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Abstract - A general etrategy that permita the etereoeontrolled 
construction of acyclic chain8 containing vicinal and/or 
alternating alkyl and hydroxy substitutente is presented. 
Structural subunits of ionomycin were synthesized from a common 
chiral intermediate. 

The polypropionate pathway is an important biosynthetic tool by which nature assembles 

a multitude of products that contain combinations of carbon and hydroxy aubstituent8.l Ihe 

quest to match and surpass nature’s atemochemical virtuosity has brought forth a nomber of 

innovative methods for the synthesis of products formally derived from the propionate and 

related pathways. One of the more frequently adopted etrategies ha8 centered around the 

aldol eondeneatton. 2 
A number of other method8 have also been recently reported for the 

assembly of carbon chains containing alternating 1,3-dimethyl subatltuents, with or without 

Intervening hydroxyl groupa. Other approaches have relied on the ucfllzation of 

cyclic and acyclic template8 (chiral synthons or chirons)’ derived from carbohydrates, 

terpenes, amino acids, hydroxy acid8 and related compounds.’ In spite of their respective 

meritE, these method8 normally address specific sets of eubatitution pattern8 in the 

intended target structures. A general method that can provide access to any number of 

combination8 of structural subunit8 derived from the propionate, butyrate, etc. pathways, 

particularly from a common progenitor, is not presently available. 

We describe herein a protocol for the synthesis of virtually any combination of 

alternating alkyl and hydroxy substitution patterus on chains of @even carbons or more. The 

method6” fir based on the utilization af the readily available’ (S)-5-hydroxymathyl 

5(H)-furan-P-one* as a template, in such a way so as to permit a systematic, 

atereocontrolled introduction of methyl and hydraxy groups at predetermined poaitiona.’ A 

two-carbon acetate extension, replication of the botenolide template, and reiteration of the 

prOCe88 afford8 after one such cycle, a eeven-carbon lactone, harboring a full complement of 

substicuents. By virtue of the difference In the nature of the terminal Sroup.8, and the 

possibility to extend in either direction, and/or to adjust etereochemistry in the process, 

each reiteration can produce several diaatereoaerlc structural units, with predetermined 

pattern8 of s or anti aubstituente. Scheme 1 illustrates one of several working examples 

taken from current work in our laboratory. Par the aake of clarity of presentation, chain 

T Dedicated to Profeaaor Wana Wynberg on the occasion of hia 65th birthday. 

8 This compound can aleo be named (bS)-4-hydroxymethyl-2-buten-4-olide, or as a 
carbohydrate, 2,3-&deoxy-D-@ycero-pent-2-eno-1,4-lactone. 
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extension and replication is done in a unidirectional manner starting at C-l of the original 

(and reiterated) butenolides. It should be noted that the sense of chirality and 

orientation of the C-4 substituents in the butenolides are the controlling elements in this 

atereochemically predictive, tunable and linear process. We demonstrate the general 

applicability of thin strategy for the construction of a number of rtereochemically defined 

acyclic carbon chains with diverse combinations of methyl and hydroxyl groups. A number of 

these correspond to the chiral subunits of well known propionate-derived natural products.’ 

ACCESS TO OPTICALLY PURE. LACTONES 1 AND 4 (Scheme 2) 

The preparation of (S)-5-hydroxymethyl butyrolactone 2” and (S)-5-hydroxymethyl 

(5)~H-furan-2-one* 4a haa been described in the literature. Our need for large quantities - 

of theee precursors prompted us to reexamine their reported preparation@. Our efforts were 

focused on the 5-0-t-butyldiphenyleily,l derivatives 1 and 4, since this silyl protective 

group is ideally suited for subsequent operations (Scheme 2).6’7 One of the literature 

procedurea” for the preparation of 1 conaiata in the nitroue acid deaminetion of 

(S)-glutamic acid to give (S)-butyrolactone-y-carboxylic acid, followed by reduction of the 

carboxyl group. lo We have found that reduction with borane dimethyleulfide complex and 

work-up in the presence of triethylamine provided Lin coneistently higher yields than the 

recommended procedure 
10 

. The versatile lactone ‘haa been utilized as an important 

precursor in natural product aynthesie,10’12 and ae a template for an alternative approach 

to acyclic stereoselection. 

A number of procedures for the preparation of 5-O-trityl and 5-O-t-butyldimethyleilyl 

2,3-dideoxy D-glycero-pent-2-eno-1,4-lactone have been reported.’ Application of the 

orthoester pyrolyaisB’procedure to the orthoester of kgave low yield8 of 

product. “A recent report” using the corresponding 2-dimethylamino(methylene) acetal 
14 

is more encouraging. Adapting the Ireland procedure’* which consiate in the reductive 

elimination of a cyclic thionocarbonate such ae lwith Raney nickel did produce the 

deeired A. However, this crystalline material was invariably contaminated (up to 20%) with 

the over-reduction product 2.4 Since 1 and 5 have identical chromatographic properties and 

n.m.r. detection of the minor component based on integration is not sufficiently accurate, 

its presence in such reactione may have gone undetected also in the reported preparation 

* A similar observation has been made by Prof. S.V. Ley, Imperial College, London. Private 

communication. 
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of 4, SC and other derivativea related to 5. R%hue, depending on the activity of 

the Raney nickel ueed, the extent of over-reduction may vary. III our experience, the mont 

reliable method for the preparation of ahaving the highest optical purity consiste in the 

oxidative elioination 1’ of the 2-phenylseleno derivative 2 easily obtained from 2 in 95% 

yield. 8f.10 In this manner, the desired compound iwas obtained aa a crystalline solid 

having, mp 83-84. and [e]D -85.2’ (compare, mp 79-80’ and [e]D -76.6’; -81.8O froo the 

thionocarbonate route).*’ In spite of the presence of some unwanted Lin the reductive 

elimination of 1, it is possible to use the mixture for large-scale operations particularly 

if a separation of products could be effected at a later stage. 

Scheme 2 
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ACCESS TO POLYPROPIONATE-DERIVED SUBUNITS 

Examination of the basic strategy outlined in Scheme 1 reveals that stereoselective 

sequential bond formation is possible in reactlone involving a butenolide teoplate such 

aa A, by virtue of the orientation of aubatitueata already present. Thus, an incoming 

carbon nucleophile will approach the conjugated ayateme at C-3 from a side opposite to the 

side-chain6 Igf lg. Provided that the C-3 aubetituent ie bulky enough, the introduction 

or trapping of an electrophile at C-2 via the correeponding enolate will also be highly 

stereoeelective.16’17 We had already shown this strategy to be highly efficient in the 

construction of seven-carbon chains containing methyl and hydroxy eubatitution. B,7,18 ue 

demonstrate the application of this technology to the synthesis of a number of acyclic 

subunite found in the ionophore antibiotic ionomycin7’1g (Scheme 3). 
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THE Ci7-C22 SUBUNIT OF IONOHTCIN 

The anti-anti arrangement of methyl and hydroxy groupa in this subunit can be attained -- 

by adopting the general method shown in Scheme 1 (top sequence). Au alternative sequence 

which demonstrates the versatility of the approach is also possible. Thus, treatment 

of b with the anion of trie-trimethylthiomethane 17aled to the exclusive formation of the 

conjugate addition product 2. Formation of the corresponding enolate and treatment with 

oxodiperoxomolybdenu IV-pyridine-RMPA complex (I~oOPH)*~~*~ led to the deeired substitution 

pattern as shovn in structure 2. (Scheme 4). The conjugate addition and hydroxylation could 

also be done in a "one-pot" reaction in 78% overall yield.* 

Scheme 4 
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Reductive deaulfuricaton then led to 10 in good overall yield. In the case where the - 

bulky substituent at C-3 was replaced with a C-methyl group (ex. cuprate on 4 ), the 

introduction of the hydroxy group was leas stereoselective (2:l ratio). Reduction 

of 10 with aodium borohydride afforded the tetrol derivative 11 which was subjected to - - 

preferential acetal formation, deailylation, and selective arylaulfonylation to give 14 in - 

good overall yield. Treatment of 14 with sodium uethoxide led to the epoxide 2. It - 

should be noted that the terminal carbon atom of the epoxide corresponds to the original C-5 

of the butenolide A. The reiteration could now be done at this end which repreeents an 

operational variant of the unidirectional linear chain-elongation eequence shown in Scheme 1 

(top sequence). Treatment of 15 with the dilithio salt of phenylthioacetic acid** (or - 

phenylselenoacetic acid),*' followed by lactonixation,*' gave the corresponding 2-phenylthio 

(or phenylseleno) lactone 16. - Oxidative elimination then led to the replicated 

butenolide 17 in excellent yield. - Aa anticipated, conjugate addition with lithium dimethyl 

cuprate occurred in a totally stereoselective manner to give the lactone gin high yield. 

l This reaction wae performed by Dr. G. McGraw. The methodology for sequential conjugate 

addition and hydroxylation wae developed by Dr. S.P. Sahoo in our laboratory, see ref. 6. 
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In order to secure the ct7-C~~ subunit, the enolate derived from 18 was hydroxylated to - 

give 19 and the latter was reduced to the pentol derivative 20. This chiron had been - - 

previously converted to the Cll-C22 segment 22 of ionomycin by adjustment of functionality - 

and coupling based on sulfone anion methodology.7 

It should be noted that the butenolide 17 and related ones resulting from the thermal - 

elimination of the sulfoxides did not undergo racemisation to any detectable extent. For 

example, the S-O-trityl derivative of 5, prepared by the thermal elimination of the 

corresponding 2-phenylsulflnyl derivative, is reported to be of low optical purity. ef 

Subunit 21 is also accessible by a different strategy which demonstrates the - 

versatility in manipulating butenolide templates such as 5. Thus treatment of 4 with 

diasomethane16’25 afforded the crystalline pyrazoline 23. which upon heating in toluene, led 

to the butenolide 24 in excellent yield (Scheme 5). Catalytic reduction over - 

rhodium-on-alumina gave the butyrolactone derivative 25 as the only detectable isomer (400 - 

MHz n.m.r.), in which the two substituents have a E disposition. It should be noted that 

reduction of the S-O-trityl derivative corresponding to 24 with PtO2 led to 4:l mixture of - 

diastereomeric butyrolactones.25a Thus, the utility of the t-butyldiphenylsilyl group 

and the choice of catalyst in this instance are evident. Formation of the enolate and 

treatment with MoOPH gave the lactone 26. which is diastereomeric with & In view of the 

inherent symmetry and different substitution patterns at both extremities, lactone 26 can - 

be easily converted into the desired g, hence 21. by chain-elongation and reiteration at 

C-l (instead of at C-5). 

Scheme 5 
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ACCESS TO DEOXYGENATED POLYPROPIONATE UNITS - 

The pattern of substitution in the Q-Cl6 segment of ionomycin provides 

to explore methodology for the construction of polypropionate-derived carbon 

the intervening hydroxy groups. 

Reduction of 18 afforded the tetrol derivative z, where convergence of - 

asymmetric centers with C-4/C-6 and C-12/C-14 of ionomycin is evident except 

25 - 

the opportunity 

chains lacking 

the two 

for the 

presence of the intervening hydroxyl group. Selective silylation, mesylation and reductive 

desulfonylstion gave the desired chiron 29 (Scheme 6). The presence of the diol group was - 

convenient since oxidative cleavage could generate an aldehyde precursor necessary for 

eventual coupling at C-11. Alternatively, the diol group could be used as a means for a 

third reiteration via the corresponding epoxide 32. which could be obtained by conventional 

methodology. The two-carbon chain extension as previously described afforded the 

lactone 33 which was cleanly transformed into the corresponding butenolide 34. Once agaln, - - 

treatment with lithium dimethylcuprate delivered the incoming methyl group from the side 

opposite to the bulky side-chain to afford 35. Reduction followed by tritylation and - 

mesylation gave 36. Reductive desulfonyloxylation then led to the nine-carbon dial derivative - 
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Scheme 6 
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2 harboring three alternating C-methyl aubstituents with the desired anti/- orientation.This 

7 chiron had been previously converted to the C2..Clo subunit of ionomycin. 

Scheme 7 illustrates the application of the replicating lactone strategy for the 

construction of seven carbon diola and trio16 containing a - arrangement of alternating 

C-methyl s"bstit"ents6 aa can be found in the CS-Cg and Cll-C15 subunits of ionomycin. 7 BY 

virtue of the fact that these subunits have a plane of symmetry, it becomes imperative to 

construct carbon chains in which the terminal positions are easily distinguishable and 

independently manipulatable. Treatment of iwith lithium dimethylcuprate gave the 

lactone 38 in 87% yield. Reduction, - tritylation and replacement of the silyl protective 

Scheme 7 
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group by a bulky arylsulfonate led to the trial derivative 41. Treatment with sodium - 

methoxide afforded the epoxide z, vhich, upon extension and lactonization gave the 

replicated butenolide 43. - The latter was now poised for a second conjugate addition with 

lithium dimethylcuprate. As anticipated, this reaction was highly stereoselective to 

give 44. - Reduction and selective silylation gave 45, which was converted to the 

mesylate 46. - Reductive desulfonyloxylation gave the aeven-carbon diol derivative 47 in - 

very good overall yield. As previously alluded to, this inherently symmetrical molecule is 

easily convergent with two possible EJIJ 1,3-dimethyl substitution patterns ("up-up" or 

"down-down") by virtue of the differentiation of the protective groups. 

The versatility of the strategy to provide diastereomeric compounds in the same series 

is evident in Scheme 8. Thus, mesylation of 39 and treatment of the mesylate 48 with - 

fluoride ion gave the epoxide 49 with inversion of configuration. Replication through the - 

sequence shown above led to the butenolide 50 in which the side-chain is disposed "above" - 

the plane of the ring. Consequently, treatment with lithium dimethylcuprate resulted in the 

delivery of the methyl group from the side opposite to the side-chain exclusively to afford 

the lactone 51. - Following the same operations as in Scheme 7, the latter was converted into 

the trio1 derivative x, and finally into the seven-carbon diol derivative 15, harboring a 

set of anti l,+dimethyl substituents. Here again, the different protective groups allow 

exploitation of the C2 symmetrical pattern in either direction. 

Scheme 8 
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Thus, the butenolide-based replicating lactone strategy' provides a powerful and 

operationally different alternative to a number of methods recently reported2'3'5 for the 

assembly of carbon chains containing alternating 1.3-dimethyl substituents, with or without 

intervening hydroxyl groups. 

CONCLUSION 

The replicating butenolide template technology617 is a powerful tool for the 

construction of acyclic carbon chains containing virtually any combination of vicinal or 

alternating carbon and hydroxy substituents with complete stereocontrol. It is also 

adaptable to the synthesis of vicinal secondary and tertiary centers. I6 The inherent 

symmetry and functional group diversity in the products, coupled with the possibility to 

adjust stereochemistry prior to each replication, offers numerous possibilities for 

convergence with a host of propionate-derived structural subunits found in natural 

products. The approach described in this and our previoua papers has the following 

attributes: a. stereochemical flexibility; b. functional diversity; C. choice of linearity 
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of operation or convergence; d. utilization of co-n intermediates from a single chiral 

progenitor; and e. high predictive power. It is our contention that this practical 

alternative to acyclic stereoselection will find widespread utility in the synthesis of 

polyfunctional natural products. 
EKPERIMRNTAL 

Melting points are uncorrected. 'II n.m.r. spectra were recorded in CDClF on a Brucker 
400 MHz spectrometer. Infrared spectra were obtained as neat films from syrups, or films 
obtained by gentle melting the solids on a sodium chloride pellet on a Perkin Elmer model 
781 spectrometer. Optical rotations were measured at room temperature with a Perkin Elmer 
model 141 polarimeter. Haas spectra were obtained on a IQ-1212 low reeolution and Kratos-50 
high resolution spectrometers by the chemical ionization technique. EDAC is the 
abbreviation for l-ethyl 3-[3'-diethylaminoproppllcarbodiimide hydrochloride. Work-up in 
the usual manner signifies, washing the organic phase with water or dil. hydrochloric acid, 
washing with aq. bicarbonate, brine, water, drying (HgSOb) an$, evaporation to dryness under 
vacua. Chromatography was done by the flash column technique utilizing ethyl acetate and 
hexanes (gradient or by X volume). 

(S)-5llydr~thyl-1.4~bmtyrolactone, 1 - A quantity of (S)-5-carboxy-1,4-butyrolactone," 
(30.2g, 0.232 mole) prepared from (S)-giutamic acid in 74% yield,* was dissolved in THF (500 
mL) and the solution was cooled to 0'. A solution of 2N borane-dfmethylsulfide (Aldrich) 
(120 mL) was added dropwiae over a period of 40 min. and the solution was stirred at 0' for 
15 h. The solution was stirred overnight at room temperature, methanol (500 nL) containing 
triethylamine (20 mL) was added dropwise while cooling. The solution (pH -7-8) was 
evaporated to dryness, the residue was dissolved in MeOH, and the solution evaporated 
several times, to afford a pale yellow oil which was purified by flash collnnn chromatography 
(1% MeOH-CHgClg]nto give 22.8 g (83%) of the title compound as an ~11, [o]D + 34.2' (c 3, 
EtOH); reported [o]D + 32.5' (c 2.9, EtOH); X film/max 1760 cm- , (C-O). 

(S)~tert-But~ldip~nylsilyl-~hydro~thyl-l.4-but~olactocle, 2 - To a solution 
of 1. (20.8 g, 0.177 mmol) in 180 mL of dichloromethane was added 77.5 mL of triethylamine at 
OO. After stirring for 10 min., t-butyldiphenylsilyl chloride (51 mL) and 4-dimethylamino- 
pyridine (0.275 g) were added, and the solution was stirred at room temperature for 3.5 h. 
The suspension containing crystalline triethylamine hydrochloride was diluted with 680 mL of 
ether and 350 mL of water. Extraction, washing with water, 1N HCl, aq. bicarbonate and 
finally brine, then water, drying, and evaporation of the organic layer gave a syrup which 
was dissolved in 350 mL of warm hexane. Upon cooling, the product crystallized. Filtration 
and washing with hexane (100 mL) gave 45.37 g (11.5%) of crystalline product 2, mp 75-76'; 
[o]D +28.95' (c 2, CHC13); i film/max 177O.cm- (C-O). The mother liquors from the 
crystallization were evaporated to dryness, and the residue was chromatographed (EtOAc- 
hexane, 1:10+1:20) to give a second crop of crystals, 7.64 g, mp 75-76'; [o]D + 28.6' (c 
2.05, CHClR); 'H n.m.r. 6 - 7.68-7.64 (4H, m); 7.48-7.38 (6H, m); 4.61 (lH, dddd, J-6.6, 
5.3, 3.3, 3.3 Hz); 3.87 (lH, dd, J-11.4, 3.3 Hz); 3.67 (la, dd, J-11.4, 3.3 Hz); 3.68 (lH, 
dd, J-11.4, 3.3 Hz); 2.69 (lH, ddd, J-17.6, 10.1, 7.2 Hz); 2.52 (lH, ddd, J-17.6, 10.0, 6.6 
Hz); 1.06 (9H, s). Anal. calcd. for CR1HREOFSi; C 71.14; H, 7.40. Found C, 71.03; 8, 7.33. 

5-O-tert-Butyldipbmylsilyl-2,3dideo~~~~cero-peat-2-encrl,4-lactcw, 4 - A. Pra 
B-Ribomo-1,4-lactone - To D-ribono-1,4-lactone, 5 (50 g, 0.337 mmol) in -HP (250 mL) 
containing imidasole (13.8 g, 0.6 equiv.) at -20rC was added t-butyldiphenylsilyl chloride 
(46.31 g, 0.5 equiv.) dropwise over 30 min. The mixture was stirred at -20 to -15'C for 1 h 
and then poured into ether (1.5 L) and water (1 L). The organic phase was washed several 
times with water (4 x 1 L), then processed in the usual manner. Evaporation in vacua gave 
syrupy 6 (in essentially quant. yield (based on silyl chloride) which was not contaminated 
with di-@yl ether; mp softening), melts 83-84'C, [O]D + 46.5' (cxl, CHC13); 
reported 

71-76'g$ 
mp 65-70'; reported mp 72-74' (softening), melts 83-84'C. 

Compound 5 (28.5 g, 73.8 mmol) prepared as above, and without purification, was 
redissolved in THP (100 mL), cooled in a water-bath and treated with 
l,l'-thiocarbonyldiimidazole (15.6 g, 87.6 mmol. 1.2 equiv.) in THF (75 mL) added dropwise 
over 5 min. The orange solution was stirred at room temperature for 15 min., and then 
poured into ether(750 mL) and water (500 mL).The ethereal layer was washed several times 
with water (5 x 500 mL). sat. brine (1 x 500 mL) and dried (NgSO4). Evaporation gave 7 as a 
syrup, which was used directly. The product crystallizes on standing.** The thionocarbonate 
prepared above was redissolved in TNF (400 mL) and brought to reflux. Raney nickel (washed 
with 2% AcOH, HgO, acetone and finally THF) was added in 15-20 g portions over a period of 
about 4 hrs at 45 min. intervals (tic). The resulting suspension was diluted with CHCl3 
(400 mL) in order to reduce the risk of fire and filtered (with great carel) through a 

l The crude preparation which crystallized on standing was used in the next step, pp. 
67-70°; [m]D + 1.5' (c 2. EtOH). A sample was recrystallized from ether-hexane to 
give material showing mp 72-73'; [o]D + 16.3O (c 2, EtOH). See ref. 11, note 15. 

l * Purification by flash chromatography gave materiel with mp. 115.5-116.5°; (o]D -20' (c 
2, CHCl3); [o]D - 4.32 (c 17.3 ether); reported , mp 116.5-117'; [a]D - 2.1 (c 
10.9, ether). 
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celite pad. The solid was immediately washed with CHC13 then thoroughly doused with water. 
The solvent was evaporated and the crude product purified by flash colrrmn chromatography 
(15-252 EtOAc in hexane) to provide 4 as a white crya@line solid (15.1 g 65%); mp 77-78' 

[o]D - 7s"; reported, mp 79-80°, [a]D - 76.6O; -81.E" ; compare with material 
obtained under B (see below). This material is contaminated with about 10-15X of 
over-reduction product 1. 

B. Ram (S)-O-tcrt-Butyldiphenylsilyl-5-bydroxymethyl-l,4-butyrolactone, 2 - Ihe 
lactone 2 (17.7 g, 50 mol) in THF (75 mL) was added dropwise to a THF sol;tion (200 mL) 
containing lithium hexamethyldisilazide (prepared from HMDS, 11.6 mL. 1.1 equiv. and n-BuLi, 
31.2 ml., of a 1.6 M solution in hexane, 1.0 equlv.) at -78" over 5 min. After 25 min. the 
enolate was quenched by the addition of phenylselenenyl bromide (11.7 g, 1.0 equiv.) in THF 
(SO mL) and immediately afterwards with 1 N hydrochloric acid (200 mL). The reaction was 
poured into ether (500 mL) and the ethereal layer worked up in the usual manner to afford a 
crude mixture of epimeric monoselenldes ('-quant.) .* Chromatography (1:lO EtOAc-hexane) 
provided the two monoselenides 2 as yellow oils (23.58 g, 95%). For the less polar isomer 
(78%); [o]D +17.63' (c 2.2 CHC13); more polar iSOIWr (22%); [a]D +43.3 (C 2.12, CHC13). 
This mixture of selenides (13.1 g, 25.7 mmol) in CH2C12 (200 mL) was added dropwise to a 
vigorously stirred solution of Ice-cold 30% hydrogen peroxide (20 mL) over 40 min. The 
heterogeneous reaction was stirred for a further 15 min and the organic phase was then 
washed with water (4 x 100 mL), sat. brine (1 x 100 mL), dried (MgSO*) and evaporated to an 
oil. Chromatography (20% EtOAc In hexane) gave the butenolide 5 as a white crystalline solid 
(8.85 g. 97X), mp. 83-84'; [o]D -85.2" (c 1.2, CHCl3). 9 larger runs, the yield of 
oxidation varied betwee 72 and 90X.; i film/max 1700 cm- (C-O); mass spectral data. Found 
m/e 295.0787 (H-t-Bu); P H n.m.r.;7.65-7.61 (4H, m); 7.47-7.37 (7H, m); 6.17 (lH, dd, J-5.7. 
2.0 Hz); 5.08-5.05 (1H. m); 3.90 (lH, dd, J-10.9, 4.4 Hz); 3.87 (lH, dd, J-10.9, 4.9 Hz); 
1.04 (9H. 6). 

2.3-Dldeoxy-3-trla(~thylthio)~thyl-~tert-butyldiphe~lsilyl-~ erythro-pentono-1,4- 
lactone, s - To a solution of trls(methylthio)methane (1.13 mL, 1.31 g, 8.5 mmole) in THF 
(100 mL) at -78'C was added n-butyl lithium (5.3 mL of a 1.6 I4 solution in hexane, 1.0 
equiv.) over 3-4 min. After 20 min. a solution of the 4 (3.0 g, 1.0 equiv.) in THF (20 mL) 
was added dropwise and the reaction stirred at -78'C for 30 min. The mixture was then 
poured into ether (250 mL) and dll. hydrochloric acid (250 mL) and processed in the usual 
manner. Flash chromatography of the crude product yielded the title compound 8 as a 
colorless crystalline solid (3.7 g, 86%); mp 140-142'C; [o]D + 20.5' (c 1.1, CHz3); v 
film/max 1785, 1185, 1120, 10 0, 
381, 329, 221, 203, and 163; ! 

950, 715 and 710 cm-'; m/e (CI) 507 (M+l)t, 459, 449, 429, 
H n.m.r.; 6 - 7.67-7.63 (4H, m); 7.47-7.37 (6H, m); 4.84 (1H. 

ddd, J-2.7, 2.3, 2.3 Hz); 3.95 (lH, dd, J-11.4, 2.7 Hz); 3.62 (lH, dd, J-11.4, 2.3 Hz); 2.99 
(lH, ddd, J-10.1, 2.8, 2.3 Hz); 2.95 (lH, dd, J-18.3, 2.8 Hz); 2.83 (1H. dd, J-18.3, 10.1 
Hz); 2.11 (9H, 6); 1.04 (9H, 6). Anal. calcd for C2SH3403SiS3: C, 59.04; H, 6.72 S, 18.97. 
Found: C, 59.11; H. 6.70; S, 19.02. 

3-Deox]l-3-tris(rethylthfo)~thyl-~tert-butyldipheuylsilyl-~ arabino-1,4-lactone. 9 - A. 
PromE- To a solution of hexamethyldlsilizane (HWS) (464 ~1, 355 mg, 2.2 mmole) in FHF (50 
mL) arO°C was added n-butyl lithium (1.25 mL of a 1.6 M solution, 2.0 mmol) and the mixture 
stirred at this temperature for 10 min. The solution was then cooled to -78'C, and the 
lactone 8 (508 q g, 1.0 mmol) in THF (10 mL) added over 2-3 min. The enolate was allowed to 
form for 20 min, after which oxodiperoxomolybdenum-pyridine-HMF'A complex (MoOPH) (477 mg, 
1.1 equiv.) was added rapidly as the solid in a single portion. After the addition. the 
temperature was maintained at -6O'C for 45 min. during which time the initially yellow 
suspension became a green, and finally a blue solution. The cold solution was poured 
directly into a freshly prepared saturated solution of sodium sulphite (50 mL) and ether (50 
mL) and the complex decomposed by vigorous shaking. The ethereal layer was then separated, 
given a standard work-up and the residue chromatographed (5+50% EtOAc in hexane) to provide 
the title compound as a pale yellow oil (445 mg, 85%); [o]D + 8.1'. (c 1.36, CrC13); Y 
max (neat oil) 3460, 2940, 2865, 1780, 1435, 1195, 1130, 1120, 1080 and 705 cm- ; m/e (CI) 
523 (M+H)+, 475 (M-tBu)+ 457, 329, 281, 241, 207; Found 475.1410, C~QH~~O+S~SI (Hf-MeS); 
requires 475.1433; 'H n.m.r., 6 - 7.71-7.67 (4H, m); 7.48-7.38 (6H, m); 4.70 (lH, dd. 
J-6.0, 4.8 Hz); 4.77 (lH, ddd. J-4.5, 2.5, 2.3 Hz); 4.00 (lH, dd, J-11.7, 2.3 Hz); 3.73 (lH, 
dd, J-11.7, 2.5 Hz); 3.16 (lH, d, J-6.0 Hz); 3.14 (lH, dd, J-4.8, 4.5 Hz); 2.20 (9H, 6); 

B - Ra 4 in 'one-pot' - A solution of tris(methylthio)methane (0.76 mL, 7.7 mmol) in 
tetrahydrofuran (25 mL) was treated dropuise with 1.55 M n-butyl lithium (3.7 mL) at -78'C. 
After 30 min, 4 (2 g, 5.67 mmol)** dissolved in 5 mL of THF was added dropwise. 
an additional 35 min., 

Following 
oxodiperoxomolybdenum-pyridine-HWA complex (MoOPH)(2.7 g, 6.2 mmol) 

was added as the solid and the temperature was allowed to slowly warm to -3O'C. A solution 
of satd. sodium sulfite (5 mL) was added at -3O'C, and the solution was warmed to room 
temperature. The organic phase was diluted with ether (50 mL) and washed with satd. sodium 
sulfite (in 10 mL portions until the aqueous layer was colorless), water (2 x 10 mL), 1% 
hydrochloric acid (2 x 25 mL) and water again. After drying over magnesium sulfate and 
flash chromatography (4:l hexane-EtOAc) the product 2 (1.86 g, 78.8%) was obtained as an 
oil. 

* When phenylselenelyl chloride was utilized under the same conditions, the yield was 52% 
with formation of the diselenide and recovery of starting material. 

** This compound was contaminated with -15% of 16s a result of over-reduction in the 
Raney-nickel desulfurization of 1. 
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3-Dcoxy-3-C-rethyl-5tert-~t~ldiph~~l~il~l4~~b~o-l,4-lrctone, g - The previous 
compound (445 mg, 0.85 mmol) was stirred with Baney nickel (previously washed with 5X AcOB 
in water, water, and methanol) in methanol (20 mL) at room temperature for 18 h. The 
suspension was then diluted with CBClB (20 mL), filtered (caution!) through a celite pad and 
evaporated to an oil. The residue waB purified by chromatography (10-20X Et0Ac in hexane) 
to provide 10 as a colorless oil (212 mg, 62%); [a]0 + 12.5'. 
oil) 3440, 2930, 2860, 1780, 1430, 1115, 1035, 705 cm-'; m/e (CI) 385 (H+ll)., 279, 261, 241, 

(c 2.25, CHClq); vmax (neat 

221, 201; 'H n.m.r. 6 - 7.70-7.65 (4H, m); 7.46-7.38 (68, m); 4.07 (lH, dd, J-10.5, 3.5 
Hz); 4.03 (lH, ddd, J-9.6, 4.1, 2.8 Hz); 3.92 (lH, dd, J-12.0, 2.8 Hz); 3.75 (la, dd, 
J-12.0, 2.8 Hz); 2.96 (la, bd.8); 2.47 (lH, ddt, J-10.5, 9., 6.6 Hz); 1.17 (3H, d, J-6.6 
Hz); 1.05 (9H, 8). 

l-0-tert-Butyldipheuylsilyl-~eo~-4,5-O-imopropylldenc3thyl-D-arabiPiro, g - The 
lactone 10 (21.8 g, 56.7 mmol) in THP/H20 (4:1, 250 I&) was reduced with sodium borohydride 
(4.28 g,xO equiv.) at room temperature for 1 h. The reaction was quenched by the cautious 
addition of dil. hydrochloric acid (50 mL) and the mixture evaporated to remove mOst of the 
THF. The residue was then saturated with aq. NaCl and the solution was extracted with ether 
(3 x 250 mL). Evaporation of the combined ethereal layers provided the trio1 11 which was 
used directly in the next step. It was dissolved in acetone (250 I&) and dimethoxypropane 
(50 mL), two drops of cont. hydrochloric acid were added and the mixture was stirred at room 
temperature for 15 h. The solution was evaporated to an oil, the latter dissolved in ether 
and processed as usual by washing with aq. bicarbonate, then water, etc. The crude product 
was then chromatographed (5+7.5X EtOAc in hexane) to afford the product 12 as a colorleas 
Oil (15.7 g, 65%); [a]0 - 0.3'. 
1120, 1065, 705, 620 cm-l; 

(c 3.3, CHClB); v max (neat oil) 3500, 2940, 2860, 1415, 
m/e (CI) 371 (ti-tBu), 353, 335, 313, 293, 275, 235, 215; H 

n.m.r. 6 - 7.68-7.64 (4H, m); 7.47-7.36 (6H, m); 4.25 (lH, ddd, J-7.4, 6.5, 5.1 Hz); 4.04 
(lH, dd, J-8.3, 6.5 Hz); 3.76 (lH, dd, J-13.9, 7.6 Hz); 3.67 (lH, dd, J-8.3, 7.4 Hz); 3.67 
(lH, dd, J-8.3, 7.4 Hz); 3.61 (2H, m); 2.83 (lH, bd.d, D20 exch., J-2.6 Hz); 1.80-1.71 (lH, 
m); 1.38 (3H, 8); 1.33 (3H, 8); 1.06 (9H, 8); 0.83 (3H, d, J-6.9 Hz). 

3-Deoxy-3-C-methyl-4,54isopropylide~D-arabiuitol, 13 - To the silyl ether 12 (15.7 g, 
36.7 mmol) wae added tetra n-butylammonium fluoride (5TmL of a 1.0 H solution in THP. 1.5 
equiv.) and the solution stirred at room tewerature for 2 h. lhe mixture was then 
concentrated and the residue chromatographed directly (50+100X EtOAc in hexane) to give the 
title compound as a colorless oil (6.6 g, 95X), [a]0 + 8.8". (c 3, CHClB) v max (neat 
oil) 3410, 2990, 1370, 1215, 1160, 1060, 860 cm-'; m/e (CI) 191 (M+H)?, 175, 133, 115, 101, 
97. 

3-Dao~~-rcthyl-l4(2,4,6-trieopropyl)benreeeclulfonyl-l)-arabinitol. 14 - The previous 
compound 2 (6.6 g, 34.7 mmol) in pyridine (10 mL) and CHBClB (14 mL) wartreated with 
2,4,6-(triisopropyl)benzeneaulphonyl chloride (21.8 g, 2.0 equiv.) at room temperature for 
15 h. Excess sulphonyl chloride was destroyed with water (5 mL) at room temperature for 1 h 
and the mixture then subjected to a standard work-up. Chromatography of the crudf product 
(5+10X EtOAc in hexane) gave the sulphonate 14 as a colorless oil (14.5 g, 92%); H n.m.r., 
7.20 (2H, 8); 4.32 (lH, ddd, J-7.2, 6.6, 4.0Hx); 4.20 (lH, dd, J-10.4, 4.0 Hz); 4.13 (2H, 
Sept., J-6.7 Hz); 4.05 (ill, dd, J-10.4, 6.2 Hz); 4.04 (lH, dd, J-8.4, 6.6 Hz); 3.81 (lH, 
ddd, J-7.0, 6.2, 4.0 Hz); 3.71 (lH, dd, J-8.4, 7.2 Hz); 2.92 (lH, Sept., J-6.9 Hz); 2.73 
(lH, bd.s); 1.95-1.87 (lH, m); 1.38 (3H, 8); 1.32 (3H, 8); 1.27 (12H, d, J-6.7 Hz); 1.26 
(6H, d, J- 6.9 HZ); 0.95 (3H, d, J-7.0 Hz). 

1,2-~h~ro-3deo~-3thyl-4,S~imopropylideu~arabi~tol, 15 - The sulphonate 
ester 14 (15.5 g, 31.8 mmol) in methanol (50 IUL) and CH2C12 (50 mLTwas treated with sodium 
methoxve (35 mL of 1.0 H solution in methanol, 1.1 equiv.) at 0-C for 30 min. The reaction 
mixture was then poured into water (150 mL) and ether (150 mL), worked-up as usual and 
concentrated (at 20°) to a mobile yellow liquid. Chromatography (50% ether in pentane) 
provided the epoxide 15 (ca 5 g ) as a rather volatile, pale 1 ellow liquid which was not 
free of residual solvent; m/e (CI) 173 (H+H)?, 157, 155, 97; H n.m.r. 6 - 4.14-4.08 (2H, 
m); 3.79-3.74 (lH, m); 2.80-2.76 (2H, m); 2.51-2.49 (lH, m); 1.43-1.32 (1H. m); 1.41 (3H. 
8); 1.37 (3H, 8); 1.06 (3H, d, J-6.9 Hz). 

2,3,~~ideo~S-C-rcthyl~,7~l~opr~ylide~~abin~ept-2~n~l.4-lactone, 17 - To a 
solution of hexamethyldisilazane (24.6 mL, 116 mm_THP (200 mL) at O'C was added a 
solution of n-butyl lithium (72.8 mL of a 1.6 M soln. in hexane, 1.0 equiv.) After 15 min. 
asolution of phenylthioacetic acid (9.8 g, 63.4 mmole) in THF (50 mL) as then introduced and 
the mixture allowed to attain room temperature over 1 h. The initially clear solution 
became a white suspension over 5-10 min as the dianion formed and precipitated. The epoxide 
15 (5.47 g, 31.7 mmol) containing a small amount of residual solvent (ether) was added in 
EF (20 mL) and the mixture stirred for 1.5 h. The resulting pale yellow solution was then 
poured into 24 hydrochloric acid (100 mL) and extracted with ether (3 x 200 mL). The 
combined ethereal layers were washed with water (2 x 50 mL) and satd.brine (1 x 200 mL), 
dried (M@O,,) and evaporated to provide the y-hydroxyacid a8 a pale-yellow oil. This was 
dissolved in dichlormethane (150 mL) and treated with EDAC (8.0 g, 41.7 pmol, 1.3 equiv.) 
and DMAP (150 mg) for 20 min. The mixture was then poured into (500 mL) and given a 
standard aq. work-up. Evaporation of the organic layer gave a syrup which was 
chromatographed (20% EtOAc in hexane) to give the a-pheny)thiolactone _I& as a mixture of 
epimers (8.03 g, 77%. 2 steps); v max (neat oil) 1780 cm- . 
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This compound (8.03 g, 24.5 mmol) was dissolved in dichloromethane (150 mL) and treated 
with mCPPiA (6.8 g of 85% purity oxidant, 1.3 equiv.) at -23’C for 20 min. Excess oxidant 
was then destroyed by quenching with a large excess of dimsthylsulphide (lo-15 aL) and the 
mixture brought to room temperature for 10 min. The reaction was poured into ether (500 mL) 
and satd. bicarbonate (100 mL), the ethereal layer extracted with a second portion of 
bicarbonate solution (100 mL), dried (Mgs01,) and evaporated to give the crude sulphoxides as 
a yellow oil. The mixture of sulphoxides was redissolved in toluene (250 mL) and pyridine 
(1 mL) containing CaCO3 powder (5 g) and heated to reflux for 1 h. After cooling, the 
suspension was filtered, and the solvent removed to provide the crude product as a yellow 
Oil. Chromatography (15+25X EtOAc in hexane) gave the a,S-unsaturated lactone 17 as a white 
crystalline solid (4.6 g, 89%); mp 78-79’C; [a]D + 91.3’. (C 6.3, CHCLF) m/e (Cn 213 
(U+H)+, 155; Found 197.0858, M-CH3 - CloHL301, requires 197.0814; 'H n.m.r. 6 - 7.30 (1H. 
dd, J-5.8, 1.6 Ha); 6.15 (lH, dd. J-5.8, 2.0 Hz); 5.00 (lH, ddd, J-7.1, 2.0, 1.6 Ha); 4.34 
(lH, ddd, J-6.7, 6.7, 3.8 Hz); 4.11 (lH, dd, J-8.5, 6.7 Hz); 3.71 (lH, dd, J-8.5, 6.7 Hz); 
1.98 (lH, ddt, J-7.1, 3.8, 6.8 Hz); 1.41 (3H, 8); 1.36 (3H. 8); 0.95 (3H. d, J-6.8 Hz). 
Anal. calcd for CLlH1601,: C, 62.54; H, 7.59. Found: C, 62.19; H, 7.53. 

2,3,5-l'rideorg-3,5-Di-C~th~l-D-talo-beptoao-l.4-lactone. 18 - To a suspension of CuBr.Me2S 
(7.75 g, 37.7 mmol) in ether (200mL)was added a solution z methyl lithium (44.35 mL of a 
1.7 M soln. in ether 2.0 equiv.) at 0” over S-10 min. The initial yellow precipitate 
redissolved to give a pale-buff colored solution. After cooling the solution to -23’C the 
enone 17 (1.6 g, 7.5 mmol, 0.2 equiv.) in ether (25 mL) was added, and the reaction stirred 
for 10x11. before being quenched by the cautious addition of satd. ammonium chloride 
solution. After vigorous extraction to remove copper compounds, the colorless ethereal 
layer was evaporated to give the crude product. Flash column chromatography (15+20X EtOAc 
in hexane) gave pure 18 as a colorless oi1_1(1.56 g, 91%); [aID - 32’(c 2.1, CHC13); u max 
(neat oil) 2990, 178571215, 1060, lop5 cm ; m/e (CI) 229 (M+H) t, 213, 17l;Found 213.1099 
M-CH3 - ClLH170~; required 213.1127; H n.m.r. 6 - 4.25 (lH, ddd, J-7.0. 6.6, 4.6 Hz); 4.09 
(lH, dd, J-8.4, 6.6 Hz); 3.98 (lH, dd, J-8.9, 5.7 Hz); 3.65 (lH, dd, J-8.4, 7.0 Hz); 2.72 
(lH, dd, J-17.8, 8.9 Hz); 2.42 (lH, dddq, J-8.9, 7.2, 5.7, 6.7); 2.19 (lH, dd, J-17.8, 7.2 
Ha); 1.79 (1H. ddq, J-8.9, 4.6, 6.7 Hz); 1.40 (3H, 8); 1.34 (3H, s); 1.21 (3H, d, J-6.7 Hz); 
1.03 (3H, d, J-6.7 Hz). 

3,~Dideo~-3,5di-C~thyl-6.74iaoprop~lideu~~ycero-D-talcr hptou*l+lactoue 2. 
(and its C-2 epiler) - To a solution of hexamethyldisilaxane (2.90 mL, 13.7 mmol) in THF (75 
mL) at 0°C was added n-butyl lithium (7.8 mL of a 1.6 H soln.. 12.5 mmol) and the base 
allowed to form for 20 min. The solution was then cooled to -78’ and the lactone 18 (1.42 
g, 6.23 mmol) added in THP (15 mL) over l-2 min. The enolate was generated at this 
temperature for 30 min. and then treated with solid oxodiperoxomolybdenum-pyridine-HMPA 
complex (MoOPH) (3.24 g, 7.47 mmol) added as the solid in a single portion. The temperature 
was alloved to rise to -5O’C for 40 min. and the resulting blue-green solution poured into 
ether (250 mL) and freshly prepared sat. sodium sulphite solution (100 mL). The organic 
layer was then irorked up in the usual manner to provide the crude epimeric a-hydroxy 
lactones. Purification by column chromatography (30% EtOAc in hexane) afforded 19 as an 
inseparable mixture (4:l) of epimers (20 the major prodyct) as a colorless oil (1.17 g, 
77%); v max (neat oil) 3430, 2980, 1785, 1210, 1060 cm- ; m/e (CI) 245, (M+H)+, 229, 159, 
141; Found 229.1061 M+-CH3=CL1H1705; requires 229.1176; ‘H n.m.r. 6 - 4.31 (lH, ddd, 
J-6.9, 6.7, 4.1 Hz); 4.08 (lH, dd, J-8.4, 6.7 Hz); 4.07 (lH, d, J-10.1 Hz); 3.98 (lH, dd, 
J-9.2, 8.2 Hz); 3.68 (lH, dd, J-8.4, 6.9 Hz); 3.63 (lH, bd.S); 2.24 (1H. ddq, J-10.1, 9.2, 
6.5 Hz); 1.89 (lH, ddq, J-8.2, 4.1, 7.0 Hz); 1.41 (3H, 8); 1.31 (3H, s); 1.33 (3H, d, J-6.5 
Hz); 1.03 (3H, d, J-7.0 Hz). 

3,5-Dideoxy-3,5-di-C~thyl-5,6-O-isopropyliden~talitol, g- The a-hydroxylactone 
mixture 19 (343 mg, 1.43 mmol) in THF/H20 (4:1, 15 mL) was treated with sodium borohydride 
(216 mg,x.O equiv.) at room temperature for 1 h. The reaction was quenched with 2 M 
hydrochloric acid, the mixture saturated with sodium chloride and then extracted with ethyl 
acetate (4 x 50 a&). The combined organic layers were extracted with water (1 x 20 mL) and 
sat. brine (1 x 20 mL), dried (Mgs01,) and evaporated to a crude oily product. 
Chromatography (EtOAc-1% MeOH) provided the trio1 as a colorless oil (258 mg, 73%). The 
previous compound was dissolved in methanol (20 mL) and treated with sodium q etaperiodate 
(335 mg, 1.5 equiv.) in water (10 mL) at room temperature for 10 min. A voluminous white 
precipitate formed during this time. The aldehyde formed in situ was then reduced directly 
with sodium borohydride (197 mg, 5.0 equiv.) at room temperature for 10 min. The reaction 
was quenched by the cautious addition of W hydrochloric acid, the solution was saturated 
with sodium chloride and extracted with EtOAc (4 x 20 mL). The organic phase was washed 
with water (1 x 10 mL), satd. bicarbonate (10 mL) and satd. brine (20 mL). Drying, 
evaporation and flash chromatography (30% EtOAc in hexane) provided 2&as a colorless oil 
(165 mg, 72%); v max (neat oil) 3440, 2990, 1430, 1410, 1380, 1060 cm . The corresponding 
3-O benzyl ether’showed [a]b - 38.4’ (c 4.2, CHC13); m/e Found 293.1748 (MC); requires, 
293.1708, ‘H n.m.r. 6 - 7.37-7.26 (SH, la); 4.66 (lH, d, J-10.9 Hz); 4.65 (lH, d, J-10.9 
Hz); 4.40 (lH, ddd, J-7.2, 6.7, 3.8 HE); 4.01 (lH, dd, J-8.1, 6.7 Hz) 3.82 (lH, dd. J-11.1, 
3.7 Hz); 3.67 (lH, dd, J-8.1, 7.2 Hz); 3.58 (lH, dd, J-11.1, 4.6 He); 3.39 (lH, dd, J-8.9, 

3.1 HZ); 2.84-2.60 (lH, bds, D20 exch.); 1.98-1.87 (2H, m); 1.43 (3H, 8); 1.35 (3H, 8); 1.17 

(3g, d, J-7.1 Hz); 0.95 (3H, d, J-6.8 Hz). 
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3.S,6-~ideo~-I.2~isopropylide~3.5di~mthyl-7~tert-~tyldiphenylsilyl~~tr~ 
bcptitol, 27 - To the Lactone 18 (1.56 g. 6.84 mmol) in ether (50 mL) was added lithium 
sluminium hydride (0.52 g, 2.0equiv.) at 0’. the reaction was allowed to warm up to 25’ and 
then stirred for 1 h. Excess reductant was destroyed by the cautious addition at 0°C of 
ethyl acetate (25 mL. dropwise) followed by water (10 I&, dropwise) and finally dil. 
hydrochloric acid (50 mL). The ethereal layer was subjected to a standard aqueous work-up 
and the organic phase was evaporated to provide the dial as a colorless oil which was used 
directly in the next step. The product (1.46 g, 6.3 mmol) in DMF (20 mL) was treated with 
t-butyldiphenylsilyl chloride (1.96 I&, 1.2 equiv.) in the presence of imidazole (0.65 g, 
1.5 equiv.) at room temperature for 20 min. The reaction mixture was then poured in ether 
(100 mL) and water (100 mL), the ethereal layer worked-up In the usual manner and evaporated 
to a crude syrup. Chromatography (15+25X EtOAc in hexane) furnished the title compound as a 
colorless oil (2.76 g, 86%. 2 steps); [a]~ + 9.5’ (c 1.9, CHC13); v max (neat oil) 3500. 
2940, 1430, 1115, 1090, 1060, 705 and 615 cm- ; m/e (CI) 471 (Fl+H)+, 396, 355, 335, 199, 
157, ‘II n.m.r., 6 - 7.69-7.65 (4H, m); 7.45-7.36 (6H, m); 4.37 (1H. ddd, J-7.7, 6.5, 4.1 
Hz); 4.03 (lH, dd. J-8.2, 6.5 Hz); 3.80-3.75 (lH, m); 3.73 (lH, dd, J-8.2, 7.7 Hz);3.65 (lH, 
ddd, J-10.3, 8.2, 5.2 Hz); 3.37 (lH, ddd, J-8.2, 5.6, 3.9 Ha); 2.86 (1H. d, J-5.9 Hz); 
1.98-1.75 (3H, m); 1.45-1.37 (lH, m); 1.43 (3H, 8); 1.35 (3H. 6); 1.04 (9H, 6); 0.93 (3H, d, 
J-6.9 Hz); 0.91 (3H, d, J-7.0 Hz). 

3,4,5,6-Tetr~eory-1,2~i~opropyliden~3,5~i~~thyl-7~ert-butyldiphenyl~ilyl~ 
arabino-heptitol, 29 - The previous compound (2.30 g. 4.89 -01) in dichloromethane (25 mL) 
was treated with mzhanesulohonvl chloride (0.57 mL. 1.5 eauiv.) in the oresence of 
triethylamine (1.36 mL, Z.O’equ;v.) at O” for 40 min. After quenching the reaction with 
water (5 mL) and stirring at room temperature for 10 min., the mixture was poured into ether 
(150 mL) and dil. hydrochloric acid (75 mL), given a standard aqueous work-up and evaporated 
to give the crude mesylate as a yellow 011 which was used directly in the next step. To 
the crude q esylate (2.3 g, 4.9 mmol) in ether (50 mL) was added lithium aluminium hydride 
(0.74 g, 4.0 equiv.) at room temperature and the reaction stirred for 2 h. Excess reductant 
was destroyed by the dropwise addition of ethyl acetate (25 mL) followed by water (10 mL) 
and dil. hydrochloric acid (50 I&). The organic layer was worked-up to provide the crude 
deoxy compound which was chromatographed (2+6X EtOAc in hexane) to give 29 as a colorless 
oil (1.66 g, 75%. 2 steps); to!,) + 21.6’ (C 2.1, CHCl3); v max (neat oilF2940, 1430, 
1115, 1090, 1070, 705, 615 cm- ; m/e (CI) 455 (M+H)+, 439 (H-CHB) 397 (M-t-B”) 379, 339, 
319; Found 397.2232 (M-t-B”) - C2BH42O3Si; requires 397.2199; ‘H n.m.r., 6 - 7.70-7.66 (4H, 
ID); 7.44-7.35 (6H, m); 3.97 (lH,dd, J-7.8, 6.2 HZ); 3.84 (lH, ddd, J- 7.5, 6.5, 6.2 Hz); 
3.72 (lH, ddd, Jp10.2. 7.1, 5.2 Hz); 3.66 (1H. ddd, J-10.2, 7.4, 6.4 Hz); 3.56 (lH, dd, 
J-7.8, 6.5 Ha); 1.78-1.60 (3H, ID); 1.40 (3H, 6); 1.34 (3H, 8); 1.23-1.10 (2H, m); 1.05 (9H, 
S); 1.05-0.99 (lH, m); 0.94 (3H, d, J-6.6 Hz); 0.83 (3H. d, J-6.6 Hz). 

3,4,5,6-Tetradco~-3,S~i~~thyl-7-O-tert-~tyldiphe~l~ilyl-~arabi~-h~titol, 30 - The 
acetonide 29 (780 mg, 1.72 mmol) was stirred in 80% aqueous acetic acid (75 mL) at room 
temperaturrfor 15 h. The mixture was then concentrated at the water pump, and 
co-evaporated several times with toluene (50 OIL). Chromatography of the crude product 
(20-30X EtOAc in hexane) gave the dial 30 as a colorless oil (697 mg, PSX), [a]~ + 17.0’. 
(c 2.1, CHC13); v max (neat oil) 3380, 2940, 1435, 1120, 1095, 705 cm- ; m/e (CI) 415 
(M+H)+, 339, 319, 259, 199. 

1,2-~hydrcr3,4,5,6-tctradeoxy-3,5di~~thyl-~tert-~tyldiphcnJ1- eilyl-D-arabiw- 
heptitol. 32 - To the diol 30 (44 mg, 0.106 mmol) in CHBC12 (1 mL) was added pyridine (22 
pL, 2.5 eqxv.) and 2,4,6-(~1isopropyl)benzenesulphonyl chloride (64 mg, 2.0 equiv.) and 
the mixture stirred at room temperature for 1 h. After quenching with water (1 mL) for 1 h, 
the solution was worked up in the usual manner and the residue obtained after evaporation 
was chromatographed (5-10X EtOAc in hexane) to give the pure 1-O-sulphonate 31 as a 
colorless oil which was epoxidiaed directly. The sulphonate prepared above,Tn MeOH (5 mL) 
and dichloromethane (5 mL) was treated with sodium methoxide (1 mL of a 1 M soln. in 
methanol) at room temperature for 20 min. The resulting solution was then poured into ether 
(25 mL) and water (25 mL), the ethereal layer worked up in the usual way and the crude 
product chromatographed to give the epoxide zas a colorless oil, (31 mg, 70X, 2 steps); 
H n.m.r. 6 - 7.69-7.65 (4H, m); 7.45-7.35 (6H, m); 3.71 (lH, ddd, J-10.2, 6.8, 5.6 Hz); 

3.67 (lH, ddd, J-10.2, 7.3, 6.3 Hz); 2.73 (lH, dd, J-5.0, 4.0 Hz); 2.62 (lH, ddd, J-7.0, 
4.0, 2.8 Hz); 2.51 (lH, dd, J-5.0. 2.8 Hz); 1.82-1.71 (lH, m); 1.63-1.55 (1H. m); 1.39-1.24 
(3H. m); 1.13-1.05 (lH, m); 1.04 (9H, s); 1.01 (3H, d, J-6.4 Hz); 0.82 (3H, d, J-6.6 Hz). 

hctone 34 - To a solution of hexamethyldisilizane (70.2 ul, 0.333 mmol) in THF (5 mL) at 
O°C was zded n-butyl lithium (208 pl of a 1.6 H soln., 1.0 equiv.) and the base was allowed 
to form for 20 min. This was treated with phenylselenoacetic acid (35.8 mg, 0.167 mmole, 
0.5 equiv.) in THF (500 ~1) and the dianion allowed to form at room temperature for 1 h. 
The epoxide 32 (35.8 mg, 0.0833 mmol, 0.25 equiv.) was then added in THF (1 mL) and the 
mixture stir=d at room temperature for 15 h. The resulting yellow solution was partitioned 
between ether (35 mL) and 2 II hydrochloric acid (2 mL), the ethereal layer washed with 820 
(2 x 5 mL) and satd. brine (10 I&), dried (FIgSOl,) and evaporated to a yellow oil. The crude 
hydroxyacid obtained above was immediately redissolved in CH2ClB (10 mL) and treated with 
EDAC (31.9 mg, 2.0 equiv.) and DMAP ('5 mg, catalytic) at room temperature for 30 min. The 

mixture was poured into ether (50 mL) and water (50 mL), given a standard aq. work-up and 

evaporated to give the crude epimeric mixture of a-phenylselenolactones 33 which were oxidized - 

directly. 
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The mixture of epimcrtc selenides obtained above, in CH2C12 (20 mL), waa added 
dropwise to an ice-cold solution of 30% Hz02 (5 EL) with vigorous stirring. After the 
addition was complete, stirring was continued at room temperature for 45 min., after which 
the organic layer vaa separated and washed several times with II20 (3 x 20 mLL), dried (Hgs01,) 
and evaporated to a crude oil. Column chromftography (5+10% EtOAc in hexane) afforded the 
lactone 34 as a colorless oil (29 mg, 69%); H n.m.r. 6 - 7.69-7.64 (4H, m); 7.45-7.37 (7H, 
m); 6.6 TH, bds); 4.93-4.90 (lH, m); 3.77-3.63 (2H, ID); 1.98-1.89 (lH, la); 1.80-1.70 (1H. 
m); 1.70-1.60 (lH, I); 1.38 (lH, ddd, J-14.0, 8.0, 5.5 Hz); 1.28-1.18 (lH, m); 1.14-1.06 
(lH, m); 1.04 (9H, 8); 0.87 (3H, d, J-6.8 Hz); 0.84 (3H. d, J-6.7 Hz). 

tctone 35 - To a suspension of CuBr.MezS complex (158 mg, 0.77 mmol) in ether (10 mL) at 
O°C wa8 zded methyl lithium (0.9 mL of a 1.7 M soln. in ether, 2.0 equiv.) dropwise over 5 
min. To the resulting buff-colored solution at-23'C was then added the enone 34 (15 mg, 
0.034 mmol) in ether (3 mL) and the mixture stirred for 20 min. at-23OC. The reaction was 
diluted with ether (10 mL) and quenched with satd. ammonium chloride solution (10 mL) added 
dropwise at -23'C over 2 min. The ethereal layer was re-extracted with satd. ammonium 
chloride (10 mL) water (10 mL) and satd. brine (10 mL), dried (MgSO,), and evaporated to 
give the crude product. Chromatography (7X EtOAc in hexane) gave the lactone 35 as a 
colorless oil (14 mg, 90%); [aID - 8.4', (c 0.5, CHC13); m/e (CI) 395 (H-t-Bu), 375, 317, 
179; Found 395.2042 M-t-Bu - C2bH3103SI; requires 395.2043. 

(3~,4~,5~,7~)-1,4,9-'Prihydro~-3.5,7-tri~thy1-9~tert-buty1d1p~ny1~i1y1~o~e, 36 - The 
lactone 35 (14 mg, 0.031 wol) In ether (5 mL) was treated with lithium aluminium hydride 
(11.8 mgTl0.0 equiv.) at room temperature for 1 h. The reaction was quenched successively 
with ethyl acetate (5 mL, dropwise) water (5 mL, dropwise) and dilute hydrochloric acid (5 

mL); the ethereal layer was given a standard aqueous work-up and evaporated to a crude oil. 
Chromatography (10+25X EtOAc in hexane) gave the dial as a colorless oil (12.3 mg, 88%). 
(3~,5~,7~)-1,9-Dihydro~-3,5.7-trimthpl-9~tert-~tyldip~nylnilyl-l4trip~~l~thyl 
ntmane x- The dlol 36 (12.3 mg, 
tritylpyridinium tetrafluoroborate 

gg027 mmol) in acetonitrile (5 mL) was treated with 
(22 mg, 2.0 equiv.) at room temperature for 1 h. The 

mixture was diluted with ether (25 mL) and water (25 mL) the ethereal layer subjected to a 
standard aqueous work-up and evaporated to afford the trltyl ether (together with Ph3COH) as 
a yellow oil. 

This product (-15 mg) in CH2C12 (5 II&) was treated with methanesulfonyl chloride (50 
ul) in the presence of triethylamine (200 ul) at 0' for 1 h. The reaction was quenched with 
water (100 ~1) and allowed to reach room temperature, stirred for 20 min and then 
partitioned between ether (25 mL) and water (25 mL). The organic phase was processed in the 
usual manner to give the crude mesylate as a yellow oil which was reduced directly. The 
product waa dissolved in ether (5 mL) and reduced with lithium aluminum hydride (50 mg) at 
room temperature for 3 h. After careful dropwlse addition of ethyl acetate (5 mL) at O'C, 
the mixture was diluted with ether (10 mL). water (10 I&, dropwise) and dil. hydrochloric 
acid (10 mL). The ethereal layer was then processed in the usual manner to give the 
deoxygenatef compound xwhich was chromatographed (2% EtOAc in hexane) to provide a pale 
yellow oil. 

Pyraaoline, 23 - The butenollde 4 (250 mg, 0.71 mmol) was dissolved In a freshly prepared, 
ethereal solution of diazomethane (25 mL) and allowed to stand for 15 h. Excess 
diazomethane was destroyed with glacial acetic acid (3 IL) and the ethereal layer 
concentrated to give the crude pyraaoline. Chromatography (20% EtOAc in hexane) 
provided zas a white crystalline compound (274 mg, 98%); yp 105-106'; [a]D - 215.4' (c 
1.2, CClb); v max (melt) 2970, 1785, 1430, 1115, 705 cm- ; H n.m.r. 6 - 7.67-7.62 (4H, 
m); 7.49-7.39 (6H, m); 5.76 (lH, ddd, J-9.2, 2.5, 1.2 Hz); 4.96 (lH, ddd, J-18.7, 9.5, 1.2 
Hz); 4.68 (lH, ddd, J-18.7, 4.1, 2.5 Hz); 4.18 (lH, ddd, 5~2.9, 2.8, 2.3 Hz); 3.89 (lH, dd, 
J-11.4. 2.9 Hz); 3.68 (lH, dd, J-11.4, 2.9 Hz); 2.93 (lH, q, J-9.5, 9.2, 4.1. 2.8 Hz); 1.05 

(9H, 8). Anal. calcd for Q2H26N2035; C, 66.97; H, 6.42; N, 7.10. Found, C, 66.88; H, 
6.39; N, 7.11. 

2,3-Dideo~-3-C-rethyl-~tert-~tyldip~nylailyl-~~ycero~ent-2~n~l,4-lactooe~ 24 - 
The pyrazoline 23 (274 mg, 0.695 mmol) in toluene (15 mL) containing calcium carbonate 
powder (0.5 g) ;;;;8 brought to reflux for 3 h. After cooling, the suspension was filtered 
and evaporated to give the crude enone. Purification by chromatography (15+20X EtOAc in 
hexane) gave the a,8-unsaturated lactone 2 as a colorless oil (234 mg, 92X1; [o]D - 20" 
(C 2.6, CHC13); v max (neat oil) 2940, 1765, 1430, 1135, 1120, 900, 710 cm- ; m/e (CI) 367 
(M+H).+, 289, 117; Found 309.0957, (M-tBu) ClaH22O3Si; requires 309.0947; 'H n.m.r. 6 - 
7.67-7.63 (4H, m); 7.48-7.37 (6H, m); 5.80 (IH, m); 4.84 (lH, m); 4.01 (lH, dd, J-11.4, 3.5 
Hz); 3.86 (lH, dd, J-11.4, 3.4 Hz); 2.07 (3H, m); 1.09 (9H, 8). 

2,3-Dideoxy-3-C~thyl-5-O-tert-butyldipbanylailyl+~-pen two-1.4- lactoac, 25 - The 
enone 24 (234 mg, 0.639 mmole) in EtOAc (20 mL was catalytically reduced (5% Rh/U703, H20, 
50 pai)for 1 h. Evaporation and chromatography (20%) ethyl acetate in hexane gave the 
lactone 25 ae a colorless solid (230 mg, - quant.); mp 88-89*Ci [a]D + 50.8' (c 2.3, 
CHC13); v max (neat oil) 2930, 1785, 1430, 1170, 1115, 705 cm- ; m/e (CI) 369 (H+H)+, 311 

7.70-7.67 (4H, m); 7.48-7.39 (6H, m); 4.45 (lH, ddd, J-7.5, 3.6, 2.8 HE); 3.86 (lH, dd, 
J-11.6, 3.6 HE); 3.70 (1H. dd, J-11.6. 2.8 He); 2.78 (lH, q, J-9.9, 8.6, 7.5, 6.9 Hz); 2.59 
(lH, dd, J-17.0. 8.6 Hz); 2.52 (lH, dd, J-17.0, 9.9 Hz); 1.22 (3H, d, J-6.9 Hz); 1.05 (9H. 
8). Anal. calcd. for C22H2803Si; C. 71.69; H, 7.65. Found: C, 71.66; H, 7.61. 
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183, 165, 105; Found M+ 358.1954 C25H2602; requires 358.1932; ‘H n.m.r. 6= 7.47-7.43 (6H, m); 
7.32-7.20 (9H, m); 3.18 (lH, ddd, 519.2, 7.3, 5.0 Hz); 3.12 (lH, ddd, J-9.2, 6.9, 6.7 Hz); 2.72 
(lH, ddd, J-6.4, 4.0, 2.8 Ha); 2.66 (lH, dd, J-4.9, 4.0 Hz); 2.47 (lH, dd. J-4.9, 2.8 Ha); 
1.87-1.98 (lH, m); 1.61-1.50 (2H. m); 0.83 (3H, d, J-6.4 Hz). 

LBctolu? 43 - To a solution of hexamethyldisilazane (4.6 mL, 22.0 mmol) in THF (50 mL) at O’C 
was addern-butyl lithium (14.0 mL of 1.5 H aoln. in hexane. 21.0 mmol) over 2-3 min. After 
20 min. a solution of phenylthioacetic acid (1.76 g, 10. 5 mmole, 0.5 equiv.) in THF (20 mL) 
was added and the mixture allowed to reach room temperature. A white precipitate of the 
dianion was produced over lo-15 min. At the end of 1 h the epoxide 42 (2.5 g, 7.0 mmol) in 
THF (15 mL) was introduced and the mixture stirred for 15 h, reaultiz in a clear yellow 
solution. The reaction waa poured into ether (200 mL) and dilute hydrochloric acid (200 
a&), extracted with water (2 x 50 mL) and satd. brine (1 x 100 mL); dried (M~SOI, and 
evaporated to give the crude hydroxy acid as a yellow oil. 

This product in dichloromethane (100 mL) was lactonized with EDAC (2.0 g, 1.5 equiv.) 
and DMAP (200 mg) at room temperature for 20 min. A standard aqueous work-up gave a crude 
product which was chromatographed (5+10X EtOAc in hexane) to give the corresponding lactone 
as a pale yellow oil, (3.0 g. 85% two steps); u max (neat oil) 3060, 2940, 1800, 1455, 1190, 
1075, 745, and 710 cm-‘; m/e Found (K+) 508.2101 C3383203S; requires 508.2072. 

The epimeric sulphides (3.Og, 5.9 mmol) in CH2C12 (50 mL) were oxidized with m-CPBA 
(1.56 g of 85% purity oxidant, 1.3 equiv.) at -23’C for 10 min. The reaction was quenched 
at this temperature by the addition of dimethylsulfide (10 mL) and then poured into ether 
200 I& and satd. sodium bicarbonate solution (50 mL). The organic phase was extracted 
several times with satd. bicarbonate (3 x 50 mL), washed with satd. brine (50 mL), dried 
(MgS%) and evaporated to give a mixture of sulphoxides as a yellow oil which was employed 
directly in the next reaction. The sulphoxides were brought to reflux in toluene (25 mL) 
containing powdered CaCO3 (1 g) and pyridine (0.5 mL) for 40 min. The suspension was then 
cooled, diluted with CHCl3 (50 mL), filtered, and evaporated to a yellow oil. Column 
chromatography of the residue (10 2 EtOAc in hexane) afforded the lactone 43 as a colorless 
oil, (1.90 g, 81%. 2 steps); [a]D + 54.1” (c 1.3, CHC13); v max (neat 011) 2940, 1755. 
1450, 1165 1090, 1070, and 710 cm-‘; m/e (EI) 398 (I++) 321, 243, 165, 139, 105; Found (*) 
398.1855 (~~~~~~03); requires 398.1882; *H n.m.r. 6 - 7.45-7.41 (6H, P); 7.36 (lH, dd, 
J-5.9, 1.5 Hz); 7.32-7.20 (9H, m); 6.08 (1H. dd, J-5.9, 2.1 Hz); 4.93 (lH, ddd, J-5.3, 2.1, 
1.5 Ha); 3.23-3.18 (lH, m); 3.09 (lH, ddd, J-9.3, 7.9, 5.5 Ha); 2.21-2.14 (lH, m); 1.81-1.73 
(lH, m); 1.49-1.41 (lH, m); 0.81 (3H, d, J-6.9 Hz). 

lactooe 46 - To a suspension of CuBr.MezS complex (5.1 g, 24.8 mmol) in ether (100 mL) at 
O’C was zded dropwise methyl lithium (34.1 mL of a 1.4 H soln in ether, 47.7 mmol, 1.9 
equiv.) over 10 min. After stirring at this temperature for 20 min. the suspension was 
cooled to -23’C and the lactone 45 (1.90 g, 4.8 mmol) in ether (20 mL) introduced in one 
portion. The mixture was stirrerfor 20 min., cooled to -23’, then quenched by the cautious 
addition of a’atd. ammonilrm chloride solution (50 mL). The organic phase was re-extracted 
with ammonium chloride solution (2 x 50 mL), brine (1 x 50 mL), dried (M~SOI,), and 
evaporated to an oil which was chromatographed (13% EtOAc in hexane) to give the 
lactone 44 as a colorless oil (1.80 g, 93X), which crystallized; mp 122-123°C; [aID -34.7” 
(c-12.1, Z&13); v max (neat oil, melt) 2970, 1780, 1450, 1220, 1075, 1005, 765 and 710 
cm . m/e 

‘H:mr 6 
EI 414 (M+), 337, 243, 155, 105; Found (Mt) 414.2194 (C2~H3003); reqUirSS 

414.2195; . . . - 7.45-7.42 (6H, m); 7.32-7.20 (9H, m); 3.90 (IH, dd, J-6.6, 5.2 Hz); 
3.21 (lH, ddd, J-9.2, 6.5, 5.2 Hz); 3.06 (lH, ddd, J-9.2, 8.2. 5.8 Ha); 2.67 (la, dd, J 
17.6, 8.8 Hz); 2.41-2.30 (lH, m); 2.16 (IH, dd, J-17.6, 8.2 Hz); 2.05-1.93 (1H. m); 1.86 
(lH, ddd, J-13.7, 8.2, 6.5, 3.8 Hz); 1.45-1.37 (lH, WI); 1.12 (3H. d, J-6.6 Hz); 0.86 (3H. d, 
J-6.8 Hz). 

(3n,4~,5~)-3,4~ilethyl-l~tcrt-butyldiphenylsilyl-7~-trip~nyl~thyl heptaae 
1,x,7-trio1, 5 - Lactone 44 (1.8Og, 4.35 mmol) in ether (50 mL) at O°C was reduced with 
lithium aluminium hydride 530 mg, 2.0 equiv.) for 1 h. Excess reductant was destroyed by 
dropwise addition of ethyl acetate (5 mL) followed by dil. hydrochloric acid (50 mL). A 
standard work-up gave the crude product which was chromatographed (30% EtOAc in hexane) to 

give a colorless syrup, (1.7 g, 94%); [YID - 5.7’ (c 1.5, CHC13); v max (neat oil) 3350, 
2960, 1450, 1170, 760, 710, and 635 cm- ; m/e (EI) 243, 165. 105. This diol derivative (1.7 g, 
4.07 mmol) in CH2Cl2 and pyridine (5 mL) was treated with t-butyldiphenylsilyl chloride (1.27 
mL, 1.2 equiv.) and DMAP 100 mg) at room temperature for 15 h. The reaction was then poured 
into ether (50 mL) and water (50 mL), given an aqueous work-up, and the crude product 
chromatographed (5+7X EtOAc in hexane) to provide the title compound as a colorless crystalline 
solid (2.3 g, 84%); mp 76-78’C; 1~1~ - 4.4’C (c 1.5, CHcl3); v max (neat oil) 3440, 2940, 
1430, 1115, 1075, 745 and 705 cm- . 

(3~,5~)-3~5~iuthyl-l4tert-butyldlp~~ylsilyl-7~trl~~l~tbJ1-heptaoa 1,7-dial. 47 - 
Compound 45 (100 mg, 0.15 mmol) in pyridine (5 mL) was esterified with methanesulphonyl- 
chloride-4 pL, 2.0 equlv.) and DMAP (5 mg) at room temperature for 1 h. The reaction was 
given a standard aqueous work-up and chromatographed quickly on a short colon (7% EtOAc in 
hexane) to the mesylate 46 as a pale yellow oil which was reduced immediately. The mesylate 
(100 mg) in ether (15 mLFwas stirred with lithium aluminum hydride (28.5 mg, 5.0 equiv) at 
room temperature for 2 h. The reaction was quenched with ethyl acetate (5 mL) and then 
dil. hydrochloric acid (15 mL), given a standard work-up and the residue chromatographed (2% 
EtOAc in hexane) to afford the title compound as a colorless oil (70 mg, 73X, 2 steps); 
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Ia ID - 3.6' (c 1.8, CHC13); v max (neat oil) 2940, 1455, 1435, 1115, 790 and 710 cm-'; 'II 
n.m.r. 6 * 7.69-7.65 (4H. m); 7.47-7.19 (21H, m); 3.73-3.62 (2H, m); 3.15-3.00 (2H, m); 
1.72-1.57 (4H.m); 1.36-l-03 (3H, m); 1.05 (9H, 8); 0.95-0.87 (lH, m); 0.79 (3H. d, J-6.5 
Hz); 0.74 (3H, d, J-6.5 Hz). 

4,~dnhydro-2.3dldeo~3-C-rethyl-~trip~nyl~thyl-~t~~ pentltol, 49 - The 
alcohol 39 (1.9 g, 3.15 mmol) was esterified with methanesulphonyl cNoridr(0.48 mL, 2.0 
equiv.) G CH;,Clg (20 mL) and pyridine (5 mL) containing DMAF (100 mg) at room temperature 
for 4 h. The reaction was then poured into ether (100 mL) and water (100 mL), the organic 
phase worked up in the usual manner and the crude product purified by flash column 
chromatography (2+8X EtOAc in hexane) to give the meaylate 51 as a pale yellow oil which wae 
epoxidized directly. The mesylate in THF (25 mL) was treatzwith tetra n-butylammonium 
fluoride (4.7 mL of a 1.0 M soln. in THF, 1.5 equiv.) at room temperature for 2 h. 
Evaporation and chromatography of the oily residue gave the epoxide 49 as a colorless oil 
(800 mg, 71f); IolD - 1.6' (c 0.9, CHC13); v max (neat oil), 2930, 350, 1080, 760, 710 
and 635 cm'- ; m/e (EI) 358, 281, 243, 165, 105; Found (?@) 358. 1970 (QBHgBO2); 
requires 358.1932; 'H n.m.r. 6 - 7.44-7.42 (6H, m); 7.30-7.20 (9H, m); 3.15-3.07 (2H,m); 
2.62 (lH, ddd, J-7.0, 3.9, 2.8 Hz); 2.57 (lH, dd, J-4.9, 2.9 Hz); 2.39 (lH, dd, J-4.9, 2.8 
Hz); 1.74-1.50 (3H, m); 0.97 (3H, d, J-6.7 Hz). 

Lactose 50 - To a solution of hexamethyldisilazane (1.0 mL. 4.7 mmol) in THP (12 mL) was 
added n-butyl lithium (3.0 mL of 1.5 M sol". in hexane, 4.5 mmol) at O'C and the mixture 
stirred for 20 min. A solution of phenylthioacetic acid (390 mg, 2.3 mmol) in THF (12 mL) 
was introduced, the mixture brought to room temperature and the dianion allowed to form over 
1 h. To the resulting white suspension was added the epoxide 49 (600 mg, 1.67 mmol) in THF 
(10 mL) and the reaction stirred for 15 h. The yellow solutioFwas then poured into ether 
(100 mL), and dilute hydrochloric acid (100 mL), extracted with water (2 x 25 mL) and satd. 
brine (1 x 50 mL), dried (HgSG,) and evaporated to afford the crude hydroxy acid as a 
yellow oil. This product in CHgClp (30 mL) was lactonixed with EDAC (900 mg, 1.5 equiv.) 
and D&G' (50 mg) at room temperature during for 20 min. After a standard aqueous work-up 
the crude product was chromatographed (5+10X EtOAc in hexane) to furnish the epimeric 
2-phenylthio lactones a8 a pale yellOW oil (710 mg, 84%); Found (H+) 508.2101, (C33HBBOBS); 
requires 508.2072 

The mixture of epimeric aulphides (610 mg, 1.20 mmol) wae oxidized with m-CPBA (317 mg 
of 85% purity oxidant, 1.3 equiv.) in CH2C1.2 (25 mL) at -23' for 20 min. Excess oxidant was 
destroyed at this temperature by the addition of dimethylsulphide (5 mL) and the mixture 
poured into ether (100 mL) and satd. bicarbonate (50 mL). The organic phase was 
re-extracted with bicarbonate solution (3 x 50 mL) and brine (1 x 50 mL), dried (MgSOb) and 
evaporated to an oil. A solution of the crude sulphoxides in 25 mL toluene was brought to 
reflux in the presence of powdered CaCOB (alg) and pyridine (0.5 mL) for 40 min. The 
suspension was then cooled, diluted with CHCl3 (50 mL), filtered and evaporated to give the 
impure lactone. Column chromatography (10% EtOAc in hexane) provided the pure 
lactone 50 as a colorless oil (439 mg, 92%. 2 steps);[oiD 
(neat oil) 1755, 1450, 1160, 1070, 765, 710 and 635 cm- ; 

- 48.4' (c 1.9, CHC13); v max 
m/e (EI) 398 (t@), 321, 243. 165, 

139, 105; Found (ti) 398.1854 (CB7HBeO3); require8 398.1882; 'H n.m.r. 7.45-7.42 (6H, II); 
7.35 (IH, dd, J-5.7, 1.4 Hz); 7.31-7.21 (9H,m); 6.08 (lH, dd, J-5.7, 2.0 Hz); 4.89 (lH, ddd, 
J-4.1. 2.0, 1.4 Hz); 3.24-3.19 (lH, m); 3.14 (lH, ddd, J-9.4, 7.3, 5.5 Hz); 2.20-1.91 (lH, 
m); 1.87-1.78 (lH, m); 1.58-1.49 (lH, m); 0.77 (3H, d, J-6.9 Hz). 

lsetone 51 - To a suspension of CuBr.HeepS (870 mg, 4.25 mmol) in ether (20 mL) at O*C was 
added methyl lithium (6.1 mL of 1.4 M soln. 8.50 mmol) over 5-10 min. The solution was then 
cooled to -23'C and the lactone SO (340 mg, 0.85 mmol) in ether (10 mL) added in one portion 
and stirred for 20 min. Excess Kagent was destroyed by quenching with satd. ammonium 
chloride solution (20 mL) at this temperature. The organic phase was re-extracted with 
almnonium chloride solution (2 x 20 mL), and sat. brine (1 x 20 mL), dried (Mgs01,) and 
evaporated to a crude oil. purification by column chromatography (10+15X EtOAc in hexane) 
gave the lactone 51 as a colorless oil (341 mg, 97%); [a]D + 12.2' (c 1.2, CHCl3); v max 
(neat oil) 1780, x50, 1215, 1165; m/e (EI) 414 (I@), 337 (M-CBHB), 243, 155; Found (I@) 
414.2223 (C28HB003); requires 414.2194; 'H n.m.r. 6 - 7.45-7.42 (6H, a); 7.30-7.20 (9H, m); 
3.90 (lH, dd, J-7.2, 3.9 Hz); 3.19 (lH, ddd, 519.4, 6.1, 6.1 Hz); 3.11 (lH, ddd, J-9.4, 7.1, 
5.7 Hz); 2.64 (lH, dd, J-17.5, 8.6 Hz); 2.40-2.28 (lH, m); 2.12 (lH, dd, J-17.5, 8.6 Hz); 
2.03-1.92 (lH, m); 1.82-1.74 (1H. m); 1.60-1.51 (lH, m); 1.07 (3H, d, J-6.7 Hz); 0.84 (3H, 
d, J-6.8 Hz). 

(3~,4~a.S~)-3,5-Di~-ut~l-1-O-tert-butyldiphcny~ilyl-7~t~p~nyl~thyl-hept~ 
1,4.7-trlol, 53 - The lactone 51 (341 mg, 0.824 mmol) in ether (20 mL) at O'C was reduced 
with lithium xuminium hydrideT62.5 mg. 2.0 equiv.) for 1.5 h. Excess reductant was 
destroyed by the dropwise addition of ethyl acetate (5 q L) followed by dil. hydrochloric 
acid (25 mL). After a standard aq. work-up the crude diol was purified by chromatography 
(20-30X EtOAc in hexsne), yielding 52 as a colorless oil (327 mg, 96%); [o]D + 1.6' (c 
1.2, CHC13). The dlol (327 mg, 0.7~mmol) in CHgC12 (10 mL) and pyridine (1 mL) "88 
treated with t-butyldiphenylsilyl chloride (242 pL, 256 mg, 1.3 equiv.) and DMAF (50 mg) at 
room temp. for 15 h. The reaction was then poured into water (50 mL) and ether (50 mL), 
processed in the usual manner and the crude oily product chromatographed (5+7X EtOAc in 
hexane) to affordthe title compound 53 88 a colorless oil (507 mg, 98%);[ulD - O.f" (c 
1.2, CHC13); v max (neat oil) 3440, 540, 1460, 1115, 1090, 1070, 745 and 705 cm- . 
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(3~,5~)-3,)-M~~th~l-l-O-tert-~t~ldip~~l~ilyl-7~~~~ayl~th~l~ept~ 1.7diol. 

55 - The product 53 (507 mg, 0.773 mmol) in pyridine (5 mL) was esterified with 
Ethanesulphonyl aoride (120 uL, 177 mg, 2.0 equiv.) and DHAP (5 mg) at room temperature 
for 1 h. The reaction was given a standard aq. wrk-up and filtered through a ahort coluru~ 
(7% EtOAc in hexane) to give the mesylate 54 as a pale yellow oil which was reduced 
immediately. The mesylate prepared above TOO mg) in ether (30 mL) was stirred with lithium 
aluminum hydride, (147 mg, 5.0 equiv.) at room temperature for 2 h. The reaction was 
quenched by the dropwise addition of ethyl acetate (5 mL) and then dil. hydrochloric acid 
(25 mL), given an aq. work-up, and the residue chromatographed (2% EtOAc in hexane) to 
provide the title compound 55 as a colorless oil (350 mg, 71X, 2 steps); IalD + 3*1° (c 
1.7, CHC13); v max (neat oilF2910, 1450. 1430, 1115, 1090, 1075, 705. and 615 cm- ; m/e 
(CI) 563 (M+ - C685), 285, 244; H n.m.r., 6 - 7.68-7.65 (4H, m); 7.47-7.19 (21H, m); 
3.73-3.62 (2H. m); 3.13-3.01 (2H. m); 1.75-1.27 (6H, m); 1.05 (9H, 8); 1.02-0.98 (2H. m); 
0.77 (3H, d, J-6.5 Hz); 0.75 (3H, d, J-6.5 Hz). 
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