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Bromoalkoxylation of dihydropyran with bromine and 1-borneol,

followed by dehydrobromination and epoxidation, afforded trans-2-1-

bornyloxy-3,4-epoxytetrahydropyran as a major product. This was

treated with sodium phenylselenide to give a 1:1 mixture of (2R,3R,4R)-

2-1-bornyloxy-3-hydroxy-4-phenylselenotetrahydropyran and its (2S,3S,

4S) diastereomer. Elimination of the selenoxide, derived from oxida-

tion of the former with hydrogen peroxide, yielded the corresponding

allylic alcohol, which was transformed to its vinyl ether by trans-

etherification with ethyl vinyl ether in the presence of mercuric

trifluoroacetate. Claisen rearrangement of the vinyl ether provided

the corresponding aldehyde which gave, after oxidation with alkaline

silver nitrate and brief exposure of the resulting acid to stannic

chloride, the optically pure y-lactone (1S,6S)-3,7-dioxabicyclo[4.5.0]-

non-4-en-8-one.

( 2S, 3S, 4S )- Hydroxyselenotetrahydropyran was converted to the (3R)

allylic alcohol which was oxidized with manganese dioxide. Reduction

of the resulting ketone with diisobutylaluminum hydride gave the (3S)



allylic alcohol, from which the same Y -lactone was obtained by a

stereoconvergent sequence analogous to that employed previously.

Elaboration of the 0-methylbutenoate side chain of monic acid C

was accomplished by treatment of this Y-lactone with phenylsulfenyl

chloride and isopropenyl trimethylsilyl ether in the presence of zinc

bromide to yield a 1:1 mixture of the cis and trans ketoacids. The

acids were esterified with diazomethane and hydroxylated with cata-

lytic osmium tetroxide and N-methylmorpholine oxide. After protection

of the diols with 1,1-dimethoxycyclohexane, the cyclohexylidene ketals

were condensed with the sodium salt of tert-butyl dimethylphosphono-

acetate to give the desired E-butenoate as the major product. Selec-

tive reduction of the methyl ester of these diesters with lithium

n-butyldiisobutylaluminumhydride gave, after oxidation with pyridinium

chlorochromate, a mixture of (2S,3S,4R,5S)-2-(3-methyl)-(E)-carbo-t-

butoxypropeny1)-3,4-cyclohexylidenedioxy-2H-pyran-5-ylacetaldehyde and

the (2R,3R,4S,5S) isomer. Coupling of the former with the y-oxido

ylide derived from (2S,3S)-3-hydroxy-2-methylbutyltriphenylphosphonium

iodide furnished, after removal of the two protecting groups, monic

acid C.
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CHIRAL SYNTHESIS OF MONIC ACID C

I. INTRODUCTION

The chemistry of ionophore antibiotics has been of interest for

almost three decades since the first isolation of the novel meta-

bolites, X-206 (1), nigericin (2), and lasalocid A (3) by Berger,

et al.' in 1951. These compounds and many more discovered

subsequently, such as dianemycin (4)2 and monensin (5),3 were

found to be effective not only as coccidiostatic agents in poultry and

growth promotants in cattle4 but also as cardiovascular agents with

potential utility as clinical antihypertensive agents.5

Structurally, most of the ionophore antibiotics feature linear

arrays of substituted tetrahydropyran and tetrahydrofuran rings. Like

many other microbial products, they often have C-methyl groups

branched along the carbon backbone. Furthermore, comparison reveals a

number of common structural features distinctive of the class. For

example, at one terminus, there is a carboxyl group and at the oppo-

site end there is a hydroxyl function. A hydrogen bond between these

two moieties causes the molecule to assume a characteristic cyclic

conformation (Figure 1). A hydrophilic cavity is thus formed that is

capable of complexing an alkali metal cation with a direct ionic inter-

action with the ionized carboxylate group. The exterior of the molecu-

lar complex is composed largely of nonpolar hydrocarbon segments which

minimize interactions of the bound cation with solvent and facilitate

its transportation across membranes in biological systems.6
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Structurally related to ionophore antibiotics are a group of meta-

bolites produced by submerged fermentations of a strain of Pseudomonas

fluorescens (NCIB 10586). These are pseudomonic acid A (6),7 B

(7),8 C (8),9 and D (9).10
Although they contain similar func-

tionality to the ionophores, this group of antibiotics comprises a new

class of its own due to the presence of the biogenetically unique

9-hydroxynonanoate unit, the hydroxy group of which is joined to the

rest of the molecule through an a,e-unsaturated ester linkage.
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In addition to functioning as effective antimicrobial agents

against gram-positive bacteria, such as Haemoohilus influenzae,

Neisseria oonorrhoeae, and mycoplasma pathogens, 11 the pseudomonic

acids are powerful competitive inhibitors of isoleucyl-tRNA synthe-

tase. 12,13 Moreover, the absence of cross-resistance with a wide

selection of antibiotics and their low toxicity 14 suggested a novel

mode of action for these metabolites.

Investigation of the interaction of pseudomonic acid A with

Escherichia coli B isoleucyl-tRNA synthetase12,13 led to the

proposal that the terminal residue of the epoxide chain, which has the

same carbon skeleton as L-isoleucine, competes with this amino acid

Figure 1. Conformation of the Metal Ion Complex (M+ = e) of

Lasalocid.
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for the single isoleucine-binding site15 on isoleucyl-tRNA synthe-

tase. This enzyme is known to contain two hydrophobic domains accomo-

dating the methyl and ethyl groups of the amino acid16,17 respec-

tively (Figure 2). The finding that the pseudomonic acids have a much

lower affinity for mammalian isoleucyl-tRNA synthetase than for the

microbial enzyme could account for the observed low toxicity of the

antibiotic in mammals.

(a)

(b)

Hydrophobic

HO
OH

Hydrophobic

co;

Figure 2. A Representation of Hydrophobic Binding Domains in

Isoleucyl-tRNA Synthetase Accomodating (a) the Terminus of the Epoxide

Side Chain of Pseudomonic Acid A (b) the Aliphatic Side Chain of

L-Isoleucine.
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The antibacterial activity of the pseudomonic acids is found to

be pH dependent. Thus, while pseudomonic acid A gradually loses its

activity outside the pH range of 4 -9,18 pseudomonic acid C remains

active. 9
It is known that the epoxide function in pseudomonic acid

A is involved in the acid-catalyzed rearrangements leading to two

isomeric compounds 12 and 13, via attack of the 7-hydroxy group on the

epoxide ring at C-10 and C-11 respectively (Scheme 1). Both 12 and 13

are devoid of activity. Another aspect of the loss of activity when

pseudomonic acid A is given systematically to mammalian species,

including man, is the drug's strong binding affinity to serum protein

(to the extent of 95%). Interestingly, methyl monate (11) is signifi-

cantly less protein-bound (to the extent of only 30%) but possesses a

similar antibacterial activity to that of the natural metabolite 6,

while monic acid (10), a degradation product of 6, has no

activity.19

The potent antimicrobial activity, unique structural features,

and complex stereochemistry of the pseudomonic acids have stimulated

intense synthetic interest. 20-30 The first total syntheses of

racemic pseudomonic acids C (8) and A (6) were achieved by Kozikowski,

et al.20,21 Based on the disconnection analysis shown in scheme 2,

the target molecule 16 was constructed by reunion of the two synthons

14 and 15.

The racemic aldehyde 15 was synthesized by the method shown in

scheme 3. Benzyloxyselenation of dihydropyran 17 afforded 18 as the

major isomer which was converted into cis-2-benzyloxy-5,6-dihydro-2H-

pyran 19 via a selenoxide elimination. The protected hemiacetal 20
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21 ( R = SiPh2t-Bu )

19

15

10

Reagents: a) PhSeCl, Et3N, PhCH2OH; b) NaI04, NaHCO3;

c) CC14, CaCO3,; d) 0s04, N-methylmorpholine-N-oxide; e) cyclo-

hexanone, H4; f) 10% Pd/C, H2; g) C1Si(Ph)2t-Bu, imidazole; h)

CH3COCHPPh3, CH3CN; i) (Et0)2POCH2CO2Et, base; j) Bu4NF;

k) PCC

Scheme 3
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was treated with acetylmethylenetriphenylphosphorane to give 21 as the

major "kinetic product" (2.5:1) and a Horner-Emmons reactions of 21

with the anion of ethyl diethylphosphonoacetate provided the a03-

unsaturated ester (E:Z, 4:1). This was followed by desilylation and

oxidation of the primary hydroxyl group to yield 15 (Scheme 3).

The y-oxidophosphorane 14 was prepared from tiglic acid as out-

lined in scheme 4. Reduction of the mixed anhydride of this acid to

allylic alcohol 22 and subsequent hydroboration-oxidation gave diol

23, which was converted via the primary trimsylate and iodide to

phosphonium salt 24.

Tiglic acid

H OH

22

b

23

c,d,e

24

Ph
3

Reagents: a) CH30C0C1, NaBH4; b) BH3.THF; NaOH, H202;

c) trimsyl chloride, pyridine; d) NaI; e) Ph3P, CH3CN

Scheme 4

A Wittig reaction of 14 and 15, followed by deprotection of the

diol 16, resulted in a 60:40 (E:Z) mixture of ethyl monate C (25) and

its diastereomers. Finally, methyl pseudomonate C (26) was obtained

by saponification of 25 and esterification of the sodium salt with

methyl 9-iodononanoate in DMF/HMPA (Scheme 5).
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Reagents: a) 50% AcOH - H2O ; b) NaOH ; c) ICH2(CH2)7CO2Me , DMF/HMPA

Scheme 5
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Conversion of methyl pseudomonate C (26) to methyl pseudomonate A

(27) has been reported by Rogers, et al.9 Unfortunately, treatment

of a protected version of 26 with m-chloroperbenzoic acid resulted in

a mixture of epoxides that was in favor of the unwanted isomer

(27:isomer, 1:2). However, the desired isomer was the major product

(3:1) when epoxidation was carried out on the benzylidene'acetal 28

with vanadyl acetylacetonate and tert-butylhydroperoxide. The

benzylidene protecting group was removed by hydrogenolysis to complete

the total synthesis of methyl pseudomonate A (27) (Scheme 6).

Enantiospecific syntheses of the pseudomonic acids have been

reported by several investigators. Without exception, these

approaches have used a strategy involving a coupling of two chiral,

synthons closely equivalent to 14 and 15. In Fleet's synthesis

(Scheme 7),22 -24 L-arabinose was converted to epoxide 29 stereo-

specifically which underwent regiospecific ring opening with dimethyl-

cyanodilithiocopper. This was followed by hydrolysis, oxidative

cleavage, and reduction of the resulting aldehyde to afford diol 23,

whose conversion to 14 had been carried out previously. 20

The synthesis of 15 nicely illustrates the regio- and stereo-

specific introduction of the pseudomonate side chain on the dihydro-

pyran ring via double Claisen rearrangement methodology. The first

side chain was incorporated with correct stereochemistry by a Claisen

rearrangement of allylic alcohol 30, derived from D-arabinose.

Iodolactonization of 31 established with correct configuration a new

carbon-oxygen bond at position 4 in 32, and this subsequently became

the locus for introduction of the second side chain via a Claisen
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rearrangement of 33. The protected dihydropyran 34 was then advanced

to 21 and finally to 15 in the manner previously described.20

26

Ph

a

28

b,c

27

Reagents: a) PhCHO , TsOH ; b) VO(acac)2 , TBHP ; c) 10% Pd/C , H2

Scheme 6
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I

30

RO
OH

33

la

.,OH
a

RO RO

34

Reagents: a) MeC(OMe)2NMe2 ; b) 12

Scheme 7

31

32

14

21
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L-ARABINOSE

Et0 C
21

RO

16

OR

AcQ.

37 ( R = Si Melt -Bu )

a,b

36

Reagents: a) 60° C; KF; b) SOC12; o-MeC6H4COOH, Et3N; MeMgBr;

c) EtO2CN/S02Ph, Pd(dppe)2; d) 6% Na(Hg)

Scheme 8

Another elegant approach to aldehyde 15 from L- arabinose employ-

ing a Claisen rearrangement has been reported independently by Curran

and Suh.25 Taking advantage of the Ireland modification of the

Claisen rearrangement, 31
36 was secured after an initial rearrange-

ment of the bis-ketenesilylacetal 35. The second side chain was then

introduced with regio- and stereoretention via palladium(0)-mediated
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allylic displacement32 to give 37. The latter was then taken on to

15 (Scheme 8).

Recently, three more synthetic approaches to the pseudomonic

acids using chiral templates have been published. 26,27,28 Sinay's

approach to methyl pseudomonate C (26), as illustrated in Scheme 9,

began with the elaboration of D-xylose and 0-glucose into key inter-

mediates 38 and 39 respectively. The copper-catalyzed ring opening of

epoxide 38 with Grignard reagent 40, derived from 39, was the critical

step that set the left-hand side chain of 41 in the correct configura-

tion. Elongation of the right-hand side chain of 42 was performed

along lines already described. 19,20

D-XY LOSE D-GLUCOSE

(R = SiMe2 t-Bu)

OH

42

Scheme 9
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Recognizing a latent identity of the tetrahydropyran moiety of

pseudomonic acid C with L-lyxose, Keck relied on a free radical substi-

tution of the thiocarbonate group of 43 to give allyl derivative 44

L- LYXOSE

0

,,C0
2
Et

yeast

HO

PhO

48

Scheme 10

( R = Si Oe
2
t-Bu )
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with retention of configuration (Scheme 10).27 The left-hand side

chain was fabricated by coupling of the lithio salt of sulfone 45 with

aldehyde 46, derived from ethyl acetoacetate, followed by a dissolving

metal reduction of 47. Elaboration of the right-hand side chain was

carried out on 48 via a modified Wittig-Michael sequence33 similar

to that employed in the Kozikowski synthesis.20'

Although no synthesis of pseudomonic acid B (7) has been reported

to date, chiral syntheses of the key intermediates 49 from D-ribose

and 50 from L-arabinose have been published by Schonenberger28 and

Curran25 respectively (Scheme 11). Two other racemic approaches

directed toward preparation of the intermediate 21 have also been

reported.29,30

49

D-RIBOSE L-ARABINOSE

OR3

ctOR2

49 ,R1= Me , R2, R3=

50 ,R1= Et , R2,R3=

0

Scheme 11
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A conspicuous feature of all the enantioselective syntheses of

the pseudomonic acids described above is the utilization of "chiral

templates" derived from optically active sugars as the source of

asymmetry. 34 We felt that it would be more challenging and inter-

esting to devise an alternative plan in which an achiral material,

dihydropyran, would be transformed into chiral intermediates through

the agency of a chiral auxiliary. In principle, this more flexible

strategy could be applied at any point along the synthetic route and

would be amenable to modification in ways that are not possible with a

"chiral template" approach.

.LI 0

14

51

PPh3

3,4-D11-1YDRO-2H -PYRAN

Figure 3. Retrosynthetic Plan.

52

74
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As in previous routes, our convergent synthesis of monic acid C

relies on the union of two key chiral units, 24 and 52. The phos-

phonium salt 24 had already been prepared in homochiral form by

Engebrecht35 and we therefore focused our attention on the prepara-

tion of 52 containing the correct absolute configuration at all four

centers (5S, 6R, 7R, 8S) (Figure 3). The following section will

describe a total, enantioselective synthesis of monic acid C (51)

starting from dihydropyran and using 1 -borneol as a chiral

auxiliary.
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II. THE SYNTHESIS OF MONIC ACID C

A plausible retrosynthetic analysis of monic acid C (51) led to a

convergent scheme requiring the construction and coupling of fragments

14 and 52. Our primary objective therefore became the synthesis of

the tetrahydropyran unit 52 possessing four chiral centers (5S, 6R,

7R, 8S) in the correct absolute configuration. It was decided to

approach this target from an achiral starting material without carry-

ing out an optical resolution. For this purpose, asymmetric induction

methodology, 36 which has been shown to provide high enantiomeric

ratios in reactions such as hydroboration-oxidation,37 alkylation

via chiral oxazolines,38 asymmetric aldol condensations," chiral

hydride reduction ,48 and Sharpless epoxidation,41 was adapted to

the preparation of a chiral acetal from dihydropyran.

Treatment of dihydropyran with bromine and 1-borneol via a method

known to afford almost exclusively trans-adducts,42 gave 53 and its

diastereomer 54 in 30% yield. Incorporation of chirality in this

first step was based on the speculation that the steric influence of

the chiral alcohol would provide a bias in the formation of diastereo-

meric transition states that would favor the production of one

diasteromeric product over the other.

The bornyloxypyran derivatives 53 and 54 were treated with

1,5-diazabicyclo[5.4.0]undec-5-ene (DBU) to give 2-bornyloxy-5,6-

dihydro-2H-pyran (55) in almost quantitative yield. The direction of

this dehydrobromination, which is known to proceed via an E2

mechanism,22 is a consequence of the trans stereochemistry of the
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53

I.

Br

H

Br2

1-borneol

0110BORN

55

Ic

BORN =

0...'OBORN
1 : 1 COBORN

56 57

Reagents: a) NH3, THF/Et20, -78 C; b) DBU; c) HPLC separation

previous addition reaction. More importantly, removal of the chiral

center at the carbon-bearing the bromine atom markedly simplified

estimation of the degree of asymmetric induction in the initial

bornyloxylation.
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To our disappointment, HPLC analysis indicated that 55 was a

mixture of 56 and 57 in a 1:1 ratio. It has been observed in the

hydroboration-oxidation of alkenes with di-3-pinanylborane37'43

(Table 1) that the extent of enantioselectivity is governed by two

factors, viz. the steric bulk created at the reaction site, and the

proximity of the newly formed chiral center to the asymmetric center

in the chiral reagent. Apparently, in our system these stringent

demands could not be met and hence the diastereomeric transition

states were not significantly different in energy.

Table 1. Stereoselectivity in Some Hydroboration-Oxidation of Alkenes

with Di-3-pinanylborane.

Alkene Enantiomeric excess (%)

2-Methyl-l-butene 21

2,3-Dimethyl-l-butene 30

cis-2-Butene 87

trans-2-Butene 13

cis-2-Pentene 82

cis-3-Hexene 91

1-Methylcyclohexene 18

Norbornene 70

Bicyclo[2.2.2]oct-2-ene 17
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Although diastereomerically pure 53 could not be realized at this

stage, it was decided to carry the mixture forward in the hope that

separation could be effected at a later stage. In order to obtain 53

and 54 in quantity, a modified route was investigated along lines

reported by Cross and Harrison.44 The dibromotetrahydropyran 58,

0

obtained by treatment of dihydropyran with bromine at -78 C, was

allowed to react without isolation with a mixture of 1-borneol and

N,N-dimethylaniline. This procedure gave 53 and 54 in 84% yield, thus

affording a significant improvement in efficiency.

Epoxidation of the alkene mixture 55 with m-chloroperbenzoic acid

provided in 83% yield a 1:3 mixture of cis-epoxides 59 and 60 and

trans-epoxides 61 and 62, which were separated as two pairs of

diastereomers by flash column chromatography. The NMR spectrum of the

major pair of isomers confirmed the stereochemical assignment by

showing a distinct doublet for H-3 at 6 2.95-3.00 with a coupling

(J3,4) of 4.0 Hz. This signal is well upfield from the more

complex resonance for H-4 and the singlet at 6 4.85-4.90 for H-2 which

are characteristic of a trans configuration, according to Sweet and

Brown. 45

At this stage, we sought a method for the conversion of epoxide

61 and 62 to allylic alcohol 66 and 67 in a regio- and stereospecific

manner. Epoxide opening with the selenium anion, followed by

oxidative elimination of the resulting a-hydroxy selenide as reported

by Sharpless and Lauer,46 appeared to be the ideal solution for this

purpose. Thus, 61 and 62 were treated with sodium phenylselenide 63,

derived from the reduction of diphenyldiselenide with sodium
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borohydride in tetrahydrofuran and absolute ethanol, to give a-hydroxy

selenides 64 and 65 in excellent yield (96%). Interestingly,

examination of the crude products from trans-epoxides 61 and 62

revealed a 1:1 mixture of two isomers which proved to be separable by

flash column chromatography. In contrast, the crude products from the

cis-epoxides 50 and 60 were chromatographically inseparable.

It was assumed that diastereomers 64 and 65 resulted from

trans-diaxial opening at the less hindered terminus of the epoxide

ring46 and hence the configurations of C-2 and C-3 were predictd to

be as shown (Figure 4). However, although this separation provided

access to enantiomerically pure compounds, it was not possible to

assign absolute configuration at this stage. Hence, we were unable to

predict which of 64 and 65 would give the desired lactone 74.

Consequently, both isomers were separately transformed through

parallel sequences to 74 and its enantiomer 75 which could then be

compared in optical rotation with the same lactone prepared by Fleet

from D-arabinose.24

Oxidation of the hydroxy selenides 64 and 65 with excess hydrogen

peroxide gave unstable hydroxy selenoxides, which were not isolated

but were allowed to decomposed in refluxing ethanol in the presence of

sodium bicarbonate. This afforded allylic alcohols 66 (78%) and 67

(68%), along with a small amount of epoxides 61 (15%) and 62 (4%)

respectively. Although the elimination of a-hydroxy selenoxides has

been shown to proceed rapidly via a syn process away from the hydroxyl

function,47 the presence of epoxides 61 and 62 indicated that

intramolecular displacement of the phenylselenoxyl group by a vicinal

hydroxy substituent was competitive in this system.
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In an attempt to suppress the formation of epoxides 61 and 62

from the selenoxides, sodium bicarbonate was replaced with sodium

borate. This idea originated in our observation that none of the

epoxide had been detected in previous experiments where elimination of

the e.-hydroxy selenoxides had been carried out without separation of

the a-hydroxy selenides. It was reasoned that some of the sodium

borohydride, employed for preparation of sodium phenylselenide, was

converted to sodium borate in the course of the reaction and the

latter then acted as a base of the appropriate strength for selenoxide

elimination.48,49 In fact, elimination of selenoxides derived from

64 and 65 in the presence of an equivalent of sodium borate cleanly

afforded 66 and 67 in high yield (87% and 78% respectively) with

almost undetectable formation of epoxides.

The introduction of a two-carbon appendage in a stereospecific

manner at C-5 of the pyran ring, with a concommitant shift of the

4,5-double bond to the 3,4-position, was accomplished via the well-

known Claisen rearrangement.5° The vinyl ethers 68 and 69, obtained

from transetherification of 66 and 67 respectively with an excess of

ethyl vinyl ether in the presence of mercuric trifluoroacetate (yield,

68: 78%; 69: 80%), showed not only characteristic IR bands at 1630 and

1610 cm-1 but also 1H NMR resonances [a doublet of doublets at

6 6.4 (1 H, J=14, 7 Hz), a doublet of doublets at 6 4.32 (1 H, J=14, 2

Hz) and a doublet of doublets at 6 4.07 (1 H, J-7, 2 Hz)] which

confirmed the presence of the vinyloxy moiety.

0

Pyrolysis of 68 and 69 in a continuous flow system at 250 C

resulted in their smooth conversion to aldehydes 70 and 71 in 94% and
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64 , R1= R4= R6= H;R2= SePh;R3= 0H;R5= OBORN

65 , RI= SePh;R2= R3= R5= H;R4= OH;R
6
= OBORN

:.

A. 113

66 , RI= OH;R2= R4= H;R3= OBORN

67 , R1= R3= H;R2= OH;R4= OBORN

68 , RI= ;R2= R4= H;R3= OBORN

69 , RI= R3= H;R2= 0. ;R4= OBORN

70 , RI= R4= H;R2= CH2CH0;R3= OBORN

71 , RI= CH2CHO;R2= R3= H;R = OBORN

d

BORN ''OBORN
73

0

ie

6
75

Reagents: a) H202 ; A ; b) ethyl vinyl ether, Hg(CF3CO2)2 ;

0

c) 220-250 C ; d) AgNO3- KOH ; e) SnC14

Scheme 12
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74% yield respectively [IR: 2700, 1720 cm-1; 1H NMR: 69.75 (1 H,

triplet, J=1Hz)]. Since it is known51-55 that this type of trans-

position proceeds with syn stereochemistry, the absolute configura-

tions of the hydroxy groups of 66 and 67 are transmuted into the

corresponding orientation of the aldehyde side chains of 70 and 71

with complete stereochemical integrity.

In selecting an oxidation method for the conversion of 70 and 71

to 72 and 73, it became obvious that only neutral or basic conditions

were suitable for this transformation. Neither pyridinium dichromate

in dimethylformamide57 nor the more powerful argentic oxide

(Ag0)58 in aqueous tetrahydrofuran gave satisfactory results.

However, the method using alkaline silver(I) oxide (Ag20) 59 proved

to be effective and treatment of 70 and 71 with this reagent, prepared

in situ by mixing silver nitrate solution with ethanolic potassium

hydroxide, followed by a careful neutralization at low temperature (0°

C), afforded a and 73 as crystalline solids in 93% and 94% yield

respectively.

The next stage of our plan called for a method to transform acids

72 and 73 into lactones 74 and 75. An analysis of this conversion

suggested that a SN1' process might be effective.

R = 1-bornyl 74

+ ROH
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Several important considerations regarding the practical aspects

of this transformation emerged from the above analysis. First,

ionization of the protonated pyran should proceed very readily since

the resulting carbocation is highly stabilized by both the allylic

double bond and the adjacent oxygen atom. Second, pathway a would be

expected to dominate over b in the ionization step based on entropy

considerations, and suppression of the reverse reaction (k_2) should

be favored under dilute conditions where a species that can coordinate
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to the alcohol is used. Third, a Lewis acid possessing a weakly

nucleophilic conjugate base should be suitable for this reaction,

leading to halides, such as titanium tetrachloride, stannic chloride,

and boron tribromide, as prospective catalysts.

When 72 was exposed to 1.2-2 equivalents of stannic chloride in

0

tetrahydrofuran at 0 C, 74 was obtained in only 40% yield.

Recognizing that tetrahydrofuran might be modifying the Lewis acidity

of stannic ion, we reasoned that a non-coordinating solvent, such as

dichloromethane or chloroform, should increase the effectiveness of

the catalyst. As expected, treatment of dilute solutions of 72 and 73

(0.013-0.018 M) in dichloromethane with stannic chloride (0.75 mol

equivalent) at -78°C cleanly afforded the unsaturated lactones 74 and

75 in 76% and 78% yield respectively, accompanied by 1-borneol.

The IR spectrum of 74 clearly indicated the presence of a

y-lactone function (1760 cm-I) and the absence of a carboxylic acid

(3300-2400, 1700 cm-I). In addition, a strong sharp absorption at

1640 cm-I suggested the presence of a vinyloxy moiety. The IH NMR

spectrum of 74 showed marked differences from that of the acid 72, as

for example, in the disappearance of bulk resonances in the region

from 6 2.0 to 0.0 corresponding to the bornyloxy group. There was

also observed a characteristic low field doublet at 66.67 (1 H,

J=7Hz) due to the olefinic proton on C-3. Finally, these infrared and

NMR spectra were found to be identical to those of the same lactone

prepared independently from D-arabinose by G. W. Fleet.24 The

enantiomeric relationship between 74 and 75 was established from the

finding that 74 displayed an optical rotation of -68.3 while 75
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showed a rotation of +68.2 . The former accords reasonably well with

the value of -63.9 reported for 74 by Fleet.

This correspondence confirmed that 74 was the desired enantiomer

for monic acid and also allowed us to unambiguously assign the

absolute stereochemistry of all the compounds shown in Scheme 12.

Since a goal of this study was the synthesis of monic acid C (51) with

high stereochemical efficiency, we sought a route that would provide

stereoconvergence by transforming the alcohol 67 into 74.

H

7'O
BORN

67

0 ''OBORN

- .nomio .11111ftw.

b

74

76 77

Reagents: a) Mn02 ; b) DIBAL

'0H

'''OBORN
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An examination of the chemistry already worked out for 66

suggested that this might be accomplished by inversion of configura-

tion of the hydroxy group of 67. Since the configuration of C-3 was

the stereocontrolling element for the sequence, the inverted alcohol

77 should provide a second route to 74 via a pathway analogous to that

taken previously. A plausible strategy for this conversion was oxida-

tion of 67 to a ketone 76 followed by stereospecific reduction of the

carbonyl function to the inverted alcohol 77, as shown above.

Of the methods for mild oxidation of allylic alcohols, that with

activated manganese dioxide has been shown to be especially effective

in giving unsaturated ketones in high yield. 60,61 Thus, treatment

of 67 with a large excess of activated manganese dioxide, prepared

according to the protocol of Attenburrow et al.,62 afforded 76 as a

crystalline solid in 86% yield. Examination of the IR spectrum of

this unsaturated ketone showed a strong conjugated carbonyl stretching

band at 1690 cm-1, accompanied by a weaker sharp carbon-carbon

double bond stretching band at 1620 cm-1, both in agreement with the

assigned structure.

For the reduction of ketone 76, a method affording both high

regio- and stereoselectivity was required. On the basis of a

publication by Masamune,63 which reported that high 1,2-regio- and

stereoselective reduction of unsaturated ketones was observed using

diisobutylaluminum hydride (DIBAL) in benzene, 76 was treated with
.

this reagent in toluene at -78 C. It was hoped that the steric bulk

of the bornyloxy group would direct hydride transfer to the ketone
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from the side opposite to the attached alkoxy group and, to our

delight, the alcohol 77 was obtained in 96% yield free from

contamination by the epimer 67.

67

H

'OBORN

76

DIBAL
00H

'''OBORN 0 ''OBORN

77

In marked contrast to alcohol 67 which is a crystalline solid (mp

104.5-105°104.5-105 C), 77 was found to be a liquid of much lower polarity as

revealed by TLC. This property is probably due to intramolecular

hydrogen bonding, as illustrated below.

77

H.0'
H-bonding

The IR spectrum of 77 also showed a broad OH stretching band at

3500 cm-1, in contrast to the sharp band at 3450 cm-1 in 67. The
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presence of an olefin is supported not only by a sharp CH stretching

band at 3050 cm-I in the IR spectrum but also by a two-proton

doublet of doublets (J=10Hz) at 6 5.75, a little upfield from that of

67 ( 65.87, 2H, dd, J=10Hz), in the IH NMR spectrum.

Since the conversion of alcohol 66 to lactone 74 had been estab-

lished previously, the transformation of 77 to 74 was subsequently

conducted along these lines by Dr. C.Kuroda as shown below.

77

a

b,c

74 79, R = CHO

80, R = CO2H

Reagents: a) ethyl vinyl ether, Hg(02CCF3)2; b) 220 0C;

c) AgNO3-KOH; d) SnC14

The vinyl ether 78, obtained in 56% yield from transetherifi-

cation of 77 with ethyl vinyl ether in the presence of mercuric

trifluoroacetate, displayed a very similar IR spectrum to that of 68.

In contrast, the IH NMR spectrum of 77 showed a slightly upfield

shift of the compact multiplets for H-4 and H-5 at 6 5.80 (J=12 Hz)

(68; 6 5.90, J=12 Hz) and a distinctive downfield shift of a doublet

for H-2 at 6 4.98 (J=4 Hz) (68; 6 4.75, J=3 Hz). Pyrolysis of 78
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gave aldehyde 79 which was directly oxidized to acid 80 in 96% yield.

Examination of the 1H NMR spectra of 79 and 80 reveal a similar

pattern to those of 70 and 72 respectively. However, a distinguishing

two-proton multiplet for H-6 at 63.60 (J=11, 5Hz), upfield from

those of 70 and 72 (63.85, 2H, dd, J=11, 3 Hz),is noteworthy. Brief

treatment of 80 with stannic chloride afforded 74 in 74% yield,

identical to the same lactone previously prepared from 72.

For the next stage of the synthesis, the right hand segment of

monic acid must be attached to lactone 74 in a manner that will place

the side chains in a cis relationship. In a formal sense, the

conversion expressed as 74 .--81 can be regarded as a SN2'

displacement of an allylic carboxylate.

(?)
RO

2

"4- Nu

74 81

Recently, Trost and Verhoeven64 have demonstrated that high

regio- and stereoselectivity can be achieved when a reaction of this

type is conducted in the presence of catalytic quantities of a

palladium (0) phosphine complex. Noteworthy is the fact that under

these conditions the nucleophile enters from the same side as the

leaving group. Based on a report by Raphael, et al.,3° which
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claimed complete regio- and stereaselective alkylation of lactone 82

with di-t-butyl sodiomalonate in the presence of bis-1,2-diphenyl-

phosphinoethanepalladium (0) [ Pd(0)(dppe)2 ], 74 was treated with

diethyl sodiomalonate with the same catalyst. Unfortunately, only a

complex mixture of very polar compounds was obtained and attempts with

various reaction conditions, alkylating agents, and catalysts proved

equally unrewarding.

82

74

Aa+CH(CO2t-Bu)2

Pd(0)(dppe)2

97%

Na
+
CH(CO Et)

2

Pd(0)(dppe)2

Although similar in gross structure, a closer examination of 82

and 74 reveals that the olefinic portions are in quite different
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environments. While the double bond of 82 should display normal

affinity toward a metal complex, the olefin of 74, with its higher

electron density due to lone pair electrons on the adjacent oxygen

atom, should be appreciably more nucleophilic. Therefore, in the

mechanism shown below (Figure 5), 64 electron transfer from palladium

(0) to the olefin would be impeded with the more electron rich double

bond and, as a result, the rate determining step, 71.-ally1 complex

formation, would be retarded. Conceivably, this could account for the

failure in our case.

Ac

Pd L3

Nu

Pd

L L

Pd

L L

OAc

It

Pd L2

OAc

L

Nu

+
Pd --L

Figure 5. Mechanism of Palladium-Catalyzed Allylic Alkylation.
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In searching for an alternative, chemoselective method for this

transformation, we turned to alkene carbosulphenylation, in which

electrophilic activation would be followed by subsequent treatment

with an 0-silylated enolate for the addition step. In support of this

plan, it has been recently reported that treatment of the phenyl-

sulfenyl chloride adduct of 3,4-dihydro-2H-pyran with 0-silylated

enolates of ketones and esters in the presence of a catalytic amount

of zinc bromide gave the corresponding addition products in good yield

and with high trans stereoselectivity.65

Following this protocol, 74 was treated with phenylsulfenyl chlor-

ide in dichloromethane at -78C and then with acetone trimethylsilyl

enol ether (2 equivalents) and a catalytic amount of zinc bromide to

give ketoacids 83 and 84 in 83% yield. Although the product appeared

HO

83

Reagents: a) PhSC1; b) TMSO

74

, ZnBr2

84



42

to be homogeneous by TLC, examination of its 1H NMR spectrum

revealed a 1:1 mixture of 83 and 84. The two stereoisomers could be

differentiated by the two sets of methylene proton resonances at C-6;

for 83 these were at 6 3.75 (d, J=2 Hz) 30 and for 84 these reson-

ances were observed at 6 4.00 (dd, J=11, 5 Hz) and 6 3.40 (dd, J=11,

8 Hz).

The absence of stereoselectivity suggested that oxonium ion 86

rather than episulfonium ion 85 was the reacting species in this

process, so that nucleophilic attack at C-2 of the pyran takes place

from both sides. Subsequent loss of the phenylthio group, coupled

with lactone ring opening, was probably initiated by attack of halide

anion on the sulfur atom66 of 87 followed by an anti-elimination of

the carboxylate group.

74

PhSCL

85

Cl
+
SPh

m-- 83+84

87

OTMS

86
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Esterification of the mixture of acids with excess diazomethane

in ether afforded the corresponding methyl esters, 88 and 89, in

almost quantitative yield. Although inseparable by chromatography,

these esters could again be distinguished by examination of their IH

NMR and 13C NMR spectra.

HO2

83

a

88

HO

90

HO2

Me02C

Me02C

84

89

91

Reagents: a) CH2N2; b) 0s04, N-methylmorpholine-N-oxide
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2
?

93

0

99

100
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Reagents: a) 1,1- dimethylcyclohexane,p -TsOH; b) (Me0)2P(0)CH2CO2t-Bu,

NaH, LiBr
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The esters 88 and 89 were then hydroxylated using a catalytic

amount of osmium tetroxide and N-methylmorpholine-N-oxide67 to give

a 4.6:1 mixture of diols whose stereochemistry could not be determined

from the data at hand.

Although the major fraction appeared homogeneous on TLC, it was

found to be composed of 90 and 91,as revealed by the duplicate reso-

nance pattern for most of the carbon atoms in the 13C NMR spectrum.

Exposure of this mixture to 1,1-dimethoxycyclohexane in the presence

of a catalytic amount of p-toluenesulfonic acid gave the cyclohexyli-

dene derivatives 92 and 93 as an inseparable mixture in 92% yield.

The Horner-Wadsworth-Emmons reaction68 of the mixture of 92 and

93 with the sodium salt of tert-butyl dimethylphosphonoacetate69 in

tetrahydrofuran in the presence of an equivalent molar amount of

lithium bromide7° gave the expected E-unsaturated esters, along with

the corresponding Z-isomers in a 5.45:1 ratio (83% yield). These

stereoisomers were now separable by flash chromatography. When this

reaction was conducted without the added lithium bromide it gave only

a 4:1 mixture of E:Z isomers.

A plausible explanation for the effect of lithium cation is

coordination to the enolate of the phosphonate ester to enforce a

cyclic conformation 94. This would enhance the proportion of the

thermodynamically more stable transition state 95 over 96, and hence

would favor production of the E-isomer as illustrated below

(represented by 92 only).
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Interestingly, irradiation of a solution of the pure Z-isomers in

benzene with a low-pressure UV lamp at 254 nm gave a 1:1 mixture of

the E and Z isomers. These could easily be distinguished by the diff-

erent proton resonances of the C-17 methyl group (pseudomonic acids

numbering) at d 2.15 and d 1.90 for the E- and Z-isomers respectively.



McQ.0

Me02

1:1 Ihv

47

97

With the right-hand side chain of monic acid in place, we turned

to the elaboration of the left-hand segment. Our first objective here

was the conversion of 97 into aldehyde 52 by selective reduction of

the saturated methyl ester. On the basis of publications by Kim71

and Curran, 25 which reported that highly selective reduction of

saturated esters can be achieved with the "ate" complex derived from

n-butyllithium and diisobutylaluminum hydride, (DIBAL), the E-isomers

97 and 99 were treated with this complex at -78°C. A mixture of

aldehydes and alcohols were obtained which were not separated but

treated directly with pyridinium chlorochromate and molecular sieve

(4A ) to give a mixture of two aldehydes. These were subsequently

separated by flash chromatography and shown to be 52 and 101 in a

combined yield of 60% (36% and 24% respectively).
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Me02C

99

101

lb

Me02C

97

R = CHO ; R = CH2OH

52

Reagents: a) nBuLi-DIBAL; b) PCC, molecular sieves 4A

The IR spectra of these aldehydes were very similar, both showing

a weak formyl C-H stretching bond at 2725 cm-1, strong carbonyl

absorption at 1730 and 1710 cm-1, and a C=C double bond stretching

absorption at 1650 cm-1. However, their IH NMR spectra were

significantly different and are compared in Table II. The most favor-

able conformations2° of 52 and its two isomers 101 and 102 are

illustrated in Figure 6.
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101

102

Figure 6. Conformations of Compounds 52, 101, and 102.
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The assignment 101 is preferred over 102 based on an analysis of

H-6 resonances at 6 3.66 and 6 3.68. These appear as a doublet of

doublets with coupling constants of 8.9-9.5 Hz and 4.8-4.4 Hz,

indicative of axial-axial and axial-equatorial couplings. These data

fit only 101, since J5,6 and J6,7 of 102 would both be axial-

equatorial couplings and should be in the range of 4-5 Hz.

Significant differences were noted between 52 and 101 in the

coupling patterns of H-7 and H-16a. The stereochemistry of 101 was

most clearly apparent from the triplet at 6 4.30 with J6,7 and

J7,8 values of 4.18 Hz each. This implied an equatorial-axial

relationship between H-7 and the H-6 and H-8 protons. A triplet at

6 3.28, with a J16a,8 value of 11.4 Hz, was assigned to H-16a and

also suggested that H-8 was in an axial orientation. This analysis

stipulates a syn relationship between the acetaldehyde side chain and

the protected diol moiety. The anti relationship of these groups in

52 was apparent from J7,6 and J7,8 (4.8 and 2.2 Hz respectively),

which require axial-equatorial and equatorial-equatorial couplings of

H-7 with H-6 and H-8 respectively. Furthermore, H-16a appeared as a

doublet with a Jvic value of 11.5 Hz. The lack of coupling between

H-16a and H-8 indicated that these two protons were cis to each

other with the dihedral angle between them close to 90°. This also

requires that the aldehyde side chain of 52 assume an axial

orientation.

The analysis of the 1 H NMR data described above, while not

entirely conclusive, strongly suggested that 52 possessed the correct

absolute configuration at all four centers required for the synthesis
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Table II. NMR Spectra of 52 and 101 (400 MHz in CDC13)

101

52 H
2

H
4

H
4

H
5

H
6

H
7

H
8

H
16a

H
16e

a 5.65 2.55 2.75 3.44 3.66 4.02 2.67 3.57 3.76

multiplicity s dd dd dt dd dd m d dd

integral 1H 1H 1H 1H 1H 1H 1H 1H 1H

J 17.1,5.5 17.1,9.5 9.0,2.8 4.8,8.9 4.8,2.2 11.5 11.8,2.75

101 H
2

H
4

H
4
- H

5
H
6

H
7

H
8

H
16a

H
16e

s 5.65 2.42 2.72 3.34 3.68 4.30 2.63 3.28 3.71

multiplicity s dd dd dt dd t m t dd

integral 1H 1H 1H 1H 1H 1H 1H 1H 1H

J 17.7,5.8 17.7,7.2 9.4,2.7 9.5,4.4 4.18 11.4 11.6,5.4

of monic acid C. The identity of 52 was confirmed by the finding that

its
1
H NMR spectrum corresponded closely with that of the ethyl

ester 15 prepared independently by Fleet.

With the requisite chiral aldehyde 52 in hand, the stage was set

for coupling with the chiral ylide 14 to assemble the entire carbon

skeleton of monic acid C. The (2S, 3S) phosphonium salt 24, prepared

along lines described in Engebrecht's thesis,35 was treated with two
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equivalents of n-butyllithium to generate the ylide 14 which was

allowed to react with 52 at -45°C. After stirring at -30°C for two

hours, the reaction mixture was allowed to slowly warm to room

temperature and was quenched with acetic acid. This gave a mixture of

coupling products in 37% yield which were indistinguishable by TLC.

Separation of 103 and 104 from the mixture was accomplished on a

silica gel column impregnated with 10% silver nitrate to give a 57:43

ratio of E:Z isomers.

The IR spectra of 103 and 104 were very similar, both showing a

broad 0-H stretching band centered at 3500 cm-l. Examination of

their 1H NMR spectra, however, revealed a significant difference

between the two isomers in the separation of the C-14 and C-15 methyl

doublets. In 103 this separation (66 = 0.16 ppm) was in close agree-

ment with that of monic acid C (A6 = 0.15 ppm), whereas in 104 the

same methyl doublets showed a larger separation (a = 0.24 ppm).

Finally, 103 was treated with trifluoroacetic acid in dichloro-

methane and then with aqueous trifluoroacetic acid to remove sequen-

tially the tert-butyl ester and cyclohexylidene protecting groups.

This afforded monic acid C in 92.7% yield, identical by spectral and

chromatographic comparison with an authentic sample.The latter was

prepared from natural monic acid A in 77% yield by stereospecific

deoxygenation of the potassium salt of the acetonide 105 with

potassium selenocyanate in refluxing 1,1-dimethylpropan-l-ol-water

(9:1), followed by removal of the protecting group by treatment of 106

with 80% aqueous acetic acid.72
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MONIC ACID C (51)

Reagents: a) 2 eqv. nBuLi; b) TFA, CH2C12; c) 50% TFA-H20



MONIC ACID A

a

105

b,c

CO2H

CO2H

106

id

CO2H

54

MONIC ACID C

Reagents: a) 2,2-dimethoxypropane, p -TsOH; b) KHCO3; c) KSeCN,

1,1-dimethylpropan-1-ol-H20 (9:1); e(pH2); d) 80% AcOH -H20
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In conclusion, the total enantioselective synthesis of monic acid

C described herein exemplifies a novel route to a unique antibiotic

from an achiral starting material. Also, a potentially useful alkene

carbosulphenylation was exploited in this work. Future extensions of

this research might lead to synthetically useful methodology for

regio- and stereoselective alkylation as well as an approach to the as

yet unconquered pseudomonic acid B.
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III. EXPERIMENTAL

Melting points were obtained on a hot-stage microscope and are

uncorrected. Infrared spectra (IR) were recorded on a Perkin-Elmer

727B infrared spectrometer. Nuclear magnetic resonance spectra (NMR)

were determined on a Varian FT-80A, IBM NR-80F or Bruker AM-400

spectrometer. Carbon NMR spectra were measured on either an IBM

NR-80F or Bruker AM-400 spectrometer. Chemical shifts are reported

downfield from tetramethylsilane on the ó scale; the abbreviations s =

singlet, d = doublet, t = triplet, q = quartet, m = multiplet, bs =

broad singlet are used throughout. Mass spectra (MS) were obtained

with either a Varian MAT CH-7 or a Finnigan 4500 spectrometer at an

ionization potential of 70 eV. High resolution mass spectra were

determined on a CEC-110C spectrometer at an ionization potential of'

70 eV. Optical rotations were measured in 1 dm cells of 1 mL capacity

using a Perkin-Elmer Model 243 polarimeter. Elemental analyses were

performed by MicAnal, Tucson, Arizona.

Analytical thin-layer chromatography (TLC) was done on 0.9x6.5 cm

precoated TLC plates (silica gel 60 F-254, layer thickness 0.2 mm)

manufactured by E. Merck. Column chromatography was carried out with

E. Merck silica gel 60 (230-400 mesh ASTM). Alumina refers to the

Brockmann activity I neutral aluminum oxide manufactured by M. Woelm.

High pressure liquid chromatography (HPLC) was conducted with a Waters

M-45 solvent delivery system equipped with two Waters semipreparative

silica columns and a refractive index detector.
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For reactions requiring dry solvents, diethyl ether and tetra-

hydrofuran were distilled from sodium benzophenone ketyl under

nitrogen. Benzene, toluene, dichloromethane, and thethylamine were

distilled from calcium hydride and stored over 4 A molecular sieves.

Starting materials were obtained from commercial suppliers and

used without further purification. For routine isolation of reaction

products, the solvent was removed by rotary evaporation at water

aspirator pressure and residual solvent was removed by vacuum pump at

less than 0.5 Torr. Flasks and syringes were dried in an oven (at

140° C) overnight and allowed to cool in a dessicator over anhydrous

calcium sulfate prior to use. Alternatively, reaction flasks were

equipped with a double manifold apparatus arranged in a way that the

system could be evacuated and then filled with nitrogen and left under

a positive pressure.

3-Bromo-2-1-bornvloxvtetrahvdroovran (53 and 54).

To a cooled, stirred solution of 3,4-dihydro-2H-pyran (56.2 g,

0.648 mol) in dichloromethane (500 mL) was added dropwise a solution

of bromine (101.7 g, 0.635 mmol) in dichloromethane (250 mL) at

-78° C. After stirring for 15 min, a light yellow solution was

obtained that was treated with N,N-dimethylaniline (78.6 g , 0.648

mol). This converted the mixture into a light brown solution. The

temperature was raised to 0° C and a solution of 1-borneol (20.0 g,

0.13 mol) in dichloromethane (300 mL) was added slowly. The mixture

was stirred for 30 min, allowed to warm to room temperature, and kept

stirring for 6 h. Concentration of the mixture under reduced pressure

gave a dark blue viscous liquid which was triturated three times with
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ether (350 mL portions). The ethereal layers were combined, washed

with dilute sodium carbonate (400 mL), water (350 mL), and dried over

anhydrous potassium carbonate. Evaporation of the solvent gave a

yellow liquid which was fractionately distilled using a Vigreux column

under reduced pressure (ca. 2-3 Torr) until the column head tempera-

ture reached approximately 50°C. The distillation was discontinued and

the dark residue was cooled to room temperature, diluted with hexanes

(400 mL), washed once with water (350 mL), dried over anhydrous sodium

sulfate, and concentrated to give a light yellow liquid. This was

distilled in a Kugelrohr apparatus to afford 33.65 g (82%) of 53 and

54 as a light yellow liquid: by 84°C/0.05 Torr; IR (neat) 1380, 1360,

1060, 1010 cm-1; 1H NMR (CDC13) d 4.55 (1H, dd, J=5 Hz), 3.90-

3.50 (4H, m), 2.60-1.00 (11H, m), 0.90-0.88 (3H, s), 0.85 (6H, s).

2-1-Bornyloxy-5,6-dihvdro-2H-Duran (55).

A mixture of 53 and 54 (9.4 g, 29.6 mmol) and 1,5-diazabicyclo-

[5.4.0]undec-5-ene (11.27 g, 74.0 mmol) was heated at 95-100°C under a

nitrogen atmosphere for 20 h. The resulting brown solid mass was

cooled to room temperature, slurried with ether (60 mL) and filtered.

The solid residue was washed well with two portions of ether (30 mL)

and the brown ethereal filtrates were combined, washed with three

portions of water (40 mL), and dried over anhydrous sodium sulfate.

The solution was concentrated to give a light yellow oil which was

chromatographed on a silica gel column (130 g) using hexanes, 5% ethyl

acetate-hexanes, and 10% ethyl acetate-hexanes as eluants respec-

tively. This gave 6.9 g (99%) of 55 as a clear colorless liquid:

IR (neat) 3050, 1650,1100, 1080, 1010, 710 cm-1; 11-1 NMR (CDC13)



59

d 5.95 (1H, dd, J=10, 5 Hz), 5.70 (1H, dd, J=10, 3 Hz), 4.87 (1H, bs),

3.95 (1H, dd, J=12, 4 Hz), 3.75 (1H, m), 3.70 (1H, dd, J=12, 8Hz),

2.50-1.00 (9H, m), 0.85 (9H, s); MS m/z 236 (e), 221, 153, 83.

cis-2-1-Bornvloxv-3.4-eooxvtetrahydroovran (59 and 60) and trans-2-1-

Dornvloxv-3.4-epoxvtetrahvdroovran (61 and 62).

To a stirred solution of 55 (3.55 g, 0.015 mol) in dichlorometh-

ane (75 mL) was added m-chloroperbenzoic acid (4.96 g, 0.023 mol)

portionwise at room temperature. After stirring for 48 h, the mixture

was filtered and the solid residue was washed with a small volume of

cold dichloromethane. The combined filtrates were concentrated under

reduced pressure to one-third of the original volume, filtered, and
0

kept at -2 C overnight. The mixture was filtered again and the crys-

talline residue was washed once with a small amount of cold dichloro-

methane. Dimethyl sulfide (0.5 mL) was added to the filtrate at room

temperature and stirring was continued for 30 min. The cloudy mixture

obtained was filtered through a celite pad using dichloromethane as

eluant (2.5 mLx2). Concentration of the combined fractions gave a

viscous liquid which was passed through a short column of alumina

(Activity I) using 50% ethyl acetate-hexanes as eluant. The combined

fractions afforded a light yellow liquid after evaporation of solvent.

A second chromatograph, performed on a column of silica gel (120 g)

using 5% ethyl acetate-hexanes as eluant gave 2.21 g (61%) of 61 and

62, and 0.798 g (22%) of 59 and 60. Compounds 61 and 62: IR (neat)

1240, 1050, 1005, 840 cm-1; 11-1 NMR (CDC13) d 4.90, 4.87 (1H, s),

4.00, 3.85 (1H, bd, J=10 Hz), 3.65 (1H, dd, J=10, 6 Hz), 3.30, 3.33

(2H, m), 2.95, 3.03, (1H, d, J=4 Hz), 2.35-0.95 (9H, m), 0.87 (3H, s),
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0.85 (6H, 2); MS m/z 252 (M+), 153. Anal. Calcd for C102403:

C, 72.38; H, 9.59. Found: C, 71.10; H, 9.60. Compounds 59 and 60:

IR (neat) 1260, 1050, 1010, 890 cm-1; 114 NMR (CDC13) d 4.95,

4.90

m),

(1H,

0.87

s),

(3H,

4.25, 3.55 (2H, m), 3.50-2.90 (3H, m), 2.40-0.90 (9H,

s), 0.85 (6H, s); MS m/z 252 (Mi.), 153; exact mass m/z

252.1657 (calcd for C102403:252.1675).

(2R.3R,4R)-2-1-Bornyloxv-3-hydroxv-4-phenvlselenotetrahvdroovran (64)

and (2S,3S,4S)-2-1-Bornvloxv-3-hydroxv-4-phenvlselenotetrahydroovran

(65).

To:a stirred solution of diphenyldiselenide (2.38 g, 7.63 mmol) in

ethanol-tetrahydrofuran (1:1, 100 mL) was added sodium borohydride

(0.598 g, 15.8 mmol) portionwise at room temperature. Anhydrous

lithium bromide (1.2 g, 13.9 mmol) was added in one portion to the

solution which was vigorously stirred for 30 min. To the light yellow

slurry was added 61 and 62 (3.5 g, 13.87 mmol) and the mixture was

heated to mild reflux for 2 h, cooled to room temperature, and concen-

trated under reduced pressure to half of the original volume. The

slurry was filtered and the solid residue was washed well with ether.

The residue was dissolved in water (25 mL) and was extracted with

ether (25 mLx2). The combined ethereal layers were dried over anhy-

drous sodium sulfate and filtered, and the solvent was removed to give

a viscous yellow liquid. Chromatographic separation on silica gel

(200 g), using ethyl acetate-hexanes (5%, 10%, 15% respectively) as

eluants, afforded 2.70 g (48%) of the less polar hydroxyselenide 64

and 2.76 g (48%) of the more polar 65 respectively. Compound 64:

[a 41 -62.8 (c 3.48, CHC13); IR (neat) 3500, 3075, 1580, 1240,
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1050, 720, 675 cm-I; IH NMR (CDC13) 6 7.60, 7.25 (5H, m), 4.20

(1H, d, J-7 Hz), 4.10-3.65 (2H, m), 3.60-2.90 (3H, m), 2.57 (1H, d,

J=2 Hz), 2.40-1.00 (9H, m), 0.90 (3H, s), 0.85 (6H, s); 13C NMR

(CDC13) 6 135.57, 128.56, 127.57, 127.34, 105.19, 85.60, 72.89,

63.46, 49.15, 47.13, 44.74, 43.84, 36.98, 32.11, 27.79, 26.49, 19.38,

18.46, 13.55; MS m/z 410 (e). Anal. Calcd for C21H3003Se:

C, 61.44; H, 7.37. Found: C, 61.23; H, 7.42. Compound 65: mp

84.0-84.5°
0

84.0-84.5 C (from ethyl acetate-hexanes); + 25.12 (c 3.34,

CHC13); IR (Nujol mull) 3425, 3100, 1580, 1200, 1000, 720 cm-I;

IH NMR (CDC13) 6 7.60, 7.25 (5H, m), 4.20 (1H, d, J=6 Hz),

4.153.75 (2H, m), 3.60-2.90 (3H, m), 2.55 (1H, d, J=3 Hz), 2.40-0.90

(9H, m), 0.90 (3H, s), 0.85 (6H, s); 13C NMR (CDC13) 6 135.56,

128.76, 127.95, 127.70, 102.11, 82.50, 72.78, 63.22, 48.87, 47.77,

44.86, 43.83, 35.85, 31.95, 28.11, 26.56, 19.62, 18.73, 13.29; MS m/z

410 (e). Anal. Calcd for C21H3003Se: C, 61.44; H, 7.37.

Found: C, 61.46; H, 7.14.

(2R.35)-2-1-Bornvloxv-3-hvdroxv-4,5-dehydro-2H-Duran (66) and

(25,3R)-2-1-Bornvloxv-3-hydroxv-4,5-dehydro-2H-pvran (67).

To a well stirred mixture of 64 (3.0 g, 7.32 mmol), lithium

bromide (0.64 g, 7.32 mmol), and sodium tetraborate decahydrate (2.79

g, 7.32 mmol) in ethanol-tetrahydrofuran (1:1, 30 mL) was added 30%

hydrogen peroxide solution (8.4 mL, 73.5 mmol) dropwise at 0°C over 5

min. The mixture was stirred at 00C for 30 min and then at 35 -400C

for 8 h. The solvent was azeotropically removed with benzene and

absolute ethanol under reduced pressure. The syrupy residue was

diluted with ethanol (25 mL) and tetrahydrofuran (5 mL) and was heated
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to mild reflux under nitrogen for 6 h. The resulting dark brown

mixture was concentrated, diluted with ether (40 mL), and filtered

(Celite), and the solid residue was washed well with ether. The

combined ethereal filtrates were concentrated and the residue was

chromatographed on silica gel (80 g) using ethyl acetate-hexanes (5%,

15%, 25% respectively) as eluants to give 1.6 g (87%) of 66 as a

0
crystalline solid: mp 68.5-69.5 C (from hexanes); [a]til +123.5

(c 2.14, CHC13); IR (film) 3450, 3050, 1040, 800 cm-I; IH NMR

(CDC13) 6 5.85 (2H, bs), 4.63 (1H, d, J=4 Hz), 4.15 (2H, bd, J-2

Hz), 3.90 (2H, m), 2.50-1.00 (8H, m), 0.87 (6H, s), 0.83 (3H, s);

13
C NMR (CDC13) 6 128.16, 124.86, 102.25, 84.34, 65.09, 60.88,

49.22, 47.35, 44.84, 36.91, 27.94, 26.47, 19.46, 18.49, 13.59. Anal.

Calcd for C15H2403: C, 71.38; H, 9.59. Found: C, 71.11; H,

9.56.

In exactly the same manner, 65 (3.0 g, 7.32 mmol) afforded, after

chromatography on silica gel (80 g), 1.44 g (78%) of 67 as a crystal-

line solid: mp 104.5 -105° C (from hexanes); [a] 21 205.2° (c 2.06,

CHC13); IR (Nujol mull) 3450, 3050, 1060, 800 cm-I; IH NMR

(CDC13) 6 5.87 (2H, dd, J=10 Hz); 4.70 (1H, d, J=3 Hz), 4.40-3.60

(4H, m), 2.40-1.00 (8H, m), 0.87 (9H, s). Anal. Calcd for

C15H2403: C, 71.38; H, 9.59. Found: C, 71.22; H, 9.58.

(2S)-2-1-Bornvloxv-3-oxo-4.5-dehvdro-2H-ovran (76).

To a stirred suspension of activated manganese dioxide (1.5 g) in

dichloromethane (100 mL) was added 67 (125 mg, 0.495 mmol) at room

temperature. After 2.5 h, another quantity of manganese dioxide (0.75

g) was added and the mixture was stirred for an additional 1.5 h. The
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suspension was filtered (Celite) and the filtrate was evaporated to

dryness to afford 107 mg (86%) of 76 as a crystalline solid which was

0

homogeneous on TLC: mp 71-72° C (from pentane); [a]p1 -192.00 (c

0.525, CHC13); IR (Nujol mull) 1690, 1620, 1040, 800 cm-1; 1H

NMR (CDC13) 6 7.00 (1H, ddd, J=10,4,2 Hz), 6.10 (1H, dm, J=10 Hz),

4.83 (1H, s), 4.55 (1H, dt, J=19,2 Hz), 4.25 (1H, ddd, J=19,4,2 Hz),

4.10 (1H, ddd, J=10,4,2 Hz), 2.40-0.80 (7H, m), 0.90 (3H, s), 0.88

(6H, s); 13C NMR (CDC13) 6 188.91, 147.42, 124.86, 96.56, 82.84,

59.89, 49.15, 48.03, 45.06, 35.59, 27.99, 26.49, 19.67, 18.82, 13.74.

Anal. Calcd for C102203: C, 71.96; H, 8.86. Found: C, 72.07;

H, 8.99.

(2S.3S)-2-1-Bornvloxv-3-hvdroxv-4.5-dehvdro-2H-ovran (77).

0
To a solution of 76 (40 mg, 0.16 mmol) in toluene (5 mL) at -78 C

was added a solution of diisobutylaluminum hydride (1.5 M in toluene,

159 iL, 0.24 mmol), dropwise via a syringe over a period of 2 min.

After 30 min of stirring, methanol (1.5 ml) was added and the mixture

0

was stirred vigorously at -78 C for 10 min and then at room tempera-

ture for 1 h. The resulting slurry was filtered through a Celite pad

and washed well with hot methanol (5 mL). The filtrate was evaporated
0

to give 38.7 mg (96%) of 77 as a colorless liquid: [(1]D1 -122.1 (c

1.255, CHC13); IR (neat) 3500, 3050, 1100, 700 cm-1; 1H NMR

(CDC13) 6 5.75 (2H, bs), 4.90 (1H, d, J=4 Hz), 5.35-3.75 (4H, m),

2.40-0.80 (8H, m), 0.88 (3H, s), 0.87 (6H, s); 13C NMR (CDC13)

126.63, 126.45, 94.54, 81.10, 64.17, 59.74, 49.15, 47.92, 45.06,

35.94, 28.20, 26.74, 19.64, 18.83, 13.70. Anal. Calcd for

C102403: C, 71.38; H, 9.59. Found: C, 71.46; H, 9.73.
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(2R,35)-2-1-Bornvloxv-3-vinvloxy-4,5-dehydro-2H-Duran (68) and

(25,3R)-2-1-Bornvloxv-3-vinvloxv,4.5-dehvdro-2H-pvran (69).

To a stirred solution of 66 (400 mg, 1.585 mmol) in ethyl vinyl

ether (35 mL, distilled from calcium hydride) under nitrogen was added

mercuric trifluoroacetate (51.3 mg, 0.11 mmol) in one portion at 0 C.

The mixture was warmed to room temperature and then heated to mild

reflux for 24 h, after which another portion of the mercuric salt (ca.

40 mg) and ethyl vinyl ether (15 mL) were added. After 72 h half of

the solvent was removed by distillation at atmospheric pressure and

was replaced by fresh ethyl vinyl ether (ca. 25 mL) along with a

portion of the mercuric salt (ca. 40 mg). Refluxing was continued for

an additional 24 h, and the mixture was cooled to room temperature.

Anhydrous potassium carbonate (500 mg) was added to the vigorously

stirred mixture during 30 min, which was then filtered, and concen-

trated to give a light yellow oil. This was chromatographed on silica

(30 g) using 5% and 10% ethyl acetate-hexanes as eluants respectively,

to afford 316 mg (77%) of 68 as a colorless liquid: [a]pl +136.2° (c

1.40, CHC13); IR (neat) 3050, 1630, 1610, 1180, 1040, 820 cm-1;

1H NMR (CDC13) 6 6.40 (1H, dd, J=14,7 Hz), 5.95 (1H, bd, J=13,2

Hz), 5.80 (1H, bd, J=13 Hz), 4.75 (1H, d, J=3 Hz), 4.32 (1H, dd, J=14,

2 Hz), 4.15 (2H, m), 4.07 (1H, dd, J=7,2 Hz), 3.90 (1H, dg, j=10,2

Hz), 2.45-1.00 (7H, m), 0.87 (9H, s); 13C NMR (CDC13) 6 150.46,

129.78, 121.88, 100.07, 88.31, 84.59, 71.86, 60.82, 49.28, 47.39,

44.91, 37.13, 28.01, 26.53, 19.54, 18.58, 13.59. Anal. Calcd for

C17H2603: C, 73.33; H, 9.42. Found: C, 73.48; H, 9.59.
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In exactly the same manner, a solution of alcohol 67 (362 mg,

1.43 mmol) in ethyl vinyl ether (75 mL) with mercuric trifluoroacetate

(120 mg, 0.28 mmol), afforded, after chromatography on silica gel (30

g) with 5% and 10% ethyl acetate-hexanes, 317 mg (80%) of 69 as a

colorless oil: [ a]p1 -187.9 (c 2.00, CHC13); IR (neat) 3075,

1630, 1610, 1175, 1040, 810 cm-I; 1H NMR (CDC13) 6 6.42 (1H dd,

J=14,7 Hz), 5.95 (1H, bd, J=13,2 Hz), 5.80 (1H, bd, J=13 Hz), 4.77

(1H, d, J=3 Hz), 4.32 (1H, dd, J=14,2 Hz), 4.12 (2H, m), 4.07 (1H, dd,

J-7,2 Hz), 4.05 (1H, m), 2.35-0.90 (7H, m), 0.87 (9H, s). Anal. Calcd

for C17H2603: C, 73.33; H, 9.42. Found: C, 73.49; H, 9.62.

(2S,3S)-2-1-Bornvloxv-3-vinvloxv-4.5-dehvdro-2H-pvran (78).

By the procedure described above, a solution of 77 (601 mg, 2.38

mmol) and mercuric trifluoroacetate (121.4 mg, 0.285 mmol) in ethyl

vinyl ether (170 mL), afforded, after chromatography on silica gel

(30 g) and elution with 5% and 10% ethyl acetate-hexanes, 371 mg (56%)

of 78: [01]p9 -92.4° (C 0.56, CHC13); IR (neat) 3050, 1640, 1610,

1180, 1040, 820 cm-I; IH NMR (CDC13) 6 6.45 (1H, dd, J=14,7 Hz),

5.80 (2H, bdd, J=13 Hz), 4.98 (1H, d, J=4 Hz), 4.45 (1H, bs), 4.35

(1H, dd, J=14,2 Hz), 4.20-3.80 (3H, m), 4.05 (1H, dd, J=7,2 Hz), 2.35-

0.90 (7H, m), 0.88 (3H, s), 0.85 (6H, s).

(2R,5R)-2-1-Bornvloxv-3,4-dehydro-2H-ovran-5-vlacetaldehvde (70) and

(2S.5S)-2-1-Bornvloxv-3,4-dehvdro-2H-Dvran-5-vlacetaldehvde (71).

A 21 cm Pyrex column packed with glass helices (prewashed with

dilute ammonia solution and dried at 150 C) and equipped with an

injection adapter at the top and a receiving adapter with a 50 mL

flask at the bottom, was heated to 250-255 C by two nichrome coils
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wound around the column. With the receiving flask submerged in a Dry

ice-acetone bath and dry stream of nitrogen passing through the column

at a rate of 0.16 mL.s-1, 68 (288 mg, 1.036 mmol) was introduced

dropwise through the injection port on to the column head via syringe.

After addition was complete the column was allowed to cool to room

temperature and was rinsed with ethyl acetate. The resulting solution

was combined with the pyrolysate collected in the receiving flask and

was concentrated to give a light yellow liquid which was chromato-

graphed on silica gel (21 g) using 5% and 15% ethyl acetate-hexanes as

eluants respectively to yield 270 mg (94%) of 70 as a colorless
0

liquid: [ a41 -80.1 (c 3.34, CHC13); IR (neat) 3030, 2700, 1720,

1650, 1040, 810, 740 cm-I; 1H NMR (CDC13) 6 9.75 (1H, t, J=1

Hz), 5.95 (1H, dd, J=11,5 Hz), 5.77 (1H, dd, J=11,3 Hz), 4.85 (1H, d,

J=3 Hz), 4.10 (1H, dd, J=11,4 Hz), 3.83 (1H, dq, J=10,2 Hz), 3.50 (1H,

d, J=11 Hz), 2.80 (2H, bs), 2.95-0.95 (8H, m), 0.85 (9H, s); semicar-
0

bazone derivative mp 161-162° C. Anal. Calcd for
C18H2903N3:

C, 64.44; H, 8.72. Found: C, 64.53; H, 8.80.

By the same procedure as above, 69, (315 mg, 1.13 mmol) was
0

pyrolyzed at 180-185 C to afford, after chromatography on silica gel

(20 g) and elution with 5% ethyl acetate-hexanes, 232 mg (74%) of 71

as a colorless liquid: [ (1]p1 +27.7° (c 3.06, CHC13); IR (neat)

3030, 2700, 1720, 1660, 1010, 820, 740 cm-I; 1H NMR (CDC13)

69.75 (1H, t, J=1 Hz), 5.95 (1H, dd, J=11,5 Hz), 5.73 (1H, dd, J=11,3

Hz), 4.87 (1H, d, J=3 Hz), 4.10 (1H, dd, J=11,4 Hz), 4.00 (1H, m),

3.50 (1H, d, J=11 Hz), 2.60 (2H, bs), 2.75-1.00 (8H, m), 0.85 (9H, s).



67

(25,5R)-2-1-Bornvloxv-3,4-dehvdro-2H-ovran-5-vlacetaldehvde (79).

In the same manner as above, 78 (24.5 mg, 0.088 mmol) was
0

pyrolyzed at 280 C under nitrogen to give, after chromatography on

silica gel (1.0 g) and elution with 5% and 10% ethyl acetate-hexanes,

11.2 mg (46.1%) of 79 as a crystalline solid: mp 74.0 -75.5 C; 1
H

NMR (CDC13) a 9.80 (1H, t, J=1 Hz), 5.80 (1H, J=10 Hz), 5.75 (1H,

dd, J=10,3 Hz), 4.94 (1H, d, J=3 Hz), 4.00 (1H, bd, J=10 Hz), 3.70

(1H, dd, J=11,5 Hz), 3.50 (1H, d, J=11 Hz), 2.90 (1H, m), 2.40 (2H,

dd, J=7,3 Hz), 2.30-1.00 (7H, m), 0.90 (9H, s).

(2MR)-2-1-Bornvloxv-3.4-dehydro-2H.ovran-5-vlacetic Acid (72) and

(2S,5S)-2-1-8ornvloxv-3.4-dehvdro-2H-ovran-5-vlacetic Acid (73).

To a stirred solution of 70 (240 mg, 0.86 mmol) in absolute

ethanol (4.2 mL) at room temperature was added a solution of silver

nitrate (356 mg, 2.1 mmol) in water (0.45 mL). Potassium hydroxide

solution (4.77 mL, 1 M) was introduced dropwise to the mixture which

deposited a copious black precipitate. The suspension was vigorously

stirred for 30 min and was filtered through a short Celite column

which was rinsed well with several portions of water (1 mLx5). The

combined filtrates were extracted once with ether (15 mL) and the

extract was discarded. The aqueous layer was acidified to pH 6-7 with

0
solid sodium hydrogen sulfate at 0 C and was extracted twice with

ether (15 mLx2). The combined ethereal layers were dried over anhy-

drous sodium sulfate, filtered, and concentrated to give 236 mg (93%)
0 0

of 72 as a colorless waxy solid: mp 60 -63C; [ail -73.9 (c 1.40,

CHC13); IR (Nujol mull) 3300-2400, 1700, 1040, 740 cm-1; 1H NMR

(CDC13) (5 6.00 (1H, dd, J=11,4 Hz), 5.80 (1H, dd, J=11,3 Hz), 4.87
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(1H, d, J=3 Hz), 4.05 (1H, dd, J-11,3 Hz), 3.85 (1H, dq, J=10,2 Hz),

3.60 (1H, J=11 Hz), 2.50 (2H, bs), 2.75-1.00 (8H, m), 0.87 (9H, s);

13
C NMR (CDC13) 6 177.37, 130.61, 126.80, 95.10, 84.60, 60.70,

49.22, 47.23, 45.01, 37.47, 36.08, 30.55, 28.09, 26.64, 19.57, 18.59,

13.58. Anal. Calcd for C17H2604: C, 69.35; H, 8.91. Found:

C,69.55; H, 8.98.

By the procedure described above, a solution of 71 (210 mg, 0.755

mmol) in absolute ethanol (3.5 mL) with silver nitrate (299 mg, 1.76

mmol) and potassium hydroxide (4 mL, 1 M) afforded 210 mg (94%) of 73
0

as a crystalline solid: mp 98-99'C; [x]ci21 +22.8 (c 2.30, CHC13);

IR (Nujol mull) 3300-2400, 1710, 1630, 1040, 800, 750 cm-1; 1H NMR

(CDC13) 6 9.25 (1H, bs), 5.95 (1H, dd, J=11,4 Hz), 5.75 (1H, dd,

J=11,3 Hz), 4.87 (1H, d, J=3 Hz), 4.20-3.90 (2H, m), 3.60 (1H, d, J=11

Hz), 2.50 (2H, bs), 2.75-1.00 (8H, m), 0.87 (3H, s), 0.85 (6H, s).

Anal. Calcd for C17H2604: C, 69.35; H, 8.91. Found: C, 69.12;

H, 9.02.

(2S,5R)-2-1-Bornvloxv-3,4-dehydro-2H-pvran-5-vlacetic Acid (80).

By the procedure described for 70 and 71, 79 (29.6 mg), 0.107

mmol) was treated with silver nitrate (44 mg) 0.26 mmol) and potassium

hydroxide (0.6 mL, 1 M) to afford 30.2 mg (96%) of 80 as a crystalline
,

solid: mp 106-109 C; 1H NMR (CDC13) 6 8.50 (1H, bs), 5.85 (1H, d,

J=11 Hz), 5.75 (1H, dd, J=11,3 Hz), 4.94 (1H, bs), 4.00 (1H, bd, J=10

Hz), 3.70 (1H, dd, J=11,5 Hz), 3.53 (1H, d, J=11 Hz), 2.80 (1H, m),

2.30 (2H, dd, J=8,3 Hz), 2.20-1.00 (7H, m), 0.83 (9H, s).
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(1S,6S)-3,7-Dioxabicyclor4,5,01non-4-en-8-one (74).

A. From 72. To a stirred solution of 72 (105.8 mg, 0.36 mmol)

0

in dichloromethane (20 mL) at -78 C was added dropwise stannic chlor-

ide (30 pL, 0.27 mmol). After 25 min, the reaction was quenched by

addition of triethylamine (250 pL, 1.79 mmol) and the mixture was
0

stirred at -78 C for 10 min and then warmed to room temperature.

Anhydrous potassium carbonate (100 mg) was added and vigorous stirring

was continued for 10 min. The mixture was diluted with ether (20 mL)

and 'vigorously stirred for 15 min. The cloudy mixture was filtered

through a Celite pad topped with anhydrous potassium carbonate and the

clear filtrate was evaporated to dryness under reduced pressure to

give a copious amount of white needles. These were rinsed with

several portions of ether, and the ethereal solution was filtered and

concentrated to give a light brown liquid. This was chromatographed

on a silica gel column (3.5 g), using 15% and 30% ethyl acetate-

hexanes as eluants respectively, to yield 36.8 mg (73%) of 74 as a

0
light yellow oil which spontaneously crystallized: mp 45-46 C;

0

[a
]01

-68.3 (c 0.71, CHC13); IR (Nujol mull) 3050, 1760, 1640,

1240, 1160, 970 cm-I; IH NMR (CDC13) d 6.67 (1H, d, J=7Hz), 5.05

(1H, dd, J=7,4 Hz), 4.85 (1H, t, J=4 Hz), 4.00 (1H, dd, J=12,4 Hz),

3.60 (1H, dd, J=12,9 Hz), 2.50 (3H, m); 13C NMR (CDC13)6 175.26,

149.18, 99.15, 71.16, 64.35, 33.16, 30.79; MS mLz 140 (M+),112.

Anal. Calcd for C7H803: C, 59.98; H, 5.76. Found: C, 58.17;

H, 5.78.

B. From 80. A stirred solution of 80 (30.1 mg, 0.102 mmol) in

dichloromethane (7 mL) was treated with stannic chloride (10 pL, 0.09



70

mmol) at -78 C. After 30 min, Triethylamine (100 IA, 0.71 mmol) was

added and the mixture was allowed to warm to room temperature. This

was followed by the addition of potassium carbonate (50 mg) with

vigorous stirring. The reaction mixture was then worked up in the

same manner as above to give 10.2 mg (71%) of 74 as a crystalline

solid: mp 50-51° C; [a] 21 -75.5 (c 0.185, CHC13); IR and 1H NMR

were identical to those of the lactone prepared from 72.

(1R,6R)-3,7-Dioxabicvclof4,5,01non-4-en-8-one (75).

By the procedure described above, a solution of 73 (100 mg, 0.340

mmol) in dichloromethane (20 mL) with stannic chloride (28 u L, 0.255

mmol) afforded, after chromatography on silica gel (3.5 g) and elution

with 15% and 30% ethyl acetate-hexanes, 37.0 mg (78%) of 75 as a

crystalline solid: mp 48-49° C; [ a] 21 +68.2° (c 0.22, CHC13); IR

(Nujol mull) 1770, 1640, 1240, 1160, 960 cm-1; 1H NMR (CDC13)

6 6.67 (1H, d, J=7 Hz), 5.05 (1H, dd, J=7,4 Hz), 4.85 (1H, t, J=4 Hz),

4.00 (1H, dd, J=12,4 Hz), 3.63 (1H, dd, J=12,9 Hz), 2.50 (3H, m); MS

m/z 140 (e), 112.

(2S.5R)-2-(2-0xoproov1)-3,4-dehydro-2H-Duran -5-vlacetic Acid (83) and

(2R,5R)-2-(2-0xoproov1)-3,4-dehydro-2H-pran-5-vlacetic Acid (84).

To a well-stirred solution of 74 (100 mg, 0.71 mmol) in dichloro-

methane (2.5 mL) at -78° C was added dropwise a solution of phenyl-

sulfenyl chloride (700 pL, 0.70 mmol, 1 M in dichloromethane) over a

period of 2 min. After 10 min, a solution of isopropenyl trimethyl-

silyl ether (480 pL, 1.42 mmol, 3 M in tetrahydrofuran) was added over

a period of 2 min followed by a catalytic amount of zinc bromide (23

mg, 0.10 mmol). The mixture was stirred at -78 C for an additional
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20 min and was then allowed to slowly warm to room temperature. After

45 min, the reaction mixture was cooled to 0 C and a saturated solu-

tion of sodium bicarbonate (3 mL) was added with vigorous stirring.

The mixture was extracted with dichloromethane (6 mLx3) and the

aqueous layer was acidified to pH 6 with solid sodium hydrogen sul-

fate, saturated with sodium chloride, and extracted with dichloro-

methane (6 mLx10). The organic layers were combined and dried over

anhydrous sodium sulfate. Removal of solvent left a clear oil which

was diluted with a small amount of dichloromethane and filtered

through a short silica gel column eluting with dichloromethane

followed by ethyl acetate. The combined fractions were evaporated to

dryness to give 124 mg (82%) of 83 and 84 as a mixture of diastereo-

mers which was used in the next step without further purification: IR

(neat) 3700-2400, 1710, 1150 cm-I; 1H NMR (CDC13) d 5.80 (2H,

dd, J=11 Hz), 4.55 (1H, t, J=6 Hz), 4.00 [dd, J=11,5 Hz] and 3.77 [bs]

and 3.40 [dd, J=11,8 Hz] (total 2H), 3.00-2.25 (5H, m), 2.20 (3H, s);

13
C NMR (CDC13) d 207.23, 207.16, 177.62, 177.16, 130.02, 129.62,

128.64, 70.73, 70.30, 67.45, 67.13, 48.61, 48.34, 37.36, 36.11, 30.97,

30.90, 30.81, 30.79; MS m/z 198 (e).

(2S,5R)-Methyl 2-(2-oxopropy1)-3,4-dehydro-2H-pyran-5-ylacetate (88)

and (2R,5R)-Methyl 2-L2-oxopropy1)-3,4-dehydro-2H-pyran-5-ylacetate

(89).

The mixture of 83 and 84 (95 mg, 0.48 mmol) was treated with a

large excess of diazomethane in ether and was left standing at room

temperature overnight. The colorless solution was evaporated under

reduced pressure and the residue was dissolved in a small amount of
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dichloromethane. The mixture was filtered and concentrated to give a

colorless liquid which was chromatographed on a silica gel column,

using 30% ethyl acetate-hexanes as eluant, to yield 97 mg (96%) of 88

and 89 as a colorless liquid: IR (neat) 3050, 1740, 1720, 1150 cm-1;

1
H NMR (CDC13) 6 5.70 (2H, dd, J=11 Hz), 4.50 (1H, t, J=6 Hz),

3.95 [dd, J=11,5 Hz] and 3.70 [bs] and 3.30 [dd, J=11,8 Hz] (total

2H), 3.65 (3H, s), 2.90-2.25 (5H, m), 2.15 (3H, s);
13

C NMR

(CDC13) 6 206.08, 172.39, 171.98, 129.91, 129.56, 128.70, 128.34,

70.65, 70.27, 67,53, 67.09, 57.33, 48.66, 48.41, 37.34, 36.12, 31.18,

30.54; MS m/z 212 (e), 211, 138; exact mass m/z 212.1037 (cacld for

C11l-11604:212.1048).

(2S,3R,4R,5S)-Methvl 2-(2-oxopropv1)-3.4-dihvdroxv-2H-ovran-5-ylacetate

(90) and (212,3S,4S.5S)-Methyl 2-(2-oxopropv1)-3.4-dihvdroxv-2H-ovran-5-

vlacetate (91).

To a solution of N-methylmorpholine-N-oxide (75.8 mg, 0.480 mmol)

in tert-butanol-tetrahydrofuran-water (1.5 mL, ratio 10:3:1) at room

temperature was added oxmium tetroxide solution (193 4., 0.019 mmol,

2.5% W/V in tert-butanol). The ketoester 88 and 89 (100 mg, 0.472

mmol) was introduced and the mixture was stirred for 48 h. A slurry

of sodium bisulfite (46.8 mg, 0.45 mmol) and Florisil (600 mg) in

water (2 mL) was added and the mixture was stirred for 45 min and then

filtered through Celite. The Celite was washed with tert-butanol-

tetrahydrofuran-water (2 mL, ratio 10:3:1), the filtrate and washings

were combined, and the solvent was evaporated under reduced pressure

to give a viscous yellow oil. This was dissolved in water (1.5 mL),

and the solution was acidified with 1 M sulfuric acid to pH 4 and
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saturated with sodium chloride. The mixture was extracted with ethyl

acetate (5 mLx4) and the aqueous layer was evaporated to dryness under

high vacuum to give a solid residue which was triturated with ethyl

acetate. The combined organic solutions were dried over anhydrous

sodium sulfate and the solvent was evaporated under reduced pressure

to give a viscous liquid. This was chromatographed on silica gel

(3 g), using 30% ethyl acetate-hexanes as eluant, to afford 78.4 mg

(68%) of a mixture of 90 and 91: IR (Nujol mull) 3450, 3350, 1730,

1700 cm-1; 1H NMR (CDC13) 6 3.95 (1H, bs), 3.85 (2H, bs), 3.65

(3H, s), 3.60-3.20 (4H, m), 3.00-2.50 (2H, m), 2.50-2.25 (3H, m), 2.20

(3H, s); 13C NMR (CDC13) 6 208.72, 208.32, 172.74, 172.68. 73.01,

69.95, 72.04, 71.74, 69.11, 68.85, 65.46, 65.07, 51.57, 46.87, 46.63,

38.41, 37.38, 33.68, 32.08, 30.70, 30.58; MS m/z 246 (e), 228;

exact mass m/z 228.1004 (calcd for C101605: C, 53.63; H, 7.37.

Found: C, 53.55; H, 7.43.

(2S,3S,4R.5S)-Methyl 2-(2-oxoprobv1)-3,4-cvclohexylidenedioxv-2H-ovran-

5-vlacetate (92) and (2R,311,4S,55)-Methyl 2-(2-oxopro4 v1)-3,4-cvclo-

hexvlidenedioxv-2H-ovran-5-vlacetate (93).

To a stirred suspension of 90 and 91 (52 mg, 0.21 mmol) in 1,1-

dimethoxycyclohexane (2 mL) was added a catalytic amount of p-toluene-

sulfonic acid at room temperature. The reaction mixture was stirred

for 15 h and the solvent was removed under reduced pressure to leave

half of the original volume. Anhydrous potassium carbonate (7 mg) was

added and the mixture was vigorously stirred for 30 min and filtered

through Celite. The Celite was washed well with ether and the

filtrate and washings were combined and evaporated to dryness to give
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a viscous oil. This was chromatographed on a silica gel column (3 g),

using 5%, 10%, and 30% ethyl acetate-hexanes as eluants, to afford

63.2 mg (92%) of 92 and 93, which appeared homogenous on TLC: IR

(neat) 1740, 1720, 1160, 1100 cm-1; 11-1 NMR (CDC13) 5 4.30-3.00

(5H, m), 3.65 (3H, s), 3.00-2.00 (5H, m), 2.17 (3H, s), 1.80-1.10 (5H,

m); 13C NMR (CDC13) 5 206.14, 205.96. 172.12, 172.02, 109.76,

75.08, 74.91, 74.83, 74.73, 73.13, 72.99, 66.95, 66.41, 51.48, 51.39,

46.87, 46.73, 37.96, 35.47, 35.38, 35.05, 32.26, 33.74, 30.57, 30.48,

24.92, 23.92, 23.56; MS m/z 326 (e), 283; exact mass m/z 326.1730

(calcd for C17H2606:326.1729).

(2S,3S,4R,5S)-Methyl 2-(3-(2-methyl)-(E)-carbo-t-butoxypropenyl)-3,4-

cyclohexylidenedioxy-2H-oyran-5-ylacetate (97) and (2S,3S,4R,5S)-

Methyl 2-(3-(2-methY1)-(Z1-carbo-t-butoxvoropeny1)-3,4-cyclohexylidene-

dioxy-2H-oyran-5-ylacetate (98) and (2R,3R,4S,5S)-Methyl 2-(3-(2-

methyl)-(E)-carbo-t-butoxyoropenyli-3,4-cyclohexylidenedioxy-2H-oyran-

5-ylacetate (99) and (2R,3R,4S,5S)-Methyl 2-(3-(2-methyl)-(Z)-carbo-t-

butoxyorooenyl)-3,4-cyclohexylidenedioxy-2H-oyran- 5-ylacetate (100).

To a hexane-washed suspension of sodium hydride (29.2 mg, 0.61

mmol, 50% suspension) in tetrahydrofuran (900 pL) at 0°C was added a

solution of tert-butyl dimethylphosphonoylacetate (139.7 mg, 0.623

mmol) in tetrahydrofuran (450 pL) dropwise with stirring. After 10

min the turbid mixture was warmed to room temperature and stirred for

30 min. A solution of lithium bromide (33 mg, 0.38 mmol) in tetra-

hydrofuran (200 pL) was added and the white slurry was stirred for 5

min and then cooled to 0°C. A solution of 92 and 93 (83 mg, 0.249

mmol) in tetrahydrofuran (450 pL) was added dropwise over 10 min and
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stirring was continued at 0°C for 10 min, then at room temperature for

10 h. Solvent was removed under reduced pressure to give a creamy

residue, to which was added wet ether (2.5 mL) followed by water

(1 mL). The mixture was vigorously stirred at -10°C, brought to room

temperature, and the ethereal layer was separated. The aqueous layer

was extracted once with ether (5 mL) and the combined organic layers

were dried over anhydrous sodium sulfate. Removal of the solvent gave

a viscous liquid, which was chromatographed on silica gel using 15%

ethyl acetate-hexanes as eluant, to afford 64.3 mg of the E-isomer 97

and 99 and 11.8 mg of the Z-isomer 98 and 100 in a combined yield of

83%. Irradiation of a benzene solution of 98 and 100 with a 254 mm

Mineral lamp (14 w) for 40 h yielded a 1:1 mixture of the E-isomer (97

and 99) and the Z-isomer (98 and 100), which was separated and the

constituents were combined with the previously isolated compounds.

Compound 97 and 99: IR (neat) 1730, 1710, 1640, 1140 cm-1; 1H NMR

(CDC13) 6 5.65 (1H, s), 4.29 [t, J=3.7 Hz] and 4.06 [d, J=4.7 Hz]

(total 1H), 3.76-3.61 (2H, m), 3.68 (3H, s), 3.43 [dt, J=2.8,9.2 Hz]

and 3.34 [dt, J=2.8,9.2 Hz] (total 1H), 3.29 (1H, t, J=11Hz), 2.61-

2.30 (4H, m), 2.20-2.12 (1H, m), 2.15 (3H, s), 1.72-1.30 (10H, m),

1.47 (9H, s); 13C NMR (CDC13) (5 172.41, 172.28, 166.21, 166.15,

154.66, 154.42, 119.42, 119.35, 109.72, 79.56, 79.53, 76.84, 76.55,

75.24, 75.01, 73.67, 73.12, 67.02, 66.50, 51.80, 51.71, 44.21, 44.03,

38.25, 38.18, 35.60, 35.47, 35.07, 33.87, 33.71, 32.42, 28.27, 25.03,

25.02, 24.09, 24.04, 23.71, 23.67, 18.71, 18.70; MS m/z 424 (e),

381, 367; exact mass m/z 424.2498 (calcd for C23H3607:424.246).

Compound 98 and 100:
1
H NMR (CDC13) (5 5.63 (1H, s), 4.25 [t,
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J=4 Hz] and 4.05 [d, J=5 Hz] (total 1H), 3.85-3.00 (4H, m), 3.65 (3H,

s), 2.95-2.25 (5H, m), 1.89 (3H, d, J=1 Hz), 1.75-1.25 (10H, m), 1.45

(9H, s).

(2S,3S,4R,55)-2-(3-(2-Methv1)-(E)-carbo-t-butoxvoropenv1)-3,4-cvclo-

hexvlidenedioxv-2H-ovran-5-ylacetaldehyde (52) and (2MR,4S,5S)-2-

(3-(2-Methyl)-(E)-carbo-t-butoxvoropenv1)-3,4-cyclohexylidenedioxy-2H-

pyran-5-ylacetaldehyde (101).

To a stirred solution of 97 and 99 (24.8 mg, 0.059 mmol) in tetra-

hydrofuran (600 pL) at -78°C under nitrogen was added dropwise a solu-

tion of lithium n-butyldiisobutylaluminumhydride (234 uL, 0.117 mmol,

0.5 M in tetrahydrofuran). After 2.5 h, the reaction was quenched

with methanol (300 uL), stirred for 15 min, and a saturated aqueous

solution of sodium sulfate (300 pL) was added. The mixture was warmed

to room temperature, stirred for 30 min, and filtered through a Celite

pad. The Celite was washed well with ether and the filtrate and wash-

ings were combined, dried over anhydrous sodium sulfate, and concen-

trated to give a residue (24 mg) which was oxidized without further

purification.

To a vigorously stirred suspension of pyridinium chlorochromate

(12.6 mg, 0.059 mmol) and powdered 4A molecular sieves (4 pellets) in

dichloromethane (400 pL) at room temperature was added a solution of

the residual oil obtained above (in 400 pL dichloromethane). After 1

h the mixture was concentrated to one half of the original volume

under reduced pressure. This was diluted with ether (4 mL) and was

filtered through a Celite pad. The Celite was rinsed well with ether

and the combined filtrate and washings were concentrated under reduced
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pressure to give a brown solution. This was passed through a short

silica gel column which was eluted with ether (4 mL). The combined

fractions were concentrated under reduced pressure to afford 21.5 mg

of a mixture of 52 and 101. This was chromatographed on silica gel

(3.0 g), using 7.5% ethyl acetate-hexanes as eluant, to give 8.3 mg

(36%) of 52 and 5.6 mg (24%) or 101. Compound 52: [a]D1 -6.05°

(c 0.80, CHC13); IR (neat) 2725, 1730, 1705, 1640, 730 cm-1; 1H

NMR (CDC13) 6 9.80 (1H, d, J=1.2 Hz), 5.65 (1H, s), 4.02 (1H, m),

3.76 (1H, dd, J=2.75,11.8 Hz), 3.66 (1H, dd, J=4.8, 8.9 Hz), 3.57 (1H,

d, J=11.5 Hz), 3.44 (1H, dt, J=2.8,9.0 Hz), 2.75 (1H, dd, J=9.6,17.1

Hz), 2.67 (1H, m), 2.55 (1H, dd, J=5.35,17.1 Hz), 2.48 (1H, d, J=14.9

Hz), 2.17 (1H, dd, J=9.6,14.8 Hz), 2.15 (3H, s), 1.8-1.3 (10H, m),

1.46 (9H, s). Compound 101: 12D1 -8.9 (c 0.60, CHC13); IR

(neat) 2725, 1730, 1710, 1640, 730 cm-I; 1H NMR (CDC13) 6 9.82

(1H, d, J=1.2 Hz), 5.65 (1H, s), 4.30 (1H, t, J=4.2 Hz), 3.71 (1H, dd,

J=5.4,5.7,12 Hz), 3.68 (1H, dd, J=4.4,4.9,9.5 Hz), 3.34 (1H, dt,

J=2.7,9.4 Hz), 3.28 (1H, t, J=11.4 Hz), 2.71 (1H, dd, J=7.2,17.7 Hz),

2.63 (1H, m), 2.50 (1H, d, J=14.2 Hz), 2.45 (1H, dd, J=5.8,6.0,17.7

Hz), 2.16 (1H, dd, J=9.7,14.2 Hz), 2.15 (3H, s), 1.69-1.30 (10H, m),

1.47 (9H, s).

tert -Butyl 445S-(5S-Hydroxv-4R-methvlhex-2(E)-env1)-3S,4R-cyclohexyli-

denedioxvtetrahvdropvran-2S-v11-3-methvlbut-2(E)-enoate (103) and tert-

Butvl 4-15S-(5S-Hvdroxv-4R-methylhex-2(Z)-env1)-3SAR-cyclohexvlidene-

dioxytetrahydropvran-2S-01-3-methylbut-2(E)-enoate (104).

To a slurry of (2S,3S)-3-hydroxy-2-methylbutyltriphenylphos-

phonium iodide (24) (34.4 mg, 0.072 mmol) in tetrahydrofuran (200 pL)
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0

at 0 C under nitrogen was added a solution of n-butyllithium (120 pL,

0.144 mmol, 1.2 M in hexane) dropwise over 2 min. The resulting

0

yellow-orange solution was stirred vigorously at 0 C for 20 min and

0
then at room temperature (22 C) for 10 min, after which a solution of

lithium bromide (4.3 mg, 0.072 mmol) in tetrahydrofuran (200 pL) was

0
added. The mixture was cooled to -45 C and a solution of 52 (19 mg,

0.048 mmol) in tetrahydrofuran (200 IA) was added. After 2 h at
0

-30 C, the mixture was then quenched with acetic acid (4.7 mg, 0.072

mmol), diluted with ether (3 mL) and vigorously stirred for 5 min.

The resulting slurry was filtered through a Celite pad, which was

washed well with wet ether (2 mL). The combined filtrate and washings

were evaporated under reduced pressure to give a colorless oil, which

was taken up into ether (6 mL). The ethereal extract was washed with

water (1 mL) and dried over anhydrous sodium sulfate. Removal of the

solvent gave 26.4 mg of crude product, which was chromatographed on a

silica gel column (1.5 g), using 12.5% and 15% ethyl acetate-hexanes

as eluants. The major fraction consisted of a mixture of 103 and 104

and was rechromatographed on a 10% silver nitrate impregnated silica

gel column (1.2 g), using 12.5% and 22.5% ethyl acetate-hexanes as

eluants. This afforded 4.75 mg of 103 and 3.55 mg of 104 in a com-

bined yield of 37%. Compound 103: IR (neat) 3500, 1705, 1650, 1140,

750 cm-1; 1H NMR (CDC13) 6 5.67 (1H, s), 5.52 (1H, dt, J=7.1,

15.3 Hz), 5.44 (1H, dd, J=8.2,15.3 Hz), 4.09 (1H, dd, J=2.1,4.5 Hz),

3.71-3.65 (2H, m), 3.62 (1H, d, J=12.2 Hz), 3.55 (1H, t, J=6.2 Hz),

3.42 (1H, dt, J=2.9,9.2 Hz), 2.48 (2H, d, J=14.3 Hz), 2.27-2.11 (3H,

m), 2.16 (3H, s), 2.02 (1H, m), 1.72-1.36 (10H, m), 1.47 (9H, s),
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1.16 (3H, d, J=6.3 Hz), 0.99 (3H, d, J=6.7 Hz); 13C NMR (CDC13)

(5 166.21, 154.59, 134.72, 129.57, 119.32, 109.30, 79.53, 77.21, 76.58,

75.12, 73.78, 71.04, 66.44, 44.82, 44.14, 38.21, 36.78, 35.59, 34.05,

28.27, 25.04, 24.06, 23.73, 20.27, 18.76, 16.62; MS m/z 464 (e),

421, 407, 364. Compound 104: IR (neat) 3500, 1710, 1650, 1140 cm-1;

1
H NMR (CDC13) d 5.65 (1H, s), 5.54 (1H, dt, J=7.3,10.9 Hz), 5.36

(1H, t, J=10.8 Hz), 4.10 (1H, m, J=2.4 Hz), 3.69 (1H, dd, J=5.0,8.8

Hz), 3.66 (1H, dd, J=2.9,11.7 Hz), 3.60 (1H, d, J=12.2 Hz), 3.52 (1H,

m), 3.42 (1H, dt, J=2.9,9.0 Hz), 2.46 (2H, m), 2.30 (1H, m), 2.21-2.17

(2H, m), 2.15 (3H, d, J=1.1 Hz), 2.01 (1H, m), 1.70-1.41 (10H, m),

1.47 (9H, s), 1.19 (3H, d, J=6.2 Hz), 0.95 (3H, d, J=6.8 Hz); MS m/z

464 (e),421, 407, 364.

4-15S-(5S-Hvdroxv-4R-methylhex-2(E)-env11-3R,4R-dihydroxytetrahydro-

ovran-2S-01-3-methvlbut-2(E)-enoic Acid (Monic Acid C (51)).

A. From 103. To a stirred solution of trifluoroacetic acid (200.)

in dichloromethane (50 uL) at 0 C was added a solution of 103 (2.9 mg,

6.25 mmol) in dichloromethane (200 uL). After 1 h the mixture was

warmed to room temperature (19 C) and stirred for 3 h. A 50% aqueous

acetic acid solution (350 uL) was added and stirring was continued for

7 h. The solvent was evaporated under reduced pressure and the

residue was taken up into 50% aqueous trifluoroacetic acid (350 IA).

After standing for 45 min, the solvent was removed under vacuum to

yield 2.7 mg of a colorless oil which was chromatographed on a silica

gel column (0.4 g). Elution with 2.5%, 5%, 10%, and 20% methanol-

chloroform successively gave 1.9 mg (93%) of monic acid C (51) as a

glassy solid: IR (Powder dispersion) 3400, 1690, 1640, 1240 cm-1;
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1H NMR (D20, pH 6) 65.68 (1H, s), 5.35 (2H, m), 3.80 (1H, t, J=3.6

Hz), 3.77 (1H, dt, J=2.5,9.6 Hz), 3.65 (1H, dd, J=3.0,11.9 Hz), 3.56

(1H, p, J=6.1 Hz), 3.44 (1H, dd, J=3.0,10.2 Hz), 3.43 (1H, dt, J=2.5,

11.1 Hz), 2.50 (1H, d, J=14.9 Hz), 2.19 (1H, dd, J=10.2, 15.0 Hz),

2.06 (3H, m), 1.94 (3H, s), 1.77 (1H, m), 0.99 (3H, d, J=6.2 Hz), 0.84

(3H, d, J=6.9 Hz); 13C NMR (D20, pH 6) 6 135.15, 128.90, 119.56,

74.76, 71.86, 70.08, 68.90, 65.04, 43.88, 42.29, 41.15, 32.22, 19.45,

18.54, 16.10.

B. From 106. A solution of 106 (7.2 mg, 0.02 mmol) in 80% aqueous

acetic acid (250 IlL) was left at room temperature for 15 h. Solvent

was removed under reduced pressure and the residue was chromatographed

on a silica gel column (0.7 g), using gradient elution with 0-10%

methanol-chloroform, to give 6.2 mg (97%) of 51, identical with

material prepared by procedure A.

6,7-0-Isoprobvlidenemonic acid C (106).

To a slurry of monic acid A (34.4 mg, 0.1 mmol) in ethyl acetate

(500 pL) was added 2,2-dimethoxypropane (500 pL) and a few crystals of

p-toluenesulfonic acid. After 1 h the solution was diluted with ethyl

acetate and washed with saturated sodium chloride solution (1 mL).

The organic layer was separated, dried over anhydrous magnesium

sulfate, and concentrated to give a residue which was taken up into

50% aqueous methanol (400 pL) and treated with potassium hydrogen

carbonate (10 mg). The solution was evaporated to dryness, potassium

selenocyanate (43.2 mg, 0.3 mmol) and 2- methyl -2- butanol -water (9:1;

1.5 mL) were added, and the mixture was refluxed for 24 h. Another

portion of potassium selenocyanate (17 mg) was added and the mixture
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was refluxed for an additional 17 h and filtered. The filtrate was

diluted with ethyl acetate (4 mL) and extracted with water (4x1 mL).

The combined aqueous extracts were acidified with sodium hydrogen
.

sulfate at 0 C to pH 2 and re-extracted with ethyl acetate (4x1 mL).

The combined organic extracts were dried over anhydrous magnesium

sulfate, evaporated to dryness, and chromatographed on a silica gel

column (3 g), using 50% and 75% ethyl acetate-hexanes as eluants, to

give 29.4 mg (80%) of 106 as a clear viscous liquid: IR (neat)

3600-2400, 1700, 1640, 1060, 870 cm-1; 1H NMR (CDC13) 6 5.77

(1H, bs), 5.45 (2H, m), 4.15 (1H, dd, J=5,2 Hz), 1.50 (3H, s), 1.35

(3H, s), 1.16 (3H, d, J=6 Hz), 1.02 (3H, d, J=7 Hz).
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