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Synthesis of 17-membered ring macrocycle: 
studies toward the enantioselective synthesis of fusidic acid 
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S u m m a r y — The synthesis of a 17-membered carbocycle by macrocyclization with a chloroketone is reported. A t t e m p t s to 
produce a tetracyclic in termediate for the synthesis of fusidic acid from the t ransannula r aldol and Diels-Alder reactions on 
this key macrocyclic tr iene are described. 

mac rocyc l e / t r a n s a n n u l a r r eac t i on / aldol / D i e l s - A l d e r / cyc loadd i t ion 2 -|- 4 / fusidic acid / d i t e r p e n e 

R e s u m e — La s y n t h e s e d ' u n m a c r o c a r b o c y c l e a 1 7 m e m b r e s : E t u d e vers la s y n t h e s e enan t iose lec t ive d e I 'acide 
fusidique. La synthese d 'un macrocycle a 17 membres par macrocyclisation d 'une chlorocetone est rappor tee . Differents 
essais en vue d 'obtenir un intermediaire tetracycl ique pour la synthese de l 'acide fusidique en passant par des reactions 
d'aldolisation et de Diels-Alder t ransannulai res sur le tr iene macrocyclique sont decrits. 

mac rocyc l e / r e ac t i on t r a n s a n n u l a i r e / a ldol / D i e l s - A l d e r / cyc loadd i t ion 2 -|- 4 / ac ide fusidique / d i t e r p e n e 

I n t r o d u c t i o n 

Fusidic acid 1 was isolated from the fermentation broth 
Fusidium Coccineum and the structure was determi­
nated by Godtfredsen in 1962 [2]. Since its discovery, 
fusidic acid underwent many biological tests [3] and it 
is now a well-known antibiotic [4]. Moreover, with re­
gard to its total synthesis by Dauben [5] and related 
chemical modifications [6], a wealth of knowledge has 
been collected on the chemistry of fusidic acid. 

The structural analysis of fusidic acid 1 shows a 
trans-syn-trans (TST) ABC ring junction. This un­
usual stereochemistry includes a boat conformation for 
the B ring. In diterpenes, this conformation is very 
rare and is found only in the fusidane family, eg, 
cephalosporin Pi 2 and helvolic acid 3 (fig 1). Our 
laboratory has been developing, in recent years, a strat­
egy for the synthesis of polycyclic compounds via the 
transannular Diels-Alder reaction (TADA) [7]. In prin­
ciple, the transannidar cycloaddition of a trans -trans-
cis (TTC) cyclotetradecatriene should lead directly to 
an ABC[6.6.6] tricycle having the desired TST stereo­
chemistry (eg, 4 a —> 4 ) (scheme 1). However, model 
studies with a TT diene bearing a methyl group indi­
cated that this approach was not practical, since low 
yields for the cyclization of 14-niembered macrocyclic 
trienes such as 4 a [8] were observed. We tlierefore de­
cided to examine the ring construction strategy 7 —> 
6 ^ 5 (scheme 2) where a 17-memberefl ring would 
first be constructed to be followed by two consecutive 
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transannular reactions, namely an aldol and a Diels-
Alder. We wish to report our results on this approach. 

R e t r o s y n t h e t i c a p p r o a c h 

Fusidic acid 1 could be formally synthesized from tlie 
known tetracycle 5 through the use of Tanabe's proce-
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dure [9], Tetracycle 5 could derive from the TTC bi-
cyclo[12.3.0]heptadecatetraene 6 which should undergo 
a highly diastereoselective transannular Diels-Alder re­
action. Desulfonylation followed by transannular aldol 
reaction of the macrocycle 7 would create the D ring 
of macrocyclic precursor 6. The required 17-membered 
ring macrocycle 7 could in turn be obtained via the 
linear chain 8, itself produced from the ester 9 , Finally, 
starting from aldehyde 1 0 which can be readily obt.ained 
from neryl acetate, the ester 9 would be constructed 

using the Evans' enantioselective aldol methodology [10] 
followed by sonu; relatively trivial synthetic reactions. 

R e s u l t s a n d d i s c u s s i o n 

The sequence started with selective ozonolysis ]11] of 
the commercial available neryl acetate followed by pro­
tection [12] of the resulting aldehyde 1 1 to afford the 
dimethylacetal 1 2 in 94% yield (scheme 3) , Transester­
ification of the acetate; group with methanol gave the 
alcohol 1 3 (98%), Silyl ether protection of the result­
ing allylic alcohol ft)llowed by hydrolysis of the acetal 
hmction (98%)) afforded the aldehyde"l5 in 94% yield. 
The asynmietric aldol reaction developed by Eivans [10] 
was used on the aldehyde 1 5 followed by a transamida­
tion a(;cording to Weinreb"s procedures [13] providing 
the corresponding amide 1 6 in 51% yield for the two 
steps, 

Tlie secondary alcohol 1 6 was protected [14] as a 
methyl ether giving 1 7 in 94% yield, A quantitative 
reduction of the amide 1 7 with DIBALH in tetrahydro­
furan at —78 °C gave lise to the aldehyde 1 8 which 
was immediately used for the next reaction, A four-
carbon homologation was carried out using the Wittig 
Horner Emmons phosphonate 1 9 [15] yielding in 80%) 
an unsei)arable mixture of F/E and Z,E isomeric dienes 
2 0 (ratio 16:1) (scheme 4), Reduction with DIBALH in 
dichloromethane at -78 °C gave a mixture of the cor-
respt)ndiiig geometrical isomers which were separated 
by flash chromatography without complication to fur­
nish the pure E,E alcohol 2 1 in good yield. The chloro-
hydrin 2 3 was then readily obtained by oxidation of 
2 1 with Dess Martin peri()dinane [16] (80%;) followed 
by an alkylation on 2 2 with . L i C H 2 C l (formed in situ) 
[17| in tetrahydi-ohiran at- -78 °C (86%), The result­
ing sec:ondary allylic ak.'ohol 2 3 was protected by using 
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S c h e m e 3 

2-methoxypropene and pyridinium j)-toluenesulfonic 
acid in dichk)romethane to give an acid sensitive acetal 
2 4 in 83% yield. The alcohol 2 5 was obtained in 89%, 
yield by the cleavage of the silylether 2 4 using TBAF 
in tetrahydrofuran. 

The alcoliol 2 5 was oxidized with tetrapropylammo-
niuni perruthenate [18] (TPAP) to lead the unsaturated 
aldehyde 2 6 (94%;) which was reacted with the Grignard 
reagent ClMg(CH2)30MgCl [19] in tetrahydrofuran at 
-78 °C providing the diol 2 7 in 84%: yield. A three-step 
secjuence of protection and deprotection was carried out 
on diol 2 7 leading to the prirrmry alcohol 3 0 in good 
yield (scheme 5). Oxidation of 3 0 with TPAP furnished 
th(> aldehyde 3 1 in 88%; yield. Alkylation of 3 1 with 
lithium methylphenylsulfone in toluene followed by hy­
drolysis of the MOP acetal group yielded tlu; diol 3 2 in 
87% yield for the two steps. The chloroketon(» 3 3 was 
easily obtained by oxidation of the diol 3 2 witli Dess-
Martin periodinane (85%>) (scheme 6). 

We observed that the temperature plays an impor­
tant part in the yield of macrocyclization. Indeed, the 
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COOME , BULI, THF, -10°C, 94%. 
B) DIBALH, CHJCLJ, -78°C, 80%. C) DESS-MARTIN, CHJCIA, 25°C, 80%. D) ICH2CI, BULI, THF, -78°C, 86%. E) 2-METHOXYPROPENE, PPTS, CHJCLJ, 0°C, 83%. F) TBAF, THF, 89%. G) TPAP, NMO, CH2CI2, 94%. H) CIMG(CH2)30MGCL THF, -78°C, 84%. 

S c h e m e 4 

chloroketone function was found unstable at tempera­
ture above 50 °C. W'e found that the optimal tempera­
ture was 45 °C in acetonitrile (10"'̂  M) in presence of 
cesium carbonate. This condition led to the production 
of macrocycle 3 4 in 72%̂  yield ]20]. 

At this point, a simple desulfonylation should provide 
the desired 17-membered ring without complication. 
All attempts for the desulfonylation with the follow­
ing reagent, SmU, Al(Hg) and Na(Hg) failed. In view 
of the negative results, we decided to remove the sul­
fone in two steps procedure. A base-catalyzed elimina­
tion on 3 4 with l,7-diazabicyclo[4.5.0]iindecene (DBI.I) 
in tetrahydrobiran led to tlic /ni/i.'.-enedione 3 5 in 90%) 
yield. Unfortunately, th(» reduction of the enedione 3 5 
with Mg, Zn or [CuH(PPh3)](i failed or gave the dione 
3 6 in low yield (<10%;). After considerable experimen­
tation, we found that the enedione 3 5 was easily re­
duced [21] with Pd(PPh:i)i and acetic acid in tetra­
hydrofuran yielding diene 3 6 in 91%) yield. 
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S c h e m e 5 

The second stage of this project was to try tlie 
transannular aldol reaction to form the D ring of fu-
sidic acid. Various conditions using different bases and 
solvents are summarized in table I and tmfortunately, 
none of them were able to provide the transannular aldol 
adduct 3 7 . In some cases, we recovered only the start­
ing material (entries 1,2,5 and 10) or in other cases, we 
observed only degradation. These results indicate that 
the transannular proc;ess is much more difficult than 
we anticipated. The difficulty resides probably in the 
acidity of the o-proton of the dienone leading to conju­
gated enol system and an unfavorable conformation for 
the transannidar aldol step. Nevertheless, this approach 
has led to the asymmetric total synthesis of the inter­
esting 17-menibered ring macrocycles 3 5 and 3 6 using 
the chloroketone as electrophilic connector. The synthe­
sis of irfi,ermediate 5 using an alternative transammlar 
strategy is currently under active investigation. 

T a b l e I. Resul ts for the t ransannular aldol reaction. 

Entry Reagent Solvent Temp C C ) Product 

1 NaOH (6 N) T H F 80 36 
2 MeONa MeOH 25 36 
3 MeONa MeOH 50 deg 
4 i -BuOK T H F 25 deg 
5 K.CCh MeOH 50 3 6 
6 BF3 - O E t 2 / ( A c O ) 2 0 AcOH 0 deg 
7 K2CO:, E t O H 72 deg 
8 P P T S C,Hc 80 deg 
9 CUHG 270 deg 
10 CfiHfi 200 3 6 
11 SnCU C d i o 0 deg 

SEMO. 

32 

MeO 

SEMO, 

MeO MeO 

37 

a) Dess-Martin, CH2CI2, 85%. 
b) CS2CO3, MeCN, 45°C, 72%. 
c) DBU, THF, 25°C, 90%. 
d) Pd(PPh3)4. (BulaSnH, PhH, AcOH, 9 1 % . 

S c h e m e 6 
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E x p e r i m e n t a l s e c t i o n 

All reactions were performed under nitrogen atmosfjhere 
with oven (150 °C) or flame-dried glassware. A l l solvents 
were distilled prior to use; diethyl ether and te t rahydro­
furan were dried by distilling from sodium benzophenone 
ketyl. Toluene, acetonitrile, dichloromethane and dimethyl­
formamide were distilled from calcium hydride. Cesium car­
bona te and l i thium chloride were flame-dried under reduced 
pressure before use. Analytical and preparat ive thin layer 
chromatographies were carried out on glass plates precoated 
(0.25 mm) with 60 F-250 sihcagel (Merck). Materials were 
detected by visualization under an liltraviolet l amp a n d / o r 
by spraying with a solution of phosphomolybdic acid (10% 
in ethanol) followed by heat ing on a hot plate . Column chro­
matography wiis performed with 60 silica gel (230 400 mesh, 
Merck). Infrared spect ra (IR) were taken on a Perkin-Elmer 
1600 F T - I R spectrometer . The optical ro ta t ion ([aJo) mea­
surements were obtained with a Perkin-Elmer 141 polarime­
ter. P ro ton and carbon nuclear magnetic resonance (NMR) 
spect ra were recorded o n a Bruker AC -300 ins t rument . T h e 
following abbreviat ions were used: s, singlet; d, doublet; t, 
tr iplet: q, quar te t ; and m, multiplet . Chemical shifts are 
reported in b values relative t o chloroform (7.26 ppm) for 
T l N M R and (77.0 ppm) for ''*C N M R as internal s tan­
dard. Where necessary C O S Y , N O E S Y and ,I-resolved were 
performed. Mass spectral ( M S ) assaj's were obtained on a 
V G Micromass Z-A.B-2F ins t rument . 

(Z)-6-ACETOXY-4-METHYLHEX-4-ENAL 11 

To a solution of neryl aceta te (107 g, 545 mmol) in dry 
dichloromethane (2.7 L) was bubbled ozone at - 7 8 °C. The 
reaction was monitored by T L C until the s tar t ing mater ial 
had almost entirely disappeared. T h e reaction was cjuenched 
with acetic acid (550 mL) and zinc dus t (.300 g, 4.6 mol) and 
the slurry mixture was stirred for 2 h a t room tempera tu re . 
The solid was removed by filtration on celite pad and the 
filtrate was washed ( 3 x ) with sa tura ted aciueous .sodium 
bicarbonate solution. The organic phase was purified by 
flash chromatography (20% ethyl aceta te in hexanes) to 
afford a colorless oh 1 1 (02.1 g, 67%). 

IR (film, V c n r ' ) : 2 970, 2 729, 1 737, 1 235, 1 024. 

' H N M R (,300 MHz, C D C L , b ppm) : 9.77 ( IH, s, C i f O ) , 5.39 
( IH. t, .7 := 7 Hz, C ( C H : i ) = C F r ) , 4.58 (2H, d, .1 = 7 Hz, 

C i 7 2 0 . A . c ) , 2.60-2,40 (4H, m, C H 2 C / / 2 C ( C H 3 ) = C H ) . 

2,05 (3H, s, C T / s C O a ) , 1,75 (s, 3H, C.{CH/=VM). 

^'K) N M R (75 MHz, C D C I 3 , b ppm) : 201.1, 170,9, 140,3, 
120,5, 60,6, 42,1, 24,3, 23,0, 

(Z)-L-ACETOXY-6,6-DIMETHOXY-3-METHYLHEX-2-ENE 12 

To a solution of aldehyde 1 1 (19 g. 111 mmol) in methanol 
(400 mL) were added hydra ted lan thanum chloride (50 g, 
76 mmol) and t r imethyl or thoformate (82 g, 777 m m o l ) . 
After stirring for 4 h, the reaction was quenc;hed with satu­
rated aqueous sodium bicarbonate solution (200 mL) and 
the mixture was concentrated. The aqueous residui; was 
ext rac ted with diethyl ether ( 3 x ) , The combined organic 
phases were dried over magnesium sulfate, filtered and con­
centrated. The residue was purified by flash chromatography 
(20%. ethyl aceta te in hexanes) to provide a colorless oil 1 2 
(22,5 g, 9 4 % ) , 

IR (film, u c m " ' ) : 2 938, 2 831, 1 738, 1 235, 1 127, 

' H N M R (300 MHz, C D O I 3 , b ppm) : 5 , 3 9 ( IH , t, J = 7 Hz, 

C ( C H 3 ) = C H ) , 4 , . 5 9 ( 2 H , d, J = 7 Hz, CT/jOAc), 
4,33 ( IH, t, J = 6 Hz, ( C H 3 0 ) 2 C / / ) , 3,28 ( 6 H , s, 

( C H 3 0 ) 2 C H ) , 2.14 (2H, m, C 7 f 2 0 ( C H 3 ) ) , 2,05 ( 3 H , 

s, C H 3 C O ) , 1 . 7 7 (s, 3 H , C ( C / / 3 ) = C H ) , 1,70 (2H, m, 
C / / 2 C H 2 C ( C H 3 ) ) . 

' ^C N M R ( 7 5 MHz, C D C I 3 , b ppm) : 170,8, 141,6, 119,5, 
103,6, 60,8, 52,5, 30,5, 26,9, 23.2, 20.9, 

MS ( m / e ) : 185 (M+ O C H 3 ) , 

HMRS: calc for C i i , H i 7 0 3 : 185,1178; found: 185,1170, 

(Z)-6,6-DIMETHOXY-3-M,ETHYLHEX-2-EN-L-OL 13 

To a solution of ace ta te 1 2 (17,5 g, 81 mmol) in methanol 
was added potass ium carbonate (552 mg, 4,05 mmol) , 
.4fter st irr ing for 15 h, the reaction was quenched with a 
sa tu ra ted aqueous ammonimii chloride solution (300 mL) 
and t he result ing mixture was concentra ted. The aqueous 
residue was ext rac ted several t imes with dichloromethane. 
The combined organic phases were dried over magnesium 
sulfate, filtered and concent la ted . The residue was purified 
by flash chromatography (50%i ethyl ace ta te in hexanes) to 
afford a colorless oil 13 ' ' (13 ,7 g, 98%), 

IR (film, (/ c m ^ ' ) : 3 421, 2 938, 1 669, 1 446, 1 054, 

' H N M R (300 MHz, C D C I 3 , b ppm) : 5 , 4 9 ( IH, t , J = 7 Hz, 

C ( C H 3 ) = C 7 / ) , 4,33 ( IH, t, , 7 = 6 Hz, ( C H 3 0 ) 2 C 7 7 ) , 4,05 

(2H, d, . 7 = 7 Hz, C H C / / 2 O H ) , 3,28 ( 6 H , s, ( C 7 7 3 0 ) 2 G H ) , 

2.13 ( 3 H , t, J = 7 Hz, C i / i C ( C H : , ) and O H ) , 1.73 (2H. 
m, C H 2 C H 2 C ( C H 3 ) ) , 1.72 (s, 3H, C ( C H 3 ) = C H ) . 

" C NMR ( 7 5 MHz, CDCl;,, 6 p p m ) : 138,8, 125.1, 102.9, 
58,4, 52,1, 29,6, 26,4, 23,0. 

MS (m/e): 173 (M+ - H ) , 
HMRS: c a k for C 9 H 1 7 O 3 ; 173,1178: fotmd: 173,1175, 

/Z)-L-( F.-BUTYLDIPHENYLSILOXY)-6,6-DIMETHOX.Y-

3-iti.E.THYLHEX-2-ENE 14 

A solution of alcohol 1 3 (15,0 g, 8 6 mmol) , 7-butyIdiphenyL 
chlorosilane ( 3 5 , 4 g, 33,5 mL,129 mmol) and imidazole 
(17,6 g, 258 mmol) in T H F (500 mL) was st irred for 1 h. 
The reaction was quenched with sa tura ted aqueous ammo­
nium chloride solution (300 mL) and extacted with diethyl 
ether ( 3 x 3 0 0 mL), The orgainc phase was dried over magne­
sium sulfate and concentra ted. The oil was purified by flasli 
chromatography (20% ethyl a,cetate in hexanes) yielding a 
c;olorless oil 1 4 ' ( , 3 4 , 7 g, 98<?(.), 

IR (film, u cm ' ) : 3 049, 2 9 5 5 , 1 467, 1 382, 1 111, 

' H N M R (300 MHz, CDCl.,, I) ppm) : 7 , 7 2 - 7 , 4 0 (lOH, m, 
( 0 0 7 7 5 ) 2 ) , 5 , 4 5 ( IH, t, ,7 == 7 Hz, C ( C H 3 ) = C H ) , 4.12 (2H. 
d, , 7 = 7 Hz, C H 2 O T B D P S ) , 3,25 ( 6 H , s, ( C H 3 0 ) 2 C H ) , 

1 . 9 5 (2H, m, C 7 7 2 C ( C H 3 ) ) , 1,72 ( 3 H , s, C ( C H 3 ) = C H ) , 
1,60 (2H, m, C H 2 C H 2 C ( C H : , ) ) . 1.10 ( 9 H , s, ( C H 3 ) 3 G ) . 

'•'C N M R ( 7 5 MHz, CDCl.!, .*i ppm): 136 .7, 135.6, 134,0, 
129.6.127.6,125.4, 103.9, 60.7. 52.5, 30.6, 27.1, 26.9. 23.3. 
19,2, 

MS ( m / e ) : 3 5 5 (M+ C . 4 H 9 ) . 

HMRS: calc for CziHaTOaSi: 155.1729; found: 3 5 5 , 1 7 . 3 4 , 

(Z)-6-(T-BUTYLDIPHENYLSILOX.Y)-4-METHYLHEX-4-ENAL 15 

To a solution of silyl e ther 1 4 ( 3 5 , 5 g, 8 6 mmol) in wet ace­
tone (500 mL) was added p-toluenesulfonic acid (812 mg, 
1,8 mmol) . T h e reaction was monitored by T L C until the 
s tar t ing material was consumed. The reaction was quenched 
with a sa tu ra ted aqueous sodium bicarbonate solution and 
the mix ture was ext rac ted several t imes with diethyl ether. 
The combined organic phases were dried over magnesium 
sulfate and concentra ted. The residue was purified by flash 
chromatography (20%. acetcnie in he.xanes) to afford a color­
less oil 1 5 (21.6 g, 69%,). 



974 

IR (film, u c m ' ^ ) : 3 048, 2 930, 2 856, 1 725, 1 427, 1 111. 
' H N M R (300 MHz, CDCI3, 6 p p m ) : 9.65 ( IH, ,s, C H O ) . 

7.70-7.39 (lOH, m, {CFJE)2), 5 .45 ( IH . T, J = 7 Ifz, 
C ( C H i ) = C / / ) , 4.20 (2H, d, J = 7 Hz, C i / a O T B D P S ) , 
2.40 (2H, t, ,7 = 8 Hz, OHCCffa) . 2.20 (2H, t , .7 = 8 Hz. 
C H 2 C / 7 2 ) , 1.70 (,3H. s, C(C773)3=:CH), 1.10 (9H, .s, 
(C773)3C) . 

N M R (75 MHz, CDCI3, 6 ppm) : 201.8, 135.6, 1.34.6, 
1.34.8, 133.8, 129.6. 127.6, 126.1, 60.5, 42.2, 26.9. 26.6, 
24.4, 23.1, 19.1. 

MS (M/E): 309 (M^ - C4H9). 
HMRS: calc for Ci9H2i02Si : 309.1311; fomid: .309,1305. 

(Z)-(2R, SS)-8- (T-BUTYLDIPH.ENYLSILO:IY)-3-HYDROXY-

N-M,ETHOXY-N, 2 , 6 - TRIMETHYL,OCT-6-EMAM.IDE 16 

To a solution o f (/?)-.3-(propionyl)-4-benzyl-2-oxazolidinone 
(12.15 g, 52 mmol) in dichloromethane (75 mL) was added, 
at 0 °C, di-n-butylboron triflate (15.4 mL, 60.8 nunol) slowly 
over a period of 10 min. Triethylamine (6.87 g. 9.47 mL, 
67.6 nnnol) was added slowly to the reaction then the so­
lution was cooled to —78 °C and a solution of ald<4iyde 1 5 
(21 g, 57 .2 mmol) in dichloromethane (25 niL) was added 
slowly. After s t i rr ing for 3 h at —78 °C, the reaction was 
quenched with a mixture o f buffer pH 7 and methanol (1:,3, 
165 mL) . T h e resulting mixture was warmed to 0 ° G and 
a mixture of hydrogen peroxide 35% and methanol (2:1, 
120 mL) . After st irr ing for 1 h, the resulting mixtur(> was 
ext rac ted several t imes with dichlorometliane. The com­
bined organic pluises were washed with sa tura ted aqueous 
sodium bicarbonate solution and brine. T h e organic phase 
was dried over magnesium sulfate, filtered and concentrated. 
The residue was purified by flash chromatograj ihy (20%. 
ethyl ac:etate and hexanes) to afford a viscous o i l (19.6 g). 

To a suspension of A' ,0-dimethylhydroxylan)ine hydro­
chloride (6.37 g, 65.3 m m o l ) i n dry dichkjromethane 
(120 mL) was added slowly, at 0 °C, t r imethyla luminum 
(2.0 M in toluene, 32.7 mL, 65.3 nnnol) . Tlie ice ba th was 
removed and the reaction was stirred 30 min at room tem­
pera tu re then the reaction was cooled to - 1 5 °C and a solu­
tion o f the crude imide (19.6 g) i n d ichloromethane (30 rnL) 
was added via canula plus rince (10 mL). T h e reaction nii.x­
ture was slowly warmed t o room t empera tu re and stirred 
12 h. The result ing mixture was transferred via canula into 
a mixture of hexanes and ta r ta r ic acid 1 M (1:1, 320 m L ) . 
After st irr ing for 1 li, the resulting mix ture was ext rac ted 
with dichloromethane ( 3 x ) . The combined organic phases 
were wfished with brine, dried over magnesium sulfate, fil­
tered and concentrated. The residue was purified by flash 
chromatography (50%; ethyl ace ta te i n hexanes) t o give a 
colorless o i l 1 6 (12.9 g, 5 1 % over two steps). 

HD = - 3 . 8 3 (c = 2.03, dichloromethane) . 
IR (film, u cm-'): 3 4 5 5 , 3 069. 2 934, 2 8.59, 1 641, 1 108. 
^H N M R (300 MHz, CDCI3. 6 pprn): 7.70 (4H, m, 

OSi(C6 / / .5)2) , 7.40 (6H, m. OSi(C677.,)2), 5.40 ( IH, t, 
.7 = 7 Hz, C ( C H 3 ) = C i 7 J , 4.25 tmd 4.15 (2H, dd, 
J = 12 Hz and 7 Hz, CTfaOTBDPS) , 3.73 ( IH, m. 
CTfOH), 3.64 (,3H, s, NOCT/a), 3.17 (3H. s, NC773), 
2.80 ( IH . m, C77CH3), 2.17 ( IH , d t , .7 = 13 Hz and 
.7 = 8 Hz. C7 /2C(CH3) ) , 1.97 ( IH, m, C 7 / 2 C ( C H 3 ) ) , 1.71 
(3H, d, .7 = 1 Hz, C ( C 7 7 3 ) = C H ) . 1.55 and 1.40 (2H, m, 
C 7 7 2 C H 2 C ( C H 3 ) ) , 1.13 (3H, d, .7 = 7 Hz, CHC773). 1.03 
(9H, s, OSiG(C773)3). 

N M R (75 MHz, CDCI3, S ppm) : 138.2, 136.5, 133.9, 
129.5, 127.5, 124.8. 70.6, 61.5, 60.3, 39.2, 32.1, 28.2, 26.7, 
23.4, 19.2, 11.3. 

MS (M/E): 426 (M+ - C4H9). 

HMRS: calc for C2.5H32 0 4 S i N : 426.2100; found: 426.2097. 

(Z)-(2R,3S)-8- (T-BUTYLDIPHENYLSILOXY)-N ,3-DIMETHOXY-

N; 2,6-TRIM.ETHYLOCT-6-EMIMIDE 17 

To a solution of amide 16 (12.7 g, 26.2 mmol) in dry 
te t rahydrofuran (120 mL) and dimethylformamide (55 ml.) 
were added, a t 0 °C, iodomethane (37.6 g, 265 mmol) 
and sodium hydride (60%) in oil, 2.65 g, 66.3 mmol) under 
nitrogen flux. After st irr ing for 3 ti a t 0 °C, the reaction was 
quenched with buffer pH 7 (150 mL) . T h e result ing mixture 
was extracted sfiveral t imes with diethyl ether and the 
combined organic phases were dried over magnesium sulfate, 
filtered and concentrated. .Phe oily residue was purified by 
flash chromatography (50%; ethyl ace ta te in hexanes) to 
provide a colorless oil 17 (12.3 g, 94%). 
[Q;]f{' = +3 .0 (c = 1.24, dichloromethane) . 
IR (film, u cm ' ) : 3 048, 2 934, 2 859, 1 662, 1 107, 1 070. 
' H NMR (300 MHz, CDCfs, * p p m ) : 7.69 (4H, ni, 

OSi(C(iHo)2), 7.39 f6H, in, 081(06^5)2). 5.38 ( IH . d t . 
,7 = 7 Hz and 1 Hz, C;(CH;,)=CH), 4.22 (2H, dd. .7 = 7 Hz 
and 0.5 Hz. C 7 / 2 O T B D P S ) , 3.56 (3H, s, NOC773). 
3.26 (3H, s, CHOC/73) . 3.25 ( IH , m, CT/OCH.i). 3.08 
(3H, s, N C 7 / 3 ) , 2.95 (JH, m. CTfCHi) , 1.95 (2H, t, 
,7 = 9 Hz. CHaCiCH;!) ) . 1.68 (3H, d, .7 = 1 Hz. 
C (C7 /3 )=CH) , 1.61 1.35 (2H, ni. C 7 7 2 C H 2 C ( C H 3 ) ) , 1.15 
(3H, d, .7 = 7 Hz, C H C 7 / 3 ) , 1.03 (9H, s. OSiC(C./73)3). 

" C NMR. (75 MHz, CDCI3, S p p m ) : 137.1, 135.5. 129.5, 
127.6, 125.0, 82.4, 61.3, 60.7, 58.1, 39.3, 30.4, 27.4, 26.8. 
23.2, 19.1, 14.3. 

MS (m./E): 440 (M+ - C4Hy). 
HMRS: calc for C2r,H;i404SiN: 440.2257; found: 440.2255. 

(Z)-(2R,3S)-8-(T-BUTYLDTPHE.NYMOXY)-N,3-DVRIWTHOXY-

N, 2 . (I- TRMIETHYLOC T- 6- E MD 18 

To a solution of rnethoxyaniide 17 (12.3 g, 24.6 mmol) in dry 
t e t rahydroh i ran (200 mL) was added, at - 9 0 °C, DIBALH 
(1.5 M in toluene, 49.1 mL, 73.7 nunol) . After st irr ing for 
1 h at —90 '"C, the mixture was transferred via canula into 
a solution of 1 M tar ta r ic acid and hexanes (1:1, 400 rnL) 
and extracted with diethyl ether ( 3 x ) . T h e organic phases 
were washed with brine, dried over magnesium sulfate, 
filtered and concentrated. The residue was purified by flash 
chromatography (30% (>thyl ace ta te in hexanes) to afford a 
colorless oil 1 8 ( 1 0 . 7 1 g, 99%). 
LA]'FL' = - 2 5 . 0 (c = 1.0, dichloromethane) . 
IR (film, u cm-'): 3 068, 2 933, 2 858, 2 712, 1 725, 1 108. 
' H N M R (300 MHz. CDC33, * ppm) : 9.69 ( IH, d, 

,7 = 1 Hz, C H O ) , 7.69 (4H, m, 0Si(C(iH.s)2), 7.40 (6H, 
m, OSi(C67/.-,)2), 5.42 ( IH, dt , J = 7.5 Hz and 1 Hz, 
C ( C H 3 ) = C 7 7 ) , 4.18 (2H, d. J = 7.5 Hz, CTfaOTBDPS), 
3.42 ( IH, m, CT/OClf j ) , 3.21 (3H. .s, C H O C 7 7 3 ) , 2.42 
( IH, dq, J = 7 Hz and 3 Hz. CTfCHa), 1.90 (2H, 
t, .7 = 8 Hz, C i 7 2 C ( C H 3 ) ) . 1.70 (3H, d, J = 1 Hz, 
C ( C H 3 ) = C H ) . 1.60-1.45 (2H, m, C 7 7 2 C H 2 C ( C H 3 ) ) , 1.02 
(9H, s, OS iG (CH3 )3 ) , 1.00 (3H, d, J = 7 Hz, CHCH3) . 

'•'C N M R (75 MHz, CDCI3, S ppm) : 204.3, 136.7. 135.6, 
133.9, 129.6, 127.6, 125.4. 80.3, 60.6, 57.5, 49 .1 , 29.7. 28.2, 
26.8, 23.2, 19.2, 7.9. 

MS (m/E): 381 (M^ C4H9). 
HMRS: calc for C23H29 03Si : 381.1886; found: 381.1890. 

METHYL (2E,4E,LT)ZJ-(6S. 7S)-12- (TERT-BUTYLDIPHEMYL-

SI.LOXY)-7-METHOXY-2,6.1(ETRIRNETHYLDODECA-

2,4,10-TNENOAT,E 20 

To a solution of phosphona te 19 (11.8 g, 53.2 mmol) in 
dry diethyl ether (200 mL) was added, a t - 1 0 °C, 7i-butyl-
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l i t h i u m (1.48 M i n hexanes, 32.7 mL, 48.4 m m o l ) . A f t e r s t i r ­
r i n g for 20 m i n , a so lu t i on of a ldehyde 18 (10.6 g , 24.2 m m o l ) 
i n d i e t h y l e ther (40 mL) was added v i a canu la i n t o t h e 
peach m i x t u r e . A f t e r s t i r r i n g for 30 m i n at —20 ° C , t he 
reac t ion was quenched w i t h s a t u r a t e d aqueous a m m o n i u m 
ch lo r ide so lu t i on (200 mL) a n d e x t r a c t e d several t imes w i t h 
d i e t h y l ether . T h e comb ined organic phases were d r i e d over 
magnes ium su l fa te , filtered a n d concen t ra ted . T h e ye l low ish 
residue was pu r i f i ed by flash c h r o m a t o g r a p h y (5% m e t h a n o l 
i n hexanes) t o a f fo rd a colorless o i l 20 (12.2 g , 9 4 % ) . 

[Q]G' = - 1 1 . 5 (c = 1.0, d i ch lo rome thane ) . 

IR ( f i l m , v c m " ' ) : 2 932, 2 858, 1 709, 1 638, 1 107. 

' H N M R (300 MHz, C D C I 3 , 6 p p m ) : 7.69 (4H, m, 
OSi(C6I75)2), 7.38 (6H, m , O S i ( C 6 / / 5 ) 2 ) , 7.15 ( IH. d . 
J = 11 H z , C f f = C ( C H 3 ) ) . 6.29 ( IH. d d d , J = 15 Hz . 
11 Hz and 1 Hz , C H = C H C H = C ( C H 3 ) ) . 6,01 ( IH, d d , 
J = 15 Hz and 7 Hz , C H = C H C H = C ( C H 3 ) ) , 5,40 ( IH, 
d t , .7 = 6 Hz a n d 1 Hz , C ( C H 3 ) = C H ) , 4,20 (2H, d , 
./ = 6 Hz , C / / 2 O T B D P S ) , 3.74 (SH, s, C O 2 C H 3 ) , 3,23 
(3H, s, C H O C H 3 ) , 2,90 ( IH , m, C H O C H 3 ) , 2,51 ( IH, 
m, C 7 7 C H 3 ) , 1.95 (2H, m , C i 7 2 C ( C H 3 ) ) . 1,91 (3H, d , 
J = 1 Hz , C H = C ( C / / 3 ) ) , 1.67 (3H, d , ./ = 1 Hz, 
C ( C / / 3 ) = C H ) , 1,39 (2H, m , C i f 2 C H 2 C ( C H 3 ) ) , 1,04 (9H, 
s, OS iC(C i / 3 ) 3 ) , 1.00 (3H, d , ,7 = 7 H z , CHCH3). 

' ^ C N M R (75 MHz, C D C L , 6 p p m ) : 169,0, 144,7, 1,38,7, 
137,3, 135.6, 134.0, 129.5, 127.0, 125.5, 125.3, 125.1, 84.3, 
60,7, 57.4, 51,7, 39.8, 29.2, 28.0, 26.8, 23.3, 19.2, 15.4, 
12,6. 

MS ( m / e ) : 4 7 7 (M+ - C H g ) . 

HMRS: calc for C29H3704Si : 477 .2461; f o u n d : 477,2473, 

(2E,4E, 1OZ)-(6S, IS)-12- (tert-Butyldiphenylsiloxy)-
7-methoxy-2,6,10-trimethyldodeca-2,4J0-trien-
l-ol 21 

To a so lu t i on o f t r i ene ester 20 (12.1 g, 22.7 m m o l ) i n d r y 
d i ch lo rome thane (200 mL) was added , at - 7 8 ° C , DIBALH 
(1,5 M i n to luene , 45 ,4 m L , 68,1 m m o l ) . A f t e r s t i r r i n g for 
1 h a t - 7 8 ° C , t he reac t i on was quenched w i t h crushed 
s o d i u m su l fa te decahydra te (10 g ) . T h e resu l t i ng m i x t u r e 
was s t i r r ed at r o o m t e m p e r a t u r e for 2 h. T h e s l u r r y was 
filtered and t he so l id residue was washed several t imes w i t h 
e t h y l acetate. T h e filtrate was concen t ra ted and the residue 
was pu r i f i ed by flash c h r o m a t o g r a p h y (30%, e t h y l acetate i n 
hexanes) to give a colorless of l 21 (9,18 g , 80%,). 

[AJG' = - 1 0 (c = 1,0, d i ch lo rome thane ) , 

IR ( f i l m , 1/ c m " ' ) : 3 409, 3 012, 2 931, 2 857, 1 667, 1 4 6 1 , 
1 235, 1 068, 

' H N M R (300 MHz, C D C I 3 , 6 p p m ) : 7,69 (4H, m , 
OSi(C677 , - ,)2), 7,40 (6H, m , O S i ( C 6 7 / 5 ) 2 ) , 6,21 ( I H , d d , 
,7 = 15 Hz and 11 Hz , C H = C 7 ) f C H = C ( C H 3 ) ) , 5,98 ( IH, 
d , J = U Hz, C 7 7 = C ( C H 3 ) ) , 5.61 ( IH. d d , ,/ = 15 Hz 
and 8 Hz , C 7 7 = C H C H = C ( C H 3 ) ) , 5,37 ( IH, d t , ,7 = 6 Hz 
a n d 1 Hz , C ( C H 3 ) = C 7 7 ) , 4,19 (2H, d , .7 = 6 Hz , 
C / 7 2 O T B D P S ) , 4,03 (2H, s, C 7 7 2 0 H ) , 3,22 (3H, s, 
C H O C T / a ) , 2.86 ( IH, q , .7 = 7 Hz , C 7 7 O C H 3 ) , 2,42 ( IH, 
q , J = 7 Hz , CTfCHs), 1,93 (2H, m, C i 7 2 G ( C H 3 ) ) , 1,75 
(3H, d , J = 1 Hz , C H = C ( C / / 3 ) ) , 1-67 (3H, d , J = 1 Hz , 
C ( C 7 / 3 ) = C H ) , 1,45-1,35 (2H, m , C i 7 2 C H 2 C ( C H 3 ) ) , 1,03 
(9H, s, O S i C ( C H 3 ) 3 ) , 0.97 (3H, d , .7 = 7 Hz , CHCi fa ) . 

'•^C N M R (75 MHz, C D C I 3 , 6 p p m ) : 137,4, 136,5, 1,35,5, 
134,0, 129,4, 127,5, 125,5, 125,2, 124,9, 84,5, 68,5, 60.7, 
57 ,2 , 39,5, 29.1, 27,9, 26,8, 23,2, 19,1, 15,9, 15,2, 14,0, 

MS ( m / e ) : 449 (M+ - CiHg) , 

HMRS: calc for C28H3703Si: 449,6840; f ound : 449.6835, 

(2E,4E, 10Z)-(6S,7S)-12- (tert-Butyldtphenylsiloxy)-
7-methoxy-2,6,10-trimethyldodeca-2,4,10-tnenal 22 

To a solution of aldehyde 21 (7,18 g, 14,2 mmol) in 
dichloromethane (140 mL) was added Dess-Mart in perio-
dinane (7,8 g, 18,4 mmol) at room t empera tu re . After stir­
ring for 20 min, the reaction was quenched with a sa tu ra ted 
aqueous sodium bicarbonate solution (100 niL). Sodium 
thiosulfate was added and the mixture was stirred for 
30 min. The result ing mixtvne was extracted several t imes 
wi th dichloromethane. T h e c:ombined organic phases were 
dried over magnes ium sulfate, filtered and concentrated. The 
residue was purified by a flasli chromatography (30% ethyl 
ace ta te in hexanes) to afford 22 as a colorless oil (6.13 g, 
8 6 % ) . 

[A]G> = _23 ,1 (c = 1.0, d ichloromethane) . 

IR (film. 1/ c m " ' ) : 3 057. 2 932, 2 858, 2 702, 1 680, 1 633, 
1 108, 

' H N M R (300 MHz, C D C I 3 , 6 ppm) : 9.39 ( IH, s, CHO). 
7,69 (4H, m, OSi(Ct,77,5)2), 7.39 (oH, m, OSi(C677B)2) . 
6,77 ( IH. d, J = 11 Hz, C / / = C ( C H 3 ) ) , 6,43 ( IH , ddd. 
J = 15 Hz, 11 Hz and 1 Hz, C H = C 7 7 C H = C ( C H 3 ) ) , 6,16 
( IH, dd, .7 = 15 Hz and 8 Hz, C i 7 = C H C H = C ( C H 3 ) ) , 
5,40 ( IH, dt , .7 = 6 Hz ami 1 Hz, C ( C H 3 ) = C / 7 ) , 4,19 
(2H, d, ,7 = 6 Hz, C H a O T B D P S ) , 3,25 ( 3 H , s, CHOC /73), 
2,94 ( IH, m, C / / O C H 3 ) , 2,57 ( IH, q, ,/ = 7 Hz, C / / C H 3 ) , 
1,93 (2H, m, C / / 2 C ( C H 3 ) ) , 1,81 (.3H, d, ./ = 1 Hz, 
C H = C ( C / / 3 ) ) , 1.68 ( 3 H , d, .1 = 1 Hz, C(C /73 )=CH) , 1.41 
(2H, m, C / / 2 C H 2 C ( C H 3 ) ) , 1.03 (9H. s, OSiG{CH/)i). 
1.02 ( 3 H , d, .7 = 7 Hz, CHC / /3 ) . 

' ^C N M R (75 MHz, CDCh. 6 ppm) : 195,0, 149,0, 147,1, 
137,2, 135,6, 134,0, 129.5, 127,6, 125.4, 125,2, 84,1, 60.7, 
57 ,4 , 39 .7, 29 .1 , 28.0, 26,8, 23,2, 19,1, 15,2, 9.4. 

MS {m/e): 504 ( M " ) . 

HMRS: calc for C32H.4403Si: 504.3080; found: 504.3051. 

(2Z, 8E, 1 OE)-(6S, 7S, 12S)-1- (t-Butyl.dtphenylsiloxy ) -
13- chloro-6-m.ethoxy-3,7.11- trirnethyltrideca-
2,8,10-trien-12-ol and (2Z,8E,10E)-(6S,7S,12R)-
l-( t-butyldiphenylsiloxy)-13-chl.oro-6-methoxy-
3,7,ll-trimeth.yltndee.a-2.8,10-tnen-12-ol 23 

To a solution of aldehyde 22 (6,09 g, 12,06 mmol) in 
dry te t rahydrofuran (200 mL) were added, at - 7 8 °C, 
chloroiodomethane (3,8 g, 1.58 mL, 21,7 mL) and butyl-
l i thium (1,40 M in hexanes, 15,1 mL, 21,1 mmol) . After stir­
ring for 30 min, the reaction was quenched with sa tu ra ted 
aqueous ammonium chloride sohrtion (150 mL) and the re­
sulting mixture was ext rac ted wi th diethyl ether ( 3 x ) . The 
combined organic phases were dried over magnesium sulfate, 
filtered and concentrated. The residue was purified by flash 
chromatography (30% ethyl aceta te in hexanes) to afford a 
colorless oil as a mixture of two diastereoisomers 2 3 (5,75 g, 
8 6 % ) , 

["ID = - 6 , 7 (c = 1,26, dichloromethane) , 
IR (film, c m " ' ) : 3 410, 3 057, 2 932, 2 858, 1 591, 1 108, 
' H N M R (300 MHz, C D C I 3 , S ppm) : 7,70 (4H, m, 

O S i ( C 6 / / 5 ) 2 ) , 7,39 (6H, m, O S i ( C 6 / / 5 ) 2 ) , 6,10 (2H, m, 
C H = C / f C / / = C ( 0 H 3 ) ) , 5,64 ( IH, dd, J = 15 Hz and 
8 Hz, C / / = C H C H = C ( C H 3 ) ) , 5,42 ( IH , dt , ,/ = 6 Hz 
and 1 Hz, C ( C H 3 ) = C / / ) , 4,21 (3H, m, CHOU and 
C / / 2 O T B D P S ) , 3,.58 (2H, m, G / / 2 C I ) , 3.22 (3H, s, 
CUOCH3). 2,87 ( IH, m, C / f O C H 3 ) , 2.43 ( IH, m, 
C / / C H 3 ) , 1,92 (2H, ni, C / / 2 C ( C H 3 ) ) , 1,73 ( 3 H , s, 
C H = C ( C / 7 3 ) ) , 1,67 ( 3 H . d, ,/ = 1 Hz, C ( C / / 3 ) = C H ) , 1,.39 
(2H, m, C 7 / 2 C H 2 C ( C H 3 ) ) , 1,03 (9H, s, OSiC(C/73)3 i , 
0,96 ( 3 H , d, ,/ = 7 Hz, C H C / / 3 ) , 
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' ^ C N M R (75 MHz, CDCI3, 6 ppm) : 138.0, 137.4, 135.6, 
134.0, 133.2, 129.5, 127.6, 125.2, 125.0, 84.5, 76.6, 60.7, 
57.3. 48.6, 39.5, 29.1, 28.0, 26.9, 23.3, 19.2, 15.9. 

MS ( m / e ) : 553 (M+ - H). 
HMRS: calc for C33H4603S iC l : 553.2905; found: 553.2099. 

(2Z,8E,10E)-(6S,7S,12S)-l-(t-Butyldiphenylsiloxy)-
13-chloro-6-methoxy-12-(2-methoxypropan-2-yloxy)-
3,7,n-trimethyltrideca-2,8,10-triene and 
(2ZJE,10E)-(6S, 7S, 12R)-E(t-hutyldiphenylsiloxy)-
13-chloro-6-methoxy-12-(2-methoxypropan-2-yloxy)-
3,7,IEtrirnethyltrideca-2,8,10-triene 24 

To a solution of alcohol 2 3 (5.70 g, 10.3 mrnol) in dichloro­
methane (100 mL) were added, at 0 °C, 2-methoxypropene 
(2.97 g, 3.94 mL, 41.2 mrnol) and pyridinium p-tohiene-
sulfonate acid (258 mg, 1.03 mmol) . After st irr ing for 30 min 
a t 0 ° C , the reaction was poured into a sa tura ted aque­
ous sodium bicarbonate solution and the mixture was ex­
t rac ted several t imes with diethyl ether, '^fhe combined or­
ganic phases were dried over magnesium sulfate, filtered 
and concentrated. The resulting oil was purified by flash 
chromatography (30% ethyl aceta te in hexanes) to give a 
colorless oil as a nux tu re of two diastereoisomers 2 4 (5.35 g, 
83%). 

[a]g' = ^ 8 . 8 (c = 3.05, dichloromethane) . 
IR (film, o cm''): 2 933, 2 858, 1 665, 1 590, 1 108. 
^H N M R (300 MHz, CoDg. fi ppm) : 7.83 (4H. m, 

OSi (C6 i75 )2 ) , 7.23 (6H, m, OSUCeHrAz), 6.25 ( IH, 
dd. J = 15 Hz and 11 Hz, CH=Ci?CH=C (CH3)) , 
6.07 ( IH, d, J = 11 Hz, Ci /=C(CH3)) , 5.60 (2H. in, 
C / /=CHCH=C (CH3) and C (CH3 )=C/ / ) , 4.38 (2H, d. 
J = 0 Hz. C//2OTBDPS), 4.31 ( IH, t. ,7 = 6 Hz. 
C 7 7 0 M O P ) . 3.38 and 3.30 (2H, m, CH2GI). 3.08 (3H. 
s. C H O C 7 7 3 ) , 3.05 (3H, s, C(CH3 )20CH3), 2.73 ( IH, 
m, C77OCH3), 2.38 ( IH, m, C77CH3), 1.98 (2H. m, 
C772C(CH3)), 1.61 (3H, s, CH=C(Cff3)), 1.58 (3H, 
m, C (C773)=CH). 1.45T.30 (2H, m, Cff2CH2C(CH3)), 
1.24 and 1.20 (6H, s, OC(Ci73)20CH3), 1.17 (9H, s. 
OSiC(C773)3), 0.96 (3H, d, J = 7 Hz, CHC/73). 

^^C N M R (75 MHz, CgDe, * ppm) : 1.37.5. 137.3, 1,35.7, 
134.1, 129.5, 128.5, 125.4, 125.1, 100.9, 84.1. 76.3, fiO.S, 
56.7, 48.9, 46.0, ,39,6, 29.1, 27.7, 26.8, 25.3, 24.9, 23.0, 
19.1, 15.8, 11.9. 

MS ( m / e ) : 626 (M+) . 
HMRS: calc for C37H55 04SiCl: 626.3558; found: 626.3553. 

{2Z, 8E, lOE)- (6S, 7S, 12S)-13- Chloro-6- methoxy-
E2-(2-m,ethoxypropan-2-yloxy)-3,7,11- trirnethyl­
trideca-2,8,10-trien-l-ol and (2Z,8E,10E)-
(6S,7S,12B,)-13-chloro-6-methoxy-12-(2-rnethoxy-
propan-2-yloxy)-3,7,11-trimethyltrideca-
2,8,10-trien-l-ol 25 

To a solution of silyl ether 2 4 (5.27 g, 8.4 mmol) in te t ra ­
hydrofuran (100 mL) was added te t ra -n-bu ty lamnionium 
fluoride (1.0 M in T H F , 16.8 mL, 16.8 mmol) . After st irr ing 
for 1 h, the mixture was concentrated and the residue 
was purified by flash chromatography (30%: ethyl aceta te 
in hexanes) to afford a colorless oil as a mix ture of two 
diastereoisomers 25 (2.90 g, 89%). 
[af^ = - 1 3 . 0 (c = 0.95, dichloromethane) . 
IR (film, u c n r ' ) : 3 402, 2 933, 1 456, 1 377, 1 074. 
^H N M R (300 MHz, CeDg. fi ppm) : 6.33 ( IH, m, 

CH=C77CH=C(CH3)), 6.14 ( IH . d, .7 = 11 Hz, 
C77=C(CH3)), 5.65 ( IH, m, C7f=CHCH=C(CH3)) , 5.46 

( IH, t, J = 7 Hz, C(CH3)=C7r), 4.37 ( IH, t, J = 6.5 Hz, 
C 7 7 0 M O P ) , 4.11 (2H, m, C / 7 2 O H ) , 3.45 ( IH , dd. 
JAB = 11 Hz and 6.5 Hz, C 7 f 2 C l ) , 3.35 ( IH , dd. 
JAB = 11 Hz and 6.5 Hz, C H 2 C I ) , 3.16 (3H, s, CHOC/ fa ) , 
3.13 (3H, s, C(CH3)20Ci73), 2.88 ( IH , m, CFOCH3), 
2.46 ( IH, q, J = 7 Hz, CHCH3), 2.30-2.00 (2H, m, 
C//2C(CH3)), 1.69 (3H. s, CH=C(Ci /3) ) . 1.64 (3H, s, 
C(C7/3)=CH) , 1.55 (2H, m, Ci72CH2C(CH3)), 1.29 and 
1.26 (6H, s. C(C/ /3 )20CH3) , 1.06 (3H, d. J = 7 Hz. 
C H C i 7 3 ) . 

'•^C N M R (75 MHz, CSDB, fi ppm) : 138.6, 137.5, 135.3, 
134.6, 129.7, 128.7, 125.9, 101.2, 84.1, 76.6, 58.9, 56.4, 
49.3, 46.3, 40.0, 31.4, 29,1, 27,4, 26,8, 25.6, 25.2, 23.3, 
19.2, 16,5, 12.2. 

(2Z, 8E,10E)-(6S, 7S,12S)-13- Chloro-6-methoxy-
12-(2-m,etho:cypropan-2-yloxy)-3,7,11-trimethyl-
tndeca-2,8,10-trienal and (2Z,8EJ0E)-(6S, 7S, 12R)-
13-chloro-6-rnethoxy-12-(2-methoxypropan-2-yloxy)-
3,7,11-triniethyltrideca-2,8,10-trienal 26 

To a solution of alcohol 25 (2.84 g, 7.3 mmol) in dichloro­
me thane (80 mL) were added molecular sieve 4 A (3.65 g), 
1-methylmorpholine-l-oxide (1.28 g, 11 mmol) and te t ra-
propylammonium pe r rhu tena te (128 mg, 365 ^,mol). After 
st irr ing for 30 min, the reaction was concentra ted and the 
residue was purified by flash chromatography (30% ethyl 
aceta te in hexanes) to give a colorless oil as a nii.xture of 
two diastereoisomers 26 (2.66 g, 94%). 
[oig' = - 8 . 1 (c = 1.2, d ichloromethane) . 
IR (film. ): 2 935, 1 674, 1 456, 1 073. 
' H N M R (300 MHz, C D g , fi ppm) : 10.01 ( IH, dd, 

J = 8 Hz, 1 Hz, C770) , 6.27 ( IH, dd, J = 15 Hz and 
11 Hz, CH=C77CH=C(CH3)), 6.10 ( IH, d. J = 11 Hz, 
C77=C(CH3)). 5.78 ( IH. d, J = 8 Hz, C(CH3)=C77), 
5.57 ( IH, m, C77=CHCH=C(CH3)) , 4.,35 iTH, t, 
J = 6.5 Hz, C 7 / 0 M 0 P ) , 3.43 (2H, m. C 7 7 2 C 1 ) , 
3.09 (3H, s, CHOC/73). 3.03 (.3H, s. C(CH3)20Ci73), 
2.67 ( IH, q, J = 6 Hz, C i 7 0 C H 3 ) . 2.35 and 2.17 
(3H, 2m, C 7 7 C H 3 and C772C(CH3)). 1.66 (3H, s. 
CH=C(C773)) . 1.38 (3H. d, J = 1.5 Hz, C(C773)=CH), 
1.35 (2H, m, C/72CH2C(CH3)), 1.25 and 1.23 (6H, 2s, 
C(C773)20CH3), 0.95 (3H, d, J = 7 Hz, CHC773). 

'•*C N M R (75 MHz, dlX, 6 ppm) : 189.5, 162.3, 136.8, 
135.3, 129.4, 128.4, 126.2, 101,6, 84.1, 76.6, 57.2, 49.3. 
46.5, 46.4, 39.8, 29.6, 29.5, 28.1, 28.0, 27.2, 26.1, 25.0. 
24.2, 16.6, 12.3. 

MS ( m / e ) : 387 (M+ H). 

(5Z,11E,13E)-(4S and 4R.9S,10S,14S and 14R)-
16-Chloro-4-h,ydroxy-9-rnethoxy-15-(2-m,ethoxy-
propan-2-yloxy)-6,10,14-trimethylhexadeca-
5,11,13-trien-l-ol 27 

To a solution of Gr ignard ' s reagent (0.6 M in T H F , 22 mL, 
13.2 mmol) in dry te t rahydrofuran (60 mL) was added 
slowly via canula, at - 7 8 °C, a solution of the aldehyde 
26 (2.56 g, 6.6 nmiol) in te t rahydrofuran. After st irr ing 
for 30 min at —78 "C , the reaction was quenched with 
water (60 mL) and extracted several t imes with diethyl 
ether. The combined organic phases were washed with brine, 
dried on magnesium sulfate, filtered and concentrated. The 
residue was purified by flash chromatography (100%) ethyl 
ac;etate) to provide a viscous colorless oil as a mixture of 
four diastereoisomers 2 7 (2.47 g, 84%). 
[O]D' = —7.1 (c = 1.0, d ichloromethane) . 
IR. (film, o c m " ' ) : 3 049. 2 931, 1 089. 
'H N M R (300 MHz, Ct,I)e, fi ppm) : 6.31 ( IH, m, 

CH=C77CH=C(CH3)). 6.13 ( IH, d, J = 11 Hz, 
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C / / = C ( C H 3 ) ) , 5.62 ( IH, m, C H = C H C H = C ( C H 3 ) ) , 5.27 
( IH, t, J = 10 Hz, C ( C H 3 ) = C / / ) , 4 .45 ( IH , m, 
C / / O H ) , 4.34 ( IH, t , J = 6.5 Hz , C H O M O P ) , 3,53 
(2H, m, C H 2 O H ) , 3,35 ( IH, 2dd, J A B = 11 Hz and 
6,5 Hz, CT/aCl), 3,35 ( I H , 2dd, J A B = 11 Hz and 
6,5 Hz , C / / 2 C I ) , 3,14, 3,10 and 3,09 (6H, 3s, C H O C / / 3 , 
C ( C H 3 ) 2 0 C / f 3 ) , 2.86 ( IH, m, C i 7 0 C H 3 ) , 2,43 ( IH , 
m, C H C H 3 ) , 2.29-2.05 (2H, m, C H 2 C ( C H 3 ) ) , 1,66-1,54 
(12H, m, C ( C F 3 ) = C H , C H = C ( C H 3 ) , C H 2 C / / 2 C H 2 O H 
and C / / 2 C H 2 C ( C H 3 ) = C H ) , 1,25 and 1.22 (6H, 2s, 
O C ( C i / 3 ) 2 0 C H 3 ) , 1,05 and 1,01 (3H, 2d, J = 7 Hz, 
C H C H 3 ) , 

'•^C N M R (75 MHz, CeDe, 6 ppm) : 137,5, 130,5, 129,5, 
128.7, 126,0, 84,7, 83.5, 76.6, 68.1, 67.9, 62,7, 49 ,3 , 46,3, 
35,4, 29,7, 28,7, 28,0, 27,7, 25,6, 25,2, 23,2, 16,6, 12,2, 

MS ( m / e ) : 397 (M+ - C H 5 O 2 ) , 
HMRS: calc for C 2 3 H 3 7 O 3 C I : 397,2509; found: 397,2496, 

(5Z,11EJ3E)-(4S AND 4R,9S,10S,US AND 14R)-
L-(TERT-BUTYLDIPHENYLSILOXY)-16-CHLORO-4-HYDROXY-
9-METHOXY-15-(2-METHOXYPROPAN-2-YLOXY)-
6,10,14'TRIMETHYLHEXADECA-5,LLJS-TRIENE 28 

To a solution of the diol 2 7 (2,39 g, 5.36 mmol) in te t ra­
hydrofuran (70 mL) were added, a t 0 °C, t-butylchloro-
dimethylsilane (1.21 g, 8.04 mmol) and imidazole (729.8 mg, 
10,7 mmol) . After st irr ing for overnight, the reaction was 
poured into a sa tu ra ted aqueous a m m o n i u m chloride solu­
tion (100 mL) and the resulting mixture was ex t rac ted sev­
eral t imes with diethyl ether . The combined organic phases 
were dried over magnesium sulfate, filtered and concen­
t ra ted . The residue was purified by flash chromatography 
(50% ethyl aceta te in hexanes) to give a colorless oil as a 
mixture of four diastereoisomers 28 (2,85 g, 95%)), 
[n]g' = - 1 0 . 7 (c = 1.62, dichloromethane) . 
IR (film, ly c n r ' ) : 3 423, 2 9.32, I 461, 1 096. 
' H N M R (300 MHz, CeDe, 6 ppm) : 6.30 ( IH, m, 

C H = C i 7 C H = C ( C H 3 ) ) , 6.11 ( IH. d, J = 11 Hz. 
C / / = C ( C H 3 ) ) , 5.61 ( IH, m. C 7 7 = C H C H = C ( C H 3 ) ) , 5.27 
( IH, m. C ( C H 3 ) = C / / ) , 4,44 ( IH, m, C i 7 0 H ) , 4,32 ( IH , t, 
J = 6,5 Hz, C 7 7 0 M O P ) , 3,57 (2H, m, C . / / 2 O T B D M S ) , 
3,40 ( IH, dd, J A H = 11 H Z and 6,5 Hz, C H 2 C I ) , 3,32 
( IH, dd. JAB = 11 Hz and 6.5 Hz, C 7 / 2 C I ) , 3,16, 
3,13 and 3,09 (6H, 3s, C H O G H j and C ( C H 3 ) 2 0 C J / 3 ) . 
2,89 ( IH, m, C / / O C H 3 ) , 2,44 ( IH, m, C F C H 3 ) , 
2,.30-l,95 (2H, m, C F 2 C ( C H 3 ) ) , 1,7,5-1,44 (12H, 
m, C ( C / / 3 ) = C H , C H = C ( C i / 3 ) , C / / 2 C / f 2 C H 2 0 T B D M S 
and C H 2 C H 2 C ( C H 3 ) ) , 1,24 and 1,21 (6H, 2s, C ( C / / 3 ) 2 
O C H 3 ) , 1,04 and 1,01 ( 3 H , 2d, J = 7 Hz, C H C / / 3 ) , 0,95 
(9H, s, 0S iC (CJr3 ) ; i ) , 0.04 (6H, s, OSi (Ci73 )2 ) . 

' ^C N M R (75 MHz, CeDe, S ppm) : 137,9, 137,6, 137,5, 
1.34,6, 130.7, 130,2, 128.7, 126,0, 101,3, 84,8, 83.6, 76,6, 
68.0, 67,8, 63.5, 57 ,0 , 55,8, 49 ,3 , 46,3, 40,1, 39 .9 , 3 5 . 1 , 
35 .0 , 29.6, 28,9, 28,0, 27,8, 26.1, 25,9, 25.7, 25.2, 23.4, 
23.2, 18-5, 16,5, 16.4, 12.2, - 5 . 1 7 , 

MS ( m / e ) : 511 (M+ - C H . , 0 2 ) . 
HMRS: calc for C 2 9 H 5 1 O 3 C I : 511.3374; found: 511.3358. 

(5Z,11E,13E)-(4S AND 4R,9S,10SJ4S AND 14R)-
L-(TEH-BUTYLDIPHENYLS%LOXY)-16-CHLORO-9-RNETHOXY-
15- (2-METHOXYPROPAN-2-YLOXY)-6,10,14-TRIMETHYL-
4-[(4-TRIMETHYLSILYL-2-OXABUTANYL)OXYJHEXADECA.-
5,11,13-TRIENE 29 

To a solution of alcohol 28 (2,81 g, 5,01 mmol) in dry 
dichloromethane (70 mL) were added diisopropylamine 
(2,58 g, 3,48 mL, 20 mmol) , t e t r abu ty lannnon ium iodide 

(1,85 g, 5.01 mmol) and [2-(trimethylsilyl)ethoxy]methyl 
chloride (1.67 g, 1.77 mL, 10.0 mmol) . After st irr ing for 4 h, 
the reaction was carried ou t t o reflux (40 ° C ) for 2 h. Sat­
ura ted aqueous sodium bicarbonate solution (70 mL) was 
added and t h e mixture was ex t rac ted wi th dichloromethane 
(3 X 100 mL), T h e combined organic phases were dried cjver 
magnesium sulfate, filtered and concentra ted. T h e residue 
was purified by flash chromatography (30%, ethyl ace ta te in 
hexanes) to afford a colorless oil as a mixture of four dia­
stereoisomers 29 (3.45 g, 100%), 
[ a ] g ' = - 4 , 5 (c = 1,0, d ichloromethane) , 
IR (film, ly c m " ' ) : 2 954, 2 859, 1 461, 1 378, 1 250, 1 099, 
' H N M R (300 MHz, CgDe, 6 p p m ) : 6.35 ( IH, m, 

C H = C / 7 C H = C ( C H 3 ) ) , 6 , i l f l H , d, J = 11 Hz, 
C 7 f = C ( C H 3 ) ) , 5,74 ( IH, dd, J = 15 Hz and 8 Hz, 
C / / = C H C H = C ( C H 3 ) ) , 5,17 ( IH, d, J = 10 Hz, 
C(CBi)=CH), 4,87 and 4,86 ( IH, 2d, .7AB = 8 Hz, 
O C H 2 O ) , 4,65 ( IH, d. J A B = 8 Hz, OCiJzO) , 4,61 
( I H . m, C H O S E M ) , 4,36 ( IH, t, J = 6,5 Hz, 
C F O M O P ) , 3.95-3.30 (6H. m, O C H 2 C H 2 T M S , C / / 2 C I 
and C H 2 O T B D M S ) , 3.28 and 3.24 (3H, 2s. C H O C / / 3 ) , 

3.11 and 3,09 ( 3 H , 2s, C ( C H 3 ) 2 0 C i f 3 ) , 2.92 ( I H , m, 
C / f O C H a ) , 2,50 ( I B , m, C F C H 3 ) , 2,4,5-2,04 (2H, m, 
C I / 2 C ( C H 3 ) ) , 1,90-1,55 (6H, m, C / / 2 C H 2 C ( C H 3 ) and 
C / / 2 C / f 2 C H 2 0 T B D M S ) , 1,65 (6H, s, C ( C H 3 ) = C H and 
C H = C ( C H 3 ) ) , 1.26 and 1.21 (6H, 2s, C ( C / J 3 ) 2 0 C H 3 ) . 
1 . 1 2 and 1,08 (3H, d, J = 7 Hz, C H C H i ) . 0,94 (2H, 
m, C H 2 T M S ) , 0,94 (9H, s, OSiC(CHsy.i). 0,09 (6H, s, 
O S i (C / 7 3 ) 2 ) , 0.01 (9H, m, S i C ( C H 3 ) 3 ) . 

'•*C N M R (75 MHz, CoDg, * ppm) : 140,2, 140,1, 137,8, 
134,5, 128,8, 126,9, 125,8. 101,3, 9 1 . 6 , 85.0, 84,7, 76,6, 
71.3, 71.2, 65.0, 63.4, 57.4, 5 7 , 1 , 49,3, 46.3, 40.3, 40.0. 
33,0, 32.9, .30.0, 29.8, 29,6, 28,3, 26,2, 25,6, 25,2, 23,5, 
18,5, 18,4, 16,3, 16,2, 12,2, - 1 , 3 , - 5 , 2 . 

MS {m/e, ammoniac) : 708 (M+ + N H 4 ) , 

(5Z,11E,13E)-(4S AND 4R,9S,10S,14S AND I4R)-
16- CHLORO-9-METHOXY-15- (2-METHOXYPROPAN-
2-YLOXY)-6,10,14-TRI7NETHYL-4-[(4-T'''IMETHYLSIIYL-
2-OXAHUTANYL)OXY]HEXADECA-5,LL, 13-TRIEN-L-OL 30 

To a .solution of silyl e ther 29 (3.42 g, 4,95 mmol) in 
te t rahydrofuran (50 mL) was added t e t r abu ty l ammonium 
fluoride (1,0 M in T H F , 7,43 mL, 7.43 nnnol) , .A.fter st irr ing 
for 3 h, t he reaction was quenched with a sa tu ra ted aqueous 
sodium bicarbonate solution (50 ml.) THEN the re.sulting 
mixture was ext rac ted with diethyl e ther several t imes. 
The organic phases were dried ovei' magnesium sulfate, 
filte^red and concentrated. The residue was purified by flash 
chromatography (30%, ethyl aceta te in hexanes) to give a 
colorless oil as a mixture of four diastereoi.somers 30 (2.44 g, 
86%), 

[ O ] D = - 5 - 7 (c = 2,97, dichloromethane) , 
IR (film, u c n r ' ) : 3 452, 2 948, 1 096, 1 025, 
' H N M R (300 MHz, CeDe, 6 ppm) : 6,31 ( IH, m, 

C H = C / 7 C H = C ( C H 3 ) ) , 6,11 ( IH , m, C / 7 = C ( C H 3 ) ) , 5,69 
( IH, m, C i f = C H C H = C ( C H 3 ) ) , 5.15 ( IH, d, J = 10 Hz, 
C ( C H 3 ) = C / 7 ) , 4,81 ( IH , d, , / A B = 8 Hz, O C H 2 O ) , 4,60 
( IH, d. J A B = 8 Hz, O C H 2 O ) . 4,59 ( IH, m, C H O S E M ) , 
4,32 ( IH , t, J = 6,5 Hz , CHOUOP). 3,91-3,28 (6H, ni, 
C 7 J 2 C I , C i JaOH and O C J / 2 C H 2 T M S ) , 3,25 and 3,20 (3H, 
2s, C H O C H 3 ) , 3,09 and 3,07 (3H, 2s, C ( C H 3 ) 2 0 C 7 / 3 ) , 
2,90 ( IH , m, C / / O C H 3 ) , 2,52-2.31 (2H, m, C / / C H 3 and 
C 7 / 2 C ( C H 3 ) ) , 2,07 ( IH, rn, C ; H 2 C ( C H 3 ) ) , 1,85-1.42 (6H, 
m, C 7 / 2 C / 7 2 C H 2 O H and C / / 2 C H 2 C ( C H 3 ) ) , 1,66 (6H, m, 
C ( C i J 3 ) = C H and C H = = C ( C / / 3 ) ) , 1.25 and 1,22 (6H, s, 
C ( C i 7 3 ) 2 0 C H 3 ) , 1.07 (3H, d. J = 7 Hz, C H C H 3 ) , 0,95 
(2H, m, C 7 7 2 T M S ) , 0.02 (9H, s, 8 1 ( 0 7 / 3 ) 3 ) . 
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'•*C NMR (75 MHZ, CEDE, 6 PPM); 139.9, 137.6, 137.4, 
134.3, 128.7, 126.7, 125.7, 101.1, 91.5, 91.3, 85.0, 84.4, 
76.5, 71.1, 71.0, 70.8, 64.9, 62.4, 62.3, 57.2, 56.6, 54.1. 
49.1, 46.1, 40.2, 39.9, 39.8, 32.8, 31.7, 29.9, 29.7, 29.6, 
29.3. 29.1, 28.1, 25.4, 25.0, 23.4, 23.1, 20.8, 18.2, 16.3, 
16.2, 16.1, 14.2, 12.0, -1.4. 

MS (M/E): 559 (M+ - OH). 
HMRS: CALC FOR C;IOH,'I605CLSL: 559.3585; FOUND: 559.3579. 

(5Z.UEJ3E)-(4S and 4R,9S,10S,US and I4R)-
16- Chloro-9-methoxy-15-(2-m,ethoxypropan-
2-yloxy) - 6,10,14-trimethyl-4-[(4-trinie thylsilyl-
2-oxabutanyl)oxyjhexadeca-5.1 E12-trienal 31 

TO A SOLUTION OF ALCOHOL 30 (300 MG, 520 /MIOL) IN DICHLORO­
METHANE (5 ML) WERE ADDED MOLECULAR SIEVES 4 A (259 MG), 
1-METHYLMORPHOLINE-L-OXIDE (91.2 MG, 780 /(MOL) AND TETRA-
PROPYLAMMONIUM PERRHUTENATE (9.12 MG, 26 /XMOL). AFTER 
STIRRING FOR 30 MIN, THE BLACK MIXTURE WAS CCMCENTRATED AND 
THE RESIDUE WAS PURIFIED BY FLASH CHROMATOGRAPHY (30% ETHYL 
ACETATE IN HEXANES) TO GIVE A COLORLESS OIL AS A MIXTUR(> OF FOUR 
DIASTEREOISOMERS 31 (263 MG, 88%;). 
[QJP' = —3.0 (C = 1.0, DICHLOROMETHANE). 
IR (FILM, V CM-'): 2 952, 2 892. 2 720, 1 726, 1 665, 1 465, 

1 379, 1 098, 1 024. 
'H NMR (300 MHZ, CGDE, b PPM): 9.45 (IH, M. 

CHO), 6.35 (IH, M, CH=CI7CH.=C((:;H;J)), 6.12 (IH. D. 
,7 = 11 HZ. C77=C(CH;I)). 5.70 (IH, DD, ,7 = 15 HZ AND 
8 HZ, C7F=CHCH=C(CH3)), 5.01 (IH, D, .7 = 10 HZ. 
C(Gll3)=C/7), 4.75 (IH, D, ,7AB = 8 HZ, OCIFAO). 
4.55 (IH, D, ,7AB = 8 HZ, OCH2O), 4.50 (IH, M. 
C770SEM), 4.32 (IH, T, J = 6.5 HZ, C770MOP), 3.70 
3.30 (4H, M, OCH2CH2TMS AND CH.CA). 3.27 AND 
3.22 (,3H, 2S, CHOC773), 3.10 (3H, S. C(CH3)20CH3). 
2.92 (IH, M, C77OCH3), 2.,50 (IH. NI, C77CH3), 2.39-
2.05 (4H, M, CH2CHO AND C772C(CH3)), 1.9,5-1.45 (4H, 
M, C772CH2C(CH3) AND CI72CH2CHO). 1.66 (6H, RN. 
C(C773)=CH AND CH=C(C7/3)). 1.25 AND 1.21 (6H, 2S, 
(C773)20CH3). 1.10 (.3H, D, ,7 = 7 HZ, CllClh). 0.95 
(2H, T, .7 = 7 HZ, C7/2TMS), 0.02 (9H, S, SI(C//3):I). 

^̂C NMR (75 MHZ, CEDO, b PPM): 202.1. 202.0, 141.1, 
137.1, 134.0, 128.4, 128.3, 125.5, 125.1, 101.7, 91.5. 91.4, 
84.9, 84.6, 76.3, 76.2, 70.5, 70.4. 65.0, 57.6, 49.4, 46.1, 
46.0, 40.2, 39.7, 39.6, 29.5, 28.4, 28.2, 28.0, 25.4, 25.0, 
23.4, 18.1, 16.0, 15.9, 12.3, 12,2, -1,42. 

MS (M/E, AMMONIAC): 592 (M+ + NH4), 
HMRS: CALC FOR CI.IOHSQOECLNSI: 592.3800; FOUND: 592.3781. 
(6Z,12E,14E)-(2S and 2R,5R and 5S,10S,11S,16S 

and 16R)-17- Chloro-10-methoxy- 7.11,15-trirnethyl-
5-[(4 - trimethylsilyl-2- oxabutanyl) oxyj-1 -(phenyl-
,sulf(m,yl)heptadeca-6,12,14-triene-2,16-diol 32 

TO A SOLUTION OF BENZYL METHYL SULFONE (105 MG, 676 /IIRIOL) IN 
DRY TETRAHYDROFURAN (3 ML) WAS ADDED, AT 0 °C, BUTYLLITHIUM 
(1.6 M IN HEXANES, 422 /TL, 676 //MOL) AND THE SOLUTION WAS 
STIRRED FOR 30 MIN AT 0 °C. THE REACTION MIXTURE WAS TRANS­
FERRED VIA CANULA INTO A SOLUTION OF THE ALDEHYDE 31 (195 MG, 
338 /J.MOL) IN TETRAHYDROFURAN (3 ML) AT —78 "C. AFTER STIR­
RING FOR 1 H AT —78 °C, THE REACTION WAS QUENCHED WITH 
A SATURATED AQUEOUS AMMONIUM CHLORIDE SOHITION (10 ML) 
AND THE MIXTURE WAS EXTRAX:;TED SEVMAL TIMES WITH DIETHYL 
ETHER. THE COMBINED ORGANIC PHASES WERE CCMCENTRATED AND 
THE RESIDUE WAS DISSOLVED IN ACETONE ((I IRDJ) AND A .SOLUTION 
OF HCL 1 N (1 ML) WAS ADDED. AFTER STIRRING FOR 20 MIN, 
THE MIXTURE WAS CONCENTRATED AND AQUEOUS RESIDUE WAS EX-
TRACTIXL WITH DIETHYL ETHER (3X). THE ORGANIC PHASES WOR(> 

DRIED OVER MAGNESIUM SULFATE, FILTERED AND CONCENTRATED. THE 
RESIDUE WAS PURIFIED BY FLASH CHROMATOGRAPHY (60% ACETONE 
IN HEXANES) TO AFFORD A COLORLESS OIL AS A MIXTURE OF EIGHT 
DIASTEREOISOMERS 32 (194 MG, 87%). 
[Q:JG' = -1.3 (c = 1.10, DICHLOROMETHANE). 
IR (FILM, V CM-'): 3 481, 2 929, 1 447, 1 304, 1 148, 1 085. 
'H NMR (300 MHZ, CDCI3, b PPM): 7.87-7.45 (5H, M, 

CET/S). 6.20 (IH, M, CH=C77CH=C(CH3)), 6.05 (IH, 
M, C77=C(CH3), 5.61 (IH. M, CI7=CHCH=C(CH3)). 
4.88 (IH, M. C(CH3)=CH), 4.50 (2H, M, OCH2O), 4.,30-
4.05 (3H, M, C7/(0H)CH2C1. C/70H AND C/70SEM). 
3.73-3.05 (9H, M, OC772CH2TMS, C7/2CI, C772SO2PI1 
AND CHOC773), 2.95 (IH, M, CHOCM3). 2.45 (IH, M, 
CHCH3). 2.,30-1.65 (2H, M, C7/2C(CH3)), 1.67 (3H, 
S, C(C7/3)=CH), 1.62 (3H. S, CH=C(C773)), 1.70-1.45 
(6H, M. C7/2CH2C(CH3) AND C772C7F2CHOH), 0.96 
(3H, M, CHC7F3), 0.81 (2H, M, CTFJTMS). -0.09 (9H, 
S SI(C7/3)3). 

'•'C NMR (75 MHZ, CDCI3, 6 PPM): 140.3, 140.2. 139.4, 
139.2, 137.6. 133.7, 133.5, 129.2. 128.9. 128.6, 127.7, 
127.4. 127.2, 127.1.̂ 127.0. 126.2, 125.2. 91.3, 90.9, 84.8, 
84.6, 84.4, 84.0, 76.5, 76.2, 76.1, 71.1, 70.7, 65.9, 65.6, 
65.5, 64.8, 62.2, 62.1, 57.4, 57.1, 57.0, 56.4, 48.0, 47.9, 
47.8, 44.2, 39.8, .39.7, 39.6, 39.5, 35.2, 32.5, 32.4, 32.3, 
31.3, 31.1, 31.0, .30.7, 29.6, 29.4, 29.3, 29.2, 29.0, 27.9, 
27.4, 27.2, 27.1, 25.0, 23.3, 22.4, 17.8, 16.4, 16.2, 16.1, 
13.9, 12.9, 12.7, 12.3, 12.2, -1.6. 

MS (M,/E, AMMONIAC): 658 (M+ + NH4 - H2O). 
HMRS: CAK: FOR C3;IH,S30F>CLNSSI: 658.3364; FOUND: 

658.3377. 

(6Z.12E,14E)-(5S,lOS,llS)-17-Chloro-10-methoxy-
7,11,15-trimethyl-5-[('4-trim.et,hylsilyl-2-oxabut.anylJ-
oxyJ-l-(phenyLsulfonyl)heptadeca-6,12,14-trie.ne-
2,16-dione and (6Z, 12E,14E)-(5R,10S.llS)-
17-chloro-10-methoxy- 7.11,15-trimettvyl-
5-i(4-trim.ethylsilyl-2-oxabutanyl) oxy]-1 - /phenyl-
,mlfonyl)heptad,eca-(),12,14-trierie-2,16-dione 33 

TO A SOLUTION OF DIOL 32 (170 MG, 275 pmoX) IN DICHLORO­
METHANE (10 ML) WAS ADDED DESS-MARTIN PERIODINANE 
(257 MG, 605 fimoV). AFTER STIRRING FOR 1 H, THE REACTION 
WAS QUENCHED WITH A SATIU-ATED AQUEOUS SODIUM BICARBON­
ATE (5 NIL) AND SODIUM THIOSULFATE (1 G) WAS ADDED. AF­
TER STIRRING FOR 20 MIN, THE RESULTING MIXTURE WAS EXTRACTED 
SEVERAL TIMES WITH DICHLORCMIETHANE. THE COMBINED ORGANIC 
PHASES WERE DRIED OVER MAGNESIUM SULFATE, FILTERED AND CON­
CENTRATED. THE RESIDUE WAS PURIFIED BY FFASH CHROMATOGRAPHY 
(30% ETHYL ACETATE IN HEXANES) TO PROVIDE A YELLOWISH OIL AS 
A MIXTURE OF TWO DIASTEREOISOMERS 33 (144 MG, 85%). 
[AJG' = -6.2 [e = 1.04, DICHLOROMETHANE). 
IR (FILM, u CM"'): 2 946. 1 721. 1 629, 1 318, 1 153, 1 086. 
'H NMR (300 MHZ. CDC33, b PPM): 7.87-7.51 (5H, 

NI, C(I7/.5), 7.01 AND 6.99 (IH, 2D, ,7 = 11 HZ, 
CH=CHC7/=C(CH3)). 6.42 (IH, DD, J = 15 HZ AND 
11 HZ, CH=CI7CH=C(CH3)), 6.39 (IH. DD. J = 15 HZ 
AND 7.5 HZ, C/7=CHCH=C(CH3)), 4.96 AND 4.94 (IH, 
2D. ,7 = 8 HZ. C77=C(CH3)). 4.58 AND 4.56 (IH, 2D, 
,7AD = 7 HZ, OCH2O). 4.47 (IH, D, JAD = 7 HZ, 
OC7/2O), 4.43 AND 4.42 (2H, 2S, C7/2S02PH), 4.28 
(IH, M, C770SEM), 4.14 AND 4.13 (2H, 2S, C772C1), 
3.62 AND 3.47 (2H, 2M, OC772CH2TMS). 3.36 AND 
3.34 (3H. 2S, CHO(7/73), 3.06 (IH. M, CT/OCH,), 
2.70 (3H. M. CT/ACO AND C77CH3I, 2.24-1.90 (2H, 
M, C772C(CH3)). 1.89 (3H, S, C(C773)=CH). 1.80 1.30 
(4H, M, C772CH2C(CH;,) AND C772CH2CO). 1.69 (3H, 
S. C(C773)=CH), 1.06 (3H, D. ,7 = 7 HZ. CYiClh), 0.90 
AND 0.88 (2H. 2T, .7 = 8 HZ, C7/2TMS). -0.01 (9H. S. 
SI(C7/3)3). 
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' " C N M R ( 7 5 MHz, C D C I 3 , 6 ppm) : 197.7, 192.4, 147.1, 
146.9, 140.6, 134.1, 132.1, 129.2, 128.1, 125.8, 125.2, 
125.1, 91.5, 91.4, 84.6, 84.2, 70.2, 66.6, 65.0, 52.5, 57.3, 
45.0, 40.5, 39.8, 39.7, 29.5, 28.3, 23.4, 18.0, 15.4, 15.3, 
11.7, - 1 . 4 . 

MS ( m / e ) : 672 (M+ f N H 4 ) . 
HMRS: cak; for CasH.^.sOTClNSSi: 672.3157; found: 

672.3176. 

(8ZJ4E.16E)-(3S and 3R.7S and 7R,12S,]3S)-
12-Methoxy-9,13,17- trimethyl- 7-[(4-trirnethylfiilyl-
2-oxabutanyl)oxy]-3-(phenylsulfonyl)cycloheptadeca-
8,14,16-triene-l,4-dione 34 

To a .suspen.sion of cesium carbona te (391 mg, 1.2 nnnol) in 
acetonitri le (155 mL) was added, a t 45 °C, a solution of the 
chloroketone 3 3 (158 mg, 241 /xmol) in acetonitri le (5 mL) 
over a period for 2 h. After stirring for 1 h, thi; reaction 
was quenched with a sa tu ra ted aqueous ammonium chloride 
solution (100 mL) and the mixture was ext rac ted several 
t imes with a solution of hexanes and diethyl ether ( 3 x , 1:1). 
The combined organic phases were dried over magnesium 
sulfate, filtered and concinitrated. T h e residue was purified 
by flash chromatography (30% ethyl aceta te iti hexanes) to 
afford a cokirless oil as two fractions containing a mi.xture 
of two diastereoisomers each 3 4 (107 mg, 72%). 
[a]g' = - 1 . 4 (c = 1.07, dichloromethane) . 

IR (film, u c m - ' ) : 2 9,52. 1 719, 1 656, 1628. 1 325, 1 152. 
1 099. 

' H N M R (.300 MHz, C D C I 3 , 6 ppm) : 7.90 7.46 (.5H, m, 

CeHs), 6.92 ( IH, m, C H = C H C i 7 = C ( C H 3 ) ) , 6.40 ( IH, 
m. C H = C / / C H = C ( C H 3 ) ) , 6.10 ( IH, m. C 7 / = C H C H = 
C ( C H 3 ) , 4.90 ( IH, d, J = 7.5 Hz, C 7 / = C ( C H 3 ) ) , 

4.70-4.25 (3H, m, O C / / 2 O and C / / O S E M ) , 3.80 
( IH , t, ./ = 11 Hz, C/ZSOaPh) , 3.84-3.35 (5H. m, 
O C i f a C H a T M S and C H O C H s ) , 3.10-2.20 ( . 5 H , m, 
C 7 7 0 C H 3 . CH2CO and CT/aCH), 2.05 ( IH, m, C 7 / C H 3 ) , 

1.97-1..30 (6H, m. C 7 7 2 C / / 2 C ( C H 3 ) and CHzCn-iCO), 
1.70 (6H, m, C ( C / / 3 ) = C H and CR=C{CHi)). 1.13 (3H, 
m, CMCHj). 0.90 (2H. m. CT/ .TMS) . 0.02 (9H, m, 
S i ( C / f 3 ) : 0 -

'•'C N M R (75 MHz, C D C I 3 , 6 ppm) : 201.4, 197.8, 148.5, 
148.2, 147.7, 144.3, 142.9. 142.0. 140.3, 1,38.5, 136.6, 
134,6, 133,6, 133.4, 129,4, 129,0, 126,8, 126,7, 126,2, 
125,8, 125.3, 124,7, 93.3, 93.0, 91.8, 91,6, 85,3, 84,6, 84,2, 
73.8, 72,7, 72,6, 72,4, 72,1, 70,6, 70,2, 65,4, 65,1, 65,0, 
60,4, 58,4, 57,2, ,56,7, 44,9, 43,0, 42,8, 42,6, 40,6, 39,7, 
34.9, 34,6, 34,2, 34,0, 33,8, 30,4. 29,9, 29,5, 29.4, 29.1, 
28,6, 27.9, 26.2, 23,9, 23,8, 23,2, 21,0, 18,8, 18.1, 18,0, 
17,6, 15,5. 14,2, 11,6, 11,5, 11,3, - 1 . 2 , - 1 . 4 , - 4 . 2 , 

MS ( m / e ) : 560 (M+ C H 2 O 2 ) , 

(2E,8Z, 14E,16E)-(7S, 12S, 13S)-12-Methoxy-
9,13,17- trimethyl- 7-[(4- trimethylsilyl-2- oxabutanyl)-
oxy]cycloheptadeea-2,8,14,16-tetraene-l,4-dione and 
(2E, 8Z, I 4 E , 16E)-(7R.12S,13S)-12-methoxy-
9,13,17-trimethyl-7-[(4-triniethylsilyl-2-oxabutanyl)-
oxy]eyeloheptadeca-2,8,14, i6-tetraene-1,4-dione 35 

To a solution of the macrocycle 3 4 (65,3 mg, 105 /umol) in 
te t rahydrofuran (5 mL) was added diazabicyclo[2,2,2]undec-
ene (24,1 mg, 157 /xniol). After st irr ing for 1 h at room tem­
pera ture , the reaction was quenched with sa tu ra ted aqueous 
ammonium solution (10 niL) and the result ing mixture was 
extracted with diethyl ether ( 3 x ) . T h e combined organic 
phases were dried over magnesium sulfate, filtered and con­
centrated. The residue was purified by flash ( l i roinatography 

(30% ethyl ace ta te in hexanes) to give a yellowish oil as a 
mixture of two diastereoisomers 3 5 (45,2 mg, 9 0 % i ) , 

H d = - 3 5 , 3 (c = 1,15, dichloromethane) , 
IR (film, 1/ c m - ' ) : 2 950, 2 880, 1 698, 1 647, 1 626, 1 248, 

I 096, 

Diastereoisomer .4: 'H NMR (300 MHz, C D C I 3 , S p p m ) : 
7,02 ( IH, d, J = 16 Hz, C O C / / = C H ) , 6,91 ( IH , d, 
J = 11 Hz, C i f = C ( C H 3 ) ) , 6,63 ( IH, d, J = 16 Hz, 

C 0 C H = C 7 f ) , 6,44 ( IH, dd, .7 = 15 Hz and 11 Hz, 

C H = C / f C H = C ( C H 3 ) , 6,03 ( IH , dd, J = 15 Hz and 
8 Hz, C 7 / = C H C H = : C ( C H 3 ) ) , 5,03 ( IH, d, .7 = 7,5 Hz, 
C 7 / = C ( C H 3 ) ) , 4,64 ( IH , d, JXB = 7 Hz, O C / / 2 O ) , 

4,56 ( IH, d, J..\D = 7 Hz, O C 7 / 2 O ) , 4,41 ( IH, m, 

C F O S E M ) , 3.70 and 3.50 (211, 2m, O C F 2 C H 2 T M S ) , 

3,43 (3H, s, C H O C / / 3 ) , 2.95 ( IH, m, CT/OGHs) , 2,61 
(2H, m, C H 2 C O ) . 2,47 ( I H . m, Cf fCHa) . 2.18 (2H. m, 
C / f 2 C ( C H 3 ) ) , 1.94 (3H, d, ,7 = 1 Hz, C ( C 7 f 3 ) = C H ) , 

1,8.3-1,50 (4H, ni, C 7 7 2 C H 2 C ( C H 3 ) and C.H2GU2CO). 
1 , 7 7 (3H, d, . 7 = 1 Hz, C ( C / / 3 ) = C H ) , 1.16 (3H. d. 
J = 7 Hz. CHCT/s) , 0.90 (2H, m, C H 2 T M S ) , 0,03 (9H, 
S , S i ( C / 7 3 ) 3 ) . 

Diastereoisomer B: ' H NMR. (300 MHz, C D C I 3 , h ppm) : 
7 , 0 0 ( IH, d, J = 16 Hz, C O C 7 / = C H ) , 6.95 ( IH . dd, 
.7 = I I Hz and 1 Hz. C 7 7 = C ( C H 3 ) ) , 6,65 ( IH, d, 

J = 16 Hz, C 0 C H = C / 7 ) , 6,41 ( IH, ddd, .7 = 15 Hz, 
I I Hz and 1 Hz, C H = C . H C H - - : = C ( C H 3 ) , 6,30 ( IH, dd, 
,7 = 15 Hz and 5,5 Hz, C 7 f = C H C H = C ( C H 3 ) ) , 5.02 ( IH, 
d, . 7 = 7 , 5 Hz, C 7 7 = C ( C H 3 ) ) , 4,63 ( IH, d. J a b = 7 Hz, 

OCHzO). 4,.56 ( IH, d, , 7 a b = 7 Hz, O C / / 2 O ) , 4,41 ( IH, 
m, C 7 7 0 S E M ) , 3,70-3.,50 (2H, m, O C / / 2 C H 2 T M S ) , 3,39 
(.3H, s, C H O C 7 7 3 ) , 3,f.)2 ( IH, m, C / f O C H 3 ) , 2,75 ( IH, m, 
C 7 7 C H 3 ) , 2.62 (2H. m, CH2CO). 2,45 ( I H . dt , J = 12 Hz 
and 5 Hz, C 7 7 2 C ( C H 3 l ) . 1,95 (3H, s, C ( C 7 7 3 ) = C H ) , 
1.83 (3H, m, C 7 / 2 C ( C H 3 ) anti C / 7 2 C H 2 C O ) , 1,78 (3H, 
d, J = 1 Hz, ( : ( C f / 3 ) = C H ) , 1„55 and 1,;30 (2H, 2m, 
C 7 7 2 C H 2 C ( C H 3 ) ) , 1.14 (3H, d, J = 7 Hz, C H C / / 3 ) , 0,90 

(2H, m, C 7 / 2 T M S ) , 0,02 (9H, s, S i ( C 7 7 3 ) 3 ) . 

'• 'C N M R (75 MHz, C D C I 3 , 6 w™): 199,6, 199,4, 197,6, 
197.3, 147,9, 147 ,7, 145,0, 144.5, 140.9, 140.8, 137 ,7 , 
137,6, 1.36,7, 135,8, 133 ,7, 133.1, 129.3, 125,3, 125,0, 
124,6, 91,6, 91,5. 85,7, 85,0, 70,5, 70,1, 65,4, 65,2, 57,8, 
56.6, 43,0, 39,9, 39.6, 38.5, 32,4, 31.9, 3 1 , 7 , 30,9, 29,9, 
28.7, 24,4, 23,6, 18,1, 18,0, 17,2, 15,1, 12,0, 11,9, - 1 , 5 , 

MS ( m / e ) : 476 ( M * ) , 
H M R S calc for C2 - H , u O , 5 S i : 476,2958: found: 476,2968, 

(8Z,14E,l6E)-(7S,12S,13S)-12-Methoxy-
9,13.17-trimethyl-7-[(4-trimethylsilyl-2-oxabutanyl)-
oxyjcyeloheptadeca-8,14,16-triene-l,4-dione and 
(8Z,14E,16E)-(7S,12S,13S)-l2-methoxy-
9,13,17-t.rirnethyl-7-[(4-trimethylsilyl-2-oxabutanyl)-
oxy]eyclohept.adeea-8,l4,16-triene-l,4-dione 36 

To a solution of the enedione 3 5 (127 mg, 266 /imol) in 
a mixture of benzene (10 mL) and acetic acid (16,7 mg, 
279 /imol), previously degassed, were added t r i -n-butyl t in 
(92,9 mg, 319 /xmol) and te t rakis( t r iphenylphosphine)pal-
ladium (9,2 mg, 7,98 ^tmol) under argon. After st irr ing for 
30 min, the reaction was quenched wi th water (10 mL) 
and the result ing mixture was ex t rac ted several t imes with 
diethyl ether . The combined organic phases were dried over 
magnesium sulfate, filtered and concentrated. The residue 
was purified by flash chromatography (30% ethyl aceta te 
in hexanes) to afford a yellowish oil as a mixture of two 
diastereoisomers 36 (115 mg, 91%), 
[ q ] d = - 3 4 , 0 (c = 1,15, dichloromethane) , 
IR. (film, I' c m - ' ) : 2 952, 2 927, 1 714, 1 6.57, 1 632, 1 248, 

1 099, 1 030, 
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' H N M R (300 MHz, C D C I 3 , 6 ppm) : 7.00 and 6.91 ( IH , 
2d, J = 11 Hz, C i f = C ( C H 3 ) ) , 6.43 and 6.39 ( IH , 
2dd, ,7 = 15 Hz and 11 Hz, C H = C 7 7 C H = C ( C H 3 ) ) , 
6.09 and 6.07 ( IH, 2dd, J = 15 Hz and 7 Hz, 
C 7 7 = C H C H = C ( C H 3 ) ) , 4.96 ( IH, d, .7 = 7.5 Hz, 
C 7 f = C ( C H 3 ) ) , 4.10-3.90 (2H. m, OCH2O), 4.13 
and 3.82 ( IH, 2m, C / / O S E M ) , 3.73-3.45 (2H, m, 
O C / / 2 C H 2 T M S ) , 3.41 and 3.36 (3H, 2.s, CBOGH3), 3.01 
( IH, m. C i / 0 C H 3 ) , 2.95-2.32 (5H. m, C 7 f 2 C O C 7 / 2 and 
C 7 7 C H 3 ) , 2,25-1.83 (8H, m, C i 7 2 C / f 2 C ( C H 3 ) , COCifz 
and C 7 / 2 C H 2 C O ) , 1,82 and 1,81 (3H, 2s, C ( C / / 3 ) = C H ) , 
1,72 (3H, s, C ( C 7 / 3 ) = C H ) , 1,13 and 1.10 (3H, 2d, 
J = 7 Hz, CKCHj), 0.85 (2H, ni, CH-iTMS), 0.02 and 
- 0 , 0 1 (9H, 2s, Si (Cif3 )3) . 

" C N M R (75 MHz, C D C I 3 , S ppm) : 209,3, 208,7, 203.0, 
146.6, 146.2, 142,1, 140,9, 139,9, 139,1, 133,2, 129.3, 
126.5, 126.3, 126.1, 126,0, 92,5, 91,7, 85,4, 84.2, 72.1, 
71,1, 65,0, 57,7, 56,6, 42,7, 41,3, 40,0, 39,8, 39,3, 32,1. 
31,9, 29,8, 29,5, 29,2, 28,6, 26,4, 26,1, 24.0, 23,6, 18,1, 
17,9, 16.9, 14.1, 11.4, - 1 . 5 . 

MS ( m / e ) : 448 (M+ - C H 2 O ) . 
HMRS: calc for C26H4404Si: 448,3009; fonnd: 448,3014, 
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