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Abstract: The chemical synthesis of a series of 26-substituted epothilones B is described. Fuily protected 26-hydroxydesoxy-
epothilone B (7), prepared via the macrolactonization strategy, served as a common precursor to the designed epothilones

described. The synthesized compounds were members of a large epothilone library whose biological screening led to the
identification of a number of highly potent antitumor agents. © 1998 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

Q.

The discovery of the epothilones (isolated from the myxobacteria sorangium cellulosum strain 90) and
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number of analogs’ > have been synthesized and evaluated. The chemical t
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iology of epothilones has aiso
recently been reviewed.

Due to the higher potency of cpothilone B as a tubulin polymerization and cytotoxic agent, the
synthesis of epothilone analogs with substitution at C26 assumed high priority in our laboratories. Ina
preliminary communication,‘la we disclosed the chemical synthesis of 26-hydroxy epothilone B (6, Figure 1),
and a number of derivatives thereof, together with relevant biological data. In this article, we describe the
details of the total synthesis of a series of C26-substituted epothilones via a macrolactonization based

strategy, starting from a readily available intermediate previously used for the total synthesis of epothilone
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¥ This paper is dedicated with affection and respect to our colleague and friend Professor Madeleine M. Joullié
in celebration of her forty years of distinguished research and teaching at the University of Pennsylvania.
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3. epothilone C

5: epothiione E

Designed compound 7 (Figure 2) fuifills these criteria. Its construction was envisioned to proceed along the
path previously charted in these laboratories for epothilone B 32 and would involve (a) a stabilized ylid

stabilised Wittig reaction
P

"_?XJ’"" g lﬁ,lvf —
SN .0

aldol reaction 6

Yamaguchi
Macrolactonization

R =TBS
7: fully protected 26-hydroxydesoxy epothilone B

Figure 2. Fully protected 26-hydroxydesoxy epothilone B (7) and strategic bond disconnections
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condensation to install the C12,13 double bond geometry and simultaneously provide the C26 carbon; (b) an
aldol condensation to form the C6,7 bond; and (c) a Yamaguchi-type macrolactonization to form the

macrocyclic skeleton.

RESULTS AND DISCUSSION
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aqueous NaOH the 30% HQOg, 3 h 94%, (c) 1.5 equiv. of I, 3.0 equiv. of imidazole, 1 5 equw of Ph3P
Et,O:MeCN (3:1), 0 "C, 0.5 h, 90%; (d) 1.3 equiv. of 12, 1.3 equiv. of LDA, THF, 0 "C, 14 h; then 1.0
equiv. of 11 in THF, -100 —» -20 °'C, 10 h, 94% based on 70% conversion; (e) 2.5 equiv. of
monoperoxyphthalic acid, magnesium salt (MMPP), MeOH:phosphate buffer pH 7 (1:1), 0 °C, 1 h, 91%,; (f)

2.0 equiv. of DIBAL, toiuene, -78 'C, 1 h, 97%. 4-DMAP = 4-dimethylaminopyridine; 9-BBN =
9-borabicyclo[3.3.1]nonane; LDA = lithium diisopropylamide; DIBAL = diisobutylaluminium hydride.
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admirably throughout the course of the synthesis. Protection of 8 as a trityl ether (trityl chlonde 4-DMAP,
DMF; for abbreviations, see legends in Schemes) furnished 9 in 99% yield. Regioselective hydroboration of 9
employing 9-BBN, and an ensuing basic hydrogen peroxide work-up led to primary alcohol 10 in 94% yield,
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Ph,P, iodine and imidazole in the mixed solvent system of

-

1] B ii BS
O OR; X 7 i
h. quanE:"Ti Ry=H, R, =TBS, X=H, OTBS O ORs X
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L-19: Ry =Ry =TBS, X=H, OH

|d. Swern oxidation

'
Tro\‘ Tl \/\l
X S X
.y . IN/>~ e e L

| z
OT 22

200 X . NaClO l

ne. v ~i a 2 n 24 B trinhinrnhanzavinhinrida

L1, A=0Un~ g. &£,%,G=uaiCriOrooer lLu_yluluulluU

Scheme 2. Stereoselective synthesis of fully protected 26-hydroxydesoxy epothilone B 7. Reagents and
conditions: (a) 1.2 equiv. of LDA, THF, 0 ‘C, 15 min; then 1.2 equiv. of 16 in THF, =78 — -60 °C, 1 h; then 1.0
equiv. of 15 in THF at-78 "C, (85 % combined yield, ¢a .3 : 1 ratio of 17:17"; (b) 1.2 equiv. of TBSOTf, 2.0
equiv. of 2,6-lutidine, CH2Cly, 0 °C, 2 h, 92%,; (c) HFepyr. in pyridine, THF, 0 — 25 °C, 4 h, 74%; (d) 2.0 equiv.
of (CC!CI")2, 4.0 equiv. of DMSO, 6.0 equiv of EtgN, CHClp, =78 5 0 °C, 1.5 h, 99%' (e)3.0 equiv of NaCiC‘)z,

5:
TRA: TH: 25 f‘ 2] h ]Q9.- ln\ 1.3 equiv. nf 2 A A-trichinrnhanzavichlarida 2 2 antiiv of Et Nl Tl—l: n-"c o1
AR T M, O 76, \g) 1.0 SQuY. Ui £,4,0-NCNI0T00ENZ0YICMiONGS, .2 eQuiV. OF Tigiy, U,
h; then add to a solutlon of 2.2 equiv. of 4-DMAP in toluene (0.005 M based on 22), 75 °C, 1 h, 75%; TBAF =

tetra n-butylammonium fluoride.
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Stereoselective alkylation of SAMP hydrazone 12,g via its lithio derivative (LDA, THF, -78 — 0 °C), with
iodide 11 (100 — -20 °C, 94% yield, based on ca. 70% conversion) led to hydrazone 13. The transformation
of 13 to nitrile 14 proceeded smoothly under the influence of MMppE©? (91% yield), and reduction of the
latter with DIBAL in toluene at —78 °C provided the key aldehyde 15 in excellent yield (97%). The coupling
of the C1-C6 ketone fragment 16 38 with the C7-C15 aldehyde 15 via a syn-selective aldol reaction (LDA, 78

s

°C) as shown in Scheme 2, furnished compound 17 along with its (6S,7R)-diastereoisomer 17" (85% total

yield, ca. 3:1 ratio in favor of 17). Chromatographic purification (silica gel, 20% Et,O in hexanes), followed by
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silylation (TBSOTH, 2,6-lutidine, CH,Cl,, 0 °C, 92% yield) gave tetra(silyl)ether 18. The use of buffered
0

B e )

pyridinium hydrofluoride (HFepyr.) in THF ' permitted selective desilylation of the primary TBS group of
18 giving 19 (74% yield), which was sequentially oxidized to aldehyde 20 [(COCI),, DMSO, Et,N, 99%], and
thence to carboxylic acid 21 (NaClO,, 99%). Selective desilylation at C15 was achieved by the use of TBAF
in THF, providing the hydroxy-acid 22 in 89% yield. The latter compound was in turn subjected to the
macrolactonization conditions described by Yamaguchi,“ allowing isolation of the lactone 7 in 75% yield.
Having secured a facile route to lactone 7, we were faced with a number of choices regarding the further
manipulation of this intermediate. Initial explorations employing formic acid in ether demgn.strated that we

could se!ecf'vcly expose the key C26-hydroxyl moiety whilst retaining the TBS ethers at C3 and C7 leading to
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Scheme 3. Synthesis of 26-hydroxydesoxy epothilone B (24) and 26-hydroxy epothilone B (6).
Reagents and conditions: (a) 50% formic acid in Et;0, =10 °C, 5 h, 63%,; (b) 30% HFepyr. (by volume) in
THF, 0 — 25 °C, 36 h, 78%; (c) 0.25 equiv. of (+)-diethyi-L-tartrate, 0.2 equiv. of Ti(~OPr)s, 2.0 equiv. of i

0Eo/\

UUUUH, =30 \.1, 2 H 76% \U €. >90 /o).

Alternatively, treatment of 7 with HF+pyr. in THF promoted concomitant cleavage of both the silyl groups
and the trityl moiety, leading to 24 in 78% yield. We were pleased to find that using the conditions of
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Sharpless13 [(+)-diethyl-L-tartrate, Ti("OPr),, +-BuOO1I], allylic alcohol 23 was readily converted to 26-
hydroxyepothilone B (6) in 76% yield and excellent diasteroeselectivity (d.e. >95% as judged by 'H NMR
spectroscopy). With these intermediates at hand, a plethora of 26-substituted epothilones came within reach.

Reaction of allylic alcohol 24 with either simple acid anhydrides (e.g. acetic anhydride) or acid chlorides
(e.g. pivaloyl chloride or benzoyl chloride) provided the corresponding esters in high yield (25, 85%:; 26, 93%;
27; 90%, Scheme 4).
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0.1 equiv. of 4- DMAP, CH20|2, 0°C,0.5 h, 90%.

To further investigate the effects of steric bulk at C26 on biological activity, we next targeted the methyl ether
29 and the bulkier benzyl ether 31 (Scheme §). Formation of the sodium anion of alcohol 23 was achieved

using sodium hydride in DMF or THF. Quenching with either ethyl iodide or benzyl bromide provided the
. . ard

a. NaH, Mel aa. ol _ A 2 =TBS C. HF'pyl' an. 01 _ a2
£LO0. M b — Y.

R H
|b. NaH, BnBr  39: R'=Bn, R2 = TBS C. HF*DY". _31: R' =Bn, R2=H

Scheme 5. Synthesis of 26-ether-desoxy epothilones 28 and 31. Reagents and conditions: (a) 1.1 equiv.

of NaH, 20 equiv. of Mei, DMF, 0 °C, 1 h, 65%,; (b) 1.1 equiv. of NaH, 20 equiv. of BnBr, THF, 0 - 25 °C, 1 h,
40%; (c) 30% HFepyr. (by volume) in THF, 0 — 25 °C, 24 h, 89% of 29, 87% of 31.



We were also interested in the effect of introducing halogen substituents at C26, as these groups, and
fluorine in particular, frequently have a profound effect on the biological activity of a compound. Refluxing 23
in carbon tetrachloride with triphenylphosphine (Scheme 6) gave 32 (85%), with ensuing silyl deprotection
(HF-pyr.) yielding allylic chloride 33 (74%). Alternatively, upon exposure to DAST in CH,Cl, at —78 °C,
allylic alcohol 23 afforded a 3:1 mixture of fluorides 34 and 36 (the latter arising from Sy2' attack).

4a. PhaP, CC’4

N YN +

oz

0 OR O
34: R=TBS 36: R = TBS
o HFopyr [ yei 1y o HFpyr[__ azipon

Scheme 6. Synthesis of 26-chloro- and 26-fluoro-epothilones 33, 35 and 37. Reagents and conditions: (a)
4.0 equiv. of PhaP, CCly, 75 °C, 24 h, 85%; (b) 1.2 equiv. of DAST, CH,Cl,, 78 °C, 55% of 34, 21% of 36; (c)
30% HFepyr. (by volume) in THF, 0 — 25 °C, 24 h, 86% of 33, 74% of 35, 84% of 37. DAST = diethylamino
sulfurtrifluoride.

As previously, deprotection of these products gave a high yield of allylic fluorides 35 and 37 (74 and 84%,
respectively). Interestingly, when the triol 24 was exposed to the same fluorination conditions (Scheme 7),

(26-hydroxydesoxy epothilone B) (24)
| a. DAST

——
P

Scheme 7. Synthesis of epothilone analogs 35 and 38. Reagents and conditions: (a) 1.2 equiv. of DAST,
CH,Cly, =78 °C, 65% of 35, 12% of 38. DAST = diethylamino sulfurtrifluoride,
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35 was the major product obtained (65%), with no evidence for the formation of the undesired Sy2' derived
component. One can perhaps postulate that the silyl ethers of 23 force the macrocycle to adopt a
conformation which is more predisposed towards this mode of nucleophilic attack. Another unanticipated
observation from this reaction was the isolation of a small amount of dimeric compound 38 (12%), presumably
arising from attack of allylic alcohol 24 upon the activated hydroxyl group at a faster rate than the fluoride ion

To probe the tolerance of the epothilone binding site for both saturated and unsaturated alkyl

substituents, we decided to prepare compounds with ethy!

R 0 6R O
5 i 8 b. TMSCHN,

n-BulLi d. HFopyrl:f?: E =TBS
L3 o

¢. PhgP=CH. /\/\ | Ingl S\

S
- />\ e. Hy gas,

H W N Lindlar
‘3 - catalyst
N O :
m:
C OH O
46

f. methyl(trifluoromethyl)dioxirane

Scheme 8. Synthesis of C26-substituted epothilones 41, 43, 45 and 46. Reagents and conditions: (a)
5.0 equiv. of MnO,, Et;0, 25 °C, 3 h, 85%; (b} 1.5 equiv. trimethylisilyl diazomethane, then 1.3 equiv. n-Buli
(1.5 M in hexanes), THF, =78 — 0 “C, 1h, 75%; (c) 2.0 equiv. of PhgP*CH3Br, 2.0 equiv. of LIHMDS (1.0 M in
THF, THF, 0 °C, 0.5 h, 85%,; (d) 30% HFspyr. (by volume) in THF, 0 — 25 °C, 24 h, 91% of 41, 85% of 43,

75% of 45; (e) H, gas, Lindiar catalyst, EtOAc, 25 °C, 15 min, 50%; (f) methyi(trifiuoromethyi)dioxirane,
MeCN, 0 °C, 58% of 46 and 19% of corresponding C12,13 diastereoisomer 46'.
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Subsequent Wittig methylenation using the ylid derived from methyl triphenylphosphonium bromide and
LiHMDS gave conjugated diene 42 (85% yield), Alternatively, treatment of aldehyde 39 with the anion derived
from trimethylsilyl diazomethane'* gave acetylene 40 in good yield (75%). These unsaturated analogs (40 and
42) were then desilylated as before to afford 41 (91%) and 43 (85%), respectively. Careful hydrogenation of
42 in the presence of Lindlar catalyst provided 44, albeit in moderate yield (50%). Following desilylation of
44 (75%), diol 48 was epoxidiqed using methyl(trifluoromethyl)dioxirane in MeCN? 1o give epoxide 46 along

with its C12,C13 diastereoisomer in 75% total yield (ca. 2:1 ratic in favor of 46). The major diastereoisomer

from this reaction (46) gave crystals uitable for X-ray analysis and allowed conformation of the facial
Aalandieribnr ~Ftha A~ Ao DIOC MNANTED 3. e

selectivity of the epoxidation pr s (see ORTEP drawing, Figure 3).

In addition to the esters described above, we also wished to investigate the activities of the reverse
esters (i.e. a,B-unsaturated ester systems). Oxidation of allylic alcohol 24 to enal 47 was efficiently achieved
in a similar fashion as for 23 — 39, by reaction with MnO, in ether (Scheme 9).

a. MnO,

48: R = OH ~
¢. CHN, E49 R = OMe

Scheme 9. Synthesis of analogs 47-49. Reagents and conditions: (a) 5.0 equiv. of MnO,, Et,0, 25 °C, 3 h,
85%,; (b) 5.0 equiv. of NaCiO,, 70 equiv. of 2-methyi-2-butene, 2.5 equiv. of NaH, POy, (-BuOH:H,0 (5:1), 0
°C, 0.5 h, 98%; (c) CH5Ny, Et,0, 0 °C, 80%.

Further oxidation by NaClO, provided carboxylic acid derivative 48 which was esterified by exposure to
diazomethane in ether to give methyl ester 49. The preparation and testing of an amide derivative was also
considered important, and by selective tosylation (70%) of 24 (Scheme 10), followed by displacement of the

R
/OR /
O\/[ W b. NaNs HO}) ]\()\/[
o OH o 6 OH ©
51: R=N
a 701 [ 55 50: R Ts o Phopiz0 [ 0o o N,
d. Ac0 [: 53: R = NHAC

Scheme 10. Synthesis of anaiogs 50- T
EtaN, 0.1 uquw of 4- DMAP CHQCIQ 0
F

equiv. of PhsP, 3.0 equiv. of H,O, TH

agents and conditions: (a) 3.0 equiv. of TsCl, 2.0 equiv. of
C 75 O/ fm\ DN

53. He i,
C-!ID\‘IO/ Y 2N Ay ~f ANlaN NAAE o r\ O\b}LU

1 ] \U} (SR} U\,{IL”V ul I‘al‘:a wivin, £o C [ AY)
8 h, 70%; (d) 1.1 equiv. of Ac,O, CH.Cly, 10 min, 98%.

w



resulting tosylate 50 with sodium azide in DMF and reduction of the resulting azide 51 with
triphenylphosphine in the presence of water, we were able to isolate the highly sensitive amine 52 (70%
yield). This was immediately exposed to acetic anhydride in CH,Cl, to provide the acetamide 53 (98%).

The epothilone analogs so far described (with the exception of 46) lacked the C12,13 oxirane
functionality, and even though the latter could conceivably be introduced by non-selective epoxidation (as in

the case of 46), we sought to define procedures for the controlled construction of the corresponding epoxides.

Epoxide 6 served well as a central intermediate for the synthesis of numerous epothilone analogs as shown in

nhamas 11 and 19
CHTHITDY 1% AllU 1 &

v

g PRSI hef

us, selective esierification of 6 with AC2U I-DubObl or

I AraYall

PhCOCI under standard conditions (see
Scheme 11) proceeded smoothly to afford compounds 54 (90%), 55 (90%) and 56 (85%), respectively. We
were pleased to find that selective halogenation of epoxy triol 6 proved relatively straightforward. The
reaction of 6 with DAST proved surprisingly efficient, affording epoxy fluoride 57 (65%) as long colorless
needles, which were subjected to single crystal X-ray confirming its absolute stereochemistry (see ORTEP
drawing in Figure 3). The corresponding chloride 58 was also efficiently prepared from the same intermediate

by the use of triphenylphosphine in CCl;:CH;CN (3:1, 85% yield). Tosylation of the primary alcohol of 6

provided tosylate 59 in 85% yield and was followed by displacement with sodium iodide in acetone to afford
ennvyy ;{'\l“;{"ﬂ En ;n R< n ‘IiFl]f‘
\IIJV"\J AV VUV 11l VY /Y TN
_OH
09 s
YL S
HO__A-.., WN//\
a. Ac,0 L\ o d. DAST
o N
or T T 7 or
b. t:BuCCCI 0O OHO e. PhaP/CCly
or 6 or
¢. PhCOC! f. TsCl
-/O\,*,’R _X
: 1,0
A (l) O c A~L]J s
[l o~ (=4
HO_~-. A P~ HO( -, P P~
o, N N \', B N
R 0 o}
) il : I Il H I
O OH O O OH O
54: R =Me 57:X=F
565: R=tBu 58: X=Cl
56: R =Ph 59: X = OTS——lnNal

60: X = -—J17"
Scheme 11. Synthesis of analogs 54-60. Reagents and conditions: (a) 1.1 equiv. of Ac,0, 1.0 equiv. of
4-DMAP, EtOAc, 0 °C, 0.5 h, 90%; (b) 3.0 equiv. of pivaloyl chloride, 4.0 equiv. of Et3N, 0.05 equiv. of 4-
DMAP CH,CL, 0 °C, 0.5 h, 90%;: {(c) 1.2 equiv. of benzoy! chloride, 4.0 equiv. of EtgN, 0.05 equiv. of 4-

LWy W IZNAIZ, U Ny [USHRFAYS Y ey w2 Bg

DMAP, CH,Cl,, 0 °C, 0.5 h, 85%; (d) 1.1 equiv. of DAST, CH3Clp, ~78 °C, 10 min, 65%; (e) 4.0 equiv. of
PhsP, CCly:CH3CN (3:1), 25 °C, 1 h, 85%; (f) 3.0 equiv. of TsCl, 2.0 equiv. of EtgN, 0.1 equiv of 4-DMAP,
CHsClg, 0 °C, 1 h 85%; (@) 3.0 equiv. of Nal, CH3C(O)CHs, 55 °C, 2 h, 90%.
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Our next important goal was the chemoselective oxidation of the primary alcohol of 6 to give aldehyde
61 (Scheme 12) which would, hopefully, by further oxidation, permit access to the corresponding carboxylic
OH P.\;,O
i ,0 0
| S\ ~ TRADA Ao ol | i 2\
a. 1ocvirospiedacti
\s y \7 "
- \[r VA\H/ o W T \/A\n/ &
~ Ao~ A~ AL
O OH O C OH O
6 81:R=H 4 NaciO,
62: R =0OH c. CHoN
63: R = OMe i

Scheme 12. Synthesis of analogs 61-63. Reagents and conditions: (a) 5.0 equiv. of TEMPO (0.008 M
solution in CH,Cl,), 1.0 equiv. of NaOCI (0.035 M solution in 5% agueous NaHCQ3), 0.1 equiv. of KBr (0.2
M aqueous solution), CHClp, 0 °C, 0.5 h, 90%; (b) 5.0 equiv. of NaClO,, 70 equiv. of 2-methyl-2-butene, 2.5
equiv. of NaHPQy, t-BuOH:H,0 (5:1), 0 °C, 0.5 h, 95%,; (c) CHoN,, EtOAC:EL0 (2:1), 0 °C, 2 h, 90%.

acid and esters thereof. Initial attempts using TPAP/NMO'® proved disappointing, with the majority of
material being lost to heteroatom oxidation in the thiazole ring. A much more satisfactory outcome was
obtained by employing the stabilized radical source TEMPO with bleach as the stoichiometric re-oxidant.!”
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Figure 3: ORTEP drawings of compounds 46, 57 and 66.
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Further oxidation employing sodium chlorite then provided the highly sensitive carboxylic acid 62 (95%),
which was subsequently esterified with diazomethane giving methyl ester 63 (90%). In the light of these
results, we reasoned that we should also be able to access the allylic epoxide 66 (Scheme 13). Protection of
the C3 and C7 hydroxyls of 61 as TMS ethers gave 64 (90%), and subsequent Wittig methylenation as
described previously delivered 65 in good yield (75%). Finally, desilylation using buffered HFepyr. afforded
66 in excellent yield (97%). The latter compound proved highly crystallme and once more we were able to
confirm its structure by X-ray crystallo
via epoxi
tive hydrogenation of the terminal olefin of 65
(Scheme 13) would prove to be feasible, we could secure a new route to this compound. Initial results
utilizing palladium catalysts were disappointing, with epoxide ring-opened products predominating. However,
by employing diimide, prepared in siru from hydrazine and hydrogen peroxide in ethanol,18 we were able to
convert 65 to 67 in 90% yield, and, thence, to 46 by standard desilylation (97% yield).

: ]
HOL J/\/ﬁ 1o I »— a. TMSCI TMSOL M IR !\N 3\
s

OH o
61 64 STMS
i
| b. PhsP=CH,
i 0 i,0

RO '/\/<{ '\ H’S;\\‘ d. HN=NH RO M I\ H/%’\‘

w

O OR O O OR O
67:R=TMS HEepy [— 85 R=TMS
c. HFspyr. 46 R = H c. HFpyr. E 66 R - H

Scheme 13. Synthesis of epothilones 66 and 46. Reagents and conditions: (a) 3.5 equiv. of TMSCI,
5.5 equiv. of EtgN, CH,Cly, 0 — 25 °C, 12 h, 90%,; (b) 2.0 equiv. of PhaP*CH3Br, 2.0 equiv. of NaHMDS,

TWE N _ o6 t“ 75%: (A LiEanur in nuridina THE 0 _y 25 °C 3 h 079% of R 75% of 48 (d\ 28 eqauiv. of
nr, v—a«co 570, \U) TIETPYL. HEPYHIURIG, 1115, U =7 &9 W, Vil J71 /0 UL UV, 7V /0 Vi TV, (W] & SYUiv. Vi
HoNNH., 16 equiv. of 30% HoO2 EtOH, 90%

In this article we described synthetic studies culminating in the chemical synthesis of a variety of C26-
substituted epothilone analogs, several of which have already demonstrated high levels of biological
activity.aa’7 The synthetic strategies developed in this program may provide facile entries into a new
generation of designed epothilones for further chemical biology studies.
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Compound 9. Tritylation of Alcohol 8. Alcohol 8 (80.0 g, 0.2 mol) was dissolved in DMF (2L, 0.1
M) and 4-DMAP (35.0 g, 0.29 mol, 1.4 equiv.) and trityl chloride (68 g, 0.24 mol, 1.2 equiv.) were added. The
reaction mixture was stirred at 70 °C for | h, cooled to room temperature and the solvent was removed under
reduced pressure. The resulting residue was filtered through a pad of silica gel to give the protected alcohol 9 as

a vellowish oil (133 g, 99%): R-= 0.68 (silica gel, 60% ether in hexanes), frﬂz2 +03 (c 0.3, CHCL); (thin

J A o0 yd J o REREAMNTY LV D ~9 “
film) v 207 YR58 14090 1447 179582 1077 {6 775 TN am- L I NMR /80 M CONCLY S 7 40.7 210
lll‘]l’ Vmax LTl LOITy LTIV LTTTI s LLTTy LUT 14, 0TV, T /7, TV VL s AL IVIV1IN \LJV lvlll‘a, \4“\413} (%4 1. 7%1 .U
(m, 5 H, Ph), 7.28-7.10 (m, 10 H, Ph), 6.85 (s, 1 H, SCH=C), 6.47 (s, 1 H, CH=CCH,), 5.80-5.60 (m, 2 H,
CH=CH,, CH,CH=CCH,0Tr), 4.86 (dd, J=17.1, 1.6 Hz, 1 H, CH=CH,), 4.80 (dd, /= 17.1, 1.4 Hz, 1 H,

CH=CH,), 4.11 (dd, J= 6.5, 6.3 Hz, 1 H, CHOSI), 3.47 (s, 2 H, CH,OTr), 2.85-2.70 (m, 2 H, CH,CH=CH,),
2.68 (s, 3 H, N=C(S)CH,), 2.48-2.15 (m, 2 H, CH,CHOSIi), 1.99 (s, 3 H, CH=CCH;), 0.89 (s, 9 H,
SiC(CH,)3), 0.01 (s, 3 H, Si(CH3),), 0.00 (s, 3 H, Si(CHs),); *C NMR (125.7 MHz, CDCl3) § 164.2, 153.1,
145.9, 144.2, 142.3, 135.5, 128.6, 127.9, 127.8, 126.7, 123.6, 118.7, 115.1, 115.0, 86.4, 78.5, 67.1, 34.9, 33.0,

25.8, 19.1, 18.2, 13.9, —4.7, -4.9; FAB HHIRMS (NBA/Csl) m/e 768.2286, M + Cs* caled for CagH,NO,SSi
768.2308.

| o S bl 10 Qalanticva Mo de howatinem af MNMafinia Maminanmnd 0 Mamnann A0/7/11 7201
[lluldly ﬂlLUllUl AV. OCICLLIYC ll_yu VUL 4ALIVUIL UL U1V v llpU“lIu 7 KJllll}Uullu 7 \l.l 5, LT L

TTITY /4 N T 1 N AN 1 A G .| ff\__l A4 V1

mmox) was dissolved in THF (3. mL, 1.U Vi) anda the solution was cooled to 0 °C. 9-BBN (/.U mL, U.D ivi

solution in THF, 3.5 mmol, 1.2 equiv.) was added, and the reaction mixture was stirred for 2 h at 0 °C.
Aqueous NaOH (7.0 mL, 3 N solution, 21.0 mmol, 7.2 equiv.) was added with stirring, followed by H,0, (2.4
mL, 30%, aqueous solution). Stirring was continued for 0.5 h at 0 °C, after which time the reaction mixture
was diluted with ether (30 mL). The organic solution was separated and the aqueous phase was extracted with
ether (2 x 15 mL). The combined organic layer was washed with brine (2 x 5 mL), dried (Na,SO,) and
concentrated in vacuo. Flash column chromatography (silica gel, 50 — 80% ether in hexanes) furnished
primary alcohol 10 (1.3 g, 94%): R, = 0.19 (silica gel, 60% ether in hexanes); [0}*’p +0.4 (¢ 2.0, CHCLy); IR
(thin film) v, 3385, 2927, 2855, 1490, 1448, 1253, 1075, 836, 775, 707 cm1 'H NMR (500 MHz, CDCL) &

7.57-7.45 (m, 5 H, Ph), 7.30-7.20 (m, 10 H, Ph), 6.89 (s, 1 H, SCH=C), 6.50 (s, 1 H, CH=CCHs), 5.67 (dd, J

— TN i 4 I“_FIIfWTY\ AN 711 Fwo £ &€ £ NTT. 1 I MAITNQCNY 2 £1 2 AQ (e N I MIT NTIY ’, &N
=7.2,7.1 Hz, 1 H, C=CHCH,), 4.25 {aa, /= 06.5, 6.0 bz, 1 1, CnUsij, 3.51-3.46 {im, 2 1, Li1,Unj, 3.5U (5,
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2 H, CH,0Tr), 2.69 (s, 3 H, N=C(S)CH3), 2.48-2.33 (m, 2 H, CH,CHOS), 2.14 (dd, J = 8.0, 7.4 Hz, 2 H,
CH,CH,CH,0H), 2.04 (s, 3 H, CH=CCH), 1.59-1.50 (m, 2 H, CH,CH,0H), 0.92 (s, 9 H, SiC(CH,)3), 0.10
(s, 3 H, Si(CHs),), 0.05 (s, 3 H, Si(CHs)); 3C NMR (125.7 MHz, CDCl) 6 165.3, 153.9, 145.1, 143.4,
138.3,129.5, 128.8, 128.7, 128.1, 124.1, 119.5, 116.1, 87.5, 79.4, 68.2, 63.2, 36.1, 32.1, 28.0, 25.7, 20.0, 19.1,
15.1,-3.7, -3.9; FAB HRMS (NBA/Csl) m/e 786.2390, M + Cs* calcd for C4Hs;NO,SSi 786.2413.

Todide 11. A solution of alcohol 10 (129.5 g, 0.2 mmol) in ether: MeCN (1.2 L, 3:1, 0.1 M) was cooled
tn N °C Tmidaznla (A& 78 0 1 0manl S0 poviv)Y PhR.PAIINN o0 N8 mnl 28 amiiv ) and indine (171 0 o N K1
v e AARRENACULAN AN \U' ot 5, L.V i, Jou w\.’ulv.}, 1 1151 \lJU-\l . Vaed lll\ll’ Foryel U\lulv.}, Aliv v 1 \ 1.9 5’ V.J 1
P e W' .:_,.n.. S S DS IR IS T S PL SN T NS A NS AP, U e B TP S,
11U, £.9 cquxv ) WEICT bCLi Iilldlly audcd 10U LI TIXTUIe was Strrea iorv.onatv . A 8a urcucu clunUUb

solution of Na,S,0; (500 mL) was added, followed by the addition of ether (1 L). The organic phase was
washed with brine (500 mL), dried (MgSQ,), and the solvents were removed under vacuum. Flash column
chromatography (silica gel, 5% ether in hexanes) gave pure iodide 11 (136.0 g, 90%) as a colorless oil: R, = 0.75
(silica gel, 60% ether in hexanes); [a]”*p +10.4 (¢ 0.3, CHCL); IR (thin film) V. 2926, 2854, 1470, 1447,
1074, 835, 775, 706 cm™; '"H NMR (500 MHz, CDCl;) § 7.44-7.42 (m, 5 H, Ph), 7.29-7.21 (m, 10 H, Ph),
6.89 (s, 1 H, SCH=C), 6.49 (s, 1 H, CH=CCH3), 5.60 (dd, /= 7.3, 7.1 Hz, 1 H, CH,C=CH), 4.18 (dd, J = 6.5,
6.3 Hz, 1 H, CHOSI), 3.46 (s, 2 H, CH,OTr), 3.05 (dd, J = 7.1, 7.0 Hz, 2 H, CH,l), 2.69 (s, 3 H,
N=C(S)CH,), 2.48-2.25 (m, 2 H, CH,CHOS1), 2.17-2.09 (m, | H, CH,CH,CH,I), 2.03 (s, 3 H, CH=CCH,),

10174 (ey 2 CHCH.CH.N 140125 (m 2 H CH.CH.IY 080 /¢ Q SQIC(CHNAY 007 (¢ 7 X
1.0UT1.7°771 \lll, e ALy \/‘12\_/[12\_:1121)’ E A AT A \_lll, Le 11o \41“&\./1121}, V.0 \D, 4 Al L}l\./\\_lll}}}}, V. \D’ < LAy
QOTINY NN Fe 2 LT Q/OTAN BONMBR (198 7 MU CTYWCLY S 16672 1820 14580 14285 1279 190K
DI ), VUL S, 5 11, 0HUII3J2); T INVIR {1240.7 MIINZ, U1y O 109.3, 133.7, 195V, 193.J0, 1J317.2, 1£7.0,
128.6, 127.7, 125.4, 119.7, 116.1, 87.5, 79.3, 68.4, 36.1, 33.2, 30.4, 26.7, 20.1, 15.1, 14.9, 7.6, -3.7, -3.9;
FAB HRMS (NBA/Csl) m/e 896.1462, M + Cs* calcd for C4oHsoINO,SSi 896.1431.

Hydrazone 13. Alkylation of SAMP Hydrazone 12 with Todide 11. SAMP hydrazone 12 (337 mg,
0.2 mmol, 1.3 equiv.) in THF (2.5 mL), was added to a freshly prepared solution of LDA at 0 °C
[diisopropylamine (277 mL, 0.20 mmol, 1.3 equiv.) was added to n-BuLi (1.39 mL, 1.6 M solution in hexanes,
0.20 mmol, 1.3 equiv.) in 2.5 mL of THF at 0 °C] at 0°C. After stirring at that temperature for 14 h, the

rpcmhmu yellow solution was cooled to —100 °C, and a solution of iodide 11 (0.5 g, 0.99 mmol, 1.0 equiv.) in

THF (3 mL) was added dropwise over a period of 5 min. The mixture was allowed to warm to —20 °C over 10

e d Tindn cadiisntad amrranio ANITY M1 nTaaalm N nmAd =er

ard $has o . srdmoatad o
h, and then poured into saturated aqueous NH,Cl solution {5 mi ) and extractea

with etner (3 X 25 mL). 1n¢e
combined organic extracts were dried (MgSOy), filtered and evaporated. Purification by flash column
chromatography on silica gel (20 — 40% ether in hexanes) provided hydrazone i3 (380 mg, 94%, de > 98% by
'H NMR) as a yellow oil: Ry= 0.44 (silica gel, 60% cther in hexanes); [0]’p ~15.1 (¢ 1.1, CHCly); IR (thin
film) Ve 2953, 2874, 1727, 1598, 1491, 1448, 1374, 1235, 1078, 836, 775, 706, 632 cm’; 'H NMR (500
MHz, CDCl;) § 7.44-7.40 (m, 5 H, Ph), 7.27-7.18 (m, 10 H, Ph), 6.89 (s, 1 H, SCH=C), 6.48 (s, 1 H,
CH=CCHj3), 6.39 (d, /= 6.5 Hz, 1 H, CNH), 5.60 (dd, J=6.7, 6.7 Hz, 1 H, CH,C=CH), 4.16 (dd, J= 6.9, 5.7

Hz, 1 H, CHOSI), 3.53 (dd, /= 9.2, 3.8 Hz, 1 H, CH,0CHj), 3.44 (s, 2 H, CH,0Tr), 3.39 (dd, /= 9.2, 7.0

Hz, 1 H, CH,OCHj;), 3.35 (s, 3 H, CH,OCH3), 3.34-3.27 (m, 2 H, CH,N), 2.69 (s, 3 H, N=C(S)CH3), 2.57-
278%f6m 1HY 240227 (m. 3 H). 225215 (m. 1 . 2.03 (s. 3 H. CH=CCH-). 1.79-1.72 rm 1 Y 1.95-1.75
Liad T \1ldy X K1 J, LVUTLL T (11 AL jy Lol T 1o/ \Aiky Ahjy & UT \Jy < L1y Nsil 2537 i ALjy A.FITRT S
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128.6, 127.7, 123.4, 119.7, 116.1, 87.4, 79.5, 75.7, 68.2, 64.4, 60.1, 51.3, 37.9, 36.5, 36.0, 35.9, 29.7, 27.5,
26.8, 23.0, 20.1, 19.7, 19.1, 14.9, -3.7, -3.9; FAB HRMS (NBA/Csl) m/e 938.3760, M + Cs* calcd for
C4Hg7N3O5SSi 938.3727.

mivture of MeOH nH 7 nhaenhate hiiffar and F1-1:0A QDN mT Y at N °' Tha mivhira wao atisrad o
LIMAVMLY W1 AVAWR/id, il pausSpiidie VUil il 1 iin (1.1.V.U, OUV lilisj at v LU HHALUWC W tiicu at

[N RS P . g ~ e locd s Lo TT 7 /- 1 LY TL S 1. a - o 1
WIILIE UIC ICAaCliVIl wad COIIIPICIC DY 1LV (Cd. 1 11). 1

I

along with ether (600 mi) and saturaied aqueous NaHCO; solution (500 mi). The organic layer was
separated and the aqueous phase was extracted with ether (500 mL). The combined organic solution was
washed with water (250 mL) and brine (250 mL), dricd (MgSQ,) and concentrated. Flash column
chromatography (silica gel, 40% ether in hexanes) afforded nitrile 14 (31.1g, 91%) as a colorless oil: R, = 0.49
(silica gel, 40% ether in hexanes); [o]*’n +12.5 (¢ 2, CHCls); IR (thin film) vya 2929, 2874, 1491, 1448, 1253,
1077, 835, 775,706 cm™; 'H NMR (500 MHz, CDCl3) § 7.45-7.40 (m, 5 H, Ph), 7.29-7.19 (m, 10 H, Ph),
6.91 (s, 1 H, SCH=C), 6.51 (s, 1 H, CH=CCH,), 5.63 (dd, J= 7.2, 7.2 Hz, 1 H, CH,C=CH), 4.19 (dd; J= 6=85
5.6 Hz, 1 H, CHOSI), 3.47 (s, 2 H, CH,OTx), 2.70 (s, 3 H, N=C(S)CH,), 2.48-2.42 (m, 1 H), 2.41-2.3

n 272 el
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35-1.
(s, 3 H, Si(CHs),); *CN
124.7, 124.3, 123.7, 119.7, 116.1, 87.4, 79.

-3.7,-3.9; FAB HRMS (NBA/Nal) m/e 71 3.3599, M + Na* calcd for C43H54N202SSI 713.3573.

Aldehyde 15. Nitrile 14 (32.9 g, 47.6 mmol) was dissolved in toluene (1 L) and cooled to —78 °C.
DIBAL (143 mL, 1.0 M solution in toluene, 143 mmol, 3.0 equiv.) was added dropw1se at =78 °C and the

reaction mixture was stirred at that temperature until its completion was verified TLC (ca. 1 h). Methanol
(150 ml ) nr] acueone HCL (150 m 1 0N colution) were segue nhq"v added and the recultino miv‘hlrp was
\‘J\l ‘.l } CALENA “\lu\f\lw AA% 1% \‘-’V l‘l‘_" AV & UVI“‘-IVII} YYWiw IV \1“ L‘“lll UMW AN BLAW LW llul& ARAAOVAL W

"b

or 30 min. Ether (500 mL) and water (200 mL) were added,

and the organic layer was separated. The aqueous phase was extracted with ether (2 x 500 mlL) and the

brought up to 0 °C and stirred at that temperature fo
combined organic solution was washed with brine (500 mL), dried (MgSO,), fiitered and concentrated under
reduced pressure. Flash column chromatography (silica gel, 30% ether in hexanes) furnished pure aldehyde 15
(32.2 g, 97%): Ry= 0.46 (silica gel, 30% ether in hexanes); [o]*’p +10.3 (¢ 3.2, CHCl3); IR (thin film) Vs
2928, 2874, 1724, 1449, 1254, 1068, 837, 701 cm™'; "H NMR (600 MHz, CDCl3) § 9.51 (d, /= 1.8 Hz, 1 H,
CHO), 7.45-7.42 (m, 5 H, Ph), 7.28-7.19 (m, 10 H, Ph), 6.90 (s, 1 H, SCH=C), 6.49 (s, 1 H, CH=CCH3), 5.60
(dd, J=17.0, 7.0 Hz, 1 H, CH,C=CH), 4.17 (dd, /= 6.5, 6.0 Hz, 1 H, CHOSI), 3.46 (s, 2 H, CH,0Tr), 2.69 (s,

3 H, N=C(S)CH;), 2.40-2.33 (m, 1 H), 2.32-2.27 (m, | H), 2.25-2.16 (m, 1 H), 2.08-2.04 (m, 2 H), 2.03 (s, 3
H, CH=CCH,), 1.66-1.55 (m, 2 H), 1.30-1.19 (m, 2 H), 0.98 (d, J = 7.0 Hz, 3 H, CHCHj3), 0.90 (s, 9 H,
SiC(CHjs)3), 0.08 (s, 3 H, Si(CHj3),), 0.02 (s, 3 H, Si(CHs),); 13C NMR (150.9 MHz, CDCl3) § 205.9, 165.2,
153.9, 145.1, 143.2, 138.3, 129.5, 128.6, 127.7, 124.3, 119.6, 116.1, 87.4, 79.4, 68.2, 47.1, 36.0, 31.2, 29.4,
26.7, 26.5, 20.1, 19.1, 14.9, 14.0, 3.7, -3.9; FAB HRMS (NBA/Csl) m/e 826.2753, M + Cs* calcd for

C43HssNO;3SSi 826.2726.
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tris(Silylethers) 17 and 17°. Aldol Reaction of Ketone 16 with Aldehyde 15. A solution of ketone
16 (270 mg, 0.67 mmol, 1.2 equiv.) in THF (1.5 mL) was added dropwise to a freshly prepared solution of
LDA [diisopropylamine (94 mL, 0.67 mmol) was added to n-BuLi ( 0.43 mL, 1.6 M solution in hexanes, 0.67
mmol) in 2.5 mL of THF at 0 °C] in THF (2.5 mL) at—78 °C. After stirring for 15 min at —78 °C, the solution
was allowed to warm to —60 °C over a period of 1 h. The reaction mixture was cooled to —78 °C, and a

solution of aldehyde 15 (244 mg, 0.56 mmol, 1.0 equiv.) in THF (1.0 mL) was added dropwise. The resulting

. .

mixture was stirred for 15 min at -78 °C, and then quenched by dropwise addition of saturated aqueous NH,Cl

enlhitinm D) 1T Y Tha acnaniie whaos . FINUESIVINgS IS NS IS, - BN T

SO1ULI00 (< Tl ). 10€ aqueOUsS prase was exiracica wiin einer (3 X > mL) and tne combined orgamc layer was
a ra vi oM 1 b )

dried (MgSO,) and concentrated. Purification by flash column chromatography (silica gel, 20% ether in
hexanes) provided pure aldol products 17: and 17" (85% total yield, ca. 3:1 by '"H NMR). 17: Colorless oil; Ry
= 0.41 (silica gel, 20% ether in hexanes); [a]?2 =19.0 (¢ 0.3, CHCly); IR (thin film) vy, 3503, 2953, 2858,
1683, 1465, 1386, 1254, 1089, 998, 836, 775, 735, 705 cm™; 'H NMR (600 MHz, CDCL;) § 7.48-7.41 (m, 5
H, Ph), 7.31-7.19 (m, 10 H, Ph), 6.89 (s, 1 H, SCH=C), 6.52 (s, 1 H, CH=CCH3), 5.61 (dd,J=7.0, 6.9 Hz , 1
H, C=CHCHy), 4.19 (dd, /= 6.3, 6.2 Hz, 1 H, CHOSI), 3.91 (dd, J= 7.4, 2.6 Hz, 1 H, CHOSI), 3.71-3.65 (m,
1 H, CH(CH;)CHOH), 3.67 (ddd, /= 9.9, 7.4. 7.4 Hz, 1 H, CH,0S8i), 3.47 (s, 2 H, CH,OTr

73

H, CH,08i, C(O)CH(CH3)), 2.69 (s, 3 H, N=C(CH3)S), 2.43-237(m, | H, C

(O A\ ¥ | 13/ /s &7 SRR, A R3S 7, RS S A Y

(
L
H, C=CHCH,CHO), 2.08-2.04 (m, 2 H, CH,C(CH,OTr)=CH), 2.05 (s, 3 H, CH=C(CHjy)), 1.74-1.63 (m, 2

Hj, 1.54-1.43 (m, 2 H), 1.40-1.30 (m, 1 H), 1.22(s, 3 H C(”H )2), 1.09 (s, 3 H, C(CH;),), 1.03 (d, /= 6.9 Hz,
3 H, CH(CH,)), 0.92 (s, 18 H, 2 x SiC(CHjy)s), 0.90 (s, 9 H, SiC(CHs)s), 0.74 (d, J = 6.7 Hz, 3 H, CH(CH,)),

0.14 (s, 3 H, Si(CHs),), 0.09 (s, 6 H, Si(CH,),), 0.05 (s, 6 H, Si(CHz),), 0.04 (s, 3 H, Si(CHs),); *C NMR
(150.9 MHz, CDCly) 8 222.7, 164.5, 153.5, 144.6, 142.6, 138.4, 128.9, 128.1, 127.8, 126.9, 122.7, 118.9,
115.2,86.5, 78.7, 74.8, 74.1, 67.3, 60.3, 53.8, 41.2, 37.7, 35.2, 34.9, 32.7, 28.9, 25.9, 25.7, 25.6, 25.3, 22.7,
20.2, 18.9, 18.1, 18.0, 17.9, 15.0, 13.7, 9.7, 4.1, 4.4, 4.9, 52, -5.6; FAB HRMS (NBA/Csl) m/e
1228.5800, M + Cs" caled for CygqH ;o NOGSSiy 1228.5712.

tetra(Silylether) 18. Compound 17 (15.4 g, 14.4 mmol) was dissolved in CH,Cl, (500 mL), cooled to
° 1 idima (A& 1l SN smasman]l QD& amavier fue P IR MRS Fe o) B |
0 °C and treated with 2,6-lutidine (6.0 mL, 50.0 mmol, 35 equiv.) and fer bufyldu mﬁiylmn 1

TT et g -

was quenched with aqueous HCI (50 mi., 1.0 N solution) and the aqueous phase was extracted with CH,Cl, (3
x 200 mL). The combined organic solution was washed with brine (250 mL), dried (MgSO,) and concentrated
under reduced pressure. Purification by flash column chromatography (silica gel, 3% ether in hexanes) provided
tetra(silylether) 18 (16.2 g, 95%) as a colorless oil. Ry=0.51 (silica gel, 10% ether in hexanes); [a]*p -13.9 (c
0.2, CHCl,); IR (thin film) vinay 2932, 2858, 1694, 1466, 1386, 1254, 1081, 942, 836, 776, 736 cm™'; 'H NMR
(600 MHz, CDCl3) § 7.57-7.48 (m, 5 H, Ph), 7.46-7.19 (m, 10 11, Ph), 6.91 (s, 1 H, SCH=C), 6.52 (s, 1 H,

CH=CCHs), 5.59 (dd, J = 7.0, 7.0 Hz , 1 H, C=CHCHy,), 4.19 (dd, J= 6.4, 6.0 Hz, 1 H, CHOSi), 3.88 (dd, J =
7.6, 2.5 Hz, 1 H, CHOSI), 3.73 (dd, J = 6.8, 2.1 Hz, 1 H, CHOSi), 3.67 (ddd, J = 9.7, 4.8, 48 Hz, 1 H,
CH,0S), 3.59 (dt, J= 9.7, 7.8 Hz, 1 H, CH,08i), 3.47 (d, J=11.5 Hz, 1 H, CILOTr), 3.45 (d, J=11.5 Hz, 1
H, CH,0Tr), 3.11 (dq, J =68, 6.8 Hz, 1 H, C(OYCH(CH,)), 2.70 (s, 3 H, N=C(CH,)S), 2.41-2.35 (m, 1 H,
C=CHCH,CHO), 2.35-2.29 (m, 1 II, C=CIICH,CHO), 2.08-2.04 (m, 2 H, CH,C(CH,0Tr)=CH), 2.06 (s, 3
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H, CH=C(CHj)), 1.62-1.56 (m, 1 H), 1.52-1.44 (m, 1 H), 1.36-1.24 (m, 4 H), 1.19 (s, 3 H, C(CHs),), 1.10-
1.05 (m, 1 H), 1.04 (d, J= 6.8 Hz, 3 H, CH(CH3)), 0.98 (s, 3 H, C(CHj),), 0.92 (s, 9 H, SiC(CHa)s), 0.91 (s, 9
H, SiC(CH,)3), 0.89 (s, 9 H, SiC(CHy);), 0.88 (s, 9 H, SiC(CHa)y), 0.82 (d, J = 6.8 Hz, 3 H, CH(CHa)). 0.10
(s, 6 H, Si(CHs)y), 0.07 (s, 3 H, Si(CH;),), 0.06 (s, 3 H, Si(CIL;),), 0.05 (s, 6 H, Si(CHs),), 0.04 (s, 6 H,
Si(CH)); °C NMR (150.9 MHz, CDCLy) & 218.7, 164.5, 153.5, 144.5, 142.5, 138.3, 128.8, 127.8, 1269,
122.9,118.9, 115.2, 86.4, 78.6, 76.7, 74.0, 67.3, 60.8, 53.5, 4.8, 38.6, 37.9, 34.9, 30.9, 29.1, 26.0, 25.9, 25.7,

25.6,254,242,19.2, 189,182 18.1 180 179 172, 14.8, 13.7, 3.3, 3.9, 4.1, 43 49 -52 55

R Ly 1.4, 108.7, 18.4, 18.1, 16,0, 1/.9, 1 14 3.3, =3.7, =h.1, .35, 4.5, ~3.4, 3.5, —
SA FAR LIRNMU NRA /I 11/n 1240 A60Q M L Dot nanl i d £ IT WM QQ: 1747 £57
U, DAL TUNVES UNDAVUSL) i/ 159£4.0070, IV T US CaICQ 105 Uyprd15INUgdOI4 1342.007 7.

Alcohol 19. Selective Removal of the Primary TBS of 18. To a cooled (0 °C) solution of the silyl
ether 18 (21.0 g, 17.7 mmol) in THF (175 mL) was added HF+pyr. in pyridine/THF mixture [prepared from a
stock solution containing 42 mI. HF+pyridine, 114 mL pyridine and 200 mL THF] (256 mL) and the resulting
solution allowed to warm to room temperature. After stirring for 3 h, the reaction was diluted with EtOAc and
quenched by careful addition of saturated aqueous NaHCOj; solution. The layers were separated and the
aqueous phase was extracted with cther (3 x 300 mL). The combined organic extracts were then dried
(MgSOy), filtered and concentrated in vacuo. Flash chromatography gave the alcohol 19 as a pale yellow oil

2aatletl QAU LAV AL [EAeF 2 nalsiay) il Qa0 A & PAAC yauvvY

(14.2 g, 74%): Ry= 0.37 (silica gel, 60% ether in hexanes); [0]**p 7.6 (¢ 0.5, CHCl;); IR (thin film) Vi 3405,

A 754 Qe Qe 774 7
o L) 700, OJYJ, /i, |

S =

. 'CHZC), 6.53 (s, 1 H, CH=CCHs), 5.61 (dd, J
i, /= 6.8, 5.6 Hz, 1 H, CHOSI), 4.06 (dd, J = 6.3, 3.9 Hz, 1 H,
CHOSI), 3.76 (dd, J = 7.2, Hz, 1 H, CHOSI), 365(,J=6.1 Hz, 2H,CH,0OH), 349 (d,J=11.6 Hz, 1 H,
CH,0Tr), 3.46 (d, J=11.6 Hz, 1 H, CH,0Tr), 3.11 (dq, J = 7.0, 7.0 Hz, 1 H, C(O)CH(CH3;)), 2.71 (s, 3 H,
N=C(CH,)S), 2.44-2.37 (m, 1 H, C=CHCH,CHO), 2.35-2.29 (m, 1 H, C=CHCH,CHO), 2.08-2.04 (m, 2 H,
CH,C(CH,OTr)=CH), 2.06 (s, 3 H, CH=C(CH3)), 1.61-1.57 (m, 2 H), 1.44-1.21 (m, 5 H), 1.20 (s, 3 H,

C(CHy),), 1.06 (d,J = 6.9 Hz, 3 H, CII(CHS)), 1.02 (s, 3 H, C(CHs),), 0.93 (s, 9 H, SiC(CH,)y), 0.92 (s, 9 H,
SiC(CH,)3), 0.90 (s, 3 H, SiC(CH,)y), 0.84 (d, J= 6.8 Hz, 3 T, CII(CH3)), 0.13 (s, 3 H, Si(CH;),), 0.1 (s, 3
H, Si(CHj),), 0.08 (s, 3 H, Si(CHs)y), 0.07 (s, 3 H, Si(CHs)y), 0.06 (s, 3 H, Si(CHa)y), 0.05 (s, 3 H, Si(CHa)y);
13C NMR (150.9 MHz, CDCl3) & 219.4, 164.3, 153.1, 144.3, 142.3, 138.0, 128.7, 127.7, 126.7, 122.8, 118.7,
115.1, 86.4, 78.6, 77.4, 73.1, 67.3, 60.1, 53.7, 44.9, 38.6, 38.2, 35.0, 30.8, 29.2, 26.5, 26.2, 25.9, 25.8, 24.8,
19.1, 18.4, 182, 18.1, 17.8, 17.5, 15.5, 14.0, -3.7, -3.8, =3.9, —4.0, 4.7, —4.9; FAB HRMS (NBA/Cs) m/e

1228.5725, M + Cs™ calcd for CeqH,0)NO¢SSi; 1228.5712.

Aldehyde 20. Oxidation of Alcohol 19. To a solution of oxalyl chloride (2.22 mL, 25 mmol, 2.0
equiv.) in CH,Cl, (100 mL) was added dropwise DMSO (3.6 mL, 51 mmol, 4.0 equiv.) at —78 °C. After
stirring for 15 min at —78 °C, a solution of alcohol 19 (13.6 g, 12.7 mmol, 1.0 equiv.) in CH,Cl, (20 mL) was
eriod of 5 min. The solution was stirred at —78 °C for 30 min, and then
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1
mL). The organic phase was separated and the aqueous phase was extracted with ether (2 x 300 mL). The
combined organic solution was dried (MgSQy), fiitered and concentrated under reduced pressure. Purification
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by flash column chromatography (silica gel, 20% ether in hexanes) provided aldehyde 20 (13.5 g, 99%) as a
colorless oil: Ry=0.77 (silica gel, 40% ether in hexanes); [0}’ 6.8 (¢ 0.3, CHCly); IR (thin film) Vg 2943,
2849, 1725, 1690, 1466, 1384, 1255, 1091, 985, 832, 773 cm™'; '"H NMR (600 MHz, CDCLy) 8 9.76 (dd, J =
2.5, 1.5 Hz, 1 H, CHO), 7.47-7.43 (m, 5 H, Ph), 7.28-7.19 (m, 10 H, Ph), 6.89 (s, 1 H, SCH=C), 6.51 (s, 1 H,
CH=CCH,), 5.58 (dd, /= 7.1, 7.0 Hz, 1 H, C=CHCH,), 4.45 (dd, J = 5.4, 4.5 Hz, , CHOSI), 4.19 (dd, J =

s A1Ly - -- LR L * N

6.9, 6.6 Hz, 1 H, CHOSI), 3.73 (dd, /= 7.1, 2.0 Hz, 1 H, CHOSI), 3.48 (d, J = 11.5 Hz, 1 H, CH,0Tr), 3.4

(d,/=11.5 Hz, 1 H, CH,0Tr), 3.08 (dq, /= 7.0, 6.8 Hz, 1 H, C(O)CH(CH,)), 2.70 (s, 3 H, N:C(Cﬂg)S),
2.51 (ddd, J = 16.8, 4.5, 1.5 Hz, 1 H, CH,CHO), 2.39 (ddd, J = 16.8, 5.4, 2.5 Hz, 1 H, CH,CHO), 2.38-2.29
(m, 2 H, C=CHCH,CHO), 2.08-2.04 (m, 2 H, CH,C(CH,OTr)=CH), 2.05 (s, 3 H, CH=C(CHj)), 1.61-1.57

(m, 2 H), 1.44-1.23 (m, 3 H), 1.20 (s, 3 H, C(CHj),), 1.02 (d, J = 6.9 Hz, 3 H, CH(CH,)), 1.00 (s, 3 H,

C(CHs)y), 0.91 (s, 9 H, SiC(CHs)3), 0.89 (s, 9 H, SiC(CH)s), 0.88 (s, 3 II, SiC(CH,)y), 0.82 (d, J = 6.8 Hz, 3

H, CH(CHs)), 0.09 (s, 3 H, Si(CHs),), 0.08 (s, 3 H, Si(CHj),), 0.05 (s, 3 H, Si(CHs),), 0.04 (s, 3 H, Si(CH),),

0.03 (s, 6 H, Si(CHs)); *C NMR (150.9 MHz, CDCly) § 218.8, 201.4, 164.5, 153.5, 144.6, 142.5, 138.3,

128.8,127.8,126.9, 122.9, 118.9, 115.2, 86.5, 78.6, 77.5, 71.4, 67.3, 53.2, 49.4, 44.9, 38.5, 34.9, 30.7, 29.1,

26.3,25.9,25.7,23.8, 18.9, 18.6, 18.2, 17.9, 17.8, 17.3, 15.1, 13.8, -3.9, 4.1, 4.5, -4.7, -4.9, -5.2; FAB
1

A _*8 M1 An__*E_ Lt & ARI_ L __X_ AN AT1.1 1 Al\ 74 & 7 -

Carboxylic Acid 21. Oxidation of A aenyae Zv. Aildenhyde Zu (13.4 g, 2.6 mmou -BuOH (570
mL), isobutylene (472 mL, 2 M solution in THF, 0.94 mol), H,O (120 mL), NaClO, (5.7 g, 63 mmol, 5.0
equiv.) and NaH,PO, (3.78 g, 31 mmol, 2.5 equiv.) were combined and stirred at room temperature for 2 h.
The reaction mixture was concentrated under reduced pressure and the residue was subjected to flash column
chromatography (silica gel, 6% MeOH in CH,Cl,) to afford carboxylic acid 21 (13.6 g, 99%): R, = 0.55 (silica
gel, 5% MeOH in CH,Cl,); IR (thin film) Vi 2932, 2857, 1711, 1465, 1365, 1254, 1083, 988, 836, 775 cm’';
'H NMR (600 MHz, CDCl3) § 7.48-7.39 (m, 5 H, Ph), 7.28-7.17 (m, 10 H, Ph), 6.91 (s, 1 H, SCH=C), 6.61

(s, 1 H, CH=CCHj), 5.60 (dd, J=7.1, 7.1 Hz, 1 H, C=CHCH,), 4.38 (dd, /= 6.8, 3.1 Hz, 1 H, CHOS}), 4.23
(dd, J=7.9, 48 Hz, 1 H, CHOSI), 3.72 (dd, J = 6.2, 2.0 Hz, 1 H, CHOSi), 3.49 (d, J= 11.6 Hz, 1 H,
CH,0TY), 3.46 (d, 7=11.6 Hz, 1 H, CH,0Tr), 3.10 (dg, J = 6.3, 6.6 Hz, 1 H, C(O)CH(CH,)), 2.70 (s, 3 H,
N=C(CH;)S), 2.45 (dd, J = 16.3,20H 1 H, CH,COOH), 2.40-2.29 (m, 3 H, CH,COOH, C=CHCH,CHO),

J
45 (
2.17-2.09 (m, 1 H, CH,C(CH,OTr)=CH), 2.04-1.99 (m, 1 H, CH,C(CH,0Tr)=CH), 2.01 (s, 3 H,
CH=C(CH»)), 1.37-1.23 (m, 5 H), 1.16 (s, 3 H, C(CH3),), 1.07 (s, 3 H, C(CH,),), 1.04 (d, J= 6.7 Hz, 3 H,
CH(CH,)), 0.90 (s, 9 H, SiC(CH,);), 0.88 (s, 18 H, 2 x SiC(CH3)3), 0.81 (d, J = 6.8 Hz, 3 H, CH(CH,)), 0.10
(s, 3 H, Si(CHs),), 0.09 (s, 3 H, Si(CHs),), 0.08 (s, 3 H, Si(CHs),), 0.06 (s, 3 H, Si(CHs),), 0.03 (s, 3 H,
Si(CH3),), 0.02 (s, 3 H, Si(CH;),); °C NMR (150.9 MHz, CDCls) § 218.5, 176.4, 165.2, 153.1, 144.6, 143.3,
138.5, 128.9, 127.8, 126.9, 123.0, 118.6, 114.9, 86.4, 78.7, 77.1, 73.4, 67.3, 53.6, 44.5, 39.9, 38.9, 34.9, 31.2,

30.9, 29.0, 263, 26.0, 25.8,25.7,23.2, 18.7, 18.5, 18.2, 17.9, 17.2, 16.7, 15.3, 13.8, -4.1, -4.2, -4.5, 4.6, —
m/e 1242.5610, M + Cs* cal

LA

4.8, -5.0,-5.2; FAB HRMS (NBA/Csl) m

(SRS APD e VA

PE 3 TR AN

Hydroxy Acid 22. Seiective Desilylation of tris(Silyl) Ether 2i. A solution of tris(silyl) ether 21
(13.5g, 12.4 mmol) in THF (100 mL) at 0 "C was treated with TBAF (75.6 mL, 1.0 M solution in THF, 75.6
mmol, 6.0 equiv.) and then allowed to warm to 25 °C. After stirring for 10 h at that temperature, the reaction
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mixture was diluted with EtOAc (200 mL) and washed with saturated aqueous NH,4Cl solution (100 mL). The
aqueous solution was extracted with EtOAc (4 x 100 mL) and the combined organic phase was washed with
brine (100 mL), dried (MgSO,) and concentrated. The crude mixture was purified by flash column
chromatography (silica gel, 5% MeOH in CH,Cl,) to provide hydroxy acid 22 (10.8 g, 89%) as a yellow oil:
R;= 0.39 (silica gel, 5% MeOH in CH,Cl,); [ a]*?p —4.2 (¢ 0.3, CHCI;); IR (thin film) Ve 3354, 2931, 2860,
1707, 1461, 1361, 1255, 1085, 1049, 985, 826, 773, 732, 703 cm™'; "H NMR (600 MHz, CDC13) 8 7.47-7.39

(m, 5 H, Ph), 7.29-7.19 (m, 10 H, Ph), 6.92 (5, 1 H, SCH=C), 6.65 (s, 1 H, CH=CCH;), 5.56 (dd, J= 7.2, 7.2
He 1H C=CHCHN)Y A1/(4dd T=(4 22z 1T H CHOH A1 iAd T=FAA AT > 1T I OCLHNOCN 274
LAL 4 4 11y Nod ANk Iz}, T.TO \uu, 7 NI.TTy Jed 114y I 11, N pINs L}, i XV \uu, (v U.U, V. 1144 1 ]..l’ L/.llU\Jl], JaTTT
1.1 T &N YNIT. 11T MIITMNCONY 2 £ 71 F—11 0O 1T 1 IT AIT AT Y &1 743 Fe- 110 1T 1 IT MNTIT MNT)
(ada, v = 5.2, 2.0 Nz, 1 o, Cnudij, 3.55 (4, v =t11.9 Nz, 1 i, CrUir), 2.51 (@, 7 =11.9 0z, 1 0, Cn,01irj,

3.09 (dq,J = 6.9, 6.8 Hz, | H, C(O)CH(CHj)), 2.70 (s, 3 H, N=C(CH,)S), 2.47 (dd, J = 16.4, 3.3 Hz, 1 H,
CH,COOH), 2.44-2.41 (m, 2 H, C=CHCH,CHO), 2.30 (dd, J = 16.4, 6.4 Hz, | H, CH,COOH), 2.16-2.12 (m,
1 H, CH,C(CH,0Tr)=CH), 2.07-1.99 (m, 1 H, CH,C(CH,0Tr)=CH), 2.04 (s, 3 H, CH=C(CH3)), 1.33-1.23
(m, 5 H), 1.17 (s, 3 H, C(CH;),), 1.06 (s, 3 H, C(CH;),), 1.04 (d, J = 6.8 Hz, 3 H, CH(CHx)), 0.88 (s, 9 H,
SiC(CHa)), 0.87 (s, 9 H, SiC(CHs)s), 0.83 (d, J= 6.9 Hz, 3 H, CH(CH)), 0.09 (s, 3 H, Si(CH,),), 0.08 (s, 3
H, Si(CHz),), 0.05 (s, 3 H, Si(CH;),), 0.03 (s, 3 H, Si(CH3),); *C NMR (150.9 MHz, CDCL;) & 218.4, 176.3,
165.3, 152.8, 144.5, 142.2, 140.4, 128.8, 127.9, 127.0, 121.8, 119.1, 115.4, 86.7, 77.3, 77.2, 73.5, 67.4, 53.6,

447,399, 38.8, 33.5, 31.1, 28.9, 264, 25.9, 25.8, 25.4, 23.2, 189, 18.6, 18.2, 17,9, 16.9, 15.5, 142, 4.1,
42 A5 A0 - FAR LIRMCQ /INRA /eI 11/0 199 AT08 M 1+ ot palad far O T NO_QQi. 1992 ALAN
Ly, I, .7, A TUNUVIDS UNDSUSL) TV E 1AL A TUT, VL T LS CAdill 1UL UEGIIZSINL/TIOI) 1440909V

Lactone 7. Macrolactonization of Hydroxy Acid 22. A solution of hydroxy acid 22 (3.75 g, 3.87
mmol, 1.0 equiv..) in THF (50 mL, 0.07 M) was treated at 0 "C with EN (3.24 mL, 23.2 mmol, 6.0 equiv.)
and 2,4,6-trichlorobenzoyl chloride (1.45 mL, 9.3 mmol, 2.4 equiv.). The reaction mixture was stirred at 0 °C
for 1 h, and then added slowly over a period of 2 h vig syringe pump to a solution of 4-DMAP (104 mg, 8.51
mmol, 2.2 equiv.) in toluene (900 mL, 0.005 M based on 22) at 75 °C and stirred at that temperature for 1 h.
The reaction mixture was concentrated under reduced pressure to a small volume and filtered through silica gel.
The residue was washed with 40% ether in hexanes, and the resulting solution was concentrated. Purification

by flash column chromatography (sﬂlca gel, 20% ether in hexanes) turmshed lactone 7 (2.76 g, 75%) as a
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1
7.42 (m, 5 H, Ph), 7.29-7.19 (m, 10 H, Ph), 6.96 (s, 1 I, SCH=C), 6.57 (s, 1 H, CH=CCH,), 5.56 (dd, J =
6.4 Hz , 1 H, C=CHCIlI,), 5.00 (d, /= 9.9 Hz, | H, CHOCO), 4.00 (d, /= 9.8 Hz, 1 H, CHOSIi), 3.83 (d,J =
9.9 Hz, 1 H, CHOSI), 3.49 (d, J=11.2 Hz, 1 H, CH,0Tr), 3.46 (d, J=11.2 Hz, 1 H, CH,0Tr), 2.98 (dq, J =
7.1, 6.6 Hz, 1 H, C(O)CH(CHy)), 2.81-2.73 (m, 2 H, C=CHCH,CHO, CH,COO0), 2.71 (s, 3 H, N=C(CHj;)S),
2.60 (dd, J=16.3, 9.9 Hz, | H, CH,COO), 2.44-2.38 (m, 1 H, C=CHCH,CHO), 2.20 (dd, J = 14.0, 6.0 Hz, 1
H, CH,C(CH,OTr)=CH), 2.13 (s, 3 H, CH=C(CHj)), 2.03-2.00 (m, 1 H, CH,C(CH,0Tr)=CH), 1.46-1.37 (m,
3 H), 1.29-1.24 (m, 2 H), 1.16 (s, 3 H, C(CH3),), 1.09 (s, 3 H, C(CHs),), 1.08 (d,J= 6.8 Hz, 3 H, CH(CH3)),

094 (s, 9 H, SIC(CH3) 0.83 (d, J = 6.8 Hz, 3 H, CH(LH;)) .72 (s, 9 H, SiC(CHzs);), 0.09 (s, 3 H,
(
\

0

J
Q
(o]



6.1; FAB HRMS (NBA/CsI) m/e 1110.4598, M + Cs" calcd for CsgHgsNOgSSi, 1110.4534.

Alcohol 23. Lactone 7 (1.0 g, 1.0 mmol) was dissolved in Et,0 (20 mL) and the solution was cooled to
—10 °C. Formic acid (20 ml.) was added over a 15 min period and the mixture was stirred for 10 min at —10 °C,
and then for 3 h at -5 °C. Water (20 mL) and then solid NaHCO; were sequentially added until cessation of
effervescence. The layers were separated and the aqueous phase extracted with Et;0 (3 x 20 mL). The

LU B PAS

combined organic extracts were dried (MgSQ,), filtered and concentrated in vacuo. Flash column

chromatooranhv (cilica gal §004 athar in hevanae) fiirnichad alanhal 22 (8NQ 1mag £Q0/N. D — N 2L (ilina ool
CLULLIGW gL aplly (\oiliba gul, JU /0 CUuibh il HCAATGS ) tuliisned ailonol 45 (Jvo g, 0> /o) l\f V.oo Bliiva gel,
AN athar in havanac) [v122. 919 72 N9 CLICOL Y TR f4hin 1) 11 2417 9027 1087 17941 1£08 1ALL
UV /0 LUibl 11 HCAALIVS J, W] D 74l \C V.Z, il ), U QUL THITL) Vipgy %17, 4705, 400/, 1141, 10YD, 1400,
12707 17C€Y 1104 1180 11NY 1NLL 1N10 NOL O A 177 ~AA -l Iy ama o . £YT TN N QoA

1303, 1405, 1194, 1106, 11UL, 1UO0, 1UId, Y80, 834, //)5, /33 cm ; HINM Hz, CDCl;) 0 0.Y0 (5,

,5.01(d,J=98Hz, 1 H,
CHOCO), 4.13 (d, J=12.8 Hz, 1 H, CH20H) 4.03 (d J=9.8 Hz, 1 H, CHOSI), 3.98 (d, /=12.8 Hz, 1 H,
CH,OH), 3.87 (d, J=9.1 Hz, 1 H, CHOSI), 3.02 (dq, J = 7.1, 6.6 Hz, 1 H, C(O)CH(CHL,)), 2.76 (d, J = 16.5
Hz, 1 H, CH,COOH), 2.75-2.70 (m, 1 H, C=CHCH,CHO), 2.69 (s, 3 H, N=C(CH,)S), 2.64 (dd, J = 16.3, 9.8
Hz, 1 H, CH,COO), 2.49-235 (m, 1 H, C=CHCH,CHO), 2.17 (dd, J = 14.1, 6.5 Hz, 1 H,
CH,C(CH,OH)=CH), 2.10 (s, 3 H, CH=C(CHj,)), 2.00-1.96 (m, 1 H, CH,C(CH,0H)=CH), 1.72-1.64 (m, 2
H\ 1.58-1.44 (m 'ZH‘\ 1.18 (g 3 H. C(CH, L 1.12 (c: 3 H C(CH., \..)’

it RS JoIi, A ERS L}5 i 2 iy M ai32

1.09 (d,
0.96 (d, J = 6.8 Hz, 3 I, CH(CH3)), 0.93 (s, 9 H, SiC(CHa)s), 0.82 (s, 9 H, SiC(CHs);), 0.10 (s, 3 H,

P

Q/AMTIT VY NANAD 7o FTT Q/MITAAN NNAL 75 2 TT QYT YN N 1< 75 1 Qiz Yy . 13 ATAAD 1A N RATT
Si{CHs)j), 0.0% (s, 3 H, Si{CHs)pj), 0.06 (8, 3 H, Si{Cls),), —0.15 (s, 3 H, Si{CHjs),); "C NMR (i50.5 MHz,
CDCly) 6 215.7, 171.5, 164.9, 152.7, 142.7, 138.6, 120.4, 119.8, 116.3, 79.5, 76.4, 66.5, 53.3, 48.1, 39.1,
37.3,31.9,31.3,279,27.2,26.1,25.9,24.2,19.2, 18.4, 18.3, 17.6, 14.7,-2.2, -3.9, 4.0, -5.9;

Lactone 24. Desilylation of lactone 7. To a solution of lactone 7 (611 mg, 0.61 mmol, 1.0 equiv.) in
THF (45 mL) was added HF*pyr. (15 mL) at 0 °C. After stirring at room temperature for 24 h, the reaction
mixture was quenched at 0 °C by careful addition of saturated aqueous NaHCO; solution (50 mL). The layers

were separated and the aqueous phase was extracted with EtOAc (3 x 20 mL). The combined organic extracts
were dried (MaSO,). filtered and concentrated in vacuo to give a ide 01l which was subiected to nrenarative

(Migoy), THtered and concentrated vacuo to give a e o1l which was subjected 1o preparative
4laien Lnsrae AL—nMp}t\t\-'ﬁnv\l—\vy foilina agal K0/ smaatlhnsmnl 3 (OLT 01\ +4 nltya tha trinl lantana YA (VAN vy FIQDL\- P =
Willl I )’Ul CIHULLL lUEl Pl y \Dll[ba l, L /70 HICUIaiivl 111 o1 lzbl ) w & UIC UiVl 1aviviiv o \L'TU 11 10 /U} l\

2
0.43 (silica gel, 80% EtOAc in hexanes); [0]% —81.8 (¢ 0.2, CHCL); IR (thin film) Vpg 3406, 2034, 2857,
o~ - ] YY RTR £TY Pala) ™ 1 1 77 LVINTT ok A <

1731, ‘mso, 1460 1377, 1256, 1048, 755 em™’; "H NMR (OUOI fHz, CDCl3) 6 6.92 (s, 1 H, SCH=C), 6.59 (s,
1 H, CH=CCH,), 5.45 (dd, J= 7.5, 7.1 Hz, 1 H, C=CHCH,), 5.23 (dd, J = 7.8, 1.9 Hz, 1 H, CHOCO), 4.29
(d,J=11.0 Hz, 1 H, CHOH), 4.09 (d,.7 = 12.9 Hz, | H, CH,0OH), 4.01 (d, J =12.9 Hz, 1 H, CH,0H), 3.70
(bs, 1 H, CHOH), 3.17 (dq, / = 6.9, 2.3 Hz, 1 H, C(O)CH(CHj3)), 3.01 (bs, 1 H, OH), 2.69 (s, 3 H,
N=C(CH»)S), 2.53 (ddd, J = 16.0, 7.5, 7.5 Hz, 1 H, C=CHCH,CHO), 2.45 (dd, J = 145, 11.0 Hz, 1 H,
CH,CO00), 2.36-2.30 (m, 1 H, C=CHCH,CHO), 2.27-2.20 (m, 1 H, CH,C(CH,OH)=CH), 2.17 (dd, J = 14.5,

2.5 Hz, 1 H, CH,C0OO0), 2.10-2.03 (m, 1 H, CH,C(CH,0OH)=CH), 1.96 (s, 3 H, CH=C(CH,)), 1.70-1.60 (m, 2
28-1.19(m, 3 H), 1.12
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Epoxide 6. Sharpless Epoxidation of Lactone 24. To a solution of allylic alcohol 24 (224 mg, 44
pmol, 1.0 equiv.) and 4 A molecular sieves (40 mg) in CH,Cl, (0.5 mL) at -30 °C was added dropwise (+)-
diethyl-L-tartrate (19 uL, 11 mmol, 0.25 equiv.) and titanium isopropoxide (26 pL, 8.8 mmol, 0.2 equiv.) in
CH,CL, (4 mL). After 1 h, #-butyl hydroperoxide (180 uL, 88 mmol, 5 M in decane, 2.0 equiv.) was added and
the reaction mixture was stirred at ~30 °C for 2 h. The reaction mixture was then filtered tt rough celite. The
filtrate was diluted with EtOAc (3 mL ) and washed with agueous saty

o
AL Vvdo WUIILCU A W i Al ULVuS S turated sodium suiia

The layers were separated and the aqueous phase was extracted with EtOAc (3 x 3 mL). The combined
organic extracts were dried (MgSO,), filtered and concentrated in vacuo to give a crude oil which was subjected
to column chromatography ( (smca gel, 5% methanol in CH,Cli,) to give the triol epoxide 6 (159 mg, 71%): R,=
0.51 (silica gel, EtOAc); | [a]?p -55. 6 (c 0.2, CHCIy); IR (tnm film) v, 3446, 2931, 2857, 1731, 1689, 1461,
1377, 1256, 1056, 755 cm™; 'H NMR (600 MHz, CDCl3) § 6.96 (s, 1 H, SCH=C), 6.59 (s, 1 H, CH=CCHs),
5.42 (dd, J=4.3, 2.6 Hz, 1 H, CHOCO), 4.24 (bs, 1 H, OH), 4.18 (dd, J = 10.5, 2.8 Hz, 1 H, CHOH), 3.74
(d,J=35.6 Hz, 1 H, CHOH), 3.72 (d, /= 12.5 Hz, 1 H, CH,0H), 3.56 (d, J= 12.5 Hz, 1 H, CH,0H), 3.31

(dd, J= 6.7, 4.8 Hz, 1 H, CHOCH,), 3.13 (dq, J = 6.8, 5.3 Hz, 1 H, C(O)CH(CH,)), 2.68 (s, 3 H,

H, 2co‘_), 2.11-2.08 (m 1 H, OCHCH«CHO), 2.06 (s, H, CH=C(CH5)), 1.9 (m, 1 H,
OCHCH,CHO), 1.87-1.85 (m, | H, CH,C(CH,0H)OCII), 1.69-1.65 (m, 1 H, CH,C(CH,OH)OCH), 1.50-
1.36 (m, 4 H), 1.35 (s, 3 H, C(CHs),), 1.30-1.18 (m, 1 H), 1.15 (d, J = 6.8 Hz, 3 H, CH(CHy)), 1.06 (s, 3 H,
C(CHa),), 0.98 (d, J = 7.0 Hz, 3 H, CH(CHy)); '*C NMR (150.9 MHz, CDCls) 8 220.1, 170.3, 164.9, 151.5,
137.1, 119.6, 116.0, 76.8, 74.2, 72.7, 63.8, 63.5, 57.2, 53.1, 43.1, 39.2, 36.5, 31.4, 30.9, 28.3, 22.1, 21.3, 19.7,
19.2,17.3, 16.0, 13.8; FAB HRMS (NBA/Nal) m/e 546.2520, M + Na* caled for Cp;HyNO,S 546.2501.

Acetate 25, Selective Esterification of Alcohol 24 with Acetic Anhydride. To a stirred solution of
alcohol 24 (25.0 mg, 0.032 mmol) in EtOAc (1.0 mL, 0.03 M) at 0 °C, was added acetic anhydride (15 uL, 0.16
mmol, 5.0 equiv.) and 4-DMAP (4.3 mg, 0.035 mmol, 1.1 equiv.). The solution was stirred for 0.5 h at 0 °C,

filtered over silica gel and concentrated in vacuo. Purification by preparative thin layer chromatography (5%
MeOH in CH,Cl;) provided pure 25 (16.3 mg, 85% based on 60% conversion): Ry = 0.45 (silica gel, 5%
MeOH in CH,Cly); [0]*%p —65.4 (¢ 0.3, CHCly); IR (thin film) v 3394, 2932, 1734, 1689, 1461, 1377, 1247,
1025 cm™; "H NMR (600 MHz, CDCls) § 6.95 (s, 1 H, SCH=C), 6.58 (s, 1 H, CH=CCH3), 5.46 (dd, J = 8.5,

4.2 Hz, 1 H, AcOCH,C=CHCH,), 5.24 (d, J = 8.5 Hz, 1 H, CH,COOCH), 4.54 (d, J= 12.1 Hz, 1 H,
AcOCH,C=CH), 441 (d, J = 12.1 Hz, 1 Hz, 1 H, AcOCH,C=CH), 430 (d, J = 102 Hz, 1 H,
(CH;),CCHOH), 3.70 (s, 1 H, CHOH), 3.58 (bs, 1 H, OH), 3.16 (dq, J= 13.4, 2.5 Hz, 1 H, C(O)CHCH),
3.01 (s, 1 H, OH), 2.69 (s, 3 H, N=C(CI3)S), 2.65 (obscured m, 1 H, CH,CH=CCH,0Ac), 2.47 (dd, J = 14.3,
11.0 Hz, 1 H, CH,COOCH), 2.38-2.32 (m, 1 H), 2.28 (dd, J = 14.3, 2.5 Hz, CH,COOCH), 2.29-2.24 (m, 1 H,
CHy(AcOCH,)C=CHCH,), 2.06 (s, 3 H, CH=CCHj), 2.05 (s, 3 H, CH=CCH,00CCHj), 1.76-1.63 (m, 3 H),
1.34 (s, 3 H, C(CHa),), 1.32-1.22 (m, 4 H), 1.19 (4, J= 6.7 Hz, 3 H, CH(CHj)), 1.06 (s, 3 H, C(CH,),), 1.00

I.

13
(d,J=7.1 Hz, 3 H, CH(CH;)); °C NMR (150.9 MHz, CDCl;) § 2203, 170.7, 165.0, 151.6, 138.6, 136.8,
124.7,119.1, 115.6, 78.0, 73.9, 72.0, 67.4, 53.7, 41.6, 39.7, 38.1, 32.1, 31.6, 28.3, 25.3, 23.0, 21.1, 19.1, 17.7,
4 .- 4 ~ O - - TV AT TYRR £0Y AATTY 4 7 TN s LSO0N 10N X I‘\A+ 1 3 £ M TY AT O L£O0N 1D1 5
10.1, 12,8, 13.3, FADB HKIVID (NDA/LSL) m/e 08418250, VI T US CalCa 10T UzpigoNU7D 082.1810
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Pivaloate 26. Selective Esterification of Triol 24 with Pivaloyl Chloride. To a stirred solution of
triol 24 (6.0 mg, 0.011 mmol) in CH,Cl, (0.4 mL, 0.03 M) at 0 °C, was added triethylamine (8 pL, 0.055
mmol, 5.0 equiv.), pivaloyl chloride (2.1 pL, 0.17 mmol, 1.5 equiv.) and 4-DMAP (0.2 mg, 0.1 equiv.). The
solution was stirred for 0.5 h and the reaction mixture was quenched with saturated aqueous NaHCOj; solution.
The layers were separated and the aqueous phase extracted with EtOAc. The combined organic extracts were
dried (MgS0,), filtered and concentrated in vacuo. Puriﬁcation by preparative thin layer chromatography
(60% EtOAc in hexanes) provided pure 26 (6.3 mg, 93%): R,= 0.70 (silica gel,

oY = 77 ~ RN 3 £ S SSVARGRIVSs L U

—69.6 (¢ 0.3, CHCL); IR (thin film) v 3395, 2965, 1733, 1728, 1460, 1383, 1285, 1153, 1023 emle g
VA E Ve, ARG, AN (MRaal Rl max ~~ -7~y &7V 170y LI4LG, 1TUV, 1J0J, 1400, 11J0y LVLT LIl 4, I
NMD /&a00 NS NCIY A 404 (¢ LI QO™ £ &§Q fc 1 LI MNIJ—(LY\ A2 /A1 T QO£ £ & ¥I—- 1 11
LNIVIIN Uy qulL, \/U\/l3} U U.TT O 1, O TIT), ULJO (D, 11, LAY ), V00 U, S T T, 0.0 T4, L B

, 1 C 5
PivOCH,C=CHCH,), 5.24 (d, /= 9.1 Hz, 1 H, CH,COOCH), 452 (d, J= 12.8
4.40 (d, J=12.9 Hz, 1 H, PivOCH,C=CH), 4.28 (d, J=10.6 Hz, 1 H, (CH;),CCHOH), 3.71 (dd, J = 4.2, 2.5
Hz, 1 H, CHOH), 3.49 (bs, 1 H, OH), 3.17 (dg, J = 13.4,4, 2.5 11z, 1 H, C(O)CHCHs;), 2.95 (bs, 1 H, OH),
2.68 (s, 3 H, N=C(CHj;)S), 2.65 (ddd, J = 15.1, 9.7, 9.5 Hz, 1 H, CH,CH=CCH,O0Piv), 2.45 (dd, J = 14.5,
11.0 Hz, 1 H, CH,COOCH), 2.38-2.32 (m, 1 H), 2.28 (dd, J = 14.5, 2.5 Hz, CH,COOCH), 2.25-2.22 (m, 1 H,
CH,(PivOCH,)C=CHCH,), 2.06 (s, 3 H, CH=CCHj3), 1.76-1.69 (m, 2 H), 1.34 (s, 3 H, C(CH3),), 1.32-1.22

(m, 4 H), 1.19 (d, J= 6.8 Hz, 3 II, CH(CIL)), 1.18 (s, 9 H, OOCC(CH3)3), 1.06 (s, 3 H, C(CHs),), 1.00 (d, J =

13
7.1 Hz, 3 H, CH(CHy)); "C NMR (150.9 MHz, CDCly) § 220.2, 178.0, 170.1, 164.9, 151.7, 138.5, 137.3,
12727 11072 1187 792 740 770 72 53146 412 207 2200 290N 222 217 27272 2772 272 282 MO
LLJuly L1704 LAJity 10.L, 17Uy Ty Ul.Jy Iy TLOy I7.745 0.7, JONy Jhosdeg TJhuly £0.Jy LTy Lt ly 0.7, LdeoTy
101 121 140 180 124- TAR LIDAMS (INRA /I 11/0 7949210 M 4 0o nnlad far O 1T N(.Q 774 77€4
17,1, 10,1, 10.U, 13.7, 15,4 'AD FUNIVID UNDARCSL) /€ [25%.£510, VI T US  CAICQ 10T U3plig9iNUTD [25.4204.

Benzoate 27. Selective Esterification of Triol 24 with Benzoyl Chloride. To a stirred solution of
triol 24 (6.0 mg, 0.011 mmol) in CH,Cl, (0.4 mL, 0.03 M) at 0 °C, was added triethylamine (8 UL, 0.055
mmol, 5.0 equiv.), benzoy! chloride (1.6 puL, 0.14 mmol, 1.2 equiv,) and 4-DMAP (0.2 mg, 0.1 equiv.). The
solution was stirred for 0.5 h and the reaction mixture was quenched with saturated aqueous NaHCO; solution.
The layers were separated and the aqueous phase was extracted with EtOAc. The combined organic extracts
were dried (MgSO,), filtered and concentrated in vacuo.  Purification by preparative thin layer
chromatography (60% EtOAc in hexanes) provided pure 27 (6.5 mg, 90%): R,= 0.55 (silica gel, 60% EtOAc in

C 1420 12 1 21
s 3 AN 1\ \ux nmm max o Ve oy 9 LTy s B Ly 1 H 1
ANIRATY 74NN AT MM Y S OonY 7343 T ©9 1 1 1T 21T DL M 84 feoe 1 LT MIT DLY 77T AN A4 F— Q" 7119
INIVIR {OUU MIZ, CUCI3) 0 8.U1 (Q0,J = 0.4, 1.1 NZ, £ 11, r1l), /.0% {ill, I 11, LIl rij, /4204, v = 0.2, /.2
- ~ T et A s I Tal s el Pl B2 Pl T ol s SaVal & SAN > 0 11 Y __ D™ IoN YT, 1 Y
Hz, 2 H, Ph), 6.90 (s, 1 H, SCH=C), 6.57 (s, 1 H, CH=CCHj;), 5.58 (dd, J = 8.7, 6.0 Hz, 1 H,

BzOCH,C=CHCH,), 5.26 (d, J = 8.7 lz, 1 1, CH,COOCH), 4.80 (d, J= 12.8 Hz, 1 H, BZOCH,C=CH),
4.67 (d, J= 12.6 Hz, 1 H, B2OCH,C=CH), 4.29 (d, J = 10.8 Hz, 1 H, (CH3),CCHOH), 3.69 (s, 1 H, CHOH),
3.49 (bs, 1 H, OH), 3.15 (dq, J = 13.4, 2.5 Hz, 1 H, C(O)CHCH3), 2.94 (bs, 1 H, OH), 2.68 (s, 3 H,
N=C(CH,)S), 2.69-2.62 (obscured m, 1 H, CH,CH=CCH,0Ac), 2.45 (dd, J = 14.5, 11.1 Hz, 1 H,
CH,COOCH), 2.42-2.36 (m, 1 H), 2.35-2.27 (m, 1 H), 2.25 (dd, J = 14.6, 2.5 Hz, CH,COOCH), 2.20-2.14
(m, 1 H), 2.06 (s, 3 H, CH=CCHj), 1.76-1.69 (m, 3 H), 1.34 (s, 3 H, C(CHy),), 1.42-1.27 (m, 3 H), 1.19 (d, J

= 6.6 Hz, 3 H, CH(CH3)), 1.05 (s, 3 H, C(CH;),), 0.98 (d, J = 7.0 Hz, 3 H, CH(CHy)); 3C NMR (150.9
MHz, CDCly) § 220.3, 170.0, 166.2, 164.9, 151.7, 138.4, 136.9, 1329, 130.1, 129.5, 128.3, 124.8, 119.3,

Y1z, 144 100 L, iy 22059, 12U.F, 1347 145,39,



Methyi Ether 28. Etherification of Aicohol 23 with Methyl Iodide. To a stirred solution of alcohol
23 (15.0 mg, 20.4 pmol) in DMF (0.4 mL) at 0 °C was added Mel (25 pL, 0.41 mmol, 20 equiv.) followed by
NaH (60% suspension in oil, 1.0 mg, 1.0 equiv.). After stirring for 30 min, the reaction mixture was quenched
by the addition of saturated aqueous NH4Cl solution (I mL). The layers were separated and the aqueous
phase was extracted with Et;O (3 x 2 mL). The combined organic extracts were dried (MgSO,), filtered and
concentrated in vacuo. Purification by preparative thin layer chromatography (40% Et,O in hexanes) provided
pure 28 (9.4 mg, 62%): R;= 0.61 (silica gel, 40% Et,0 in hexanes); [0]”’p -16.3 (c 0.5, CHCL;); IR (thin film)

Vmax 2932, 2857, 1741, 1695, 1465, 1381, 1253, 1191, 1158, 1100, 834, 115 cm™; H NMR (600 MHz,
CNDCINYNS AQ7 (¢ 1 CH=™M §7(ec 1T H OH=(CCTI\N A84 (A4 T=04 £4A& T, 1T O~_"LrLI\ £ 0N
N AT U T T Dy 1 Ny DT N Jy Uld Oy L Ty N L1l ), UlJT (Ul o 7.7, UV 114, I, WTUdivily), J.VU
(bd, J = 9.2 Hz, CHOCO), 4.03 (m, 1 H, CHOSI), 4.02 (d, /= 11.8 Hz, 1 H, CH,0OMe), 3.88 (d, /= 9.0 Hz, 1

. 0
H, CHOSI), 3.63 (4, /= 11.8 Hz, 1 H, CH;0Me), 3.01 (dg, J = 8.8, 7.0 Hz, | H, C(O)CHCH;), 2.82-2.61 (m,
4 H, C=CHCH,CHO and CH,COO), 2.70 (s, 3 H, N=C(CH;)S), 2.38 (m, 1 H, CH,C(CH,OM)=CH), 2.17
(dd, J = 14.6, 6.7 Hz, CH,C(CH,0H)=CH), 2.11 (s, 3 H, CH=CCH3), 1.93 (m, 1 H, CH(CHy), 1.69 (m, 1 H),
1.58-1.46 (m, 3 H), 1.18 (s, 3 H, C(CHs),), 1.12 (s, 3 H, C(CH,),), 1.01 (d, J = 6.8 Hz, 3 H, CH(CH3)), 0.96
(d, J= 6.8 Hz, 3 H, CH(CH3)), 0.93 (s, 9 H, SiC(CHa);), 0.83 (s, 9 H, SiC(CH)3), 0.11 (s, 3 H, Si(CHz),),
0.10 ((s, 3 H, Si(CH),), 0.06 (s, 3 H, Si(CHj),), —0.14 (s, 3 H, Si(CHj),); °C NMR (150.9 MHz, CDCl;) &
2154, 171.3, 164.8, 152.5, 141.3, 138.5, 122.0, 119.7, 116.2, 79.5, 76.1, 76.0, 57.7, 53.3, 392, 32.0, 28.1,

27.2,26.2,26.0,24.2,19.1, 18.5, 184, 17.7, 15.1,-3.4. -3.7, -3.8, -5.7;

k‘

429 (d, J=9.1 Hz, 1 H, (CH;),CCHOH), 3.91 (d,J= 11.7 Hz, 1 H, CH;0CH,C=CH), 3.71 (d, J= 2.1 Hz, 1
H, CHOH), 3.69 (d, J = 11.8 Hz, 1 H, CH;0CH,C=CH), 3.58 (bs, 1 H, OH), 3.27 (s, 3 H, CH,OCH3), 3.16
(dq, J=13.7, 2.0 Hz, 1 H, C(O)CHCH3), 3.05 (s, 1 H, OH), 2.68 (s, 3 H, N=C(CH3)S), 2.65 (obscured m, 1
H, CH,CH=CCH,0CH,), 2.47 (dd, J = 14.5, 11.1 Hz, 1 H, CHL,COOCH), 2.33-2.29 (m, 1 H), 2.26 (dd, J =
14.4, 2.5 Hz, CH,COOCH), 2.06 (s, 3 H, CH=CCHj), 2.07-2.04 (m, 1 H), 1.76-1.63 (m, 3 H), 1.34 (s, 3 H,
C(CHs)y), 1.32-1.22 (m, 4 H), 1.17 (d, J = 6.8 Hz, 3 H, CH(CH5)), 1.06 (s, 3 H, C(CH3),), 1.01 (d, J=7.1 Hz,

9

3 H, CH(CHy)); Bc NMR (150.9 MHz, CDCl3) ¢ 220.4, 170.2, 164.9, 151.6, 139.1, 127.4, 123.7, 11 _2
115.6,78.5, 76.0, 73.8, 72.2, 57.9, 53.7, 41.6, 39.7, 38.2, 32.4, 31.8, 28.1, 25.3, 27.2, 22.9, 19.1, 17.9, 16.0,

185 Q A
15.9, 13.2; FAB HRMS (NBA/Csl) m/e 654.1885, M + Cs" calcd for C,gHysNOgS 654.1865.

Benzyl Ether 30. Etherification of Alcohol 23 with Benzyl Bromide. To a stirred solution of 23
(45.0 mg, 61.1 umol) in THF (1.5 mL) at ~15 °C was added sequentially tetra-n-butylammonium iodide (0.5
mg), benzyl bromide (130 pl., 0.74 mmol, 25 equiv.) and sodium hydride (60% suspension in oil, 5.0 mg, 123



mmol, 2.0 equiv.). The reaction mixture was then slowly allowed to warm to room temperature over 3.5 h.
Saturated aqueous NH,Cl solution (1 mL)was then added and the layers were separated. The aqueous phase
was extracted with Et;O (3 x 2 mL) and the combined organic extracts were dried (MgSO,), filtered and
concentrated in vacuo. Purification by preparative thin layer chromatography (40% Et,O in hexanes) provided
pure 30 (20.2 mg, 40%); R;= 0.65 (silica gel, 40% Et,0 in hexanes); [a]nu -14.0 (c 0.1, CHCl3); IR (thin film)
Vmax 2954, 2930, 2886, 2856, 1741, 1696, 1471, 1383, 1254, 1200, 1158, 1101, 1067, 1019, 985, 940, 913,
874, 835, 775, 733 cm™'; 'H NMR (600 MHz, CDCly) § 7.32 (m, 4 H, Ph), 7.28 (obscu

1111 £ L il

7
1 H, CHZOBn) 4.03 (d =9
CH,OBn), 3.01 (dq, J = 8.6, 6. H, C(O)CHCHj3), 2.78 (m 2 H, C= LHLHZLHO and LH ,CO0),
(s. 3 H, N=C(CH,)S), 2.64 (dd,J 163 9.9 Hz, 1 H, CH,C00), 2.39 (m, 1 H, C=CHCH,CHO), 2.18
H, CH,C(CH,OBn)=CH), 2.11 (s, 3 H, CH=C(CH,)), 2.00 (m, 1 H, C=CHCH,CHO), 1.68 (m, 1 H,
CH(CHy)), 1.63-1.45 (m, 4 H), 1.18 (s, 3 H, C(CH,)), 1.11 (s, 3 H, C(CHs),), 1.09 (d, J = 6.7 Hz, 3 H,
CH(CHy)), 0.94 (d, J = 6.1 Hz, CH(CH,)), 0.94 (s, 9 H, SiC(CH,);), 0.80 (s, 9 H, SiC(CH;)3), 0.10 (s, 3 H,
Si(CH,),), 0.08 (s, 3 H, Si(CH,)y), 0.06 (s, 3 H, Si(CHy),), —0.16 (s, 3 H, Si(CHs),): )); °C NMR (150.9 MHz,

TrkiF ST

CDCl) 6 214.9,170.9, 164.5, 152.2, 141.1, 138.3, 128.2, 127.8, 127.4, 122.0, 119.5, 116.0, 79.4, 76.1, 73.4,

T1 Q2 &2 A AQ 1 204 277 2129 218 2QA 272 V264 267 244 249 109 197 194 170 182 _11
11.0, 33.%8,70.1, 37,94, 5/./y 35,4y I1.0, £0.%, £7.3, £0.%, £U.2, 29.59%, £%.L, 1T7.£4 10./, 10.0, 1/.7, 13.3, —D.1, —
24 218 _CA.TATD LTINS /N A /O 52:/2 08Q 204N M L et anlad fae O LT NN QS QS0 210N0

&, —I3.0, —2.4, FAD MIVID \INDA/UDL) /€ 700,790, VLT LS LdllU LOL Ugal75iNUgO0E 700.37U0

Benzyl Ether 31. Desilylation of 30. Benzyl ether 31 (9.7 mg, 90%) was obtained from compound
30 (15.0 mg, 18.1 umol) according to the procedure described above for 24. 31: R, = 0.48 (silica gel, 80% Et,O
in hexanes); [0]%5 -91.6 (c 0.5, CHCL,); IR (thin film) vy 3411, 2929, 1732, 1684, 1454, 1384, 1294, 1251,
1186, 1149, 1088, 1008, 979, 912, 733 cm™; 'H NMR (600 MHz, CDCl;) § 7.32-7.30 (m, 4 H, Ph), 7.28 (m,
1 H, Ph), 6.95 (s, 1 H, SCH=C), 6.59 (s, | H, CH=CCH,), 5.46 (dd,J = 9.9, 4.8 Hz, C=CHCH,), 5.24 (dd, J
=8.9, 1.1 Hz, 1 H, CHOCO), 4.47 (d, /=119 Hz, 1 H, OCH,Ph), 4.41 (d, J=11.9 Hz, 1 H, OCH,Ph), 4.28
(bd,J=10.4Hz, 1 H, CHOH), 3.99 (d, /= 11.8 Hz, 1 H, CH,OBn), 3.81 (d, /= 11.8 Hz, 1 H, CH,0Bn),

3

3.67 (bs. 1 H, CHOH), 3.57 (bs, 1 H, OH), 3.14 (dq, J= 6.9, 2.2 Hz, 1 H, C(O)CHCHj,), 299 (bs, 1 H, OH)
SIS \USy 1 S, aNSIL ), JeJ T \UDS, 1 1a, WL, ST (ML, W Vedy Lol ZR&y 1 1ky NN PNRENCRLG )y eSS\ VS NSaaigs
A LO falcniiend 2 1 LT O_NTIOIT OTTON D £Q (o 7 L1 N=rVOLITNNQY D AA (A4 T = 144 119 H> 1 U
£.0Y (00SCUICa M, 1 ri, UTUIILIHUIIv), £.00 (3, 2 I, INTU (L3 ))), L.97 (U4, v — 170, 11.4 11z, 1 11,
CH,COO), 2.32 (m, 1 H, CH,C(CH,0Bn)=CH), 2.28 (m, 1 H, CH,C(CH,0Bn)=CH), 2.24 (dd, J = 14.6, 2.6

C(C
Hz, CH,CO0), 2.1 (m, 1 H, C=CHCH,CHO), 2.06 (s, 3 H, CH=C(CH3)), 1.71 (m, 1 H, CH(CH3)), 1.58 (m,
1 H), 1.33 (s, 3 H, C(CHs),), 1.32-1.23 (m, 3 H), 1.17 (d, /= 6.8 Hz, 3 H, CH(CHj)), 1.05 (s, 3 H, C(CH;),),
0.98 (d, J= 7.0 Hz, 3 H, C(CH3)); °C NMR (150.9 MHz, CDCl3) 8 220.4, 170.1, 139.2, 138.2, 128.3,
127.7,127.5,123.8, 78.5, 73.8, 73.5, 72.1, 72.0, 53.7, 41.6, 39.7, 38.2, 32.3,31.8, 28.2, 25.3, 23.0, 19.1, 17.9,
16.1, 15.9, 13.3; FAB HRMS (NBA/CsI) m/e 730.2206, M + Cs" calcd for C34HysNOgS 730.2178.

 stirred solution of 23 (3.4 mg, 4.6 umol) in CCly

4 umol, 4.0 equiv.). The reaction mixture was refluxed for 12 h and then cooled to

- rs T 1o P | mmiimn and tha racidiia sac miirifed hy mremarative thie lnoas
room temperature. Inhe solvent was removed in vacuo and ine resiaue was purilied oy preparauve uiiil 1ayci
chromatography (20% Et,0 in hexanes) to give 32 (3.0 mg, 85%): Ry= 0.44 (silica gel, 20% Et,O in hexanes);
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[0?p ~25.4 (¢ 0.5, CHCly); IR (thin film) Vina, 2933, 2857, 1742, 1695, 1466, 1383, 1466, 1383, 1254, 1186,
1158, 1099, 1019, 985, 834, 775, 733 cm’’; 'H NMR (600 MHz, CDCl3) 6 6.96 (s, 1 H, SCH= =C), 6.56 (s, 1

H, CH=CCHj3), 5.57 (dd, J= 9.6, 6.5 Hz, C=CHCH),), 5.03 (bd, /= 9.4 Hz, 1 H, CHOCO), 4.15 (d, J=11.1
Hz, 1 H, CH,Cl), 4.03 (bd, /= 9.7 Hz, CHOSI), 3.92 (d, /= 11.1 Hz, CH,Cl), 3.88 (s, J = 8.9 Hz, 1 H,
CHOS1), 3.00 (dq, J= 8.7, 6.8 Hz, C(O)CHCHj), 2.77 (m, 1 H, CH,COO), 2.72 (m, 1 H, C=CHCH,CHO),
2.70 (s, 3 H, N=C(CH;)S), 2.63 (dd, / = 16.4, 9.8 Hz, 1 H, CH,COO0), 2.41 (m, 1 H, C=CHCH,CHO), 2.17

(m, 2 H, CH,C(CH,Cl)=CH), 2.11 (s, 3 H, CH=C(CH,)), 1.72 (m, 1 H, CH(CH3)), 1.50 (m, 1 H), 1.21-1.04

24.2, 193 187 186 179 152 -3.1, -3.4, 3.5, 54 FAB IIRMS (NBA/CsI) m/e 8863138 M + Cs'
caled for C39HggCINO;SSi; 886.3100.

Chloride 33. Desilylation of 32. Chloride 33 (9.3 mg, 92%) was obtained from compound 32 (15.0
mg, 19.9 pmol) according to the procedure described above for 24. 33: R,=0.77 (silica gel, Et,0); [0 -71.4
(¢ 0.5, CHCLy); IR (thin film) v, 3387, 2922, 1731, 1682, 1383, 1259, 1086, 755 cm‘1 'H NMR (600 MHz,

_____ 1311 1114 jax <4< 200, 1o JOU << Ll AR § ¥4

CDCl3) & 6.96 (s, 1 H, SCH=C), 6.58 (s, | H, CH=CCH3), 5.55 (dd, /= 10.0, 5.1 Hz, C=CHCH,), 5.23 (dd, J

— 0N 1 1 I¥. MITO WYY A N0 /LA JF— 1N A1l MITNWTIYN A 1N /7 T— 11 A 1¥. MIYT M\ 208 7 — 11 TT
— 0.4, 1 riz, Lriuvu), 4.0 \DU, v — 1V 114, LI1vuIn ), 4.1V U, v — 11.94 Iig, Lrpel), 5.70 (U, J — 1li1.9 N4z,
Fal S 8ral Y N 71 71 1 7Y ralk 87a% A 5 N O 1 1 " MY TN ‘§ 1 A £ 1 T__ £ 0 NN A TT rarfaN\Yalsr/a i Y N NN L 1 T
CH,Cl), 3.61 (bs, 1 H, CHOH), 3.58 (bvs, 1 H, OH), 3.14 (dq, /= 6.8, 2.4 Hz, C{O)CHCH3), 3.02 (bs, 1 H,

OH), 2.68 (s, 3 H, 3 H, N=C(CH;)S), 2.66 (m, 1 H, C=CHCH,CHO), 2.45 (dd, J = 14.6, 11.2 Hz, CH,CO0O0),
2.33 (m, 2 H, CH,C(CH,CI)=CH), 2.27 (dd, J = 14.6, 2.6 Hz, CH,C00), 2.26 (m, 1 H, C=CHCH,CHO),
2.06 (s, 3 H, CH=C(CH,)), 1.79-1.62 (m, 2 H), 1.37-1.28 (m, 3 H), 1.33 (s, 3 H, C(CH3),), 1.17 (d, J = 6.9
Hz, CH(CH,)), 1.06 (s, 3 H, C(CH3),), 1.01 (d, J= 7.1 Hz, CH(CH3)); *C NMR (150.9 MHz, CDCl;) &
220.3, 170.0, 165.0, 151.6, 138.7, 126.6, 119.4, 115.7, 78.1, 73.9, 72.2, 53.7, 49.2, 41.7, 39.7, 38.1, 32.6, 31.8,
27.7, 25.0, 23.0, 19.1, 18.0, 16.0, 15.9, 13.3; FAB HRMS (NBA/Csl) m/e 658.1394, M + Cs" calcd for

A4GClNO S 658.1370.
Fluorides 34 and 36. To a stirred solution of allylic alcohol 23 (33 mg, 0.46 mmol) in CH,Cl, (0.5
mL) at —78 °C was added DAST (7.4 mL, 0.56 mmol, 1.2 equiv.). After stirring for 5 min, the reaction mixture
was quenched with saturated aqueous NaHCO; solution (0.5 mL) and warmed to room temperature. The
layers were separated and the aqueous phase was extracted with CH,Cl,. The combined organic extracts were
dried (MgSOy), filtered and concentrated in vacuo to give a crude oil which was subjected to preparative thin
layer chromatography (silica gel, 20% Et,O in hexanes) to give the fluorides 34 (55%) and 36 (21%). 34: R, =
0.74 (silica gel, 60% EtOAc in hexanes); [0)*3p —18.4 (¢ 0.1, CHCly); IR (thin film) vy, 2932, 2871, 2856,
1741, 1695, 1465, 1381, 1252, 1156, 1098, 1019, 984, 834, 775, 733, 670 cm™; 'H NMR (600 MHz, CDCl;)
8§ 6.97 (s, 1 H, SCH=C), 6.57 (s, | H, CH=CCH3), 5.55 (m, | H, C=CHCH,), 5.03 (dd, /= 9.8, 0.7 Hz, 1 H,

\¥2 =3 73 e a7
CLINCONY AQT(Ad T=424 105U 1T H CH. R 466(dd J=474 105 Hz. 1 H CH-FY 404 (d J=04
VIV ), F.07 (MU, o 0.7, 1V.J 114, 1 X1, wi1)1 J, T. 00 \Uu, v R PRE IS § VAU SN § PR 2y vy VAL, V .5
Y 1 IY AITACQCHY N 00 731 T 01 I 1 LI MIINQHy 2 0NN (A~ I — Q& 70 1 1 IO O/OWNCIICIT N D77
Hz, 1 1, CHUDI1), 3.60 (4, J = ¥Y.1 112, 1 11, Liiusly, 5.VU (44, J 6.0, /.U nZ, 1 0, L(\Jjuiinensy, £.i11
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C=CHCH,CHO), 2.43, (dd, J = 12.2, 10.4 Hz, CH,COO0), 2.20 (m, 1 H, CH,C(CH,F)=CH), 2.12 (s, 3 H,
CH=C(CHy)), 2.05 (m, 1 H, CH,COO), 2.01 (m, 1 H, CH,C(CH,OH)=CH), 1.71 (m, | H, CH(CHs)), 1.63
(m, 1 H), 1.57 (m, 3 H), 1.19 (s, 3 H, C(CH;),), 1.13 (s, 3 H, C(CHs),), 1.09 (d, J = 6.8 Hz, 3 H, CH(CH3)),
0.96 (d, J = 6.9 Hz, 3 H, CH(CH3)), 0.93 (s, 9 H, SiC(CH,)3), 0.83 (s, 9 H, SiC(CH,)3), 0.10 (s, 6 H,
Si(CHs),), 0.07, (s, 3 H, Si(CH,),), —0.14 (s, 3 H, Si(CH;),); *C NMR (150.9 MHz, CDCly) 215.1, 171.0,
164.7,152.3, 138.1,123.9, 123.7, 119.9, 116.2, 86.9, 85.8, 79.1, 76.0, 53.4, 48.1, ‘394 37.6, 32.0, 31.5, 28.0,
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11.2, 1.0 Hz, 1 H, CHOCO), 5.28 (bd, J =59 Hz, 1 H, CHF), 5.04 (s, | H, C=CH,), 4.89 (s, 1 H, C=CH,),
4.24 (bs, 1 H, CHOSi), 4.00 (d, /= 9.4 Hz, CHOSi), 2.97 (dg, J = 8.8, 7.1 Hz, 1 H, C(O)CH(CH3), 2.70 (s, 3
H, N=C(CH,)S) 2.49 (dd, J= 14.6, 5.7 Hz, 1 H, CH,COO), 2.26 (m, 3 H, CH,COO and CHFCH,), 2.12 (s, 3
H, CH=C(CH,)), 2.07 (m, 2 H, (CH,=C)CH,), 1.72 (m, 1 H, CH(CHy)), 1.66-1.48 (m, 4 H), 1.22 (s, 3 H,
C(CH3)), 1.17 (s, 3 H, C(CH3),), 1.09 (d, J = 6.8 Hz, 3 H, CH(CH3)), 0.91 (d, J = 6.9 Hz, 3 H, CH(CH5)),
0.90 (s, 9 H, SiC(CH;)3), 0.87 (s, 9 H, SiC(CH3)3), 0.12 (s, 3 H, SiC(CH,)y), 0.06, (s, 3 H, SiC(CH,),), 0.06,

=25 e SN0/ 575 N5/ i N V54

(s,3H, SIC(CHQ,)) 0.03 (s, 3 H, SiC(CHs)); 3C NMR (150.9 MHz, CDCly) § 215.9, 170.5, 164.7, 152.4,

-
/

[

270N 114 £ 1002 10NQ D ! 1 261 260 24 K%
27.Y, 110 1 UZ.L 2 i, v.v t.J

—

171 on Q7 A4 27
141.U, 110.0, 1U¥.5, 1 , JU.7, 7. .l 3.0, A1, /_U.I,L. U, . N N s 1J.1,
2 A 2 08 AN SA. TAD LIDMCQ ANDA/CTY /s QTINA1ET N L Ot anlad £ae O IT . ENN QQE
—2.%4, —I.00, <4.U, —0.94, I'AD I1INIVID (INDAJ/\LDOL) Tve 0/V, 20U, VI T Ud LdiCl 101 300680 INVJSOD1)
870.3395.

Fluoride 35: Desilylation of 34. Fluoride 35 (7.4 mg, 74%) was obtained from compound 34 (14 mg,
19.7 umol) according to the procedure described above for 24. 35: R,= 0.31 (silica gel, 5% MeOH in CH,Cly);
[0]?p =74.0 (¢ 0.1, CHCL3); IR (thin film) via 3417, 2935, 1732, 1682, 1508, 1469, 1385, 1301, 1250, 1066,
1037, 982 cm™'; '"H NMR (500 MHz, CDCl3) § 6.96 (s, 1 H, SCH=C), 6.59 (s, 1 H, CH=CCH3;), 5.52 (m, 1
H, FCH,C=CH), 5.23 (dd, /= 10.0, 1.5 Hz, CHOCO), 4.81 (dd, /=475, 10.5 Hz, 1 H, CH,F), 4.67 (dd, J =
5,10.5Hz, 1 H, CH,F), 4.30 (bd, J=10.0 H

47.5,10.5 Hz, | H, CH,F), 4.30 (b z, 1 H, CHOH), 3.69 (bd, J= 2.0 Hz, 1 H, CHOH), 3.57 (bs,
1 H, OH), 3.16 (dg, J = 7.0, 2.0 Hz, 1 H, C(O)CH(CH;), 3.04 (bs, 1 H, OH), 2.73 (obscured m, 1 H,
C= LHCHICHO), 2.69 (s, 3 H, N=C(CH,)S), 2.44 (dd, J = 14.4, 11.3 Hz, 1 H, CH,COO0), 2.32 (m, 2 H,
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CH,C(CH,F)=CH and C=CHCH,CHO), 2.25 (dd, J = 14.4, 2.0 Hz, 1 H, CH,C00), 2.12 (m, 1 H,
CH,C(CH,F)=CH), 2.07 (s, 3 H, CH~—(,(C113)), 1.76 (m, 1 H, CH(CH,)), 1.68 (m, 1 H), 1.41-1.22 (m, 3 H),
1.34 (s, 3 H, C(CH,)y), 1.18 (d, J = 7.0 Hz, 3 H, CH(CH3)), 1.06 (s, 3 H, C(CHz)), 1.01 (d, J= 7.0 Hz, 3 H,
CH(CH>)); *C NMR (125.7 MHz, CDCly) § 220.5, 170.1, 165.1, 151.6, 138.7, 138.1, 138.0, 126.0, 125.9,
119.3, 115.6, 86.8, 85.5, 78.1, 73.7, 72.0, 53.6, 41.4, 39.5, 37.8, 32.1, 31.5, 27.6, 25.0, 22.8, 18.9, 17.6, 15.8,
15.7, 13.0; FAB HRMS (NBA/CsI) m/e 642.1690, M + Cs" caled for Cy;HgFNOsS 642.1666.

Thinrida 27 Decilvlation of 236 Fluaride 37 (4 0 mo. 849%) was obtained from comnound 36 (7 me.

L IUUL UL J /7 IJWIIAY IAVIVIL VI Vs & JWVLLuY w7 v s YAV A0 RAMMRIIANRS AR NS ) uhd ~— a7 T s o]

O £ iinnl) hy thae mraradiire deerrihed ahave for 24 7 R.= 0727 (gilica oel \004-. pan{‘ mn h >4 neg): [”]221\

7.0 HIIIULJ VY WL PIULCUULL ULOLVLIULU AUV VL LVl &5 o £ Vi \Siuuva ghiy, UV /0 HOARUOS ), (W] D
. 1 1

|
N
(=)
.
_~ o~
o
o =
—
e
jun
9
ey
=
u—
~
~_
—
=
=
=
3
—
<
3
&
(%)
S
N
N.
O
(OS]
L
[y
]
(95 ]
A
—
[*))
[==]
>
e
(98]
o0
Ul
p—d
(N
(e
’-—‘
e
N
Lh
O\
et
[l
(=)
\]
—
<o
(VS
i—-mt
‘é
!



K. C. Nicolaou et al. / Tetrahedron 54 (1998) 71277166 7153

CHOCO), 5.08 (s, 1 H, C=CH,), 4.98 (dd, /=48.4,9.2 Hz, 1 H, CHF), 4.93 (s, | H, C=CH),), 4.33 (bd, J =
10.9 Hz, 1 H, CHOH), 3.69 (bd, J = 6.1 Hz, | H, CHOH), 3.26 (m, 2 H, CHFCH,), 3.03 (bs, 1 H, OH), 2.68
(s, 3 H, N=C(CH;)S), 2.46 (dd, J= 11.0, 10.4 Hz, | H, CH,COO0), 2.39 (dd, J= 11.0, 2.4 Hz, 1 H, CH,COO0),
2.21 (m, 1 H, C(O)CH(CHa), 2.03, (s, 3 H, CH=C(CH,)), 1.78 (m, 1 H, CH(CH3)), 1.72 (m, 1 H), 1.48-1.22
(m, 3 H), 1.37 (5, 3 H, C(CH;),), 1.09 (d, J= 6.8 Hz, CH(CH-)), 1.05 (s, 3 H, C(CH

£ wALvily 14377, VS J ey N ;3)2), o7 > B LLZ’ 3
13
H, C(CH3),); "C NMR (125.7 MHz, CDCl3) § 220.4, 169.9, 165.0, 151.6, 147.0, 146.9, 138.3, 119.0, 115.8,
1TIN2T 110D QN 77T Q01 78 Q 71 Q0 &2 0 A1 A ANN 00 2077 AL A A1 AN O AN NN A A1 A 10N 1 -
11VU.3, 11V.4, JVU./, 0J.3, /3.0, /1.0, 03.0, 41.4, 4U.U, 3Y.0, 3Y.2Z, 30.4, 33.1, dU.8, ZY.L, 234, 21.2, 18.9, 1/.0,
1£N 18 11D.TAD TIDAMMOQ ATV A W IN /. AN 1701 A A ~ + 1. 1~ AR & R e S o Y LY
10U, 1J.3, 11.2; FPAD ORIV (NDA/USL) m/e 042.109Y1, M + Us  calcd 1or Cy7Heob NOsS 642.1666

Fluoride 35 and Dimeric Epothilone 38. To a solution of allylic alcohol 24 (27 mg, 53.2 pmol, 1.0
equiv.) in CHyCl, (1.5 mL) at —78 °C was added DAST (8 pl, 58.5 umol). After stirring for 5 min, the
reaction mixture was quenched by the careful addition of saturated aqueous NaHCO; solution (1.0 mL). The
layers were separated and the aqueous phase was extracted with CH,Cl, (3 x 1 mL). The combined organic

extracts were dried (MgSOy,), filtered and concentrated in vacuo to give a residue which was subjected to
nrenarative thin laver chromatoeranhv (silica cel. 50% FEtQOAc in hexanes) to give fluoride 28 (177 mo. 65%)
r I SJ ™ p Radddl ot A \FARaN i AN 1&1 lellwl\-ﬂ)} A ad 8[ W ALV AW oS \l I i lllso Vo I\ll
whnoos onantrncrnnie Aata vrara 1dantinal ta thaca AacarilaAd alan A Aisan st £ D tann 170/, 20. D
VYIIUOv oy\.uuuouuylu Uata yWLiL iuvlitival o uiuse Ul uiioCl avuuve aita 1 < Hig, 1470). 20. I\f

max 3398, 2924, 2851,
1737, 1731, 1687, 1681, 1502, 1455, 138 i 979, 8 ; '"H NMR (500 MHz,
CDCI3) 8 6.96 (s, 2 H, SCH=C), 6.59 (s, 2 H, CH=CCH3), 5.40 (dd, J= 10.0, 4.5 Hz, 2 H, C=CHCH,), 5.22
(dd, J = 9.0, 1.0 Hz, 2 H, CHOCQO), 4.29 (bd, J = 10.5 Hz, 2 H, CHOH), 3.91 (d, J = 12.0 Hz, 2 H,
CH,OCH,), 3.69 (bs, OH), 3.67 (d, J = 12.0 Hz, 2 H, CH,0CH,), 3.15 (dq, J = 7.0, 2.0 Hz, 2 H,
C(O)CH(CHj3)), 3.09 (bs, 2 H, OH), 2.68 (s, 3 H, N=C(CH,)S), 2.67 (obscured m, 1 H, C=CHCH,CHO), 2.45
(dd, J = 14.5, 11.0 Hz, 2 H, CH,CO0), 2.27 (m, 4 H, CH,C(CH,0OCH,)=CH and C=CHCH,CHOQ), 2.26 (dd,
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m/e 997.5247, M + CS caled for CS4H30N201 ls2 997.5281.

Aldehyde 39. Oxidation of allylic alcohol 23. To a stirred solution of 23 (9.8 mg, 13.3 pmol, 1.0
equiv.) in Et;O (1.0 mL) at room temperature was added in several portions solid MnO, (6.0 mg, 69 umol, 5
equiv.). After stirring for 3 h, the reaction mixture was filtered through silica gel, eluting with 50% Et,O in
hexanes, to give enal 39 as a colorless foam (8.3 mg, 85%). R = 0.47 (silica gel, 60% Et,O in hexanes); [0(]22

—6.1 (¢ 0.1, CHCl;); IR (thin film) via 2927, 2855, 1743, 1693, 1463, 1254, 1156, 1020, 836, 775, 668 cm™;

Iy NIMDR 74600 NALT (‘T\f‘l VR 0O ¢ T OCLIMY £00 /e 1 U k( (Y A L) (¢ 1T =TI\ 4 AQ
L1 UNIVIN \UVUV IVINZ, wiser3j O 7.0 (3, 1 IL, Wilv), U.77 (5, 1 11, Ou H= o jy, U04 (D, &I, rITUAE13 ), U
(dd, 7=9.0, 6.4 Hz, 1 H, CHO=CH), 5.36 (bm, 1 H, CHOCO), 4.11 (bm, 1 H, CHOSI), 3.88 (d, /= 9.0 Hz,

CHOSi), 2.98 (m, 2 H, C(O)CH(CH3;) and C=CHCH,CHO), 2.71 (s, 3 H, N=C(CHj3)S), 2.71 (obscured m, 1
H, C=CHCH,CHO), 2.66 (bd, J= 14.6 Hz, 1 H, CH,CO00), 2.58 (dd, /= 14.7, 8.0 Hz, 1 H, CH,COO0), 2.31-
2.24 (m, 2 H, CH,C(CHO)=CH), 2.17 (s, 3 H, CH=C(CH,;)), 1.74 (m, 1 H, CH(CH3)), 1.56 (m, 1 H), 1.36-
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1.17 (m, 3 H), 1.16 (s, 3 H, C(CHa)y), 1.12 (s, 3 H, C(CHy),), 1.09 (d, J = 6.8 Hz, 3 H, CH(CH>)), 0.93 (d, J =
6.8 Hz, 3 H, CH(CHj)), 0.92 (s, 9 H, SiC(CHs)3), 0.82 (s, 9 H, SiC(CHj)s), 0.08 (s, 6 H, Si(CHs),), 0.05 (s, 3
H, Si(CH;)), —0.1 (s, 3 H, Si(CHs),): >C NMR (125.7 MHz, CDCly) 6 215.4, 195.2, 170.8, 164.9, 152.1,
147.6, 147.0, 137.0, 120.5, 116.7, 77.6, 75.4, 65.3, 53.5, 40.1, 37.8, 32.9, 31.5, 27.0, 26.2, 26.0, 25.1, 247,
19.2,18.5,18.4,17.9,15.1,-3.4,-3.5, 3.8, =5.5; FAB HRMS (NBA/Csl) m/e 866.3304, M + Cs* caled for
CioHg/NOgSSi, 866.3282.

143 A < WA Tt ot '1-'r1"r' SOOI T 1
ution o VIS-diazomethane \.Lo }.u_,, 2.0 M solution in inr, 56 umoi, 1 3

equiv.) in THF (0.5 mL) at —78 °C was added »-BuLi (33 UL, 1.5 M solution in hexanes, 49.5 umol) and the
mixture was stirred for 30 min. A solution of aldehyde 39 (28 mg, 38.14 umol, 1.0 equiv.) was then added
dropwise over 5 min. The reaction was stirred at —78 °C for one hour and then at 0 °C for 30 min. Saturated
aqueous NH4Cl (2.0 mL)) was added and the layers were separated. The aqueous phase was extracted with
Et,0 (3 x 2 mL) and the combined organic extracts were dried (MgSQO,), filtered and concentrated in vacuo.
Purification by preparative thin layer chromatography (20% Et,O in hexanes) provided pure alkyne 40 (21.0
mg, 75%): Ry= 0.71 (silica gel, 60% Et,0 in hexanes); [0]*’p ~37.6 (c 0.2, CHCls); IR (thin film) Vie 2929,
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1
em™; 'H NMR (600 MHz, CDCl3) § 6.97 (s, 1 H, SCH=C), 6.57 (s, 1 H, CH=CCH3), 5.91 (dd, J = 10.0, 7.1
Hz, C=CHCH,), 5.03 (bd, /=99 Hz, | H, “HO’CO) 4.02 (d, /= 9.7 Hz, 1 H, CHOSI), 3.88 (d, /= 8.7 Hz, i

H, CHOSI), 2.98 (dq, J = 8.6, 6.9 Hz, C(O)CH(CH,)), 2.81-2.74 (m, 2 H, CH,COO and C=CHCH,CHO),
2.78 (s, 1 H, CCH), 2.68 (dd J = 16.4, 10.2 Hz, CH,COO0), 2.67 (s, 3 H, N=C(CH;)S), 2.46 (m, 1 H,
C=CHCH,CHO), 220 (m, 1 H, CH,C(CCH)=CH), 2.10 (s, 3 H, CH=C(CH;)), 192 (m, 2 H,
CH,C(CCH)=CH and CH,CH,), 1.61 (m, 1 H, CH(CH,)), 1.49 (m, 1 H), 1.26 (m, 2 H), 1.18 (s, 3 H,
C(CHs),), 1.14 (s, 3 H, C(CH,),), 1.08 (d, J = 6.7 Hz, CH(CH3)), 0.97 (d, J = 6.7 Hz, CH(CHj)), 0.93 (s, 9 H,
SiC(CH,)s), 0.84 (s, 9 H, SiC(CH,)3), 0.10 (s, 3 H, sl(CHm 0.09 (s, 3 H, Si(CHy),), 0.07 (s, 3 H, Si(CH;)y),

-0.07 (s, 3 H, Si(CH;)); PC NMR (125.7 MHz, CDCl3) § 215.0, 171.1, 164.7, 152.3, 137.9, 132.3, 119,
2,246,242, 1 18.5, 17.

b

2 137 11/ U

3,
8.5

[
~N o
GiO \D

1
75.6.534. 301 326.31.1.307.277.263.2 1R A
1J. 1, J4&.U, s JV. y 10.0,

U, JJ.Fr, 7. B Fyg Lol y LUy LU oty

193
152, 142, 3.4, 3.6, 3.7, -5.7; FAB HRMS (NBA/Csl) m/e 862.3368, M + Cs"* caled for C40H67N058812

Alkyne 41. Deprotection of 40. Alkyne 41 (5.0 mg, 91%) was obtained from compound 41 (8.0 mg,
10.9 pmol) according to the procedure described above for 24. 41: R,= 0.55 (silica gel, 60% EtOAc in hexanes);
[0 —94.6 (¢ 0.1, CHCLy); IR (thin film) vy, 3288, 2925, 1732, 1683, 1505, 1455, 1384, 1261, 1149, 1047,
979, 736, 668 cm™'; 'TH NMR (600 MHz, CDCl;) 8 6.96 (s, 1 H, SCH=C), 6.60 (s, 1 H, CH=CCH3), 5.92 (dd,

J=10.1, 5.4 Hz, C=CHCH,), 5.25 (dd, J=9.6, 1.7 Hz, CHOCO), 4.29 (dd, J= 11.0, 0.9 Hz, 1 H, CHOH)
3 71(bs. 1 CHOH). 3.57 (bs. 1 OH), 3.12 (da, J=18.0. 6.8 Hz, 1 H, C(O)CH(CH;)), 3.06 (bs, 1 H
el A UDy 1 21y NAEIXSALSy Lo D\ WDy 4dy Naiyy At £ ’ > ] M~ AN 3779 AN b
ALY 770 (e 1T OOy DTV (e 2 U CO=CUCH.OCHM 2 AQ TH N=CYCH XN 247 7dd JT=147 112
UL}y Lo/ F\Dy 1 Iy UKL}, 40/ £ \1hy £ 11, UTUIIVLI I )y &4 V0 , G ARy LNTUANALG T )y LT 1\, 1. 74 2147
Hz, CH,CO0), 2.34 (m, 2 H, CH,C(CCH)=CH), 2.2 (dd, J = 14.7, 2.7 Hz, CH,CO0), 2.07 (obscured m, 1
H, CH,CH,), 2.06 (s, 3 H, CH=C(CH3)), 1.79 (m, 2 H, CH(CH3) and CH,CH}), 1.37-1.21 (m, 2 H), 1.33 (s, 3

H, C(CHa),), 1.19 (d, J = 7.9 Hz, 3 H, CH(CH3)), 1.06 (s, 3 H, C(CH;),), 1.00 (d, J = 7.1 Hz, 3 H, C(CH3),);
3¢ NMR (125.7 MHz, CDCly) § 215.7, 170.1, 165.1, 158.5, 151.7, 138.3, 134.4, 125.0, 119.5, 115.8, 84.6,
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41.9, 39.5, 32.7, 30.3, 25.6, 2

7 .6, 3.0, 19.0, 17.7, 16.0, 15.3, 13.4; FAB HRMS
(NBA/CSI) m/e 6341625 M + CS caled for C23H39NOSS 634.
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Diene 42. Wittig Olefination of Aldehyde 39. To a stirred suspension of methyl
triphenylphosphonium bromide (60.0 mg, 168 pumol, 20 equiv.) in THF (1.0 mL) at 0 °C was added a solution
of LIHMDS (160 pL, 1.0 M solution in THF, 160 pmol, 0.67 mmol, 19.0 equiv.) and the bnght yellow

solution was stirred for an additional 30 min. To a stirred solution of 39 (6.0 mg, 8.2 mmol, 1.0 equiv.) in THF

ed s0 (6 v.)in T}
(0.5 mL) at 0 °C was added an aliguot (250 ;;Li 5.0 equiv.) of the ylid solution. Methanol (0.1 mu,} was added
~ Tl:m 14 ) PRI, 0/ T+ :
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hexanes) provided diene 42 (5.1 mg, 85%) Rf 0.71 (silica gel, 60% Et,0 in hexanes); [a]**p —40.0 (¢ 0.1,
u{u3), utumn film) Viax 2931, 2856, 1742, 1695, 1466, 1383, 1254, 1186, 1157, 1098, 1020, 987, 873, 834,
775 em™; 'H NMR (400 MHz, CDCl3) 8 6.96 (s, 1 H, SCH=C), 6.57 (s, 1 H, CH=CCHS), 6.20 (dd, J = 17.6,
11.0 Hz, 1 H, CH,=CH=C=CH), 5.47 (dd, J = 10.0, 6.5 Hz, 1 H, CH,=CH=C=CH), 5.19 (obscured m, 1 H,
CHOCO), 5.13 (d, J= 17.6 Hz, 1 H, CH,=CH=C=CH), 4.97 (d, J = 11.0 Hz, 1 H, CH,=CH=C=CH), 4.11
(bd, J = 9.2 Hz, 1 H, CHOSi), 3.87 (d, J = 8.9 Hz, 1 H, CHOSI), 3.03 (dq, J = 8.0, 6.4 Hz, 1 H,

C(O)CH(CH3)), 2.77 (ddd, J = 19.5, 9.7, 9.7 Hz, 1 H, C=CHCH,CHO), 2.71 (s, 3 H, N=C(CH,)S), 2.64 (m, 2

2. 139.8, 125
119. 3,29.6,27.9, 26.9, 26.2, 26.0, 24.4, 19.
18.5, 183 177 150 -3.4, 3.8, -3.9, -5.6; FAB HRMS (NBA/CsI) m/e 864.3523, M + Cs* caled for
CaoHegNOSSSi, 864.3489.

Diene 43. Deprotection of 42. Diene 43 (3.0 mg, 85%) was obtained from compound 34 (5.0 mg, 6.8
umol) according to the procedure described above for 24. 43: R, = 0.49 (silica gel, 60% EtOAc in hexanes);
[rﬂzzn——l74 (¢ 0.2, CHCl;); IR (thin film) v, 3502, 2928, 1733, 1687, 1507, 1463, 1383, 1295, 1256, 1183,

1150, 1081, 1012, 984, 903, 733 cm™; '"H NMR (500 MHz, CDCl3) 6 6.97 (s, 1 H, SCH=C), 6.62 (s, 1 H,
CH=CCH,), 6.23 (dd, J = 17.5, 10.5 Hz, 1 H, CH,=CH=C=CH), 545 (dd, J = 10.0, 5.0 Hz, 1 H,
CH,=CH=C=CH), 5.25 (dd, /= 7.5, 1.2 Hz, 1 H, CHOCO), 5.i6 (d, /= 17.5 Hz, 1 H, CH,=CH=C=CH),

C
5.00 (d, J= 11.0 Hz, | H, CH,=CH=C=CH), 4.35 (d, J= 9.5 Hz, 1 H, CHOH), 3.70 (d, /= 2.0 Hz, 1 H,
CHOH), 3.19 (dg, J= 7.0, 2.5 Hz, 1 H, C(O)CH(CHs)), 3.01 (bs, 1 H, OH), 2.73 (ddd, J = 20.0, 10.0, 10.0
Hz, 1 H, C=CHCH,CHO), 2.70 (s, 3 H, N=C(CH,)S), 2.44 (dd, J = 14.0, 10.5 Hz, CH,COO), 2.43-2.26 (m, 3
H, C=CHCH,CHO and CH,C=CH), 2.23 (dd, J = 14.0, 2.5 Hz, 1 H, CH,COO), 2.01 (s, 3 H, CH=C(CHj)),
1.77-1.60 (m, 2 H), 1.44-1.22 (m, 3 H), 1.36 (s, 3 H, C(CHs),), 1.17 (d, J = 6.7 Hz, 3 H, CH(CH})), 1.06 (s, 3
H, C(CHs),), 1.02 (d, J = 7.0 Hz, C(CHs),); *C NMR (125.7 MHz, CDCLy) § 220.7, 171.1, 166.4, 151.7,

141.1, 139.6, 127.7, 119.2, 115.6, 112.2, 78.5, 73.5, 72.0, 53.7, 41.4, 39.8, 37.7, 33.0, 31.4, 29.7, 26.6, 25.9,
7170 120 1772 180 170 TAR LIRNMCQ MINRA /(I s/o A1A 1770 N + Cet palad far CLIT. NN.Q £24 1760
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Compound 44. Hydregenation of 42. To a stirred solution of diene 42 (18.0 mg, 24.6 pmol) in EtOAc
(1.5 mL) was added Lindlar catalyst (5.0 mg). Air was purged from the flask by vacuum before the
introduction of a hydrogen atmosphere. After stirring vigorously for 50 min, the solution was filtered through
celite and concentrated in vacuo. Purification by preparative thin layer chromatography (20% Et;O in
hexanes) gave pure 44 (9.0 mg, 50%): R,= 0.88 (silica gel, 60% Et,0 in hexanes); [0]*p —26.7 (¢ 3.0, CHCly);
IR (thin film) v, 2950, 2845, 1738, 1691, 1461, 1378, 1247, 1153, 1096, 1012, 981, 829, 772 cm™'; '"H NMR

'S
M—MIIMIY N & NN /L1 FT— 1N 111~ 1 T MIINMNOYY A NA L J e O O TTe 1 IT MYITNCOEN ‘! O(\ 7.1 T — O N TT_ 1
L—urenrp), 2.uuDa, J = 1v.i 7z, 1 11, Lriulu), 4.U4 (04, J = ¥.0 NZ, 1 1, Lriusi), 3.6¥Y (4, J = Y.U HZ, |
", CHOSi), 3.03 (dq, /=8.,8, 7.0 Hz, 1 H, C(O)CH(CHa,)), 2.80 (d, J = 15.8 Hz, 1 H, CH,COO0), 2.71 (s, 3

=C(CH3)S), 2.68 (obscured m, 2 H, CH,COO and C=CHCH,CHO), 2.02 (m, 1 H, C=CHCH,CHO), 1.77
(s, 3 H, CH=C(CHy)), 2.11-1.98 (m, 2 H, CH,C=CH), 2.01 (q, J = 7.5 Hz, 2 H, CH,CH,), 1.81 (m, 1 H,
CH(CH,)), 1.74-1.49 (m, 4 H), 1.19 (s, 3 H, C(CH;),), 1.13 (s, 3 H, C(CH,),), 1.10 (d, J = 6.8 Hz, 3 H,
CH(CH3)), 0.98 (d, J = 6.9 Hz, 3 H, CH(CHy)), 0.98 (t,J= 7.4 Hz, 3 H, CH,CHy), 0.95 (s, 9 H, SiC(CH;),),
0.84 (s, 9 H, SiC(CHj3);), 0.11 (s, 3 H, Si(CH3),), 0.07 (s, 6 H, Si(CHs),), —0.12 (s, 3 H, Si(CHs),); *C NMR
(125.7 MHz, CDCl3) § 215.1, 171.1, 164.5, 152.4, 1459, 138.7, 119.2, 117.2, 115.8, 79.8, 76.1, 53.3, 48.1,

39.1, 37.5, 32.3, 31.3, 29.9, 28.7, 27.4, 26.2, 26.0, 24.2, 19.3, 19.1, 18.6, 185, 152, 12.3, -3.4, =3.8, 3.9,
S Q. TAR LIRDNMC NRA /eI m/n RAEA 671 N et cnlad Far O 1T NN .QQi. QAL 1EAA
AUy L LREP LAINIVILY \l‘uﬂl \—‘Dl} e OUU.OU/ 1, 1VL AN ) vaivu 1V \/4()117]1‘\.}5\.’\)12 OUVv.Iu=TVY

Compound 45. Deprotection of 44. Compound 45 (2.6 mg, 75%) was obtained from compound 44
(5.0 mg, 6.8 umol) according to the procedure described above for 24: 45: R,= 0.34 (silica gel, 5% MeOH in
CH,CL); [a]*?p —64.3 (c 0.1, CHCI;); IR (thin film) Vi 3454, 2987, 2928, 1728, 1583, 1504, 1460, 1375,
1296, 1251, 1186, 1151, 1047, 977, 749 cm™; 'TH NMR (500 MHz, CDCl3) § 6.96 (s, 1 H, SCH=C), 6.59 (s,
1 H, CH=CCH,), 5.22 (dd, /= 8.5, 1.1 Hz, 1 H, CHOCO), 5.13 (dd, J = 10.1, 4.7 Hz, 1 H, C=CHCH,), 4.31
(d, J=10.7 Hz, 1 H, CHOH), 3.72 (bs, 1 H, OH), 3.55 (d, J=4.8 Hz, 1 H, CHOH), 3.17 (dq, J = 6.8, 2.2 Hz,

1 H, C(OYCH(CH3)), 3.03 (bs, 1 H, OH), 2.70 (s, 3 H, N=C(CH;)S), 2.66 (ddd, J = 15.1, 10.1, 10.1 Hz, 1 H,
C=CHCH,CHO), 2.45 (dd, J = 14.6, 11.2 Hz, 1 H, CH,CO0), 2.29 (m, 2 H, C=CHCH,CHO and CH,CQO),
2.07 (s, 3 H, CH=C(CHy)), 2.05-1.91 (m, 2 H, CH,C=CH), 2.08 (s, 3 H, CH=C(CHx)), 1.99 (q, J= 7.5 Hz, 2
H, CH,CHy), 1.76 (m, 1 H, CH(CH,)), 1.64 (m, 1 H), 1.39-1.26 (m, 3 H), 1.35 (s, 3 H, C(CHy)p), 1.19 (d, J =
6.5 Hz, 3 H, CH(CH,)), 1.07 (s, 3 H, C(CH;),), 1.02 (d, J = 7.0 Hz, 3 H, CH(CH3)), 0.969 (t, /= 7.5 Hz, 3 H,

CH,CH,); *C NMR (125.7 MHz, CDCl3) § 220.7, 170.3, 143.9, 119.1, 115.4, 78.8, 73.8, 72.0, 53.5, 41.4,
39.6, 38.0, 32.4, 31.6, 29.7, 28.7, 25.3, 22.8, 18.9, 17.7, 15.9, 15.7, 13.1, 12.6; FAB HRMS (NBA) m/e
506.2956, M + H' caled for C,sH43NOsS 506.2940.

Epoxides 46 and 46’. Epoxidation of 45. To a stirred solution of olefin 45 (31.0 mg, 61.3 umol, 1.0
equiv.) in MeCN (4 mL) at 0 °C was added sequentially disodium EDTA solution (1.2 mL.,0.4 mM solution in

miVe, VIO L Lo o

water, 0.48 pmol) and 1,1,1-trifluoromethyl acetone (2.0 mL, 14.2 mmol, 120 equiv.). A mixture of solid
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with EtOAc (4 x 2 mL). The combined organic phase was dried (MgSO,), filtered, and concentrated in vacuo.
Purification by preparative thin layer chromatography (70% EtOAc in hexanes) provided pure epoxides 46



(18.4 mg, 58%) and its diastereomeric epoxide 46 (6.1 mg, 19%); 46: R, = 0.30 (silica gel, 5% MeOH in
CH,CL); [0]**p —45.6 (c 0.8, CHCI3); IR (thin film) v, 3466, 2959, 2876, 1730, 1683, 1459, 1370, 1253,
1146, 1063, 975, 887, 751, 663 cm™'; '"H NMR (500 MHz, CDCl3) § 6.97 (s, 1 H, SCH=C), 6.60 (s, 1 H,
CH=CCH3), 5.42 (dd, /= 7.4, 2.8 Hz, 1 H, CHOCO), 4.36 (bs, 1 H, OH), 4.22 (bs, 1 H, CHOH), 3.76 (bs, 1
H, CHOH), 3.33 (dq, /= 6.8, 6.8 Hz, 1 H, C(O)CH(CH3)), 2.82 (dd, /= 7.2, 5.0 Hz, 1 H, CH(O)CCH,CH,),

== == - T T Té

2.70 (s, 3 H, N=C(CH,)S), 2.65 (bs, 1 H, OH), 2.54 (dd, J = 13.8, 10.4 Hz, 1 H, CH,COO), 2.35 (dd, J =

122 30HZ 1 H CH.COOY. 200¢(s T H CH=CICHMW 20 (ghscured m. 1 H C1T CHOIYCOCHCH,CHO)
Uy JoV L4, L ARy VRIS Jy Lo VT RS, L WAL )y £.UD \UUDSLVULRUL B, 1 1Y, VT AU TN ),
104 7311 F_ 1£1 7 £ 1% 11T /OO0 NI NCOYIIOTIT OIINNY 1 Q0 1 £0 70 1IN 1 20 7 A TT /NTT TN
L.7%9 (4ud, v — 10.1, /.0 114, 1 11, (LIl ng)juuenurniony), 1.60-1.07 (111, 5 1), 1.0U (In, £ H, UrlHg),
44 M 4 M4 s b AY -~y rTr s T ~ TT Fab & V¥ al - -
1.63-1.34 (m, 4 H), 1.37 (s, 3 H, C(CHas),), 1.16 (d, /= 6.9 Hz, 3 H, CH(CHj;)), 1.07 (s, 3 H, C(CHa),), 1.00

(d, J= 7.0 Hz, CH(CH3)), 0.91 (t, J = 7.5 Hz, 3 H, CH,CHj;); *C NMR (125.7 MHz, CDCl3) § 220.6, 170.5,
165.1, 151.6, 137.2, 119.4, 116.0, 76.4, 74.2, 72.6, 64.2, 60.2, 53.0, 42.8, 39.0, 36.2, 31.7, 30.6, 29.4, 28.6,
22.0, 21.1, 19.5, 19.0, 17.0, 15.9, 13.6, 8.6; FAB HRMS (NBA/Csl) m/e 654.1890, M + H* caled for
CasHyNOS 654.1865. 46”: R,= 0.28 (silica gel, 5% MeOH in CH,Cl,); []?p ~18.0 (¢ 0.3, CHCLy); IR (thin
film) Ve, 3466, 2956, 2867, 1729, 1690, 1458, 1380, 1252, 1147, 1047, 886, 792, 731 em™; 'H NMR (500
MHz, CDCl;) § 6.98 (s, | H, SCH=C), 6.61 (s, 1 H, CH=CCHy,), 5.67 (d, J= 9.1 Hz, 1 H, CHOCO), 4.17

(bd, J=10.7 Hz, 1 H, CHOH), 4.06 (bs, 1 n CHOH), 3.82 (bs, | H, OH), 3.33 (dd, J= 7.1, 7.1 Hz, 1 H,
L(O)CH(CH;)) 3.05 (dd, J = 10.8, 3.2 Hz, CH(0)CCH,CH3), 2.89 (bs, 1 H, OH), 2.72 (s, 3 H
l\T l/ll NQY Y A77 3 y__ 17 1t 17 1717 YY nr\ N AN 1T T TT MITY My 2(5,

C(CH,)S), 2.47 (dd, /=121, 12.1 Hz,ln H,CGO), 2.42 (dd, /= 12.2, 2.4 Hz, 1 H, CH,COO), 2.1

3 H, CH=C(CH,)), 2.09 (m, 1 H, (CH,CH;3)COCHCH,CHO), 1.85 (m, 4 H, (CH,;CH;3)C(O)CHCH,CHO,
CH(CHs3) and CH,CH3), 1.50-1.39 (m, 3 H), 1.37 (s, 3 H, C(CHj;),), 1.31-1.13 (m, 3 H), 1.09(d, J= 7.0 Hz, 3
H, CH(CH,)), 1.04 (s, 3 H, C(CH;),), 0.93 (d, /= 6.5 Hz, 3 H, CH(CHy)), 0.88 (t, /= 7.5 Hz, 3 H, CH,CH,);
13C NMR (125.7 MHz, CDCl3) § 222.5,170.4, 169.2, 153.7, 138.0, 119.4, 116.3, 76.3, 74.2, 70.8, 65.5, 63.3,
51.7, 42.4, 38.7, 38.1, 33.1, 32.0, 28.4, 28.3, 22.1, 21.1, 18.8, 18.6, 16.0, 15.2, 12.3, 9.2; FAB HRMS

(NBA/CsI) m/e 654.1887, M + H* caled for CoglIsNOGS 654.1865.

Aldehyde 47. Selective Oxidation of Triol 24. To a solution of alcohol 24 (25 mg, 49 pmol) in Et,0
10N N N& MY at IR °0 wae addad Mna). (71 ma N 24 mrmnl § 0 aoniv Y Tha reenlting enenencian wae
1.V 1y, U.UJ DVE) Al LD Yy VWad QuULU IV (&1 L, V.&T MIIVL, J0U L ULY L . 11V LLOUIUULIE sUopwiioivIL VTGO

stirred for 3 h, filtered over celite and the solvent removed under reduced pressure. Purification by preparative
thin layer chromatography (5% MeOH in CH,Cl,) provided pure aldehyde 47 (22.2 mg, 89%): R,= 0.50 (silica
gel, 5% MeOH in CH,Cly); [at)*p —82.2 (¢ 0.3, CHCly); IR (thin film) vy, 3449, 2934, 1735, 1683, 1460,
1378, 1254, 1150, 1047 cm™; '"H NMR (600 M1z, CDCl3) § 9.38 (s, 1 H, CHO), 6.99 (s, 1 H, SCH=C), 6.65
(s, 1 H, CH=CCH,), 6.44 (dd, /=9.8, 5.4 Hz, 1| H, CHOC=CHCH;), 5.40 (d, J=7.5 Hz, 1 H, CH,COOCH),
4.30 (m, 1 H), 3.74 (d, J = 6.1 Hz, 1 H, CHOH), 3.65 (bs, 1 H, OH), 3.15 (dq, /= 6.8, 2.3 Hz, 1 H,
C(O)CHCH3), 2.98 (s, 1 H, OH), 2.95 (ddd, J = 15.3, 9.7, 9.6 Hz, 1 H, CH,CH=CCHO), 2.69 (s, 3 H,

N=C(CH3)S), 2.64 (ddd, J = 15.3, 7.5, 5.4 Hz, 1 H, CH,CH=CCHO), 2.44 (dd, J = 14.3, 11.2 Hz, 1 H,

CH, dd 43,2.5Hz 1 H, CH, D), 2.25-2.16 (m, 1 H), 2.11 (s,
2 3)y LSTITLND T N1, il Ca, 170, L0 124, 5 2 Jy Lkl T4l 5 5
AU CU—CCITY 122 170 (m 2HY 128 7 T H C(CHAN 132172 (m A 116¢(d J=62Hz 13

DI, LIITUII3), 1.00-1./7 (ML, £ 11}, 1.0J (S5, J 11, LA\Wi13)7), 1.JL51.04 (1ML, 7 41y, 1.1V (U, v V.0 LiLy < L1,y
ANTIT /MNTITIN f NS . Y TIY MN/ATITYNYN NOO A T TN TIY. T AITLY ). l3f‘ ANIRAD 718N 0O NATT- et aYal MY
Cr(Lr;)), 1.Uo (5, 3 11, Lilriz)p), U.r¥ \4,J = /.U IiZ, 5 I, LI /13)), W NIVIR (10U iz, Loy} o
220.4, 194.8, 170.0, 165.3, 151.4, 148.7, 145.7, 137.8, 119.8, 116.1, 77.3, 73.5, 72.0, 53.7, 41.6, 39.6, 33.3,



158 K.

f‘)

Aimn oy -1
N, NIiCOLou et de.

. : b
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Carboxylic Acid 48. Oxidation of Aldehyde 47. Aldehyde 47 (12 mg, 0.024 mmol), +-BuOH (1.0
mL), isobutylene (0.75 mL, 2 M solution in THF, 0.15 mmol), H,0 (0.2 mL), NaClO, (10 mg, 0.14 mmol, 6.0
equiv.) and NaH,PO4 (7 mg, 0.07 mmol, 3.0 equiv.) were combined and stirred at 0 °C for 1 h. The reaction
mixture was concenirated under reduced pressure and the residue was subjected to flash column
chromatography (silica gel, 6% MeOH in CH,Cl,) to afford pure carboxylic acid 48 (11.8 mg, 98%): R,= 0.50
(silica gel, 10% MeOH in CH,Cl,); [a -51.0 (¢ 0.6, CHCl,); 'H NMR (600 MHz, CD;0D) § 7.23 (s, 1 H,

OOCC =CHCH,), 6.64 (s, 1 H, CH=CCHj;), 5.39 (d, J =
J WY A
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Hz, 1 H, CH,CH=CCOOH), , J =151, 6.5, 23 Hz, 1 H,

CH,CH=CCHO), 2.44-2.33 (m, 4 H), 1.47-1.15 (obscured m, 3 H) 1.30 (s 3 H, C(CH3),), 1.17 (d, J= 6.8
Hz, 3 H, CH(CHs)), 0.99 (d, J = 7.0 Hz, 3 H, CH(CHj)), 0.98 (s, 3 H, C(CI),); *C NMR (150.9 MHz,
CDCLy) & 219.7, 171.6, 170.9, 166.8, 153.1, 139.1, 138.2, 136.6, 120.3, 117.6, 79.3, 76.9, 72.1, 54.9, 48.2,

45.4, 40.4, 38.3, 33.8, 31.2, 28.4, 27.9, 23.1, 19.4, 18.7, 17.7, 15.8, 9.3; FAB HRMS (NBA/Csl) m/e
654.1478, M + Cs" calcd for C,7H3NOGS 654.1502.
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EtOAc (0.5 mL, O 05 M) at 0 °C, was added CH,N, (solutlon in Et,0, excess). The solution was stirred for 15

e IIY 1 A I

l'l'llIl €XCess Ll 2‘ 2 Was removed oy Dunoung argon, and the solvent was removed under reduced pressure.
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Purification by preparative thin layer chromatography (60% EtOAc in hexanes) provided pure ester 49 (12.5
mg, 95%): Ry= 0.60 (silica gel, 60% EtOAc in hexanes); [o]*p —65.9 (c 0.4, CHCl3); IR (thin film) v, 3442,
2936, 1712, 1441, 1289, 1260, 1191, 1146, 1047 cm™; "H NMR (600 MHz, CDCIl3) é 6.96 (s, 1 H, SCH=C),
6.70 (dd, J = 10.6, 5.0 Hz, 1 H, CH;00OCC=CHCH,), 6.61 (s, 1 H, CH=CCHjs), 5.29 (d, /= 6.8 Hz, 1 H,
CH,COOCH), 4.25 (b, 1 H), 3.72 (s, 1 H, COOCHj3), 3.74-3.70 (obscured, 1 H, CHOH), 3.54 (bs, 1 H, OH),
3.15 (dq, J= 6.7, 2.8 Hz, 1 H, C(O)CHCH3), 2.99 (s, 1 H, OH), 2.95 (ddd, . = 15.3, 104, 10.1 Hz, 1 H,

CH,CH=CCHO), 2.68 (s, 3 H, N=C(CH;)S), 2.4 (dd, J = 14.3, 11.2 Hz, 1 H, CH,COOCH), 2.33-2.25 (m, 1
H),2.23 (dd, J = 14.3, 2.5 Hz, 1 H, CH,COOCH), 2.08 (s, 3 H, CH=CCH5), 1.83-1.69 (m, 3 H), 1.44-1.35
(m, 1 H), 1.34 (s, 3 H, C(CH;),), 1.34-1.22 (m, 3 H), 1.17 (d, J = 6.8 Hz, 3 H, CH(CH)), 1.05 (s, 3 H,
C(CHs)y), 1.00 (d, J = 7.1 Hz, 3 H, CH(CHj)); "*C NMR (150.9 MHz, CDCl3) § 220.3, 169.9, 167.7, 165.1,

151.5, 138.4, 137.0, 135.0, 119.7, 115.8, 77.8, 73.6, 72.2, 53.7, 51.8, 41.6, 39.8, 37.8, 33.5, 31.7, 27.3, 26.4,
22.9,19.1, 17.6, 16.1, 16.0, 13.1; FAB HRMS (NBA/Csl) m/e 744.1998, M + Cs* caled for CyHioNOGS

744.1971.

Azide 51. Tosylation of 24 and Displacement with Sodium Azide. To a stirred solution of alcohol
50 (5.0 mg, 9.9 pumol) in CH,Cl, (0.5 mL) at 0 °C was added Et;N (4 uL, 28.5 pmol, 3.0 equiv.) followed by
tosyl chloride (2.5 mg, 14.2 umol) and 4-DMAP (1.0 mg, 8.8 wmol, 1.0 equiv.). The reaction mixture was
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The layers were separated and the aqueous phase was extracted with EtOAc (3 x 2 mL). The combined
organic extracts were combined, dried (MgSQ,), filtered and concentrated in vacuo. The residue was dissolved
in DMF (0.5 mL) and NaN; (2.0 mg, 29.7 pmol, 3.0 equiv.) was added in one portion. The reaction mixture
was stirred for 10 h, before being poured into saturated aqueous NH4Cl solution (2 mL). The layers were
separated and the aqueous phase was extracted with Et;0 (3 x 2 mL). The combined organic extracts were,
dried (MgSO,), filtered and concentrated in vacuo. Purification by preparative thin layer chromatography (5%

MeOH in CH,Cl,) provided azide 51: R;=0.50 (silica gel, 80% EtOAc in hexanes); IR (thin film) V. 3403,
7021 7101 1732 14688 1804 1462 1282 1759 11854 10&4 1000 Q70 717 ~nmle 1T NIMD 7600 NATI,
LZIly &£1lVUL, 1/iJL, 1VOO, LJVT, 1T7VJ, 1J00, lade, L1J%, LUV, 1UVUD, F/7, /07 Ciil , X1 INIVIIN \VDUU VIrlZ,
MY S £08 7 11O QMIT— ™ £ 8Q (o 1 LI N ITeMIT N £ AL 73 Yy— 1N 1 £ 1 1T 1 X1 MNed\IINIT N\ & NA
CLUCI3) O 075 (5, 1 01, Ouni—y), 0.0 4§, 1, wii—iiny), 3.45(0d, v = v, 2.1 niZ, 1 1, USuainy), J.244
(dd, J=9.6, 1.6 Hz, 1 H, CHOCO), 4.31 (bd, /= 10.7 Hz, | H, CHOH), 3.71 (d, J= 13.2 Hz, 1 H, CH,N3),

3.70 (obscured m, 2 H, CHOH and OH), 3.64 (d, J = 13.2 Hz, 1 H, CH,N3), 3.14 (dq, J = 6.8, 2.1 Hz, 1 H,
C(O)CHCH;), 3.08 (bs, 1 H, OH), 2.68 (obscured m, 2 H, C=CHCH,CHO), 2.67 (s, 3 H, N=C(CH,)S), 2.43
(dd, J= 14.5, 3.4 Hz, CH,COO), 2.41-2.29 (2 H, m, CH,C(CN;)=CH), 2.25 (dd, J = 14.5, 2.6 Hz, 1 H,
CH,COO), 2.06 (s, 3 H, CH=CCH3), 1.62 (m, 1 H, CH(CH3), 1.59 (m, 1 H), 1.38-1.14 (m, 3 H), 1.32 (s, 3 H,
C(CH;)), 1.17 (d, J= 6.8 Hz, 3 H, CH(CH,)), 1.05 (s, 3 H, C(CHs),), 1.00 (d, J = 7.1 Hz, 3 H, CH(CHL));
3¢ NMR (150.9 MHz, CDCl;) 8 220.4, 170.1, 165.0, 151.6, 138.5, 136.5, 126.4, 119.2, 115.7, 78.1, 73.8,
721, 56.8, 53.8, 41.5, 39.7, 38.1, 32.4, 31.7, 29.2, 25.2, 23.0, 19.1, 18.0, 16.0, 15.8, 13.2.
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system of THF:H,0 (1:1, 0.5 mL) was added Ph;P (4.0 mg, 15.4 mmol, 2.0 equiv.). After heating to 60 °C for
8 h, the reaction mixture was poured into brine (2 mL). The layers were separated and the aqueous phase was

extracted with Et,0O (3 x 2 mL). The combined organic extracts were dried (MgSQ,), filtered and evaporated in
vacuo. Purification by preparitive thin layer chromatography (EtOAc) of the resulting residue gave amine 52
(2.7 mg. 70%): R;= 0.26 (silica gel, EtOAc); [0]*’p —69.8 (¢ 0.2, CHCL); '"H NMR (600 MHz, CD;OD) §
7.21 (s, 1 H, SCH=C), 6.58 (s, | H, CH=CCHs,), 5.42 (dd, J = 8.0, 8.0 Hz, 1 H, C=CHCH,), 5.27 (dd, J = 9.1,

1.1 Hz, 1 H, CHOCO), 4.27 (dd, J=10.1, 3.9 Hz, 1 H, CHOH), 3.64 (dd, J=6.8,3.0 Hz, 1 H, CHOH), 3.23
(m, 3 H, C(O)CHCH; and C=CHCH,CHO), 2.76 (ddd, J = 18.4, 9.3, 9.3 Hz, 1 H, CH,C(CH,NH,)=CH),
N LO o D IT NT—HIT QY '1 A1 73 IFT— £ 97910 1 LY NI AN D24 fe 1 I O OO NALINN=TIN
£.006 {8, 5 I, NTU(ULI13)9), £.41 \QQ, v = 0.2, 2.2 1IZ, 1 11, CIRUUY), £.04% (i, 1 11, Wil rpur=or),
2.08 (m, 2 H, CH,C(CH;0H)=CH) and CH,COO0), 2.06 (s, 3 H, CH=CCHs), 1.71 (m, 1 H, CH(CHz)), 1.48
(m, 1 H), 1.42-1.28 (m, 3 H), 1.31 (s, 3 H, C(CH3),), 1.18 (d, /= 6.8 Hz, 3 H, C"(C"3) 1.00(d,/=6.9Hz 3

H, CH(CHs), 0.99 (s, 3 H, C(CHs),); °C NMR (150.9 MHz, C¢D¢) & 219.4, 170.2, 164.6, 153.1, 138.7,
128.4, 120.3, 119.7, 116.3, 78.8, 74.3, 72.3, 54.0, 42.4, 40.2, 38.3, 32.4, 31.7, 29.4, 26.0, 23.0, 18.9, 18.7,
16.4, 16.0, 14.0.

Acetamide 53. Acetylation of Amine 52. To a stirred solution of amine 52 (5.0 mg, 9.9 pmol) in
Cl, (0.5 mL) was added EtzN (3.0 uL, 19.8 umol, 2.0 equiv.), followed by Ac,O (1.0 uL, 9.9 umol, 1.0
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preparative thin layer chromatography (50% EtOAc in hexanes) to give amide 53 (5.4 mg, 99%): R, = 0.81
VTN AN T~122  mE A A AITOT Y. LT NIMD 20N MIT. ST £ £08 fe 1 ET QOTI—sN £ £0

(sulca gel, U/\C), O] p—72.4{CU.L, Lilly), 1 INVIKN (OUVU IMIrizZ, CLlz) 0 0.75 (8, 1 11, SLn=y ), 0.0Y

(s. 1 H, CH=CCHs), 5.54 (bs, 1 H, NH), 5.30 (dd, J= 8.7, 8.5 Hz, 1 H, C=CHCHy), 5.26 (dd, J = 8.1, 2.2

n

Rl



Hz, 1 H, CHOCO), 4.31 (bd, J= 10.1 Hz, 1 H, OH), 3.95 (dd, J=16.2,7.0 Hz, 1 H, CHOH), 3.69 (bs, 1 H,
OH), 3.58 (dd, J = 15.9, 5.1 Hz, 1 H, CHOH), 3.21 (dq, /= 6.9, 2.6 Hz, 1 H, C(O)CHCHj), 2.68 (s, 3 H,
N=C(CH;)S), 2.59 (m, 1 H, C=CHCH,CHO), 2.47 (dd, J= 14.3, 10.8 Hz, 1 H, CH,COO), 2.38 (m, 1 H,
C=CHCH,CHO), 2.15 (m, 1 H, CH,C(CNH(Ac))=CH), 2.27 (dd, J = 14.4, 2.1 Hz, CH,CO0), 2.08 (m, 1 H,
CH,C(CNH(Ac))=CH), 1.81 (m, 1 H), 1.73 (m, 1 H, CH(CH,)), 1.64 (m, 1 H), 1.35 (m, 1 H), 1.17 (d, J= 6.9
Hz, 3 H, CH(CHj;), 1.04 (s, C(CH3)2) 0.99 (d, J= 7.0 Hz, 3 H, CH(CH,); °C NMR (150.9 MHz, CDCl;) §
, 115.7,77.9, 74.1, 71.6

7, 04, 537, 444, 41.8, 39.5
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Compound 54. Esterification of Alcohol 6. Compound 54 (10 mg, 90%) was obtained from
compound 6 (11 mg, 0.021 mmol) according to the procedure described above for 25: Ry = 0.50 (silica gel, 80%
EtOAc in hexanes); [a}’p —48.2 (¢ 0.3, CHCly); IR (thin film) Vime 3394, 2932, 1734, 1689, 1461, 1377, 1247,
1025 cm™; "H NMR (600 MHz, CDCl3) § 6.97 (s, 1 H, SCH=C), 6.59 (s, 1 H, CH=CCHj), 5.43 (dd, J = 7.6,
3.0 Hz, 1 H, CH,COOCH), 4.20 (bs, 2 H, (CH;),CCHOH, OH), 4.19 (d, J= 12.2 Hz, 1 H, AcOCH,COCH),
395 (d, /= 12.2 Hz, 1 H, AcOCH,COCH), 3.76 (bs, 1 H, CHOH), 3.29 (dq, J = 7.0, 4.0 Hz, 1 H,
C(O)CHCH3), 2.98 (dd, J= 7.5, 4.6 Hz, 1 H, AcOCH,COCH), 2.69 (s, 3 H, N=C(CH;)S), 2.65 (bs, 1 H,

OH), 2.54 (dd, J = 14.0, 10.3 Hz, 1 H, CH,COOCH), 2.38 (dd, J = 14.0, 2.9 Hz, 1 H, CH,COOCH), 2.12

(ddd J = 1581 40 20 7z 1 H AcOCHLCOCHCH.CHOY 208 (¢ 3 H CH=CCH) 205 (¢ 3 H
M, 1dery Ty S Aad, LY MASNCRRTRANSN R AN 2P d AT gy LU0 Sy & 1Ay, NALT AL Sy eV Dy Lk
LY NN ONYTIIY 1T 071 07 £ DYLIN 177170 fvv T IV 1 82 1 A feae A TN 128 0 2 LI MNYOLT YN
il meuenj, 1.7/-1.0/ I, £ rij, t.//=-1./0 (i, 1 11), 1.33-1.42 (M, & 1), 1.30 (5§, 5 11, {3,
« e 73 ~ - no ' ~ T AN - oy -y NI TT 134 nrn ooy
1.16 (d, J= 6.9 Hz, 3 H, CH(CH3)), 1.08 (s, 3 H, C(CHj3),), 0.99 (d, J = 7.0 Hz, 3 H, CH(CH;)); "C NMR

(150.9 MHz, CDCl;) 6 220.3, 170.3, 165.1, 151.5, 137.2, 119.7, 116.1, 76.4, 73.6, 72.7, 66.4, 65.9, 61.3,

584, 53.2, 427,393, 36.3,31.4,31.1, 29.8, 285, 21.8, 21.5, 20.9, 19.6, 19.2, 17.1, 16.0, 154, 134; FAB
HRMS (NBA/CsI) m/e 698.1786, M + Cs" caled for CooHy3sNOgS 698.1764.

Compound 55. Esterification of Alcohol 6. Compound 55 (10.4 mg, 90%) was obtained from
compound 6 (10.0 mg, 0.019 mmol) according to the procedure described above for 26: R,= 0.70 (silica gel,

60% EtOAc in hexanes); [0)p =51.2 (¢ 0.2, CHCl3); '"H NMR (600 MHz, CDCl;3) 8 6.96 (s, 1 H, SCH=C)
1 H, CH=CCH3), 5.42 (dd 1 H, CH,COOCH), 4.21 (obscured bs

iy PTG g, SRS L \V
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H, N—C(CH3)S) 2.58 (obscured bs, 1 H, OH), 2.54 (dd J—1 0, 103 Hz, 1 H, CHZCOOCH), 237 (dd

= 14.0, 3.1 Hz, 1 H, CH,COOCH), 2.12 (ddd, J = 15.1, 4.0, 3.9 Hz, 1 H, PivOCH,COCHCH,CHO), 2.09
(s, 3 H, CH=CCH3), 1.98-1.87 (m, 2 H), 1.74-1.62 (m, 2 H), 1.53-1.42 (m, 3 H), 1.36 (s, 3 H, C(CH3),), 1.17
(s, 9 H, CO,C(CH,)), 1.16 (d, J = 6.9 Hz, 3 H, CH(CH3)), 1.08 (s, 3 H, C(CH3),), 0.99 (d, J= 7.0 Hz, 3 H,
CH(CH,)); >C NMR (150.9 MHz, CDCl3) & 220.7, 178.1, 170.6, 165.1, 151.8, 137.3, 119.8, 116.2, 76.2,
74.0, 72.8, 66.2, 61.3, 58.0, 53.0, 42.9, 39.0, 38.8, 36.2, 312§ 30.7, 28.3, 27.0, 21.7, 21.1, 19.5, 19.0, 17.0,
15.8, 13.5; FAB HRMS (NBA/Csl) m/e 740.2253, M + Cs" caled for C3HagNOgS 740.2233.
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J:tUAC in hexanes); [O(.J"D —39.2 (¢ 0.3, CHCI3); IR (thin film) vaex 3352, 2962, 1724, 1453, 1272, 1112, 718
cm’ ; 'H NMR (600 MHz, CDCl3) 6 8.00 (dd, J = 8.2, 1.1 Hz, 2 H, Ph), 7.55 (m, 1 H, Ph), 7.41 (dd, J = 8.0,
7.7 Hz, 2 H, Ph), 6.94 (s, 1 H, SCH=C), 6.59 (s, | H, CH=CCH,), 5.45 (dd, J = 7.4, 3.1 Hz, 1 H,
CH,COOCH), 4.45 (d,J=12.1 Hz, 1 H, BZOCH,COCH), 4.21 (obscured bs, 1 H), 4.19 (d,J=12.0 Hz, 1 H,
BzOCH,COCH), 4.11 (bs, 1 H), 3.73 (bs, 1 H, CHOH), 3.30 (dq, J = 6.9, 4.3 Hz, 1 H, C(O)CHCH3), 3.10
(dd, J=7.1, 5.1 Hz, 1 H, BZOCH,COCH), 2.69 (s, 3 H, N=C(CH3)S), 2.54 (bs, 1 H, OH), 2.47 (dd, J = 13.9,
J=13.9,3.1 Hz, | H, CH,COOCH), 2.13 (ddd, J = 15.6, 4.5

5 &/ Wy 1,
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1. z,3 H, CH(CH,)), 1.05 (s, 3 H, C(

C NMR (150.9 MHz, 013) 8 221.1, 171.1, 166.8, 165.9, 152.4, 1340 130.5, 129.3, 120.5, 117.0, 77.2,
74.8, 73.6, 68.1, 62.2, 59.5, 54.3, 54.0, 43.7, 40.1, 37.2, 32.2, 32.0, 29.7, 22.9, 22.2, 22.1, 20.5, 20.1, 18.1,
16.9, 14.4; FAB HRMS (NBA/CsI) m/e 760.1950, M + Cs" calcd for C34H,sNOgS 760.1920.

Compound 57. Selective Fluorination of Triol 6. To a stirred solution of 6 (20.4 mg, 38.9 umol) in
CHyCl, (1.5 mL) at -78 °C was added DAST (6.2 puL, 46.7 umol, 1.2 equiv.). After stirring for 5 min, the
reaction mixture was quenched by the addition of saturated aqueous NaHCOQj5 solution (2 mL). The layers

were senarated and the agueous nhase was extracted with CH, ;CL (3 x 2 mL). The combined organic extracts
W parated and the S phase was extractea 101€ COmony uc € S

and the aqueous phase wa; organic extract

ara Ariad (AAAQMN N fFil4arad and sancranteatad  Fm voaoas n DPuarifinatinn by  mramaratriva  thin Tacrar
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Lnromalogrdpny (bll ca gel, O / memnanot lﬂ i) provm@u DI \7. m&; YU70) 45 4 COIOTICSS SO11a (15,0 mg,
22 .

653%): Ry= 0.3 (silica gel, 60% FIOAC in hexanes); Mp 94-96 °C (EGO); [0]p —50.3 (¢ 0.2, CHCLy); IR (thin

tllm) Voax 3487, 2958, 1732, 1688, 1504, 1455, 1376, 1254, 1151, 1008, 980, 914, 733 cm’ ; !H NMR (500
MHz, CDCl;) § 6.98 (s, 1 H, SCH=C), 6.60 (s, | H, CH=CCII,), 5.44 (dd, J = 7.5, 3.5 Hz, 1 H, CHOCO),
4.48 (dd, J = 47.5, 10.5 Hz, 1 H, CH,F), 4.24 (dd, J = 47.5, 10.5 Hz, 1 H, CH,F), 4.21 (obscured m, 1 H,
CHOH), 4.13 (bs, 1 H, OH), 3.77 (bs, 1 H, CHOH), 3.31 (dq, J = 7.0, 6.5 Hz, C(O)CHCHS), 3.01 (dd, J =
7.0, 5.0, Hz, 1 H, FCH,COCH), 2.70 (s, 3 H, N=C(CH;)S), 2.64 (bs, 1 H, OH), 2.55 (dd, J= 14.0, 3.1 Hz, 1
H, CH,COO0), 2.36 (dd, J = 14.0, 2.5 Hz, 1 H, CH,C0O0), 2.19-1.91 (m, 2 H, FCH,COCHCH,CHO), 1.73
(m, 1 H, CH(CH3)), 1.61-1.22 (m, 6 H), 1.37 (s, 3 I1, C(CILy),), 1.17 (d, J = 7.0 Hz, CH(CH3)), 1.08 (s, 3 H,
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137.0,119.7, 116.1, 85.8, 84.4, 76.6, 73.8, 72.7, 61.6, 61.4, 57.3, 57.2, 52.9, 42.7, 39.0, 36.2, 31.1, 30.8, 27.2,
21.7, 21.1, 19.5, 19.0, 17.0, 15.8, 13.4; FAB HRMS (NBA/Csl) m/e 658.1640, M + Cs calcd for

CyHaoFNOGS 658.1615

Compound 58. Selective Chlorination of Triol 6. Compound 58 (8.2 mg, 75%) was obtained from
compound 6 (9.0 mg, 0.017 mmol) according to the procedure described above for 32: 58: Ry = 0.55 (silica gel,
60% EtOAc in hexanes); [0]”°p =51.2 (¢ 0.1, CHCly); IR (thin film) vy 3440, 2930, 1732, 1383, 1070, em™;
'H NMR (600 MHz, CDCl;) 8 6.98 (s, 1 H, SCH=C), 6.59 (s, 1 H, CH=CCHy), 5.42 (dd, J = 7.7, 3.1 Hz, 1

H, CH,COOCH), 4.21 (d, J= 8 Hz, 1 H), 4.05 (bs, 1 H), 3.76 (dd, J= 4.3, 4.3 Hz, 1 H, CHOH), 3.56 (d, J=
1M6 U 1TH CICH.COCHY 342 (d J=116H7z 1 H CICH.,COCHY 320(da. J=70 44 H> 1

11U 114,y 1 Lly, B dIPN AT LA Sy JTTL (M, U L LW LdLy L Ly WINAIINANAIT LA fy ek \MMy v T Vg WU Liduy 1 L1y
raleaSYals /a1 N Xsla P V| Y"1 AQ1Fs 1 LI NI MNYONCIN D ED fo 2 LT NI YOY D L1 7/l 1 LT NLIY
CWU)CIILIy), 4.77 (WU, J = 7.0, 9.7 114, 1 Il CIVTIAATCILL), £.07 (3, I I, INTULI13)0), £.U1 (U, 1 X1, VI1),
2.53 (dd, J=14.0, 10.3 Hz, 1 H, CH,COOCH), 2.33 (dd, J = 14.1, 3.0 Hz, 1 H, CH,COOCH), 2.13 (ddd, J =

—
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15.6,4.7,3.4 Hz, 1 H, CICHCOCHCH,CHO), 2.09 (s, 3 H, CH=CCHj3), 2.04-1.95 (m, 2 H), 1.74-1.35 (m, §
H), 1.35 (s, 3 H, C(CH,),), 1.14 (d, J = 6.9 Hz, 3 H, CH(CH3)), 1.07 (s, 3 H, C(CHs),), 0.97 (d, J = 6.8 Hz, 3
H, CH(CH3)); >C NMR (150.9 MHz, CDCL3) § 220.2, 170.2, 163.2, 160.4, 157.7, 133.9, 120.0, 116.2, 76.2,
74.1, 72.8, 62.4, 60.8, 53.1, 49.1, 43.0, 39.2, 36.7, 31.6, 30.8, 28.1, 22.7, 21.9, 21.4, 19.8, 19.1, 17.2, 16.0,
14.2; FAB HRMS (NBA) m/e 542.2361, M + H' caled for CpyHyNOGS 542.2343.

Compound 60. Tosylation of Alcohol 6 and Displacement with Sodium Iodide. To a stirred
solution of alcohol 6 (5.0 me, 9.5 umol) in CH,CL, (0.5 mI) at 0 °C was added Ft-N (4 ul. 28 5 umol 20
SULLUIULL L0 QaVUIVE U AV gy Fed padliUn) A5 LR (VY A Gl VR WVaAS GUURA A3 T M, 40.0 pliivL, S0V
amiiv ) fallawad hy tacyl chlacide (9§ ma 147D 1imal) and A NMAD (10 nag Q0 11mandl 10 o022rY Tha
C{uly. j 1IUMUWLU Uy WUSYI1 Lil 1011Ge (& 1E, 17,4 MILIUL) alld T-UviAar (1.V 11ig, 0.0 JMIIoL, 1.V Cyulv.) 11K

reaction mixture was warmed to room temperature and stirred for 2 h before saturated aqueous NH4CI (0.5
mL) was added. The layers were separated and the aqueous phase was extracted with EtOAc (3 x 2 mL). The
combined organic extracts were dried (MgSO,), filtered and concentrated in vacuo. The residue was then
dissolved in acetone (0.5 mL) and treated with Nal (2.8 mg, 19 umol, 2.0 equiv.). After stirring at room
temperature for 12 h, the solvent was removed in vacuo and the residue was purified by preparative thin layer
chromatography (50% EtOAc in hexanes) to provide pure iodide 60 (6.6 mg, 90%): R, = 0.62 (silica gel, 60%
EtOAc in hexanes); [a]”, —27.8 (¢ 0.1, CHCIO IR (thin film) vy, 3410, 2964, 2926, 2851, 1732, 1682, 1634,

1441, 1384, 1256, 1149, 1084, 974, cm™; 'H NMR (600 MHz, /st) 0 6.64 (s, 1 H, SCH=C), 6.41 (s,
CH=CCHj3), 5.31 (dd, J=17.6, 3.1 Hz, 1 H, CHOCO), 4.15 (dd 10.1, 2.3 Hz, 1 H, HOH), 3.74 (dd, J=
44,44 Hz, 1 H, CHOH), 3.08 (dq, /= 6.1, 6.1 Hz, 1 H, C(( )(‘HC" ), 2.78 (d, /=104 Hz, 1 H, CH,I), 2.64
(d, /= 10.4 Hz, 1 H, CH,D), 2.61 (dd, /= 7.1, 5.2 Hz, 1 H, ICH,COCH), 2.40 (dd, J = 14.3, 10.4 Hz, 1 H,

CH,CO00), 2.21 (dd, J = 14.3,3.0 Hz, 1 H, CH,COO), 2.15 (s, 3 H, N=C(CH,)S), 1.96 (s, 3 H, CH=CCHj),
1.91 (m, 1 H, ICH,COCHCH,CHO), 1.74 (m, 3 11, CICH,COCHCH,CHO, CH(CH;) and CH,), 1.42-1.09
(m, 6 H), 1.03 (s, 3 H, C(CH),), 1.02 (d, J= 7.0 Hz, 3 H, CH(CH})), 0.94 (s, 3 H, C(CH3),), 0.87 (d, J = 7.0
Hz, 3 H, CH(CH3)); C NMR (150.9 MHz, C¢D¢) § 219.3, 170.0, 164.8, 161.2, 152.7, 137.3, 120.0, 116.7,
76.5, 75.0, 73.1, 64.9, 63.8, 62.2, 53.2, 43.8, 39.6, 36.6, 32.8, 30.6, 30.1, 22.6, 21.5, 20.1, 18.9, 17.5, 15.9,
14.5, 13.0; FAB HRMS (NBA/) m/e 766.0644, M + H' caled for Cy7HyINOGS 766.0675.

Bunve: Aldabho da £1 N -.-ln nn nf Alanhal
Dpuly nlucuyuc Ul. WUAIUAL Ull Ul AILUIIUL

equiv.) in CH,Cl; (250 mL, 0.1 M) was added, at 0 "C, TEMPO (2,2,6,6-tetramethyl-1-piperidinyloxy, free
radical) (6 mg, 38 mmol, 1.5 equiv.), KBr (10 mL, 2.3 mmol, 0.2 M aqueous solution, 0.1 equiv.), and NaOCI
(0.065 mL, 25.2 mmol, 0.035 M, 4% solution in water, 1.1 equiv.). After stirring for 0.5 h, the organic layer
was dried (MgSQy), filtered and concentrated under reduced pressure. Purification by preparative thin layer
chromatography (silica gel, 5% methanol in CH,Cl;) provided aldehyde 61 (9.0 mg, 90%) as a colorless oil: R,
= (.88 (silica gel, 80% EtOAc in hexanes); [a]*2p —0.2 (¢ 0.1, CHCl3); IR (thin film) Via, 3480, 2966, 2931,
1730, 1689, 1461, 1380, 1254, 1184, 1149, 1069, 1013, 980, 912, 732 cm™; '"H NMR (600 MHz, CDCl;) §
883 (s, 1 H, CHO) 7.01 (s, 1 H, SCH=C), 6.67 (s, 1 H, CH=CCHs,), 5.57 (dd, J = 5.5, 5.3 Hz, 1 H,

42% ¢
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CH,C(CHO)OCH), 1.81-1.73 (m, 2 H), 1.62-1.58 (m, 1 H), 1.45-1.38 (m, 2 H), 1.37 (s, 3 H, C(CHa),), 1.35-
1.29 (m, 1 H), 1.14 (d, J = 6.9 Hz, 3 H, CH(CH;)), 1.07 (s, 3 H, C(CH,)y), 0.97 (d, J = 7.0 Hz, 3 H
CH(CHjy)); *C NMR (150.9 MHz, CDCl;) 8 220.7, 198.8, 170.1, 165.2, 151.6, 136.8, 119.8, 116.5, 75.2,
73.7, 72.9, 63.9, 56.8, 52.7, 42.7, 38.6, 36.5, 30.6, 30.5, 23.4, 21.8, 20.2, 19.9, 19.1, 16.7, 16.2, 13.4; FAB
HRMS (NBA/Csl) m/e 654.1478, M + Cs" caled for Cp7H3oNO;S 654.1502.

>

Carboxylic Acid 62. Oxidation of Aldehyde 61. Aldehyde 61 (13.0 mg, 24.9 mmol, 1 equiv.). i-
Bu\JH {19 T Y D_mathuyl D laitana (1 N ¢l 1 mrmnl 2 M anlitinn 1n TIIE 700D aqs NN nT
Lied 1L/ Jy LTIUCULYISLTUUWLIIC (L.V . 1 MHUL, & 1YL DUIUUVIL il 1 1IE, /7U.u I..iulV j, 1_12\} \L AV um,
N O N MM FTAN e VT EL cmmcan b LN a2 3 ~AIT Dy /D
U.ULIVL), INaUIU, ( 14.U Mg, 120 Mmol, 0.U €qu 1v. ) and NaH; U4 (U, 6 mg, Xxx mm01 3 equw) were combined

Y

and stirred at 0 °C for 30 min. The reaction mixture was concentrated under reduced pressure and the residue

S
i

was subjected to flash column chromatography (silica gel, 5% MeOH in CH,Cl,) to afford carboxylic acid 62
(12.6 mg, 95%): R;= 0.61 (silica gel, 20% MeOH in CH,Cl,); [o]p —41.5 (¢ 0.6, MeOH); IR (thin film) Viax
3450, 2929, 2854, 1758, 1670, 1461, 1380, 1254, 1183, 1149, 1070, 1012, 980, 912, 725 cm™’; 'H NMR (600
MHz, CD;0D) é 7.20 (s, 1 H, SCH=C), 6.64 (s, 1 H, CH=CCH3), 5.41 (dd, J = 5.9, 2.9 Hz, 1 H, CHOCO),
443 (dd,J=9.5,40Hz 1 H, CHOH)_,3.67(dd,J=69 2.8 Hz, 1 H, CHOH), 336(dq J=6.8,67Hz 1H,
C(O)CH(CHa3)), 3.16 (bs, 1 H, CHOCH,), 2.67 (s, 3 H, N=C(CH,)S), 2.55 (dd, J = 15.4, 4.1 Hz,

e VY T -

CH,COO), 2.49 (dd, J = 15.4, 9.5 Hz, 1 H, CH,COO0), 2.15-2.08 (m, 1 H, OCHC

CpLV0), 2.45 (ag, J s 1 R, CH,00U0), L, OURUHURD),

4
CH=C(CHj)), 2.07-2.02 (m, 2 H, OCHCH,CHO, cyzc(coomom)

1 TN ralZal & SRURY o

1 £1 1 AN 7o 1. 70 1 %" 7 I
H), 1.51-1.40 (m, 2 H), 1.38-1.33 (m, 1 H), 1.32 (s, 3 H, C(CH3)y), |

(J\l

1.7 1
5(d,J=0681z 3H,C
(s, 3 H, C(CH3);), 0.97 (d, J= 6.7 Hz, 3 H, CH(CH,)); BC NMR (150 9 MHz, CD;0OD) ¢ 220.1, 171.5,
166.3, 152.8, 138.3, 119.7, 117.2, 77.0, 76.8, 71.2, 59.2, 54.0, 45.2, 39.7, 36.1, 32.6, 28.9, 28.1, 22.7, 21.1,
19.4,18.2, 17.4, 15.3, 15.2; FAB HRMS (NBA) m/e 538.2497, M + H" calcd for C,7H30NOgS 538.2475.

Methylester 63. Methylester 63 (12 mg, 90%) was prepared from carboxylic acid 62 (13 mg, 24.2
mmol) by reaction with diazomethane according to the procedure described above for 49: R, = 0.44 (silica gel,
5% MeOH in CH,CL,); [0]?p —39.7 (¢ 0.3, CDCly); IR (thin film) v, 3514, 2958, 2854, 1737, 1690, 1447,

1 1! 'TH NMR (600 MHz, CDCl3) 6 6.97 (s
1l I MLTNYCYY A 23 b

H, coch3) 3.30(dq,J=6.7,2.6 Hz, 1 H, C(O)CH(CH3)) 28 (dd, /= 6.2,
6.0 Hz, 1 H, LHOCHz), 2.69 (s, 3 H, N=C(CH;3)S), 2.61 (bs, 1 H OH), 2.57 (dd, J = 14.2, 10.2 Hz, 1 H,
CH,C00),2.42 (dd, /= 14.2, 3.2 Hz, 1 H, CH,COO), 2.10 (s, 3 H, CH=C(CH5)), 2.08 (ddd, J = 15.1, 6.2,
39 Hz, 1 HL OCHCH,CHO), 2.03 (ddd, J= 15.1, 6.0, 6.0 Hz, 1 H, OCHCH,CHO), 1.96-1.91 (m, 1 H,
CH,C(COOMe)OCH), 1.87-1.83 (m, 1 H, CH,C(COOMe)OCH), 1.77-1.72 (m, 1 H), 1.65-1.57 (m, 2 H),
1.56-1.45 (m, 2 H), 1.35 (s, 3 H, C(CH,),), 1.13 (d, J= 7.0 Hz, 3 H, CH(CH}3)), 1.07 (s, 3 H, C(CHs),), 0.96
(d,J=7.0Hz, 3 H, CH(CHjy)); B3C NMR (150.9 MHz, CDCl;) § 220.4, 170.6, 170.2, 164.9, 151.6, 136.1,

119.7,116.4,75.7,73.9, 72.9, 60.7, 58.9, 52.9, 52.7, 42.8, 38.9, 35.9, 31.2, 30.3, 27.3, 21.7, 20.8, 20.2, 19.2,
16.8, 16.1, 13.4; FAB HRMS (NBA) m/e 552.2650, M + H" caled for C;3H4NOgS 552.2631.
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equiv.) in CH,Cl, (1.3 mL) at 0 °C was added ( 101 pL, 660 pmol, 5.5 equiv.



ML, 420 umol, 3.5 equiv.). The reaction mixture was ailowed to warm to room temperature and stirred for 12
h. Saturated aqueous NaHCOj solution (2 mL) was added and the layers were separated. The aqueous phase
was extracted with CH,Cl, (3 x 2 mL) and the combined organic extracts were dried (MgS0,), filtered and
concentrated in vacuo. Flash column chromatography (silica gel, 40% Et,O in hexanes) then gave pure 64 (67
mg, 90%); R, = 0.45 (silica gel, 60% Et,0 in hexanes); [o]*p +7.4 (c 0.5, CDCL;); 'H NMR (400 MHz,
CDCl3) 6 8.83 (s, 1 H, CHO), 6.98 (s, 1 H, CH=CCHj), 5.40 (dd, J=7.8,2.9 Hz, 1 H, CHOCO), 4.23 (dd, J
=8.0,4.0 Hz, 1 H, CHOH), 3.81 (d, /= 8.5 Hz, 1 H, CHOH), 3.29 (dd, J = 8.4, 4.3 Hz, 1 H, C(O)CHCH,),
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CH,C(CHO) and u’1(u13)), 1.84 (m, 1 H), 1.67-1.22 (m, 3 H), 1.06 (s, 6 H, C(CH;),), 1.04 (d, J= 7.0 Hz,
CH(CHy)), 0.96 (d, J= 6.8 Hz, CH(CH,)), 0.13 (s, 9 H, Si(CH,)3), 0.12 (s, 9 H, Si(CH;)3); '*C NMR (100.6
MHz, CDCl;) é 215.6, 198.4, 170.6, 165.0, 152.0, 136.4, 121.1, 117.1, 79.7, 76.0, 75.3, 64.1, 58.4, 53.4,
47.5,45.8,40.0, 36.1, 32.4,31.0,25.4, 22.8,22.7,22.6,19.4, 19.2, 17.3, 14.5, 0.7, 0.4.

Olefin 65. Wittig Olefination of 64. Compound 65 (43 mg, 75.2 pmol, 75%) was prepared from 64
(67 mg, 100 pmol) according to the procedure described above for 42: R = 0.31 (silica gel, 30% Et,0 in
hexanes); [0 —14.0 (¢ 0.3, CHCLy); 'H NMR (600 MIlz, CDCl3) 8 6.96 (s, 1 H, SCH=C), 6.53 (s, 1 H,

CH=CCHs), 6.01 (dd, J=17.0, 10.7 Hz, 1 H, CH,=CH), 5.28 (dd, J = 17.0, 1.5 Hz, 1 H, CH,=CH), 5.27

i PR | 1 1LY LI £ 1N 713 —_ 1N " 1 & 11— 1 1Y YT —MTT A NOD 711 Yy — 07 YA 1T 1 1T
{obscured m, 1 H, CHOCO), 5.12 (dd, /= 10.7, 1.5 Hz, 1 H, CH,=CH), 4.09 (dd, J = 8.7, 2.4 Hz, 1 H,
CHOH), 3.85 (d, /= 9.3 Hz, CHOH), 3.05 (dq, /= 9.2, 6.8 Hz, 1 H, C(O)"HC";), 290 (dd,J = 9.7, 4.0 "Z,
I H, C(O)CH), 2.76 (dd, /= 16.1, 10.1 Hz, 1 H, CH,COO), 2.69 (s, 3 H, N=C(CH3)S), 2.68 (dd, J= 16.1,

Hz, [ H, CH,COO0), 2.20 (ddd, J= 15.2, 3.9, 1.8 Hz, 1 H, C(O)CHCH,), 2.09 (s, 3 H, CH=C(CH3)), 1.96
(ddd J =152, 9.7, 9.7 Hz, 1 H, C(O)CHCH,), 1.81 (m, 1 H, CH(CH3)), 1.67 (m, 1 H), 1.64-1.47 (m, 3 H),
1.31-1.26 (m, 3 H), 1.15 (s, 3 H, C(CH,),), 1.09 (s, 3 H, C(CI),), 1.06 (d, J = 6.8 Hz, 3 H, CH(CH,)), 0.95
(d, J = 6.8 Hz, 3 H, CH(CH3)), 0.13 (s, 9 H, Si(CHs)s), 0.06 (s, 9 H, Si(CHs);); *C NMR (150.9 MHz,
CDClLy) § 214.9, 170.7, 164.7, 152.1, 137.2, 136.8, 120.5, 116.8, 115.8, 80.4, 76.0, 63.9, 63.7, 53.4, 48.1,
39.4,35.9,33.9,31.1,24.2,19.6, 19.3, 17.8, 14.4, 0.9, 0.6; FAB HRMS (NBA/Csl) m/e 796.2472, M + Cs*

(U2 ] P70

Compound 66. Desilyiation of 65. To a stirred soiution of 65 (70.0 mg, 0.10 mmoi), in THF (10 mL) at 0 °C
was added HFepyridine:pyridine:THF mixture (3 mL, prepared from a stock solution containing 0.42 mL
HF+pyridine, 1.14 mL pyridine and 2.0 mL THF). After stirring for 7 h, the reaction mixture was quenched by
the addition of water (6 mL) and solid NaHCOQ;. The layers were separated and the aqueous phase was
extracted with EtOAc (3 x 6 mL). The combined organic extracts were combined, dried (MgSOy,), filtered and
concentrated in vacuo. Purification by preparative thin layer chromatography (50% EtOAc in hexanes)
provided pure 66 (53 mg, 97%): Ry= 0.52 (silica gel, 60% EtOAc in hexanes); Mp 94-96 °C (Et20); [
'1); TR (thin film) v 3460, 2965, 1734, 1689, 1253, 1149, 980, 914, 733 cm’’; 'H NMR

6 & 6.7 1 H, CH=CCH;),5.71 (dd, J=17.1, 109 Hz, 1 H
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Hz, 1 H, C(O)CHCHs), 2.81 (dd, J=5.9,59 Hz, 1 H, C(O)CH), 2.47 (bs, 1 H, OH), 2.38 (dd, J = 14.0, 10.1
Hz, 1 H, CH,COO), 2.20 (dd, J = 14.0, 2.6 Hz, 1 H, CH,COO0), 2.19 (s, 3 H, N=C(CHj3)S), 2.02 (s, 3 H,
CH=C(CH,)), 1.82 (m, 2 H, C(O)CHCH,), 1.72 (m, 1 H), 1.65 (m, 1 H), 1.58-1.41 (m, 4 H), 1.32 (m, 1 H),
1.11 (s, 3 H, C(CH3),), 1.07 (d, J = 6.9 Hz, 3 H, CH(CHjy)), 0.96 (s, 3 H, C(CH3),), 0.95 (d, J= 7.0 Hz, 3 H,
C(CHas)y): BCc NMR (150.9 MHz, C¢D¢) 6 219.4, 170.0, 164.7, 152.9, 138.5, 137.1, 119.6, 116.6, 115.5,
76.6, 74.8, 73.2, 63.0, 62.6, 53.2, 43.5, 39.4, 36.4, 32.0, 30.6, 30.0, 22.6, 20.8, 20.3, 18.9, 17.3, 16.1, 14.1;
FAB HRMS (NBA) m/e 520.2748, M + H" calcd for CogHy NOgS 520.2733.

() ey N T 110N
\&VU 11, JV.1 ,.uuu J

in EtOH (2 mL) at 0 °C was added sequentially hydrazme (33.2 uL, 1 mmol, 33 equiv.) and 30% H,0; (50 pL,
0.5 mmol, 16 equiv.). After stirring for 3 h at 0 °C, the reaction mixture was quenched by the addition of water
(1 mL) and Et,0 (2 mL). The layers were separated and the aqueous phase was extracted with Et,O (3 x 2
mL). The combined organic extracts were dried (MgSO,), filtered and concentrated in vacuo. Purification by

tirrad qnlitinn o
UITSa Souuon ¢

preparative thin layer chromatography (40% Et,O in hexanes) provided pure 66 (20 mg, 90%): R,= 0.37 (silica
gel, 40% Et,0 in hexanes); [0t]*, —14.7 (¢ 1.2, CHCl3); IR (thin film) vp., 2949, 2894, 1737, 1692, 1457,
1379, 1250, 1194, 1155, 1110, 1015, 971, 887, 842, 747, 630 cm™'; "H NMR (500 MHz, CDCl;) § 6.96 (s, 1
H, SCH—C) 6.59 (s, 1 H, CH=CCH,;), 524 (d, /=94 Hz, 1 H, CHOCO), 4.02 (dd, /= 10.6, 2.0 Hz, 1 H,

2
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C 3.89(d,J= ,3.30 (dg. 3), 2.85(dd, J= 10
C 1),3.89(d,J=9 1, CHOSI), 3.30 (dq J 5, Iz, C(O)CHCH3), 2.85 (dd, J= 10
28 1T, 1 IT /D4 ONOIN D) T0Q FAA T— 124 1nN7 L0, 1 I AT OO 927 734 JF—1£9 91 11, 1 1IT
3.0 nZ, 1 i, (EWCU)LT), 2./7 (A4, J = 10.£, 1U.7 1nZ, 1 1, UrpLUV), .72 (G4, v = 10.2, 2.1 11Z, 1 1,
CH,CO00), 2.70 (s, 3 H, N=C(CH3)S), 2.20 (ddd, J = 13.9, 3.7, 1.1 Hz, 1 H, (Et(CO)CHCH,), 2.09 (s, 3 H,

CH=C(CH,)), 1.91 (m, 3 H, (E(CO)CHCH, and CH,CH;), 1.80 (m, 1 H, CHy(CO)), 1.67 (m, 1 H,
CH(CH,)), 1.57 (m, 1 H, CH,(CO)), 1.43-1.27 (m, 4 H), 1.16 (s, 3 H, C(CH,),), 1.11 (s, 3 H, C(CHs),), 1.07
(d,J= 6.7 Hz, 3 H, CH(CHj)), 0.98 (d, J = 6.9 Hz, 3 H, CH(CH3)), 0.95 (t, J= 7.4 Hz, 3 H, CH,CH;), 0.15
(s, 9 H, Si(CHs)y), 0.07 (s, 9 H, Si(CIL3)3); (125.7 MHz, CDCLy) & 214.9, 171.0, 164.7, 152.1, 137.5, 120.5,
116.7, 80.6, 76.7, 76.2, 64.9, 62.2, 53.1, 48.2, 39.0, 35.6, 33.8, 31.2, 29.6, 29.0, 27.8, 24.5, 24.1, 23.2, 19.5,
19.1,17.8, 14.1, 7.9, 0.7, 0.3; FAB HRMS (NBA) m/e 666.3658, M + H* calcd for C24HsgNOSSi, 666.3680.
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displayed spectroscopic data identical to those reported above for 46.
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