 and dinophysistoxin~1 was
identified with the diarrhetic shellfish poisoning. I would like
to mention it briefly. A series of food poiscnings resulting
from eating mnmussels and scallops harvested in Tohoku district
occurred in late June of both 1975 and 1977.4 A total of 164
persons were officially documented to have suffered severe
vomiting and diarrhea. Toxicity studies revealed the presence of
an unknown fat-soluble +toxin in the hepatopancreas of the
shellfish. General aspects of the poisoning such as rezionality

in distribution of toxiec shellfish and the periodic occurrence

strongly suggest that this poisoning is associated with a touxic
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dietary plankton as in +the «case of paralytic shellfish

poisoning.5 4 search was made for a plankton which transmit a
fat-soluble +toxin to shellfish and thus lead to a new type of
shellfish poiscening. Dinoflagellate Dinophyvsis fortee was
identified as the organism which would transmit the toxin to
shellfish.6 [t was proposed to name the toxin dinophysistoxin
and the poisoning diarrhetic shellfish poisoninsg. The major
toxin involved in the diarrhetic shellfish poisoning was isolated
from the hepatopancreas of the mussel Mytilus edulis and was
named dinephysistoxin—l.7 It was also established  that
Dinophygis fortii was the progenitor of this dinophysistoxin-1.
Comparison of the toxin by various spectrometries with okadaic
acid established that dinophysistoxin-1 1-3 is 355-metyl okadaic
acid as shown 1in Fig 1-2. In addition to this identified
Di

ophyvsis fortii, Dipophvslis acumina was newly suggested as a

=]

. g . .
scurce of toxias, Toxic scallops or mussels were collected in
April when Dipophysis fortii was scarce in the sea and

Dinophysis acumina was present in the sea. And okadaic acid was
isolated from the toxic scallops or mussels, so that this result
strongly suggests the implication of okadaic acid in ‘diarrhetic‘
shellfish poisoning.

We became interested in the synthesis of this complex

molecule, and started synthetic studies in 1982,




CHAPTER II

Synthetic Strategy of QOkadaic Acid




Okadaic acid 1-1 1is a polyether carboxylic acid which
contains 38 carbon atoms backbone, 17 asymmetric centers, 4
hydroxy groups, 6 methyl groups and three olefins. Among
reported polyethers,g.okadaic acid 1-1 has a unique structures.
For example, it has two spiro fused six memberd ketal ring
systems and a trans fused tetrahydropyran rings which containes
spiro fused ketal ring system with tetrahydrofuran ring.

Synthetic analysis of okadaic acid lead us to the following
synthetic stratezies.

1) Three asymmetric centers of the spiro ketal moiety at C§,
€19 and C34 should be derived from the corresponding keto-diol
under & thérmodynamically controlled condition (anomeric
effect)‘lo

2) Pyranose sugar is to be chosen as starting materials for
the construction of the tetrahydropyran ring system in an opti-
cally active form.

3} On its acyclic part of okadaic acid molecule are there 4
asymmetric centers which should collect special attentions for
designing the synthesis of okadaic acid. Asymmetric centers at
€z, (€13, C27 and (€29 on the acyclic part are to be induced from‘
the asymmetric carbons at C4, €12, C26 and C30 on the pyranose
ring sysienm, respectively. This is a character of our

carbohydrate based synthesis, thus asymmetric centers on the
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acyclic side chain are to be diastereomerically induced from the

asymmetric centers on the carbohydrarte ring system.11 IT we
apply heteroconjugate addition methodology to the synthesis éf
okadaic acid, stereocontrol of the asymmetric center bearing
methyl group at the (29 position would be achieved by syn-
selective hetercconjugate addition as shown in Scheme 2—1.12
Stereocontrol at C13, however, demands a new methodology, thus,
anti—selective heteroconjugate addition.

5) These considerations lead us to the disconnection of
okadaic acid molecule at €14/15 and C27/28 carbon-carbon bond to
result in three hypothetical segment A ,B, and C as illrstrated
in Fig 2-1.

6) It was planned that segment A,B, C were synthesized 1in

an opticaly active form and that they are coupled in the sequence

C with B, and then with A. We choose the reaction of sulfone

carbanion with aldehyde for the coupling reactions, since it is a

very useful carbon carbon-bond formation reaction.13 The basic
plan is depicted in Scheme 2-2 involving; i) coupling of the
segment B (aldehyde) 2-2 and segment € (sulfone) 2-3, ii)
transformation of the product 2-4 to the alcohol 2-5
corresponding to (27, iii§ preparation of the segment B/C
(aldehyde) 2~7 and coupling with segment A (sulfone) 2-6, iv}

conversion of the product 2-8 to the irans olefin 2-9 corre-
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sponding to (€16 and Cl'?’14 and v) transformation of 2-9 to

okadaic acid.

12




CHAPTER III

Synthesis of Segment C




SYNTHETIC PLAN OF SEGMENT C

The segment C has the carbon backbone comprising C28 through

© (38 which involves four asymmetric centers at (29, 30, 31 and 34

of okadaic acid. 0n the basis of the discussion in chapter I,
these asymmetric centers would be controlled as follows; i)
the asymmetric center of the spiro ketal molety at C34 will be
derived from the corresponding keto-diol under thermodynamically
controlled condition due to the anomeric effect, ii) the asya-
petric center at €30 and C31 would be derived from pyranose sugar
and 1ii1) crucial synthetic step ié stereocontrol for tﬁe asym—
metric carbon at C29 on the acyclic part. The metyl group on (29
will be induced by syn-selective heteroconjugate addition to the
hetercolefin 3-1 as shown 1in Fig 3-1. The most stable
conformation of the heteroolefin 3-1 could be expected that the
bulky heteroolefin moiety of 3-1 will exist in the eclipsed form
to the C30-H. And methyl lithium would rapidly locate near the
oxygen atom by a chelation effect through a lithium cation, so
that methyl lithium would attack the hetervolefin from only one
face in which the oxygen exists. The product must be the desired

syn—-isomer 3-2.

14







SYNTHESIS OF SEGMENT C

We started the synthesis of segment C 3-2 from 2Z-acetoxy-D-

glucal 3-3 to usge its tetrahydropyrane ring for one of the rings
in segment C (Scheme 3-1). 0-Glycosidation of 3-3 with 2-
propanol in the presence of boron trifluoride etherate at roon
temperature afforded the crystalline compound 3-4. Treatment of
3-4 with He(CN)CuLiI5 in tetrahydrofuran directly gave the ketone
3—6.16 This reaction mechanism may involve the following
sequences; i) cleavage of the enol acetate ester of 3-4, ii) B-
elimination of the acetoxy moiety to give the @« ,8 -unsaturated
ketone 3-5 and

ii1} conjugate addition of Me{(CN)Culi in axial orientation to 3-
h.

Attempts to reduce the tosylhydrazone of +the ketone 3-6
under a variety of conditions including sodiun borohydrid;e,17
lithium aluminum hydride18 and catecholborane19 were fruilless,
thus, 1in each case, the reduced product was obtained only in low
yvield. Usual Wolff-Kishner reduction of the ketone 3-6 such as
heating at 160°C with potassium hydroxide afforded a mixture of
the vinyl ether 3-8 and the corresponding reduced product.20 But

we found that the reaction of +the hydrazone 3-7 with

methylsulfinyl carbanion (NaCHZSUCHB) in DMSDZ1 proceeded quite

16




smoothly ai room temperature to afford only the vinyl ether 3-8
in 74% yield.%?

The hydroxy group in 3-8 was protected as its benzyl ether
3-9. The vinyl ether moiety in 3-9 was hydrolized with a mixture
of 0.3N HC1/THF (1:5) at 55°C for 6 hr to give the lactol 3-10,
which was subsequently oxidized with bromine23 to afford the
lactone 3-11 in 52% overall yield from 3-8. Alkylation of the
lactone 3-11 with sulfone carbanion 3-12 in THF at -78°C produced
the keto-sulfone 3-12 1in 86% yield.. Reduction of the keto-
sulfone 3-13 with alumninum amalgum in aq. THF gave the  ketone
3—14,24 which was treated with pyridinium p—toluenesulfonate25 in
refluxing ethanol to afford the spiro compound 3-15 in 81%
overall yield from 3-14. The stereochemistry of the spiro center
of 3-15 was expected to be the same as that of okadaic acid due
to the anomeric effect.26 Hydrogenolysis of the benzyl group of
3-15 with Hz/palladium on carbon (107%) gave the alcohol 3-16,
which was converted into the hetercolefin 3-1 as follows; 1)
Swern oxidation of the alcohol 3-16,2? ii) condensation of the
aldehyde 3-17 with bis-{trimethylsilvl)-thiophenylimethyllithiua
[PhS(Messi)BCLi] and iii) m-chloroperbenzoic acid oxidation of
the vinyl sulfide 3-18 afforded the heterocolefin 3-1. The

heteroolefin 3-1 was obtained in 56% overall vield from 3-16.

The heteroconjugate addition of methy!l lithiumr to the spiro-

17




heteroolefin 3-1 gave the methyl adduci which was successively
treated with potassium fluoride in methanol to yield the syn-
adduct 3~2 in 89% vield. 1H Nmr (200 MHz) analysis and HPLC
analysis showed the.absence of the anti-diasterecisomer at C29.
There is an empirical rule that the 136 nmr chemical shift of the
induced methyl group appeares in a range between & 13.4 and 15.7
ppit for syn-isomer and in a range between & 16.7 and 17.4 ppm for
anti—isomer.28 The 13C ner chemical shift of the introduced
methyl group of 3-2 appeared at & 17.0 ppm. The stereochemistry
of the induced methyl group in 3-1 should be syn-isomer on the
basis of the reaction mechanism discussed above. However, the
13C nar chemical shift of the introduced methyl group in 3-1 1is
corresponding to that of anti-isomer. This may be attributed to
the interaction with ring methyl group to cause the down {field
shift of 1its chemical shift. The stereochemistry of 3-2 was
finally confirmed as syn-isomer by X-ray crystallographic

analysis as shown in Fig 3-2.

The segpment C 2-2 for okadaic acid synthesis was achieved in

16 steps in 6.6% overall yield from 2-acetoxy-D-glucal 3-3.

18
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CHAPTER IV

Synthesis of Sezment B




SYNTHETIC PLAN OF SEGMENT B

As was discussed in chpter II, the segment B in the okadaic
acid synthesis should have a carbonyl center at C27 in order to
receive the attack of a sulfone carbanion of segment C. Thus, an
aldehydic carbonyl center can be a candidate as the electrophile
at this center (see Scheme 4-1). A question ariseé that 7 , & -

unsaturated aldehyde moiety would exist without isomerization

into « , 8 -conjugare system or not. It will also lead us to another

question when the exo-olefin at C25 position should be prepared ;
pamely, before or after this coupling process. We , therefore,
determined that the C25-olefination should be carried out after
the coupling reaction . Above retrosynthetic analysis concluded
the aldehyde 4-1 as an equivalent of ségment B.

The right hand pyranosyl ring in segment B contains Tive
asymmetric centers. It is recognized as an equivalent to the C-
glycosidation product 4-2 which will be prepared from a D-glucal
derivative 4-3. Indeed, the synthesis of segment B was commenced
from D-glucose 4-4.

The stereochemistry of the spiroketal carbon at Cl19 is to be

_thermodynamically controlled from the corresponding keto-diol due

to an anommeric effect as the case in segment C.

22
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SYNTHESIS OF MODEL COMPOUND OF SEGMENT B

We started the synthesis of segment B from commercially
available D-glucal triacetate 4-3 (Scheme 4-2). C-Glycosidation
of D-glucal triacetate 4-3 with allyltrimemthylsilane and boron
trifluoride etherate sgave a mixture of 4-5 and its iscmer in
16:1 ratio as an 011,29 which was hydrolized with <friethylamine
and water to afford the diol 4-6 in 89% overall yield from 4-3.
This mixture was separated in two steps, Tfirst by transformation
into the benzylidine derivative 4-7, and secondaly by crystal-

lization and re-crystallization in 80% vield. Selective

hydroboraton of the terminal olefin of 4~7 with diborane gave the

alcohol 4-8 which was protected as the benzoate 4-9. Its
benzylidene group was selectively hydrolyzed with Dowex 50U (H+)
to give the diol 4-10 in 70% yield. The diol 4-10 was epoxidized
with m-chloroperoxybenzoic acid in chloroform at 5°C in  stereo-
selective manner according toc Hemvest rule.30 The product was
again bhenzylidenated with benzaldehyde dimethylacetal in the
presence  of dl-camphorsulfonic acid to affrd 4-11. This
henzylidene group played an Important role to fix such
conformation of the tetrahydropyran ring of 4-11 that  renders

the diaxial opening of the epoxide ring at €23 with alkoxide.

24




The benzoyl group was hydrolized with sodium methoxide to afford
the alcohol 4-12 in 65% overall yield from 4-7. Swern oxidation
of this alcohol 4-12 gave the aldehyde 4-13 which was converteed
into the dimethyl acetal 4-14 with methyl orthoformate in the
presence of pyridinium p-toluenesulfonate. The diaxial opening
of the epoxide 4-14 with sodium benzyl alkoxide in N,N-dimethyl-
formamide at ?OOC gave the corresponding alcohol 4-15, which was
protected as methoxymethyl (MOM) ether 4-16 in 51% overall yield
from 4-12. The dimethyl acetal 4-16 was selectively hydrolized
in a mixture of 0.5N HC1-THF (2:7) at room temperature to afford
the aldehyde 4-17 in 98% vield.

4 model compound 4-27 of segment B involving Cl6 through C27

was prepared as follows (Scheme 4-3). The three carbon unit 4-18

was prepared from 3-chloro-propanol via i) tetrahydro-
pyranylation with dihydropyran in the presence of pyridinium p-
toluenesulfonate, ii) SN2 displacement of the chloride with
sodium benzene-sulfinate in the presence of sodium iodide in N,
N-dimethylformamide as solvent.

The sulfone stabilized carbanion of 4~18 was added to the
aldehyde 4-17, and the adduct 4-19 was oxidized with pyridinium

31

chlorochromate into the keto-sulfone 4-20. it was reduced with

aluminum amalgam in a mixture of tetrahydrofuran and water (10:1)

at 7OOC for 7.5 hr to afford the ketone 4-21. The tetrahydro-




pyrany! and benzylidene group of 4-21 was hydrolized in a
refluxing mixtu;e of methanol and aceltic acid (4:1) to afford the
triol 4-22 in 85% overall yield from 4-17. A solution of thié
product 4-22 was dissolved in methanol containing 5% acetic acid,
and it was stirred under hydrogen atmosphere in the presence of
palladium on carbon (25%) to afford the tricyclic compound 4-23.
1t was converted into 4-23 through protection-deprotection and
oxidation procedure involving 1) selective protection of the
primary hvdroxy group of 4-23 with t-butyldiphenylchlorosilane
(70% overall yield from 4*23),32 ii)  benzylation of the
secondary hydroxy group of 4-24 in 81% vield, 1iii) desilylation

of 4-25 with tetra-n-butylammonium fluoride in tetrahvdrofuran

gave the alcohol 4-26 (quantitatively),33 and iv) Swern

Oxidation of 4-26 afforded the aldehyde 4-27 in 94% yield (Scheme

4-3).

26
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SYNTHESIS OF SEGMENT B

In addition to the model system 4-27, the real segment B
system involving C15 through (27 requires an additional fragment
carbon at C15 with one asymmetric center at Cl6. Therefore, it
is necessary to synthesis a sulfone which has correct asymmetric
center at C15 and the five carbon fragment of C15 through C18.
Such a sulfone was prepared from R-butane-1,2,4-triol derivative
4-28 as shown in Scheme 4—4.34 The diol 4-28 was converted into
R-1-{benzene-sulonyl)-butane-3,4-diol 4-32 via the Tfollowing
sequence; 1) mono-tosylation of the primary hydoxy group of 4-
28, ii) SNZ displacement of the tosylate 4-29 with sodium
thiophenoxide, 1ii) m-chloroperbenzoic acid oxidation of the
sulfide 4-30 into the sulfone 4-31, and iv) hydrogenolysis of
the benzyl group of 4-31 yielded the diol 4-32. Protection of
the primary hydroxy group of 4-32 as tert—butyldiphenylsilyi
ether was followed by another protection of the secondary hydroxy
¢roup of 4-33 as ethoxy ethyl ether to give the sulfone 4-34.

Segment B aldehyde 4-43 was synthesized from this sulfone 4-
34 and aldehyde 4-17 as shown in Scheme 4-5. Addition of the
sulfone carbanion 4-34 to the aldehyde 4-17 gave the adduct 4-35

in 86Y% vield, and it was oxidized by Swern oxidation 1into the

keto-sulfone 4-37 which was reduced with aluminum amalgum into

29




the ketone 4-37 in 75% overall yield from 4-35. Tetrahydro-
pyranyl and benzylidene group in 4-37 was hydrolized in a
refluxing mixture of ethanol and acetic acid (25:2) to afford the
triol 4-38 in 60% vyield. Hydrogenolysis of the benzyl group of
4-38 with ‘Hz/palladium on carbon (25%) in a mixture of ethanol
and acetic acid afforded the tricyclic compound 4-39, which was
succesively treated with trityl chloride to afford the trityl
ether 4-40 in 79% overall yield from 4-38. Benzylation was
followed by removal of trityl group with diethylaluminum chloride
to give the alcohol 4-42 in 83% overall yield from 4*40.35

Swern oxidation of the alcohol 4-42 provided the aldehyde 4-

43 as segment B.

Synthesis of the segment B 4-43 was now accomplished in 22

steps (longest linear sequence) in 4.17% overall yield from tri-0-

acetyl-D-glucal 4-3.

30
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CHAPTER V

Synthesis of Segment A




SYNTHETIC PLAN OF SEGMENT A

The segment A has the carbon backbone comprising Cl through
€14 of okadaic acid, in which 6 asymmetric centers and Z-tri~
substituted olefin exist. Retrosynthetic analysis of segment A
5-1 led us to the two components, segment Al 5-2 and segment A2
5-4 as shown in Scheme 5-1. Our basic plan for the synthesis of
segment A is the coupling between aldehyde 5-2 (segment Al) and
lithium acetylide derived from acetylene 5-4 (segment A2)
followed by introduction of Z-tri-substitutured olefin moiety.

The segment Al will be derived from the E-ally-alchel 5-3.
The asymmetric center at C2'wou1d be introduced from that at €4
via 1,3-asymmetric induction. The tri-substituted E-allyl-
alcohol moiety in 5-3 seems to be the best choice for this
asymnmetric induction. Tetrahydropyran ring system of 5-3 will be
derived from the common intermediate 3~4 prepared for the
synthesis of segment C.

When we apply the methodology of heteroconjugate addition to
the synthesis of segment A2 (5-4), we should develop new
selectivity, anti-selective heteorconjugate addition, for the

introduction of methyl group at (I3,
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SYNTHESIS OF SEGMENT Al

We started the synthesis of segment Al from the common
intermediate 3-4 as shown in Scheme 5-2. Treatment of the enol
acetate 3—4 with 1ithium aluminum hydride in tetrahydrofuran
directly afforded the allyl-alcohol 5-6. The mechanism of this
reaction is the same as that disussed in chapter IIl, which
involves, 1) cleavage of the enol acetate ester of 3-4, 1ii)
production of the e« ,B ~unsaturated ketone 5-5 and 1iii) lithiunm
slupinum hydrdride reduction of the ketone 5-5 to afford the
allyl-alcohol 5-6. The hydride attacked the ketome 5-5 from the
less hindered side due to the steric repulsion to the isopropyl
glycoside moiety affording the equatrial isomer 5-6. Rydrogena—.
tion of the aliyl—alcohol -6 with Hz/palladium on carbon (10%)
gave the diol 5-7, which was converted into 5-10 in 83% overall
yietd from 5-6 by the following sequences; i} protection of the
primary hydroxy group with tert-butyldimetylsilyl chloride and
imidazole, 1ii) benzylation of 5-8 with benzyl bromide and sodium
hydride and 1ii) desilylation of 5-9 with tetra-n-butylammoniunm
fluoride into 5-10. Swern oxidation of the alcohol 5-10 gave thé
aldehyde 5-11 which was successively treated with triphenyl-
ethoxycarbonylethyl-phosphorane without igsolation of the aldehyde

6,37

5-10 to afford the ester 5-12 in 83% yield.3 ’ The aster 5-12
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was reduced with diisobutylaluminqm hydride to afford E-alliyl-
alcohoi 5-15.

At this stage, we explored stereoselective introduction of a
hydroxy group at €2, that is, the synthesis of the diol 5-18. We
chose oxymercuration-demercuration procedure for the introduction
of a hydroxy group at C2 position to this E-allyl-alcohol 5“15.38
We envisioned that this reaction is reglo- and stereospecific to
provide the desired isomer 5-18 as shown in Fig 5-1.
Oxymercuration reaction may proceed such a way, that is, 1}
olefin moiety of 5-15 should exist in the most  stable

conformation making the bulky E-trisubstituted olefin in the

eclipsed form to the C4-H, ii) the mercuric ion come to & near

position to this E-tri-substituted olefin by a chelation effect.

with the oxvzen in the tetrahydropyran, iii) trans addition of

water and mercuric ion to this olefin , and 1iv) demercuration

with sodium borohydride should afford the desired diol 5-18. In

fact, oxymercuration-demercuration of the E-tri-substituted
olefin 5-15 with mercuric acetate in a nixture of tetrahydorfuran

and water and then with sodium borohydride afforded the diol 5-18

stereospecifically in 86:14 ratio.

At this stage, we faced two problems. One was hydrolysis of

isopropyl glycoside moiety and the other was determination of

stereochenistry at CZ. Hydrolysis of the isopropyl glycoside B-
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18 under aqueous acidic conditions proved to be difficult. This
may be attributed to the presence of the acid labile moiety of
tert—alcohdl at €2. So, it is necessary to convert the isopropyl
glycoside moiety to some glycosidic moiety which will be removed
under a mild condition after oxymercuration step. This problen
was solved by exchanging the isopropyllglycoside group for the
chloroethyl glycoside group. This chloroethyl glycoside group
can be removed under a basic «:om:li‘tioxn.?)g Trans—-glycosidation of
5-12 in 2-chloroethano! in the presence dl-camphorsulfonic acid
save a mixture of ¢ - and £ -chloroethyl glvcoside 5-13 and 5-14
(55:45), which were reduced with diiscbutylaluminum hydride to
afford a mixture of E-allyl-alcohol 5-13 and 5-14 in 79% vield.
A portion of this mixture.waé separated by HPLC, and each isomer,
5-16 and 5-17, was subjected to the oxymercuration-demercuration
procedure. The corresponding diol 5-19 and 5-20 was cobtained in
91% and 100% vield, respectively; The diastereoselectivity was
found ‘o be enough to use this reaction, that is, 88% and 91%
diastereoselectivity to 5-19 and 5-20. Exchange of the
glycosidic molety did not cause the decrease in the selectivity
of this oxymercuration reaction.

In order to confirm the stereochemistry at (2, we mnust
prepare the authentic sample which has the known absolute

configuration, and compare the authentic sanple with the
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derivative of this oxymercuration reacton product.

The authentic 2R-5-38 and Z2S5-compound 5-24 were prepared via
2. 3-epoxides 5-34 and 5-39, respectively as shown in Scheme 5-3.
Hydrolysis of the isopropyl glycoside 5-12 with acetic acid and
water gave the lactol 5-29 which was reduced with diisobutyl-
aluminum hydride to afford the allyl-alcohol 5-30. Protection of
the alcohol 5-30 with tert-butyldimethylsilyl chloride followed
by Swern oxidation afforded the lactone 5-32. Deprotection of
the silyl group with tetra-n-butylammonium fluoride afforded the
E-tri-substituted olefin 5-33. It was epoxidized under Sharpless
asymmetric epoxidation wusing titanium{(IV) isopropoxide ([Ti(Oi-
Pr)4], L-(+)-diethyl tartrate and tert-butyl hydroperoxide to
afford the B -epoxide 5-34 excluszvely.40 Tetrahydropyranylation
of 5-34 with dihydropyran in the presence of pyridinium p-
toluenesulfonate followed by lithium aluminum hydride reduction
gave the triol 5-24. Acetylation of this triol 5-24 with acetic
anhydride  and pyridine gave the diacetate H-36.

Tetrahydropyranyl ether of 5-36 was hydrolized with pyridinium p-

toluenesul fonate in methano!l to afford the diol 5-37. Treatment

of this diol 5-37 with 2,2-dimethoxypropane in the presence of

pyridinium p~toluenesulfonate gave the ZR-compound 5-38.
Sharpless asymmetric epoxidation of 5-33 using D-(-)-diethyl

tartrate afforded the « —epoxide (5-39) and B -epoxide (5-34) in
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11:2 ratio. The low selectivity in the case of D-(-)-dlethyl
tartarate would be attributed to the preferred anti-periplanar
attack to the syn-periplamar attack of the reagent to the olefin
(Felkin-Nguen transition state model).41 The & -epoxide 5-39 was
converted into the 2S8-compound 5-44 using the same procedure
deseribed above for the preparation of 2R-compound 5-38.

The oxymercuration product (a mixture of 5-19 and 5-20) was
treated with 2,2-dimethoxypropane in the presence of pyridiniun
p-toluenesulfonate gave the acetonide 5-21. The chloroethyl
élycoside moiety of 5—21lwas converted into the sulfonylethyl
glvcoside moiety with potassium iodide and benzene sulfinic acid
sodium salt to afford 5—22< Treatment of 5-22/ with potassiun
carbonate gave the lactol 5—231 which was reduced with 1ithium
aluminﬁm hydride to give the diel 5-45. Acetylation of this diol
5-45 with acetic anhydride and pyridine gave the diacetate. The

major component of this diacetate was identical to the Z2R-

compound 5-38. This result confirmed the stereochemistry of the
oxymercuration product as to be expected one, Since three
asymmetric centers of segment Al were prepared, the

oxymercuration product was converted into segment Al.
The primary alcohol of 5-19 and 5-20 {mixture) was protected
with dihydropyrane in the presence of pyridinium p-toluene-

sulfonate to afford the tetrahydropyranyl ether 5-21 {scheme B-

42




H

EO0O 0 R
=
Me “0Bn
5-12; R= QP r
5-2%9; R=OH

5-34; R=H
5-35; R= THP

 5-39; R=H
5-40; R= THP

5~-19, 5-20

5-30: R= H
5-31, R= tBuMeZSi

) —
QBN

5-2U4; R.l'—‘ THP, RZZ H
5-36; R‘i= THP, th Ac
5-37; R.]“-‘ H, R2= Ac -

5-41; R,= THP, R,=H
5-42; R.= THP, R,= Ac’

5-217: R=
; R= CH,CH.CI

- 5-27; R= CH,CH
5-23; R= H

2SOZF’h

Scheme 5-3

43

5-44
OR OR
Me "’OBn
. 5-45; R=H
5-38; R= Ac




2. Treatment of 5-21 with potassium iodide and benzenesulfinic

acid sodium salt followed by sodium borohydride reduction gave
the +triol 5-24. Protection of the primary alcohol of 5-24 with
tert-butyldimethylsilyl chloride followed by protection of the
diol 5-25 with 2,2-dimethoxypropane gave the acetonide 5-26 in

47% overall vyield from the diol (a mixture of 5-19 and 5-20).

Removal of the silyl group of 5-26 with tetra-n-butylammonium

fluoride followed by Swern oxidation provided the segment Al
aldehyvde 5-28 in 72% overall vield from 5-26.
The segment Al aldehyde 5-28 was synthesized in 16 steps in

17% overall yield from 3-4.
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SYNTHESIS OF SEGMENT A2

The reaction of a heteroolefin such as 5-46 with methyl-
lithium always provides the syn-isomer such as 5—47.42 This
selectivity can be explained by a transition state nodel as shown
in Fig 5-2 which is the same as that disussed in chapter IIl in
Fig 3-1. In this reaction, a chelation effect of the oxygen at
o -position determines this selectivity. We envisioned that if we
synthesized a hetervolefin 5-48 which has a substitute ¥ at the
B -position, we could achieve an anti-diastereoselectivity (Fig 5-
3). When a substitute X has stronger chelation effect than that
of the oxygen at « —position, methyliithium would attack the
heteroolefin 5-48 from the side in which a substitute X exists '
as shown in Fig 5-3. Therefore, the product would be the anti-
isomer 5-49. We envisioned that free hydroxy group has a
stronger chelation effect than that of the oxygen on tetrahydro~'
pyran ring. In order to test this hypothesis, several kinds of
hetercolefins with free hydroxy groups at £ —positiops were
prepared from D-glucal 4-3. Funabashi et. al. reported that
reaction of the B -hydroxy heteroolefin 5-50 with methyllithiun
gave the anti- and syn-isomer in 48:50 ratio.43 Usually, such a
heteroolefin with no hydroxy group at B -position always affords

syn-igomer as major product. Therefore this selectivity suggests
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that B8 -chelation effect indeed exists. But this selectivity was
not enough to use this hetercolefin 5-51 as a synthetic tool.
Fortunately, an exchange of the nucleophile increased this
gselectivity. Heteroconjugate addition of methylmagnesium_bromide
to this hetercolefin 5-50 afforded the anti-isomer 5-51 as a
major product in 95:5 ratio. Such a high selectivity by methyl-
pragnesium bromide could be explained by the equilibrium as shoun
in Fig b5-4. Reaction of one equivalent of pethylmagnesium
bromide with the heteroolefian 5-50 gave the magnesium alkoxide 5-
52a. Second equivalent of gethylmagnesium bromide would cause
equilibrium between 5-52a and 5-52b. And  heteroconjugate
addition would proceed intramolecularly through such a species as
shown in B5-52b to give the anti-isomer 5-51. The reachtion
velocity of « —hydroxy hetercolefin with methylmagnesium bromide
was reported to be very slow even at high temperature; fTor
example, 23% yield at 18°C for 12 hr.44 in the case of this 8-
hydroxywheteroolefiﬁ 5750 with methylmagnesium bronide, the
reaction proceeds even ;t low temperature, that is, at ~20°C for
2.4 hr. The difference of reactivity between a —OXY and 2 -
hydroxy-heteroolefin would suggest such a mechanism and species
discussed above.

We applied this methodology to the synthesis of segment Al

as shown in Scheme 5-4. g-Glycosidation of D-glucal 4-3 with 2=
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propanal and boron triflucride etherate gave the isopropyl
glycoside 5-53. Acetyl group of 5-53 were hydrolized with
triethylanine, water and methanol to afford the diol 5-54 in 817
yield. The diol 5-54 was converted into the alcohol 5-5T7 as
follows; 1) monobenzoylation with benzoyl chloride in pyridine,
ii} protection of the.allyl- alcohol 5-54 with ethyl vinyl
ether,45 and iii) removal of the benzoyl group of 5-56 with
potassium hydroxide gave the alcohol 5-57 in 527 overall vyield
from 5-54. Swern oxidation of 5-57 followed by Peterson
olefination of the aldehyde 5-58 gave the vinylsulfide 5-59 in
52% overall yield form 5-57. The vinylsulfide 5-59 was oxidized
to the heterocolefin 5-60 with m—chloroperbenzoic acid in the
presence of aq. sodium hydrogen carbonate solution. Careful
hydrolysis of ethoxyethyl ether of 5-60 with pyridinium p-
toluenesulfonrate in a mixture of dichloromethane and 2-propanol
afforded the §8 —hydroxyfheteroolefin 5-61. Heteroconjugate
addition of methylmagnesi@m bromide to 5-61 followed by treatment
with potassiuam fluoride afforded the anti-isomer 5-62 in high 913
selectivity. At this stage, it was difficult to separate the
anti-isomer 5-62 from the correspénding syn—-isomer in a multi-
grae scale, purification procedure was aveided until the
synthesis of 5-71. Acetylation of 5-62 with acetic anhydride and

pyridine gave the acetate 5-63 in 637 overall yield from 5-59.
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Hydrolysis of 5-63 in a mixture of acetic acid and water followed
by pyridinium dichromate oxidation of the lactol 5-64 gave the
lactone 5-65 in 63% overall yield from 5"63.46 Reductive
deconjugation of 5-65 with zinc-copper couple yielded the B-7-
unsaturated lactone 5-66 in 63% yieid.47 Ozonolysis of the
olefin 5-66 followed by a work-up with sodium borohydride gave
the diol 5-67T. This diol 5-67 was successively treated with p-
toluenesulfonyl chloride and triethylamine to afford a mixture of
the +tosylate 5-68 and the epoxide 5-69. Treatment of the
tosylate 5-68 with potassium tert-butoxide gave the epoxide 5-69
in 40% overall yield from 5-66. The epoxide ring of 5-69 was
opened with lithium trimethylsilyl acetylide in the presence of
boron trifluoride etherate yielded the alcohol 5—70.48 which was
treated with tetra-n-butylammonium floride to afford  the
acetylene 5-71 in 95% overall yield from 5-69. Purification of
this acetylene with HPLC followed by protection with ethyl vinyl
ether gave the segment A2 (5-72).

Segmetnt A2 {(5-72) was synthesized in 20 steps in 2.1%

overall vield from tri-O-acetyi-D-glucal 4-3.
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SYNTHESIS OF SEGMENT A

Treatment of the segment A2 (5-T2) with 1 equivalent of n-
butvllithium genarated the corresponding acetylide, which was
reacted with segment Al (5-28) to afford the coupling product bH-
73 in 48% vield as shown in Scheme 5-5. Dxidation of 5-73 with
activé manganese(IV) oxide provided the acetylene-ketone 5-74 in
0% wvield. dddition of lithium dimethyl cuprate (MezCuLi) to
this acetylene ketone 5-T4 in ether at -78°¢ afforded the I-
olefin 5=75 in 95% yield, The purity of this geometry could not
be determined at this stage due to the presence of four possible
diastereomixtures in both tetrahydropyranyl and ethoxy ethyl
groups. However, additon of lithium dimethyl cuprate (MezCuLi}
to such an acetylenic ketone or ester wusually provides I-
olefin,49 and this was confirmed previously by a model study of
this reaction. Acidic spiroketalization with pyridinium p-
tolueneslufonate in methanol, and acetonidation with 2,2~
dimethoxypropane yielded the segment & (5-1) in 43% yield.

The synthesis of segment A was accomplished in 5 steps in

16% overall vield from segment Al 5-28.
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COUPLING REACTION BETWEEN SEGMENT C AND MODEL COMPOUND SEGMENT B

As discﬁssed in chapter 11, we started on coupling reaction
between segment B and segment C to form the carbon-carbon bond
between (27 and €28 of okadaic acid. At first, we examined the
coupling reaction between segment C (3-2) and model compound of
segmet B (4-47) as shown in scheme 6-1.

Since the aldehyde mnoiety of segment B 4-27 is axially
oriented, epimerization at (26 is to be worried to afford the
more stable equatorial isomer. Therefore, we must confirm that
no epimerization at 26 cccurred during Swern oxidation step
before +trying the coupling reaction. Reduction of the aldehyde
4-27 with sodium borohydride gave the alcohol 4-26, which was
identified as its acetate 4-28. This experiments showed that the
condition of Swern oxidation did not cause epimerization at C26.
And sodium borohvdride reduction step is equivalent to the attack
of nucleophile to the axially oriented aldehyde of segment B.
Therefore it could be expected that nucleophile of sulfone
carbanion of segment C would not cause epimerization at C26 of
segment B.

Segment C (3-2) was treated with 1 equivalent of n-bubyl-
lithium to result in the formation of its sulfone carbanion.

Reaction of this segmet € (3-2) with segment B (4-27) in tetra-
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hydrofuran at ~78°¢C gave the coupling product 6-1 in low vyield
{24%) . After many experiments to maximize the yield, it was
found that the coupling reaction smoothly proceed in a less
polar solvent. The coupling reaction in a amixture of ether and
hexane (3:2) gave 6-1 in a modest yield {66%).

The next stage of segment B/C synthesis had two éroblems.
One was induction of the asymmetrié center at C27, and the other
was preparation of the exo-methylene molety at C25.

Oxidation of the alcohol 6-1 proved to be difficult. Both
Swern oxidation and pyridinium chlorochromate were unsuccessful;
in each case, the starting material was recovered. Though
pyridinium dichromate oxidation gave the keto-sulfone, this
reaction condition caused epimirization of the axial substituent
at C26. Only Collins reagent (CrOB—ZPy) oxidation was successful
without epimerization at (26 te afford the keto-sulfone 6-2 in
69% yield.50 The keto-sulfone 6-2 was vreduced with aluminum
amalgam 1in aq; THF to the ketone 6~3 without carbon oxygen bond
cleavage at C26 in 74% vyield.

The stereochemistry in the hydride reduction of the keton 6-
3 can be expected by Felkin-Nguen transition state modei.41. The
attack of hydride to the ketone 6-3 can be postulated to occurr

from a conformation as shown in Fig 6-1. The nucleophile hydride

attacks the ketone 6-3 in an antiperiplanar arrangement with the
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most electronegative group (in this case, oxygen) at the adjacent
chiral center (C26). Thus, the stereochemistry of the product
can be expected to be desired one (6-4). Indeed, reduction of
the ketone 6-3 with sodium borohydride in ethanol at OOC for 2 hr
gave the only one isolable alcohol 6-4. The stereochemistry of
this alcohol was tentaively assigned to be 6-4. The alochol 6-4
was protected as tetrahvdropyranyl ether with dihydropyran in the
presence of pyridinium p-toluenesulfonate. Deprotection of the
benzyl group at C25 with HZ/palladium on carbon (25%) gzave the
alcohol 6-6 in 76% overall yield from 6-3. Swern oxidation of 6-
& followed by Wittig olefination of the ketone 6-7 with
methylenetriphenyliphosphorane in tetrahydrofuran gave the exo-
methylene 6—8.51 Deprotection of the tetrahydropyranyl and
methoxymethyl ether groups with pyridinium p-toluenesulfonate and
10% HC1 afforded the diol 6-10. This diol 6-10 was acetylated
with acetic anhydride and pyridine to afford the diacetate 6-11
in 14% overall yield from 6-6.

The chemical shift and coupling constant of each proten at
€27 and €26 of this synthetic substance 6-11 was found to be
identical to that of natural okadaic acid tetra-acetate methyi
ester (see Fig 6-2 and 6-3}). The stereochemistry of the
induced (27 position of 6-11 was assigned to be the same as that

of okadaic acid based on this 500 Mz 1H nar spectra, and was
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finally confirmed by the total synthesis of okadaic acidﬂ
We svnthesized segment B/C 6-11 involving C-16 through (38

in 11 steps in 3.5% overall yield from the model compound 4-27 of

segment B.
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SYNTHESIS OF SEGHENT B/C

Since we have establiished the synthetic method of segment
B/C wusing model compound 4-27 of segment B, we applied this
method to the synthésis of segment B/C involving Cl4 through (38
of okadalic acid as shown in Scheme 6-2.

Segment B 4-43 was reacted with segment C under the condi-

tion identical to that of model compound 4-27 to afford the

coupling product 6-12 in good yield (92%). Collins reagent
(CrBB-ZPy) oxidation of 6-12 followed by reduction of the keto-
sulfone 6-13 with aluminum amalgam gave the ketone 6-14. The

ketone 6-14 was reduced with sodium borohydride in ethanol at40°c

for 1 hr afforded the alcohol 6-15 in 57% overall yield from 6-

12. The alcohol 6-15 was protected as tetrahydropyranyl ether
with dihydropyran in the presence of pyridinium p-toluene-
sulfonate. The benzyl group of 6-16 was removed by hydro-
genolysis with Hz/palladium hydroxide on carbon {(Pearlman’s
catalysth) to afford the alcohol 6-17 in 69% overall yield fron
6-15. Swern oxidation of the alcohol 6-17 followed by Wittig
olefination with methylenetriphenylphosphorane in tetrahydrofuran
gave the exo-methylene 6-19 in 79% overall yield from 6-15.

At this stage, we had the best chance to exchange the
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protecting groups at (24 and C27 for the protecting groups which
could easily be removed uhder a mild condition at the final stage
.of okadaic¢ acid synthesis. We chose benzyl group for this
purpose. The reason of this choice will be discussed in chapter
VII. Both tetrahydropyranyl and methoxymethyl ether group of 6-19
were removed at a time with trimethylsilyl bromide at -26°C in
dichloromethane,53 and the resulting two hydroxyl groups of 6-21
were re-protected with benzyl bromide and sodium hydride to
afford the di-benzyl ether 6-22.

Removal of the tert-butyldiphenylsilyl group of 6-22 with
tetra-n-butylammonium fluoride gave the alcohol 6-23 in 50%
overall yield from 6-19. Swern oxidation of the alcohol 6-23
afforded the B/C segment aldehyde 6;24 which was immediately usedr
in the next coupling reaction with segment A.

Segment B/C 6-24 was synthesized in 11 steps in 14.3%

overall vield from segment B (4-23}.
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COUPLING REACTION BETWEEN SEGMENT B/C AND SEGMENT A

The species used in the second coupling reaction are sufone
carbanion 5-1 and aldehyde 6-24, both of which are the same
species as that wused in the first coupling reaction (sulfone
carbanion 3-2 and aldehyde 4-43). Therefore, condition which was
used in the first coupling reaction was applied to the sécond
coupling reaction (Scheme 6-3). Sulfone carbanion of segment A
generated with n-butylliithium did nolt react with segment B/C
aldehyde 6-24. Btilization of strong base, either sec- or tert-
butyllithium, was  necessary Tfor the generation of segment A
sulfone carbanion which reacts with segment B/C aldehyde. The
sulfone carbanion of segment A (5-~1) generated with sec-butyl-

lithium was mixed with segment B/C {(aldehyde 6-24) in a mixture

of tetrahydrofuran and hexane (1:1) at —TSOC for 20 min to afford

the coupling product 6-25 as diastereomixtures. The yield of
this coupling reaction could not correctly be estimated, because
separation of the product 6-25 from segment &4 (5-1) was very
difficult due to the similar Rf value on TLC. In this coupling
reaction, we utilized 6 equivalents of segment A fo segment B/C.
But segment B/C remained unchanged and 67% of segment B/C was

recoverd from the reaction mixture. We envisioned that it could
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6-27

Scheme 6-3
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be attributed to the low reactivity of the segment A sulfone
carbanion. To increase the reactivity of segment A sulfone
carbanion, we used two equivalents of t-butyllithium to generate
the dianion of segment A.54 However, elimination of the benzyl
group or fragmentation of the ring system occurred, and we could
not increase the reactivity of segment.A. This coupling reaction
step has now been under investigation.

The alcohol 6-25 was acetylated in a mixture of acetic
anhydride and pyridine at 55°C overnight to afford the acetae 6-
26. This acetate 6-25 was successively treated with sodium-
amalgam in a mixture of ethyl acetate and methanol to afford the
trans-olefin 6-27 in 25% overall yield from 6-23. This synthetic
compound 6-27 was found to be identical with that derived from
natural okadaic acid in comparison with spectroscopic (500 Hhz
nnr) and TLC data. The 500 #Hz 1H nmr spectra of synthetic and

natural compound 6-27 ameasured in C are illustrated in Fig 6*4‘

66
and 6-5 (& 1.00(3H, 4, J=7), 1.02(3H, d, J=7), 1.13(3H, d, J=7),
1.43(3H, s), 1.49(3H, s), 1.52(3H, s), 1.53(3H, s), 3.27(H-T, dd,
J=12, 4), 3.41(#-30, dd, J=10, 2), 3.61(H-33, dd, J=11, 4),
3.68(H-4, ddd, J=11, 7., 3), 3.76(H-38, ddd, J=13, 11, 3), 3.86(H-
1, d, J=9), 3.88(H-22), 4.01(H-27, 4dd, J=10, 8, 2), 4.05(H-23,
t, J=10), 4.11(H-1, d, J=9), 4.1(H-12), 4.21(H-24, d, J=10),

4.36(10, 4, J=13), 4.41(H-26, d, J=8), 4.49(1H, d, J=13),
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4.56 (14, d, J=11), 4.73(H~16, q, J=7), 4.84(1H, d, JI=11),
4.86(1H, 4, J=13), 4.95(1H, d, Jd=13), 5.01(1H, brs}, 5.30(#-9,
brs), 5.64(1H, dd, J=16, 7), 5.69(1H, t, J=2), 5.95(1H, dd, J=16,
831.

At this stage, we succeeded in the synthesis of the molecule
6-27 which has 17 asymmetric centers and 38 carbon backbone

identical to that of okadaic acid.
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CHAPTER VII

Total Synthesis of Okadaic Acid




As described in chpater VI, we succeeded in the coupling

reactions and obtained the molecule 6-27 with 17 asymmetric
ceniters and 38 carbon backbone identical to that of okadaic acid.
Thus, only two problems remained for the total synthesis of
okadaic acid. One is removal of protecting group and the other
is conversion of the 1,2-diol to the «a -hydroxy-carboxylic acid
moiety.

At the final stage of natural product synthesis, we are
often confronted with some difficulties in removing protective
groups. Therefore, it is necessary to choose such a protective
group that can be removed under a mild condition. Since benzyl

group is stable to a variety of acidic or basic conditions and

can be easily removed with lithim metal or sodium metal in liquid

ammonia, we chose the benzyl group as protecting group. This
protective group will be removed with lithium metal inm liquid
ammonia_at the final stage of okadaic‘acid synthesis.

Okadaic acid has four carbon atoms, each of which attaches
both oxygen atom and double bond, and such a moiety is often
hydrogenolized with lithium metal. Therefore, we must confirm
such a condition of debenzylation without undesirable hydro4
genolysis of okadaic acid molecule. For this purpose, natural
okadaic acid derivatives which have benzyl groups were

synthesized and the condition of debenzylation was examined as
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shown in Schepe 7-2.

Benzylation of natural okadaic acid (1-1) with benzyl
bromide and sodium hydride gave the tribenzyl okadaic acid 7-6.
Treatment of 7-6 with diazomethane in methanol afforded the
methyl ester 7-6 which was reduced with lithium aluminum hydride
to afford the diol 7-4. The diol 7-4 was converted into the
tribenzyl acetonide derivative 6-27 with 2,2-dimethoxypropane and
pyridinium p-toluenesulfonate. We examined the condition eof
debenzylation on 6-27 and 7-6 with lithium metal in 1liquid
ammonia. Indeed, the wuse of excess lithium metal caused the
cleavage of the C-0 bond at C16. We nmust use a limited amount of

lithium metal for debenzylation. Indeed, treatment of either 6-

27 or 7-6 with a limited amount of lithium in a mixture of liquid

ammonia and ethanél (7:3) at -78°C gave the debenzylated product
6-27 or 1-1 without carbon-oxygen bond cleavage at C16. So, we
chose the benzyl group for the protection of hydroxy sgroups at
the final stage of ckadaic acid synthesis. As described in
chapter V and VI, three hydroxyl groups at (7, 24 and 27 were
protected or re-protected as benzyl ether.

The final problem for okadaic acid synthesis is conversion
of the i,2~di01 into « -hydroxy-carboxylic acid. At first, oxida-
tion of the model compound 5-18 was examined (scheme 7-1). It is

well known that oxidation of the diocl, such as 5-18, caussd
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carbon-carbon bond cleavage teo afford the keton 7—1.55 Indeed, a
variety of chromium oxidation reagent, such as pyridinium
dichromate, Jones oxidation or pyridinium chlorochromate gave
56 .
only ketone 7-1. Corey reported the synthesis of a -hydroxy
ketone without carbon-carbon bond <cleavage with N-chloro-
succinimide and thicanisole that is a modification of DMSO
0xidatian.57 Therefore, we tried a variety of DMS0 oxidations
and found that DMSO oxidation using sulfur trioxide pyridine
58

complex gave only e« -hydroxy-aldehyde 7-2.

And now one more step of oxidation 1s necessary. At this

time, such an exanmple to oxidize « -hydroxy-aldehyde to the o -

hydroxy-carboxylic acid had not been known. We tried the mildest

oxidizing reagent, such as silver oxide.59 But the vield of this

oxidation reaction was very low (less than 20%), and the major

reaction was conversion of the aldehyde 7-2 to the ketone 7-1.

After many unsuccessful experiments, 1t was found that sodium

chlorite (NaClDz} oxidation of the aldehyde 7-2 gave only a-
hydroxy-carboxylic acid 7-3 without carbon-carbon bond
cieavage.60 This is the first example of a direct «a -hydroxy-
carboxylic acid synthesis from the 1,2-diol without protection.
Application of these reaction conditions to the diol 6-27
(scheme 7-2) led us to the first total synthesis of okadaic acid.

The acetonide 6-27 was hydrolized in a mixture of acetic acid and
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7-1

5-18

OHC

aj SOB—Py/DMSO; b) NaClO2

Scheme 7-1
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a) AcOH/THF/HZO; b) SOa—Py; c) NaClOz; d) Li/NH3/EtOH
A) PhCHzBr/NaH, CH2N2/MeOH; B) LiAIHu; C) Me2C(OME]2/PPTS

Scheme 7-2
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water at 55°C for 1.5 day to give the diol 7-4 in 63% yield.
DMSO oxidation of the diol 7-4 to the aldehyde 7-5 with sulfur
trioxide pyridine complex followed by sodium chlorite oxidation
gave the carboxylic acid 7-6 in 667 vyield. Deprotection of ‘the
benzyl ether 7-6 with 1itium metal in a mixture of liquid ammonia
solvent and ethanol as proton source (7:3) at ~78°C afforded the
totally synthetic okadaic acid (1-1) in 87% vield. 500 MHz 1H
nmr of this synthetic material measured in CDCl, was completely

3

identical with that of natural okadaic acid as shown in Fig 7-1 [

& 0.93(3H, d, J=6), 1.02(3H, 4, J=7), 1.06(3H, d, J=6), 1.37(3H,
s), 1.77(3H, s), 3.29(H-30, dd, J=11, 2), 3.35-3.62(2H), 3.55(H-
38, brt, J=11), 3.61(#-22, td, J=10, 4), 3.66(H-38, td, J=11, 3),
3.94(H-26, 4, J=10), 4.07(H-4, brt, J=11}, 4.09(H-27, t, J=10),r
4.12(H-24, d, J=10), 4.54(H-16, td, J=9, T), 5.06(1H, brs),
5.32(H-9, brs), 5.44(1H, t, J=1), 5.48(1H, dd, J=15, 9}, 5.67(lH,
dd, J=15, 9}, 5.78(1H, brs).

Total synthesis of okadaic acid was achieved in 4 steps in
36% overall yield from 6-27.

We could obtain 1.7 mg of totally synthetic okadaic acid in

totally 98 steps.
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CHPATER VIII

Conclusion




The first total synthesis of okadaic acid has finally been

accomplished in about 100 steps in total since we planned it four
years ago. During these studies were cultivated several
synthetic concepts and methodologies whiph are to be mentioned
below.

We wused D-glucose as an only starting material for the
construction of ‘tetrahydropyran ring system of okadaic acid.
Our policy of carbeohydrate-based synthesis has demonstrated that
asymmetric centers on acyclic parts are to be induced from the
asymmetric centers on the carbohydrote ring system. Indeed, four
asymmeiric centers on acyclic parts were Induced from the
asymmetric center at (-5 positon of pyranmose sugar. For this
purpose, we could develoﬁ the following new methodologies; spiro-
hetercolefin, anti-selective heteroconjugate addition and
stereoselective oxymercuration of E-allyl-alcohol. We could also
“indicate the imporﬁance of Felkin-Nguen transition state model
and chelation model. This was very important when we have
designed and predicted selectivity of reaction in acyclic
systens.

In Fig 8~1 we summarized the carbon-carbon bond formation
reactions which were used in the okadaic acid synthesis. The key
was the coupling reactions of each segment to construct a long (-

38 carbon backbone of okadaic acid. The reaction between sulfone

82




carbanion and aldehyde led us 1o the success in this key
reaction. Including coupling reactions, we tried & times of
carbon-carbon bond forming reaction among which sulfone carbanicn
was used for five different coupling steps.

At the final stage of okadaic acid synthesis {chapter VII),

we confronted a problem, that is, transformation of 1,2-diol

to a -hydroxy carboxylic acid. Such a transformaltion usually reguired

protection of hydroxy group. This protection procedure requires
o) sfeps for transformation. Eventually, we developed a direct
carboxylic acid synthesis and transformed 1,2-dicl to @« -hydrox
carboxvlic acid in only 2 steps.

Recently, two classes of new polyethers were iseclated, Tor
expanple, Brevetoxin B (8-1) and Norhalicondrin & (8-2) which
contain the common partial structures found in that of okadaic
acid as shown in Fig 8—2.61’ 62 Methodologies wused in our
synthesis could be extensively applicable to the synthesis of
these molecules.

Organic chewists will continue their efforts toward the

syntheses of natural products.
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Brevetoxin B 8-1

Norhalichondrin A 8-2
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CHAPTER IX

Experimental Section




NOTES

Melting points were determined on a hot stage melting point
apparatus. ALl nelting points and boiling points were
uncorrected.

Infrared (IR) spectra were recorded on JASCO A-3 and are
repoted in wave numver (cm_l).

Proton nuclear magnitic resonance spectra were recorded on a

JEOL FX-100, FX-200 or FX-500 spectrometer. Chemical shifts are

reported as & values in parts per million relative to tetramethyi-

silane (0.0) as an internal standard. All samples were dissolved
in CDCl3 and recorded on JEOL FX-200 unless described otherwise.

Data are reported as follows: chemical shift (intergrated

intensity, multiplicity, coupling constatns). Following
abbreviation are used for spin multiplicity: s=ginglet,

d=doublet, t-triplit, q=quartet and m=nultiplet. Coupling
constats are reported as J in Hz.

Carbon nuclear magnetic resonance (CMR) spectra were
recorded on JEOL FX-100 or FX-200 spectrometer. Chemical shift
are reported as values in parts per milllion relative to
tetrametylsilane (0.0) as an internal standard.

Optical rotations were measured in l-dm cells of 2 and 8§ al

capacity by using a JASCO MODEL DIP-4 polarimeter.
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The x-ray diffraction data were collected by use of an
automated four-circle diffractometer, Rigaku AFC-5, set on a
rotating anode x-ray gemerator, Rigaku BU-200, with a graphite
monochromated Cu radiation. ORTEP was used for drawing of the

molecular and crystal sturctures.

Elemental analyses were performed by Analytical Laboratories
at Faculty of Agriculture, Nagoya University to which the author
gratefully acknowledge.

Analytical thin—léyer chromatography (TLC) was conducted on
0.25mm pre-coated silica gel plates manufactured by E. Merck {Art
¥ 57515) and M. Nagel (Art.-Nr. 809 023). Column chromatography
were performed on silica gel supplied by E. Merck (Art § 7734)
and Fuji Davison (BW-820MH). Preparative TLC separation wuwere
méde on plates perpared with a 2mm layer of silica gel PF254
obtained from E. Merck (Art # 7747), or on plates with 0.5rnm pfe—
coated silica gel PF254 obtained from E. Merck (Art # 5744).

Reactions were run under an atmosphere of niftrogen or argon
when the reactions were sensitive to moisture or oxygen.

"Dry” solvents were dried under the following method.

ether: dried over sodium wire .

tetrahydrofuran: distilled from potassium.
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benzene: dried over sodium wire.
chloroform: dried over alumina.
methylene chloride: dried over alumina.
A1l other reactants and solvents were "reagent grade” unless
-~ described wtherwise.
HPLC separation was performed on JASCO Finepak-STL using a

" High Pressure Liquid Chromatography JASCO Twincle.
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QAc

AcO. OAc Ac N Ac
DOANE
AcO~"% AcO 3

3-3 3-4

Te & stirred solution of acetoxy-glucal 3-3 (B0 g, 0.152
mol) in benzene {200 mL) under nitrogen atmosphere was added
boron trifluoride etherate (55 alL, .45 mL), and the resulting
reaction mixture was stirred at room temperature for 10 min. The
reaction mixture was poured into saturated agqueous NaHCO solu-

tion. The aqueous solution was extracted with ether, and the
combined organic extracts were washed brine and then dried with
Na,50,. Removal of the solvent at reduced pressure gave the enol
et%er4 3-4 as a crude crystal. Recrystallization from

ether/hexane afforded the analytical sample (31.5 g,  yield
63.1%).

Y onar & 1,110, d, J=6.0), 1.18(3H, d, J=6.0). 2.02(3H. &),
3.76(1H, wn), 4.00-4.32(3H, m), 5.10(1H, s), 5.28-5.48(1H, =),
5.65(10, d. J=2.0).

(e ]D=+93.?° (c=1.00, CHCI.).

3

Found C 54.64, H 6.68; Calcd C 54.50, H 6.67, for CISHZZDS

n. p. 60-61°C.
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To a stirred slurry of cuprous iodide (2.3 2, 12.1 mmol) in
THF {20 mL) cooled to —ZDOC {(CC1 /dry ice bath) under nitrogen
atmosphere was added methyllithium (1.3 M, 18.6 mL). After 10
min, a solution of 3-4(1.0 g, 3.0 mmol) in THF (5 wl) was added
dropwise over 5 min to this rapidiy stirred solution of dimethyl-
copperlithium at —400C. The reaction mixture was quenched after
30 min by the addition of saturated aqueous NH Cl solution. The
layers were separated, and the aqueous layer (blue) was extracted
with ether. After the combined organic lavers were dried over
Na, S0 6, concentration under reduced pressure afforded the ketone
3—% (6.61 g, in 82%) as an oil. Chromatography of a portion of
this oil on 12 g of silica gel with 1:5 ether/hexane afforded the
analytical sample of the ketone 3-6 as a colorless oil.

YWoaar 5 0.980H, d, J=T), 1.18(3H, 4, J=6)., 1.29(3H, d, J=6)
2.09(3H, s), 2.18(1H, ddd, J=14, 2, 1), 2.40(1#, m), 3.01(1H, dd,
J=14, ), 4.01(1H, tt, J=6, 6), 4.1-4.2(2H, m). 4.60(lH, dad.
J=7, 5, 2), 4.69(1H, s).

IR (CHCL,) 1735cm .
(& )=+1577° (c=1.03, CHCL,).

Found C 58.9%4, H 8.19; Calcd C 59.02, H 8.20, for C12H2005.
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AcO A€ TS0
Acox/i*d/l’\o g ACO\/LO’L"O
P A

3-4 3-6

To a stirred suspension of cuprous cyanide {2.25 g, 25.1
mmol)} in THF {13.5 ml) at —ZOOC under nitrogen was added methyl-
Tithium (17.5 al, 1.25 M, LiBr complex in ether) dropwise. After
30 min, a solution of the enol acetate 3-4(1.00 g, 3.0 mmol) in
THF (5 ml) was added into the reaction mixture. After being
stirred at —200C for 3 hr, the reaction mixture was poured into
saturated agqueous NH,C1 solution, and then extracted with ether.
The combined organic layers were washed with water and brine, and
then dried over Na.50,. BRemoval of the solvent at reduced pres-
sure gave the ketone 3-6{(582 mg, 78.8%) as an oil.

92




A mixture of the ketone 3-6{(8.00 g), hydrazine monohydrate
(9.0 ml, 0.18 mol) and triethylamine (15.4 ml) in ethanol (180
ml.) was heated at SSOC overnight. Concentration under reduced
pressure followed by azeotropic removal of hydrazine monohyvdrate
with toluene afforded the crude hydrazine as an oil. This mate-
rial was used without Turther vpurifiecation. A solution of
methylsulfinylmethylsodium was prepared from sodium hydride (9.1
g, 0. mol)} and DMSD (142 ml) according to the procedure by
Corey. To this solution was added the hydrazine in DMSO (28 mlL
dropwise at room temperature to evolve nitrogen. After stirring
for 1.5 hr, +the resulting dark red solution was diluted with
saturated aqueous NH Cl solution, and extracted with ether. The
combined extracts were washed with brine, dried (Na, S0.), and

pagsed through a short column of silica gel. Evapora%io% of the
solvent under reduced pressure afforded the vinyl ether 3-8 (3.1
2) as a dark red oil. This material was used in subsequent

experiments without further purification.

1H nmr (100 MHz} & 0.96(d, 3K, J=7), 1.64{(brd, 1H, J=16), 1.
2.5(3H), 3.4-4.1(3H), 4.68(brs, 1H), 6.32(brd, 1H, J=6).
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_ | T 1
HO Bn

3-8 3-9

The alcohol 3-8 (2.83 g, 22 nmol) dissolved in THF (32 al)
was added to a suspension of sodium hydride {60% in nineral oil,
2.4 g, washed with hexane before use) in THF (73 uL) and DMF (53

al). After stirring at room temperature for 20 min, benzyl
bromide (5.0 mL, 1.9 equiv.) was added dropuise. After being
stirred for 20 h, the reaction mixture was poured into saturated
aqueous NH CI. The aqueous solution was extracted with ether, and
the combined organic extracts were washed with brine and then
dried over Na,50,. Removal of the solvent at reduced pressure

gave the benzyl ether 3-9 (5.8 g) as an o0il which was used
directly without further purification.

Yonar & 0.92(3H, d, J=7), 1.64(1H, m), 2.04(1H, brm), 1.28(1H,
ddt, J=17.6, 2), 3.46(1H, dd, J=10, 4), 3.52(1H, dd, J=10, 7),
4.08(1H, ddd, J=7. 4, 2), 4.5-4.7GH), 6.54(1H, dt, J=6, 2),
7.3(5H).
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Bnt B OH

3-9 3-10

Vinylether 3-9(5.5 g, 25.2 mmol) was heated at 550C in a
mixture of THF (240 ml), water (32 mL) and 1N HCl (14.0 mL) for
five hours. After the heating, the solution was extracted with
ether. The combined organic layers were washed with water,
saturated aqueous NaHCO. and saturated aqueocus NaCl, and then
dried over anhydrous sodium sulfate. Evaporation of the solvent
afforded the lactol 3-10(5.07 g) as an oil, which was used for
the following reaction without further purification.
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The crude lactol 3-10 (5.07g) was dissolved in DMF (54 =l )
and aqueous sodium acetate buffer (72 nl). The solution was
cooled in an ice bath and then mixed with bromine (1.8 ul).
After removing the ice bath, the reacltion mixture was stirred for
about three hours at room temperature. Solid sodium hydrosulfite
was added to decompose excess bromine until purple color of the

"reaction mixture was disappeared. The reaction mixture was

diluted with water and then extracted with ether. The comnbined
organic layers were washed with water, saturated aquecus sodium-
bicarbonate and saturated aqueous NaCl, and then dried over
anhydrous sodium sulfate. The combined extracts were concen-
trated under reduced pressure, and chromatography of the residue
(4.8 g) on silica gel (100 g) with 1:1 ether/hexane afforded the
lactone (2.94 g, 527 three steps from 3-8) as a colorless oil.

Yy nar & 0.96GH, d, J=6). 1.6-2.1(2H, m), 2.2(1H. m), 2.5(2H).
3.5-3.7(20), 4.4-4.6(3H), 8.2-8.4(5H).

IR (CHCI,) 1735¢n 1.
[ & JD=+31.4° (¢=0.90, CHCL).

Found C 71.76, H 7.70; Caled € 71.77, H 7.74, for C14H1803'
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. PthTHP
:i”f' . BnQ. 3 35 — EnO

3-11 3-12

To a stirred solution of the sulfone 3-12{(16.5 g, 55.3 mmol)
THF {200 naL) cooled to "780C was added n-butyllithiem (37 aolL,
57.4 mmol, 1.55 M soln in hexane), and the reaction gixture was
stirred at this temperature for 10 min and then at 0 € for 15
nin. The lactone 3-11 (4.04 g, 17.3 mmol) in THF (20 min) was
added to the solution of the sulfone carbanion, prepared above.
After Dbeing stirred for I hr at —?SOC, the reaction mixture was
quenched by the addition of saturated aqueous NH Cl solution, and

extracted with ether. The combined organic layers were washed
with water and brine, dried (Na 804), and concentrated under
reduced pressure. Chromatograp%y 6f this residue on silica gel

(200 g) with 1:3 {3 L), 1:1 (3 L) ether/hexane and then ether

{1.5 L) afforded the ketosulfone 3-13 (7.9 g in 86% yield) as an-

oil.
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OTHP — B0 \cj

3-15

Aluminum foil (28 g) was cut into strips, and immersed all
at once 1into a 2% aqueous solution of mercuric chloride for 30
sec. The strips were rinsed with methanol and then with ether,
and cut lmmediately with scissors. To a soclution of the ketosul-
fone 3-13 (14 g, 26.3 mmol) dissolved in THF (500 mlL) and water
was added aluminum amalgum, prepared above, and stirred vigorsus-
ly at room temperature for one day. The reaction mixture was
filtered +through a pad of Super Cell, and the filter cake was
washed with ether. The filtrate was washed with water and brine,
dried (Na S0}, and concentrated under reduced pressure to give
the ketone 3- %4 as an oil. The resulting oil (9.4 g} dissolved
in ethanol (200 nl) and 2,2-dimethoxypropane (20 mL) was refluxed
in the presence of a catalytic amount of PPTS (1.0 g) overnight.
About half of the volume of the solvent was removed by
evaporation. The resulting reaction mixture was diluted with
ether, washed with water, saturated aqueous NaHCD_ and brine,
dried (Na,. S0 ) and concentrated under reduceé pressure,
Chromatography of the residue (8.4 g) with silica zel (100 g)
with 1:15 ether/hexane afforded the spiroketal 3-15 (6.2 g in &1%
yield).

Ly nmr & 0.90(3H, d, J= 7) 1.2-2.0(100), 2.10(1H, tt, J=13, 5),
3.4-3.9(40), 4.05(1H, ddd, J=7.6.2). 4.6(2H. AB). 7.3(5H).
(a ]D=+57.7° (c=1.34, CHCL)).

Found C 74.61, H 9.01; Caled C 74.44, H 9.03, for C18H2683
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To a solution of 3-15 (ca. 6.2 g, 21.4 mmol) in ethanol (200
ml} was added palladium on carbon (10%, supplied frem HNihon
Engelhalt Company, 0.688g). The reaction mixture was stirred at
room temperature under a hydrogen atmosphere for 1.5 &, The
catalvst was then removed by filtration and washed with dichloro-
methane. Removal of the sclvent from the combined filtrates gave
the crude alcohoel 3~16 (4.9 g). This material was used Tor the
subsequent reactions without further purification.

Y nar & 0.90(34, d, J=7), 1.2-2.2(10H), 2.10(1H, tt, J=12, %),
3.4-3.8(4H), 3.92(1H, ddd, J=9, 4, 2).

IR (CHCIS) 3450cn

(e JD=+102.4° (c=0.93, CHCL,).

.03, .06; led C .97, .07, g .
Found € 66.03, H 10.06; Cale 65.97, H 10.07, for C“H20 3
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"o k\;] i;;)
o ! oHC

3-16 3-17

To a stirred solution of oxalyl chloride (5.5 wL, 155 mmol)
inodichloromethane (270 wl) was added DMSO {11 ml, 15% mmol) at -
78°C {in a dry ice-methanol bath). The reaction mixture was
stirred for 1 min and the alcohol 3-16 (4.9 g, ca. 21.4 mmol
diluted in 30 mL of dichloromethane) was added within 5 min;g
stirring was continued for an additiomal 15 min. Triethylamine
(28 wL, 201 nmol) was added and the reaction mixture was stirred
for 10 min and then allowed to warm to —ZOOC.équeous ammonium
chloride solution was then added and the aqueous layer was ext-
racted with ether. The organic layer were combined, washed
successively with agqueous saturated ammonium chloride {four
times), aqueocus saturated sodium bicarbonate and aqueous satu-
rated sodium chloride solution, and then dried over anhydrous
Na2504. The filtered solution was evaporated to dryness to give
the crude aldehyde 3-17 (5.06 g). The crude aldehyde was dried
azeotropically by evaporation of benzene solution before next
step.

Y onmr & 0.98(3H, d, J=7), 1.0-2.2(11H), 3.5-3.7(20), 4.16(1H, d,

J=3), 9.60(1H, s).
IR (CHCIB) 2720, 1735 en L.

(a])y= +42,1° (c=0.65, CHCIS);
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A solution of lithium bis-(trimethylsilyl)-phenylsulfinyl-
methylid was prepared in the following manner. A 500 mL round
bottom flask was Titted with a gas-inlet tubing connected to an
argon cylinder and the apparatus was kept under a positive pres-

sure of argon and carefully protected from moisture through the
reaction. The flask was charged with bis-{trimethylsilyl)}-phe-
nylsulfinylmetgane {13 nl, 46.3 mmol) and THF (250 ul), and was
cooled to -78 C. A solution of n-butyllithium (30 mL, 1.55 M
solution in hexane) was introduced into the flask over 5 =min.
The reaction mixture was allowed to warm to —450C in three hours,
stirred for 1 h at —450C and then warmed up to —250C in 1.5 h to
give the yellow soclution. To this solution, prepared above, was
added the aldehyde 3-17 (5.06 g, 21.4 amol, crude oil) dissoclved
in THF (20 mL) at —400C. After being stirred for 30 min at -
400C, the reaction mixture was allowed to warm *tfo OOC, was
diluted with saturated aqueous NH,Cl solution, and was extracted
with ether. The combined extracts were washed with water and
brine, dried (Na.S0,) and concentrated under reduced pressure.
Chromatography of the residue on silica gel (160 g) with 1:120
ether/hexane gave the excess reagent. Further elution with 1:10
ether/hexane afforded a 10:1 (by NMR) mixture of the Z- and E-
vinylsulfide 3-18 (4.5 g in 56% yield three steps from 3-16) as an
oil.
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3-18 3-1

To a stirred solution of the sulfide 3-18 (4.5 g, 12.0 mmol)
in dichloromethane (150 mL) cooled to OOC {ice bath) was added
MCPBA (5.7 g, 26.4 mmol) portionwise. After 30 min at OOC, the
reaction mixture was allowed to warm to rooa temperature and then
stirred for 30 min. The reaction mixture was diluted with satu-
rated aqueous NalSO, and extracted with ether. The <combined
extracts were washed with saturated aqueous sodium bicarbonate,
saturated aqueous sodium chloride and then dried over sodium
sulfate. Evaporation of the solvent afforded the hetercolefin 3-
1 (5.0g, in quantitative vyield). Recrystallization from a
rixture of ether and hexane gave the only pure Z-isomer 3-1 (3.8

g).

Iy onr & 0.34(9H, s), 0.90(3H, 4, J=7), 2.2-2.9(9H), 2.02(1H, tt,

J=13, 4), 3.00(1H, td, J=11, 3), 3.26(1H, ddd, J=11, 4, 2),
4.88 (1K, dd, J=9,3), 6.48(1H, d, J=9), 7.2-7.4(3H), 7.8-7.9(2H).

(&)= +4.0° (c=1.09, CHC1.).

D 3
Found € 61.77, H 7.86; Calcd C 61.74, H 7.89, for €, H 0 SSi.
m.p. 143-145°C.
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3-1 3-2

To a solution of the heterocolefin 3-1 (150 mg, ©0.40 mmol) in
THE (4 ml) cooled to —TSOC under nitrogen atmosphere was added
methyllithium (0.80 nL, 1.5 M solution in ether asOLiBr complex)
dropwise. The reaction mixture was stirred at -78 C for 30 min,
warmed up to -30°C in 5.5 h, and then at 0°C for 10 h. The
reaction mixture was diluted with saturated aqueous NH Cl and

extracted with ether. The combined extracts were washéed with
water and brine, dried (Na 504), and concentrated under reduced
pressure. The solution o% the residue (151 mg) in methanol (5
nl) was treated with potassium fluoride (0.12 g) at room tempera-
ture for 3 h. The solvent was removed under reduced pressure,
and the resulting residue was taken up in ether. The organic
layer was washed with water and saturated aqueous NaCl, dried:
{Na_S0,) and concentrated under reduced pressure. Prepatative

thi% %ayer chromatography of the residue (1:3 ether/hexane)
affrded the vinylsulfone (7 mg in 5.2% yield) and segment C 3-2
(125 mg in 89% yield) as white crystalls. Recrystallization of
this material from ether/hexane afforded the analytically pure
sample.

Y nmr & 0.68(30, d. J=T). 1.26(GH, d, J=7). 1.3-2.2(12).
2.84(1H, dd, J=14, 10), 3.20(1H, dd, J=14, 2), 3.38(1H, dd, J=10,
2), 3.5-3.6(2H), 7.6(3H), 7.9(2H).

B¢ amr & 10,7, 17.0, 18.7, 25.3, 26.4, 27.5, 30.1, 31.4. 35.7.
58.9, 60.5, 73.2, 95.9, 128.0, 129.3, 133.6, 139.8.

()= +21.6° (c=1.21, CHCL,).

Found C 64.89, H 7.99; Caled C 64.75, H 8.01, for C19H2804S.

m. p. 81.5-82.5°C.
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Crystallization of thisg segment C from hexane and ether gave

the suitable crystals for x-ray analysis.

Space group

Crystallographic Data

P21

a,b,c 11.889, 10.532, 7.725
a,8.r 90.008, 94.026, 90.013
y 964. 88
Z 2
dobsd 1.250
éclcd 1.212
R 0.0496
2° 126
max
NO. of non-zero unique data 1623

Crystal size

Cuk
7

0.15 x 0.15 x 0.75

1.5418
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To a solution of D-glucal 4-3 (400 g) and allyltrimethyl-
silane (370 aml) im CH.Cl_ (4.5 L) at -50°C was added boron
trifluoride etheratle (196 mE) dropwise over 30 nin. After beling
stirrgd at —SOOC for 1h, the reaction mixture was allowed to warm
to 0 C over 2.5 hr. The reaction mixture was then poured into
aquous NaHCO., and then extracted with CH_CL,.. The combined
extracts weré dried (Na.SO0.) and concentrated under reduced
pressure to afford the dlacetate 4-5 and its isomer (475.2 g,
ration 16:1) as an oil. This material was used for the subsequent
experiments without further purification.

Ynmr & 2.0903H x 2, s), 2.2- 2.6(2H), 3.95(1H, td, J=6, 4),
4.1-4.25(2H, AB), 4.29(1H, m), 5.05-5.2(3H), 5.75-6.0(3H).
IR (CHC1,) 1740 en L.
(@) = +62.3° (c=1.03, CHC1.).
D 3
Found C 61.40, #H 7.21: Calcd C 61.40, H 7.14, for C13H1805’
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To a solution of the diacetate 4-5 (475.2g) in methanol
(3.2L) was added triethylamine (650 nlL) and water (550 mL), and
the resulting solution was stirred at room temperature two over-
nights. The solvent was removed under reduced pressure to give
the crude diol 4-6 (225.4 g, vyield 89%, 2 steps) which was used
directly without further -purification.
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To a solution of the diol 4-6 (99.6 g, 0.585 mol) and di-
camphorsulfonic acid (10 g) in dichloroethane (1.2 L) was added
benzaldehyde dimethyl acetal (170 mbl, 1.01 mmol) dropwise and the
reaction mixture was stirred at room temperature overnight.
Solvent (120 ml) was removed by heating until TLC analysis showed
the absence of starting material. The resulting reaction mixture
was cooled to room temperature and then poured inte sat. NalCO
solution. The separated organic laver was dried (Na SC 7}, ang
passed through a short column of silica gel. Concentration under
reduced pressure afforded the crude crystals (251.1g).

Recrystallization of this solid from ether and hexane gave
the benzylidene 4-7 (121 g, vyield 80%) as white crystals
(needles).

Y oner 3 2.25-2.60(21), 3.62(1H, ddd, J=10, 8, 4), 3.77(1H, t,
J=10), 4.14(1H, da, J=8, 2), 4.23-4.38(2H), 5.09(1H, brs),
5.16(1H, da, J=8, 1), 5.59(1H, s). 5.76(1H, dt. J=10, 2), 5.75-
5.94(1H, n), 6.01(1H, brd, J=10), 7.3-7.6(5H).

(@)= +26.7° (c=1.725, CHCI,).

Found C 74.37, H 7.03; Calced C 74.39, H 7.02, for C16H1803'
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y-7 4-8

To a stirred solution of the diene 4-7 (180 g, 0.647mol) in
THF (2.1 L} colled teo —2506 under nitrogen atomosphere was added
borane (IM solution in THF, 260 nlL) dropwise over 20 min. After
7.5 hr at -250C, additional borane (80 nmL)} was added and then the
temperature was kept at —ZSOC for 4.5 hr.

The reaction mixture was quenched by the slow, cautious
addition of ethanol (90 nmlL), 2N NaOH ac. solution (360 al) and
30% aq. H.O solution {240 ml). The resulting nmixture was
aliowed to warm to room temperature and then stirred overnight.
Saturated ag. NaHSO solution was added until Kl-starch paper
indicated negative result. The aq. layer was extracted with
ether (x3), and the combined extracts were washed (H.0, sat.
NaCl), dried (NaZSO ), and concentrated under reduced pressure to
give the alcohol 4-§ as crude crystals (186.3 g). This material
#as successively used without further purification. recrystalli-
zation of a portion of tLhis crude crystals from ether and hexane
gave the analytically pure sample.

MWoame 5 1.5-1.9(4B), 3.45-3.73(31), 3.78(1H, t, J=10). 4.15(1H,

dq, J=8, 2), 4.22-4.34(2H), 5.59(1U, s), 5.72(iH, 4dt, J=10, 2),
5.98(1H, 4, J=10), 7.3-7.6(5H).

(o] +31.0° (e=1.05, CHCL,) .

Found C 69.62, H 7.35; Caled C 69.54, H 7.30, for 616H2004'

m. p. 80-81°¢C,
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To a stirred solution of the alcohol 4-8 (186.3 g) in
pyridine (2 L) was added benzoyl chloride (88 ulL, 0.76 mol)
dropwise. After being stirred at room temperature overnight, the
reaction mixture was diluted with CHCl, (2 L), washed with water
and dried (Na,_S0)). Removal of the solvents gave the crude
solids (281.2 g§, %hich was washed with 20:1 ether/hexane to give
the benzoate 4-9 as crude crystals (237.3 g). This material was
washed 1in subsequent experiments without <further purification.
Recrystallization of a portion of this material from hexane/ethyl
acetate afforded the analytically pure sample as a white solid.

Yy nur & 1.5-2.1(4H), 3.59(1H, ddd, J=8, 4, 2), 3.77(lH, t,
J=10), 4.15(1H, ddd, J=8, 4, 2), 4.2-4.45(4H), 5.59(1H, s),
5.73(1H, dt, d=10, 2). 5.99(1H, d, J=10), 7.3-7.6(8H), 8.0-

8.1(2H).

(@)= +11.7° (c=1.58, CHCI,).

Found C 72.68, H 6.45; Caled C 72.61, H 6.36, for C23H2405.

m. p. 83-84°C.
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4-9 4-10

A solution of the benzoate 4-9 (232.3 g} in Meﬂﬁ (2.5 L) was
stirred vigorously in the presence of Dowex 50U (H )} (35 g) at
root temperature. After stirring for 9.5% hr, the resin was
removed by filtration. The filtrate was treated with pyridine (3
mL), and the concentrated under reduced pressure to give the diol
4-10 as white solid (264.2 g). This material was used without
further purification. Recrystallization of a portion of this
solid from ethyl acetate/hexane provided the analytically pure
sample.

Yy nmr 5 1.5-2.1(4H). 2.2-2.5(2H, br), 3.53(1H, dt, J=8, 5),

3.82(2H0, 4, J=5), 4.12(1H, brd, J=7), 4.18-4.29(1H, mn), 4.37(2H,
b, J=7), 5.74-5.89(2H, AB), 7.4-7.6(3H), 8.0-8.1(2H).

(&].=-23.5° (c=1.04, CHC1.).

D 3
Found € 65.74, H 6.97; Caled C 65.74, H 6.90, for 516H2005'
n. p. 98-99°¢.
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5-10 . 4-11

To a cold solution of the diol 4-10 {264.2 g) dissolved in
CHCL, (2.6 L) was added MCPBA (80%, 150 g) portionwise at OOC and
the "solution was stirred at 50C overnight. To this reaction
mixture was added benzaldehyde dimethylacetal {150 aml)} and di-10-
camphorsulfonic acid (1.0 g), and the solvent {1.2L) was removed
by heating until the TLC analysis showed absence of the epoxy-
diol. The reaction nixture was cooled to room temperature,
washed with sat. aq. NaHCO.,, and then dried (Na,S50,). Concentra-
tion under reduced pressute afforded the crude epoxide 4-11 as
solid (402.6 g). This material was used without further purifi-
cation. The analytical sample was prepared by recrystallization
from ethyl acetate/hexane.

1H ner & 1.7-2.1(4H), 3.42(1H, dd, J=5, 3), 3.59(1H, brd, J=4),
3.67(1H, 4, J=10), 3.85(1H, td, J=9, 5), 4.02(1H, dd, J=9, 1},
4.07-4.18(1H, wm), 4.19(1H, dd, J=10, 5), 4.30-4.50(2H, AB),
5.57(1H, =), 7.3-7.6(8H), 8.0-8.1(2ZH).

(@], +37.8° (c=1.08, CHCL).

Found C 69.50, H 6.11; Calcd C 69.687 H 6.10, for C23H2406'

m. p. 123-125°C.
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4-11 4-12

To a solution of the benzoate 4~11 {(402.6 g) dissolved Iin
THF (1.5 L) and MeOH (750 ml) cooled to 0°¢C was added NaOMe
solution (100 mbL, 1.16M scolution in MeOH) dropwise, and the
reaction mixture was stirred at 5 C overnight. Addition of dry
ice and removal of the solvent afforded the resgidue. This
residue was dissolved in H.0 and the agq. laver was extracted with
ether ({(x3). The combingd extracts were dried (Na.50,), and
concentrated wunder reduced pressure to give the crude solid
(311.1 2. Recrystallization of this solid from ether/hexane
gave the alcohol 4-12 as pure white crystals (122.1 g, overall
vield 65% from 4-7).

"oaer 3 1.6-2.0(4H), 3.40(1H, dad, J=5, 3), 3.57T(1H, 4, J=
3.62-3.74(30), 3.83(1H, td, J=10, 5), 4.00(1H, dd, J=9,1), 4.04-
L1318, n), 4.18(1H, dd, J=10, 5), 4.5T(1H, s), 7.3-7.6(5H).

(e )= +49.2° (c=0.95, CHCI.).

“ 3
Found C 65.65, H 6.88: Calcd C 65.74, H 6.90, for 616H2005'
m. p. 123-124°C.
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To a stirred solution of oxalyl chloride (11 =L, 0.13 =mol)
in CH_Cl_ (380 al) cooled to —780C (dry ice/Me0H) under nitrogen
atmosp%er% was added DMSO (22 mL, 0.3 mol, distilled from Cali_ }
dropwise over 5 min. After 2 min, the alcohol 4-12 (20.0 gz, 6874
mmol} in CH.C1. {20 mlL) was added to the resulting solution.
After 10 min at =78o0C, +triethylamine wag added dropuwise. After
being stirred for 10 min, the reaction mixture was allowed to
warm slowly to UOC. Water was added, and the separated aq. layer
was extracted with ether (x3). The combined organic lavers uere
washed (sat.NH Cl, sat. NaCl), dried (Na_SO ), and concentrated
under reduced pressure to give the aldehyae 3*13 (21.8 g) as an
oil. This material was used to subsequent experiments withoutl
further purification.
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A solution of the aldehyde 4-13 (21.8 g}, (MeO)_CH (120 nL)
and PPTS (3 g) in CHZCI (400 nlL) was stirred at room temperature
overnight. The resul%ing mixture was poured into sat. NaHCO3
solution and the separated agq. phase was extracted with CHZCl
(x2). The combined extracts were dried (Na S0 ) and concentrateé
under reduced pressure to give the crude” dimethylacetal 4-14
(29.1 g) as solids. This material was used without Turther
purification. Recrystallization of a portion of +these solids
from hexane/ether afforded the analvtically pure sample.

1H omr & 1.6-2.0(4H), 3.33(3H, s), 3.34(3H, s), 3.38(1H, dd,
J=5, 3), 3.56(1K, brd, J=5), 3.65(1H, d, J=10), 3.82(1H, td, J=9,
5), 3.99(1H, dd, J=9, 1), 4.01-4.11(1H, m), 4.17(1H, ad, J=10,
5y, 4.41(1H, t, J=5), 5.56(1H, s), 7.3~7.6(5H).

(@)= +44.6° (c=0.98, CHCL,).
Found C 64.04, H 7.14; Calcd C 64.27, B 7.19, for C .H 0.
m. p. 108-110°cC.
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To a suspension of NaH (60 ¥ dispersion in mineral oil, 35
g, 0.875 mol) in DMF (750 mnl) cooled to OOC was added benzyl
alecohol {140 alL) “dropwise. The mixture was stirred at roon
temperature until the ‘evolution of hydrogen ceased and them stand
still at SOC overnight.“\\Ia/%hg supernatant of the benzyl alko-
xide solution (650 mL), prepared above, was added the epoxide
4-14 {29.1 g) in DMF (50 mL), and the resulting reaction mixture
was heated at 7OOC under nitrogen atmosphere for 3.5 hr. The
solution was cooled to room temperature and then poured into sat.
NH €1 solution {800 mL). The aq. phase was extracted with ether
(x3).,  The combined extracts were washed (H_ 0, sat. NaCl), dried
{(Na,.S0,), and concentrated under reduced pressure. Removal of
the” excess benzyl alcohol under high vacuum afforded the curde
oil. Chromatography of this oil on silica gel (250 g) with 1:3
ether/hexane afforded the product 4-15 (15.5 g, 51% overall yield

from 4-12) as a white solid. Recrystallization of a portion of
this solid from ether/hexane provided the analytically pure
sample.

Ly nmr &  1.5-1.8(4H, m), 2.2-2.4(1H, m), 3.11(6H, s), 3.55(1H, d,
7=3). 3.77(1H, t, dJ=10), 388-4.15(3H, m), 4.20-4.33(2H, m),
43810, ., J=6). 4.38(1H, t, J=6), 4.53-4.67(2H, AB), 5.64(lH,
s), 7.25-7.55(10H). |

8]
(g ]D— +26.7 {ec=1.17, CHC]B).
Found C 67.55, H7.11; Caled € 67.55, H 7.26, for C,.H, 0.
n. p. 88-89°C.

115




BnO. A ‘\\OYPh BnO A \\\\'Oth
0 » ' ©
o : o]
MeO OMe MeD OMe
b-15% h-16

To a suspension of potassium hydride {35%, dispersion Iin
mineral oil, 14.2 g, 124 mmol, washed with hexane before use) in
DMF (380 mL) was added the alcohol 4-15 (15.5 g, 28.9 mmol) in
DMF (20 ul) dropwise over 5 min. After being stirred at room
temperature for 10 min, chloromethyl methyl ether (7.0 mL, 92.%6
mmol) was added dropwise. A slight exothermic reaction was
observed. The reaction mixture was stirred at room temperature
for 30 min, poured into H. 0, and then extracted with ether {x3).
The combined organic laverS were washed (H_ 0, sat. NaCl), dried
(Na S0 .), and then concentrated under rediiced pressure to afford
the me%hoxymethyl ether 4-16 (16 9 g, quantitatively) as an oil.

\
|
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A& solution of the dimethyl acetal 4-16 (2.4 g) dissolved 1in
a mixture of THF (70 mL) and 0.5N HCl (20 nlL) was stirred at room
temperature for 3 hr. The solution was poured into sat. NaHCD
solution, and then extracted with ether (x3). The extracts were
washed (H_0, sat. KNaCl}, dried (NaZSG ) and concentrated under
reduced pressure to give the aldehyde 4—%7 (2.14 g, yield 98%) as

an oil. This material was promptly subjected to subsequent
reactions without further purification.
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8-17 4-19; R=S0,Ph, X=H, OH
' 4-20; R= SO0

2Ph, Xf Q

1) To a solition of the sulfone 4-18 (3.00 g, 11 mmol) in
THE (70 ml) cooled to —TSOC under nitrogen atmosphere was added
n-BuLi [1.6 M solution in hexane, 5.4 ml, 8.6 mmol) dropuwise.
After stirring at —7806 for 30 min, the aldehyde 4-17 (2.14 &,
4.1 mmol) in THF (7 nL) was added, and the stirring was continued
for 30 min. Saturated NH Cl solution was added and the separated
aqueous layer was extrac%ed with ether (x3). The extracis were
washed (B .0, sat. NaCl), dried {(Na, S0 ) and concentrated under
reduced pressure to give Lhe residue %5.% g). '

2) This residue was dissolved in CH_C1, (90 nl), and sodium
acetate (2.5 g) and PCC (3.3 g) was addeg, 2 After stirring at
roon temperature for 2 hr, the reaction mixture was diluted with
ether and then filtered through a pad of Super Cell. The
filtrate was washed (sat. NaHCO., H_D, sat. NaCl), dried
{Na_S0 ), passed through a short co%umn of silica gel to remove
the™ trace of chronium species. Concentration under reduced
pressure gave the keto-sulfone 4-20 (4.9 g). This material was
used without purification.
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4-21; R= H, X=0

1} To a solution of the keto-sulfone 4-20 {crude 4.9 g, 4.1
amol)} in a mixture of THF (150 nL} and H.0 (15 mlL) was added Al-
Hg {prepared from aluminium foil 4.4g according to the procedure
described before). After stirring at 700C for 7 hr, the sclition
was diluted with ether and filtered through a pad of Super Cell.
The filtrate was washed (H. 0, sat. NaCl), dried (Na 804) and
concentrated under reduced pressure to give the residue™{(3.8 g).

2) The residue was dissolved in a mixture of MeOH (60 al)
and AcOH (15 ml), ~and refluxed for 3 days. Concentration under
reduced pressure followed by chromatography {(silica gel 30 g) of
the residue with 1:1 ether/hexane (120 mL), ether (480 anl) and
10% MeOH in CH_Cl,_ affored the triol 4-22 (1.44 g, overall yield

85% from 4-17)? 2
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A solution of the triol 4-22 (1.37 g, 3.3 mmol) in MeOH (40
ml) and AcOH (2 mL) was stirred vigorously under a hydrogen
atmosphere in the presence of palladium (25% on the carbon, 1.0

g). After stirring for 5 hr, the reaction mixture was filtered
through a pad of Super Cell and concentrated under reduced
pressure to give the diol 4-23 (1.19 g). This naterial was used

without purification.
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4-24; R = "BuPh,Si, R,= H

1

Te a solution of the diol4-23 (0.70 g, 2.3 =mmol) and
imidazole (0.55 g, 8.1 mmol) dissolved in DMF (20 ml) was added
tert-butvldiphenyl silylchloride (1.1 mL, 4.0 mol) dropwise over

dhy. After stirring at room temperature for 5 hr, the reaction
mixture was poured into H_ 0, and the separated aq. layer was
extracted with ether (%3). The extracs were washed (H_ 0, sat.

NaCl), dried (Na,.50,) and concentrated under reduced pressure.
Chromatography (silica gel 20 g) of the residue with 1:3 and 3:1
ether/hexane gave the silyl ether 4-24 (0.87 g, vield 70%).
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4-24 4-25
R= SithBut

Te a solution of the alcohol 4-24(0.30 g, 0.55 mmol) inm THF
(10 anL) was aded NaH (60% oil dispersion, 50 mng, 1.25 Mol )

portionwise. After stirring at room temperature for 5 min,
benzyl bromide (0.15 mL, 1.26 mmol) and DMF (1 ml) was added and
the stirring was continued for 3 hr. The soclution waz poured

into sat. NH Cl solution and the ag. layer was extracted with
ether {x3). %he extracts were wagshed (H. 0, sat. NaCl), dried
(Na_S0 .} and concentrated under reduced pressure. Chromatography
(si%icg gel 10 g) of the residue with 1:15 and 1:3 ether/hexane
afforded the benzyl ether 4-25 (283 mg, yield 81%).

1H pmr & 1.00(8H, s), 1.5-2.0(8H), 3.21(1H, td, J=10, 4}, 3.7~
4.2(9H), 4.60-4.82(2H, AB), 4.76(2H, s), 7.2-7.7(15H).

4]

(o ]D= 5.5 {¢=1.5%9, CHCIB).
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y-25 4-26

To a solution of the silyl ether 4-25 (283 mg, 0.45 mnmol)
dissolved in a mixture of THF (3 mL) and CH_CN (3 ml) was added
n-Bu NF (1M solution in THF, 0.90 mL, 0.90 mmol) dropwise. After
stirring at room temperature for 1 hr, the solution was poured
into H.0. The aq. layer was extracted with ether (x3), and the
extrac%s were washed (H O, sat. NaCl), dried (Na S0 )} and then
concentrated under reduced pressure. Chromatograp%y %silica gel
8 g) of this residue with 1:3 ether/hexane afforded the alcohol
4-26 (177 mg, quantitatively).

Ly onmr 5 1.6-2.0(8H). 2.25(1H, br), 3.34(3H, s), 3.49(1H, dd,

J=10, &), 3.65-4.15(9H), 4.59-4.80(2H, AB), 4.73(2H, s), 7.2-
7.4(5H),

. = - @ =
Eo:]D 40.1° (e=1.30, CHClS).
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4-26 n-27

To a solution of oxalyl chloride (40 puL, 0.46 mmol) 1in
ch,.cl (2.2 nl) cooled to ~78°C was added DMSO (0.16 nL, 1.4
amol)” dropwise. After 2 min, the alcohol 4-26 (32 mg, 0.082
amol) in CHZCI (0.8 L) was added, and the stirring was
continued fof %5 min. Triethylamine (0.23 mlL, 1.7 mmol) was
added and after 20 min, the reaction mixture was allowed to warm
to —ZGOC, The reaction mixture was diluted with sat. NH Cl and
the agueous layer was extracted with ether (x3). The eftracts
were washed (sat. NH Cl x3, sat. NaHCO,, sat. NaCl; dried
(NaZSU Y and concentrated under reduced pressure to afford the
aldehyﬁe 4-27 (30 mg, 94% yield) as an oil. This material was
subjected to the subsequent reaction without purification.
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4-28 4-31

1) To a solution of the diol 4-28 dissolved in a mixture of
triethylamine (300 mL) and CH2C1 {700 mL) cooled to 50C was
added p-toluenesulfonyl chloride (57 g, 0.14 nmol) portionwise
over 2 days. After stirring at SOC for 2 days, the reaction
pixture was poured into H, O. The separated organic layer was
washed (diluted HCl, sat.“NaHCO., sat. NaCl), dried (Na, 50 ,) and
concentrated under reduced presSure to afford the tosylate 4-29
as an oil.

2} A suspension of Nal (& g, 0.2 mol, washed with hexane
before use) in THF (500 mL) and DMF (400 uml) was added thiophenol
(22 mL, 0.2 mol) dropwise. After evolution of hydrogen ceased,
the crude oil in DMF (100 ml) was introduced into this solution.
After stirring for 1 hr, the reaction mixture was poured into
water, and the separated aq. layer was extracted with ether (x3).
The extracts were washed (H. 0, sat. NalHCO,, sat. NaCl), dried
(Na 504) and concentrated under reduced pFessure to give the
cruée sulfide 4-30 (52.4 g) as an oil.

3} This o0il was dissolved in CH_Cl1_. (1 L) and treated with
MCPBA (90 g). After stirring for 1 hr, "the solution was washed
(sat. NaHSO., sat. NalCO_., sat. NaCl), dried (NaZSD Y and
concentrated under reduced pressure to afford the crude oi% (59.2
g). Chromatography (silica gel 700 g) of this oil with 1:3 and
3:1 ether/hexane afforded the sulfone 4-31 (26.7 g, yield 70%) as
an oil,
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4-31 4-32

A solution of the benzyl ether 4-31(31.6 g, 99 amol)
dissolved in a mixture of AcOH (58 ml) and ethanol (580 ml) was
stirred vigorously under a hydrogen atmosphere in the presence of
palladium {25% on the carbon, 7 g). After stirring for 5 hr, the
reaction mixture was filtered through a pad of BSuper Cell,
Concentration of the filirate afforded the diol 4-32 (22.7 4,
quantitatively) as an oil, which was purified by recrystalliza-
tion from AcOEt and hexane to afford the analytically pure sample
(9.2 g, yield 40%).

sulfone 4-32

3

Yy nmr &  (in CD.OD): 1.55-2.0(2H), 3.2-3.5(2H), 3.6(1H, n), 7.6~

8.0(5H) .
(a),= +13.1° (c=1.04, CHCL ).

Found C 52.20, H 6.16; Calecd C 52.17, H 6.13, for C10H14D4S.
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4-32 4-33

To a solution of the diol 4-32 (8.7 g, 37.8 nmmol) and
imidazele (12 g, 0.18 mol) in DMF (100 mL) was added tert-
butyldiphenylsily chloride (10 mL, 38.9 mmol) dropwise. After
stirring at room temperature for 2 hr, the mixture was poured
into H. 0 and the aq. laver was extracted with ether (x3). The
extrac%s were washed (H 0, sat. NaCl), dried (Na_ SO, ) and
concentrated under reduceg pressure to give the silyl ether 4-33
as crude oil (20.0 g). This oil was used for the subsequent
reactions without purification. A porticon of this o0il was
purified on preparative silica gels TLC to afford. the
analytically pure sample.

'Womr & 1.02(9H, s), 1.65-2.0(2H), 2.48(LH, d, J=4), 3.05-
3.4(2H, AB), 3.41-3.65(2H, AB), 3.75(1H, br), 7.3-8.0(15H). |
(a)p= +13.7° (ce=1.51, CHCL).

Found C 66.63, H 6.87; Calcd C 66.63, H 6.88, for C26H3284851.
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4-33 4-34

To a solution of the silyl ether 4-33 (20g, crude) and PPTS
(5 g) dissolved in CH_Cl, (50 ml) was added ethyl vinyl ether (30
mlL) dropwise. After stirring overnight, the reaction mixture was
poured into sat. NaHCO. solution and the ag. layer was exiracfed
with CH_C1.. The extracts were dried (Na_ SO0,) and concentrated
under reduced pressure to afford the residue. Purification of
the residue by chromatography on silica gel (500 g) with 1:4 {4
LY, 1:3 (4 L) and 1:1 (1 L} ether/hexane afforded the sulufone 4-
34 (18.4 g, overall yield 90% from 4-32).
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§-17 4-35; Y=SO,Ph, X=H, OH

To a solution of the sulfone 4-34 (6.9 g, 12.8 nmmol)
dissolved in THF (140 =nl) cooled to -78°C was added n-BulLi
(1.6M solution in hexane, 7.6 mlL, 12.1mmol) dropwise. After
stirring for 30 min, the aldehyde 4-17 (3.0 g, 5.2 mmol) in THF
(10 ml) was added and stirring was continued at —?BOC for 30 min.
The reaction mixture was poured into sat. NH Cl solution and the
aq. layer was extracted with ether (x3). The extracts were
washed (H,0 x3, sat. NaCl), dried (Na.S0 )}, concentrated and
chromatographed on silica gel(l100 g) "with 1:3 and 3:1
ether/hexane affording the product 4-35 (4.8 g, yield 86%).
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4-35; Y= SO,Ph, X=H, OH . B-37
4-36; Y= SO,Ph, X=0 R SithBut

1) Te a solution of oxalyl chlorlde (1.8 =L, 20.6 mol)
dissolved in CH_C1_ (150 ml) cooled to -78 C was added DMSD (3.6

ml, 50.8 mmol) %ropw1se After stirring for 2 min, the alcohol
4-35 (4.8 g, 4.46 mol) in CH_Cl_, (10 nmlL) was added, and the
stirring was continued for 15 aln. After addition of tr1ethy1~

amine (11 mL, 79.1 mol), the solution was allowed to warm to O C,

diluted with H_0 and then extracted with ether (x3). The
extracts were washed (sat. NH Cl x3, sat. NaHCU3 x1, sat. NaCl
x1), dried (Na_.S0,) and then concentrated to furnish the keto-
sulfone 4-36 as an oil.

2) This ketosulfone 4-36 was dissolved in THF (210 mL} and
water (20 nlL). To this solution was added Al-Hg {(prepared from
aluminum foil 5.0 g according to the procedure described before).
After stirring at 6OOC overnight, the reaction mixture was

diluted with sat. aq. sodium potassium tatrate solution. The -

aqueous layer was extracted with AcOEt (x3), and the extracts
were washed (H.0, sat. NaCl), dried (Na S0.), and concentrated
under reduced pressure to give the crude 011 ?4 3 g). Chromato-
graphy of this oil on silica gel (90 g) with 1:1 ether/hexane
afforded the ketone 4-37 (3.1 g, 75% yield in 2 steps).

130




438

}-37
R= SithBut
A solution of the ketone 4-37 (4.1 g) in EtOH {100 mlL) and
AcCH (8 ml) was refluxed for 3 days. Concentration of the reac-

tion mixture under reduced pressure followed by chromatography of
the residue on silica gel (40 g) with 1:1 ether/hexane {250 nl),
ether (250 wL) and AcOEt (200 mlL) afforded recovered starting
material and the triol 4-38 (1.0 g 337 vield). According to the
same procedure described above, the additional triol 4-38 (0.8 g,
27%) was obtained from the recovered starting material (combined
yield 60%).
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4-38

B-39

R= SithBut

A solution of the triol 4-38 (4.1 g, 6.03 mol) dissolved in
EtOH (130 mL) and AcOH (4 mlL) was stirred under hydrogen atmos-—
phere at room temperature for 15 hr in the presence of palladiunm
on carbon {25%, 4 g). The reaction mixtrure was diluted with
CHZCI (200 nlL) and then filtered through a pad of Super Cell.
The %iltrate was mixed with pyridine (250 ml) and triethylamine
(2 mlL) and concentrated at about 100C to give the tricyelic
compound 4-39 as crude oil,. A portion of this oil was purified
on preparative tlc to afford the analyticallly pure sanmple.

'Wonmr & 1.05(9H, ), 1.7-2.3(9H), 2.80(1H, brs). 3.32-3.47(1H)
3.41(3H, s), 3.55-4.17(8H), 4.22(1H, m), 4.70-4.88(2H, AB), 7.3-
7.8 (10H).

(@)= +2.9° (c=1.49, CHCL,).

Found € 65.01, H 7.81; Caled C 65.00, B 7.74, for C31H440881,
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3-39 4-40; R,=Tr, R=H

1 2

R= SithBut

To a solution of the diol 4-39 (crude oil about 6.03 mol)
dissolved 1in pyridine (600 mL) was added trityl chloride (3.5 g,
12é6 nmol) portienwise at room temperature. After heating at
65 C overnight, the reaction mixture was poured into H_O. The
separated aq. laver was extracted with ether (x3) “and the
extracts were washed (H_ 0, sat. NaCl), dried (Na.S0. ) and concen-
trated under reduced préssure to provide the resTdue. Chromato-
graphy (silica gel 140 g) of the residue with 1:2 and 1:1
ether/hexane provided the trityl ether 4-40 (3.9 g, 79% overall
yield).

1H nmr & 1.06(9H, s), 1.6-2.2(8H), 2.66(IH, d, J=1), 3.15-
3.49(3H), 3.36(3H, s), 3.58-3.79(3H), 4.01(1H, t, J=10), 4.08(1H,
brs), 4.13-4.31(2H), 4.64-4.81(2H, AB), 7.2-7.8(25H).

(d 3= +0.5° (c=1.99, CHCL,) .

Found C 73.67, H 7.17; Caled C 73.68, H 7.17, for C50H580851.
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4-40 B-41

R= SithBut

To a suspension of NaH (60% dispersion in mineral oil, 1 g,
24 mmol, washed with hexane before use) in THF (100 nl) was added
the trityl ether 4-40 (4.9 g, 6.02 mmol} in THF (25 nlL) dropwise.
After stirring at room temperature for 5 min, benzyl bromide (1.3
aul, 11 mmol) and DMF (25 ml) was added. After being stirred at
room temperature for 3.5 hr, the reaction mixture was poured into

and the separated aq. layer was extracted with ether {x3).
T%e extracxts were washed (H_.0x2, sat. NaCl), dried (Na S0 ) and
concentrated to give the benZyl ether 4-41 (6.28 g, crude§
portion of this oil was purified on preparative silica gel tlc to
afford the analytically pure sanmple.

Ly omr & 1.04(9H, ), 1.6-2.2(8H), 3.02-3.42(3H), 3.31(3H, s),
3 57-3.78(3H). 3.90(1H, d, d=2), 4.12(1H, t, J=10), 4.20-
4.34(2H) . 4.56-4.80(4H), 7.2-7.8(30H).

0
(e )= ~4.4° (c=1.68, CHCI).

Found C 75.65, H 7.20; Caled € 7h.63, H 7.13, for C57H648851
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441 R=SiPh,Bu" 472

To a solution of the trltyl ether 4-41 (6.2 g, 6.02 mol) in
CH, Cl (150 al) cooled to —78 C was added Et_AIC! 1.8 M solution
in"toTuene, 18 ml, 32.4 mmol) dropwise. Aftér stirring at -78¢C
for 20 min, sat. NaHCO, solution was added and the cooling bath
Wwas removed. Sodium po%assium tartrate (45 g) was added and the
stirring was continued until the aq. layer was separated. The
separated aq. layer was extracted with CH_C} {(x2), and the
extracts were dried (Na_S0 ), concentrated ahd chromatographed on
silica gel (50 g), wl%h % :3 ether/hexan (400 nl) and ether (500
mL) to afford the alcohol 4-42 (3.3 g 83% overall yield from 4-
40) .

“Woamr 3 1.04(0H, s), 1.7-2.2(8M). 3.25-3.78(6H). 3.86(1H. t.

J=10), 4.05-4.20{(2H), 4.29(1H, td, J 8, 4), 4.60-4.28(2H, AB),
4.73(2H, s), 7.2-7.8(15H).

0
[a}D— -8.7 {c=1.45, 63613).

Found C 68.86, H 7.55; Calcd € 68.85, H 7.60, for C38H800851




To a sclution of the diol { a mixture of 5-19 and §-20,
1.8 g, 5.0 mnol) and PPTS (0.15 g) in CH2C1 (36 L) was added
2,2-dinethoxypropane (3.5 nl) dropwise. Af%er stirring at roon
temperature overnight, the solution was poured into sat. NgHCO
solution and the aq. layer was extracted with CHzCl (x2). After
being dried (Na‘SD y, the combined organic laver was concentrated
under reduced pressure to afford the acetonide 5"2f (1.6 g, 80%

vield).
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5-21 5-22} R= CH,CH,S0,Ph
5-23: R= H

A solution of the chlorocethyl glycoside 5-21 (482 wmg, 1.2
nnol), benzenesulfinic acid, sodioum salt, dihydrate (1.3 g. 6.5
mmol) and sodium iodide (1.3 g, 8.7 mmol) dissolved in DMF (18
nl.}) under nitrogen atmosphere was heated at IOOOC for 5 hr. The
solution was poured into H., and the aq. laver was extracted with
ether (x3). The extraclts were washed (H_ 0, sat. HNaCl), dried
(Na 504) and concentrated under reduced pressure to give a
mix%ure of lactol 5-23"and sulfonyl ethyl glycoside 5-22° (543
ng) . This material was used to subsequent reactions without
further purification.
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5-23% R= '
2% R= CH,CH,S0_Ph
5-23: R= H 5-237

A solution of a mixture of lactol 5—23{and sulfonyl ethyl
glycoside 5-22' (181 mg, 0.4 mmol) and potassium carbonate (0.28
g, 2.0 amol) digsolved in DMF (4 gl) under nitrogen atmosphere
was heated at 80 C for 5 hr. The solution was poured into H_.O
and the aq. layer was extracted with ether (x3). The extrac%s
were washed (H, sat. NaCl), dried {(Na.SO0.}) and concentrated under
reduced pressure. Purification of  the residu% {131 mg) on
preparative silica gel tlc gave the lactol 5-23 (61 mg, 45%
overall yield).
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5-23 5-45; R=H
5-38; R= Ac

1) To a solution of the lactol 5-23 (21 mg, 0.0625 mmol) in
THF (1 ml) was added LiAlH, (10 mg) portionwise. After stirring
at room temperature for 2 hr, H.0 (40 al), 15% NaOH (10 =L} and
hexane (0.7 ml) was added. The sSolution was filtered on a pad of
Super Cell and the filtrate cake was washed with AcUEt. Concen-
tration of the filtrate under reduced pressure gave the diol 5-45
(24 mg).

2} The diol 5-45 was dissolved in a mixture of pyridine (1
nl) and acetic anhydride (0.5 mL). After stirring at 30°C over-
night, concentration of the solution followed by passing the
residue through a short column of siiica gel with ether gave the
diacetate 5-38 (27 mg, auantitatively).

H Nmr analysis showed that the product ratioc of @ -/8 epoxide
was 1/7.
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To a solution of LAH (29 g, 0.76 mol) in THF (1.8 L) cooled
to 0°C was added enol acetate 3-4 (90 g, 0.27) in THF (200 alL)
dropwise over 1 hr. After stirring at 00 for 1 hr, AcOEt (20
mL), H,0 (30 nl), hexane (1.2 L), 15% NaOH (30 uwlL) and H.0 (90
ml) was added in this sequence. After being stirred at”™ roon
temperature overnight, the reaction mixture was filtered through
a pad of Super Cell, and the filter cake was washed with AcOEt (2
L). Concentration of the filtrate under reduced pressure gave
the diol 5-6 (51.7 g, quantitative yield) as an oil. Chromato-
graphy of a portion of this oil gave the analytically pure
sample.

Yonar & 1.21GH, d, J=6), 1.26(3H, d, J=6), 2.25-2.45(2H), 3.5
3.8(2H), 4.01(1H, septet, J=6), 4.1-4.3(2H), 5.10(1H. d, J=4).
5.65-5. 82 (2H) .

la))= +40.9° (c=2.71, CHC1,).
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A vigorously stirred solution of the olefin 5-6 (50 g, 0.27
mmol) in AcOEt (1.5 L) was hydrogenated under a hydrogen atmos-
phere at room temperature in the presence of palladium {(10% on

the carbon, 5 g) for 1 day. The reaction mixture was filtered
through a pad of Super Cell and the filter cake was washed with
AcOEtL. Concentration of the filterate under reduced pressure

gave the diol 5-7 (47.9 g, 96% yield) as an oil. A portion of
this oil was purified by chromatography to afford the
analytically pure sample.

1H nur & 1.18(3H, d, J=6), 1.26(3H, d, J=6), 1.3-2.2(6H), 3.4-
3.65(3H), 3.83(1H, m), 3.96(1H, septet, J=6), 4.89(1H, d, J=4).

(a))= +137.2°% (c=0.68, CHC1,) .
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To a solution of the diol 5-7 (40 g, 0.21 mol) and imidazole
(65 g, 0.96 mol) 1in DMF (1.2 L) cooled to 0°C was added t-
butyldimethylchlorosilane (30 g, 0.20 mol) portionwise. After
stirring at room temperature overnight, the solution was poured
into H .0, and the aq. layer was extracted with ether (x3). The
extrac%s were washed (H.0, sat NaCl), dried (Na_.50,) and concen-
trated under reduced pressure to give the silyl ether 5-8 as an
oil. This o0il was used without further purification. A portion
of this oil was purified by chromatography {(silica gel) to afford
the analytically pure sample.

Ly nar & 0.06(6H, s), 0.89(H, s), 1.17(3H, d, J=6), 1.25(34, d,
J=6), 1.2-1.95(5H), 2.45-2.66(3H), 3.45-3.66(3H), 3.76(1H, dddd,
J=11, 5. 5. 2). 3.96(1H, septet. J=6), 4.86(1H, d, J=4).

(), +82.4° (c=1.74, CHC1.).

3

Found € 59.17, H 10.58; Caled C 59.17, H 10.59, for C15H320451.
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5-8 5-9

R = tBuMezsi

To a stirred slurry of NaH (60% oil dispersion, 12 g, 0.3
mol) in THF {900 nl) was added the alcohol 5-8 (0.21 mol) in THF
(100 mL) dropwise. After stirring at room temperature for 5 min,
benzyl bromide (30 mL, 0.25 mol) and DMF (240 wl) was added and

the stirring was continued for 6.5 hr. The zolution was poured
into H.0 and the separated aq. layer was extracted with ether
(x3). The combined organic layers were washed (H,0, sat. NaCl),

dried (Na_SO.) and concentrated under reduced pressure to afford
the benzyl“ether 5-9 (85.6 g) as an oil. This material was used
without purification. A portion of this material was purified on
preparative silica gel tlc to afford the analytically pure
sample.

1H nmr & 0.05(6H, s),

J=6), 1.3-2.0(4H), 3.4-3.6(3H), 3.82(1H, dddd, J=11, 6, 6, 27,
3.96(1H, septet, J=6), 4.57(2H, s), 4.96(1H, 4, J=4), 7.2~
7.4(5H).

(@)= +74.2° (c=1.10, CHCL,) .

Found C 67.14, H 9.66; Calcd C 66.96, H 9.71, for C22H380451'

142

0.89(9H, s), 1.19(3H, 4, J=6), 1.27{(3H, d,



t .
BuMeZSOr wOiPr Ho JOiPr
. . ] [———
I;,OBn .',,OBn

5-9 5-10

To a solution of the silyl ether 5-9 (82.5 ¢, 0.21 ml) in &
mixture of THF (800 mL) and CH.CN (400 nL) was added n-Bu NF (1M
solution in THF, 200 mlL, 0.2 iol) dropwise. After stirring at
room temperature overnight, the solution was poured into H.0 and
the aq. layers was extracted with ether (x3). The coibined
organic layer were washed (H.0 x2, sat. NaCl) and dried (Na,S50 ¥,
Concentration under reduced pressure followed by chromatography
{silica gel 600 g) with 1:3 and 1:1 ether/hexane as eluant
afforded the alcohol 5-10 (47 g, 80% overall yield from 5-7).

Yy nar & 1.213H, d, J=6), 1.27(3H, d, J=6), 1.35-2.1(4H), 3.35-
3.65(31), 3.8-4.0(2H), 4.5-4.65(2H, AB), 4.96(1H, 4, J=3), 7.2-
7.4(5H).

()= £104.7° (c=1.49, CHCL,).

Found C 68.45, H 8.58; Caled C 68.54, H 8.63, for C16H2404'
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5-10 5-12

To a solution of oxalyl chloride (15 mL, 0.17 mol) in CHZCl

(480 L) cooled to -780C under N, atmosphere was added DMSO (35
mlL, 0.42 mol) over 5 min. After % min, the alcohol 5-10 (15.2 g,
0.054 mol) inm CH,C1_ (20 mL) was added to the resulting solution
over 5 ain. After stirring at -780C for 15 nin, triethylamine
(75 nL, 0.54 mol) was added. After stirring at —TSOC for 15 min,
the reaction mixtrure was allowed to warm slowly to 0 C and then
recooled to w2OOC. Triphenylethoxycarbonylethvl-phosphorane
(24.2 g, 0.067 mol) was added, and then the solution was warmed
up to room temperature. The solution was poured into H O and the
aqueous layer was extracted with 1:3 ether/hexane. The extracts
were washed {(sat. NH Cl, sat. NaHCO_, sat. NaCl), dried {(Na_S0 )
and concentrated under reduced pressiure. Chromatography {(sTlica
gel 250 g) of the residue (26.9 g) with 1:10 ether/hexane gave
the @, B -unsaturakted ester 5-12(16.3 g, 83% vield).

Yoanr 3 1.21GH, d, J=6), 1.27(3H, t, J=T). 1.28(3H, d, J=6).
1.4-2.1(4H), 1.88(3H, d, J=1), 3.50(1H, ddd, J=11. 5. 3),
3.95(1H, septet, J=6), 4.17(2H, q, J=7), 4.5-4.7(2H), 4.96(1H, d,
J=3), 6.60(1H, ddd, J=8, 2, 1), 7.2-7.4(5H).

IR (CHCL,) 1710 em L.

(a3, +78.9° (c=1.64, CHCL,) .

Found C 69.57, H 8.35; Calecd C 69.58, H 8.34, for CZlHSODS'
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e 5-13; R= unuOCHZCHZCE

5-14; R= -—OCHZCHZCI

A solution of the isopropyl glycoside 5-12 (45 g, 0.12 mol)
and CSA (0.31 g) in 2-chloroethanol (475 mlL) was heated at SOOC
overnight. The solution was poured into sat. NalCO, solution and
the agq. layer was extracted with ether (x3). The extracts were
washed (H_0, sat. NaCl), dried (Na, S0 ) and concentrated under
reduced pressure to give a mixture of @& > and B -chlorocethyl glyco-
sides (5~13 and 5-14) in 6:4 ratio (36.3 g, 79% vield).
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5-12 5-15

To a solution of the ester 5512 (3.0 g, &.3 mmol) dissolved
in CH2C12 (40 ul) cooled to -78 C under N_ aimosphere was added
DIBAL (1707 M solutlon in toluene, 60 uwL,” 64 mmol} dropwise.

After stirring at 78 C for 30 win, aq. saturated tartaric acid

solutuin was added. The seaprated aq. laver was extracted with
ether (x3). The combined organic layer was washed {sat, NgHCO_,
sat. NaCl), dried (Na,.S0. ) and concentrated under reduced

pressure to afford the allyl alcshol 5-15 (2.7 g, quantitat-
ively).

Hoor & 1.20 (3H, d, J=6), 1.30(3H, 4, J=6), 1.70(3H, 4, J=1),
35-2.10(4H), 3.48(1H, ddd, J=11, 5, 3}, 3.73(1H, m), 3.88-
03(2H, AB), 4.50-4.65(2H, AB), 4.94(1H, d, J=3), 5.37(1H. ddd,
3,

i
1.
4.
J=9, 3, 1), 7.2-7.4{5H).
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5-13; R= muwOCH,CH,CI 5-16; R= mnQCH,CH,CI
5-14; R= ~=QCH,CH,CI 5-17; R= ==QOCH CH,CI

To a solution of the a , B8 -unsaturated ester {(a mixture of 5-13
and 5-14, 34g, 88.9 mol) in CH.Cl. (680 mL) cooled to -78°C under
nitrogen atmosphere was added dilsobutylaluminum hydride (1.5 H
solution in toluene, 142 nbL, 214 nmol) dropwise. After stirring
at —TSOC for 1 hr, H,0 {600 nL) and tartaric acid (90 g) was
added and the separated aq. layer was exiracted with CHZCI (x2).
The extracts were washed {(sat. NaHC0,)), dried <{(Na 504) and
concentrated under reduced pressure to afford the c%loroethyl
glycoside (a mixture of 5-16 and 5-17, 32.5 g, quantitatively).

A portion of this mixture was seaprated by HPLC to afford the

pure & - 5-16 and B -chloroethyl glycoside §5-17.

Ly mmr & 1.35-2.1(40), 1.69(3H, s), 3.49(1H, ddd, J=11, 4, 3),
3.6-4.0(6H), 4.5-4.7(3H), 4.84(1H, d, J=3), 5.35(1H, d, J=8),
7.2-7. 4(5H).

(a) )= +66.7° (c=1.18, CHCL,) .

Found € 63.41,‘H T.47; Calcd C 63.43, H 7.39, for C18H2584C1.

Y nmr 3 1.3-2.2(4H), 1.68(3H, s), 3.25(1H, @), 3.6-3.85(3H),
3.95(2H, brs), 4.05-4.25(2H0), 4.42(1H, d, J=8) 4.62-4.90(2H, AB),
5.45(1H, d, J=8), 7.4-7.8(5H).

0]
(e ]D— -0.70 (e=1.13 CHCIE).

Found C 63.32, H 7.45; Calcd C 63.43, H 7.39, for C18H2504C1.
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5-15 5-18

To a solution of the allyl alcchol 5-15 (2.7 g, 8.3 mmol)
dissolved in a mixture of THF (50 nL) and H.O (10 mlL) was added
mercuric acetate (3.0 g, 12.6 mmol) portionwise. After stirring
at room temperature for 1 day, the reactio mixture was cooled to
0°C, and NaBH, (6.0g) was added cautiously portionwise.  After
stirring at room temperature for 1 hr, the reaction mixture was
poured inte H_.0, and the aqueous layver was extracted with
AcOEt (x3). Thé combined organic layer was washed (H_ 0, sat.
NaCl), dried (Na.S0 ) and concentrated under reduced pressure to
afford the diol %—lé (3.0 g, quantitatively)}. Hl Nmr analysis
showed the stereoselectivity of this oxymercuration reaction to be
86:14.

Ly nmr & 1.170GH, s), 1.21(3H, d, J=6), 1.29(3H, d, J=6), 1.3-
2.1(6H), 2.56(1H, br), 3.3-3.6(4H), 3.90(iH, septet), 4.06(1H,
ddt, J=11, O, 3), 4.50-4.63(2H, AB), 4.91(1, d, J=3), 7.2-
7.4(5H).
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5_‘]5; R= “'“OCHZCHZCI 5_‘19; R= “"‘OCHZCHZC[
5-17; R= —-OCHZCHZCI 5-20; R= -—DCHZCH2CI

To a solution of the allyl alcohol (& mixture of 5-16 and 5-
17, 2.0 g, 5.9 amol) in a mixture of THF (33 ml) and H,0 (6.6 mil)
cocled to QoC was added mercurig acetate (2.7 g, 8.5 ammol)
portionwise. After stirring at 0 € for 1.5 day, NaBH, (3.0 g)
was added at QoC portionwise, and the stirring was continued at
room temperature for 1 hr. The separated agq. layer was extracted
with ether {(x3) and the extracts were washed (#,.0, sat. NaCl) and
dried (Na,S0,). Concentration under reduced pressure gave the
diol {(a miXture of 5-19 and 5-20, 1.8 g, 81% vield).
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5-16 5-19

To a solution of the @ -gzlycoside allyl alcohol 5-16 (21i0mg,
0.62 mol) in a mixture of THF (3.1 nl) and H.0 (0.6 mL) cooled to
-200C was added mercurig acetate (280 mg, O.ES mmol) portionwise.
After stirring at -20C for 4 days, NaBH, (250 mg) was added °
portionwise. The aqueous layer was extractéd with ether (x3) and
the extracts were washed (H.0, sat. NaCl), dried (Na 584) and
concentrated under reduced pressure to afford the diol 5519~ (221

ng, quantitatively).

1H nmr & 1.17(3H, s}, 1.3-2.1(6H), 3.2-4.2(8H), 4.50-4.65(2H,
AB), 4.82(1H, d, J=3), 7.2-7.4(5H).
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5-17 5-20

=

By the procedure described before, the B -glycoside allyl
alcohol 5-17 (159 mg, 0.46 mmol) with mercuric acetate (210 ng,
0.60 mmol) and NaBH. (200 mg) in a mixture of THF (2.4 ml) and
HZO (0.5 mL) afforded the diol 5-20 (150 mg, 91% vield).

YW nar & 1.18(03H, s), 1.3-2.2(6H), 3.15-3.85(7H), 4.16(1H, u),
4.38(1H, 4, J=8). 4.62-4.89(2H, AB), 7.2-7.4(5H).
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5-19; R= I"HOCHZCHZC!
5-20; R= -——OCHZCHZCI

Toe a solution of the diol (a mixture of 5-19 and 5-20, 7.1
g, 19.8 mol) and PPTS (0.50 g) dissolved in CH_C1_ (120 mlL) was
added dihydropyrane (3.0 nl, 40 mmol) dropwise. After stirring
at room temperature overnight, the solution was poured into sat.
NaHCO gsolution and the aqueocus layer was extracted with ether.
The eéxtracts were washed (H_.0, sat. NaCl), dried (Na, 50 ) and
concentrated under reduced pressure to give the tetrahydropyranyl
ether 5-21 (10.1 g). This material was used to subsequent reac-
tions without purification. ‘
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5-21 5-2h

1} To a solution of the chloroethyl glycoside 5-21 {i10.1 g.
19.8 mmol) dissolved in DHF (220 mL) was added benzenesulfinic
acid sodium salt (18.6 g, 93 mmol) and potassium iodide (27.6g,
166 mmol) portionwise. The solution was heated at IOOOC for 6 hr
under nitrogen atmosphere and then poured into H_ 0. The aqueous
layer was extracted with ether (x3) and the extracts were washed
(H,0, sat. NaCl) and dried (Na,.S0,). Concentration under reduced
2 . 2 4
pressure gave the oil (11.1 g)° :

2) To a solution of the oil (11.1 g) dissolved in
isopropanol (240 mL) was added NaBH (2.4 g) portionwise. The
solution was heated at 700( for 2 hr under nitrogen atmosphere
and then concentrated under reduced pressure. The resulting
residue was dissolved in H,0 (115 mL) and the aq. layer was
washed with 1:5 ether/hexane” (x3) to removed the non-polar by~
products. The aqueous layer was extracted with CH. . Cl. and the
extracts were dried (NaZSO ) and <concentrated under reduced
pressure to afford the triol %—2#-(?.9 g). This material was used
to subsequent reactions without purification. ‘
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5-24 5-25

To a solution of the triol 5-24 (7.9 g, less than 21 mmol)
and imidazole (3.5 g, 51 mmol) in DMF (200 mL) was added tert-
butvidimethylsily!l chloride (3.5 g, 12.8 mmol) portionwise.
After stirring at room temperature for three hours, the sclutien
was poured into H,.0. The aq. layer was extracted with ether {(x3)
and the extracts were washed (H_0, sat. NaCl), dried (Na.S0 )} and
concentrated under reduced pressure to give the silyl et%er4 h-25
(10.0 2). This material was used to the subsequent reaction
without purification.
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5-25 5-26

To a solution of the diol 5-25 (10.0 g) and PPTS (0.3 g) in
CH,C1, (200 mlL) coocled to OOC was added 2-methoxypropene (3.7 ul,
38°7 “mmol) dropwise, After stirring at QoC for 30 nin, the
solution was poured into NalCO, solution and the aq. layer was
extracted with CH_C1_. (x2). A%ter being dried (Na,S80,(), concen-
tration of the combined organic layers under reduced pressure,
followed by chromatography (silica gel 100 g) of the residue
(11.4 g) with 1:5 ether/hexane gave the acetonide 5-26 (5.3 g,
47% overall yield from a mixture of 5-19 and 5-20).
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5-26 5~27

To a solution of the silyl ether 65-26 (5.3 g, 6.9 amol)
dissolved in THF (120 ol) was added n-Bu NF (1M solution in THF,
10 mL, 10 mmol) dropwise. After stirring at room temperature for
3 hr, the solution was poured into H_.0 and the aq. layer was
extracted with ether (x3). The extracts were washed (H 0, sat.
NaCl), dried (Na,S0.) and concentrated under reduced Bressure.
Chromatography (sTlica gel 80 g} of the residue (4.8 g) with 2:1
ether/hexane gave the alcohol 5-27 (3.1 g 74% yield) as an oil.
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5-12 5-29

A solution of the isopropyl glycoside 5-12 {1.41 g, 4.4
amol) in a mixture of acetic acid (30 ml) and H O (20 =al) was
refluxed for 6 hr. The solution was diluted wi%h H.0 (200 nab)
and then extracted with ether (x3). The extracts were washed
(B .0, sat. NaHCD_, sat. NaCl), dried (Na,50,) and concentrated
unger reduced pressure to give the lactol g*Zé (1.3 g, gquanti-
tatively).
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5-29 5-30

I in

To a solution of the @ , 8 —unsaturated ester 5-29 (1.3 g, 4.1

emol) dissolved in CH.Cl,_. (40 mL) cooled to -78°C under nitrogen
atmosphere was added diiscbutylaluminum hydride (1.07 M solution
in toluene, 25 mL, 27 mmol) dropwise. After stirring at —TSOC
for 1 hr, H._0 (50 nlL) and tartaric acid (3 g) was added and the
stirring was” continued at room temperature until the solution
became clear. The aq. layer was extraced with CH_CI (x2) and the
extracts were washed (sat. NaHCO.) and dried (Na,.S0 ).
Concentration wunder reduced pressure gave the E-allyl alco%ol45*

30 (1.09 g, 96% yield) as an oil.
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5~ 30 5-31

To a solution of the allyl alcohol 5-30 (9.7 g, 30.5 mnol)
and imidazole (5.2 g, 76.4 mmol) in DMF (500 mL) was added tert-
butyldimethylsilyl chloride (6.5 g, 24 mmol) portionwise. After
stirring at room temperature for 1 hr, the solution was poured
inte H_O. The agq. layer was extracted with ether (x3) and the
extract& were washed (H_0, sat. NaCl), dried {Na, S50, ) and concen-
trated under reduced pressure to give the silyl ether 5-31 (11.4
g, 874 vield).

159




(T1he

5-31 5-32

To a solution of oxalyl chloride (5.6 nL, 64 mzmol) dissolved
in CH Cl2 {230 nlL) cooled to —780C was added DMSO (11 =L,
155mmo%) dropwise. tfter stirring for 2 min, the lactol 5-31
(11.4 g, 26 =nmmol) in CHZCI (20 ml) was added and the stirrng
was continued at -78 C for 15 min. Triethylamine (30 al, 0.22
mol) was added ang the reaction mixture was allowed to warm
slowly te OOC. The solution was poured into H,D and the agqueous
layver was extracted with ether. The extracts were washed (sat.
NH C1, x2, sat. NaHCO,, sat. NaCl), dried (Nast } and concen-—

trated under reduced preSsure to give the lacteone 5-32 (11.7g).

W onmr & 0.06(6H, s). 0.90(%4, s), 1.65(3H, s), 1.7-2.3(4H),
3.95-4.05(3H), 4.64-4.96(2H, AB), 5.30(1H, ddd, J=10, 9, 4},
5.56 (14, ddd, J=9, 3, 1), 7.3-7.5(5H).

IR (cnc13) 1740 en L.

(e = +96.1° (c=1.83, CHCL ).

Found € 67.74, H 8.77; Calcd C 67.65, H 8.77, for C22H348431.
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To a solution of the silyl ether 5-32 (3.5 g, &.1 mol) in a
mixture of THF (30 ml) and CH3CN {h mL) coolded 0°C was added n-
Bu NF (1M solution in THF, & al, & mol) dropwise. The cooling
ba%h was removed and, after stirring overnizht, the solution was
poured inteo H_O. The ag. layer was extracted with ether (x3),
and the extracts were washed (H, 0, sat. NaCl), dried (Na, SO ) and
concentrataed under reduced pressure to afford the ally% a%cohoi

5-33 (2.06 g, 92% vield).

Y omr & 1.69(3H, s), 1.7-2.3(4K). 3.95-4.05(3H), 4.63~4.95(2H,

AB), 5.29(1H, ddd, J=11, 9, 3}, 5.50(1H, ddd, J=9, 3, 1), 7.3-
7.5(5H).

IR (CHCL) 3450, 1740 en L.
()= +129.7° (c=0.86, CHCI,) -

Found C 69.57, H 7.45; Caled € 69.54, H 7.30, for C16H2004'
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To a solution of the allyl alcohol 5-33 (25 wg, 0.090
mmgi) and (+)-DET (40 mL, 0.23 mmol) in CH2C1 (1 nl) cooled to -
20 C was added titanium(IV) isopropoxide (5% aL, 0.168 amol).
After stirring for 20 min, tert-butyl hydroperoxide (3.3 M 1in
1,2-dichloroethane, (.15 alL, 00.50 mmol) was added and the
stirring was continued at -20 C for 1 day. The solution was
poured into sat. tartaric acid solution and the aq. layer was
extracted with ether (x3). The extracts were washed (H.0, sat.
NaCl), dried (Na.S0,) and concentrated under reduced pressure.
Purification of the residue (55 mg) on prepatative silica gel
TLC gavelthe B -epoxide 5-34 (12 mg, 46% yield).

H Nmr analysis of the residue [a mixture of (+)-DET and
epoxide] showed the absence of « -epoxide.

Y oomr 5 1.3703H, s), 1.6-2.3(50), 3.09(1H, d, J=8), 3.55-
3.80(2H). 4.01(1H, dd, J=8, 6)4.36(iH, ddd, J=11, 8, 3), 4.64-
4.93(2H, AB), 7.3-7.4(5H).

IR (CHCL) 3500, 1750 en b
(@], +85.7° (e=1.22, CHCL,) .

Found C 65.81, H 6.99; Calcd C 65.74, H 6.90, for C16H2005'
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To a solution of the allyl alcohol 5-33 (86 mg, 0.31
amol) and (-)-DET {(0.10 mL, 0.59 mmol) ia CH.Cl. (4 mL) cooled to
-20°C was added titanium(IV) isopropoxide (5.1% wl, 0.37 amolj
dropwise. After stirring for 15 wmin, the solution became
slightly yellow. To this solution was added tert-butyl hydro-
peroxide (3.3 M in 1,2-dichloroethane, 0.40 nlL, 1.32 mmol) and
the stirring was continued for 2 days. The solution was poured
into mat. tartaric acid solution and the aqueous laver was
extracted with ehter (x3). The extracts were washed (sat.
NaHCO,., sat. NaCl), dried (Na.S0, ) and concentrated under reduced

; . Purificati f t% ; id ti ili 1
pressire urification o e residue on preparative silica ge
TLC gave the « —epoxide 5-39 (39 mg, 43% yield) and 8 -epoxide 5-34
(10 mg, 10%).
Th Nmr analysis of the crude product [ a mixture of (+)- ,
DET, a - and & -epoxide ] showed that the product ratio of a- and A -
epoxide is a 11:2 ratio.

Ly onmr 3 1320, ), 1.7-2.3(5H), 3.20(1H, d, J=8), 3.53-
3.77(20), 4.02(1H, d4d, J=7, 6), 4.52(1H, ddd, J=11, 8, 4). 4.60-
4.91(2H, AB), 7.3-7.4(5H). |

IR (CHCL)) 3500, 1750 —_—
(@), +118.0° (c=0.99, CHCL,) .

Found C 65.74., H 6.94: Calecd € 65.74, H 6.90, for C16H2005'
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5-33 5-34

To a solution of the allyl alcohol 5-33 (5 ng, 0.018
amol) dissolved in CH,.Cl, (0.2 aL) cooled to OOC was added MCPBA
(80%, 5 mg, 0.023 mmol) portionwise. After stirring at 0oC for
2.5 hr, the reaction mixture was poured into sat. NaHlCO
solution. The ag. layer was extracted with ether and the
extracts were washed (sat. NaHCO., sat. NaCl), dried (Na_.SO ) and
- concentrated under reduced pressture to give a mixture of starting
material, @ - 5-39 and B -epoxide 5-34 (4dmg).

H nor analysis of this crude mixture showed the product
ratio of @« -/fB -epoxide being 1/2.
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5-33

To a solution of the allyl alcohol 5-33 (18 mg, 0.065
pmol) and titanium(IV) isopropoxide (50 pL, 0.16 mol) dissolved
in CH Cl2 {1 ml) cooled to MZOOC was added tert-butyl hydro-
peroxi%e (3.3 M solution in 1,2-dichlorcethane, 0.1 =L, 0.33
nmol) dropwise. After stirring at —ZDOC overnight, the sclution
was poured into sat. tartaric acid solution. The aqueous solu-
tion was extracted with water (x3) and the extracts were washed
(sat. NaHSO., wsat. NaHCO., =sat. NaCl), dried (Na, SO, ) and

. . 2_ 4 .
concentrate? under reduced pressure to give a mixture of époxide
(21 nmg). H Nmr analysis showed the product ratio of @« /8 epoxide
being 1/2.
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5-34 : 5-35

To a solution of the alcohol 5-34 (216 mg, 0.79 mmol) and
PPTS (20 mg) in CHZCI (7 mL) was added dihydropyrane {(0.20 =mlL,
2.2 amol) dropwise. A%ter stirring at room temperature for 5 hr,
the reaction mixture was poured into sat. NaRCO,, and the aq.
layer was extracted with CH,CI {x2). The c¢ombined organic
layers were dried (Na,_ S0}, “coficentrated under reduced pressure
to afford the tetrahydfopyranyl ether 5-35 (300 mg).
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5-35 5-24

To a solution of the tetrahydropyranyl ether 5-35 (355
mg, 0.94 wmmol) in THF (10 ml) at room temperature was added
LiATH, (0.20 g, 5.3 mmol) portionwise. After stirring for 2 hr,
B0 (6.8 mL), 15% NaOH (0.2 uwl) and hexane (7 mlL) was added. The
solution was filtered on a pad of Super Cell and the filtrate
cake was throughly washed with AcGEt. Concentration of the
filtrate gave the triol 5-24 (305 mg, 85% vield).
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5-24 5-36

4 solution of the triol 5-24 (12 mg)} in a =mizture of
pyridine {0.5 amL) and acetic anhydride (0.25 ml) was stirred at
room temperature overnight. Concentration under reduced pressure
followed by purification of the residue on preparative silica gel
tle gave the diacetata 5-36 (14 mg, 967 yield).
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5-36 5-37

A solution of the tetrahydropyranyl ether 5-36 (14 mg,
0.230 pmol)} and PPTS {(ca. 2 mg) in MeOH (0.4 nl) was stirred at
0 C for 1.5 hr. The solution was poured into sat. NaHCO and
the aq. layer was extracted with CH,.Cl, (x3). The extracts were
dried (Na_SO ) and concentrated undér Feduced pressure to afford

the diol 5-374(11 mg, 96% yield).
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5-37 5-38

To a solution of the diol 5-37 (11 mg, 0.029 amel) and
PPTS (2 mg) in a mixture of acetone (0.3 mL) and CH_Cl (6.3 al)
was added a few drops of 2,2-dimetoxypropane. After stirring at
room temperature Tor 2 hr, the solution was poured inte sat.
NaHCO_ and the aq. layer was extracted with ether (x3}. The
combined organic layer was washed (sat. NaCl), dried (Na_S0O,) and
concentrated under reduced pressure to give the acetonide  5-38
(10 mg, 82% vield).

Yy nar 5 1.26(3H, ), 1.35(3K, s), 1.39(3H, s), 1.5-1.8(4H),
2 03(3H. ), 2.07(3H, s), 3.57(1H, m), 3.63-3.79(2H, AB), 4.02-
4.23(2H. AB). 4.50-4.67(2H, AB), 5.03(1H, m), 7.2-7.4(5H).
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5-39 5-44

1) To a solution of the alcohol 5-39 (30 mg) and PPTS (5 ag)
in CH_CI (1.5 nlL) was added dihjydropyran (0.05 nl) dropwise.
After “stirring at room temperature for 2 hr, the solution was
poured into sat. NaHCO, and the aq. layer was extracted with
CH C12 (x2). The extrac%s were dried {((Na 504) and concentrated
unaer reduced pressure to afford the tetra%ydropyranyl ether 5K-
40(44 ng).

2} To a solution of the tetrahydropyranyl ether 5-40{44 mg)
in THF was added LiAlH, (30 mg) portionwise. After stirring at
room temperature overnight, H.0O (0.2 mL), 15% NaOH (50 nl) and
hexane was added. The solu%ion was Tiltered through a pad of
Super Cell and the filter cake was washed with AcOEt. Concentra-
tion of the filtrate gave the triol 5-41(46 mg).

3) 4 solution of the triol 5-41(46 mg) in a mixture of
pyridine {1 mL) and acetic anhydride (0.5 nlL) was stirred at 3@0C
overnight. Concentration of the solution under reduced pressure
gave the diacetate 5-42.

4} The diacetate 5-42 was dissolved in MeOH (1 mL) and PPTS
(5 mg} was added to this solution. After stirring at SQOC for 4
hr, the solution was poured into sat. NaHCO, sclution. The aq.
laver mas extracted with CH.Cl, (x3) and the extracts were dried
(Na S0 ) and concentrated unéerzreduced pressure to give the diol

5“4%(3% mg) .

5) To a solution of the diol 5-43 (35 mg) in a nixture of
CHZCI {1 al.}) and 2,2-dimethoxypropane (0.1 alL) was added  PPTS
(5 mg? portionwise. After stirring at room temperature for 2 hr,
the solution was poured into sat. NaHCO, solution. The ag. laver
was extracted with CH,C!l {x2) and %he extracts were dried
(Na,S0 ) and concentrate% u%der reduced pressure. Purification
of “the residue on preparative silica gel tlc afforded the
diacetate 5-44 (5 mg, 12% overall yield from 5-39).
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Hamr & 1.28(3H,

0
6]

s), 1.37(3H, 3H, s},

T(3H, s), 3.57(1H, m), 3.66-3.90(2H,

0-4.67(2H, AB),

5.06{1H, bra).
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5-54 5-55

To a solution of the diol §5-54 (61.5 g, 0.327 mmol} in a
mixture of CH. CI, (1.5 L) and pyridine (500 mL) cooled to 0°C was
added benzoy% c%loride (38 mL, 0.33 mmol)} dropwise over 1 hr.
The reaction mixture was allowed to warm to room temperature and
then stirred two overnights. The solution was poured into ice-
water and neutralized with HCI (12N HC1, 500 nl). The oraganic
layer was washed (sat. NaHCB0.), dried (Na_ S0, ,) and concentrated
under reduced pressure to give the benzoate 5-55 (85.8 g) as an
oil. :

ly wmr & 1.15GH, d, J=6), 1.21(3H, d, J=6), 3.07(1H, br), 3.9-

4.2(2H0), 4.5-4.7(2H, AB), 5.10(1H, brs), 5.72(1H, d4t, J=10, 3) -
5.98(1H, 4, J=10), 7.4-7.6(3H), 8.0-8.2(2H).

(a) = +8.9% (c=1.18, CHCL,).

Found C 65.74, H 6.98; Calcd C 65.74, H 6.50, for C16H2005'
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5-55 _ 5-56

To a solution of the alcohol 5-55 {(82.8 g) and PPTS (2 g) in
CH C1 (1.4 L) was added ethyl vinyl ether (80 nml) dropwise.
Af%erz stirring at room temperature for 3 days, the solution was
poured into NaHCO, and the separated organic layer was dried
(Na_.S0. ) and concentrated under reduced pressure to give the
ethoxyethyl ether 5-56 (104.9 g).
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5-56 5-57

To a solution of the benzoate (104.9 g) in MeOH (1.5 L) was
added KOH (85%., 54 g, 0.82 mol) portionwise. After stirring at
room temperature overnight, addition of dry ice followed by
cancentration under reduced pressure gave the residue. Water was

added and the aq. layer was extracted with ether (x3). The
extracts were washed (H7G, sat. NaCl), dried (Na_ SO and concen-
trated under reduced pressure. Chromatography %s1%1ca gel 700g)

of the residue (76.8 g) with 1:3 (3 L) and 2:1 (4.5 L)
ether/hexane gave the alcchol 5-57 as diastereomixture (33.3 g,
52% overall vield from 5-54).
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1) To a solution of oxalyl chloride (3.7 mL, 42.4 mmol) in
CH C12 (280 mL) cooled to —TSOC under nitrogen atmosphere was
ad%ed DMSO (7.4 mL, 106 mmol) dropwise. After stirring for 2
min, the alcohol 5-57 (10.0 g, 3&.5 mmol) in CH_CI_ (20 nl) was
added and then the stirring was continued for 15 @min Triethyl-
aine (21 mL, 151 mmol) was added and, after 1 hr, the reaction
nixture was allowed to warm gradually to —BOOC. The reaction was
quenched by the addition of sat. NH Cl solution and the separated
aq. layer was extracted with 1:1 ether/hexane. The extracits were
washed {sat. NH,Cl, x2, sat. NaHCO,, sat. NaCl), dried {(Na, S0}
and concentrated under reduced pressiure of afford the aldehy%e %—
58 (10.5 g). This material was immediately subjected *to
subsequent reactions without further purification.

2) To a solution of lithium bis-(trimethylsilvl)-phenyl-
sulfinylmethylid [prepared by addition of n-BuLi (i.55M solution
in hexane, 33 mL, 651.2 amol) to a solution of bis-(trimethyl-
gilyl)-phenylsulfinylimethane (14 nL, 50.0 mmol) in THF (280 uL)
according to the procedure described before] cooled to ~?80C
under argon atmosphere was added aldehyde 5-58 (10.0 g, 38.5
mmol) in THF (20 ml). After stirring at *780C for 20 min, the
reaction mixture was allowed to warm to room temperature and then
poured into sat. MNH Cl1 solution. The separated aq. layver was
extracted with 1:3 e%her/hexane (x3) and the extracts were washed
(HZU, sat. NaCl), dried (Na.S0,) and concentrated under reduced
pressure. Chromatography (sTlica gel 200 g) of the residue with
hexane and 1:5 ether/hexane afforded the vinylsulfide 5-59 (8.7
g, 52% vield).

176



To a solution of the vinylsulfide 5-59 (12.4 g, 28.4 mmol)
in a mixture of CH.Cl. (350 mL) and sat. NaHCO, solution cooled
to 0°C was addedzMCgBA (80%, 12.3 g, K7.0 mhol) portionwise.
After stirring at OOC for 1 hr, sat. NaHSO, solution was added
until ¥I starch paper became negative. T%e agueous layer was
extracted with CHZCI {x2) and the extracts were dried (Na 504)
and concentrated unger reduced pressure to afford the he%ero—
olefin 5-60 (13.9 g).
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A& solution of the ethoxyethyl ether 5-60 (13.9 g) and PPTS
(1.4 g) 1in a mixture of CHZCI (300 ml) and 2-propancl (50 =ml)
was heated at 400C for 1 hr. %he solution was poured into sat.
NaHCO and the separated ag. layver was extracted with CH CI

(XZ).3 The exbtracts were dried (Na_.S0 ) and concentrated under
reduced pressure to give the allyl dlcéhol 5-61 (14.1 2). This
material was used without purification. A portion of this

material was purified on preparative silica gel TLC afford the Z-
olefin.

Yonar & 0.23(94, s). 1.06(3H, d, J=6), 1.13H, d. J=6),
1.AT(1H, d, J=8), 1.8-2.1(2H), 5.04(LH, brs), 5.31(1H, t, J=9),
5.64(1H, dt, J=10, 1), 6.06(1H, d, 4=10), 6.51(1H, d, 4=9), 7.4-
8.0(5H).

0
[a}D— -82.5 (c=0.81, CHC13).

Found € 57.55, H 7.06; Calcd C 57.55, H 7.12, for C19H280581S.
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1) To a solution of the heteroolefin 5-61 (14.1 g, ecrude)
dissolved in THF (300 mL) cooled to -20°€C was added MeMgBr [1M
sclution in ether] dropwise. After stirring at -20°C for 1.5
day, the solution was poured intc sat. NH (! and the separated
aq. layer was extracted with ether (x3). The extracts were
washed (H_ 0, sat. Nall), dried (Na_ SO0 ) and concentrated under

. . 4
reduced pressure to give an oil (13.67g).

2) This oil was dissolved in MeOH (250 nl), and KF (4 g)
was added t¢ this soclution. After stirring at room temperature
for 1 hr, the reaction mixture was concentrated under reduced
pressure to give the residue which was taken up in ether. The
organic layer was washed (H, 0, sat. NaCl), dried (Na_ SO ) and
concentrated under reduced”pressure to give the anti-iSoméer 5-62

(9.3 g) as an oil. This material was used for subsequent reac-

tions without further purification.

Yoamr 3 1.133H, 4, J=6), 1.18(6H, d x 2, J=6). 2.65(1H, m),

2.92(1H, dd, J=14, 7), 3.44(1H, dd, J=14, 3), 3.63(1H, dd, J=10,
2), 3.8-4.1(2H}, 4.98(1H, s), 5.63(1H, dt, J=10, 2), 5.93(iH, 4,
J=10), 7.5-7.7(3H), 7.9-8.0(2H).

179




A solution of the allyl alcohol 5-62 (9.3 g) in a mixture of
CHZCI {100 nL), pyridine (30 ml) and acetic anhydride (15 mL)
was stirred at room temperature overnisht. Concentration under
reduced pressure followed by chromatography (silica gel, 180 &)
with 1:3 ether/hexane afforded the acetate 5-63 (6.5 g, 637
overall yield from 5-59).
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1) A solution of the isopropyl glycoside 5-63 (6.5 g) in a
pixture of AcOH (120 mL) and H_0 (50 mlL) was heated at 40°C for
12 hr. The solution was dilu%ed with CH_C1_ (400 mL) and +then
washed (H 0, x3, sat. NaHCO.), dried (N% 584) and concentrated
under rediiced pressure to give the lactol 564 (5.5 g).

2) To a solution of this lactol 5-64 (5.5 g) dissolved in
CH2C12 (200 nl) was added PDC (32 g} portionwise. After stirring
at™ room temperature overnight, the solution was diluted with
ether and then filterd through a pad of Super Cell. The filtrate
was passed thuough a short column of silica gel and then concen-
trated under reduced pressure. Chromatography { silica gel! 70 g)
of the residue (5.2 g) with 1:1 and 3:1 ether/hexane gave the

unchanged starting material 5-63 (1.1 g) and the lactone 5-65

(3.0 g, 63% yield).

YW onmr 3 1.36(3H, d, J=7), 2.13(3H, s}, 2.57(1H, n). 3.03(1H, dd,

J=14, 9), 3.39(1H, dd, J=14, 3), 4.38(1H, ad, J=9, 4), 5.45(1H,
dt, J=9, 2), 6.02(1H, dd, J=10, 2), 6.77(14, dd, J=10, 3), 7.5-
7T.7(3H), 7.85-7.95(2H).
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5-65 5-66

To a solution of the a , 8 -unsaturated lactone 5-65 (3.0 g)
and sodium acetate trihydrate (50 g) in a mixture of acetic acid
{50 L) and H .0 (50 mL) cooled to OOC was added zinc powder (8 2)
and copper(l%) sulfate pentahydrate (1.0 ¢g). The reaction
mixture was allowed to warm to room temperature, stirred for 5
hr, and filtered through a pad of Super Lell. The filtrate was
extracted with ether (x3) and the extracts were washed (H, 0, sat.
NaHCUs, sat. NaCl}, dried (Na SDA) and concentrated under reduced
pressiire to give the B, 7 —unsaturated lactone 5-66 (1.6 g, 64%
vield).

Ynar & 1.25GH, d, 4=7), 2.5(1H, m), 2.9-3.1(3K), 3.21(18, dd,
J=14, 3), 4.97(1H, brs), 5.7-6.05(2H, AB), 7.5-7.7(3H). 7.85-
7.95(2H).
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5-66" 5-67

Ozone was passed into a solution of the unsaturated lactone
5-66 (2.2 g, 7.9 mmol) in a mixture of CH.Cl. (35 ml) and MeOH
{30 ml) colled to -78C until the solution™beCame blue. After
purging with oxvgen, NaBH, (1.0 g) in MeOH (5 mlL) was added and
the reaction mixture was allowed to warm to room temperature.
The solution was concentrated under reduced pressure and the
residue was diluted with H.O0 (10 mL). The aq. layer was
extracted with CH_C1,. (x20), and the extracts were dried (NaZSU )
and concentrated” ufder reduced pressure to give the diol 5—%7
(2.2 2). This material was used to subsequent reactions without
further purification.
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5-68

To a solution of the diol 5-67 (2.2 g) in a amixture of
CH C12 (40 mL) and triethylamine (8 uwl) was added p-toluene-
su%fonyl chloride portionwise until TLC analysis showed the
absence of starting material [total 1.0 g (5.2 amol) of p-

toluenesulfonyl chloride was added]. The solution was diluted
with ether, washed (1IN HC1, =sat. NaHCO., sat. NaCl), dried
{(Na_S0 ) and concentrated under reduced préssure. Chromatograhy

(si%icg gel 60 g) of the residue (1.9 g) with 2:1 ether/hexane
afforded the epoxide 5-69 (0.29 g) and the tosylate 5-68 (0.8 g)
(41% overall yield from 5-66).

Ly nmr &  1.080H, d, J=7), 2.15(1H, m), 2.45(H, s), 2.85-
3.0(20), 3.45(1H, dd, J=14, 3), 3.65(1#, m), 3.90-4.15(2H), 7.2-

T.8(9H) .
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Ts©

To a solution og the tosylate 5-68 (0.85 g, 2.1 mmol) in THF
(30 mL) cooled to 0 C was added potassiunm tert-butoxide {(1.28 M

solution in tgrtwbutanol, 2.0 nl, 2.6 mmol) dropwise. After
stirring at 0 C for 30 min, the solution was poured into sat.
NH Cl solution. The aqueous layer was extracted with ether (x3)

ané the extracts were washed (H_0, sat. NaCl), dried (Na SO } and
concentrated under reduced pressure to give the epoxide §~65 {463

mg, 98% vield).
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5-69 5-70

To a solution of (trimethylsilyl)acetylene (1.7 al, 1i2.1
mmol) in THF (35 mL) ccoled to -780C under nitrogen atmosphere
was added n-Buli (1.55M solution in hexane, 6.5 nlL, 10.0 mmol)
dropwise. After stirring for 20 min, BF_'0Et, (1.0 oL, 8.1 mmol)
was added and the stirring was continueg for 15 min. To this
solution was added the epoxide 5-69 (757 mg, 3.35 mmol) in THF (5
ml) dropwise. After stirring at —TSOC for 1 hr, the reaction
mixture was poured into sat. NaHCO_. solution and the aqueous
layer was extracted with ether (x3). The extracts were washed
(HZU, sat, NaCl), dried (Na.S0,} and concentrated under reduced
pressure to give the alcohol %-76 (1.03 g, 95% vield).
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5-70 . 5-71

To a solution of the trimethylsilylacetylene 5-70 (1.03 g,
9.2 mmol) in THF (30 mL) was added n~BuNF (1M solution in THF,
3.5 ml, 3.5 mmol) dropuwise. After stirring at room ltemperature
for 2 hr, +the reaction mixture was poured into H_.0 and the
separated aq. layer was extracted with ehter (x3). %he extracts
were washed (H_ 0, sat. NaCl), dried (NaZSD ) and concentrated
under reduced pressure to give the acetylane %—71 (0.82 g, «quan-
titatively).

Yoamr 3 1.15GH, 4. J=7), 2.04(1H, t, J=2), 2.2-2.6(3H),
2.96(1H, dd, J=14, 7), 3.45-3.52(2H), 7.5-7.7(31), 7.8-8.0(2H).
IR (CHCl,) 3550, 3320, 2140 cn !
(), +28.3% (c=1.49, CHCL ).

Found C 61.64, § 6.58; Calcd C 61.89, H 6.39, for C13H16QSS'
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HO  so,ph EEQ  s0.Ph
M — 5
5-71 5-72

To a solution of the alcohol 5-71 (1.00 g, 4.0 =mmol) and
PPTS (0.10 g) in CH. Cl_ was added ethyl vinyl ether (5 ml) drop-
wise. After stirring alt room temperature for 2 hr, the reaction
mixture was poured into sat. NaHCO, solution. The aq. laver was
extracted with CH,_C1, (x2) and theaextracts were dried (Na, S0}
and concentrated under reduced pressure to give the ethoxyethyl
ether 5-72 {(1.37 g, quantitatively) as diasterecisomers.
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THP THP

Pas

5-27 5-28

To a solution of oxalyl chloride (3.25 mL, 2.9mL) in CH7C1

(18 nl) cooled to -780C under nitrogen atmosphere was added UMS%
(3.50 mL, 7.1 mmol) dropwise. After stirring for 2 min, the
alcohol 5-27 (675 mg) in CH2CI (2 mL) was added and the stirring
was continued for 15 min. Af%er addition of triethylamine (1.3
oL, 9.3 mmol), the reaction mixture was allowed to warm to OOC
and poured into sat. NH Cl solution. The aqueous layer was
extracted wilth 1:5 ethef/hexane (x3) and the extracts were
washed (sat. NH C1 %2, sat. NaHCD_, sat. Na€l), dried (Na_ SO )
and concentrated under reduced pressire to afford the aldehy%e %—
28 (656 mg, 97%).
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5-28 5-72

[T
u o
o

Q
> 5-73

To a solution of the acetylene 5-72 (650 mg, 2.0 mmol) 1in
THE (20 nl) cooled to —780C under nitrogen atmosphere was added
n-BuLi (1.55 M solution in hexane, 1.3 mlL, 2.0 mmol) dropuwise.
After stirring for 15 min, the aldehyde 5-28 (656 mg, 1.6 mmol)
in THF (2 mL) was added, and the stirring was continued for 15

min. Saturated aq. NH Cl solution was added and the separated
aqueous layer was extracted with ether (x3). The extracts were
washed (H.0, sat. NaCl), dried (Na, S0,) and concentrated under
reduced pressure. Chromatography (Silica gel) of the residue

with 1:3 and 2:1 ether/hexane gave the coupling compound h-T3
(0.57 g, yield 48%).
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. 5-73 5-74

To a solution of the alcohol 5-73 (85 mg, 0.1l ammol) in
CH2C1 (4 nl) was added manganese (IV) oxide (activated, 0.40 g)
portidnwise. After stirring at room temperature for 2 hr, the
solution was filtered on a pad of Super Cell, and the filtrate
cake was washed with ehter. Concentration of the filtrate under
reduced pressure gave the acetylene ketone 5-74 (68 ng, vield
80%) .

191




2Ph

To a stirred slurry of Cul (10 mg, 0.55 mmol) in ether (3
ml.) cooled to 0°C under nitrogen atmosphere was added Meli (1.5 W
solutgon in ether, 0.65 nL, 0.98 mmol) dropuwise. Afger stirring
at 0 € for 20 min, the solution was cooled to -78 € and the
acetylene ketone 5-74 (68 mg, 0.092 mmol) in ether (0.5 ml) was
added. After stirring at —780C for 15 min, the reaction mixture
was quenched by the addition of sat. NH €l solution. The aqueous
layer was extracted with ether (x3) ané the extracts were washed
(HZG, sat NaCl), dried {Na,.S0 ) and concentrated under reduced
préssure to give the Z-olefin 5-75 (66 mg, vield 95%).
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THP

5-75

A solition of the ketone 5-75 (66 mg, 0.087 mmol) and PPTS
(7 mg) in MeOH (1.5 nl) was stirred at 45°C for 3 hr. The
reaction mixture was poured into sat. NaHCO_ and the aqueous
laver was extracted with ether (x3). The ex%racts were washed
(H?O, sat.NaCl) and dried (Na 504). Concentration under reduced
préssure gave the residue (51 f@g).

A solution of this residue and PPTS {10 mg) in a mixture of
CH2C12 (2 ml) and 2,2-dimethoxypropane (0.2 mnl) was stirred at
room temperature overnight. The solution was poured into sat.
NaHCD3 and the aqueous layer was extracted with ether(x3). The
extratts were washed (H_0, sat. NaCl), dried Na.50,) and
concentrated under reduced pressure. Purification of t%e éesidue
on preparative silica gel TLC gave the segment 4 5-1 (22 =ag,

vield 43%).

'onar 5 1.23GH, s), 1.24(3H, d, J=7), 1.30(3H, s). 1.37(31, s),

1.70(3H, s), 1.6-1.9(8H), 2.25(1H, brm), 3.55-3.90(5H), 4.36-
4.55(2H, AB), 5.14(1H, s). 7.2~-7.4(5H), 7.5-7.7(3H), 7.9-5.0(2H).

(], £11.4°% (c=1.16, CHCL,) .

Found C 67.78, H 7.76; Caled C 67.79, H 7.59, for C__H 0.S.
33 4477
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A solution of the aldehyde 4-27 (1.5 nmg} in EtOH (0.1 =L}
cooled to OGC was added NaBH, (5 mg) portiocnuwise. After stirring
at 0ol for 15 min, the solu%ion was poured into H?O and the agq.
layer was extracted with Et 0 (x3). The extracis were washed
(H,0, sat. NaCl), dried (Na’ S0 ) and concentrated under reduced
pressure to afford the oil. This 0il was disseolved in a mixture
of pyridine (0.2 ml) and acetic anhydride (0.2 nl) and heated at
ESOC overnight. The solvent was removed in vacuum and the
residu% was purified on silica gel tlc to afford the acetate 4-
28. H Nar analysis showed that this product was identical to
the corresponding acetate derived from 4-26. The result of this
experiment shows +that no epimerization at C26 position of the
aldehyde 4-27 cccurred.
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To a solution of the segment C 3-2 (48 mg, 0.130 mmol) in
THF (2.5 nl) cooled to ~78°¢C under nitrogen atmosphere was added
n-Buli (1.65 M solutiOnOin hexane, 0.09 nL, 0.15 mmol) dropwise.
After stirring at -78 C for 20 min, the aldehyde 4-27 (30 ag,
0.077 mmol) in THF (0.5 nl) was added and the stirring was

continued for 10 min. The solution was allowed to warm to OOC
and then poured inte sat. NH €l solution. The separated aq.
layer was extracted with ether (x3), dried (Na_S0 ) and
concentrated under reduced pressure. Chrematography %si?ica gel

2 g) of the residue (74 mg) with 1:1 and 2:1 ether/hexane gave
the coupling product 6-1 (14 ng, 24% vield) as diastereomixtures,
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h-27 3-2 6-1

To a solution of the segment C (93 mg, 0.26 mmol) in a
mixture of ether (3 mL) and hexane (2 mL) cooled to 0°C wunder
nitrogen atmosphere was added n-Buli (1.55M solution in hexane,
0.16 mL, 0.25 mmol) dropwise. After stirring at 0°C for 5 min,
the solution was cooled to -42°C (dry ice/CH.C1.) and the
aldehyde 4-27 (49 mg, 0.12 mmol) in 1:1 ether/hexdne”™(l nl) was
added. After 10 min, the reaction mixture was quenched by the
addition of sat. NH €l solution. The separated aq. laver was
extracted with ether (x3), and the extracts were washed (H.0,
sat. NaCl), dried <{(Na, SO0 ) and concentrated under reduCed
pressure, Purification “of "the residue (139 mg) on preparative
silica gel tlc afforded the coupling product 6-1 (59 ng, 66Y%
vield) as diastereomixtures.
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To a solution of the alcohol 6-1 (58 mg, 0.078 nmmol) in
CH.Cl (2.5 mL) was added Cr0_.-2Py (0.57 g, 2.1 amol)
portionwise. After vigorous stirring at toom temperature for 20
min, the solution was diluted with ether and decanted. The
remaining gum of chromium species was washed throughly with
ether. The combined organic solution was passed through a short
column of silica gel, and the filtrate was concentrated under
reduced pressure to afford the residue {62 mg). Purification of
this residué on preparative silica gel tlc gave the keto-sulfone
6-2 (40 mg, 69% vield).
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described before )} portionwise. After stirring at

ether (x3). The extracts were washed (H_0, =sat. NaCl),
{Na_50,) and concentrated under reduced pressure to provide

4.19(1H, 4, J=2). 4.29{1H,dd, J=4, 2), 4.63-4.90(4H),

7.5f (5H).
IR (CHCL,) 1720 en L.
(@)= +2.8° (c=1.20, CHCL,) .

Found C 67.52, H 8.56; Caled C 67.75, H 8.36, for C_ H_. 0.
34509
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To a solution of the keto-sulfone 6-2 (40 mg, 0.054 mmol)
a mixture of THF (2 nl) and water (0.2 L) was added Al-Hg
{(prepared from aluminum foll 30 mg according to the procedure

temperature for &  hr, saturated sodium potassium tartrate
solution was added and the separated aq. layer was extracted with

residue (38 mg). Chromatography (silica gel 7 g) of this residue
with 1:2 ether/hexane afforded the keton 6-3 (24 mg, 74% vield).

1H nmr & 0.88(3H, d, J=7), 0.98(3H, d, J=7). 1.3-2.2(1%H),
2.4(2H)y, 3.06(1H, ddd, J=10, 10, 5), 3.37(1H, 4d, J=10, 2},
3.39(3H, s). 3.52-3.70(3H), 3.86-4.00{(2H), 4.03(1H, t, J=10),




To a solution of the ketone 6-3 {4 mg, 0.0066 mmol)} in EtOH
(0.6 nL) cooled to 0°C was added NaBH (3 mg) portionwise. After
stirring at 0ol for 2 hr, H,D was agded and the aq. layer was
extracted with ether {(x3). The combined extracts were washed
(H,0, sat. NaCl), dried (Na.S0,) and concentrated under reduced

préssure to give the alcohol %—44(3 ng) .

Yoamr 5 0.86(3H, d, J=7), 1.0203H, d, J=6). 1.1-2.2(220),
2.40(1H, brs), 3.18(1H, dd, J=10, 2), 3.34(3H, s), 3.5-4.0(GH),
4.10(1H, t, J=10), 4.6-4.9(4H), 7.2-7.5(5H).
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1) To a solution of the alcohol 6-4 and PPTS {1 mg) in
CH2C12 (0.5 wl) was added dihydropyran (5 drops) and the stirring
was continued at room temperature overnight. The solution was
poured into sat. NaHCO_, and the aqueous layer was extracted with
ether (x3). The extracts were washed (H 0, sat. HNaCl), dried
{(Na,S0.,) and concentrated under reduce% pressure to give the
tetrahydropyranyl ether 6-5 as diastereomixture.

2) A solution of this oil was stirred vigorously under a
hydrogen atmosphere in the presence of palladium (25% on charcoal
10 mg) and solid NaHCO (3 mg). After stirring at roon
temperature for 1 day, %he sclution was filtered on a pad of
Super Cell. Concentration of the filtrate under reduced pressure
followed by chromatography (silica gel 0.8 g) of the residue with
1:3 ether/hexane and ether afforded the alcohol 6-6 (3.1 mg, 76%
overall yield from 6-3).

200




1) A solution of oxalyl chloride (50 ulL, 0.57 mmol) in
CH,.C1 (0.9 mlL) cooled to —?SOC under nitrogen atmosphere was
adged2 DMSO {(0.10 =L, 1.4 nmol) dropwise. After 2 min, the
alcohol 6-6 (3 mg, 0.005 mmol) in CH_C1 (0.3 ml) was added and

the stirring was continued for 15 min® Triethyhiamine (0.25 mL,
1.8 Ommol} was added and the reaction mixture was allowed to warm
to 0 C. The solution was poured into H. 0 and the aq. laver was

extracted with ether (x3). The extracts were washed {(sat. NH (I
x3, sat. NalCO,, sat. NaCl), dried (Na_ S0 ) and cpncentra%ed

under reduced préssure to give the ketone 6—?.4

2) To a solution of methylenetriphenylphesphorane (0. 19M,
0.7 nL, prepared by addition of n-Buli (1.55 M in hexane 0.37 mL)
to a stirred slurry of methyltriphenylphosphonium bromide (222
mg, 0.02 mmoel) in THF (3 ml) at OOC, followed by stirring at roon
temperature for 30 min] cooled —?SOC under nitrogen atmosphere
was added the ketone 6~7 (0.005 mmol) in THF (0.3 mlL) dropwise.
After stirring at —780C for 5 min, the reaction nmixture was
allowed to warm slowly to room temperature and then refluxed for
2.5 hr. The solution was poured into sat. NH C! solution and the
aq. layer was extracted with ether (x3). The extracts were
washed (H_0, sat. NaCl), dried (Na.S0.) and concentrated under
reduced pressure to afford the exo—me%hy%ene 6-8 as an oil.

3) A solution of this oil and PPTS (one crystal) dissolved
in EtOH was heated at 600C for 1 hr. The solution was poured
into H. 0 and the aq. laver was extracted with ether {(x3). The
extrac%s were washed (sat. NaHCO_, sat. NaCl), dried (Na_.S0.) and
concentrated under reduced pressiire. Purification of thé residue
on tlc afforded the alcohol 6-9.
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A solution of the alcohol 6-9 (about 0. OOSmmol) in a mixture
of THF (0.3 ml) and 10% HC1 (50 ul) was heated at 50 C overnight.
Solvent was removed in vacuum to afford the diol6-10 which was
azeotropically dried with benzene. This diol 6-10 was dissolved
in a mixture of pyridine (0.2 mlL) and acetic anhydride (0.1 nl),

and the solution was stirred at room temperature overnight. The -

solvent was removed in vacuum and tlec purification of the residue
afforded the diacetate 6-11 (399 ug, 14% overall yield from 6-6).

[y

3.32(1H, dad, J=10, 2), 3.45(1H, t, J=10), 3.5-3.7(3H), 3.9-
4.0(3H), 4.11(1H, brt, J=10), 4.18(1H, d, J=10). 5.10(1H, brs),
5.43(1H, d4d, J=2, 1).

Ly nmr (500 MHz): & 0.89(3H, d, J=7), 1.09(3H, d, J=6), 2.09(3H,
). 2.15(3H, s), 3.31(1H, dd, J=10, 2), 3.53-3.5T(2H), 3.65(lH,
td, J=11, 3), 3.82-3.93(3H), 4.14(1H, d, J=9), 5.04-5.06(2H),
5 4(1H, dt, J=11, 2), 5.60(1H, ddd, J=12, 9, 2).
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H nmr & 0.97(3H, 4, J=7), 1.10(3#, 4, J=6), 1.2-2.6(224),




B-u2 4-43
R= SiPh,Bu'

To a stirred solution of oxalyl chloride (0.26 mL, 3.0 mumol)
in CH.Cl, (20 mL) cocled to ~78°¢C under N atmosphere was added
DMSO (6.5% oL, 7.8 meol) over 5 min. Aftef 5 min, the alcochol 4-
42 (998 =mg, 1.50 nmmol) in CH2C1 {5 mL}) was added +to the
resulting solution over 5 min. Af%er stirring at -780C for 10
min, triethylamine (1.3 =L, 9.3 amol) was added, and, OafterlB
min, the reaction mixture was allowed to warm slowly to 0 C. The
solution was diluted with a 1:1 mixture of ether/hexane, washed
{(sat. NH Cl x 3, sat. HNaHCO, x1, sat. NaCl x1), and then dried
(Na, S0 }. Concentration under reduced pressure gave the aldehyde
4—4% %1.05 g, crude) as an oil. This material was promptly
subjected to the subsequent reactions without purification.

|

3.50(1H, d4d, J=10, 3), 3.6-3.8(2H, AB), 4.14{(1H, t, J=10),
4.21(1H, dd, J=4, 2), 4.3(1H), 4.6-4.85(4H), 7.2-7.8(15H),
9.81(1H, sj. '
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Hnar & 1.05(9H, s), 1.7-2.2(8H), 2.9-3.5(2H), 3.36(3H, s},




4-43 3-2 6-12
R= SiPh,But

To a solution of the segment C 3-2 (0.89 g, 2.53 mmol) in
ether (15 ml) cooled to G C under nitrogen atmosphere was added
n-Bul.i {(1.55M solution in hexane, 1.60 mL, 2.48 anol) dropwise.
After stirring at 0°C for 10 min, the solution was cooled to -42°
{(dry 1ice/CH.CN) and diluted with dry hexane (15 ml). To this
solution was added the segment B aldehyde 4-43 (1.050 g, 1.50
mmol) in ether (3 ml) dropwise. After stirring at —420C for 10
min, sat. NH Cl solution was added and the separated ag. layer

was extracted with ether (x3). The extrtacts were washed (H_ 0,
sat. Na€l), dried (Na S0 and concentrated under reduced
pressure. Chromatography %5111ca gel B5 g) of the residue with

ether/hexane (1:3 700 nL, then 1:1 800 nL) afforded the coupling
product 6-12 (1.4 g, 92% vield) as diastereomers.
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R= SiPh,Bu'

To a vigorously stirred solution of the alcohol 6-12 (2.6 z,
2.6 mmol) in CH_Cl,_ (50 nmlL) was added Cr0_.-2Py {12 g, 47 =mmol).
After stirring at room temperature for 30 min, =silica gel (10 g)
was added. The reaction mixture was diluted with ether and
decanted. The remaining residue gum was thoroughly washed with
ether {x3). The combined organic solution was filtered through a
pad of Super Cell and the filtrate was passed through a short
column of silica gel to remove the last traces of chromium

species. Concentration under reduced pressure gave the keto-
sulfone 6-13 (2.4 g).
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R= SiPh,Bu'

To a solution of the keto-sulfone 6-13 (2.4 g) in a mixture
of THF (90 mlL) and H 0 (10 mL) was added Al-Hg [prepared from
aluminum foil (3 g) according to the procedure described before].
After stirring at room temperature overnight, saturated agq.
sodiuer potassium tartrate solution was added, and the separated
aq. layer was extracted with ether (x3). The extracts were
washed (H,.0, sat. Na€Cl), dried (Na 504) and concentrated under
reduced pressure to give the ketone 6=147(1.8 2) as an oil. This
ketone was promptly subjected to the subsequent reactions without
purification. A portion of this ketone was purified on prepara-

tive silica gel tlc to afford the analytically pure sample.

Y ner & 0.87(3H, d, J=6), 0.98(3W, d, J=6), 1.04(9H, s), 1.3-
2.4(22H), 3.05(1H, td, J=10, 4), 3.39(3H, s), 3.35-3.78(6H),
412010,  t, J=10), 4.19(14, d, J=2), 4.22-4.35(20), 4.64-
4.87(4H), T.2-7.8(15H).

IR (CHCl) 1720 em L
(@)= +9.7° (c=1.15, CHCL.).
>

Found C 70.54, H 8.13; Caled C 70.31, H 8.09, for C51H7001051'
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R= SiPh,Bu'

To a solution of the ketone 6~14 (1.8 g) in EtOH {40 al)
cooled to OOC was added NaBH {(0.30 g} portionwise. After
stirring at OoC for 1 hr, +the reaction mixture was poured into
H .0 and the aqueous layer was extracted with ether (x3). The
extracts were washed (H.0, sat. NaCl}), dried (Na.S0, )} and
concentrated under reduced pressure to afford the residue (1.8
g). Chromatography of this residue with 1:3 followed by 1:1
ether/hexane afforded the alcohol 6-15 (1.3 g, 57% overall yield
3 steps from 6-12).

Ly nmr & 0.88(3H, d, J=6), 1.03(3H, d, J=6), 1.04(9H, s), 1.i-

2.3(22H), 3.20(1H, dd, J=10, 2), 3.38(3H, s), 3.30-3.80(8H),
3.92(1H, brt, J=10), 4.17(1H, t, J=10), 4.30(1H, td, J=8, 4),
4.63-4.81(4H), 7.2-7.8(15H).

IR (CHCIB) 3550 cn .
(a))= #15.1°% (c=2.15, CHCL,).

Found C 70.14, H 8.23; Caled C 70.15, H 8.31, for C51H7201031.
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R= SiPh,Bu'

To a solution of the alcohol 6-15 (1.3 g, 1.49 mmol) and
PPTS (0.05 g) in CH.Cl. (40 mL) was added dihydropyran (1.03 nL,

11.3 mmol) dropwise. After stirring at room temperature over-
night, the reaction mixture was diluted with ether and then
poured into sat. NaHCO_. solution. The agq. layer was extracted

with ether (x3) and the combined organic layers were washed (H_.0,
sat. NaHCO,, sat. NaCl), dried (Na_ 50 ) and concentrated un%er
reduced preSsure to give the tetrahydfopyranyl ether 6-16 (1.7 g)
as diastereomixtures. This material was used without further
purification.

208




R= SiPh,Bu'

A solution of the benzyl ether 6-16 (1.7 g) in AcOEt (45 nl)
was vigorously stirred under a hydrogen atmosphere in the
presence of paladium hydroxide on carbon (Pearlsman’s catlayst
2.3g) for 6 hr. The reaction mixture was filtered on Super Cell
and the filtrate was concentrated under reduced pressure.
Chromatography (silica gel 30 g) of the residue with 1:3 and 1:%
ether/hexane as eluent afforded the alcohol 6-17 {890 ng, 69%
overall yield from 6-15). |
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R= SiPh,Bu"

To a solution of oxalgl chlioride (75 anl, 0.8% ammol) in
CH2C12 (5 mL) cooled to -78 under N_. atmosphere was added DHMSO
(0715"ml, 2.1 amol) over 5 min. Af%er 2 min, the alcochol 6-17

(150 mg, 0.17 mmol) in CH.CI. (1 nl) was added to the resulting

solution over 5 min. A%te% stirring at -780C fTor 10 min,
triethylamine (0.40 mlL, 2.9 mmol) was added. After stirring for
15 min, the reaction mixture was allowed to warm to GOC. Water
was added and the aq. layer was extracted with a 1:1 mixture of
ether/hexane. The combined organic layers were washed (sat.
NH Cl x3, sat. NaHCO., x1, sat. NaCl x1), dried (Na 504) concen-

trated under reduced pressure to afford the ketone 6-18 (178 nmg)
as an oil. This ketone 6-18 was promptly subjected to the subse-
quent reactions without purification.

IR (CHCIS) 1730 cm 1.
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R= SiPh,Bu'

Te a solution of methylenetriphenylphosphorane in THF [pre-
pared by addition of n-BuLi (1.55M solution in hexane, 0.78 mmol)
to a stirring slurry of methyltriphenylphosphonium bromide (492
mg., 1.38 mmol) in THF (5.5 mL) at OOC, followed by stirring at
room temperature for 30 min)] cooled to —TSOC under nitrogen
atmosphere was added the ketone 6-18 (178 mg, 0.17 mmol} in THF
(2 nl) dropwise. After stirring at —780C for 5 min, the reaction
mixture was allowed to warm to room temperature and then heated

at refluxing temperature for 2 hr. The solution was poured into
sat. NH C1 solution and the ag. layer was extracted with ether
(x3). %he combined organic layers were washed (H_.D, sat. NaCl),

dried {Na,S0.) and concentrated under reduced pressure.
Chromatography ({silica gel 8§ g) of the residue with 1:15 and 1:5
ether/hexane afforded the exo-methylene 6-19 (116 mg, 79% overall
vield from 6-17) as an oil.
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THP O
6-19 t 6~
R= SiPh,Bu
To a solution of the methoxymethyl ether 6-19 (142 mg, 0.16
mmol)} dissolved in CH2C1 {2.5 mL) cooled to wTBOC was added
TMSBr (0.25 mk, 1.9 mmol% in CH_C1, (0.5 mL) dropwise. After
stirring at -780C for 15 min, the reaction mixture was allowed to
warm to —ZSOC. After sltirring at —ZSOC for 30 min, sat. NaHCO
solution was added. The aq. layer was extracted with CH Cl_, ané
the extracts were dried (Na,S0 ) and concentrated under” réduced
pressure to give the di0126—§1 (0.12 2). This material was
subjected to the subsequent reactions without purification. A
portion of this oil was purified on preparative silica gel tlc to
afford the analytically pure sample.

YWonar 3 1.0038, d, J=T), 1.15(SH, s). 1.25(3H. d., J=6). 1.3-

2.7(24H), 3.42(1H, dd, J=10, 2), 3.45-3.82(6H), 4.00(1H, 4,
J=10}, 4.06(1H, m), 4.17(1H, t, J=10), 4.27(1H, d, J=10),
4.95(1H, s), 5.65(1H, t, J=1), 7.2-7.9(10H).

IR (CHC13) 3600 cn 1.

(], £15.9° (c=1.29, CHCL,) .

Found C 70.40, H 8.51; Calcd C 70.26, H 8.50, for C43H620851'
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R= SiPh,Bu'

To a solution of the diol 6-21 (0.12 g, 0.16 mmol) and
benzyl bromide (0.15 ml, 1.3 mmol) in THF (2.2 nl} cooled to 0°¢
was added NaH (60% dispersion in mineral oil, 30 mg, 0.75 mmol}
portionwise. After stirring for 5 min, DMF (0.45 nl) was added
and the cooling bath was removed. After stirring at roon
temperature for 16 hr, the solution was poured into sat. NH Cl
solution. The ag. layer was extracted with ether {(x3) and the
extracts were washed (H.0, sat. NaCl), dried (NaZSG } and concen-—
trated under reduced pressure fo give the dibenzy% ether 6-22
{0.24 g, crude). This product is subjected to the subsequent
reaction without purification. Purification of a portion of this
product on preparative tlec gave the analytically pure sample.

Yy nmr 5 0.89(3H, d, J=7), 0.94(3H, d, J=6), 1.04(%H, s), 1.3
2.25(228), 3.24(1H, dd, J=10, 2), 3.5-3.8(6H), 3.85-4.02(2H),
4.22-4.34(2H), 4.55-4.88(4H). 5.05(1H. ), 5.43(1H, t, J=1). 7.2-
7.8(20H).

(a) = £29.3% (c=1.64, CHCL ).

F d C .81, H 8.19; Calcd .80, .15, i.
oun T4.81 8.19 alcd € 74.80, H 8.15H, for C57H740881
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To a solution of the silyl ether 6-22 (0.24 g, 0.10 mmol) in
a mixture of THF (1.5 aL) and CH_CN (1.5 mlL) was added n-Bu NF
(1M solution in THF, 0.5 mL, 0.5 nmol) dropwise. After stirring
at room temperature overnight, the solution was poured into H_O.
The separated agq. layer was extracted with ether (x3) and the
extracts were washed (H_0, sat. NaCl), dried {(Na SD4) and concen—
trated under reeduced pressure. Purification o% the residue on
preparative silica gel tlc afforded the analytically pure sample
6-23 (53 mg, 50% overall yield from 6-19).

lH nnr & 0.88(3H, d, J=7), 0.93(3H, d, I=6), 1.3-2.2(241),
3.24(1H, dd, J=10, 2), 3.45-3.82(6H), 3.89-4.01(2H,), 4.20-
4.33(2H), 4.55-4.86{4H), 5.05(1H, s), 5.43(1H, t, J=1).

IR (CHCI,) 3480 —
(@)= +33.5° (c=1.73, CHCL ).

Found C 72.77, B 8.44; Calcd € 72.75, H 2.34, for C41H5608'

214




To a solution of oxalyl chloride (%O ul.,, 0.11 mmol) dis-
solved in CH.CI_ (1.0 mL) cooled to -78 C under nitrogen atmos-

pheres was addgd EMSO (25 uL, 0.35 mmol) dropwise. After stirring

for 2 min, the alcohol 6-23 (15 mg, 0.022 mmol) in CH_C1 {0.5
ml) was added and the stirring was continued for 15 afn. Afte
addition of triethyiamine (0.05 mL, 0.36 mmol), the reaction
mixture was allowed to warm slowly to OOC and then poured into
HZD. The aq. layer was extracted with ether (x3) and the
extracts were washed (sat. NH CI, sat. NaHCO_, sat. NaCl}, dried
(NaZSO ) end concentrated under reduced préssure to give the
aidehyée 6-24 (19 ng). This material was promptly subjected to
the subsequent reactions without purification.

.24(1H, dd, J=10, 2), 3.55-4.00(4H), 3.85-4.00(2H), 4.28(1H, 4,
= 4.47(1H, qd, ,J=4, 2), 4.55-4.86(4H), 5.06(1H, s), 5.43(1H,

1
3
J=8},

t, Jd=1}), 7.2-7.4(10H), 9.71(1H, d, J=2).
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H nmr & 0.89(3H, 4, J=7), 0.95(3H, d, J=6), 1.1-2.5{(22H),




6-25 6Bn

To a solution of segment A& 5-1 (83 mg, 0.14 mmol) dissolved
in THF (1.5 mL) cooled to —TSOC under nitrogen atmosphere was
added sec-BuLi (1.35 M hexane, 0.12 ml, 0.16 nmol) dropwise.
After stirring for 10 min, the solution was diluted with dry
hexane (1.5 mlL), and the aldehyde 6-24 (19 mg) in THF (0.5 =L}
was added. After stirring at ~780C for 20 ain, the reaction
mixture was quenched by the addition of sat. NH Cl solution and
the aqueous layer was extracted with ether (x3). The extracts
were wWashed (H. 0O, sat. NaCl), dried (Na 504) and concentrated
under reduced pressure to give the residue.

The resulting residue was dissolved in MeOH (1.5 mL} and
then treated with NaBH, (10 mg) at 0°C for 30 min. The sclution
was poured into H.D and the aqueous layer was extracted with
ether (x3). The ex%racts were washed (H_ 0, sat. NaCl), dried and
concentrated under reduced pressure. Purification of the residue
on preparative silica gel TLC gave a mixture of segment A and
the coupling product 6-25 (9 mg), and the segment B/C alcohol (10

ngy.
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6-27 6Bn

1} A solution of the coupling product 6-25 and segment &4 {9
ng) dissolved in a mixture of pyridine (2 aL) and acetic
anhydride (1 nl) was heated at 55 C overnight. The solvent was
removed in vacuum to afford the residue which was dissolved in a
mixture of MeOH (0.4 ml) and ethyl acetate (0.1 ml). To this
solution was added sodium amalgam (5%) portionwise wuntil TLC
analysis showed the absence of starting material. The solution
was poured into H.0 and the aqueous laver was extracted with
ether (x3). The ex%racts were washed (H_ 0, sat. NaCl), dried
(Na_S50.,) and concentrated under reduced Dpressure. Purification
of "the residue on silia gel TLC gave the trams-olefin 6-27 (2.2
g, 25% overall yield 25% from 6-24) as an oil.

1H nor (500 MHz, in C. D} & 1.00(38, 4, J=7), 1.02(3H, 4, J=T7),
1.1330, d, J=7), $.52.4G1m), 1.43(3H, s). 1.49CGH, s),
1.52(3H, s), 1.B3(3H, s}, 3.27(1H, dd, J=12, 4), 3.41¢1H, dd,
J=10, 2), 3.61(1H, dd, J=11, 4), 3.68(1H, ddd, J=11, 7. 3).
3.76{1H, ddd, J=13, 11, 3}, 3.86(1H, d, J=9), 3.88(1H), 4.01(1H,
ddd, J=10, 8, 2), 4.05(1H, t, J=10), 4.11(1H, d, J=9), 4.1(1H),
4.21(1H, d, J=10), 4.36(1H, d, J=13), 4.41{1H, 4, J=8), 4.49(1H,
d, J=13), 4.56(1H, 4, J=11), 4.73(1H, q, JI=7), 4.84(1H, 4, J=11),
4.86(1H, d, J=13), 4.95(1H, d, J=13). 5.01(1H. s), 5.30(1H, s).
h.64(1H, dd, J=16, 7), 5.69(1H, t, J=2), 5.95(1H, dd, J=16, &),
7.1-7.5{15H).

(a) = +31.5% (¢=0.20, CHCL,) .
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To a solution of the diol 5-18 (35 mg, 0.10 mmol) dissolved
in DMF (0.5 mL) was added PDC (0.20 g, 0.50 mmol) portionwise.
After stirring at room temperature for 2 hr, TLC analysis showed
that the only detectable product was the ketone 7-1.

218



To a solution of the 1,2-diol 5-18 (109 nmg, 0.32 mmol)
dissolved in a mixture of DMSO (1.8 ml) and triethylamine (0.7
gl) was added S0Py {(0.41 g, 2.6 mmol) portionwise. After
stirring at room temperature for 20 min, the reaction mixture was
poured into H,0, and the aqueous layer was washed {sat. NH,KCl x2,
sat. NaHCD.,” sat. NaCl), dried (Na,50,) and concentrateé under
reduced pressure to afford the residue. Purification of this
residue on preparative silica gel TLC gave the aldehyde 7-2 (94
mg, yield 86%).

1H amr & 1.19(3H, 4, J=6), 1.22(3H, s), 1.24(3H, 4, J=6), 1.3-
2.0(6H), 3.40(1H, ddd, J=11, 5, 4), 3.84(1H. septet, J=6),
3.99(1H, tt, J=10, 2), 4.5-4.6(3H) 4.90(1H, 4, J=3), 9.71(1H, s).
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To a solition of the aldehyde 7-2 (12 mg, 0.036 mnol)
dissolved in DMF (0.10 nL) was added PDC (0.40 g) portionwise.
After stirring at room temperature for 2 hr, the reaction mixture
was poured inte H. 0 and the ag. laver was extracted with ether
(x3). The combined organic layer was washed (H. .0, sat. Nall),
dried (Na_.S0, ) and passed through a short column of silica gel.
Concentration™ of the filtrate under reduced pressure gave the
ketone 7-1 (9 mg, yield 82%).

1H nar & 1.18(3H, d, J=6), 1.30(3H, d, J=6), 1.6-2.1(4H) 2.17(3H,

s), 2.3-2.7(2H), 3.24(1H, ddd, J=12, 4, 3), 3.96(1H, septet,
J=6), 4.28(1H, m), 4.58(2H, s), 4.90(1H, 4, J=3), 7.2-7.4(5H).
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To a solution of the aldehyde 7-2 (14 mg, 0.042 mmol), 2-
methyl-2-butene {2 drops), sodium phosphate, monobasiec dihydrate
(10 mg) dissolved in a mixture of tert-butanol (0.4 mL) and H.0
(0.1 nl) was added sodium chlorite (NaClO,, abt. 85%, 10 ng,
0.094 amol) portionwise. After stirring &t room temperature for
1 hr, sat. NaHSO, solution was added. The golition was acidified
at QoC with IN HEI, and the aq. layer was extracted with CH_Cl
(x3). The combined organic layer was dried (Na, S0 ) ang
concentrated under reduced pressure to afford the carboXvylic acid
7-3 (14 mg, quantitatively).

Ly omr 5 1.10GH, d, J=6), 1.26(3H, d, J=6), 1.42(3H, s}, 1.4-
5 25(6H). 3.41(1H, ddd, J=11, 5. 3), 3.86(1H, septet, J=6),

4 08(1H, tbt, J=11, 2), 4.50-4.68(2H, &B), 4.92(1H, d, J=3),
5.3(1H, br), 7.2-7.4(5H).
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To a solution of silver nitrate (AgNO_, 90 mg, 0.53 mmol) in
H O (0.23 mL) was added ag. KOH (1.8 M sofution, 0.60 mL) drop-
wise. After stirring at room temperature for 10 min, the solu-
tion became a balck semi-solid mixture. To this heterogeneous
solution cooled to GOC was added the aldehyde 7-2 in EtOH (0.2
ml.) dropwise. After stirring at room temperature for 2 hr, the
solution was filtrated on a pad of Super Cell. The filtrate was
acidified with IN HC! and then extracted with CH Cl (x3). The
combined organic layer was dried (NaZSD } and concefitrated under
reduced pressure to give the residue (33 ag). 1H Nmr analysis
showed that this residue contained the carboxylic acid T-
(estinated yield 15% ).
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OH OH i
1-1 {natural) ' e OH
—iir R

To a solution of nmatural okadaic acid (62 amg, 0.077 ammol)
dissolved in a mixture of THF (3.5 al) and DMF (0.9 ml) was added
Nall (60% oil dispersion, 10 mg, 250 mmol)} portionwise. After
stirring at room temperature for 10 min, benzyl bromide {100 ul,
0.84 nmol) was added, and the stirring was continued overnight.
The reaction mixture was poured into ice-water and then acidified
with 1IN HCIL. The ag. layer was extracted with CH.Cl. (x4). The
combined extracts were dried (Na.SO ), and concéntfated under
reduced pressure to afford the tribenzyl okadaic acld 7-6 as an
0il. This material was uded for the subseguent reactions without
purification. A portion of this oil was purified with tlc to
give an analytically pure sanple.

Iy onr 3 0.87GH, 4, J=T), 0.91(3H, 4, J=7), 1.05(3H, 4, J=7),
1.36(30, s), 1.73(3H, s), 2.13(1H, dd, J=14, 2), 2.23(1H),
2. 42018, qt. J=7. 7). 3.22(1H, dd, J=11, 2}, 3.24(1H, dd, J=12,
4), 3.55-3.7(5H), 3.88-3.95(2H), 4.02(1H, tt, J=11, 2), 4.24(1H,
d, J=8), 4.48(1H, d, J=13), 4.56(1H, d, J=11), 4.60(iH, d, J=13),
A.61(1H), 4.73(1H, d, J=11), 4.77(1H, d, J=13), 4.89(1H, d,
1=13), 5.02(1H, brs), 5.14(1H, brs), 5.17(1H, brs), 5.35(1H, t,
J=1), 5.61(1H, dd, J=15, 8), 5.74(1H, dd, J=15, &), 7.2~
7.4(15H), (500 MHz).

A1l other signals are left unresolved between 1.25-2.40 ppa.

[ ]D=+48.10 (c=0.31, CHCL,).
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To a solution of natural tribenzyl okadaic acid 7-6 (3 mg)
dissolved in EtOH (0.3 ml) and ammonia (0.7 mlL) cooled to ~?80C
was added lithium metal (trace). After stirring at —780C for 30
min, the reaction mixture was allowed to warm to room temperature
and to stand for 2 hr until ammonia was evaporated. Water was
added and the solution was acidified at OOC with 1IN HCI. The agq.
layer was extracted with CH.Cl. {x3), and the extracts were dried
(Na_S0.) and concentrated under reduced pressure to afford the
resTdué. This residue was dissolved in MeOH (0.4 mnL} and treated
with diazomethane (ether =solution) at OOC until TLC analysis
showed the absence of okadaic acid. Cnoceniration of the solvent
followed by TLC purification gave the okadaic acid methyl ester
(1.8 mg, yield 80%).
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To a solution of crude tribenzyl okadaic acid 7~6 (0.77
mmol) dissolved in MeOH (2.5 al) cooled to OOC was added
diazomethane (ether solution) wuntil TLC analysis showed the
absence of starting material. Concentration of the solvent gave
the residue. Purification of this residue by chromatography on
silica gel (3 g) with 1:1 ether/hexane provided the okadaic acid
tribenzyl methyl ester 7-7 as an oil (42 mg, overall vield 51%
from 1-1).
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To a solution of okadaic acid tribenzyl methyl ester 7-7 (42
mg, 0.039 mmol) dissoclved 1in THF (3 mL) cooled to —TSOC under
N atmosphere was added LiAIH, (1.2 M solution in THF, 0.2 nL,
0.24 mmol) dropwise. After s%lrrlng at TSOC for 30 min, the
reaction mixture was gradually warmed up 1o O C. Toe this solu-
tion was added 15% NaOH {2 drops), H.D (2 drops) and hexane (2
ml). The solution was filtered on a pad of Super Cell and the
filtrate cake was washed throughly with AcOEt. Concentration of
the filtrate gave the crude oil (39 mg) which was purified by
chromatography on silica gel with 1:1 and 2:1 ether /hexane to
afford the diol 7-4 (25 ng, vield 60%).

Yoamr & 0.87(3H, d, J=7), 0.90(3H, d, J=6), 1.04(3H, d, =7},
1.13(3H, s), 1.73(H, s), 2.47(1H, at, J=7. 7). 3.22(1H, dd,
J=10, 2), 3.24(1H, dd, J=12, 4), 3.38-3.5(3H), 3.52(1H, ddd,
J=11, 9, 3), 3.58-3.7(5H), 3.88-3.93(2H), . 4.10(1H, tt, J=11,
2y, 4.23(1H, d, J=8), 4.47(1H, d, dJ=13), 4.55(1, d, J=11),
4.58(1H), 4.61(1H, d, J=13), 4.72(1#, d, J=11), 4.73(1K, d,
J=13), 4.82(1H, d, J=13), 5.02(1H, brs), 5.14(1H, brs), 5.40(if,

t, J=2), 5.60(1H, dd, J=16, 7), ©5.85(1H, 4d, J=16, 7). 7.2-

7.5(15H), (500 MHz),
All other signals are left unresolved between 1.25-2.40 ppn.

[‘ceJD=+34.1° (¢=0.29, CHCL,).
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A solution of the acetonide 6-27 (7 ng, 0.0064 mol) in a
pixture of THF (0.40 nl), AcOH (0.30 al) and water (0.15 mlL) was
heated at 5506 for 1.5 day. Solvent was removed in vacuum and
chromatography (silica gel 1.5 g) of the residue with 1:1 and 3:1
ether/hexane gave the diol 7-4 (4.4 ng, 63% yield).

(o ]p= +34.4° (c=0.28, CHCL,) .
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To a solution of the diol 7-4 (4.4 nmg, 0.0042 nmol)
dissolved 1in a mixture of DMSO (0.20 nL) and triethylamine (0.8
nl) was added sulfur trioxide pyridine complex (15 mg, 0.094
nmol) portionwise. After stirring at room temperature for 30
min, the solution was poured into H.0 and the ag. layer wmwas
extracted with ether (x3). The extracts were washed {(sat. NH Cl
x2, sat. NaHCO_, sat. KaCl) and dried (Na280 ). Concentration
under reduced bpressure gave the aldehyde 7*% {4 mg). This
material was promptly subjected to the subsequent reaction.

"Wonar 5 0.88H, d, J=7). 0.92(3H, d, J=6), 1.05(3H, d. 5=T).
1.14(3H, ), 1.72(3H, s), 2.37(1H., tq, J=T, 7). 3.45-3.52(2H)
3.58-3.7(5H), 3.9-4.0(3H), 4.24(1H, d, J=8). 4.46(1H, d. J=13)
4.53(10), 4.56(1H, d, J=11), 4.59(1H, d, J=13). 4.67(1H, brs).
4.74(1H, d, J=13), 4.74(1H, d, J=11), 4.86(1H, d, J=13). 5.03 (18
brs), 5.13(1H, brs), 5.40(1H, t, J=1), 5.55(1K, dd, J=15, 8)
5.61(1H, dd, J=15, 9), 7.2-T.4(15H), 9.30(1H, s), (ScoMhz),

All other signals are left unresolved between 1.25-2.40 pps.
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To a solution of the aldehyde 7-5 (4 mg), 2-methyl-2-butene
(75 ul) and sodium phosphate, monobasic dihydrate (7 mg, 0.045
anel) dissolved in a mixture of tert-butanol (0.25 mL) and H_ O
(50 mL) was added sodium chlorite (NaClO0_, 85%, 4 mg, 0.038 mmo%}
portionwise. After stirring at room temperature for 2.5 hr, sag.
NaHSKJ3 solution was added. The solubtion was acidified at 0 C
with 1N HCl and the aq. laver was extracted with CH_Cl (x3).
After being dried (Na S0, ), concentration under reducéd pressure
followed by chromatography (silica gel } g) of the residue with
1:1 ether (containing 0.5% of acetic acid)/hexane gave tLhe

carboxylic acid 7-6 (2.6 mg 65% overall vield)}.

(@)= +50.2° (c=0.22, CHCL,).
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To a solution of the tribenzyl okadaic acid 7T-6 (2.7 ng)
dissolved in EtOH (0.3 wL) and ammonia {(distilled from sodium
metal) cooled go -78°C was added lithium metal {(trace). After
stirring at -78 for 30 min, the reaction mixture was allowed to
warm to room temperature and to stand at room temperature for 2
hr wuntil ammonia dissolved in EtOH was evaporated. Water was
added and the solution was acidified at ODC with IN HCl. The agq.
layer was extracted with CH,_Cl_. (x3) and the extracts were dried
(Na_ 50 ) and concentrated ungerzreduced pressure. The resulting

crystalline mass were washed with hexane to give the svynthetic

okadaic acid as white crystalline (1.7 ng 87% vield).

Yommr 5 0.93GH, 4, J=6), 1.02(3H, d, J=7), 1.06(3H. d, J=6),

1.37(3H, s), 1.77(3H, s), 3.29(H-30, dd, J=11, 2), 3.35-3.62(2H),
3.55(H-38, brd, J=11), 3.61(H-22, td, J=10, 4), 3.66(H-38, td,
J=11, 3}, 3.94(H-26, d, J=10), 4.07(H-4, brt, JI=11), 4.09(H-27,
t, J=10), 4.12(H-24, d, J=10), 4.54(H-16, td, J=9, 7), 5.06(1H,
brs), 5.32(1H, brs), 5.44(1H, t, J=1), 5.48(1#, dd, J=15, 9),
5.67(1H, dd, J=15, 9), 5.78(1H, brs). (500MHz)

All other signals are left unsesolved between 1.25-2.40 ppn.

Analytical T ¢ R¢ value  Solvent
0.28 AcOEt (0.5% AcOH) /hexane 1:1
0.28 Ether (0.5% AcOH)
.21 CHZCIZ/MeOH (5%)

0.49 acetone/hexane 1:1
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