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Total Synthesis of Swinholide A, Preswinholide A, and Hemiswinholide A

K. C. Nicolaou,* A. P. Patron, K. Ajito, P. K. Richter, H. Khatuya, P. Bertinato,
R. A. Miller, and M. J. Tomaszewski

Abstract: The total synthesis of swin-
holide A (1) has been accomplished via
key intermediate aldehyde 12 (Fig. 3),
whose construction started from L-rham-
nose (18), epoxide 21, and phenylsulfone
orthoester 22, and proceeded through
an Enders asymmetric alkylation
(16 +17 —»15), a Ghosez cyclization
(21 +22 - 20), and a Corey—Sharpless

coupling reaction (13 + 14 —12). Elabo-
ration of compound 12 along slightly dif-
ferent pathways culminated in the synthe-
sis of carboxylic acid 10 and hydroxy
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compound 11, whose union by an esterifi-
cation reaction, followed by ring closure
of the subsequently derived hydroxy acid
under Yamaguchi conditions, led to swin-
holide A (1) upon deprotection. The
chemistry developed also allowed the to-
tal synthesis of preswinholide A methyl
ester (7), preswinholide A (8), and
hemiswinholide A (78).

Introduction

Swinholide A (1, Fig. 1), the most prominent member of the
growing family of marine natural products, was originally iso-
lated by Carmely and Kashman from a Red Sea sponge
(Theonella swinhoei) as an antifungal agent but erroneously as-
signed a monomeric structure.!'*! The same compound was sub-
sequently isolated by Kitagawa’s group from an Okinawan
sponge and correctly assigned as structure 1, including absolute
stereochemistry, based on NMR spectroscopy and X-ray crys-
tallography.'”! Swinholides B (2) and C (3), isoswinholide A
(4),1! misakinolide A (bistheonellide A) (5),!*! and preswin-
holide A (8)'! were also isolated from sponges of the Theonella
genus. These compounds show a striking resemblance to scyto-
phycin C (6),1%! a natural product isolated from the terrestrial
blue-green algae Scytonema pseudohofmanni that exhibits both
antifungal and cytotoxic properties. This resemblance, plus the
presence of cyanobacteria in T. swinhoei,!*™ led to the reason-
able hypothesis that all members of this family of compounds
originate from cyanobacteria.!”? Recently, however, this pro-
posal has been challenged by Faulkner and his group,”'® who
demonstrated the association of swinholide A with unicellular
heterotrophic bacteria rather than cyanobacteria.

The strong cytotoxicity of swinholide A (in vitro I1C,, value
against KB and L 1210 tumor cells 0.04 and 0.03 pgmL ™', re-
spectively)!2-®! has been attributed to its ability to sequester
actin dimers and cause disruption of the actin cytoskeleton.!!
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The unusual “twisted saddle’ conformation suggested by Kita-
gawa (see Fig. 2), in which the hydrocarbon backbone of the
macrolide ring is directed towards the exterior of the *“‘saddle”
and the oxygen-containing functional groups are directed to-
wards the interior, may play a role in this binding.

The structure of swinholide A (1) is characterized by C2 sym-
metry, two conjugated diene systems, two trisubstituted tetrahy-
dropyran rings, two disubstituted dihydropyran systems and a
44-membered macrolide ring. A total of 30 stereogenic centers
are present on the carbon backbone in compound 1.12] These
novel structural features presented a formidable and attractive
synthetic challenge which assumed further importance on con-
sidering the natural scarcity and important biological properties
of swinholide A.1?®) Several groups have reported their work
towards the synthesis of 1,/1% ! with Paterson and his group at
Cambridge reporting the first total synthesis of swin-
holide A.I"2! The total synthesis of this target molecule was
undertaken in our laboratories!'*! in the early 1990s and was
completed in 1995. We now present a full account of this
work, which led to the syntheses of both swinholide A (1)
and pre-swinholide A (8), the presumed biosynthetic precur-
sor of 1.

Retrosynthetic Analysis and Strategy

The symmetrical nature of swinholide A’s structure points to
the rather daring idea of forming the 44-membered macrocyclic
ring by dimerization of a suitably functionalized derivative of
the corresponding hydroxy acid [e.g., an appropriate form of
preswinholide A (7)]. Of course, the stepwise version of this
approach would be safer and yet flexible enough to allow an
attempt at the direct route of dimerization.!'®! With these con-
siderations in mind we proceeded to disassemble 1 retrosynthet-
ically as outlined in Figure 3. Thus, appropriate protections
followed by a retromacrolactonization disconnection allowed
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1: swinholide A: R = R'= Me
2: swinholide B: R = H; R'= Me
3: swinholide C: R = Me; R'=H

6: scytophycin C

Fig. 1. Structures of swinholide A (1) and related compounds (2-8).

the generation of hydroxy acid 9 as a possible precursor.!'#)
Further disconnection at the ester linkage of 9, as indicated, led
to the two requisite units as slightly differentiated forms of
protected preswinholide, carboxylic acid 10, and hydroxy ester
11. Both 10 and 11 can be traced to a common precursor, alde-
hyde 12, by a retro Horner—Wadsworth—Emmons disconnec-
tion,!' ) as shown in Figure 3. At this stage, the idea of using the
Horner - Wadsworth-Emmons olefination reaction to con-
struct the macroyclic ring was viewed as a strong option,!'®)
adding to the flexibility of the designed plan.

After appropriate functional group manipulations, the key
intermediate 12 was then disconnected through the novel dithi-
ane anion—cyclic sulfate!* 7! coupling reaction developed by van
der Klein et al.!'®! but rarely used for complex molecules.!'®
Thus, the disconnection of the C 17— C 18 bond generated dithi-
ane 14 and cyclic sulfate 13 as the requisite building blocks. The
aldol reaction in its retro form!!®- 2% was then used to simplify
intermediates 14 and 13, giving rise to compounds 19 and 15,
respectively. Using the Enders method'?!! compound 15 can be
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5: bistheonellide A

4: isoswinholide A

OMe

OMe

7: preswinholide A methyl ester: R = Me
8: preswinholide A:R=H

traced sequentially to tetrahydropyran derivative 16 and hydra-
zone 17 (SAMP) and ultimately to L-rhamnose (18). Aldehyde
19, on the other hand, was connected to the a,f-unsaturated
enone 20 (by C-glycosidation chemistry),!22! whose origin could
be traced to epoxide 21 and phenylsulfone orthoester 22 by
Ghosez lactonization procedure,?* another powerful yet rarely
used synthetic reaction for complex molecule construction.

The retrosynthetic analysis discussed above led to a strategy
that has the advantages of convergency and requires only
readily available starting materials. It does, however, provide
challenges to certain reactions and tactics that have to
be tested experimentally. Below we discuss the execution of
this plan.

Total Synthesis

a. Construction of C18-C32 fragment (13): The synthesis of
cyclic sulfate 13, the requisite C 18—C 32 fragment, began with
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Fig. 2. Computer-generated molecular models of swinholide A showing the saddle-
like conformation of the molecule.

L-rhamnose (18) and proceeded as summarized in Scheme 1.
Peracetylation of 18 under standard conditions (Ac,0, Et;N,
4-DMAP) gave the tetraacetate 23 in 91 % yield. Allylation of
23 with allyltrimethylsilane in the presence of a mixture of
BF,-Et,0 and TMSOTS (10:1) in acetonitrile furnished com-
pound 24 as the major isomer (81 % yield),[*?! whose transester-
ification with methanolic NaOMe led quantitatively to the triol
25.122¢] Selective methylation of the C29 (swinholide number-
ing) hydroxyl group proceeded smoothly with the nBu,SnO/
CsF/Mel method!?# to afford compound 26 in 68 % yield. The
bisxanthate 27, formed upon exposure of 26 to NaH/CS,/Mel
and imidazole (cat.), was subjected to a Barton—-McCombie
deoxygenation!?®! [nBu,SnH/AIBN (cat.)] to afford tetrahy-
dropyran system 28[94 in 51 % overall yield. The allylpyran 28
thus obtained was converted to the primary iodide 16, employ-
ing a three-step two-pot procedure as follows: ozonolysis of 28
followed by NaBH, workup leading to alcohol 29 (87 % yield)
and subsequent conversion to iodide 16 by treatment with PPh,/
I,/imidazole (83% yield). Coupling of the anion of SAMP
hydrazone 17 (LDA, Et,0,—-78°C) with iodide 16
(—110 = 25°C) gave compound 30 in 93 % yield.!*") Ozonolytic
removal of the hydrazone group afforded the ketone 15, which
was ready to undergo an aldol condensation with aldehyde 36,
a compound easily obtained in enantiomericaily pure form and
in large quantities from allyl alcohol (31) by the following se-
quence: a) benzylation under standard NaH/PhCH,Br/
nBu,NI (cat.)/imidazole (cat.) conditions to afford 32 (90%
yield); b) ozonolysis of 32 to generate aldehyde 33 (84 % yield);
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¢) addition of the chiral reagent derived from cis-2-butene,
tBuOK, nBuLi, and (—)-B-methoxydiisopinocampheyl borane
and BF,-OEt, to aldehyde 33 at —78°C, followed by basic
H,0, workup to afford enantiomerically enriched hydroxy
olefin 34 (78% yield, only isomer detected by 'H NMR spec-
troscopy at 500 MHz);!*®! d) benzylation of 34 with KH/
PhCH,Br afforded 35 (85% yield); and e) ozonolytic genera-
tion (Ph,P) of aldehyde 36 (92% yield).

For the coupling of intermediates 15 and 36, the titanium
enolate of 15 was generated with TiCl,/Et;N and reacted with
36 to afford aldol 37 as the major product (3:1) in 68 % yield.!?°!
Next, the Evans— Hoveyda modification of the Tishchenko re-
duction'?" established the desired anti C21-C 23 diol with con-
commitant differentiation of the two alcohols, affording 38
(89% yield), which upon silylation with TBSOTf-2,6-lutidine
gave compound 39 in 86 % yield. Finally, hydrogenolysis of the
benzyl ethers in 39 (10% Pd/C, H,) resulted in the formation of
diol 40 (99 % yield), which was cleanly converted to the desired
cyclic sulfate 13 via sulfite 41 (two diastereoisomers by TLC) by
reaction with SOCI, in the presence of Et;N followed by oxida-
tion with NalO, and a catalytic amount of RuCl,-3H,0.0'7)

The relative stereochemistry of the C19, C21 and C23 stereo-
centers were next confirmed by the Rychnovsky!?®! and
Evans!?%® correlation method of '3C NMR chemical shifts
(Fig. 4). The syntheses of the requisite C21-C19 (62) and C23-
C 21 (57) acetonides are summarized in Scheme 2. Exposure of
benzoate 38 to Dibal-H reductively deprotected the C21 hy-
droxyl group, and treatment of the resulting diol with 2,2-
dimethoxypropane in the presence of a catalytic amount of CSA
provided the desired C23-C21 acetonide 57 in 90% vyield for
the two steps. The C21-C19 acetonide 62 was prepared by the
following five-step sequence: a) protection of the C23 alcohol;
b) reductive removal of the C21 benzoate with Dibal-H
(58 —+ 59); ¢) treatment with H, and 10% Pd/C cat. (59 — 60,
78 % yield from 58); d) selective protection of the C 18 primary
alcohol as a TBDPS ether with TBDPSCl/imidazole (60 — 61,
60% yield); and e) exposure to 2,2-dimethoxypropane and a
catalytic amount of CSA (61 — 62, 95% yield).

Figure 4 shows the observed !3C NMR chemical shifts for the
acetonides 57 and 62. The tendency for acetonides prepared
from anti 1,3-diols to adopt a twist-boat conformation as op-
posed to the chair conformation observed with 1,3-syn ace-
tonides results in characteristic differences in !*C NMR chemi-
cal shifts!?8) (see A, Fig. 4). As expected, the chemical shifts of
carbons C23-C21 (57) and C21-C19 (62) in the !3C NMR
spectrum were within the expected range for 1,3 related ace-
tonides, confirming the proposed relative stereochemistry for
stereocenters C19, C21 and C23.

b. Construction of the C3—C 17 segment (14): The synthesis of
the C3-C17 building block dithiane 14 proceeded from hy-
droxy methyl ester 42 as summarized in Scheme 3. Thus, 42 was
protected as a p-methoxybenzyl ether (43, 95% yield) by treat-
ment with p-methoxybenzyltrichloroacetimidate under acid
catalysis, and reduced with Dibal-H to afford aldehyde 44 in
85% yield. Compound 45 was obtained as the major isomer
(92% yield) upon addition of ( +)-Ipc,B(allyl) to aldehyde 44 in
THF at —100°C.1??! Compound 45 was converted regio- and
stereoselectively to the iodocarbonate 46 by sequential exposure
to nBuLi, CO,, and 1,.13% Upon treatment with methanolic
K,CO,, compound 46 underwent carbonate cleavage and sub-
sequent intramolecular iodide displacement to give exclusively
hydroxy epoxide 47 (52 % overall yield from 45) 139 which was
then methylated with NaH/Mel to afford compound 21 (91 %
yield). The expected 1,3-syn relationship of the epoxide oxygen
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Fig. 3. Retrosynthetic analysis of swinholide A (1).
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Me.3s10_OR b Me.310 4 f Ye.310 R Scheme 1. Synthesis of C18-C32 fragment 13. Reagents and
conditions: a) 7 equiv Ac,0, 8 equiv EtyN, 0.2 equiv 4-DMAP,

RO "“OR RO” Y "OR i CH,Cl, (0.4M), 0°C, 1 h, 91%; b) 2 equiv CH,=CHCH,TMS,
OR OR, OMe 2 equiv BF;-Et,0, 0.2 equiv TMSOTY, CH,CN (0.55M),0°C. 3 h,

- R = H: L- - R=R.= : R = CH= 81%; c) 0.1 equiv NaOMe, MeOH (0.5m), 25°C, 12 h, 100%;
a[ 1% R=b: L-rhomnose . :;'_ : = :’_ :c -] ;:_ : N gu-g:, d) 1.2 equiv nBu,SnO, CH,OH (0.25M), reflux. 4 h, concentrate.
) aC L] i Hy then 1.2equiv CsF. 1.5 equiv Mel, DMF (0.2m), 40°C. 12h,
o : 26: R=H; Ri=Me 16: R = CHyl 68%: ¢) 3equiv NaH, 4equiv CS,, 3.4 equiv Mel, 0.02 equiv

27: R = C(S)SCHj3; Ri= Me imidazole. THF (0.2M), 25°C, 2 h, 85%; ) 4 equiv nBu,SnH.

I 0.2 equiv AIBN, toluene (0.4Mm),110°C, 1 h,60%;8) O,.CH,Cl,

'_le (0.05M), MeOH (0.05M) until blue, then 2.5equiv NaBH,.

Me 310 - Me 310 —78°C, 87%; h) 3equiv I,. 3 equiv Ph,P, 3 equiv imidazole,

CH,Cl, (0.25M), 40°C, 2 h, 83%; i) 1.5 equiv SAMP hydrazone

- ° ome N 17, 1.5 equiv LDA, Et,0 (0.5m), —78°C, 3 h, then cool —110°C,

OMe N 1 equiv iodide 16, —78 +25°C, 12h, 93%: j) O,, CH,Cl,

(0.1m), till blue, —78°C, 97%; k) 1.2equiv NaH, 1 equiv

15 PhCH,Br, 0.02 equiv nBu,NI, 0.1 equiv imidazole, THF (1.0M),

p 0°C, 4h, 90%; 1) O,, CH,Cl, (0.1M), until blue, — 78 °C, then

Me 3 equiv Me,S, 84%; m) 1equiv KO/Bu, 2 equiv cis-2-butene,

H 1 equiv nBuLi, THF (0.5M), —78 —» — 55°C, then 1.2 equiv (—)-

XNOR m, X OR B-methoxydiisopinocampheylborane, 1.34 equiv BF,-Et,0, alde-

31:R=H;X=CH,
32: R =Bn; X = CHy

34:R=H; X=CHauo,
35: R=Bn; X = CH,

W

n,

310
o OH OBn

hyde 33, —78°C, 12 h, then 1.84 equiv NaOH, 1 equiv H,0,,
—78 = 67°C, 1 hreflux, 78%: n) 2 equiv PhCH,Br, 2 equivKH,
DMF (0.5M),0°C, 1 h, 85%; o) O;.CH,Cl, (0.05m), until blue,

33:R=Bn; X=0 36:R=Bn; X=0 —78°C, then 2.2 equiv Ph,P, 92%; p) 1.2 equiv TiCl,, 1 equiv

ketone 15, CH,Cl, (0.2Mm), 1.2 equiv Et;N, 1.1 equiv aldehyde 36,

—78°C, 8h, 68%; q) 5equiv benzaldehyde, 0.3 equiv Sml,,

ql THF (0.22M), ~10°C, 1 h,89%; 1) 1.5 equiv TBSOTT. 1.5 equiv

2.6-lutidine, CH,Cl, (0.5m), 25°C, 15 min, 86%; s) 0.05 equiv

Me Me Me Me Me Me 10% Pd/C, EtOH (0.25m), H,, 25°C, 2 days, 99%; t) 1.5 equiv

Moeto)/\/‘\l/'\zykl/\on m..wos SOCI, (6M in CH,CL,), 4 equiv Et,N, CH,Cl,, 0°C, 10 min;

i 2 u) 0.03equiv RuCl,, 4equiv NalO,, CCl:CH,CN:H,0

T TBSO OBz OR Y RO 0Bz OBn (2:2:3),0°C, 1.5h,95% (2 steps). THF = tetrahydrofuran; DM-

OMe OMe SO = dimethyl sulfoxide; Dibal-H = diisobutylaluminum hy-

40:RR=H r [: 38 R=H dride; SAMP = (§)-(—)-1-amino-2-methoxymethyl pyrrolidine;

t : a1: R, R= SO 39: R=TBS 4-DMAP = 4-dimethylaminopyridine; TBS = tert-butyldi-
ul: iinbiae methylsilyl; TMS = trimethylsilyl; Tf = SO,CF,.

13:R,R = SO,

and the C15 methoxy substituent was confirmed by direct com-
parison with epoxide 21 prepared by our previously reported
method.!! 3 The crucial Ghosez lactonization!?3) utilizing epox-
ide 21 and 3-phenylsulfonyl methyl orthopropionate (22) pro-
ceeded smoothly under sequential basic (nBuLi)-acidic
(H,S0,, TsOH)-basic (Et,N, DBU) conditions to afford a,p-
unsaturated lactone 20 in 92% yield. In this reaction, the sul-
fone-stabilized anion generated from 22 added regioselectively
to the terminus of epoxide 21 to form the C12-C13 bond,

A -
”, \X(R: 24.6 4 0.76 —= uo
100.6 + 0.25—>
°>(° 24.6 + 0.76 —» W
Me Me
B
Me
w. 0 T oal o 23.7 (25.8) ——» Me
: Y osn  101.0 _—
; °>(° 0Bn 25.8(23.7) —» Me
OMe Me Me
57
c
Mo e Mo H
e, 0 A~ 200(258) —=me . 2lp me
o & 5 Lo 1011 —_— N o
i e 25.8(24.0) —= M’ 0" 1§
OMe Me Me H OTBDPS
62
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generating an oxygen nucleophile and thence a §-lactone, which
underwent elimination of PhSO,H to form the desired product
20. Reduction of lactone 20 with 1.2 equiv of Dibal-H resulted
in the formation of lactol 48 (94 %, mixture of anomers) which
reacted quantitatively and stereoselectively with allyltrimethyl
silane??! in the presence of BF,-Et,0 to afford compound 49,
from which the p-methoxybenzyl group had been cleaved, ap-
parently under the acidic conditions employed. Reprotection of
49 as a benzoate (PhCOCI, Et,N, 97 % yield), followed by selec-

Me -«—19.4 3+ 0.21
“~*—- 98.1 + 0.83

Mo «——30.0+0.15
syn acetonide

Fig. 4. Assignment of the stereochemistry of interme-
diates §7 and 62 based on ')C chemical shifts.
A: Expected chemical shifts for anti and syn ace-
tonides. B: Chemical shifts observed for anti acetonide
57. C: Chemical shifts observed for anti acetonide 62.
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Me Me Me Me Me Me
Me. O A2 ab_Me. 0O L2
C Yo Ams T 2o
OH OBz OBn Bn OXO OBn Bn
OMe 38 OMe 57 Me Me
lc
Me Me Me Me Me Me
M H : 1 3 i
.. O ; o —2» m~.wq
. MEMO OR, OR; R, . MEMO oxo TBDPS
s 0 Me Me
OMe OMe 62

58: Ry= Bz; R,= R3=Bn
:% 89: R1= H; Rz: R:; Bn

60: R=Ry=R3=H
f0 61: Ry= Ry= H; Ry= TBDPS
Scheme 2. Synthesis of the acetonides 57 and 62. Reagents and conditions: a) 2.1 equiv Dibal-H, THF
(0.46M), —78°C, 2.5h, 95%: b) 15equiv 2,2-dimethoxypropane. 0.1 equiv CSA, acetone (0.37M),
2.5h.95%; ¢) 0.25 equiv 4-DMAP, 10 equiv iPr,NEt, 9 equiv MEMCI, CH,Cl, (0.3m), 25°C, 48 h,
90%: d) 2.1 equiv Dibal-H, PhCH; (0.2M), —78°C, 2 h; ¢) 0.1 equiv 10% Pd/C, H,. EtOH, 25°C,
24 h. 78 %, 2 steps; f) 2.4 equivimidazole, 1.2 equiv TBDPSCI, DMF (0.32M), 2.5 h, 60%: g) 15 equiv
2,2-dimethoxypropane. 0.1 equiv CSA, acetone (0.37m), 2.5 h, 95%.

(o]

(o] OH OJ\O
7 [+ 17 13 d 17
no’\HLx —_— PMBo’\/'\/\ —_— PMBO/M
Me Me Me 1
45 46

a— 92: R=H; X = OMe
b 43: R = PMB; X = OMe e
44:R=PMB; X=H OMe

Me \'OMe
PhSO;” " NoMe OR

PMBO_ 17 ; 130 X b4 o
H - PMBO
oMe L~ 9 Me

h - 20:X=0 47:R=H
Lo 48:X=OH,H {21 R=Me

i
Me Me Me
ZA3.OMe

ROz 13,0 9. X ROULA 13,09
OMe P OMe L OR, (o]

] 49:R=H; X=CH, 51:R=8Bz; R =H
k|:|—_:50:I=C=BZ;X=C.ZH2 ESZ:R:BZ;R,:TBS
19: R=Bz; X=0 Nl 53:R=H; R,=TBS
‘o

Me M

S a7~ 13,0 ""“MS q 7 A 13,0 9_,...\/\2\?1,0!00

(,m OTBS OR ){ ome L~ oT8S 0
§6:R=H

"L>1a:R=TBS
Scheme 3. Synthesis of C3-C17 fragment 14. Reagents and conditions: a) 1.5equiv p-MeO-
C¢H,CH,CO(NH)CCl,, 0.05 equiv CSA, CH,Cl, (0.67M), 25°C, 18 h, 95%; b) 1.2 equiv Dibal-H
(1™min totuene), CH,Cl, (0.15M), — 78 °C, 30 min, 85%:¢) 1 equiv ( —)-p-methoxydiisopinocampheyl-
borane, Et,0 (1M), 0.96 equiv allyl MgBr (1 M in Et,0), 0°C, 1 h, concentrate and remove salts, then
1 equiv aldehyde 44 (5M in Et,0), — 110°C, 3 h, then 1.84 equiv NaOH, 1 equiv H,0,. —78 = 67°C,
1 h, reflux, 92%; d) i) 1.2 equiv nBuLi (1.6M). THF (0.6M), —20°C, 1 h; ii) CO,, —20°C, 1.5h,
iii) 2.2equiv 1,, =205 0°C, 2h; e) 3equiv K,CO,, MeOH (0.15M), 4h, 0°C, 4steps, 52%;
f) 1.5 equiv NaH, 5 equiv Mel, THF (0.15M),0 » 25°C,2h.91%; g) 4 equiv methyl-3-phenylsulfonyl
orthopropionate (22), 16equiv DMPU, THF (0.33m). 4equiv nBuLi, —78°C, then epoxide
21, —78 - —20°C, 1 h, then 0°C, 18 h, then H,SO,, 0 — 25°C, 30 min then workup, resuspend in
CH,Cl, (0.33M), 0.38 equiv TsOH, 48 h, then 1.5equiv Et;N, 4 equiv DBU, —10°C, 2h, 92%;
h) 1.25equiv Dibal-H, CH,Cl, (0.05m), —78°C, 30min, 94%; i) 4equiv allyl TMS, 2equiv
BF;-Et,0. MeCN (0.5M). ~20°C, 1 h, 100%; j) 2 equiv BzCl, 4 equiv Et;N. CH,Cl, (0.14m), 25°C,
3h,97%:;k) 0.35 equiv OsO,, acetone:H,0 (4:1, 0.04M), 2.5 equiv NMO, then 1.27 equiv Pb(OAc),,
PhH (0.03Mm), 0°C. 66%; 1) 3 equiv 1 methoxy-1-trimethylsiloxy-2-methyl-1,3-butadiene, 1 equiv
TiCl,(OiPr),, PhCH,;. ~78°C. 5:1 (a:f). 75% (a); m) 3 equiv 2.6-lutidine, 1.25equiv TBSOTT,
CH,CI, (0.01 M), —78 = 25°C, 1 h, 96%: n) 1.11 equiv K,CO,, MeOH (0.05m), 25°C, 4 h, 100%;
o) Sequiv (COCIl),, 7equiv DMSO, CH,Cl, (0.1m),—78°C, 20 min, then 15equiv Et;N,
~78 +25°C, 92%; p) 5equiv 1.3-propanedithiol, 2 equiv TiCl,, CH,Cl, (0.03m), —78°C, 30 min,
85%:q) 3equivDibal-H, THF (0.05M), —~78°C,2.5h,96%;r) 4 equiv 2.6-lutidine, 2 equiv TBSOTT,
CH,CI, (0.033m), —78°C, 1 h, 92%. Ms = SO,CH;; CSA = camphorsulfonic acid; DMPU =1,3-
dimethyl-3.4.5,6-tetrahydro-2(1H)-pyrimidinone ; DBU = 1,8-diazabicyclo {5.4.0Jundec-7-ene.

54:X=0
PL 55: X = S(CHp):S
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tive cleavage of the terminal double bond 3! by
sequential treatment with N-methylmorpho-
line- N-oxide (NMMO) in the presence of a cat-
alytic amount of OsO, followed by Pb(OAc),
furnished aldehyde 19 (66 % overall yield). The
latter compound (19) reacted with 1-methoxy-1-
trimethylsiloxy-2-methyl-1,3-butadiene3?! and
TiCl,(iPrO), in toluene at —78 °C to yield .-
unsaturated ester 51 (75% yield)!'®) together
with a small amount of its C7 epimer. The as-
signment of the C 7 stereochemistry for the two
epimers was based on comparisons with the
NMR data of bistheonellide A monomeric
methyl ester (H-7:6 = 4.13m; C-7: 6 = 66.0 for
bistheomellide A monomer; H-7: 6 =3.9 m;
C-7: 6 = 65.8 for major diastereoisomer 51) and
by comparison with the data of a similar inter-
mediate reported by Paterson.!'®® The stereo-
chemistry of the C7 alcohol was also confirmed
by the successful completion of the total synthe-
sis of both preswinholide A (8), and swin-
holide A (1) (vide infra). Protection of the
hydroxyl group in 51 as a silyl ether with
TBSOT{-2,6-lutidine (96% yield) followed by
K,CO,/MeOH-induced removal of the ben-
zoate (100 % yield) led to the primary alcohol 53
via compound 52. Swern oxidation®¥! of 53
with oxalyl chloride gave aldehyde 54 in 92%
yield; this was then converted to the corre-
sponding dithiane 55 by treatment with 1,3-
propanedithiol and TiCl,** (85% yield).
Finally, Dibal-H reduction of the ester group in
55 followed by protection of the resulting alco-
hol with TBSOT{-2,6-lutidine furnished the
targeted C3—-C17 fragment 14 in 88 % overall
yield via alcohol 56.

¢. Coupling of intermediates 13 and 14 and syn-
thesis of preswinholide A : The coupling of cyclic
sulfate 13 with dithiane 14 was accomplished by
first generating the anion of 14 with /BulLi in
THF in the presence of HMPA at — 78 °C fol-
lowed by reaction with 13 to produce, after
acidic workup, coupling product 63 in 72%
yield (Scheme 4). Interestingly, when the epox-
ide!! 3% equivalent of 13 was used under similar
conditions, only trace amounts of hydroxy
dithiane 63 were obtained. Having successfully
performed the coupling reaction, the task of
converting the f-hydroxy dithiane to the corre-
sponding syn 1,3-diol was then undertaken.
While several of the standard protocols for un-
masking of the dithiane to the corresponding
ketone (for example, Hg salts, iodosobenzene,
diacetate or bistrifluoroacetate, NBS) either
failed or produced inconsistent yields of the de-
sired ketone, the use of NBS/AgClO,**) consis-
tently furnished ketone 64 in excellent yields
(90-94%). We then envisioned the formation
of syn 1,3-diol 65 by a chelation-controlled re-
duction. The use of NaBH, in the presence of
nBu,BOTf or BCl, in THF or THF/MeOH led
to a retroaldol reaction, while the utilization of
catecholborane or Zn(BH,), resulted in exclu-
sive formation of the desired syn 1,3-diol (65)
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: 63: X = SCH,CH,CH,S
cl: 2 2 2

dl:M: X=0
65: X = B-OH, a-H

OMe :66 R=TBS; Ry =Bz
67:R=TBS;Ry=H

9':68 R=Ry=H

H

: H ‘ H 3
TBSO OR; O oTBsS OR

OMe _:11:R=ME;R1=H
69:R=Ry=H
10: R = H; Ry = SiMey
OMe

Scheme 4. Construction of key intermediates 10 and 11. Reagents and conditions: a) 1.2 equiv BuLi (1M in
hexanes), 4.0 equiv HMPA, THF (0.25M), —78°C, 10 min; then 1.1 equiv 13 (0.125M in THF), — 78 °C, 10 min;
b) 2.0 equiv 10% aq. H,SO,, THF (0.2M), 25°C, 1 h, 72% (2 steps); ¢) 2.0 equiv NBS, 2.2 equiv AgClO,, 10%
aq. acetone (0.01mM), 0°C, 30s,91%;d) 1.1 equiv nBu,B (1M in THF), THF (0.01 M), 25°C, 2 h; then 2.2 equiv
NaBH,, —78°C, 8 h; then 30% H,0,, 10% aq. NaOH, 0°C, 3 h, 92%; ¢) 2.0 equiv p-MeO-C{H,CH(OMe),,
0.1 equiv CSA, CH,Cl, (0.02m), 0°C, 3 h, 93%; f} 2.0 equiv Dibal-H, CH,Cl, (0.03M), —78°C, 2.5h, 97%.
g) HF -pyr., pyr., CH,Cl, (0.01 ™), 0°C, 2 h, 90%; h) 10.0 equiv MnO,, CH,Cl, (0.01m). 25°C, 4 h, 95%;
i)} 20.0 equiv (MeO),P(O)CH,CO,Me, 15.0 equiv nBuLi (1.6M in hexanes), THF (0.005M), 0 —25°C, 18h,
97%,;j) excess NaOH, MeOH: THF:H,0 (3:2:2,0.004M), 25°C, 6 h, 92%, plus 6% recovered 11;k) 12.5 equiv
TMSOTT, 25 equiv iPr,NEt, CH,Cl, (0.017m), 0 - 25°C, 18 h, 89%. HMPA = hexamethylphosphoramide;
NBS = N-bromosuccinimide.

formation of the p-methoxybenzylidene
derivative 66 in 93 % yield. The syn rcla-
tionship of the C-O bonds at C,, and
C,, was established by 'H and '3C
NMR studies on 66. Specifically, only
one isomer of 66 was observed!®”! in
both spectra (chair conformation of
benzylidene ring). The benzoate and
terminal TBS groups were then removed
selectively from 66 by sequential treat-
ment with Dibal-H (97 %) and HF -pyr
(90% yield) leading to compound 68
via 67. A chemoselective oxidation of
the allylic alcohol in 68 with MnOQ,3®!
furnished the key a,f-unsaturated alde-
hyde 12 in 95% yield. Reaction of this
aldehyde (12) with the lithio derivative
of (MeO),P(O)CH,CO,Me generated
by the action of nBuLi in THF!4 !5
at 0 — 25°C, resulted in the formation
of the conjugated dienoate 11 in 97%
yield as a single geometrical isomer.
The methyl ester group in the latter
compound was hydrolyzed with
aqueous NaOH in MeOH, leading to
the hydroxy acid 69 (92 % yield), which
was then converted to the requisite
TMS derivative 10 by reaction with
TMSOTf and Hiinig's base (89%
yield).

Before discussing the coupling of the
two half units of swinholide A (1) and
the completion of its synthesis, it is ap-
propriate to describe the synthesis of
preswinholide A (8) and its methyl ester
(7). As shown in Scheme $, intermediate
11 was converted to 7 in 94% vyield by a
single operation employing aqueous HF
in MeCN, conditions that smoothly re-
moved both the TBS and the benzyli-
dene protecting groups. Saponification
of the methyl ester group in 7 with
aqueous NaOH in MeOH followed by
neutralization with saturated aqueous
NH,Cl solution led to preswinholide A
(8)in 97 % yield. The spectral data of the
synthetic 8 were identical to those re-
ported!?-3 for natural 8.

d. Coupling of preswinholide A units, cy-
clization reactions and completion of the
synthesis: As mentioned in the retrosyn-
thetic analysis section above, the
Horner-Wadsworth—Emmons  reac-
tion for the construction of the macro-
cyclic ring!'®! was an option to be ex-
plored. Thus, the diethylphosphono-
acetate 70 was prepared by coupling al-
cohol 67 with diethylphosphonoacetic
acid in the presence of DCC in CHC, in

but only in modest yields (50—60%). Finally we found that 72% yield (Scheme 6). However, the coupling of this phospho-
the use of nBu,B/air/NaBH,*®! consistently provided the de- nate with aldehyde 12 proved problematic. Thus all the condi-
sired compound 65 in excellent yield (92 %). The 1,3-diol system tions tried (e.g., iPrNEt,, iPrNEt,/LiCl, DBU, DBU/LICl,
in 65 was then protected with p-methoxybenzaldehyde di- LDA, tBuOK, K ,CO,/18-C-6) failed to produce anything but a
methylacetal and camphorsulfonic acid as a catalyst leading to trace of the desired olefinic coupling product. The similarly
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oTes
éMe
Me
Me., o ~
oH
OMe 7: preswinholide A methyl ester
Me
. Ao
OH
OMe 8: preswinholide A

Scheme 5. Synthesis of preswinholide A methyl ester (7) and preswinholide A (8). Reagents and
conditions: a) aq. HF, MeCN (0.0047m), 0°C, Sh, 94%; b) excess NaOH (0.67m), H,0,

MeOH (1:2, 0.0043m), 25°C, 4 h, 97%.

prepared aldehyde phosphonate 72 also failed to yield any
monomeric or dimeric macrolide product upon treatment with
a variety of basic conditions. We attribute these failures to
severe steric congestion at the phosphonate site of compounds
70 and 72. We then turned our attention to the esterification
approach.

The direct approach involving the dimerization of hydroxy
acid 69 was first attempted with the Yamaguchi protocol!!*<!
[2,4,6-Cl;(CH,)COCI, Et,N, 4-DMAP, PhMe, 0.0057M,
105°C, 12 h] but provided only the monomeric, 22-membered
macrolide (77) in 69% yield (Scheme 7). Deprotection of 77
with aqueous HF in MeCN furnished hemiswinholide A (78) in
quantitative yield. Several other methods and conditions were
tried but all resulted in similar outcomes with the desired dimer-
ic lactone being formed only in trace amounts. We therefore
focused our attention on a stepwise approach to form the swin-
holide A skeleton.

Coupling of carboxylic acid 10 (1 equiv) with alcohol 11
(1.25 equiv) assisted by the action of diisopropylcarbodiimide
(DIC)™**1 and 4-DMAP in concentrated chloroform solution
proceeded to afford ester 74, albeit in low yield (13 %). A major
by-product in this reaction was isolated and identified as the
acyl urea 79 (Scheme 7, 50% yield). The sterically congested
nature of the hydroxyl group in 11 apparently prevents it from
competing favorably with the rearrangement of the initially
formed adduct of the carboxylic acid with DIC (see Scheme 8).
The Yamaguchi protocol!*#<! was then employed for the cou-
pling of carboxylic acid 10 with alcohol 11. Thus, mixing 10
(1.0 equiv) and 11 (2.0 equiv) in toluene at 105 °C in the presence
of 2,4,6-Cl,(C,H,)COCI, Et,N, 4-DMAP for 12 h resulted in
the formation of coupling product 75 (46 %), which had lost its
TMS group. Selective hydrolysis of the methyl ester 7§ with
excess Ba(OH), -8 H,0!" 2! in methanol afforded the desired hy-
droxy acid 9 in 83 % yield. The latter compound was subjected
to macrolactonization by Yamaguchi’s protocol'* [2,4,6-

854 — © VCH Verlagsgesellschaft mbH, D-69451 Weinheim, 1996
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Cl,(C¢H,)COC], Et,;N, 4-DMAP, PhMe, 0.0005M,
110°C, 24 h] to form protected swinholide A (76) in
38% yield based on 75% conversion. Finally, re-
moval of all the protecting groups from 76 was
achieved with aqueous HF in acetonitrile, furnishing
swinholide A (1) in 60% yield.!"> 4% Synthetic 1 was
identical with an authentic sample of swinholide A (1)
by the usual criteria (TLC, HPLC, 'HNMR, 3C
NMR, IR, and ay).

Conclusion

A~¢®  The reported chemistry permits a convergent synthe-

ome Sis of swinholide A (1) and its relatives, preswin-
holide A methyl ester (7), preswinholide A (8), and
hemiswinholide A (78).1%%) The strategy demonstrates
the power of two relatively new synthetic methods for
C-C bond formation in total synthesis, namely the
Ghosez cyclization!?%) to form «,f-unsaturated é-lac-
tones from orthoester sulfones and epoxides, and the

A0  dithiane-stabilized anion opening of cyclic sul-

fates.''7- 181 Both methods performed well in this in-
stance and are expected to find further application in
complex situations. The difficulties associated with
esterification of the sterically hindered C,, swinholide
hydroxyl, however, leaves room for improvement in
this and other similar instances.

Experimental Procedure

General techniques: Melting points were determined on a Uni-Melt™ (Thomas
Scientific) apparatus and are uncorrected. NMR spectra were recorded on Bruker
AMX-500, AMX-400, AM-300, or AM-250 instruments with Me,Si or CHCI; (in
CDCl,) as internal standard: chemical shifts () are reported in parts per million,
and signals are quoted as s (singlet), d (doublet), t (triplet), q (quartet), m (multi-
plet), apt (apparent). br (broad), obs (obscured). IR spectra were recorded on
Nicolet 205, Perkin Elmer 1600 or Galaxy 2020 series FT-IR spectrophotometers.
Optical rotations were recorded with a Perkin Elmer 241 polarimeter. High-resolu-
tion mass spectra (HRMS) were recorded on a VG ZAB-ZSE mass spectrometer
under fast atom bombardment (FAB) or electrospray conditions at the Scripps
Research Institute.

All reactions were monitored by thin-layer chromatography (TLC), carried out on
250 pm Whatman silica gel plates (K6F-60 A) under UV light, p-anisaldehyde, or
7% ethanolic phosphomolybdic acid and heat (200°C) as developing agent.
E. Merck silica gel (60, particle size 0.040-0.063 mm) was used for flash column
chromatography. Dry THF and ethy! ether were distilled from sodium/benzophe-
none, methylene chloride was distilled from calcium hydride, and benzene and
toluene were distilled from sodium immediately prior to use. All reagents were
obtained from Aldrich Chemical Co. unless otherwise noted. Solvents used for
workup, chromatography, and recrystallizations were reagent grade from Fisher
Scientific and were used directly as received. All reactions were carried out under
argon atmosphere with freshly distilled solvents under anhydrous conditions, unless
otherwise noted. Yields refer to chromatographically and spectroscopically
('H NMR) homogenous materials, unless otherwise stated.

Preparation of tetraacetate 23: To a solution of L-rhamnose (18) (100 g, 0.549 mol)
in methylene chloride (1.35L, 0.4M) at 0°C were added 4-DMAP (13.5¢g,
0.109 mol), Et;N (612 mL, 4.39 mol), and (dropwise) acetic anhydride (365 mL,
3.84 mol). The reaction mixture was stirred for 1 h at 0°C and then quenched by
dropwise addition of 5% aqueous HCI at 0°C until reaching neutral pH. The
reaction mixture was then diluted with ether (2.0 L) and washed with water
(200 mL), saturated aq. NaHCO, (2 x 200 mL), and brine (200 mL). The combined
aqueous layers were extracted with ether (500 mL) and the combined organic ex-
tracts were dried (MgSO,) and concentrated. Purification by column chromatogra-
phy (silica gel, 50% ether in petroleum ether) yielded tetraacetate 23 (166 g, 91 %)
as a colorless amorphous solid. 23: R, = 0.25 and 0.33 (diastereoisomers) (silica gel,
50% ether in petroleum ether); [«]2® = —43.5 (c = 0.95, CDCl,); IR (KBr):
Vmas = 2984.7,2941.3, 1749.3, 1494.7, 1434.0, 1371.3, 1223.8, 1149.5, 1055.0, 975.0,
601.8cm™'; '"HNMR (500 MHz, CDCl,, major diastereoisomer): & = 6.01 (d.
J =2Hz, 1H, H-1), 5.47-5.05 (m, 3H, H-2, H-3, H-4), 3.96-3.91 (m, 1H, H-5),
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Et0 70: X = H, OTBS
OMe 72: X=0

71:X=H, OTBS; R=H
73: X = O; R = COCH,P(O)OEt),

Scheme 6. Attempts to couple the preswinholide A units by the Horner - Wadsworth— Emmons

0°C. The resulting mixture was then diluted with ethyl acetate (1 L) and
washed with water (2 x 500 mL) and brine (250 mL). The aqueous layer
was extracted with ethy] acetate (1 L), and the combined organic extracts
were washed with brine (1 x 100 mL), dried (MgSO,). and concentrated
in vacuo. Purification by flash column chromatography (silica gel. 30%
ether in petroleum ether) gave the C-glycosylated triacetate 24 (157 g,
81%) as a white foam. 24: R, = 0.21 (silica gel, 30% diethyl ether in
petroleum ether); [«)3*= —74 (c=1.00, CHCl,); IR (KBr):
Vmax = 3637.5, 3078.2, 2982.7, 2940.3, 1745.5, 1643.3, 1435.0, 1372.3,
1227.6, 1116.7, 1052.1, 929.6, 762.8. 600.8. 491.8cm™!; 'HNMR
(500 MHz, CDCl;. 9:1 a/f diastereoisomers): 6 = 5.78~5.67 (m. 1 H,
H-2), 5.19-5.15 (m, 2H, H-1, cis/trans), 5.12-4.96 (m, 3H, H-5, H-6,
H-7), 3.93-3.89 (m, 1 H, H-8). 3.75-3.70 (m, 1 H, H-4), 2.53-2.47 (m,
1H,H-3),2.39-2.34(m, 1 H, H-3), 2.08 (s, 3H, OAc), 2.01 (s, 3H, OAc).
1.96 (s, 3H, OAc), 1.19 (d. 6.5Hz, 3H, H-9); '*C NMR (125 MHz,
CDCl,): 6 =170.1-169.7 (3 carbons), 132.7, 118.0, 74.2, 71.3, 70.2, 63.8,
68.0, 33.4, 20.8-20.5 (3 carbons), 17.4; HRMS (FAB): caled for
C,sH,50, (M +H") 315.1444, found 315.1456.

Preparation of triol 25: A solution of triacetate 24 (137 g, 0.436 mol) in
methanol (850 mL, 0.5M), was treated with NaOMe (2.4 g) and stirred at
25°C for 24 h. The reaction mixture was then concentrated and purified
by column chromatography (silica gel, 5% MeOH in ethyl acetate) to
give pure triol 25 (82.0 g. 100%) as a white foam. 25: R, = 0.45 (silica
gel, 10% methanol in ethyl acetate); [a]3® = —1.6 (¢ =1.60, CHCl,); IR
(KBr): ¥, = 3395.5, 2977.9, 2933.6, 2359.8, 1643.3, 1416.6, 1062.7,
981.7,917.1, 825.5, 779.2, 668.3, 535.2cm ~'; 'H NMR (500 MHz, CD-
Cly) (3:1 mixture of rotamers): § = 5.78-5.70 (m, 1 H, H-2), 5.13-5.05
(m, 2H. H-1), 4.85-4.35 (brs, 3H, OH). 3.95-3.72 (m, 2H, H-8. H-4),
3.52-3.22 (m, 3H. H-5, H-6, H-7), 2.51-2.23 (m, 2H, H-3), 1.26 (d,
J = 5.0 Hz, 3H, H-9); '*C NMR (125 MHz, CDCl,): § =134.0, 117.5,
76.6,76.1, 72.9, 71.4, 69.2, 33.3, 17.9; HRMS (FAB): caled C4H,O,Na
(M +Na*) 211.0946, found 211.0938.

Preparation of diol 26: Triol 25 (82.0 g, 0.436 mol) was azeotroped with
benzene (2 x 100 mL) and dried overnight under vacuum over P,O,. A
mixture of dry 25, nBu,SnO (130 g, 0.523 mol), and dry methanol
(1.75 L, 0.25 M) were heated under reflux until the solution became clear
and homogeneous (4 h). The solvent was then removed in vacuo to give
a foamy white tin complex which was azeotroped with benzene
(2 x 100 mL) and dried overnight under vacuum over P,O,. Anhydrous
DMF (2.18 L, 0.2M) was added to redissolve the tin complex and then
CsF (80 g, 0.523 mol) and methyl iodide (41 mL, 0.654 mol) were added
and the mixture was heated at 40°C for 16 h. The clear solution was
partially distilled under vacuum (3.3 mmHg. 75-100°C) to approxi-
mately one fifth of its original volume and diluted with ethyl acetate
(2L). The solution was then washed with water (2 x 100 mL) and the
aqueous layer was extracted with ethyl acetate (3 x 500 mL). The com-
bined organic extracts were dried over MgSO, and concentrated. Purifi-
cation by column chromatography (silica gel, 25% ethyl acetate in
petroleum ether) yielded the methylated diol 26 (59.0 g, 68 %) as a yellow
oil. 26: R, = 0.28 (silica gel, ethyl acetate); [a)3* = — 5.3 (¢ =1.00,
CHCl,); IR (KBr): ¥, = 3395.5, 3078.2, 2977.0, 2934.5, 2833.3, 2359.8,
1833.3, 1642.3, 1448.5, 1382.9, 1240.2, 1106.1, 1071.4, 984.6. 915.2,
825.5, 771.3, 656.7, 561.3, 487.0cm™'; 'THNMR (500 MHz, CDCl,):
6 = 5.76(dddd, J =17.0,10.0, 7.5, 7.0 Hz, 1 H, H-2), 5.08 (ddd, J =17.0,
3.0, 1.5 Hz, 1 H, H-1 cis), 5.06 (dd, J =10.0, 3.0 Hz, { H, H-1 trans), 3.98
(dd. J =7.0,2.5Hz, 1 H, H-4), 3.94(dq, J = 9.0, 5.5 Hz, 1 H, H-8), 3.53
(dd, J = 9.0,8.5Hz. 1H, H-7), 3.52 (dd, J = 3.0, 2.5 Hz, 1H, H-5),3.43
(s. 3H. C6-0OCH,;), 3.30 (dd, J = 8.5, 3.0 Hz, 1H, H-6), 2.44 (ddd,
J=14.5,7.0, 1.5 Hz, 1H, H-3a), 2.28 (ddd, J =14.5, 7.5, 7.0 Hz, 1H,
H-3b), 1.26 (d. J = 5.5 Hz, 3H, H-9); '3C NMR (125 MHz, CDCl,):
6 =133.9, 117.2, 81.4, 76.0, 71.4, 69.2, 67.0, 56.9, 33.6, 17.8; HRMS
(FAB): calcd for C,,H,,0, (M +H™) 203.1283, found 203.1274.

reaction. Reagents and conditions: a) 5.0equiv DCC, 1.0 equiv 4DMAP, 5.0 equiv di-

ethylphosphonoacetic acid, CHCl,, 25°C, 18 h, 65% —72%.

2.12(s. 3H, OAc), 2.15 (s, 3H, OAc), 2.06 (s, 3H, OAc), 2.00(s, 3H, OAc), 1.23 (d,
J = 6.5 Hz, 3H, H-6); '3C NMR (125 MHz, CDCl,): § =170.0-168.3 (4 carbons).
90.5, 70.3, 68.6, 68.5, 68.4, 20.6 (4 carbons), 17.3; HRMS (FAB): calcd for
C,.H;00,Na (M +Na*) 355.1005, found 355.0990.

Preparation of allyl triacetate 24: Tetraacetate 23 was azeotroped with benzene
(2% 100 mL) and dried under vacuum (0.10 mmHg) overnight with P,O5. To a
solution of dry tetraacetate 23 (166 g, 0.50 mol) and allyl trimethylsilane (159 mL,
1.0 mol) in CH;CN (910 mL, 0.55M) at 0°C were added BF,-Et,0 (123mL,
1.0 mol) and TMSOTF (19 mL, 0.10 mol) sequentially, and the reaction was moni-
tored by TLC (3 h; the reaction took considerably longer if conditions were not
completely anhydrous). The reaction mixture was diluted with ether (1 L) and
slowly quenched by dropwise addition of saturated aqueous NaHCO, (500 mL) at
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Preparation of bisxanthate 27: To a solution of diol 26 (59 g, 0.292 mol)

in freshly distilled THF (1.46 L, 0.20M) at 0°C were added imidazole

(0.40 g, 5.8 mmol) and sodium hydride (35 g, 0.876 mol, 60 % dispersion
in mineral oil). The mixture was stirred for 30 min at 0°C and then for 1 h at room
temperature. The reaction mixture was recooled to 0°C, treated with carbon disul-
fide (70 mL, 1.168 mol), and stirred for 1 h. Methyl iodide (62 mL, 0.99 mol) was
then added and the mixture was stirred for an additional 1 h. Saturated aqueous
NH,C1(250 mL) was added dropwise to quench the reaction mixture at 0°C and the
mixture was then diluted with ethyl acetate (2 L), washed with water (2 x 250 mL)
and brine (250 mL), dried (MgSO,). and concentrated. Purification by flash column
chromatography (silica gel. § —+10% ether in petroleum ether) yielded the bisxan-
thate 27 (95 g. 85%) as a yellowish crystalline solid (mp 96 °C; ether:petroleum
ether) which was used directly in the next step without further purification. 27:
R, =0.44 (silica gel, 10% ether in petroleum ether); [a]3* = —38.3 (c = 2.5,
CHCl,); IR (KBr): ¥,,, = 3075.3, 2979.8, 2933.6, 2834.2, 1642.3, 14234, 1376.1,
1296.1, 1212.2, 1161.1, 1069.5, 972.1, 920.0, 830.3, 694.3, 541.0, 455.2cm™!;
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79 OMe 1: swinholide A 78: hemiswinholide A

Scheme 7. Final stages of the synthesis. Reagents and conditions: a) 3.0 equiv DIC, 1.0 equiv 4-DMAP, CHCI, (0.73M), 37°C, 24 h, 13%; b) 0.5 equiv PPTS,
CHCI;:MeOH (2:1, 0.0023M), 25°C, 80%; c) excess Ba(OH),-8H,0, MeOH (0.0021m), 25°C, 96 h, 83%; d) 15.0 equiv 2.4,6-C1,(C4H,)COCI, 18.0 equiv Et,N, PhMe
(0.0049Mm), 25°C, 2 h; then add 1.65 equiv DMAP, PhMe (0.001 M), 110°C, 24 h, 38 %, based on 75% conversion; e) aq. HF, MeCN (0.0018 M), 0°C, 2 h, 60% for 1
(quantitative for 78). DIC = diisopropy! carbodiimide; PPTS = pyridinium p-toluenesulfonate.
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Scheme 8. Formation of dimer 74 and acy! urea 79.

'HNMR (500 MHz, CDCl,): 6 = 5.93 (dd, J = 6.5, 3.0 Hz, 1 H, H-5), 5.90 (dd.
J=6.5.55Hz, 1H, H-7), 5.81 (dddd, J =17.0. 10.0, 7.5, 7.0 Hz, 1H, H-2), 5.14
(ddd, J =17.0. 3.0, 1.5 Hz, 1 H, H-1 cis), 5.12 (dd, J =10.0, 3.0 Hz, 1 H, H-1 trans).
4.25 (brt, J = 6.5 Hz, 1H, H-4), 4.03 (qd. /=7.0, 5.5Hz, 1H. H-8), 3.94 (dd.
J =6.5,3.0Hz 1H, H-6). 3.41 (s. 3H. C6-0OCH,). 2.60 (s. 3H. SCH;), 2.59 (s.
3H, SCH,). 2.42 (brd, J = 6.5 Hz, 2H. H-3). 1.36 (d. / =7.0 Hz, 3H, H-9); *C
NMR (125 MHz, CDCl,): 6 = 215.3 (2 carbons), 133.2, 117.7, 80.7, 78.8, 76.1,
70.0. 69.5. 58.7. 34.5, 19.1, 18.9, 16.8; HRMS (FAB): caled for CH,,0,S,
(M +H") 383.0479, found 383.0492.

Preparation of allyl pyran 28: To a solution of bisxanthate 27 (47.5 g. 0.124 mol) in
refluxing toluene (311 mL, 0.4m), nBu,SnH (134 mL, 0.497 mol) was added slowly
over 5 min. Then a solution of AIBN (2.0 g, 0.0124 mol. in 10 mL dry toluene) was
added slowly over § min, and refluxing was continued for 30 min. A second portion
of AIBN (2.0 g, 0.0124 mol, in 10 mL dry toluene) was added (if the reaction was
incomplete) and the reaction mixture was allowed to reflux for an additional 0.5 h
at 110°C. The solvent was removed by distillation under reduced pressure
(3.3 mmHg), and the reaction mixture was purified by column chromatography
(silica gel. 2 — 5% ethyl acetate in petroleum ether). The product was obtained as
a pale yellow oil (12.5g, 60%). 28: R, = 0.24 (silica gel. 5% ethyl acetate in
petroleum ether); [«]3* = — 47.6 (c = 0.54, CHCl,); IR (KBr): ¥,,, = 3076.3,
2973.1, 2930.7, 2859.3, 2824.6. 1769.6, 1642.3, 1486.1. 1448.5, 1380.0, 1349.1,
1225.7, 1199.7, 1154.3, 1110.0, 1057.9, 1021.2, 913.2, 811.0, 671.2, 477.4cm™';
'H NMR (500 MHz, CDCly): 6 = 5.78 (dddd. J =17.0, 10.0, 7.0, 7.0 Hz, 1 H, H-2),
5.07 (ddt, J =17.0, 3.0, 1.5 Hz, 1 H, H-1 cis), 5.05 (dd. J =10.0, 3.0 Hz, 1 H, H-1
trans), 4.08 (dddd, J =7.5, 7.5, 5.5, 2.5 Hz, 1H, H-4), 3.75 (qdd. J = 6.0, 3.0, 2.5,
1H, H-8), 3.52 (dddd. J =10.0, 10.0. 4.5, 4.5, 1H, H-6), 3.32 (s. 3H, C6-OCHj,),
2.45(dddd. J =14.5,7.5,7.0, 1.5 Hz. 1 H,H-3), 2.21 (ddd. J =14.5.7.5. 7.0 Hz. 1 H,
H-3), 1.97 (dddd. 12.5. 4.5, 2.5, 2.0 Hz. 1H. H-7eq), 1.86 (dddd. 12.5, 4.5, 2.5,
2.0Hz. 1H, H-5eq), 1.54 (ddd. J =12.5.10.0. 5.5 Hz, 1H. H-5ax). 1.21 (ddd.
J =125, 10.0, 3.0 Hz, 1H, H-7ax), 1.20 (d. J = 6.0 Hz, 3H. H-9); '>)C NMR
(125 MHz, CDCl,): 6 =135.0, 116.7. 72.9. 71.4, 65.0. 55.2. 38.4, 36.6. 33.6, 21.6;
HRMS (FABY): calcd for C,,H,,0,Na (M +Na*) 193.1205, found 193.1217.

Preparation of alcohol 29: Ozone was bubbled into a clear solution of olefin 28
(15.0 g, 0.0882 mol) in MeOH (882 mL, 0.1m) and methylene chloride (882 mL,
0.1M) at —78°C. The solution turned light blue-green upon completion (10-
20 min}). At that point the ozonizer was turned off and oxygen was bubbled through
the solution until the blue color dissipated. Sodium borohydride (8.3 g, 0.221 mol)
was added at — 78 °C in 2 portions. and the reaction mixture was gradually warmed
to room temperature while stirred over a period of 7 h. The solvent was then
evaporated and the product was purified by column chromatography (silica gel,
50 -100% ethyl acetate in petroleum ether). Compound 29 was obtained as a
yellow oil (13.3 g, 87%). 29: R, = 0.41 (silica gel. ethyl acetate): [«]3° = — 37.7
(¢ = 2.5, CHCly); IR (KBr): ¥,,, = 3418.6, 2967.3. 2940.3, 2879.6, 2828 4. 2663.5.
1655.8, 1452.3, 1381.9,1292.2, 1199.7, 1154.3, 1100.3. 1058.9, 1029.0. 975.9, 936 4,
907.6, 830.3, 664.4, 542.0, 457.1 cm™'; '"HNMR (500 MHz, CDCl,): § = 4.22
(dddd, J = 8.0,5.5,5.0,4.0 Hz, 1 H, H-3), 3.80(qdd. J = 6.5.3.5,3.0 Hz, 1 H, H-7),
3.72 (dddd, J =155, 11.0, 6.0, 5.0 Hz, 2H. H-1), 3.50 (dddd, J = 9.5, 9.25, 5.0,
4.5Hz, tH, H-5), 3.30 (s, 3H. C5-OCH;). 2.79 (dd. J = 6.0, 5.0 Hz, 1H, OH),
2.02 (dddd, J =17.5, 11.0, 7.0, 5.5 Hz, 1H, H-2), 1.94 (dddd, J =12.5, 4.5, 3.0,
1.5 Hz, 1H, H-6eq). 1.77 (dddd, J =13.0, 4.0. 4.0, 1.5 Hz. 1 H, H-4eq). 1.60 (ddd.
J=95,13.0.5.5Hz, 1 H, H-4ax). 1.49 (dddd. J =17.5.6.5.5.5. 40 Hz. 1 H, H-2).
1.21 (ddd, J =12.5, 10.0, 3.0 Hz, 1 H. H-6ax), 1.20 (d. J = 6.5 Hz, 3H, H-8); '*C
NMR (125 MHz, CDCl,): 6 =72.9, 70.48, 65.4, 61.1, 55.3, 37.6, 35.1, 33.9. 21.3;
HRMS (FAB): caled for C,H,,0,Na (M +Na*) 197.1154, found 197.1162.

Preparation of iodide 16: A solution of alcohol 29 (18.40 g, 0.105 mol) in methylene
chloride (430 mL, 0.25m) was cooled to 0°C and treated with imidazole (21.6 g,
0.317 mol). triphenylphosphine (83.1 g, 0.317 mole), and iodine (80.85g,
0.317 mol). The reaction mixture was then heated at 40 °C for 2 h, then cooled to
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0°C and quenched by adding a mixture of saturated aqueous NaHSO, (200 mL)
and Na,$,0, (200 mL) (vigorously stirring for 1 h at room temperature). The
mixture was then extracted with methylene chloride (3 x 200 mL), and the combined
organic extracts were washed with water (100 mL) and brine (100 mL), dried (Mg-
SO,). and concentrated. Purification by column chromatography (silica gel, 10%
ether in petroleum ether) afforded pure iodide 16 (24.98 g, 83%) as a yellow oil. 16:
R, = 0.48 (silica gel, 30% ether in petroleum cther); [a]3® = — 50.5 (¢ =1.98.
CHCl,): IR (KBr): ¥,,, = 2969.2, 2931.6, 2859.3. 2822.7, 1450.4, 1380.0. 1354.0,
1244.0. 1199.7, 1153.4, 1099.4, 1082.0, 1021.3, 975.0. 856.3. 812.0. 750.3, 661.6,
488.9cm ™ '; "H NMR (500 MHz, CDCl,): é = 4.06 (dddd. J = 8.0, 8.0.5.0, 3.5 Hz,
1H, H-3). 3.63 (qdd. J = 6.0, 4.0, 3.5 Hz. 1H. H-7), 3.43 (dddd. J = 9.5, 9.5, 5.0,
4.0 Hz. 1 H, H-5). 3.28, (s. 3H. C5-0OCHj,). 3.21-3.16 (m, 1 H, H-1a), 3.15-3.10
(m. 1H. H-1b), 2.23 (dddd. J =18.0, 9.5, 8.0. 8.0 Hz, t H, H-2a), 1.92 (dddd,
J=12.5.4.0. 3.5, 1.5Hz 1H, H-6eq), 1.78 (dddd. J =18.0, 8.0, 8.0, 5.0 Hz, 1 H,
H-2b). 1.72 (dddd. J = 13.0. 5.0, 3.5, 1.5 Hz, 1 H, H-4¢q). 1.57 (ddd. J =13.0,9.5.
5.0Hz, 1H, H-4ax), 1.17 (ddd. J=12.5, 9.5, 4.0Hz. 1H, H-6ax). 1.18 (d.
J =6.0Hz, 3H. H-8); '>C NMR (125 MHz, CDCl,): § =73.0. 71.3, 65.1, 55.3.
38.0. 35.9, 34.4, 21.5. 2.1; HRMS (FAB): caled for CoH,,0,1 (M +H™*) 285.0352,
found 285.0350.

Preparation of ketone 15: To a solution of freshly distilled diisopropylamine at 0°C
(4.7mL, 0.034 mol) in ether (113.0mL, 0.20M) was added dropwise nBuLi
(13.5 mL. 2.5M solution in hexanes, 0.034 mol). Stirring was continued for 10 min
and a solution of 3-pentanone-SAMP hydrazone (17) (6.7 g, 0.034 mol) in ether
(10 mL) was added to the stirred mixture over a period of 5min. Stirring was
continued for 4 h at 0°C. while the lithiated hydrazone precipitated. The reaction
mixture was then cooled to — 110°C. and iodide 16 (6.4 g, 0.023 mol) was added
dropwise in a minimal amount of ether (15 mL). The mixture was allowed to reach
room temperature with stirring over a period of 12 h, and then poured into a 6:1
mixture of ether (350 mL) and water (55 mL). The layers were separated. and the
aqueous layer was extracted with ether (2 x 50 mL). The combined organic layers
were washed with water (2 x 10 mL), dried (MgSO,). and concentrated. Purifica-
tion by column chromatography (silica gel. 10% ether in petroleum ether) afforded
hydrazone 30 (7.58 g. 93%) as a yellow oil. Hydrazone 30 was then subjected to
ozonolysis in methylene chloride (1.2 L) at — 78 °C (until the reaction color turned
blue-green and TLC showed complete disappearance of the hydrazone). The mix-
ture was allowed to warm to room temperature while a stream of argon was bubbled
through the solution and then concentrated and purified by column chromatogra-
phy (silica gel. 10% ether in petroleum ether) to give ketone 15 (5.30 g. 97%) as a
yellow oil. (Caution! The nitrosoamine formed after ozonolysis may be carcinogenic).
15: R, = 0.74 (silica gel. 40% cther in petroleum ether); [¢]3° = — 26.8 (¢ =1.33,
CHCl,); IR (KBr): ¥,,,, = 3666.5, 3517.0, 3401.3, 2970.2, 2937.4, 2877.6, 2661.6,
2358.8.1711.7, 1460.0, 1379.0, 1260.4, 1198.7, 1154.3, 1104.2, 1083.0. 1027.0, 954.7,
803.3. 667.3, 517.9cm~!; 'HNMR (500 MHz, CDCly): § = 3.92 (dddd. J = 9.0,
9.0.5.5,2.5Hz. 1H. H-7), 3.63 (qdd. J = 6.5, 3.5, 2.5 Hz, 1 H, H-11). 3.45 (dddd.
J =10.5,10.0. 4.5, 4.0 Hz. 1H. H-9). 3.29 (s, 3H. C9-0OCHj,), 2.52 (qdd. J = 6.5,
6.5.7.0 Hz, 1H, H-4)., 2.48-2.37 (m, 2H, H-2a, H-2b), 1.92 (dddd., J =12.5. 4.5,
2.5,2.0 Hz, 1H, H-10eq). 1.76 (dddd. J =13.0. 4.0. 2.5. 2.0 Hz. 1 H, H-8eq). 1.65-
1.57 (m, 2H, H-5a, H-6a). 1.53 (ddd. J =13.0, 10.5, 5.5 Hz, 1 H, H-8 ax). 1.45-1.39
(m. 1H. H-5b), 1.29-1.20 (m, 1 H, H-6b). 1.15 (ddd. J =12.5, 10.0, 3.5 Hz, 1 H,
H-10ax). 1.16 (d. J = 6.5 Hz, 3H, H-12), 1.05 (d, J = 7.0 Hz, 3H. C4-CH;), 1.00
(t.J =7.5 Hz, 3H, H-1); '*C NMR (125 MHz, CDCl;): 6 = 215.0.72.9. 71.7. 64.6,
55.2, 45.5, 38.4, 34.6, 34.0, 29.3. 29.1, 21.6. 16.3, 7.6. HRMS (FAB): calcd for
C,.H,,0; (M +H") 243.1960, found 243.1960.

Preparation of 3-pentanone SAMP hydrazone (17): To a flask charged with (S)-( —)-
1-amino-2-methoxymethylpyrrolidine (SAMP. 6.0 g. 46.1 mmol) was added freshly
distilled 3-pentanone (5.9 mL. 55.8 mmol), and the mixture was warmed to 60 C
and stirred for 16 h. The crude product was diluted with ether (400 mL) and washed
with water (50 mL). The organic layer was separated. dried over MgSO,. and
concentrated. Purification by distillation (43-48°C, 0.05mmHg: 70-75"C,
0.5 mmHeg) yielded 7.49 g (82 %) of 3-pentanone SAMP hydrazone (17) as a clear
yellow oil. 17: R, = 0.50 (silica gel. 45% ether in petroleum ether); [¢]3® = + 297.0
(¢ =1.0, CHCl,): IR (film): ¥,,, =1645cm™'; '"HNMR (CDCl,, 500 MHz):
4 =1.06 (1. 3H. J =7.7Hz. CH,CH,). 1.08 (t, 3H. J =7.5 Hz, CH,CH,). 3.34 (s,
3H. OCH,;). For more data see ref. [21].

Preparation of allyl benzylether (32): To a solution of allyl alcohol (31) (100 mL.
1.47 mol) in THF (1.22 L, 1.0m) at 0 °C were added imidazole (8.34 g. 0.122 mol)
and sodium hydride (73.5 g, 1.84 mol) in small portions. After the mixture had been
stirred at 0°C for 1 h, benzyl bromide was introduced (146.0 mL. 1.22 mol}, fol-
lowed by nBu, NI (9.10 g. 0.025 mol). After 4 h the reaction mixture was quenched
with water (200 mL) and diluted with ether (1.5 L), and the layers were separated.
The organic phase was sequentially washed with saturated aqueous NH,Cl
(300 mL), water (300 mL), and brine (100 mL). and dried (MgSO,). Purification by
distillation (65-75°C, 3.3 mmHg) yielded 32 (163.0 g. 90%) as a clear oil. 32:
R, = 0.53 (silica gel, 5 % ethyl acetate in petroleum ether); IR (KBr): ¥,,, = 3083.0,
3065.7, 3030.0, 2924.9, 2854.5, 1646.2, 1495.7, 1453.3, 1348.2, 1290.3, 1203.5,
1090.7, 1013.6, 923.8, 736.8. 697.2, 656.7, 595.0, 463.9 cm™'; 'H NMR (500 MHz,
CDCl,): 6 =7.38-7.37 (m, SH, ArH), 5.98 (dtd, J =17.5, 10.5, 5.5 Hz. 1 H, H-2),
5.34(ddd.J =17.5.3.0, 1.5 Hz. 1 H, H-1 trans), 5.23(ddd. 7 =10.5.3.0,1.5 Hz. 1 H,
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H-1 cis), 4.55 (s, 2H, CH,~-Ph), 4.06 (ddd, J = 5.5, 1.5, 1.5 Hz, 2H, H-3a, H-3b);
3C NMR (125MHz. CDCly): 6 =138.2, 134.6, 128.3 (2carbons), 127.5
(3 carbons), 117.1, 72.0, 71.0; HRMS (FAB): caled for C,,H,;O (M +H")
149.0966. found 149.0970.

Preparation of benzyloxyacetaldehyde (33): Through a solution of olefin 32 (10.0 g,
0.067 mol) in methylene chloride (1.35 L, 0.05 M) at — 78 °C was bubbled ozone until
the color turned light blue (ca. 1-1.5h). The ozonizer was then turned off and
oxygen was purged through the solution until the blue color dissipated. Dimethyl
sulfide (30.0 mL. 0.40 mol) was added at — 78 °C and the solution was allowed to
reach room temperature over a period of 22 h with stirring. The residual dimethyl
sulfide and solvent were evaporated and the product was purified by distillation
(75-76°C, 1.2-1.5 mmHg) to give pure aldehyde 33 (8.50 g, 84 %) as a yellow oil.
33: R, =0.40 (silica gel, 20% ethyl acetate in petroleum ether); IR (KBr):
Ve = 3434.1, 3107.1, 3063.7. 3031.0, 2916.2, 2868.0, 2718.5, 1955.7, 1877.6, 1812.0,
1734.9. 1605.6, 1496.7, 1454.2, 1370.3, 1310.6, 1252.7, 1208.3, 1103.2, 1028.0, 910.3,
739.7, 698.2, 606.6, 465.8cm™!; 'HNMR (500 MHz, CDCl,): 6 =9.72 (s, 1H,
CHO), 7.40-7.35 (m, SH, ArH), 4.65 (s, 2H, H-2a, H-2b). 4.12 (s, 2H, CH,Ph);
'3C NMR (125 MHz, CDCl): é = 200.2, 128.4-127.6 (6 carbons), 75.1, 73.4 ;
HRMS (FAB): caled for C4H,,0,Na (M +Na™) 173.0578, found 173.0574.

Preparation of homoallyl alcohol 34: To a stirred suspension of KOtBu (153.0 mL,
1.0M solution in THF, 0.153 mol) in THF (307 mL, 0.5M) at —78 °C was added
cis-2-butene (28.0 mL, 0.307 mol) through a cannula. To the stirred mixture nBuLi
(61.0 mL. 2.5M solution in hexanes, 0.153 mol) was added dropwise such that the
internal temperature did not exceed — 65 °C. The mixture was stirred at — 50 °C for
10 min, and then recooled to — 78 °C. To the resulting orange solution. a solution of
(— )-B-methoxydiisopinocampheylborane (58.20 g, 0.184 mol) was added dropwise
in ether (50 mL). After stirring the reaction mixture at —78°C for 30 min,
BF,-Et,0 (25.3 mL, 0.206 mol) was added dropwise and stirring was continued for
an additional 30 min. A solution of aldehyde 14 (23.0 g, 0.153 mol) in THF (25 mL)
was added dropwise, and the mixture was stirred at — 78 °C for 3 h. The mixture was
allowed to reach 0 °C, treated dropwise with 3N NaOH (94.0 mL, 0.2821 mol) and
30% H,0, (47.0 mL), and then refluxed for 1 h (until hydrolysis was complete).
After cooling, the organic layer was diluted with ether (1.5 L), washed with water
(150 mL) and then brine (150 mL), and dried over MgSO,. The crude organic
mixture was distilled at 85-90°C (3.3 mmHg, bath 120°C) to remove most of the
by-product isopinocampheol, and the remaining oil was purified by column chro-
matography (silica gel, 10 % ether in petroleum ether) to afford f-methylhomoallyl
alcohol 34 (24.6 g, 78 %) as a yellow oil. 34: R, = 0.61 (silica gel, 20% ethyl acetate
in petroleum ether); [a]3% = + 22.3 (¢ =1.26, CHCl,); IR (KBr): ¥,,, = 3452.4,
3066.6, 3031.0, 2965.4, 2905.6, 2867.0, 1720.4, 1639.4, 1454.2, 1366.5, 1285.5,
1208.3, 1102.3, 1039.6, 998.1, 916.1, 818.7, 737.7, 698.2, 610.4, 475.4cm™';
'HNMR (500 MHz, CDCl,): § =7.37-7.31 (m, SH. ArH), 5.75 (ddd., J =17.5,
10.0, 7.5 Hz, tH, H-2), 5.07 (ddd, J =17.5, 1.5, 1.5 Hz, 1 H, H-1 trans), 5.03 (ddd,
J =100, 1.5, 0.5 Hz, 1H, H-1 cis). 4.55 (s, 2H. CH,Ph), 3.66 (dddd. J =7.5. 7.5,
3.0, 3.0 Hz, 1H. H-4), 3.57 (dd. /=9.5, 3.0 Hz, 1H, H-5a), 3.41 (dd. J =9.5,
7.5 Hz, 1 H, H-5b), 2.51 (d, J = 3.0 Hz, 1 H, OH), 2.34 (qdd, J =7.5, 7.5, 6.5 Hz,
1H, H-3), 1.09 (d, J = 6.5 Hz, 3H, C3-CH,); '*C NMR (125 MHz, CDCI,):
& =140.2, 137.9, 128.4 (2 carbons), 127.6 (3 carbons), 115.0, 73.3, 73.3, 72.7, 41.0,
15.6: HRMS (FAB): calcd for C,;H,,0,Na (M +Na*) 229.1205, found 229.1208.

Preparation of dibenzyl ether 35: A solution of alcohol 34 (22.0 g, 0.107 mmol) in
DMF (214 mL, 0.5 M) was cooled to 0 °C and treated with KH (13.2 g, 30% disper-
sion in mineral oil, 0.214 mmol). The reaction mixture was allowed to warm to
room temperature with continued stirring. After 1 h, the solution was recooled to
0°C. treated with benzyl bromide (25.4 mL, 0.214 mmol), and stirred for a further
1.5 h. The reaction mixture was quenched with saturated aqueous NH,CI (50 mL)
and diluted with ethyl acetate (2 L). The two layers were separated and the organic
phase was washed with water (2 x 100 mL), brine (100 mL), and dried (MgSO,).
Concentration followed by column chromatography (silica gel. 5% ether in
petroleum ether) afforded the pure dibenzyl ether 35 (26.8 g, 85% yield) as a yellow
oil. 35: R, = 0.45 (silica gel, 5% ethyl acetate in petroleum ether); [a]3° = — 2.7
(c =1.8, CHCl,); IR (KBr): ¥,,, = 3064.7, 3030.0, 2968.3, 2926.8, 2865.1, 2359.8,
1949.9, 1870.8, 1809.1, 1721.4, 1639.4, 1603.7, 1496.7, 1453.3, 1392.5, 1349.1,
1270.1, 1206.4, 1097.4, 1028.0, 998.1, 914.2, 817.8, 735.8, 697.2, 606.6, 462.9 cm™?;
'HNMR (500 MHz, CDCl,): 6 =7.48-7.37 (m, 10H, ArH). 5.93 (ddd, J =17.0,
10.5,7.5Hz, 1 H,H-2) 5.17(dd, J =17.0.1.5Hz, 1 H, H-1 rrans), 5.11 (dd, J =10.5,
1.5Hz, tH, H-1 cis), 4.85(d. J =11.5 Hz, | H, CHHPh), 4.70(d. J =11.5Hz, 1 H,
CHHPh), 4.63 (s, 2H, CH,Ph) 3.73 (brd, J =10.5Hz, 1H, H-5a), 3.67 (ddd.
J =100, 7.0, 3.0 Hz, 1 H, H-5b), 3.60-3.51 (m, 1 H, H-4), 2.63 (sextet, J = 6.5 Hz,
1H, H-3), 1.20 (d, J = 6.5 Hz, 3H, C3-CH,); >C NMR (125 MHz, CDCl,):
& =140.9, 138.9, 138.4, 128.3-128.2 (4 carbons), 127.7-127.4 (6 carbons), 114.6,
81.8, 73.3, 72.7, 71.5, 40.0, 15.6; HRMS (FAB): caled for C,oH,,0,Na (M +Na*)
319.1674, found 319.1662.

Preparation of aldehyde 36: A solution of olefin 35 (35.0 g. 0.118 mol) in methylene
chloride (2.4 L, 0.05m) at —78 °C was treated with ozone for 4 h with stirring. The
ozonizer was turned off and oxygen was bubbled through the solution until the blue
color dissipated. Triphenylphosphine (68.2 g, 0.260 mol) was added at — 78 °C and
the reaction mixture was vigorously stirred, while it was allowed to warm to room
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temperature over 3 h. Concentration and purification by column chromatography
(silica gel, 5 — 20% ether in petroleum ether) yielded aldehyde 36 (324 g, 92%
yield) as a yellow oil. 36: R, = 0.73 (silica gel. 20 % ethyl acetate in petroleum
ether); [a]3® = — 4.9 (¢ = 0.98. CHCl,); IR (KBr): 7,,, = 3063.7. 3030.9, 2977.0,
2865.1, 2721.4, 1723.4, 1690.5, 1496.7. 1454.2, 1351.1, 1206.4, 1098.4, 1064.6,
1028.0, 912.3, 737.7, 698.2, 607.5, 475.4cm™'; 'HNMR (500 MHz, CDCl,):
6 =9.73 (s, 1H, H-1), 7.38-7.29 (m, 10H, ArH), 4.67 (d, J =11.5 Hz, 1 H, CHH-
Ph), 457 (d, J =11.5 Hz, 1H, CHHPh), 4.54 (s, 2H, CH,Ph). 4.08-4.05 (ddd,
J=17.5,5.5,50Hz, 1H, H-3), 3.67-3.64 (dd. J =10.0, 5.0 Hz, 1 H, H-4a), 3.60-
3.57 (dd, J =10.0. 5.5 Hz. 1H, H-4b), 2.72-2.67 (qdd, J =75, 7.0, 4.5 Hz, 1H,
H-2), 1.13-1.12 (d, J =7.0 Hz, 3H, C2-CH,); '*C NMR (125 MHz, CDCl,):
& = 203.6, 137.2, 137.1, 128.3-127.6 (10 carbons), 78.5, 73.4, 72.2, 69.4, 48.5, 8.4;
HRMS (FAB): caled for C,,H,,0;Na (M +Na*) 321.1467, found 321.1458.

Preparation of f-hydroxy ketone 37: A solution of ketone 15 (5.0 g, 20.7 mmol) in
methylene chloride (105 mL, 0.20M) was cooled to — 78 °C and treated with TiCl,
(2.5 mL, 22.7 mmol). After stirring for 5 min, Et;N (3.5 mL, 24.8 mmol) was added
slowly and the reaction mixture was stirred for another 2.5 h. Aldehyde 36 (7.4 g,
24.8 mmol) was added dropwise at — 78 °C, and the solution was allowed to stir for
an additional 2.5 h at that temperature. The reaction mixture was quenched with a
1:1 mixture of saturated aqueous NH,C1 (10.0 mL) and water (10.0 mL) and al-
lowed to warm to ambient temperature. The mixture was diluted with ethyl acetate
(1.0 L), washed with water (100 mL). saturated aqueous NaHCO, (100 mL}) and
brine (100 mL), and then dried (MgSO,). Concentration, then purification by
column chromatography (silica gel, 10 — 25% ether in petroleum ether) yielded
B-hydroxy ketone 37 (7.58 g, 68% yield) as a yellow oil. 37: R, = 0.54 (silica gel,
40% ethy! acetate in petroleum ether); [¢]3° = —16.4 (¢ =1.73, CHCY,): IR (neat):
¥ = 3491.0, 3086.9, 3030.0, 2970.2, 2936.5, 2872.8, 1705.0, 1496.7, 1453.3, 1379.0,
1272.9,1204.5, 1153.4, 1101.3, 1028.0, 975.0, 737.8, 698.2, 606.6, 541.0,462.9 cm ™ *;
'HNMR (500 MHz, CDCl,): § =7.35-7.32 (m, 10H, ArH), 4.78 (d, J =12.0 Hz,
1H, CHHPh). 4.65 (d. J =12.0 Hz, 1 H, CHHPh), 4.55(d. J =12.0 Hz, 1 H, CHH-
Ph), 4.51 (d, J =12.0 Hz, 1 H, CHHPh), 4.17 (ddd. J =7.0, 5.0, 2.5 Hz, 1 H, H-2),
3.96 (dddd, J =9.0,9.0,5.5,2.5Hz, 1 H, H-10), 3.89(ddd. J = 9.0,3.0,2.5 Hz, 1 H,
H-4), 3.70 (dd, J =10.0, 7.0 Hz, 1H, H-1a), 3.63 (ddd, J = 6.5, 3.0, 2.5 Hz, 1H,
H-14).3.56 (dd, 10.0, 5.0 He, 1H, H-1b), 3.47 (dddd, J =10.0, 9.5, 5.5,4.5 Hz, 1 H,
H-12), 3.30 (s, 3H, C12-OCH,), 2.78-2.72 (m, 2H, H-5, H-7), 1.92 (dddd,
J=125,4.5, 2.5, 20Hz, 1H, H-13eq), 1.82-1.77 (m, 2H, H-3, H-11eq), 1.69-
1.63 (m, 2H, H-8a, H-9a), 1.56 (ddd, J =13.0, 10.0, 5.5 Hz, 1 H, H-11ax), 1.45-
1.41(m, 1 H, H-8b).1.33-1.28 (m. 1 H, H-9b), 1.23-1.15(m, 1 H, H-13ax), 1.19 (d,
J=6.5Hz, 3H, H-15), 1.10 (d. J =7.0 Hz. 3H, C5-CH,), 1.08 (d, J = 6.5Hz,
3H,C7-CH,),0.86(d,J =7.0 Hz, 3H, C3-CH,); '3C NMR (125 MHz, CDCl,):
6 =219.2, 138.8, 138.2, 128.3-128.2 (4 carbons), 127.7-127.4 (6 carbons), 76.7,
73.1, 73.0, 73.0, 71.8, 71.6, 71.3, 64.7, 55.2, 45.9, 44.1, 38.3, 37.3, 34.6, 29.2, 29.0,
21.6, 16.3, 10.4, 8.8; HRMS (FAB): calcd for C,;H, 3OgNa (M +Na™*) 563.3349,
found 563.3363.

Preparation of p-hydroxybenzoate 38: A solution of hydroxy ketone 37 (4.0 g,
7.4 mmol) and freshly distilled benzaldehyde (3.76 mL, 37.0 mmol) in THF was
cooled to —10°C, then treated with a stock solution of Sml, (22.2 mL of 0.1M
solution in THF, 2.22 mmol; stock solution was prepared by addition of di-
iodoethane (0.910 g, 3.22 mmol) in THF (30 mL, 0.1 M) to samarium metal (0.610 g,
4.06 mmol) followed by stirring at 25 °C for 3 h). The reaction mixture was stirred
at —10°C for 1 h, diluted with ether (30 mL), and then quenched with saturated
aqueous NaHCO, (30 mL). The mixture was further diluted with ether (500 mL)
and washed with saturated aqueous NaHCO, (2 x 100 mL}). The aqueous phase was
extracted with ether (2 x 100 mL), and the combined organic extracts were washed
with brine (100 mL) and dried (MgSO,). Concentration and purification by column
chromatography (silica gel, 30% ether in petroleum ether) afforded alcohol 38
(4.25 g. 89 % yield) as a yellow oil. 38: R, = 0.76 (silica gel, 40% ethyl acetate in
petroleum ether); {«]2% = —42.9 (¢ = 0.85, CHCl,); IR (neat): ¥,,, = 3514.1,
3086.9, 3030.0, 2969.2, 2937.4, 2864.1, 1713.7. 1694.4, 1600.8, 1495.7, 1452.3,
1381.0, 1277.8, 1202.5. 1152.4, 1105.1, 1071.4, 1027.0, 972.0, 921.9, 804.3, 713.6,
607.5cm™!; 'HNMR (500 MHz, CDCl,): é = 8.07 (dd, J=9.5, 1.0 Hz, 2H,
ArH), 7.59 (m, 1 H, ArH), 7.48-7.44 (m, 2H, ArH), 7.33-7.26 (m. 10H. ArH),
5.65(d, J =10.5 Hz, 1H, H-4), 4.55-4.32 (m, 4H, CH,Ph, CH,Ph}, 4.05-3.99 (m,
1H, H-10),3.73(ddd. J = 6.0,6.0, 1.5 Hz, { H, H-2), 3.71-3.68 (m, 1 H, H-14), 3.65
(dd. /=9.5, 6.0 Hz, 1 H, H-1a), 3.55 (dd, J = 9.5, 6.0 Hz, 1 H, H-1b), 3.57-3.53
(m, 1H, H-12), 3.34 (s, 3H, C12-0OCH,), 3.05 (ddd, J=12.5, 4.5, 2.5 Hz, 1H,
H-6), 2.29~2.25 (m, 1H. H-5), 2.03-2.00 (m, 1H, H-3), 2.02-1.98 (m, 1H, H-
13eq), 1.92 (qdd, J =7.0, 4.0, 3.0 Hz, 1 H, H-9a), 1.83 (dddd, J =125, 4.0, 2.5,
2.0Hz, 1H, H-11eq), 1.75-1.68 (m, 1H, H-8a), 1.61 (ddd, J =12.5, 10.5, 5.5 Hz,
1H, H-11ax), 1.63-1.58 (m, 1H, H-7), 1.48-1.41 (m, 1H, H-8b), 1.36-1.28 (m,
1H, H-9b), 1.27-1.16 (m, 1 H, H-13ax), 1.20 (d, J =7.0 Hz, 3H, H-15), 1.00 (d,
J=65Hz, 3H, C3-CH,), 094 (d. J=65Hz. 3H, C5-CH,), 091 (d.
J = 6.0 Hz 3H, C7-CH,); '3*C NMR (125 MHz, CDCl,): 6 =167.0, 138.0, 137.5,
133.2, 129.8, 128.4-127.3 (15 carbons). 76.8, 75.8, 75.4, 73.3, 73.2, 71.6, 71.5, 64.4,
55.2,38.7,37.3,36.8, 34.9, 32.8,29.0, 24.0, 21.8, 17.8,9.7, 9.0; HRMS (FAB): calcd
for C,oHs,0,Na (M +Na™) 669.3767, found 669.3751.

Preparation of dibenzyl ether 39: A solution of alcohol 38 (6.0 g, 9.3 mmol) in
methylene chloride (250 mL, 0.4 M) was cooled to 0°C and treated with 2,6-lutidine
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(1.6 mL, 13.9 mmol) and TBSOTf (3.2 mL, 13.9 mmol) sequentially. The solution
was allowed to warm to room temperature with stirring. After 1 h the reaction
mixture was quenched with saturated aqueous CuSO, (10 mL) and stirred vigorous-
ly for an additional 2 h. The layers were separated and the aqueous phase was
extracted with methylene chloride (3 x 25 mL). The combined organic extracts were
washed with brine (50 mL), dried (MgSO,, and concentrated. Silica gel column
chromatography (10% ether in petroleum ether) gave 39 (6.07 g, 86% yield) as a
yellow oil. 39: R, =0.63 (silica gel, 20% ethyl acetate in petroleum ether);
[a)3% = —19.8 (¢ =1.95, CHCL,); IR (neat): ¥_,, = 3087.9, 3031.0, 2935.5, 2856.4,
1716.5, 1601.8, 1453.3, 1361.7, 1272.9, 1176.5, 1108.0, 1070.4, 1028.0, 948.0, 836.1,
775.3, 698.2, 608.5, 535.2, 461.9 cm™'; 'H NMR (500 MHz, CDCl,): 5 = 8.08 (d,
J=8.0Hz, 2H, ArH), 7.55 (1, J=7.5Hz, 1H, ArH), 7.43 (1. J=7.5Hz, 2H,
ArH), 7.32-7.23 (m, 10H, ArH), 5.57 (dd, J = 9.5, 2.0 Hz, 1H, H-4), 4.58-4.44
(m,4H, CH,Ph, CH,Ph), 3.96-3.93 (m, 1 H, H-10), 3.79 (t, J = 6.0 Hz. 1H, H-2),
3.64-3.58 (m, 3H, H-1a, H-6, H-14), 3.54 (dd, J = 9.5, 6.0 Hz, 1H, H-1b), 3.50
(dddd, J = 9.5, 9.0, 5.0, 4.5 Hz, 1H, H-12), 3.34 (s, 3H, C12-0OCHy,), 2.18 (qdd.
J=9.5,9.0,0.5 Hz, 1H, H-3). 2.10 (qdd, / = 7.0, 7.0, 0.5 Hz, 1 H, H-5), 1.98-1.95
(m, 1H, H-13eq). 1.82-1.77 (m, 2H, H-9a, H-11eq), 1.70-1.63 (m, 1 H, H-8a),
1.56 (ddd. J =12.0, 10.5, 5.5 Hz. 1H, H-11ax), 1.48-1.43 (m, 1H, H-8b). 1.33-
1.24 (m, 1H, H-9b), 1.24-1.12 (m. 1H, H-7), 1.20 (d, J = 6.0 Hz, 3H, H-15),
1.18-1.11 (m, 1H, H-13ax), 1.03-1.02 (d. J =7.0 Hz, 3H, C5-CH,;), 1.00 (d.
J=7.0Hz,3H, C7-CH,), 0.94 (d. / = 9.0 Hz, 3H. C3-CH,). 0.88 (s, 9H, rBu),
0.18 (s, 3H, SiCHj,), 0.10 (s, 3H, SiCH,); !*C NMR (125 MHz, CDCl,): 6 =165.8,
139.1, 138.1, 132.6, 130.8, 129.6, 128.2-127.0 (15 carbons), 78.7, 75.8, 73.1, 72.6,
72.2,71.6, 64.3. 55.1, 39.8, 38.8, 37.5, 36.3, 34.6, 29.7, 26.9, 26.3 (2 carbons), 25.6,
21.7, 18.6, 16.9, 10.6, 10.4, —3.2, —4.6; HRMS (FAB): calcd for C, H,,0,SiNa
(M +Na*) 783.4632, found 783.4618.

Preparation of diol 40: A mixture of dibenzyl ether 39 (2.0 g, 2.6 mmol) and 10%
palladium on carbon (0.56 g, 0.53 mmol) in anhydrous ethanol (26 mL, 0.1 M),
under a hydrogen atmosphere, was stirred at room temperature for 48 h. The reac-
tion mixture was filtered through Celite, and the filter cake was rinsed with ether
(4 x10 mL). Concentration and purification by column chromatography afforded
pure diol 40 (1.51 g, 99 % yield) as a white foam. 40: R, = 0.41 (silica gel, 40 % ethyl
acetate in petroleum ether); [¢]3° = —15.9 (¢ =1.30, CHCl,); IR (neat):
V= 3455.3,2936.5, 2857.4.1715.6, 1697.3, 1601.8, 1584.4, 1452.3, 1382.9, 1314 .4,
1277.8, 1257.5, 1199.7, 1153.4, 1109.0, 1070.4, 1028.0, 909.4, 836.1. 775.3, 712.7,
673.1, 521.7cm™'; '"HNMR (500 MHz, CDCl,): 6 = 8.02 (d. J =7.0 Hz, 2H,
ArH), 7.57 (t, J=7.0Hz, 1H, ArH). 7.43 (t, J=7.5Hz, 2H. ArH), 5.30 (dd,
J=95,20Hz 1H, H-4),3.92-3.90 (m, 1H, H-10), 3.67 (dd, J =19.0,8.5 Hz, 1 H,
H-1a), 3.61 (dd. J =7.5, 3.0 Hz. 1H, H-6), 3.62-3.60 (m, 1 H, H-14), 3.47 (dddd,
J=10.0,10.0, 5.5, 4.5 Hz, 1 H, H-12), 3.43-3.38 (m. 1 H. H-1b), 3.39 (td, J = 8.5,
2.0 Hz, 1H, H-2), 3.30 (s, 3H, C12-OCH,), 2.87 (brs, 2H, C1-OH, C2-0H),
2.08 (gdd. J =7.5. 7.0, 2.0 Hz, 1H, H-5), 1.95-1.93 (m. 1H, H-13eq), 1.86 (qdd,
J=95,70, 2.0Hz, 1H, H-3), 1.81-1.77 (m, 1H. H-9a), 1.76-1.72 (m, 1 H, H-
11eq), 1.63 (dddd, J =10.5, 6.5, 6.5, 2.5 Hz, 1 H. H-8a), 1.54 (ddd, J =12.5, 10.0,
5.5 Hz. 1H, H-11ax), 1.39~1.34 (m, 1 H, H-8b), 1.32-1.25 (m. 1 H, H-9b). 1.16-
1.14 (d, J=6.5Hz, 3H, H-15), 1.14-1.08 (m, 2H, H-7, H-13ax), 1.05 (d.
J=7.0Hz,3H,C3-CH,),091(d,/ =7.0 Hz, 3H,C5-CH,),0.91 (d, / =7.0 Hz,
3H, C7-CH,), 0.86 (s, 9 H, rBu), 0.04 (s, 3H, SiCH,). -0.02 (s, 3H. SiCH,); '*C
NMR (125 MHz, CDCl,): 8 =167.9, 133.3, 129.8 (2 carbons). 128.4 (2 carbons),
78.5,76.6, 73.1, 71.8, 70.4, 64.7, 64.3, 55.1, 38.6 (2 carbons), 37.2, 36.5, 34.7, 29.7,
27.0, 26.2 (4 carbons), 21.7, 18.5, 16.4, 10.5, 9.7, —4.0 (2 carbons); HRMS (FAB):
caled for Cy,H;0,SiCs (M +Cs*) 713.2850, found 713.2871.

Preparation of cyclic sulfate 13: Diol 40 (212 mg. 0.37 mmol) was dissolved in
methylene chloride (1.1 mL, 0.33 M) and cooled to 0°C. Et,;N (200 pL, 1.5 mmol)
and SOCI, (90 uL of 6M solution in methylene chloride. 0.54 mmol) were added
sequentially, and the reaction mixture was stirred at that temperature for 10 min.
The solution was diluted with ethyl acetate (10 mL). washed with water (2 x 10 mL)
and brine (10 mL), and dried (Na,SO,). The crude cyclic sulfite was concentrated
and dried under vacuum for 1 h. The sulfite was resuspended in a mixture of CCl,
(1.1 mL), CH;CN (1.1 mL), and water (1.6 mL), and cooled 1o 0°C. RuCl, (2 mg,
0.11 mmol) and NalO, (310 mg. 1.5 mmol) were added and the suspension was
sticred at 0°C for 1.5 h. The reaction mixture was diluted with ether (25 mL) and
washed with water (2 x 5 mL) and brine (5 mL). The combined aqueous layers were
extracted with ether (2 x 10 mL), and the combined organic extracts were dried
(MgS0,). Concentration and purification by column chromatography (silica gel,
20% ethyl acetate in petroleum ether) yielded the cyclic sulfate 13 (223 mg, 95%
yield) as a white foam. 13: R, = 0.55 (silica gel, 40% ethyl acetate in petroleum
ether); [¢)3* = — 26.92 (¢ =1.3, CHCL,); IR (neat): ¥,,, = 2935.5, 2857.4, 1721.4,
1601.8, 1462.0, 1389.6, 1269.1, 1211.2, 1154.3, 1106.1, 1070.4, 1027.0, 973.0, 926.7,
836.1. 776.3, 712.7.650.0, 531.4, 4349cm~!; 'HNMR (500 MHz, CDCl,):
6=8.02 (d, J=7.5Hz 2H, ArH), 7.62 (t. J=7.5Hz, 1H, ArH), 7.49 (t.
J=17.5Hz, 2H, ArH), 5.43 (dd, J = 9.0, 1.5 Hz, 1H. H-4), 5.09 (ddd, 8.5, 8.5,
6.0 Hz, 1H, H-2), 4.55 (dd, 8.5, 6.0 Hz, 1H, H-1 cis), 447 (1. J = 8.5 Hz, 1H, H-1
trans), 3.94 (dddd, J =10.0, 5.5, 5.0, 2.5 Hz, 1 H, H-10), 3.63 (qdd. J =7.0, 3.5,
2.5Hz. 1H, H-14). 3.50 (dddd, J =10.5, 10.0. 5.5, 4.0 Hz, 1 H, H-12), 3.45 (dd,
J=7.5,2.5Hz, 1H, H-6).3.32(s, 3H,C12-0CH,). 2.34(qdd, J = 8.5.6.0,1.5 Hz,
1H. H-3).2.03 (qdd. J = 9.0. 7.5, 7.0 Hz, 1 H, H-5), 1.98-1.95 (m. 1 H, H-13eq),
1.84 (dddd. J =18.5. 10.5, 10.5, 4.5 Hz. 1 H, H-9a). 1.76 (dddd. J =12.5, 4.0, 2.5,
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2.0 Hz, 1H, H-11eq). 1.62 (qddd, J =7.0. 4.0, 3.5, 2.5 Hz, 1H, H-7), 1.56 (ddd.
J =12.5,10.5. 5.5 Hz, 1 H, H-11ax), 1.40-1.34 (m, 1 H, H-9b), 1.33-1.22 (m. 2 H.
H-8a, H-8b). 1.20 (d. J =7.0 Hz, 3H. H-15), 1.18 (d. J = 6.0 Hz, 3H. C3-CH,).
1.17-1.10 (m. 1H, 13ax). 1.02 (d, J =7.0 Hz, 3H, C5-CH,). 0.93 (d. J =7.0 Hz,
3H, C7-CH,). 0.89 (s, 9H, rBu), 0.16 (s, 3H, SiCH,). 0.07 (s, 3H, SiCH,); 13C
NMR (125 MHz, CDCl,): & =165.6, 133.5, 129.6, 129.3, 128.7 (2 carbons), 83.0.
78.5.75.4, 73.1, 72.1, 71.6, 64.4, 55.2. 39.6, 39.5, 38.5. 36.6. 34.8. 29.6, 26.8, 26.2
(4 carbons), 21.7. 18.5. 16.2, 12.4, 11.3, —3.5, ~4.5; HRMS (FAB): calcd for
C,,H,.0,8iSCs (M +Cs*) 775.2312, found 775.2286.

Preparation of p-methoxybenzyl ether 43: A solution of (S)-( +)-3-hydroxy-2-methyl
propionate (42) (25g, 0.212 mmol) and p-methoxybenzyl trichloroacetimidate
{66 mL, 0.317 mmol) in methylene chloride (300 mL, 0.67 M) at room temperature
was treated with CSA (2.5 g, 0.016 mmol) and stirred for 18 h. The reaction mixture
was diluted with ether (1.5L) and washed with saturated aqueous NaHCO,
(2 x 100 mL). water (2 x 100 mL), and brine (100 mL). and dried (MgSO,). Con-
centration, and purification by column chromatography (silica gel, 10% ether in
petroleum ether) afforded 43 (48 g, 95% yield) as a pale yellow oil. 43: R, = 0.21
(silica gel, 10% ethyl acetate in petroleum ether); [¢]3° = +11.2 (¢ =1.1, CHCl,);
IR (neat): ¥, =1730 (s)em™'; 'HNMR (500 MHz, CDCl;): § =7.24 (d.
J =8.5Hz, 2H, ArH). 6.88 (d. J = 9.0 Hz, 2H, ArH), 4.46 (s. 2H, CH,Ar), 3.80
(s, 3H, OCH,). 3.69 (s, 3H. CO,CH,), 3.63 (dd, J = 9.0, 7.0 Hz, 1H, H-3a), 3.46
(dd, J = 9.0, 6.0 Hz, 1 H, H-3b), 2.77 (qdd, J =7.5, 7.0, 6.0 Hz, 1 H, H-2), 1.17 (d,
J=175Hz, 3H. C2-CH,); '3C NMR (125 MHz, CDCl,): 6 =175.3, 138.1
(2 carbons), 128.4 (4 carbons), 127.6, 74.1 73.1, 71.9, 51.7, 40.2; HRMS (FAB):
caled for C,,H,s0,Na (M +Na*) 261.1103, found 261.1106.

Preparation of aldehyde 44: To a cooled (—78°C) solution of ester 43 (48.2 g,
0.203 mmol) in methylene chloride (1.35 L, 0.15M) Dibal-H (232 mL of 1 M solution
in methylene chloride, 232 mmo}) was added dropwise over 20 min with stirring.
The reaction mixture was allowed to stir at —78°C for 1 h, then quenched with
methanol (100 mL) and allowed to warm to room temperature. A saturated solution
of sodium potassium tartrate (200 mL) was added and the mixture was stirred for
2 h to break down the initially formed emulsion. The layers were separated and the
aqueous layer was extracted with methylene chloride (3 x 200 mL). The combined
organic extracts were washed with brine (250 mL) and dried (MgSO,). Concentra-
tion and purification by flash chromatography (silica gel, 10% ethyl acetate in
petroleum ether) yielded pure aldehyde 44 (35.8 g, 85% yield) as a pale yellow oil.
44: R, = 0.66 (silica gel, 20% ethyl acetate in petroleum ether); [2]3° = — 4.4
(¢ =1.04, CHCL,): IR (neat): ¥,,, =1725 (s) em™"'; '"H NMR (500 MHz, CDCl,):
6 =9.72 (s, 1H, CHO}), 7.30-7.24 (m, 2H, ArH), 6.90-6.87 (m, 2H, ArH), 4.47 (s,
2H, CH,Ar). 3.81 (s, 3H, OCH,;). 3.70-3.60 (m, 2H, H-3a, H-3b), 2.74 (qdd.
J =10, 7.0, 5.5Hz, 1H, H-2), 1.13 (d. J=7.0Hz, 3H, C2-CH;); '3C NMR
(125 MHz, CDCl,): & =159.1, 138.0 (2 carbons), 128.4 (4 carbons), 127.5, 74.1,
71.8, 51.2, 40.2; HRMS (FAB): caled for C,,H,,0;Na (M + Na*) 231.0997, found
231.0974.

Preparation of alcohol 45: Aldehyde 44 (29.6 g, 0.143 mmol) in ether (25 mL) was
added to a solution of ( —)-diisopinocampheylallyl borane (300 mL of 0.5 M solution
in ether, 150 mmol; prepared by the method of Brown and Racherla, J. Org. Chem.
1991, 401) at — 110 °C. The solution was warmed to — 78 °C and stirred for 1 h, then
warmed to 0°C. The reaction mixture was treated with 3N NaOH (87 mL,
0.261 mmol) and 30% H,0, (43 mL) and heated under reflux for 1 h. The mixture
was allowed to reach ambient temperature, then diluted with ether (300 mL), and
the organic phase was sequentially washed with water (150 mL), brine (150 mL),
and dried (MgSO,). The crude mixture was distilled (85-90°C, 3.3 mmHg) to
remove most of the byproduct isopinocampheol, and the remaining oil was purified
by column chromatography (silica gel. 30% ether in petroleum ether) to afford
alcohol 45 (32.91 g, 92% yield) as a pale yellow oil. 45: R, = 0.57 (silica gel, 30%
ethyl acetate in petroleum ether); [2}3° = — 3.2 (¢ =1.40, CHCl,); IR (neat):
Vmax = 3453.2,3073.1,2997.1, 2933.7, 2858.7, 2837.0, 2825.2, 1640.2, 1612.4, 1585.9,
1513.3, 1463.1, 1441.7, 1421.1, 1362.1, 1301.8, 1247.9, 1208.8, 1173.2, 1091.7,
1035.7, 986.6, 913.8, 870.0, 846.6, 820.2, 756.6, 709.6. 667.5, 637.6, 579.4,
515.8cm™'; 'HNMR (500 MHz, CDCl,): 6 =7.26-7.24 (m, 2H, ArH), 6.89 (d.
J =8.5Hz 2H. ArH), 5.85-5.81 (m. 1 H, H-2), 5.13-5.07 (m, H-1 cis, H-1 trans),
4.44 (s, 2H, CH,Ar), 3.84-3.79 (m. 1H, H-4), 3.80 (s, 3H. ArOCH,), 3.50 (d,
J = 5.5 Hz, 2H. H-6a, H-6b), 2.63 (brs, 1H, C4-0OH), 2.25-2.17 (m, 2H, H-3a,
H-3b), 1.91-1.87 (m, 1H. H-5), 0.95 (s, 3H, C5-CHj,); '3C NMR (125 MHz,
CDCl,): 6 =158.0, 135.5 (2 carbons), 130.0, 129.1 (4 carbons), 117.1, 113.7, 74.1,
72.9,55.2, 38.7, 37.3; HRMS (FAB): calced for C,sH,,0,Na (M +Na*) 273.1467,
found 273.1462.

Preparation of hydroxy epoxide 47: A solution of alcohol 45 (48 g, 192 mmol) in
THEF (320 mL, 0.6 M) was cooled to — 20 °C and treated with nBuLi (144 mL of 1.6 M
solution in hexanes, 230.4 mmo!). CO, was bubbled through the solution for 1.5 h
at —20°C. theniodine (81.1 g, 422.4 mmol) was added and the solution was allowed
to slowly warm to 0 “C with stirring over 2 h. The reaction mixture was diluted with
ether (1.5 L) and washed with saturated aqueous Na,S,0, (2 x 150 mL), water
(150 mL) and brine (150 mL), in that order. The organic phase was dried (MgSO,).
concentrated, and purified by column chromatography (silica gel, 30% ether in
petroleum ether) to give the iodocarbonate 46 contaminated with a small amount
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of alcohol 45. The iodocarbonate (44.8 g, 106.71 mmol) was resuspended in
methanol (712 mL, 0.15Mm) and treated with K,CO; (44.0 g, 320.14 mmol}) at room
temperature for 4 h with stirring. The reaction mixture was filtered through Celite,
concentrated, and resuspended in ether (500 mL). The organic phase was washed
sequentially with water (150 mL) and brine (150 mL), and dried (MgSO,). Concen-
tration and purification by column chromatography (silica gel, 20% ether in
petroleum ether) afforded pure (> 10:1 selectivity) hydroxy epoxide 47 (26.5 g, 52%
yield, 2 steps) as a clear colorless oil. 47: R, = 0.20 (silica gel, 15% ethyl acetate in
petroleum ether); [a]3® = — 3.2(c =1.40, CHCL,); IR (neat): #,,, = 3462.5, 3041.5,
2960.4, 2913.9, 2859.1, 1612.1, 1585.7, 1513.4, 1463.0, 1442.1, 1409.1, 1362.3,
1301.8, 1247.9, 1209.7, 1174.1, 1133.4, 1090.5, 1034.2, 985.1, 923.6, 828.6, 755.6,
710.0, 576.6. 517.0cm™'; 'HNMR (500 MHz, CDCl,): § =7.25 (d, J = 8.5 Hz,
2H,ArH), 6.88 (d, J = 8.5 Hz, 2H, ArH), 4.44 (s, 2H, CH,Ar),4.01-3.96 (m, 1H,
H-4),3.80 (s. 3H. ArOCH,), 3.49 (d, J = 4.5 Hz. 2H, H-6a, H-6b), 3.12-3.08 (m,
1H, H-2), 2.93 (brs, 1 H, C4-OH), 2.78 (dt, J =11.0, 5.0 Hz, 1H, H-1 cis), 2.52
(dd, 7 = 5.0, 2.5 Hz, 1 H, H-1 trans), 1.93-1.88 (m, 1 H, H-5), 1.75 (ddd, J =14.5,
9.5, 6.0 Hz, 1H, H-3a), 1.60 (ddd, J =14.5, 5.0. 4.0 Hz, 1H, H-3b), 0.92 (d,
J =7.0Hz, 3H, C5-CH,); '*C NMR (125 MHz, CDCl,): 6 =159.5, 130.0, 129.2
(2 carbons), 113.7 (4 carbons), 74.0, 73.0, 71.9, 55.0,47.0, 37.5 12.5; HRMS (FAB):
caled for C,,H,,0,Na (M +Na*) 289.1416, found 289.1419.

Preparation of epoxide 21: A solution of alcohol 47 (12.0 g, 45.06 mmol) in THF
(300 mL, 0.15m) was cooled to 0°C and treated with NaH (2.7 g of 60 % dispersion
in mineral oil, 67.58 mmol) with stirring for 1h. Methyl iodide (14.1 mL,
225.3 mmol) was added at 0°C and the solution was stirred for 8 h. The reaction
mixture was diluted with ether (1 L) and quenched with water (200 mL). The layers
were separated and the organic phase was washed with brine (2 x 200 mL) and dried
(MgSO,). Concentration and purification by column chromatography (silica gel,
15% ethyl acetate in petroleum ether) afforded pure epoxide 21 (11.5 g, 91 % yield)
as a colorless oil. 21: R, = 0.40 (silica gel, 15% cthyl acetate in petroleum ether);
[a}3® = — 43.5 (c = 0.91, CHCl,); IR (neat): ¥,,, = 3041.0, 2963.2, 2934.3, 2977.5,
2856.0, 1612.2, 1585.7, 1513.2, 1463.4, 1442.6, 1420.9, 1408.2, 1363.6, 1301.5,
1247.5, 1207.7, 1172.7, 1135.8, 1089.8, 1035.2, 1011.9, 973.4, 927.9, 882.3, 821.1,
820.5, 780.3, 755.3, 709.0. 637.6, 579.3, 516.8 cm ~'; '"H NMR (500 MHz, CDCl,):
6 =7.27-7.25(d, J =10.0 Hz, 2H, ArH), 6.88 (d, J =10.0 Hz, 2H, ArH), 4.43 (s,
2H, CH,Ar), 3.81 (s, 3H, ArOCHj,), 3.45 (d, J = 6.5 Hz, 2H, H-14), 3.39-3.30
(obs m, 1H, H-15),3.35(s, 3H, C15- OCH,), 3.00-2.96 (ddd, J = 5.8, 5.0, 3.4 Hz,
1H. H-13),2.75(dd, J = 6.4, 5.8 Hz, 1 H, H-12 cis), 2.46 (dd, J = 6.4, 3.4 Hz, 1 H,
H-12 trans), 2.03-1.93 (m, 1 H, H-16), 1.84-1.74 (m, 1 H, H-14a), 1.63-1.56 (m,
1H, H-14b), 0.73 (d, J =7.0 Hz, 3H, C16-CH,); '*C NMR (125 MHz, CDCl,):
d =159.1,130.6, 129.1, 113.6, 79.6, 72.8, 72.2, 58.0, 55.3, 50.1, 47.1, 37.1, 34.3, 11.9
; HRMS (FAB): cated for C, H,,0,Cs (M +Cs*) 413.0729, found 413.0726.

Preparation of lactone 20: A solution of phenylsulfoneorthoester 22 (66.7 g,
243.4 mmol) in THF (491 mL, 0.5m) was cooled to —78 °C with 1,3-dimethyl-
3,4,5,6-tetrahydro-2(1 H )-pyrimidinone (DMPU) (117.6 mL, 972.6 mmol), fol-
lowed by dropwise addition of nBuLi (97.25ml of 2.5M solution in hexanes,
243.4 mmol). The reaction mixture was stirred at —78°C for 1 h, then warmed
to —20°C and allowed to stir at that temperature for 15 min. A solution of epoxide
21 (17.04 g, 60.79 mmol) in THF (245 mL, 0.25m), was added dropwise at —20°C
and then stirred with gradual warming to 5 °C for 12 h. The reaction was quenched
by addition of 3m H,SO, (634 mL) at 0°C with vigorous stirring for 5 min. After
stirring for an additional 20 min at ambient temperature, the layers were separated
and the aqueous phase was extracted with ether (3 x 300 mL). The combined organ-
ic extracts were washed with water (100 mL}, then brine (100 mL), and dried over
MgSO,. After filtration and concentration, the crude product was redissolved in
methylene chloride (750 mL) with TsOH (3.97 g, 23.1 mmol, azeotroped with 75 mL
benzene). The solution was stirred at room temperature for 48 h, then cooled
to —10°C. Et,;N (91.9 mmol, 12.2 mL) was added 10 the crude lactone, followed
by dropwise addition of 1.8-diazabicyclo[5.4.0lundec-7-ene (DBU) (36.4 mL,
243.3 mmol). After 2 h stirring the dark brown solution was concentrated and
purified by column chromatography (silica gel, 60 — 90 % ether in petroleum ether)
to afford pure lactone 20 (18.72 g, 92%) as a pale yellow oil. 20: R, = 0.50 (silica
gel, ether); [a)3® = — 50.6 (¢ = 0.09, CHCI,); IR (neat): ¥, = 2932.6, 1721.0,
1611.7, 1585.6, 1512.7, 1462.2, 1387.8, 1301.7, 1246.7, 1173.8, 1088.7, 1035.9, 960.4,
817.6, 755.6cm™'; "THNMR (500 MHz, CDCl,): § =7.25 (d, J=8.5Hz, 2H,
ArH), 6.87 (d, J = 8.5Hz, 2H, ArH), 6.89-6.85 (obs m, 1H, H-11), 4.52 (1t,
J=8.0,5.5Hz, 1H, H-13),4.42 (s, 2H, CH,Ar), 3.80 (s, 3H, ArOCH,), 3.50-3.47
(m, 1H, H-15), 345(dd,  =14.5,6.5 Hz, 1 H, H-17a), 3.34-3.30 (m, | H, H-17b),
3.32 (s, 3H, C15-0OCH,), 2.38 (1dd, J = 6.5, 3.0. 1.5 Hz, 1 H, H-12a), 2.37 (dt,
J =6.5. 2.5 Hz, 1 H, H-12b), 2.03 (ddd. J =14.5, 14.0, 7.0 Hz, 1 H, H-14a), 2,00
(ddd. J =7.0. 6.5, 5.5 Hz, 1 H, H-16), 1.79 (ddd, J =14.5, 6.2, 5.5 Hz, 1 H, H-14b),
0.92 (d. J =7.0 Hz, 3H, C16-CH,); '3C NMR (125 MHz, CDCl;): § =164.3,
159.0, 144.9, 1304, 129.2, 121.2, 113.6, 78.8, 75.5. 72.7, 71.9, 57.5, 55.1, 36.3, 36.0,
29.3, 11.9; HRMS (FAB): caled for C,,H,,ONa (M +Na*) 357.1678, found
357.1663.

Preparation of lactol 48: A solution of lactone 20 (1.0 g, 2.994 mmol) in dry
methylene chloride (60 mL, 0.05M) was cooled to — 78 °C, then treated with Dibal-
H (3.3 mL of a 1m solution in toluene, 3.3 mmol) with stirring. After 20 min the
reaction mixture was quenched with isopropanol (0.58 mL, 8.98 mmol) at — 78 °C
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and allowed to reach ambient temperature with stirring over 0.5 h. Saturated
aqueous sodium potassium tartrate (70 mL) was added and the mixture was stirred
for 2 h to break the initially formed emulsion. The layers were separaied, and the
aqueous phase was extracted with methylene chloride (3 x 25 mL). The combined
organic extracts were washed with water (10 mL) and brine (10 mL), and dried
(MgS0,). Concentration followed by column chromatography (silica gel, 60%
ether in petroleum ether) afforded pure lactol 48 (940 mg, 94% yield) as a colorless
oil. 48: R, = 0.68 (silica gel, ether); IR (neat): ¥, = 3398.3,3037.9, 2927.7, 1612.2,
1512.7,1459.6, 1369.5, 1299.5, 1247.9, 1178.9, 1090.1, 1035.3, 938.4, 820.4, 732.3,
5829, 512.7cm™'; '"HNMR (500 MHz, CDCl,): § =7.27 (d, J = 8.5 Hz, 2H,
ArH), 6.88 (d, J = 8.5 Hz, 2H, ArH), 6.01 (ddd. J =12.6, 5.4, 4.0 Hz, 1H, H-11),
5.77 (ddd, J =12.6, 3.5, 2.7 Hz, 1H, H-10), 5.32 (brs, 1H, H-9), 4.43 (s, 2H,
CH,Ar), 4.10-4.00 (m, 1H, H-13), 3.80 (s. 3H, ArOCH,), 3.58-3.54 (m. 1H,
H-15),3.49(dd, s = 8.0, 7.5 Hz, 1 H, H-172),3.31 (dd, J =7.5, 6.5 Hz, 1 H, H-17b),
3.32 (s, 3H. C15-OCH,), 2.07-2.03 (m, tH, H-12a), 2.01-1.94 (obs m, 2H,
H-12b, H-14a), 1.88 (1dd, 7 = 8.0, 7.0, 6.5 Hz, 1 H, H-16), 1.58 (ddd, J =14.0, 7.5,
5.0 Hz, 1 H, H-14b), 0.86 (d, J =7.0 Hz, 3H, C16-CH,); "*C NMR (125 MHz.
CDCl,): 6 =191.0, 159.0, 148.6, 130.4, 129.2, 128.6, 126.3, 113.6, 92.1, 78.8, 77.5,
72.6, 72.3, 57.7, 55.2, 36.1, 35.6, 30.7, 10.8 ; HRMS (FAB): calcd for C,,H,;0;Na
(M +Na') 359.1834, found 359.1846.

Preparation of dienic alcohol 49: Azeotropically dried (benzene, 3 x 50 mL) lactol 48
(17.96 g, 53.4 mmol) was dissolved in anhydrous acetonitrile (107.8 mL, 0.5M) and
the solution was cooled to — 10 °C. Allyl trimethylsilane (33.9 mL, 213.6 mmol) and
BF,-Et,0(13.1 mL, 106.8 mmol) were added slowly and sequentially, and the solu-
tion was stirred at 0°C for 3 h. The reaction mixture was quenched with saturated
aqueous NaHCO, (500 mL). After vigorous stirring the layers were separated. The
aqueous layer was extracted with an ethyl acetate—ether mixture (1:1, 3 x 300 mL),
and the combined organic extracts were washed with water (500 mL) and brine
(500 mL). Drying (Na,SO,) followed by concentration and ¢column chromatogra-
phy (silica gel, 30 — 50% ethyl acetate in petroleum ether) gave pure alcohol 49
(12.82 g, quantitative) as a pale yellow oil. 49: R, = 0.37 silica gel. 30% ethyl
acetate in petroleum ether); [«]3® = —79.1 (¢ =0.03, CHCI,); IR (neat}:
Ve = 3439.3, 3074.4, 3032.5, 2925.9, 1642.3, 1433.0, 1386.3, 1185.4, 1084.7, 916.0,
835.8, 792.4, 709.1, 628.1 cm ™~ '; "H NMR (500 MHz, CDCI,): § = 5.88-5.81 (m,
2H, H-11, H-7), 5.72 (brd, J =10.0 Hz, 1H, H-10), 5.10 (brdd, J =10.0, 1.5 Hz,
1H, H-6),5.08 (brd,J =10.5 Hz, 1 H, H-6),4.23 (m, 1 H, H-9), 3.77 (m, 1 H, H-13),
3.66 (dd, J =11.0, 6.5 Hz, 1H, H-17), 3.61 (dd, J =11.0, 5.0 Hz, 1H, H-17), 3.52
(dt, J = 8.5, 5.0 Hz, 1 H, H-15), 3.35 (s, 3H, C15-OCH,), 2.73 (brs, 1H, C17-
OH), 2.39 (ddd, J =18.0, 10.0, 2.0 Hz, 1 H, H-8), 2.25(ddd, J =18.0, 9.0, 7.5 Hz,
1H, H-8), 2.03-1.86 (m, 3H, H-12, H-12, H-16), 1.89 (ddd, J =14.5, 8.5, 6.5 Hz,
1H, H-14), 1.58 (ddd, J =14.5, 6.5, 5.0 Hz, 1H, H-14), 0.88 (d, J =7.0 Hz, 3H,
C16-CH,); '*C NMR (125 MHz, CDCl,): § =135.0, 129.0, 124.0, 116.8, 81.3,
72.4, 66.6. 64.8, 56.9, 38.6, 36.2, 35.2, 30.7, 11.1; HRMS (FAB): caled for
C,.H,.0;H (M +H)* 241.1804, found 241.1808.

Preparation of benzoate 50: A solution of alcohol 49 (12.82 g, 53.34 mmol) in
methylene chloride (385 mL, 0.14M) was cooled to 0°C and treated with Et,N
(29.7 mL, 213.3 mmol), 4-DMAP (1.629 g, 13.33 mmol) and BzCl (12.4mL,
106.7 mmol), sequentially. The solution was allowed to warm to room temperature
and stirred for 3 h. The reaction mixture was quenched with saturated aqueous
NaHCO, (400 mL) and after vigorous mixing the layers were separated. The
aqueous layer was extracted with methylene chloride (3 x 100 mL) and the com-
bined organic extracts were washed with water (50 mL) and brine (50 mL). Drying
(Na,SO,) followed by concentration and column chromatography (silica gel, (0%
ethyl acetate in petroleum ether) gave pure benzoate 50 (17.81 g, 97 %) as a colorless
oil. 80: R, = 0.49 (silica gel, 20% ethyl acetate in petroleum ether); [«]2* = — 63.0
(c = 0.04, CHCI,); IR (neat): ¥,,, = 3070.3, 3033.1, 2972.1, 2928.0, 2824.6, 1914.9,
1719.8, 1642.8, 1602.6. 1452.9, 1387.2, 1273.9, 1180.6, 1094.5, 1028.2, 971.1, 916.2,
833.8, 802.3, 711.2cm™!; '"HNMR (500 MHz, CDCI,): 6 = 8.06 (dd, J = 8.0,
1.5 Hz, 2H, ArH), 7.57 (tt, J =7.5, 1.5 Hz, 1 H, ArH), 7.45 (dd, J = 8.0, 7.5 Hz,
2H, ArH), 5.83 (m, 2H, H-11, H-7). 5.72 (brdd, J =10.5, 1.5 Hz, 1H, H-6), 5.04
(brdd, J =17.5, 2.0 Hz, 1 H, H-10), 4.97 (brdd, J =10.5, 1.5 Hz, H-6), 4.35 (dd,
J =10.5, 7.0 Hz, 1H, H-17), 4.28 (dd, J =11.0, 7.0 Hz, 1H, H-17), 4.24-4.20 (m,
1H, H-9),3.78-3.73(m, 1H, H-13),3.56 (ddd, J = 8.0, 5.5,3.0 Hz, 1 H, H-15),3.37
(s,3H,C15-0CH,), 2.36 (ddd, J = 14.0, 8.0, 6.5 Hz, 1H, H-8), 2.22 (ddd, J =14.0,
7.0, 3.5Hge, 1H, H-8), 2.23-2.21 (m, 1 H, H-16), 2.03-1.95 (m, 2H, H-12, H-12),
1.93 (ddd, J =14.5, 9.0, 5.5 Hz, 1 H, H-14), 1.63 (ddd, J =14.5, 8.0, 5.0 Hz, 1H,
H-14), 0.99 (d, /=70Hz, 3H, C16-CH,); '*C NMR (125 MHz, CDCl,):
5 =166.4,134.8,132.7,130.3, 129.4, 129.0, 128.2, 124.0, 116.8, 79.4,72.3,67.1, 64.8,
57.5.38.7, 36.1, 35.0, 30.8, 10.7; HRMS (FAB): caled for C, H,,0,Na (M + Na*)
367.1885, found 367.1875.

Preparation of aldehyde 19: The diene 50 (60 mg, 0.174 mmo}) was dissolved in an
acetone - water mixture (4:1, 4.4 mL, 0.04 M) at room temperature, and treated with
4-methylmorpholine N-oxide (NMO) (150 mg, 0.436 mmol) and OsO, (38 uL of
0.16 M aqueous solution, 0.006 mmol). After 2 h, the reaction mixture was acidified
to pH 2 with 3N H,SO, and diluted with ethyl acetate (10 mL), and the layers were
separated. The aqueous phase was extracted with ethyl acetate (4 x 10 mL), and the
combined organic extracts were washed with NaHCO; (5 mL) and brine (5 mL),
and then dried (MgSO,). Concentration and purification by column chromatogra-
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phy Gilica gel, 5% ethyl acetate in pRiroleum ether) affarded the desired C6-C7
Aol {47 7 g, 79% yreld based on 1ecoveres starhing ™atenal) plus recovered diene
50 (12.6 mg). The diol was used in the next reaction wilthout further characteriza-
tion,

Diol to aldebyde 19: To a cold (0°C) solution of azeotropically dried (benzene,
2x3mL) diol (472 mg, 0.137 mmol) in benzene (4.SmL, 0.03m), Pb(OACc),
(77.0 mg, 0.174 mimol) was added in 4 portions over 10 min with continued stirring
at 0°C for 1 h. The reaction mixture was quenched with ethylene glycol (1 mL) and
diluted with pH 7 buffer (§ mL). The layers were separated and the aqueous phase
was extracted with ethyl acetate (3 x 10 mL). The combined organic extracis were
washed with brine (4 mL) and dried over MgSO, . Concentration aad purification
by column chromatography (silica gel, 30% ethyl acetate in petroleum ether) af-
forded the desired aldehyde 19 as a coloriess oil (39.0 mg, 83% yield). 19: R, = 0.58
(silica gel, 40 Y% ethyt acetate in petrolewmsther): (efl® = — 19.4(c = 3.94, CHCL,}:
IR (neat): 7., = 35132 3426.5, 3062.5, 3034.2, 2926.8, 28251, 2725.5, 19709,
19134, 1726.5. 1601.6, 1583.8, 1451.9, 13917, 13342, 1274.8, 1177.0, 10976,
1026.5, 973, 935.2, 806.7, 713.3, 688.2, 6761, 567.7, 470.1cm™"; '"HNMR
(500 MHz, CDC1,): 6 = 9.74 (dd, J = 2.5, 1.5 Hz, 1 H, H-7), 806 (md, J =7.5 Hz,
2H, ArHy, 7.56 {1, J =7.5, 20 Hz, 1H, ArH), 7.45 (brit, J =7.5, 1.5 Hz, 2H,
ArH), 5.88 (odd, J =10.0, 5.0, 2.5Hz, 1H, H-11), 5.70 (md, J=10.5Hz. 1H,
H-10), 4.77 (brs, 1H, H-9), 4.36 (dd, J=11.0, 6.5Hz, 1H, H-17), 4.25 (dd,
J=110,7.0 Hz, 1 H, H-17), 3.73 (11, J = 8.0, 4.0 Hz, 1 H, H-13),3.46 (dt, / = 6.5,
3.0 Hz, 1H. H-15).3.56 (s, 3H, C15-OCH;), 2.72 (ddd, J =16.0, 7.5, 2.5 Hz, 1 H,
H-8), 2.53 (ddd. J =16.0, 5.0, 1.5 Hz, 1 H, H-8). 2.19 (ddd, J =14.0, 7.0, 3.5 He,
1H, H-14), 2.06-1.97 (m, 2H, H-12, H-16), 1.92 (ddd. / =145, 8.5, 6.5 Hz, 1H,
H-12), 1.6)(ddd, J =140,7.0,3.0 Hz, 1H, H-14),099(d, J =70 Hz, 3H. C16-
CH,): "'C NMR (128 MH2, CDCl,): = 200 6, 166.5, 110.4, 129.5, 129.5, 128 3,
127.9.125.4, 77.9.68.0, 67 8, 67.6, 57.5,47 9, 359, 35.2. 304, 11.1; HRMS (FAB).
caled for C,oH,,0Na (M + Na*) 369.1678, found 369.1670.

Preparation of hydroxy ester 51: A solution of THO/Pr), (12.90 mL, 43.35 mmol)
and TiCl, (43.35 mL, 1 M solution in toluene, 43.35 mmol) in toluene (200 mL, 0.24)
was cooled to — 78 °C and added to a solution of aldehyde 19 (10 g, 28.90 mmol)
and {-methoxy-1-trimethylsilyl-2-methyl-1,3-butadiene (16.5% g, 57.8 mmot) in
toluene (100 mL, 0.29M} ar — 78 °C through a cannula. The reaction mixture was
stitced foc 3h 3t —78°C, then quenched with saturated aqueous NaHCQO,
(200 mL). After vigorous mixing the layers were separated and the aqueous layer
was extracted with ethyl acetate (3 x 100 mL). The combined organic extracts were
washed with water (50 mL) and brine (50 mL) aad then dried (Na,SO,). Concentra-
tign and column chromatography (silica gel, 10% ethyl aceiate in petroleum ether)
gave pure alcohol §f (10 g, 75% yield). along with the unwanted C, epimer 2 g,
15 aved Tecovered aldetyde 419 (SO m). 51- palr yeliow o, A, = 935 (s g,
30% ethyl aceate in potroleum ether); [¢J3° = — 27.8 (¢ = 285, CHCI,); IR (near):
B = 3499.3,3052.6, 2945.4, 2928.3, 1722.1, 1713.6, 1698 1, 1650.3, 1601.9, 1584.0,
1452.2, 1434.6, 1391.5, 1314.2, 1274.5, 1196.1, 1176.8. 1092.0, 1026.4, 972.2, 935.1,
851.9,8154,746.2,713.5,474.0 cm ™ *; 'H NMR (500 MHz, CDCI,): 6 = 8.03 {(dd,
J=98,09 Hg, 2H, ArH), 7.55 (brt, J = 9.8 Hz, 1 H. ArH) 7.43 (brt,/ = 9.8 Hz,
2H, ArH), 6.73{d1, J =9.3, 1.6 Hz, 1 H, B-5), 5.84-5.77 (m, 1 H. H-11), 5.62 (md,
J =128 Hz, 1H, H-10), 448 (brdd, J = 8.5, 29 Hz, 1 H, H-9), 436 (dd, J =13.4,
8.5 Hz, tH, M-17), 4.23 (dd, 7 =13.4, 8.8 He, 1H, H-17), 4082397 (brm, i H,
H-7), 3.84 («, J =10.7, 6.3 Hz, 1 H, H-13), 3.69 (s. 3H. C3-OCH,), 3.50 (brdt,
J =8.2,4.0 Mz, 1H, H-15), 3.53 (s, 3H, C15-OCH,). 258 (brd, J = 54 Hz, 1 H,
C7-0H).2.30(dd. J =13.5, 8.8 Hz, 1 H, H-6), 2.21 (0bs dq, J =129, 8.8 Hz, 1H,
H-6), 245 2.(2(m, L, H-12),2.02- 1 88 (wm, 28, H-12, H-14) 1.83-1.71 (m, 2H,
H-16, H-14), 1.79(s. 3H, C4-CH,}, 1.62-1.52 (m, 2ZH. H-8) 099 (d, J = 8.7 ¥z,
3H. C16-CH,): 2C NMR (125 MHz, CDCJ,): 8§ =968.0, 166.5, 138.0. 1339,
130.3, 129.5. 1283, 128.4, 1284, 124.0, 78.3, 8.7, 67.6. 67.0. 65.8, 57.5, 51.7. 39.8,
36.8, 35.2,. 35.1, 30.2, 12.8, 11.2; HRMS (FAB): calcd for C,,H;,0,Cs (M +Cs*)
593.1515, found 593.1535.

Preparation of silylether 52: A solution of ajcohol 51 (900 mg, 1.957 mmo)) in
methylene chioride (20 mL, 0.01 m) at 0 °C was treated sequentially with 2,6-futidine
(826 uL, 5.890 mmol) and TBSOTF (560 uL, 2.446 mmol). The solution was allowed
to warm to room temperature while stirred. After ! h the reaction mixture was
quenched witk saturated aqueous NH,CI (10 mL} and the layers were separated.
The aqueaus phase was extracted with methylene chlacide (3x S mL) and the com-
bined organic ¢xtracts were washed once with brine ({0 mL), then dried (MgSQ,)
and concentrated. Column chromatography (silica gel, (0% ethyl acelate in
petroleum ether) afforded $2 (1.06 g, 96% yield) as a colotless oif. 52: R, = 8.6Z
(silica gel, 20% ethyl acetate in petroleum ethen); Ju)2® = — 40.3(c = 0.99, CHCI,):
IR (neat): v,,, = 30374, 29283, 2856.2, 1722.5, 1714.0, 165038, 1602.3, 1584.5,
1468.5, 1434.3, 1360.8, 1313.9, 1273.5, 1176.7, 1092.2, 1026.9, 972.0, 935.9. 836.4,
809.1. 776.0. 712.4. 688.0, 482.0 cm~*; *H NMR (500 MHz, CDCl,): é = 8.05 (d,
J=70Hz, 2H, ArH), 7.56 (brt, J = 7.0 Hz, 1H, ArH). 7.44 (brt, J = 8.0 Hz, 2H,
ArH), 6.80 (dt, J = 9.0, 1.5 Hz, 1 H, H-5). 5.83-5.79 (m. 1 H, H-11), 5.70 (brd.
J =90 Hz, 1H, H-10), 4.48 (brd, 7 = 9.0 Hz, 1 H, H-9), 4.37(dd, J = 10.5, 6.5 Hz,
1H, H-17),4.24 (dd. J =10.5, 7.0 Hz, 1 H, H-17), 3.93 (brt,J = 4.0 Hz, 1H, H-7),
3.78 -3.74 (m, { H, H-13),3.72 (s, 3H, C3-OCH,), 3-48-3.42 (m. 1 H, H-15). 3.36
(s, 3H.C15-OCHy), 241 (brd, 7 =10.0 Hz, 1 H, H-6). 2.37(bed, J/ = 10.0 Hz, [ H,
H-6).2.28-2.22 (m, 1 H, H-16), 2.01 -1.84 (m, 4 H, H-14, H-14 H-12, H-12), 1.81
(5. 3. C4-CH,), 1.63-159 (m, 2, H-8, H.8) 1.0{ (4 1 =65H2 3H, Cis-
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CH.): .88 {s. SH, 1Bu), 0.09 &5, TH. SICH,). 605 (s, 3H, SICH,); 'C NMR
(125 M2, COCY): 5 <1630, 166.4, 1389, 1327, 110.5, 129.4, 129.4,128.2, 128.2.
1237, 780, 69.2, 68.6, 66.3, 64.9. 57.5, 51.5, 41.4, 36.4, 36.0, 35.3, 30.5, 25.6,17.5.
12,7, 11.4, —4.8, —4.8; HRMS (FAB); calcd for C,,H,,0,SiNa (M +Na")
567.3324, found 597.3224.

Preparation of alcobol 83: A solution of benzoate 82 (241 g, 3.659 mmol) in anhy-
drous methanol (73 mL, 0.05M) was treated with K,CO, (1.11 g, 8.049 mmol) at
ambient temperature. After stirring for 3 h the reaction mixture was filtered through
a short plug of silica gel. The filter cake was washed with ether (3 x 10 mL) and the
cambined filtrate was concentrated and redissolved in ether (200 mL). The solution
was washed with water (50 mL), then dried (MgSO,) and concentrated. Purification
by column chromatography {silica gel, 15% ether in petroleum ether) gave pute
alcohial 83 (1.73 g, quantitative} 3s a colorless ait. §3: R, = 0.18 (silica get, 10%
ethyl acetate n petroleum ether); [2j2° = — 492 (¢ =22, CHCL,); IR {neat):
Voun = 3479.0, 3031.7, 2929.7, 2856.6, 1734.1, 1651.1, 1466.8, 1434.7, 1386.9, 1257 4,
1196.1, 1130.0, 1083.5, 1007.4, 980.2, 937.0, 895.2. 836.8, 778.4, 749.1, 701.0, 665.8,
478 2 cm ' "HNMR (500 MHz, CDCl,): 6 = 6.76,(dt, J =7.5,1.5 Hz, 1H, H-5).
5.79 (m, 1H, H-11), 5.65 (brd, J = 10.0 Hz, 1 H, H-10}, 4.36 (brd, / =10.5 Hz, 1 H,
H-9), 4.03(ddd, J =14.5,10.0, 3.5 Hz, 1 H, H-7), 3.74 (s, 3H, C3-OCH,), 3.62 (m.
3H, H-17a, H-17b, H-15), 3.54 (obs m, 1 H, H-13), 3.35(s. 3H, C15-OCH ), 2.37
(1, J =70 Hz, 2H, H-6), 2.01 (m, 1H, H-12a), 1.95 (brt, J = 5.0 Hz, 1 H, H-120).
1.95-1.83 {m, 2H, H-16, H-14), 1.84 (4, J = 0.5Hz, 3H, C4-CH;), 1.68 (ddd.
1=14.5,10.5.2.0 Hz, 1H, H-83), 1.61 (ddd. J =14.0,8.0,4.0 Hz, 1 H, H-14).1.36
ddd, J =14.5,10.0, 2.5 Hz, { H, H-8b). 0.90 (5. 9H., (Bu). 0.99 (obs d, J = 6.5 Hz,
1H, C16-CH,), 0.12 (5, IH, SICH,), 0.10 (s, IH, SiCH;); '3C NMR (125 MHz.
CDCL,} 5 =168.5,1382,130.2.128.9, 121.6,80.2, 68.9,67.7, 66.4,63.8, 56 9. 51.7.
48.4, 37.7,36.8.35.7,31.0,25.7. 179, 12,6, 10.5. —4.5, —4.8: HRMS (FAB}: cakd
for C,,H,,0,81 (M +-H*)471.3142, found 471.3140.

Preparation of aldehyde 54: A solution of oxaly! chloride (371 uL, 4.249 mmol)
methyiene chloride (20mL) was treated with DMSO (422 pL, 5.948 mmo))
at —78°C and stirred for 20 min. Alcohol 53 (400 mg, 0.850 mmol) in methylene
chieride (5 mLj was added to the reaction mixture at that temperature and stirring
was continued for 20 min. Et,N (1.7 mL, 12.746 mmol) was added dropwise and the
solution was allowed to warm gradually to ro0m temperature. The reaction mixture
was diluted with water (10 mL) and the layers were separated. The agueous layer
was extracted with methylene chloride (2 x 23 L) and the combined organic ex-
tracts were washed with saturated aqueous NaHCQ, (2 x 25 mL) and bring (10 mL)
and then dried (MgSO,). Concentration and purification by column chromatogra-
phy (sifica gel, 12% ethyl acetate in petroleum ether) gave pure aldehyde 54 (366 mg.
S2% Yrid) as 2 thear coloriess Ok B R, = D.AS 3fhea 26l 10% eyl srerale In
petroleum ether); [aff® = —70.4 (c=3.63, CHCI,); IR (neat): ¥, = 3017.1.
2930.4, 2871.8, 2856.6, 2825.0, 2708.8, 1715.8, 1653.7, 1471.9, 1462.1, 1436.0,
1389.4, 1287.3. 1255.9, 1196.0, 1129.9, 1086.9, 1005.0, 979.5, 935.9, 894.5_§36.7.
811.3, 776.7, 7378, 701.2, 6674, 550.4cm™'; 'HNMR (500 MHz, CDCL):
6=9.76(d,J =0.5Hz, 1H, H-17),6.72 (dt, / =7.5, 1.5 Hz, 1 H, H-5), 5.80 (dddd,
J=10.5, 5.5, 2.5, 2.0 Hz, 1 H. H-11), 5.65 (dddd, J =10.5, 2.0, 1.5, 1.0 Hz, 1H.
H-10), 437 (brd, J =10.5Hz, 1H, H-9), 4.05-4.00 (m, 1H, H-7). 3.96 (ddd,
J=8.5,50,3.0Hz, 1 H, H-15), 3.72 (s, 3H, C3-OCH;), 3.55 (tt. / = 9.0, 4.0 Hz,
1H, H-13),3.30 (s, 3H, C15-OCH,). 2.45 (brdq,/ =7.0, 3.0 Hz, i H, H-16), 2.37
(t. J =7.0 Hz, 2H, H-6a, H-6b), 2.03 (qd, / = 12.5, 2.5 Hz, 1H, H-14a}, 1.96 (brt.
J =4.5Hz, 1H, H-12a), 1.92 (ddd, s =145, 9.0, 5.5Hz, 1 H. H-8a), 183 (d.
S=10Hz 3H.C4-CH,},1.68-160 {m, 21, H-12b, H-14b), 1.39(ddd, J = 14.5,
1068, 2$ Hz, 1H, H-8b, 1.12(d. /=7.0 Hz, 3H, C16-CH,y, 0.9¢ (s, 94, 1Bu}.
0.3 (s. 3H, SICH,), 0.121 5. 31, SiCH,). '*C NMR (125 MHz. CDCl,):
#=2042 168.2, 137.8,138.1, 129.1, 123.5, 72.1, 68.9, 67.7, 63.7, 57.1, 51.6, 48.7,
40.4, 37.6, 36.3, 30.8, 25.7, 17.9, 12.6, 7.2, —4.5, —4.8; HRMS (FABj): calcd for
CH . OSiNa (M + Nu*) 491.2804. found 491.2800.

Preparation of dithiane $5: To a soiutien of aldchyde 54 (301 mg, 0.6422 mmol) and
1.3-propanedithiol (322 uL, 3.211 mmol) in methylene chloride (26 mL, .03 M)
at —78°C, TiCl, (139 pL, 1.2844 mmol) was added dropwisc. The reaction mixture
was stirred at —78 °C for 30 min. thea quenched with saturated aqueous NaHCO,
(20 mL) and allowed to warm to room temperature. The layers were separated and
the aqueous phase was extracted with methylene chloride (3 x 20 mL). The com-
bined aeganic extracts were washed with beine (28 mL), dried over MgSQ, aad
concenteated. Purification by column chromatography (silica gel. 3% ethyl acetate
in petroienm ether) afforded pure dithiane 55 (305 mg, 85 % yield) as a toloriess oil.
S8 R, = D.46 (silica gel, 12% ethy) acerale i petroleum ether); [¢J3* = - 37.8
fe = 297, CHCL); IR {neay): §_,, = 3016.1, 2030.3, 2897.1, 2855.6, 2826.9, 171 3.8.
1650.4, 1471.2, 1462.1, 1434.0, 1380.7, 1360.1, 1257.5, 1201.2, 1087.6, 1005.6, 9845,
938.0. 893.2, 837.4, 810.0, 7763, 747.7. 7024, 6634, 5654cm~'; 'HNMR
(500 MHz, CDCI,): § = 6.93 (dt, /=7.0. 1.5Hz 1 H, H-5), 580-5.77 (m, 1H.
H-11), 5.64 (brd, J =10.5 Hz, 1 H, H-10), 4.35 (brd, J =10.0, 5.0 Hz, 1 H, H-9).
4.28-4.27(m, 1H, H-7),4.23 (d,/=75Hz tH, H-17),3.77-3.73 (m. 1H, H-15).
3.74 (s. 3H, C3-OCH,), 3.51 (11, J =125, 3.5 Hz. 1H, H-13) . 3.36 (s, 3H, C15~
OCH,). 2.90 (dd. J =13.5, 12.0 Hz, ZH, -CH,S-). 2.82 (1d, J =14.0, 3.5 Hz, 2H.
-CH,S-). 241 (t, /= 5.5 Hz, 2H, H-6a, H-60), 2.1 (brqd, 7 =14.0, 2.0 Nz, (H,
H-(4),200-2.09 (brm, 1 H, H-16), 1.94 (brt, J = 45Hz, 1H, H-12), 1 50-1.84
(m, 18, 4-8, SCH,CH,CH,S). 183 (5, 3H, C4~CH,), 1.68-1.60 (m, IH, H-12,
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H-14), 1.43 (ddd. J =14.0, 10.0, 2.0 Hz, 1H, H-8), 1.10 (d, J = 6.5 Hz, 3H, C16-
Me), 0.89 (s, 9H, ¢Bu), 0.13 (s, 3H, SiCH,), 0.090 (s. 3H, SiCH,); *C NMR
(125 MHz, CDCL,): 5 =168.4, 138.9, 130.3, 128.6, 123.5, 77.0, 69.1, 67.4, 63.6, 56.8,
52.3, 51.5. 41.1, 40.6, 37.5, 36.8, 31.2, 30.9, 30.7, 26.1, 25.8, 17.9; HRMS (FAB):
caled for C,aH,,045,5i (M +H*) 599.2947, found 599.2950.

Preparation of allylic alcobol 56: A solution of ester 55 (800 mg, 1.431 mmol) in
methylene chloride (29 mL, 0.05M) was cooled to — 78 °C and treated with Dibal-H
(4.3mL, 1M soln in methylene chloride, 4.294 mmol) while stirred. After 1 h the
reaction mixture was quenched with methanol (600 uL.), and allowed to warm to
room temperature. Saturated aqueous sodium potassium tartrate (30 mL) was
added, and the mixture was stirred for 2 h to break the initially formed emulsion.
The layers were separated, and the aqueous phase was extracted with methylene
chloride (3 x20mL). The combined organic extracts were washed with water
(10 mL) and brine (10 mL) and dried (Na,SO,). Concentration and purification by
column chromatography (silica gel, 15% ethyl acetate in petroleum ether) afforded
pure alcohol 56 (750 mg, 96 % yield) as a colorless oil. 56: R, = 0.60 (silica gel, 15%
ethyl acetate in petroleum ether); [¢)3* = — 37.9 (c = 2.49, CHCI,); IR (neat):
Voman = 3442.5, 3029.1, 2928.5, 2897.6, 2854.3, 1466.1, 1461.4, 1422.3, 1378.2, 1250.5,
1186.6, 1081.7, 1005.2, 901.0, 836.5, 817.2, 810.5, 775.3, 700.8, 666.8cm™';
"HNMR (500 MHz, CDCl;): 6 = 5.79-5.75 (m, 1H, H-11), 5.64 (brtd, J =10.5,
2.0 Hz, 1H, H-10), 5.50 (brt, J =7.0 Hz, 1H, H-5), 4.34 (brd, J =10.5Hz, 1H,
H-9),4.30(d,J = 6.5 Hz, 1 H, H-17), 4.10-4.06 (m, 1H, H-7),4.00 (d, J = 6.5 Hz,
2H, H-3a, H-3b), 3.63 (td, J =7.5,4.5 Hz, 1H, H-15), 3.57 (tt, J = 9.0, 3.0 Hz, 1 H,
H-13),3.34(s,3H,C15-0CH,), 2.93 (ddd, J =14.5,12.0, 2.5 Hz, 1 H, CH,S), 2.89
(dd,J =12.0, 2.5 Hz, 1 H, CH,S), 2.85-2.80 (m, 2H, CH,S), 2.28 (brt, / = 4.5 Hz,
1H, H-12), 2.22 (dd, J = 8.5, 8.0 Hz, 1H, H-6), 2.20-2.17 (obs m, 1H, H-6),
2.00-1.97 (brm, 1 H, H-16), 1.95-1.83 (m, 4H, SCH,CH,CH,S, H-8, H-12), 1.76
(ddd, J =14.5, 10.5, 1.5 Hz, 1H, H-14), 1.65 (obs ddd, J =14.5, 4.5, 3.0 Hz, 1H,
H-14),1.66 (s, 3H, C4-CH,), 1.30 (ddd, J = 14.0, 10.0, 1.5 Hz, 1 H, H-8), 1.11 (d,
J=7.0Hz, 3H, C16-Me), 0.89 (s, 9H, 1Bu), 0.12 (s, 3H, SiCH,), 0.10 (s, 3H,
SiCH,); '*C NMR (125 MHgz, CDCI,): 6 =136.8, 130.7, 123.3, 121.4, 78.1, 69.6,
68.6, 68.6, 63.0, 57.1, 52.2, 41.0, 40.0, 36.7, 36.4, 31.4, 31.0, 30.6, 26.1, 25.8, 17.9,
15.1, 11.6, —4.3, —4.7; HRMS (FAB): calcd for C,,H4,0,S,SiCs (M +Cs*)
663.1974, found 663.1950.

Preparation of dithiane 14: A stirred solution of alcohol 56 (750 mg, 1.415 mmol)
and 2,6-lutidine (660 pL, 5.660 mmo!l) in methylene chloride (48 mL, 0.033 M) was
cooled 1o —78°C and treated with TBSOTf (651 pL, 2.830 mmol). The reaction
mixture was allowed to warm to room temperature over 30 min, and quenched with
saturated aqueous copper sulfate (50 mL). The mixture was stirred for 1 h at room
temperature and the layers were separated. The aqueous phase was extracted with
methylene chloride (3 x 30 mL), and the combined organic extracts were washed
with brine (25 mL) and dried (Na,SO,). Concentration and purification by column
chromatography (silica gel, 5% ethyl acetate in petroleum ether) gave dithiane 14
(838 mg, 92% yield) as a colorless oil. 14: R, = 0.21 (silica gel, 6% ether in
petroleum ether); [a]2® = — 28.6 (¢ = 0.34, CHCI,); IR (neat): ¥,,, =2927.1,
2854.8, 1723.6, 1678.8. 1461.8, 1360.4, 1252.1, 1187.5, 1073.1, 1005.5, 938.6, 836.5,
775.2, 699.5c¢cm™'; "H NMR (500 MHz, CDCI,): é = 5.77-5.73 (m, 1H, H-11),
5.59(td, J =10.5,1.6 Hz, 1 H, H-10), 5.54 (dt. J = 8.0, 1.2 Hz, 1 H, H-5), 4.34 (brd,
J =10.5Hz, 1H, H-9), 4.20 (d. / =7.3 Hz, 1H, H-17), 4.13 (m, 1 H, H-7), 4.03 (s,
2H, H-3a, H-3b), 3.75(dt, J =7.7, 5.2 Hz, 1 H, H-15), 3.54 (m, 1 H, H-13), 3.40 (s,
3H, C15-0OCH,). 2.92-2.79 (m, 4H, -CH,S-), 2.27-2.22 (m, 2H, H-6a, H-6b),
2.11-2.06 (m, 1H, SCH,CH,CH,S), 2.04-1.95 (m, 1H, H-12), 1.93-1.80 (m, 5H,
H-16, H-14, H-12, SCH,CH,CH,S), 1.68-1.58 (m, 1H, H-8), 1.60 (s, 3H, C4-
CH;), 1.38 (ddd, J =14.3,10.5, 2.4 Hz, 1H, H-8),1.08 (d, J = 6.8 Hz, 3H, C16 -
CH,),0.89(s,9H, tBu).0.88 (s, 9H, tBu),0.15(s, 6 H, SiCH},), 0.07 (s, 6 H, SiCH,);
13C NMR (125 MHz, CDCI,): 6 =136.0, 130.8, 123.3, 120.9, 77.3, 69.4, 68.9, 68.2,
63.6, 56.9, 52.3, 41.2, 40.3, 37.0, 36.4, 31.3, 31.0, 30.8, 26.3, 26.0, 18.4, 18.1, 13.8,
11.3, —4.2, —4.6, —5.2; HRMS (FAB): calcd for C;,H,,0,Si;S;Na (M +Na*)
667.3682, found 677.3680.

Preparation of acetal 57: A solution of benzoate 38 (0.3 g, 0.464 mmol) in dry
methylene chloride (1 mL, 0.46M) was cooled to — 78 °C and treated with Dibal-H
(0.98 mL, 1M solution in toluene, 0.980 mmol) while stirred. After 20 min the reac-
tion mixture was quenched with methanol (0.2 mL) at —78 °C and allowed to reach
ambient temperature over 0.5 h while stirred. Saturated aqueous sodium potassium
tartrate (2 mL) was added and the mixture was stirred for 2 h to break the initially
formed emulsion. The layers were separated and the aqueous phase was extracted
with methylene chloride (3 x 5 mL). The combined organic extracts were washed
with water (5 mL) and brine (5 mL) and dried (MgSO,). Concentration, followed
by flash column chromatography (silica gel, 15 % ethyl acetate in petroleum ether)
afforded the pure diol (239 mg, 95% yield) as a white foam.

Diol: R, = 0.82 (silica gel, 50% ethyl acetate in petroleum ether); [«}3* = —13.4
(¢ =1.15, CHCL,); IR (neat): ¥, = 3418.3, 3029.1, 2965.6, 2926.7, 2856.2, 2359.7,
2339.9, 1496.0, 1453.8, 1379.8, 1351.3, 1260.2, 1203.2, 1152.8, 1098.6, 1084.1,
1028.1, 971.4, 906.6, 802.7. 735.6, 697.7, 668.0, 602.7, 520.2cm™!; 'HNMR
(500 MHz, CDCl,): 6 =7.36-7.29 (m, 10H, ArH),4.77 (d, J =12.0 Hz, 1 H, CH-
Ph),4.67(d,J =12.0 Hz, 1 H, CHPh),4.58 (d,J =12.0 Hz, 2H, CH,Ph), 4.03-3.98
(m, 1H, H-10), 3.94 (dd. J =10.0, 2.5 Hz, 1 H, H-6), 3.90 (dd, J = 6.5, 3.5 Hz, 1H,
H-4), 3.76 (dd, J =10.5, 7.0 Hz, 1H, H-1a), 3.77-3.69 (m, 1H, H-14), 3.67 (dd.
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J =10.5, 4.0 Hz, 1H, H-1b), 3.55 (brdd, J =10.0, 4.5 Hz, 1H, H-12), 3.34 (s, 3H,
C12-0OCH,), 3.23 ((obs) td, J = 7.0, 4.0 Hz, 1 H, H-2), 2.00-1.96 (m, 2H, H-13¢q,
H-5), 1.87-1.81 (m, 2H, H-11eq, H-3), 1.77-1.74 (m, 1 H, H-9a), 1.74-1.69 (m,
1H, H-7), 1.67-1.64 (m, 1H, H-11ax), 1.62-1.57 (m, 3H, H-8a, H-8b, H-9b),
1.35-1.28 (m, 1H, H-13ax), 1.21 (d, J=6.0Hz, 3H, C14-CH,), 1.00 (d,
J=7.0Hz, 3H,C3-CH,),0.84(d,J =7.0 Hz, 3H, C5- CH,),0.79 (d, J =7.0 Hz,
3H, C7-CH,); }*C NMR (125 MHz, CDCl,): § =128.3-127.4 (10 carbons), 80.5,
80.3, 73.3, 73.2, 72.7, 72.3, 71.0, 64.6, 64.0, 55.0, 38.5, 37.5, 35.9, 34.6, 34.3, 29.0,
28.9, 28.8, 21.7, 16.3, 11.9, 10.3, 0.1; HRMS (FAB): calcd for C;,H;,0¢Cs
(M +Cs*) 675.2662, found 675.2644.

Acetal 57: A solution of the diol (0.20 g, 0.369 mmol) and 2,2 dimethoxypropane
(1.0 mL) in acetone (1.0 mL, 0.37 M) was treated with CSA (4.0 mg, 0.036 mmol) at
room temperature while stirred for 2.5 h. The reaction mixture was diluted with
ether (5mL), and washed with saturated aqueous NaHCO, (2 x 10 mL), water
(2x10mL), brine (1 x 5mL) and dried (MgSO,). Purification by column chro-
matography (silica gel, 20% ether in petroleum ether) yielded the desired acetonide
57 (0.204 g, 95%) as a white foam. §7: R, = 0.55 (silica, 20% ethyl acetate in
petroleum ether); [a]2% = —14.3 (¢ =1.02, CHCly); IR (KBr): ¥,,, = 3029.3,
2967.4, 2928.6, 2855.8, 1724.5, 1496.1, 1453.4, 1377.2, 1306.1, 1260.4, 1224.3,
1184.1, 1153.0, 1097.0, 1045.0, 1027.0, 998.3, 926.2, 882.2, 801.8, 734.4, 696.8,
608.2 cm~'; '"H NMR (500 MHz, CDCl,): § =7.35-7.26 (m, 10H, ArH), 4.87 (d,
J =120 Hz, 1H, CHHPh), 4.55(d, J =12.0 Hz, 2H, CH,Ph), 4.49 (d, / =12.0 Hz,
1H, CHHPh), 4.11 (1d, J = 5.0, 2.5 Hz, 1 H, H-2), 4.03-3.96 (m, 1 H, H-10), 3.81 -
3.78 (dd, J =10.5, 3.5 Hz, 1 H, H-4), 3.72~3.65 (m, 1H, H-14), 3.71 (dd, J = 9.5,
6.5 Hz, 1 H, H-1a), 3.56-3.48 (m, 1H, H-12), 3.55 (dd, J/ = 9.5, 5.0 Hz, 1 H, H-1b),
3.34 (s, 3H, C12-0CHy,), 3.11 (brt, J = 6.0 Hz, 1H, H-6), 1.98-1.96 (m, 1H,
H-13eq), 1.87-1.79 (m, 3H, H-11eq, H-3, H-9a), 1.76-1.72 (m, J = 6.5, 3.5 Hz,
1H, H-5),1.61-1.55(m, 4H, H-7, H-8a, H-8b, H-11 ax), 1.54—1.47 (m, 1 H, H-9b),
1.31 (s, 3H, CH,-acetonide), 1.30-1.28 (m, 1 H, H-13ax), 1.26 (s, 3H, CH, -ace-
tonide), 1.20 (d, J = 6.5 Hz, 3H, C14-CH,), 0.94 (d, J =7.0 Hz, 3H, C3-CH,),
0.87(d,J = 6.5 Hz, 3H, C5-CH,), 0.83 (d, J =7.0 Hz, 3H, C7-CH,); *C NMR
(125 MHz, CDCl,): § =128.3-126.9 (10 carbons), 100.6, 78.9, 76.7, 76.4, 73.4,
73.3, 72.6, 72.3, 69.4, 64.0, 55.0, 38.8, 37.0, 35.9, 34.8, 34.7, 29.3, 29.1, 28.2, 25.8,
23.7, 21.8, 15.7, 12.7, 8.9, 0.1; HRMS (FAB): calcd for C,¢H;,0,Cs (M +Cs*)
715.2975, found 715.2960.

Preparation of MEM ether 58: A solution of alcohol 38 (281 mg, 0.435 mmol) in
methylene chloride (1.5 mL, 0.3 M) was treated with 4-DMAP (13 mg, 0.109 msnol),
iPr,NEt (777 pL, 4.35 mmol) and MEMCI (447 uL, 3.91 mmol) at room tempera-
ture. After stirring for 48 h, the reaction mixture was diluted with ether (50 mL) and
washed with 10% aqueous HC! (2 x 20 mL), water (2 x 10 mL), and brine (10 mL).
Concentration and purification by column chromatography (silica gel, 10% ethyl
acetate in petroleum ether) afforded MEM ether 58 (280 mg, 90% yield) as a pale
yellow oil. 58: R, =0.14 (silica gel, 20% ethyl acetate in petroleum ether);
[«]3® = —16.5 (¢ =1.10, CHCl,); IR (KBr): ¥,,, = 3030.0, 2965.4, 2926.7, 2874.6,
2360.6, 2340.0, 1714.2, 1601.4, 1583.8, 1495.9, 1452.1, 1380.6, 1364.1, 13124,
1273.1, 1199.3, 1176.0, 1152.9, 1108.8, 1070.4, 1027.2, 949.6, 849.0, 802.7, 736.3,
712.3, 698.4, 668.5, 611.8, 548.5, 464.0cm™'; '"HNMR (500 MHz, CDCl,):
8 =8.06~8.04 (m, 2H, ArH), 7.58-7.55 (m, 1H, ArH), 7.44 (t, J =7.5 Hz, 2H,
ArH), 7.32-7.23 (m, 10H, ArH), 5.66 (d, J=10.0Hz, 1H, H4), 478 d,
J=6.5Hz, 1H, OCHHO), 4.72 (d, J=6.5Hz, 1H, OCHHO), 461 (d,
J=11.5Hz, 1H, CHHPh), 4.52 (d, /J=11.0Hz, 1H, CHHPh), 4.56 (dd,
J=12.0 Hz, 2H, CH,Ph), 3.97-3.92 (m, 1H, H-10), 3.72-3.68 (m, 2H, H-2, H-
14), 3.64 (dd, J =9.5, 5.5 Hz, 1H, H-1a), 3.53 (dd, 7 =9.5, 5.5 Hz, 1H, H-1b),
3.54-3.49 (m, 2H, H-12, OCHHCH,0), 3.41-3.39 (m, 2H, OCH,CH,0), 3.33 (s,
3H, OCH,), 3.32 (s, 3H, OCH,), 3.29-3.27 (m, 1H, OCHHCH,0), 3.12 (dd.
J = 8.0, 3.5 Hz, 1H, H-6), 2.16-2.08 (m, 2H, H-3, H-5), 1.98-1.95 (m, 1H, H-
13eq), 1.87-1.78 (m, 3H, H-7, H-9a, H-11eq), 1.56 (ddd, J =13.0, 10.5, 6.0 Hz,
1H, H-112ax), 1.47-1.41 (m, 1H, H-9b), 1.26-1.22 (m, 2H, H-8a, H-8b), 1.19 (d.
J =6.0Hz, 3H, C14-CH,), 1.17-1.12 (m, 1H, H-13ax), 1.04 (d, J =7.0 Hz, 3H,
C3-CH,),0.97(d,J =7.0 Hz,3H, C5-CH,),0.95(d.J =7.0 Hz, 3H, C7-CH,);
'3C NMR (125 MHz, CDCl,): § =165.4, 147.5, 144.0, 132.5, 129.0, 128.5-127.5
(15 carbons), 91.5, 86.7, 81.7, 79.0, 77.5, 73.2, 67.5, 64.2, 58.7, 55.8, 51.2, 49.0, 46.5,
41.0,37.5,34.9,34.5,34.4,29.2,27.5, 21.8,21.7, 16.7, 15.5; HRMS (FAB): calcd for
CaaHg,0,Cs (M +Cs*) 867.3448, found 867.3421.

Preparation of triol 60: A solution of benzoate 58 (0.303 g, 0.413 mmol) in toluene
(2 mL, 0.21 M) was cooled to — 78 °C and treated with Dibal-H (0.867 mL, 1M solu-
tion in toluene, 0.867 mmol) while stirred. After 20 min the reaction mixture was
quenched with methanol (0.2 mL) at — 78 °C and the solution was allowed to reach
ambient temperature while stirred over 0.5 h. Saturated aqueous sodium potassium
tartrate (2 mL) was added and the mixture was stirred for 2 h to break the initially
formed emulsion. The layers were separated and the aqueous phase was extracted
with ethyl acetate (3 x 5 mL). The combined organic phases were washed with water
(5mL) and brine (5 mL), and dried (MgSO,). The crude alcohol (§9) was resus-
pended in anhydrous ethanol (10 mL, 0.04M) with 10% palladium on carbon
(30 mg, 0.041 mmol) and stirred at room temperature for 24 h. The reaction mixture
was filtered through Celite and concentrated. Purification by column chromatogra-
phy (silica gel, 2% methanol in ether) gave triol 60 (145 mg, 78 % yield) as a pale
yellow oil. 60: R, = 0.72 (silica gel, ethyl acetate); [«]3* = —11.1 (¢ =1.01, CHCl,);
IR (KBr): ¥,.,, = 3433.0, 2966.0, 2935.2, 2359.6, 1454.1, 1380.9, 1260.5, 1198.9,

0947-6539/96/0207-0862 $ 15.00+ .25/0 Chem. Eur. J. 1996, 2, No. 7



Swinholide A

847-868

1153.7, 1100.1, 1082.3, 1037.1, 975.8, 850.5, 799.9, 667.9cm™'; 'HNMR
(500 MHz, CDCl,): é = 4.79 (dd, J =7.0 Hz, 2H, OCH,0), 4.04 (ddd, J =10.5,
4.0, 2.0 Hz, tH, H-4), 4.01-3.97 (m, 1 H, H-10), 3.96-3.88 (m, 3H, H-1a, H-1b,
H-2), 3.73-3.67 (m, 3H, OCH,CH,0, H-14), 3.63-3.50 (m, 3H, OCH,CH,0,
H-12), 3.41 (s, 3H, OCH,), 3.39 (dd, J = 8.0, 3.5 Hz, 1H, H-6), 3.34 (s, 3H,
OCH,), 2.01-1.95 (m, 1H, H-13eq), 1.91 (tdd, J =17.0, 4.0, 3.0 Hz, 1H, H-3),
1.87-1.83 (m, 1H, H-5), 1.82-1.75 (m, 3H, H-11eq, H-9a, H-7), 1.61 (ddd,
J =12.5,10.0, 5.5 Hz, tH, H-11ax), 1.48-1.45 (m, 1 H, H-9b), 1.27-1.21 (m, 2H,
H-8a, H-8b), 1.2t (d, J = 6.0 Hz, 3H, C14-CH,), 1.21-1.16 (m, 1H, H-13eq),
0.96 (d, / =7.0 Hz, 3H, C3-CH,), 0.87 (d, J =7.0 Hz, 3H, C5-CH,), 0.80 (d.
J=17.0Hz, 3H, C7-CH,); '3C NMR (125 MHz, CDCl,): é = 98.3, 88.0, 74. 7,
73.2, 71.8, 71.5, 68.2, 64.7, 64.2, 59.2, 55.3, 38.5, 37.7, 36.0, 34.9, 34.6, 29.5, 26.5,
21.7. 17.3, 12.1, 9.4; HRMS (FAB): calcd for C,3H¢0Cs (M +Cs*) 583.2247,
found 583.2263.

Preparation of silyl ether 61: A solution of triol 60 (73 mg, 0.16 mmol) in DMF
(500 uL, 0.32M) at room temperature was treated sequentially with imidazole
(26 mg, 0.38 mmol) and TBDPSCI (46 uL, 0.19 mmol). The reaction mixture was
stirred at room temperature for 2.5 h, diluted with ether (10 mL) and washed se-
quentially with 5% aqueous HCl (2x 10 mL), water (2x10mL), and brine
(10 mL). The combined organic extracts were dried (MgSO,). concentrated, and
purified by column chromatography (silica get, 80% ether in petroleum ether) to
give pure diol 61 (64 mg, 60 % yield) as a yellow oil. 61: R, = 0.34 (silica gel, 50%
ethyl acetate in petroleum ether); [2]2® = —12.8 (¢ =1.21, CHCL); IR (KBr):
Vomax = 3482.6, 3069.7, 3047.6. 2931.1, 2856.6, 2360.2, 2339.8, 1458.2, 1427.6, 1381.0,
1362.0, 1260.3, 1197.9, 1186.6, 1153.7, 1111.5, 1039.0, 852.5, 823.1, 801.2, 741.5,
703.0, 613.4, 505.2, 491.2cm " '; 'H NMR (500 MHz, CDCl,): § =7.75-7.65 (m,
5H, ArH), 7.37-7.47 (m, 5H, ArH). 4.80 (d. J =7.0 Hz. 1 H, OCHHO), 4.78 (d.
J =7.5Hz, 1H, OCHHO), 4.22-4.18 (m, 1H, H-10), 3.98 (d, J=9.5Hz, 1H,
H-4), 3.92-3.82 (m, 1H, H-2), 3.75 (dd, J =10.5, 7.5 Hz, 1H, H-1a), 3.67 (dd.
J =10.5, 4.5Hz, 1H, H-1b), 3.69-3.61 (m, 1H, H-14), 3.59-349 (m, SH,
OCH,CH,0.H-12),3.40(dd, J =17.5, 3.5 Hz, 1H, H-6), 3.38 (s, 3H, OCH,), 3.34
(s, 3H, OCH,), 3.21 (brs, 1H, OH), 2.00-1.96 (m, 1H, H-13eq), 1.83-1.76 (m,
4H, H-3,H-5,H-9a, H-11eq), 1.62-1.57 (m, 2H, H-11ax, H-7),1.42-1.49 (m. { H,
H-9b),1.26-1.22(m, 2H, H-8a, H-8b),1.20(d, J = 6.5 Hz, 3H, C14-CH;,), 1.21-
1.17 (m, 1H, H-13ax), 1.05 (s, 9H. rBu), 0.96 (d, J = 7.0 Hz, 3H, C3-CH,;), 0.86
(d. J=7.0Hz, 3H, C5-CH,), 0.72 (d, J =7.0 Hz, 3H, C7-CH,); '*C NMR
(125MHz, CDCly): 8 =135.6 (5carbons), 133.5, 129.6 (2carbons), 127.7
(5 carbons), 98.2, 88.2, 73.2, 72.3, 71.8, 70.3, 68.3, 66.5, 64.7, 59.1, 55.3, 38.6, 37.6,
35.7, 34.8, 34.7, 29.5, 26.8 (4 carbons), 21.8, 19.2, 17.2, 10.5, 9.6; HRMS (FAB):
caled for CygH g, OSICs (M +Cs*) 821.3425, found 821.3406.

Preparation of acetonide 62: A solution of diol 61 (54 mg, 0.078 mmol), and 2,2-
dimethoxypropane (1.5 mL) in acetone (1.5 mL, 0.05M) was treated with CSA
(2.0 mg, 0.018 mmol) at room temperature and stirred for 2.5 h. The reaction mix-
ture was diluted with ether (S mL) and washed with saturated aqueous NaHCO,
(2x 10 mL), water (2 x 10 mL), and brine (1 x $ mL), and dried (MgSO,). Purifica-
tion by column chromatography (silica gel, 20% ether in petroleum ether) yielded
the desired acetonide 62 (59 mg, 95%) as a white foam. 62: R, = 0.16 (silica gel,
20% ethyl acetate in petroleum ether); [a]2® = —13.7 (¢ =1.35, CHCL,); IR (KBr):
Vomen = 3070.1, 2930.1, 2874.1, 2856.9, 2820.2, 1589.2, 1460.8, 1427.9, 1379.7, 1362.4,
1259.9, 1223.9, 1198.3, 1178.1, 1153.1, 1112.0, 1084.3, 1042.4, 1020.6, 998.0, 973.9,
935.3, 908.0, 886.8, 858.6, 823.0, 794.4, 740.0, 702.6, 689.5, 668.0, 613.6, 531.8,
505.5cm ™~ !; *"H NMR (500 MHz, CDCl,): 6 =7.70-7.67 (m,4H, ArH), 7.39-7.36
(m, 6H, ArH), 4.76-4.76 (m, 2H, OCH,0), 4.01-3.98 (m. 1H, H-10), 3.83-3.80
(m,tH, H-2).3.79(dd.J =11.0.4.5 Hz, 1 H, H-12),3.71 -3.61 (m, 3H, H-1b. H-12,
H-14),3.56-3.54 (m,4H, OCH,CH,0).3.50(d. J =7.5 Hz, 1 H, H-6). 3.38 (s, 3H,
OCH,),3.34(s,3H,OCH,), 3.29(dd. J = 9.5,1.5 Hz, 1H, H-4),2.01-1.95 (m, 1 H,
H-13eq), 1.90-1.79 (m, 3H, H-3, H-9a, H-11eq), 1.73-1.67 (m, 1 H, H-5), 1.63-
1.57 (m, 2H, H-11 ax, H-7), 1.45-1.39 (m, 1H, H-9b), 1.31-1.27 (m, 2H, H-8a,
H-8b), 1.25 (s, 6 H. CH;-acetonide), 1.24-1.20 (m, 1H, H-13ax), 1.21 (d,
J = 6.5 Hz, 3H, C14-CH,), 1.05 (s, 9H, tBu), 1.00 (d, J = 6.5 Hz, 3H, C3-CH,),
0.85(d,J =7.0 Hz, 3H, C5-CH,), 0.79(d, J = 7.0 Hz, 3H, C7-CH,;); **C NMR
(125 MHz, CDCl,): 6 =135.6 (5carbons). 133.8, 129.6 (2carbons), 127.6
(5 carbons), 100.2,98.2, 87.2, 73.3, 73.2, 71.7, 69.9, 67.3, 64.6, 63.5.59.0, 55.2, 39.6,
38.5, 35.0, 34.8, 34.4, 29.7, 26.8 (3 carbons), 25.8, 25.3, 24.0, 21.7, 19.2, 17.5, 11.8,
10.5; HRMS (FAB): caled for C,,H;0,4SiCs (M +Cs*) 861.3738, found 861.3738.

Preparation of hydroxy dithiane 63: Azeotropically dried (benzene, 3 x S mL) dithi-
ane 14 (250 mg, 0.387 mmol) was dissolved in THF (774 pl, 0.5M), then freshly
distilled HMPA (270 pL, 1.548 mmol) was added, and the mixture was cooled
to —78°C. The reaction mixture was treated dropwise with rBuLi (464.5 pL, 1M
solution in hexanes, 0.464 mmol) and stirred for 15 min at —78°C. A solution of
azeotropically dried (benzene, 3 x 5 mL) cyclic sulfate 13 (298 mg, 0.464 mmol) in
THF (775 pL) was added to the reaction mixture and the mixture was stirred for an
additional 30 min at — 78 °C. The reaction was quenched with methanol (1 mL) and
concentrated. Purification by preparative thin-layer chromatography (1000 pm sili-
ca gel plate, 6% MeOH in ethyl acetate) gave the desired sulfate dithiane, plus
recovered dithiane 14 (63.7 mg). The sulfate salt isolated above was resuspended in
dry THF (1.5 mL, 0.25M) and treated with 30% aqueous H,SO, (15 uL). The
reaction mixture was stirred at 23°C for 1 h, and quenched by the addition of
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saturated aqueous NaHCO, (1 mL). The aqueous phase was extracted with ethyl
acetate (4 x SmL) and the combined organic extracts were washed with brine
(5 mL), dried (MgSO,), and concentrated. Purification by preparative thin-layer
chromatography (1000 um silica gel plate, 15% ethyl acetate in petroleum ether)
afforded hydroxy dithiane 63 (234 mg, 50 % yield, 72 % based on recovered starting
material) as a white foam. 63: R, = 0.61 (silica gel, 20 % ethy] acetate in petroleum
ether); [a]2® = — 2.4 (c =1.35, CHCL,); IR (neat): ¥,,, = 3510.6, 3062.2, 3030.9,
2930.1, 2896.6, 2855.3, 1715.6, 1690.8, 1601.6, 1583.9, 1471.5, 1462.0, 1382.7,
1360.8, 1313.8, 1275.1, 1254.8, 1177.0, 1153.5, 1084.5, 1027.0, 1005.1, 986.9, 927.8,
909.8, 836.0, 8121, 775.0, 733.5, 711.5, 695.7, 668.5, 618.0, 519.6, 485.3,
485.0cm~'; 'THNMR (500 MHz, CDCl,): § = 8.05(d, J =7.0 Hz, 2H, ArH), 7.52
(t. J=7.5Hz, 1H, ArH), 741 (1, J =7.5 Hz, 2H, ArH), 5.75 (ddd, J =10.0, 5.5,
3.0 Hz, 1H, H-11), 5.62 (brd, J =10.0 Hz, 1H, H-10), 5.50 (t, J = 6.5 Hz, 1H,
H-5), 5.36 (brd, J =10.0 Hz, 1 H, H-21), 4.32 (brd, J = 9.5 Hz, 1H, H-9), 4.14-
4.11 (m, 2H, H-7, H-19), 4.01 (s, 2H, H-3a, H-3b), 3.95-3.89 (m, 1 H, H-27), 3.88
(brdd, J=9.5, 2.5 Hz, 1 H, H-15), 3.62 (qdd, J = 6.5, 4.0, 2.5 Hz, 1H, H-31),
3.51-3.45(m, 1H, H-29), 3.48 (dd, J = 6.5, 1.5 Hz, 1H, H-23),3.37-3.30 (m, 1 H,
H-13), 3.32 (s, 3H, C29-0OCH,), 3.26 (s, 3H, C15-OCH,), 2.67-2.60 (m, 2H,
SCH,), 2.56 (brt, J = 5.5 Hz, 2H, SCH,), 2.18-2.06 (m, 3H, H-6a, H-6b, H-22),
2.04-1.91 (m, 5H, SCH,CH,CH,S, H-12eq, H-12ax, H-30eq), 1.85-1.71 (m, SH,
H-14a, H-14b, H-20, H-26a, H-28¢eq), 1.68-1.59 (m, 1 H, H-24),1.58-1.48 (m, 3H,
H-8a, H-16, H-28ax), 1.54 (s, 3H, C4-CH,), 1.45(dd, J =100, 2.5Hz, 1H, H-
18a), 1.42-1.39 (m, 1 H, H-25a), 1.38 (dd, / =10.0, 2.5 Hz, 1 H, H-18b), 1.37-1.33
(m, 1H, H-8b), 1.32-1.28 (m. 1H, H-25b), 1.28-1.22 (m, 1H, H-26b), 1.18 (d.
J =6.5Hz,3H, C31-CH,), 1.17-1.10 (m, 1H, H-30ax), 1.05 (d, / =7.0 Hz, 3H,
C23-CH,), 1.05 (d, J = 6.5 Hz, 3H, C16-CH;), 0.99 (d, J = 6.5 Hz, 3H, C24-
CH,),0.91 (s, 9H, 2 x (Bu), 0.87 (s, 18 H, 2 x 1Bu), 0.12 (s, 3H, SiCH};), 0.08 (s, 3H,
SiCH,). 0.07 (s, 3H, SiCH,), 0.06 (s, 3H, SiCH,), 0.05 (s, 3H, SiCH;), 0.03 (s, 3H,
SiCH,) ; *C NMR (125 MHz, CDCl,): § =167.2,135.6, 132.7, 130.6, 130.4-128.2
(Ar, 6 carbons), 123.3, 120.3, 78.7, 77.2, 73.1. 72.1, 69.2, 68.6, 68.0, 66.6, 64.3, 64.0,
58.4, 55.6, 55.1, 43.9, 42.4, 41.1, 40.1, 39.6, 38.8, 38.7, 36.4, 35.7, 34.7, 31.0, 29.7,
26.9, 26.2, 25.8, 26.2, 24.8, 21.7, 179, 18.0, 17.9, 16.8, 13.7, 104, 9.5
84, -3.7, —4.3,—4.4, 4.7, — 5.4; HRMS (FAB): calcd for C¢H,,50,,5i,S,Cs
(M +Cs*) 1339.6529, found 1339.6561.

Preparation of p-hydroxy ketone 64: NBS (35.4 mg, 0.199 mmol) and AgClO,
(45.4 mg, 0.219 mmol) were dissolved in 10% aqueous acetone (9.9 mL, 0.01 M) and
cooled to 0°C. Dithiane 63 (120 mg, 0.0995 mmol) in acetone (1.0 mL) was added
and the mixture was vigorously stirred at 0°C for 30 s. The reaction mixture was
quenched with saturated aqueous NaHCO, (15 mL) and warmed to room temper-
ature. The layers were separated, and the aqueous phase was extracted with ethyl
acetate (3 x 15 mL). The combined organic extracts were washed with brine (10 mL)
and dried over MgSO,. The solution was then filtered through a short plug of Celite
and concentrated. The crude product was purified by column chromatography
(silica gel, 15% ethyl acetate in petroleum ether) to afford pure f-hydroxy ketone
64 (100 mg, 91 % yield) as a white foam. 64: R, = 0.52 (silica gel, 20% ethyl acetate
in petroleum ether); [¢)3* = —14.0 (¢ = 0.89, CHCl,); IR (neat): ¥, = 3502.8,
3031.8, 2926.9, 2854.7, 2359.8, 1715.8, 1699.9, 1462.1, 1418.1, 1381.7, 1360.9,
1314.0, 1275.7, 1255.4, 1186.7, 1176.9, 1153.3, 1084.9, 1026.9, 1005.9, 937.6, 897.1,
835.9, 812.1, 775.1, 711.5, 668.0, 574.1, 502.1 cm™~'; 'H NMR (500 MHz, CDCl,):
5 =805 (d, J=70Hz, 2H, ArH), 7.56 (t, J=75Hz, 1H, ArH), 7.44 (1,
J=7.5Hz, 2H, ArH), 5.74 (ddd, J =10.0, 5.0, 2.5 Hz, 1H, H-11), 5.62 (brd,
J =10.0 Hz, 1 H, H-10), 5.42 (brt, J =7.0 Hz, 1H, H-5), 5.34 (d, J =10.0 Hz, 1 H,
H-21), 4.31 (brd. J = 9.5 Hz, 1H, H-9), 4.14-4.12 (m. 1 H, H-19), 3.98 (s, 2H,
H-3a, H-3b), 3.96-3.93 (m, 2H, H-7, H-27), 3.68-3.64 (m, 1 H, H-15), 3.62 (qdd,
J=16.5, 3.5, 3.0Hz, 1H, H-31), 3.59-3.54 (m, 1 H, H-13), 3.48 (dddd, J =10.0,
10.0, 6.0, 4.5 Hz, 1H, H-29), 3.43 (dd, J = 6.5, 2.0 Hz, 1H, H-23), 3.32 (s, 3H,
C29-0CH,),3.24(s,3H,C15-0OCH,), 2.85(dd, J =17.0, 8.0 Hz, 1 H, H-18), 2.67
(qd, J=7.0, 4.5 Hz, 1H, H-16), 2.46 (dd, J =17.0, 4.5 Hz, 1H, H-18), 2.19 (t,
J = 6.5 Hz, 2H, H-6a, H-6b), 2.09-2.07 (m, 1H, H-22), 1.98-1.94 (m, 1H, H-
30eq),1.95-1.92(m, 1H, H-12eq),1.91-1.89(m, 1 H, H-12ax), 1.87-1.83 (m, 1 H,
H-20), 1.82-1.78 (m, 1H, H-26a), 1.77-1.70 (m, 3H, H-28eq, H-14a, H-14b),
1.65-1.60 (m, 2H, H-8a, H-24), 1.58-1.51 (m, 1 H, H-28ax), 1.55 (s, 3H, C4-
CH,). 1.41-1.29 (m, 4H, H-8b, H-25a, H-25b, H-26b), 1.17 (d, J = 6.0 Hz, 3H,
C31-CH,),1.15-1.11 (m, 1H, H-30ax), 1.06 (d, J =7.5 Hz, 3H,C20-CH,). 1.04
(d, J=7.5Hz, 3H, C16-CH;), 0.95 (d, J = 6.5Hz, 3H, C22-CH,), 0.92 (d,
J =6.5Hz,3H,C24-CH,),0.89(s, 9H, rBu), 0.88 (s, 9H, 1Bu), 0.870 (s, 9H, (Bu),
0.09 (3H, SiCH,), 0.07 (s, 3H, SiCH,), 0.06 (s, 3H, SiCH,), 0.04 (s, 6H,
2x SiCH,), 0.01 (s, 3H, SiCH,): 13C NMR (125 MHz, CDCl,): & = 211.7, 167.0,
135.5,133.1, 130.5, 130.0- 128.3 (Ar, 6 carbons), 123.3, 120.2, 78.5, 78.3, 73.1, 72.0,
69.2, 68.6, 68.2, 65.4, 64.3, 63.9, 56.9, 55.1, 49.5, 46.2, 40.2, 39.4, 39.2, 38.7, 36.8,
36.4, 36.1, 34.7, 30.5, 29.7, 26.9, 26.2, 25.8, 21.7, 18.5, 18.3, 18.0, 16.6, 13.6, 10.8,
10.5, 9.6,-39,—-42,-44,-48 -54; HRMS (FAB): caled for
Ce3H{1,0,,81,Cs (M +Cs*) 1249.6567, found 1249.6531.

Preparation of diol 65 and p-methoxybenzylidene acetal 66: A solution of S-hydroxy
ketone 64 (75 mg, 0.067 mmol) in THF (0.7 mL, 0.01 M) was cooled to 0°C and
treated with nBu,B (75 pL of 1M solution in THF, 0.075 mmol). Air (3 mL) was
slowly bubbled through the solution. After stirting at room temperature for 2 h the
reaction mixture was cooled to —78°C and treated with NaBH, (5.5 mg,
0.148 mmol) with continued stirring for 8 h. The reaction mixture was then gradu-
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ally warmed to 0 °C and quenched by treatment with 30% H,0, (0.2 mL, 1.7 mmol)
and aqueous 2.5M NaOH (0.1t mL, 0.25 mmol). After stirring at 0°C for 3 h, the
reaction mixture was diluted with brine (1 mL) and water (1 mL), and extracted
with ethyl acetate (4 x 10 mL). The combined organic extracts were washed with
brine (5 mL), dried (MgSO,). and concentrated. Purification by preparative thin-
layer chromatography (1000 um silica gel plate, 20% ethyl acetate in petroleum
ether) afforded the pure diol 65 (69 mg, 92% yield) as a white foam.

Acetal 66: A solution of azeotropically dried (benzene, 3 x S mL) diol 65 (181 mg,
0.169 mmol) and p-methoxybenzaldehyde dimethyl acetal (55.1 pL, 0.324 mmol) in
methylene chloride (6.5 mL, 0.025m) at 0°C was treated with CSA (3.8 mg,
0.016 mmol). The reaction mixture was stirred for 3 h at 0°C, then quenched with
saturated aqueous NaHCO, (10 mL). The layers were separated and the aqueous
phase was extracted with methylene chloride (3 x 10 mL). The combined organic
extracts were dried (MgSO,), concentrated, and purified by column chromatogra-
phy (silica gel, 10% ethyl acetate in petroleum ether) yielding the p-methoxy ben-
zylidene acetal 66 (185 mg, 93% yield) as a white foam. 66: R, = 0.67 (silica gel,
20% ethyl acetate in petroleum ether); [a]2® = — 40.3 (¢ = 4.56, CHCl,); IR (neat):
Vmax = 3020.2,2928.5, 2855.7, 1721.3, 1615.2, 1587.4, 1518.0. 1470.9, 1462.4, 1383.0,
1360.4, 1312.7, 1272.1, 1250.2, 1175.4, 1152.3, 1083.0, 1037.9, 938.2, 897.3, 836.1,
811.7, 775.8, 738.5, 710.8, 672.1, 600.8, 519.4 cm™'; "H NMR (500 MHz, CDCl,):
6 =802 (d. J=7.5Hz, 2H, ArH), 7.53 (t, J=7.5Hz, 1H, ArH), 740 (d,
J =9.0Hz, 2H, ArH), 7.39 (t, / =7.0 Hz, 2H, ArH), 6.83 (d, /= 9.0 Hz, 2H,
ArH), 5.78-5.74 (brm, 1H, H-11), 5.63 (brd, J =10.5 Hz 1 H, H-10), 5.55 (d.
J =8.5Hz, 1H, H-21), 541 (brt, J =7.5 Hz, 1H, H-5), 527 (s, 1 H, OCHArO),
4.27 (brd,J = 8.0 Hz, 1 H, H-9), 3.98 (s, 2H, H-3a, H-3b), 3.93-3.91 (m, 3H, H-7,
H-15, H-27), 3.80 (s, 3H, ArOMe), 3.81 (obs t, 1H, H-19), 3.70 (brt, J = 6.5 Hz,
1H, H-17), 3.65-3.58 (m, 2H, H-13, H-31), 3.53 (dd, J =7.5, 2.0 Hz, 1 H, H-23),
3.51-3.45 (m, 1H, H-29), 3.32 (s, 3H, C29-0OCH,). 3.32 (s, 3H, C15-OCH,),
2.12-2.10 (m, 2H, H-6), 1.98-1.90 (m, 6H, H-12, H-16, H-22, H-30), 1.81-1.70
(m, 5H, H-14, H-26a, H-28, H-20). 1.62-1.48 (m, 5H, H-8a, H-18a, H-18b, H-28,
H-24), 1.54 (s, 3H, C4-CH,). 1.47-1.40 (m, 3H, H-8b, H-25a, H-26b), 1.29-1.26
(m, 1H, H-25b), 1.17 (d, J = 6.5 Hz, 3H, C31-CH,). 1.13 (d. J=12.5Hz, 1H,
H-30). 1.06 (d, J =7.0 Hz, 3H, C20-CH,), 1.02 (d, 7 =7.0 Hz, 3H, C16-CH,),
0.93 (d, 6.5 Hz, 3H, C22-CH,), 0.89 (s, 9H, rBu), 0.88 (d, J =7.0 Hz, 3H, C24-
CH;), 0.86 (s,9H, /Bu), 0.84 (s, 9H, rBu), 0.02 (s, 3 H, SiCH,), 0.07 (s, 3H, SiCH,),
0.04 (s, 6H, 2x SiCH},), 0.00 (s, 3H, SiCH,), —0.05 (s, 3H, SiCH,); '*C NMR
(125 MHz, CDCl,): § =165.6, 159.3, 135.8, 132.5, 131.6, 130.7, 130.6, 129.5, 128.2,
127.3, 122.2, 120.3, 113.1, 100.1, 78.9, 78.1, 75.9, 75.7. 75.6, 73.1, 72.1, 69.2, 68.6,
68.3, 64.4, 64.3, 58.1, 55.1, 42.0, 40.5, 40.4, 39.9, 38.8, 37.7, 36.3, 35.9, 34.7, 32.5,
30.7, 29.7, 269, 263, 258, 21.7, 18.5, 179, 169, 136, 11.0. 107,
8.2, -34,-4.5,-4.5 -49, -54;, HRMS (FAB): caled for C,oH,,;00,,5i,Cs
(M +Cs*) 1369.7142, found 1369.7195.

Preparation of alcobol 67: The benzoate 66 (308.8 mg, 0.250 mmol) was dissolved in
methylene chloride (10 mL, 0.025m) and cooled to — 78 °C. Dibal-H (500 uL, 1M
solution in toluene, 0.500 mmol) was added to the solution at that temperature with
continued stirring for 4 h. The reaction mixture was quenched with methanol
(1.0 mL) at —78°C and warmed to room temperature. Saturated aqueous sodium
potassium tartrate (2 mL) was added, and the mixture was stirred for 2 h to break
the initially formed emulsion. The layers were separated, and the aqueous phase was
extracted with methylene chloride (3 x 5 mL). The combined organic extracts were
washed with water (5 mL) and brine (5 mL) and dried (MgSO,). Concentration
followed by column chromatography (silica gel, 20% ethyl acetate in petroleum
cther) afforded pure alcohol 67 [250 mg. 97 % yield based on recovered starting
material (52 mg)] as a white foam. 67: R, = 0.31 (silica, 20% ethyl acetate in
petroleum ether); [x]3* = — 38.0 (c = 4.17, CHCl,); IR (neat): ¥, = 3506.5,
3030.7, 2929.1, 2856.1, 1726.1, 1658.0, 1614.9, 1589.0, 1517.9, 1462.4, 1380.7,
1302.1, 1250.5, 11699, 1153.1, 1082.5, 1038.1, 938.2, 899.7, 836.1, 775.5,
699.6 cm™*; "H NMR (500 MHz, CDCl,): § =7.39(d, J = 8.5 Hz, 2H, ArH), 6.59
(d,J = 8.5 Hz, 2H, ArH), 5.74 (brm, 1 H, H-11), 5.64 (brd, J =10.0 Hz 1 H, H-10),
5.54 (s, 1 H, OCHArO), 543 (t, J = 6.5 Hz, 1H, H-5). 429 (brd, / =11.0 Hz, {1 H,
H-9), 4.30-4.27 (m, 1H, H-7), 4.11 (d, / =10.0 Hz, 1H, H-21), 3.99 (s, 2H, H-3a,
H-3b), 3.98-3.91 (m, 3H, H-15, H-19, H-27), 3.80 (s, 3H, ArOCH,), 3.79 (brt,
J=5.0Hz, 1H, H-17), 3.66-3.61 (m, 2H, H-13, H-31), 3.60 (dd, J = 6.0, 4.0 Hz,
1H, H-23), 3.52-3.50 (m, 1H, H-29), 3.38 (s, 3H. C29-0OCH,), 3.33 (s, 3H,
C15-0OCH,), 2.14 (brs, 2H, H-6), 1.98-1.90 (m, 6 H, H-12, H-16, H-22, H-30),
1.82-1.72 (m, SH, H-14a, H-14b, H-20, H-26a, H-28a), 1.65-1.50 (m, 7H, H-8a,
H-18a, H-18b, H-24, H-25a, H-26b, H-28b), 1.56 (s, 3H, C4-CH,), 1.41 (m, 1 H,
H-8b), 1.29-1.25 (m, 1 H, H-25b), 1.18 (d, 7 = 6.0 Hz, 3H, C31-CH,), 1.13 (d.
J =12.5 Hz, 1 H, H-30), 1.00 (d, J =7.0 Hz, 3H, C20-CH,), 0.95 (d, / =7.0 Hz,
3H, C16-CH,), 0.92 (d, 6.0 Hz, 3H, C22-CH,), 0.92 (s, 9H, ¢Bu), 0.90 (s, 9H,
(Bu), 0.88 (d, J =7.0 Hz, 3H, C24-CH,), 0.86 (s, 9H, (Bu), 0.13 (s, 3H, SiCH},),
0.t1 (s, 3H, SiCH;), 0.05 (s, 6H, 2 x SiCH,), 0.02 (s, 3H, SiCH;), —0.01 (s, 3H,
SiCH,); 13C NMR (125 MHz, CDCl,): é =159.4,135.8, 132.0, 130.6, 127.2,123.2,
120.4,113.2,100.2,82.2, 78.5, 76.2, 75.8, 73.1, 71.9, 70.7, 69.1, 68.7, 68.3, 64.6, 64.4,
58.3, 55.1, 42.1, 40.8, 40.4, 38.5, 37.9, 37.4, 36.0, 35.2, 34.7, 31.8, 30.7, 30.0, 29.5,
28.9, 26.0, 25.8, 21.6, 18.2, 17.9, 16.1, 13.6, 11.2, 10.1, 8.2, —0.2, —-3.9, —44,
—49, —5.4; HRMS (FAB): caled for C¢3H,,40,,5i,Cs (M +Cs*) 1265.6880,
found 1265.6937.

Preparation of diol 68: A solution of alcohol 67 (250 mg, 0.212 mmol) in methylene
chioride (20 mL, 0.011 M) was cooled to 0°C and treated with a stock solution of
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HF pyr. (prepared by adding 5 mL of HF - pyr. to 20 mL of CH,Cl, and 5 mL pyr.
at 0°C) and stirring for 1.5 h. The reaction mixture was quenched with saturated
aqueous NaHCO, until slightly basic (ca. 200 mL) and allowed to warm to room
temperature. The phases were separated and the aqueous phase was extracted with
methylene chioride (3 x 50 mL). The combined organic extracts were washed with
brine (100 mL), dried (MgSO,), and concentrated. The crude reaction mixture was
placed under vacuum for 2 h to remove excess pyridine and purified by column
chromatography (silica gel. 25% ethyl acetate in petroleum ether) to afford diol 68
(191 mg, 85% yield) and recovered starting material (15 mg) as the only two prod-
ucts isolated (90 % yield, based on recovered starting material). 68: R, = 0.18 (silica
gel, 30% ethyl acetate in petroleum ether); [a)23 = — 47.6 (¢ = 0.53, CHCl,); IR
(neat): ¥,,., = 3479.9, 2928.7, 2856.9, 1736.1, 1616.3, 1516.3, 1462.2, 1380.9, 1252.0,
1087.4, 1034.1, 834.6, 776.1, 737.5, 593.2cm™'; '"HNMR (500 MHz, CDCl,):
6 =1739 (d, J=8.5Hz, 2H, ArH), 6.87 (d, J =8.5Hz, 2H, ArH), 5.76 (md,
J =10.0 Hz, 1H, H-11), 5.66 (brd, J =7.5 Hz, 1 H, H-10). 5.53 (s, 1 H, OCHArO),
5.31(t.J =7.0 Hz, 1H, H-5), 4.28 (brd, J = 6.5 Hz, 1H, H-9), 4.28 (m, 1 H, H-7),
4.10 (d, J = 9.5 Hz, 1H, H-21), 3.96-3.82 (m, 3H, H-15, H-19, H-27), 3.80 (obs t,
J=6.5Hz, 1H, H-17), 3.80 (s, 3H, ArOCH,), 3.67-3.65 (m, 2H, H-13, H-31),
3.61-3.59 (m, 1 H, H-31), 3.53-3.50 (m, 1 H, H-29), 3.39 (s, 3H,C29-0CH,), 3.33
(s, 3H, C15-0OCH,;), 2.20-2.12 (m, 2H, H-6), 1.98-1.87 (m, SH, H-12a, H-12b,
H-16, H-22, H-30a), 1.85-1.72 (m, 6H, H-14a, H-14b, H-20, H-26a, H-28a, H-
30b), 1.70-1.61 (m, 3H, H-24, H-26, H-28). 1.60-1.49 (m, 4H, H-8a, H-8b, H-18a,
H-18b), 1.57 (s, 3H, C4-CH,), 1.23~-1.27 (m, 1 H, H-25b), 1.18 (d, / = 6.0 Hz,
3H, C31-CHj;), 095 (d, J= 6.5 Hz, 3H, C20-CH,), 0.94 (d, J =7.0 Hz, 3H,
C16-CH,), 092 (s, 9H, (Bu), 0.90 (d, / =7.5 Hz, 3H, C22-CH,), 0.876 (s, 9H,
tBu),0.863(d,J =7.0 Hz, 3H, C24-Me),0.13(s. 3H, SiCH};). 0.11 (s, 3H, SiCH,),
0.06 (s, 3H, SiCH,), 0.03 (s, 3H, SiCH,); !3*C NMR (125 MHz, CDCl;): § =159.5,
136.6, 131.7,130.5, 127.2, 123.4,120.7, 113.3, 100.3, 82.1, 78.7, 76.7, 76.5, 76.1, 73.1,
72.0, 70.7, 69.5, 68.8, 68.2, 64.5, 63.8, 58.5, 55.2, 55.1, 42.0, 40.7, 40.1, 38.5, 38.3,
37.3, 36.2, 35.3, 34.7, 31.5, 31.0, 29.9, 29.6, 28.8, 26.1, 25.8, 21.6, 18.2, 18.0, 16.1,
13.9, 11.1, 10.2, — 3.9 (2), — 4.3, —4.8; HRMS (FABY): calcd for C,,H,4,0,,5i,Cs
(M +Cs™) 1151.6015, found 1151.6063.

Preparation of aldehyde 12: A solution of azeotropically dried (benzene, 2 x 2 mL)
diol 68 (78 mg, 0.077 mmol) in methylene chloride (2 mL) was added to a suspen-
sion of MnO, (103 mg, 1.149 mmol) in methylene chloride (2 mL, final conc. 0.02 M)
at 0°C. The mixture was allowed to warm to room temperature and stirred for 4 h,
then filtered through Celite and concentrated. Purification by column chromatogra-
phy (silica gel, 20 % ethyl acetate in petroleum ether) gave the desired o, f-unsaturat-
ed aldehyde 12 (74.1 mg, 95% yield) as a white foam. 12: R, = 0.42 (silica gel, 10%
acetone in benzene); [a]2’ = — 50.2 (¢ = 0.81, CHCl,): IR (neat): ¥,,, = 3478,
3016, 2932, 2858, 1681, 1603, 1518, 1463, 1382, 1258, 1094, 1014, 837cm™';
'HNMR (500 MHz, CDCl,): 6 = 9.34 (s, 1H, H-3), 7.38 (d, J =8.5Hz, 2H,
ArH). 6.84 (d, J = 8.5 Hz, 2H, ArH). 6.48 (t, J =7.0 Hz, 1 H, H-5), 5.78 (ind,
J =10.0 Hz, 1 H, H-11), 5.60 (brd, J =10.0 Hz, 1 H, H-10), 5.55 (s, 1 H, OCHArO),
4.31 (brd,J =10.0 Hz, 1H, H-9),4.31-4.24 (m, 1 H, H-7),4.J0(d,J = 9.5 Hz, 1 H,
H-21), 4.06-4.01 (brm, 1H, H-27), 3.99-3.94 (m, 1H, H-13), 3.87 (td, /= 8.5,
4.0 Hz, 1H, H-19), 3.83 (td, J =7.5, 1.5 Hz, 1 H, H-17), 3.78 (s, 3H, ArOCH,),
3.68-3.62 (m, 1H, H-15), 3.59 (dd, J = 6.0, 2.5 Hz, 1 H, H-23). 3.54-3.49 (m, 2H,
H-29, H-31), 3.39 (s, 3H, C29-OCH,), 3.32 (s, 3H, C15-OCH,), 2.40-2.28 (m,
2H, H-6a, H-6b), 1.97-1.90 (m, 5H, H-12a, H-12b, H-16a, H-22, H-30a), 1.85-
1.69 (m, 6H, H-14a, H-14b, H-20, H-26a, H-28a, H-30b), 1.65 (s, 3H, C4-CH,;),
1.68-1.50 (m, 6H, H-8a, H-8b, H-18a, H-18b, H-25a, H-26b), 1.37 (ddd, J =14.0,
9.5, 2.0 Hz, 1 H, H-28), 1.28—1.20 (m, 1 H, H-25b),1.17(d, J = 6.0 Hz, 3H, C32-
CH,), 1.16-1.10 (m, 1H, H-24), 0.95 (d, J =7.0 Hz, 3H, C24-CH,), 0.94 (d,
J = 6.5 Hz, 3H, C20-CH,), 0.91 (s, 9H, (Bu), 0.86 (obs d, J =7.0 Hz, 3H, C22-
CH,), 0.85 (obs d, J =7.0 Hz, 3H, C16-CHy,), 0.85 (s, 9H, fBu), 0.12 (s, 3H,
SiCH,), 0.10(s, 3H, SiCH,), 0.05 (s, 3H, SiCH,), —0.06 (s, 3 H, SiCH,); "*C NMR
(125 MHz, CDCl,): § =195.4, 159.4, 150.9, 140.2, 131.9, 130.0, 127.2, 123.8, 113.2,
100.2, 82.6, 78.4, 75.9, 75.5, 73.1, 71.9, 70.6, 69.0, 67.4, 64.6, 64.2, 58.2, 55.2, 55.1,
41.6, 40.8, 40.7, 38.5, 37.5, 37.4, 37.4, 34.9, 34.6, 32.2, 31.0, 30.0, 29.1, 26.1, 25.7,
21.6,18.2,17.9, 16.0, 11.3, 10.0, 9.3, 8.1, —3.9, —4.0, —4.4, —4.9; HRMS (FAB):
caled for Cy5H,000,,51,Cs (M +Cs*) 1149.5859, found 1149.5793.

Preparation of ester 11: A solution of trimethyl phosphonoacetate (1.09 mL,
6.76 mmol)in dry THF (23 mL) was cooled to 0 °C and treated with nBuLi (3.16 mL
of 1.6M solution in hexanes, 5.08 mmol) while stirred for 15 min. A solution of
aldehyde 12 (344 mg, 0.320 mmol) in THF (40 mL) was added to the reaction
mixture and the solution was allowed to warm to room temperature with continued
stirring for 18 h. The reaction mixture was poured into saturated aqueous NH,Ct
(600 mL), the aqueous phase was extracted with chloroform (600 mL x 1,
200 mL x 1, 100 mL x 1), and the combined organic extracts were washed with brine
(500 mL), dried (MgSO,), and concentrated. Purification by column chromatogra-
phy (silica gel, 9% acetone in benzene) afforded the methyl ester 11 (351.3 mg,
96.8% yield) as a white foam. 11: R, = 0.42 (silica gel, 10% acetone in benzene);
[a)3* = — 62 (c = 0.65, CHCl,); IR (neat): ¥,,, = 3500.1, 2932.3, 1718.3, 1620.5,
1516.3, 1462.3, 1380.9, 1307.4, 1250.8, 1167.8, 1090.9, 1034.7, 834.2, 774.3¢cm™};
'HNMR (500 MHz, CDCl,): 6 =739 (d, J=8.5Hz, 2H, ArH), 7.31 @,
J =15.8 Hz, 1H, H-3), 6.85 (d, J = 8.5 Hz, 2H, ArH), 592 (t, J=7.5Hz, 1H,
H-5), 5.77 (d, J =15.8 Hz, 1 H, H-2), 5.75 (m, 1H, H-11), 5.61 (md, J =10.7 Hz,
1H, H-10), 5.54 (s, 1 H, OCHATrO), 4.30 (brd, 7 =10.0 Hz, 1 H, H-21), 4.27 (brd,
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J=10.0 Hz, H9), 4.1 (4, J = 8.5 Hz, 1 H, H-7), 400-3.92 (m, 1 H, H-15), 3.88~
3.82 (m, 1H, H-17), 3.82-3.78 (m. 1 H, H-19), 3.79 (s, 3H, ArOCH,), 3.75 (s, 3H,
CO,CH,), 3.75-3.73 (m, 1H, H-27), 3.68-3.62 (m, 1 H, H-31), 3.60 (dd, J = 6.0,
3.5Hz, 1H, H-23), 3.62-3.59 (m., 1H, H-29), 3.51 (m, 1H, H-13), 3.39 (s, 3H,
C29-OCH,), 3.33 (s, 3H, C15-OCH,), 2.28-2.24 (m. 2H, H-6a, H-6b), 2.00—
1.87 (m, 4H, H-12, H-14a, H-22, H24), 1.86-1.78 (m, 3H, H-8a, H-16, H-262),
1.71 (s, 3H, C4-CH,), 1.68—1.60 (m, SH, H-18a, H-18b, H-20, H-28a, H-30a),
1.60-1.53 (m, SH, H-12b, H-14b, H-25a, H-25b, H-28b), 1.39 (ddd, J =12.5, 8.0,
2.0 Hz, 1H, H-8b), 1.25 (brm, 2H, H-30b), 1.18 (d, J = 6.0 Hz, 3H, C31-CH,),
116-1.09 (m, 1H, H-26b), 0.95 (d, J=7.0Hz, 3H, C22-CH,), 095 (d,
J =7.0Hz, 3H, C20-CH,), 0.91 (s, 9H, 1Bu), 0.87 (d, J = 6.5 Hz, 3H, C24-
CHS,), 0.85(d, J =7.0 Hz, 3H, C16-CH,), 0.85 (s, 9H, /Bu), 0.13 (s, 3H, SiCH,),
0.10 (s, 3H, SiCH,), 0.02 (s, 3H, SiCH,), —0.06 (s, 3H, SiCH,); '*C NMR
(125 MHz, CDCL,): 6 =167.9, 159.4, 149.7, 138.2, 133.8, 131.9, 130.3, 127.2, 123.6,
115.0,113.2, 100.2, 82.4, 78.4, 76.0, 75.6, 73.1, 72.0, 70.6, 69.1, 67.8. 64.6, 64.3, 58.3,
55.2, 55.1, 51.3, 41.8, 40.9, 40.6, 38.5, 37.7, 374, 37.2, 35.1, 34.6, 32.0, 30.9, 30.0,
29.6, 29.0, 26.1, 26.1, 258, 21.6, 21.6, 18.2, 179, 16.1, 12.3, 11.2, 10.0,
82,-39,-39,—45 —49; HRMS (FAB): caled for CeoH,0s0,,8i,Cs
(M +Cs™*) 1205.6121, found 1205.6151.

Preparation of preswinholide A (7): A solution of ester I1 (5.0 mg, 4.66x
1073 mmol) in acetonitrile (0.79 mL, 0.0047 M) was cooled to 0 °C and treated with
HF (210 uL of 48 % aqueous solution). The reaction mixture was stirred at 0°C for
3 h, then diluted with chloroform (20 mL) and quenched with saturated aqueous
NaHCO, (20 mL}. The layers were separated and the aqueous phase was extracted
with chloroform (3 x 10 mL). The combined organic extracts were dried (Na,SO,)
and concentrated. Purification by preparative thin-layer chromatography (500 pm
silica gel plate, 10% methanol in methylene chloride) gave preswinholide A (7)
(3.2 mg, 94% yield) as a colorless amorphous solid. 7: R, = 0.46 (silica, 10%
methanol in methylene chloride); [¢}3° = — 39 (c = 0.28, CHCl,); IR (neat):
Vmax = 3395.2,2918.8, 2851.2, 1713.5, 1622.5, 1460.7, 1380.3, 1213.5, 1081.1, 978.0,
850.7, 756.8, 666.4 cm™'; 'HNMR (500 MHz, CDCl,): § =7.33 (d, J =15.5 Hz,
1H, H-3), 5.98 (dd, J =7.5, 7.5 Hz, 1 H, H-5), 5.82 (d, J =15.5 Hz, H-2), 5.82 (m,
1H, H-11), 5.65 (brdd, J =10.5, 2.0 Hz, 1H, H-10), 4.53 (brd, J = 8.0 Hz, 1H,
H-9), 4.06 (m, 1H, H-21), 4.04 (m, 1H, H-19), 4.03 (m, 1H, H-7), 402 (m, 1H,
H-27), 3.88 (m, 1H, H-17), 3.87 (m, 1 H, H-13), 3.75 (s, 1H, C1-OMe), 3.73 (m,
1H, H-31), 3.65 (m, 1 H, H-15), 3.55 (dddd, J =10.0, 10.0, 4.5, 4.5 Hz, 1 H, H-29),
3.41 (s, 3H, C15-0OCH,), 3.34 (s, 3H, C29-0OCHy), 3.33 (m, 1H, H-23), 2.47
(ddd, J =15.0, 7.5, 7.4 Hz, 1 H, H-6a), 2.40 (ddd, J =15.0, 7.5, 6.5 Hz, 1 H, H-6b),
2.19 (md, J =17.5 Hz, 1 H, H-12a), 2.05 (m, 1 H, H-14), 1.99 (m, 1H, H-30), 1.97
(m, 1H, H-20), 1.93 (m, 1 H, H-16). 1.92 (m, 1 H, H-12b), 1.88 (m, 1 H, H-28a), 1.84
(m, 1H, H-26a), 1.80 (s, 3H, C4-CH,), 1.76 (m, 2H, H-8a, H-22), 1.75 (m, 1 H,
H-24), 1.70 (m, 1H, H-25a), 1.62 (m, 3H, H-18a, H-18b, H-28b), 1.60 (m, 1H,
H-14b), 1.55 (m, { H, H-8b), 1.31 (m, 2 H, H-25b, H-26b), 1.21 (d, / = 6.0 Hz, 3H,
C31-CH,), 1.20 (m, 1H, H-30b), 1.03 (d, J =7.0 Hz, 3H, C24-CH,), 0.88 (d,
6.5 Hz, 3H, C22-CH,), 0.86 (d, J =7.0 Hz, 3H, C16-CH;), 0.76 (d, / =7.0 Hz,
3H, C20-CHj;); *3C NMR (125 MHz, CDCl,): § =168.5, 150.5, 139.6, 134.9,
130.9, 124.0, 116.1, 80.8, 78.4,77.3,76.5, 73.8, 73.5, 71.5, 68.6, 67.7, 65.7, 65.5, 57.2,
55.4, 51.5, 41.2, 41.1, 40.6, 38.9, 38.2, 36.6, 36.0, 36.0, 35.9, 35.3, 30.6, 29.7, 28.8,
22.2,17.3,13.0,12.7, 11.3, 11.1; HRMS (FAB): caled for C,,H,;,0,,Cs (M +Cs*)
859.3972, found 859.3951.

Preparation of preswinholide A seco-acid (8): Preswinholide A methyl ester (7)
(3.8 mg, 5.2x 107 % mmol) was dissolved in a mixture of methanol (610 pL) and
water (300 pL), and cooled to 0°C. The solution was treated with excess NaOH
(300 uL. of 0.67M aqueous soln.) and stirred at room temperature for 3.5h. The
reaction mixture was quenched with saturated aqueous NH,Cl (18 mL) and extract-
ed with chloroform (4 x 18 mL). The combined organic layers were dried (Na,SO,),
concentrated and purified by preparative thin-layer chromatography (500 pm silica
gel plate, 10% methanol in methylene chloride) affording preswinholide A seco-
acid (8) (3.6 mg, 97 % yield) as a colorless amorphous solid. 8: R, = 0.40 (silica gel,
10% methanol in methylene chloride); [¢]2° = — 31 (¢ = 0.36, MeOH); IR (neat):
Voax = 3392.7,2917.2,2849.1, 1693.2, 1621.1, 1462.0, 1382.1, 1273.0, 1197.1, 1153.8,
1079.1, 981.0, 852.9, 755.1cm™'; '"HNMR (500 MHz, C,D;N): 6 =7.83 (d,
J=15.5Hz, 1H, H-3), 6.49 (t, /= 8.0 Hz, 1H, H-5), 6.22 (d, J =15.5Hz, H-2),
5.86 (brs, 2H, H-10, H-11), 5.00 (m, 2H, H-9, H-19), 4.68 (brd, J =10.0 Hz, 1 H,
H-21), 4.67 (m, 1 H, H-7), 4.28 (m, 1H, H-17), 4.21 (m, 1H, H-15), 4.06 (m, 1H,
H-29), 3.88 (m, 1 H, H-13), 3.72 (m, 1H, H-23), 3.69 (m, 1 H, H-31), 3.54 (m, 1H,
H-27),3.40 (s, 3H, C15-0OCH,), 3.31 (s, 3H, C29-0OCH;), 2.70 (brt, J = 6.5 Hz,
2H, H-6a, H-6b), 2.13 (m, 1 H, H-22), 2.12 (m, 1 H, H-28a), 2.09 (m, 3H, H-25a,
H-26a, H-30a), 2.02 (m, 1 H, H-18a), 1.94 (m, 2H, H-14, H-20), 1.90 (m, 2H, H-12,
H-24), 1.89 (m, 1 H, H-16), 1.88 (s, 3H, C4~CH,), 1.74 (m, 1 H, H-18b), 1.67 (m,
1H, H-8), 1.66 (m, 1H, H-25b), 1.53 (m, 1H, H-28b), 1.30 (d, J =7.0 Hz, 3H,
C22-CHy), 1.24 (m, 1H, H-30b), 1.22 (d, J = 6.0 Hz, 3H, C31-CH,), 1.21 {m,
1H, H-26b), 1.09 (d, 6.7 Hz, 3H, C20-CH,), 1.03 (d,J = 6.5 Hz, 3H, C16-CH,),
1.01 (d, J = 6.5 Hz, 3H, C24-CH;); !*C NMR (125 MHz, C,D;N): § =170.3,
149.0, 139.9, 134.8, 131.9, 124.7, 118.1, 80.5, 77.5, 74.9, 73.2, 72.7, 72.4, 72.4, 70.4,
67.3, 65.3, 65.1, 57.6, 55.5, 43.7, 42.8, 42.0, 39.8, 39.3, 39.1, 37.7, 36.8, 36.2, 36.1,
32.2, 30.1, 294, 22.6, 174, 13.2, 11.6, 11.3, 10.4; HRMS (FAB): caled for
C,oH50,,Cs (M +Cs*) 845.3816, found 845.3811.
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Preparation of hydroxy acid 69: A solution of methyl ester 11 (276.6 mg,
0.258 mmol) in a mixture of methanol (26.5 mL) and THF (17.7 mL) was cooled to
0°C, and treated with excess NaOH (17.7 mL of 1.4M aqueous soln., 24.8 mmol).
The reaction mixture was warmed to room temperature and stirred for 6 h, then
poured into saturated aqueous NH,Cl (1.6 L). The solution was extracted with
chloroform (500 mL x 1, 200 mL x 1, 100 mL x 1) and the combined organic ex-
tracts were washed with brine (200 mL), dried (Na,SO,) and concentrated. Purifica-
tion by column chromatography (silica gel, 13% acetone in benzene, then 10%
MeOH in methylene chloride) gave the hydroxy acid 69 (249.7 mg, 91.5% yield) and
recovered methyl ester 11 (15.4 mg, 5.6%). 69: R, = 0.16 (silica gel, 10 % acetone
in benzene); [¢]3% = —71 (¢ =1.20, CHCL); IR (neat): ¥,,, = 3493.6, 2949.6,
2856.5, 1687.9, 1615.2, 1517.6, 1468.0, 1462.3, 1381.8, 1302.4, 1250.0, 1093.6,
1036.7, 835.7, 775.8, 756.8cm~*; 'HNMR (500 MHz, CDCl,): 6 =741 (d,
J=8.5Hz, 2H, ArH), 7.37 (d, J =15.5Hz, t H, H-3), 6.85 (d, / = 8.5 Hz, 2H,
ArH), 595 (t, J =7.6 Hz, 1H, H-5), 5.76 (m, 1H, H-11), 5.75(d, J =15.5 Hz, 1 H,
H-2), 5.61 {md, J=10.1 Hz, 1H, H-10), 5.55 (s, 1H, OCHA1O), 4.30 (brd,
J =11.0 Hz, 1 H, H-21), 4.28 (brd, J = 9.9 Hz, 1H, H-9),4.13 (d, / =10.0 Hz, 1 H,
H-13), 3.98 (m, 1 H, H-7), 3.84 (id, J =10.0, 2.0 Hz, 1H, H-17), 3.83 (td, J = 6.0,
2.0 Hz, 1H, H-19), 3.78 (s, 3H, ArOCH;), 3.68 (m, 1H, H-27), 3.61 (dd, J = 6.0,
3.5Hz, 1H, H-23), 3.58 (m, 2H, H-31, H-29), 3.51 (m, 1H, H-15), 3.39 (s, 3H,
C29-0CH,), 3.33 (s, 3H, C15-OCH,), 2.26 (m, 2H, H-6a, H-6b), 1.99-1.90 (m,
4H, H-12a, H-14a, H-22, H-24), 1.89-1.73 (m, 4H, H-8a, H-16, H-18a, H-26a),
1.71 (s, 3H, C4-CH,), 1.66—-1.57 (m, 4H, H-18b, H-20, H-28a, H-30a), 1.56—1.50
(m, 5H, H-12b, H-14b, H-25a, H-25b, H-28b), 1.39 (ddd, / =12.0, 8.0, 2.0 Hz, 1 H,
H-8b), 1.25 (brm, 2H, H-30b), 1.19 (d, J = 6.5 Hz, 3H, C31-CH,), 1.17 (m, 1 H,
H-26b), 0.96 (d, J = 6.5 Hz, 3H, C22-CH,), 0.96 (d, J/ =7.0 Hz, 3H, C20-CHj;),
0.92 (s, 9H, tBu), 0.87 (d, J =7.0 Hz, 3H, C16-CH,), 0.86 (d, / =7.0 Hz, 3H,
C24-CH;,),0.83 (s, 9H, tBu), 0.13 (s, 3H, SiCH,), 0.10 (s, 3H, SiCH,), 0.01 (s, 3H,
SiCH,), —0.12 (s, 3H, SiCH,); '3C NMR (125 MHz, CDCl,): § =171.7, 159.3,
151.4,139.3, 133.8, 131.9, 130.2, 128.2, 127.2, 123.6, 114.7, 113.2, 100.0, 82.5, 78.4,
76.0, 75.5, 73.1, 72.0, 70.8, 69.1, 67.8, 64.6, 64.2, 58.1, 55.1, 55.0, 41.5, 40.8, 40.8,
38.4, 37.6, 37.4, 34.9, 34.6, 32.1, 31.0, 30.0, 29.1, 26.0, 25.7, 21.6, 18.2, 17.9, 15.9,
123, 113, 100, 82,-4.0,-40,—-44,-49; HRMS (FAB): caled for
CsoH ,020,,81,Cs (M +Cs™) 1191.5964, found 1191.6022.

Preparation of TMS acid 10: A solution of the hydroxy acid 69 (202.6 mg,
0.191 mmol) in methylene chloride (10 mL, 0.02M) was cooled to 0°C and treated
with /Pr,NEt (840 uL, 4.8 mmol) and TMSOTf (470 uL, 2.4 mmol) sequentially.
The solution was warmed to room temperature and stirred for 18 h. The reaction
was diluted with ethyl acetate (500 mL) and washed with KHSO, (500 mL, 5% soln.
in water) and saturated aqueous NaHCO,; (500 mL). The bicarbonate layer was
extracted with ethyl acetate (200 mL x 2, 100 mL x 1), and the combined organic
extracts were dried (Na,SO,) and concentrated. Purification by column chromatog-
raphy (silica gel, 12% acetone in benzene, then 10% MeOH in methylene chloride)
gave pure TMS acid 10 (192.6 mg, 89 % yield). 10: white foam; R, = 0.28 (silica gel,
10% acetone in benzene); (]33 = — 67 (¢ = 0.71, CHCl,); IR (neat): ¥, = 2951.6,
2933.7, 2898.3, 2858.2, 1687.9, 1614.8, 1517.9, 1462.3, 1382.9, 1302.5, 1249.4,
1213.1, 1151.5, 1092.6, 1035.5, 835.5, 774.0, 756.7, 667.1cm™"'; 'HNMR
(500 MHz, CDCl;): 8 ==7.40 (d, J = 8.5 Hz, 2H, ArH), 7.36 (d, / =15.5Hz, 1H,
H-3), 6.83 (d, J = 8.5Hz, 2H, ArH), 5.95 (brt, J=7.5Hz, 1H, H-5), 5.76 (d,
J =15.5 Hz, 1 H, H-2), 5.75 (m, 1 H, H-11), 5.61 (md, J =10.0 Hz, 1 H, H-10), 5.46
(s, 1H, OCHArO), 4.27 (brd, J =10.0 Hz, 1H, H-9), 4.10 (brd, J =11.0 Hz, 1 H,
H-21), 3.98 (m, 1H, H-7), 3.97 (d, J = 9.0 Hz, 1 H, H-13), 3.85 (td, / = 9.0, 2.0 Hz,
1H, H-19), 3.81 (brt, J =12.0 Hz, 1 H, H-17), 3.78 (s, 3H, ArOCH,), 3.67 (m, 1H,
H-27), 3.55 (m, 2H, H-29, H-31), 3.54 (m, 2H, H-15, H-23), 3.41 (s, 3H, C29-
OCH,), 3.34 (s, 3H, C15-OCH,), 2.25 (brdd, J =7.0, 5.5 Hz, 2H, H-6a, H-6b),
2.01-1.90 (m, 4H, H-12a, H-14a, H-22, H-24), 1.87-1.81 (m, 3H, H-8a, H-16,
H-26a), 1.72 (s, 3H, C4—CH,), 1.70-1.59 (m, 5H, H-18a, H-18b, H-20, H-28a,
H-30a), 1.58-1.48 (m, 5H, H-12b, H-14b, H-25a, H-25b, H-28b), 1.40-1.36 (m,
1H, H-8b), 1.210-1.182 (m, 2H, H-26b, H-30b), 1.20 (d, /= 6.5 Hz, 3H, C31-
CH3;), 0.96 (d, J ==7.0 Hz, 3H, C22~CH,), 0.94 (d, J =7.0 Hz, 3H, C20-CH,),
0.87 (d, J =7.0 Hz, 3H, C24-CH,), 0.86 (s, 9 H, tBu), 0.83 (s, 9H, rBu), 0.76 (d,
J=7.0Hz, 3H, C16-CH,), 0.090 (s, 9H, Si(CH,),), 0.06 (s, 3H, SiCH,), 0.06 (s,
3H, SiCH,), 0.00 (s, 3H, SiCHj;), —0.11 (s, 3H, SiCH;); '*C NMR (125 MHz,
CDCl,): 6 =172.2, 159.3, 151.6,-139.4, 133.8, 131.7, 130.2, 128.2, 127.4, 123.6,
114.6,113.1,100.2, 79.1, 78.4, 75.8, 75.2, 74.6, 72.0, 69.2, 67.7, 64.4, 64.2, 58.1, 55.1,
55.0, 42.0, 41.5, 40.8, 40.6, 38.7, 37.3, 37.2, 36.3, 34.7, 33.0, 31.0, 29.8, 26.5, 26.2,
25.7, 21.7, 18.6, 17.9, 16.8, 12.3, 10.8, 10.2, 8.2, 1.45 —3.1, —3.6, —4.5, —5.0;
HRMS (FAB): caled for Cg,H,,,0,;,S1;Cs (M +Cs*) 1263.6359, found 1263.6301.

Preparation of phosphonates 70 and 72: In a typical procedure, a solution containing
azeotropically dried (benzene) alcohol 67 (16.4 mg, 1.45x 10™° mol), phospho-
noacetic acid (14.2 mg, 7.23 x 10 * mot), and DCC (14.9 mg, 7.23 x 10~ ° mol) in
chloroform (1.0 mL) was treated with 4-DMAP (1.8 mg, 1.45x 10~ % mol). The
reaction mixture was stirred at room temperature for 24 h and loaded directly onto
a PTLC plate (K 6 F 60 A silica gel plate, 500 pm, 10% acetone in benzene). Purifi-
cation by PTLC gave the desired phosphonate 70 (13.6 mg, 72 % yield) as a white
foam. 70: 'H NMR (500 MHz, CDCl,): 6 =7.41(d, J = 8.5 Hz, 2H, ArH), 6.83 (d,
J =8.5Hz, 2H, ArH), 5.76 (brm, 1H, H-11), 5.65 (brd, J =10.5 Hz 1H, H-10),
5.42(s,1H, OCHArO), 5.42 (obs m, 1 H, H-5), 5.31(d, J = 9.5 Hz, 1 H, H-21),4.28
(brd, J = 8.0 Hz, 1H, H-9), 4.12 (q, J/ = 8.0 Hz, 4H, P(OCH,CH,),), 3.98 (s, 2H,
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H-3a, H-3b). 3.98-3.91 (m, 3H, H-7, H-15, H-27), 3.86 (dt, J = 6.5, 1.5 Hz, 1H,
H-19), 3.79 (obs t, J = 6.5 Hz, 1H, H-17). 3.79 (s, 3H, ArOCH,), 3.65 (m, 2H,
H-13, H-31), 3.57-3.44 (m. 2H, H-23, H-29), 3.38 (s, 3H, C29-OCH,), 3.34 (s,
3H, C15-OCH,), 2.92 (dd, J = 22.0, 2.5 Hz, 2H, PCH,), 2.13 (brs, 2H. H-6a,
H-6b), 2.01-1.79 (m, 10H, H-12a, H-12b, H-14a, H-14b, H-16, H-20, H-22, H-26a.
H-28a, H-30a), 1.72-1.50 (m, SH, H-8a, H-18a, H-18b, H-24, H-28b), 1.55 (s, 3H,
C4-CH,), 1.48-1.30 (m. 3H. H-8b, H-25b, H-26b), 1.30 (t, J = 8.0 Hz, 6H,
P(OCH,CH,),). 1.28 (m, 1H, H-25). 1.18 (m. 1 H, H-30b), 1.18 (brd, J = 6.0 Hz,
3H, C31-CH,, C20-CH,). 0.98 (d. J =7.0 Hz, 3H, C16-CH,), 0.94 (d, 7.0 Hz,
3H, C22-CH,), 0.89 (d. J =7.0 Hz, 3H, C24-CH,). 0.89 (s, 9H, 1Bu), 0.87 (s,
9H. 1Bu), 0.85 (s, 9 H, rBu), 0.13 (s, 3H, SiCH,), 0.06 (s, 3H, SiCH,}, 0.04 (s, 6H,
2x SiCHs), 0.01 (s, 3H. SiCH,). —0.03 (s, 3H, SiCH,): FABMS (FAB): calcd for
CesH,3,0,5PS1,Cs (M +Cs*) 1443.7275, found 1443,

Properties of 72: 'HNMR (500 MHz, CDCl,): & = 9.34 (s, 1H, H-3), 7.40 (d.
J=85Hz2H,ArH,6.82(d.J =8.5Hz,2H, ArH). 6.48 (t,J =7.0 Hz, 1 H, H-5),
5.79 (md, J =10.0 Hz, 1 H, H-11), 5.61 (brd, J =10.0 Hz, 1H, H-10), 544 (s, 1H,
OCHArO), 5.38 (d, J = 9.5 Hz, 1 H, H-21), 4.29 (brd, J =10.0 Hz, 1 H, H-9), 4.12
(dq. J = 8.5, 7.0 Hz, 4H, P(OCH,CH,),), 4.06-3.90 (m, 3H, H-7, H-13, H-27),
3.88 (dt. J = 8.5, 1.5 Hz, 1H, H-19), 3.83 (dt, J = 9.0, 2.5 Hz, 1 H, H-17), 3.78 (s.
3H, ArOCH,), 3.64 (m, 1 H, H-15), 3.58-3.44 (m, 3H, H-23, H-29, H-31), 3.39 (s,
3H, C29-0OCH,;), 3.34 (s. 3H, C15-OCH,), 2.92 (dd, J = 22.0, 1.0 Hz, 2H,
PCH,), 2.40-2.30 (m, 2H, H-6a, H-6b), 2.05-1.78 (m, 10H, H-12a, H-12b, H-14a,
H-14b, H-16a, H-20, H-22, H-26a, H-28a, H-30a), 1.71-1.50 (m, SH, H-8a, H-18a,
H-18b, H-24, H-28a), 1.67 (s, 3H, C4-CH,). 1.42-1.30 (m, 3H, H-8b, H-25a,
H-26b). 1.30 (dt. J =7.0, 2.5 Hz, 6H, POCH,CH,),). 1.25 (m, 1 H, H-25b), 1.18
(d. J=6.0Hz, 6H, C31-CH,, C20-CH,), 1.12 (m, 1H, H-30b), 0.98 (d.
J=65Hz, 3H, C16-CH,), 093 (d, J=7.0Hz, 3H, C16-CH,), 093 (d,
J =7.0Hz, 3H,C22-CH,),0.89(d,J =7.0 Hz, 3H, C24-CH,), 0.87 (s, 9 H, tBu).
0.84 (s, 9H, (Bu), 0.13 (s. 3H, SiCH,). 0.06 (s, 3H, SiCH,), 0.05 (s, 3H,
SiCH,), —0.07 (s. 3H, SiCH,).

Preparation of dimer 74: Alcohol 11 (17.6 mg, 1.64 x 10~ ° mol, 1.25 equiv) and
TMS acid 10 (14.8 mg, 1.31 x 10~ ° mol) were combined and azeotroped with ben-
zene (2 x 5 mL). 4-DMAP (1.31 x 10~ mol) and DIC (3.92 x 10~ * mol) [154 pL of
a solution of 4-DMAP (16 mg) and DIC (61 pL) in 1.54 mL of CHCI,] were added
to the above mixture of 10 and 11 and sonicated for 10 min. The reaction mixture
was heated at 37 °C for 24 h with the addition of 20 pL CHCI, at 4 h intervals. The
reaction mixture was then diluted with CHCI, (0.5 mL) and loaded directly on a
PTLC plate (K 6 F 60 A silica gel plate, 500 pm, 10% acetone in benzene). Purifica-
tion by PTLC gave the desired coupled product 74 (3.7 mg, 13% yield), the DIC
adduct 79 (8.2 mg, 50%), and recovered alcohol 11 (13.2 mg, 75%). 74: R, = 0.51
(silica gel, 10% acetone in benzene); [a]2® = — 66 (¢ =1.5, CHCl,); IR (neat):
Vo = 2930.6, 2855.7,1714.4, 1652.0, 1645.5,1619.7, 1589.1,1571.9,1562.2, 1517.8,
1470.7, 1462.3, 1381.1, 1361.1, 1349.9, 1303.5, 1249.3, 1214.9, 1169.2, 1090.7,
1035.9, 986.3, 925.9. 897.3, 835.5. 810.9cm™'; 'HNMR (500 MHz, CDCl,):
6=742 (d, J=8.5Hz, 2H, ArH), 7.39 (d, J=8.5Hz, 2H, ArH), 7.30 (d,
J =15.5Hz, 1H, H-3 or H-3'), 7.28 (d, J =15.5 Hz. 1H, H-3' or H-3), 6.83 (d.
J =8.5Hz, 2H, ArH), 6.82 (d, J = 8.5 Hz, 2H, ArH), 5.95 (brt. J =7.6 Hz, 1 H,
H-5or H-5),5.92 (brt,J =7.5 Hz, 1 H, H-5 or H-5), 5.77(d, J =15.5 Hz, 1 H, H-2
orH-2),5.76 (d,J =15.5 Hz, 1 H, H-2' or H-2), 5.76 (m, 2H, H-11, H-11"), 5.62 (m,
2H, H-10, H-10"), 5.46 (s, 1 H, OCHArO). 5.38 (d. J = 9.0 Hz, 1 H, H-21"), 5.36 (s,
1H,OCHArQ).4.28 (brm, 2H, H-9, H-9),4.10 (brd. s =10.0 Hz, 1 H, H-21), 3.97
(m, 2H, H-7, H-7"),3.97 (brd, J/ = 9.5 Hz, 1 H, H-13, H-13), 3.86 (brt,J = 9.0 Hz,
2H, H-19, H-19), 3.82 (m. 2H, H-17, H-17), 3.78 (s, 3H, ArOCH,), 3.77 (s, 3H,
ArOCH,). 3.74 (s, 3H, CO,CH,), 3.69-3.59 (brm. 6 H, H-27, H-29, H-31, H-27',
H-29'. H-31"), 3.55~3.45 (brm, 4H, H-15, H-23, H-15', H-2%'), 3.41 (s, 3H, C29~
OCH, or C29'-OCH,), 3.37 (s, 3H, C29'-OCH, or C29-0OCH,). 3.34 (s, 3H,
C15-0OCH, or C15-OCHj,), 3.33 (s, 3H, C15-OCH, or C15-OCH,), 2.25
(brm, 4H, H-6a, H-6b, H-6a’, H-6b"), 2.00-1.90 (brm, 8 H. H-12a, H-14a, H-22,
H-24, H-12a’, H-14a’, H-22', H-24'), 1.88-1.76 (brm, 6 H, H-8a, H-16, H-26a,
H-8a’, H-16', H-26a’). 1.72 (s, 3H, C4-CH;’ or C4-CH,). 1.70 (s, 3H, C4-CH,
or C4'-CH,), 1.70-1.58 (brm, 10H, H-18a, H-18b, H-20, H-28a, H-30a, H-18a’,
H-18b’, H-20", H-28a’, H-30a’), 1.58-1.46 (brm, 10H, H-12b, H-14b, H-25a, H-
25b, H-28b, H-12b', H-14b’, H-252’, H-25b", H-28Y'), 1.45-1.36 (m, 2H, H-8b,
H-8b%), 1.20-1.15 (brm, 4H, H-26b, H-30b, H-26b’, H-30b"), 1.19 (d, J = 6.5 Hz,
3H,C31'-CH,0rC31-CH,),1.18(d,J = 6.5 Hz, 3H, C31 -CH, or C31'-CH,),
1.14(d, J = 6.5 Hz, 3H, C22-CH,), 0.98 (d, / = 6.5 Hz, 3H, C20-CH; or C20'-
CH,;). 0.96 (d, J =7.0 Hz, 3H, C22'-CH,),0.95(d. J =7.0 Hz, 3H, C20'-CH, or
C20-CH;), 0.86 (s, 36 H, 4 x (Bu), 0.85 (d, /=7.0Hz, 3H, C16-CH, or C16'-
CH,), 0.86 (d.J =7.0 Hz, 3H, C24'-CH; or C24-CH,), 0.84 (d,  =7.0 Hz, 3H,
C24~-CH,0r C24'~CH,),0.76 (d, J =7.0 Hz, 3H, C16'-CH, or C16-CH), 0.13
(s, 3H. SiCHj), 0.09 (s, 9H, Si(CH,),). 0.06 (s. 3H, SiCH,), 0.05 (s, 3H, SiCH,),
0.05 (s. 3H, SiCH,), 0.01 (s, 3H, SiCH,), 0.00 (s, 3H, SiCH,), —0.06 (s, 3H,
SiCH,), —0.09 (s, 3H, SiCH;); '*C NMR (125 MHz, CDCl,): 4 =167.9, 166.7,
159.3, 159.2, 149.7, 149.2, 138.2, 137.6, 133.9, 133.8, 131.7, 131.6, 130.4, 1274,
127.3,127.2,123.5,115.8,115.0,113.1,113.1, 100.2,99.9, 79.1, 79.0, 78.5, 77.9, 77.2,
75.9, 75.6, 75.4, 75.2, 74.6, 74.5, 73.2, 73.1, 72.6, 72.1, 69.2, 69.1, 69.0, 67.8, 67.6,
64.4, 64.3, 64.2, 58.3, 55.1, 55.1, 51.3, 42.1, 42.0, 40.8, 40.7, 40.5, 40.3, 39.4, 38.8,
38.8, 37.6, 37.5, 37.2, 37.0, 36.4, 36.0, 34.7, 34.7, 32.9, 30.8, 30.7, 29.8, 29.6, 26.5,
26.3, 26.2, 26.1, 26.1, 26.0, 26.0, 25.8, 23.5, 23.4, 22.6, 21.7, 18.6, 18.2, 17.9, 16.9,
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16.7, 138, 124, 123, 108, 10.7, 106, 101, 82, 8.2, 1.5 -3.2,-3.2,
—3.6, —4.5, —4.5 (2), —4.9. Electrospray* MS: caled for C,,,H,,,0,,Si,H
(M +H"* +1'3C) 21874, found 2187.5.

Properties of 79: R, = 0.42 (silica gel. 10% acetone in benzene); [a]3® = — 57
(¢ =1.3, CHCl,); IR (neat): ¥, = 3269.1, 2952.2, 2932.7, 2856.1, 1703.7, 1644.5,
1614.1, 1518.2, 1462.1, 1366.1, 1302.2, 1249.3, 1092.7, 1035.7, 835.6, 810.8, 774.0,
755.5cm™'; "HNMR (500 MHz, CDCl,): § =7.67 (brs, 1 H, CONHR), 7.39 (d,
J=9.0Hz, 2H, ArH), 7.32 (d, J =150 Hz, 1 H, H-3), 6.83 (d, J = 9.0 Hz, 2H,
ArH), 6.10 (d, J =15.0 Hz, 1 H, H-2), 5.97 (t. J = 8.0 Hz, 1 H, H-5), 5.75 (m, 1H,
H-11), 5.60 (md, J =10.0 Hz, 1H, H-10), 5.46 (s, 1H, OCHArO), 4.49 (septet,
J=6.5Hz, 1H, -NCH(CH,),), 4.26 (brd, J=10.0 Hz, 1H, H-9), 4.11 (brd,
J =118 Hz, H-21), 4.04-3.97 (m. 3H, H-7, H-13, -NCH(CH,;),). 3.84 (brt,
J =6.2Hz, 1H, H-17), 3.81 (brt, J = 8.0 Hz, 1 H, H-19), 3.78 (s, 3H, ArOCH,),
3.67 (m, 1H, H-27), 3.62-3.50 (m, 4H, H-15, H-23, H-29, H-31), 3.41 (s, 3H,
C29-0CHS,), 3.33 (s, 3H, C15-0OCH,;), 2.23 (m, 2H, H-6a, H-6b), 2.00-1.88 (m,
4H, H-12, H-14a, H-22, H-24),1.87-1.75 (m, 3H, H-8a, H-16, H-26a),1.72 (s. 3H,
C4-CH,). 1.68-1.49 (m, 10H, H-12b, H-14b, H-18a, H-18b, H-20, H-25a, H-25b,
H-28a, H-28b, H-30a), 1.43(d, J =7.0 Hz, 6 H, -NCH(CH,),, 1.38 (ddd, J =12.5,
8.0,2.0 Hz, 1 H, H-8b), 1.25-1.10 (m, 2H, H-26b, H-30b), 1.20(d, J = 6.5 Hz, 6 H,
-NHCH(CH,),), 1.19 (d, J = 6.0 Hz, 3H, C31-CH,), 0.96 (d, J =7.0 Hz, 3H,
C22-CH,), 0.95d, J=7.0 Hz, 3H, C20-CH,), 0.88 (d. / =7.0 Hz, 3H, C16-
CH,;), 0.86 (s, 9H, (Bu), 0.84 (s, 9H, rBu), 0.77 (d, J = 6.5 Hz, 3H, C24-CHj,),

- 0.09 (s, 9H, Si(CH,),). 0.07 (s, 3H, SiCH,), 0.06 (s, 3H, SiCH,), —0.01 (s, 3H,

SiCH,), —0.07 (s, 3H, SiCH,); !3C NMR (125 MHz, CDCl,): 6 =167.9, 159.4,
149.7, 138.2, 133.8, 131.9, 130.3, 127.2, 123.6, 115.0, 113.2, 100.2, 82.4, 78.4, 76.0,
75.6, 73.1, 72.0, 70.6, 69.1, 67.8, 64.6, 64.3, 58.3, 55.2, 55.1, 51.3, 41.8, 40.9, 40.6,
38.5,37.7, 374, 37.2, 35.1, 34.6, 32.0, 30.9, 30.0, 29.6, 29.0, 26.1, 26.1, 25.8, 21.6,
21.6, 18.2, 179, 16.1, 12.3, 11.2, 10.0, 8.2, —3.9, —3.9, —4.5, —4.9,

Preparation of dimer 75: Azeotropically dried (benzene, 2 x 1 mL) TMS acid 10
(6.0 mg, 5.3 x 10~ mol) was treated with Et;N (51 uL of 0.5M solution in toluene,
2.4x 107 % mol) and 2,4,6-trichlorobenzoyl chioride (42 pL of a 0.5m solution in
toluene, 2.0 x 10~ 3 mol), and the reaction mixture was left standing at room tem-
perature for 1.5 h. Alcohol 11 (11.4 mg, 1.06 x 103 mol) was azeotroped (benzene,
2 x 1 mL), dissolved in a solution of 4-DMAP (1.05 mg, 8.60 x 10~ ¢ mol) in toluene
(200 pL), and added to the solution of activated acid solution at room temperature
with stirring. The reaction mixture was heated to 105°C and stirred for 12 h. The
mixture was then diluted with methylene chioride (800 uL) and loaded directly on
a preparative thin-layer chromatography plate (silica gel, 250 pm). Purification by
PTLC (10% acetone in benzene) afforded the dimeric hydroxy ester 7§ (5.2 mg,
46.4% yield) and recovered aicohol 11 (8.0 mg). 75: R, = 0.37 (silica gel, 10%
acetone in benzene); [a]3® = —75 (c =1.0, CHCl,); IR (neat): ¥,,, = 3503.7,
2929.2, 2855.5, 1711.7, 1619.6, 1517.6, 1462.0, 1381.6, 1303.6, 1249.5, 1169.5,
1090.6, 1036.8, 835.5, 775.6cm™'; 'HNMR (500 MHz, CDCl,): 6 =7.42 (d,
J =9.0Hz, 2H, ArH), 7.37 (d, J = 9.0 Hz, 2H, ArH), 7.30 (d, J =15.5 Hz, 1 H,
H-30r H-3'),7.29(d, J =15.5 Hz, 1 H, H-3' or H-3), 6.85 (d, J/ = 9.0 Hz, 2H, ArH),
6.83 (d, J = 9.0 Hz, 2H, ArH), 5.95 (brt, J = 8.0 Hz, 1 H, H-5 or H-5), 5.91 (brt,
J =80Hz, 1H, H-5 or H-5), 5.78 (d, J =15.5Hz, 1H, H-2 or H-2), 5.77 (d,
J =15.5 Hz, 1 H, H-2' or H-2), 5.76 (m. 2H, H-11, H-11"), 5.61 (md, J =10.5 Hz,
2H, H-10, H-10), 5.54 (s, 1H, OCHArO), 5.38 (d, J = 9.5 Hz, 1 H, H-21"), 5.36 (s,
1H, OCHArO), 4.28 (brm, 2H, H-9, H-9), 4.10 (brd, J = 9.8 Hz, 1H, H-21),
4.03-3.98 (m, 2H, H-7, H-7’), 3.98-3.93 (m, 2H, H-13, H-13"), 3.89-3.87 (m, 2H,
H-19, H-19'),3.83-3.77 (m, 2H, H-17, H-17"). 3.78 (s, 3H, ArOCH, or ArOCH,"),
3.77 (s, 3H, ArOCH,’ or ArOCH,), 3.74 (s, 3H, CO,CH,), 3.69-3.58 (brm, 6 H,
H-27, H-27', H-29, H-29', H-31, H-31'), 3.55-3.43 (brm, 4H, H-15, H-15, H-23,
H-23"), 3.38 (s, 3H, C29-OCH, or C29'-OCH;), 3.37 (s, 3H, C29'-OCH, or
C29-0CH,), 3.33(s, 3H, C15-OCH, or C15'-OCH,), 3.32 (s. 3H, C15'-OCH,
or C15-OCH,), 2.35-2.20 (brm, 4 H, H-6a, H-6b, H-6a’. H-6b"), 2.01-1.90 (brm,
8H, H-12a, H-14a, H-22, H-24. H-12a’, H-14a’, H-22', H-24"), 1.86-1.75 (brm, 6 H,
H-8a, H-16, H-26a, H-8a’, H-16', H-26a"),1.72(s, 3H,C4-CH; or C4-CH,).1.70
(s. 3H, C4-CH, or C4-CH,"), 1.66-1.46 (brm, 20H, H-12b, H-14b, H-18a,
H-18b, H-20, H-25a, H-25b, H-28a, H-28b, H-30a, H-12b’, H-14b’, H-18a’, H-18b",
H-20’, H-25a’, H-25b', H-28a’, H-28b’, H-30a"), 1.45-1.36 (m, 2H, H-8b, H-8b),
1.20-1.13 (brm, 4H, H-26b, H-30b, H-26b", H-30b), 1.22 (d, J =7.0 Hz, 3H,
C22-CH,), 1.18 (d, J=6.0Hz, 3H, C31'-CH, or C31-CH;), 1.17 (.
J=60Hz 3H. C31-CH, or C31'-CH,), 098 (d, J = 6.5 Hz, 3H, C22'-CH,),
0.95 (brd. J =7.0 Hez, 6H, C20~-CH,, C20'~CH,), 0.92 (s, 18 H, 2 x tBu), 0.87 (d,
J=7.0Hz, 3H,C16-CH, or C16'-CH,), 0.86 (d.J =7.0 Hz, 3H, C16'-CH; or
C16-CH,),0.85(d./J =7.0 Hz, 3H,C24-CH, 0or C24'-CH,),0.84 (d,/ =7.0 Hz,
3H. C24'-CH, or C24-CH,), 0.84 (s, 9H, Bu), 0.83 (s, 9H, (Bu), 0.14 (s, 3H,
SiCH,), 0.10 (s, 3H, SiCH,), 0.07 (s, 3H, SiCH,), 0.06 (s, 3H, SiCH,), 0.02 (s, 3H,
SiCH;), 0.01 (s, 3H, SiCH,), —-0.04 (s, 3H, SiCH,), —~0.08 (s, 3H, SiCH,); '3C
NMR (125 MHz, CDCl,): 6 =167.9. 166.7, 159.4, 159.2, 149.7, 149.2, 138.2, 137.6,
1339, 133.8, 131.9, 131.6, 130.3, 127.3, 127.2, 127.2, 123.5, 115.8, 115.0, 113.2,
113.1, 100.2, 99.9, 82.4, 79.0, 78.4, 77.9, 71.3, 76.1, 75.61, 75.6, 75.4, 74.5, 73.2,
73.1,72.1, 72.0, 70.6, 69.2, 68.9, 67.8, 67.6, 64.5, 64.4, 64.2, 58.44, 58.4, 58.3, 55.2,
55.1, 55.07, 51.3, 42.1, 41.9, 40.8, 40.7, 40.5, 40.3, 39.5, 38.8, 38.5, 37.8, 37.6,
37.4, 37.2, 37.0, 36.0, 35.0, 34.7, 34.6, 32.9, 31.9, 30.8. 30.6, 30.0, 29.6, 29.0,
26.5 (3 carbons), 26.3 (3 carbons), 26.1, 26.0, 25.8 (6 carbons), 21.7, 21.6, 18.6,
18.2, 17.9, 16.9, 16.1, 12.4, 12.3, 11.2, 11.1, 10.8, 10.5, 10.1, 8.2, 8.19, 3.2,
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—3.9, —4.5, —4.53 (2 carbons), —4.9; HRMS (FAB): calcd for C,;oH;0,0,451,Cs
(M +Cs*) 2246.2925, found 2246.3089

Preparation of hydroxy acid 9: To a solution of hydroxy ester 75 (7.4 mg,
3.5x 107 mol) in methylene chloride (200 pL.) and methanol (1.5 mL) was added
excess Ba(OH),-8H,0 (1.07 g. pulverized). The resulting slurry was stirred un-
capped at room temperature for 50 min (to remove the methylene chloride), diluted
with methanol (0.5 mL), and recapped. The reaction mixture was stirred at room
temperature for 4 d and then quenched by the addition of brine (9 mL) and 1~ HC]
(6.75 mL). The solution was extracted with ethyl acetate (4 x 30 mL) while the pH
of the aqueous phase was maintained at 3-4. The combined organic extracts were
washed with brine (30 mL), dried (Na,SO,), and concentrated. Purification by
preparative thin-layer chromatography (250 pm silica gel plate, 15% acetone in
benzene) afforded the hydroxy acid 9 (6.1 mg, 83% yield) as a colorless solid. 9:
R, = 0.35 (silica gel, 15% acetone in benzene): [«]2* = — 73 (¢ = 0.44, CHCl,); IR
(neat): ¥,,, = 3492.5, 2928.1, 2855.6, 1711.1, 1619.8, 1517.8, 1462.3, 1381.4, 1302.6,
1249.8, 1170.1, 1093.0, 1036.6, 835.8, 775.6cm ™ '; 'HNMR (500 MHz, CDCl,):
6=742 (d, J=90Hz, 2H, ArH), 7.38 (d, J=9.0Hz, 2H, ArH). 7.32 (d.
J=15.5Hz, 1H, H-3 or H-3), 7.29 (d, / =15.5 Hz, 1 H, H-3' or H-3), 6.85 (d,
J =9.0 Hz, 2H, ArH), 6.83 (d, / = 9.0 Hz, 2H, ArH), 593 (brt, / = 8.0 Hz, 1 H,
H-50r H-5%, 5.89 (brt, J = 8.0 Hz, 1H, H-5 or H-5),5.77(d, J =15.5 Hz, 1H, H-2
or H-2), 5.74 (d. J =15.5 Hz, 1 H, H-2’ or H-2'), 5.79-5.72 (m. 2H, H-11, H-11),
5.63 (dm, J=10.0 Hz, 2H, H-10, H-10'), 5.54 (s, 1H, OCHArO). 5.39 (d.
J =8.5Hz. tH. H-21"), 5.37 (s, 1 H, OCHArO), 4.31-4.25 (brm, 2H, H-9, H-9'),
4.11 (brd, J =10.0 Hz, 1H. H-21), 4.03-3.98 (m, 2H, H-7, H-7'), 3.98-3.92 (m,
2H, H-13, H-13), 3.89-3.80 (m, 3H. H-19, H-19', H-17 or H-17"), 3.80-3.78 (obs
m, 1H, H-17 or H-17), 3.78 (s, 3H, ArOCH, or ArOCH}), 3.77 (s, 3H, ArOCH’
or ArOCH,), 3.68-3.57 (brm, 6 H, H-27. H-29, H-31, H-27", H-29’, H-31"), 3.53-
3.44 (brm, 4H, H-15, H-23, H-15, H-23"), 3.39 (s, 3H, C29-0OCH, or C29'-
OCHy,). 3.37 (s, 3H, C29~OCH, or C29-0OCH,). 3.33 (s. 3H, C15-OCH; or
C15'-OCH,). 3.326 (s, 3H. C15'-OCH, or C15-OCH,), 2.37-2.23 (brm, 4H,
H-6a, H-6b, H-6a’, H-6b'), 2.01-1.90 (brm, 8 H, H-12a, H-14a, H-22, H-24, H-12a’,
H-14a’, H-22', H-24'), 1.87-1.77 (brm, 6 H, H-8a, H-16. H-26a, H-8a'. H-16', H-
26a’), 1.72 (s, 3H, C4-CH,;’ or C4-CH,), 1.71 (s, 3H, C4-CH, or C4-CH,"),
1.67-1.50 (brm, 20 H. H-12b, H-14b. H-18a, H-18b, H-20, H-25a, H-25b, H-28a,
H-28b, H-30a, H-12b’, H-14b’, H-18a’, H-18b’, H-20’, H-25a’, H-25b', H-28a’, H-
28b', H-30a"), 1.45-1.36 (m, 2H., H-8b, H-8b"), 1.21-1.15 (brm, 4H, H-26b, H-
30b, H-26b', H-30b'), 1.18 (d, J =7.0 Hz, 3H, C22-CH;), 1.17 (brd. J = 6.5 Hz,
6H, C31-CH,. C31-CHj,), 0.99 (d, J =7.0Hz, 3H, C22'-CH,), 0.95 (brd,
J =1.0Hz, 6H, C20-CH,, C20'-CH,), 0.91 (s, 18 H, tBu), 0.87 (s, 9H, /Bu), 0.86
(d,/=6.5Hz,3H,C16-CH, or C16'-CH,). 0.85(d, J =7.0 Hz. 3H, C24-CH;
or C24'-CH,), 0.841 (s. 9H, /Bu), 0.84 (d, J = 6.5 Hz, 3H, C16'-CH, or C16-
CH,),0.83(d,J =7.0 Hz,3H, C24'-CH, or C24-CH,). 0.12 (s, 3H, SiCH,),0.12
(s, 3H. SiCH;,), 0.10 (s, 3H, SiCH,). 0.05 (s. 3H, SiCH,). 0.02 (s, 3H. SiCH,) 0.01
(s, 3H, SiCH;), —0.04 (s, 3H, SiCH,), —-0.10 (s, 3H, SiCH,): '*C NMR
(125 MHz, CDCl,): 6 =166.7, 159.4, 159.3, 151.1, 149.3, 138.9, 137.7, 133.9, 133.9,
131.9, 131.6, 130.3,127.3, 127.2, 123.6, 123.5, 115.9, 113.2, 113.1, 100.2, 100.0, 82.4,
79.1, 78.4, 77.9. 77.2, 76.5, 75.6. 75.6, 75.6, 73.2, 73.1, 72.1, 72.0, 70.7. 69.2. 69.0,
68.0, 67.6, 64.6, 64.5, 64.4, 64.3, 58.5, 58.2, 55.2, 55.1, 43.2, 42.1, 41.8, 41.5, 40.8,
40.6, 39.3, 38.7, 38.5, 37.9, 37.6, 37.5. 37.1, 36.1, 35.3, 35.0, 34.7, 34.6, 34.1, 32.9,
32.0, 31.8, 30.9, 30.8, 30.6, 30.2, 29.6, 29.0, 26.5 (3 carbons), 26.3 (3 carbons), 26.1,
26.0, 25.8 (6 carbons). 21.7, 21.6, 18.6, 18.2, 17.9. 16.9, 15.4, 14.0, 124, 12.3, 11.3,
10.8, 10.77, 10.1, 9.0, --3.2. —3.88, —3.9, —4.4, —4.5, —4.9; FABMS: calcd for
C,18H20202351,Cs* (M +Cs*) 2232, found 2232.

Preparation of the diolide 76: A solution of the azeotropically dried (benzene,
2 x 1 mL) seco-acid 9 (3.0 mg, 1.4 x 10~ ¢ mol) in toluene (200 uL) was treated with
Et,N (17 uL, 0.5M soln. in toluene, 8.6 x 10~ ® mol) and 2,4,6-trichlorobenzoyl chlo-
ride (14 uL, 0.5M soln. in toluene, 7.1 x 10~ ® mol). and the mixture was stirred at
room temperature for 1 h, then Et;N (34 uL. 0.5m soln. in toluene) and 2.4,6-
trichlorobenzoyl chloride (28 uL. 0.5™ soln. in toluene) were added and the result-
ing mixture was stirred for another 1.5 h. The reaction mixture was then diluted with
toluene (2 mL) and treated with a solution of 4-DMAP (0.29 mg, 2.4 x 10~ mol) in
toluene (1 mL). The reaction mixture was heated to 110 °C for 24 h, quenched with
saturated aqueous NaHCO; (10 mL) and extracted with ethyl acetate (4 x 10 mL).
The combined organic extracts were washed with brine (10 mL), dried (Na,SO,).
and concentrated. Purification by preparative thin-layer chromatography (250 ym
silica gel plate, 12% acetone in benzene) afforded the diolide 76 (0.90 mg, 30%
yield) contaminated with a small amount of an unknown impurity and recovered
seco-acid 9 (0.75 mg, 25%). 76: R, = 0.46 (silica gel, 10% acetone in benzene);
[]2% = — 61 (c = 0.47. CHCl,); IR (reat): ¥,,, = 2928.0, 2855.4, 1711.4, 1617.9,
1588.2, 1517.7, 1462.1, 1381.5, 1302.3, 1249.0, 1214.7, 1170.3. 1153.6, 1085.4,
1036.2, 835.6, 775.7cm ™ !; 'H NMR (500 MHz, CDCl,): 6 =7.40 (d, J = 8.5 Hz,
4H, ArH), 7.36 (d. J =15.5 Hz, 2H, H-3, H-3), 6.83 (d, J = 8.5 Hz, 4H, ArH).
5.87 (brdd, J = 8.0, 6.5 Hz, 2H, H-5, H-5), 5.78 (d, / =15.5 Hz, 2H, H-2, H-2),
5.80-5.75(m, 2H, H-11, H-11"), 5.66 (brd, J =10.0 Hz, 2H, H-10, H-10"), 5.36 (d.
J =10.5 Hz, 2H, H-21, H-21"), 5.34 (s, 2H, 2 x OCHArO), 4.29 (brs, 2H, H-9,
H-9), 3.95 (m. 2H, H-7, H-7'), 3.89-3.80 (m, 2H, H-13, H-13'), 3.80-3.78 (obs m,
2H. H-17, H-17'). 3.77 (s, 6 H, 2x ArOCH,), 3.70-3.57 (brm, 6 H, H-23, H-27,
H-31, H-23', H-27', H-31), 3.55-3.41 (brm, 4H, H-15, H-29, H-15", H-29)), 3.36
(dd, J = 5.5, 2.5 Hz, 2H, H-19, H-19'), 3.33 (s, 12H, C15-OCH,. C15-0CH,.
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C29-0CH,, C29'~-0OCH,), 2.35-2.22 (m, 4H, H-6a, H-6b, H-6a’, H-6b"), 2.04 -
1.88 (brm, 8H, H-12a, H-14a, H-22, H-24, H-122’, H-14a’, H-22', H-24), 1.87-
1.75 (brm, 6 H, H-8a, H-16, H-26a, H-8a’, H-16', H-26a’), 1.72 (s, 6H, C4-CH,,
C4'-CH,), 1.65-1.50 (brm, 20H, H-12b, H-14b, H-18a, H-18b, H-20, H-25a,
H-25b, H-28a, H-28b, H-30a, H-12b’, H-14b’, H-18a’, H-18b’, H-20', H-25a’, H-
25b', H-28a’. H-28b', H-30a"), 1.39 (m, 2H, H-8b, H-8b'), 1.25-1.10 (brm, 4H,
H-26b, H-30b, H-26b', H-30b"), 1.22 (d, J =7.0 Hz, 6H, C31-CH,, C31'-CH,),
1.01 (d, J = 6.5 Hz, 6H, C22-CH;,, C22’-CH,), 0.96 (d, J = 6.0 Hz, 6H, C20-
CH,.C20’'-CH,), 0.86 (d,J = 6.5 Hz. 6H, C16-CH,, C16'~CH,). 0.85(s, 18H,
2 x tBu), 0.84 (s, 18H, 2 x /Bu), 0.81 (d, J =7.0 Hz, 6H, C24-CH,, C24'-CH,),
0.13 (s, 6 H, 2 x SiCH,), 0.05 (s, 6 H. 2 x SiCH,), 0.03 (s, 6 H, 2 x SiCH;), —0.03 (s,
6H. 2xSiCH,); '*C NMR (125 MHz, CDCl,): 6 =167.1, 159.4, 149.5, 131.6,
130.3, 127.2, 123.6, 116.0, 113.1, 100.1, 78.9, 77.2, 76.9, 76.8, 73.2, 72.1, 69.6, 68.7,
64.3, 58.8, 55.1, 55.08, 42.6, 41.1, 40.4, 39.6, 38.8, 38.6, 36.2, 36.1, 34.8, 31.8, 29.61,
29.6, 29.2, 26.3. 26.1, 25.8, 22.6, 21.7, 18.6, 17.9, 16.9, 14.0, 12.4, 10.7, 8.3,
6.9, ~3.3, —4.5,—4.7, HRMS (FAB): caled for C,;3H,000,,5i.Cs (M +Cs™)
2214.2663, found 2214.2709.

Preparation of swinholide A: A solution of diolide 76 (4.7 mg, 2.3 x 10~% mol) in
acetonitrile (950 uL) was cooled to 0°C and treated with 48% aqueous HF
(250 pL). The resulting solution was stirred at 0 °C for 2 h and then quenched with
saturated aqueous NaHCO,; (20 mL). The reaction mixture was extracted with ethyl
acetate (3 x 25 mL), and the combined organic extracts were washed with brine
(50 mL), dried (Na,S0O,), and concentrated. Purification by preparative thin-layer
chromatography (250 pm silica gel plate, 5% methanol in methylene chloride) yield-
ed slightly impure swinholide A (1) (1.9 mg, 60% yield). The final product was
purified by HPLC (reverse phase C-18 Vydac 210TP 510 column, 95% MeOH:
H,0. 1 mLmin"!, retention time 18 min) to afford pure swinholide A (1) (1.6 mg,
50.5% yield). 1: R, =0.23 (silica gel, 5% methanol in methylene chloride);
[a)3% = — 29 (¢ = 0.13, CHCL,); IR (neat): ¥,,, = 3443.5, 2925.1, 1693.0, 1681.9,
1620.2, 1617.2, 1462.1, 1383.4, 1309.7, 1277.2, 1184.8, 1153.3, 1081.8, 987.6, 850.7,
754.9, 705.7, 665.9 cm™!; "H NMR (500 MHz, CDCl,): 6 =7.57 (d, J =15.8 Hz,
2H, H-3, H-3), 6.08(dd, J = 9.5, 5.0 Hz, 2H. H-5, H-5),5.79(d, J =15.8 Hz, 2H,
H-2, H-2'), 5.78 (brd, J =10.5 Hz, 2 H, H-11, H-11"), 5.70 (brdd, J =10.0, 2.0 Hz,
2H, H-10, H-10'), 5.36 (d. J =10.7 Hz, 2H, H-21, H-21'). 4.51 (brd, J = 8.4 Hz,
2H, H-9, H-9'), 4.15 (m, 2H, H-7, H-7), 4.02 (m, 2H, H-27, H-27"), 4.01 (m, 2H,
H-15, H-15"), 4.00 (m, 2H. H-19, H-19), 3.86 (m, 2H, H-13, H-13"), 3.54 (dddd,
J =100, 10.0, 5.5, 5.5 Hz, 2H, H-29, H-29'), 3.35 (s, 6H, C15-OCH,, C15'-
OCH,), 3.34 (s, 6 H, C29-0OCH,, C29'-0OCH,). 3.12 (d, / = 9.5 Hz, 2H, H-23,
H-23), 2.45 (ddd, J =14.5, 9.5, 9.5 Hz, 2H, H-6a, H-6a"), 2.29 (brd. J =16.0 Hz,
2H, H-12a, H-12a’), 2.20-2.14 (m, 4H, H-6b, H-14, H-6b’, H-14"). 1.97 (m. 2H,
H-30, H-30), 1.96 (m, 2 H, H-22, H-22'), 1.91 (m, 2H, H-26a, H-26a’), 1.83 (m, 4H,
H-12b, H-12b', H-28a, H-28a’), 1.81 (s, 6H, C4-CH,, C4-CH;), 1.75 (dq,
J =10.0, 7.0 Hz, 2H, H-20, H-20"), 1.69 (m, 2H, H-18a, H-18a’), 1.68 (m, 2H,
H-16, H-16), 1.65 (m, 2H, H-24, H-24'), 1.63 (m, 2H, H-8a, H-8a"), 1.62 (m, 2H,
H-18b, H-18b"), 1.60 (m, 2H, H-28b, H-28b’), 1.58 (m, 2H, H-8b, H-8b"), 1.46 (m,
2H, H-14b, H-14b'), 1.38 (m, 2H, H-25a, H-25a’), 1.30 (m. 2H, H-26b, H-26b"),
1.27 (m, 2H, H-25b, H-25b"), 1.20 (d, J = 6.0 Hz, 6H, C31-CH,, C31'-CH,).
1.17 (m, 2 H, H-30b, H-30b"), 1.00(d,J =7.0 Hz, 6 H, C24-CH,, C24'-CH,), 0.98
(d. J =74 Hz, 6H, C20-CH,, C20'-CH,). 0.83 (d, J =7.0 Hz, 6H, C22-CH,,
C22'-CH;), 081 (d, J=70Hz, 6H, C16-CH,, C16-CH,); '3C NMR
(125 MHz, CDCl,): 6 =169.9, 153.1, 142.2, 134.8, 129.8, 123.1, 113.2, 75.9, 75.0,
74.6, 74.0, 73.2, 71.4, 71.4, 66.5, 65.8, 65.6, 64.5, 57.4, 55.2, 41.2, 41.1, 40.8, 38.6,
38.6, 37.4, 36.8, 34.8, 34.8, 33.2, 29.6, 29.3, 23.9, 21.7, 17.6, 12.2,9.4,9.2, 9.1, FAB
MS: caled for C,5H,;3,0,,Cs (M +Cs™*) 1521.8366, found 1521.8388.

Preparation of monomeric macrolide 77: A solution of the azeotropically dried (ben-
zene, 2 x 1 mL) hydroxy acid 69 (4.0 mg, 3.8 x 10~ mol) in toluene (200 uL) was
treated with Et,N (34 uL. 0.5M soln. in toluene, 1.7x 10~ % mol) and 2,4,6-
trichlorobenzoyl chloride (28 uL., 0.5M soln. in toluene, 1.4 x 10~ % mol) and left to
stand at room temperature for 1.5 h. A solution of 4-DMAP (0.69 mg) in toluene
(400 uL) was then added and the reaction mixture was heated at 105 °C for 12 h. The
reaction was quenched with saturated aqueous NaHCO, (10 mL) and extracted
with ethyl acetate (4 x 10 mL). The combined organic extracts were washed with
brine (10 mL), dried (Na,SO,), and concentrated. Purification by preparative thin-
layer chromatography (250 pm silica gel plate, 10% acetone in benzene) afforded
the monomeric macrolide 77 (2.7 mg, 69 % yield) and a trace amount of the dimeric
diolide 76. 77: R, =0.55 (silica gel, 10% acetone in benzene); [#]3° = — 54
(c = 0.79. CHCL,); IR (neat): ¥,,, = 2932.6, 2855.9, 1698.9, 1615.1, 1517.6, 1462.6,
1380.6, 1250.9, 1085.5, 1032.3, 1005.9, 901.9, 835.7cm™'; '"H NMR (500 MHz,
CDCl,): 6 =7.60(d,J =15.7 Hz, 1 H, H-3), 747 (d. J = 9.0 Hz, 1 H, ArH), 6.88 (d,
J =9.0Hz, 2H. ArH), 5.72 (m, 1H, H-11), 5.70 (d, J =15.7 Hz, 1 H, H-2), 5.56
(brdt, J =10.0, 2.5 Hz, 1H, H-10), 5.49 (s, 1 H, OCHA{O), 5.12 (brdd, J =11.0,
7.0 Hz, 1H, H-5),4.96 (d,J = 9.5 Hz, 1 H, H-21),4.30 (brd, J =10.5 Hz, 1 H, H-9),
3.99 (m, 1H, H-7). 3.95 (brd, J = 9.0 Hz, t H, H-13), 3.85 (m, 2H, H-19, H-17),
3.79 (s, 3H, ArOCH,), 3.69-3.59 (m, 3H, H-27, H-29, H-31), 3.53 (m, 1 H, H-15),
3.41 (s, 3H, C29-0OCH,), 3.34 (s, 3H, C15-OCH,), 3.11 (brt, J = 9.0 Hz, 1H,
H-23), 2.25 (brddd. J = 9.0, 6.0, 2.0 Hz, 1H, H-6a), 2.15 (q, J =12.0 Hz, 1H,
H-6b),1.99-1.73(m, 7H, H-8a, H-12a, H-14a, H-16, H-22, H-24, H-26), 1.68~1.52
(m, 10H, H-12b, H-14b, H-18a, H-18b, H-20, H-25a, H-25b, H-28a, H-28b, H-
30a), 1.62 (s. 3H, C4-CH,), 1.45-1.30 (m, 2H, H-8b, H-30b), 1.20-1.10 (obs m,
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1H, H-26b), 1.19 (d. J = 6.5 Hz, 3H, C31-CH,), 1.04 (d, J =7.5 Hz, 3H. C20-
CH,), 0.96 (d, J =7.0 Hz, 3H, C24~CH,), 0.90 (s, 9H, Bu), 0.88 (s, 9H, /Bu),
0.86 (d, J =7.0 Hz, 3H, C16-CH,), 0.79 (d, J = 7.0 Hz, 3H, C22-CH,), 0.17 (s,
6H. 2x SiCH,), 0.09 (s. 3H. SiCH,). 0.08 (s, 3H, SiCH,); '3C NMR (125 MHz,
CDCly): 8 =168.1, 159.4, 149.6, 137.4, 133.5, 131.3, 130.5, 127.3, 123.7, 116.1,
113.3.100.7, 81.2, 78.7, 78.3, 76.2, 76.1. 73.2, 72.2, 69.2, 68.6, 64.3, 63.2, 57.0, 55.2,
55.1, 42.1, 41.2, 40.5, 40.0, 38.8, 38.3, 36.4. 36.0, 34.8. 31.8, 29.7, 29.6, 28.7, 26.4,
259, 25.7, 21.7, 18.7, 18.0, 16.8, 15.6, 11.9, 10.6, 8.5, —2.6, —4.2, —4.9. —5.0;
FABMS: calcd for CyoH,000,,5i,Cs (M +Cs*) 1174, found 1174.

Preparation of hemiswinholide A (78): The monomeric macrolide 77 (2.7 mg,
2.6 x 107 ¢ mol) was cooled to 0 °C and treated with a stock solution of aqueous HF
in acetonitrile (675 uL; stock soln. prepared by adding 250 uL 48 % aqueous HF to
950 pL acetonitrilej. The reaction mixture was stirred at 0 °C for 2 h, diluted with
chloroform (10 mL). and quenched with saturated aqueous NaHCO, (20 mL). The
layers were separated and the aqueous phase was extracted with chloroform
(2 x 10 mL). The combined organic extracts were dried (Na,SQ,). concentrated and
purified by preparative thin-layer chromatography (250 um silica gel plate, 7%
methanol in methylene chioride) yielding hemiswinholide A (78) (1.8 mg. quantita-
tive) as a colorless solid. 78: R, = 0.20 (silica gel. 5% methanol in methylene
chloride); [a]3* = — 40 (¢ = 0.46, CHCL,); IR (neat); ¥,,, = 3441.5,2918.1, 1681.7,
1627.7, 1461.9, 1383.9, 1268.0, 1153.0, 1078.4, 984.5, 855.8, 755.4, 665.7cm™!;
'HNMR (500 MHz, CDCl,): 6 =738 (d. J=155Hz, 1H, H-3), 589 (dd,
J =10.0,6.2 Hz, { H, H-5), 5.82 (m, 1 H, H-11), 5.81 (d. J =15.5 Hz, 1 H, H-2), 5.67
(brd, J =10.5Hz, 1H, H-10), 5.24 (dd, J =10.0, 1.5 Hz, 1H, H-21), 447 (md,
J =10.0 Hz, 1H, H-9),4.01 (m, 1 H, H-7), 3.99 (m, 1 H, H-27), 3.89 (m, 1 H, H-19),
3.74-3.68 (m, 2H, H-17, H-31), 3.54 (ddt, J =12.0, 10.0. 4.5 Hz, 1 H, H-29). 3.50
(m, 1H, H-15), 3.41 (m, tH, H-13), 3.37 (s, 3H, C15-OCH,), 3.36 (obs dd,
J =9.0,20Hz 1H, H-23), 3.35(s. 3H, C29-OCH,). 3.10 (brd, J = 9.5 Hz, 1 H,
OH), 2.50 (m, 2H, H-6a, H-6b), 2.05-1.98 (m, 4H, H-12a, H-20, H-26, H-30),
1.97-1.91 (m, 2H, H-12b, H-22). 1.84 (m, 2H, H-14, H-28),1.81 (s, 3H,C4-CH,).
1.75(m, 1H, H-8). 1.72-1.68 (m, 3H, H-16, H-18, H-24}, 1.65-1.55 (m, 3H, H-14,
H-18, H-28b), 1.41 (m, 1 H, H-252). 1.35 (ddd, J = 14.0, 10.0, 2.5 Hz. 1H, H-8b},
1.31 (m. 1 H, H-25b), 1.25 (m, 1H, H-26b}, 1.20 (d, s = 6.0 Hz, 3H, C31-CH,},
1.17(m. 1H, H-30b), 1.02(d, J = 6.5 Hz, 3H, C24-CH,},0.93(d. s =7.0 Hz, 3H,
C20-CH,), 0.87 (d, / =7.0Hz, 3H. C21-CH,), 081 (d, F =70 Hz, 3H, C16-
CH,); 12C NMR (125 MHz, CDC),): 6 =168.8, 149.8, 137.6. 134.8, 129.7, 124.5,
116.0, 80.0, 75.9, 73.8, 73.2, 71.5, 70.9, 70.5, 69.2, 65.4, 64.4, 56.7, 55.2, 41.5, 40.6,
399, 38.9, 38.7, 38.0, 37.3, 35.9, 34.9, 32,9, 31.1, 29.6, 29.0. 24.1, 21.7. 17.7, 12.3,
10.4. 9.8, 9.2; HRMS (FAB): caled for C;oH,0,,Cs (M +Cs*) 827.3710, found
827.3755.
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