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Abstract: The efficient synthesis of both left- and right-hand halves of a constrained analog of the anticancer
natural product epothilone is described. The eleven-membered rings common to both compounds are prepared
hV olefin metathesis. © 1999 Flsevier Science Lid, All v ﬂﬂh\‘k reserved.
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The discovery of Taxol™ (paclitaxel) 1 has been an important breakthrough in cancer
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U(llll()ﬂ its d(.[lVlIy in VO ves an enurcly dlIICI'CIl[ me(,namsm OI action from conventional
cancer chemotherapies.[1] Until recently, Taxol  was the only compound known to promote
the assembly of microtubules and inhibit the tubulin disassembly process.[2] However, three
natural products of very different structural types, epothilone 2,[3] eleutherobin 3,[4] and
discodermolide 4 [5] have recently been found to operate by a similar mechanism of action.
These recent disclosures provide an important stimulus to investigate the functional similarities

of these substances. The identification of the pharmacophore of these structurally dissimilar
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operate in a Taxol"-like manner, but without the multi—d rug resistance, solubility or formulation
problems that have limited the success of Taxol™ in cancer chemotherapy. Towards that end
we describe herein the synthesis and biological evaluation of novel eleven-membered ring

analogs of epothilone that have been designed to aid in the identification of the

Taxol " /epothilone pharmacophore. The synthetic routes employed feature the first examples of
the Grubbs metathesis reaction as a highly efficient method for the preparation of eleven-
membered rings.

{Recipient of the Alfred Bader Fellowship in the Department of Chemistry.
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Results

We have designed a constrained analog of epothilone based on the X-ray conformation of
2 shown in A.[6] The two carbon transannular tether from C2 to C10 of epothilone, as
indicated with the arrows in A, serves to simultaneously rigidify and partition epothilone as

l—!

hown in §. This new compound leads to the separation th e left and right halves of the
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epothilone molecule and permits, for the first time, the biological evaluauon of the separated
halves of epothilone. The thiazole sidechain of epothilone has been included on both the lefi-
and right-half analogs 6 and 7 to mimic the structure of the natural product as closely as
possible. The reported total syntheses of epothilone 2 [7-9] have made available the technology
for the synthesis of diverse analogs of the parent structure and such efforts have recently been
disclosed from the laboratories of Danishefsky [10] and Nicolaou.[11] Using closely related
approaches, we have prepared 6 and 7 in which both eleven-membered rings are prepared by

olefin metathesis as outlined in the Schemes below.
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The cycloundecane carboxylic acid ester 7 could be sequentially derived by alkene
reduction, alcohol oxidation and esterification of 8, which would in turn be prepared by eleven
membered ring-forming olefin metathesis of 9. The intermediacy of the cycloundecene 8 would

permit the evaluation of both saturated and unsaturated analogs of the eastern hemisph
ennt_hllgne, We envisioned that 9 could be nrenared bv
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the B-ketol stereochemistry in 11 to control the asymmetric induction in the aldol reaction.
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ketoaldehyde 13 gave 14. Reduction of 14 gave triol 15, which was condensed with

anisaldehyde dimethyl acetal to give secondary alcohol acetal 16 [accompanied by the
alcohol acetal (not shown)], which on oxidation gave 17. The requisite aldehyde 10 could be

prepared from oxazolidinone 12 by methylation, reduction and oxidation as shown in Scheme
3.[12b,c]
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Aldol condensation of 17 and 10 (Scheme 4) led to the selective formation of a me ajor
1_ 1 £ 1 1

diastereomer (11:1), which, after silylation, was assigned the relative stereochemistry shown in

19, based on the work of Schinzer and subsequently confirmed by X-ray crystal structure
analysis. Reaction of the olefin metathesis substrate 19 with the Grubbs catalyst [13] in the
presence of Ti(OiPr)4 gave the cycloundecene 20 as a 1.9:1 mixture of double bond isomers
[J=10.8 Hz for cis (major); J=15.1 Hz for trans (minor)] in 74% yield. The use of Ti(OiPr)4 to
prevent chelation of heteroatom functionalities in 19 to the metallocarbene intermediate was
irst des cnbed by Fiirstner and is critical to the success of this

concentration of substrate. Hydrolys1 of the benzylidene acetal in 20 followed by exhaustive
silylation gave 21. Reduction of the mixture of alkenes gave a single product 22, which on
treatment with pyridinium tosyiate in methanol led to the selective removal of the primary TBS
group to give 23. Alternatively, hydrolysis of the benzylidene acetal 20, followed by

hydrogenation of the cycloundecene, and p-bromobenzoylation of the primary alcohol gave 24,
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which provided crystals suitable for X-ray crystallographic analysis, thereby confirming the
stereochemical relationships as shown in 24. Oxidation of 23 with PDC gave the corresponding
aldehyde, which on reaction with sodium chlorate gave the acid 25. Esterification with the
thiazole allylic alcohol 26, f 15] followed bv desﬂvlanon gave the target compound 7 In an
effort to more closelv mimic the h i
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all but one of the carbon atoms of epothilone. Careful hydrolysis of 20 with CSA in

dichioromethane led to the isolation of a pure sample of the cis-aikene primary

alcohol 29 (Scheme 5).[16] Oxidation of the primary alcohol 29 with PDC gave 30, which on
esterification with 26 and desilylation gave 31.
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The synthesis of 6, the "left-hand" half of §, is outlined in Scheme 6. Esterification of 27
txra Antnmain aniA YWY TNOZN 12 6~ by €l oo 0 ol 1 L0 e ab 5 ol i —a. 37
ith 7-octenoic acid (DCC, 70%) led to the formation of the olefin metathesis substrate 32,
al_ al 1 1 1 1 -~ - .

which on reaction with the Grubbs catalyst gave the eleven-membered ring 33 as a separable
1:1 mixture of alkene stereoisomers (J=10.2 Hz for cis; J=15.6 Hz for trans). Epoxidation of
each of the separated cis and trans stereoisomers of 33 led to the formation of a 1:1 mixture of
stereoisomeric epoxides 6, which could not be separated by chromatography and were evaluated
as a mixture of isomers.

Scheme 6
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Preliminary evaluation of 6, 7, 28, 31 and both cis and trans-33 by Dr. Susan Horwitz
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revealed that none of these 51mple analogq of epomuone bind tubulin at concentrations up to 20
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Discussion

The Grubbs metathesis reaction is a powerful method for the synthesis of a large variety
of carbocyclic ring systems [17] The relative thermodynamic instability of medium-size rings

il
have described the first examples of the application Jf t..e J;Jbbb metatheszs reactio.. to the
efficient synthesis (74% yield for 20 and 80% yield for 33) of eleven-membered rings, in which

the medium ring products are prepared from acyclic precursors. The highly functionalized
substrate 20 enjoys the additional benefit of the acetal moiety which serves to constrain degrees
of freedom in the metathesis substrate. In accord with the observations of Fiirstner, we have
observed the critical role of a Lewis acid for the success of the metathesis reaction of highly
heteroatom-substituted substrates by preventing unproductive chelation of the metallocarbene
intermediate to the heteroatom functionality.

Epothilone is the first naturally occurring compound whose biological profile resembles
that of the clinically important anticancer agent Taxol”. Work by Bollag and co-workers at
Merck suggests that epothilone binds to the same site on microtubules as does Taxol".[20] The

establishment of the pharmacophore common to these two structurally dissimilar substances
could therefore lead to a new family of cancer chemotherapeut agents. [ ] considerable
body of SAR data for epothilone, with re both cytotoxicity an n binding, h

recently emerged from the labora i
Scheme 7
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Danishefsky an d o-workers have proposed a "hot spot" for epothilone from C-3 to C-8
as shown in 34. We have reported herein the preparduon of a series of eleven-membered ring
analogs of epothilone, 7, 28 and 31, that contains the "hot spot” functionality. However, the
activities of these compounds, at concentrations up to 20 UM, are not significant, suggesting
that the "hot spot" alone is not sufficient for biological activity. This conclusion is supported by
the recent findings of Nicolaou and Danishefsky regarding the intolerance of other macrocyclic
ring sizes in epothilone analogs.[10, 22] Even with addition of all but one of the carbons

present in the natural product 2, i.e., 28, no activity was observed, a result that points to the

importance of the macrocyclic ring and the apparent uniqueness of the sixteen-membered ring
of epothilone. The lack of activity observed for 6 and 33 is somewhat less surprising based on
lin jsansmmetnsmnan 4hnt hac hanm atdetliaat s d e sbas M2 o MO 3. L1 _ I1N1
tne importance tnat nas oeen atiriouted to the C-3 to -8 domain of epothilone {10].
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c S
prepared, i.e., 7, indicate that a plethora of conformers exist in close energetic proximity,
making a more quantitative analysis of this probiem exceedingly difficuit. However,
comparison of the IH NMR coupling constants of 2 and 7 permits the evaluation of the
similarities of the time-averaged conformations of epothilone and the eleven-membered ring
analogs.[23] As shown in the Table below, the differences between the J values for H-2/H-3 in
2 and in 7 are much greater than those from H-6 to H-8 in 2 and in 7, suggesting greater

[ el =)

coneruence of analoe 7 with the natu 1 nroduct 2 in that recion. This similari ty, however, is
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clearly not sufficient for biological activity, based on the data outlined above.

Conformational Analysis of Epothilone and o,
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We have established that the Grubbs metathesis reaction affords a uniquely efficient
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compounds that we have prepared points to the critical importance of the sixteen-membered

ring of epothilone. The synthesis of constrained epothilone analogs based on the apparently
critical sixteen-membered ring, i.e., 5 (Scheme 1), is currently underway and our results will be
reported in due course.

Experimental

Aldol Adduct 14: To a solution of pentenoylated oxazolidone 12 (40.723 g, 0.157 mol) in methylene chloride
(319 mL) at 0°C was added dibutylborontriflate (146 mL, 1.0 M in methylene chloride. 0.146 mol) followed by

g abo
aldehyde 13 (14.375 g, 0.112 mol) in methylene chloride (6 mL) slowly The resulting solution was allowe

(=9

to
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continue stirring at this temperature for 10 minutes before warming to 0°C and stirring for three hours. The
reaction was then quenched by the addition of pH 7 aqueous phosphate buffer followed by methanol, all at a
rate so as to keep the internal temperature below 10°C. Next, a 2:1 solution of methanol:30% aqueous hydrogen
peroxide was added slowly, again maintaining the reaction temperature below 10°C, and the resulting mixture
then allowed to warm to room temperature and stir for one hour. The volatile material was then removed in

vacuo and the resulting mixture extracted with diethyl ether. The combmed organic extracts were washed with

and the residue purified by flash column chromatography using a gradient of 5% to 50% ethyl acetate-petroleum
ether to give the desired aldol adduct 14 (21.126 g, 49%; 65% based on recovered starting acylated
oxazolidinone). [a] -12.7° (¢ 1.00, CHCI3); IR (neat) 3498, 1780, 1697, 1343, 1195 cm-!; 'H NMR (500 MHz,
CDCl3): 8 7.35-7.41 (m, 3 H), 7.28-7.29 (m, 2 H), 5.77-5.85 (m, 1 H), 5.68 (d, 1 H, J = 7.3 Hz), 4.95-5.02 (m,
2 H), 4.71 (quintet, 1 H, /= 6.9 Hz), 4.24 (q, 1 H, J=6.5Hz),4.13 (t, | H,J=6.5Hz),3.00(d, l H, J= 6.6
Hz), 2.56 (q, 2 H, J = 7.3 Hz), 2.48 (t, 2 H, J= 7.2 Hz), 1.23 (s, 3 H), 1.17 (s, 3 H), 1.02 (t, 3 H,J = 7.1 Hz),

0.82 (d, 3 H, J = 6.6 Hz); 13C NMR (125.7 MHz, CDCl3): § 217.4, 175.0, 152.8, 134.9, 133.3, 128.8, 128.7,
17.4,78.8,76.4,55.1,51.8,44.1, 34.2, 31.5, 9,214,14.6,7.8. HRMS calculated for C22H29NOs5:

3 -'--/) I P pa A

3 Ml
Y 405 2389-
] TUI.adG7

s 1

Triol 15: To a solution of aldol adduct 14 (870 mg, 2.25 mmol) in diethyl ether (44 mL) was added water (89
uL, 4.95 mmol) and the solution cooled to 0°C. Lithium borohydride (2.5 mL, 2.0 M in tetrahydrofuran, 4.95
mmol) was then added dropwise and the resulting milky mixture stirred for one hour at 0°C followed by three
hours at room temperature. The reaction was then quenched by the addition of 1M NaOH and the mixture
stirred until both layers became clear. The organic layer was then separated and the aqueous layer further
extracted with ethyl acetate. The combined organic extracts were washed with brine, dried (MgSOa),

concentrated in vacuo and the residue purified by flash column chromatography using a gradient of 40% to 60%

athyl aratata_natenlarim athar ta giva tha Aacirad teinl T& (2N0 mo A20L) nc o D 21 mivinra nf Aiaotarannmare
CillY 1 avuialy P\/‘lulbulll vl w Elvb LT UlSHiivu uivl iJ \JU7 11, Yo /0 ad d &..7.1 HIHAWLIC Ul UIADICICULIITED. 1IN
foantye 2UAA 1EAN 1TATO ~ea-1. 11T NS i R A7 Q& fn 1IN AQQ N7 {n A LIV 2 0K
(neat): 3344, 1640, 1470 cm*; ‘H :05.77-5.85 (m, 1 H), 4.98-5.07 (m, 2 H), 3.85-

) , .
3.86 (m, 1 H), 3.60-3.76 (m, 4 H), 3.33-3.45 (m, 1 H), 3.11 (br s, 0.7 H), 2.76 (br s, 0.3 H), 2.37-2.40 (m, 0.3
H), 2.29-2.34 (m, 0.7 H), 2.11-2.21 (m, 1 H), 1.79-1.82 (m, 0.7 H), 1.68-1.72 (m, 0.3 H), 1.52-1.57 (m, 1 H),
1.35-1.42 (m, 0.3 H), 1.26-1.34 (m, 0.7 H), 0.98 (t, 0.9 H, J = 7.3 Hz), 0.96 (t, 2.1 H, /= 7.3 Hz), 0.95 (s, 0.9
H), 0.94 (s, 2.1 H), 0.88 (s, 0.9 H), 0.77 (s, 2.1 H); 13C NMR (125.7 MHz, CDCI3): § 137.7, 137.5, 116.0,
115.9, 82.5, 81.7, 81.1, 80.1, 66.0, 65.8, 41.7, 41.0, 40.4, 40.3, 29.8, 29.7, 24.4, 24.1, 22.0, 21.6, 21.1, 15.6,
11.4, 11.2. HRMS calculated for C12H2403 (M+H): 217.1803; found: 217.1809.

Ronrvlidine acatal 16 Th
AWe 1 U

Arvanmy LGING aceia:

added anisaldehyde dimethylacetal (16 p,L 0.094 mmol) followed by catalytic camphorsulfonic acid (1 mg) and
the reaction allowed to continue stirring at this temperature for one hour before quenching by the addition of a
saturated aqueous solution of sodium bicarbonate. The mixture was allowed to warm to room temperaturc

before further diluting with water and extracting with ethyl acetate. The combined organic extracts were
washed with brine, dried (Na2504) and concentrated in vacuo to provide a mixture of regioisomers. Separation

of the regioisomers was not accomplished, but instead the mixture was carried on to the next step.
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Ethyl ketone 17: To a solution of the regioisomeric mixture of alcohols 16 (31 mg, 0.092 mmol) in methylene
chloride (1 mL) at 0°C was added Dess-Martin periodinane reagent (118 mg, 0.28 mmol).[24] The reaction was
then warmed to room temperature and allowed to continue stirring for 2 hours. The reaction mixture was
poured into 2M NaOH and extracted with ethyl acetate. The combined organic extracts were washed with
brine, dried (MgSO4), concentrated in vacuo and the residue purified by flash column chromatography using
10% ethyl acetate-petroleum ether to give the desired ketone 17 (15 mg, 55% for two steps). [a] -37.4" (¢ 0.7,

CHCI3); IR (neat) 1699, 1615, 1517, 1248 cm-!; TH NMR (500 MHz, CDC13): § 7.40 (d, 2 H, / = 8.6 Hz), 6.89
A NYIX Y Q"7 Y¥\ & £7 & 7777 fema 1 TIN :A(I..Il'\ EI\”E £ amm ﬂYY\ A1 343 1IJ 1=1ﬁ 11 A LT A NN
{a,2n,J =08./ 1n1Z),3.0/-3.// (M, 1 1), 3.40 (8, 1 11}, J.U>- ¥ (i, 2 nnj, 4.41 uu, n,J=1.y,11.410Zj, 4w
(d, 1 H, f=2.1 Hz), 3.81-3.84 (m, 1 H), 3.80 (s, 3 H), 2.63 (dq, 1 H, /=72, 75.4 Hz), 2.60 (dq, i H,J=T7.2.

75.4 Hz), 2.42-2.49 (m, 1 H), 2.15-2.18 (m, 1H) 1.61-1.64 (m, 1 H), 1.23 (s, 3 H), 1.21 (s, 3 H), 1.00 (¢, 3

=7.1 Hz); 13C NMR (125.7 MHz, CDCI3): 8 215.7, 160.0, 136.4, 131.3, 127.3, 117.1, 113.6, 102.6, 85.5, 70.2,
55.3, 50.8, 35.6, 32.6, 29.2, 23.0, 21.8, 8.2. HRMS calculated for C2gH2804 (M+H): 333.2065; found:
333.2068.
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use. To the LDA solution was then added a solution of benzylidene acetal ketone 17 (2.479 g, 7.5 mmol) in
tetrahydrofuran (7.3 mL) dropwise and the resulting solution allowed to stir at this temperature for one hour. To
the enolate solution was then added a solution of 2-methylpent-3-enal 10 (805 mg, 8.2 mmol) in tetrahydrofuran
(7 mL) dropwise. The reaction was allowed to continue at -78°C for 20 minutes, quenched by the addition of a
saturated aqueous solution of ammonium chloride and was then allowed to warm to room temperature. The
mixture was diluted further with water and the aqueous layer extracted with ethyl acetate. The combined

organic extracts were dried (Na2S04), concentrated in vacuo and the residue purified by flash column

X

atog eino 1 e acetate-netrolenm ether to oive the decired aldol adduct (1 GR6 o maior
nrom grapily using U7 einy: acelate-pelroicum ctner 1o give tne desired aigor aaduct (1.780 g majo
Aiactaranmar &I Tevl DAN° /o 10 CHOIMY TR fnaat) 2407 1ARN 1A20 1A1A 1517 17409 rm-1- 1L NNOMDP
G1aStCrComicr, 0470 ). (U 49U (€ 1.V, il ), an \{I8aL) S47 /7, 100U, 1037, 1010, 151/, 1297 CIIY 7] 11 INMIR
(500 MHz, CDCI3): & 7.37 (d. 2H, J = 8.6 Hz), 6.86 (d, 2H, J = 8.6 Hz), 5.65-5.79 (m, 2H), 5.44 (s, 1H), 5.08

(dd, 2H, J = 21.2, 13.6 Hz), 4.94-4.98 (m, 2H), 4.21-4.23 (m, 1H), 4.04 (d, 1H, J = 2.1 Hz), 3.82-3.84 (m, 1H),
3.78 (s, 3H), 3.46 (s, 1H), 3.36 (q, 1H, J = 7.0 Hz), 3.23 (d, 1H, J = 9.4 Hz), 2.42-2.56 (m, 2H), 2.22-2.26 (m,
1H), 1.71-1.77 (m, 1H), 1.63-1.66 (m, 1H), 1.49-1.57 (m, 1H), 1.27 (s, 3H), 1.26 (s, 3H), 1.00 (d. 3H. J = 6.9
Hz), 0.58 (d, 3H, J = 6.8 Hz); 13C NMR (125.7 MHz, CDCI3): & 222.9, 160.0, 137.0, 136.2, 131.0, 127.3,
117.2, 116.1, 113.5, 102.6, 85.4, 74.5, 70.2, 55.2, 51.8, 41.5, 37.3, 35.7, 35.2, 29.7, 22.7, 20.5, 14.6, 9.9.
HRMS calculated for C26H3805 (M+H): 431.2797; found: 431.2797.
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allowed to continue stirring with gradual warming to room temperature over three hours before treating with pH
7 aqueous phosphate buffer and extracting with diethyl ether. The combined organic extracts were dried
(MgS04), concentrated in vacuo and the residue purified by flash column chromatography using 5% ethyl
acetate-petroleum ether to give the desired TBS ether adduct 19 (303 mg, 92%). [a] -17.6" (¢ 1.0, CHCI3); IR
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(neat): 1695, 1639, 1616, 1517, 1249 cm'1; IH NMR (500 MHz, CDCI3): § 7.36 (d, 2H, J = 8.6 Hz), 6.85 (d.
2H, J = 8.6 Hz), 5.73-5.81 (m, 1H), 5.46-5.54 (m, 1H), 5.45 (s, 1H), 5.05-5.12 (m, 2H), 4.84-4.89 (in, 2H), 4.28
(d, 1H, J= 2.0 Hz), 4.21-4.23 (m, 1H), 3.86-3.88 (m, 1H), 3.77-3.80 (m, 1H), 3.78 (s, 3H), 3.26 (quin, 1H,J =
6.9 Hz), 2.55-2.62 (m, 1H), 2.33-2.35 (m, 1H), 2.08-2.13 (m, 1H), 1.65-1.74 (m, 2H), 1.33-1.39 (m, 1H), 1.31
(s, 3H), 1.22 (s, 3H), 1.06 (d, 3H, J = 6.9 Hz), 0.048 (s, 3H), 0.036 (s, 3H); 13C NMR (125.7 MHz, CDCI3): &
218.4, 160.0, 137.8, 136.6, 131.3, 127.5, 117.0, 115.4, 113.5, 102.4, 83.6, 77.6, 70.5, 55.2, 51.8, 44.9, 38.2,

35.6, 35.4, 30.1, 26.2, 22.1, 21.9, 18.5, 17.6, 16.3, -3.6, -3.7. HRMS calculated for C32H5205Si (M+H):

CAE DL LN, £ ____ 1. EAL VLA
243.5004, 10UNnd. 0405.50 /4.

Cycloundecene 20: To a solution of TBS ether 19 (320 mg, 0.59 mmol) in methylene chloride (1.17 L) was
added Ti(OiPr4) (53 pl., 0.18 mmol, freshly fractionally distilled in vacuo) and the solution allowed to reflux
for one hour before adding a solution of bis(tricyclohexyl-phosphine)benzylideneruthenium dichloride (48 mg,
0.059 mmol) in methylene chloride (16 mL). The reaction was allowed to continue at reflux for seven hours
before allowing to cool to room temperature. The solution was then concentrated in vacuo and the residue

purified by flash column chromatography using 5% ethyl acetate-petroleum ether to give the desired eleven-
memhered meatathecie nradiet 200 (278 moe 740 ac a2 1 O:1 ratia af donhle hand icamerc TR (neat): 170

IHMAIIUVIMVAL LHIVLGLLILVOLD PIUUBULVL &V \LLd g, /77 /0) GO @ L.7.1 14tV Vi UWUUUILV UVLIM IDVILIVL G, LI var ). 1 iy
1416 18§17 17240 am-1. 1T NIMB /S0N MU MY & 7 & AQLT 7 Q7 HaY 7TAK (A 1290 T - Q7
1010, 131/, 1257 CII7 7, X1 NIV \DUV IVINZ, L3l o 7.5 6./ nZj, /.40 {4, 1.54n,4 = 6./

Hz), 6.90 (d, 0.68H, J = 8.7 Hz), 6.88 (d, 1.32H, J = 8.7 Hz), 5.62-5.66 (m, 0.66H), 5.49-5.53 (m, 0.66H), 5.42
(s, 0.66H), 5.38 (s, 0.34H), 5.24-5.29 (m, 0.34H), 5.15-5.20 (m, 0.34H), 4.31-4.32 (m, 0.34H), 3.97-4.12 (m,
2.66H), 3.79 (s, 1.02H), 3.79 (s, 1.98H), 3.58 (d, 0.66H, J = 1.9 Hz), 3.49-3.50 (m, 0.34H), 3.40 (dg, 0.66H, J =
6.9, 3.7 Hz), 2.94 (dq, 0.34H, J = 7.4, 2.6 Hz), 2.71-2.78 (m, 0.34H), 2.34-2.46 (m, 1.66H), 1.99-2.13 (m.
2.66H), 1.84-1.85 (m, 0.66H), 1.77-1.79 (m, 0.34H), 1.66 (dt, 0.34H, J = 10.6, 14.1 Hz), 1.35 (s, 3H), 1.29 (s.
1.02H), 1.27 (s, 1.98H), 1.04 (d, 1.02H, J = 6.2 Hz), 1.03 (d, 1.98H, J = 6.9 Hz), 0.92 (d, 1.98H, J = 6.3 Hz).
0.89 (s, 5.94H), 0.85-0.89 (m, 1.02H), 0.88 (s, 3.06H), 0.12 (s, 3.96H), 0.10 (s, 1.02H), 0.10 (s, 1.02H). HRMS

Q™. 03 VLAl L1 1) Vol RSy VL) VLI ASs AV EIL ) 2RANIY

calculated for C30H4705 Si (M+Na): 539.3169; found: 539.3160.

w

~n e

Cycloundecene trisilyl ether 21: To a solution of benzylidene acetal 20 (56 mg, 0.11 mmol) in diethyl ether (3
mL) was added a solution of 3% HCI/MeOH (1.5 mL) and the reaction allowed to stir for 15 minutes at which
time an additional portion of 3% HCI/MeOH (1.5 mL) was added. The reaction was allowed to stir for ten more
minutes before concentrating in vacuo. The crude diol was then dissolved in methylene chloride (720 pL) and
the solution cooled to -78°C before adding 2,6-lutidine (119 pL., 1.02 mmol) followed by TBSOT{ (105 pL,
0.46 mmol) dropwise. The reaction was allowed to gradually warm to 0°C over two hours at which time
additional TBSOTf (105 uL, 0.4 mmol) was added. The reaction was then allowed to warm to room

emperature and stir for two hours. The mixture was then partitioned between nH 7 aagueous nhosnhate buffer
temperature ang sur 1or two fours. 140¢ muxture 1€n partiiioned between pa / agqueous phospnale bulle

and ethyl acetate the camhinad aroaniec evtracte were driad (MoSOAY concentrated 1 vacun and the recidue
aliu Culyl alllae, it CUINUILG Ulgdiinl CAUAULLS WUIU ULIVU UVigodw4 ), Lunttliuaivy VACUe aliG uic 158Ul

purified by flash column chromatography using 1% ethyl acetate-petroleum ether to give the desired trisilyl

ATR AT AN AATT

ether 21 (.50 mg, 53% for two S[CpS) Selected NMR data (major isomer omy) 'H NMR (JUU MKz, LULI}) )

5.44-5.59 (m, 2H), 3.95 (d, IH, J = 4.9 Hz), 3.64 (s, 1H), 3.45-3.50 (m, {H), 3.36-3.41 (m, 1H), 3.19 (quintet,

1H, J = 6.8 Hz), 2.24-2.32 (m, 1H), 2.13-2.18 (m, 1H); IR (neat): 1696, 1471, 1254, 1098, 836. HRMS
calculated for C34H7004Si3 (M+H): 627.4660; found: 627.4655.
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Cycloundecane trisilyl ether 22: A solution of the mixture of cis and trans alkenes 21 (29 mg, 0.04 mmol) in
10:1 methanol/ethy] acetate (1 mL MeOH:0.1 mL EtOAc) was purged with argon for ten minutes. Next, 10%
Pd/C (5 mg) was added and the mixture further purged with hydrogen gas and allowed to continue stirring under
an atmosphere of hydrogen for four hours. The mixture was then filtered through celite, washed with ethyl
acetate, and concentrated in vacuo. The residue was purified by flash column chromatography using a gradient

of 1% to 10% ethyl acetate-petroleum ether to give the desired saturate ven-membered ring 22 (25 mg
86%). IR (neat): 1694, 1472, 1463, 1255, 1100, 835,773 cm-!; IH NMR (500 MHz, CDC]3): 5395 (dd, 1H,J
=0, 8.4 Hz), 3.58 (d, 1H, J=2.9 Hz), 3.43-3.51 (m, 2H), 3.18 (pent, 1H, J = 6.9 Hz), 1.95-2.01 (m, 1H), 1.62-
1.68 (m, iH), 1.39-1.58 (m, 5H), 1.30 (s, 3H), 1.24-1.27 (m, iH), 1.17 (m, 3H), 1.12-1.15 (m, 2H), 1.05 (4, 3H,
J=6.9 HL) 0.93 (s, 9H), 0.88 (s, 9H), 0.88 (s, 9H), 0.87-0.88 (m, 3H), 0.070 (s, 3H), 0.054 (s, 3H), 0.041 (s,

3H), 0.034 (s, 6H), 0.0030 (s, 3H); 13C NMR (125.7 MHz, CDCI3): 8 216.2, 80.5, 78.1, 64.8, 52.6, 48.0, 42.9,
36.0, 30.4,29.4, 26.2, 26.2, 26.1, 26.0, 25.1, 25.1, 23.4, 18.9, 18.7, 18.5, 18.3, 17.9, =3.2, =3.6, =3.7, 4.2, 5.2,
—5.3. HRMS calculated for C34H7204Si3 (M+H): 629.4817; found: 629.4798.
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showed the reaction was not complete, the reaction was worked up after approx. 24 hours. The reaction mixture
was partitioned between pH 7 aqueous phosphate buffer and ethyl acetate. The combined organic layers were
dried (MgS04), concentrated in vacuo and the residue purified by flash column chromatography using a
gradient of 4% to 10% ethyl acetate-petroleum ether to give the desired primary hydroxyl 23 (3 mg, 41%; 92%
based on recovered starting material). [ot] -8.4° (¢ 0.5, CHCI3); IR (neat): 3482, 1693, 1472, 1253, 836, 773
cml; TH NMR (500 MHz, CDCI3): 8 3.95 (dd, 1H, J = 1.1, 8.5 Hz), 3.60 (d, 1H, J = 2.9 Hz), 3.53-3.60 (m,
2H), 3.20 (dq, 1H, J = 6.9, 13.9 Hz), 2.02-2.05 (m, 1H), 1.55-].66 (m, 2H), 1.40-1.50 (m, 3H), 1.33 (s, 3H).
1.11-1.29 (m, 5H), 1.19 (s, 3H), 1.06 (d, 3H, J= 6.9 Hz), 0.93 (s, 9H), 0.88 (s, 9H
N

3.1\ NNST (e IHY DNAA (¢ Y DDA (¢ THN- lBF NMD (195 7 \MMH~ . 1N Q11 77 RAA
Jy VI T Dy JElJy V.UTT 3y JIL), VLULT Dy JIL), o INAVRAN \1&J./ iVAX1L, . 1U.U, Ul.1, /0.4, UT.U,
£ A AOD N AN O 2 £ INN NOE NLAY NLDY NE L NEN YAOQ0 A7 100 107 10 & 10N 2 A 2 L 27 20
32.4,40.0,4.2.9, 35.0, 5U.U, 29.5, 20.2, 20.2, 25.0, 25.2, 24.8, £3.3, 16.0, 18./, 18.3, 16.U, —3.4, —3.6, —3./, —3.9.
HRMS caiculated for Co8H35804Si2 (M+H): 515.3952; found: 515.3967

X-ray Derivative 24: After hydrolysis of the benzylidene acetal (as described above for the preparation of
trisilyl ether 21), the resulting diol (29 mg, 0.07 mmol), as a mixture of cis and trans isomers, was dissolved in
methanol/ethyl acetate (10:1, 2 mL methanol: 0.2 mL ethyl acetate) and the solution purged with argon for ten
minutes. Next, 10% Pd/C (5 mg) was added and the mixture was purged with hydrogen gas and allowed to

continue stirrine vdrogen for 18 hours. The mixture was then filtered throuech celite

ntin g un 11 11 nydrogen Ior 1o nours. 1he maxtur then Niltered through celite,
vaching th athul acatata and cancentratead in vacns  Tha racnlting whi ol (N7 meo QR0 wag carriad on
Wﬂblulls WILLL ClllYyl avolialie, alluld VCULIVOLIL AL 7 vue iy 11ie 1uau1uus WILLILL DUl \&7 llls, ZJI /U wad Lalliicul ull

without further purification.

To a solution of the saturated eleven-membered ring prepared above (28 mg, 0.07 mmol) in dichloromethane
(0.7 mL) at 0°C was added pyridine (17 pL, 0.21 mmol) followed by p-bromobenzoy! chloride (38 mg, 0.18

mmol) and catalytic DMAP. The reaction was allowed to warm to room temperature with stirring for 24 hours
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before diluting the reaction mixture with ethyl acetate and washing with water followed by saturated agqueous

sodium bicarbonate. The organic extract was dried (MgSO4), concentrated in vacuo and the residue purified

by flash column chromatography using a gradient 10% to 40% ethy] acetate-petroleum ether to give the desired

ester 24 (10 mg, 24%; 69% based on recovered starting material). [a] +12.9° (c 0.45, CHCI3); IR (neat): 3456,

1721, 1670, 1590, 1462, 1270 cm'!; 'H NMR (500 MHz, CDCI3): & 7.83-7.87 (m, 2H), 7.53-7.57 (m, 2H),

4.32 (dd, 1H, J=5.6, 10.7 Hz), 4.24 (dd, 1H, J= 8.8, 10.6 Hz), 4.10(d, 1H, J=9.0 Hz), 3.97 (dd, 1H, J= 2.2,
)

~

7 Y 282 (A4 1 T—14 Q1 H 221 (Aanintet 1 T—T71H2Y 20070204 (mm 1 1 S1_1 70 (m 3HN©
i3 01y, 3.03 GG, 11, v = 15, Foa 1145, 3.4 (GuUliGy, 1XG, v = 71 1), ALt A U5 0D, D0, 1 01T U A, 30,
1T AN (- 2ET 1 29 7o 2I18 1. 9% 1 726 fenn ATIYN 1 14 731 QALY F 7110y 1A 1 17 /... 2Ty N ON 7.3 2LT T £ &
1.40 (s, 3R), 1.32 (s, 3H), 1.22-1.30 (m, 3hH), 1.14 (d, 3H, /= 7.1 10z), 1.02-1.12 (in, 3R), 0.89 (d, 3H, /= 6.5
T I\ N oo s NYT raWatleinl £ o 23 & &Y N N 7 2 8 AY 1’2ﬁ ATR AT /1ML ™ RATT AT, S AN A N 1L ™ 1721 7 171 N
nz), U.8d (5, YI1), WU/ / (S5, 311), LUV (S, o)) U INIVIK (1 20,7 MIOZ, CIACI3) 0 2£24.Y, 100./, 151./, 1231.0,
129.3, 128.0, 82.8, 76.1, 66.8, 49.2, 46.0, 40.7, 37.2, 30.2, 30.0, 29.7, 26 .9, 26.8, 26.1, 22.4, 18.4, 17,6, 17.1,

-3.8,-3.9. HRMS calculated for C29H47BrO5Si (M+Na): 605.2274; found 605.2264.

Carboxylic acid 25: To a solution of primary alcohol 23 (10 mg, 0.02 mmol) in dimethylformamide (0.43 ml.)
at room temperature was added PDC (81 mg, 0.2 mmol) and the reaction allowed to stir vigorously for four

hours. The reaction mixture was then _ﬂjt' ned between distilled water (4.0 mL) and di thvl ether. The
combined organic extracts were then dried (MgSQO4), concentrated in vacuo and the residue puritied by flash

o provide the desued aldehyde (10 mg, 100%). [a] 14.4° (c 0.5, CHCI3); IR (neat):

171 & 1L£N0E 1 AT 1"ANEL 1NL Qs ~ A 'Y TR ATy 7 &N A ATT TN, S N o 1 T ¥ ~ ’\ YT _N N1
1725, 1695, 1473, 1256, 1106, 836, 774 cm’!; I'H NMR (500 MHz, CDCI3): § 9.66 (d, 1H, J = 2.2 Hz). 3.91-
2H 1.69-1.76 (m, 2H), 1.55-1.63 (m, 3H), 1.46-

3.93 (m, 2H), 3.19 (dq, 1H, J = 6.8, 9.2 Hz), 3.01-3.06 (m, 1H),
1.51 (m, 1H), 1.26-1.41 (m, 3H), 1.18 (s, 3H), 1.16 (s, 3H), 1.03 (d, 3H, J = 6.7 Hz), 0.93 (s, 9H), 0.90 (d, 3H, J
= 6.8 Hz), 0.88 (s, 9H), 0.11 (s, 3H), 0.064 (s, 3H), 0.041 (s, 3H), -0.034 (s, 3H); !3C NMR (125.7 MHz.
CDCI3): 8 215.0, 202.7, 79.0, 76.7, 53.6, 53.3, 48.8, 35.4, 29.7, 27.4, 26.3, 26.0, 25.3, 25.3, 25.0, 22.6, 19.2,
18.6, 18.4, 17.9, -3.2, -3.4, -3.6, —4.3. HRMS calculated for C28H5604Si2 (M+Na): 535.3615; found:
535.3627.
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1o a solution o
(98 L) was added a solution of NaClO2 (2.5 mg, 0. 03 mmol) in pH 3.5 aqueous phosphate buffer (0.39 mlL)
dropwise. The reaction was allowed to stir at room temperature for 30 minutes before partitioning the reaction
mixture between distilled water and diethyl ether. The combined organic extracts were dried (MgS04),
concentrated in vacuo and the residue purified by flash column chromatography using a gradient of 10% to
20% ethyl acetate-petroleum ether to give the desired acid 25 (9 mg, 87%). [a] -4.4° (¢ 0.45, CHCI3); IR
(neat): 2500-3300, 1700, 1468, 1255, 1106, 837, 774 cm-!; 'H NMR (500 MHz, CDCI3): & 3.94-3.97 (m, 2H),
3.25-3.33 (m, 2H), 1.87-1.94 (m, 1H), 1.72-1.78 (m, 1H), 1.65-1.70 (m, 2H), 1.55-1.61 (m, 2H), 1.38-1.49 (m,

2H), 1.34 (s, 3H), 1.31-1.34 (m, 1H), 1.19 (s, 3H), 1.08 (d, 3H, J = 6.5 Hz), 0.99 (s, 9H), 095 (d, 3H, /= 6.9
Hz), 0.94 (s, 9H), 0.16 (s, 3H), 0.12 (s, 3H), 0.092 (s, 3H), 0.080 (s, 3H) : 13Cc NMR (125.7 MHz, CDCI3): §
Hz), 0.94 (s, 9H), 0.16 (s, 3H), 0.12 (s, 3H), 0.092 (s, 3H), 0.080 (s, 3H) ; NMR (125.7 MHz, CDCl3): o
711 1297 M2 N TQAK §20Q0 AQON AL 0 289 207 07 N7 2 D& NLAN K& D8N Y21 A 109 194 1Q &
L1J. b, 10&.&y 10V, 170, J3.7, 47.U, #U.7, JJ.Ly, IU.Ly LT.by L 1].3, £U0.3, LO.U, LJ.J, LIV, L1.5%, 1TF.£, 10.G, 10.0
1Q N N N Es BEs | ~ - A~ YITY L A CY 1 __.1 b B o Py L Ry o W o Ry s W 3 b N1 Y - 4k B ¥~ & g h | o= NS

18.0, -3.0, 3.3, -3.5, —4.2. HRMS caiculated for C2g8H5605S5i2 (M+Na): 551.3564; found: 551.3556

Ester 28: To a solution of acid 25 (4 mg, 7.6 pmol) in methylene chloride (0.3 mL) at room temperature was
added DCC (2 mg, 9.8 pmol) followed by DMAP (1 mg, 9.8 umol). To the reaction mixture was then added a
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solution of thiazole alcohol 27 (2 mg, 9.1 pmol) in methylene chioride (0.2 mL) and the reaction aliowed to
continue stirring for 24 hours. The mixture was filtered through celite and washed with methylene chloride.
The resulting solution was concentrated in vacuo and the residue purified by flash column chromatography
using a gradient of 2% to 10% ethyl acetate-petroleum ether to give the desired ester (3.7 mg, 66%). [a] -5.9°
(c 0.18, CHCI3); IR (neat): 1733, 1694, 1472, 1256, 1104, 836, 774 cm'!; 1H NMR (500 MHz, CDCl3): 8 6.93
(s, 1H), 6.52 (s, 1H), 5.74 (dddd, 1H, J =64, 6.4, 10.1, 16.8 Hz), 5.30 (dd, 1H,J=5.7, 7.8 Hz), 5.13 (dd. 1H, J

11}, 111

= 1.5, 17.0 Hz), 5.06 (dd, 1H, J = 1.6, 10.1 Hz), 3.89-3.91 (m, 2H), 3.22-3.28 (m, 2H), 2.69 (5. 3H), 2.54-2.60
(m, 1H), 2.45-2.50 (m, 1H), 2.13 (s, 3H), 1.80-1.84 (m, 1H), 1.59-1.72 (m, 3H), 1.23-1.46 (m, 5H), 1.20 (s, 3H),
.10 (s, 3H), 1.01 (d, 3H, J = 6.7 Hz), 0.92 (s, 9H), 0.90 (s, 9H), 0.90 (d, 3H, J = 4.6 Hz), 0.095 (s, 3H), 0.069
(s, 3H), 0.042 (s, 3H), 0.019 (s, 3H); 13¢ NMR (125.7 MHz, CDCI3): 6 215.4, 175.9, 164.7, 152.5, 136.7,

133.5,121.3, 118.1, 116.6, 79.9, 79.8, 78.9, 54.1, 49.2, 47.0, 37.8, 34.9, 30.8, 29.0, 27.0, 26.3, 26.1,25.7, 24.7,
21.5,19.3,19.3, 18.6, 18.5, 18.0, 14,6, -2.8, -3.2, -3.5, —4.2. HRMS calculated for C39Hg9NO558Si2 (M+Na):

742.4333; found: 742.4330.
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dried (MgS04), concentrated in vacuo and the residue purified by ﬂash column chromatography using a
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gradient of 30% to 40% ethyl acetate-petroleum ether to give the desired dihydroxy ester 28 (1.9 mg, 77%). [a]
-14.0° (c 0.1, CHCI3); IR (neat): 3446, 1733, 1717, 1699, 1683, 1668, 1652, 1456, 1153, 968 cm-1; IH NMR
(500 MHz, CDCl3): 8 6.92 (s, 1H), 6.50 (s, 1H), 5.73 (dddd, 1H, J = 6.9, 6.9, 10.1, 17.0 Hz), 5.34 (dd, 1H, J =
6.5, 6.5 Hz), 5.09 (dd, 1H, J = 1.5, 17.1 Hz), 5.04 (dd, 1H, /=<1, 10.3 Hz), 4.11 (d, 1H, J = 8.5 Hz), 3.96 (dd,
1H, J=3.1, 8.4 Hz), 3.70 (d, 1H, J= 7.7 Hz), 3.21-3.27 (m, 1H), 2.68 (s, 3H), 2.44-2.55 (m, 3H), 1.78 (s, 3H).
1.77-1.84 (m, 3H), 1.59-1.66 (m, 3H), 1.39 (s, 3H), 1.33 (s, 3H), 1.30 (d, 3H, J = 6.9 Hz), 1.21-1.26 (m, 4H),

1.00 (d, 3H, J = 6.8 Hz); 13C NMR (125.7 MHz, CDCI3): § 223.1, 172.7, 164.6, 152.6, 137.1, 133.5, 120.6,
1177 1182 RSN 784 778 401 41 A78 376 482 200 280 222 277 248 720 109 IQG 179
Lii.0y LAUT, OJWU, /1057, //.J, 7.2, 70.1, 7/.J, J3/.U, 5.0, &£7.U, £40.7, L0.0, &i.1, &5.0, LL.U, 17.4, , Li.L,
1A Q. TIMNAQ mnlasilotnd £ 9~ T RIN2C (AANT N, E1 A ALNY. £ 1. &1 A ALN1
14.0, FIRIVID CalCulalCd 106 UW2/114 | INUSD (VITINd). J14.20U5, 10UnNd. O 14.L0U1

Ester 7: To a solution of acid 25 (5.4 mg, 0.01 mmol) in methylene chloride (0.3 mL) at room temperature was
added DCC (3 mg, 0.01 mmol) followed by DMAP (2 mg, 0.01 mol). To the reaction mixture was then added a
solution of thiazole alcohol 26 (2 mg, 0.01 mmol) in methylene chloride (0.2 mL) and the resulting mixture was
allowed to stir for 24 hours. The mixture was filtered through celite, washed with methylene chloride, and the
resulting solution concentrated in vacuo and purified by flash column chromatography using a gradient of 2%
to 10% ethyl acetate-petroleum ether to give the desired ester (6 mg, 87%). [a] -4.3° (¢ 0.3, CHCI3); IR (neat):

1734, 1694, 1463, 1255, 1103, 836, 774 cm'!; 1H NMR (500 MHz, CDCI3): 8 6.96 (s, 1H), 6.54 (s, 1H), 4.68

1694, 1463, 1255, 1 3

(d, 1H, J = 37.8 Hz), 4.65 (d, 1H, J = 38.3 Hz), 3.90-3.92 (m, 2H), 3.22-3.27 (m, 2H), 2.70 (s, 3H), 2.13 (s, 3H),
1.81-1.87 (m, 1H), 1.60-1.73 (m, 4H), 1.45-1.50 (m, 1H), 1.35-1.38 (m, 2H), 1.23-1.29 (m, 1H), 1.23 (s, 3H),
1.12 (s, 3H), 1.01 (d, 3H, J = 6.7 Hz), 0.93 (s, 9H), 0.88-0.90 (m, 3H), 0.88 (s, 9H), 0.10 (s, 3H). 0.064 (s, 3H),
0.038 (s, 3H), 0.032 (s, 3H); 13c NMR (125.7 MHz, CDCI3): § 215.2, 176.8, 164.9, 152.4, 134.0, 121.9, 116.6,
80.0, 79.6, 77.2, 77.0, 76.7, 70.6, 53.9, 49.1, 47.2, 35.2, 30.5, 29.2, 27.2, 26.3, 26.1, 25.6, 25.1, 21.3, 19.3, 19.3,
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18.6, 18.5, 18.0, 16.2, -2.9, -3.3, -3.5, —4.2. HRMS calcuiated for C36HgsNO55S1y (M+Na): 702.4020;
11.

To a solution of the ester prepared above (5 mg, 7.4 pmol) in methylene chloride (0.5 mL) at 0°C was added
TFA (0.1 mL) and the reaction allowed to stir at -12°C for two days. The reaction was poured into cold,

aqueous saturated sodium bicarbonate and extracted with chloroform. The combined organic extracts were
dried (MgSO4), concentrated in vacuo and the residue purified by flash column chromatography using a

S o 7 e &
oradient of 30% to 40% ethvl acetate-netrolenm ether to oive the desired diol 7 (2 me. 60%). ol -15.0° ic 0.1
gradient of 3U% to 4U0% ethy! acetale-petroleum ether to give the gesired gi1ol / (2 mg, 0U%). (0] -10.0 (¢ UL,
CHOTAY: TR (naat) AAAL 172) 146Q 1ARA 1184 OQ7 nr-1 l'LI ANNMD /&N NI 'TYI2)Y KR £ 08 /¢ THY £ &N
k-ll\_‘-lj) LN \llbal} TV, LT V4 LUVUO, 1TPJVU, L IJ_'", 701 il 3 11 1NIVIIN \JUU iviLLZ,, L/]J\_rlj, LR Pl \D, 111}, V.JUV

(s, 1H), 4.68 (d, 1H, J = 22.3 Hz), 4.65 (d, 1H, J = 22.3 Hz), 4.25 (d, 1H, J=8.5 Hz), 4.00 (dd, 1H, /= 2.8, 8.5
Hz), 3.70 (d, 1H, J = 9.4 Hz), 3.25 (dq, 1H, J = 6.9, 8.7 Hz), 2.69 (s, 3H), 2.54-2.57 (m, 1H), 2.07 (s, 3H), 1.73-
1.84 (m, 3H), 1.46-1.69 (m, 8H), 1.40 (s, 3H), 1.34 (s, 3H), 1.31 (d, 3H, J= 6.1 Hz), 1.00 (d, 3H, J = 6.7 Hz);
13C NMR (125.7 MHz, CDCl3): 8 223.2, 173.3, 164.7, 152.5, 134.5, 121.2, 116.3, 85.1, 77.4, 70.1, 48.9, 48.1,
47.5, 34,9, 29.2, 29.1, 28.8, 27.7, 24.7, 22.0, 19.2, 18.9, 17.2, 16.1. HRMS calculated for C24H37NO5S
(M+Na): 474.2290; found: 474.2281.

Ester 32: 7-octenoic acid (60 mg, 0.42 mmol) was dissolved in 10 mL of CHCly, DCC (90 mg, 0.35 1
12 a2 and MAAAD 784 v N EE cvmernnl 12 An) wrana thaw add~ad e d aftae 1) aniimsabac AL ctlecloan o Cco ~1 III\
1.0 €4) AU LZIVIALD (U9 11y, V.00 11V, 1.0 C4) WUIe Uil auucu 10U a4llCl 1V UGS UL SLiE, dib VI 1V
mg, 0.55 mmol, 1.2 eq) was introduced. The reaction mixture was then stirred for 24 hours at room temperature.

Water (2 mL) was added, the organic layer was separated, washed with brine, dried over MgSOy4, filtered and
evaporated. The resulting oil was purified by column chromatography using a 15% ethyl acetate-hexane to give
pure ester as a white solid (108 mg, 70 %). [a] +2.1° (¢ 0.30, CDCl3); mp = 123-124.5°C; IR (KBr pellet):
2930, 2857, 1710, 1684, 1534, 1458, 1220, 1150 cm™'; 'H NMR (500 MHz, CDCI3): & 6.92 (s, 1H), 6.49 (s
1H), 5.72 (m, 2H), 5.30 (t, IH, J = 6.51 Hz); 4.87-5.10 (m, 4H), 2.68 (s, 3H), 2.48 (t, 2H, J=7.39 Hz), 2.29 (t,
2H, J = 7.60 Hz), 2.02 (s, 3H), 1.12-1.74 (m, 5H), 0.83 (t, 3, J = 6.24 Hz); 13C NMR (125 MHz, CDCI3): §
173.2, 150.1, 138.4, 131.0, 120.6, 117.6, 116.2, 114.3, 77.8, 57.0, 50.5, 37.6, 34.5, 33.5, 32.4, 30.4, 28.6, 25.8

Al ey 0Ty Al ey RaaUy L2 d [RAV FF N FA0 Fe

24.8. HRMS calculated for C19H27NO2S (M+NH4): 351.2106; found: 351.2115,

Lactone 33 (E and Z): Ester 32 (10 mg, 0.03 mmol) was dissolved in 3 mL of dry CH2ClI? and Ru-catalyst (2
ma) wae added The racnltineg mivtiire wace then ctirrad far 24 hanre at raom temnerature Fvanoratinn of
i1y ) wad auunil. &L IUDUILLLIS AIIIIALULIL W aAd LIVEL JUILIVU 1VLI &7 VUL 4L 1vvuvil L\fllltl\(l atuiv. LUy ull\ll ALIVIT A71

=}

volatiles and purification of the residue by column chromatography gave 8 mg (80 % yield) of mixture of E/Z
isomers (1:1 ratio, determined by HPLC), which were separated by column chromatography chromatography

using a 10% ethyl acetate-hexane

"V o mmee e [al £1 £ /4 1 NYN TN 1A T femaner. YMINA laX X 4] 172N 1A&& 1TMAL 11 AN s NINAD SN0
L=womer. (U] vO1.0 (C 1.UY, LLACLY), 1IN {HCALl). &T4q, L0004, 110U, 1400, 14590, 119U L1l , Il INIVIIN {OUV
MHz, CDCI3): 8 6.93 (s, 1H), 6.56 (s, 1H), 5.48 (d, 1H, J= 11.1 Hz), 5.46 (ddd, 1H, J = 15.6, 11.0, 2.8 Hz),

5.31 (dddd, 1H, J = 15.6, 10.6, 3.9, 1.8 Hz), 2.68 (s, 3H), 2.44 (m, 2H), 2.36 (m, 2H), 2.07 (s, 3H), 1.62-1.90
(m, 5H), 0.86-1.42 (m, 3H). 13C NMR (125 MHz, CDCI3): 6 174.2, 152.2, 137.4, 134.8, 126.4, 119.4, 115.9.

75.8, 38.4, 35.3, 34.2, 33.1, 29.6, 26.6, 25,7, 24.4, 19.2. HRMS calculated for C17H23NO2S (M+Na):
328.1347; found: 328.1337.
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E isomer: [ot] +50.6 (¢ 1.00, CDCI3); IR (neat): 2931, 2863, 1734, 1463, 1239, 1144 cm™'; 'H NMR (500
MHz, CDCl3): 8 6.93 (s, 1H), 6.56 (s, LH), 5.49 (m, 1H), 5.32 (dt, 1H, J=10.2, 3.6 Hz), 5.25 (d, J=1H, 10.4 Hz),
2.68 (s, 3H), 2.49 (m, 2H), 2.16 (m, 2H), 2.07 (s, 3H), 1.12-1.68 (m, SH), 0.86-1.04 (m, 3H); 1°C NMR (125
MHz, CDCl3): 8 174.2, 154.3, 138.3, 134.1, 125.9, 117.4, 116.1, 73.2, 37.9, 35.1, 34.2, 33.9, 30.2, 28.1, 26.2,
22.2,19.9. HRMS calculated for C17H23N02S (M+Na): 328.1347; found: 328.1332.

Epoxide 6 from Z-33: A solution of dimethyldioxirane (0.29 mL, 0.02 mmol, 0.07 M solution in acetone) was
added dropwise to a cooled (-30 C) solution of 5 mg (0.018 mmol) of alkene Z-33 in 1 mL of dry CH2Cl».

After stirring for 3 hours, evaporation of volatiles and purification of the residue by column chromatography
using a 15% ethyl acetate-hexane gave a mixture of inseparable diasterecisomeric epoxides (1:1 ratio,
b i , 2850, 1733, 1558,

.

AL L 1772

1456, 123 (5 (s, 2H), 6.54 (s, 2H), 548 {(dd, 2H, /=12, 2.5
Hz), 2.72 (m, 4 2.50 (m, 2H), 2.42 (m, 1H), 2.39 (m, 1H), 2.29 (m, 2H), 2.19 (m, 2H), 2.06 (s.
6H), 1.83 (m, 2H), 1.12-1.69 (m, 8H), 0.72-0.96 (m, 6H). HRMS calculated for C17H23N0O3S (M+Na):
344.1296; found: 344.1305.
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Epoxide 6 from E-33: A solution of dimethyldioxirane (0.28 mL, 0.02 mmol, 0.07 M solution in acetone) was
added dropwise to a cooled (-30 GC) solution of 5 mg (0.018 mmol) of alkene E-33 in 1 mL of dry CH2Cl».
After stirring for 3 hours, evaporation of volatiles and purification of the residue by column chromatography
using a 15% ethyl acetate-hexane gave a mixture of inseparable diastereoisomeric epoxides (1:1 ratio,
determined by HPLC) in 76 % yield (4.5 mg). [a] +12.6 (¢ 0.10, CDCI3); IR (neat): 2935, 2864, 1732, 1562,

-1,1
1455, 1237, 1150 cm *;"H NMR (500 MHz, CDCI3): 8 6.95 (s, 2H), 6.54 (s, 2H), 5.48 (d, 2H, J = 10.8 Hz),
3.08 (m, 2H), 2.82 (m, 2H), 2.68 (s, 6H), 2.57 (m, 1H), 2.51 (m, 1H), 2.33 (m, 1H), 2.30 (m, 1H), 2.14 (m, 2H),
2.08 (s, 6H), 199 (m, 2H), 1.05-1.54 (m, 10H), 0.81-0.88 (m, 6H). HRMS calculated for C17H23NO3S

for the biological evaluation of the epothilone analogs prepared in this study and Professor Marc
Snapper (Boston College) for his invaluable guidance in our metathesis studies. The generous
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