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Total Synthesis of Oxazole- and Cyclopropane-Containing Epothilone B 
Analogues by the Macrolactonization Approach 

K. C. Nicolaou," Francisco Sarabia, M. Ray V Finlay, Sacha Ninkovic, 
N. Paul King, Dionisios Vourloumis, and Yun He 

Abstract: In order to probe structure-ac- 
tivity relationships in the epothilone area, 
two series of epothilone B analogues have 
been designed and synthesized. The first 
series containing an oxazole moiety in 
place of a thiazole on the side chain was 
constructed by utilizing key intermediates 
7-9 or 10,12, and 13 (Scheme I ) ,  whereas 
the second series containing an ethano 

Introduction 

group instead of the gem-dimethyl group 
at position 4 was synthesized from frag- 
ments 42 and 43. A Yainaguchi-type 
macrolactonization reaction was used to 
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construct the inacrocycle from a seco- 
acid, which was assembled, in both cascs, 
by means of a) an aldol reaction, b) an 
Enders alkylation, and c )  a Wittig-type 
reaction. This convergent strategy provid- 
ed access to oxazole analogues 2,4,29-32 
and 4,4-ethano derivatives 3, 40, 60-63 
for biological studies. 

The recent disclosures of the isolation, structural elucidation, 
and biological properties of epothilones, which have been 
shown to be potent tubulin-assembly and microtubulc-stabiliz- 
ing agents," -41 have elicited strong interest in scientific and 
medical circles.[' - 51 The impressive cytotoxic effectiveness of 
epothilone B (1, Figure l),  in particular, against TaxolTM-resis- 
tant tumor and its Taxol-like mechanism of actionL2' l8l 

prompted intense investigations into its total synthesis["* 12. l 4 I  

and analogue design.[". 1 2 ,  14] In the preceding paper['71 we 
described the synthesis of a series of epothilone A analogues 
with oxazole and cyclopropyl groups. In this article we wish to 
describe the chemical synthesis of a series of oxazole- and 4,4- 
ethano-containing analogues of epothilone B ( l ) ,  represented 
by structures 2 and 3, respectively (Figure 1). 

Results and Discussion 

Oxazole-containing analogues of epothilone B: The replacement 
of the sulfur atom in the side-chain heterocycle of epothilone B 
( 1 ,  Figure 1) with an oxygen atom was considered important for 
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1 : X = S : epothilone B 
2: X = 0 : 20-oxa-epothilone B 

3: 4,4-ethano-epothilone B 

Figure 1. Structure and numbering of epothilone B (l), 20-oxd-epothiIone €3 (2) 
and 4,4-ethano-epothilone B (3). 

structure-activity relationships, and, therefore, compounds of 
type 2 (Figure 1) were targeted for synthesis. Scheme 1 depicts 
the retrosynthetic analysis that led to the formulation of the 
strategy for the synthesis of 2 and rclated compounds. Thus, in 
this macrolactonization-based approach,['. 14, ''I it was envi- 
sioned that 2 would be derived by epoxidation of olefinic diol4, 
the assembly of which would rely upon the cyclization of hy- 
droxyacid 5. Sequential disconnection of precursor 5 by a retro 
aldol reaction (to afford 6 and 7) and a retro Wittig condensa- 
tion (to afford 8 and 9) pointed to route a (Scheme 1) as a 
possiblc means of construction. On the other hand, a retro En- 
ders a lkyla t i~n[ '~ '  of 6 unravelled hydrazone 10 and iodide 11 
as potential precursors, whereas further disconnections of 11 by 
a retro Wittig-type olefination led to aldehyde 12 and stabilized 
phosphorane 13 as viable starting materials. 

The implementation of the macrolactonization strategy to- 
wards the oxazole series of epothilones B proceeded along a 
similar path to that developed For the corresponding thiazole 
series of e p o t h i l o n e ~ . ~ ~ ~  1 2 .  141 Scheme 2 shows the stereoselective 
construction of the requisite aldehyde 12 and phosphonium salt 
9 starting with the readily available oxazole derivative 14.r20' 
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Scheme I .  Molecular structure and retrosynthetic analysis of 20-oxa-epothilone B 
(2). R' = TBS = SitBuMe,. 

Thus, asymmetric addition of (+)-Ipc,B(allyl) to aldehyde 
14["] (see Scheme 2), as described in the preceding paper,['71 
gave alcohol 15. Silylation of 15 with TBSCI (for abbreviations, 
see legends in schemes) and imidazole gave 99% yield of silyl 
ether 16. Selective dihydroxylation of the terminal olefin in 16 
employing the Upjohn procedure (NMO-OsO, cat.),[221 fol- 
lowed by NaIO, cleavage of the resulting diol led to aldehyde 12 
in excellent yield (93 %). Reduction of the aldehyde group in 12 
with NaBH, (99 YO yield) followed by exposure to Ph,P/I,/im- 
idazole furnished iodide 18 (87% yield) via primary alcohol 17. 

0 
14 

OH 
15 

OTBS 
16 

OTBS OTBS 
1 8 : X = l  17 c 9: X = Ph,P+I- 

I 
OTBS 
12 

Scheme 2. Synthesis of phosphonium salt 9 and aldehyde 12. Reagents and condi- 
tions: a) 1.5equiv of (+)-Ipc,B(allyl), Et,O, -1OO'C, 0.5 h, 91%; b) 1.2equiv 
TBSCI, 1.5 equiv of imidazole, DMF, 0 --* 25 "C, 2 h, 99 YO; c) i. 1 .O mol% OsO,. 
1.1 equiv of 4-methylmorpholine N-oxide (NMO), THF:fBuOH:H,O (1 : I  :O.l), 
0 + 2 5 " C , 1 2  h,95%;ii .  6.0equivofNaIO,,MeOH/H,O(2:1),O'C,0.5 h.98%; 
d) 1.5equivofNaBH4,MeOH,0'C, 15mln ,99%;e)  2.OequivofI2,4.0equivof 
imidazole, 2.0equiv of Ph,P, Et,O:MeCN (3: l ) .  0°C. 0.5h. 87%;  f) 2.0equiv 
Ph,P, neat, 1OO"C, 2 h, 90%. 

Finally, heating of 18 with Ph,P at 100°C gave phosphonium 
salt 9 in 90% yield. 

In order to obtain both the (12E) and (122) isomers of 
epothilone B analogues, we initially undertook the nonstereose- 
lective synthesis depicted in Scheme 3 in which the first step 
involves a Wittig reaction, yielding a 1 : 1 mixture of geometrical 
isomers. Thus, generation of the ylide from phosphonium salt 9 
by the action of NaHMDS in THF at -2O"C, followed by 
addition of ketone 8,[14] furnished compound 19 in 68 % yield 
as a 1 : 1 mixture of ( E ) / ( Z )  isomers. Preparation of the desired 
aldehyde 6 from 19 required selective desilylation of the pri- 
mary hydroxyl (CSA, CH,CI,/MeOH, 0 - 25 "C, 
92% yield) and oxidation of the resulting alcohol (20) with 
SO, ,pyridin~/DMSO/Et,N[*~~ (98 % yield). 

The condensation of aldehyde 6 (mixture of (12E) and (122) 
geometrical isomers, Scheme 3) with the anion derived from 
ketone 71'41 (LDA, THF) proceeded smoothly at -78°C to 
afford a mixture of diastereomeric aldols 21' and 22' (ca. 4:l 
ratio) in 73 % combined yield. Chromatographic separation (sil- 
ica, preparative layer) led to pure 21' and 22, each consisting of 
( E )  and (2) geometrical isomers (ca. 1:l) .  Only the (6R,7S) 
diastereoisomer 21' (less polar mixture of A", l 3  geometrical 
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isomers) was taken forward (polarity and comparison with the 
natural series was used as a guide to choose the desired (6R,7S) 
diastereoisomer at this stage). The geometrical isomers were 
separated after the macrolactonization reaction (vide infra) . 

The next task in the synthesis was to prepare hydroxyacid 5' 
(Scheme 3). To this end, the hydroxyl group in 21' was silylated 
(TBSOTf-2,6-lutidine, 97 %) to afford tetra(sily1 ether) 2 3  and 
selectively deprotected at the primary position by exposure to 
CSA in MeOH/CH,CI, at 0 -+ 25 "C leading to 2 4  (85 YO yield). 
A stepwise protocol was used to oxidize primary alcohol 
2 4  to the desired carboxylic acid: 1) (COCI),/DMSO/Et,N, 
- 78 + 0 "C, yielding aldehyde 25' (94 % yield) and 2) NaC10,/ 
2-methyl-2-butene, NaH,PO,, furnishing acid 2 6  (99 % yield). 

Selective desilylation at the allylic position with TBAF 

c 27: R = TBS c 28: R = TBS 
4: R = H  29: R = H  

l m  

2 31 
+ t 

30 32 

Scheme 3. Total synthesis of 20-oxa-epothilone B (2) and analogues. Reagents and 
conditions: a) 1.2 equiv of 9,  1.2 equiv of NaHMDS. THE 0°C.  15 min, then add 
1.0equivofketoneS. -2O"C, 12h, 68% ((Zj:(Ejca. 1:l) ;  b) LOequivofCSA, 
CH,CI,:MeOH ( l : l ) ,  0"C, 0.5h; then 2 S ' C ,  1.0h. 92%; c) 2.0equiv of 
SO,.pyridine, 10.0 equiv ofDMSO, 5.0 equiv ofEt,N, CH,CI,, 2 5 T ,  0.5 h, 98%; 
d) 1.2equivofLDA,THF.OoC, ISmin;then1.2equivof7inTHF, -78'C, 1.5 h; 
thenl .Oequivof6inTHFat  -78'C, 15min,59%of21'and14"hofits(6S,7R)- 
diastereoisomer 2 2  (ca. 4: 1 ratio); e) 1.5 equiv of TBSOTf, 2.0 equiv of 2.6-Iu- 
tidine, CH,CI,, O'C, 1 h, 97%; f )  1.0 equiv of CSA portionwise over 0.5 h, 
CH,C1,:MeOH(l:Ij,O +25"C, 1.0 h, 85%;gj 2.0equivof(COC1),.4.0equivof 
DMS0,6.0rquivofEt3N, CH,CI,, -78+O"C, 1.5h,Y4%; hj  6.0equivofNa- 
CIO,, 10.0 equiv of 2-methyl-2-butene, 3.0 equiv of NaH,PO,, tBuOH:H,O (5 :  l ) ,  
O T ,  15min., 99%;i )  6.0equivofTBAF,THF,2SLC, 10h ,78%; j )  1.3equivof 
2,4,6-trichlorobenzoyl chloride, 2.2 equiv of Et,N, THE 0 ° C  0.5 h; then add to a 
solution of 2.0 equiv of 4-DMAP in toluene ( 0 . 0 0 2 ~  based on 5 ) .  25 "C, 12 h, 35 Yo 
of27; and 42% of 28; k) 20% HF.pyridine (by volume) in THF, 25 'C, 24 h, 6 2 % ;  
I) same as step k, 82%; m) 2.0equiv of n?CPBA, CHCI,, 0 ° C  3 h, 40% (2~30 ca 
5.1 ratio of diastereoisomers); n) same as step m, 45% (31:32 ca 5.1 ratio of 
diastereoisomersj . 

Yamaguchi macrolactonization of 5' as in the natural 
series (2,4,6-trichlorobenzoyl chloride/Et ,N/4-DMAP, 

high dilution, 25 oC),['51 followed by preparative thin-layer 
chromatography (silica, 20 % ether/hexanes) led to lactones 27 
(R, = 0.24, 35 YO) and 28 (R, = 0.20, 42 "A). The identity of 27 
was proven by comparison with an authentic sample prepared 
by a stereoselective route (see Scheme 5 and following discus- 
sion). Deprotection of 27 and 28 was carried out with 
HF.pyridine in THF[261 at 25 "C aiid furnished diols 4 (62% 
yield) and 29 (82% yield), respectively. Finally, epoxidation of 
4 and 29 with mCPBA in CHCI, at 0°C furnished the corre- 
sponding M -  and j-epoxides (2+30, 40% total yield, ca. 5: 1 

COOMe COOMe 

OTBS a *$- OTBS \ N  

1 3 d P P h 3  

12 33 

t 
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cc 34:X=OH 
f~ 37: R = OH I/ 

I l : R = l  N dr- - 35:x=cl  36: X = H 

1 ,-J 0 ""OMe 

1 4  10 
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38 39: R = CN 
jC 6:R=CHO 

Scheme 4. Stereoselective synthesis of aldehyde 6 for 20-oxa-epothilone B ( 2 ) .  
Reagents and conditions: a) 3.0equiv of 13, benzene, reflux, 1 h, 90%; 
h) 3.0 equiv of DIBAL, CH,CI,, -78'C, 3 h, 99%: c) 2.5 equiv of Ph,P, CCI,, 
reflux, 24 h, 81 %: d) 2.0 equiv of LiEt,BH. THF, 0°C. 1 h, 97%;  e) 1 . 1  equiv of 
9-BBN, THE 0 'C, 2 h, 92%; f )  2.5 equiv of I,, 5.0 equiv of imidazole, 2.5 equiv of 
Ph,P.Et,O:MeCN (3:1),0"C,O.Sh,89%; g) 1.3eqmvofl0,  1.4equivofLDA. 
THF, O"C, 16h;  then 1.0equiv of 11 i n  THF, -100- - 2 0 ° C  10h. 86%; 
hj 2.5 equiv of monoperoxyphthalic add, magnesium salt (MMPPj, MeOH/phos- 
phatebufferpH 7(2:1),0"C. 1 11,46%;1) 2.0equivDIBAL, toluene, -78"C.I h. 
84%. 
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ratio, and 31 +32, 45 % total yield, ca. 6: 1 ratio). The stereo- 
chemical assignments shown in Scheme 3 for these compounds 
are tentative and are exclusivcly based on comparisons with the 
series related to natural epothilone B (l).[1z3 

l 3  series of the oxazole- 
containing epothilones (4, 2, and 30) was also developed and is 
shown in Schemes 4 and 5. Thus, the desired geometry of the 

position was fixed by condensation of the stabilized ylide d l 2 . 1 3  

13[271 (Scheme 4) with aldehyde 12 (benzene, A) ,  a reaction that 
led to 90 YO yield of compound 33. Subsequent reduction of the 
ester group of 33 (DIBAL, CH,CI,, - 78 "C, 99% yield), chlo- 
rination (Ph,P, CCI,, A,  81%), and further reduction (Li- 
Et,BH,'28] THF, 0 "C, 97% yield) furnished intermediate 36 via 
allylic alcohol 34 and chloride 35. Selective hydroboration of 36 
at the terminal olefin site was achieved by the use of 9-BBN, and 
after oxidative workup, primary alcohol 37 was obtained in 
92% yield. Conversion of 37 to iodide 11 was subsequently 

A stereoselective synthesis of the 

A O T B S ,  

0 OTBS 0 OTBS 

7 6 - 
' RO && OTBS 

HO&6 ',,. OTBS 

0 OR2X 0 OR'X 

21: R' = H, R2 = TBS, X = H, OTBS 22: RZ = TBS, X = H, OTBS 
bc 23: R' = R2 = TBS, X = H, OTBS 'c 24: R' = R2 =TBS, X = H, OH 
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: cox 

e~ 25: X = H 
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i g  26: X = O H  
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Scheme 5 .  Stereoselective total synthesis of 20-oxa-epothilone B (2).  Reagents and 
conditions: a) 1.4 equiv of LDA, THF, 0 'C, 15 min; then 1.4 equh of 7 in THb, 
-7X"C, 2 11; then I.0equiv of 6 in T H F  at -78 C. 59% of 21 and 14% of its 
(6S,7Rj diastereoisomer 22 (ca. 4: 1 ratio, 73 %): h) 1.6 equiv of TBSOTf, 2.0 equiv 
of 25-lutidine. CH,CI,. 0"C, 2 h. 93%; c) 1.0 equiv of CSA portionwise over 
5min,CH,CI,:MeOH (1 : l ) .  - 5 ' C ,  3 h ,9S%;d)  2.0equivof(COCI),. 4.0equiv 
of DMSO, 6 0 equiv of Et,N, CH,CI,, -78 + 0 'C. 2.5 h, 80%; e) 6.0 equiv of 
NaClO,, 44.0 equiv of 2-methyl-2-butene, 3.0 equiv of NaH,PO,. rBuOH:H,O 
(5:l) .  25'C. 1 h. 97%: f )  6.0equiv ofTBAF, THE 2 5 ° C  8 h, 65%; gj 1.3 equiv 
of2.4,h-trichlorohenzoyl chloride. 2.2 equiv ofEt,N, THF, 0 '  C, 1 h;  then add to a 
solution of 2.0 equiv of 4-DMAP in toluene (0.002 M based on 5 ) .  25 'C, 10 h. 70%. 

carried out by the standard I,/imidazole/Ph,P procedure (89 Yo 
yield). The iodide 11 was then used to alkylate the SAMP hydra- 
zone (LDA, THF, - 100 -+ - 20°C), furnishing hydra- 
zone 38 in 86% yield. The latter compound was then trans- 
formed to nitrile 39 (MMPP, MeOH/phosphate buffer pH 7, 
0 'C ,  46% yield), and thence to aldehyde 6 (DIBAL, toluene, 
-78'C, 84% yield).[301 

The aldol condensation of the lithio derivative of 7 with 
stereochemically homogeneous aldehyde 6 (Scheme 5) proceed- 
ed in a similar fashion to the case of the ( E ) / ( Z )  mixture de- 
scribed above, leading to pure compounds 21 and 22. After 
chromatographic separation, the pure (6R,7S) diastereoisomer 
21 [tentative assignment of stereochemistry based on polarity 
(less polar) and comparison to the natural series] was taken 
through the sequence, and on to the final products 21,2, and 30 
as detailed in Scheme 5. 

The 4,4-ethano series of epothilone B analogues: The 4,4-ethano 
analogues of epothilones B were designed in order to test the 
tolerance of the receptor site for the substitution of the gem- 
dimethyl group in the natural substance. As the retrosynthetic 
analysis of Scheme 6 succinctly shows, the requisite fragments 

3: 4,4-ethano-epothilone B 

r/ 

40 41 

a 
Enders 

Asymmetric alkvlation 

/ 
I1 - I  

0 OR' 

I- . 
~ ,- allylborafion 

/-.-,OTBS 
+ 0 4  ..,, 

OR' 
43 42 

Scheme 6. Molecular structure and retrosynthetic analysis of the 4.4-ethano ana- 
logue of epothilone B (3). R' = TBS = SirBuMe,. 

for the synthesis of the designed 4,4-ethano-epothilone B (3) 
and its relatives, are defined as fragments 42 and 43. The synthe- 
sis of building block 42 has already been described[l4I in connec- 
tion with a stereoselective total synthesis of epothilone B ( l ) ,  
whereas that of building block 43 is shown in Scheme 7. 

Thus, the ketocydopropane derivative 44 (Scheme 7), de- 
scribed in the preceding article," was subjected to ozonolysis 
and subsequent reduction with Ph,P to afford aldehyde 45 in 

~~~~ 
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Scheme7. Synthesis of ketone 43. Reagents and conditions: a) O,, CH,CI,, 
-78'C. 0.5h; then l.2equiv Ph,P, -78-25°C. 1 h, 90%; b) 1.lequiv of 
LiAl(OtBu),H, THF, -7X + 0 "C, 15 min; c) 2.0 equiv of TBSCI, 3.0 equiv of 
Et,N, 0.02 equiv of 4-DMAP, CH,CI,, 0 4 25 'C, 12 h. 83% for 2 steps. 

90 YO yield. Further reduction [LiAl(OtBu),H, THF, - 78 "C], 
followed by silylation of the resulting primary alcohol 46 
(TBSCI, Et,N, 4-DMAP) furnished ketocyclopropane fragment 
43 in 83 Yo overall yield. 

Scheme 8 details the coupling of fragments 43 and 42 and 
the assembly of a series of 4,4-ethano-epothilone B analogues. 
Thus, generation of the lithium enolate of ketone 43 with 
LDA in THF at - 78 + - 60 "C, followed by addition of alde- 
hyde 42 resulted in the formation of aldols 47 and 48 in ca. 1 : 2 
ratio and 71 '/o total yield. Stereochemical assignments were 
based on a X-ray crystallographic analysis of a subsequent in- 
termediate (59), and will be discussed below. The difference in 
the ratio of aldol products between fragments 43 (ca. 1:2, 
Scheme 8) and 7 (ca. 4:1, Scheme 5) is rather striking, and 
it may have its origin in the effect of the cyclopropane ring 
on the lransition state of the reaction. The two diastereomeric 
aldol products 47 and 48 were chromatographically separated 
(silica, flash column chromatography) and processed separately 
in order to obtain both the (6S,7R) and (6R,7S) series of com- 
pounds. 

Thus, stereoisomer 47 (Scheme 8) was silylated with TBSOTf 
and 2,6-lutidine affording tetra(sily1 ether) 49 in 92 YO yield, 
and then exposed to the action of CSA in CH,CI,/MeOH 
at 0 + 25 "C to give hydroxy tris(sily1 ether) 51 (74% yield) 
in which only the primary hydroxyl group was liberated. 
Stepwise oxidation of 51 with 1) (COCl),, DMSO, Et,N, 
- 78 -+ 0 "C (96 YO yield) and 2) NaClO,, 2-niethyl-2-butene, 
NaH,PO, (91 YO yield) gave sequentially aldehyde 53 and 
carboxylic acid 55. Selective desilylation of 55 with TBAF in 
THF at 25°C furnished the desired hydroxyacid 41 in 62% 
yield. 

The intended macrolactonization of 41 was accomplished by 
the Yamaguchi method (2,4,6-trichlorobenzoyl chloride, Et,N, 
4-DMAP, toluene, 25 "C, high dilution) ,[2s1 furnishing com- 
pound 58 in 70% yield. Exposure of 58 to HF'pyridine in THF 
at 25 "C resulted in the removal of both silyl groups, leading to 
diol40 in 92 YO yield. Finally, epoxidation of 40 with methyl(tri- 
fluoromethyl)dioxirane[' 2 ,  in MeCN resulted in the for- 
mation of epothilone B analogues 3 and 61 in ca. 8 : 1 ratio (by 
'H NMR) and 86% total yield. Preparative thin-layer chro- 
matography (silica, 5 %  MeOH in CH,Cl,) gave pure 
epothilone B analogues 3 and 61. 

The same chemistry was performed with diastereoisomer 48 
(Scheme 8) leading to epothilone B analogues 60,62, and 63 via 
intermediates 50,52,54, 56,57, and 59 in similar yields to those 
described for 47. The latter compound (59) crystallized as long 
needles from MeOH/EtOH (m.p. 157 "C) and yielded to X-ray 
crystallographic analysis, which revealed its stereochemical 
structure (see ORTEP drawing in Figure 2).',,' 

43 42 
I I 
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Scheme 8. Total synthesis of 4,4-ethano analogues of epothilone B. Reagents and 
conditions: a) 1 .5 equiv of LDA, THF, 0 "C, 15 min; then 1.4 equiv of 43 in THF, 
- 7 8 + - 6 0 " C . l  h ; thenl .Oequivof42inTHFat  - 7 8 " C . 2 4 % o f 4 7 a n d 4 7 %  
of its (6S,7R) diastereoisomer 48 (ca. 1 :2 ratio); b) 1.2 equiv of TBSOTf, 2.0 equiv 
of 2,6-lutidine, CH,CI,, O ' C ,  2 h, 92%;  c) 1.0 equiv of CSA portionwise, 
CH,Cl,:MeOH (1:l) .  0 + 2 5 T ,  0.5 h, 74%;  d) same as step b. 89%; e) same as 
step c, 60%;  f )  2.0equiv of (COCI),, 4.0equiv of DMSO, 6.0equiv of Et,N, 
CH,Cl,, -78 -OcC,1 .0h ,96%;g)  sameasstepf,69%,h) 6.0equivofNaCI0,. 
10.0 equiv of2-methyl-2-butene. 3.0 equiv of NaH,PO,. fBuOH:H,O (5:1), 25 'C. 
0.5 h, 91 %; I )  6.0 equiv of TBAF, T H E  25 "C, 8 h, 62%; j) same as step h, 99%;  
k) same as step I, 50%; 1) 1.1 equiv of 2,4.6-trichlorobenzoyl chloride, 2.2 equiv of 
Et,N, THF. O'C, 1 h ;  then add to a solution of 2.0 equiv of 4-DMAP in toluene 
( 0 . 0 0 2 ~  based on 41). 25 'C, 3 h. 70%;  m) same as stepl, 72%; n) 20% 
HF.pyridine (by volume) in T H E  0 + 25 'C, 24 h, 92%; 0) same as step n, 90%; 
p) methyl(trifluoromethyI)dioxirane, MeCN, 0 "C, 86% (3:61 ca. 8:  1 ratlo of 
diastereoisomers); q)same as step p. 89% (62:63ca. 2: 1 ratio ofdiastereoisomers). 
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Conclusion 

In this article, we have described the total synthesis of a series of 
epothilone B (1) analogues in which either the sulfur atom of the 
sidc-chain heterocycle of the natural substance was replaced by 
an oxygen atom (the oxazole series) or the 4,4-gern-dimethyl 
moiety was substituted with a 4,4-ethano system (4,4-ethano or 
4-spirocyclopropyl series). Biological investigations with these 
compounds reported elsewhereL3 21 added important informa- 
tion to our knowledge of structure-activity relationships within 
the epothilone family of compounds. These revealed 
potent tubulin polymerization abilities and cytotoxicitics for 2 
and some of its relatives, whereas thc 4,4-ethano-epothilones 
proved inactive in these assays. 

Experimental Section 

General Techniques: See preceding article."" 

Compound lbsi lylat ion of alcohol 15: Alcohol 15["' (6.4 g, 0.033 mol) was 
dissolvcd in DMF (35 mL. 1 . 0 ~ ) .  the solution was cooled to 0°C and imid- 
azole (3.5 8, 0.050 mol, 1.5 equiv) was added. After stirring for 5 min, terr- 

butyldimethylsilyl chloride (6.02 g? 0.040 mol, 1.2 equiv) was added portion- 
wise and the reaction mixture was allowed to stir at 0°C for 45 min, and then 
at 25 "C for 2.5 h, after which timc no starting alcohol was detected by TLC. 
Methanol (2mL) was added at O'C, and the solvent was removed under 
reduced pressure. Ether (100 mL) was added, followed by saturated aqueous 
NH,C1 solution (20 mL), the organic phasc separated, and the aqueous phase 
extracted wlth ether (2 x 20 mL). The combined organic solution was dried 
(MgSO,) and filtered over Celite, and the solvents were removed under 
reduced pressure. Flash column chromatography (silica gel, 10 + 20% ether 
in hexanes) provided pure 16 (10.0 g. 99%): R, = 0.65 (20% ether in hex- 
anes); [a];, = - 2.10 (c =1.3, CHCI,); IR (thin film): GmaX = 2937, 2859, 
1586,1459,1381,1313,1244,1079,91S,830,776cm~i; 'HNMR(500 MHz, 
CDCI,): 6 =7.45 (s. 1 H, OCH=C), 6.18 (s, 1 H, CH=CCH,), 5.79--5.73 (m, 

J=17.0,2.2, l.1Hz,1H,CH=CH,),4.14(t,J=6.3Hz,1H,CHOSi),2.44 
(s, 3H. N=C(O)CH,), 2.35-2.31 (m, l H ,  CH,=CHCH,), 2.31-2.23 (m, 
IH,CH,=CHCH,), 1.86(s,3H,CH=CCH,),0.88(s.9H,SiC(CH3),),0.05 
(s. 3H. Si(CH,),), -0.01 (s, 3H,  Si(CH,),); "CNMR (125.7 MHz, CDCI,): 
6 =160.5. 241.7, 137.9, 135.0, 116.5, 115.0, 77.9, 41.2, 25.7, 18.1, 14.1. 13.7, 
-4.8, -5.1: FAB HRMS (NBA): rnje = 308.2057, M + H +  calcd for 
C, 7H,,N0,Si 308.2046. 

Aldehyde 12dihydroxylation of olefin 16 and 1,2-glycol cleavage: Olefin 16 
(14.0 g, 45.5 mmol) was dissolved in THFItBuOH (1 : 1, 500 mL) and H,O 

lH,CH=CH,),5.03(ddd,J=17.0,2.0,1.4H~,lH,CH=CH,),4.99(ddd, 

(50 mL). 4-Methylmorpholine N-oxide (NMO) (5.8 g, 50.0 mmol, 1.1 equiv) 
was added at O'C,  followed by OsO, (4.55mL, solution in tBuOH, 
1.0 mol%, 2.5% by weight). The mixture was vigorously stirred for 2 5 h at 
0'C and then for 12 h at 25°C. After completion of the reaction, Na,SO, 
(6.0 g) was added at 0 ° C  followed by H,O (100 mL). Stirring was continued 
for another 30 min and then EtOAc (1 L) was added, followed by saturated 
aqueous NaCl solution (2 x 100 mL). The organic phase was separated, and 
the aqueous phase extracted with EtOAc (2 x 100 mL). The combined organ- 
ic extracts were dried (MgSO,) and filtered, and the solvents were removed 
under reduced pressure. Flash column chromatography (silica gel, EtOAc) 
providcd 14.72 g (95%) of the expected 1.2-diol as a 1 : 1 mixture of diaster- 
eoisomers: R, = 0.65 (silica gel, EtOAc); IR (thin film): G,,, = 3380. 2950, 
2873, 1585, 1465, 1460, 1253, 1106, 1074, 837, 777cm- ' ;  'HNMR 
(500 MHz, CDCI,): 6 = 7.50 and 7.46 (singlets, 1 H total, OCH=C), 6.30 and 
6.22 (singlets, I H total, CH=CCH,), 4.45-4.42 (m. 1 H). 3.95-3.84 (m, 
1 H), 3.60-3.56 and 3.48-3.43 (m, 4H total), 2.44 (s, 3H. N=C(O)CIi,). 
1.87 and 1.86 (s, 3H), 1.80-1.79 and 1.70 1.67 (m. 2H total), 0.90 and 0.87 
(singlets, 9 H  total, SiC(CH,),), 0.09. 0.08, 0.02 and -0.01 (singlets. 3H 
total, Si(CH,),); I3C NMR (125.7 MHz, CDCI,): 6 =160.7, 141.3, 141.2, 
137.8. 137.5, 135.2, 135.1, 115.7, 114.7, 77.9, 75.1, 70.6, 68.8,66.8, 66.5, 38.9. 
38.5, 25.7, 25.6, 18.0, 17.9, 14.9, 13.9, 13.7, 13.6, -4.7, -4.9, -5 .3 ,  -5.4: 
FAB HRMS (NBA/Nal): m/e = 364.1909. M+Na '  calcd for C,,H,,NO,Si 
364.1920. 
The diol obtained from 16 as described above (5.0 g, 14.6 mmol) was dis- 
solved in MeOH/H,O (2:1, 165mL. 0 . 0 9 ~ )  and cooled to 0 'C.  NalO, 
(18.8 g, 87.9 mmol, 6.0 equiv) was then added portionwise over 10 min, and 
the mixture was vigorously stirred for 30 min at 0'C. After completion of the 
reaction, the mixture was diluted with water (200 mL) and extracted with 
ether (3 x 100 mL). The combined organic extracts were dried (MgSO,) and 
filtered, and the solvents were removed under reduced pressure. Flash column 
chromatography (silica gel, 20V0 ether in hexanes) provided pure aldehyde I2 
(4.4 g, 98%): R, = 0.76 (silica gel, 50% ether in hexanes); [XI;' = -19.2 
(c = 0.7, CHCI,); IR (thin film): Gmzx = 2929, 2873, 1726, 1586, 1255, 1096, 
837, 778 cm-'; ' H N M R  (500 MHz, CDCI,): 6 = 9.77 (dd, J = 2.5, 2.4 Hz. 
I H ,  CHO). 7.47 (s, I H ,  OCH=C), 6.30 (s, IH,  CH=CCH,), 4.66 (dd. 
J = 5 . 2 ,  3.9Hz. I H ,  CHOSi), 2.70 (ddd, J=15.7,  8.2, 2.9Hz. I H ,  
CHOCH,), 2.47 (ddd, I =15.7, 4.0, 2.0Hz. I H ,  CHOCH,), 2.44 (s, 3H. 
N=C(O)CH,), 1.91 (s, 3H, CH=CCH,), 0.87 (s, 9H, SiC(CH,),), 0.06 (s, 
3H, Si(CH,),), 0.01 (s, 3H,  Si(CH,),); I3C NMR (125.7 MHz, CDCI,): 

-4.8, -5.4; FAB HRMS (NBA): rnjr = 310.1828, M + H +  calcd for 
C,,H,,NO,Si 310.1838. 

Alcohol 17-reduction of  aldehyde 12: A solution of aldehyde 12 (4.0g. 
12.92 mmol) in MeOH (120 mL, 0.1 M) was treated with NaBH, (736 mg, 
19.38 mmol, 1.5 equiv) at 0 "C for 15 min. The solution was diluted with ether 
(300 mL). and then saturated aqueous NH,C1 solution (100 mL) was careful- 
ly added. The organic phase was washed with brine (100 mL), dried (Mg- 
SO,), and concentrated. Flash column chromatography (silica gel, 50% ether 
in hexanes) gave alcohol 17 (4.0 g, 99%) as a colorless oil. 17: R, = 0.30 
(silica gel, 50% ether in hexanes); [ m ] h 2  = - 31.7 (c = 0.9, CHC1,); IR (thin 
film): i.,,, = 3388,2956,2871,1582,1485,1382,1320,1252,1085,1014.835, 
777cm-I; 'HNMR (500 MHz, CDC1,): 6 =7.46 (s. 1 H, OCH=C), 6.25 (s, 
1H,CH=CCH3),4.37(dd,J=7.5,5.4Hz,1H,CHOSi),3.73-3.70(m.2H, 
CH,OH), 2.44 (s, 3H, N=C(O)CH,), 2.39 (s, 1 H, OH), 1.89 (s, 3H. 
CH=CCII,), 1.86-1.82 (m. 1 H, CH,CH,OH), 1.79- 1.74 (m, l H ,  
CH,CH,OH), 0.89 (s, 9H, SiC(CH,),), 0.09 (s, 3H,  Si(CH,),). 0.01 (s, 3H. 
Si(CH,),); I3C NMR (125.7 MHz, CDCI,): 6 =160.9, 141.3, 137.9, 135.2. 

(NBA!NaI): m/e = 334.1825, M t  Na' clllcd for C,,H2,N0,S~ 334.1814. 

Iodide IGiodination of alcohol 17: A solution of alcohol 17 (3.90 g. 
12.52inmol) in ether:MeCN ( 3 ~ 1 ,  80mL, 0 . 1 6 ~ )  was cooled to 0°C. Imid- 
arole (3.40 g, 50.08 mmol, 4.0 equiv), Ph,P (6.57 g, 25.04 mmol, 2.0 equiv), 
and iodine (6.35 g, 25.04 mmol, 2.0 equiv) were sequentially added, and the 
mixture was stirred for 0.5 h at 0°C.  A saturated aqueous solution of 
Na,S,03 (50 mL) was added, followed by the addition of ether (200 mL). 
The organic phase was washed with brine (50 mL) and dried (MgSO,). and 
the solvents were removed under vacuum. Flash column chromatography 
(silica gel, 30% ether in hexanes) gave pure iodide 18 (4.60 g. 87%) as a 
colorless oil: R, = 0.62 (silica gel, 50% ether in hexanes); [ti];' = + 6.3 
(c  = 0.7, CHCI,); IR (thin film): G,,, = 2954, 2857, 1586, 1462. 1386, 1315, 

6 = 201.4,161.2, 140.1, 137.6, 135.5, 115.5, 73.5.49.9, 25.6. 18.0, 14.2. 13.7. 

115.0, 76.9, 60.2, 37.9, 25.7, 18.0, 14.5, 13.7, -4.8, -5.4; FAB HRMS 
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1254,1169,1080,933,835,776 cm-'; 'HNMR (500 MHz, CDC1,): 6 =7.46 
(s, I H ,  OCH=C), 6.25 ( s ,  I H ,  CH=CCH,), 4.20 (dd, J=7.6,  4.5 Hz, I H ,  
CHOW, 3.21-3.14 (in, 2H, CH,I), 2.44 (s, 3H, N=C(O)CH,), 2.11-2.04 
(m, 1H,  CH,CH,I), 2.01-1.94 (m, I H ,  CH,CH,I), 1.87 (s, 3H, 
CH=CCH,), 0.89 (s, 9H, SiC(CH,),), 0.09 (s, 3H, Si(CH,),), 0.00 (s, 3H, 
Si(CH,),); "C NMR (125.7 MHz, CDCI,): 6 =160.6, 140.7, 137.8, 135.3, 
115.7, 77.6, 40.2, 25.7, 18.0, 14.1, 13.7, 2.83, -4.7, -5.0; FAB HRMS 
(NBA): m/e = 422.1027. M + H +  calcd for C16H,,IN0,Si 422.1012. 

Phosphonium salt 9: A mixture of iodide 18 (4.50 g, 10.68 mmol) and Ph,P 
(5.70 g, 21.73 mmol, 2.0 equiv) was heated neat at 100°C for 4 h. Purification 
by flash column chromatography (silica gel, CH,Cl,; then 10% MeOH in 
CH,CI,) provided phosphonium salt 9 (6.50g, 90%) as a yellow solid: 
R, = 0.43 (silica gel, 10% MeOH in CH,CI,); = - 2.4 (c = 0.9, 
CHCI,); IR (thin film): i.,,, = 2928, 2852, 1560, 1437, 1249, 1111, 1073, 836, 
749 cm-'; 'HNMR (500 MHz, CDC1,): 6 =7.81-7.42 (m, 16H, aromatic, 
OCH=C), 6.37(s, 1H,  CH=CCH,), 4.51 ( d d , J =  6.6,4.5 Hz, l H ,  CHOSi), 
3.82-3.75 (m, 1H, CH,P), 3.36-3.27 (m, I H ,  CH,P), 2.40 (s, 3H, 
N=C(O)CH,), 1.97-1.89 (m. 1H, CH,CH,P), 1.85 (s, 3H, CH=CCH,), 
1.83-1.75 (m, I H ,  CH,CH,P), 0.86 (s, YH, SiC(CH,),), 0.10 (s, 3H, 
Si(CH,),), 0.01 (s, 3H, Si(CH,),); I3C NMR (125.7 MHz, CDCI,): 
6 =161.4, 139.8, 139.5, 137.5, 135.2, 133.3, 133.2, 130.5, 130.4, 128.4, 118.2, 
117.5, 116.1, 75.8, 75.7, 28.9, 25.8, 18.0, 14.9, 13.7, -4.7. 

Olefin 19': Phosphonium salt 9 (6.3 g, 9.21 mmol, 1.2 equiv) was dissolved in 
THF (90mL, 0 . 1 ~ )  and the solution was cooled to 0°C. Sodium 
bis(trimethylsilyl)amide (NaHMDS, 1 .OM solution In THF, 9.10 mL, 
9.10mmo1, 1.18 equiv) was slowly added and the resulting mixture was 
stirred at 0°C for 15 min. The reaction mixture was then cooled to -20°C 
before ketone 8["."' (2.0g, 7.73 mmol, 1.0equiv) in THF (10mL) was 
added. The reaction mixture was stirred at the same temperature for 12 h. 
Saturated aqueous NH,CI solution (50 mL) was added, and the mixture 
extracted with ether (200 mL). The organic phase was washed with brine 
(2 x 100 mL), dried (MgSO,), and concentrated to afford, after flash column 
chromatography (silica gel, 2% ether in hexanes), olefins 1 9  (2.8 g, 68%, 
( Z ) : ( E )  ca. 1:l by 'HNMR): R, = 0.58 (silica gel, 20% ether in hexanes); 
IR (thin film): Cmax = 2936, 2886, 1586, 1465, 1360, 1253, 1089, 945, 838, 
775cm-'; 'HNMR (500 MHz, CDCI,): 6 =7.44, 7.43 (singlets, 1 H total, 
OCH=C), 6.16(s, 1 H, CH=CCH,), 5.12-5.07(m, 1 H ,  C(CH,)=CH). 4.08 
(dd, J=6 .4 ,  5.4Hz, 0.5H, CHOSi), 4.06 (dd, J = 6 . 4 ,  5.4Hz, 0.5H, 
CHOSi), 3.44-3.40 (m, 1H, CH,OSi), 3.33 (dd, J=10.7,  6.9Hz, 0SH,  
CH,OSi), 3.32 (dd, J =  9.8, 7.0Hz, 0SH,  CH,OSi), 2.43 (s. 3H, 
N=C(O)CH,), 2.27-2.20 (m, 2H, CH,CHOSi). 2.03-1.98 (m, 1 H, 
CH,C(CH,)=CH), 1.95-1.92 (m, l H ,  CH,C(CH,)=CH), 1.86 (s, 3H, 
CH=CCH,), 1.64 (s,  1.5H, C(CH,)=CH), 1.57 (s, 1 S H ,  C(CH,)=CH), 
1.56-1.51 (m. l H ) ,  1.39-1.29 (m, 3H), 1.04-0.99 (m, IH) ,  0.88, 0.87 (sin- 
glets, 18H total, 2SiC(CH,),), 0.85 (d, J=7 .0Hz,  1.5H, CH,CH), 0.83 (d, 
J =  6.7Hz, l S H ,  CH,CH), 0.02, 0.01, -0.03 (singlets, 12H total, 
ZSi(CH,),); I3C NMR (125.7 MHz, CDCI,): 6 =160.4, 142.3, 142.2, 138.1, 
138.0, 136.8, 136.7, 134.9, 121.1, 120.3, 115.0, 114.8, 78.5, 78.3, 68.2, 40.0, 
35.6, 35.5, 35.3, 35.1, 33.0, 32.7, 32.1, 25.9, 25.7, 25.3, 25.2, 23.3, 18.2, 18.1, 
16.5, 16.0, 14.1, 13.7, -4.9, -5.1, -5.5; FAB HRMS (NBA): m/e= 
536.3939, M + H +  calcd for C,,H,,NO,Si, 536.3955. 

Hydroxyolefins 2O'desilylation of silyl ether 19': Silyl ether 1 9  (2.50 g, 
4.66 mmol) was dissolved in CH,CI,/MeOH (1 : 1, 100 mL, 0 . 0 5 ~ ) ,  and the 
solution was cooled to 0°C prior to addition of CSA (1.14g, 4.89 mmol, 
1.05 equiv) over a 5 min period. The resulting solution was stirred for 30 min 
at 0 "C, and then for 1 h at 25 "C. Et,N (0.68 mL, 4.89 mmol, 1.05 equiv) was 
added, and the solvents were removed under reduced pressure. Flash column 
chromatography (silica gel, SO % ether in hexanes) furnished pure hydroxy 
compound 2 0  (1.80 g, 92%): R, = 0.35 (silica gel, 50% ether in hexanes); IR 
(thin film): 5,,, = 3380, 2929,2872, 1584, 1482, 1384, 1319, 1252, 1075,938, 
837,776 cm-'; 'HNMR (500 MHz, CDCI,) (mixture of ( Z ) : ( E )  olefins, ca. 
1~1):  6 =7.45, 7.44 (singlets, 1 H total, OCH=C), 6.15. 6.11 (singlets, 1H 
total,CH=CCH,), 5.10(dd, J=7.1,  7.1 Hz, 0.5H, C(CH,)=CH/, 5.03 (dd, 
J=7.2,  7.lH2, 0.5H, C(CH,)=CH/, 4.06 (dd, J = 6 . 7 ,  6.2Hz. l H ,  
CHOSi), 3.47 (dd, J =  8.9, 5.9 Hz, 0.5H, CH,OH), 3.42-3.37 (m, 1.5H, 
CH,OH), 2.42 (s, 3H, N=C(O)CH,), 2.28-2.15 (m, 2H, CH,CHOSi), 
2.03-1.94 (m, 2H,  CH,C(CH,)=CH), 1.84, 1.82 (singlets, 3H total, 
CH=CCH,), 1.64 (s, 1.5H, C(CH,)=CH), 1.60-1.58 (m, 1 H), 1.55 (s, 1.5H, 
C(CH,)=CH), 1.46-1.31 (m, 3H), 1.07-0.98 (m, 1 H), 0.89 (d, J = 6.9 Hz, 

1.5H, CH,CH), 0.87-0.85 (m, 10.5H, SiC(CH,),). CH,CH), 0.03, 0.02 
(singlets, 3H total, Si(CH,),), -0.02, -0.03 (singlets, 3H total, Si(CH,),); 
"CNMR(125.7MHz, CDCI,): 6=160.7, 160.5, 142.4, 142.0. 137.9, 137.8, 
136.7, 136.6, 134.9, 134.8, 121.3, 120.3, 115.1, 114.8, 78.6, 78.3, 68.0, 67.9, 
39.6, 35.6, 35.5, 35.2, 35.0, 32.9, 32.3, 32.0, 25.7, 25.2, 24.7, 23.3, 18.1, 16.5, 
16.2, 15.8, 14.1, 13.9, 13.6, 13.5, -4.8, -5.1; FAB HRMS (NBA/NaI): 
m/e = 444.2921, Mt Na' calcd for C,,H,,NO,Si 444.2910. 

Aldehyde 6'--oxidation of alcohol 20': Alcohol 2 0  (mixture of ( Z )  and ( E )  
geometrical isomers, 1 .00 g, 2.37 mmol) was dissolved in CH,CI, (25 mL, 
0.1 M). DMSO (8.30 mL), Et,N (1.65 mL, 11.85 mmol, 5.0 equiv), and 
SO,.pyridine (0.75 g, 4.74mmo1, 2.0equiv) were added at 25°C. and the 
resulting mixture was stirred for 30 min. Saturated aqueous NH,CI solution 
(20 mL) and ether (100 mL) were added, and the organic phase was separated 
and washed with brine (2 x 30 mL), dried (MgSO,), and concentrated under 
reduced pressure. Flash column chromatography (silica gel, 20% ether in 
hexanes) furnished aldehyde 6 (0.97 g, mixture of ( Z ) : ( E )  isomers. ca 1:1. 
98%): R, = 0.47 (silica gel, 50% ether in hexanes); IR (thin film): 
i.,,, = 2943, 2860, 1719, 1584, 1455, 1378, 1249, 1073, 937, 832, 773 cm-'; 
'HNMR (500 MHz, CDCI,): 6 = 9.60 (d. J = 2.0 Hz, O.SH, CHO), 9.53 (d, 
J=1 .9  Hz, OSH, CHO), 7.44, 7.43 (singlets, 1 H  total, OCH=C), 6.15, 6.13 
(singlets, 1 H total, CH=CCH,), 5.12-5.07 (in, 1 H, CH,CH=CCH,), 4.07 
(dd, J = 6 . 4 ,  6.3Hz, 0SH,  CHOSi), 4.05 (dd, J = 6 . 6 ,  6.2Hz. 0.5H. 
CHOSi), 2.42 (s, 3 H , N=C(O)CH,), 2.32-2.15 (m, 2H, CH,CHOSi). 
2.05-1.93 (m, 2H, CH,C(CH,)=CH), 1.84 (s, 3H, CH=CCH,), 1.68-1.58 
(m, 2H), 1.63 (s, I S H ,  CH,CH=CCH,), 1.55 (s, I S H ,  CH,CH=CCH,), 
1.41 -1.23 (m, 3H), 1.05 (d, J =7.1 Hz, 1.5H. CIf,CH), 1.02 (d, J = 6.9 Hz, 
1.5H, CH,CH), 0.84 (s, 9H, SiC(CH,),), 0.01, 0.00 (singlets, 3H total. 
Si(CH,),), -0.04 (s, 3H, Si(CH,),); I3C NMR (125.7 MHz, CDC1,): 
6 = 205.0, 204.9, 160.4, 142.1, 138.0, 136.0, 135.9, 134.9, 121.8, 120.9. 114.9, 
78.4, 78.2, 46.1, 46.0, 39.5, 35.2, 31.7, 30.2, 29.8, 25.7, 25.1, 24.9, 23.2, 18.1, 
15.9, 14.1, 14.0, 13.7, 13.1, 13.0, -4.9, -5.1; FAB HRMS (NBA/NaI): 
mje = 442.2743, M + N a +  calcd for C,,H,,NO,Si 442.2753. 

Tris(sily1 ethers) 21' and 22'-aldol reaction of ketone 7 with aldehyde 6': A 
solution of ketone 7 (1.34 g. 3.33 mmol, 1.2 equiv) in THF (5.0 mL) was 
added dropwise to a freshly prepared solution of LDA [diisopropylamine 
(468 pL, 3.36 mmol) was added to nBuLi (2.10 mL, 1 . 6 ~  solution In hexanes. 
3.36 mmol) in 10.0 mL of THF at 0"C] in THF (10.0 mL) at -78 "C. After 
the mixture had been stirred for 1.5 h at -78 "C. a solution of aldehyde 6 
(1.16 g, 2.77 mmol, 1.0 equiv) in THF (5.0 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,C1 solution (20 m t ) .  The 
aqueous phase was extracted with ether (3 x 50 mL), and the combined or- 
ganic layer was dried (MgSO,) and concentrated. Purification by flash 
column chromatography (silica gel, 20% ether in hexanes) provided pure 
aldol products 21' (1.33 g, 59 %) and 22' (0.33 g, 14%) (73 % overall yield, ca. 
4 : l ) .  
21': colorless oil; R, = 0.40 (silica gel, 20% ether in hexdn.3); 'HNMR 
(500 MHz, CDClJ: 6 =7.43 (s, lH ,  OCH=C), 6.14 (s, 1 H. CH=CCH,), 
5.08 (dd, J = 10.4,7.0 Hz, 1 H, C(CH,)=CHCH,), 4.05 (dd, J = 13.0.6.5 Hz, 
lH,(CH,),CCHOSi), 3.89 (dd,J=7.5,2.5 Hz, lH,CH,CHOSi). 3.68-3.62 
(m, 1 H, CH(CH,)CHOH), 3.59 (dd, J =7.5, 7.4 Hz, 2H, CH,OSi), 3.53 (d, 
J=12.5Hz, lH) ,  3.32-3.25 (m, 1H,  C(O)CH(CH,)), 2.42 (s. 3H, 
N=C(CH,)O), 2.30-2.19 (m, 2H, C(CH,)=CHCH,), 2.05-1.90 (m, 2H, 

C(CH,)=CHCH,), 1.54 (s, 1.5H, C(CH,)=CHCH,), 1.80-1.46 (m. 5H), 
1.34-1.25 (m, 2H), 1.19 (s, 3H, C(CH,),), 1.07 (s, 3H, C(CH,),), 1.01 (d, 
J = 6 . 8 H z ,  3H, CH(CH,)), 0.89 (s, 18H, 2SiC(CH,),), 0.87 (s, YH, 
SiC(CH,),), 0.81 (d, J = 6.8 Hz, 3H, CH(CH,)), 0.09 (s, 3H, Si(CH,),), 0.06 
(s, 3H, Si(CH,),), 0.01 (s, YH, Si(CH,),), -0.04 (s, 3H, Si(CH,),); I3C 
NMR (125.7 MHz, CDCI,): 6 = 222.1, 222.0, 160.4, 142.3, 142.2, 138.0, 
136.8, 134.9, 121.1, 120.3, 114.8, 78.5, 78.3, 74.7, 74.0, 60.3, 53.8, 41.3, 41.2. 
40.0, 37.7, 35.4, 35.3, 35.1, 32.8, 32.5, 32.2, 26.0, 25.8, 25.6, 25.0, 24.9. 23.4, 
22.8,18.2,18.1, 18.0,16.3, 15.2, 14.1,13.7,9.5,9.4, -3.9, -4.2, -4.9. -5.1. 
-5.4; FAB HRMS (NBA/CsI): m/e = 954.4935, M + C s +  calcd for 
C,,H,,NO,Si, 954.4896. 
22': colorless oil; R, = 0.37 (silica gel, 20% ether in hexanes); IR (thin film): 
i,,, = 3490, 2942,2932,2873, 1683, 1463, 1382, 1249, 1090, 840, 776 cm-'; 
'HNMR (500 MHz, CDCI,): 6 ~ 7 . 4 5  (s, I H ,  OCH=C), 6.16 (s, 0.5H, 
CH=CCH,), 6.15 (s, 0.5H, CH=CCH,), 5.14-5.07 (m, I H ,  
C(CHJ=CHCH,), 4.09-4.05 (m. 1 H), 3.65-3.58 (m, 3H),  3.42-3.38 (m, 

CHzC(CH,)=CH), 1.84 ( s ,  3H, CH=C(CH,)), 1.65 (s. 1.5H, 

~ 
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1H) .  3.24-3.19 (m, l H ) ,  2.43 (s, 3H. N=C(CH,)O), 2.31-2.18 (m, 2H,  
C(CH,)=CHCH,), 1.85 (s, 3H, CH=C(CH,)), 1.99-1.88 (m, 2H,  
CH,C(CH,)=CH), 1.67 (s, 1.5H, C(CH,)=CHCH,), 1.58 (s, 1.5H. 
C(CH,)=CHCH,), 1.55-1.40 (m, SH), 1.35-0.81 (m, 41H), 0.10 (s, I S H .  
Si(CH,),), 0.09 (7, l S H ,  Si(CH,),), 0.07 (s, I S H ,  Si(CH,),), 0.05 (s, 1.5H. 
Si(CH,),), 0.02 (s, 9H, Si(CH,),), -0.03 (s, 3H. Si(CH,),); I3C NMR 
(125.7 MHr, CDCI,): b = 222.3, 222.1, 160.5, 142.1, 138.2, 136.5, 134.9, 
121.4, 120.5. 114.9, 78.5, 78.3, 78.2, 74.9, 73.8, 72.5, 60.5, 60.0, 54.2, 53.8, 
41.8. 41.6, 41.3, 39.9, 37.8, 37.6. 35.4, 35.3, 35.2. 32.7, 32.5, 32.1, 26.0, 25.9, 
25.8. 25.7, 25.0, 24.9, 23.4, 22.7. 19.9, 19.4. 18.2. 18.1, 18.0. 15.4, 15.0, 14.1, 
13.7.10.9.in.8, -3.9, -4.1, -4.2, -4.9, -5.1,  -5.4; FABHRMS(NBA): 
n?!c = 822.5948, M + H +  calcd for C,,HB,NO,Si, 822.5920. 

Tetra(sily1 ether) 23': Compound 21' (0.72 g, 1.14 mmol) was dissolved in 
CH,CI, (10.0 mL, 0.11 M), cooled to 0°C. aiid treated with 2,6-lutidine 
(0.26 mL, 2.28 mmol, 2.0 equiv) and /wt-butyldimethylsilyl trifluoro- 
methanesulfonate (0.38 mL, 1.71 mmol, 1.5 equiv). After stirring for 1 h at 
0'C. the reaction mixture was quenched with methanol (5.0 mL) and treated 
with saturated aqueous NH,CI solution (10 mL). The aqueous phase was 
extracted with ether (3 x 10 mL), and the combined organic solution was 
washed with brine (10 mL), dried (MgSO,), and concentrated under reduced 
pressure. Purification by flash column chromatography (silica gel, 3 % ether 
in hcxanes) provided tetra(sily1 ether) 2 3  (1.04 g, 97 Yo) as a colorless oil. 23': 
R, = 0.56 (silica gel, 10% ether in hexanes); 'H NMR (500 MHL. CDCI,): 
6=7.4?. (s, I H ,  OCH=C), 6.15 (s, 1H. CH=CCH,), 5.10 (dd, J=13.2, 
7.2 Hz, 1 H. C(CH,)=CHCH,), 4.05 (dd, J = 10.4. 5.6 Hz, 1 H, 
(CH,),CCHOSi), 3.90-3.85 (m. 1 H. CH,CHOSi), 3.74(dd, .I = 5.6, 1.9 Hz, 
1H) .  ?.69-3.62(m, I H ,  CH(CH,)CHOSi), 3 .56(dd,J=13.2,  6.2Hz. 2H,  
CH,OSi), 3.12 (dq, J = 5.6, 1.6 Hz, 1 H, C(O)CH(CH,)). 2.41 (s, 3H, 
N=C(CH,)O), 2.28 2.15 (m, 2H. C(CH,)=CHCH,), 1.98-1.89 (m, 2H, 
CH,C(CH,)=CH). 1.85 (s, 1.5H, CH=C(CH,)), 1.84 (s, 1.5H. 
CH=C(CH,j), 1.62 (s, 3H, C(CII,%)=CHCH,), 1.55 (s ,  3H, 
C(CIf,)=CHCH,), 1.76-0.81 (in, 46H), 0.07 (s. 3H. Si(CH,),), 0.04 (s, 9H, 
Si(CH,),), 0.03 (s, 9H. Si(CH,),), -0.04 (s, 3H,  Si(CH,),); I3C NMR 

121.3. 120.5, 114.8, 114.7, 78.4, 78.3, 77.3, 73.8, 73.7. 60.8, 53.5, 44.9, 40.2, 

-3.9, -4.1, -4.9. -5.1, -5.4: FAB HRMS (NBA/CSI):  m j r = i n 6 8 . m n .  

(125.7 MHz, CDCI,): 6 = 218.0, 160.3, 142.3, 142.1. 138.1, 136.6, 134.9, 

38.8. 38.7, 37.9. 35.4, 35.1, 32.4, 31.5, 30.8, 30.6, 26.2, 26.0, 25.8, 25.7. 24.4, 
24.3, 23.4, 19.3, 19.1, 18.4, 18.2, 18.1, 18.0, 17.4, 16.1, 15.1, 14.1, 13.7, -3.8, 

M + C s +  calcd for C,,H,,,NO,Si, 1068.5760. 

Alcohol 24' (370 mg, 8 5 % )  was obtained from compound 2 3  (500 ing, 
0.53 mmol) according to the procedure dcscribed above for 2 0 .  24': colorless 
oil; R,  = 0.37 (silica gel, 50% ether in hexanes); IR (thin film): Cmax = 3392, 
2935,2865, 1689,1463, 1378,1357,1252,1083,988, 867,835, 772,730 cm- ' ;  
'HNMR (500 MHz, CDCI,): 6 =7.43 (s, 1 H. OCH=C), 6.14 (s. 1 H, 
CH=CCH,), 5.12 5.05 (in. I H ,  C(CH,)=ClI), 4.10 4.04 (m, 2H,  
(CH,),CCIfOSi, CH,CHOSi). 3.76 (dd, J = 7 . 0 ,  1.4 Hz. 1 H, 
CH(CH,)CHOSi), 3.61 (t, .I =7.0 Hz , ZH, CH,OH), 3.11 (dd, .I =7.0. 
6.8 Hz. 1H. C(O)CH(CH,)), 2.42 (s, 3H, N=C(CH,)O), 2.25--2.12 (m, 2H,  
C(CH,)=CHCH,), 1.99-1.87 (m, 2H, CH,C(CH,)=CH), 1.84 (d, J =  
1.0 Hz.3H,CH=C(CH3)). 1.63 (s, ISH,C(CH,)=CHj,  1.57-1.52(m,2H). 
1.55 (s ,  1.5H, C(CH,)=CH), 1.37- 1.25 (m. 3H) ,  1.19 (s, 3H,  C(CH,),), 
1.18-l.lO(rn, 2H). 1.03 (s, 3H. C(CH,),), 0.88-0.85 (m, 33H, 2CH(CH,) ,  
3S1C(CH3),), 0.09. 0.08, 0.07, 0.05, 0.04, 0.02, -0.01 (singlets, 18H total, 
3Si(CH,),); " C  NMR (125.7 MHz, CDC1,): 8 = 219.3, 160.4, 142.3, 142.2, 
138.0, 336.6,134.9. 121.3, 120.5. 114.8, 114 7, 78.4,78.3, 77.5, 77.4, 72.9, 72.8, 
59.9. 53.6. 53.3, 44.9.40.2. 38.5, 38.4, 38.2, 35.3, 35.1, 32.3, 30.6, 30.3, 26.1. 
25.9, 25.7, 24.7, 23.4, 18.4. 18.1. 18.0, 17.7. 17.6, 16.1, 15.6, 15.5, 14.1, 13.7, 
-3.7. -3.9. -4.0, -4.8, -5.1: FAB HRMS (NBAiCsI): m / e  = 954.4878, 
M+Cs' calcd for C,,H,,NO,Si, 954.4896. 

Aldehyde 25'---oxidation of alcohol 24': To a solution of oxalyl chloride 
(82 pL, 0.85 inmol, 2.0 equiv) in CH,CI, (5.0 mL) was added dropwise DM- 
SO (120 pL. 1.70mmo1, 4.0equiv) at -78 C. After the mixture had been 
stirred for 15 min at - 78 'C, a solution of alcohol 2 4  (351) mg, 0.425 mmol, 
1.0 equiv) in CH2C1, (2.0 mL) was added dropwise at -78'C over a period 
of 5 min. The solution was stirred at -- 78 -C for 30 min, and then Et,N 
(350 pL. 2.55 mmol. 6.0 cquiv) was added. The reaction mixture was allowed 
to warm to 0 "C over a period of 30 min, and then ether (20 mL) was added, 
followed by saturated aqueous NH,CI solution (10 mL). The organic phase 
was separated, and the aqueous phase extracted with ether (2 x 10 mL). The 

combined organic solution was dried (MgSO,), filtered, and concentrated 
under reduced pressure. Purification by flash column chromatography (silica 
gel. 20% ether in hexanes) provided aldehyde 25' (326 mg, 94%) as a color- 
less oil. 25': R, = 0.63 (silica gel, 50% ether in hexanes); IR (thin film): 
Cmax = 2943. 2849, 1725, 1690, 1461, 1384, 1249, 1079. 985, 832, 773 cm- ' ;  
'H NMR (500 MHz, CDC1,): fi = 9.74-9.73 (m, 1 H,  CHO). 7.43 (5. 1 H,  
OCH=C),  6.15 (s, 1 H, CH=CCH,), 5.12-5.05 (m. 1 H, C(CH,)=CH), 4.45 
(dd, J = 4 . 7 ,  4.6Hz. I H ,  (CH,),CCHOSi), 4.05 (dd, J=7 .1 ,  6.9Hz. IH.  
CH,CHOSi), 3.74 (dd, .I =7.4, 1.6 Hz, 1 H, CH(CH,)CHOSi), 3.10 (dq. 
J =7.2, 7.0 Hz, I H, C(O)CH(CH,)), 2.52-2.46 (m. I H, CH,CHO). 2.42 (s. 
3H, N=C(CH,)O), 2.37 (ddd, J=17.0, 5.5 ,  2.8Hz, l H ,  CH,CHO), 2.23- 
2.16 (m, 2H,  C(CH,)=CHCH,), 1.97-1.88 (m, 2H,  CH,C(CH,)=CH). 
1.85 (s ,  1.5H, CH=C(CH,)). 1.84 (S, 1.5H, CH=C(CH,)). 1.63 (s, 1.5H. 
C(CH,)=CH), 1.55(s, l .SH,C(CH,)=CH), 1.48-1.25(m, 5H) .  1.22(s. 3H, 
C(CH,),), 1.05 (s, 3H, C(CH,),j, 1.01 ( d , J  = 6.9 Hz, l S H ,  CH(CH,)). 1.00 
(d, J =  6.9Hz, 1.5H, CH(CH,)). 0.89-0.85 (m, 30H, CH(CH,). 
3SiC(CH,),), 0.07, 0.04, 0.03, 0.02, 0.01, 0.00, -0.04 (singlets, 18H total, 
3Si(CH,),); ' % C  NMR (125.7 MHL, CDC1,): 6 = 218.3, 200.9. 160.4, 142.3. 
142.1. 138.0, 136.6, 136.5, 134.9, 121.3, 120.5, 114.8, 114.7, 78.4. 78.3. 77.5, 

26.2, 25.7, 25.6. 23.9. 23.4, 18.6, 18.5, 18.4, 18.1, 17.9. 17.6, 16.1, 15.4, 14.1, 
13.7. -3.7, -3.8, -4.3, -4.6, -4.8, -4.9. -5.1. 

77.4, 7 1 . ~ 7 1 . 0 ,  53.3,49.4,44.9,40.2, 38.6, 38.5, 35.3, 35.1. 32.4.30.6, 30.3. 

Carboxylic acid 26'-oxidation of aldehyde 25': Aldehyde 25' (325 mg, 
0.39mmol), [BuOH (15.0 mL, 0 . 0 3 ~ ) ,  2-mctyl-2-butene (11.0mL, 2~ solu- 
tion in T H E  22.0 mmol), H,O (3.0 mL), NaCIO, (217 mg, 2.38 mmol, 
6.0 equiv), and NaH,PO, (I43 mg, 1.19 mmol, 3.0 equiv) were combined and 
stirred at 0'C for 15 min. The reaction mixture was concentrated under 
reduced pressure, and the residue diluted with EtOAc (50 mL) and washed 
with brine (20mL). The aqueous phase was extracted with EtOAc 
(3 x 10 mL). The combined organic solution was dried (MgSO,). filtered, and 
concentrated undei- reduced pressure. Purification by flash column chro- 
matography (silica gel, 6 %  MeOH in CH,Cl,) afforded carhoxylic acid 26' 
(330 mg, 99%). 26': R ,  = 0.27 (silica gel, 5 %  MeOH in CH,CI,): IR (thin 
film): imdx = 3358, 2932, 2857, 1711, 1466. 1254, 1088, 988. 835 cm- ' ;  
'H NMR (500 MHz, CDCI,): 6 =7.47 (s, 1 H. OCH=C), 6.32, 6.15 (singlets. 
I H  total, CH=CCH,), 5.16 (t, J = 7 . 5 H z ,  0.5H. C(CH,)=CH), 5.09 (t. 
J = 7 . 5 H z ,  0.5H, C(CH,)=CH/, 4.41 (dd, J=7 .0 ,  3.1Hz, 0.5H, 
(CH,),CCHOSi),4.36(dd,J=7.1,2.7Hz,0.5H,(CH3),CCHOSi),4.13(dd, 
J=7.7 .  5.3Hz, O.SH, CH,CHOSi), 4.06 (dd, J z 6 . 7 ,  6.5Hz. 0.5H, 
CH,CHOSi), 3.79 (dd, J = 6.5, 1.5 Hz, 0.5H, CH(CH,)CHOSi), 3.72 (dd, 
J = 5 . 5 ,  3.2Hz,  0.5H. CH(CH,)CHOSi), 3.19 (dq. J=7 .2 ,  7.0Hz. 0.5H. 
C(O)CII(CH,)), 3.15 (dq, J =7.2, 7.0 Hz, 0.5H, C(O)CH(CH,)), 2.54-2.47 
(m, 1 H, CH,COOH), 2.46(s, 3H,  N=C(CH,)O),2.42 (dd, J = l 6 . 4 ,  3.1 Hz. 
1 H, CH,COOH), 2.36-2.28 (m, 1 H, C(CH,)=CHCH,), 2.24-2.17 (m, 1 H, 
C(CH,)=CHCH,), 2.00- 1.85 (m, 2H, CH,C(CH,)=CH), 1.83 (s. 1.5H. 
CH=C(CH,)), 1.81 (s, 1.5H, CH=C(CH,)), 1.67 (s, 1.5H, C(CH,)=CH), 
1.53(s. l .SH,C(CH,)=CH), 1.49-1.25(m,SH), 1.21 (s, 3H,C(CH,),), 1.06 
(s, 3H, C(CH,),), 1.05 (d, d =  6.9 Hz, 3H, CH(CH,)). 0.89-0.85 (in, 30H, 
CH(CH,), 3SiC(CH,),), 0.14, 0.12, 0.10, 0.08, 0.07, 0.06, 0.05. 0.03, 
0.02, -0.01, -0.02, -0.03 (singlets, I ~ H  total, 3Si(CH3),): I3C NMR 

136.9, 135.1, 121.4, 120.5, 114.8. 78.5, 78.3, 77.6, 77.3, 73.7. 73.6, 69.1, 53.3. 

13.3, -4.0, -4.1, -4.2. -4.3, -4.5, -4.6, -5.1, -5.2, -5.4. 

(150.9 MHz CDCI,): 6 = 218.6, 218.4, 174.9, 161.0, 142.8, 142.7, 137.9, 

53.2, 45.1, 44.7. 40.2, 39.8, 38.6. 38.4, 35.2, 35.0, 32.2, 30.7, 25.9. 25.7, 25.5, 
23.2. 23.0, 19.8, 19.2, 19.1, 18.2, 18.1, 17.8, 17.5, 17.1, 15.9, 15.4, 15.2. 13.9, 

Hydroxyacid 5'--selective desilylation of tris(sily1 ether) 26': A solution of 
tris(sily1 ether) 26 (325 mg, 0.39 mmol) in THF (8.0 mL, 0 . 0 5 ~ )  at 25-C was 
treated with TBAF (2.34 mL, 1 . 0 ~  solution in THF, 2.34 mmol, 6.0 equiv). 
After stirring for 10 h, the reaction mixture was diluted with EtOAc (10 mL) 
and washed with aqueous HCI (10 mL, 1 . 0 ~  solution). The aqueous solution 
was extracted with EtOAc (4 x 10 mL), and the combined organic phase 
washed with brine (10 mL), dried (MgSO,), and concentrated. The crude 
mixture was purified by flash column chromatography (silica gel. 5 % MeOH 
in CH,C12) to provide hydroxyacid 5' (22Omg. 78%) as a yellow oil: 
R, = (1.38 (silica gel, 12% MeOH in CH,Cl,); IR (thin film): Gmax = 3358, 
2932, 2857, 1722, 1466, 1380, 1254, 1088, 988, 835cin-l: ' H N M R  
(500 MHz, CDCI,): b =7.45 (s, 1 H, OCH=C), 6.29.6.25 (singlets. 1 H total. 
CII=CCH,), 5.15 5.10 (m, l H ,  C(CH,)=CH), 4.39-4.35 (m, l H ,  
(CH,),CCHOSi), 4.12 (dd, J =7.5, 7.0 Hz, 1 H, CH,CIfOH). 3.73 (dd. 
J = 6 . 9 .  1.0Hz. IH,CH(CH,)CHOSi), 3.15 -3.11 (m, l H ,  C(O)CEJCH,). 
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2.43 (s ,  3H, N=C(CH,)O), 2.41-2.39 (m. lH ,  CH,COOH), 2.31-2.20 (m, 
3H. CH,COOH, C(CH,)=CHCH,), 2.03-1.95 (m, 2H,  CH,C(CH,)=CH). 
1.88, 1.87 (singlets, 3 H  total. CH=C(CH,)), 1.67 (s, 1.5H, C(CH,)=CH), 
1.63-1.59(m,3H),1.58(s,1.5H,C(CH,)=CH),1.49-1.40(m,2H),1.19(s, 
3H,  C(CH,),), 1.07 ( s ,  3H. C(CH,),), 1.03 (d, J = 7 . 0  Hz, 1.5H, CH(CH,)), 
1.02 (d, J=7.1 Hz. 1.5H, CH(CH,)), 0.89-0.83 (m, 21H, CH(CH,), 
SiC(CH,),), 0.08, 0.07, 0.04, 0.03, 0.02 (singlets, 12H total, 2Si(CH,),); 13C 
NMR (125.7 MHz, CDCI,): 6 = 217.8, 175.8, 160.8, 141.7, 141.6, 139.0, 
138.9, 137.6, 135.1, 120.0,119.2, 115.0.114.9,77.6,77.5,76.8,76.7,73.8, 53.5, 
53.4, 45.1, 44.8, 40.5, 40.3, 38.7, 38.6, 34.0, 33.9, 32.4, 30.8, 30.4, 26.0, 25.9, 
25.1, 23.4, 23.1, 22.9, 19.9, 19.7. 18.3, 18.0, 17.6, 17.3, 15.7, 15.6, 14.6, 14.5, 
-3.7, -3.8, -3.9, -4.0, -4.3, -4.8; FAB HRMS (NBA/CsI): n7je = 
854.3848, M +  Cs' calcd for C,,H,,NO,Si, 854.3823. 

Lactones 27 and 28-macrolactonization of hydroxyacid 5': A solution of 
hydroxyacid 5' (130 mg, mixture of (2) and ( E )  isomers, ca. 1: 1,0.180 mmol) 
in THF (2.6 mL, 0 . 0 7 ~ )  was treated at O'C with Et,N ( 5 5  pL, 0.396 mmol, 
2.2 equiv) and 2,4,6-trichlorobenzoyl chloride (28 pL, 0.234 mmol, 
1.3 equiv). The reaction mixture was stirred at 0°C for 0.5 h, and then added 
to a solution of 4-DMAP (44.2 mg, 0.360mmo1, 2.0 equiv) in toluene 
(83.0 mL, 0.002M) at 25 ' C  and stirred at this temperature for 12 h. The 
solvents were removed in vacuo, and the crude product obtained was sus- 
pended in 40 % ether in hexanes and filtered through silica gel. Concentra- 
tion, followed by preparative thin-layer chromatography (silica gel, 5 % 
MeOH in CH,CI,), gave pure lactones 27 (44 mg, 35 %) and 28 (53 mg, 42%) 
as colorless oils. 
27: Rf = 0.24 (silica gel, 20% ether in hexanes): [a lp  = - 18.0 (c = 1.5. 
CHCI,): 1R (thin film): ;,,,ax = 2931, 2856, 1740, 1695, 1463, 1381, 1252, 
1156, 1064, 833, 775cm-'; 'HNMR (600MHz, CDCI,): 6 =7.47 (s, I H ,  
OCH=C), 6.28 (s, I H ,  CH=CCH,), 5.14 (dd, J = 8.4, 7.5 Hz, l H ,  
CH,C=CHCH,), 4.95 (d, J =10.0 Hz, I H ,  CH,COOCH), 4.01 (d, 
J =  9.9 Hz, 1 H, CHOSi), 3.88 (d, J =  9.0 Hz, 1 H, CHOSi), 3.00 (dq, 
J = 6.9,6.7 Hz, 1 H, C(O)CHCH,), 2.79 (d, J = 16.2 Hz, 1 H, CH,COOCH), 
2.70-2.61 (m, 2H), 2.48-2.40 (in, 1 H), 2.44 (s, 3H,  N=C(CH,)O). 2.05- 
2.00 (m, 2H),  1.98 (s, 3H, CH=C(CH,)), 1.75-1.68 (m, 2H),  1.66 (s, 3H,  
CH,C(CH,)=CH), 1.64-1.45 (m. 3H),  1.18 (s, 3H, C(CH,),), 1.13 (s, 3H, 
C(CH,),), 1.09 (d, J =  6.7 Hz, 3H, CH(CH,)), 0.96 (d, J = 6.9 Hz, 3H, 
CH(CH,)), 0.93 (s, 9H,  SiC(CH,),), 0.83 (s, 9H,  SiC(CH,),), 0.09 (s, 6H, 
Si(CH,),), 0.07 (s, 3H, Si(CH,),), -0.13 (s, 3H, Si(CH,),); "C NMR 
(150.9 MHz, CDCI,): 6 = 216.0, 172.1, 161.6, 139.4, 138.6, 136.4, 119.8, 
116.4, 80.4,77.1, 54.2,40.0, 33.2, 32.8, 32.2,30.5,28.2. 27.2,27.0,25.4, 25.1, 
24.0, 19.5, 19.4, 16.4, 14.7, -2.4, -2.8, -4.8; FAB HRMS (NBA): m/e = 
704.4767, M +  H +  calcd for C,yH,9N0,Si, 704.4742. 
28: R, = 0.20 (silica gel, 20% ether in hexanes); [x];' = - 24.2 (c =1.7, 
CHCI,); IR (thin film): imax = 2931, 2857, 1740, 1695, 1465, 1378, 1252, 
1169, 1102, 1029, 832, 775cm-'; 'HNMR (500MHz, CDCI,): 6 =7.46 (s, 
1 H, OCH=C), 6.27 ( s ,  1 H, CH=CCH,), 5.24 (dd, J = 8.0, 3.2 Hz, 3 H, 
CH,COOCH/, 5.13 (dd, J =  6.9, 6.8Hz, 1H,  CH,C=CHCH,), 4.44 (dd, 
J =  5.1, 5.1 Hz, l H ,  CHOSi), 3.87 (dd, J =  6.3, 2.1 Hz, I H ,  CHOSi), 3.03 
(dq, J x 6 . 8 ,  6.7Hz, l H ,  C(O)CHCH,), 2.59 (dd, J=15.4, 5.7Hz, l H ,  
CH,COOCH), 2.45 (dd, J =15.4, 4.9 Hz, 1 H, CH,COOCH), 2.43 (s, 3H,  
N=C(CH,)O), 2.15-2.08 (m. 1 H, CH,C=CHCH,). 2.02 (s, 3H, 
CH=C(CH,)), 2.00-1.85 (m, 3H,  CH,C=CHCH,, CH,C(CH,)=CH), 
1.55(~,3H,CH,C(CH,)=CH),1.54-1.46(m,2H), 1 . 2 9 ~  1.21 (m,3H),  1.17 
( s ,  3H, C(CH,),), 1.12 (d, J =  6.9 Hz, 3H, CH(CH,)), 1.07 (s, 3H, 
C(CH,),), 0.90 (d, J = 6.9 Hz, 3H,  CH(CH,)), 0.89 (s, 9H, SiC(CH,),), 0.88 
(s, 9H,  SiC(CH,),), 0.09 (s, 3H, Si(CH,),), 0.08 (s, 3H,  Si(CH,),), 0.06 (s, 
3H, Si(CH,),), 0.04 (s, 3H,  Si(CH,),); "C NMR (125.7 MHz, CDCI,): 
S = 216.4, 170.5,160.7,137.9,137.5,135.7,119.9, 115.5,78.8,76.2,73.0, 53.9, 
44.0, 41.9, 40.2, 39.3, 31.9, 30.7, 26.1, 26.0, 24.7, 22.8, 20.2, 18.3, 18.2, 16.9, 
15.9, 15.7, 15.6, 13.8, -3.6, -3.7, -4.3, -4.4; FAB HRMS (NBA): m/ 
e =704.4742, M + H +  calcd for C,yH,,N0,Si2 704.4767. 

Dihydroxylactone 4: To a solution of lactone 27 (38 mg, 0.054 mmol) in THF 
(4.0 mL) was added HF'pyridine (1.4 mL). After stirring at room tempera- 
ture for 24 h, the reaction was quenched by the careful addition of saturated 
aqueous NaHCO, solution (10 mL). The layers were separated, and the 
aqueous phase extracted with EtOAc (3 x 5 mL). The combined organic ex- 
tracts were dried (MgSO,), filtered, and concentrated in V ~ C U O  to give a 
yellow oil, which was subjected to preparative thin-layer chromatography 
(silica gel, 50% ether in hexanes) to give the diol 4 as a colourless oil (16 mg, 
62%): R, = 0.38 (silica gel, 50% EtOAcinhexanes); [a12 = - 68.5 (e = 0.2, 

CHCI,): IR (thin film): i,,, = 3431. 2933, 1731, 1688. 1584. 1455. 1379. 
1306, 1252, 1151, 1104. 1045, 1009, 934, 733 cm- ' ;  ' H N M R  (600 MHz, 
CDCI,): 6 =7.47 (s, l H ,  OCH=C), 6.30 (s, 1H,  CH=CCH,), 5.21 (dd, 
J = 9 . 5 ,  1.5H2, l H ,  CH,COOCH), 5.12 (dd. J = 9 . 7 ,  5.0Hz. I H ,  
CH3C=CHCH,),4.22(dd,J=11.0,2.6 Hz, lH.(CH,),CCHOH).3.70(dd, 
J = 3.4, 2.5 Hz, 1 H, CHOH), 3.13 (qd. J = 6.9, 2.4 Hz. 1 H, C(O)CHCH,) .  
2.99(brs, lH,OH),2.58(ddd,.I=15.3,9.8, 5.3Hz, lH,CII ,CH=CCH,) ,  
2.47 (buried m, I H ,  CH,COOCH), 2.44 (s, 3H,  N=C(CH,)O), 2.33-2.24 
(m, 1 H), 2.27 (dd, J = 15.0, 3.0 Hz, CH,COOCH), 2.22 (d, .I = 14.8 Hz, 1 H, 
CH,C(CH,)=CHCH,), 1.95(s. 3H,CH=CCH,). 1.90-1.84(m, 1 H). 1.77- 
1.68(m, l H ) ,  1.64(s.3H.CH,C(CH,)=CH),1.31 (s,3H.C(CH3),). 1.32- 
1.22 (m, 4H), 1.18 (d, J =  6.7Hz, 3H,  CH(CH,)), 1.05 (5. 3H, C(CH,),). 
0.98 (d, J=7 .0Hz,  3H,  CH(CI1,)); 13C NMR (150.9 MHz, CDCI,): 
6 = 222.0,171.4,162.0,139.4,138.3,136.5,121.7. 116.4. 79.5. 75.0.73.2. 54.0, 
42.4, 40.1, 39.2, 32.9, 32.4, 32.0, 26.0, 23.4. 23.2, 18.9, 16.6, 16.2, 14.3, 14.1: 
FAB HRMS (NBA/NaI): m/e = 498.2852, M + N a +  calcd for C,,H,,NO, 
498.2832. 

Dihydroxylactone 29 (9 mg, 82 9'0) was obtained from compound 28 ( I  7 mg, 
0.024mmol) according to the procedure described above for 27. 29: 
R,, = 0.40 (silica gel, 5 %  MeOH in CH,CI,); [a]:: = - 59.1 (c = 0.5. 
CHCI,); 1R (thin film): Gmax = 3425, 2937, 1732, 1685, 1580. 1458. 1380, 
1254, 1095, 1008, 978, 733 cm- ' ;  'HNMR (500 MHz, CDCI,): 6 =7.50 (s. 
I H ,  OCH=C), 6.31 (s, 1H. CH=CCH,), 5.39 (dd, J = 6 . 2 ,  3.8Hz. I H ,  
O=COCH ), 5.06 (dd, J=7 .1 ,  7.0Hz, l H ,  CH,C=CHCH,), 4.38 (dd, 
J=7.5,1.5Hz,1H,CHOH),3.67(br,IH,CHOH),3.52(br,1H,OH).3.31 
(dq,J=6.8,4.8Hz,1H,C(O)CHCH3),3.12(br,1H,OH),2.54-2.46(m. 
2H, CH,COOCH), 2.45 (s, 3H, N=C(CH,)O), 2.43-2.37 (m, l H ,  
CH,C=CHCH,), 2.20-2.15 (m, 1 H, CH,C=CHCH,). 2.00-1.95 (m. l H ,  
CH,C(CH,)=CH), 1.95 (s, 3H,  CH=C(CH,)), 1.89-1.83 (m. 1 H, 
CH,C(CH,)=CH), 1.67-1.61 (m, 3H), 1.59 ( s ,  3H, CH,C(CH,)=CH), 
1.40-1.30 (m, 2H), 1.25 (s, 3H. C(CH,),), 1.16 (d, J =  6.7 Hz. 3H, 
CH(CH,)), 1.04 (s, 3H,  C(CH,),), 0.98 (d, J = 7 . 0  Hz, 3H, CH(CIf,)): 13C 
NMR (125.7 MHz, CDCI,): 6 = 220.1, 170.5, 160.6, 138.6, 136.9, 136.2, 
135.1, 119.2, 115.6, 76.7, 71.8, 53.7, 43.2, 39.7, 38.9, 37.2, 30.6, 30.4, 24.5. 

608.1970, M +  Cs' calcd for C,,H,,NO, 608.1988. 
20.6, 20.2, 36.5, 16.4, 15.5, 14.9, 13.6; FAB HRMS (NBA/CsI): n1/c = 

20-Oxa-epothilone B (2) and its a-epoxide epimer 3O-epoxidation of lactone 4:  
To a stirred solution of diol4 (17.0 mg, 0.036 mmol) in chloroform (800 pL) 
at 0 "C was added dropwise a solution of mCPBA (200 pL, 0.357 M solution 
in chloroform, 0.072 mmol, 2.0 equiv). The reaction mixture was maintained 
at this temperature for 3 h before being quenched by dropwise addition of 
dimethyl sulfide (400 pL) and Et,N (500 pL). Volatiles were removed in 
vacuo, and the resulting residue was purified by preparative thin-layer chro- 
matography (silica gel, 5 % methanol in dichloromethane) to give the epoxide 
2 (6.0 mg, 34%) and its diasteroisomer 30 (1.1 mg, 6 % )  as colorless oils. 
2: R, = 0.17 (silica gel, 80% ethyl acetate in hexanes); [a]6' = - 30.4 
( e  = 0.1, CHCI,); IR (thin film): = 3436, 2927, 1733, 1690. 1451, 1382, 
1253, 1150, 1106, 979cm-'; ' H N M R  (600MHz, CDCI,): S =7.49 (s. 1H. 
OCH=C). 6.34 (s, l H ,  CH=CCH,), 5.43 (dd, J =  6.9, 3.4Hz, 1 H, 
CH,COOCH/, 4.14 (dd, J=10.6,  2.6Hz, 1 H, (CH,),CCfIOH), 3.77 (dd, 
J = 4.3,4.2 H z , I H ,  CHOH), 3 . 3 0 ( d q , J =  6.9, 6.7 Hz, 1H. C(O)CHCH,), 
2.78 (dd, J =  6.7, 5.7Hz, l H ,  CHOCCH,), 2.54 (dd, J =14.2, 10.1 Hz, 1 H, 
CH,COOCH), 2.44 (s, 3H, N=C(CH,)O), 2.39 (dd. J =14.3, 3.1 Hz, 
CH,COOCH), 2.02 (m, l H ,  (CH,)COCHCH,CHO), 2.00 (s, 3H. 
CH=CCI-I,), 1.91 (m, 1 H, (CH,)COCHCH,CHO), 1.75-1.66 (m, 3H),  
1.53-1.36 (m, 4H), 1.35 (s, 3H. C(CH,)OCHCH,), 1.27 (s. 3H,  C(CH,),), 
1.16 (d, . I= 6.9Hz, 3H,  CH(CH,)), 1.07 (s, 3H, C(CH,),), 0.99 (d. 
J = 7 . 0 H z ,  3H,  CH(CH,)); ',C NMR (150.9 MHz. CDCI,): 6 = 220.4, 
170.3, 164.8, 137.2, 136.4, 135.7, 116.1, 76.4,74.4, 73.3,61.3. 61.2, 52.7. 43.4. 
39.0, 36.5, 32.0, 31.9, 30.7, 22.9, 22.7, 21.1, 20.7, 17.3, 16.0. 14.3, 14.1, 13.9; 
FAB HRMS (NBA): ni/e = 492.2972, M + H +  calcd for C,,H,,NO, 
492.2961. 
30: R, = 0.17 (silica gel, 50% EtOAc in hexanes); [a];' = - 30.4 (c 0.1, 
CHCI,); IR (thin film): V,,, = 3418. 2930, 1735, 1689, 1583. 1460, 1382. 
1254, 1152, 1056cm-'; ' H N M R  (600MHz. CDCI,): 6=7.49 (s. 1H. 
OCH=C), 6.35 (s, 1 H, CH=CCH,), 5.66 (d. J =  9.1 Hz, 1 H, 
CH,COOCH), 4.11 (brm, 1 H, (CH,),CCHOH), 4.05 (brd, J = 2.7 Hz, I H, 
CHOH), 3.32 (dq, J=7 .1 ,  0.7Hz, 1H.  C(O)CHCH,), 3.05 (dd, J=10.6,  
0.4Hz. I H ,  CHOCCH,), 2.76 (brs, I H ,  OH), 2.47 (buried m, 1H. 
CH,COOCH). 2.45 (s, 3H, N=C(CH,)O), 2.39, (dd, J=12.7. 0.8 Hz, 
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CH,COOCH), 2.06(dd, J=15.4, 3.5 Hz, IH,  (CH,)COCHCH,CHO), 2.00 
(s, 3H, CH=CCH,), 1.82 (m, l H ,  (CH,)COCHCH,CHO), 1.77-1.70 (m, 
3H), 1.51-1.34 (m, 4H).  1.35 (s, 3H,  C(CH,)OCHCH,), 1.25 (s, 3H, 
CtCH,),), 1.09 (d, J = 7 . 0 H z ,  3H,  CH(CH,)), 1.02 ( s ,  3H, C(CH,),), 0.92 
(d. J =7.1 Hz, 3H,  CH(CH,)); I3C NMR (150.9 MHz, CDC1,): 6 = 223.2, 
170.8, 161.3, 137.7, 137.5, 136.1, 116.2, 75.9,74.4, 71.0.65.4, 62.5, 51.3, 42.3, 
38.5, 38.4, 33.3, 31.7, 31.2, 22.9, 21.6, 21.3, 18.2, 15.9, 15.3, 13.6, 12.5; FAB 
HRMS (NBA/CsI): m/e = 624.1921, M+Cs+ calcd for C,,H,ZNO, 
624.1937. 

Epoxides 31 and 32: epoxidation of lactone 29: Compound 29 (4.3 mg, 
9.0 flmol) wdS epoxidized with rnCPBA according to the procedure described 
above for 4 to yield a mixture of 20-oxa-epothilone B (31) and its a-epoxy 
diastereoisomer 32 (2.2mg, 50% total yield, ca 5.1 by 'HNMR).  Purifica- 
tion by preparative thin-layer chromatography (silica gel, 5 %  MeOH in 
CH,Cl,) gave pure epoxide 31 (1.7 mg, 38 %) as a white solid and epoxide 32 
(0.3 mg, 7 YO). 
31: R, = 0.29 (silica gel, 5 %  MeOH in CH,CI,); [a]? = - 28.0 (C = 0.1, 
CHCI,); IR (thin film): 5,,, = 3460, 2931, 1731, 1684, 1578, 1455, 1378, 
1255. 1149, 1102, 1049, 978, 914, 726cm-'; 'HNMR (500MHz, CDCI,): 
6 =7.56 (5 ,  1 H. OCH=C), 6.34 (s, 1 H, CH=CCH,), 5.48 (dd, J = 8.4, 
3.5 Hz, 1 H, CH,COOCH), 4.25 (br, 1 H, (CH,),CCHOH), 3.86 (brs, 1 H, 
OH). 3.76 (br, 1 H, CHOH), 3.31 (dq, J = 6.8, 6.7 Hz, 1 H, C(O)CHCH,), 
2.86 (dd, J = 6.7, 4.2 Hz, 1 H, CHOCCH,), 2.62 (br, l H ,  OH), 2.55 (dd, 
J = 1 3 . 5 ,  10.3H2, I H ,  CH,COOCH), 2.46 (dd, J=13.5,  3.9Hz. l H ,  
CH,COOCH), 2.45 (s, 3H,  N=C(CH,)O), 2.05-1.99 (m, 2H) ,  1.97 (s, 3H, 
CH=C(CH,)), 1.96-1.92 (m, I H), 1.75-1.67 (m, I H ) ,  1.49-1.42 (m, 2H),  
1.38 (s, 3H, C(CH,)OCHCH,). 1.27 (s. 3H,  C(CH,),), 1.26-1.24 (m, 1 H), 
1.14 (d, J =  6.8 Hz, 3H, CH(CH,)). 1.13-1.08 (m, 2H),  1.05 (s, 3H, 
C(CH,),), 0.95 (d, J =7.0 Hz, 3H,  CHICH,)); I3C NMR (150.9 MHz, CD- 
Cl,): 6 = 220.2, 171.0, 161.2, 137.5, 136.5, 135.9, 116.1, 77.1, 75.7, 73.2, 60.9, 
59.7, 52.5, 43.8, 38.3, 36.7, 35.9, 32.4, 30.8, 21.3, 20.9, 19.1, 17.4, 16.8, 15.5, 
14.3, 33.5; FAB HRMS (NBA/CsI): m/e = 624.1958, M+Cs+ calcd for 
C,,H,,NO, 624.1937. 
32: R, = 0.27 (silica gel, 5 %  MeOH in CH,C1,); [a]? = - 20.0 (c = 0.02, 
CHC1,); IR (thin film): = 3458, 2931, 1729, 1681, 1578, 1458, 1378, 
1256. 1152, 1102, 1049, 978, 914, 726cm-'; ' H N M R  (500 MHz, CDCI,): 
6 =7.48 (s, 1 H, OCH=C), 6.30 (s, 1 H, CH=CCH,), 5.45 (dd, J = 6.7, 
6.1 Hz, 1 H, CH,COOCH), 4.25 (hr, 1 H,  (CH,),CCHOH), 3.74 (br, 1 H, 
CHOH), 3.50 (brs, 1 H, OH), 3.25 (dq. J = 6.7, 3.4 Hz, 1 H, C(O)CHCH,), 
2.92 (t, J = 5 . 7 H z ,  l H ,  CHOCCH,), 2.54 (dd, J=15.2,  9.8Hz, I H ,  
CH,COOCHj, 2.48 (dd, J =  15.2, 3.5 Hz, 1 H, CH,COOCH), 2.45 (s, 3H,  
N=C(CH,)O), 2.00 (dd, J=7 .3 ,  5.8 Hz, I H ) ,  1.98 (s, 3H,  CH=C(CH,)), 
1.90-1.70 (m, 2H). 1.69-1.67 (m, I H ) ,  1.45-1.38 (m, 2H) .  1.35 (s, 3H,  
C(CH,)OCHCH,), 1.25 (s, 3H,  C(CH,),). 1.27-1.25 (m, I H ) ,  1.14 (d, 
J = 6.8 Hz, 3H. CH(CH,)), 1.12-1.08 (m, 2H),  1.08 (s. 3H,  C(CH,),), 0.95 
id, J =7.0 Hz, 3H,  CH(CH,)); FAB HRMS (NBA/NaI): mje = 514.2795, 
M + N a +  calcd for C,,H,,NO, 514.2781. 

a$-Unsaturated ester 33: A mixture of aldehyde 12 (13.35 g, 43.1 mmol) and 
stabilized ylide 13 (48.45 g. 129.4 mmol, 3.0 equiv [prepared from 4-bromo-l- 
hutene by: I )  phosphonium salt formation, 2) anion formation with NaH- 
MDS. and 3) quenching with MeOC(0)C1])[27J in benzene (500 mL) was 
heated at reflux for 1 h. After the mixture had cooled to 25 "C, the solvent was 
removed under reduced pressure, and the residue was subjected to flash 
column chromatography (silica gel, 60% ether in hexanes) to afford r,/j-un- 
saturated ester 33 (15.74 g, 90%): R, = 0.53 (silica gel, 60% ether in hex- 
aner); [ a ] r  = + 8.8 (c = 0.7, CHC1,); IR (thin film): ?,,, = 2929, 2856, 
1716, 1639, 1586, 1436, 1437, 1074, 835, 777 cm-'; 'HNMR (600 MHz, 
CDCI,): 6=7.45 (s, I H ,  OCH=C), 6.87 (dd, J=7 .4 ,  7.4Hz, I H ,  
CH=CCOOCH,),6.21(s,1H,CH=CCH3),5.81-5.74(m,1H,CH=CH,), 
5.01-4.92 (m, 2H,  CH=CH,), 4.19 (dd, l H ,  J=7 .6 ,  5.1 Hz, CHOSi), 3.70 
(s, 3 H, COUCH,), 3.05 (d, J =  5.9 Hz, 2H, CH,CH=CH,), 2.44 (partially 
obscured m. l H ,  CH,CHOSi), 2.43 (s, 3H, N=C(O)CH,), 2.36 (ddd, 
J=12.6, 7.5, 5.1 Hz, I H ,  CH,CHOSi), 1.87 (s, 3H,  CH=CCH,), 0.86 (s, 
9H,  SiC(CH,),). 0.02 (s, 3H,  Si(CH,),), -0.03 (s, 3 H, Si(CH,),); I3CNMR 
(150.9 MHz, CDCI,): 6 =167.8, 160.6, 141.3, 140.4, 137.87, 135.3, 130.7, 

HRMS (NBA): n?/e = 406.2430, M + H '  cdicd for C,,H,,NO,Si 406.2414. 

Allylic alcohol 34: Methyl ester 33 (14.1 g, 34.7 mmol) was dissolved in THF 
(200 mL, 0.17M) and cooled to -78°C. DlBAL (122.0 mL, 1 . 0 ~  solution in 

115.4, 115.0, 77.2, 51.7, 36.0, 30.9, 25.7, 18.1, 14.2, 13.8, -4.7, -5.1; FAB 

CH,C12. 122.0mmo1, 3.0equiv) was added dropwise at -78"C, and the 
reaction mixture was stirred for 3 h. The reaction was quenched with MeOH 
(10.0 mLj at -78 "C, and then ether (300 mL) was added, followed by satu- 
rated aqueous sodium-potasium tartrate solution (300 mL). The resulting 
mixture was allowed to warm to room temperature and then stirred for 12 h. 
The organic layer was separated, and the aqueous phase extracted with ether 
(2 x 500 mL). The combined organic phase was dried (MgSO,), filtered, and 
concentrated under reduced pressure. Flash column chromatography (sihca 
gel, 60% ether in hexanes) furnished alcohol 34 (13.1 g, 99%): R, = 0.22 
(silica gel, 60% ether in hexanes); [a];* = + 5.2 (c =1.0, CHCI,); IR (thin 
film): Cmax = 3379, 2930, 1637, 1583, 1462, 1252, 1071, 837, 777cm-'; 
'HNMR (600 MHz, CDCI,): 6 =7.47 (s, 1 H, OCH=C), 6.16 (s, 1 H, 
CI-I=CCH,), 5.77-5.72 (m, 1 H, CH=CH,), 5.49 (dd, J=7 .2 ,  7.1 Hz, 1H,  
Cff=CCH,OH), 5.03 (ddd, J = 3 8 . 3 ,  17.1. 1.3Hz, I H ,  CH=CH,), 4.98 
(ddd , .~=11.5 ,10 .0 ,1 .3H~,1H,CH=CH,) ,4 .13(dd ,J=6.5 ,6 .3H~,  1H,  
CHOSi), 3.99 (s, 2H, CH,OH), 2.84 (d AB q. J=15.2,  6.6Hz. 2H. 
CH,CH=CH,),2.43(~,3H,N=C(O)CH,),2.32(ddd,J=14.4,7.2,7.2Hz, 
1H,CU2CHOSi),2.26(ddd,J=14.3, 7.1,7.1 Hz, lH,CH,CHOSi), 1.84(s, 
3H,  CH=CCH,), 0.86 (s, 9H,  SiC(CH,),), 0.02 (s, 3H,  Si(CH,),), -0.02 (s, 
3H,  Si(CH,),); I3C NMR (150.9 MHz, CDCI,): 6 =162.5, 142.8, 138.9, 
136.6, 136.0, 125.0. 116.3, 116.1, 78.8, 67.9, 35.6. 33.4, 26.6, 19.0, 15.0, 14.7, 
-3.8, -4.1; FAB HRMS (NBA): m/e = 378.2458, M + H +  calcd for 
C,,H,,NO,Si 378.2464. 

Compound 35-chlorination of alcohol 34: Alcohol 34 (33.69 g, 36.3 mmol) 
was dissolved in CC1, (400 mL, 0 . 0 9 ~ )  and Ph,P (24.0 g, 91 mmol, 2.5 equiv) 
was added. The reaction mixture was stirred at 100 "C for 24 h and cooled to 
room temperature. The solvent was removed under reduced pressure. Flash 
column chromatography (silica gel, 10 + 60% ether in hexanes) furnished 
pure 35 (11.64 g, 81 %): R,  = 0.68 (silica gel, 60% ether in hexanes); 
[a]6' = +7.8 (c = 0.6, CHC1,); IR (thin film): fmaX = 2952, 2857. 1639, 1585, 
1440, 1078, 836, 777, 637 cm-'; ' H N M R  (600 MHz, CDCI,): 6 =7.48 (s, 
1 H, OCH=C), 6.19 (s, l H ,  CH=CCH,), 5.74-5.69 (m, 1H. CH=CH,). 
5.63 (dd. J=7.3, 7.2H2, l H ,  CH,CH=CCH,Cl), 5.56 (ddd, J=17.1, 3.3, 
1.6H2, l H ,  CH=CH,), 5.03 (ddd, J=10.1, 2.9, 1.6Hz, 1H. CH=CH,), 

J=15.3, 6.3 Hz, I H ,  CH,CH=CH,), 2.91 (dd, J =15.3, 6.5Hz, l H ,  
CH,CH=CH,), 2.44 (s, 3H, N=C(O)CH,), 2.34 (ddd. J = 14.8, 7.4, 7.4 Hz, 
I H ,  CH2CHOSi),2.27(ddd,J=14.7,7.1,7.1 Hz, lH,CH,CHOSi), 1.87(s, 
3H,  CH=CCH,), 0.89 (s, 9H,  SiC(CH,),), 0.03 (s, 3H,  Si(CH,),), -0.02 (s, 
3H,  Si(CH,),); I3C NMR (150.9MHz, CDCI,): 6 =161.5, 150.5, 142.5, 
138.9, 136.1, 135.7, 129.6, 117.1, 116.2, 78.6, 50.7, 36.1,33.2, 26.7, 19.0, 15.1, 
14.7, -3.9, -4.1; FAB HRMS (NBA): mje = 396.2144, M + H +  calcd for 
C,1H,5CIN0,Si 396.2126. 

Compound 36reduction of 35: Compound 35 (11.64 g, 29.4 mmol) was dis- 
solved in THF (400 mL, 0 . 0 7 ~ )  and cooled to 0°C. LiEt,BH (59.0 mL, 1 . 0 ~  
solution in THF, 59.0 mmol, 2.0 equiv) was added dropwise, and the reaction 
mixture stirred at 0°C for 1 h. Aqueous NaOH (IOmL, 3 . 0 ~ )  solution was 
added, followed by ether (500 mL). The organic phase was washed with brine 
(2 x 100 mL), dried (MgSO,), and concentrated. Flash column chromatogra- 
phy (silica gel, 20% ether in hexanes) furnished pure 36 (10.25 g, 97%): 
R,  = 0.40 (silica gel, 20% ether in hexanes); [a];' = + 8.7 (c = 0.3, CHCI,); 
IR (thin film): tmar = 2931, 2856, 1636, 1585, 1442, 1252, 1076, 776 cm-I; 
'HNMR (600 MHz, CDCI,): 6 =7.47 (s, l H ,  OCH=C), 6.16 (s, l H ,  
CH=CCH3),5.77-5.69(m, lH,CH=CH,),5.19(dd,J=7.2,7,2Hz, I H ,  
CH,CH=CCH,), 5.01 (ddd, J=17.0, 3.5, 1.9 Hz, I H ,  CH=CH,), 4.96 
(ddd, J=10.1,  2.9, 1.5Hz, l H ,  CH=CH2),4.08(dd,  J = 6 . 5 ,  6.5Hz, 1H.  
CHOSi),2.78(dd,J=14.6,6.5Hz, 1H,CH,CH=CH2),2.70(dd,J=14.7, 
6.3 HI., 1 H, CH,CH=CH,), 2.43 (s, 3H, N=C(O)CH,), 2.28 (ddd, J = 14.8, 
7.4, 7.4Hz, l H ,  CH,CHOSi). 2.21 (ddd, J = l 4 . 5 ,  7.1, 7.1Hz, 1H.  
CH,CHOSi), 1.85 (s, 3H,  CH=CCH,), 1.65 (s, 3H, CH,CH=CCH,), 0.87 
(s, 9H,  SiC(CH,),), 0.02 (s, 3H,  Si(CH,),), -0.02 (a 3 H ,  Si(CH,),); I3C 

123.2, 115.9, 79.3, 37.4, 36.1, 26.7, 24.3, 19.0, 15.0, 14.7, - 3.9, -4.1; FAB 
HRMS (NBA): m/e = 396.2144, M + H +  calcd for C,,H,,ClNO,Si 
396.2126. 

4.14 (dd, J =  6.9. 5.9 Hz, 3 H, CHOSi), 4.00 (s, 2H, CH,Cl), 2.95 (dd. 

NMR (150.9 MHz, CDC1,): 6 =161.4, 143.1, 139.0. 136.9, 135.9, 135.3, 

Primary alcohol 37-selective hydroboration of olefinic compound 36: Com- 
pound 36 (10.25 g, 28.34 mmol) was dissolved in THF (30.0 mL, 0 . 9 5 ~ ) ,  and 
the solution cooled to 0°C. 9-BBN (62.36mL, 0 . 5 ~  solution in THF, 
62.36 mmol, 1.1 equiv) was added, and the reaction mixture stirred for 2 h at 
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0 "C. Aqueous NaOH (57 mL, 3~ solution, 171 mmol, 7.2 equiv) was added 
with stirring, followed by H,O, (20 mL, 30%, aqueous solution). Stirring 
was continued for 0.5 h at 0 ° C  and the reaction mixture was then diluted 
with ether (300 mL). The organic solution was separated, and the aqueous 
phase extracted with ether (2 x 200 mL). The combined organic layer was 
washed with brine (2 x 50 mL), dried (Na,SO,), and concentrated in vacuo. 
Flash column chromatography (silica gel, 60 % ether in hexanes) furnished 
primary alcohol 37 as a colorless oil (9.9 g, 92%): R, = 0.22 (silica gel. 60% 
ether in hexanes); [a];' = + 1.3 (c = 0.3, CHCI,); IR (thin film): 3,,, = 3407, 
2929,1694,1584,1461,1252,1098,669 cm-'; 'HNMR (600 MHz, CDCI,): 
6=7.45 (S, I H ,  OCH=C), 6.16 (s, l H ,  CII=CCH,), 5.15 (dd, J=7 .2 ,  
7.2Hz, 1H,CH2CH=CCH,),4.10(dd,J=6.7,6.2Hz, lH,CHOSi) ,  3.60 
(dd, J=10.4,  6.0Hz, 2H, CH,OH), 2.43 (s, 3H, N=C(O)CH,), 2.30 (ddd, 
J=14.2,7.4.7.4Hz, 1H,CH2CHOSi),2.21 (ddd,J=14.4,7.3,7.3Hz,  l H ,  
CH,CHOSi), 2.09 (dd, J=7 .7 ,  7.6 Hz, 2H,  CH,CH,CH,OH), 1.86 (s, 3H,  
CH=CCH,), 1.67 (s, 3H,  CH,CH=CCH,). 1.65-1.58 (m, 2H, 
CH,CH,OH), 0.87 (s, 9H,  SiC(CH,),), 0.03 (s, 3H, Si(CH,),), -0.01 (s, 
3H, Si(CH,),); 13C NMR (150.9 MHz, CDCI,): 6 =161.5, 143.2, 138.9, 
137.1, 136.0, 123.0, 115.8, 79.4, 63.4, 36.2, 31.6, 28.9, 26.7, 24.2, 19.1, 15.2, 
14.6, -3.9, -4.1; FAB HRMS (NBA): m/e = 380.2636, M+H+ calcd for 
C,,H,,NO,Si 380.2621. 

Iodide 11-iodination of alcohol 37: Iodide 11 (10.58 g, 89%) was obtained 
from alcohol 37 (9.9 g, 26.0 mmol) according to the procedure described 
above for 17: R, = 0.65 (silica gel, 60% ether in hexanes); [XI;' = + 3.0 
( c  = 0.4, CHCI,); IR (thin film): Cmax = 2928, 1585, 1461. 1096, 837 cm-I;  
'HNMR (600 MHz, CDCl,): b =7.46 (s ,  1 H, OCH=C), 6.17 ( s ,  1 H, 
CH=CCH,), 5.17 (dd, J=7.5,  6.9 Hz, 1 H, CH,CH=CCH,), 4.08 (dd, 
J = 6.8, 6.1 Hz, 1 H, CHOSi), 3.14 (dd, J =7.1, 7.0 Hz, 2H,  CH,I), 2.44 (s, 
3H,  N=C(O)CH,), 2.30 (ddd, J=14.2,  7.0, 7.0 Hz, I H ,  CH,CHOSi), 2.21 
(ddd,J=14.3, 7.1, 7.1 Hz, lH,CH,CHOSi),2.14-2.03 (m, 2H), 1.93-1.86 
(m,2Hj,  1.87(s, 3H,  CH=CCH,), 1.66(s, 3H,CH2CH=CCIf,)0.87(s,9H, 
SiC(CH,),), 0.03 (s. 3H,  Si(CH,),), -0.02 (s, 3H,  Si(CH,),); I3C NMR 
(150.9 MHz, CDCI,): 6 =161.4, 143.1, 139.0, 135.9, 135.6,123.8, 115.9, 79.3, 

(NBA): m/e = 490.1627, M + H +  calcd for C,,H,,INO,Si 490.1639. 
36.3, 33.6, 32.8, 26.7, 24.3, 19.0, 15.2, 14.7, 7.4. -3.9, -4.1; FAB HRMS 

Hydrazone 38-alkylation of SAMP hydrazone LO with iodide 11: SAMP 
hydrazone 10 (4.78 g, 28.1 mmol, 1.3 equiv) in THF (15.0 mL) was added to 
a freshly prepared solution of LDA [diisopropylamine (4.0 mL, 30.5 mmol, 
1.4equiv) was added to nBuLi (18.9mL, 1 . 6 0 ~  solution in hexanes, 
30.5 mmol. 1.4 equiv) in 30.0 mL of T H F  at O"C] at 0 "C. After stirring at this 
temperature for 16 h, the resulting yellow solution was cooled to - 10O"C, 
and a solution of iodide 11 (10.58 g. 21.6 mmol, 1.0 equiv) in T H F  (30.0 mL) 
was added dropwise over a period of 5 min. The mixture was allowed to warm 
to - 20 "Cover 10 h, and then poured into saturated aqueous NH,CI solution 
(50 mL) and extracted with ether (3 x 100 mL). The combined organic ex- 
tracts were dried (MgSO,), filtered, and evaporated. Purification by flash 
column chromatography on silica gel (40 YO ether in hexanes) provided hydra- 
zone38(9.91g,86%,de >98% by 'HNMR)asayellowoil:R, = 0.22(silica 
gel, 40% ether in hexanes); [a]? = - 28.0 (c = 0.7, CHCI,); IR (thin film): 
CmaX = 2930, 1726, 1585, 1460, 1100, 837, 777 cm-I;  'HNMR (600 MHz, 
CDCl3):6=7.44(~,1H,OCH=C),6.47(d,J=6.5H~,1H,CNH),6.l6(s, 
1 H, CH=CCH,), 5.10 (dd, J =7.1, 6.9 Hz, 1 H,  CH,CH=CCH,), 4.06 (dd, 
J =  6.6, 6.3 Hz, I H ,  CHOSi), 3.56 (dd, J = 6.2, 3.8 Hz, I H ,  CH,OCH,), 
3.41 (dd, J = 9.2, 6.9 Hz, 1 H, CH,OCH,), 3.36 (s, 3H, CH,OCH,), 3.35- 
3 .32(m,2H, CH2N),2.74-2.64(m, 1H),2.43 (s, 3H,  N=C(O)CH,),2.31- 
2.17 (m, 3H), 2.04-1.84 (m, SH), 1.84 (s. 3H, CH=CCH,), 1.77-1.72 (m, 
l H ) ,  1.63 (s, 3H, CH,CH=CCH,), 1.42-1.22 (m, 4H), 1.01 (d, J =  6.7 Hz, 
CHCH,), 0.87 (s, 9H,  SiC(CH,),), 0.02 (s, 3H,  Si(CH,),), -0.02 (s, 3H, 
Si(CH,),j; " C  NMR (150.9 MHz, CDCI,): 6 =160.5. 144.4, 142.4, 138.1, 
136.8, 135.0, 121.4, 115.0, 78.6, 74.8, 63.6. 59.2, 50.5, 37.1, 35.4, 35.2, 32.0, 

(NBA/CsI): m/e = 664.2933, M+Cs+ calcd for C3,H,,N,0,Si 664.2911. 
26.5, 25.8, 25.5, 23.4, 22.1, 19.00, 14.2, 13.8, -4.7, -5.0; FAB HRMS 

Nitrile 39: The magnesium salt of monoperoxyphthalic acid (MMPP.6H20,  
2.82 g, 45.6 mmol, 2.5 equiv) was suspended in a rapidly stirred mixture of 
MeOH and pH 7 phosphate buffer (2:1, 300mL) at 0°C. Hydrazone 38 
(9.7 g, 18.23 mmol, 1 .O equiv) in MeOH (20 mL) was added dropwise, and the 
mixture was stirred at 0°C until the reaction was complete by TLC (ca. 1 h). 
The resulting suspension was placed in a separating funnel along with ether 
(150 mL) and saturated aqueous NaHCO, solution (50 mL). The organic 

layer was separated, and the aqueous phase cxtracted with ether (100 mL) 
The combined organic solution was washed with water (50 mL) and brine 
(50 mL), dried (MgSO,). and concentrated. Flash column chromatography 
(silica gel. 40 % ether in hexanes) afforded nitrile 39 (3.5 g, 46%) as a colorless 
oil: R, = 0.42 (silica gel, 40% ether in hexanes): [x]P = +10.6 (c =1.0. 
CHCI,): IR (thin film): = 2931, 2237, 1584, 1452, 1099, 940, 837. 
777 cm-': 'H NMR (600 MHz, CDCI,): 6 =7.46 (s, 1 H, OCH=C). 6.16 (s, 
1 H, CH=CCH,), 5.14 (dd, J=7 .3 ,  6.8 Hz, 1 H, CH,CII=CCH,). 4.06 (dd, 
J = 6 . 6 ,  6.1Hz, l H ,  CHOSi). 2.57 (m, 1H.  C(H)CH,), 2.43 (s, 3H. 
N=C(O)CH,), 2.22 (ddd, J=14.1, 7.3. 7.3, 1H.  CH,CHOSi), 2.18 (ddd, 
J=14.4, 7.5, 7.5Hz, I H ,  CH,CHOSi). 2.00 (m. 2H) .  1.85 (s, 3 H ,  
CH=CCH,), 1.65 (s, 3H, CH,CH=CCH,) 1.64-1.43 (m, 4H),  1.29 (d. 
J =7.0 Hz, CHCH,), 0.86 (s, 9H, SiC(CH,),). 0.02 (s, 3 H, Si(CH,,),), -0.03 
(s, 3H, Si(CH,),); 13C NMR (125.7 MHz, CDCI,): 6 = 161.5, 143.1, 138.9, 
136.5, 136.0, 123.8, 123.1, 115.9, 79.3, 36.2, 34.6, 32.4. 26.7. 26.3, 26.1. 24.2, 

M + H +  calcd for C2,H,,N20,Si 417.2937. 
19.0, 18.9, 15.1, 14.7, -3.8, -4.1: FAB HRMS (NBA): t ~ ~ : ~ ~ =  417.2953, 

Aldehyde 6 :  Nitrile 39 (1.30 g, 3.1 mmol) was dissolved in toluene (50 niL. 
0 . 0 6 ~ )  and cooled to -78°C. DIBAL (6.3 mL, 1 . 0 ~  solution in toluene, 
6.3 mmol, 2.0 equiv) was added dropwise at - 78 " C ,  and the reaction mixture 
was stirred at this temperature until its completion was verified by TLC (GI. 

1 h) .  Methanol (5 mL) and aqueous HCI (5 mL. 1 . 0 ~  solution) were sequen- 
tially added, and the resulting mixture was brought up to 0 C and stirred at 
that temperature for 30 min. Ether (50 mL) and water (20 mL) were added. 
and the organic layer was separated. The aqueous phase was extracted with 
ether (2 x 50 mL) and the combined organic solution was washed with brine 
(50 mL), dried (MgSO,), filtered, and concentrated under reduced pressure. 
Flash column chromatography (silica gel, 40 % ether in hexanes) furnished 
pure aldehyde 6 (1.09 g, 84%): R,, = 0.41 (silica gel, 40% ether in hexanes): 
[a]? = + 8.0 (c = 0.4, CHCI,); TR (thin film): Vmar = 2931, 2849. 1725, 1584, 
1461, 1384, 1251, 1101, 837, 776. 671 cm I ;  'H NMR (500 MHL, CDCI,): 
6 = 9.60 (d, J = 2.0 Hz, 1 H, CHO), 7.47 (s. 1 H, OCH=C). 6.17 (s, 1 H. 
CH=CCH,), 5.14 (dd, J = 6 . 1 ,  5.5Hz, l H ,  CH,CH=CCH,), 4.07 (dd, 
J = 6.5, 6.5 Hz, l H ,  CHOSi), 2.45 (s, 3H,  N=C(O)CH,). 2.33 -2.20 (m. 
3H),2.03-2.01(m.2H),1.87(s,3H,CH=CCH,),1.71-l.65(m,IH).1.66 
(d, J =1.0 Hz, 3H,  CH,CH=CCH,), 1.42-1.24, (in. 3H) .  1.08 (d, 
J = 7 . 0 H z ,  3H. CH,CH), 0.88 (s, 9H, SiC(CH,),), 0.03 (s, 3H, Si(CH,)2). 
-0.01 (s, 3H, Si(CH,),): I3C NMR (125.7 MHz, CDCI,): 6 = 206.0, 161.4, 
143.1, 139.0, 137.0. 135.9, 122.8, 115.9, 79.4,47.1, 36.2.32.7, 31.2. 26.7. 26.1. 
24.2, 19.1, 15.1, 34.7, 14.2, -3.8, -4.1. 

Tris(sily1 ethers) 21 and 22-aldol reaction of ketone 7 with aldehyde 6 :  A 
solution ofketone 7 (1.34 g, 3.3 mmol, 1.4 equiv) in T H F  (5.0 mLj was added 
dropwise to a freshly prepared solution of LDA [diisopropylamine (468 pL, 
3.6mmol) was added to nBuLi (2.23 mL, 1 . 6 0 ~  solution in hexanes, 
3.7 mmol) in 10 mL of T H F  at O"C] in T H F  (5.0 mL) at -78 C. After the 
mixture had been stirred for 2 h at - 78 ' C, a solution of aldehyde 6 (1 .O g, 
2.4 mmol, 1.0 equiv) in T H F  (5.0 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,CI solution (7 mL). Thc aqueous phase 
was extracted with ether (3 x 20 mL), and the combined organic layer was 
dried (MgSO,) and concentrated. Purification by flash column chromatogra- 
phy (silica gel, 20% ether in hexanes) provided pure 21 (1.1 54 g, 59%) and 
22 (273 mg, 14%). 
21: colorless oil; R, = 0.46 (silica gel, 40% ether in hexanes): [a]? = - 17.8 
( c  = 0.5, CHCI,); IR (thin film): C,,, = 3494. 2925, 2861, 1683, 1583, 1253. 
1099 cm- I ;  'HNMR (600 MHz, CDCI,): b =7.43 (s, 1 H, OCH=C),  6.15 (s, 

(dd, J = 6 . 5 ,  6.4Hz. I H ,  (CH,),CCHOSi), 3.89 (dd, J = 7 . 5 ,  2.8Hz, I H ,  
CH,CHOSi), 3.67-3.62 (m. 1 H, CH(CH,)CHOH), 3.68-3.55 (m, 2H. 
CH,OSi), 3.28 (m, 1 H, C(O)CH(CH,)), 2.42 (s, 3H. N=C(CH,)O), 2.27- 
2.15 (in, 2H, C(CH,)=CHCH,), 2.13- 1.94 (m. 2H. CH2C(CH,)=CH), 
1.84 (s, 3H,  CH=C(CH,)), 1.64 (s, 3H,  C(CH,)=CHCH,). 1.80-1.46 (m. 
S H ) ,  1.34 1.25 (m, 2H),  1.39 (s, 3H,  C(CH,),). 1.07 (s, 3H. C(CH,),). 1.01 
(d, .I = 6.9 Hz, 3H, CH(CH,)), 0.88 (5, 9H,  SiC(CH,),). 0.87 (s, 9 H. 
SiC(CH,),), 0.86, (s. 9 H ,  SiC(CH,),), 0.80 (d, J = 6.7 Hz. 3H, CH(CH,)). 
0.10 (s. 3H,  Si(CH,),), 0.09 (s, 3H. Si(CH,),), 0.06 (s, 3H.  Si(CH,),). 0.02 
(s, 6H. Si(CH,),), 0.01 (s, 3H. Si(CH,),). -0.03 (s, 3H. Si(CH,),): 
NMR (150.9 MHz, CDCI,): 6 = 222.9, 161.2, 143.1. 139.0. 137.7. 135.8. 
122.1, 115.8. 79.6, 75.7, 75.0, 61.4, 54.9.42.3, 38.8, 36.5, 36.2, 33.9. 33.3. 27.0. 
26.9.26.8, 24.5. 23.9, 21.5, 19.3, 19.2, 19.1. 16.4, 15.2. 14.8. 10.6, -2.7. -3.0. 

1 H, CH=CCH,), 5.08 (dd, J=7 .0 ,  6.7 HZ , 1H. C(CH,)=CHCH,), 4.05 
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-3.7, -3.9. -4.2; FABHRMS (NBAJCsI): m / r  = 954.4932, M+Cs+ calcd 
for C,,H,,NO,Si, 954.4896. 
22: colorless oil; R, = 0.43 (silica gel, 40% ether in hexanes); IR (thin film): 
Cmax =3501, 2927, 1687, 1585, 1464, 1253, 1098, 776cm- ' ;  'HNMR 
(600 MHz, CDCI,): 6 =7.44 ( s ,  I H ,  OCH=C). 6.16 (s, I H, CH=CCH,), 
5.11 (dd. J =  8.4, 7.2 Hz, I H ,  C(CH,)=CHCH,), 4.08- 4.04 (m, l H ,  
(CH,),CCHOSi), 3.67-3.57 (m. 3H,  CH2CHOSi. CH,OSi), 3.38-3.34 (m, 
1 H, CH(CH,)CHOH), 3.31 -3.24 (m. 1 H. C(O)CH(CH,)), 2.43 (s, 3H, 
N=C(CH,)O), 2.32-2.16 (m, 2H. C(CH,)=CHCH,), 1.85 (s, 3H. 
CH=C(CH,)), 1.99-1.84 (m, 2H. CH,C(CH,)=CH), 1.65 (s, 3H,  
C(CH,)=CHCH,), 1.55-1.44 (m, 5H),  1.35-1.27 (m, 2H) .  1.20 (s, 3H, 
C(CH,),), 1.11 (s, 3H, C(CH,),), 1.08 (d, J =  6.9 Hz, 3H. CH(CH,)). 0.96 
(d, J =7.0 Hz, 3H, CH(CH,)), 0.89 (s, 9H,  SiC(CH,),), 0.87 (s, YH, 
SiC(CH,),), 0.86 (s, YH, SiC(CH,),), 0.09 (s, 3H, Si(CH,),), 0.07 (s, 3H,  
Si(CH,),), 0.04 (s, 3H, Si(CH,),), 0.03 (s, 6H,  Si(CH,),), -0.03 (s, 3H, 
Si(CH,),); FAB HRMS (NBA/CsI): m/e = 954 4928, M+Cs'  calcd for 
C,,H8,N0,Si, 954.4896. 

Tetra(sily1 ether) 23: Tetra(sily1 ether) 23 (1.22 g, 93 "/.) was obtained from 
compound 21 (1 ,354 g, 1.4 mmol) according to the procedure described above 
for 21'. 23: R, = 0.64 (silica gel, 40% ether in hexanes); [e]P = -15.8 
(c = 0.5. CHCI,): IR (thin film): Smax = 2931, 1695, 1587. 1465, 1384, 1253, 
1098, 942. 671 cm-I; 'HNMR (600MHz, CDC1,): 6 ~ 7 . 4 4  (s, I H ,  
OCH=C), 6.16 (s, 1H. CH=CCH,), 5.09 (dd, J = 6 . 9 ,  6.7Hz, l H ,  
C(CH,)=CHCH,), 4.06 (dd, J =  6.8, 6.0 Hz, l H ,  (CH,),CCHOSi), 3.88 
(dd, J=7.5, 2.5Hz, I H ,  CH,CHOSi), 3.75 (dd, J = 6 . 5 ,  l.YHz, l H ,  
CH(CH,)CHOSi), 3.68-3.64 (m. 1 H, CH,OSi), 3.60-3.54 (m, 1 H, 
CH,OSi), 3.13 (dd, J = 6 . 8 ,  6.7Hz, l H ,  C(O)CH(CH,)). 2.43 (s, 3H,  
N=C(CH,)O), 2.25-2.15 (m, 2H, C(CH,)=CHCH,), 2.01-3.94 (m, 2H,  
CH,C(CH,)=CH), 1.85 (s, 3H, CH=C(CH,)), 1.64 (s, 3H, 
C(CH,)=CHCH,), 1.50-1.44 (m. 5H), 1.34-1.23 (m, 2H) .  1.21 (s, 3H,  
C(CH,),), 1.03 (d, J = 6.8 Hz, 3H,  CH(CH,)), 1.01 (s, 3H, C(CH,),), 0.91- 
0.83 (m, 39 H, CH(CH,), 4SiC(CH,),), 0.08 (s, 3H,  Si(CH,),), 0.06 (s, 3H,  
Si(CH,),), 0.05 (s, 3H,  Si(CH,),), 0.02 (s, 3H,  Si(CH,),), 0.02 (s, 6H,  
Si(CH,),), 0.01 (s, 3H, Si(CH,),), -0.03 (s, 3H,  Si(CH,),); I3C NMR 
(350.9 MHz CDCl,): 6 = 219.1, 161.4, 143.1, 139.1, 137.6, 135.9, 122.2, 
115.8. 79.4, 78.3, 74.9, 61.8, 54.5,45.9, 39.8, 38.9, 36.1, 33.4, 31.9, 27.1, 27.0, 

-3.1, -3.8, -4.1, -4.4, -4.5; FAB HRMS (NBA/CsI): m/e =1068.5807, 
M+Cs+ calcd for C,,H,,,NO,Si,Cs 1068.5760. 

Alcohol 24: Compound 23 (1.12 g, 1.2 mmol) was dissolved in CH,Cl,/ 
MeOH (1 : l ,  18.0mL, 0 . 0 7 ~ ) .  The solution was cooled to 0°C and CSA 
(278 mg, 1.2 mmol. 1 .O equiv) was added over a 5 min period. The mixture 
was then stirred for 3 h at -5 "C. Et,N (2.0 mL) was added, and the solvents 
were removed under reduced pressure. Flash column chromatography (silica 
gel, 40% ether in hexanes) furnished the desired alcohol 24 (934 mg, 95%). 
24: R, = 0.32 (silica gel, 40% ether in hexanes); [E]? = -11.0 (c = 0.2, 
CHC1,); IR (thin film): CmaX = 3432, 2934, 2856, 1692, 1464, 1378, 1254, 
1075, 988, 775cni-'; 'HNMR (500MHz, CDC1,): S =7.45 (s, l H ,  
OCH=C), 6.17 (S, l H ,  CH=CCH,), 5.10 (dd, J=7 .0 ,  7.0Hz , l H ,  
C(CH,)=CHCH,). 4.10-4.05 (m, 2H. (CH,),CCHOSi, CH,CHOSi), 3.78 
(dd, .1=7.0, 1.0 Hz, 1H.  CH(CH,)CHOSi), 3.63 (hrm, 2H,  CH,OH), 3.12 
(p, J = 7 . 5  Hz, 1 H, C(O)CH(CH,)), 2.44 ( s ,  3H, N=C(CH,)O), 2.26-2.19 
(m, 2H, C(CH,)=CHCH,), 1.85 (s, 3H,  CH=C(CH,)), 2.14-1.92 (m, 2H,  
CH,C(CH,)=CH), 1.64 (s, 3H, C(CH,)=CHCH,), 1.70-1.55 (m. 2H). 
3.42-1.21 (m, 3H), 1.22 (s, 3H,  C(CH,),), 1.19-3.04 (m. 2H),  1.06 (s, 3H,  
C(CH,),), 1.05 (d, J =  6.7Hz, 3H,  CH(CH,)), 0.92-0.85 (m. 30H, 
CH(CH,), 3SiC(CH,),), 0.10 (s, 3H,  Si(CH,),). 0.06 (s, YH, Si(CH,),), 0.03 
(s, 3H, Si(CH,),), -0.02 (s, 3 H , Si(CH,),); 13C NMR (125.7 MHz, 
CDCI,): S = 219.1, 162.1, 142.2, 134.9, 130.7, 128.7, 121.3, 114.8, 77.4, 
72.9, 60.1. 53.6, 44.9, 38.6, 38.2. 35.2, 32.4, 30.6, 26.1, 25.9, 24.7, 23.6, 19.1, 
18.4, 18.1, 18.0, 17.6, 15.5, 13.9, -3.7, -3.9, -4.0. -4.8, -5.1; FAB 
HRMS (NBA/CsI): m/r = 954.4860, M+Cs+ calcd for C,,H,,NO,Si, 
954.4896. 

26.8.26.7.25.3.24.3. 19.3,19.2.19.1,1Y.O, 18.3,16.0,15.1, 14.7, -2.8, -2.9, 

Aldehyde 25--oxidation of alcohol 24: Aldehyde 25 (736 mg, 80%) was ob- 
tained from alcohol 24 (930 mg, 0.305 mmol, 1.0 equiv) according to the 
procedure described above for 2 4 .  25: R, = 0.25 (silica gel, 20% ether in 
hexanes); [el;' = - 11.6 (c = 0.3, CHCI,); IR (thin film): = 2932, 2857, 
1727.1692,1465,1384,1253,1093,990, 837,776 cm- ' ;  'HNMR (600 MHz, 
CDCI,): h = 9.75 (m, 1 H, CHO), 7.44 (s, 1H,  OCH=C), 6.16 (s, 1 H, 

CH=CCH,), 5.09 (dd. J =7.1, 6.8 Hz, 1 H. C(CH,)=CHCH,). 4.46 (dd. 
l H ,  J=5 .1 ,  4.9Hz, (CH,),CCHOSi), 4.05 (dd, J = 6 . 4 .  5.7Hz, 1H. 
CH,CHOSi). 3.75 (dd, J =7.3, 1.9 Hz, 1 H, CH(CH,)CHOSi), 3.11 (p, 
J = 7 . 1 H z ,  I H ,  C(O)CH(CH,)), 2.50 (ddd, J=15.4. 4.5. 3.5Hz, 1H, 
CH,CHO), 2.43 (s. 3H. N=C(CH,)O), 2.39 (ddd,J=15.5,  5.5,  2.6 Hz, I H ,  
CH,CHO), 2.24-2.13 (m, 2H. C(CH,)=CHCH,), 1.97-1.89 (m. 2H, 
CH,C(CH,)=CH), 1.84 (s, 3H, CH=C(CH,)), 1.63 (s, 3H. 
C(CH,)=CHCH,), 1.50-1.20 (m, SH), 1.22 (s, 3H,  C(CH,),), 1.05 (s, 3H, 
C(CH,),), 1.02 (d, J =  6.9 Hz, 3H,  CH(CH,)), 0.88-0.82 (m. 30H, 
CWCH,), 3SiC(CH,),). 0.08 (s, 3H, Si(CH,),), 0.05 (s, 3H,  Si(CH,),), 0.04 
(s, 3H.  Si(CH,),), 0.03 (s, 3H, Si(CH,),), 0.02 (s, 3H,  Si(CH,),), -0.03 (s, 
3H. Si(CH,),); I3C NMR (150.9 MHz, CDCI,): 6 = 219.3. 202.0. 161.4. 
143.1, 139.0, 137.6. 135.9, 122.3, 115.9, 79.4, 78.4, 72.1, 54.3, 50.4,46.0, 39.6, 
36.1, 33.4, 31.6, 27.0, 26.7, 26.6, 24.9. 24.3, 19.6, 19.3, 18.9, 16.4, 15.0, 14.7, 

e = 952.4702, M + C s C  calcd for C,,H,,N06Si, 952.4739. 

Carboxylic acid 2Wxidat ion  of aldehyde 25: Carboxylic acid 26 (727 mg, 
97%) was obtained from aldehyde 25 (736 mg, 0.90 mmol) according to the 
procedure described above for 25'. 26: R, = 0.27 (silica gel, 5% MeOH in 
CH,CI,); = + 0.4 ( c  = 0.3, CHC1,); IR (thin film): Cmax = 3335, 2857. 
1711, 1465,1253, 1085,835 cm-'; 'HNMR (600 MHz, CDCI,): 6 =7.46 (s, 
1 H, OCH=C), 6.31 (S, 1 H, CH=CCH,). 5.14 (dd. J=7.6,  7.4 Hz, 3 H, 
(CH,)C=CHCH,), 4.40 (dd, J = 6.9, 2.9 Hz, 1 H, (CH,),CCHOSi), 4.11 
(dd, J=7.9;  5.2Hz, 1 H ,  CH,CHOSi), 3.72 (dd, J = 5 . 5 ,  2.1Hz. I H ,  
CH(CH,)CHOSi), 3.14 (p, J = 6.6 Hz, 1 H,  C(O)CH(CH,)), 2.44 (s. 3H, 
N=C(CH,)O), 2.42 (dd, J = 16.6, 2.8 Hz, CH,COOH). 2.44 (dd, J = 16.4. 
3.1 Hz, 1 H, CH,COOH), 2.32 (dd, J = 16.4, 7.0 Hz, 1 H, CH,COOH). 2.26- 

-2.7, --2.9, -3.2, -3.6, -3.8, -4.1; FAB HRMS (NBA/CsI): m. 

2.04 (m, 3H, CH,C(CH,)=CH. CH,C(CH,)=CHCH,), 1.82 (s, 3H. 
CH=C(CH,)), 1.92-1.80 (m, 1H).  1.66 (s, 3H, CH,C(CH,)=CH), 1.51- 
1.36 (m. 4H).  1.15 (s, 3H, C(CH,),). 1.14 (s, 3H,  C(CH,),), 1.21-1.09 (m. 
1H), 1.05 (d, J = 6 . 7 H z ,  3H,  CH(CH,)), 0.90-0.85 (m, 30H, CH(CH,), 
3SiC(CH,),), 0.10 (s, 3H,  Sl(CH,),), 0.07 (s, 3H, Si(CH,),), 0.06 (s. 3H. 
Si(CH,),). 0.02 (s, 3H. Si(CH,),), 0.00 (s. 3H, Si(CH,),), -0.04 (s, 3H, 
SI(CH,),); 13C NMR (150.9 MHz, CDCI,): 6 = 219.4, 176.1, 161.9, 144.3, 
138.5, 138.1, 135.7, 122.3, 115.3, 79.7, 73.9, 54.8.45.1, 40.8, 40.2, 36.2, 33.3, 
32.4, 27.3, 27.0,26.9,24.4,24.3, 19.4. 19.3, 19.1, 17.4. 16.5. 15.1, 14.4, -3.0, 
-3.2, -3 .3 ,  -3.7. -3.9, -4.1; FAB HRMS (NBA/CsI): m;e = 968.4720. 
M+Cs+ calcd for C,,H,,N0,Si3 968.4688. 

Hydroxyacid %selective desilylation of tris(sily1 ether) 26: Hydroxyacid 5 
(130 nig, 65%) was obtained from tris(sily1 ether) 26 (234 mg, 0.28 mmol) 
according to the procedure described above for 2 6 .  5 :  R, = 0.38 (silica gel, 
12% MeOH in CH,CI,); [el;' = - 23.5 (c = 0.2, CHCI,); IR (thin film): 
S,,, = 3387, 2932, 2854, 1721, 1695, 1460, 1380, 1253, 1088, 1087, 835. 
776cm- ' ;  'HNMR (600 MHz, CDCI,): 6 =7.47 (s, 1 H OCH=C). 6.36 (s, 
I H ,  CH=CCH,), 5.15 (dd, 1 H , J = 7 . 2 ,  7.0 Hz, CH,C=CHCH,),4.39 (dd, 
J = 6 . 2 ,  3.8Hz, I H ,  (CH,),CCHOSi), 4.13 (dd, J = 6 . 8 ,  6.6Hz, l H ,  
CH,CHOH), 3.75 (d, J =  6.6 Hz. 1 H, CH(CH,)CHOSI), 3.13 (dq, J =  6.9, 
6.7 Hz, 1 H, C(O)CHCH,), 2.45 (s, 3H,  N=C(CH,)O), 2.44 (obscured m, 
1 H, CH,COOH), 2.33-2.28 (m, 3H, CH,C(CH,)=CH, CH,COOH), 2.13- 
2.08 (m, 1 H, C(CH,)=CHCH,), 1.97-1.90 (m, 1 H, C(CH,)=CHCH,), 
1.88 (s, 3H, CH=C(CH,)), 1.69 (s, 3H,  CH,C(CH,)=CH), 1.53-1.35 (m, 
5H),1.17(~,3H,C(CH,),),1.11(~,3H,C(CH,),),1.05(d,J=6.8H~,3H, 
CH(CH,)), 0.92-0.83 (m, 21 H, CH(CH,), SiC(CH,),), 0.09 (s. 3H, 
Si(CH,),), 0.05 (s, 6H, Si(CH,),), 0.03 (s, 3H, Si(CH,),); I3C NMR 
(350.9MHz, CDCI,): 6 = 218.9, 175.9, 161.9, 142.8, 140.4, 138.4, 136.0, 
120.9, 115.8, 74.3, 53.3,45.5,41.0, 39.9, 35.0, 33.3, 32.1,27.0, 26.9.26.1, 24.5, 
24.0, 19.3, 19.0, 17.9, 16.8, 15.8, 15.1, 14.4, -2.9, - 3 . 1 ,  -3.2. -3.7; FAB 
HRMS (NBA/CsI): m/e  = 854.3854, M+Cs+ calcd for C,,H,,NO,Si, 
854.3823. 

Lactone 27-macrolactonization of hydroxyacid 5:  A solution of hydroxyacid 
5 (30 mg, 0.043 mmol) in THF (600 pL) was treated at 0 "C with Et,N (1 3 pL, 
0.093 mmol, 2.2 equiv) and 2,4,6-trichlorobenzoyl chloride (8.5 pL, 
0.054 mmol, 1.3 equiv). The reaction mixture was stirred at 0°C for 1 h. and 
then added by means of a syringe pump over 3 h to a solution of 4-DMAP 
(30 mg, 0.083 mmol, 2.0 equiv) in toluene (25 mL, 0 . 0 0 2 ~ )  at 25-C. The 
mixture was stirred at that temperature for 10 h. The solvents were removed 
in vacuo, and the crude product so obtained was suspended in 40% ether in 
hexanes and filtered through silica gel. Concentration, followed by prepara- 
tive thin-layer chromatography (silica gel, 20 %I ether in hexanes), gave lac- 
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tone 27 (20 mg, 70%) with spectroscopic data identical lo those exhibited by 
27 obtained above. 

Ketoaldehyde 4S-ozonolysis of ketone 44: Alkene 44'"' (3.6 g, 12.7 mmol) 
was dissolved in CH,Cl, (50.0mL, 0 . 2 5 ~ ) ,  and the solution cooled to 
-78 'C. Oxygen was bubbled through for 2 min, after which time ozone was 
passed through until the reaction mixture adopted a blue color (ca. 30 min). 
The solution was then purged with oxygen for 2 min at -78°C (disappear- 
ance of blue color), and Ph,P (6.75g, 25.4mmo1, 1.2equlv) added. The 
cooling bath was removed, and the reaction mixture allowed to reach room 
temperature and stirred for an additional 1 h. The solvent was removed under 
reduced pressure, and the mixture purified by flash column chromatography 
(silica gel, 30% ether in hexanes) to provide pure ketoaldehyde 45 (3.26 g, 
90%). 45: R, = 0.40 (silica gel, 40% ether in hexanes); [CAI;; = +15.7 
( c  = 5.4, CHCI,); IR (thin film): i,,, = 2933, 2858. 1726, 1686, 1465. 1379, 
1256, 1089, 1040, 1005, 972, 837, 778 cm-I;  ' H N M R  (400 MHz, CDCI,): 
b = 9.78 (dd, J = 2.8, 2.4 Hz, CHO), 4.66 (dd, J = 5.8,4.8 Hz, 1 H, CHOSi), 
2.68-2.57 (ni, 2H, CH,CH=O), 2.29-2.09 (m, 2H,  CH,CH,), 1.23-0.97 
(m, 7H,  C(CH,),, CH,CH,), 0.83 (s. 9H,  (CH,),C), 0.05 (s, 3H, Si(CH,),), 
0.03 (s, 3H, Si(CH,),); I3C NMR (125.7 MHz, CDCI,): 6 = 210.1, 201.3, 

(NBA/NaI): m/r = 307.1705, M + N a +  cakd for C,,H,,O,SI 307.1716. 
66.0, 51.0, 36.5, 29.8, 25.6, 17.9, 12.5, 31.1, 8.1, -4.7, -4.8; FAB HRMS 

Ketone 43: To a solution of aldehyde 45 (2.9 g, 10.2 mol) in THF (50 mL, 
0 . 2 ~ )  at -78 "C was added dropwise lithium tri-terl-butoxyaluminohydride 
(11.2mL, 1 . 0 ~  solution in THF, 11.2mmol. 1.1 equiv). After Smin, the 
reaction mixture was brought up to 0°C and stirred at that temperature for 
15 min, before quenching with saturated aqueous solution of sodium-potas- 
sium tartrate (25 mL). The aqueous phase was extracted with ether 
(3 x 75 mL), and the combined organic layer dried (MgSO,), filtered, and 
concentrated. The crude primary alcohol so obtained was dissolved in 
CH,Cl, (50mL, 0.2M) and cooled to 0°C. Et,N (68.1 mL. 30.6 mmol, 
3.0 equiv), 4-DMAP (120 mg, 0.18 mmol, 0.02 equiv), and terr-butyl- 
dimethylsilyl chloride (3.0 g, 20.4 mmol, 2.0 equiv) were added. The reaction 
mixture was allowed to stir at 0 "C for 2 h and then at 25 'C for 10 h. MeOH 
(5 mL) was added, and the solvents were removed under reduced pressure. 
Ether (100 mL) was added, followed by saturated aqueous NH,C1 solution 
(25 mL), and the organic phase was separated. The aqueous phase was ex- 
tracted with ether (2 x 50 mL), and the combined organic solution dried 
(MgSO,), filtered, and concentrated under reduced pressure. Purification by 
flash column chromatography (silica gel, 5 % ether in hexanes) provided pure 
bis(sily1 ether) 43 (1.26 g, 83% yield from 45). 43: Ri = 0.45 (silica gel, 5 %  
ether in hexanes); [a];, = -7.1 (c = 0.6, CHC1,); IR (thin film): i,,, = 2941, 
2856, 1690, 1467, 1387, 1255, 1095, 1034, 837, 776cm-I; ' H N M R  
(500 MHz, CDCI,): 6 = 3.98 (dd, J =7.6, 4.1 Hz, 1 H, CHOSi), 3.67-3.59 
(m, 2H,  CH,OSi), 2.76 (dq, J=17.6,  7.3 Hz, l H ,  CH,CH,), 2.44 (dq, 
J=17.6, 7.3Hz, I H ,  CH,CH,), 1.83-1.73 (m, 2H, CH,CH,OSi), 1.14 
(ddd .J=  9.6, 6.1, 3.4H2, I H ,  C(CH,),), 1.00(t, J = 7 . 3  Hz, 3H,CH,CH,), 
1.03-0.98 (m, I H ,  C(CH,),), 0.87 (s, 18H, SiC(CH,),), 0.89-0.83 (m, 1 H, 
C(CH,),), O.ll(ddd, J = 9 . 5 ,  6.7, 3.6Hz, I H ,  C(CH,),), 0.06 (s, 3H, 
Si(CH,),), 0.03 (s, 3H,  Si(CH,),), 0.02 (s, 6H,  Si(CH,),); I3C NMR 
(325.7 MHz, CDCI,): 6 = 210.6, 69.3, 59.6, 40.2, 36.4, 32.5, 25.9, 25.8, 18.2, 
18.0, 13.7, 13.5, 8.2, -4.3, -4.8, -5.4, -5.5; FAB HRMS (NBA): m/ 
e = 401.2923, M + H +  calcd for C,,H,,O,Si, 401.2907. 

Tris(sily1 ethers) 47 and 4 C a l d o l  reaction of ketone 43 with aldehyde 42: The 
aldol reaction of ketone 43 (682 mg, 1.7 mmol, 1.4 equiv) with aldehyde 42[l41 
(530 mg, 1.2 mmol, 1.0 equiv) was carried out exactly as described for ketone 
7 and aldehyde 6 above, and yielded pure 47 (270 mg, 24 YO) and 48 (480 mg, 

47: colorless oil; R, = 0.40 (silica gel, 20% ether in hexanes); [ u ] g  = + 1.5 
( c  = 0.8, CHC1,); IR (thin film): imax = 3493, 2942, 2872, 1671, 1505, 1462, 
1386, 1254, 1091, 836,776 cm- ' ;  ' H N M R  (600 MHz, CDCI,): 6 = 6.87 (s, 

47 Yo). 

I H ,  SCH=C), 6.41 (s, I H ,  CH=CCH,), 5.10 (dd, J = 7 . 2 ,  7.1Hz, I H .  
C(CH,)=CHCH,). 4.04 (dd, J = 6.7,5.8 Hz, 1 H, (CH,),CCHOSi), 3.77 (br, 
1 H, CH,CHOSi), 3.65-3.51 (m. 1 H, CH(CH,)CHOH), 3.61 (dd, J =7.3, 
7.3 Hz, 2H,  CH,OSi), 3.32-3.23 (m, l H ,  C(O)CH(CH,)), 2.65 (s, 3H,  
N=C(CH,)S), 2.30-2.19 (m, 2H), 2.10-1.90 (m, 2H),  1.96 (s, 3H,  
CH=C(CH,)), 1.76-1.68 (m, 2H),  1.63 (s, 3H,  C(CH,)=CHCH,), 1.50- 
1.40 (m, 2H), 1.26-1.15 (m, 2H). 1.01-0.75 (m, 35H, CH(CH,), 
SiC(CH,),), Si(CH,),), 0.04 (s, 3H, Si(CH,),), 0.03 (s, 3H,  Si(CH,),), 0.00 
(s, 3H, Si(CH,),), -0.01 (s, 6H, Si(CH,),), -0.04 (s, 3H,  Si(CH,),); "C 

NMR (150.9 MHz. CDCI,): 6 = 216.0. 164.1, 153.1. 142.4. 136.7, 121.3, 
118.5, 114.X, 78.9, 74.7, 59.3,40.4, 35.4, 35.1. 32.8, 32.3. 25.8. 25L23.5. 19.0, 
18.1, 17.9, 17.0, 16.5. 15.3, 13.8. 12.6, 10.4, -4.1, -4.8, -4.9. -5.0, -5.4; 
FAB HRMS (NBA/CsI): m/e = 968.4473, M + C s  ' calcd for 
C,,H8,N0,SSi, 968.451 1. 
48: colorless oil; R, = 0.33 (silica gel, 2094 ether in hexanes): IR (thin film): 
imaX=3492,  2954, 2872, 1672, 1462, 1386, 1255, 1092. 836. 776cm- ' .  
' H N M R  (600 MHz, CDCI,): 6 = 6.88 (s, 1 H, SCH=C). 6.44 (5. 1 H, 
CH=CCH,), 5.11 (dd, .1=7.1, 7.0Hz. l H ,  C(CH,)=CHCH,). 4.06 (dd, 
. I =  5.8, 5.8 Hz, 1 H, (CH,),CCHOSi), 3.85 (br, 1 H). 3.61 (dd, J =  6.5. 
6.4Hz, 2H, CH,OSi), 3.42-3.38 (m, I H ,  CH(CH,)CHOH). 3.24-3.19 (m. 
I H ,  C(O)CH(CH,)), 2.66 (s, 3H, N=C(CH,)S), 2.31 2.18 (m. 2H. 
C(CH,)=CHCH,), 1.96 (s, 3H. CH=C(CZI,)), 1.97-1.89 (m, 2H. 
CH,C(CH,)=CH), 1.78-1.69 (m, 2H) ,  1.64 (s. 3H.  C(CH,)=CHCH,), 
1.51 1.10(m, 6H). 1 .04(d ,J=  6.9 Hz. 3H,  CH(CH,)), 0.95 ( d , J =  6.5 HL. 
3H,  CH(CH,)), 1.05-0.6 (m, XH), 0.86 (s, 9H,  SiC(CH,),). 0.85 (s. 18H, 
2SiC(CH,),), 0.04 (s, 3H, Si(CH,),), 0.02 (s. 3H,  Si(CH,),), 0.01 (s. 3H. 
Si(CH,),). 0.00 (s, 3H,  Si(CH,),). -0.01 (s, 3H, Si(CH,),). -0.03 (s. 3H. 
Si(CH,),); I3C NMR (150.9 MHz, CDCI,): 6 = 216.8, 164.2, 153.1. 142.4. 
136.5, 121.6, 118.6, 114.8, 78.9, 59.4, 42.0, 40.4, 35.9, 35.4, 35.3. 33.0, 32.1, 
25.8, 25.7, 25.3, 23.5, 19.1, 38.1. 18.0, 15.3, 13.9. 12.4. 11.8. -4.2, -4.8, 

for C,,H8,N0,SSi, 968.4511. 
-4.9, -5.0, -5.4; FAB HRMS (NBAICsI): n1I~ = 968.4546, iM+Cs+ calcd 

Tetra(siIy1 ether) 49: Compound 49 (271 mg, 92%) was obtained from com- 
pound 47 (260 mg, 0.31 mmol) according to the procedure described above 
for 21'. 49: R, = 0.75 (silica gel, 6 %  ether in hexanes): [r]k2 = + 7.3 (L .  = 0.5, 
CHC1,); IR (thin film): i.,,,, = 2942, 2856, 1679, 1506, 1462. 1386, 1361, 
1254, 1090, 1031, 1007. 985, 939, 836, 775, 727, 669cm-I;  ' H N M R  
(500 MHz, CDCI,): 6 = 6.90 (s, 1 H, SCH=C), 6.45 (s, 1 H, CN=CCH,). 
5.12 (dd, J=7 .1 ,  7.0Hz, I H ,  C(CH,)=CHCH,). 4.19 (br, 1 H). 4.07 (dd. 
J=6 .5 ,  6.2Hz, 1H.  (CH,),CCHOSi), 3.82 (d, J = 8 . 1 H z .  1H. 
CH,CHOSi), 3.64 (dd, J =  6.8, 6.8 Hz, 2H,  CH,OSi), 2.88-2.68 (m. 1 H. 
C(O)CH(CH,)), 2.69 (s, 3H, N=C(CH,)S). 2.30-2.17 (m. 2H. 
C(CH,)=CHCH,), 1.99 (s. 3 H ,  CH=C(CH,)), 1 . 9 8 ~  1.90 (m. 2H. 
CH,C(CH,)=CH), 1.78-1.72 (m, 1 H), 1.66 (s, 3H,  C(CH,)=CHCH,), 
1.68-1.61(m,IH),1.45 ~.OO(~,~H),I.~~(~,J=~.~HZ,~H,CH(CH,)), 
0.92Z0.83 (m, 41 H, CH(CH,), (CH,),CCHOSi, 4SiC(CH,),). 0.06 (s, 3H, 
SKCH,),), 0.05 (s, 3H. Si(CH,),), 0.04 (s, 3H,  Si(CH,),), 0.03 (s, 3H. 
Si(CH,),), 0.02 (s, 6H, Si(CH,),), 0.01 (s, 3H,  Si(CH,),), -0.01 (s, 3H. 
Si(CH,),); NMR (125.7 MHz, CDC1,): 6 = 212.9, 164.2. 153.2. 142.4, 
136.7, 121.4, 118.7, 114.9, 78.9, 77.8, 67.2, 59.9, 43.4, 40.3. 38.9, 37.9. 35.3, 
32.5, 30.9, 26.4, 26.1, 25.9, 25.8, 23.6, 19.2, 18.4, 18.2. 18.1, 18.0. 17.4, 17.3, 
13.9, 13.8, 12.4, -3.9. -4.2, -4.7. -4.8. -5.0. -5.3. 

Tetra(sily1 ether) 50: Compound 50 (567 mg, 89%) was obtained from com- 
pound 48 (560 mg, 0.67 mmol) according to the procedure described abovc 
for 21'. 50: R, = 0.75 (silica gel, 6 %  ether in hexanes); [alp = + 5.7 ( L .  = 0.8, 
CHCI,); IR (thin film): = 2955, 2930, 2857, 1678, 1505, 1462, 1386. 
1361, 1254, 1090, 1031, 1007,985, 939, 836, 775 cm- ' ;  'HNMR (500 MHz, 
CDCl,): 6 = 6.91 (s, 1 H, SCH=C), 6.45 ( s ,  1 H, CH=CCH,), 5.12 (dd. 
J17.0, 6.9 Hz, 1 H, C(CH,)=CHCH,), 4.21 (br, l H ) ,  4.07 (dd. J =  6.6, 
6.2 Hz, 1 H, (CH,),CCHOSi), 3.82 (d, J = 8.8 Hz, 1 H, CH,CHOSi), 3.64 
(dd, J=7.2, 7.1 Hz, 2H,  CH,OSi), 2.88-2.73 (m. l H ,  C(O)CH(CH,)), 2.70 
(s, 3H,  N=C(CH,)S), 2.29-2.18 (m, 2H,  C(CH,)=CHCH,). 1.99 (s, 3H, 
CH=C(CH,)), 1.98-1.90 (m. I H ) ,  1.78-1.72 (m, 1 H),  1.65 (s. 3H,  
C(CH,)=CHCH,), 1.67-1.61 (m. I H ) ,  1.45-1.00 (m, XH), 1.04 (d, 
J =  6.7 Hz, 3H,  CH(CH,)), 0.92-0.83 (m, 39H, CH(CH,). 4SiC(CH,),). 
0.07 (s, 3H. SI(CH,),), 0.05 (5, 3H,  Si(CH,),), 0.04 (s, 3H. Si(CH,),), 0.03 
(s, 6H,  Si(CH,),), 0.02 (s, 6H,  Si(CH,),), -0.01 (s, 3H,  Si(CH,),); I3C 

118.7, 114.9,79.0, 76.9, 67.2, 59.8,44.5,40.3, 38.4, 37.5, 35.3, 34.7, 32.2. 26.2, 
26.1, 25.9, 25.8.23.5, 19.2, 18.5. 18.3, 18.2, 18.0, 17.6, 14.2. 13.9, 13.0. -3.6, 

1082.5330. M+Cs+ calcd for C,,H,,NO,SSi, 1082.5375. 

NMR (125.7 MHz, CDC1,): 6 = 215.3, 164.2, 153.2, 142.5, 136.7, 121.5. 

-3.8, -4.2, -4.6, -4.7, -5.0, -5.3: FAB HRMS (NBA/Csl): n ~ / r =  

Alcohol 51: Compound 49 (272 mg, 0.29 mmol) was dissolved in CH,CI,/ 
MeOH (1 : 1,2.9 mL, 0.1 M ) .  The solution was cooled to 0 ' C  and CSA (67 mg, 
0.29 mmol, 1.0 equiv) was added. The mixture was stirred for 30 min a t  0°C. 
and then for 1 h at 10°C. Et,N (0.3 mL) was added, and the solvents were 
removed under reduced pressure. Flash column chromatography (silica gel, 
40 O/O ether in hexdnes) furnished the desired alcohol 51 (1 80 mg, 74 ' l o ) .  51 : 
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colorless oil: R, = 0.60 (silica gel, 40% ether in hexanes); [XI? = +7.8 
(C = 0.3, CHCI,); 'HNMR (600 MHz, CDCI,): 6 = 6.90 ( s ,  l H ,  SCH=C), 
6.44 (s, 1 H, CH=CCH,), 5.13 (dd, J =7.0. 6.9 H z ,  1 H, C(CH,)=CHCH,), 
4.43 (br, 1 H), 4.07 (dd, .I = 6.9, 5.8 Hz, 1 H, (CH,),CCHOSij, 3.80 (d, 
. I =  8.1 Hz, I H ,  CH,CHOSi), 3.71-3.59 (m. 2H,  CH,OSi), 2.69 (s, 3H,  
N=C(CH,)S), 2.52 (q, J = 7 . 2  Hz, 1 H, C(O)CH(CH,)). 2.30-2.17 (m, 2H,  
C(CH,)=CHCH,), 2.05-1.90 (m, 2H, CH,C(CH,)=CH), 1.98 (s, 3H, 
CH=C(CH,)), 1.78-1.70 (m, 2H), 1.66 (s, 3H,  C(CH,)=CHCH,), 1.40- 
1.00 (m, 7H), 1.02 (d, J =  6.7 Hz, 3H,  CH(CH,)), 0.92-0.83 (m, 32H, 
CH(CH,), (CII,),CCHOSi, 3 SiC(CH,),), 0.07 (s, 3H,  Si(CH,),), 0.05 (s, 
3H, WCH,),), 0.04 (s, 3H,  Si(CH,),), 0.03 (s, 3H,  Si(CH,),), 0.02 ( s ,  3H, 
Si(CH,),), -0.01 (s, 3H, Si(CH,),); 13C NMR (150.9 MHz, CDCI,): 
fi = 213.8,164.3, 153.0, 142.5,136.5,121.5,118.5, 114.8,78.8,76.9. 67.2,59.4, 
42.4, 39.4, 38.8, 36.4, 35.2, 32.3, 31.1, 26.3, 26.0, 25.8, 25.7, 25.6, 23.4, 19.0. 

-4.9, -5.1; FAB HRMS (NBAICsl): m/e = 968.4552, M + C s +  calcd for 
C45H8,N0,SSi, 968.4511, 

Alcohol 52: Alcohol 52 (300 mg, 60%) was obtained from compound 50 
(567 mg, 0.60 mmol) according to the procedure described abovc for 49. 52: 
colorless oil; R, = 0.60 (silica gel, 40% ether in hexanes); [c# = + 12.3 
( c  = 0.3, CHCI,): IR (thin film): 3,,, = 3441, 2955, 2930, 2856, 1679, 1462, 
1366. 1361, 1254, 1072, 836, 775cni-': ' H N M R  (600MHz, CDCI,): 
0 = 6.89 (s, 1H. SCH=C), 6.42 (s. I H,  CH=CCH,j, 5.10 (dd, J =  6.9, 
6.8Hz,lH,C(CH,)=CHCH,).4.45(br,lHj,4.05(dd,J=6.7,6.0Hz,1H, 
(CH,),CCHOSi), 3.79 (d, J = 9.0 Hz, 1 H, CH,CHOSi), 3.71-3.59 (m. 2H, 
CH,OSi), 2.66 (s, 3H,  N=C(CH,)S), 2.49 (q, J =7.5 Hz, 1 H, 
C(O)CH(CH,)), 2.30-2.17 (m, 2H,  C(CH,)=CHCH,), 1.99-1.83 (m, 2H,  
CH,C(CH,)=CH). 1.96 (s, 3H, CH=C(CH,)), 1.78-1.70 (m, 2H) ,  1.62 (s, 
3H,  C(CH,)=CHCH,). 1.25S0.98 (m, 7Hj,  1.00 (d, .I = 6.7 Hz, 3H,  
CH(CH,)), 0.92-0.83 (m, 32H, CH(CH,), (CH,),CCHOSi, 3 SiC(CH,),), 
0.06 (s. 3H, Si(CH,),), 0.03 (s, 3H, Si(CH,),), 0.02 (s, 3H,  Si(CH,),), 0.01 
(s, 3H, Si(CH,),), 0.00 (s, 3H,  Si(CH,),j, -0.03 (s, 3H, Si(CH,),); 13C 
NMR (150.9MHz, CDCI,): 6 = 213.9, 164.2, 153.1, 142.5, 136.5. 121.3, 
118.5, 114.8,78.9, 76.9,66.7, 59.5,43.1, 39.4, 38.3, 36.6, 35.2, 34.5, 31.9, 26.3, 
26.0,25.8,25.7,23.4, 19.0, 18.4, 18.1, 17.9, 17.6, 14.0, 13.8. 11.9, 10.8, -3.7, 

18.3. 18.1. 17.9, 17.6, 17.1, 17.0, 13.8, 11.9, 11.1, -3.9, -4.0. -4.6, -4.8, 

-3.8. -4.6. -4.7. -4.8, -5.0. 

Aldehyde 53-oxidation of alcohol 51: Aldehyde 53 (172 mg, 96%) was ob- 
tained from alcohol 51 (182 mg, 0.218 mmol, 1.0 equiv) according to the 
procedure described above for 2 4 .  53: R, = 0.45 (silica gel, 20% ether in 
hexanes); [XI;' = + 15.9 (c = 0.7, CHCI,); IR (thin film): Vmax = 2943, 2859, 
1728, 1675, 1462, 1255. 1074, 837, 776cm-I; 'HNMR (600 MHz, CDCI,): 
6=9.74(dd ,J=3.3 ,2 .1  Hz.~H,CHO),~.~~(S,~H,SCH=C).~.~~(~.~H, 
CH=CCH,),  5.12 (dd, J = 6.6, 5.0 HL, 1 H, C(CH,)=CHCH,), 4.77 (dd, 
J =  6.0, 4.4 Hz, 1 H, (CH,),CCHOSi). 4.07 (dd, J =  6.8, 6.2Hz, l H ,  
CH,CHOSi). 3.75 (dd, J = 8.5, 1.3 Hz, 1 H, CH(CH,)CIfOSi), 2.69 (s, 3 H, 
N=C(CH,)S), 2.61 (ddd, J = 1 5 . 5 ,  4.2, 2.1 Hz, l H ,  CH,CHO), 2.51 (ddd, 
J=15.4, 6.1, 3 . 5 H ~ ,  1H. CH,CHO), 2.41-2.16 (in. 3H,  C(O)CH(CH,), 
C(CH,)=CHCH,), 1 97 (s, 3H, CH=C(CH,jj. 1.99-1.90 (m, 2H), 1.65 (s, 
3H. C(CIf,)=CHCH,), 1.50-1.25 (m, 7H),  1.08-0.98 (m, 4H), 1.02 (d, 
J =  6.7 Hz, 3H, CH(CH,)), 0.89-0.84 (m, 32H, (CH,),CHOSi, CH(CH,), 
3SiC(CH,),). 0.05 (s, 9H, Si(CH,),), 0.03 (b, 6H, Si(CH,),), 0.02 (s, 6H. 
Si(CH,),), -0.01 (s. 3H, Si(CH,),); I3C NMR (150.9 MHz, CDCI,): 
6 = 214.0, 202.0, 165.2, 154.1, 143.3, 137.5, 122.4, 119.6, 115.8, 79.8. 79.0, 
65.7. 52.3, 42.6, 39.8, 37.6. 36.1, 33.3. 32.1, 27.2, 27.0, 26.7, 26.6, 24.4, 20.1, 

FAB HRMS (NBA/Csl): m/e = 966.4392, M+Cs+ calcd for 
Ca5 H ,NO ,SSi, 966.4354. 

Aldehyde S k x i d a t i o n  of alcohol 52: Aldehyde 54 (200 mg, 69 % j was ob- 
tained from alcohol 52 (290 mg, 0.35 mmol) according to the procedure de- 
scribed above for 2 4 .  54: colorless oil: R, = 0.80 (silica gel, 20% ether in 
hexanes); [XI;, = + 26.7 (c = 0.1, CHCI,); IR (thin film): V,,, = 2943, 2873, 
1728. 1674. 1505, 1462, 1383, 1255, 1075, 1032. 989, 940, 837, 776 tin..': 
'HNMR (600 MHz, CDCI,): 6 = 9.78 (dd, J = 3.4.2.2 Hz, 1 H, CHO). 6.89 
( s ,  1H,  SCH=C), 6.43 ( s ,  l H ,  CH=CCH,), 5.10 (dd, J = 6 . 8 ,  6.6Hz. I H ,  
C(CH,)=CHCH,), 4.73 (dd, J = 5.6, 4.6 Hz. 1 H, (CH,),CCHOSi), 4.05 
(dd, J = 6 . 7 ,  6.2Hz, I H ,  CH,CHOSi), 3.78 (d, J = 9 . 0 H z ,  l H ,  
CH(CH,)CHOSi). 2.67 (s, 3H, N=C(CH,)S), 2.60 (ddd. .I =15.4, 4.4, 
2.1 H~,1H,CH2CH0),2.53(ddd,J=I5.4,5.9,3.4Hz,lH,CH,CHOj,2.36 
(dq. J=9 .0 .  6.8Hz, C(O)CH(CH,)), 2.22 (ddd, J=14.5,  7.2, 7.0Hz, l H ,  

19.3, 19.1, 18.8, 18.6, 18.1, 14.7, 12.6, 11.2. -2.9, -3.0, -3.6, - 3 . 8 ,  -4.1; 

C(CH,)=CHCH,), 2.19 (ddd, J = 14.5, 6.8, 6.6 Hz, 1 H, C(CH,)=CHCH,). 
1.97 (s, 3H, CH=C(CH,)), 1.99-1.88 (m. 2H,  CH,C(CH,)=CH). 1.63 (s, 
3H, C(CH,)=CHCH,). 1.35-1.00 (m. l I H ) ,  1.00 (d, J = 6 . 9 H z ,  3H, 
CH(CH,)), 0.86 (s, 18H, 2SiC(CH,),), 0.89-0.85 (m, 2H, (CH,),CHOSij. 
0.86 (d, J =  6.8 Hz, 3H, CH(CH,)), 0.82 (s, 9H, SC(CH,),), 0.04 (s, 3H, 
Si(CH,),), 0.03 (s, 3H. Si(CH,),), 0.02 (s, 6H, Si(CH,),), -0.03 (s, 3H. 
Si(CH,)2); I3C NMR (150.9 MHz, CDCI,): S = 213.1, 201.0, 164.2, 153.1. 
142.4, 136.6, 121.5, 119.6, 118.6, 114.9, 78.9, 76.9, 65.0, 51.3,42.5, 38.3, 36.7. 
35.2, 34.3, 32.1. 26.1, 26.0, 25.8. 25.7, 23.4, 19.1, 18.4, 18.2, 17.9, 17.8, 14.2, 
13.8, 11.6. 10.3, -3.7, -3.8, -4.6, -4.7, -5.0. 

Carbnxylic acid S h x i d a t i o n  of aldehyde 53: Carboxylic acid 55 (160 mg, 
91 %) was obtained from aldehyde 53 (172 mg, 0.206 mmol) according to the 
procedure described above for 25'. 55: R, = 0.15 (silica gel, 20%" ether in 
hexanes); ' H N M R  (500 MHz, CDC1,): 6 = 6.90 (s, 1H.  SCH=C), 6.50 (s. 
1H,CH=CCH,),5.12(dd,J=7.8,6.6Hz,1H,C(CH3)=CEICH,),4.54(br, 
1 H, (CH,),CCHOSi), 4.09 (dd, J = 6.4, 6.2 Hz, 1 H,  CH,CHOSi), 3.90 (d, 
J = 5.8 Hz, I H,  CH(CH,)CHOSi), 2.73 (s, 3 H, N=C(CH,)Sj, 2.60 (m, 1 H. 
CH,COOH), 2.50 (m, 1 H, CH,COOH), 2.41-2.16 (m, 3H,  C(OjCH(CH,). 
C(CH,)=CHCH,). 1.99-1.90 (m. 2H) ,  1.90 (5, 3H, CH=C(CH,)), 1.69 (s. 
3H,  C(CH,)=CHCH,), 1.50-1.25 (m, 7H),  1.08-0.98 (m. 4H), 1.05 (d, 
J = 6.8 Hz, 3H,  CH(CH,)), 0.92-0.83 (m. 32H, (CH,),CHOSi, CH(CH,), 
3SiC(CH,j,j, 0.07 (s, 3H, Si(CH,),), 0.06 (s, 3H,  Si(CH,),). 0.05 (s. 3H, 
Si(CH,),j, 0.04 (s, 3H, Si(CH,),), 0.03 (s, 3H, Si(CH,),), -0.01 (s, 3H, 
Si(CH,),): I3C NMR (125.7 MHz, CDCI,): 6 = 212.8, 175.1, 165.2, 152.5. 
143.3, 136.7, 121.5, 117.9, 114.5, 78.7. 77.5, 67.9,42.4. 39.1, 36.3. 35.2, 32.2, 
31.6, 31.0, 26.3, 26.0, 25.7, 23.4, 18.6, 1X.2, 18.1, 17.9, 17.6, 16.5. 13.9, 12.0, 

M +  Cs' calcd for C,,H,,NO,SSi, 982.4303. 

Carhoxylic acid %--oxidation of  aldehyde 54: Acid 56 (204 mg, 99 %) was 
obtained from aldehydc 54 (200 mg, 0.24 mmol) according to the procedure 
described above for 25'. 56: colorless oil; R, = 0.15 (silica gel. 20% ether in 
hexanes): [MI? = + 20.0 (c = 0.3, CHCI,); IR (thin film): = 2955. 2888, 
2856. 1713, 1680, 1509. 1462, 1384. 1254, 1183, 1077, 1031, 987. 941. 837, 
776 cin- ' ;  'HNMR (600 MHz, CDCI,): 6 = 6.90 (s. 1 H, SCH=Cj, 6.46 (s, 
IH,CH=CCH,j.5.12(dd,J=7.0,6.8Hz, 1H,C(CH3)=CHCH,),4.58(br, 
1 H, (CH,),CCHOSi), 4.06 (dd, J =7.7, 5.4 Hz, 1 H, CH,CHOSi), 3.84 (d. 
.I = 9.3 Hz, 1 H. CH(CH,)CHOSi), 2.71 (s, 3H, N=C(CH,)Sj, 2.60 (dd, 
J =15.1, 4.0 Hz, 1 H, CH,COOH), 2.60-2.52 (m. 1 H, C(O)CH(CH,)), 2.53 
(dd, J=15.0,  6.9Hz. l H ,  CH,COOH), 2.30-2.15 (m. ZH, 
C(CH,)=CHCH,), 1.95-1.88 (m, 2H,  CH,C(CH,)=CH), 1.92 (s, 3H. 
CH=C(CH,)), 1.65 (s, 3H,  C(CH,)=CHCH,j, 1.35-1.00(m, 11 H), 1.02(d, 
J = 6.8 Hz, 3H,  CH(CH,)), 0.87 (s, 18H, 2SiC(CH,),). 0.89-0.85 (m. 2H, 
(CH,),CHOSi), 0.84 (s, 9H, SiC(CH,),), 0.82 (d, J =  6.7 Hz, 3H, 
CH(CH,)j, 0.07 (s, 3H. Si(CH,),), 0.04 (s, 9H.  Si(CH,),), 0.03 (s, 3H, 
Si(CH,),), -0.01 (s, 3H, Si(CH,),); I3C NMR (150.9 MHz, CDCI,): 
6 = 213.0. 175.2, 165.1, 152.6, 143.4, 136.9. 121.4, 118.1, 114.5, 78.9, 67.3, 
53.4, 43.5, 42.3, 38.2, 36.5, 35.3, 34.9, 32.2, 26.4. 26.2, 25.8, 25.7, 23.7, 18.7. 
18.5. 18.2. 18.0, 17.7, 14.1, 13.9, 11.6. 11.3. -3.6, -3.7, -4.6, -4.7, -4.8, 
-5.0; FAB HRMS (NBA, G I ) :  ni/e = 982.4278, M + C s 4  calcd for 
C,,H,,NO,SSi, 982.4303. 

Lactone 58-selective desilylation of tris(sily1 ether) 55 and macrolactonization 
o f  hydroxyacid 41 : A solution of tris(sily1 ether) 55 (75 mg, 0.088 mmol) in 
THP (1.8 mL, 0 . 0 5 ~ )  at 25°C was treated with TBAF (0.53 mL, 1 . 0 ~  solu- 
tion in THF, 0.53 mmol, 6.0 equiv). After stirring for 8 h, the reaction mix- 
ture was diluted with EtOAc (10 mL) and washed with saturated aqueous 
NH,CI (5 mL). The aqueous solution was extracted with EtOAc (2 x 10 mL), 
and the combined organic phase washed with brine (10 mL), dried (MgSO,). 
and Concentrated. The crude mixture was purified by flash column chro- 
matography (silica gel, 5 %  MeOH in CH,CI,) to provide hydroxyacid 41 
(40 mg, 62 YO) as a yellow oil [RJ = 0.40 (silica gel, 5 YO MeOH in CH,CI,)]. 
A solution of hydroxyacid 41 (40 mg, 0.054 mmol) in THF (0.8 mL. 0 . 0 7 ~ )  
was treated a t  0 ' C  with Et,N (17 pL. 0.12 mmol, 2.2 equiv) and 2.4,6- 
trichlorobenzoyl chloride (14.5 pL, 0.06 mmol, 1.1 equiv). The reaction mix- 
ture was stirred at 0°C for 1 h, and then added to a solution of 4-DMAP 
(1.4 mg, 0.1 1 mmol, 2.0 equiv) in toluene (28 mL, 0.002 M) at 25 C and stirred 
at that tempewture for 3 h. The reaction mixturc 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 concentrat- 
ed. Purification by flash column chromatography (silica gel, 2 %, MeOH in 

-4.0, -4.1, -4.5, -4.8, -5.7; FAB HRMS (NBA/CsI): m ; ~ =  982.4264, 
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CH,CI,) furnished lactone 58 (27 mg, 70%) as a white solid. 58: R,  = 0.35 
(silica gel, 30% ether in hexanes); m.p. 81 "C (from CH,Cl,/hexanes); 
[E]: = -134.3 (c = 0.9, CHC1,); IR (thin film): C,,, = 2931, 2856, 1740, 
1683, 1462, 1380, 1252, 1164, 1102, 1060, 1031, 834, 774cm-'; ' H N M R  
(600 MHz, CDCI,): 6 = 6.90 (s, 1 H, SCH=C), 6.36 (brs, I H ,  CH=CCH,), 
5.16(br,lH),5.04(br,1H),3.95(d,J=7.3Hz,lH,CHOSi),3.55(br,lH, 
C(CH,),CHOSi), 2.80-2.78 (m, 1 H, C(O)CHCH,), 2.68 (s, 3H, 
N=C(CH,)S), 2.55-2.38 (m, 4H,  CH,COOCH, CH,C=CHCH,), 2.03 (s, 
3H,CH=C(CH,)), 1.70(s, 3H,C(CH,)=CHCH,), 1.78-1.03(m,7H), 1.11 
(d, J = 6.6 Hz, 3H,  CH(CH,)), 1.01 (d, J = 6.6 Hz, 3H, CH(CH,)), 0.89 (s, 
9H, SiC(CH,),), 0.88 (s, 9H,  SiC(CH,),), 0.94-0.83 (m, 3H,  
C(CH,),CHOSi), 0.40-0.33 (m, 1 H,  C(CH,),CHOSi), 0.14 (s, 3H,  
Si(CH,),), 0.13 (s, 3H,  Si(CH,),), 0.08 (s, 3H, Si(CH,),), 0.04 (s, 3H, 
Si(CH,),); I3C NMR (150.9 MHz, CDC1,): 6 = 214.6, 170.0, 164.7, 152.8, 
139.0, 137.9, 121.3, 118.8, 116.2, 74.5, 53.3,48.7,41.0, 39.4, 35.2, 31.9, 31.8. 
31.1,26.6,25.9, 25.6, 23.5, 19.7, 19.0, 18.2, 18.1, 17.8, 15.5, 10.0, -3.1, -3.8, 
-4.2, -6.2; FAB HRMS (NBA): m/e=718.4357, M + H +  calcd for 
C,,H,,NO,SSi, 71 8.4357 

Hydroxyacid 57-selective desiiylation of tris(siIy1 ether) 56: Carboxylic acid 
56 (200 mg, 0.235 mmol) was converted to hydroxyacid 57 (85 mg, 50%) 
according to the procedure described above for 2 6 . 5 7 :  Yellow oil; R, = 0.45 
(silica gel, 5 %  MeOH in CH,CI,); [a]? = + 10.0 (c = 0.3, CHC1,); IR (thin 
film): CmaX = 3440,2955,2930,2871,1713,1679,1462,1383,1254,1185, 1097, 
986. 836, 775, 734cm-'; ' H N M R  (SOOMHz, CDCI,): 6 = 6.95 (s, I H ,  
SCH=C), 6.60 (s, I H ,  CH=CCH,), 5.15 (dd, J = 6 . 9 ,  6.7Hz, 1H,  
C(CH,)=CH/, 4.66 (dd, f = 6.4, 3.7Hz, I H ,  (CH,),CCHOSi), 4.33 (dd, 
J = 6 . 8 ,  6.1Hz, 1 H ,  CH,CHOH), 3.84 (d, J = 9 . 2 H z ,  l H ,  
CH(CH,)CHOSi), 2.73 (s, 3H,  N=C(CH,)S), 2.58-2.53 (m, 2H, 
CH,COOH, C(O)CHCH,), 2.45 (dd, J =15.0, 6.6 Hz, 1 H, CH,COOH), 
2.34-2.29 (m, 2H, C(CH,)=CHCH,), 2.30 (dd, J =16.3, 6.4 Hz, I H ,  
CH,COOH), 2.05--1.91 (m, 2H,  CH,C(CH,)=CH), 1.98 (s, 3H, 
CH=C(CH,)), 1.71 (s, 3H, C(CH,)=CHCH,), 1.38-1.17 (m, 7H), 1.05 (d, 
J =  6.8 Hz, 3H,  CH(CH,)), 0.89 (s, 9 H ,  SiC(CH,),), 0.85-0.82 (m, 23H, 
(CH,),CHOSi, CH(CH,), SiC(CH,),), 0.09 (s, 3H, Si(CH,),), 0.06 (s, 6H,  
Si(CH,),), 0.05 (s, 3H,  Si(CH,),); I3C NMR (125.7 MHz, CDCI,): 
6 = 213.4, 174.0, 165.3, 152.2, 142.4, 139.5, 120.1, 118.2, 114.9, 77.1, 66.9, 
43.5, 42.7, 38.0, 36.9, 35.1, 34.1, 32.2, 26.4, 26.2, 25.8, 23.9, 18.6, 18.5, 18.0, 

CsI): m/e = 856.3402, M+Cs+ calcd for C,,H,,NO,SSi, 856.3439. 
17.7, 14.8, 13.9, 11.6, 11.0, -3.6, -3.7, -4.6, -4.7; FAB HRMS (NBA/ 

Lactone 59-macrolactonization of hydroxyacid 57: The cyclization of hy- 
droxyacid 57 (80 mg, 0.11 mmol) was carried out exactly as described for 5' 
above and yielded lactone 59 (56 mg, 72%) as a crystalline solid: R ,  = 0.65 
(silica gel, 20% ether in hexanes); m.p. 157°C (from MeOHiEtOH); 

I H ,  SCH=C), 6.46 (s, I H ,  CH=CCH,), 5.02 (m, 2H, CH,C=CHCH,, 
CH,COOCH/, 3.87 (d, J = 8.8 Hz, 1 H, CHOSi), 3.88 (d, J = 8.9 Hz, 1 H,  
CHOSi), 2.69 (s, 3H,  N=C(CH,)S), 2.62 (dd, J=12.7, 4.4Hz, l H ,  
CH,COOCH), 2.58-2.50 (m. 2H), 2.44-2.36 (m, 1 H), 2.31-2.24 (m, 1 H), 
2.17-2.10(m,1H),2.14(s,3H,CH=C(CH3)),1.74-1.68(m,1H),1.64(s, 
3H, CH,C(CH,)=CH), 1.48-1.23 (m, 7H),  1.14-1.07 (m. l H ) ,  1.02 (d, 
J =  6.8Hz,3H,CH(CH3)),0.97(d,J= 6.8Hz,3H,CH(CH3)),0.88(s,9H, 
SiC(CH,),), 0.85 (s, 9H, SiC(CH,),), 0.91-0.82 (m, 2H),  0.06 (s, 3H, 
Si(CH,),), 0.05 (s, 3H, Si(CH,),), 0.04 (s, 3H,  Si(CH,),), 0.03 (s, 3H, 
Si(CH,),); I3C NMR (150.9 MHz, CDCI,): 6 = 212.5, 169.2, 164.5, 152.6, 
139.3, 136.8, 121.6, 118.8, 116.2, 80.4, 75.9,42.9,42.6, 36.5, 35.1, 33.4, 30.7, 
30.5.26.3.25.8, 24.2,23.2,19.2, 18.6, 18.1, 17.8, 14.5, 14.2, 12.4, -3.2. -3.6, 
-4.8, -5.3; FAB HRMS (NBA): m/e =718.4330, M + H '  cnlcd for 
C,,H,,NO,SSi, 71 8.4357. 

Dihydroxylactone 40: Dihydroxylactone 40 (11.0 mg, 92%) was prcpared 
from bis(sily1ether) 58 (17.6 mg, 0.024 mmol) by treatment with HF.pyridine 
according to the same procedure described above for the preparation of 4. 
40: R, = 0.20 (silica gel, 4 %  MeOH in CH,CI,); m.p. 67°C (from CH,CI,/ 
hexanes); = -108.7 (c 0.1, CHCI,); 1R (thin film): ;,,,ax = 3458, 2931, 
1730,1674, 1451,1375,1169,1040,980,911,732 cm-'; ' H N M R  (600 MHz, 
CDCI,): 6 = 6.95 (s, I H ,  SCH=C), 6.47 (s, 1 H, CH=CCH,), 5.46 (dd, 
J z 6 . 8 ,  3.3H2, 1H,  CH,COOCH), 5.10 (dd, J = 8 . 0 ,  7.0Hz, 1H,  
CH,C=CHCH,), 3.82 (dd, J =  6.3, 2.2 Hz, 1 H, CHOH), 3.75 (br, I H ) ,  
3.55-3.48 (m, 2H), 2.78 (dd, J=17.2, 9.2Hz, 1 H, CH,COOCH), 2.69 (s, 
3H, N=C(CH,)S), 2.67 (dd. J = 17.3, 3.4 Hz, 1 H,  CH,COOCH), 2.54-2.45 

[a]? = - 40.5 ( C  = 0.2, CHCJ,); 'HNMR (600 MHz, CDCI,): S = 6.97 (s, 

(m,1H),2.44-2.35(m,1H),2.19-2.13(m, 1H),2.06(s ,3H,CH=CCH3),  
2.11-2.01 (m, I H ) ,  1.95-1.86 (m, I H ) ,  1.73-1.62 (m, I H ) ,  1.71 (s, 3H. 
CH,C(CH,)=CH), 1.62-1.52 (m, 2H), 1.49-1.35 (in, 2H). 1.29-1.23 (m, 
2H),  1.25(d,J=6.7Hz,3H,CH(CH,)),1.30-1.20(m,1H), 1.19-1.10(s, 
I H ,  C(CH,),), 1.00 (d, J =  6.9Hz. 3H,  CH(CH,)), 1.00-0.96 (m, 1 H, 
C(CH,),), 0.75-0.69 (m, 1 H, C(CH,),); 13C NMR (150.9 MHz, CDCI,): 
6 = 216.6,173.0,165.8,153.4,140.1,137.9,120.6, 117.0.77.9, 75.7,70.3,45.3, 
38.5, 37.3, 34.1, 31.7, 31.6, 30.7, 26.0, 23.9, 19.0, 17.1. 16.5. 15.6, 15.4, 10.9; 
FAB HRMS (NBA): m/e = 490.2639, M + H +  calcd for CZ,H3,N0,S 
490.2627. 

Dihydroxylactone 60: Dihydroxylactone 60 (1  9.0 mg, 90 %) was prepared 
from bis(sily1 ether) lactone 59 (31 mg, 0.043mmol) by treatment with 
HF.pyridine according to the same procedure described above for the prepa- 
ration o f 4 .  60: R, = 0.45 (silica gel, 5 %  MeOH in CH,CI,); [r];' = - 122.9 
(c 0.1, CHCI,): IR (thin film): !,,,ax = 3457, 2934, 2360, 1731, 1667. 1449, 
1377,1242, 1165, 1070,1039,978,911, 732 cm- ' ;  'HNMR (600 MHz. CD- 
CI,): 6 = 6.95 (s, I H ,  SCH=C), 6.53 (s, l H ,  CH=CCH,), 5.51 (d, 
J = 6 . 8 H z ,  l H ,  CH,COOCH/, 5.15 (dd, J = 8 . 1 .  7.6Hz. I H ,  
CH,C=CHCH,), 3.84 (dd, J=13.4,  6.7 Hz, 1 H, CHOH), 3.77 (d. 
J=11.3Hz.  l H , C H O H ) , 3 . 4 7 ( d , J = 6 . 9 H z ,  I H ) . 3 . 4 6 ( ~ ,  l H ) , 3 . 0 0 ( ~ .  
I H ) ,  2.78 (dd, J=16.7, 11.5Hz, I H ,  CH,COOCH), 2.70 (s, 3H. 
N=C(CH,)S), 2.65 (dd, J =16.7, 3.0 Hz, 1 H,  CH,COOCH), 2.60-2.55 (m. 
lH),2.44-2.35(m,lH),2.35-2.26(m,lH),2.25-2.17(m, l H ) , 2 , 0 7 ( ~ , 3 H ,  
CH=CCH,), 2.05-1.98 (m, l H ) ,  1.66 (s, 3H, CH,C(CH,)=CH),1.67-1.55 
(m. 3H),  1.48-1.41 (m, 3H), 1.10-0.99 (m, 8H. 2CH(CH,), C(CH,),). 
0.96-0.88 (m, 1 H, C(CH,),), 0.70-0.64 (m, 1 H, C(CH,),): "C NMR 
(150.9 MHz, CDCI,): b = 218.7, 171.3, 165.1, 152.5, 137.7, 137.6, 121.4, 
119.5, 116.1, 77.9, 74.6, 70.9,43.5,40.1,35.4, 33.9, 32.0, 31.3, 30.8, 26.0, 23.4. 
22.1, 18.9, 18.5, 15.8, 15.6, 13.6, 10.1; FAB HRMS (NBA/CsI): nil 

e = 622.1580, M+Cs+ calcd for C,,H,,NO,S 622.1603 

Epothilones 3 and 61-poxidation of lactone 40 with rnethyl(triffuoro- 
methy1)dioxirane: To a solution of 40 (10 mg, 21.0 gmol) in MeCN (200 pL) 
was added 4 x 10- ,M aqueous solution of disodium ethylenediaminetetraac- 
etate (Na,EDTA, 120gL), and the reaction mixture was cooled to 0°C. 
l,l,l-Trifluoroacetone (200 pL) was added, followed by a mixture of Oxone" 
(61 mg, 0.10 mmol, 5.0 equiv) and NaHCO, (14.0 mg, 0.17 mmol, 8.0 equiv) 
with stirring until completion of the reaction was revealed by TLC. The 
reaction mixture was treated with excess Me,S (100 pL) and water (500 pL) 
and was then extracted with EtOAc (4 x 2 mL). The combined organic phase 
was dried (MgSO,), filtered. and concentrated. Purification by preparative 
thin-layer chromatography (silica gel. 80 % EtOAc in hexdnes) furnished pure 
(6S,7R)-4,4-cyclopropyl-epothilonr B 3 (7.7 mg. 76 %) and its r-epoxide 
epimer 61 (I.Omg, 10%). 
3: R,  = 0.45 (silica gel, 80% EtOAc in hexanes); m.p. 82 ,'C (from CH,CI,; 
hexanes); [a]? = - 45.0 ( c  = 0.02, MeOH); IR (thin film): Cmax = 3443, 
2929, 1739, 1674,1379, I158,1093,754cm-'; 'HNMR (600 MHz, CDCI,): 
6 = 6.94 (s, I H,  SCH=C), 6.49 (s, 1 H, CH=CCH,), 5.64 (dd, J = 4.1, 
3.1Hz, lH,O=COCH),3.88(br,1H),3.82(d,J=7.9Hz, lH),3.52-3.44 
(m,2H),2.97(s ,2H),2.85(dd,J=17.1,9.1Hz,  1H,CH2COO).2.8S(dd. 
J = 7 . 7 ,  5.9Hz, l H ) ,  2.70(s, 3H, N=C(CH,)S),2.71--2.67 (m, 1H).  2.20- 
2.13 (m, 1H),  2.11 (s, 3H,  CH=C(CH,)), 1.85 (ddd, J=11.7 ,  8.0, 3.7Hz, 
1H,CH,CHO),1.82-1.74(m,1H),1.63-1.55(m,1H),1.53 1.49(m,3H). 
1.52-1.37 (m. 6H),  1.33-1.25 (m, 2H),  1.29 (s, 3H,  C(CH,)). 1.04 (d, 
J =  6.8 Hz, 3H, CH(CH,)), 1.12 (ddd, J =  6.7, 4.4, 2 .3  Hz. 3H,  C(CH,),), 
1.03 (d, J = 6.8 Hz. 3 H, CWCH,)), 1.03-0.98 (m, 1 H, C(CH,),), 0.78-0.72 
(m, I H ,  C(CH,),); I3C NMR (150.9 MHz, CDCI,): d = 215.1, 171.9, 165.2. 
152.4, 136.0, 119.4, 116.5, 76.0, 75.2. 70.0, 61.0, 60.7, 45.8. 42.5, 38.5, 36.3. 
34.3, 31.7, 31.4, 29.8.22.9.22.5. 19.0, 17.4,17.0, 15.9, 15.7, 10.6:FABHRMS 
(NBA): m/e = 506.2561. M + H +  calcd for C,,H,,NO,S 506.2576. 
61: R, = 0.50 (silica gel, 80% EtOAc in hexanes); [a];' = - 31.1 (c = 0.05. 
MeOH); IR (thin film): Cmax = 3463,2926, 1735, 1378. 1158 cm- ' ;  'H NMR 

5.45 (dd, J = 6 . 3 ,  S.OHz, 1H,  O=COCH ), 4.45 (br, IH),  3.74-3.68 (m, 
2H), 3.01 -2.95 (m, 1 H), 2.83 (dd, J = 16.3, 5.6 Hz. 1 H, CH,COO), 2.79 (dd, 
J = 6.3, 6.0 Hz, 1 H), 2.70 (s, 3H, N=C(CH,)S), 2.62 (dd, J = 16.3, 4.5 Hz, 
1H,  CH,COO). 2.39 (br, IH) ,  2.10 (s, 3H.  CH=C(CH,)), 2.10-1.94 (m, 
2H), 1.60-1.21 (m, IOH), 1.10-1.05 (m, 2H),  1.07 (d. J =  6.8Hz. 3H. 
CWCH,)), 0.94 (d, J=7.0 Hz. 3H,  CH(CH,)), 0.88-0.81 (m, 2H, 
C(CH,),); FAB HRMS (NBA): mje = 506.2576. M + H +  calcd for 
C,,H,,NO,S 506.2593. 

(600 MHz, CDC1,): 6 =7.00 ( s ,  3 H, SCH=C), 6.60 (s, 1 H, CH=CCH,). 

Chem Eur J 1997,3, No 12 0 WlLEY-VCH Verlag GmbH, D-69451 Weinhelm, 1997 0947-6539/97/0312-1985 $17 50+ 50/0 1985 



FULL PAPER K. C. Nicolaou et al. 

Epothilones 62 and 63-epoxidation of lactone 60: Compound 60 (10.0 mg, 
21 0 pmol) was epoxidized according to the procedure described above for 40 
to yield a mixture of (6R,7S)-4,4-cyclopropyl-epothilone B (62) (6.2 mg, 
6 0 % )  and its r-epoxy diastereoisomer 63 (2.8 mg, 29%). 
62. R, = 0.40 (silica gel, 60% EtOAc in hexanes); m.p. 143-145'C (from 
CH,CI,/hexanes); [ x ] A 2  = - 60.0 ( c  = 0.1. MeOH); IR (thin film): 

= 3450, 2929. 1736, 1671, 1451, 1379. 1240. 1155. 977, 7 3 2 c m - ' :  
'H  NMR (600 MHz. CDCI,): S = 6.97 ( s ,  1 H. SCH=C). 6.58 (s, 1 H. 
CW=CCH,),5.60(dd,J=4.1,3.1 Hz.lH,O=COCH),4.53(d,J=9.7Hz, 

3.54, (s, 1 H,  OH) .  2.90 (dd, J = 8.3, 4.5 Hz, 1 H). 2.70 (s, 3 H ,  N=C(CH,)S). 
2.S~(dd,J~14.9,10.2H~,1H,CH,COO),2.85(dd,J=14.8,1.6Hz, l H ,  
CHZCOO). 2.19 (dd, J =  5.0, 5.0Hz, 1 H) ,  2.16 (s, 3H,  CH=C(CH,)), 1.94 
(ddd,J=15.2,8.3,3.5Hz,1H,CH2CHO),1.73-1.23(m,7H).1.27(s,3H, 
C(CH,)), 1.10 (d. J = 7 . 0 H z ,  3H,  CH(CH,)), 1.08 (d, J = 6 . 8 H z ,  3 H ,  
CH(CH,)), 0.97-0.84 (m. 3 H .  C(CH,),), 0.78-0.70 (m, 1 H ,  C(CH,),); "C 
NMR (150.9 MHz, CDCI,): 5 = 218.1, 171.0, 165.2, 152.6, 135.5. 119.7, 
116.9. 76.4, 73.5. 68.5. 61.8, 60.9, 41.6, 39.4, 34.7. 34.5, 32.9, 32.6, 30.7. 21.6, 
19.7, 19.0. 16.1, 15.8, 15.7, 13.9, 10.7. 9.2; FAB HRMS (NBA): m/  
e = 506.2589. calcd for C,,H39N0,S (M+H' )  506.2576. 

63: R, = 0.37 (silica gel, 80%) EtOAc in hexanes); ' H N M R  (600 MHz, 

.I =7.5 Hz, 1 H,O=COCH).4.12(d.  J = 9.3 Hz, l H ) ,  3.66(m, 1H),3.5X(d, 
J -  9.0 Hz, l H ) ,  3.43 (s, 1 H, OH), 3.35 (a. 1 H .  OH). 2.88-2.79 (m, I H ) ,  

(d. J=16.1 Hz, 1 H, CH,COO). 2.10 (s, 3H, CH=C(CH,)),  2.10-1.84 (m, 
2 H ) ,  1.62-1.01 (m, 11H) ,  1.31 ( s ,  3H,  C(CH,)), 1.14 (d, / = 6 . 8 H z ,  3H,  
CH(CH,)). 1.03 (d, J = 6.7 Hz, 3 H ,  CH(CH,)), 0.75-0.70 (m, l H ,  
C(CH,),); "C N M R  (150.9 MHz, CDCI,): b = 218.5, 171.4, 165.2, 152.4, 
135.6, 120.1. 116.7, 76.8, 74.1. 69.8. 61.6, 60.4, 43.4. 39.3, 34.4, 34.2, 32.9, 
33.2, 32.2,31.6, 23.2,20.8, 19.0,17.1, 15.5. 15.3. 13.9.11.4, 10.9; FABHRMS 
(NBA): m / e  = 506.2583, M + H +  calcd for C,,H,,NO,S 506.2576. 

1 H) .4 .45(br3  l H ) ,  3 . 7 3 ( d . J =  9.1 Hz, 1 H ) ,  3 . 5 9 ( d d . J = 1 4 . 6 ,  7.5 Hz, I H ) ,  

CDCI,): 6 = 6.99 (s, 1 H ,  SCH=C), 6.53 (s, 1 H,  CH=CCH,) ,  5.75 (d,  

2 . 7 4 ( d d , J = 1 6 . 1 ,  5 . 7 H ~ ,  1H,  CH,COO). 2.70 (s, 3 H ,  N=C(CH,)S), 2.57 
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