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Total Synthesis of Everninomicin 13,384-1—Part 1:

Retrosynthetic Analysis and Synthesis of the A;B(A)C Fragment

K. C. Nicolaou,* Rosa Maria Rodriguez, Helen J. Mitchell, Hideo Suzuki,
Konstantina C. Fylaktakidou, Olivier Baudoin, and Floris L. van Delft!?]

Abstract: In this first of a series of four
articles we introduce everninomicin
13,384-1 (1), a powerful antibiotic effec-
tive against drug resistant bacteria, as a
target for total synthesis and discuss its
retrosynthetic analysis. From the three
defined fragments required for the syn-
thesis (2: AB(A)C fragment; 4: DE

construct a common intermediate for
rings B and C, but was faced with final
protecting group problems. The second,
and successful approach, involved a 1,2-
phenylsulfeno migration and a sulfur
directed glycosidation procedure to link

Keywords: carbohydrates - everni-

rings B and C, as well as an acyl fluoride
intermediate to install the sterically
hindered aryl ester moiety (ring A;).
The final stages of the synthesis of the
required 2-phenylseleno glycosyl fluo-
ride 2 required introduction of a phenyl-
seleno group at C-1 of ring C followed
by a novel, DAST-promoted 1,2-migra-

fragment; 5: FGHA, fragment), we
describe herein two approaches to the
A;B(A)C block. The first strategy relied
on an olefin metathesis reaction to

nomicin -

Introduction

The introduction of modern antibiotics in the 1940’s for the
treatment of infectious disease was heralded with enthusiasm
as one of the greatest medical breakthroughs of the twentieth
century and led many to believe that these deadly diseases
would be defeated once and for all. Despite the saving of
millions of lives, however, the widespread use, and sometimes
misuse, of antibiotics led to drug resistance and the evolution
of “superbugs”, strains that threaten humanity once again
with untreatable diseases and potential plagues of major
proportions. Even vancomycin,!l an antibiotic long consid-
ered to be effective as the last line of defense against drug
resistant bacteria, has shown signs of weakness as vancomy-
cin-resistant bacterial strains are reported around the world.
Thus, there is a clear recognition for an urgent need to
develop more effective antibiotics against such menacing
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tion to produce the desired 2--phenyl-

Stereocon- seleno glycosyl fluoride moiety.

bacteria or discover new ones based on novel mechanisms of
action.” Everninomicin 13,384-1 (1, Figure 1), is a promising
new weapon against drug resistant bacteria, including methi-
cillin-resistant Staphylococci and vancomycin-resistant Strep-
tococci and Enterococci.® The everninomicins, members of
the orthosomycin class of oligosaccharide antibiotics, were
first isolated in the 1960’s and showed strong activity against
Gram-positive bacteria. Everninomicin component 13,384-1
(1) was isolated more recently as one of several active
compounds found in the fermentation broth of Micromono-
spora carbonacea var africana, which was grown from a
sample of soil collected from the banks of the Nyiro River in
Kenya.B! As a result of a better activity profile, a cyclodextrin-
complex formulation®! of 13,384-1 (1) which was proven safe
in vivo, was developed and was undergoing advanced clinical
trials under the tradename of Ziracin. In a number of studies,
everninomicin 13,384-1 (1) demonstrated excellent in vitro
activity against resistant strains of Gram-positive bacteria as
compared to several reference antibiotics with MIC,, values
that were similar to or two- to four-fold lower than those of
vancomycin.[! The mechanism of action of 13,384-1 (1) has
not yet been fully determined. Given the structural similarity
to the related orthosomycin antibiotic, avilamycin, it was
however, suggested that 13,384-1 (1) also acts as an inhibitor
of protein biosynthesis by targeting the 30S subunit of
ribosomes.!”

With the race for the development of new antibiotics
against drug-resistant bacteria intensifying, we embarked
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Figure 1. Retrosynthetic analysis of everninomicin 13,384-1 (1). Ac =acetyl; Bn =benzyl; PMB = p-methoxybenzyl; TBS = fert-butyldimethylsilyl.

upon a program directed towards the total synthesis® of
everninomicin 13,384-1 (1) in search of chemical and bio-
logical knowledge that may help facilitate the drug discovery
process in this area. Everninomicin 13,384-1 (1) possesses a
novel, polyfunctional oligosaccharide structure focused
around the unusual connectivity of two sensitive orthoester
moieties. In addition, everninomicin 13,384-1 (1) contains
within its structure a 1,1’-disaccharide bridge, a nitrosugar
(evernitrose), two highly substituted aromatic esters, and two
p-mannoside bonds. In total there are thirteen rings and
thirty-five stereogenic centers within its structure.”) The
complex, yet sensitive nature of everninomicin 13,384-1 (1)
constituted a formidable challenge for determination of its
structure by Ganguly and co-workersP®! and more so for its
present synthesis.'” In this and the following three pa-

Abstract in Greek: X avt) v Tpdt 0N6 pia GEPE TEGCAPWY
gpyacidv mapovotdovpe v Everninomicin 13,384-1 (1), éva
oxupd avtiPloTikd dpacTikd évavtt avlektikdv Paktnpiov, cav
oTOX0 Yo OAKY) oVvOeon ka1 cV{NTANE TN PETPO-GLVOETIKN TNG
avaivon. Amdé 1a tpic TUqpOTA TOL mpoodiopicope OTL
amouTovVTal Yo TNV oAKH ovvleon (2: tufipa A;B(A)C; 4: tufpa
DE; 5: tuqpo FGHA,), €3d meptypdgovpe 800 Sapopetikég
npooeyyioelg yia mn ovvbeon tov koppatiov A;B(A)C; H npdtn
otpatnykn Bacictnke og wa avtidpaon petddeong ore@ivng yia
vo dopndei Eva kowd evdidpeco yia Tovg daktvriovg B ko C, mov
OpW®G AVTILETOMIOE TPOPAAHATA OPASMV TPOCTUCING OT TEAIKGA
otadia. H dedtepn ko emruynpévn npoocéyyion neprehdpfave pia
avtidpaon  1,2-Bgr0@avoro-perdbeong kol oTtn  cuvEKEw
avtidpaon yAvkoovhiowong katevBuvépevn omd to Oeio Yo T
obvdeon tov daxtudiov B kat C, kabhg eniong xar pia avtidpaon
€0TEPOMOINGNG  XPNOHOTOIDOVTAG  aKVLAO-PBOpidlo Yy va
EVOOUATWOEl 0 OTEPEOYNUIKA TOPEUTOSICUEVOG APVAO-ECTEPAG
(doxTohog A ). Ta tedkd otddia Tng cHvOeomg Tov Cnrodpevov 2-
oEAVIOQaVOAO-YAVKOGLAO-@Bopdiov 2 amoitodoav TV
gloaywy pog oeknviopavoro-opddag otov C-1 tov daktvriov C
akohovfovpevn otn ouvvéxelw amd pa véa avtidpaon 1,2-
petddeong, vrokwoduevng omdé 10 DAST, Yo vo ddoer to
emBopunto 2-B-ceknviopavoro-yAvkoovio-@Bopidio.
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pers,l'"l we describe the details of our investigations which
culminated in the development of a number of new synthetic
methods and strategies for the construction of structural
motifs relevant to everninomicin 13,384-1 (1) and in its
eventual total synthesis.

Results and Discussion

Retrosynthetic analysis—Overall strategy: Figure 1 outlines,
in retrosynthetic format, the strategy utilized in the present
total synthesis. While the carbohydrate nature of evernino-
micin’s structure presents several options for retrosynthetic
simplification, the CD orthoester moiety was disassembled
first, due to its extreme sensitivity to acidic conditions,!
leading to 2-phenylseleno fluoride 2 [A;B(A)C fragment]
and diol 3 [DEFGHA, fragment]. Examination of the larger
fragment (3) revealed the EF glycosidic linkage as the most
straightforward to construct, and this bond was, therefore,
retrosynthetically disconnected, unraveling fragments 4 [DE]
and 5 [FGHA,] as potential key intermediates for its
construction. By adopting the resulting approach, we ensured
added flexibility for the later steps of the projected synthesis
in that (following modification of the DE fragment) we could
utilize either the A;B(A)CDE or the DEFGHA, fragment to
couple with the respective remaining portion of the molecule.
Herein, we describe the construction of the A;B(A)C frag-
ment of the target molecule.

Initial approach to the A;B(A)C fragment: In our initial
approach to the A;B(A)C fragment of everninomicin (1), we
anticipated efficient constructions of rings B, C, and D from a
small, common chiral starting material, and in order to
confirm the viability of the overall approach, synthesized an
A;B(A)C model system,['¥] as depicted retrosynthetically, in
Figure 2. The A;B(A)C portion of target molecule 1 contains

0947-6539/00/0617-3096 $ 17.50+.50/0 Chem. Eur. J. 2000, 6, No. 17



Everninomicin 13,384-1: Part 1

the nitrosugar A, a 2-deoxy-f-glycoside, and the fully
substituted aromatic ring A;, and has stimulated a number
of synthetic studies. Notable among these studies are the
formation of A;B(A) and A;BC systems by Scharfl!®< and a
BCDE model system by Sinay.l'® In our approach to this
model system, a number of interesting strategies were
featured, including; a)a ring closing olefin metathesis!"]
based approach to a common precursor for carbohydrate
systems B and C (13 —12, Figure2); b)control of the
2-deoxy-f-anomeric stereochemistry based on the 1,2-phenyl-
sulfeno migration/sulfur-directed glycosidation procedure ;!
¢) use of an acyl fluoride to effect formation of the sterically
demanding ester bond between rings A; and B; and d) an
efficient synthesis of the unusual nitrosugar, ring A.

Construction of the building blocks for the A;B(A)C frag-
ment: While a key objective of our initial strategy toward the
nitrogen-containing C-3-branched 2,6-dideoxy-L-sugars of the
antibiotics vancomycin and everninomicin was the construc-
tion of an advanced common intermediate from which both
targeted sugars could be generated,['”) the final route used
herein for the construction of evernitrose donor 9 (Scheme 1)
involved an improved sequence along the lines of our original
synthesis. To achieve this goal, the C-3 functionality was
projected to arise via nucleophilic chain extension of an
oxime.!"¥! A stereocontrolled anti-addition"! of an acyl anion
equivalent to an aldehyde derived from L-lactate was
envisioned as a means to install the C-4 stereocenter
(carbohydrate numbering). Thus, the ethyl-L-lactate derived
intermediate 15 (Scheme 1) was reduced with DIBAL and
treated with EVE-Li at —100°C in ether to afford enol ether
16 in 66 % yield (for abbreviations of protecting groups and
reagents, see legends in Schemes). The resulting alcohol 16
was methylated with NaH/Mel furnishing methoxy compound
17 in 96 % yield, which was then hydrolyzed to the corre-
sponding ketone with aqueous HCl and converted to oxime 18
by condensation with O-benzylhydroxylamine in pyridine (ca.
4:1 ratio of E:Z isomers, 91 % yield for two steps). Addition of
allylmagnesium bromide to 18 in ether at —35°C afforded 19
(87 %) which was subjected to silyl group removal (nBu,NF,
92 %) furnishing alcohol 20. It was anticipated that exposure
of 20 to ozone would generate simultaneously the required
aldehyde and nitro groups.”” However, ozonolysis of 20
(CH,Cl,, —78°C), followed by Me,S work-up and silica gel

Esterification
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Scheme 1. Synthesis of nitrosugar A (9). a) 1.4 equiv DIBAL (1.0M in
CH,Cl,), Et,0, —78°C, 50 min; b) 3.0 equiv EVE-Li, THF, —100°C, 5 min,
66 % for two steps, 85% de; c) 1.1 equiv NaH, 2.7 equiv Mel, THF, 0 —
25°C, 4h, 96%; d)INn aq HCl, THF/H,O 4:1, 25°C, 0.5h, 100%:;
e) 1.1 equiv. BnONH,-HCIl, py, 0—25°C, 2h, 91% (E:Z ca. 4:1);
f) 2.5 equiv allyl-MgBr, Et,O, —35°C, 1h, 87%; g) 1.1 equiv nBu,NF,
THEF, 25°C, 1 h, 92 %; h) 5.0 equiv (TMS),NH, 0.03 equiv TMSCI, MeCN,
0—25°C, 15 min, 100 %; i) O;, isooctane/CCl, 2:1, —78°C, 1 h; j)i) 2.0 e-
quiv TFA, —78 —25°C, 1h; ii) 2.0 equiv PhsP, —78 —25°C, 12 h, 82%
over three steps, a:f ca. 1:1; k) 1.5 equiv DAST, CH,Cl,, 0°C, 20 min,
100%. TMS = trimethylsilyl; DAST = (diethylamino)sulfur trifluoride;
TFA = trifluoroacetic acid; DIBAL = diisobutylaluminum hydride; EVE-
Li=CH,=C(OMe)Li.

chromatography, afforded a remarkably stable intermediate
ozonide (22 without the TMS group) as a mixture of
diastereoisomers (ca. 1:1 ratio). In contrast, Ph;P work-up
led smoothly to nitrosugar 23 in 63 % overall yield from 20.
The yield of the latter transformation was significantly
improved by reprotecting the alcohol as TMS ether 21
((TMS),NH, TMSCI, 100%) and carrying out the ozonolysis
in a 2:1 mixture of isooctane and CCly, furnishing, after in situ
TMS removal with TFA and treatment with Ph;P, the targeted
nitrosugar 23 in 82% overall yield. Finally, exposure to
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Figure 2. Retrosynthetic analysis of the A;B(A)C model system (6). TIPS = triisopropylsilyl.
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DAST?4l Jed to rapid conversion of 23 to a mixture of glycosyl
fluorides?!® ¢l 9 in quantitative yield (ca. 8:1 a:8 anomers).

Previously reported difficulties!'® in forming the ester
bond between rings A, and B led us to evaluate the use of acyl
fluoride 7 (Scheme 2) as a potential coupling partner. To this

OH ©
X
/@[ ©) BiOH, DEAD _ OBn
BnO Me
X
24:R=H ) 27:X=H
25: R = CHO j]z))Zn(clN)z H0  g)cl, [~ 28 x=cl
NaClo,
26: R = COH o CHzNzl
OMe O OMe
cl cl R
@ R h) NaClO,
B S —
BnO Me BnO Me
cl cl
32 RZ 2" 1) (MeN),CFPFs ) DIBAL[ 29" R =CO28N
: ppc =30 R = CH,0H
9PPC 31 r=cHo

Scheme 2. Synthesis of dichloroisoeverninic acyl fluoride 7. a) i) 1.5 equiv
Zn(CN),, 2.4 equiv AICl;, HCI (g), 0°C, 3 h; ii) H,O, 0—100°C, 0.5 h,
92%; b) 2.4 equiv NaClO,, 2.5 equiv NaH,PO,, H,O/DMSO 1:2, 0—
25°C, 12 h, 80%; c) 2.0 equiv BnOH, 2.0 equiv DEAD, 2.0 equiv Ph;P,
THEF, 0°C, 4 h, 75 %; d) 3.0 equiv Cl, (1.0M in AcOH), 2.25 equiv NaOAc,
AcOH, —50—0°C, 3h, 70%; e) CH,N, (excess), Et,O, dark, 0°C, 12 h,
100 %; f) 1.2 equiv DIBAL, CH,Cl,, —78°C, 1 h, 90 %; g) 3.0 equiv PDC,
3 AMS, CH,Cl,,25°C, 3 h,90%; h) 3.0 equiv NaClO,, 3.0 equiv NaH,PO,,
4.0 equiv 2-methyl-2-butene (2.0M in THF), tBuOH, H,0, 25°C, 3 h, 95%;
i) L5 equiv (Me,N),CF*PF,~, 2.0 equiv iPr,NEt, CH,Cl,, 0°C, 2 h, 97 %.
PDC =pyridinium dichromate, DMSO = dimethylsulfoxide, DEAD =
diethylazodicarboxylate.

end, Gatterman formylation of orcinol (24) with Zn(CN),/
AICl; afforded aldehyde 2572 in 92% yield. Oxidation to
carboxylic acid 26 (NaClO,, 80%), followed by exposure to
benzyl alcohol under Mitsunobu conditions led to the differ-
entiated phenol derivative 27 (75 % ). Chlorination of 27 (Cl,,
buffered conditions,'®! 70% yield) furnished 28, and was
followed by methylation of the remaining phenol affording
ester 29 (CH,N,,['%1 100 % ). The resistance of the benzyl ester
in 29 towards saponification led us to develop a three-step
protocol for its conversion to carboxylic acid 32. The sequence
involved the following steps: DIBAL reduction to alcohol 30
(90%); PDC oxidation to aldehyde 31 (90%); and finally
NaClO, oxidation furnishing the acid in 95 % yield. Exposure
of 32 to (Me,N),CF*PF¢~ %! in the presence of diisopropyl-
ethylamine gave the targeted acyl fluoride 7, which withstood
admirably chromatographic purification.

An asymmetric synthesis of rings B and C from the common
precursor 12 is shown in Scheme 3. Regioselective opening of
epoxide 14?4 with LiEt;BH (91 % ), followed by esterification
with acryloyl chloride under basic conditions (Et;N) provided
diolefin 13 (95 % ). Ring closing metathesis was induced by the
action of catalytic amounts of [(PCy;),Ru(=CHPh)Cl,] and
afforded lactone 33 in 90 % yield. Contrary to expectations,
dihydroxylation of 33 under a variety of conditions led to the
undesired diol stereoisomer. Fortunately and remarkably,
reduction of lactone 33 with DIBAL, followed by OsO,-
catalyzed dihydroxylation of the resulting lactol (34, mixture
of anomers), led to exclusive formation of the desired triol 35

3098
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Scheme 3. Synthesis of intermediates 10 and 11. a) 1.2 equiv LiEt;BH
(1.0m in THF), THF, —40°C, 1 h, 91%; b) 1.2 equiv CH,=CHC(O)CI,
15equiv EtN, 02equiv 4-DMAP, CH,Cl,, 0°C, 15min, 95%;
c) 0.15equiv  (PCy;),Ru(=CHPh)Cl,, CH,Cl,, 35°C, 24h, 90%;
d) 3.1 equiv DIBAL, CH,Cl,, —78°C, 1h, 90%; e)0.01 equiv OsO,,
1.5 equiv NMO, acetone/H,O 10:1, 25°C, 12 h, 90%; f) 4.0 equiv Ac,0,
6.0 equiv Et;N, 0.2equiv 4-DMAP, CH,Cl,, 0—25°C, 1h, 99%;
g) 1.5equiv PhSH, 0.2equiv BF;-Et,0, CH,Cl,, —20°C, 1h, 69%;
h) 0.2 equiv K,CO;, Et,0/MeOH 1:1, 25°C, 1 h, 97 %; i) 1.1 equiv nBu,S-
nO, toluene, reflux, 3 h; 1.5 equiv PMBCI, 0.1 equiv nBu,NI, 25 — 110°C,
2h, 92%; j)1.5equiv DAST, CH,Cl,, 0°C, 0.5h, 100%; k) 1.2 equiv
nBu,SnO, toluene, reflux, 3 h; 1.5 equiv BnBr, 0.2 equiv nBu,NI, 25—
110°C, 2h, 80%; 1) 1.5 equiv DAST, CH,Cl,, 0°C, 0.5h; m) 3.0 equiv
MeOH, 1.8 equiv SnCl,, 4 A MS, Et,0, —10°C, 12 h, 100 % for two steps,
a:ff ca. 1:10; n) 1.2 equiv nBu,NF, THF, 25°C, 1h, 94%. NMO = N-
methylmorpholine-N-oxide; 4-DMAP =4-dimethylaminopyridine; Tf=
trifluoromethanesulfonyl; Cy = cyclohexyl; THF = tetrahydrofuran.

(90%). The latter compound was peracetylated to afford
triacetate 36 (99 %, mixture of anomers). Exposure of 36 to
PhSH and BF;- Et,0, followed by deacetylation (K,CO;) gave
thioglycoside 12 in 67 % overall yield. Thioglycoside 12 was
then converted to both glycosyl acceptor 11 and glycosyl
donor 10 employing the 1,2-thiophenyl migration technology
previously developed in these laboratories.l') Thus, regiose-
lective C-3 protection of 12 was effected by the use of tin-
acetal chemistry®! employing nBu,SnO/PMBCI for ring B
and nBu,SnO/BnBr for ring C, leading to compounds 38
(92%) and 39 (80%), respectively. In both cases, the
thioglycosides underwent smooth 1,2-migration on exposure
to DAST, furnishing for ring B, glycosyl fluoride 10 (mixture
of f:a anomers, ca. 17:1) and for ring C, the corresponding
glycosyl fluoride which underwent glycosidation with MeOH
in the presence of SnCl, in ether to afford predominantly (-
methyl glycoside 40 (100%, ca. 10:1 ratio of anomers) as
expected by virtue of the sulfur directing effect. Desilylation
of 40 (nBu,NF) gave compound 11 in 94 % yield.

Assembly of the A;B(A)C model system 6: The assembly of
the A;B(A)C ring system 6 from its monocyclic building
blocks (7,9, 10, and 11) is shown in Scheme 4. Thus S-directed
coupling!'¥ of 10 with 11 was promoted by SnCl, in ether to
afford disaccharide 8 in 78 % yield. Desulfurization of 8 with
Raney Ni, followed by rebenzylation of the partially depro-
tected Cs-hydroxyl group of ring C and desilylation with
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Scheme 4. Construction of A;B(A)C ring system 6. a) 1.8 equiv 10, 1.0 equiv 11, 1.8 equiv SnCl,, Et,0, 4 A MS, —10°C, 12 h, 78 %; b) i) Raney Ni (excess),
MeOH, reflux, 2 h; ii) 1.3 equiv BnBr, 1.2 equiv NaH, 0.2 equiv nBu,NI, DMF, 0 —25°C, 1 h; ¢) 1.2 equiv nBu,NF, THF, 25°C, 1 h, 78 % for three steps;
d) i) 42,4 A MS, THF, 25°C, 2 h; ii) 1.1 equiv #BuLi (1.6 M in hexanes), 25°C, 1 h; iii) 1.5 equiv 7, THF, 24 h, 80 %; ) 1.3 equiv DDQ, CH,Cl,/H,0 10:1, 0 —
25°C, 2 h, 80%; f) 2.1 equiv 9, 0.6 equiv BF;- Et,0, CH,Cl,, 4 A MS, —35—25°C, 12 h, 95%; g) H,, 10% Pd/C, tBuOMe, 25°C, 2 h, 95%. DDQ =2,3-

dichloro-5,6-dicyano-1,4-benzoquinone ; DMF = dimethylformamide.

nBu,NF, furnished disaccharide 42 via 41 (78 % yield for three
steps). Activation of 42 with nBuLi facilitated its coupling
with acyl fluoride 7, leading to ester 43 in 80 % yield. Finally,
oxidative removal of the PMB group from 43 was achieved
with aqueous DDQ, furnishing 44 in 80 % yield. The coupling
of alcohol 44 and glycosyl fluoride 9 in the presence of BF;-
Et,0 proceeded smoothly and stereoselectively and in 95 %
yield to afford the desired a-glycoside 45, from which the
benzyl groups were selectively removed by hydrogenolysis
(H,, 10% Pd/C) to afford the targeted A;B(A)C model
system 6 of everninomicin (1) in 95% yield.

The above-described construction demonstrated a number
of novel synthetic strategies for the asymmetric synthesis of
carbohydrate units and seemed suitable for applying to other
portions of the target molecule (1). At the same time,
however, we began to investigate potential methods for
formation of the CD orthoester, and as will be described in
much detail in Part 2 of this series,"'! we found that a revision
of our overall strategy was, at this juncture, required.

Revised strategies: Crucial to a new plan were, 1,2-phenyl-
seleno-M1 and 1,2-phenylthio migrations!'® on both rings B
and C, setting the stage for the stereocontrolled constructions
of the CD orthoester and the 5-2-deoxy BC glycoside bond.
Despite our success in the above model study™! in construct-
ing rings B and C from a common intermediate, we now
required a more diverse array of protecting groups and
glycosylation tactics for an eventual total synthesis. Further-
more, the revised routes for rings B and C required inde-
pendent paths for their construction. After much experimen-
tation (to be described in Part 2['), the method for con-
struction of the orthoester was defined and a re-examination
of the A;B(A)C fragment revealed that the functionalities
depicted in compound 2 (Figure 3) would best suit our needs.
Figure 3 depicts the revised retrosynthetic analysis of this
fragment (2), whereby, disconnection at the indicated sites
(two glycosidic and one ester bonds) defined building blocks 7,
9, 46, and 47 as the requisite starting materials.
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Esterificatlon Glycosylat|0n

OMe O M@_ Q'
Bn0j¢\/l\:i BnO SePh

\ Me

Glycosylauon Me

OMe O ﬁ .
cl .
.NO
Wl L o
BnO Me Me
cl Me  OMe
7 9
+
Me, Me,
o o
TBSOw-{ B Y~F HOw-( C Yw~OPMB
+
TBSO  SPh BnO  OPMB
46 47

Figure 3. Retrosynthetic analysis of the A;B(A)C fragment (2).

Construction of the building blocks 7, 9, 46, and 47: In order to
facilitate production of the relatively large quantities of
material required to complete a total synthesis of evernino-
micin (1), a revised synthesis for the aromatic fragment 7 was
developed so as to avoid the large scale use of chlorine gas.
This second-generation synthesis of 7 (to intermediate 30) is
summarized in Scheme 5 which depicts the efficient prepara-
tion of the previously utilized (see Scheme 2) intermediate 30.
Thus, carboxylic acid 26 was methylated (Mel/K,COs)
furnishing methyl ester 48 (90 % ), whose subsequent chlori-
nation was easily carried out with SO,CL, % providing
dichloride 49 in 95 % yield. Sequential protection of the two
phenolic groups proceeded smoothly and regioselectively
upon treatment with TIPSOT{/2,6-lutidine (90% ), followed
by Ag,0O/Mel (91%) leading to compound 51. The TIPS
group in 51 was then exchanged for a Bn group (nBu,NF,
96 % ; K,CO5/BnBr, 92 %) furnishing 53 via 52. The inability
to directly saponify this methyl ester, again led to a three-step-
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OH O OH O
cl
R b) SO,Cl, OMe
_ >
HO Me RO Me
al
26: R = OH 49:R=H
a) Mel, TIPSOTY
28 R = OMe=1? oto, ~ OTPs0 Lo 50: R=TiPS
d) Ag20, Meli
OMe OMe O
cl R cl
@ f) BnBr OMe
e
BnO Me RO Me
cl cl
53: R = CO,Me 51:R=TIPS
30: R = CHi0H < | 9 DIBAL &) nBu,NF (oo R=H

Scheme 5. Revised synthesis of intermediate 30. a)10.0 equiv Mel,
0.5 equiv K,CO;, Me,CO, 25°C, 24 h, 90 %; b) 2.5 equiv SO,Cl,, CH,Cl,,
reflux, 3h, 95%; c) 1.0 equiv TIPSOTY, 1.4 equiv 2,6-lutidine, CH,Cl,,
—78°C, 0.5h, 90%; d) 4.0 equiv Ag,0, 6.0 equiv Mel, Et,0, reflux, 12 h,
91%; e) 1.3 equiv nBuNF, THF, 25°C, 2h, 96%; f)1.2equiv BnBr,
0.7 equiv K,CO;, Me,CO, reflux, 8 h, 92%; g) 1.2 equiv DIBAL, CH,Cl,,
—78°C,1h,90%.

protocol to transform it to the corresponding carboxylic acid,
which was taken to 7 by the methods described in Scheme 2
(53— 30— 31— 32).

In designing the new BC disaccharide, two issues had to be
addressed. First, a 1-5-phenylseleno glycoside was required on
ring C (in the final product) in order to facilitate construction
of the CD orthoester; and second, we still desired to use the
1,2-thiophenyl migration/coupling strategy to construct the
2-deoxy--BC glycoside. We could overcome these issues by a
sequential method of forming the BC glycoside, removing the
thiophenyl group from ring B, followed by the introduction of
the selenoglycoside in ring C. This linear sequence led to a
third issue, the need for a more diverse ensemble of protecting
groups. Table 1 describes the overall results from the design
and experimentation with different combinations of protect-
ing groups for rings B and C. We anticipated that the use of an
ester at the C-4 position of ring B would provide the best
results because it most closely resembles the functionality
found in the subtarget 2. However, treatment of requisite
thioglycoside with DAST led to an unusual rearrangement of
the starting material (Table 1, entries 1 and 2). After several
other attempts, a winning combination was eventually dis-
covered (Table 1, entry 9), revealing the need for building
blocks 46 (see Scheme 6) and 47 (see Scheme 7), with TBS
and PMB groups on rings B and C, respectively.

The synthesis of building block 46 is summarized in
Scheme 6. Thus, the primary hydroxyl group of the known
intermediate 541 was tosylated with TsCl/py furnishing
tosylate 55 which was silylated (56, TIPSOTY, 2,6-lutidine,
88 % over two steps) and reduced with LAH (90 %) to afford
compound 57. Acidic methanolysis (TsOH/MeOH) of the
acetonide group in 57 provided diol 58 (80 % ) whose selective
protection at C-2 was achieved by exposure to nBu,SnO
followed by reacting the resulting tin-acetal with PMBCl/
nBu,NI, furnishing PMB ether 59 in 83% yield. The C-2
regioselectivity in this case, was predicted due to the bulkiness
of the TIPS group, as observed in the first synthesis of ring F,
described in Part 2[!!] of this series. For steric reasons, the
TIPS group was then replaced with the slightly smaller TBS

3100

© WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000

Table 1. Attempted couplings of rings B and C.1%

Me, Me, Me,
0 o) o)
R10§325Ph Rlo@'F |4o§72)'0}23
a) DAST +
RO OH ~— R SPh BnO  OR*
Vi-9 X1-9 Y1-9
L
b) SnCl,
Me, Me,
0 0
R10§E><O @}wom
R20 "’§ 0 OR*
Ph Bn
71-9
Entry X Y Yield of Z
R! R? R} R* [%]
1 Bz PMB TIPS TIPS NRId
2 Bz PMB TBS TBS NRIedl
3 Bz PMB Alloc Alloc Decle]
4 allyl PMB TBS TBS <20%
5 TES PMB TBS TBS <20%
6 TBS PMB TBS TBS NRI¢
7 Alloc PMB TBS TBS NRI
8 TBS PMB GIPI GIPI Decle]
9 TBS TBS PMB T™MB 71

[a] a) 1.5 equiv DAST, CH,Cl,, 0°C, 0.5 h; b) 1.2 equiv X, 1.0 equiv Y,
1.5 equiv SnCl,, Et,0, 0—25°C, 3 h; [b] glycal 65 (Scheme 7) was used;
[c] NR =no reaction; [d] rearrangement of ring B occurs; [e] decomposi-
tion of ring C occurs; [f] fluorides X1 -8 and alcohols Y1-8 were prepared
using standard carbohydrate chemistry, similar to that of X9 and Y9 shown
in Schemes 6 and 7. Alloc = allyloxy carbonyl; Bz = benzoyl.

O._.SPh .
. “ O._SPh
HO™ (o} b) TIPSOTY TIPSO" (o)
RS L
0% 07L

54:R=H

56: X =0OTs
55:R=Ts o LAH [ 57: % = 1

d) TsOH, MeOH l

Mey__O._..SPh Mey__O._.SPh
. f) nBusNF )
HO™ opPMB TIPSO™ OR

a) TsCl, py

OH OH
60 €) nBu,SnO; l:gg E = 'I;‘MB
i g) TBSOTf PMBCI T
Me O._.«SPh Me O F
i) DAST B

TBSO" OR TBSO" “'SPh
OTBS oTBS
61: R = PMB 46
62'R=H =1hDDQ

Scheme 6. Synthesis of carbohydrate building block B (46). a) 1.1 equiv
TsCl, py, 0—25°C, 12 h; b) 1.1 equiv TIPSOTY, 1.5 equiv 2,6-lutidine,
CH,Cl,, 0—25°C, 0.5 h, 8% for two steps; c¢) 1.3 equiv LAH, THF, 0 —
45°C, 6 h, 90%; d) 0.2 equiv TsOH, 2.5 equiv (CH,OH),, MeOH, 25°C,
10 h, 80%; e) 1.1 equiv nBu,SnO, toluene, reflux, 3 h; 1.5 equiv PMBCI,
0.2 equiv nBu,NI, 25— 110°C, 3 h, 83 %; f) 1.5 equiv nBu,NF, THF, 25°C,
2h, 91%; g) 2.2 equiv TBSOTHT, 4.0 equiv 2,6-lutidine, CH,Cl,, 0 — 25°C,
0.5h, 93%; h) 1.5 equiv DDQ, CH,Cl,/H,0 10:1, 0—25°C, 1h, 91%;
i) 1.5 equiv DAST, CH,Cl,, 0°C, 0.5h, 100%, a:f ca. 10:1. Ts=p-
toluenesulfonyl; LAH = lithium aluminumhydride; py = pyridine.

group. Thus, exposure of 59 to nBu,NF led to diol 60 (91 %)
whose treatment with TBSOTY and 2,6-lutidine furnished bis-
TBS derivative 61 (93 % ). Finally, the PMB ether at C-2 was
oxidatively cleaved with DDQ, affording alcohol 62 (91 %)
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which was exposed to DAST causing the desired 1,2-migration
of the thiophenyl group (with inversion of stereochemistry at
C-2) and concomitant formation of the corresponding glyco-
syl fluoride 46 (100 %, ca. 10:1 a:f mixture of anomers).
Ring C building block 47 was constructed in five steps from
the readily available glucal 631 as shown in Scheme 7.
Regioselective tin-acetal mediated benzylation of 63 (nBu,-

gave disaccharide 68 in 71 % yield and as a single stereo-
isomer. The 2-thiophenyl group, having completed its j-
directing mission, was reductively cleaved with Raney Ni, this
time without loss of the benzyl protecting group, furnishing
2-deoxy-f-disaccharide 69. In preparation for its coupling
with acyl fluoride 7, bis-TBS ether 69 was exposed to excess
nBuNF, facilitating bis-desilylation (78 % for two steps) and
formation of diol 70. Subsequent regioselective tin-acetal
mediated allylation with nBu,SnO/allyl bromide furnished 71

Me. 0. Me. O.
| b) TBSCI |
HO" T8SO"
OR OBn
gi s z gn a) nBu,SnO; BnBr 65
c) OsQOy, NMOl
Me.__O._,,OPMB Mes_O._,OR
c BusNF :
HO™ “OPMB €) nBuy TBSO" “OR
OBn OBn
a7 66: R =H
d) NaH, PMBCI [ &' R D\

in 93 % yield. Coupling of acyl fluoride 7 with the activated
form of hydroxy compound 71 (nBuLi, THF, —78 — 0°C) led
to the corresponding ester 72 in 99 % yield. The allyl group
was then removed from 72 by a two-step procedure involving
Wilkinson’s catalyst DABCO and OsO,/NMO, affording
alcohol 73 (81 %). At this juncture, two paths were available
for adoption. The first option involved coupling with the
ring A nitrosugar, followed by installation of a phenylseleno
group on ring C; the second option involved the reverse

Scheme 7. Synthesis of carbohydrate building block C (47). a) 1.1 equiv
nBu,SnO, toluene, reflux, 3 h; 1.5 equiv BnBr, 0.2 equiv nBu,NI, 25—
110°C, 3 h, 83%; b) 1.5 equiv TBSCI, 2.5 equiv imidazole, CH,Cl,, 0 —
25°C, 3 h, 93%; c) 1.1 equiv NMO, 0.05 equiv OsO,, acetone/H,0O 10:1,
25°C, 8h, 97%; d) 2.4 equiv NaH, 3.0 equiv PMBCI, 0.2 equiv nBu,NI,
DMEF, 0—25°C, 3 h, 95%; ¢) 1.1 equiv nBu,NF, THF, 25°C, 1 h, 95%, a3
ca. 1:1.

SnO; BnBr/nBu,NI) afforded 64 with C-3 protection in 83 %
yield. Silylation of the C-4 alcohol with TBSCl/imidazole led
to compound 65 (93%) whose exposure to OsO,/NMO
furnished diol 66 in 97 % yield

(ca. 1:1 mixture of anomers).
Me,

Protection of both hydroxyl o
groups of 66 as PMB ethers TBSO%E}«NF +
(NaH, PMBCI, nBu,NI, 95%) tesd spn

led to 67 (ca. 1:1 mixture of 26
anomers). Exposure of the lat-
ter compound to nBu,NF gen-
erated the desired building
block 47 in 95% yield. The
stereochemistry at C-1 (ca.

1:1) in 47 is inconsequential, as Bno Me RO

later on it will be destroyed. 72:R=allyl
73:R=H

Assembly and completion of {g) SnClz, 9

the A;B(A)C fragment: With
the requisite building blocks (7,
9, 46, and 47) at hand, their
stereoselective  coupling  to

oMe 0 Me ]
cl Q 0 9
@ 0w B )=Om-( C )=~OPMB
BnO Me % h) PhSH,

sequence. Opting for the first scenario, alcohol 73 was coupled
with 9 in the presence of SnCl,, furnishing trisaccharide 74 in
77% yield as the desired a-anomer. The PMB groups on
ring C were then removed by treatment with PhSH/BF; - Et,0O
at —35°C, affording diol 75 in 83 % yield (prolonged exposure
of 74 to DDQ resulted in decomposition). The resulting diol
75 was acetylated (Ac,O, Et;N, 97%) and then several
attempts were made to introduce the phenylseleno group
into diacetate 76 or its respective lactol. A variety of different
activation methods (e.g., acetate, glycosyl fluoride, trichloro-
acetimidate, glycosyl bromide) failed to produce the desired

HOw- ii)—OPMB __asic, eSO i:)— i:)—OPMB

BnO OPMB TBSO R BnO OPMB
47 : 68: R = SPh
OMe O b) Raney Ni| _ go'p = H
Cl
F
@ c) nBu4NF
BnO Me

Cl

oMe 0 Me
7
HOwe
OPMB e) nBuLi, THF; 7 OPMB
-

and  opMB ‘opus
f) [(PhsP)sRhCI]; d) nBuZSHO ':71 E gllyl
0sOq4 E allylBr
g A NNOz
Me
Me, Mé  OMe OMe O M

#\” Q

o BnO  OPMB Bt o
form the A;B(A)C fragment 2 cl o A \eNoz e 0,
could now be attempted. \ Me Me
Scheme 8 summarizes our ini- Me  OMe Me  OMe
74

tial results. Thus, SnCl, medi-
ated coupling of glycosyl fluo-
ride 46 with alcohol 47 ina 1:1:1
mixture of CH,Cl,/Et,0/Me,S
(this solvent combination pre-
vented loss of the PMB groups
and also improved solubility of
the reactants) at —10°C,l10
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) 75:R=H
) A0l 78: R A

Scheme 8. Construction of A;B(A)C fragment 76. a) 1.0 equiv 46, 0.9 equiv 47, 1.8 equiv SnCl,, 4 A MS, CH,Cl,/
Et,0/Me,S 1:1:1, —10°C, 3 h, 71 %; b) ca. 1.0 equiv Raney Ni (w/w), EtOH/THF 1:1, reflux, 8 h; c) 2.2 equiv
nBu,NF, THF, 25°C, 2 h, 78 % over two steps; d) 1.1 equiv nBu,SnO, toluene, reflux, 3 h; 1.5 equiv allyl bromide,
0.2 equiv nBu NI, 25— 110°C, 3 h, 93%; e) 1.1 equiv nBuLi, THF, — 78 = 0°C, 1 h; 1.2 equiv 7, THF, 0 — 25°C,
4h, 99%:; f)1i) 1.5 equiv DABCO, 0.05 equiv [(Ph;P);RhCl]|, EtOH/H,0O 10:1, reflux, 2 h; ii) 1.1 equiv NMO,
0.05 equiv OsOy,, acetone/H,0 10:1, 25°C, 3 h, 81 %; g) 1.7 equiv 9, 1.6 equiv SnCl,, CH,CL,/Et,0 1:1,0—25°C,
1 h, 77 %; h) 8.0 equiv PhSH, 4.0 equiv BF;-Et,0, CH,Cl,, —35°C, 2 h, 83 %; i) 2.5 equiv Ac,0, 4.0 equiv Et;N,
0.2 equiv 4-DMAP, CH,Cl,, 0—25°C, 1 h, 97 %. DABCO = 1,4-diazabicyclo[2.2.2]octane.
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compound, leading instead to

Oome 0 Me OMe O
decomposition of the trisacchar- opve ) PhSH,
ide. As a result, we returned to BF3'E‘ZO /
alcohol 73 and attempted the Bno Me RO BiG  OPMB Me OT'PS BO 0
alternative pathway by which ;g g = ?IPS a) TIPSOTY ¢) A0 E;g: E = f\c
the phenylseleno group was to & nBuNH
. . nbu
be introduced first. Scheme 9 e M : l
. . OMe O OMe O M€,
summarizes this successful se- al o)
quence. SePh ) phgen, @ O B
Alcohol 73 was protected as a BnO Me RO BF3'EtZO BnO Me oOTIPS Bnd  OAc
TIPS ether (TIPSOTY, 2,6-luti- 60 R = TIPS c .
dine, 93 %) affording compound 83 R - H < 9 NBUNF - &) CCLCN, (87 R - CuHcels
77. The PMB groups were re- h) SnCly, 9 O,
moved from the latter com- o\ A e
pound 77 by exposure to PhSH oMe 0 Me M§ OMe OMe O M Me, o
and BF;-Et,0 (83%) and ace- @_ SePh c MwE
tate groups were installed in i) DAST
. BnO Me OR ——> BnO Me BnO SePh
their place (Ac,O, EgN,
4-DMAP, 98%), furnishing di- Mez M;
acetate 79. Exposure of diace- Me' MMe ve  oMe
tate 79 to nBulNH, led to selec- 84:R = Ac — . 2
85 R =H < ) NaOH

tive cleavage of the C-1 acetate,
liberating lactol 80 (91 % ) which
was then converted to trichloro-
acetimidate®! 81 by treatment
with CCL,CN in the presence of
DBU. Addition of PhSeH?” to
81 in the presence of BF;-Et,0O
gave the desired 3-phenylseleno
glycoside 82 as expected from participation of the C-2 acetate
(a:p ca. 1.9, 78% over two steps). The TIPS group was
removed from 82 by exposure to nBu,NF furnishing hydroxy
phenylseleno glycoside 83 in 91% yield ready for the next
coupling. Attachment of the evernitrose glycosyl fluoride 9
onto the A;BC chain 83 proceeded smoothly under the
influence of SnCl,, and through a process in which the newly
formed glycoside bond (B/A, a-anomer) was controlled by
the anomeric effect, furnishing the desired A;B(A)C assem-
bly 84, in 80% yield. The last two tasks included basic
hydrolysis (NaOH/MeOH) of the acetate group from 84
furnishing the C-2 hydroxy compound 85 (91 %) and treat-
ment of the latter compound with DAST, leading to the
targeted 2-phenylseleno glycosyl fluoride 2 in quantitative
yield (100 % ). This last reaction proceeded with inversion of
stereochemistry at C-2 of ring C (ca. 8:1 mixture of a:f
anomers).

Conclusion

In this paper we described the design and synthesis of the
AB(A)C fragment (2) of everninomicin 13,384-1 (1) in a
suitably activated form for coupling with potential fragments
for a possible total synthesis of the target molecule. Rings B
and C were initially constructed from a common intermediate
using an olefin metathesis reaction and the BC disaccharide
unit was formed using a DAST promoted 1,2-thiophenyl
migration and a subsequent coupling strategy. While forma-
tion of the aromatic ester and attachment of ring A were both

3102 © WILEY-VCH Verlag GmbH, D-69451 Weinheim,

Scheme 9. Construction of A;B(A)C fragment 2. a) 1.2 equiv TIPSOTHY, 1.5 equiv 2,6-lutidine, CH,Cl,, 0 — 25°C,
1 h, 93%; b) 8.0 equiv PhSH, 4.0 equiv BF;- Et,0, CH,Cl,, —35°C, 2 h, 83 %; c) 2.5 equiv Ac,0, 4.0 equiv Et;N,
0.2 equiv 4-DMAP, CH,Cl,, 0—25°C,1 h, 98%; d) 1.3 equiv nBuNH,, THF, 25°C, Sh, 91%; e) 5.0 equiv
CCI;CN, 0.05 equiv DBU, CH,Cl,, 0°
78% over two steps, a:f3 ca. 1:9; g) 1.2 equiv nBu,NF, THF, 25°C, 1 h, 91%; h) 2.0 equiv 9, 1.2 equiv SnCl,,
CH,CL/Et,0 1:1,0—25°C, 1 h, 80 % i) 0.3 equiv NaOH, MeOH/Et,0 1:1, 25°C, 1 h, 91 %; j) 1.5 equiv DAST,
CH,Cl,, 0°C, 20 min, 100 %, a:f ca. 8:1. DBU = 1,8-diazabicyclo[5.4.0Jundec-7-ene.

C, 0.5 h; f) ca. 2.0 equiv PhSeH, 0.2 equiv BF;- Et,0, CH,Cl,, —78°C, 1 h,

successful, the anticipated CD orthoester formation dictated a
need for a C-1 selenophenyl group, necessitating a revised
strategy. Initial experiments indicated that the phenylseleni-
um moiety had to be introduced before ring A, and the final
sequence employed for the synthesis of 2 was both selective
and efficient. In the following paper,'!! the development of
strategies for orthoester construction and the assembly of the
desired FGHA, fragment of everninomicin 13,384-1 (1) are
described.

Experimental Section

General: All reactions were carried out under an argon atmosphere with
dry, freshly distilled solvents under anhydrous conditions, unless otherwise
noted. Tetrahydrofuran (THF), toluene and diethyl ether (ether) were
distilled from sodium/benzophenone, and methylene chloride (CH,Cl,)
from calcium hydride. Anhydrous solvents were also obtained by passing
them through commercially available alumina columns. Yields refer to
chromatographically and spectroscopically (‘H NMR) homogeneous
materials, unless otherwise stated. Reagents were purchased at highest
commercial quality and used without further purification unless otherwise
stated. Reactions were monitored by thin-layer chromatography carried
out on 0.25 mm E. Merck silica gel coated glass plates (60F-254) using UV
light as visualizing agent and 7% ethanolic phosphomolybdic acid or p-
anisaldehyde solution and heat as developing agents. E. Merck silica gel
(60, particle size 0.040-0.063 mm) was used for flash column chromatog-
raphy. Preparative thin-layer chromatography (PTLC) separations were
carried out on 0.25, 0.50, or 1 mm E. Merck silica gel plates (60F-254).
NMR spectra were recorded on Bruker DRX-600, AMX-500, AMX-400
or AC-250 instruments and calibrated using residual undeuterated solvent
as an internal reference. The following abbreviations were used to
designate the multiplicities: s =singlet, d =doublet, t = triplet, q = quartet,
m = multiplet, br =broad. IR spectra were recorded on a Perkin-—Elmer
2000
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1600 series FT-IR spectrometer. Optical rotations were recorded on a
Perkin—Elmer 241 polarimeter. High resolution mass spectra (HRMS)
were recorded on a VG ZAB-ZSE mass spectrometer under fast atom
bombardment (FAB) conditions or an IonSpec mass spectrometer under
matrix-assisted laser desorption/ionization fourier transform mass spec-
trometry (MALDI-FTMS) conditions with NBA or DHB as the matrix.
Melting points (m.p.) are uncorrected and were recorded on a Thomas
Hoover Unimelt capillary melting point apparatus.

Enol ether 16: Ethyl ester 15!'7 (11.20 g, 40.81 mmol) was dissolved in Et,0
(200 mL) and cooled to —78°C. DIBAL (57.14 mL, 1.0M solution in
CH,(Cl,, 57.14 mmol) was added dropwise via cannula while the temper-
ature of the reaction mixture was maintained at —78 °C. After the addition
was complete, the reaction mixture was stirred at —78°C for 50 min.
Methanol (10 mL) was added at —78°C and was followed by addition of
Et,0 (500 mL) and saturated aqueous sodium potassium tartrate solution
(100 mL). The quenched reaction mixture was allowed to warm to 23°C
and stirred for 1 h. The organic layer was separated and the aqueous phase
was extracted with Et,0 (3 x 100 mL). The combined organic phase was
dried (MgSO,), filtered, and concentrated under reduced pressure. The
crude aldehyde was azotroped with benzene (2 x 10 mL) and then used
crude. Ethyl vinyl ether (13.66 mL, 142.9 mmol, distilled from calcium
hydride) was dissolved in THF (200 mL), cooled to —78°C, and then rBuLi
(72.0 mL, 122.40 mmol, 1.7M in pentane) was added via cannula. The dark
orange solution was allowed to warm to 0°C over 1 h, at which time the
solution was a pale yellow. The anion solution was cooled to —100°C and
the crude aldehyde solution (dissolved in 100 mL THF and cooled to
—78°C) was added to the anion solution by fast addition via cannula. After
stirring for 5 min, the reaction mixture was poured into saturated aqueous
NH,Cl (100 mL), diluted with ether (300 mL) and washed with H,O
(50 mL). The combined organic fractions were dried (MgSO,), filtered, and
concentrated under reduced pressure. Flash column chromatography (silica
gel, 1 = 10% Et,0 in hexanes) yielded a 10:1 ratio of anti to syn-alcohols
16 (8.15 g, 66 %) as colorless oils. 16: R;=0.40 (10 % Et,0O in hexanes, 1%
Et;N); [a]® = +11.6 (¢ =1.70, CHCL;); IR (thin film): 7 =3563, 3482, 2942,
2867, 1665, 1625, 1382, 1294, 1226, 1147, 1095, 1066, 1017, 977, 938, 883, 813,
767,679 cm~'; '"H NMR (500 MHz, C4Dg): 6 =4.64 (dd, J=1.6, 1.1 Hz, 1H,
CH,-Z), 431 (dq, J=6.1, 3.8 Hz, 1H, CHMe), 429 (brd, J=19 Hz, 1H,
CH),4.01 (d,/=1.7 Hz, 1H, CH,-E), 3.43 (dq, J =10.3, 7.0 Hz, 2H, OCH,),
2.51 (d, J=2.8 Hz, 1H, OH), 1.24 (d, J=6.1 Hz, 3H, Me), 1.05-0.99 (m,
24H, iPr;Si, OCH,Me); *C NMR (125 MHz, C,D¢): 6 =161.5, 81.7, 75.8,
70.2, 62.6, 182, 170, 14.4, 12.7; HRMS (FAB): caled for C,H;,0;Si
[M+H]*: 303.2355, found 303.2347.

Methyl ether 17: NaH (0.861 g, 21.53 mmol) was added to a solution of
alcohol 16 (5.92 g, 19.57 mmol) in THF (200 mL) at 0°C and the resulting
mixture was stirred for 5 min. Mel (3.30 mL, 53.06 mmol) was added and
the resulting mixture was warmed to 25 °C and stirred for 4 h. The reaction
mixture was quenched by the addition of saturated aqueous NH,CI
(2.0 mL), diluted with Et,0 (1.0 L) and washed with saturated aqueous
NaHCO; (2 x50mL). The organic layer was dried (Na,SO,) and the
solvents were removed under reduced pressure. The residue was purified
by flash column chromatography (silica gel, 0 —20% Et,O in hexanes) to
afford methyl ether 17 (5.94 g, 96 %) as a colorless oil. 17: R;=0.62 (10%
Et,0 in hexanes, 1% Et;N); [a]# =—7.1 (¢=3.0, CHCl;); IR (thin film):
7=2941, 2887, 1663, 1622, 1464, 1380, 1296, 1236, 1200, 1120, 1069, 1014,
883, 813, 764, 680 cm~'; 'TH NMR (500 MHz, C;D¢): 6 =4.32-4.31 (m, 2H,
CH,-Z, CHMe), 4.00 (d, J=1.4 Hz, 1H, CH,-E), 3.59 (d, /=44 Hz, 1H,
CH), 3.43 (dq, /=170, 7.0 Hz, 2H, OCH,), 3.29 (s, 3H, OMe), 1.38 (d, /=
6.2 Hz, 3H, Me), 1.05-0.99 (m, 24H, iPr;Si, OCH,Me); *C NMR
(125 MHz, C,D¢): 60=160.3, 87.7, 83.4, 70.2, 62.8, 62.7, 57.7, 18.9, 18.5,
18.4, 18.3, 144, 13.0, 12.9, 12.8; HRMS (FAB): caled for C;;H;,05Si
[M+H]*: 3172512, found 317.2527.

Oxime 18: 1N aqueous HCI (25 mL) was added to solution of enol ether 17
(5.94 g, 18.79 mmol) in THF (100 mL) and the resulting mixture was stirred
for 0.5 h. The reaction mixture was quenched by the addition of Et;N
(30 mL), diluted with Et,0 (1.0L) and washed with saturated aqueous
NaHCO; (2 x50 mL). The organic layer was dried (Na,SO,) and the
solvents were removed under reduced pressure. The residue was purified
by flash column chromatography (silica gel, 0 —20% Et,O in hexanes) to
afford the ketone (5.41 g, 100 %) as a white foam. Ketone: R;=0.43 (10 %
Et,0 in hexanes); [a]¥ = —29.3 (¢=5.8, CHCL;); IR (thin film): 7= 2943,
2867, 1717, 1464, 1380, 1352, 1248, 1200, 1144, 1105, 1065, 1022, 939, 883,
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753, 680 cm™!; 'TH NMR (500 MHz, CDCl;): 0 =4.21 (dq, J=6.3, 3.9 Hz,
1H, CHMe), 3.47 (d, J=3.9 Hz, 1H, CH), 3.40 (s, 3H, OMe), 2.16 (s, 3H,
C(O)Me), 115 (d, /=63 Hz, 3H, Me), 1.03-0.99 (m, 21H, iPr;Si);
BCNMR (125 MHz, CDCly): 6 =210.4,91.8,70.1,58.9,27.3,19.4,17.9, 12.4;
HRMS (FAB): calcd for C;sH3;0,5Si [M+H]*: 289.2200, found 289.2207.
BnONH,-HCI (2.50 g, 15.63 mmol) was added to a solution of the ketone
(4.10 g, 14.21 mmol) in pyridine (30 mL) at 0°C and the resulting mixture
was warmed to 25°C and stirred for 2h. The reaction mixture was
quenched by the addition of H,O (10 mL), diluted with Et,O (700 mL) and
washed with saturated aqueous NaHCO; (70 mL) and brine (50 mL). The
organic layer was dried (Na,SO,) and the solvents were removed under
reduced pressure. The residue was purified by flash column chromatog-
raphy (silica gel, 0 —20% Et,O in hexanes) to afford oximes 18 (5.09 g,
91%, E:Z ca. 4:1) as colorless oils. 18: R;=0.56 (10 % Et,0 in hexanes); IR
(thin film): 7 =2942, 2866, 1496, 1464, 1367, 1247,1199, 1128, 1015, 938, 883,
755, 678 cm™!; 'TH NMR (500 MHz, CDCl;, E:Z ca. 4:1): 6 =7.39-7.28 (m,
S5H, ArH), 5.16, 5.13 (AB, J=12.5 Hz, 2H, CH,Ar-E), 5.07, 5.04 (AB, J=
12.5 Hz, 2H, CH,Ar-Z), 4.56 (d, J=3.8 Hz, 1H, CH-Z), 420 (dq, /=6.3,
3.8 Hz, 1H, CHMe-Z), 4.08 (dq,J=6.3,6.1 Hz, 1H, CHMe-E), 3.47 (d,J =
6.4 Hz, 1H, CH-E), 3.35 (s, 3H, OMe-Z), 3.25 (s, 3H, OMe-E), 1.90 (s, 3H,
C(N)Me-Z), 1.89 (s, 3H, C(N)Me-E), 1.25 (d, J=6.1 Hz, 3H, Me-E), 1.19
(d,J=6.3 Hz,3H, Me-Z), 1.07-1.03 (m, 21 H, iPr;Si); ®*C NMR (125 MHz,
CDCly): 6 =158.4, 156.9, 138.1, 138.0, 128.2, 128.2, 127.9, 127.7, 127.5, 87.2,
80.9, 75.8, 75.6, 69.2, 68.8, 58.5, 56.8, 20.8, 19.2, 18.1, 18.0, 12.7, 12.4, 10.7,
HRMS (FAB): caled for C,,H,,NO;Si [M+H]*: 394.2777, found 394.2789.

Olefin 19: Oxime 18 (4.20 g, 10.67 mmol) was dissolved in Et,O (60 mL)
and cooled to —35°C. Allylmagnesium bromide (26.67 mL, 26.67 mmol,
1.0M in Et,0) was added dropwise and the reaction was stirred for 1 h. The
reaction was quenched by the addition of saturated aqueous NH,CI (5 mL),
diluted with Et,O (300 mL) and washed with H,O (50 mL). The organic
layer was dried (Na,SO,) and the solvents were removed under reduced
pressure. The residue was purified by flash column chromatography (silica
gel, 0—20% Et,0O in hexanes) to afford olefin 19 (4.04 g, 87%) as a
colorless oil. 19: R;=0.35 (50 % CH,Cl, in hexanes); [a¢]¥ = —2.0 (¢=3.3,
CHCl;); IR (thin film): 7 =3071, 2943, 2866, 1639, 1464, 1383, 1366, 1246,
1138, 1107, 1061, 1003, 912, 883, 750, 681 cm~'; 'TH NMR (500 MHz, CDCl;):
0=1735-1727 (m, 5H, ArH), 5.96-5.95 (m, 1H, Al), 5.85 (brs, 1H, NH),
5.10 (brd, J=15.7Hz, 1H, CH,Z), 5.10 (brd, /=119 Hz, 1H, CH,-E),
4.77,4.72 (AB,J=11.7 Hz, 2H, CH,Ar), 4.20 (dq, /= 6.2, 1.3 Hz, 1H, A5),
3.59 (s, 3H, OMe), 3.53 (brd, /=13 Hz, 1H, A4), 2.53 (brdd, /=138,
6.5 Hz,1H, A2),2.23 (dd,/=13.8,8.0 Hz, 1H, A2),1.28 (d,/=6.2 Hz,3H,
A6), 1.10-1.09 (m, 21H, iPr;Si), 0.96 (s, 3H, Me(A3)); “C NMR
(125 MHz, CDCly): 6 =138.3, 134.9, 128.2, 128.0, 127.5, 117.3, 874, 76.3,
70.0, 62.4, 61.0, 39.6, 19.4, 18.2, 18.2, 18.1, 12.5; HRMS (FAB): calcd for
CysHy¢NO;Si [M+H]*: 436.3325, found 436.3261.

Alcohol 20: nBu,NF (8.64 mL, 1m in THF, 8.64 mmol) was added to a
solution of olefin 19 (3.43 g, 7.85 mmol) in THF (40 mL) and the resulting
mixture was stirred at 25°C for 1 h. The reaction was quenched by the
addition of saturated aqueous NH,Cl (5 mL), diluted with Et,O (300 mL)
and washed with H,O (50 mL). The organic layer was dried (Na,SO,), and
the solvents were removed under reduced pressure. The residue was
purified by flash column chromatography (silica gel, 0—50% Et,0O in
hexanes) to afford alcohol 20 (2.02 g, 92%) as a white foam. 20: R;=0.16
(30% Et,0 in hexanes); [a]f =+73.3 (c=0.40, CHCl;); IR (thin film):
7=3356, 3070, 3030, 2977, 2933, 2831, 1639, 1496, 1454, 1368, 1317, 1276,
1191, 1108, 1001, 967, 912, 748, 699 cm~!; '"H NMR (500 MHz, CDCL): 6 =
735-727 (m, 5H, ArH), 5.86-5.78 (m, 1 H, A1), 5.85 (brs, 2H, NH, OH),
5.08 (brd,J=9.7 Hz, 1 H, CH,-E), 5.06 (brd,J = 16.9 Hz, 1 H, CH,-Z), 481,
4.67 (AB,J=11.6 Hz, 2H, CH,Ar), 3.92 (dq, /=79, 6.2 Hz, 1 H, A5), 3.47
(s,3H, OMe), 3.07 (d,/ =7.9 Hz, 1 H, A4),2.40 (brdd, J=14.0,6.5 Hz, 1H,
A2),2.24(dd,J =14.0,8.4 Hz, 1H, A2),1.29 (d,J =62 Hz, 3H, A6), 1.24 (s,
3H, Me (A3)); *C NMR (125 MHz, CDCL,): 6 = 1370, 133.4, 128.3, 128.2,
128.1,127.8, 118.7, 86.4, 76.0, 68.7, 63.4, 61.3, 37.0, 21.0, 20.0; HRMS (FAB):
caled for C¢H,(NO; [M+H]*: 280.1913, found 280.1918.

TMS ether 21: TMSCI (0.020 mL, 0.200 mmol) was added to a solution of
alcohol 20 (2.00 g, 7.16 mmol) and (TMS),NH (4.42 mL, 35.79 mmol) in
MeCN (50 mL) at 0°C and the resulting mixture was stirred for 15 min. The
solvents were removed under reduced pressure and the residue was diluted
with Et,0 (500 mL) and washed with brine (50 mL). The organic layer was
dried (Na,SO,) and the solvents were removed under reduced pressure to
afford crude TMS ether 21 (2.76 g, 100%) as a colorless oil. 21: R;=0.63
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(20% Et,0 in hexanes); [a]% =+ 6.8 (¢ =1.70, CHCl,); IR (thin film): 7=
3070, 2954, 2833, 1638, 1496, 1453, 1366, 1251, 1109, 1057, 1003, 977, 841,
748, 697 cm~!; '"H NMR (500 MHz, C,Dg): 6=7.32 (d, /=7.0Hz, 2H,
ArH),7.18-715 (m, 2 H, ArH), 709 (t,/ = 7.0 Hz, 1 H, ArH), 6.17-6.11 (m,
1H, A1), 6.05 (brs, 1H,NH), 5.19 (brd,/ =175 Hz, 1H, CH,-Z), 5.11 (brd,
J=10.5 Hz, 1 H, CH,-E), 4.72,4.67 (AB,J = 11.8 Hz, 2H, CH,Ar), 4.06 (dg,
J=65,4.0Hz, 1H, AS), 3.44 (s, 3H, OMe), 341 (d, /= 4.0 Hz, 1 H, A4),
2.64 (brdd, J=15.0, 10.0 Hz, 1H, A2), 2.46 (brdd, /=15.0, 10.0 Hz, 1H,
A2), 128 (d, J=6.5 Hz, 3H, A6), 1.07 (s, 3H, Me (A3)), 0.09 (s, 9H,
Me;Si); BC NMR (125 MHz, C,Dy): 6 =139.0, 135.9, 128.5, 128.5, 128.3,
1277, 116.8, 874, 76.8, 70.2, 63.1, 61.0, 39.7, 20.6, 18.3, 0.5; HRMS (FAB):
caled for CyH;yNOsSi [M+H]": 352.2308, found 352.2319.

Ozonide 22: (Analytical sample) O; was bubbled through a solution of
olefin 21 (0.028 g, 0.080 mmol) in isooctane/CCl, (2:1, 5 mL) at —78°C for
1 h. The solution and warmed to 25 °C, the solvents were removed under
reduced pressure and the residue was purified by flash column chromatog-
raphy (silica gel, 0 — 50 % Et,O in hexanes) to afford ozonide 22 as a white
foam. 22: R;=0.24 (10 % Et,0 in hexanes); IR (thin film): 7= 2956, 2895,
2839, 1548, 1454, 1390, 1372, 1352, 1253, 1187, 1109, 1055, 1010, 966, 909,
844, 752 cm~!; 'H NMR (500 MHz, CDCl;, 1:1 mixture of diastereoisom-
ers): 0 =5.25,5.24 (t,/=6.0 Hz, 1H, Al), 5.13, 5.05, 5.05, 5.05 (4 x s, 1H,
OCH,0), 3.77,3.76 (2 x dq, J=6.0, 3.0 Hz, 1H, A5),3.53,3.51 2 x d, /=
8.0 Hz, 1H, A4), 3.42, 3.40 (2 x s, 3H, OMe), 2.65, 2.60 (2 x dd, J=15.0,
4.0Hz, 1H, A2),2.46,2.44 (2 x dd,J =15.0, 1.5 Hz, 1 H, A2), 1.64, 1.61 (2 x
s, 3H, Me (A3)), 1.26,1.26 (2 x d,J=6.0 Hz, 3H, A6), 0.11,0.10 (2 x s, 9°H,
Me;Si); BC NMR (125 MHz, CDCL): 4 =100.5, 94.0, 93.7, 90.9, 90.8, 89.5,
89.4,69.4, 61.9, 61.9,37.8, 37.2, 21.4, 19.0, 18.4, 0.4; HRMS (FAB): calcd for
C,H,sNO,SiNa [M+Na]*: 346.1298, found 346.1313.

Lactol 23: O; was bubbled through a solution of olefin 21 (2.76 g,
7.85 mmol) in isooctane/CCl, (2:1, 150 mL) at —78°C for 1 h. TFA (2.0 mL,
15.70 mmol) was added and the solution was warmed to 25°C and stirred
for 1 h. The reaction mixture was recooled to —78°C and Ph;P (4.12 g,
15.70 mmol) was added. The reaction mixture was warmed slowly to 25°C
and stirred for 12 h. The solvents were removed under reduced pressure
and the residue was purified by flash column chromatography (silica gel,
0— 80% Et,0 in hexanes) to afford lactol 23 (1.32 g, 82 % over three steps)
as a white solid. 23: R;=0.25 (70% Et,0 in hexanes); [a]¥ =—315 (c=
1.0, CHCl3); IR (thin film): #=23381, 2987, 2942, 2842, 1548, 1455, 1393,
1354, 1285, 1183, 1155, 1102, 1046, 988, 942, 913, 876, 857 cm~!; 'TH NMR
(500 MHz, CDCl;, a:ff ca. 1:1): 0 =5.32 (d, J=4.0 Hz, 1H, Ala), 4.88 (dd,
J=13,4.0Hz, 1H, Al1p),3.91 (dq,/=9.4, 6.5 Hz, 1 H, AS), 3.84 (brs, 1H,
OH), 3.76 (d, J=9.5Hz, 1H, A4), 3.74 (d, J=9.5Hz, 1H, A4), 3.46 (dq,
J=9.5,6.0Hz, 1H, A5), 3.41 (s, 3H, OMe), 3.39 (s, 3H, OMe), 3.15 (brs,
1H, OH), 2.41 (dd, J=13.5, 4.5 Hz, 1H, A2),2.27-2.20 (m, 2H, A2), 2.17
(dd,/=13.5,1.5 Hz, 1 H, A2), 1.81 (s, 3H, Me (A3)), 1.66 (s, 3H, Me (A3)),
1.36 (d, J=6.5Hz, 3H, A6), 1.31 (d, /J=6.0Hz, 3H, A6); “C NMR
(125 MHz, CDCl;): 6 =92.4, 90.6, 90.1, 89.6, 84.5, 84.2, 71.2, 66.1, 66.0, 66.0,
60.8, 60.8, 44.2, 40.8, 18.5, 18.4, 18.3, 16.6; HRMS (FAB): calcd for
C3H ;sNO;sNa [M+Na]*: 228.0848, found 228.0848.

Ring A glycosyl fluoride 9: DAST (0.02 mL, 0.15 mmol) was added to a
solution of lactol 23 (0.021 g, 0.10 mmol) in CH,Cl, (1.0 mL) at 0°C. After
stirring for 20 min, the reaction was quenched by the addition of saturated
aqueous NaHCO; (2 mL), diluted with CH,Cl, (10 mL), and stirred for
5 min. The layers were separated, the aqueous layer was extracted with
CH,Cl, (10 mL), and the combined organic layer was dried (MgSO,),
filtered and the solvents were removed under reduced pressure. The
residue was azeotroped with benzene (2 mL), dried under vacuum for 1 h,
and used crude in the next reaction.

Acid 26: NaH,PO, - H,O (9.86 g, 82.18 mmol, dissolved in 25 mL H,0) was
added to a solution of aldehyde 25?2 (5.0 g, 32.86 mmol) in DMSO
(100 mL) at 0°C. NaClO, (7.13 g, 78.36 mmol, dissolved in 25 mL H,0) was
then added and the resulting mixture was warmed slowly to 25°C and
stirred for 12 h. The reaction mixture was diluted with saturated aqueous
Na,CO; (50 mL) and washed with EtOAc (20 mL). The aqueous layer was
then acidified to pH 1 with aqueous HCI and stored at 0°C for 12 h. The
reaction mixture was filtered and the solid was washed with ice water to
afford carboxylic acid 26 (4.39 g, 80 % ) as a white solid. 26: R;=0.16 (50 %
Et,0 in hexanes); IR (thin film): ¥ =3500-2500, 1635, 1459, 1364, 1264,
1211, 1173 ecm~'; 'H NMR (600 MHz, CD;0D): 6 =6.19 (s, 2H, ArH), 2.47
(s, 3H, Me); 3C NMR (125 MHz, CD;0D): 6 =173.7, 165.1, 161.8, 144.3,
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111.3, 100.4, 23.6; HRMS (FAB): calcd for CgH,O, [M+H]*: 169.0501,
found 169.0494.

Benzyl ester 27: DEAD (6.03 mL, 38.27 mmol) was added to a solution of
acid 26 (3.14 g, 18.67 mmol), BnOH (3.96 mL, 38.27 mmol), and Ph;P
(10.06 g, 38.27 mmol) in THF (100 mL) at 0°C and the resulting mixture
was stirred for 4 h. The solvents were removed under reduced pressure and
the residue was purified by flash column chromatography (silica gel, 0 —
60 % Et,0 in hexanes) to afford benzyl ester 27 (4.87 g, 75 %) as a colorless
oil. 27: R;=0.60 (60 % Et,0 in hexanes); IR (thin film): ¥ = 3200, 2933,
1649, 1610, 1578, 1455, 1324, 1280, 1211, 1170, 1027 cm™'; '"H NMR
(500 MHz, CDCl;): 6 =11.68 (s, 1H, OH), 7.45-735 (m, 10H, ArH), 6.41
(d, J=32Hz, 1H, ArH), 6.36 (d, /=32Hz, 1H, ArH), 539 (s, 2H,
CH,Ar), 5.06 (s, 2H, CH,Ar), 2.49 (s, 3H, Me); C NMR (125 MHz,
CDCly): 6=171.5, 143.3, 128.6, 128.4, 128.2, 127.5, 111.8, 99.7, 69.9, 67.0,
24.7, HRMS (MALDI): caled for C,H, O, [M+H]*: 349.1440, found
349.1433.

Bis-chlorobenzyl ester 28: Cl, (15.51 mL, 1M in AcOH, 15.51 mmol) was
added to a solution of benzyl ester 27 (1.80 g, 5.17 mmol) and NaOAc (0.95,
11.61 mmol) in AcOH (25 mL) at —50°C and the resulting mixture was
slowly warmed to 0°C and stirred for 3 h. The reaction mixture was
quenched by the addition of saturated aqueous NaHCO; (100 mL), diluted
with CH,Cl, (500 mL) and washed with saturated aqueous NaHCO;
(100 mL) and brine (50 mL). The organic layer was dried (Na,SO,) and
the solvents were removed under reduced pressure. The residue was
purified by flash column chromatography (silica gel, 0 —50% Et,O in
hexanes) to afford bis-chlorobenzyl ester 28 (1.52 g, 70 % ) as a white solid.
28: R;=0.40 (40% Et,0 in hexanes); IR (thin film): #=2975, 1752, 1670,
1543, 1380, 1301, 1223, 1099, 949 cm~'; '"H NMR (250 MHz, CDCl;): 6 =
11.47 (s, 1H, OH), 7.59-7.26 (m, 10H, ArH), 5.44 (s, 2H, CH,Ar), 5.06 (s,
2H, CH,Ar), 2.61 (s, 3H, Me); *C NMR (100 MHz, CDCl;): 6 =170.3,
157.5,155.5,1379,135.9, 134.4,128.9, 128.8, 128.7, 128.6, 128.5, 122.0, 115.6,
111.2, 74.7, 68.2; HRMS (FAB): calcd for C,,H;yCl,O, [M+H]*: 417.0660,
found 417.0674.

Methyl ether 29: CH,N, (excess, solution in Et,0) was added to a solution
of phenol 28 (1.50 g, 3.58 mmol) in Et,O (25 mL) at 0°C and the resulting
mixture was stirred for 12 h in the dark. The solvents were removed under
reduced pressure and the residue was purified by flash column chromatog-
raphy (silica gel, 0—50% Et,0O in hexanes) to afford methyl ether 29
(1.55 g, 100 %) as a white solid. 29: R;=0.48 (20 % EtOAc in hexanes); IR
(thin film): 7 =2975, 1723, 1456, 1369, 1267, 1097 cm~'; "H NMR (500 MHz,
CDCly): 6=7.58-1737 (m, 10H, ArH), 5.40 (s, 2H, CH,Ar), 5.03 (s, 2H,
CH,Ar), 3.79 (s, 3H, OMe), 2.61 (s, 3H, Me); *C NMR (125 MHz, CDCl,):
0=136.1, 128.8, 128.7, 128.5, 74.9, 67.7, 62.2, 17.4; HRMS (FAB): calcd for
Cy;H,Cl,O,Na [M+Na]*: 453.0636, found 453.0626.

Benzyl alcohol 30: DIBAL (4.15mL, 1.0m in CH,Cl,, 4.15 mmol) was
added to a solution of benzyl ester 29 (1.50 g, 3.46 mmol) in CH,CI,
(20 mL) at —78°C and the resulting mixture was stirred for 1h. The
reaction mixture was quenched by the addition of MeOH (10 mL), diluted
with CH,Cl, (500 mL) and washed with saturated aqueous NH,CI (50 mL)
and brine (50 mL). The organic layer was dried (Na,SO,) and the solvents
were removed under reduced pressure. The residue was purified by flash
column chromatography (silica gel, 0 —80% Et,O in hexanes) to afford
benzyl alcohol 30 (1.02 g, 90 % ) as a white solid. The same conditions were
used with methyl ester 48. 30: R;=0.56 (50 % EtOAc in hexanes); IR (thin
film): 7=3367, 2940, 1561, 1450, 1397, 1374, 1326, 1199, 1102, 996, 950,
750 cm~'; "H NMR (500 MHz, CDCly): 6 =7.59-7.37 (m, SH, ArH), 5.02 (s,
2H, CH,Ar), 478 (d, J=6.0 Hz, 2H, CH,0H), 3.91 (s, 3H, OMe), 2.49 (s,
3H, Me); C NMR (125 MHz, CDCL;): 6 =136.2, 136.1, 130.2, 128.4, 74.6,
65.7, 62.0, 576, 163, 152; HRMS (FAB): caled for C,H;,Cl,0sNa
[M+Na]*: 349.0374, found 349.0386.

Aldehyde 31: PDC (3.19 g, 8.47 mmol) was added to a solution of benzyl
alcohol 30 (1.00 g, 2.82 mmol) and 3 A MS in CH,Cl, (15 mL) at 25°C and
the resulting mixture was stirred for 3 h. The reaction mixture was filtered
and the solvents were removed under reduced pressure. The residue was
purified by flash column chromatography (silica gel, 0 — 60% EtOAc in
hexanes) to afford aldehyde 31 (0.82 g, 90 %) as a white foam. 31: R;=0.63
(20% EtOAc in hexanes); IR (thin film): 7 =2957, 1698, 1559, 1542, 1448,
1365, 1312, 1188, 1093, 948 cm~!; "H NMR (400 MHz, CDCl;): 6 =10.44 (s,
1H, CHO), 7.56-738 (m, SH, ArH), 5.09 (s, 2H, CH,Ar), 3.96 (s, 3H,
OMe), 2.66 (s, 3H, Me); *C NMR (100 MHz, CDCl;): 6 =190.1, 156.0,
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138.8, 135.8, 128.6, 128.5, 126.3, 75.0, 63.2, 16.8; HRMS (FAB): calcd for
C1oH,sCLO; [M+H]*: 325.0398, found 325.0404.

Aromatic acid 32: NaClO, (0.67 g, 741 mmol) was added to a solution of
aldehyde 31 (0.80 g, 2.47 mmol), NaH,PO,-H,O (0.89 g, 7.41 mmol), and
2-methyl-2-butene (4.94 mL, 2m in CH,Cl,, 9.88 mmol) in ‘BuOH/H,O
(1:1, 15mL) at 25°C and the resulting mixture was stirred for 3 h. The
reaction mixture was diluted with saturated aqueous Na,COj; (50 mL) and
washed with EtOAc (20 mL). The aqueous layer was then acidified to pH 1
with 5% aqueous HCI and extracted with EtOAc (300 mL). The organic
layer was dried (Na,SO,), and the solvents were removed under reduced
pressure. The residue was purified by flash column chromatography (silica
gel, 0 — 80 % Et,0 in hexanes) to afford acid 32'% (0.80 g, 95 %) as a white
solid. 32: R;=0.18 (50 % EtOAc in hexanes); IR (thin film): ¥ = 3397, 2947,
1701, 1657, 1284, 1098 cm~!; "H NMR (250 MHz, CDCl,): 6 =7.57-7.40 (m,
SH, ArH), 5.06 (s, 2H, CH,Ar), 3.97 (s, 3H, OMe), 2.47 (s, 3H, Me);
3C NMR (100 MHz, CDCL,): 6 =171.2, 153.6, 153.4, 136.0, 133.9, 1285,
126.4, 125.9, 121.8, 74.9, 62.5, 17.7;, HRMS (ESI): calcd for C;sH,,CL,0,
[M+Na]*: 363, found 363.

Acyl fluoride 7: (Me,N),CF"PF¢~ (0.411 g, 1.56 mmol) was added to a
solution of acid 32 (0.354 ¢, 1.04 mmol) and diisopropylethylamine
(0.36 mL, 2.08 mmol) in CH,Cl, (5 mL) at 0°C and the resulting mixture
was stirred for 2 h. The solvents were removed under reduced pressure and
the residue was purified by flash column chromatography (silica gel, 0 —
50% Et,0 in hexanes) to afford acyl fluoride 7 (0.345 g, 97 %) as a white
solid. 7: R;=0.92 (50% Et,0 in hexanes); IR (thin film): 7=2957, 1813,
1559, 1457, 1390, 1370, 1327, 1225, 1101, 936, 902 cm~'; '"H NMR (500 MHz,
CDCLy): 6=1757-741 (m, 5H, ArH), 5.08 (s, 2H, CH,Ar), 3.97 (s, 3H,
OMe), 2.46 (s, 3H, Me); *C NMR (125 MHz, CDCl;): 6 =156.9, 154.8,
154.1, 135.7, 135.4, 128.7, 128.5, 128.5, 126.6, 122.2, 121.5, 121.1, 75.1, 62.5,
17.9; HRMS (FAB): calcd for C;¢H;3Cl,FO;Na [M+Na]*: 365.0124, found
365.0118.

Di-olefin 13: LiEt;BH (728 mL, 1.0M solution in THF, 728 mmol) was
added dropwise to a solution of epoxide 14?4 (1.30 g, 6.07 mmol) in THF
(50mL) at —40°C and the reaction mixture was stirred for 1h. The
reaction was quenched by addition of saturated aqueous NH,Cl (50 mL),
diluted Et,O (100 mL), and washed with brine (30 mL). The organic layer
was dried (MgSO,) and the solvents were removed under reduced pressure.
The residue was purified by flash column chromatography (silica gel, 0 —
30% Et,0 in hexanes) to afford the alcohol (1.2 g, 91 %) as a colorless oil.
alcohol: R;=0.37 (25% Et,0 in hexanes); [a]# =+12.0 (¢ =0.08, CHCL;);
IR (thin film): 7=3447, 2956, 2929, 2857, 1473, 1253, 1080, 1026, 925, 835,
776 cm~'; 'TH NMR (500 MHz, CDCl;): 6 =5.80 (ddd, J =17.2,10.5, 6.7 Hz,
1H, H2),5.21 (m, 2H, H1), 3.99 (m, 1H, H3), 3.72 (dq,/=6.5,3.2 Hz, 1 H,
H4),2.17 (d,J=4.5Hz,1H, OH), 1.10 (d, /= 6.5 Hz, 3H, HS5), 0.89 (s, 9H,
tBuSi), 0.07, 0.04 (2 x s, 2 x 3H, MeSi); *C NMR (125 MHz, CDCL): 6 =
137.0,117.1,78.0, 70.6, 25.8, 18.1, 17.4, — 4.3, — 5.0; HRMS (MALDI): calcd
for C;H,,0,SiNa [M+Na]*: 239, found 239. Acryloyl chloride (0.53 mL,
6.49 mmol) was added dropwise to a solution of the above alcohol (1.17 g,
5.41 mmol), Et;N (1.13 mL, 8.11 mmol) and 4-DMAP (0.132 g, 1.08 mmol)
in CH,Cl, (30 mL) at 0°C over 15 min. The resulting mixture was stirred for
15 min and then the reaction mixture was quenched by the addition of
saturated aqueous NaHCOj; (10 mL), diluted with CH,Cl, (200 mL), and
washed with saturated aqueous NaHCOj; (20 mL) and brine (20 mL). The
organic layer was dried (Na,SO,) and the solvents were removed under
reduced pressure. The residue was purified by flash column chromatog-
raphy (silica gel, 0 — 50% Et,O in hexanes) to afford di-olefin 13 (1.39 g,
95 %) as a colorless oil. 13: R;=0.74 (25 % Et,0 in hexanes); [a]¥ = +33.7
(¢=0.86, CHCL;); IR (thin film): 7=2986, 2957, 2858, 1724, 1638, 1620,
1471, 1405, 1296, 1254, 1197, 1034, 988, 929, 836 cm~'; 'H NMR (400 MHz,
CDCly): 6=6.39 (dd, /=172, 1.6 Hz, 1H, H8), 6.09 (dd, /=172, 10.4 Hz,
1H, H7), 5.82-5.74 (m, 2H, H2, HS), 5.28 (ddd, /=172, 1.7, 1.6 Hz, 1H,
H1), 5.15 (ddd, /=104, 1.6, 1.6 Hz, 1 H, H1), 4.92 (dq, /= 6.4, 3.5 Hz, 1 H,
H4), 425 (m, 1H, H3), 1.20 (d, J=6.4 Hz, 3H, H5), 0.89 (s, 9H, BuSi),
0.04, 0.01 (2 x5, 2x3H, MeSi); ¥C NMR (125 MHz, CDCl,): 6 =165.7,
137.5,130.5,128.9,91.7,75.0,73.5,25.7,18.2, 13.7, — 4.6, — 4.9; HRMS (ESI):
caled for C4H,;0;SiNa [M+Na]*: 271, found 271.

Lactone 33: Grubb’s catalyst (0.143 g, 0.17 mmol) was added to a solution
of ester 13 (0.94 g, 3.48 mmol) in degassed CH,Cl, (120 mL) at 25°C. The
resulting mixture was heated to 35°C and stirred for 10 h. Another portion
of catalyst was added and stirring continued for a total of 24 h. The solvents
were removed under reduced pressure and the residue was purified by flash
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column chromatography (silica gel, 0 —30% Et,0 in hexanes) to afford
the lactone 33 (0.76 g, 90 %) as a colorless oil. 33: R;=0.26 (20% Et,0 in
hexanes); [a]5 =+35.5 (¢=0.47, CHCL;); IR (thin film): #=2955, 2858,
1736, 1469, 1385, 1284, 1239, 1133, 1028, 966, 941, 881, 841 cm!; 'H NMR
(400 MHz, CDCl;): 6 =6.70 (brdd, J=10.0, 2.1 Hz, 1H, H2), 5.92 (brdd,
J=10.0,2.1 Hz, 1H, H3), 428 (dq, J=9.5, 6.4 Hz, 1 H, H5), 421 (ddd, J =
9.5,2.0, 2.0 Hz, 1 H, H4), 1.41 (d, J=6.5 Hz, 3H, H6), 0.91 (s, 9H, rBuSi),
0.12, 0.11 (2 x s, 2 x 3H, MeSi); *C NMR (125 MHz, CDCL;): 6 =163.3,
150.3, 119.8, 79.1, 68.8, 25.5, 18.1, —4.4, —4.9; HRMS (FAB): calcd for
C,H»,05SiNa [M+Na]*: 265.1236, found 265.1230.

Lactol 34: DIBAL (0.77 mL, 1.0m in CH,Cl,, 0.77 mmol) was added to a
solution of lactone 33 (0.069 g, 0.247 mmol) in CH,Cl, (3 mL) at —78°C
and the resulting mixture was stirred for 1 h. The reaction mixture was
quenched by the addition of MeOH (2 mL), diluted with CH,Cl, (100 mL)
and washed with saturated aqueous NH,Cl (10 mL) and brine (10 mL). The
organic layer was dried (Na,SO,) and the solvents were removed under
reduced pressure. The residue was purified by flash column chromatog-
raphy (silica gel, 0 —80% Et,0O in hexanes) to afford lactol 34 (0.062 g,
90 %) as a white solid. 34: R;=0.42 (40 % Et,O in hexanes); [a]F = +39.1
(¢=0.43, CHCL;); IR (thin film): 7 = 3384, 2956, 2939, 2857, 1467, 1384, 1256
1096, 1007, 941, 881, 836 cm~!; '"H NMR (500 MHz, CDCl;, a:f ca.3:1): 0 =
5.86 (brd, J=10.5 Hz, 1H, H2), 5.83 (brdd, J=10.5, 8.5 Hz, 1 H, H2), 5.72
(ddd,J=10.5,1.5,1.5 Hz, 1H, H3),5.72 (ddd, /= 10.5, 1.5, 1.5 Hz, 1 H, H3),
5.38(d,J=8.5Hz, 1H, H1),5.33 (brs, 1 H, H1), 3.96 (dddd, J =8.5, 2.0, 2.0,
2.0 Hz, 1H, H4), 3.86 (dddd, J =8.5, 2.0, 2.0, 2.0 Hz, 1H, H4),3.81 (dq, J =
8.5, 6.0 Hz, 1H, HS5), 3.56 (dq, J=8.5, 6.0 Hz, 1 H, HS), 1.30 (d, /=6.0 Hz,
3H, He), 1.25 (d,/=6.0 Hz, 3H, H6), 0.89 (s, 18 H, rBuSi), 0.10, 0.09 (2 x s,
2 x 6H, MeSi); *C NMR (125 MHz, CDClLy): 6 =134.8, 134.2, 128.6, 126.1,
92.1, 88.9, 74.8, 69.9, 69.6, 67.7, 25.7, 18.2, — 4.3, —4.7; HRMS (FAB): calcd
for C,H,,0;SiNa [M+Na]*: 267.1392, found 267.1384.

Triol 35: OsO, (0.10 mL, 2.5 % solution in fBuOH) was added to a solution
of lactol 34 (0.055 g, 0.22 mmol) and NMO (0.039 g, 0.33 mmol) in acetone/
H,O (10:1, 3 mL) and the reaction mixture was stirred for 12 h at 25°C. The
reaction mixture was diluted with CH,Cl, (100 mL) and washed with
saturated aqueous NaHCOj; (10 mL) and brine (10 mL). The organic layer
was dried (Na,SO,), the solvents were removed under reduced pressure,
and the residue was purified by flash column chromatography (silica gel,
0—100% EtOAc in hexanes) to afford triol 35 (0.056 g, 90 %) as a white
foam. 35: R;=0.31 (80% Et,0 in hexanes); [a]F=+26.7 (c=1.16,
CHCl;); IR (thin film): 7=3388, 2954, 2931, 2857, 1253, 1111, 1064, 979,
873, 837 cm™!'; '"H NMR (500 MHz, CDCl;, a:f ca. 3:1): 6=5.18 (s, 1H,
H1),4.75 (s, 1H, H1), 3.95 (brs, 2H, H2), 3.87 (dq, J =8.5, 6.0 Hz, 1 H, H5),
3.77 (dd,J=8.7,3.3 Hz, 1H, H3), 3.49-3.45 (m, 2H, H3, H4), 3.37 (dd, /=
9.0, 8.5 Hz, 1H, H4), 3.30 (dq, J=9.0, 6.0 Hz, 1H, H5), 1.28 (d, /= 6.0 Hz,
3H, H6), 1.24 (d, J=6.0 Hz, 3H, H6), 0.89 (s, 18 H, rBuSi), 0.13, 0.10 (2 x s,
2 x 6H, MeSi); *C NMR (125 MHz, CDCl;): 6 =94.0, 93.9, 74.6, 74.3, 72.6,
71.6, 71.6, 71.4, 68.6, 65.9, 25.9, 18.2, —3.7, —4.4; HRMS (FAB): calcd for
C,H,,05SiNa [M+Na]*: 301.1447, found 301.1440.

Triacetate 36: Ac,0 (0.175 mL, 1.73 mmol) was added to a solution of triol
35(0.120 g, 0.43 mmol), Et;N (0.36 mL, 2.59 mmol), and 4-DMAP (0.011 g,
0.09 mmol) in CH,Cl, (2 mL) at 0°C and the resulting mixture was warmed
to 25°C and stirred for 1h. The reaction mixture was quenched by the
addition of MeOH (1 mL), diluted with CH,Cl, (200 mL) and washed with
saturated aqueous NaHCOj; (10 mL) and brine (10 mL). The organic layer
was dried (Na,SO,) and the solvents were removed under reduced
pressure. The residue was purified by flash column chromatography (silica
gel, 0— 80% Et,0 in hexanes) to afford triacetate 36 (0.173 g, 99%) as a
white foam. 36: R;=0.47 (50 % Et,0 in hexanes); IR (thin film): 7 =2933,
2858, 1751, 1471, 1368, 1226, 1109, 972, 922, 838, 779 cm~!; 'H NMR
(500 MHz, CDCl;, a:f ca. 1.4:1): 6 =5.96 (d, J=2.0 Hz, 1H, H1), 5.83 (d,
J=1.0Hz, 1H, H1), 546 (brd, J=3.0Hz, 1H, H2), 525 (dd, J=3.0,
2.0 Hz,1H, H2),5.08 (dd, J=9.5,3.0 Hz, 1 H, H3), 4.85 (dd, J =9.5, 3.0 Hz,
1H, H3), 3.80 (dq, /=9.5, 6.0 Hz, 1H, HS), 3.69 (t, /=9.0 Hz, 1H, H4),
3.65 (t,J=9.0 Hz, 1H, H4), 3.51 (dq, J=9.5, 6.0 Hz, 1 H, H5), 2.18 (s, 3H,
OAc), 2.16 (s, 3H, OAc), 2.14 (s, 3H, OAc), 2.08 (s, 3H, OAc), 2.03 (s, 6 H,
OAc), 1.35 (d, /=6.5 Hz, 3H, H6), 1.30 (d, /=6.5 Hz, 3H, H6), 0.87, 0.86
(2 xs,2x 9H, rBuSi), 0.11, 0.10, 0.07, 0.06 (4 x s, 4 x 3H, MeSi); *C NMR
(125 MHz, CDCl): 6 =170.3, 170.0, 169.9, 169.8, 168.7, 168.4, 90.8, 90.2,
74.0, 73.8, 71.9, 71.3, 70.9, 70.8, 68.9, 31.5, 25.6, 21.0, 20.9, 20.9, 20.7, 18.2,
18.0, 14.0, —4.2, —4.4; HRMS (FAB): calcd for C3gH;,04SiNa [M+Na]*:
427.1764, found 427.1776.
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Thioglycoside 37: BF;-Et,0 (0.010 mL, 0.084 mmol) was added to a
solution of triacetate 36 (0.170 g, 0.42 mmol) and PhSH (0.065 mL,
0.63 mmol) in CH,Cl, (2mL) at —20°C and the resulting mixture was
stirred for 1 h. The reaction mixture was quenched by the addition of Et;N
(2 mL), diluted with CH,Cl, (100 mL) and washed with saturated aqueous
NaHCO; (10 mL) and brine (10 mL). The organic layer was dried (Na,SO,)
and the solvents were removed under reduced pressure. The residue was
purified by flash column chromatography (silica gel, 0—5% Et,O in
hexanes) to afford thioglycoside 37 (0.134 g, 69 %) as a white foam. 37: R;=
0.51 (50% Et,0O in hexanes); [a]§ =466.5 (¢=0.90, CHCL); IR (thin
film): 7=2932, 2857, 1751, 1369, 1235, 1106, 838, 778, 739 cm~!; 'H NMR
(500 MHz, CDCl,): 6 =748-7.25 (m, SH, ArH), 5.51 (dd, J=3.0, 1.5 Hz,
1H, H2), 534 (d, J=15 Hz, 1H, H1), 5.06 (dd, J=9.5, 3.0 Hz, 1H, H3),
421 (dq,J=9.5, 6.5 Hz, 1H, H5), 3.71 (t, J=9.5 Hz, 1 H, H4), 2.11 (s, 3H,
0Ac), 2.03 (s, 3H, OAc), 1.31 (d, /= 6.5 Hz, 3H, H6), 0.87 (s, 9H, BuSi),
0.11, 0.08 (2 x s, 2 x 3H, MeSi); *C NMR (125 MHz, CDCL,): 6 =170.0,
169.9, 133.7, 132.0, 131.8, 129.1, 1277, 86.0, 85.6, 72.7, 71.6, 71.5, 70.3, 26.0,
21.0, 18.2, —4.1, —4.4; HRMS (FAB): calcd for C,,H;,0,SSiNa [M+Na]*:
477.1743, found 477.1725.

Diol 12: K,CO; (8 mg, 0.06 mmol) was added to a solution of bis-acetate 37
(0.13 g, 0.29 mmol) in MeOH/Et,0 (1:1, 1 mL) at 25°C and the resulting
mixture was stirred for 1 h. The reaction mixture was quenched by the
addition of saturated aqueous NH,CI (1 mL), diluted with Et,O (100 mL)
and washed with brine (10 mL). The organic layer was dried (Na,SO,) and
the solvents were removed under reduced pressure. The residue was
purified by flash column chromatography (silica gel, 0—70% Et,O in
hexanes) to afford diol 12 (0.103 g, 97 %) as a white foam. 12: R;=0.24
(50% Et,0 in hexanes); [a]E =+224.0 (c=0.92, CHCL); IR (thin film):
7=3420, 2930, 2856, 1582, 1474, 1384, 1283, 1104, 976, 882, 839 cm™!;
'H NMR (500 MHz, CDCl;): 6 =7.48-7.25 (m, 5H, ArH), 547 (d, J=
1.5 Hz, 1H, H1), 4.19 (brs, 1 H, H2), 4.10 (dq, /=9.0, 6.0 Hz, 1 H, H5), 3.75
(ddd, J=9.0,5.5,3.5 Hz, 1H, H3),3.54 (t,/=9.0 Hz, 1H, H4),2.62 (d, /=
3.5Hz,1H,OH),2.32(d,/=6.0 Hz, 1H, OH), 1.27 (d, /= 6.0 Hz, 3H, H6),
0.92 (s, 9H, rBuSi), 0.16, 0.12 (2 x s, 2 x 3H, MeSi); *C NMR (125 MHz,
CDCl;): 0 =134.1,131.4,131.4,129.0, 129.0, 127.0, 87.5, 74.9, 72.6, 69.8, 25.9,
182,179, —3.8, —4.5; HRMS (FAB): calcd for C3H;,0,SSiNa [M+Na]*:
393.1532, found 393.1541.

PMB ether 38: nBu,SnO (0.27 g, 1.08 mmol) was added to a solution of diol
12 (0.365 g, 0.98 mmol) in toluene (30 mL) and the resulting mixture was
refluxed with removal of H,O using a Dean Stark apparatus for 3 h. The
reaction mixture was cooled to 25°C and PMBCI (0.20 mL, 1.48 mmol) and
nBu,NI (0.036 g, 0.10 mmol) were added. The reaction mixture was
refluxed again for 2 h, and then the reaction mixture was quenched by
the addition of H,O (1 mL). The solvents were removed under reduced
pressure and the residue was purified by flash column chromatography
(silica gel, 0 — 80 % Et,O in hexanes) to afford ring B alcohol 38 (0.445 g,
92 %) as a white foam. 38: R;=0.38 (50 % Et,0 in hexanes); [a]F = +174.6
(¢=1.5, CHCL); IR (thin film): 7 = 3475, 2955, 2931, 2856, 1612, 1584, 1514,
1461, 1442, 1382, 1303, 1251, 1104, 982, 881, 839 cm; '"H NMR (500 MHz,
CDCl,): 6 =748-725 (m, SH, ArH), 6.90 (d, J=8.5 Hz, 2H, PMB), 5.50
(d,/=1.5Hz, 1H, B1),4.64,4.51 (AB,/=115Hz,2H, CH,Ar),4.12-4.11
(m,2H, B2, B5),3.82 (s,3H, OMe), 3.61 -3.60 (m, 2H, B3, B4),2.63 (d,/ =
1.5 Hz, 1H, OH), 1.27 (d, /= 6.5 Hz, 3H, B6), 0.92 (s, 9H, tBuSi), 0.09, 0.08
(2 xs,2 x 3H, MeSi); BC NMR (125 MHz, CDCl;): 6 =159.0, 134.2, 131.4,
131.4, 129.7, 129.7, 129.6, 129.6, 129.0, 129.0, 1272, 114.0, 86.9, 80.1, 72.8,
71.6, 70.1, 69.7, 55.2, 25.9, 18.1, —3.7, —4.5; HRMS (FAB): calcd for
CyH3305SSiNa [M+Na]*: 513.2107, found 513.2122.

Benzyl ether 39: nBu,SnO (0.208 g, 0.83 mmol) was added to a solution of
diol 12 (0.258 g, 0.69 mmol) in toluene (30 mL) and the resulting mixture
was refluxed with removal of H,O using a Dean Stark apparatus for 3 h.
The reaction mixture was cooled to 25°C and BnBr (0.124 mL, 1.04 mmol)
and nBu,NI (0.051 g, 0.14 mmol) were added. The reaction mixture was
refluxed again for 2 h, and then the reaction mixture was quenched by the
addition of H,0 (1 mL). The solvents were removed under reduced
pressure and the residue was purified by flash column chromatography
(silica gel, 0 — 80 % Et,0O in hexanes) to afford ring C alcohol 39 (0.256 g,
80 %) as a white foam. 39: R;=0.29 (50 % Et,0O in hexanes); [a]¥ = +199.3
(c=1.2,CHCL); IR (thin film): 7 = 3463, 3062, 2930, 2899, 2857, 1583, 1475,
1458, 1383, 1253, 1107, 981, 883, 839, 778, 698 cm~'; 'H NMR (500 MHz,
CDCly): 6 =747-726 (m, 10H, ArH), 5.52 (d, J=1.5Hz, 1H, Cl1), 4.69,
4.59 (AB, J=11.5Hz, 2H, CH,Ar), 4.17-4.16 (m, 1H, C2), 4.12 (dq, /=
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8.5, 6.0 Hz, 1H, C5), 3.65 (t, J=8.5 Hz, 1 H, C4), 3.64-3.62 (m, 1 H, C3),
2.63 (d, J=2.0Hz, 1H, OH), 1.28 (d, J=6.0 Hz, 3H, C6), 0.92 (s, 9H,
/BusSi), 0.09 (s, 6H, MeSi); *C NMR (125 MHz, CDCl,): 6 = 1375, 134.1,
131.4, 129.0, 128.6, 128.0, 127.3, 86.9, 80.4, 72.8, 71.9, 70.1, 69.7, 25.9, 18.1,
—3.8, —4.5; HRMS (FAB): calcd for C,sH;,0,SSiCs [M+Cs]*: 593.1158,
found 593.1141.

Ring C methyl glycoside 40: DAST (0.094 mL, 0.71 mmol) was added to a
solution of ring C alcohol 39 (0.225 g, 0.47 mmol) in CH,Cl, (2 mL) at 0°C
and the resulting mixture was stirred for 0.5 h. The reaction mixture was
quenched by the addition of saturated aqueous NaHCO; (2 mL), diluted
with CH,Cl, (100 mL), and washed with saturated aqueous NaHCOj;
(10 mL) and brine (10 mL). The organic layer was dried (Na,SO,) and
the solvents were removed under reduced pressure. The residue was used
crude. The crude glycosyl fluoride (0.225 g, 0.47 mmol) was azeotroped
with benzene (3 x 2 mL) and then dried under high vacuum for 1 h. The
residue was dissolved in Et,0 (2mL), 4 A MS and MeOH (0.057 mL,
1.42 mmol) were added, and the mixture was stirred for 5 min. The reaction
mixture was cooled to —10°C and SnCl, (0.16 g, 0.85 mmol) was added in
one portion. The resulting mixture was stirred at —10°C for 12 h. The
reaction mixture was quenched by the addition of Et;N (5 mL), diluted
with CH,Cl, (100 mL) and washed with saturated aqueous NaHCO;
(10 mL) and brine (10 mL). The organic layer was dried (Na,SO,) and
the solvents were removed under reduced pressure. The residue was
purified by flash column chromatography (silica gel, 0 —50% Et,0O in
hexanes) to afford ring C methyl glycoside 40 (0.220 g, 100 %) as a white
foam. 40: R;=0.87 (40 % Et,0 in hexanes); IR (thin film): 7 = 3062, 2930,
2855, 1728, 1472, 1256, 1010, 871, 838, 778 cm!; 'H NMR (500 MHz,
CDCl;, a:f ca. 1:10): 6=754-7.12 (m, 10H, ArH), 5.08, 4.80 (AB, J=
10.5 Hz, 2H, CH,Ar), 4.26 (d, / =8.5 Hz, 1 H, C1), 4.21 (dq, J = 9.0, 6.5 Hz,
1H, C5),3.47 (s,3H, OMe), 3.51-3.27 (m, 2H, C2, C3), 3.13 (t,/ = 10.0 Hz,
1H, C4),1.27 (d,/=6.5 Hz,3H, C6), 0.93 (s, 9H, rBuSi), 0.05, —0.01 (2 x s,
2 x 3H, MeSi); *C NMR (125 MHz, CDCl,): 6 =138.4, 132.0, 130.8, 128.6,
128.0, 1274, 1272, 126.8, 104.3, 83.3, 77.2, 75.7, 72.3, 68.1, 57.0, 56.7, 30.3,
26.0, 183, 109, —3.7, —4.0; HRMS (FAB): calcd for C,H30,SSiNa
[M+Na]*: 497.2158, found 497.2140.

Ring C alcohol 11: nBu,NF (0.55 mL, 0.55 mmol) was added to a solution
of methyl glycoside 40 (0.22 g, 0.46 mmol) in THF (2 mL) and the resulting
mixture was stirred at 25°C for 1 h. The reaction was quenched by the
addition of saturated aqueous NH,Cl (5 mL), diluted with Et,O (100 mL),
and washed with H,O (10 mL). The organic layer was dried (Na,SO,), and
the solvents were removed under reduced pressure. The residue was
purified by flash column chromatography (silica gel, 0 —80% Et,O in
hexanes) to afford ring C alcohol 11 (0.16 g, 94 %) as a white foam. 11: R;=
0.28 (50% Et,0 in hexanes); [a]¥ =—32.5 (¢=0.66, CHCl;); IR (thin
film): 7= 3458, 2934, 1582, 1497, 1476, 1454, 1382, 1068 cm™"; 'H NMR
(500 MHz, CDCl;): 6=757-720 (m, 10H, ArH), 5.06, 475 (AB, J=
11.0 Hz, 2H, CH,Ar), 4.24 (d, /=85Hz, 1H, C1), 3.48 (s, 3H, OMe),
3.34-3.23 (m, 3H, C3, C4, C5),3.10 (dd, J=10.5, 8.5 Hz, 1H, C2), 2.12 (s,
1H, OH), 1.28 (d, J=6.0 Hz, 3H, C6); 3C NMR (125 MHz, CDCl,): 6 =
138.2, 134.6, 132.2, 132.2, 128.7, 128.7, 128.2, 128.1, 128.1, 127.1, 104.0, 83.3,
76.2, 75.2, 71.1, 571, 55.6, 17.6; HRMS (FAB): calced for C,H,,O,SNa
[M+Na]*: 383.1293, found 383.1283.

Ring B glycosyl fluoride 10: DAST (0.077 mL, 0.58 mmol) was added to a
solution of ring B alcohol 38 (0.190 g, 0.39 mmol) in CH,Cl, (2 mL) at 0°C
and the resulting mixture stirred for 0.5 h. The reaction mixture was
quenched by the addition of saturated aqueous NaHCO; (2 mL), diluted
with CH,Cl, (100 mL) and washed with saturated aqueous NaHCOj;
(10 mL) and brine (10 mL). The organic layer was dried (Na,SO,) and
the solvents were removed under reduced pressure. The residue was used
crude in the next reaction.

BC disaccharide 8: The crude glycosyl fluoride 10 (0.225 g, 0.47 mmol) and
ring C alcohol 11 (0.093 g, 0.26 mmol) were azeotroped with benzene (3 x
2 mL) and then dried under high vacuum for 1 h. The residue was dissolved
in Et,0 (2 mL), 4 A MS were added and the mixture was stirred for 5 min.
The reaction mixture was cooled to —10°C and SnCl, (0.09 g, 0.46 mmol)
was added in one portion. The resulting mixture was stirred at —10°C for
12 h. The reaction mixture was quenched by the addition of Et;N (5 mL),
diluted with CH,Cl, (100 mL), and washed with saturated aqueous
NaHCO; (10 mL) and brine (10 mL). The organic layer was dried (Na,SO,)
and the solvents were removed under reduced pressure. The residue was
purified by flash column chromatography (silica gel, 0 —50% Et,O in
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hexanes) to afford BC disaccharide 8 (0.168 g, 78 %, 3:a ca. 10:1) as a white
foam. 8: R;=0.42 (30 % Et,0 in hexanes); [a|¥ = —45.3 (¢=0.97, CHCLy);
IR (thin film): #=2930, 2855, 1514, 1472, 1438, 1248, 1102, 1024, 871,
837 cm~!; 'H NMR (500 MHz, CDCl;): 6 =7.51-722 (m, 17H, ArH), 6.79
(d, 7=8.5 Hz, 2H, PMB), 4.92, 472 (AB, J=10.0 Hz, 2H, CH,Ar), 4.85,
4.67 (AB, J=10.0 Hz, 2H, CH,Ar), 4.68 (d, J=9.0 Hz, 1 H, B1), 4.07 (d,
J=8.5Hz, 1H, C1), 3.77 (s, 3H, OMe), 3.56 (dd, J=9.5, 9.0 Hz, 1H, C4),
3.44 (s,3H, OMe), 3.33-3.28 (m, 4H, CS5 or B5, C3, B3, B4), 3.10 (dd, /=
10.5,8.5 Hz, 1H, C2), 3.05 (dg,J =9.5, 6.0 Hz, 1 H, B5 or C5), 3.00 (dd, J =
11.0,9.0 Hz, 1H, B2), 1.45 (d, /= 6.5 Hz, 3H, C6 or B6), 112 (d, /= 6.0 Hz,
3H, B6 or C6), 0.92 (s, 9H, rBuSi), 0.06, 0.05 (2 xs, 2 x3H, MeSi);
3C NMR (125 MHz, CDCl;): 6 =159.2, 159.1, 138.8, 136.8, 134.5, 133.0,
130.6, 129.6, 129.1, 128.9, 128.5, 127.9, 1274, 127.1, 126.2, 113.5, 103.9, 102.9,
82.9,81.7,80.8,76.8,75.7,75.1,74.6, 74.4,72.5,71.1,70.7,57.6, 56.9, 55.6, 55.2,
26.0, 18.7, 18.3, 18.0, — 3.4, —3.9; HRMS (FAB): calcd for CyoHqO5S,SiCs
[M+Cs]*: 965.2553, found 965.2515.

Disaccharide 42: Raney Ni (0.2 g, added portionwise at 0.1 gh~') was added
to a solution of BC disaccharide 8 (0.23 g, 0.28 mmol) in MeOH (30 mL) at
25°C and the resulting mixture was refluxed for 2 h. The reaction mixture
was filtered and the solvents were removed under reduced pressure. NaH
(0.013 g, 0.33 mmol) was added to a solution of the crude residue (ca.
0.28 mmol) in DMF (1 mL) at 0°C and the resulting mixture was stirred for
5 min. BnBr (0.043 mL, 0.36 mmol) and nBu,NI (0.020 g, 0.06 mmol) were
added and the resulting mixture was warmed to 25°C and stirred for 1 h.
The reaction mixture was quenched by the addition of saturated aqueous
NH,Cl (1 mL), diluted with Et,0 (100 mL), and washed with brine
(10 mL). The organic layer was dried (Na,SO,) and the solvents were
removed under reduced pressure. The residue was dissolved in THF
(2 mL), nBu,NF (0.33 mL, 0.33 mmol) was added and the resulting mixture
was stirred at 25°C for 1 h. The reaction was quenched with saturated
aqueous NH,CI (2 mL), diluted with Et,0 (100 mL) and washed with H,O
(10 mL). The organic layer was dried (Na,SO,), and the solvents were
removed under reduced pressure. The residue was purified by flash column
chromatography (silica gel, 0—80% Et,0 in hexanes) to afford BC
alcohol 42 (0.11 g, 78 % over three steps) as a white foam. 42: R;=0.12
(70% Et,0 in hexanes); [a]f =—20.5 (c=0.40, CHCl;); IR (thin film):
7=3476, 2931, 1612, 1514, 1452, 1366, 1249, 1068, 993, 909, 823, 734 cm™!;
'H NMR (600 MHz, CDCl;): 6=7.37-7.24 (m, 7H, ArH), 6.89 (d, J=
8.5Hz, 2H, PMB), 4.75 (dd, J=9.5, 2.0 Hz, 1H, B1), 4.68, 4.64 (AB, J=
11.5 Hz, 2H, CH,Ar), 4.60, 4.39 (AB, J=11.0 Hz, 2H, CH,Ar), 433 (dd,
J=9.5,2.0Hz, 1H, C1), 3.80 (s, 3H, OMe), 3.61 -3.46 (m, 1 H, B3), 3.48 (s,
3H, OMe), 3.36-3.15 (m, 5H, B4, BS, C3, C4, C5), 2.50 (brs, 1H, OH),
2.35-2.27 (m, 2H, B2, C2), 1.58 (ddd, / =12.0, 10.0, 10.0 Hz, 1 H, B2), 1.50
(ddd, /=12.0, 10.0, 10.0 Hz, 1H, C2), 1.34 (d, /= 6.0 Hz, 3H, B6), 1.28 (d,
J=6.0Hz, 3H, C6); °C NMR (125 MHz, CDCl;): 6 =159.4, 138.6, 130.3,
129.4, 128.3, 127.5, 114.0, 100.5, 100.0, 82.5, 78.5, 77.8, 75.5, 71.8, 71.0, 70.6,
56.5, 55.3, 36.9, 36.3, 30.2, 18.3, 18.0; HRMS (FAB): calcd for C,sH3305Cs
[M+Cs]*: 635.1621, found 635.1600.

Ester 43: 4 A MS (0.10 g) were added to a solution of BC alcohol 42 (0.10 g,
0.20 mmol) in THF (1 mL) at 25°C and the resulting mixture was stirred for
2 h. The solution was transferred to another flask via cannula and nBuLi
(0.14 mL, 1.6 M in hexanes, 0.22 mmol) was added at 25°C and the reaction
mixture was stirred for 1h. Acyl fluoride 7 (0.10 g, 0.30 mmol) was
dissolved in THF (0.5 mL) and added to the reaction mixture by cannula
and the resulting mixture was stirred for 24 h. The reaction was quenched
with saturated aqueous NH,Cl (1 mL), diluted with Et,O (100 mL), and
washed with H,O (10 mL). The organic layer was dried (Na,SO,) and the
solvents were removed under reduced pressure. The residue was purified
by flash column chromatography (silica gel, 0 — 80 % Et,O in hexanes) to
afford ester 43 (0.13 g, 80 %) as a white foam. 43: R;=0.36 (50 % Et,0O in
hexanes); [a]¥ =—10.6 (c=0.70, CHCl;); IR (thin film): 7=2961, 2928,
2851, 1738, 1513, 1455, 1258, 1095, 800, 741 cm~!; '"H NMR (600 MHz,
CDCly): 6 =757 (d,/=70Hz,2H, ArH), 7.44-725 (m, 8H, ArH), 721 (d,
J=8.5Hz,2H, PMB), 6.83 (d, /=8.5 Hz, 2H, PMB), 5.02 (s, 2H, CH,Ar),
5.00 (t, J=9.5Hz, 1H, B4), 4.74 (dd, J=9.5, 1.0 Hz, 1H, B1), 4.70, 4.66
(AB, J=12.0 Hz, 2H, CH,Ar), 4.54, 442 (AB, /=115 Hz, 2H, CH,Ar),
4.33 (dd, J=9.5, 2.0 Hz, 1H, C1), 3.81 (s, 3H, OMe), 3.80 (s, 3H, OMe),
3.63-3.57 (m, 2H, B3, C3), 3.48 (s, 3H, OMe), 3.38, 3.35 (dq, J=9.5,
6.0 Hz, 2H, BS5, C5), 3.27 (t, J=9.0 Hz, 1H, C4), 2.37-2.29 (m, 2H, B2,
C2),2.22 (s,3H, ArMe), 1.66, 1.58 (ddd, J=12.0, 10.0 10.0 Hz, 2H, B2, C2),
1.34, 1.31 (d, J=6.0 Hz, 6H, B6, C6); 3C NMR (125 MHz, CDClL;): 6 =
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165.8, 159.2, 152.8, 152.1, 138.6, 136.1, 133.6, 129.9, 129.1, 128.5, 128.5,
128.3, 128.3, 127.6, 127.5, 1274, 1274, 126.1, 121.4, 113.7, 100.6, 100.2, 83.0,
777, 75.8, 74.9, 71.8, 71.0, 70.4, 62.2, 56.6, 55.3, 37.0, 30.3, 29.7, 17.7, 17.4;
HRMS (FAB): caled for Cu,H;CLO,,Cs [M+Cs]*: 957.1785, found
957.1820.

Alcohol 44: DDQ (0.047 g, 0.20 mmol) was added to a solution of ester 43
(0.13 g, 0.16 mmol) in CH,Cl,/H,O (10:1, 1 mL) at 0°C and the resulting
mixture was warmed to 25 °C and stirred for 2 h. The reaction mixture was
diluted with CH,Cl, (100 mL) and washed with saturated aqueous
NaHCO; (10 mL) and brine (10 mL). The organic layer was dried (Na,SO,)
and the solvents were removed under reduced pressure. The residue was
purified by flash column chromatography (silica gel, 0—80% Et,0O in
hexanes) to afford alcohol 44 (0.09 g, 80 %) as a white foam. 44: R;=0.29
(60% Et,0 in hexanes); [a]¥ =—6.43 (c=0.53, CHCL); IR (thin film):
7=3500, 2925, 1736, 1651, 1558, 1456, 1392, 1258, 1095, 1068, 1034 cm™';
'"H NMR (500 MHz, CDCl;): 6 =7.60 (brd,J =8.0 Hz, 2H, ArH), 7.44-7.32
(m, 8H, ArH), 5.03 (s, 2H, CH,Ar), 4.82 (dd, J=9.0, 8.5 Hz, 1H, B4), 4.80
(brd, J=9.0 Hz, 1H, B1), 4.71, 4.67 (AB, /=115 Hz, 2H, CH,Ar), 434
(dd, J=10.0,2.0 Hz, 1H, C1), 3.88 (s, 3H, OMe), 3.79 (brddd, /=9.5, 9.0,
4.0 Hz, 1H, B3),3.59 (ddd,J=11.5,8.5,5.5 Hz, 1H, C3),3.48 (s,3H, OMe),
3.38 (m, 2H, B5, C5),3.29 (dd, J=9.5,8.5 Hz, 1 H, C4), 2.68 (d, / =4.0 Hz,
1H, OH), 2.36 (s, 3H, ArMe), 2.32-2.26 (m, 1H, B2), 2.3 (ddd, /=12.5,
5.5,2.0Hz,1H, C2),1.74 (ddd, J =12.5,9.5,9.0 Hz, 1 H, B2), 1.59 (ddd, J =
12.5,11.5,10.0 Hz, 1H, C2),1.34 (d,/ =5.5 Hz, 3H, B6), 1.30 (d, /= 6.0 Hz,
3H, C6); *C NMR (125 MHz, CDCL,): 6 =166.4, 153.0, 151.9, 138.6, 135.9,
133.2, 128.6, 128.5, 1275, 1274, 1270, 125.5, 121.4, 100.5, 100.4, 83.2, 79.9,
77.6,74.9,71.8,70.9, 69.7, 62.4, 56.5, 39.4, 37.0, 30.3, 18.2, 17.7, 17.4; HRMS
(FAB): calcd for Cs;H,,0,,CLL,Na [M+Na]*: 7272053, found 727.2029.

A;B(A)C fragment 45: A ring glycosyl fluoride 9 (0.014 g, 0.07 mmol) and
alcohol 44 (0.023 g, 0.033 mmol) were azeotroped with benzene (1 mL) and
then dried under high vacuum for 1 h. The residue was dissolved in CH,Cl,
(0.2mL), 4 A MS were added, and the mixture was cooled to —35°C and
stirred for 5Smin. BF;-Et,0 (0.096 mL, 0.38Mm solution in CH,Cl,,
0.04 mmol) was added to the reaction mixture in one portion and the
resulting mixture was warmed to 25°C and stirred for 12 h. The reaction
mixture was quenched by the addition of Et;N (1 mL), diluted with CH,Cl,
(100 mL), and washed with saturated aqueous NaHCOj; (10 mL) and brine
(10 mL). The organic layer was dried (Na,SO,) and the solvents were
removed under reduced pressure. The residue was purified by flash column
chromatography (silica gel, 0 — 100 % Et,O in hexanes) to afford A;B(A)C
model system 45 (0.028 g, 95 %) as a white foam. 45: R;=0.28 (50 % Et,0
in hexanes); [a]¥# = —53.6 (c=0.61, CHCl;); IR (thin film): 7= 2936, 1736,
1543 1455, 1391, 1251, 1128, 1033, 740 cm~!; 'H NMR (500 MHz, CDCl;):
0=758-728 (m, 10H, ArH), 5.05, 5.02 (AB, /=10.5 Hz, 2H, CH,Ar),
4.96 (dd,J=5.0,1.7 Hz, 1H, A1), 4.88 (t,/=9.5 Hz, 1 H, B4),4.76 (dd, /=
9.5,1.5Hz, 1H, B1), 4.68 (s,2H, CH,Ar), 434 (dd,/=9.5,1.5 Hz, 1 H, C1),
3.89-3.83 (m, 1H, BS), 3.83 (s, 3H, OMe), 3.65 (d, /=9.5 Hz, 1H, A4),
3.64-3.58 (m, 1H, B3), 3.51-3.47 (m, 1H, AS5), 3.48 (s, 3H, OMe), 3.39—
3.30 (m, 2H, C3, C5), 3.36 (s, 3H, OMe), 3.27 (t,/=9.0 Hz, 1H, C4), 2.43
(dd, J=13.0, 4.0 Hz, 1H, A2), 2.38 (s, 3H, ArMe), 2.37-2.27 (m, 2H, B2,
C2),2.02 (dd, J=13.0, 0.5 Hz, 1H, A2), 1.69 (s, 3H, Me (A3)), 1.68-1.60
(m, 2H, B2, C2), 1.35-1.33 (m, 6 H, B6, C6), 0.83 (d, J =6.0 Hz, 3H, A6);
13C NMR (125 MHz, CDCL): 6 =165.6, 153.3, 153.2, 138.6, 135.9, 134.8,
128.6, 128.5, 128.3, 127.5, 127.4, 127.3, 126.4, 126.0, 125.5, 121.7, 100.5, 100.0,
92.4, 90.0, 84.3, 83.0, 77.7, 76.2, 74.9, 72.5, 71.6, 71.0, 66.2, 62.0, 60.8, 56.5,
40.1, 36.9, 36.5, 34.2, 30.3, 29.7, 19.4, 18.4, 17.6; HRMS (FAB): calcd for
CuHssCLNO,Na [M+Na]*: 914.2897, found 914.2931.

A;B(A)C diol 6: 10% Pd/C (2.0 mg) was added to a solution of the
A,B(A)C model system 45 (25 mg, 0.03 mmol) in tBuOMe (1.5 mL) and
the resulting mixture was stirred under 1 atm of H, (balloon) at 25°C for
2 h. The reaction mixture was filtered through a pad of Celite, the pad was
washed with EtOAc (50 mL), and the solvents were removed under
reduced pressure. The residue was purified by flash column chromatog-
raphy (silica gel, 0— 100% Et,O in hexanes) to afford A;B(A)C diol 6
(0.019 g, 95%) as a white foam. 6: R;=0.36 (90% Et,0 in hexanes);
[a]f =—45.2 (c=0.54, CHCl;); IR (thin film): 7= 3456, 2926, 2854, 1725,
1544, 1449, 1389, 1299, 1250, 1127, 1037 cm~'; 'H NMR (500 MHz, CDCl;):
0=06.98 (s, 1H, OH), 4.98 (dd, J=4.5, 1.5 Hz, 1H, Al),4.94 (t,J=9.0 Hz,
1H, B4), 4.53 (dd, /=9.5, 1.5 Hz, 1H, B1), 4.40 (dd, /=9.5, 1.5 Hz, 1H,
Cl1),4.21 (ddd, J=11.5,9.5, 5.5 Hz, 1H, B3), 3.92 (dq, J=9.0, 6.5 Hz, 1 H,
C5), 3.88 (s, 3H, OMe), 3.65 (d, J=9.0Hz, 1H, A4), 3.64 (dq, /=9.0,
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6.5 Hz, 1H, AS), 3.63 (m, 1H, C3), 3.49 (s, 3H, OMe), 3.48-3.37 (m, 1H,
B5), 3.35 (s, 3H, OMe), 2.99 (dd, J=9.0, 8.5 Hz, 1 H, C4),2.47 (dd, J = 14.0,
5.0 Hz, 1H, A2),2.38 (s, 3H, ArMe), 2.37-2.28 (m, 2H, B2, C2), 2.03 (dd,
J=14.0,2.0 Hz, 1H, A2), 1.76 - 1.58 (m, 2 H, B2, C2), 1.67 (s, 3H, Me (A3)),
1.44 (d, J=6.5Hz, 3H, B6 or C6), 1.29 (d, J=6.0 Hz, 3H, B6 or C6), 0.86
(d, /=6.0Hz, 3H, A6); BC NMR (125 MHz, CDCL;): 6 =165.5, 153.5,
150.2, 134.7, 125.5, 121.6, 117.6, 100.7, 92.5, 89.9, 89.0, 84.3, 82.8, 75.5, 72.0,
70.2,69.5, 66.4,62.1,60.8, 56.7,40.0, 38.1, 36.0, 34.3,29.7,19.5, 18.1,17.8, 17.7,
HRMS (FAB): caled for C;H,;CLNO,Na [M+Na]™: 734.1958, found
734.1938.

Methyl ester 48: K,CO; (4.52 g, 37.70 mmol) was added to a solution of acid
26 (11.00 g, 65.40 mmol) in acetone (300 mL) at 25°C and the resulting
mixture was stirred for 2 h. Mel (41.00 mL, 655.0 mmol) was added and the
resulting mixture was stirred for 24 h at 25°C. The reaction mixture was
filtered and the solvents were removed under reduced pressure. The
residue was purified by flash column chromatography (silica gel, 0 — 60 %
Et,0 in hexanes) to afford methyl ester 48 (10.72 g, 90 % ) as a white foam.
48: R;=0.38 (50% Et,0 in hexanes); IR (thin film): 7 = 3401, 2940, 1612,
1502, 1450, 1381, 1327, 1264, 1210, 1187, 1107, 1062, 996, 951, 834, 800 cm~';
'HNMR (500 MHz, CDCl,): 6 =11.82 (s, 1H, OH), 6.28 (d,J/ =2.5 Hz, 1 H,
ArH), 6.23 (d, J=2.5 Hz, 1 H, ArH), 5.69 (s, 1 H, OH), 3.92 (s, 3H, OMe),
248 (s, 3H, Me); BC NMR (125 MHz, CDCL): 6 =165.1, 160.3, 144.0,
1114, 101.2, 51.9, 24.2; HRMS (MALDI): caled for CgHyO, [M+H]*":
169.0501, found 169.0502.

Bis-chloromethyl ester 49: SO,Cl, (6.10 mL, 75.47 mmol) was added to a
solution of methyl ester 48 (5.50 g, 30.19 mmol) in CH,Cl, (200 mL) at
25°C and the resulting mixture was refluxed for 3 h. The solvents were
removed under reduced pressure and the residue was purified by flash
column chromatography (silica gel, 0 —60% Et,O in hexanes) to afford
the bis-chloromethyl ester 49 (7.20 g, 95 %) as a white foam. 49: R;=0.57
(50% Et,0 in hexanes); IR (thin film): ¥ =3606, 3526, 2962, 1718, 1649,
1590, 1544, 1413, 1331, 1262, 1217, 960, 803, 764 cm~'; 'H NMR (600 MHz,
CDCl;): 0 =648 (brs, 1H, OH), 3.98 (s, 3H, OMe), 2.61 (s, 3H, Me);
3C NMR (150 MHz, CDCL,): 6 =171.4, 158.1, 152.4, 137.9, 113.9, 1072,
106.6, 53.0,21.4; HRMS (MALDI): calcd for CoH,ClL,O, [M+H]*: 250.9883,
found 250.9876.

TIPS ether 50: TIPSOTS (7.65 mL, 28.46 mmol) was added to a solution of
methyl ester 49 (6.50g, 28.46 mmol) and 2.6-lutidine (4.36 mL,
38.81 mmol) in CH,Cl, (150 mL) at —78°C and the resulting mixture was
stirred for 0.5 h. The reaction mixture was quenched by the addition of
MeOH (10 mL), diluted with CH,Cl, (500 mL) and washed with saturated
aqueous NaHCO; (70 mL) and brine (50 mL). The organic layer was dried
(Na,SO,) and the solvents were removed under reduced pressure. The
residue was purified by flash column chromatography (silica gel, 0 — 20 %
Et,0 in hexanes) to afford TIPS ether 50 (9.49 g, 90 %) as a white foam. 50:
R;=0.57 (50 % Et,0 in hexanes); IR (thin film): 7 =2943, 2869, 1736, 1665,
1542, 1458, 1379, 1317, 1283, 1244, 1123, 972, 886, 781, 684 cm~'; 'H NMR
(500 MHz, CDCl;): 6 =11.87 (s, 1H, OH), 3.97 (s, 3H, CO,Me), 2.60 (s,3H,
Me), 1.49-1.46 (m, 3H, iPr;Si), 1.13 (d, /=75 Hz, 18H, iPr;Si); *C NMR
(125 MHz, CDCL,): 6 =171.4, 164.3, 158.1, 152.3, 137.8, 113.9, 107.2, 64.5,
527, 19.7, 172; HRMS (MALDI): caled for C;gH,Cl,0,Si [M+H]*:
407.1212, found 407.1222.

Methyl ether 51: Mel (6.79 mL, 109.0 mmol) was added to a solution of
phenol 50 (740 g, 18.17 mmol) and Ag,0O (16.84 g, 72.67 mmol) in Et,0
(300 mL) at 25°C and the resulting mixture was refluxed for 12 h. The
reaction mixture was filtered and the solvents were removed under reduced
pressure. The residue was purified by flash column chromatography (silica
gel, 0—20% Et,0 in hexanes) to afford the methyl ether 51 (6.97 g, 91 %)
as a white foam. 51: R;=0.68 (50% Et,0 in hexanes); IR (thin film): 7=
2945, 2867, 1732, 1574, 1556, 1458, 1392, 1352, 1258, 1192, 1127, 1065, 1005,
960, 884, 768, 686, 658 cm~'; 'TH NMR (500 MHz, CDCl;): 6 =3.90 (s, 3H,
CO,Me), 3.83 (s, 3H, OMe), 2.60 (s, 3H, Me), 1.45-1.43 (m, 3H, iPr;Si),
1.11 (d, J=7.5 Hz, 18H, iPr;Si); *C NMR (125 MHz, CDCL;): 6 =167.2,
152.4, 1512, 132.9, 123.6, 122.8, 118.3, 61.9, 52.4, 31.5, 22.6, 177, 14.0;
HRMS (MALDI): caled for C,sH;,Cl,0,SiNa [M+Na]*: 443.1188, found
443.1185.

Phenol 52: nBu,NF (23.76 mL, 23.76 mmol) was added to a solution of
TIPS ether 51 (7.70 g, 18.28 mmol) in THF (100 mL) and the resulting
mixture was stirred at 25°C for 2 h. The solvents were removed under
reduced pressure and the residue was purified by flash column chromatog-
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raphy (silica gel, 0—50% Et,0 in hexanes) to afford phenol 52 (4.65 g,
96 %) as a white solid. 52: R;=0.53 (50 % Et,0 in hexanes); IR (thin film):
7=3520,2943, 2872, 1725, 1572, 1461, 1355, 1251, 1202, 1132, 1096, 955, 885,
803 cm~!; '"H NMR (500 MHz, CDCl;): 6 =6.08 (s, 1H, OH), 3.91 (s, 3H,
CO,Me), 3.86 (s, 3H, OMe), 2.28 (s, 3H, Me); *C NMR (125 MHz,
CDCLy): 6=1670, 152.4, 149.7, 133.1, 122.8, 117.2, 112.9, 62.1, 52.6, 17.3;
HRMS (MALDI): caled for C,H;,CL,O,Na [M+Na]*: 286.9855, found
286.9831.

Benzyl ether 53: K,CO; (1.35 g, 9.77 mmol) was added to a solution of
phenol 52 (3.70 g, 13.95 mmol) and BnBr (1.99 mL, 16.74 mmol) in acetone
(100 mL) at 25°C and the resulting mixture was refluxed for 8 h. The
reaction mixture was filtered and the solvents were removed under reduced
pressure. The residue was purified by flash column chromatography (silica
gel, 0 — 60 % Et,0 in hexanes) to afford methyl ester 53 (4.56 g,92%) as a
white foam. 53: R;=0.65 (50 % Et,0 in hexanes); IR (thin film): ¥ = 3020,
2944, 2866, 1734, 1560, 1462, 1376, 1330, 1265, 1130, 1098, 972, 834,
744 cm1; 'H NMR (600 MHz, CDCl;): 6 =7.58 (d, /=7.0 Hz, 2H, ArH),
742-17.36 (m, 3H, ArH), 5.03 (s, 2H, CH,Ar), 3.95 (s, 3H, CO,Me), 3.89 (s,
3H, OMe), 2.33 (s, 3H, Me); *C NMR (150 MHz, CDCl;): 6 =166.8, 152.7,
152.3,135.9,133.3, 128.3, 127.0, 125.9, 121.4, 74.7, 62.0, 52.5, 17.5,17.3, 12.2;
HRMS (MALDI): caled for C;;H;(CL,O,Na [M+Na]*: 377.0323, found
377.0337.

Ring B V1,2, 3: R;=0.40 (50% Et,0 in hexanes); [a]§ = +108.6 (¢ =2.10,
CHCl;); IR (thin film): 7= 3479, 2931, 1724, 1513, 1258, 1200, 1117, 1068,
711 cm™'; '"H NMR (500 MHz, CDCl;): 6 =8.00 (d, J=7.7 Hz, 2H, ArH),
7.60 (d, J=70Hz, 1H, ArH), 7.50-7.25 (m, 7H, ArH), 7.10 (d, J=8.5 Hz,
2H, PMB), 6.70 (d, J=8.5Hz, 2H, PMB), 5.61 (s, 1H, B1), 537 (t, /=
10.0 Hz, 1H, B4), 4.58, 4.47 (AB, J=11.8 Hz, 2H, CH,Ar), 435 (dq, J=
10.0, 5.9 Hz, 1H, BS5), 4.28 (dd, /=3.3, 1.8 Hz, 1H, B2), 3.87 (dd, /=9.2,
3.0 Hz, 1H, B3), 3.74 (s, 3H, OMe), 2.80 (brs, 1 H, OH), 1.23 (d, /= 6.0 Hz,
3H, B6); *C NMR (125 MHz, CDCl,): 6 =166.1, 159.9, 134.2, 133.6, 131.8,
130.3, 130.2, 129.6, 129.5, 128.8, 127.9, 87.3, 76.6, 73.5, 71.8, 70.2, 68.2, 55.7,
17.8; HRMS (MALDI): calcd for C,;H,304SNa [M+Na]*: 503.1504, found
503.1509.

Ring B V4: R;=0.45 (50% Et,0 in hexanes); [a]¥ =+154.6 (c=1.05,
CHCL;); IR (thin film): 7=3442, 2932, 1612, 1514, 1249, 1102, 845,
767 cm~'; '"H NMR (600 MHz, CDCl,): 6 =7.44-724 (m, 7H, ArH), 6.90
(d, J=8.8 Hz, 2H, PMB), 5.97-5.90 (m, 1H, CHCH,), 5.49 (d, J=1.1 Hz,
1H, B1), 527 (dm, /=173 Hz, 1H, CH,-E), 518 (dm, J=10.7 Hz, 1H,
CH),-Z), 4.64, 461 (AB, J=114Hz, 2H, CH,Ar), 436-4.32 (m, 1H,
OCH,),4.18-4.11 (m, 3H, OCH,, B2, B5), 3.81 (s, 3H, OMe), 3.76 (dd, J =
9.2,3.3Hz, 1H, B3),3.37 (t,/=9.6 Hz, 1H, B4), 2.67 (brs, 1 H, OH), 1.29
(d, /=63 Hz, 3H, B6); *C NMR (125 MHz, CDCl,): 6 =160.0, 135.3,
134.6,131.8,130.2, 130.0, 129.4, 127.7,117.4, 114.4, 87.4, 80.3, 80.0, 74.6, 72.4,
70.6, 69.2, 55.7, 18.2; HRMS (MALDI): caled for C,;H,30sSNa [M+Na]*:
439.1555, found 439.1560.

Ring B V5: R;=0.60 (30% Et,0 in hexanes); [a]¥ =+169.4 (c=1.0,
CHCL); IR (thin film): 7=3502, 2954, 2875, 1612, 1514, 1458, 1249, 1105,
840, 741 cm~'; 'H NMR (500 MHz, CDCLy): 6 =7.45-722 (m, 7H, ArH),
6.89 (d,/=8.7Hz, 2H, PMB), 549 (d, /=14 Hz, 1 H, B1), 4.60, 4.51 (AB,
J=112Hz, 2H, CH,Ar), 4.12 (dd, /=28, 1.4 Hz, 1H, B2), 4.09 (dq, J=
8.3, 6.3 Hz, 1H, B5), 3.81 (s, 3H, OMe), 3.62 (t, /=8.8 Hz, 1 H, B4), 3.60
(dd, J=8.7, 3.1 Hz, 1H, B3), 2.60 (brs, 1H, OH), 1.26 (d, J=6.3 Hz, 3H,
B6), 0.96 (t, J=8.0Hz, 9H, MeCH,Si), 0.66-0.55 (m, 6H, CH,Si);
BC NMR (125 MHz, CDCLy): 6 =159.5, 134.2, 131.4, 129.8, 129.5, 129.0,
1275, 114.0, 86.9, 80.3, 73.0, 71.6, 70.1, 69.6, 55.3, 17.9, 7.0, 5.2; HRMS
(MALDI): caled for CyH3305SSiNa [M+Na]*: 513.2107, found 513.2108.

Ring B V7: R;=036 (50% Et,0 in hexanes); [a]# =+152.2 (c=1.0,
CHCL); IR (thin film): ¥ = 3476, 3058, 2982, 2935, 2897, 2836, 1752, 1612,
1514, 1370, 1256, 1102, 988, 771 cm~'; '"H NMR (500 MHz, CDCL,): 6 =
743-722 (m, 7H, ArH), 6.88 (d,J=8.5 Hz, 2H, PMB), 5.98-5.91 (m, 1H,
CHCH,), 5.53 (d, /J=1.1Hz, 1H, B1),5.38 (dd, /=173, 1.5 Hz, 1H, CH,-
E), 528 (dd, J=10.6, 1.5Hz, 1H, CH,-Z), 4.89 (t, J=9.6 Hz, 1H, B4),
4.60-4.61 (m, 2H, OCH,), 4.60, 4.56 (AB, J=11.8 Hz, 2H, CH,Ar), 4.26
(dq,J=9.5,62 Hz, 1H, B5),4.19 (dd, /=3.3,1.9 Hz, 1 H, B2), 3.80 (s, 3H,
OMe), 3.79 (dd, J=7.7, 4.4 Hz, 1H, B3), 2.80 (brs, 1H, OH), 1.24 (d, /=
6.2 Hz,3H, B6); *C NMR (125 MHz, CDCL;): 6 =159.5,154.6,133.7,131.4,
131.3, 129.4, 129.0, 1274, 119.0, 113.9, 86.7, 71.9, 70.0, 68.7, 67.2, 55.2, 17.2;
HRMS (MALDI): caled for C,H,s0;SNa [M+Na]*: 483.1448, found
483.1456.
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Ring C Y1: R;=0.68 (30% Et,0 in hexanes); [a]¥=—378 (c=1.07,
CHClL;); IR (thin film): 7=3456, 2943, 2856, 1463, 1383, 1066, 834, 791,
685cm~!; 'TH NMR (500 MHz, CDCl;, f only): 6=736-727 (m, SH,
ArH),4.93,4.69 (AB,J=12.1 Hz,2H, CH,Ar), 4.65 (d,/ =7.0 Hz, 1H, C1),
3.63 (t, J=8.1Hz, 1H, C2), 329 (dq, =92, 63 Hz, 1H, C5), 3.26 (t, /=
8.4 Hz, 1H, C3),3.21 (t, /=88 Hz, 1H, C4), 1.80 (brs, 1H, OH), 1.23 (d,
J=6.0Hz, 3H, C6), 1.20~1.05 (m, 42H, iPr,Si); °C NMR (125 MHz,
CDCly): 6 =139.1, 128.6, 1277, 1275, 98.7, 86.7, 77.6, 75.6, 74.9, 71.2, 18.3,
18.1, 13.6, 13.2; HRMS (MALDI): caled for C;HsOsSi,Na [M+Na]*:
589.3720, found 589.3738.

Ring C Y2, 4, 5, 6, 7: R;=0.68 (30% Et,0 in hexanes); [a]¥ =—573 (c=
1.0, CHCl;); IR (thin film): 7 = 3456, 2945, 2930, 2856, 1471, 1253, 1069, 838,
780 cm~'; 'H NMR (500 MHz, CDCl,, f only): 6 =727-710 (m, 5H,
ArH), 4.86, 4.51 (AB, J=12.0 Hz, 2H, CH,Ar), 4.39 (d, J=6.1 Hz, 1H,
Cl),3.33 (t, J=8.4 Hz, 1 H, C2), 3.16 (dq, J = 9.0, 6.1 Hz, 1 H, C5), 3.12 (t,
J=8.7Hz, 1H, C3), 3.07 (t, ] =8.9 Hz, 1 H, C4), 1.60 (brs, 1 H, OH), 1.14
(d, J=6.0 Hz, 3H, C6), 0.84, 0.81 (2 x s, 2 x 9H, rBuSi), 0.03, 0.02 (2 x s,
2 x 3H, MeSi), 0.02 (s, 6 H, MeSi); *C NMR (125 MHz, CDCl;): 6 =138.7,
128.8, 128.0, 98.1, 86.1, 75.9, 75.3, 71.3, 26.1, 18.4, 18.1, 177, —3.6, —3.8,
—4.2, —47, HRMS (MALDI): caled for C,H,O;Si,Na [M+Na]*:
505.2781, found 505.2776.

Ring C Y3: R;=0.19 (30% Et,0 in hexanes); [a]¥=-53 (c=1.20,
CHCl,); IR (thin film): #=3518, 3031, 2938, 1767, 1453, 1366, 1238, 1077,
1016, 972, 786, 701 cm~'; 'H NMR (600 MHz, CDCl;): 6 =7.37-7.30 (m,
SH, ArH), 5.95-5.86 (m, 2H, CHCH,), 5.50 (d, J =83 Hz, 1H, C1), 5.35
(d,J=17.1Hz, 1H, CH,-E), 5.34 (d, J =17.1 Hz, 1 H, CH,-E), 527 (d, J =
10.5Hz, 1H, CH,-Z), 524 (d, J=10.5Hz, 1H, CH,-Z), 491 (dd, J=94,
8.3 Hz, 1H, C2), 479, 4.67 (AB, J=11.5 Hz, 2H, CH,Ar), 4.65-4.63 (m,
4H, OCH,), 3.55 (t, J=9.3 Hz, 1 H, C3), 3.50 (dq, J = 9.4, 6.1 Hz, 1 H, C5),
335 (t,J=9.4 Hz, 1 H, C4),2.33 (s, 1 H, OH), 1.33 (d, /= 6.1 Hz, 3H, C6);
3C NMR (150 MHz, CDCl;): 6 =153.9, 153.4, 1377, 131.2, 131.0, 128.7,
128.0, 127.9, 119.3, 119.2, 95.2, 82.3, 76.2, 74.9, 74.6, 72.7, 69.0, 69.0, 17.4;
HRMS (MALDI): caled for C,H,O/Na [M+Na]*: 445.1474, found
445.1455.

Tosylate 56: TsCl (14.10 g, 73.95 mmol) was added to a solution of diol 542!
(21.0 g, 67.22 mmol) in pyridine (130 mL) at 0°C and the resulting mixture
was warmed to 25°C and stirred for 12 h. The reaction mixture was
quenched by the addition of H,O (10 mL), diluted with Et,0 (1.0 L) and
washed with saturated aqueous NaHCO; (100 mL) and brine (50 mL). The
organic layer was dried (Na,SO,) and the solvents were removed under
reduced pressure. The residue was dissolved in CH,Cl, (300 mL) and 2,6-
lutidine (11.75 mL, 100.8 mmol) was added. The reaction mixture was
cooled to 0°C and TIPSOTf (19.20 mL, 73.95 mmol) was added. The
resulting mixture was warmed to 25°C and stirred for 0.5 h. The reaction
mixture was quenched by the addition of MeOH (10 mL), diluted with
CH,Cl, (1 L), and washed with saturated aqueous NaHCO; (100 mL) and
brine (100 mL). The organic layer was dried (Na,SO,) and the solvents
were removed under reduced pressure. The residue was purified by flash
column chromatography silica gel, 0 —50% Et,0O in hexanes) to afford
tosylate 56 (36.85 g, 88% over two steps) as a white foam. 56: R;=0.66
(30% Et,0 in hexanes); [a]f =+120.5 (¢ =1.03, CHCL,); IR (thin film):
7=3061, 2942, 2867, 1598, 1459, 1366, 1243, 1216, 1184, 1107, 972, 879, 811,
752, 670 cm~'; '"H NMR (400 MHz, CDCl,): 6 =7.66 (d, /=82 Hz, 2H,
ArH), 7.51-724 (m, 7H, ArH), 5.56 (s, 1H, B1), 4.31-4.28 (m, 2H, B2,
B3),4.22-4.18 (m, 1H, BS), 4.10 (dd, J=10.2, 6.7 Hz, 1H, B6), 4.07 (t,J =
6.2 Hz, 1H, B4),3.73 (dd,J =94, 6.7 Hz, 1 H, B6), 2.42 (s, 3H, ArMe), 1.44
(s, 3H, Me), 1.32 (s, 3H, Me), 1.13-1.01 (m, 21H, iPr;Si); *C NMR
(100 MHz, CDCl;): 6 =144.6, 133.0, 132.7, 132.3, 129.6, 129.1, 128.0, 127.8,
78.6,76.1,70.9,70.1, 69.2, 278, 26.2, 21.6,18.2,17.7,12.5; HRMS (MALDI):
caled for C3Hy05S,SiNa [M+Na]*: 645.2352, found 645.2358.

TIPS ether 57: LAH (2.72 g, 71.68 mmol) was added to a solution of
tosylate 56 (34.35 g, 55.14 mmol) in THF (300 mL) at 0°C and the resulting
mixture was heated to 45°C and stirred for 6 h. The reaction mixture was
cooled to 0°C, quenched by the addition of saturated aqueous NH,CI
(50 mL) and stirred for 1 h. The reaction mixture was diluted with Et,O
(1L) and washed with saturated aqueous NH,Cl (100 mL) and brine
(100 mL). The organic layer was dried (Na,SO,) and the solvents were
removed under reduced pressure. The residue was purified by flash column
chromatography (silica gel, 0 — 50 % Et,0O in hexanes) to afford TIPS ether
57 (21.47 g, 90%) as a white foam. 57: R;=0.41 (30% Et,0 in hexanes);
[a]® =+4158.2 (¢ =1.01, CHCl;); IR (thin film): 7= 3060, 2941, 2867, 1583,
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1459, 1381, 1243, 1218, 1164, 1110, 1072, 1019, 865, 751, 685 cm~'; 'H NMR
(400 MHz, CDCL,): 6 =7.50-724 (m, 5H, ArH), 5.56 (d, J=0.6 Hz, 1H,
B1),4.32 (dd,J =59, 1.5 Hz, 1H, B2),4.08 (t,J = 6.2 Hz, 1 H, B3), 4.02 (dq,
J=88,62Hz, 1H, B5),3.62 (dd,J=9.1,6.5 Hz, 1H, B4), 1.50 (s, 3H, Me),
1.34 (s, 3H, Me), 1.25 (d, J = 6.5 Hz, 3H, B6), 1.22-1.08 (m, 21 H, iPrSi);
13C NMR (100 MHz, CDCL,): 6 =133.8, 131.7, 129.0, 109.1, 83.9, 78.9, 76.5,
763,279, 26.4, 183,182, 17.7; HRMS (MALDI): calcd for C,,H,,0,SSiNa
[M~+Na]*: 475.2314, found 475.2322.

Diol 58: TsOH (1.85 g, 9.71 mmol) was added to a solution of TIPS ether 57
(21.00 g, 48.55 mmol) and ethylene glycol (6.43 mL, 121.37 mmol) in
MeOH (200 mL) at 25°C and the resulting mixture was stirred for 10 h.
The reaction mixture was quenched by the addition of Et;N (50 mL) and
the solvents were removed under reduced pressure. The residue was diluted
with CH,Cl, (1 L) and washed with saturated aqueous NaHCO; (100 mL)
and brine (100 mL). The organic layer was dried (Na,SO,) and the solvents
were removed under reduced pressure. The residue was purified by flash
column chromatography (silica gel, 0 — 100 % EtOAc in hexanes) to afford
diol 58 (16.03 g, 80%) as a white foam. 58: R;=0.35 (50% Et,0O in
hexanes); [a]# =+214.3 (c=1.01, CHCL); IR (thin film): ¥ = 3382, 2940,
2864, 1586, 1462, 1350, 1250, 1167, 1128, 1074, 1020, 972, 884, 842, 789, 735,
684 cm~!; '"H NMR (400 MHz, CDCl;): 6 =7.50-7.26 (m, SH, ArH), 5.56 (s,
1H, B1), 4.15-4.12 (m, 1H, B3), 4.10 (dq, J=8.2, 62 Hz, 1H, B5), 3.78
(ddd, J=8.2,6.2,3.2 Hz, 1H, B2),3.72 (t, /=82 Hz, 1H, B4), 2.63 (d, /=
44 Hz,1H, OH),2.40 (d,/=5.9 Hz, 1H, OH), 1.34 (d,/ = 6.2 Hz, 3H, B6),
1.21-1.09 (m, 21 H, iPr;Si); *C NMR (100 MHz, CDCL,): 6 = 134.0, 131.5,
129.0, 127.4, 87.0, 75.4, 72.8, 72.3, 70.5, 18.3, 17.8, 13.0; HRMS (MALDI):
caled for C, H3,0,SSiNa [M-+Na]*: 435.2001, found 435.2004.

Alcohol 59: nBu,SnO (10.62 g, 42.65 mmol) was added to a solution of diol
58 (16.00 g, 38.77 mmol) in toluene (200 mL) and the resulting mixture was
refluxed with removal of H,O using a Dean Stark apparatus for 3 h. The
reaction mixture was cooled to 25°C and PMBCI (7.89 mL, 58.16 mmol)
and nBu,NI (2.86 g, 7.75 mmol) were added. The reaction mixture was
refluxed again for 3 h, and then the reaction mixture was quenched by the
addition of H,O (5mL). The solvents were removed under reduced
pressure and the residue was purified by flash column chromatography
(silica gel, 0 — 80 % Et,0 in hexanes) to afford alcohol 59 (17.15 g, 83 %) as
a white solid. 5§9: R;=0.50 (50 % Et,O in hexanes); [a]¥ = +53.2 (¢ =1.05,
CHCL;); IR (thin film): 7= 3559, 3059, 2942, 1613, 1585, 1517, 1461, 1249,
1110, 883, 739, 683 cm~!; '"H NMR (400 MHz, CDCl;): 6 =745-723 (m,
5H, ArH), 722 (d, J=8.5 Hz, 2H, PMB), 6.86 (d, /=8.5 Hz, 2H, PMB),
548 (d,J=1.5Hz, 1H, B1), 4.68, 444 (AB, J=11.4 Hz, 2H, CH,Ar), 4.02
(dq,/=82,6.4Hz, 1H, B5),3.92 (dd,/=3.2,1.5 Hz, 1H, B2),3.80 (s, 3H,
OMe), 3.68 (ddd, J=9.7, 8.5, 3.2 Hz, 1 H, B3), 3.65 (t,/=8.5 Hz, 1H, B4),
2.24 (d, J=9.7Hz, 1H, OH), 1.33 (d, J=6.4 Hz, 3H, B6), 1.26-1.07 (m,
21H, iPr;Si); BC NMR (100 MHz, CDCl;): 6 =159.5, 134.5, 131.5, 129.6,
129.3, 129.0, 127.3, 114.0, 84.9, 79.1, 76.1, 72.1, 72.0, 70.4, 55.2, 18.3, 13.0;
HRMS (MALDI): caled for C,0H,,O5SSiNa [M+Na]*: 555.2576, found
555.2596.

Diol 60: nBu,NF (48.14 mL, 48.14 mmol) was added to a solution of alcohol
59 (17.10 g, 32.09 mmol) in THF (200 mL) and the resulting mixture was
stirred at 25°C for 2 h. The solvents were removed under reduced pressure
and the residue was purified by flash column chromatography (silica gel,
0— 80% Et,0 in hexanes) to afford diol 60 (11.00 g, 91 %) as a white solid.
60: R;=0.10 (50% Et,0 in hexanes); [a] = +63.6 (c=1.01, CHCL); IR
(thin film): 7= 3416, 3058, 2933, 1612, 1584, 1515, 1458, 1249, 1176, 1061,
842, 743 cm~'; 'TH NMR (400 MHz, CDCly): 6 =7.44-725 (m, 5H, ArH),
723 (d,/=8.8 Hz, 2H, PMB), 6.86 (d, /=8.8 Hz, 2H, PMB), 5.53 (s, 1H,
B1),4.65,4.42 (AB,J=11.4 Hz, 2H, CH,Ar), 410 (dq, J=9.4, 6.2 Hz, 1H,
B5), 3.96 (dd, J=3.8, 1.4 Hz, 1H, B2), 3.78 (s, 3H, OMe), 3.73-3.71 (m,
1H, B3),3.49 (t,/=9.4 Hz,1H, B4), 1.32 (d, /= 6.2 Hz, 3H, B6); *C NMR
(100 MHz, CDClL;): 6 =159.6, 134.3, 129.7, 129.2, 129.0, 1275, 114.0, 85.1,
79.2,74.2,72.0, 69.1, 55.3, 17.5; HRMS (MALDI): calcd for C,,H,,0sSNa
[M+Na]*+: 399.1242, found 399.1239.

Bis-TBS ether 61: TBSOT( (14.76 mL, 64.28 mmol) was added to a solution
of diol 60 (11.00 g, 29.22 mmol) and 2,6-lutidine (13.61 mL, 116.88 mmol) in
CH,CI, (150 mL) at 0°C and the resulting mixture was warmed to 25°C and
stirred for 0.5 h. The reaction mixture was quenched by the addition of
MeOH (10 mL), diluted with CH,Cl, (1 L), and washed with saturated
aqueous NaHCO; (100 mL) and brine (100 mL). The organic layer was
dried (Na,SO,) and the solvents were removed under reduced pressure.
The residue was purified by flash column chromatography (silica gel, 0 —
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30% Et,0 in hexanes) to afford bis-TBS ether 61 (16.44 g, 93 % ) as a white
foam. 61: R;=0.60 (30% Et,O in hexanes); [a]5=+769 (c=1.01,
CHCI,); IR (thin film): 7#=23037, 2943, 2872, 1614, 1514, 1455, 1255, 1067,
879, 779 cm~'; 'H NMR (400 MHz, CDCL): 6 =7.44-721 (m, 7H, ArH),
6.84 (d, J=8.6 Hz, 2H, PMB), 5.38 (brs, 1H, B1), 4.60, 4.56 (AB, J=
11.7 Hz, 2H, CH,Ar), 3.95 (brs, 1 H, B2), 3.86 (dq, / =9.1, 6.8 Hz, 1 H, BS),
3.83 (brs, 1H, B3), 3.79 (s, 3H, OMe), 3.70 (s, 1 H, B4), 1.28 (d, /= 6.8 Hz,
3H, B6), 0.93, 0.90 (2 x s, 2 x 9H, rBuSi), 0.13, 0.08 (2 x s, 2 x 3H, MeSi),
0.11 (s, 6H, MeSi); C NMR (100 MHz, CDCl;): 6 =159.1, 135.1, 131.2,
130.3, 128.8, 126.9, 113.6, 77.3, 73.8, 72.3, 55.2, 26.3, 26.0, 18.4, 18.3, 18.0,
—4.1; HRMS (MALDI): calcd for C;,Hs5,05SSi,Na [M+Na]*: 627.2972,
found 627.2958.

Ring B alcohol 62: DDQ (9.20 g, 40.54 mmol) was added to a solution of
PMB ether 61 (16.35 g, 27.03 mmol) in CH,Cl,/H,0O (10:1, 150 mL) at 0°C
and the resulting mixture was warmed to 25°C and stirred for 1 h. The
reaction mixture was diluted with CH,Cl, (1 L) and washed with saturated
aqueous NaHCO; (100 mL) and brine (100 mL). The organic layer was
dried (Na,SO,) and the solvents were removed under reduced pressure.
The residue was purified by flash column chromatography (silica gel, 0 —
50% Et,0 in hexanes) to afford ring B alcohol 62 (11.92 ¢, 91%) as a
colorless oil. 62: R;=0.39 (30 % Et,O in hexanes); [a]& = +129.6 (¢ =1.10,
CHCI,); IR (thin film): 7=3568, 2930, 2895, 2857, 1473, 1258, 1100, 838,
776 cm~!; 'H NMR (600 MHz, CDCl,): 6 =748 (d, J=8.1 Hz, 2H, ArH),
730-7.24 (m, 3H, ArH), 5.43 (d, J=2.5Hz, 1H, B1), 4.05 (q, /J=6.5 Hz,
1H, B5), 4.05-4.03 (m, 1H, B2), 3.89 (dd, /=7.8,3.0 Hz, 1H, B3), 3.63 (t,
J=178Hz,1H, B4),2.60 (s, 1H, OH), 1.28 (d, J = 6.5 Hz, 3H, B6), 0.94, 0.91
(2 xs,2x9H, rBuSi), 0.17 (2 x s, 2 x 3H, MeSi), 0.10, 0.09 (2 xs,2 x 3H,
MeSi); BC NMR (150 MHz, CDCl;): 6 =134.0, 131.5, 128.9, 128.8, 1277,
86.0, 74.0, 73.7, 72.5, 712, 26.2, 26.0, 18.2, 18.0, —3.0, —3.7, —4.0, —4.5;
HRMS (MALDI): caled for C,,H,,0,SSi,Na [M+Na]*: 5072396, found
507.2403.

Ring B glycosyl fluoride 46: DAST (1.15 mL, 7.13 mmol) was added to a
solution of ring B alcohol 62 (2.80 g, 4.76 mmol) in CH,Cl, (20 mL) at 0°C
and the resulting mixture was stirred for 0.5 h. The reaction mixture was
quenched by the addition of saturated aqueous NaHCOj; (20 mL), diluted
with CH,Cl, (200 mL) and washed with saturated aqueous NaHCO;
(20 mL) and brine (20 mL). The organic layer was dried (Na,SO,) and
the solvents were removed under reduced pressure. The residue was used
crude in the next reaction.

Alcohol 64: nBu,SnO (25.25 g, 101.43 mmol) was added to a solution of
diol 637 (12.00 g, 92.21 mmol) in toluene (500 mL) and the resulting
mixture was refluxed with removal of H,O using a Dean Stark apparatus
for 3 h. The reaction mixture was cooled to 25°C and BnBr (16.45 mL,
138.31 mmol) and nBu,NI (6.81 g, 18.44 mmol) were added. The reaction
mixture was refluxed again for 3 h, and then the reaction mixture was
quenched by the addition of H,O (5 mL). The solvents were removed
under reduced pressure and the residue was purified by flash column
chromatography (silica gel, 0 — 80 % Et,O in hexanes) to afford alcohol 64
(16.86 g, 83%) as a white solid. 64: R;=0.32 (50% Et,0 in hexanes);
[a] =—108.5 (¢ =0.59, CHCL); IR (thin film): 7= 3433, 3053, 2977, 2874,
1648, 1452, 1386, 1237, 1111, 1054, 737, 699 cm~'; 'H NMR (600 MHz,
CDCl;): 6 =746-7.28 (m,5H, ArH), 6.34 (dd, /=6.0,0.6 Hz, 1 H, C1), 4.84
(dd,J=6.0,2.1 Hz, 1H, C2), 4.68, 4.54 (AB,J=11.7 Hz, 2H, CH,Ar), 4.05
(brd, J=5.6 Hz, 1H, C3), 3.88 (dq, /=9.3, 6.3 Hz, 1H, CS5), 3.60 (dd, /=
9.3, 71Hz, 1H, C4), 2.74 (s, 1H, OH), 133 (d, /=63 Hz, 3H, C6);
BC NMR (150 MHz, CDCl;): 6 =144.9, 138.1, 128.4, 127.9, 99.6, 76.5, 74.4,
72.5, 703, 17.1; HRMS (MALDI): caled for C;;H;O;Na [M+Na]*:
243.0997, found 243.0998.

TBS ether 65: TBSCI (17.16 g, 113.86 mmol) was added to a solution of
alcohol 64 (16.72 g, 75.91 mmol) and imidazole (12.92 g, 189.77 mmol) in
CH,Cl, (400 mL) at 0°C and the resulting mixture was warmed to 25 °C and
stirred for 3 h. The reaction mixture was diluted with CH,Cl, (1L) and
washed with saturated aqueous NaHCO; (100 mL) and brine (100 mL).
The organic layer was dried (Na,SO,), and the solvents were removed
under reduced pressure. The residue was purified by flash column
chromatography (silica gel, 0—50% Et,O in hexanes) to afford TBS
ether 65 (23.62 g, 93%) as a white foam. 65: R;=0.65 (50% Et,0O in
hexanes); [a]§ =—52.7 (¢=2.41, CHCL;); IR (thin film): 7#=2952, 2931,
2857, 1650, 1457, 1251, 1122, 1057, 884, 837, 778 cm~'; '"H NMR (600 MHz,
CDCl;): 0 =742-728 (m, 5H, ArH), 6.37 (d,/=6.1 Hz, 1H, C1), 4.84 (dd,
J=6.1,22 Hz, 1H, C2),4.63,4.54 (AB,J =11.6 Hz, 2H, CH,Ar), 4.02 (brd,
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J=6.6Hz, 1H, C3), 3.85 (dq, /=9.1, 6.4 Hz, 1 H, C5), 3.66 (dd, J=9.1,
6.6 Hz, 1H, C4), 1.37 (d, J=6.4 Hz, 3H, C6), 0.93 (s, 9H, /Busi), 0.13 (s,
6H, MeSi); ®C NMR (150 MHz, CDCL): 6=144.8, 138.4, 1284, 1277,
1274, 99.9, 778, 755, 73.6, 70.3, 259, 18.1, 179, —4.0, —4.7; HRMS
(MALDI): caled for C,yH,,0,SiNa [M-+Na]*: 357.1862, found 357.1856.

Diol 66: OsO, (0.50 mL, 2.5 % solution in fBuOH) was added to a solution
of TBS ether 65 (23.57 g, 70.46 mmol) and NMO (9.08 g, 77.50 mmol) in
acetone/H,0 (10:1, 350 mL) and the reaction mixture was stirred for 8 h at
25°C. The reaction mixture was diluted with CH,Cl, (1.5 L) and washed with
saturated aqueous NaHCO; (100 mL) and brine (100 mL). The organic
layer was dried (Na,SO,), the solvents were removed under reduced
pressure, and the residue was purified by flash column chromatography
(silica gel, 0 — 100 % EtOAc in hexanes) to afford diol 66 (22.83 g, 97 %) as
a white foam. 66: R;=0.43 (100% Et,0); IR (thin film): 7#=3394, 2931,
2857, 1456, 1359, 1254, 1121, 1089, 860, 837, 778 cm™'; 'H NMR (600 MHz,
CDCl;, a:f ca. 1.7:1 ratio): 6 =7.38-725 (m, 15H, ArH), 5.44 (brs, 1.7H,
C1),4.93,4.73 (AB,J=11.4 Hz, 3.4H, CH,Ar), 4.85,4.75 (AB,/=11.4 Hz,
2H, CH,Ar), 4.51 (brs, 1.7H, C1), 3.92 (dq, J = 8.6, 6.5 Hz, 1 H, C5), 3.69 (d,
J=3.7Hz, 1.7H, OH), 3.60 (ddd, /=74, 74, 3.5 Hz, 1H, C2), 3.58 (t, /=
8.7Hz,1H, C3),3.43 (dt,/=8.4,2.9 Hz,1H, OH), 3.36-3.22 (m, 6.8 H, C2,
C3, C4, C5),2.97 (d, J=74Hz, 1H, OH), 2.70 (s, 1.7H, OH), 1.25 (d, /=
6.0 Hz, 5.1H, C6), 1.23 (d, /=6.0 Hz, 3H, C6), 0.92 (s, 9H, rBuSi), 0.91 (s,
15.3H, rBusSi), 0.06 (s, 3H, MeSi), 0.05 (s, 5.1 H, MeSi), 0.03 (s, 3H, MeSi),
0.02 (s, 5.1H, MeSi); *C NMR (150 MHz, CDCl;): 6 =138.7, 138.7, 128.3,
128.2, 1277, 127.6, 127.5, 1274, 96.3, 91.8, 84.3, 82.0, 75.9, 75.7, 74.9, 74.9,
72.9, 68.7,25.9,18.3, 18.0, 17.9, —3.7, — 3.8, —4.3; HRMS (MALDI): calcd
for C,yH;,0;SiNa [M+Na]*: 391.1917, found 391.1904.

Bis-PMB ether 67: NaH (6.19 g, 154.71 mmol) was added to a solution of
diol 66 (21.53 g, 64.46 mmol) in DMF (250 mL) at 0°C and the resulting
mixture was stirred for 15 min. PMBCI (26.22 mL, 193.39 mmol) and
nBu,NI (4.76 g, 12.89 mmol) were added and the resulting mixture was
warmed to 25 °C and stirred for 3 h. The reaction mixture was quenched by
the addition of saturated aqueous NH,Cl (50 mL), diluted with Et,0
(1.0 L), and washed with brine (2 x 100 mL). The organic layer was dried
(Na,SO,) and the solvents were removed under reduced pressure. The
residue was purified by flash column chromatography (silica gel, 0 — 70 %
Et,0 in hexanes) to afford bis-PMB ether 67 (37.29 g, 95 %, ca. 1:1 mixture
of separable isomers) as a white foam. 67: R;=0.59 (50 % Et,O in hexanes);
[a] =+14.1 (¢=0.64, CHCl;); IR (thin film): 7=2953, 2855, 1613, 1514,
1360, 1249, 1172, 1074, 836, 778 cm~'; 'H NMR (600 MHz, CDCl;,
anomer only): 0 =7.45-726 (m, 7H, ArH), 7.14 (d, J=8.4 Hz, 2H, PMB),
6.93 (d, J=8.6 Hz, 2H, PMB), 6.80 (d, J=8.6 Hz, 2H, PMB), 5.07, 4.76
(AB, J=11.5 Hz, 2H, CH,Ar), 4.95, 4.65 (AB, J=11.5 Hz, 2H, CH,Ar),
491, 4.62 (AB,J=10.4 Hz, 2H, CH,Ar), 4.56 (d, /=78 Hz, 1H, C1), 3.83
(s, 3H, OMe), 3.80 (s, 3H, OMe), 3.54 (t, J=79 Hz, 1H, C2),3.44 (t,J =
79 Hz, 1H, C3), 3.42-3.37 (m, 2H, C4, C5), 1.39 (d, /=5.4 Hz, 3H, C6),
0.96 (s, 9H, 1BuSi), 0.14, 0.06 (2 x s, 2 x 3H, MeSi); *C NMR (150 MHz,
CDCl,): 6 =159.2,159.0, 139.0, 130.5, 129.6, 129.5, 128.4, 127.0, 126.9, 113.7,
113.5,102.1, 84.3, 82.5, 76.0, 74.8, 74.1, 72.3, 71.3,70.6, 64.7, 55.1, 55.0, 25.9,
184, 18.0, —3.8, —4.4; HRMS (MALDI): caled for C;sH,0O;SiNa
[M+Na]*: 631.3067, found 631.3050.

Ring C alcohol 47: nBu,NF (63.79 mL, 63.79 mmol) was added to a solution
of bis-PMB ether 67 (35.31 g, 58.00 mmol) in THF (300 mL) and the
resulting mixture was stirred at 25°C for 1 h. The solvents were removed
under reduced pressure and the residue was purified by flash column
chromatography (silica gel, 0 —80% Et,0 in hexanes) to afford ring C
alcohol 47 (27.03 g, 95%) as a white solid (while both anomers could be
taken through the following sequence, data is given for the f-anomer only).
47: R;=0.16 (50% Et,0 in hexanes); [a]¥ =—60.5 (¢c=1.06, CHCL); IR
(thin film): 7=3296, 2908, 2856, 1610, 1520, 1360, 1304, 1246, 1167, 1072,
1040, 982, 829, 739 cm~!; 'H NMR (600 MHz, CDCl;, S-only): 6 =737 -
728 (m, 7H, ArH), 721 (d, J=28.6 Hz, 2H, PMB), 6.89 (d, /=8.6 Hz, 2H,
PMB), 6.84 (d, /=8.6 Hz, 2H, PMB), 4.96, 4.64 (AB, /J=11.5Hz, 2H,
CH,Ar), 4.87, 4.63 (AB, J=11.0Hz, 2H, CH,Ar), 4.85, 4.60 (AB, J=
11.7 Hz, 2H, CH,Ar), 449 (d, /=78 Hz, 1H, C1), 3.82 (s, 3H, OMe),
3.80 (s,3H, OMe), 3.46 (dd,J=9.1,7.7 Hz, 1H, C2),3.36 (t, /=9.0 Hz, 1H,
C3), 3.32 (dq, /=9.4, 6.0 Hz, 1H, C5), 3.24 (t, J=9.1 Hz, 1H, C4), 2.14
(brs, 1H, OH), 1.34 (d, J=6.0 Hz, 3H, C6); '*C NMR (150 MHz, CDCl;):
0=159.2,159.1, 138.5, 130.5, 129.8, 129.6, 129.4, 128.5, 127.8, 113.8, 113.6,
102.2, 83.9, 81.7, 75.0, 74.8, 74.2, 71.1, 70.8, 552, 30.2, 17.7; HRMS
(MALDI): caled for C,yH3,0,Na [M+Na]*: 517.2202, found 517.2204.
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BC disaccharide 68: The crude glycosyl fluoride 46 (2.80 g, 4.76 mmol) and
ring C alcohol 47 (1.98 g, 4.04 mmol) were azeotroped with benzene (3 x
20mL) and then dried under high vacuum for 1h. The residue was
dissolved in Et,0/CH,Cl,/Me,S (1:1:1,30 mL), 4 A MS were added, and the
mixture was stirred for 5 min. The reaction mixture was cooled to —10°C
and SnCl, (1.62 g, 8.56 mmol) was added in one portion. The resulting
mixture was stirred at —10°C for 3 h. The reaction mixture was quenched
by the addition of Et;N (20 mL), diluted with CH,Cl, (500 mL) and washed
with saturated aqueous NaHCO; (50 mL) and brine (50 mL). The organic
layer was dried (Na,SO,) and the solvents were removed under reduced
pressure. The residue was purified by flash column chromatography (silica
gel, 0 —50% Et,0 in hexanes) to afford BC disaccharide 68 (2.75 g, 71 %)
as a white foam. 68: R;=0.41 (50% Et,0 in hexanes); IR (thin film): 7=
3049, 2940, 2870, 1614, 1589, 1514, 1464, 1245, 1116, 832 cm~'; 'H NMR
(600 MHz, CDCl;, a:f ca. 1:10): 6 =7.49-712 (m, 14H, ArH), 6.89 (d, /=
8.6 Hz, 2H, PMB), 6.83 (d, /=8.6 Hz, 2H, PMB), 5.12 (d, /=79 Hz, 1H,
B1), 5.07, 4.73 (AB, J=10.5 Hz, 2H, CH,Ar), 4.86, 4.56 (AB, J=11.3 Hz,
2H, CH,Ar), 4.81, 4.65 (AB, J=10.3 Hz, 2H, CH,Ar), 4.40 (d, /=74 Hz,
1H, C1), 4.10 (brd, J=1.7 Hz, 1H, B3), 3.81 (s, 3H, OMe), 3.80 (s, 3H,
OMe), 3.80-3.78 (m, 1H, B5), 3.57-3.53 (m, 1H, B4), 3.54 (t, /=9.0 Hz,
1H, C3),3.46-3.41 (m,2H, C2, C4),3.24 (dd,J=78,1.7 Hz, 1H, B2), 3.14
(dq, /=94, 62 Hz, 1H, C5), 1.47 (d, J=6.2Hz, 3H, C6), 1.35 (d, J=
6.0 Hz, 3H, B6), 0.96, 0.87 (2 x s, 2 x 9H, rBuSi), 0.11, 0.08, 0.05, —0.02
(4 xs,4 x 3H, MeSi); *C NMR (150 MHz, CDCL,): 6 =159.2, 159.1, 139.1,
137.5,131.9, 130.8, 130.8, 129.9, 129.7, 129.5, 129.1, 128.5, 128.3, 127.9, 127.2,
126.0,113.7, 113.6, 102.0, 82.9, 81.8, 81.7, 78.5, 77.9, 75.4, 74.7, 74.6, 71.3, 70.7,
55.7,55.2,30.3,25.8,25.7,20.2, 18.5, — 4.5, — 4.6, — 4.7, — 4.8; HRMS (FAB):
caled for Cs;H740,0SSi,Cs [M+Cs]*: 1093.3752, found 1093.3794.

2-Deoxy disaccharide 69: Raney Ni (2.0 g, added portionwise at 0.5 gh™')
was added to a solution of BC disaccharide 68 (2.74 g,2.85 mmol) in EtOH/
THF (1:1, 60 mL) at 25°C and the resulting mixture was refluxed for 8 h.
The reaction mixture was filtered and the solvents were removed under
reduced pressure. An analytical sample was purifed by flash column
chromatography (silica gel, 0—50% Et,0 in hexanes) to afford BC
disaccharide 69. 69: R;=0.41 (50% Et,0 in hexanes); IR (thin film): 7=
2931, 2837, 1614, 1513, 1472, 1361, 1249, 1085, 838, 773 cm™'; '"H NMR
(500 MHz, CDCl;, a:f ca. 1:10): 6 =7.42-725 (m, 7TH, ArH), 716 (d, /=
8.5 Hz, 2H, PMB), 6.87 (d, J=8.5 Hz, 2H, PMB), 6.80 (d, /=8.5 Hz, 2H,
PMB),4.94,4.76 (AB,J=12.6 Hz,2H, CH,Ar), 4.87,4.58 (AB,J/=13.2 Hz,
2H, CH,Ar), 4.80, 4.57 (AB, J=12.6 Hz, 2H, CH,Ar), 4.66—4.61 (m, 1H,
B1), 445 (d, J=75Hz, 1H, C1), 3.80 (s, 3H, OMe), 3.78 (s, 3H, OMe),
3.58-3.55(m, 1H, B5),3.51 (t,/=9.0 Hz, 1 H, B4), 3.51-3.44 (m, 1 H, B3),
342 (t,J=9.0Hz, 1H, C3),3.41-3.36 (m, 1 H, C4),3.13-3.11 (m, 2H, C2,
C5),2.17 (dd, J=12.2, 6.5 Hz, 1H, B2), 1.54 (dd, /=122, 9.5 Hz, 1 H, B2),
1.32 (d, J=6.0 Hz, 3H, C6), 1.20 (d, J=6.2 Hz, 3H, B6), 0.90, 0.88 (2 x s,
2 x9H, rBuSi), 0.09, 0.08 (2xs, 2x3H, MeSi), 0.08 (s, 6H, MeSi);
BC NMR (125 MHz, CDClL): 6 =159.2, 159.0, 138.9, 130.6, 129.8, 129.5,
129.4,128.0,127.9, 127.8, 127.2, 113.7,113.0, 102.1, 99.8, 83.0, 81.9, 81.8, 77.8,
75.4,74.5,72.9,72.8, 70.8, 70.8, 55.1, 41.3, 26.1, 25.5, 18.6, 18.2, 17.9, — 2.8,
—3.1, —4.3, —4.8; HRMS (FAB): caled for C,;H;,0,,Si,Cs [M+Cs]*:
985.3718, found 985.3748.

BC diol 70: The above crude 69 was dissolved in THF (30 mL) and nBu,NF
(6.27 mL, 1M in THEF, 6.27 mmol) was added. The resulting mixture was
stirred at 25 °C for 2 h. The solvents were removed under reduced pressure
and the residue was purified by flash column chromatography (silica gel,
0—100% EtOAc in hexanes) to afford BC diol 70 (1.39 g, 78 % over two
steps) as a white solid. 70: R;=0.13 (100 % Et,0); IR (thin film): 7= 3378,
2943, 2893, 2861, 1607, 1502, 1455, 1238, 1173, 1073, 908, 820, 738 cm™!;
'"H NMR (400 MHz, CDCl;, a:f ca. 1:10): 6 =740-726 (m, 7H, ArH,
PMB), 7.17 (d, J=8.6 Hz, 2H, PMB), 6.88 (d, J=8.6 Hz, 2H, PMB), 6.80
(d, J=8.6 Hz, 2H, PMB), 4.93, 4.81 (AB, J=10.9 Hz, 2H, CH,Ar), 4.90,
4.61 (AB, J=11.5Hz, 2H, CH,Ar), 4.81, 459 (AB, J=11.6 Hz, 2H,
CH,Ar),4.70 (dd,J=9.6,1.6 Hz, 1H, B1),4.47 (d,/=78 Hz, 1H, C1), 3.81
(s, 3H, OMe), 3.78 (s, 3H, OMe), 3.54 (brt, J=9.1 Hz, 1H, B4), 3.48 (dd,
J=9.0,71Hz,1H, C2),3.43 (t,J=9.1 Hz,1H, C3),3.41-3.32 (m, 1 H, C5),
3.15-3.08 (m, 2H, BS, C4), 3.00 (ddd, J=8.8, 8.8, 4.1 Hz, 1H, B3), 2.20
(ddd, /=124, 4.8, 1.8 Hz, 1H, B2), 2.09 (s, 2H, OH), 1.53 (dd, /=124,
8.8 Hz, 1H, B2), 1.33 (d, /=5.2 Hz, 3H, C6), 1.21 (d, /=6.0 Hz, 3H, B6);
3C NMR (100 MHz, CDClLy): 0 =159.2, 159.1, 139.0, 130.5, 130.1, 129.8,
129.5, 129.4, 128.1, 127.6, 127.3, 113.7, 113.6, 102.1, 100.2, 83.1, 82.0, 81.8,
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773,752, 74.5, 71.8, 71.3, 70.9, 70.8, 55.2, 39.2, 18.0, 17.6; HRMS (FAB):
caled for Cs3sHyO,Cs [M+Cs]*: 757.1989, found 757.1970.

BC allyl ether 71: nBu,SnO (0.61 g, 2.45 mmol) was added to a solution of
BC diol 70 (1.39 g,2.22 mmol) in toluene (20 mL) and the resulting mixture
was refluxed with removal of H,O using a Dean Stark apparatus for 3 h.
The reaction mixture was cooled to 25°C and allyl bromide (0.29 mL,
3.34 mmol) and nBu,NI (0.16 g, 0.44 mmol) were added. The reaction
mixture was refluxed again for 3 h, and then the reaction mixture was
quenched by the addition of H,O (1 mL). The solvents were removed
under reduced pressure and the residue was purified by flash column
chromatography (silica gel, 0 — 100 % Et,0O in hexanes) to afford BC allyl
ether 71 (1.38 g, 93%) as a white foam. 71: R;=0.25 (70% Et,0 in
hexanes); [a]5 =—23.4 (¢=0.80, CHCl;); IR (thin film): 7 =23387, 2955,
2908, 2861, 1608, 1584, 1455, 1355, 1302, 1249, 1173, 1091, 1044, 926, 814,
732 cm~!; 'TH NMR (500 MHz, CDCly): 6 =7.41-7.24 (m, 7H, ArH, PMB),
717 (d, J=8.5 Hz, 2H, PMB), 6.88 (d, J=8.5 Hz, 2H, PMB), 6.79 (d, J =
8.5 Hz, 2H, PMB), 5.90 (dddd, /=170, 10.5, 6.0, 5.5 Hz, 1H, CH=CH,),
5.28 (dd, /=170, 1.5 Hz, 1H, CH,-E), 5.19 (dd, J=10.5, 1.0 Hz, 1H, CH,-
Z),4.92, 483 (AB, J=11.0 Hz, 2H, CH,Ar), 4.88, 459 (AB, J=11.5Hz,
2H, CH,Ar), 4.81, 4.61(AB, J=10.5 Hz, 2H, CH,Ar), 4.70 (dd, J=9.5,
2.0Hz,1H,B1),4.47 (d,/=8.0Hz 1H, Cl),4.11 (dd,/=12.5,5.5 Hz, 1H,
OCH,), 3.94 (dd, J=12.5, 6.0 Hz, 1 H, OCH,), 3.80 (s, 3H, OMe), 3.77 (s,
3H, OMe), 3.54 (t,J=8.5Hz, 1H, C3), 3.44 (t,J=8.5Hz, 1H, C2), 3.41-
3.35 (m, 2H, C4, C5), 3.30-3.22 (m, 1H, B3), 3.21-3.10 (m, 2H, B4, BS),
2.64 (d,/J=2.0Hz, 1H, OH), 2.30 (ddd, J =125, 4.5,2.0 Hz, 1 H, B2), 1.46
(dt, /=125, 9.5 Hz, 1H, B2), 1.35 (d, J=5.0Hz, 3H, C6), 1.24 (d, /=
5.5Hz, 3H, B6); *C NMR (125 MHz, CDCly): 6 =159.2, 159.0, 138.9,
134.5,130.5, 130.0, 129.7, 129.7, 129.5, 129.5, 129.4, 128.1, 1275, 127.2, 117.3,
113.7,113.5,102.1,100.0, 94.8, 83.1, 82.0, 81.8, 81.6, 78.5,75.4,75.2,74.7,71.8,
70.8, 69.8, 55.1, 36.2, 18.0, 17.8; HRMS (FAB): calcd for Cy;H,;0,,Cs
[M+Cs]*: 797.2302, found 797.2287.

A;BC ester 72: nBuLi (1.30 mL, 1.6M in THF, 2.13 mmol) was added to a
solution of BC alcohol 71 (1.25 g, 1.94 mmol) in THF (10 mL) at —78°C
and the resulting mixture was warmed slowly to 0°C and stirred for 1 h.
Acyl fluoride 7 (0.80 g, 2.33 mmol) was dissolved in THF (5 mL) and added
to the reaction mixture by cannula and the resulting mixture was warmed to
25°C and stirred for 4 h. The reaction was quenched with saturated
aqueous NH,CI (5 mL), diluted with Et,0 (200 mL) and washed with H,O
(20 mL). The organic layer was dried (Na,SO,) and the solvents were
removed under reduced pressure. The residue was purified by flash column
chromatography (silica gel, 0—80% Et,O in hexanes) to afford A\BC
ester 72 (1.90g, 99%) as a white foam. 72: R;=0.38 (70% Et,0O in
hexanes); IR (thin film): 7 =3030, 2931, 2872, 1737, 1614, 1519, 1455, 1255,
1091, 903, 738 cm~!; '"H NMR (600 MHz, CDCl;, a:f ca. 1:10): 6 =758 (d,
J=72Hz, 2H, ArH), 744-726 (m, 10H, ArH, PMB), 7.18 (d, J=8.5 Hz,
2H, PMB), 6.89 (d, J=8.5 Hz, 2H, PMB), 6.80 (d, J =8.5 Hz, 2H, PMB),
5.90-5.83 (m, 1H, CH=CH,), 5.26 (d, /=172 Hz, 1H, CH,-E), 517 (d,J =
10.2 Hz, 1H, CH,-Z), 5.03 (s, 2H, CH,Ar), 4.96, 4.93 (AB, J=9.4 Hz, 2H,
CH,Ar), 493 (t, J=9.4Hz, 1H, B4), 493, 486 (AB, J=10.4 Hz, 2H,
CH,AT), 4.89,4.62 (AB, J=11.0 Hz, 2H, CH,Ar), 4.72 (dd, J = 9.6, 1.3 Hz,
1H,B1),4.49 (d,/ =78 Hz, 1H, C1),4.09 (dd, J=12.3,5.3 Hz, 1 H, OCH,),
3.93 (dd, /=123, 5.8 Hz, 1H, OCH,), 3.86 (s, 3H, OMe), 3.82 (s, 3H,
OMe), 3.79 (s, 3H, OMe), 3.57-3.50 (m, 3H, B3, C3, C4), 3.48-3.41 (m,
2H, C2, C5), 3.35 (dq, /=97, 6.2 Hz, 1H, BS5), 2.41 (dd, J=12.3, 4.9 Hz,
1H, B2),2.36 (s, 3H, Me (A,)), 1.72 (dt,/ =11.9, 11.9 Hz, 1H, B2), 1.36 (d,
J=5.1Hz, 3H, C6), 1.29 (d, J=6.1 Hz, 3H, B6); *C NMR (150 MHz,
CDCl,): 6 =165.6,159.2,159.0,152.7,152.0, 138.9, 135.9, 134.3,133.4, 130.4,
130.0, 129.7,129.5, 129.4, 128.4, 128.3, 128.0, 127.4, 127.4, 127.3, 1272, 126.0,
121.3, 117.1, 113.7, 113.5, 102.1, 99.9, 83.0, 82.0, 81.8, 76.4, 75.5, 75.2, 74.7,
74.4,70.8, 70.7, 70.3, 69.3, 62.1, 55.1, 36.5, 18.0, 17.5, 17.4; HRMS (FAB):
caled for C5,HgCl,0,3Cs [M+Cs]*: 1119.2465, found 1119.2421.

A;BC alcohol 73: [(Ph;P);RhCI] (0.07 g, 0.076 mmol) was added to a
solution of BC allyl ether 72 (1.50 g, 1.52 mmol) and DABCO (0.257 g,
228 mmol) in EtOH/H,O (10:1, 10 mL, degassed 1h) at 25°C. The
resulting mixture was refluxed for 2 h. The reaction mixture was diluted
with CH,Cl, (200 mL) and washed with saturated aqueous NaHCOj;
(20 mL) and brine (20 mL). The solvents were removed under reduced
pressure and then the residue was dissolved in acetone/H,0O (10:1,20 mL).
NMO (0.20 g, 1.67 mmol) and OsO, (0.10 mL, 2.5% solution in tBuOH)
were added and the reaction mixture was stirred for 3 h at 25°C. The
reaction mixture was diluted with CH,Cl, (200 mL) and washed with
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saturated aqueous NaHCOj; (20 mL) and brine (20 mL). The organic layer
was dried (Na,SO,), the solvents were removed under reduced pressure,
and the residue was purified by flash column chromatography (silica gel,
0—80% Et,0 in hexanes) to afford A;BC alcohol 73 (1.17 g, 81%) as a
white foam. 73: R;=0.24 (70 % Et,0 in hexanes); [a]¥ =+12.0 (¢ =0.20,
CHCIL,); IR (thin film): 7=3425, 2931, 2884, 1731, 1614, 1544, 1438, 1326,
1302, 1249, 1120, 1073, 938, 820, 749 cm~'; 'H NMR (500 MHz, CDCl,):
0="157(d,J=6.9 Hz, 2H, ArH), 743-7.28 (m, 10H, ArH, PMB), 7.16 (d,
J=8.6 Hz, 2H, PMB), 6.88 (d, J=8.6 Hz, 2H, PMB), 6.79 (d, /=8.6 Hz,
2H, PMB), 5.03 (brs, 2H, CH,Ar), 4.93, 4.83 (AB, /J=10.9 Hz, 2H,
CH,Ar), 4.88,4.59 (AB,J=11.5 Hz,2H, CH,Ar), 481, 4.59 (AB,/=115 Hz,
2H, CH,Ar), 4.78 (t,J=9.4 Hz, 1 H, B4), 4.74 (dd, J=9.7, 1.8 Hz, 1 H, B1),
4.47(d,J=79Hz,1H, C1),3.87 (s, 3H, OMe), 3.85-3.72 (m, 1 H, B3), 3.81
(s, 3H, OMe), 3.78 (s, 3H, OMe), 3.55 (brt,J=9.0 Hz, 1H, C3), 3.43 (dd,
J=9.0, 79 Hz, 1H, C2), 3.41-3.36 (m, 2H, C4, C5), 3.33 (dq, /=94,
6.2 Hz, 1H, B5), 2.66 (d, J=4.4 Hz, 1H, OH), 2.36 (s, 3H, Me (A,)), 2.40 -
2.30 (m, 1H, B2),1.72 (dt,J =12.2,9.7 Hz, 1H, B2),1.35 (d,/=5.3 Hz, 3H,
C6), 1.23 (d, J=6.2 Hz, 3H, B6); *C NMR (125 MHz, CDCl;): 6 =166.4,
159.3,159.1,153.0, 151.8, 139.0, 138.9, 133.2, 130.5, 130.1, 129.8, 129.7, 129.6,
129.5,129.2,128.5,128.2,127.5,127.3,126.4, 125.5,121.4, 113.8, 113.6, 102.2,
100.3, 84.2, 82.9, 81.9, 79.5, 75.3, 74.9, 74.5, 70.9, 70.8, 69.8, 69.6, 65.8, 62.4,
55.2,39.3,34.2,30.3,29.5,21.1,18.0,17.6, 17.4,15.2; HRMS (FAB): calcd for
C5,H5,CLO3Na [M+Na]*: 969.2995, found 969.2998.

A;B(A)C trisaccharide 74: Ring A glycosyl fluoride 9 (0.025 g, 0.11 mmol)
and A,BC alcohol 73 (0.060 g, 0.063 mmol) were azeotroped with benzene
(1mL) and then dried under high vacuum for 1h. The residue was
dissolved in Et,0/CH,Cl, (1:1,1 mL), 4 A MS were added, and the mixture
was cooled to 0°C and stirred for 5 min. SnCl, (0.019 g, 0.10 mmol) was
added to the reaction mixture in one portion and the resulting mixture was
warmed to 25°C and stirred for 1 h. The reaction mixture was quenched by
the addition of Et;N (1 mL), diluted with CH,Cl, (100 mL) and washed
with saturated aqueous NaHCO; (10 mL) and brine (10 mL). The organic
layer was dried (Na,SO,) and the solvents were removed under reduced
pressure. The residue was purified by flash column chromatography (silica
gel, 0—100% Et,0 in hexanes) to afford A;B(A)C trisaccharide 74
(0.055 g, 77%) as a white foam. 74: R;=0.12 (70% Et,0O in hexanes);
[a]g =—20.7 (¢=0.28, CHCl,); IR (thin film): 7#=2931, 2872, 1731, 1549,
1455, 1390, 1237, 1090, 744 cm™!; 'H NMR (600 MHz, CDCl;): 6 =7.58 (d,
J=70Hz, 2H, ArH), 744-728 (m, 10H, ArH, PMB), 717 (d, J = 8.6 Hz,
2H, PMB), 6.89 (d, J =8.6 Hz, 2H, PMB), 6.80 (d, /= 8.6 Hz, 2H, PMB),
5.05, 5.02 (AB, J=8.1Hz, 2H, CH,Ar), 5.03, 490 (AB, J=9.7 Hz, 2H,
CH,Ar), 4.93 (brd, /J=5.1 Hz, 1H, Al), 4.89, 4.63 (AB, J=10.6 Hz, 2H,
CH,Ar), 4.87 (t, J=9.1Hz, 1H, B4), 4.83, 4.60 (AB, J=10.4 Hz, 2H,
CH,Ar), 4.70 (brd, J=9.6 Hz, 1H, B1), 4.48 (d, /=7.7 Hz, 1H, C1), 3.92—
3.75 (m, 2H, B3, C3), 3.84 (s, 3H, OMe), 3.82 (s, 3H, OMe), 3.79 (s, 3H,
OMe), 3.65 (d,/=9.4 Hz, 1H, A4),3.57-3.29 (m, 5H, A5, BS, C2, C4, C5),
3.36 (s,3H, OMe), 2.45 (dd,J=13.7,5.0 Hz, 1 H, A2),2.39 (s, 3H, Me (A))),
2.29-2.28 (m, 1H, B2), 2.01 (dd, J=13.7, 1.6 Hz, 1H, A2), 1.69-1.64 (m,
1H, B2), 1.44 (s, 3H, Me (A3)), 1.36 (d, /=5.3 Hz, 3H, C6), 1.29 (d, /=
6.2 Hz,3H, B6), 0.84 (d,/ =6.2 Hz,3H, A6); *C NMR (150 MHz, CDCL,):
0=165.5,159.3, 159.1, 153.2, 153.1, 139.0, 138.8, 134.8, 130.5, 130.2, 130.1,
129.8,129.6,129.5,129.4, 128.6, 128.5, 128.1, 127.5, 1274, 126.3, 126.0, 125.5,
121.7, 113.8, 113.6, 102.2, 99.8, 92.4, 89.9, 84.2, 83.1, 82.1, 81.9, 76.1, 75.1,
74.9, 74.5, 72.4, 71.1, 70.9, 70.8, 68.6, 66.2, 61.9, 60.7, 55.2, 40.1, 36.4, 31.5,
30.3, 29.7, 22.6, 19.3, 18.2, 18.1, 18.0, 17.6; HRMS (FAB): calcd for
CsoHgyCLNO;Cs [M+Cs]*: 1266.2997, found 1266.3051.

A;B(A)C diol 75: BF;-Et,0 (0.024 mL, 0.194 mmol) was added to a
solution of A;B(A)C trisaccharide 74 (0.055 g, 0.048 mmol) and PhSH
(0.040 mL, 0.39 mmol) in CH,Cl, (1 mL) at —35°C and the resulting
mixture was stirred for 2 h. The reaction mixture was quenched by the
addition of Et;N (1 mL), diluted with CH,Cl, (100 mL) and washed with
saturated aqueous NaHCOj; (10 mL) and brine (10 mL). The organic layer
was dried (Na,SO,) and the solvents were removed under reduced
pressure. The residue was purified by flash column chromatography (silica
gel, 0—100% EtOAc in hexanes) to afford A;B(A)C diol 75 (0.036 g,
83 %) as a white foam. 75: R;=0.17 (100 % Et,0); IR (thin film): 7= 3416,
2978, 2931, 2872, 1731, 1537, 1449, 1384, 1249, 1090, 1032, 908, 738 cm™';
'H NMR (600 MHz, CDCl;, a:f ca. 1:1): 6 =7.57 (d,J=7.1 Hz, 2H, ArH),
743-729 (m, 8H, ArH), 5.21 (brs, 1H, Cla), 5.05, 5.02 (AB, J=11.8 Hz,
4H, CH,Ar), 5.02,4.78 (AB, J=11.3 Hz, 2H, CH,Ar), 5.02, 474 (AB, J =
11.3 Hz, 2H, CH,Ar), 4.97 (brs, 2H, A1), 4.91,4.89 (t,/=9.4 Hz, 2H, B4),
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4.67,4.66 (brd, J =84 Hz, 2H, B1), 4.62-4.59 (m, 1 H, C18), 4.02 (dq, J =
6.0 Hz, 1H, C5), 3.90-3.82 (m, 4H, B3, B3, C3, C3), 3.87 (s, 3H, OMe),
3.85 (s, 3H, OMe), 3.75-3.73 (m, 3H, B5, C2, C2), 3.72 (t,J=8.8 Hz, 1 H,
C4),3.65 (d,7=9.3 Hz, 2H, A4), 3.51-3.35 (m, 5H, A5, AS, B5, C4, C5),
3.36 (s, 3H, OMe), 3.07 (brs, 1 H, OH), 2.87 (brs, 1 H, OH), 2.47 (dd, /=
13.9, 4.7 Hz, 2H, A2), 2.39, 2.38 (s, 3H, Me (A,)), 2.35-2.30 (m, 2H, B2),
2.02 (dd, J=13.7,2.1 Hz, 2H, A2), 1.72—1.67 (m, 2H, B2), 1.43 (s, 6H, Me
(A3)),1.32(d,J =59 Hz, 6 H, C6), 1.27 (d,/ = 6.2 Hz, 6 H, B6), 0.84 (d, /=
6.2 Hz, 6H, A6); C NMR (150 MHz, CDCl,): 6 =165.6, 153.3, 153.2,
138.7,135.8, 134.7, 128.6, 128.5, 128.5, 128.4, 127.8, 1278, 1277, 1277, 126.4,
126.0,126.0,125.5,99.8, 96.3, 92.5, 91.8, 89.9, 84.2, 82.6, 82.1, 82.0, 80.3, 76.2,
76.1,75.3,75.0, 74.9, 74.9, 72.4, 72.4, 72.2, T1.4, T1.4, 671, 66.2, 62.0, 60.8,
60.4,40.0,36.4,30.3,19.4, 18.3,18.0,17.9, 176, 14.2; HRMS (FAB): calcd for
Cy3H5;CLNO,sCs [M+Cs]*: 1026.1847, found 1026.1809.

A;B(A)C bis-acetate 76: Ac,0 (0.010 mL, 0.10 mmol) was added to a
solution of A;B(A)C diol 75 (0.036 g, 0.040 mmol), Et;N (0.022 mL,
0.16 mmol), and 4-DMAP (1 mg, 0.01 mmol) in CH,Cl, (0.5mL) at 0°C
and the resulting mixture was warmed to 25°C and stirred for 1 h. The
reaction mixture was diluted with CH,Cl, (100 mL) and washed with
saturated aqueous NaHCOj; (10 mL) and brine (10 mL). The organic layer
was dried (Na,SO,) and the solvents were removed under reduced
pressure. The residue was purified by flash column chromatography (silica
gel, 0 — 100 % Et,0O in hexanes) to afford A;B(A)C bis-acetate 76 (0.038 g,
97 %) as a white foam. 76: R;=0.61 (100 % Et,0); IR (thin film): 7 =2938,
1750, 1542, 1456, 1371, 1247, 1129, 1036, 737 cm~'; '"H NMR (600 MHz,
CDClL;, a:f ca. 1:1): 6 =757-721 (m, 20H, ArH), 6.19 (d,/=3.6 Hz, 1H,
Cla),5.59 (d,J=8.3 Hz, 1H, C1p),5.06 (t,/ =9.2 Hz, 1 H, C2), 5.04, 5.02
(AB,J=9.9 Hz,4H, CH,Ar),4.99 (dd,/ =10.0,3.6 Hz, 1 H, C20),4.97,4.71
(AB, J=11.6 Hz, 2H, CH,Ar), 4.93, 4.63 (AB, J=11.8 Hz, 2H, CH,Ar),
4.95-4.94 (m,2H, A1),4.89 (t,/=9.4 Hz, 2H, B4), 4.70, 4.67 (dd, /= 10.1,
1.9 Hz, 2H, B1), 3.93-3.81 (m, 4H, B3, B3, C3, C4), 3.85,3.84 (2 xs, 3H,
OMe), 3.65 (d,/=9.5Hz,2H, A4),3.61 (t,/=10.0 Hz, 1H, C3),3.53-3.32
(m, 7H, A5, AS, BS, BS, C4, CS, C5), 3.37 (s, 6H, OMe), 2.46 (dd, J=13.8,
4.8 Hz,2H, A2),2.38,2.27 (s,3H,Me (A,)),2.31-2.28 (m, 2H, B2), 2.13 (s,
3H, OAc), 2.08 (s, 3H, OAc), 2.01 (dd, J=13.8,1.5 Hz, 2H, A2), 1.72-1.67
(m, 2H, B2), 1.95 (s, 3H, OAc), 1.91 (s, 3H, OAc), 1.43 (s, 6 H, Me (A3)),
1.29-1.22 (m, 12H, B6, C6), 0.84 (d, J=6.2Hz, 6H, A6); ¥C NMR
(150 MHz, CDCLy): 0 =169.9, 169.2, 165.6, 153.3, 153.1, 138.7, 135.9, 134.8,
129.5, 128.6, 128.5, 128.3, 128.2, 1277, 127.6, 127.2, 125.9, 125.5, 121.7, 113.8,
100.3, 92.5, 92.0, 89.9, 89.5, 84.2, 82.3, 80.9, 78.3, 75.1, 74.8, 72.1, 71.6, 71.1,
69.1, 66.3, 62.0, 60.8, 40.0, 36.5, 30.2, 29.7, 20.9, 20.7, 19.4, 18.2, 18.0, 17.6;
HRMS (FAB): caled for Cy;Hs,CLNO;Cs [M+Cs]*: 1110.2058, found
1110.2017.

A;BC TIPS ether 77: TIPSOTf (0.37 mL, 1.39 mmol) was added to a
solution of A;BC alcohol 73 (1.10 g, 1.16 mmol) and 2,6-lutidine (0.20 mL,
1.74 mmol) in CH,Cl, (6 mL) at 0°C and the resulting mixture was warmed
to 25°C and stirred for 1h. The reaction mixture was quenched by the
addition of MeOH (1 mL), diluted with CH,Cl, (200 mL), and washed with
saturated aqueous NaHCO; (10 mL) and brine (10 mL). The organic layer
was dried (Na,SO,) and the solvents were removed under reduced
pressure. The residue was purified by flash column chromatography (silica
gel, 0—80% Et,O in hexanes) to afford A;BC TIPS ether 77 (1.19 g,93 %)
as a white foam. 77: R;=0.60 (50 % Et,O in hexanes); IR (thin film): 7=
2943, 2872, 1731, 1614, 1508, 1461, 1384, 1249, 1094, 1061, 908, 744 cm™!;
'"H NMR (400 MHz, CDClL;, a3 ca. 1:10): 6 =7.57 (d,J=7.1 Hz, 2H, ArH),
7.44-727 (m, 10H, ArH, PMB), 7.18 (d, /=8.6 Hz, 2H, PMB), 6.88 (d, J =
8.6 Hz, 2H, PMB), 6.80 (d, J=8.6 Hz, 2H, PMB), 5.05 (brs, 2H, CH,Ar),
4.93,4.89 (AB,J=10.8 Hz, 2H, CH,Ar), 4.88 (t,/ =8.9 Hz, 1H, B4), 4.88,
4.63 (AB, J=113Hz, 2H, CH,Ar), 4.81, 4.58 (AB, J=12.0 Hz, 2H,
CH,Ar), 4.69 (brd, J=82Hz, 1H, B1),4.48 (d,/=7.7Hz, 1H, C1),3.95-
3.86 (m, 1H, B3), 3.83 (s,3H, OMe), 3.82 (s, 3H, OMe), 3.79 (s, 3H, OMe),
3.56 (brt,J=8.8 Hz, 1H, C3), 3.51-3.28 (m, 4H, C2, C4, C5, B5), 2.37 (s,
3H,Me (A,)),2.33(dd,J=12.2,6.0 Hz, 1H, B2), 1.74 (dt,/ =11.7,11.7 Hz,
1H, B2), 1.34 (d, /= 6.0 Hz, 3H, B6), 1.32 (d, /=5.8 Hz, 3H, C6), 1.01 (s,
21H, iPr;Si); *C NMR (100 MHz, CDCL,): 6 =165.7, 159.3, 159.1, 152.9,
152.7,139.2,138.9, 135.9, 134.3,130.5, 130.0, 129.9, 129.6, 129.5, 129.4, 128 5,
128.1, 127.7,126.7, 126.1, 121.5, 113.7, 113.6, 102.2, 99.8, 94.7, 83.1, 82.2, 81.8,
80.3, 79.3, 70.0, 68.6, 66.2, 61.9, 55.2, 41.0, 18.0, 17.8, 12.8; HRMS (FAB):
caled for CyH7Cl,0,3SiCs [M+Cs]*: 1235.3489, found 1235.3427.

A;BC diol 78: BF;-Et,0 (0.46 mL, 3.62 mmol) was added to a solution of
A;BC TIPS ether 77 (1.00 g, 0.91 mmol) and PhSH (0.74 mL, 7.24 mmol) in
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CH,Cl, (10 mL) at —35°C and the resulting mixture was stirred for 2 h. The
reaction mixture was quenched by the addition of Et;N (5 mL), diluted
with CH,Cl, (300 mL) and washed with saturated aqueous NaHCO;
(20 mL) and brine (20 mL). The organic layer was dried (Na,SO,) and
the solvents were removed under reduced pressure. The residue was
purified by flash column chromatography (silica gel, 0 — 100 % EtOAc in
hexanes) to afford A;BC diol 78 (0.65 g, 83%) as a white foam. 78: R;=
0.21 (100% Et,0); IR (thin film): 7=3405, 2942, 2866, 1739, 1567, 1454,
1390, 1328, 1254, 1127,1059 cm~'; 'H NMR (600 MHz, CDCl;, . ca. 1:1):
0=1757(d,J=72Hz,4H, ArH), 7.44-729 (m, 16 H, ArH), 5.20 (brs, 1H),
5.10 (t,J=10.8 Hz, 1H), 5.09-5.10 (m, 4H), 4.90 (dt, J=9.2, 4.1 Hz, 4H),
4.76,4.72 (AB,J=11.1 Hz, 2H, CH,Ar), 4.66 (dt,/=9.2,9.2 Hz, 1 H), 4.60
(brd, /=76 Hz, 1H), 4.06-3.98 (m, 4H), 3.81 (s, 6H, OMe), 3.74 (t, J =
8.9 Hz, 1H), 3.69-3.63 (m, 2H), 3.25-3.22 (m, 2H), 2.62 (s, 1H), 2.48 (d,
J=5.3Hz, 1H), 2.37 (s, 6H, Me), 2.37-2.28 (m, 3H), 1.80 (dt, /=9.9,
9.9 Hz, 1H, B2), 1.78 (dt,J=9.9, 9.9 Hz, 1 H, B2), 1.38 (d, /=5.9 Hz, 3H),
137 (d, J=5.9Hz, 3H), 1.31 (d, J=59 Hz, 3H), 1.27 (d, J=5.9 Hz, 3H),
1.08-0.89 (m, 21 H, iPr;Si); *C NMR (150 MHz, CDCl;): 6 =165.8, 152.9,
152.8,138.7,138.6, 136.0, 135.7, 134.3, 128.7, 128.5, 128.4, 128.0, 127.7, 126.7,
126.2,125.5,121.6,99.8, 96.3,91.8, 82.5, 82.3, 80.2, 79.3, 75.2, 75.1,75.0, 72.1,
71.5, 70.8, 70.0, 67.2, 62.0, 41.0, 34.2, 30.3, 29.7, 18.0, 17.8, 12.8; HRMS
(FAB): calcd for C,HgCLO,;SiCs [M+Cs]*: 995.2336, found 995.2377.

A,;BC bis-acetate 79: Ac,0 (0.19 mL, 1.88 mmol) was added to a solution of
A;BC diol 78 (0.65g, 0.75mmol), Et;N (0.43 mL, 3.00 mmol), and
4-DMAP (0.018 g, 0.15 mmol) in CH,Cl, (6 mL) at 0°C and the resulting
mixture was warmed to 25 °C and stirred for 1 h. The reaction mixture was
quenched by the addition of MeOH (1 mL), diluted with CH,Cl, (200 mL)
and washed with saturated aqueous NaHCO; (10 mL) and brine (10 mL).
The organic layer was dried (Na,SO,) and the solvents were removed under
reduced pressure. The residue was purified by flash column chromatog-
raphy (silica gel, 0 — 100 % Et,O in hexanes) to afford A;BC bis-acetate 79
(0.700 g, 98 %) as a white foam. 79: R;=0.42 (70 % Et,0 in hexanes); IR
(thin film): 7 =2943, 2867, 1749, 1566, 1454, 1372, 1248, 1062, 911, 736 cm™;
'"H NMR (600 MHz, CDCl;, a:f ca. 1:1): 6 =7.56 (d,J=7.1 Hz, 4H, ArH),
744-725 (m, 16H, ArH), 6.20 (d,/=3.7 Hz, 1H, Cla), 5.60 (d, /=8.3 Hz,
1H, C1p), 5.07 (t, J=9.1 Hz, 1H, C2p), 5.04 (brs, 4H, CH,Ar), 5.00 (dd,
J=10.0, 3.7 Hz, 1H, C2a), 5.00, 470 (AB, J=11.4 Hz, 2H, CH,Ar), 4.97,
4.64 (AB, J=11.5 Hz, 2H, CH,Ar), 4.90, 4.89 (t, /=9.2 Hz, 2H, B4), 470
(dd,J=9.7, 1.6 Hz, 1H, B1), 4.70 (dd, J=10.0, 1.4 Hz, 1H, B1), 4.00 (ddd,
J=11.6, 8.9, 5.0 Hz, 2H, B3), 3.92 (t, /=93 Hz, 1H, C3), 3.91-3.88 (m,
1H, C5),3.85 (s, 3H, OMe), 3.84 (s, 3H, OMe), 3.65 (t,/=9.1 Hz, 1 H, C3),
3.59 (dq, /=9.5, 6.1 Hz, 1H, C5), 3.40 (t,/J=9.1 Hz, 1H, C4), 347 (t, /=
9.0 Hz, 1H, C4),3.39,3.37 (2 x dq, /=9.7,6.2 Hz, 2H, B5), 2.37 (s, 6H, Me
(A))), 2.37-2.35 (m, 2H, B2),2.13 (s, 3H, OAc), 2.08 (s, 3H, OAc), 1.96 (s,
3H, OAc), 1.92 (s, 3H, OAc), 1.79 (dt, J=11.9, 11.9 Hz, 2H, B2), 1.33 (d,
J=6.2Hz, 9H, B6, C6), 1.30 (d, /=6.2 Hz, 3H, C6), 1.08—-0.98 (m, 42H,
iPr;Si); BC NMR (150 MHz, CDCL): 6 =169.8, 169.3, 169.3, 169.1, 165.7,
152.9,152.7,138.7, 138.4, 135.9, 134.2, 128.4, 128.2, 128.2, 1277, 127.5, 1274,
127.3,126.6, 126.6, 126.1, 121.5, 100.1, 100.0, 91.9, 89.4, 82.5, 82.2, 80.8, 79.2,
78.0, 75.0, 74.8, 72.1, 71.7, 71.5, 70.7, 69.9, 69.0, 61.9, 41.0, 41.0, 20.9, 20.6,
20.6, 18.1, 179, 17.7, 12.8; HRMS (FAB): caled for CgxH,CLO,;SiNa
[M+Na]*: 969.3391, found 969.3367.

A;BC lactol 80: nBuNH, (0.082 mL, 0.824 mmol) was added to a solution
of A;BC bis-acetate 79 (0.60 g, 0.63 mmol) in THF (3 mL) at 25°C and the
resulting mixture was stirred for 5 h. The reaction mixture was quenched by
the addition of saturated aqueous NH,CIl (10 mL), diluted with CH,Cl,
(200 mL) and washed with brine (10 mL). The organic layer was dried
(Na,SO,) and the solvents were removed under reduced pressure. The
residue was purified by flash column chromatography (silica gel, 0 — 100 %
Et,0 in hexanes) to afford A;BC lactol 80 (0.532 g, 91 %) as a white foam.
80: R;=0.21 (70% Et,0 in hexanes); [a]¥ = —0.67 (¢ =0.75, CHCl;); IR
(thin film): 7=3410, 2944, 2868, 1740, 1570, 1454, 1373, 1251, 1066, 911,
736 cm~!; '"H NMR (400 MHz, CDCl;, a8 ca. 1:1): 6=7.56 (d, J=7.2 Hz,
4H, ArH), 743-7.24 (m, 16H, ArH), 5.31 (d, /=3.8 Hz, 1H, Cla), 5.04
(brs,4H, CH,Ar), 5.00,4.70 (AB,J =11.5 Hz, 2H, CH,Ar), 4.98, 4.68 (AB,
J=11.4Hz, 2H, CH,Ar), 4.89 (t, J=9.2Hz, 2H, B4), 482 (dd, /=99,
3.7Hz, 1H, C2a), 4.77 (dd, J=9.3, 8.4 Hz, 1H, C2f), 4.70-4.62 (m, 2H,
B1), 4.58-4.51 (m, 1H, C1p), 4.09-3.89 (m, 4H, B3, C3, C5), 3.84 (s, 6H,
OMe), 3.65-3.61 (m, 1H, C5), 3.50-3.34 (m, 6H, B5, B5, C3, C,, C,), 3.28
(s, 1H, OH), 2.37 (s, 6H, Me (A))), 2.37-2.34 (m, 2H, B2), 2.02 (s, 3H,
OAc), 2.00 (s, 3H, OAc), 1.79 (dt, J=11.8, 11.8 Hz, 2H, B2), 1.33 (d, /=
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6.0 Hz, 9H, B6, C6), 1.26 (d, J=6.2 Hz, 3H, C6), 1.07-0.97 (m, 42H,
iPr;Si); °C NMR (100 MHz, CDClLy): 6 =171.6, 170.3, 165.8, 152.9, 152.8,
138.8, 138.5, 135.9, 134.2,129.2, 128.5, 128.3, 128.2, 127.7, 1275, 127.4, 127.3,
126.7,126.6, 126.1,100.1, 95.5, 90.0, 83.0, 82.8, 80.5, 79.3,79.3,77.9,75.7,75.2,
75.0, 74.8, 73.4, 71.3, 70.7, 70.0, 70.0, 66.4, 62.0, 41.0, 30.2, 20.9, 18.0, 17.8,
12.8; HRMS (FAB): calcd for C,sHg,Cl,0,,SiCs [M+Cs]*: 1037.2442, found
1037.2492.

Trichloroacetimidate 81: DBU (0.02 mL, 0.002 mmol) was added to a
solution of A;BC lactol 80 (0.53 g, 0.59 mmol) and CL,CCN (0.30 mL,
2.93 mmol) in CH,Cl, (3 mL) at 0°C and the resulting mixture was stirred
0.5 h. The solvents were removed under reduced pressure and the residue
was purified by flash column chromatography (silica gel, 0 — 50 % Et,O in
hexanes) to afford A;BC trichloroacetimdiate 81 (0.55 g) as a white foam.

ABC seleno-glycoside 82: PhSeH (2.3 mL, 0.5M solution in CH,Cl,,
1.17 mmol) was added to a solution of A;BC trichloroacetimdiate 81
(0.55 g) and 4 A MS in CH,Cl, (2 mL), and the resulting mixture was stirred
for 5min. The reaction mixture was cooled to —78°C, BF;-Et,O
(0.015 mL, 0.12 mmol) was added dropwise, and the reaction mixture was
stirred for 1 h. The reaction mixture was quenched by the addition of Et;N
(2 mL), diluted with CH,Cl, (200 mL) and washed with saturated aqueous
NaHCO; (20 mL) and brine (20 mL). The organic layer was dried (Na,SO,)
and the solvents were removed under reduced pressure. The residue was
purified by flash column chromatography (silica gel, 0 —50% Et,0O in
hexanes) to afford A;BC seleno-glycoside 82 (0.477 g, 78 % over two steps,
a:f ca. 1:9) as a white foam. 82: R;=0.16 (30% Et,O in hexanes); [a]¥ =
—8.1 (¢=1.36, CHCL;); IR (thin film): ¥=3033, 2952, 2871, 1739, 1566,
1451, 1376, 1249, 1134, 1065, 903, 731 cm~'; 'H NMR (600 MHz, CDCl;):
0=1759 (d, J=6.8 Hz, 2H, ArH), 750 (d, J=7.3 Hz, 2H, ArH), 7.42-725
(m, 11H, ArH), 5.05, 5.03 (AB, J=10.4 Hz, 2H, CH,Ar), 5.03 (dt, /=88,
0.9 Hz, 1H, C2), 4.94, 4.64 (AB, J=11.4Hz, 2H, CH,Ar), 4.88 (t, J=
8.9 Hz, 1H, B4), 4.81 (dd, /=102, 0.9 Hz, 1H, C1), 4.67 (d, J=9.7 Hz,
1H, B1),3.98 (ddd, J=12.9, 11.3, 4.9 Hz, 1 H, B3), 3.84 (s, 3H, OMe), 3.61
(brt, J=70Hz, 1H, C3), 3.47-3.41 (m, 2H, C4, C5), 3.37 (dq, /=94,
6.0 Hz, 1H, B5), 2.37 (s, 3H, Me (A))), 2.34 (dd, J =12.4, 4.9 Hz, 1 H, B2),
1.97 (s, 3H, OAc), 1.76 (dt, J=11.6, 11.6 Hz, 1H, B2), 1.35 (d, J=4.6 Hz,
3H, C6),1.32 (d,J =6.2 Hz, 3H, B6), 1.05-0.99 (m, 21 H, iPr;Si); *C NMR
(150 MHz, CDCly): 0 =169.5, 165.7, 152.9, 152.7, 138.5, 135.9, 134.5, 134.2,
129.0, 128.5, 128.4,128.2, 128.1, 128.0, 127.7, 127.5, 126.6, 126.1, 121.6, 100.0,
82.4, 82.3, 81.8, 79.3, 76.5, 74.8, 74.8, 72.5, 70.7, 69.9, 61.9, 41.0, 20.9, 18.1,
179, 17.9, 12.8; HRMS (FAB): calcd for Cs,HyCl,0;,SeSiCs [M+Cs]*:
1177.1971, found 1177.1919.

A;BC alcohol 83: nBu,NF (0.55 mL, 0.55 mmol) was added to a solution of
A,BC seleno-glycoside 82 (0.475 g, 0.45 mmol) in THF (2mL) and the
resulting mixture was stirred at 25°C for 1 h. The reaction was quenched
with saturated aqueous NH,CI (10 mL), diluted with CH,Cl, (200 mL) and
washed with H,O (20 mL). The organic layer was dried (Na,SO,) and the
solvents were removed under reduced pressure. The residue was purified
by flash column chromatography (silica gel, 0 — 70 % Et,O in hexanes) to
afford A;BC alcohol 83 (0.37 g, 91 %) as a white foam. 83: R;=0.18 (50 %
Et,0 in hexanes); [a]¥ =+7.8 (¢ =0.27, CHCl;); IR (thin film): ¥ =3425,
3050, 2943, 2872, 1737, 1449, 1373, 1255, 1126, 1061, 1026, 908, 744,
697 cm~'; 'TH NMR (600 MHz, CDCL,): 6 =7.59-7.24 (m, 15H, ArH), 5.02
(s, 2H, CH,Ar), 5.00 (t, J=9.6 Hz, 1H, C2), 493, 4.63 (AB, J=11.6 Hz,
2H, CH,Ar), 479 (d, J=10.3 Hz, 1H, C1), 4.78 (t, J=10.4 Hz, 1H, B4),
4.69(dd,J=9.7,1.9 Hz, 1H, B1), 3.87 (s, 3H, OMe), 3.78 (brs, 1 H, B3), 3.57
(brt, J=8.7Hz, 1H, C3), 3.45 (t, J=9.4Hz, 1H, C4), 3.43 (dq, /=94,
5.7Hz, 1H, C5), 3.36 (dq, /=9.5, 6.2 Hz, 1H, BS), 2.73 (brd, J=2.3 Hz,
1H, OH), 2.35 (s,3H, Me (A))), 2.35-2.32 (m, 1 H, B2), 1.95 (s, 3H, OAc),
1.73 (dt,J =12.2,9.8 Hz, 1H, B2), 1.34 (d, / =5.7 Hz, 3H, C6), 1.23 (d,J =
6.2 Hz, 3H, B6); “C NMR (150 MHz, CDCL): 6 =169.5, 166.4, 153.0,
151.8,138.6,135.9,134.6,133.2,128.9, 128.6, 128.5, 128.4,128.2, 128.1, 128.0,
127.6, 1274, 126.9, 126.4, 100.5, 82.5, 82.4, 81.8, 79.8, 76.6, 74.9, 74.9, 72.5,
69.8, 69.6, 62.4, 39.3, 21.0, 18.1, 176, 174; HRMS (FAB): calcd for
C4;3H,6CLO,;SeCs [M+Cs]*: 1021.0637, found 1021.0677.

A;B(A)C trisaccharide 84: Ring A glycosyl fluoride 9 (0.110 g, 0.50 mmol)
and A;BC alcohol 83 (0.22 g, 0.25 mmol) were azeotroped with benzene
(2 x2mL) and then dried under high vacuum for 1 h. The residue was
dissolved in Et,0/CH,Cl, (1:1, 1.5mL), 4 A MS were added, and the
mixture was cooled to 0°C and stirred for 5 min. SnCl, (0.056 g, 0.29 mmol)
was added to the reaction mixture in one portion and the resulting mixture
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was warmed to 25°C and stirred for 1h. The reaction mixture was
quenched by the addition of Et;N (2 mL), diluted with CH,Cl, (200 mL)
and washed with saturated aqueous NaHCO; (20 mL) and brine (20 mL).
The organic layer was dried (Na,SO,) and the solvents were removed under
reduced pressure. The residue was purified by flash column chromatog-
raphy (silica gel, 0—100% Et,0 in hexanes) to afford A;B(A)C
trisaccharide 84 (0.211 g, 80%) as a white foam. 84: R;=0.11 (30% Et,0
in hexanes); [a]# = —30.0 (c=0.21, CHCL;); IR (thin film): 7 = 3002, 2966,
2931, 2861, 1737, 1543, 1455, 1384, 1243, 1132, 1085, 1031, 908, 738,
697 cm~'; 'H NMR (600 MHz, CDCl,): 6 =7.60-725 (m, 15H, ArH), 5.05,
5.02 (AB,J=10.1 Hz, 2H, CH,Ar), 5.01 (t, J=10.1 Hz, 1 H, C2), 4.94 (dd,
J=48, 1.6 Hz, 1H, Al), 491, 4.64 (AB, J=11.8 Hz, 2H, CH,Ar), 4.87 (t,
J=9.4Hz, 1H, B4), 4.80 (d, /=102 Hz, 1H, C1), 4.67 (dd, J=9.9, 1.7 Hz,
1H, B1),3.85 (s, 3H, OMe), 3.85-3.81 (m, 1 H, B3),3.64 (d,/ = 9.4 Hz, 1 H,
Ad), 3.57 (t, J=8.8 Hz, 1 H, C3), 3.50-3.39 (m, 4H, A5, BS, C4, C5), 3.35
(s, 3H, OMe), 2.45 (dd, J=13.8, 5.1 Hz, 1H, A2), 2.38 (s, 3H, Me (A))),
2.29 (ddd,J=12.6,4.9, 1.5 Hz, 1H, B2),2.01 (dd, J=13.8, 1.8 Hz, 1H, A2),
1.96 (s, 3H, OAc), 1.71-1.67 (m, 1H, B2), 1.56 (s, 3H, Me (A3)), 1.34 (d,
J=59Hz, 3H, C6), 1.29 (d, J=6.2 Hz, 3H, B6), 0.84 (d, J=6.2 Hz, 3H,
A6); 3C NMR (150 MHz, CDCly): 6 =169.5, 165.5, 153.3, 153.2, 138.5,
135.8,134.7, 134.6, 129.0, 128.9, 128.6, 128.5, 128.2, 128.0, 128.0, 127.5, 127.5,
127.3,121.6, 100.0, 92.4, 89.9, 84.2, 82.4, 82.1, 81.8, 76.6, 76.0, 74.9, 74.8, 72.6,
72.3, 71.0, 66.2, 65.8, 62.0, 60.7, 40.0, 36.4, 30.3, 21.0, 19.3, 18.2, 18.0, 17.6,
15.2; HRMS (FAB): calcd for C5HsCLNO,sSeCs [M+Cs]*: 1207.2426,
found 1207.2421.

A;B(A)C alcohol 85: NaOH (2 mg, 0.06 mmol) was added to a solution of
AB(A)C trisaccharide 84 (0.21 g, 0.20 mmol) in MeOH/Et,0O (1:1, 1 mL)
at 25°C and the resulting mixture was stirred for 1 h. The reaction mixture
was quenched by the addition of saturated aqueous NH,CI (5 mL), diluted
with Et,0 (100 mL) and washed with brine (10 mL). The organic layer was
dried (Na,SO,) and the solvents were removed under reduced pressure.
The residue was purified by flash column chromatography (silica gel, 0 —
70% Et,0 in hexanes) to afford A;B(A)C alcohol 85 (0.185 g, 91%) as a
white foam. 85: R;=0.20 (50 % Et,0 in hexanes); [a]# = —36.1 (c =0.40,
CHCL,); IR (thin film): 7=3476, 2939, 1732, 1542, 1453, 1391, 1251, 1128,
1032, 911, 736 cm~'; '"H NMR (600 MHz, CDCl;): 6 =7.64 (d, J=70 Hz,
2H, ArH), 7.57 (d, J=70 Hz, 2H, ArH), 7.45-727 (m, 11H, ArH), 5.06,
5.03 (AB, /=102 Hz, 2H, CH,Ar), 498, 483 (AB, J=113Hz, 2H,
CH,Ar),4.94 (dd, J=5.0,1.8 Hz, 1H, A1),4.89 (t,/=9.4 Hz, 1 H, B4),4.72
(d,J=9.6 Hz,1H, C1),4.67 (dd,J=9.7,1.8 Hz, 1H, B1),3.89-3.83 (m, 1 H,
B3),3.86 (s,3H, OMe), 3.65 (d,/ =9.4 Hz, 1 H, A4),3.53-3.32 (m, 6 H, A5,
B5, C2, C3, C4, C5), 3.36 (s, 3H, OMe), 2.49 (brs, 1H, OH), 2.46 (dd, J =
13.8,5.0 Hz, 1H, A2),2.39 (s, 3H, Me (A,)), 2.29 (ddd, J=12.9, 5.1, 1.8 Hz,
1H, B2),2.02 (dd,J=13.8, 1.8 Hz, 1 H, A2), 1.72-1.65 (m, 1 H, B2), 1.68 (s,
3H, Me (A3)), 1.34 (d, J=5.9 Hz, 3H, B6 or C6), 1.33 (d, J=6.2 Hz, 3H,
B6 or C6), 0.84 (d, J=6.2 Hz, 3H, A6); “C NMR (150 MHz, CDCL,): 6 =
165.5,153.2,153.1,138.7,135.8, 135.1, 134.7, 129.0, 128.6, 128.5, 128.3, 128.2,
127.6, 1275, 126.3, 125.9, 125.4, 99.7, 92.4, 89.9, 84.3, 84.2, 83.0, 81.7, 77.0,
76.1,75.0, 74.9, 73.1, 72.3, 71.0, 66.2, 61.9, 60.7, 40.0, 36.4, 30.2, 19.3, 18.3,
18.2, 18.0, 17.6; HRMS (FAB): caled for CuHs;CLNO,SeCs [M+Cs]*:
1166.1378, found 1166.1319.

A;B(A)C 2-phenylseleno-1-fluoro donor 2: DAST (0.013 mL, 0.090 mmol)
was added to a solution of A;B(A)C alcohol 85 (0.062 g, 0.060 mmol) in
CH,C], (0.5 mL) at 0°C and the resulting mixture was stirred for 0.5 h. The
reaction mixture was quenched by the addition of saturated aqueous
NaHCO; (2 mL), diluted with CH,Cl, (100 mL) and washed with saturated
aqueous NaHCO; (10 mL) and brine (10 mL). The organic layer was dried
(Na,SO,) and the solvents were removed under reduced pressure to afford
the crude fluoride 2 (ca. 100 %, a:f ca. 8:1) which was used crude in the
next reaction.
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