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HIV-1 protease inhibitors (PIs) remain a powerfabltin the battle against HIV. The
recently approved nonpeptidal HIV-protease inhibdarunavir has been reported to be
highly active against the wild-type virus as wedl @gainst a series of mutant strains. A
rigid bis-tetrahydrofuran {is THF) moiety, with its two well-positioned hydrogdryond
acceptors, has proven to play a crucial role inrteraction of darunavir with the enzyme.
Based on the darunavir structure, a series of ndiglbstitutedbis-THF containing
HIV-1 protease inhibitors have been developed, islcbow very good activities against
wild-type HIV-1 protease as well as a panel of mRIt resistant mutant strains. In
particular, PIls have been synthesised that showagut and greater activity for mutant
strains compared to wild-type HIV-1 protease. Thawnligands are derived from a
selectively protectebis-THF diol scaffold, the synthesis of which has beeweloped in
our group. Alongside the synthesis, a design ratjoas well as results from biological

testing and molecular modelling will be described.
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BACKGROUND

Chapter 1 INTRODUCTION

Acquired immunodeficiency syndrome (AIDS) is a degrative disease of the immune

system which is caused by the human immunodefigigimases (HIV). Although there has

been a significant decrease in HIV incidence, weidieé an estimate of 33.3 million people

are living with AIDS/HIV, of which the majority (28 million) are located in sub-Saharan

Africa.* HIV primarily infects and kills CD4 T lymphocytes, which leads to a decreased

immune response and leaves infected individualseqible to opportunistic infections and

tumors? The two known species of the human immunodefigienirus (HIV-1 and HIV-2)

belong to the genus lentivirus, which is a membehe retrovirus family. HIV-1 is more

virulent, more infective than HIV-2 and causes thajority of HIV infections globally.

First described in 1983, HIV-1 is believed to anigfie from simian immunodeficiency virus

found in chimpanzees (S}y), while the less common HIV-2 is related to a sifaund in

sooty mangabeys (SiM).>* HIV-1 is subdivided into several groups and subsypwith

N
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Figure 1-1.HIV life cycle.

group M representing the vast majority of HIV-1
strains: There are distinctive differences in the
global distribution of the various subtypes, e.g.
subtype C, which accounts for approx. 50 % of all
HIV-1 infections, is prevalent in sub-Saharan
Africa and India, while subtype B is more
predominant in Western Europe and North
America®

Over 25 years of antiviral research yielded about
20 different compounds for the treatment of HIV-1
infection. These drugs affect various targets withi
the HIV replication cycle (Figure 1-1). Primary
targets were the reverse transcription of the viral
RNA into proviral DNA catalysed by reverse
transcriptase (RT) and the proteolytic cleavage of
the precursor polyproteins by a viral protease
(PR)/ In fact, there are two classes of reverse
transcriptase inhibitors: nucleoside and non-
nucleoside RT inhibitors (NRTI and NNRTI),

which either interact with the catalytic site of
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reverse transcriptase or an allosteric site ineclm®ximity to the catalytic site. More recent
target mechanisms include the integration of pedviDNA into the host cell genome
(integrase inhibitors) and the virus-cell fusiomtfg inhibitors)® These inhibitors interact
either with proteins on the HIV surface (gp41 apd2p) or bind to receptor proteins on the
CD4" cell (CCR5 or CXCR4). Anti-HIV drugs are administd in combination therapy, an
approach also known as combined antiretroviralagwer(cART). Typical cCART regimen
comprise two NRTI and one NNRTI or one boostedgasé inhibitor (PIS.

1.1 HIV-1 PROTEASE AND |NHIBITION

HIV-1 contains, like other members of the lentigirgubfamily of retroviruses, three
major genes gag pol and eny).° During the viral replicationgag and gag-pol gene
products are translated into precursor polyprotdtusther processing by a virally encoded
protease (HIV-1 PR) will then provide structuralof@ins as well as important viral
enzymes, including RT, protease and integtadélV-1 PR recognizes the asymmetric
shape of the substrate, rather than a defined amaid sequenc¥. Indeed, all nine
recognition sequences within thgagpol polyproteins are different, but share a
superimposable secondary structure (substrate lgpe/§, which fits within the protease
substrate-binding regiof. However, some amino acid side chains protrude abuthis
“envelope”, resulting in small differences that kleathe protease to distinguish the
different substrates. Presumably these small eiffiees also contribute to the highly
ordered cleavage process of the precursor polyipsite™

HIV-1 protease (Figure 1-2, A) is a symmetric homoel consisting of two 99 amino
acid proteins and belongs to the family of aspaatid protease®$. The active site is formed
along the dimer interface and each monomer coréggane of the two catalytic aspartate
residues (Asp25). The active site is covered by tiewible B-sheets (Lys43 to Arg57).
Upon substrate binding, these flaps change theifocmation to generate a hydrophobic
environment! The catalytic mechanism of HIV-1 PR is propose@adnsist of two steps
and proceeds via a tetrahedral intermediate, asrsiroFigure 1-22 Initial water attack on
the peptide carbonyl leads to a metastajgerdiol tetrahedral intermediate, which is
stabilized by a close hydrogen bonding network bseoved in X-ray crystal structure
studies:®?° Subsequent protonation of the amine group williités the rapid break down

to the C-terminal acid and the N-terminal amine.
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Aspartic acids

L, 0 ! o ©
o-H - ! —>  Amine
”& W AR s it
/N /N :
Substrate Tetrahedral intermediate Acid

Figure 1-2.3D structure of HIV-1 PRA) and proposed mode of actid®)(

Inhibition of HIV-1 protease will lead to the proztion of immature, non-infectious virus
particles?> Competitive inhibition of aspartic acid proteasesusually achieved by the
introduction of non-hydrolysable transition statealmgues (TSA) into the substrates, a
concept which was first applied to the design o¥/HlI PIs by Dreyeret al?> Common
transition state mimics include hydroxyethylene,dioxyethylamine and statine-like
isosteres as well as phosphinates @ffidoroketones. Based on the actpal cleavage site,

a five amino acid sequence within tgag-pol polyprotein, and the hydroxyethylamine
TSA, researchers at Hoffman-LaRoche developed itise dpproved Pl saquinavid.(,
Figure 1-4), by sequentially optimising the ligafidsdifferent subsites (residues to the left
of the cleavage site are referred to as P1, P2etP3 whilst ligands to the right are
designated as P1°, P2", P3", éch phenylalanyl mimic as P1 and a large amine like
decahydroisoquinoline as P1” were the preferredntig in the first two hydrophobic
subsites. Although being also primarily hydrophebtbe S2 and S2° subsites can
accommodate hydrophilic ligands. An asparaginedtesiand atert-butyl-carboxamide
were found to be optimum for these two positiortse Tistal subsites are less well defined,

a 2-quinoline carboxylic acid was used as P3 ligarghquinavir>

H =

@ NS N N\,/\/
H =
(e}
= p?Ph (0]

saquinavir £.2)

p2'H

Figure 1-3. Structure of the first approved PI.

Nine other PlsX.2 to 1.10, Figure 1-3) have also been approved by the FDAHe
treatment of AIDS in combination with RTi$.However, only four out of the ten are
currently recommended for initial treatment, thesdude atazanavirl(5), lopinavir (L.6),

fosamprenavir 1.9 and darunavir .10.° All of these Pls are co-administered or

-3-
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co-formulated with ritonavirl(.2), which is a strong inhibitor of cytochrome P458diated

metabolism and therefore serves as a pharmacakinatister for the other P13,

Ph

N OH 7 © Me S

<S]\/OTHNH)ELHWN\/EN/>\<
0 o)

ritonavir (1.2)
i. 5 rm @; PP 4 ;i
indinavir (1.3) |0plnaVIr 1.6
oH WP ‘ CFy
- NS
: S O O
H QH "H Ph/\\\ o) o)
HO NN /k tipranavir (L.7)
°© Sspho N
nelfinavir (1.4) y OR
et LT
= o
7/ \ (0] 0] ~ph
=N amprenavir 1.8 R=H)

fosamprenavirl.9, R= PO(OH))

o) OH 0 OH P‘ NH,
TR 2 T o o 4 LT
e0” N \N)j\Y ) Q\T TN
H B H = O O
° = H Ph

atazanavir1.5) O\/ darunavir 1.10

Figure 1-4.FDA-approved HIV protease inhibitors (TSA are highted in red).

Although cART treatment significantly reduced HIV+hortality and morbidity in
industrialized countries, several drawbacks stiimplicate the Pl therapies. High
replication rates, the lack of proofreading capadt the HIV-1 RT and therapeutic
pressure produce mutant strains that are resisiasme or more P2’ Other limitations
arise from the “peptide-like” character of many IgaPls, which results in higher
therapeutic doses due to poor oral bioavailabibityd considerable side effects, including
peripheral lipodystrophy, dyslipidemia or insuliesistance as well as drug-induced
hepatitis’ Subsequent research has focussed on a strucsed-tlasign of non-peptidal Pls
that are potent against resistant strains. A miajeakthrough was the development of a
stereochemically defined fusdals-tetrahydrofuran isTHF) moiety as a high-affinity
P2-ligand by the group of Arun K. Gho¥hFurther development and structural refinement

led to the selection of darunavir, which will bedlissed in detail in the next section.
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1.2 DARUNAVIR , A CONCEPTUALLY NEW HIV-1 PROTEASE INHIBITOR

1.2.1 Development and Properties of Darunavir

Structural analysis has shown that the conformatdicthe protein backbone in the active
site of mutant proteases basically remains unateBased on the presumption that
inhibitors with extensive hydrogen-bonding interacs to the protein backbone in wild-
type protease will retain its activity in mutan®&hosh and co-workers developed a series of
non-peptidal high-affinity P2igands®® A key element was the replacement of peptide
bonds with conformationally constrained cyclic cgtdrocyclic moieties to mimic the
biological mode of action by retaining importanteiractions in the active site. In particular,
they replaced the asparagine side chain andzthgdnd in saquinavir with various bicyclic
ethers®® Protease inhibitorl.11, containing a stereochemically definedR(3sS,6aR)-
biss THF moiety (Figure 1-5), was identified as the mpstent analogue (Kz= 1.8 nM).

As shown by X-ray crystal structure analysis, botly oxygens are involved in effective
hydrogen-bonding interactions with the backbone dAsp 29 and Asp 30 present in the
S2 subsite. Thereby they provide additional bindewergy to offset the loss ofs-P
hydrophobic binding of the quinoline rif§.Based on the promising clinical trials on
amprenavir 1.8), subsequent incorporation of the nou@sTHF moiety into a R)-
(hydroxyethyl)-sulfonamide based isostere led ®dbvelopment of TMC-1141(10 and
TMC-126 (1.12.%

1.10 R= NH, (TMC 114, darunavir)
1.12 R= OMe (TMV 126)

Figure 1-5.Development of PI§.10t0 1.12

P11.10was found to be slightly less potent tharl A2 (ECso = 4.5 nM and 1.4 nM), but
the P2 -amine group provided more favourable pheokiaetic properties in comparison
to the paramethoxy substitution. Subsequently, TMC-114 watecied for clinical
development at iBoTeC and renamed darunavir, in honour of Arun K. Ghtisin June
2006, the FDA granted approval to DRV, which s&limains the most recent HIV-1 PI to
date. Darunavir has proven to be highly effectigaiast a broad spectrum of multi-PI
resistant HIV mutant straif.In a panel of 1,501 Pl-resistant clinical isolaf&s % could

be inhibited by DRV at low nanomolar concentrati¢fE&s, <10 nM)3* Darunavir also
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successfully inhibits protease dimerisation at argtoncentrations (~ 0.1 pM), but fails to
dissociate dimerised PR. This suggests thad can bind to the monomeric precursor and
consequently causes the disruption of HIV-1 PR dsaton® Several X-ray crystal
structure studies of DRV-bound HIV-1 protease hesealed an extensive network of
ligand-protein hydrogen bonding interactions inwofy the enzyme backbori&®” The
inhibitor binds to the active site cavity of HIVHAR in two distinct conformations, which
are related by a 180° rotation around the centr&® Gond and have a relative occupancy of
60/40. The major conform-ation is shown in Figur&.1A second binding site was
identified on the flap surfac®.

Aspzs
Aﬁ"zs Aspau
Gly27 27/ &
\/L \2 a 12 7 /3 3

N eyt
3.2 L » ?H 2 O
o\\{‘- o\r‘N N
Ree g I - " s
T C-H,
.ﬁsp307'ji 31/ ) 0 0 Q N | Vaia2 33
FCas W \29 lles0' 3.6
o7 MY _ 0N & % Alaz6 3.5-3.6
NH30 128 \
Aspzs_g\l 3.0 34l i 8 "
0 \\ H
% Gly49
LA \ ¥
Glyas' Cf'-'\ CH.
il Vals2 3.3-3.5
J. ! Pro81 3.7

Figure 1-6.Hydrogen bond, C-H---O and C-Hinteractions of..10in the active site of
wild-type HIV-1 protease (picture taken from R&).3

Darunavir forms various interactions to the acte of the enzyme, including strong
hydrogen bonds (HB, shown in red), weaker C-H-a@ C-H-#« contacts (magenta and
blue), as well as weak van der Waals interactions $hown). The central hydroxy group
forms strong HB to the side-chains of the catalgBpartate residues (Asp 25 and Asp25’).
As already identified in the X-ray crystal struewof PI1.11 the two ring-oxygens interact
with the backbone NH of residues Arg29’ and Arg3bi.the S2’ subsite the aniline
substituent forms similar hydrogen bonds to thekbane and the side chain of Arg30.
Further HB contacts were identified between theba@avate moiety and the backbone
carbonyl of Gly27'. Weaker C-H---O interactions &wened between thbis-THF ligand
and Gly48’ as well as the,©f Gly49 and the sulfonamide oxygen.
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1.2.2 The Synthesis of Darunavir

Several convergent synthesis of darunavir have besoribed® Key-intermediates for
the final synthesis of darunavit.(Q are the protected chiral epoxidel3 and bis-THF
alcohol1.15(Scheme 1-1°

1.'BUNH,, # NO; 1. H,, Pd/C ?‘ NH;
O PrOH, 84 °C oH 2. TFA H o O
BocHN._ _~] BocHN. _~_ N« WO N A UNL
: : S 3.1.17 E&N SC/" DI S
\Ph 2. PNPSQCI, \Ph [e}Ne) .CEHZ’CI23 "h—=H 0 \Ph o o
ag. NaHC Sz
1.13 q @ 1.14(95%) o0/ darunavir .10 85%)
H Q o H 7
~OH WO O EtN, CH,Cl, OO
L Oyorty, e oy
H™ ™ o o G H™ ™~ o
o/ o/
1.15 1.16(DSC) 1.17

Scheme 1-1Synthesis of darunavi. (10.

The hydroxyethylsulfonamide isostere was generfed epoxidel.13 Initial treatment
with isobutyl amine in refluxing isopropanol andbsequent reaction withpara-
nitrophenylsulfonyl chloride (PNPSOI) afforded the intermediat®.14 in 95 % vyield.
Sulfonamide1.14 is converted to darunavirl.lO in a final three-step sequence: (1)
Pd-catalysed reduction of the aromatic nitro gra@p;trifluoroacetic acid (TFA) mediated
removal of the Boc group and (3) coupling of théeimediate primary amine to the
activated mixed carbonaté.17, which was derived fronbisTHF alcohol 1.15 and
N,N’-disuccinimidyl carbonate (DS@,16).3°*

Epoxidel.13is now commercially available, but can also bevemiently synthesised in
four steps from Boc-protected phenylalanihel§ Scheme 1-23* Activation of amino acid
1.18 with isobutyl chloroformate was followed by additii of diazomethane to generate
diazoketonel.19 Reaction with HCI to form the chloroketone anduetion with NaBH
provided alcoholl1.20 in 52% vyield from1.18 Treatment ofl.20 with alcoholic KOH
yielded the desired epoxidel3

\)CL 'BUOCOC, 2 o 0
BocHN._\ ., NMO: CHN, BocHN\)K" 1HO BOGHNL A KoM EioH  BoeHN.
: —_— H : —_— :
o p N2 2.NaBH, e © 99% ph””
1.18 1.19 1.20(52%) 1.13

Scheme 1-2Synthesis of epoxidé.13from1.18
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Alternatively, an asymmetric synthesis from butadiemonoxide 1.21) has been
reported (Scheme 1-33.Copper(l)-mediated 1,4-addition of PhMgBr to epfexil.21
afforded allylic alcoholl.22 Subsequent Sharpless epoxidation with (-)-diethtdrtrate
(DET) gave epoxidd.23 which was converted to azidodibl24 via regioselective ring
opening with diisopropoxytitanium diazide. Chlorocedylation of diol1l.24 to azidoester

1.25was followed by exposure to sodium methoxide &dyepoxidel.26

t
PhMgBr, BuOOH, ()-DET,

o Ti(O'Pr),, CH,CI (o}
CuCN,THF la 2 2,
W N Ph/\/\/OH Ph/\/\/OH
1.21 97% 1.22 63% 1.23
Ti(O'Pr)y(N),
82%
OA Q OH
Ne) Phe AcO cl H
Nas NaOMe Na A Cl Na~_~_-OH
z -~ B -~ B
Ph~ Ph” Ph~
1.26(71%) 1.25 1.24

Scheme 1-3Synthesis of epoxidé.26

The synthesis of the bis-THF alcolol5will be discussed in detail in section 1.3.

1.2.3 Further Developments from Darunavir

Since the structure of thaisTHF ligand is very significant for the superiosigance
profile of darunavir, further research on DRV amggies mainly focussed on alterations
around the P1'/P2’ sulfonamitf&’® as well as the P1 phenyl grotif’® Two interesting

clinical analogues are shown in Figure 1-7.

1.29a R!'= OBn; R = NH,
1.29h R! = OMe, OBn; R = OMe

1.30

Figure 1-7.Structure of four experimental P15.27to0 1.30.
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Brecanavir {.27) was developed by i@xo SMITHKLINE and VERTEX and showed very
good activity against wild-type HIV-1 as well asrieis mutant strain€ It incorporates a
1,3-benzodioxole P2’ group, which can form addiébwater-mediated interactions with
the flap residue Gly48 of the second monoflemd a thiazoylmethyl ether as additional
substitution on the P1 phenyl group. AlthougR7 entered phase Il trials, the development
was discontinued due to insurmountable formulaigsnes.

Based on the assumption that metabolically labilprBdrug, which is converted inside
the cell to a charged metabolite with reduced meamdrpermeability, would exhibit a
prolonged antiviral effect, Leet al. developed a series of phosphonate substituted Pls
including GS-83731.29.%° These analogues showed good activity against fletype
virus and virtually unchanged or even improved poyeagainst various multi-PI resistant
isolates. The phosphonic acid residue in GS-837Bowtioned at the open end of an
hydrophobic channel and is exposed to the solvéhtmo observable effects on the active
site. This “solvent-anchoring” apparently allow$etter adaptation of the PI to the larger
volume of the mutant binding cavity, resulting menhanced resistance profife.

In 2006, our group published the synthesis of theb€nzyloxlated DRV-analogue29a
based on a disubstituted bis-THF scaffdief: Ghoshet al. also reported the incorporation
of various bicyclic ring systems into the darunasgicaffold>*>* However, further
substitutions on thbis- THF moiety have only been reported very recemtiyparticular, the
synthesis of the C4-alkoxylated analogu#®9b®> and the highly activetris-THF
containing PI1.30(ECs, = 1.8 nMJ° have been disclosed.
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1.3 BIS-TETRAHYDROFURAN , A PRIVILEGED LIGAND FOR NEW PIs

The cisfused bisTHF or 2,8-dioxabicyclo[3.3.0]octane ring systerals¢ called
hexahydrofuro-[2,B]furan) can be found in a limited number of biokgly active natural
products including communiol DL(31)*’, dihydroclerodin 1.32),%® rhyacophiline .33
or the ATPase inhibitor asteltoxi.84 Figure 1-8f°

OH

HO” ™
H o 10
H

communiol D (.31) dihydroclerodin {.32 rhyacophiline {.33 asteltoxin .34

Figure 1-8.Bis-THF containing natural productsi¢ fusedbis-THF moiety is highlighted in red).

Since the first reported synthesis of bis-THF atdoh15 by Ghosh et af® in 1994,
several other routes tb15 have been completed following one of three majatagies:
(1) substrate-controlled syntheses from chiral powhterials like (B)-malaté® or
glyceraldehyde derivative$?>%(2) racemic formation of the bis-THF alcohol, @lled
by enzymatic resolutiof:®3(3) diastereoselective syntheses utilizing chitadiliaries®**®

1.3.1 Syntheses obis-THF alcohol 1.15 from chiral pool materials

The first enantioselective procedure affordesi THF alcohol1l.15in 30 % overall yield
(Scheme 1-4). Diastereoselectiuealkylation of (R)-diethyl malate 1.35 with allyl
bromide yielded estet.36 which was reduced and protected to give priméghel 1.37.
Subsequent oxidation and camphorsulfonic acid (C&#fdiated cyclisation afforded
methyl acetal .38that was converted tis-THF 1.15in two final steps.

OH LDA, then OH 1. LAH, ELO o)(
CH,=CHCH,Br 2. acetone, p-TsOH e}
Etozc\/k CoEt — 2 SN cot ——— PR X
85% 59%
CO,Et HO
1.35 1.36 1.37
1. Swern
2. CSA, MeOH
HO H 1. G; then NaBH HO 4
('\/I\/> 2. CSA, CHCI, d\/
o710 81% 0" ™"oMe
H
1.15 1.38(73%)

Scheme 1-4Enantioselective synthesis lois-THF alcoholl.15from (2R)-diethyl malate.
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An enantioselective synthesis utilizing protectedlyceraldehyde K)-1.39 was also
published by Ghosh and co-workers in 2004 (ScherBg>1 Wittig reaction of R)-1.39
afforded a separable mixture of olefins with theickl Z-alkene1.40 as major product.
Treatment of1.40 with catalytic amounts of conc.,80, and protection of the primary
alcohol furnished intermediaté.41 The key step was a stereoselective photochemical
addition of 1,3-dioxolane, yielding aceth42in 82% (dr 96:4), and subsequent dibenzyl-
ation gave alcohol.43 which was reduced to the corresponding lactoidAatalysed

cyclisation afforded the epimeric alcolo#i4 which was inverted tbisTHF 1.15

WL PhP=CHCQMe WL 1. H,SO, MeOH
0 O CO,Me , o
MeOH, 0 °C . o
O\)vo e_» O\)\/‘ 2 Bnbr B”O/\g
88% o,
(R-1.39 1.40 95% 1.41
hv, Ph,CO,
dioxolane, 82%
HO 1. TPAP, NMO HQ 1. LiAIH,, THF
' 2. NaBH,, EtOH 2. HCI, THF/H,O O_o
- - RO/\<_/\¢
o 10 68% o 1~0 77% 0
H H =\
1.42 R=Bn H,, Pd/C
1.15 1.44 K/O 143 R=H =< Bo%

Scheme 1-5Synthesis ofl.15via photochemical dioxolane addition.

Quaedflieg et al. reported a different approach from the corresponding pretct
L-glyceraldehyde, which was found to be reliableaomulti-100 kg scale for the synthesis
of darunavir (Scheme 1-8).Aldehyde §-1.39was readily converted to enodtat5 by a
Horner-Wadsworth-Emmons (HWE) reaction using tyetbhosphonoacetate (TEPA). A
subsequent Michael addition with nittomethané.#6was followed by a Nef-reactihto
an intermediate aldehyde, which cyclised to lactawetal 1.47 as a mixture of two
diastereoisomers. Purification by crystallisatidfor@led the desired lactoree1.47, which

was reduced with LiBldand treated with conc. HCI to gitel5in 34% overall yield.

%Q TEPA }LQ %Q
g = MeNO, g

H,O/THF
EE—

o < o - <
NN \MCOzEt NCOZMG
9204 DBU z
(9-1.39 1.45 o,N~ 146
1. NaOMe, MeOH
2. H,SO, MeOH
O (0]
HQ y 1. LiBH, M o){
(\/I\/> 2. conc. HCI Q 3 crystallisation = =
- -
o710 80% O\ OM
H ° o~ ~OMe o “OMe
1.15 a-1.47(37%) 1.47(3-4:1)

Scheme 1-6Synthesis of bis-THF alcohol 1.15 from protectedlyeeraldehyde.
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A second approach from aldehyd®)-1.39 was recently disclosed by Ghogh al
(Scheme 1-73° Wittig reaction of §-1.39 and subsequent DIBAL reduction afforded
allylic alcohol 1.48 which was alkylated wittert-butyl bromoacetate in the presence of
CsOH and tetrabutylammonium iodide (TBAI). A [28fmatropic rearrangement of ether
1.49 at —40 °C provided the desired alcotiobl as single isomer in 80% vyield. The
stereochemical outcome can be explained by theiveamonformationl.5Q in which the
allylic C-0O bond (blue) is orthogonal to the altyiC=C (green) and antiperiplanar to the
attacking enolate (red). Mesylation and reductiénl®l led to alcoholl.52 that was
readily converted td.15via ozonolysis and acid-catalysed cyclisation.

OH BrCH,CO,'Bu, CsOH,

o
%Q-, 1. Wittig %Q., TBAI, 4A MS, MeCN %Q ;L
O~0 =5 O / o 2 Ao
2. DIBAL 85% M—O~ —0'Bu
(9-1.39 1.48 0 1.49 Y /
Hi/. ?

LiIHMDS, -40 °C H
80%

H
O

Hq H O3, Me,S %o— 1. MsClI %o— OH 1.50 O7L

-~ ; ~— : CO,'Bu
o 10 M : z

0, H [
H 80% > OH 74% U

1.15 1.52 151

Scheme 1-7[2,3]-sigmatropic rearrangement pathwayl tb5

1.3.2 Racemic approaches tdis-THF alcohol 1.15

Both racemic syntheses start from 2,3-dihydrofuarb3 Scheme 1-8). Xieet al.
reported a one-pot synthesis frobb3 and glycolaldehyde 1(54) inducing diastereo-
selectivity with the chiral catalyst [SIEE)-Ph-pybox)]OTf to furnishrac-1.15 in 63%
yield (dr 93:7, 15 %eefor major productf? The catalyst was formed situ from Sn(OTf)
and bisoxazolined.55 In the earlier approach, eth&56 underwent a cobaloximel.67)
mediated radical cyclisation to alkede58 which was then converted tac-1.15 via
ozonolysis and subsequent reducfibrOptical resolution of the racemic alcohol was

achieved in both cases by enzymatic acylation acylation.
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OH

_0 H
@ HO " 154 (\/Eg N
O cat. Sn(OTf)/1.55 o0 O N/ O,
63% (15 %ee A | \\)
153 rac-1.15 N N~/
Ph 155 Ph
HO N 03’ M825
/\\ then NaBH
NIS, CH,Cl,, 91%

74% N%\
4 CH, i N C° Me

| cat.1.57, H
U - Ny b
0 g 72% 0770 157
H .
1.56 1.58

Scheme 1-8Two racemic approaches1alh

1.3.3 Syntheses of 1.15 utilizing chiral auxiliaries

Uchiyamaet al. achieved the synthesis ©f15 via oxyselenylation of 2,3-dihydrofuran
(Scheme 1-95¢ Thein situ generated chiral selenium sal69 was reacted with methyl
glycolate and dihydrofurad.53 to form theanti-adduct1.60in 73 % vyield (dr 78:22).
Reduction of the ester to the corresponding aldehyds followed by radical cyclisation
with BusSnH and AIBN to afford a mixture of the enantioehad alcohold.15and1.44
Epimerl.44was readily converted tb.15in two steps (see Scheme 1-5). Optical resolution
with (R)-1-(1-naphthyl)-ethyl isocyanate afforded the sapke diastereomeric carbamates,
which were treated with LiAllito provide the enantiopules-THF alcohols.

HOCH,CO,Me, *ArSe . HQ__ H HQ 4
_— +
SeBF,  73% (dr 78:22) o O  2.BuSnH, AIBN o] ) o 1) 1 o
1.59 1.60 1.15(44%) 1.44(13%)

Scheme 1-9Synthesis ofl.15via oxyselenylation 01.53

Ghosh et al. also reported a highly diastereoselectiamsti-aldol reaction utilising
tosylamidoindanol as a chiral auxiliary (Scheme0]®% Acylation of indanol1.61 with
pent-4-enoic acid vyielded estet.62, which was treated with Ti¢l and N,N-
diisopropylethylamine to form the corresponding latea Addition to cinnamaldehyde
furnishedanti-aldol productl.63 Protection of the secondary alcohol as THP-ethed,
removal of the chiral auxiliary via reduction withAIH , afforded alcohol.64 which was
subsequently transformed to aceta®d5 Ozonolysis of the double bonds, reduction of the
aldehydes to the corresponding primary alcohols acd-catalysed cyclisation finally
furnished the desirelis- THF ligand1.15in 34% yield.
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TsHN TsHN i i TsHN
- pent-4-enoic acid 0 TiCl,, PRNE, O OH

; cinnamaldeyde ;
@QMOH _EDCI, DMAP_ @Qo cinnamaldeyd @QOJ\/\
99% AN 70% N g

1.61 1.62 1.63

1. DHP, PPTS, 92%
2. LiAIH 4 99%

HO 1. O;, Me,S
-~ H then NaBH MeO  OTHP 1. Swern OTHP
2. aq. HCI 2. CH(OMe); CSA
<7~ MeO” | ‘
(6] (6] 0, = 0,
) 60% % oh 89% \/
1.15 1.65

Scheme 1-10Anti-aldol approach td.15

Xie et al. published a highly diastereo- and enantioseledflukaiyama aldol reaction of
silyl enol ether1.66 and (benzyloxy)acetaldehyde67 (Scheme 1-11% Catalysis with
5 mol% of the chiral catalyst [C&O)-Ph-pybox)](SbE),, preformed from Cu(Shkf, and
bisoxazolidinel.55 and hydrolysis of the trimethylsilyl ether integthate afforded alcohol
1.68 in 87 % vyield (dr 98:2, 94 %e for major product). Reduction to the lactol and
debenzylation afforded epimeric alcohbld4 which again was converted tus-THF

alcoholl.15as described earlier.

OH
cat, Cu(SbP,/L55 ~ H - 1. DIBAL H 9" 1 TPAP, NMO H PH
OBn _78 °C; then aq HCI 2. Hy, Pd/IC : 2. NaBH,, EtOH :
| ’ Ov OBn
o OSiMes 87% 0" X 55% o |:| (0] 68% e} H (¢}
1.66 1.67 1.68 1.44 1.15

Scheme 1-11Formation ofl.15via Mukaiyama aldol reaction.

1.3.4 Synthesis of disubstituted bis-THF analogues

All the syntheses described above yield a monotionalised bissTHF. However,
additional functionalities with hydrogen bondingilay could enhance the potency of the
ligand by forming additional interactions with tletive site. Linclawet al. developed a
synthesis of chiral disubstitutduis-THF bis-diol 1.74from natural sugar alcohatarabitol
(1.69 Scheme 1-12F Selective protection df.69under kinetic conditions to diacetal71
was achieved with 3,3-dimethoxypentah&’0 in the presence of CSA. Parikh-Ddring
oxidatiorf® of alcohol 1.71 to the corresponding ketone and subsequent Wfigtigtion
afforded alkenel.72in excellent yield®"* Hydroboration of1.72 with EtBH, formedin
situ from metathesis reaction withgBtand BH,”* was followed by a second Parikh-Déring

oxidation to yield aldehyd#.73 Finally, a TFA-catalysed cyclisation furnisheoldi.74

-14-
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MeO OMe Et Et Et Et
Et Et Et Et
Ko 1.SQpyr, DMSO  — Vg oK
OH OH O o C
- 1.70 w 2. CH,PPhBI o \/—.W(k/o
CSA, THF 91%
OH OH OH 78% OH
1.69 1.71 172
1. EtBH; H,0, NaOH
2. SG-pyr, DMSO
o o e Et Bt o
> Yo o X
(IS TFA, Hzo, CH2C|2 O < o)
-
NS
o)
1.74 1.73(88%)

Scheme 1-12Synthesis obis-THF diol 1.74from L-arabitol (.69.

Ghosh also reported the synthesis of 4,6-disubwstitbis THF analogue$® Direct
functionalisation of alcohdl.51to ethersl.75was followed by subsequent ester reduction,
ozonolysis and acid-catalysed cyclisation to affibrel disubstitutedbis- THF 1.76 (Scheme
1-13). On the other hand, Mitsunobu inversfoof 1.51, followed by hydrolysis of the
intermediate ester led to diastereomeric alcdhof, which was functionalised tb.78 and

converted to the corresponding diastereom@sd HF ethersl.79as described above.

%O_ OH NaH, Mel or %Q OR L LA HQ 1 OR
o, ’ BnBr, TBAI o - R . 4
\/\/\COQBU e \/\/\COZtBU 2. 0o Mos (oi(}
: 99% : e
Z Z then PTEA H
1.51 1.75a R= Me 1.76a R= Me (54%)
1.75h R=Bn 1.76kh R=Bn (60%)
1. PPh, DIAD, PNBA
2. K;CO;5, MeOH
%Q OH NaH, Mel or %Q OR 1 LiAH HQ 1y PR
3 BnBr, TBAI 3 : 4
\/\/kCOZIBu — \/\/‘\COZtBU 5 03 VoS o S
z g . il e2
Z Z then PTSA H
1.77 1.78a R= Me 1.79a R= Me (77%)
1.78h R=Bn 1.79h R= Bn (60%)

Scheme 1-13Synthesis of functionalised didls76and1.79from 1.51

Although alcoholsl.51 and 1.77 allow access to disubstituted bis-THF analogues, t
possible substitutions are limited due to the sgbset chemistry. Hence, dibl74remains
as the more versatile scaffold for the synthesisidher disubstituted analogues. In theory,
alcohol 1.77 could also be converted to dibl74 whilst 1.51 would lead to emesediol

with two indistinguishable hydroxy groups.
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1.4 PROJECT AIM

Our studies of the X-ray crystal structure of HI\pfotease in complex with DRV and
several recognition sequences suggested that @ulitsubstituents on the C4-position of
the bisTHF moiety could lead to additional interactions tbe Pl with the enzyme
backbone. In collaboration withiBOTEC a series of hydroxy and benzyloxy substituted
DRV-analogues based on dibl74 had been generated (Figure 1¥*9¥ The activity of the
hydroxy Pls {.80a-g against wild-type HIV-1 was strongly dependent the P2’
sulfonamide substituent, while benzylated analdg88eshowed a low nanomolar activity.
The X-ray crystal structure ofl.80a revealed a water mediated hydrogen bonding
interaction to the backbone NH of Gly48.

-NH (EGo = 772.9 nM)

Me (Efg= 6.5nM)
-Br (Eg= 4.8nM)
4-OCKO (EGo= 24.8 nM)
-NH (EGo= 1.5nM)

I
30
ZT
s
ﬁ e}
T
=
8 o, F\/
x
el i b Y
ol
Q0000
WITTITT
=]
XX X X X
o nn
Pwnrbpbd

Figure 1-9. Structure and activity of PIs synthesised in calation with TBOTEC.

The synthesis of these disubstituted analoguesaglaieved by DSC-mediated coupling
of amine 1.81 and derivatisetis-THF alcohol 1.82 (Scheme 1-14). The disubstituted
biss THF 1.82was synthesised from didl74via theendoprotected speciek83

PGQ . OH HO OH
1l = = P =
KO) N ~ N Ar H,N N /
g 'HW \/\/ X \/\/ ,,\\ (ig (ig o0
(6] ~pn 00
H
o_/R 1.80 182 3 1.74

Scheme 1-14Retrosynthetic approach to C4-substitued bis-T&nds.

The aim of this project was the synthesis of aetgrof biss THF derivatives starting from
the endoprotected specied.83 These new ligands were coupled to various amines
scaffolds. The final PI4.80were tested for their antiviral activity on wilgpe HIV-1 and
several mutant strains. Following the previous lteshis-THF analogues with additional
hydrogen bonding capacity were of particular ingerénitial focus was placed on the
synthesis of &xoamino analogues and furthee#eoxy derivatives (Figure 1-10).

HQ  HN-R! HQ y O-R?
/ L= COR, SOR / R2 = alkyl, alkoxyalkyl, aryl,
ot~g (CO)OR ot~g CONHR, CHCONHR

H H

Figure 1-10.Targeted exo-amino and exo-oxy analogues.
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CRYSTAL STRUCTUREANALYSIS

Chapter 2 CRYSTAL STRUCTURE ANALYSIS

HIV-1 protease is one of the best studied enzym#saver 220 X-ray crystal structures
available in the protein data bank (PDB). Amongs#e25 crystal structures show the
HIV-1 protease in complex with darunavir. Our as&éyand modelling was based on an
ultra-high resolution crystal structure with a fesion of 0.84A, published by Webest al.
in 2006 (PDB: 2HS1¥’ Figure 2-1 shows the interactions of the bis-Tifand of DRV
(A) and its hydroxy analogu8) with the HIV-1 PR binding pocket.

\ /
/\(Gg«q
r® 1 1
'-: "._.1.1 (39%0)

“eusy
..

\i—(
Asp 30

Figure 2-1.3D depictions of the binding mode of this- THF moiety in DRV A) and its
C4-hydroxy analogueB|

As already described above (1.2.1), the tvisTHF ring-oxygens in DRV form strong
hydrogen bonding interactions with the backbone dfHesidues Asp29 and Asp30. In
addition, two weaker C-H---O contacts between #wored THF ring and the backbone
carbonyl of Gly48 have been identified. Figure 2sti®ws the modelled interactions of the
hydroxy Pl11.81abased on the 2HS1 coordinates. Again, two N-Hhy@rogen bonds
between Asp29/30 and thes-THF ligand are present. The C-H-:-O interactian&ly48
have now been replaced by a HB from the hydroxygrinterestingly, the OH also forms
a HB to a water network that connects the sidencb&iAsp29 with the backbone NH of
Gly48. In addition to the bonding distances a peta@ge score is given indicating the
likeliness of a hydrogen bond based on statista®lysis as described by Clark and
Labute’® Although being slightly longer, the water-mediatetkraction to the Gly48 (NH)

has a better orientation, resulting in an 92% oplinydrogen bond, while the direct contact
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to Gly48 (CO) is only 39% optimal according to ®lat_abute’ As the Gly48 residue is
positioned above thieis THF moiety, it is obvious that only axcsubstitution at the C4-
position is sensible. Aendasubstituent would point towards the carbamatenefRIl and
probably not undergo any interactions with the emzy

Interactions with Gly48 and/or Gly48' are also kmovrom the natural recognition
sequences of HIV-1 protease. A general overview theshydrogen bonding interactions in
the cleavage site is given in Figure 2-2.

Q) D)
D R > Q)y\’ 5P
S @ O
> P P
< o o o
& O O &
é% C? Cy é§
ll?\ R 'T' R |;| O
Cd N /’ I%N% I’
“.‘)\lf T | N
Ho o R o R H
! :\\ ! AN |I
o A % A K
. % %0 7. 20 %
(@ Y. 4 s, 1= (Q
Ay R % o, %o, A
DN X, ®
9 SO <%> 7 <o
T % o %70, 0
’V@ 9 ‘éj ) {9) ﬁéj

Figure 2-2.Hydrogen bonding substrate/enzyme interactionssiavage site.

Hydrogen bonding between substrate and enzymeeirat¢hive site can be observed to
Gly48 and Asp29 of each subunit. Gly48 can servdBsicceptor (A1) and HB donor (D2)
via its backbone (BB) carbonyl and NH group. On otiger site, Asp29 can form two HB
donor contacts, either directly from the backbor¢ (W1b) or water-mediated via the side
chain residue (SC, D1a). The aspartate side clsinsarves as a direct HB acceptor (A2).
But there are no interactions between the substradleéhe backbone carbonyl of Asp29, as
this points away from the active site. In Table,Zéven of the ten natural recognition
sequences of HIV-1 protease and their HB interastia the active site of the enzyme are
shown. The actual cleavage site is highlighted lure bwhile residues highlighted in red
interact with the Gly48 or Gyl48' backbone. All tiese hydrogen bonds are backbone-
backbone interactions, due to fhetrand conformation of the natural substrates.
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Table 2-1.Natural recognition sequencesgiag/polpolyprotein and their HB interactions with the

active site of HIV-1 protease.

cleavage

o P4 P3 P2 PL PI' P2 p3 P4
MA-CA® (f)ezr) (ASTDl) (AAslr; Tyr Pro (Ll)li') (Al\’/,a[IDZ’) Gin
CA-p2” g:) (Agr%1> (,\:\all) Leu  Ala (Slll{) (Al’A,IEZ’) Met
p2-NC°  Ala (A;hlgl) (Xi) Met Met (Sllﬁ) (Aﬁ,r%z) Gly
NC-p1¢ (ADrg) Gh  Ala  Asn Phe (Dllfzz,) (Al,G"E’)Z,) Lys
PSP W PR Ol ity o
RTRHT O maoy o P T on anon O
RH-IN®  Arg ('3’13) (Xel) Leu Phe ('[‘)ilf) (Alf\"sgz,) ((D;'ff)

® residues imlue indicate the actual cleavage sitehile residues imed interact with Gly48 or
Gly48'. ® The cleavage sites are identified by the proteifeased once the site is cleaved:
matrix (MA), capsid (CA), mucleocapsid (NC), pratedPR), reverse transcriptase (RT),
RNAase H (RH) and integrase (IN)rom Ref. 13 from Ref.”.

Out of the four possible hydrogen bonds to Gly4$48l, two (A1’ and D2’) are
conserved throughout all seven recognition sequendaile HBs A1 and D2 can be found
in at least four different substrates. The contddtsand D2’ are formed at the interface
between Gly48' and residue P3’, each contributing 1B acceptor and one HB donor.
Interaction Al is usually formed between Gly48 (BB) and residue P2 (NH, BB), while
hydrogen bond D2 occurs between Gly48 (NH, BB) mrsidue P4 (CO, BB).

Since interactions of the substrates with Gly48 @evalent and similar contacts have
also been observed with DRV-based PIs, this prdgmissed on the development of new
Pls with disubstitutedbis THF ligands, which could mimic these binding madés
particular, it was envisaged to generate Pls wiBhdénor ability towards Gly48 (CO) or
HB acceptor ability towards Gly48 (NH) or both. 8Jsa hydrophobic pocket below the
flaps could serve as additional target for morepiglic derivatives. Figure 2-3 shows DRV
within the binding pocket of HIV-1 protease. Areagh HB donor/acceptor ability are
coloured in blue and red, respectively, while hydhabic regions are highlighted in green.

-19-



CHAPTERZ2

hyophobic "flap pocket"

HB\ donor

HB acceptor

Figure 2-3.DRV within the binding pocket of HIV-1 proteadeTargeted binding areas for new

analogues are marked.

The modelling , which was performed by Dr. Jorg Wergat Tibotec, was based on the
2HS1 coordinaté$ and used a stochastic sampling of R-groups usinpdft’'s ICM Pro
software. This allowed screening for pre-definedrBup sets within ICM and manually
drawn groups in the 3D protein-ligand complex. Aliuctures were energy minimized
using the standard force-field in ICM and follomep-by a visual inspection and ranking by
a structural biology expert. The proposed strustare shown below (Figure 2-4).

HB_donor/acceptor: 00 Ph o tydrophobic/other:
R=NHCOR (1)  O(CH)OMe (.6 Ar/S\N/\/\NJLQ LR R=0Ph2.9 F2.13
OCONHR .2 ~ OCH,CONR, (2.7) ou H = OBn .10 clp.14
“:(SCORiOZR 2.3 OCH,CF=CHR @.8) O"F"Bn @.1])
CI—!ZNQHCéZé)(Z.S) o] ) o O(CH),CF; (2.12

Figure 2-4.Proposed substituents for new Pls.

Carbamate?.1, as well as oxalat2.3 and sulfonamide.4, would be derived from an
exoamino group. A substituted NH moiety could ret#tie ability to form a HB to the
carbonyl group of Gly48, while the substituents Idoserve as HB acceptors for Gly48
(NH). The inverted carbamat?2 and the Chtextended carbamat5 could be used to
establish the optimal position of the HB donor. kagaes2.6 to 2.8 would again be able to
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interact with the backbone NH of Gly48, althougte tbptimal chain-length for the
alkoxyalkyl substituent2.6 has to be identified. Should the increased pglaoit the
acetamide derivative®.7 impair the cell permeability, fluoroalken@s3 could prove as a
useful alternativé® In these isosteres the double bond mimics the ®eNd and the
fluorine replaces the carbonyl oxygen. Although tBeF bond is not as effective as
hydrogen bond acceptor as the native C=0O bond,athever representation of the
electrostatic potential of the original amide is renaccurate than in a simple alkene
isostere’’

So far, all proposed structures possess some HBrdwracceptor ability, and therefore
could extent the “backbone binding concept” intreetll by GhosR? On the other hand it
was anticipated to enhance activity by introdughgnyl and benzyl group2.9 and2.10),
which were predicted to be able to fill the hydropit “flap-pocket” in the proximity of the
biss THF moiety. Fluorobenzyl ether3.11 and trifluoroalkyl derivative2.12 would be
synthesised to explore possible fluorophilic enwvinents within the binding pocket.
Fluorine substituents preferably orientate towasléstropositive regions of the receptor, to
undergo multipolar C-F---H-N, C-F---C=0 and C-FC;Hnteractions®"® Furthermore,
C-F bonds like to avoid direct contacts with cajdasxygens and prefer an orthogonal
C-F---C=0 orientation over antiparallel dipolagaihent$® Diederichet al.have shown,
that these interactions generally adopt F-C=0 anigégween 70% a; < 110° towards the
plane of the amide system, while the C-F---C aagle nearly linear (Figure 2-5, purple
residues)®®° Similarly, there are no linear C-F---H-N interaii, due to the poor HB
acceptor ability of F (Figure 2-5, green residuésj.

Figure 2-5.Interactions of fluorine ligands (C-F) with backledd—-H (ligand Cs in green) and C=0
(ligand Cs in purple) moieties (Picture adaptednfiRef.’®)
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Deuterated analogues of DRV have been reportechaav slifferent pharmacological
propertie$! We are therefore interested in the effects of dmtiosubstituents on the
biss THF moiety. Fluorinated and chlorinatdis-THF analogue®2.13 and 2.14 are also
expected to undergo favourable interactions ingheyme binding pocket. Although an
excfluorine substituent on theis-THF ring will not be able to form any C-F---C=ntaxt
and might suffer repulsive effects from Gly48 (CQX),could possibly form dipolar
interactions to Gly48 (g or the water network, similar to the OH analogQ¢ particular
interest will be the comparison to the chlorine sitbent, which is likely to undergo
“halogen bonding” to the backbone carbonyl of GlyZ8alogen bonding” is defined as a
dipolar interaction of the general structure C-Xbetween halogenated compounds (with
X= Cl, Br, 1) and nucleophiles (e.g. C=&)These interactions are possible, as there is no
equal distribution of electrostatic potential arduhe heavier halogen atoms. The atoms are
polarised along the C—X axis, resulting in the appace of an electropositive crown (blue,
Figure 2-6) and an electronegative belt (red), sepd by an electroneutral ring (greéh).
Due to this polarisation, the dipolar interactiare quite sensitive to the C-X:--O angle,
which should be close to 18%*.However, strong nucleophiles can induce further
polarisation of the halogen atom, allowing a bigdewiation from this angle (down to
130°)82

e X=F X=Cl X=Br X=l X=HorCH,

r@00@ 6

0
H

Figure 2-6. Polarisation of C-X bond (Picture taken from Ré.

I /Ilh,

In the next chapter the synthesis of the varidashdtitutedbis THF analogues will be

discussed in detail.
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Chapter 3 SYNTHESIS OF DISUBSTITUTED BIS-THF LIGANDS

3.1 SYNTHESIS OF THE EXO-AMINO ANALOGUES

Following the analysis in Chapter 2, initial invgstions were focussed on the synthesis
of functionalised amines, which would provide HBndo and acceptor abilities. To obtain
these analogues, it was necessary to derive tliespamding amino alcoh@l.1 from diol
1.74 as outlined in the retrosynthetic analysis bel@eheme 3-1). Aming.1 can be
synthesised by reduction of the corresponding a3i@e which in turn will be readily
available from theendoactivated specie8.3. Intermediate3.3 could be derived from the
endeprotected dioll.83 by direct halogenation or activation of the copasding inverted
alcohol. The synthesis of andaprotected alcohol from didl.74 has been described by

our group?®

HQ | NHR HQ  NH, PG 4 Ng PG y X PG  OH

e ﬁé

3.3 X Br or 1.74
OSOR

Scheme 3-1Retrosynthetic approach to amino alco8dl

3.1.1 Stereoselective Protection of Diol 1.74

Diol 1.74is “pseud®- C,-symmetric, as it contains a chirotopic, non-stgesuc fused
C-C bond. Hence, structute74a (Scheme 3-2) is related th74b by a 180° rotation
around the central C-C bond and the two hydroxyigscare diastereotopic. The roof-like
shape of the molecule, which results from ¢iefusion of the THF rings, allows a facile
differentiation of the 1,3-diol system, which ikay requirement for the synthesis of the
envisaged analogues. In order to enable specHdigcstormations on the accessil@dro
hydroxy group ofl.74 it was necessary to selectively protentiealcohol, to which the
rest of the Pl scaffold will be attached. Nevertiss| a selective one-step protection of the
sterically more hinderedndcealcohol was deemed difficult. Therefore a two gpeptocol
was developed, that allowed a selective desilyhatbthebis-protected diol3.5 (Scheme
3-2)%8
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HQ y OH HQ y OH TBDPSO  OH TBDPSQ p OTBDPS

- A 1. TBDPSCI, DMAP
qg _ (ig imidazole, DMF (ig . (ig + 1.74(12%)
0~=0 o 10 2. NH,F, MeOH, 2 h 07170 oL °

H H H
174 174 3.4(38%) 3.5 (~45%)
TIPSCI, DMAP, .
l imidazole, DMF exo(accessible)

SN

Hq H OTIPS . . H H OH
diastereotopic OH-groups, )
due to roof-like shape B \'h

o710 O5n Yo
\_/
3.6(95%) endo(hindered)

Scheme 3-2Stereoselective protection of dibl74

Diol 1.74was prepared from-arabitol on 20 g scale as described above (1.Gkpal
protection of1.74 with excesdert-butyldiphenylsilyl chloride (TBDPSCI) gave silyhedr
3.5, Subsequent treatment with ammonium fluoride ifluxeng MeOH* led to the
selective removal of thexceprotection yielding the desirezhdosilylated alcohoB.4. The
reaction requires monitoring by TLC, since complééprotection to diol.74 occurs after
prolonged time. After column chromatography unred@&.5 is also obtained in mixture
with excess silylating agent and can be used ithéurdeprotections. On the other hand,
selectiveexoprotection can be achieved with 1.1 equiv of ailiylg agent. With the bulkier
triisopropylsilyl chloride (TIPSCI), which provea e superior to TBDPSCI, alcoh®l6

was obtained in 95% yield.
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3.1.2 Direct Inversion Attempts on endo-protected alcohol 3.4

Following the strategy outlined above, it wasmipted to invert thexchydroxy group
in 3.4 Alongside halogenation, the Mitsunobu inver&foand the oxidative-reductive

condensation reaction by Mukaiyathwere tested on substraet (Table 3-1).

Table 3-1.Inversion attempts on alcoh®K.

TBDPSQ_ H OH TBDPSQ_ H 2( TBDPSQ_ H TBDPSQ_ H Olgth
('\/I\/g conditions (\/I\/> . / N\ L (ig
(0] (e} Table 2-1 O (0] O (e} O O
H H H H
3.4 3.7a-f 3.8 3.9
. yield (%)”
Entry R= reagents and condition%
3.7af 3.8 3.9 34
Halogenation:
1(a) Br Br./ PPh/ imidazole (1.0 equiv), CICN, _ L
reflux, 2 h
I,/ PPh/imidazole (1.1 equiv),
2 (b) I 2 h ( quiv) traces - - -

toluene, 60 °C, 3 h

Mitsunobu inversion:

3(c) OPNBz PPk DIAD / PNBA (1.5 equiv), THF, 4 h - 31 - -
PPh/ DIAD / CICH,CO,H (1.5 equiv),
4(d) OCOCHCI & 2COH (1.5 equiv) - - - 55
toluene, 18 h
5(€) OCOH PPh/ DIAD / HCO.H (1.5 equiv), THF, 18 h 2 - - 74

Mukaiyama-type inversion:

BuLi / Ph,PCI (1.0 equiv), THF, 0 °C, 2 h;
6 (f OA - - 49 -
® ¢ ACOH / DMBQ (1.0 equiv), ChCl,, 18 h

DMAP (0.3 eq), BN (1.2 equiv), THF, 18 h;
7(d) OCOCHCI - - 95 -
() H CICH,CO,H / DMBQ (1.0 equiv), CKCI,, 18 h

2 unless otherwise stated, reactions were perfoahett;ib isolated yield; of 3.8, 4of 3.9,

Initial attempts to form halide3.7aand3.7b from alcohol3.4 proved to be unsuccessful
(entries 1,2). A potential limitation for the hatwation might be the presence of two
aromatic rings in the protecting group, possibhadiag to electrophilic aromatic
substitution under these conditions. Further ingesbns were made utilizing the
Mitsunobu inversion (entries 3-5). Among the vasiolaromatic nucleophiles,
para-nitrobenzoic acid (PNBA) and chloroacetic acid édeen reported to significantly
improve the yields with relatively hindered substs®®” However, when alcoh®.4 was

reacted with PNBA in the presence of triphenylplse and diisopropyl azodicarboxylate
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(DIAD), p-elimination was observed yielding alkeBeB instead of the desired inverted
ester3.7c (entry 3). The observed olefinic proton couplimenstant § = 2.6 Hz) was in
good agreement with similar compounds reportedhénliteraturé®® In order to reduce the
influence of steric hindrance, PNBA was then repthwith the smaller chloroacetic acid,
but no improvement was observed (entry 4). Onhhviarmic acid® as nucleophile were
traces of the inverted este7eobtained.

Since the Mitsunobu reaction did not give the elgebcesults, a third inversion approach
was tested. In 2003, Mukaiyans al. first published a new-type of oxidation-reduction
condensation using alkoxydiphenylphosphines, a mgdinone-type oxidant like
2,6-dimethyl-1,4-benzoquinone (DMBQ) and carboxg@ds®® This method was reported
to be very convenient with bulky secondary or &ytialcohols to form corresponding
carboxylic acid esters with inversion of configivat However, when alcohd.4 was
subjected to Mukaiyama’s conditiofi€' using acetic acid or chloroacetic acid, only
phosphinate3.9 was obtained (entries 6,7). Although alkoxydipHphgsphines are
reasonably air-stabf8,oxidation has occurred during the first workugsuléing in the non-
reactive phosphinate3.9, which was identified by3P NMR @ 32.4 ppm; lit®
PhbPO(OMe):5 34.5 ppm).

3.1.3 Inversion of 3.4 via an oxidation-reduction sequere

As all direct inversion attempts proved unsuccéssin oxidation-reduction sequence
was envisaged to form the inverteddoalcohol of 3.4 Parikh-Déring oxidation 08.4
gave a mixture of the desired ketdh@&0and mixed acetdéd.11in moderate yield (Scheme
3-3). The latter product is formed in a Pummere-liearrangement that usually occurs as
a side reaction in DMSO-mediated oxidations at @igkemperaturé Alternatively,

oxidation with pyridinium chlorochromate (PCC) affed keton&.10in 93% yield.

VS
TBDPSQ  OH SO;-py, EtN, DMSO, TBDPSQ 4 O TBDPSQ H O 'SMe
; CH,Cly, 0°C, 4 h ;
- +
o 10 or PCC, 4A MS, CHCl, o 1o o710
H H H
3.4 3.10 3.11
SO;py  50% 13%
PCC 93% N/A

Scheme 3-30xidation of alcohol 3.4 to ketorgel1Q
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The formation of the mixed acetal is a commonlyertsd side reaction in oxidations
with activated DMSO? In the last step of the Parikh-Déring oxidatiokeprotonation of
the dimethylalkoxysulfonium saB.12 with triethylamine leads to ylid8.13 which then
undergoes an intramolecular hydrogen transferwte desired carbonyl compou3dil4and
dimethylsulfide (Scheme 3-4). However, at highemperatures elimination of the
activated DMSO to methylenmethylsulfonium spedebis possible. Subsequent reaction
with an alkoxide results in the formation of methidmethyl etheB.16

CHs CHa
<2 r/; N @ intramolecular
i EFH s o \8H H transfer o
2 2 _— + /S\
EtzHN* /k'i_/ )K H3C™ ™ "CHs
3.12 3.13 3.14
o
(‘OSO3 €] /:?\ (@) SMe
3.15 3.16
Scheme 3-4.

Ketone 3.10 was subsequently reduced with sodium borohydride farm the
correspondingndcalcohol3.17in 79% yield (Scheme 3-5). Comparison3of7 with 3.4
confirmed that hydride attack had occurred from l¢es hindere@xoface to selectively
generate the correspondiagdcalcohol. Although TBDPS ethers are usually notereo
undergo silyl migration, the proximity of the retiod) oxyanion after reduction could effect
the silyl ether group. Silyl migration would resuitthe formation of the enantiome3sl7
andent3.17. In order to verify that this had not happened, dbtained product was reacted
with the homochiral carboxylic acid naproxen, toe sehether two corresponding
diastereomeric esters would be formed. Althougmdpenseparable by HPLC, the two
isomers3.18a and 3.18b (~1:1) could be identified byH NMR, indicating that silyl
migration had indeed occurred.

TBDPSQ | OH TBDPSQ  O°R

(O\/t(} (Ojj(} R=
H

TBDPSQ | O H
= H naproxen, DIC,
- NaBH, EtOH 3.17 DMAP. CH,C, 3.18a
—_— + +
o710 9% HQ |, OTBDPS R-g |, oTBDPS
3.10 ' ~
OMe
oTo oTo
H H
ent3.17 3.18b

Scheme 3-5Reduction of3.10and verification of silyl migration.
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3.1.4 The benzyl ether approach to amine 3.1

Following the results above (3.1.2 and 3.1.3), TB®PS protecting group was found to
be too bulky to allow direct inversion of alcoh®K. The initial results of an oxidation-
reduction approach were very promising, but silygnation was observed in the reduction
step. It was anticipated that this problem couldoliercome by a new protecting group
strategy. The benefit of any ester protectionnstéd, because an alkoxide is formed in the
reduction workup and esters are susceptible foratian too. Hence, a benzyl ether was
considered to be the best solution, as, in addittazould be removed in one step together
with azide reduction, which would give the desiedamine group. The results of this

approach are outlined in Scheme 3-6.

PN
HO y OTIPS ) \angngr, B"Q M OH SOpy EtN,DMSO, BnQ y O  BnQ y O “SMe
(IS TBAI, THF (ig CH,Cl,, —20 °C (i/g (ig
—_— > > +
o T-0 2. TBAF, THF o T°0 o T-0 o T0o
H H H H
36 3.19(85%) 3.20(70%)  3.21(traces)
l NaBH, EtOH, 94%
BnO y NH; H,, Pd/C, BnQ {4 N NaN,;, DMF, BnO {4 OR
: FieOH : 95 °C, 24 h ~ 1
-
(0] (e} 93% O o 66% o o
H H H
3.25 3.24 322R=H ] MsCl. EgN,
3.23 R = SQMe < CH,Cl,, 75%

Scheme 3-6The benzyl ether approach.

Benzylation of alcohol3.6 was followed by tetrabutylammonium fluoride (TBAF)
mediated desilylation to furnisendeprotected diol3.19 in 85% vyield over two steps.
Parikh-Ddring oxidation to ketor20 proceeded in good yield at —20 °C, with only tsace
of the mixed acetad.21 being observed. Subsequent reduction with Na&ttl activation
led to the formation of mesylaB23in 70 % overall yield. The formation of azi@e24was
achieved in moderate yield using sodium azide metlhylformamide (DMF) at elevated
temperature. Unfortunately, Pd-catalysed reductinoly led to azide reduction, to yield
amine3.25 instead of the desired amino alcoBdl Similar results were obtained, when
Pd/C was replaced by the more reactive Pd{dH)Bartschet al. have reported that
O-debenzylation of alkyl benzyl ethers is inhibiiedthe presence of free aminédn this
case, the sterically less hindered azide is redficgdand then inhibits the reduction of the
more encumbered benzyl functionality. Further agitsnio hydrogenate the benzyl group

by trapping the amine with 1 equiv HEIproved unsuccessful too.
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The remaining benzyl group decreases the polaritthe molecule and therefore
improves the handling of the compound. Howevethadunctionalisation of thexaamino
group includes additional benzyl groups, a latgestselective debenzylation appeared not
possible. This therefore limits the usefulness led temainingO-benzyl group and a
different protection is necessary that allows thkease of thendchydroxy group in the

presence of other benzyl groups .

3.1.5 The PMB-ether approach

The benzyl group was eventually replaced bpaaa-methoxybenzyl group (PMB),
which offered additional possibilities for the fin@duction/deprotection step. PMB-ether
3.26 was obtained from alcoh@.6 in excellent yield and subsequent oxidation tmket
3.27 was achieved in up to 93% yield (Scheme 3-7). Tétevation of alcohol3.29 to
mesylate3.30proceeded much slower than in the benzyl-routevé¥er, the corresponding
triflate was found to be air-sensitive and undetvwspontaneous carbonisation. Aziglé1
was obtained in good yields using either NANMIF or TMSNy/TBAF/THF.**" The latter
method is more favourable as it uses less hazamagents and offers an easier work-up.
Finally, azide reduction afforded the PMB-protectadine3.32in 49% overall yield from
alcohol3.6, which is an significant improvement over the bgmnute (26% of3.25from
3.6). The remainingndePMB protection can easily be removed via DDQ otiag® after
functionalisation of theexoamine and, at this stage, improves the handlingthef
compound, due to the decreased polarity.

PN
HQ y OTIPS | \anmps, PMBCPMBQ W OH sO,py, EN, DMSO, PMBQ 1y O PMBQ | O “SMe

o o 2. TBAF, THF o o o o O o
H H H

H
3.6 3.26(94%) 3.27(93%) 3.28(traces)

l NaBH,, EtOH, 97%

PMBQ 1 NH, H. PdjC PMBQ N3 TMSN, TBAF, THF, PMBQ ; OR
- 2 ) g - >
EtOH reflux, 18 h, 78% or
B e
o710 99% o7l o NaN;, DMF, 85 °C o710
H H 18 h, 83% H
3.32 331 3.29R=H <] MsCLEN,
3.30 R =SQMe CH,Cl,, 70%

Scheme 3-7The PMB-ether approach to amiBe2
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3.1.6 Stereoretentive Azidation utilizing Ti(N3)4

Although a route to the desiredcamine3.32has been established (3.1.5), a shorter and
more convenient strategy was still sought. Based mcent publication by Lepoet al,*
the stereoretentive azidation of quinoline sulfendt33 (also called quisylate) with

titanium(lV) azide was investigated (Scheme 3-8).

\\//
PMBQ y OH PMBQ H o° PMBQ | Ng PMBO o
QsCl, pyridine TMSN3 TiF,, 7 " H
> 1 instead: .
o ey 35% (CHZCI)Z 0°C o T-0 NSO
H H A

3.26 3.33 331 3.34(10%)

o) ks ks
O\s/’_/-P » o9 ?
/ XsTi—X |, o’SI‘R PMBQH -
S b Lepor8® R/( T'Xs o X3TiO A 5
y Lepor X N H
07 ~o
—= pmBo < 0

. N
R= 8-quinoyl *H
3.35 3.36 X= N3 3.37

Scheme 3-8Azidation attempt from quisylat& 33

Quisylate3.33 was obtained in moderate yield from the reactibmloohol 3.26 with
quinoline-8-sulfonyl chloride. Subsequent treatmaf3.33 with Ti(N3)4, generatedn-situ
from TMSN; and TiR, afforded low yields of the rearranged prod8@&4 instead of the
desired azid&.31 Lepore and co-workers proposed a transition $885) in which the
titanium(1V) species coordinates to a sulfonategexyand the quisylate nitrogen allowing a
displacement of the sulfonate with retention of furation. However, the obtained
product3.34 leads to the assumption that in our case theJj(bbordinated to the less
hindered ring-oxygen of theisTHF. As shown in transition sta®36 this arrangement
would facilitate the opening of the acetal ly2&ittack of the azide to generate intermediate
3.37. Alternatively, an oxonium ion formation followdxy nucleophilic attack of the azide
from the least hindered site would also lea8.8Y. In this case a diaxial arrangement of the
Ns-group and the oxygen lonepair would be favourechn3.37, an intramolecular
displacement of the quisylate would give az&184 The structure 08.34 was confirmed
by mass spectrometryn(z 314.1 for (M+Na)), the absorption of the azide group at
~2100 cnt in the IR spectrum and the presence of a doublé.36 ppm J= 1.4 Hz)
instead of the characteristic doublet of H-1 aD5Bm ( = 5.1 Hz) in the'H NMR. The
smaller coupling constant also confirms the invarsof C-1, which is nowrans to the

vicinal proton as opposed tis as in the parent sulfonate.
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In order to confirm the suggested mechanism andxtdude any interference of the
sulfonyl substituent, mesylatg.38 was reacted under similar conditions to furnish th
rearranged azid8.39 in low yield (Scheme 3-9). Nevertheless, undes¢heonditions a
direct azidation of thexasulfonates to the desiredcazides appears not possible.

BnQ  OMs BnO. f6)
(‘ig TMSN; TiF, (CH,C),
A . H H
0,
oo 11% N o
3.38 3.39

Scheme 3-9Formation of azid&.39from mesylate3.38

3.1.7 Functionalisation and deprotection of amine 3.32

Amine 3.32was converted to the benzylated carbamate, oxatatesulfonamid8.40a-c
(Table 3-2). Subsequent removal of the PMB pratectvas achieved with 2,3-dichloro-
5,6-dicyanobenzoquinone (DD®) in aqueous dichloromethane to furnish the

corresponding alcoho&4la-c

Table 3-2.Synthesis of alcohoZ.41a-c

PMBQ 1y NH PMBQ W HN"R  ppo chclgh,0, M HHNTR
/ conditions / n,5h /
—_— _— >
[e] (0] Table 2-2 [e] (¢} 70-88% ¢} (¢}
H H H
3.32 3.40a-c 3.41a-c
” yield (%)*
Entry R= reagents and conditions
340 341

CICO:Bn (1.5 equiv), DMAP (0.25 equiv),
pyridine (3 equiv), CECl,, 0°Ctort, 2 h
(COCl), (1.5 equiv), BnOH (1.5 equiv), 0 °C, 30 min;
2(b) (CO)0OBn then3.32 DMAP (0.3 equiv), BN (3 equiv), 84 86
CHXl,, 0°Ctort,1h
BnSQCI (3 equiv), DMAP (0.5 equiv),
pyridine, rt, 30 min

1(a) COBn 90 88

3(c) SOBn 86 70

isolated yield

The formation of carbamat®40afrom amine3.32was achieved with a combined yield
of 79% over two steps (entry 1). Benzyl oxalyl c¢ide was generated prior to use from

oxalyl chloride and benzyl alcoht Subsequent treatment with alcot®82 and DDQ
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oxidation of the intermediat8.40b gave alcohol3.41b in 72% vyield over two steps
(entry 2). Sulfonamid&.41cwas obtained in 60% yield from amiBe32 (entry 3), here the
removal of the PMB group proved slightly less efife
In addition to the synthesis of the substitutedree®8.41 azidoalcohoB.42was formed
in good yield by deprotection of azi@e31with DDQ (Scheme 3-10).
PMBQ N HQ y Ns
' DDQ, CH,Cl,/H,0
(0] (0] T (0] (0]

H H
3.31 3.42

Scheme 3-10Synthesis of azidoalcoh8l42

3.1.8 Attempted synthesis of a CH-extended amine

Similarly to the substituted exo-amino analog8eH, ligands with a Chtextended Nk
group would have HB donor abilities towards theboayl group of Gly48 (compare
Chapter 2). It was therefore envisaged to synthesisthylamino derivativ8.44 via the
corresponding cyanid8.43 from mesylate3.30 (Scheme 3-11). However, neither the
reaction with KCN in DMF nor the utilization of thEMSCN/TBAF system yielded any of
the desired cyanide.43

NH
PMBQ  OMs  TMsCN, TBAF PMBQ 1y ON R ’
/ ' THF, reflux, 5 d or ~N >
N =
0T KCN, DMF, 95 °C o T0 on°
H H 3.44
3.30 3.43 '

Scheme 3-11Attempted formation of amino alcoh®l44
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3.2 SYNTHESIS OF EXO-OXY ANALOGUES

As already outlined in Chapter 2, for the synthe$ifurtherO-substituted analogues two
different strategies were pursued. On the one litawas anticipated to enhance antiviral
activity by introducing aryl and benzyl groups, aimiwere predicted to be able to fill a
hydrophobic pocket in the proximity of tHes-THF moiety. On the other hand it was
envisaged to extent the “backbone binding conéfy introducing polar groups, like
alkoxyalkyl or acetamide substituents, that coutsnt additional hydrogen bonding

interactions with the backbone NH of Gly48.

3.2.1 Synthesis of Hydrophobic Analogues

3.2.1.1 Benzylatedbis-THF ligands

Previous studies by Cyrille Tomassi in our grouwehadhown, that aexcselective
benzylation of diol1.74 similar to the selective silylation (3.1.1), i®tnpossible®*
Reaction of1.74 with 1 equiv benzyl bromide in the presence ofapsium hydroxide
afforded a mixture oéxdendcebenzylated produc8.45/3.46as well as the dibenzylated
derivative 3.47 (Scheme 3-12). Surprisingly, tlemdaebenzylated specie3.46 formed the
majority of the mono-benzylated product. Variatafrbase and solvent did not lead to any

improvement in yield or selectivity.

HQ 4 OH HQO 4 OBn BnQ 4 OH BnQ |y OBn
(ig KOH, BnBr, H,0, rt, 6d (ig (ig (ig
+ +
oT-o oT-o oT-o oT-o
H H H H
174 3.45(5%) 3.46(22%) 3.47(6%)
TBDPSQ 4 OH TBDPSQ 4 OBn BnQ 4 OH BnQ y; OBn
(ig NaH, BnBr, DMF, 0 °C (ig (ig '
+ +
o 1o oT-o oT-o o 1o
H H H H
3.4 3.48(15%) 3.46(30%) 3.47(23%)

Scheme 3-12Attemptedexabenzylations ofl.74and3.4.

Similarly, the reaction oéndosilylated alcohoB.4 with BnBr in DMF afforded only low
yields of the desired produBt48 The TBDPS protection proved to be unstable utitkse
conditions and again trendebenzylated specie€s46 was formed as the major product. In
addition, a significant amount of the dibenzyl agie 3.47 could be isolate* These
results suggest that teecalkoxideo is stabilised by solvation effects, whitave a greater
impact on the outcome of the reaction than the sstodity of the two faces. Thendo

alkoxide will be less stablised by solvation andliso positioned in a more electron-rich
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environment leading to a increased reactivity. Haaveby changing the solvent to the less
polar THF, ethei3.48 could be obtained in up to 65% yield (Scheme 3-88ibsequent
TBAF mediated desilylation afforded alcot®#5in 73% yield'**

TBDPSQ y OH 4 NaH, BnBr, TBAI HQ y OBn
THF. 0 °C, 6 h, 65%
o 1T~0 2. TBAF, THF, 73% o 1T-0
H H
3.4 3.45

Scheme 3-13Synthesis of benzyl eth8r45

To exploit possible dipolar C-F---C=0 interactidaempare Chapter 2), a series of
fluoro-benzyl ether.49a-dwas generated (Scheme 3-14). Starting fromethdoPMB
protected alcohol3.26 benzylation and deprotection with DDQ affordeck tfiuoro-
benzylated alcohols3.49 in combined vyields of over 83%, which is a sigrafit
improvement over the silylether approach.

PMBQ ' PH 1 NaH,"FBnBr,TBAL M2 0 P e 4ok (ssw)
(ig THF, 0°C, 3 h (ig % b: 3-F (83%)
> C 4-F (83%)

o n 0 2. DDQ, CHCI,/H,0 o ) o d: 2,4-diF (85%)

3.26 3.49a-d

Scheme 3-14Formation of fluorobenzyl etheB49from alcohol3.26

3.2.1.2 Arylated bisTHF analogues

In addition to the benzyl analogue45 three differentexoarylatedbis-THF alcohols
have been previously synthesised in our gr8lsmong these, the phenoxy derivative
3.50bwas of particular interest (Scheme 3-15). Diregtation of alcohol3.4 or diol 1.74
was attempted using potassium phenyltrifluoroboiratbe presence of catalytic amounts of
Cu(OAc)-H,0.1°2 However, only low yields of the desired aryl eth8r50a/b could be
obtained. Interestinglyendcarylated specie8.51 formed again the majority of product

when starting from diol.74 In both cases over 70% of starting material wecevered®*

RQ w PH  PhBRK, cat. Cu(OAG)-H,0, RQ y OPh PhQ y OH RQ y OH
(ig DMAP, CH,Cl,, 4A MS, 1t, 6 d (Tg (ig
+ +
o T-o o T-o o To o To
H H H H

3.4 R = TBDPS 3.50 351 1.74/3.4
174R=H a R=TBDPS 11% - 75%
b: R =H 8% 15% 70%

Scheme 3-15Attempted arylation of.742.4 using aryltrifluoroborate salts.
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Alternatively, ether3.50b was synthesised in four steps from alcoBot via the
correspondingara-nitrophenyloxy derivative 3.52a (Scheme 3-16). Reaction of alcohol
3.4 with 4-fluoronitrobenzene afforded eth®/523 which was reduced to amir&53a
Deamination of3.53a was achieved via intermediate diazonium salt foiona and
subsequent copper catalysed reduction to @ivk8a in good yield®® TBAF-mediated
desilylation of3.50a and 3.52/53aafforded phenoxy alcoh@.50b as well as theara-

nitro/para-amino analogue3.52/53b"*

TBDPSQ  OH F.CH,NO,  TBDPSQ OOR NO,'Bu, EbO-BF;, CH,Cl;; TBDPSQ | OPh

KHMDS, THF then Cu, EtOH, reflux to rt
O (0] 85% O (e} 62% o o
H H H
3.4 3.52a R=NG, cyclohexene, Pd(OH) 3.50a

3.53a R =NH, EtOH, reflux, 86%

TBDPSQ 4 OOR HO OOR
(ig TBAF, THF (ig
—_——
o T0 o T-0
H

H
350aR=H 3.50 R = H (100%)
3.52a R =NG, 3.52l1 R = NG, (98%)
3.53a R =NH, 3.53 R = NH, (71%)

Scheme 3-16Synthesis of arylated bis-THF analogues.

3.2.2 Synthesis of Polar Analogues

3.2.2.1 Inverted bissTHF carbamate

In addition to the O-benzylated carbamat8.41a (see 3.1.7), the corresponding
N-benzylated analogu8.55 has been synthesised from alcot®R6 (Scheme 3-17).
Activation of theexohydroxy group 0f3.26 with DSC was followed by the addition of
benzylamine to furnish carbamaeb4 Subsequent DDQ oxidation afforded alcoBd5
in 74% yield.

(0] (0]
PMBC% H OH DSC, EtN, CH,Cl, PMBQ H O NHBn HQ_ H O NHBn
then BnNH, rt DDQ, CH,CI,/H,0O
o 1o 85% o 1o 74% o 1o
H H H
3.26 3.54 3.55

Scheme 3-17Formation of carbamat&55from alcohol2.26

-356-



CHAPTER3

3.2.2.2 Alkoxyalkyl analogues

Preliminary modelling studies indicated that alkatkyl substituents would be able to
form favourable hydrogen bonding interactions wite enzyme backbone (see Chapter 2).
In order to exploit the influence of the chain lénghe corresponding methoxyethyloxy
ether3.57and the methoxymethyloxy eth@59have been synthesised (Scheme 3-18).

OMe OMe
PMBQ i OH  Nau mMeoCH),8r, PMBQ o HO o
TBAI, DMF, Hy, Pd/C, MeOH
_—
07170 85% o1 o 99% o T-0
H H H
3.26 3.56 3.57
NaH, Meochcl, ~ PMBQ 0" "ome HQ 0 oMe
TBAI, THF, DDQ, CH,Cly/H,0 (ig
3.26 — > .
89% o 1o 89% oT-0
H H
3.58 3.59

Scheme 3-18Synthesis of alkoxyalkyl etheB57and3.59

Reaction of alcohoB.26 with the corresponding alkoxyalkyl halide in theegence of
catalytic amounts of TBAI afforded the disubstitites- THF analogue8.56and3.58 The
PMB protection was then removed by either Pd-cagyhydrogenolysis or DDQ oxidation
to furnish alcohol$8.573.59 Interestingly, hydrogenolysis could only be agbi on PMB
ether3.56 while no reaction was observed with etBé&8under similar conditions.

In addition to the two alkoxyalkyl analogues, métitwmpmethyl (MTM) ether3.60 was
synthesised from alcohd8.4 (Scheme 3-19). Treatment &4 with a DMSO/acetic
anhydride/acetic acid mixtutf¥ afforded etheB.60°* which was subsequently desilylated
with TBAF to give alcohoB.61in good yield. Alternatively3.61was obtained from mixed
acetal3.28 which had been isolated as a side product ofPdwekh-Doring oxidation, as
explained above (3.1.5). Again DDQ oxidation of #®IB ether proved superior to Pd-

catalysed hydrogenolysis.

TBDPSQ 4 OH  AcOM, A0, TBDPSQ 1 O “SMe HO | O “SMe
' DMSO, 40 °C ' TBAF, THF (ig
_— _—
o7l~o 95% o 1To 78% o 1o
H H H
3.4 3.60 3.61

PMBO 1 O “SMe

DDQ, CH,CI/H,0
"b 20012 - 361

O o 54%
H

3.28

Scheme 3-19Formation of methylthiomethyl eth&61
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The mechanism for the formation of methylthiometather is shown in Scheme 3-20.
The whole process can be seen as a variation éfuhenerer-rearrangement, only with the
exception that in the last step the attacking ropide is an alcohol rather than a
carboxylate. Initial attack of DMSO onto the acta@ acetic anhydride would form
sulfonium specie8.62 An intramolecular elimination generates methyletinglsulfonium
ion 3.63 which is then attacked by the alcoBBol to form MTM ether3.6Q As the reaction
is carried out under acidic conditions, only a venyall amount of acetate will be present at
any time in the mixture. In addition, there will ladways an excess of alcohol, hence,

competitive attack of the acetate is limited.

_H
o0 /L OH
© @ / AN
o) o) 0" s
i A i - Ul
~> —AcOH ~S<H _AcoH —H*
3.62 3.63 3.60

Scheme 3-20Mechanism of MTM ether formation.

3.2.2.3 Acetamides

Similar to the alkoxyalkyl substituent$y-alkyl acetamides were predicted to have
beneficial binding properties towards the protdasekbone. Initial focus was placed on the
direct coupling of alcohoR.26 with chloroacetamide3.64 which was derived from
chloroacetyl chloride and benzylamine (Scheme 3*21Although the reaction yielded
some of the desired protected acetanBdgbg the product was always obtained as an
inseparable mixture with diketopiperazif366 Treatment of this mixture with DDQ
afforded acetamid8.67ain 36% yield from3.26

0 o)
BnNH, EtN, CHCl
CI\)kcl - Cl\)LN/\Ph
76% H
3.64
NHBn NHBn
PMBO i OH Na DMF,0°c; PMBQ w 9 ) 0 DDQ, HQ 97T
(ig then3.64 TBAI rt (ig o) BnNJg CH,ClH,0 (ig ¢!
_— + _—
o 1~0 o 10 gﬁNBn o T~0o
H H S H
3.26 3.65a 3.66 3.67a(36%)

Scheme 3-21Conversion of alcohd.26to benzyl acetamidg.65a

Side producB.66arises from the homodimerisation 264 (Scheme 3-22°1%" Excess

NaH will deprotonate acetami@64to form3.68 Nucleophilic attack on the-carbon of a
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second molecul®.64/68will lead via chlorine displacement 869 An intramolecular

attack will then furnish dioxopiperazir3e66

o

(6] +
~ Na
o - 0 cl\)kN,Bn o o Nt Bnwy
Cl\)kN,Bn  » CI\/‘\N/BI’I 4(9» Cl\)kN/\[(N\B - = HrN\Bn
H —H, Na* © -NaCl w ‘ " -NaCl
Bn O
3.64 3.68 3.69 3.66

Scheme 3-22Formation of piperazind.66

Further investigations towards the synthesi8.6baas well as este8.71and acid3.72
are summarised in Table 3-1. It was attempted fwane the yield of acetamide65aby
minimizing the side product formation. However,ther the reduction of base equivalents
nor variation of the base led to any improvemenntries 1-4). When sodium
bis(trimethylsilyllJamide (NaHMDS) was used to ddprate alcohol 3.26 the
corresponding TMS-eth&.73was isolated in good yield (entry 2). A plausibiechanism

for this reaction is given below (Scheme 3-23).

Table 3-3.Formation of3-carbonyl compound3.65a/3.71/3.72

PMBQ y OH o  'base’,DMF,0°C,30 min; PMBQ 4 o PMeg yy oTMS
/ x then3.70 0 °C to rt, 14-24 h ' o '
+ R > +
o) (o] Table 3-3 (0] o o) (o]
H H H
3.26 3.70 3.65a/71/72 3.73
3.70 Base TBAI yield (%)®
Entry R= = . . .
(equiv) (equiv) (equiv) 3.65a 3.71 3.72 3.26
1 3.0 NaH (1.5) 0.3 - - - 9
2 NHBn 3.0 NaHMDS (1.1) 03 (78) - - -
3 (3.659 3.0 LDA (1.05) 0.3 - - - 99
4 3.0 KOtBu (1.2) 0.3 - - - 34
5 Cl 3.0 NaH (2.0) 0.3 - 11 - 59
e OMe o 30 NaH (1.5) 0.5 - 9 - 40
(3.7 : ' '
7 Br 3.0 NaH (2.0) - - 24 - 61
g OH 1.2 NaH (3.0) - - - - 65
Br
gede  (3.79 20  NaH (1.4 +2.1) - - - 93 -

%jsolated yieldf’ of 3.73 reaction was heated to 80 °C for 16 heaction performed in THF
and NaH was washed with hexane prior Giseagent was deprotonated prior toaddition
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The formation of the TMS-ethe3.25 (Scheme 3-23), could be explained as follows:
Initial deprotonation of the alcohol with NaHMDSalés to the formation of an alkoxide and
HMDS. Nucleophilic attack of the alkoxide onto aofethe TMS-groups will then give the
observed TMS-ether. The silazide would subsequelahrotonate the benzylamide to form

trimethylsilylamine and the corresponding sodiuth sbthe amide.

MesSi -SiMes Megsif,}snwe3

/CLH\_/O Na* /(iJ H /({Msl Me s’\'la%lH
> o + 2Si—

Scheme 3-23.

It remains uncertain, why the nucleophilic attatkha benzylamide is hindered. Here the
formation of an StO bond appears to energetically favoured and isetbee the driving
force of this reaction. Bruynes and Jurriens regghrithat silylations with HMDS are
catalysed by compounds with the general formuleNM-Y, in which at least one
substituent is electron-withdrawin® In this case the benzylamide could act as a csfaly
although an alkoxide rather than an alcohol isgmes

It was then envisaged to first form an ester pmyrwhich would subsequently be
transformed to the corresponding amide. The reaatibh chloroacetic acid methyl ester
(entries 5,6) afforded, even under more forcingditions, only low yields of the desired
ester3.71 With the corresponding bromoester (entry 7) tieddywas slightly increased, but
still insufficient. In all three cases the majoritiystarting alcohoB.26 could be recovered.

A third option was the formation of the free acdr2 (entries 8,9). Following a

procedure by Crimminst al,'®®

a first attempt with bromoacetic acid only yielded
recovered starting materidl26 (entry 8). In a second reaction, it was then dettit alter
these conditions slightly. When both substrateseveeparately deprotonated with purified
NaH and subsequently reacted in THF at elevategeesture, the desired ackl72 was
obtained in excellent yield (entry 9, Scheme 3-24jder these conditions, it can be
anticipated that the bromoacetate reacts to amietiaten-lacton, as decribed by Casadei
et al'® The lacton would then be reopened upon additiothéoalkoxide leading to the

formation of the desired acR®172 This procedure proved to be reliable even on ggaate.
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o

o)
e A
Bl’\)’Lo —_— o
© OH
PMBQ  ©O o PMBQ y 07 Y
(ig A THF, 80°C, 16 h (ig o}
N -
o0 s 93% o T0
H

3.72

Scheme 3-24Formation of acetic acid analog@e72

Acetic acid derivative3.72 was coupled with primary and secondary aminesfftrda
acetamides.65a-cin good yields (Scheme 3-25). The parent acid acivated with the
water soluble N-(3-dimethylaminopropylN’-ethylcarbodiimide hydrochloride (EDCI),
which proved to be superior tdN,N’-diisopropylcarbodiimide (DIC). Subsequent
deprotection of the PMB ether was achieved with Dibbenzyl analogue3.65aand via
Pd-catalysed hydrogenolysis for the methyl and thiyilecompounds3.65b/cto obtain the

corresponding alcoho&67a-cin good to excellent yield.

OH NR NR
PMBO 1 07 Y NR, EDCIHOB, PMBQ y O Y HQ O Y
/ o Et;N, CH,Cl, / o] DDQ, CH,Cl,/H,0 ' o)
_—
07170 oo or H,, Pd/C, MeOH o T-0
H H H
3.72 3.65a R=Bn, H (91%) 3.67a R=Bn, H (67%)
3.65h R= Me, H (91%) 3.67h R= Me, H (99%)
3.65c R= Me, Me (77%) 3.67c R= Me, Me (98%)

Scheme 3-25Synthesis of acetamid&s27a-c
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3.2.3 Synthesis of fluorinatedO-alkyl and O-alkenyl analogues

In addition to the already described alkoxyalkyldaacetamide analogues, it was
envisaged to synthesise their fluorinated isostéregure 3-1). The fluorinated alkyl
substituents3.74 could potentially form dipolar C-F---C=0 or C-H-N contacts (see

Chapter 2), while fluoroalken&s75would serve as amide mimics.

CF
HO oy o 72

%dﬂ

Figure 3-1.FluorinatedO-alkyl analogues.

3.2.3.1 Fluoroalkylation of bissTHF alcohol 3.26

The synthesis of trifluoropropyl eth8r74was initially attempted via direct alkylation of
alcohol 3.26 with the corresponding alkyl bromid&76 (Scheme 3-26), similar to the
alkoxyalkyl ether formation described above. Howeweither the reaction with 3-bromo-
1,1,1-trifluoropropane3. 769 nor treatment with 3-bromo-1,1,1-trifluoroaceto.76h)
yielded any of the desired eth&3'7.

CFs
PMBQ y OH X NaH, DMF/THF, 0 °C; PMBQ 4 oY
then3.76 0 °C to rt, 18 rP X
\
(ig + Br\/KCF3 f (ig
o T-0 o010
H H
3.26 3.76aX=H,H 377aX=H,H
3.76h X = O 377k X=0

Scheme 3-26Attempted direct fluoroalkylation &.26

It was then envisaged to derive etl®r7afrom acetaldehyde3.78 via addition of
TMSCEF; (Ruppert’s reagent)t and subsequent Barton-McCombie deoxygendfiai the
intermediate secondary alcot®lrrQ

A0 CF; ~_-CF3
PMBQ—, H P PMBO H O/\V/ Barton-McCombie PMBQ—_ H P
TMSCR_ OH _ deoxygenation _
o T-o TBAF o T-0 o T~0
H H H
3.78 3.79 3.77a

Scheme 3-27Alternative approach to eth8r77a
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Initial attempts of the synthesis of aldehy8l&8 are outlined below (Scheme 3-28).
Reduction of acid3.72 with LiAIH , afforded alcohol3.8Q which was then treated with
PCC to afford a complex mixture of the desired bydke 3.78 ketone3.27 and several
other unidentified products. Parikh-Doring oxidatialso only gave traces of the aldehyde.
It was then attempted to deri@e78from allylether3.81, which was obtained in good yield
from alcohol2.26 and allyl bromide. However, ozonolysis with subhsen PRP work-up
only yielded after column chromatography an insepker mixture of aldehyd8.78 and

triphenylphosphine oxide. Efforts to remove;P@ with Merrifield peptide resin were not

successfut®®

OH ~~_-OH A~0

PMBQ g PMBQ 4 O PMBQ O PMBQ 4 O

o] LiAIH ,, THF PCC, CHCl,

_— _— +

¢} O 75% e} (0] mixture e} o 0] (o]

H H H H
3.72 3.80 3.78 3.27

=
PMBQ y OH  NaH, THF,0°C,10min; PMBQ y 07 7
then CH=CHCH,Br, TBAI / 03, CH,Cl,, —78 °C;

3.78Ph,PO

o e 79% o T o then PRP
H H
3.26 3.81

Scheme 3-28Attempted formation of acetaldehy8e78

Eventually, acetaldehyd8.78 could be synthesised from diethylace®a82 via acid-
catalysed hydrolysis (Scheme 3-2¥)The crude aldehyd®.78 was directly treated with
TMSCF; to afford secondary alcohd.79 after silyl removal! Barton-McCombie
deoxygenation to ethé.77awas achieved in two steps: (1) formation of thicambonate
3.83with PhOCSCI and (2) radical deoxygenation ushitautyltin hydride and azobisiso-
butyronitrile (AIBN) as radical initiator in reflimg toluene’™® DDQ oxidation
subsequently furnished the alcol®¥4 Alcohol 3.79 and thionocarbonatg.83 are a 1:1
mixture of two diastereoisomers as observed®ByNMR (3.79 & -77.77 (dJ = 6.4 Hz),
~77.84 (d,J = 6.4 Hz) ppm3.82 & —74.64 (d,) = 6.2 Hz), =74.62 (d] = 6.2 Hz) ppm).
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OEt /\¢O
PMBO 4 OH  NaH,DMF,0°C, 30min; PMBQ 1 97 T PMBQ 4 O
then BrCHCH(OEL), TBAI OEt  conc. HCI, THF, 2h
> _—
o0 34% o T0 o0
H H H
3.26 3.82 3.78

TMSCEH;, cat. TBAF, THF, 2 h
then TBAF, 2 h, 34% fror.82

~_-CF3 CF3 CF;
RQ y O BuSnH, ABN, PMBQ y 07 Y nBuLi, Phocscl, PMBQ w O7 Y
toluene, reflux OTOPh THF, —=78 °C to rt OH
-
(6] (@] 73% O (6] S 78% O O
H H H
g.;ZaRRzzHPMB < DDQ, CHCIAH;0, 73% 3.83 3.79

Scheme 3-29Synthesis of fluoroalkyl ethe3.74

3.2.3.2 Synthesis of fluoroalkenes as amide isosteres

The retrosynthesis of fluoroalke®e75is shown in Scheme 3-30. Cleavage of the C-O
bond will give alcohoB.26 and halide3.84 which in turn is derived from-fluoro acrylate
3.85 Disconnection of the double bond leads to suliester3.86 and the corresponding
aldehyde. Alternativeli3.85can be obtained from sulfinylest&B7and a halide.

o)
12 . X
“ EIOJH/ SAr TORTH
HO oﬁ‘fﬁ/ R PMBQ  OH =z £
: I .

0
3.86
— (Ig FXTYTR — EtO)S%%R
o T~0 o 10
H H F F s Q (o)
3.75 3.26 3.84 3.85 Eto)g/s‘ph * R DB
F

3.87

Scheme 3-30Retrosynthesis of fluoroalkerg75
Zajc et al.developed a mild, high-yielding accessatfiuoroacrylates utilizing alkyh-
(1,3-benzothiazol-2-yl-sulfonyl-fluoroacetates in a modified Julia olefinatidh Further
modifications by Lequeut al. allowed a better stereocontrol of the reactidrHere the
use ofin situ generated MgBryields theZ-fluoroalkene as the major isomer. A plausible
mechanism for this selectivity is given below (Stiee3-31).
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open reaction pathway:

SO,8T 5o SO, F
o° HO R fast 02 H Ho s R H
FX S — \QCOZE — — Z “CO,Et
HYR Ot F CO,Et . F CO,Et R
o ) R OBT
ﬂ syn(l) E-3.85
w(*):( N °
SOBT SO,BT S%\so SO, E
© R slow 2 R R
HYO - 3?“ = Tipos — R
RoH L = CO,Et 2 F CO,Et v
T oEt Og FH OBT
o]
anti (1) Z-3.85
N
chelated reaction pathway: BT = § :/SQ
,\/f'(NM
SO,BT SO,BT S’QSO SO,M F
0 R _om O3 H Ho R H
FIox / - — CO,Et —> — 7 “CO,Et
ROl F CO,Et F CO,Et R
M H FR OBT
H Ot syn(lll) E-3.85

NM
HS}O SO,BT S’$502 SO,M F
W) H oM O~ R R H R
lﬁ(/ = )?( — Wcoza — —> 7 "CO,Et
R™ Soi M F7 T CO,Et F CO,Et

F H
OEt R H OBT
anti (V) Z-3.85

Scheme 3-31Mechanism of Julia olefination to fluoroacryl@d5for the open reaction pathway

and proposed mechanism for chelated pathway .

In the nonchelated pathway, initial attack of tmelate to the aldehyde can occur from
both faces and is reversible. After a Smiles remeaent, transfer of the benzothiazole
from the sulfonate to the alkoxylate, and subsegaetiperiplanar elimination, this affords
the cis andtrans alkenes, respectively® The energy barrier of the rearrangement is higher
for anti-adduct (Il), due to steric hindrance of the esteid the R-group, leading
predominantly to the formation & 3.85from thesynadduct (1)**® The modified reaction
with MgBr, presumably proceeds via a closed transition staderesults in the predominant
formation of theZ-alkene™'’ A chair conformation, as shown for the formatidnEe3.85
via syn-adduct (IIl), is most likely. Alternatively boat conformation could be predicted,
allowing additional chelation from the sulfone &®wn for the formation ofanti-adduct
(IV), which again undergoes a Smiles rearrangeraedtantiperiplanar elimination to form
Z-3.85 Another explanation would be an altered reagtivoit the intermediates during the
irreversible Smiles rearrangement. However, thetepathway remains hard to predict and

many plausible mechanisms have been sugg&Sted.
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Sulfonyleste3.86was synthesised in two steps from 2-mercaptobbiazutle 8.88 and
ethyl 2-bromo-2-fluoroacetate (Scheme 3-32)0xidation of the intermediate sulfi@89
to sulfone3.86 was achieved with hydrogen peroxide and catabicnonium molybdate.
Reaction of aldehyd&.90with sulfone3.86in the presence MgBDBU afforded acrylate

Z-3.85ain moderate yield and acceptable stereoseleci@@ify = 10:1)*’

tBUOK, THF, 30min; R H205, (NH,)gM07054,
N then BrCHFCGQEt N %COzEt EtOH, H,0, 24 h %COzEt
H—sH e ~ 8
g 85% g 75% g §o
3.88 3.89 3.86
3.86 Mg, G,H,Br i
. y 4012,
©/v0 DBU, THF, 1t woa
50% ©
3.90 z3.85a
(ZE = 10:1)

Scheme 3-32Synthesis of sulfon8.86and Julia olefination td-3.85a

Although the stereoisome®&/E-3.85acould be separated by HPLC, a higher yielding
procedure was sought. Allmendinger previously reggbethyl phenylsulfinyl fluoroacetate
3.87 as a versatile reagent for the synthesisi-@itioro-o,p-unsaturated carboxylat&?.
Alkylation of thiophenol with ethyl 2-bromo-2-fluoacetate afforded sulfid&91, which
was oxidised with 3-chloro-perbenzoic acid (mCBR&sulfinylester3.87. Only traces of
sulfone 3.92 were observed. Sulfoxid@87 was then reacted with 2-phenylethyl bromide
3.93 to furnish alkene Z-3.85a in good vyield and excellent diastereoselectivity
(Z/E = 20:1)*** The reaction proceeds via transition st&@4 in which the benzyl group
and CQEt are in atrans configuratiom-* Subsequent reduction af-3.85awith LiAIH 4
afforded alcohoB.95in 86% yield.

\\ //

Brﬁi PhSH, E§N ©/ %OEt mCPBA ©/ %OEt ©/ OEt
[ OBt ™ ggop I8°Ctor
3.91

3.87(89%) 3.92(6%)

o)
3.87, NaH A F
» NaH, H Ss—ph i
r o LIAIH 4, THF
oy~ B DMF. 180 e 8¢ Bn\/S(OEt S T Ba A _oH
H  COEt o 86%
3.93 3.94 7-3.85a 3.95

(68%, Z/E = 20:1)

Scheme 3-33Formation of alken&-3.85afrom sulfoxide3.87.
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Halogenation of fluoroalcohd.95with carbon tetrabromide or hexachloroacetoné&én t
presence of triphenylphosphine gave the correspgnidiomide3.96aand chloride3.96b
in excellent yield (Scheme 3-34). However, all s to directly couple halidés96 to
alcohol3.26 only afforded complex mixtures with the desireldeeB.97as a minor product.
This could be due to the labile nature of hali@e36 which were found to decompose
easily in the presence of traces of acid or wat#ernatively, deprotonation at the acidic
6-CH, of 3.96 might be favoured over,\@ attack on thex-carbon. The formation of

elimination producB.98is possibly the major reaction pathway, as nodeai96 could be

recovered.
3.26 NaH, THF, Ph
F . 0°C,20'min, | PMBQ y O
o CBry, PPh,CH,CI, or . then3.96 TBAI / F
PR N > e I
(Cl5C),CO, PP THF <15% o) ) o
3.95 3.96a X= Br (91%) 3.97

3.96l1 X= CI (99%)

0" N\
R-O H F ~ F
NN X x
' E—— + ROH + X°
3.96 3.98

Scheme 3-34Attempted formation of etheéd.97from halide3.96 and possible side reaction.

Further investigations into the formation of etl3®7 were focussed on the use of
trichloroacetamides and palladium-catalysed eticatibn. Trichloroacetamides, which are
readily available from the reaction of alcohols hwitrichloroacetonitrilé?? have been
established as useful intermediate for allylatirhenzylation® and glycoside conjugation
reactions®® Trichloroacetimidate3.99 was obtained in excellent yield from alcot®05
(Scheme 3-35). Unfortunately, the subsequent cogpkaction wittbis-THF alcohol3.26
and catalytic amounts of trifluoromethanesulfonaida(TfOH)*?**%" or boron trifluoride
etherate (ED-BR;)'* did not produce any of the desired prod8@7, and only starting
materials were recovered. Additional trial reacsionith 3.99 and a simple secondary
alcohol under different solvent conditions did gote any product either, indicating that
the reactivity of the acetamide is again reducethbyfluorine substituent.

Ph
=
- CLCCN, DB, . 3.26 cat. TiOH, ~ "MBQ O/NF/\/
Ph/\/‘\/OH L» Ph/\/‘\/OTCGS CHCly, or H (\/tg
99% N 3.26 cat. E50-BF, o7170
- H
dioxane
3.95 3.99 3.97

Scheme 3-35Attempted synthesis & 96from acetamid8.98
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It was now attempted to form eth@®©7 via a palladium-catalysed allylic etherification
using zinc(ll) alkoxides$?®'? Alcohol 3.95 was first transformed into the corresponding
acetate3.100a(Scheme 3-36). Subsequent treatment of the prefdrzmc(ll) alkoxide of
alcohol3.26with ester3.100aand catalytic amounts of Pd(PjRtshould give ethe3.97.

F F
AcCl, py, toluene or
Ph/\/‘\/OH d > Ph/\/K/o R
Cl,CCOCI, EtN, THF K
3.95 3.100a R= CH, (64%)
3.100h R= CCl, (97%)
0
Ph
PMBQ y OH gyzn THE 1h i PMBQ y O 7 PMBQ y O “CCl,
then3.99 Pd(PP F
(PP : instead: 3 + 3.95
oo oo o T0
H H H
3.26 3.97 3.101

Scheme 3-36Attempted formation 08.97via Pd-catalysed allylic etherification.

When Pd(PP), was generatedn-situ*?® from triphenylphosphine and palladium(ll)
acetate, only a mixture of the starting materia#s wbtained. Slight modifications of the
conditions reported by Kim and Lé& afforded traces of a new compound according to
F NMR analysis § -121.1 ppm). In particular, commercial Pd(PRtwas used under
argon atmosphere and the exclusion of light. Winehloroacetate3.100bwas used under
the same conditions, a 1:1 mixture of e&di01and starting alcoh@.95was obtained in
43 % vyield, which co-eluted from the column. Es3et01 was identified by a significant
downfield shift of proton H-3 in thtH NMR (5 = 5.71 ppm compared to 4.67 ppnBi26).
The new compound from the reaction 226 with ester3.100awas also identified as
fluoroalkene 3.95 (**F MNR: & -121.1 ppm). The observed transesterification o t
trichloroacetate underlines the low reactivity lnd$e fluoroalkenes towardgZreactions.

As all direct coupling approaches proved ineffegtiit was then envisaged to derive
ether3.97from the corresponding estérl03 which was obtained in good yield from DCC
mediated coupling of aci8.102and alcohoB.26 (Scheme 3-37).

OTMS

F F
F 3.26 DMAP, PMBQ_ H OJK[ PMBQ_ H © ‘ Et;SiH,
DCC, CHCI / DIBAL, -78 °C; / .
Bn\/H(OH Dec, chcl, Bn " Bn ELOBR)_ .4
72% e} (e} then TMSIm or (¢} e}
o H TMSOTT, py H
3.102 3.103 3.104

Scheme 3-37Synthesis of est&.102and attempted reduction 3096.
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Treatment of esteB.103 with DIBAL at -78 °C and trapping of the intermat#
hemiacetal with TMS-imidazot& or trimethylsilyl triflate (TMSOTT}*! yielded the TMS-
acetal 3.104 according to*F NMR analysis. Further reduction with ;GiH/BF;- OE*?
only afforded a complex mixture with alcoh8l26 as a major product. However, the
presence 08.26indicates that the initial DIBAL reduction was sessful. The work-up of
the second step involves the treatment of the imractixture with TBAF to remove any
silyl side products. It would also remove the TM®up from 3.104 to afford the free
hemiacetal, which would then be cleaved to alc@@band the corresponding aldehyde of
3.102

Eventually, the synthesis of the unsubstituted rihatkene 3.106 was achieved via
diastereoselective bromofluorination of ally etBeB1 with N-bromosuccinimide (NBS) in
the presence of triethylamine tris(hydrofluorid&), give ether3.105 (Scheme 3-38%°
Subsequent dehydrobromination with potassierabutoxide furnished fluoroalker106

which was debenzylated with DDQ to yield alcoBai5a

/\/
PMBQ y O NBS, EtN-3HF,  PMBQ y 07 Y7 Br RO y 977
('\/I\/g CH,Cly, 0 °C to 1t (jjg F {BUOK, THF (\/I\/g F
—_—
o0 43% o T~0 57% o T~0
H H H
3.81 3.105 3.108 R = PMB

DDQ, CHCI/H,0,57% [ 3724 R - 1

Scheme 3-38Synthesis of fluoroalken®g.75a
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3.3 HALOGENATED BIS-THF LIGANDS

In Chapter 2, the possible effects of halogen suigsits on the activity of DRV were
described. In addition to the already mentioneex&¢chlorinated and ®xofluorinated
bis THF analogue$.1073.108 the synthesis of the 5-difluoro derivati8el09 was also
envisaged (Figure 3-2).

HQ y ¢ HQ y F HQ WK F
H H H
3.107 3.108 3.109

Figure 3-2.Halogenated bis-THF analogug407-109

Chloride 3.107 was obtained in two steps froemdoalcohol 3.29 via chlorination with
thionyl chloride in pyridin&***to 3.11Q followed by DDQ oxidation to alcoh®.107
(Scheme 3-39). The chlorination step proceeds witlersion of configuration, since
pyridine displaces the second chloride in chlodfiteu3.111to form intermediat&.112 A

0136

subsequent N2 attack by the chloride ion will then lead 811 Chlorination of

excalcohol3.26with SOC} under retention conditions has not been invest@jat

PMBQ  OH  gocy pyridine, PMBQ y € HO y Cl

m 0°Ct0100°C, 2 h (jjg DDQ, CH,Cly/H,0 (ig
_— >
07170 39% o 10 56% o1 o
H H H
3.29 3.110 3.107
_ . o _

PMBQ ‘O/‘\CL'\(_> PMBQ H(‘/ NS
SOCh - : \ / -

% /
329 — —» — - — > 3110+ SO, + py
—HCl o T-0
H

3.111 3. 112

Scheme 3-39Synthesis of chlorid8.107

Similarly, the reaction of alcoh@.29 with diethylaminosulfur trifluoride (DAST) in the
presence of catalytic amounts DMAP affordexicfluoride 3.113 (Scheme 3-40). The
removal of the PMB-protection proved to be rathlkallenging. Initially, hydrogenation
appeared to be the best approach, but neitherghenent of PMB-ethe8.113with Pd/C
nor Pd-black gave the desired product. On the dtard debenzylation with DDQ afforded
alcohol3.108in 23% vyield.
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PMBQ y OH  pasT,DmAP, PMBQ y F HO y F

= PN
m CH,Cl,, 20 h (ig DDQ, CH,Cl,/H,0 (\/Ifg N
—_— —_— /S\
o T~0 36% oT-o 23% o 10 FeF
H H H
3.29 3.113 3.108 DAST

Scheme 3-40Formation of fluoride.

The synthesis of difluoride.114 from ketone3.27 was performed with DAST or

Deoxofluor™ at various temperatures and in different solv€fable 3-4).

Table 3-4 Formation of difluoride3.114

PMBQ y O PMBO [ F F PMBO y F O~ ~_O
(—'\/I\)g conditions (\/L)g (\/t\g - N A
—_— + /S\
o T~d  (Table 3-4) o 10 o 13 FeF
H H H
3.27 3.114 3.115 Deoxofiuor
. . yield (%)*
Entry Reagent (equiv) Solvent Tin°C t (h)
3.114 3.27
1 DAST (4.0) -15°CG> rt 20 24 50
2 DAST (10.0) -45°CG> it 45 39 31
H.ClI
3 DAST (6.0) 7% 0ec>45°Co>1t 68 35 53
4 DAST (5.0) 0°C>rt 16 d 66 19
5 Deoxofluor (2.5) CHCl, 0°C>75°C 72 32 59

isolated yield.

Initial reactions with DAST (entries 1,2) only affted moderate yields of the desired
difluoride 3.114 Whilst heating of the reaction to reflux temparatdid not favour the
reaction (entry 3), the yield was considerably ioyed by extending the reaction time to
16 days (entry 4). Alternatively, Deoxofluor™ wased to form difluoride8.114 but again
only moderate yields were obtained. In all casdg tvaces of the expected side product,
fluoroalkene3.115 were observed (less than 5%y NMR).

Due to the low yields of the DDQ-oxidation 8f113 further investigations into the
hydrogenation were made. The treatment of eBhet4 with Pd-black at rt only showed
little conversion to the corresponding alcoBdl09 However, hydrogenation &114with
Pd/C in refluxing ethanol afforded one major praduehich was found to be the

debenzylated, ring-opened ace&d16 (Scheme 3-41).
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PMBQ R F H,, Pd/C, EtOH, HQ yRF HQ
reflux 16h / \Q/OH
instead:
(6] OEt
H

3. 114 3.109 3. 116(39%)

Scheme 3-41Attempted debenzylation of PMB-eth&i 14

Acetal 3.116 crystallised from the NMR-solvent (CDgl This allowed us to obtain a

crystal structure, which is shown below (Figure)3-3

Figure 3-3.X-ray structure of acetd.116

In order to prevent the formation of this side prog the reaction conditions were
slightly adapted (Scheme 3-42). The more basidysatBd(OH) was used instead of Pd/C
and, in two other reactions, EtOH was replaced hg aprotic THF and EtOAc,

PMBQ LR F HQ [RF
(fg Hy. PAIC, THF or E1OAC, reflu; (fg
o) 5 o or Hy, Pd(OH}, EtOH, reflux ! o h o

3.114 3.109

respectively.

Scheme 3-42.

However, none of the reactions yielded the desakwhol 3.109 or the previously
isolated diol3.116 Only starting material was recovered in botlctieas. These results
now actually suggest, that the acidic nature of ¢atalyst (Pd/C) firstly enabled the
nucleophilic attack of ethanol on the acetal arehftsubsequent debenzylation led to the
obtained producB.117 rather than vice versa. An attempt to removeRNB group by
oxidation with ceric ammonium nitrate (CAN) only afforded a complex product mixture.
Similarly, treatment of dioB.116 with TFA/CH,Cl,/H,O% did not yield the re-cyclised
biss THF 3.109
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3.4 SUMMARY

A high yielding route toexcamine 3.32 has been established. The route includes an
oxidation-reduction sequence to inverte thehydroxy group, as a direct inversion via
halogenation or Mitsunobu reaction could not beiagd. Amine3.32 contains a stable
PMB protection on thendoealcohol group, which can be easily removed with(DBfter
functionalisation of the amino group. Four new @dstitutedbis-THF ligands were
synthesised including three substituted aminesceredazide. The obtained amino ligands
3.41a-crepresent the three proposed structures with awedldHB donor/acceptor ability, as
discussed in Chapter 2.

Starting from endoprotected bissTHF bis-diol 3.26 seventeen newO-substituted
bis THF analogues have been synthesised. These indigi¢ arylated or benzylated
moieties, three alkoxyalkyl ether, a series of atite analogues as well as two fluorinated
ether. The acetic acid derivati&72 might prove a valuable intermediate for further
substitutions, like oxazoles or other heterocyclasaddition, two halogenatebis-THF
analogues could be derived frandealcohol3.29

In the next chapter, the activation of the syntexdiligands and the formation of the

desired protease inhibitors is discussed in detail.
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Chapter 4 ACTIVATION AND Pl FORMATION

The desired protease inhibitois80 are obtained by coupling the activatbd-THF
ligand to amined.81, which were provided by Tibotec. Activation of thessTHF alcohol
1.82 was usually achieved witN,N’-disuccinimidyl carbonate (DSQ..16* to give the
mixed carbonatetl.1 (Scheme 4-1). Occasionally further reaction4af with a second
equivalent ofL.82to the symmetric carbonade2 was observed. Carbonae lacks a good
leaving group and thus does not react with amih84& However, treatment of.2 with
methanolic KOH will recover the starting alcoibB2 If DSC activation failed, alcohol
1.82was activated witlpara-nitrophenyl chloroformate (PNPOCOCI) to carboréate

0.0,

SN
H H o
S R Et3N,CH20I2 5 R

4.1

1.82 .
PNPOCOCI, 181
EtN, CH,Cl,
OH ,/k #
H OH
N

H H,N Ne_. -
,\OTO 2 \/\/o,/s\\o ,\OY NN AT
: /7N
O _lHo o 181 Bn - HO Ho i g0
H 5 R 2 EtzN, CH,Cl, o R
43

Scheme 4-1Activation ofbis-THF ligands and PI formation.

Initially we focussed on the synthesis of Pls comtg the amine scaffold$.81aand
1.81b (Figure 4-1). Thepara-aniline substituted sulfonamide814? is incorporated in the
original darunavir structure and provides two hggno bond donors to the S2' pocket
(compare 1.2.1). Benzoxazole derivativ81bwas reported to give an enhanced binding to
the S2’ pocket by additional HB contacts between dkazole nitrogen and the backbone
NH of Asp30’** At a later stage thpara-methoxy substituted sulfonamide8ic and
benzopyrazind.81dwere also included.

OH#
R R eaNes Negiee

1.81

Figure 4-1.Incorporated amine scaffolds81a-d
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The activation obis-THF ligands3.41-3.108&nd PI formation are shown in Table 4-1.

Table 4-1.Formation of Pl€t.4-4.26

Ph
0.0 e

\\S// - )k
HO 4 R DSC, 1.81a-d ATINTYTN H

O o
> N*O)kQ_ u R - 0 R
' Et:N, CH,Cl, ' Et;N, CH,Cl, ’% on
o)
[e] 0 Table 4-1 o) (o] Table 4-1 e} o}
H H H
41

"activation” "PI formation"

e 32;©/NH2 }7@[2\%% }I;©/0Me )?’CE::]
a b c d

3.41-3.108 4.4-4.26

Activation PI formation (yield (%)) °
Entry Pl R=
alcohol yield (%)* a b c d
1 4.4 OBn 3.45 86 40 64 - -
2 4.5 O(2-F-Bn) 3.49a 95 - 67 - -
3 4.6 O(3-F-Bn) 3.49b 91 - 65 - -
4 4.7 O(4-F-Bn) 3.49¢c 90 - 65 - -
5 4.8 O(2,4-diF-Bn) 3.49d 74 - 67 - -
6 4.9 OPh 3.50b 55 70 - - -
7 410  O-(4-NO+-CeHy) 3.52b 66° 60 49 - -
8 411  O-(4-NH,-CgHy) 3.53b - (51f (32f - -
9 4.12 OCONHBnN 3.55 86 60 63 - -
10 4.13 NHCO,Bn 3.41a 78 90 61 - -
11 4.14 NH(CO),0Bn 3.41b -° - - - -
12 4.15 NHSO,Bn 3.41c -° - - - -
13 4.16 O(CH,),OMe 3.57 83 64 69 - 59
14 4.17 OCH,OMe 3.59 90 - 65 - -
15 4.18 OCH,SMe 3.61 62 - 74 - -
16 4.19 O(CH,),CF; 3.74 93 - 70 - -
17 420  OCH,CONHBnN 3.67a 86 68 70 88 -
18 421  OCH,CONHMe  3.67b 64 - 84 82 -
19 422  OCH,CONMe, 3.67c 69 - 61 83 -
20 4.23 OCH,CF=CH, 3.75a 70 - 77 - -
21 4.24 N 3.42 55° 70 - - -
22 4.25 Cl 3.107 72 64 73 - -
23 4.26 F 3.108 - - 12 - -

%isolated yield?® isolated yield after HPLE,PNPOCOCI was used instead of DS@erived
from Pls4.1Q © stability issues(see belowyield from3.108
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Activation of the substitutedis-THF alcohols to the corresponding mixed carbonétés
was achieved with DSC in good to excellent yieldsly analogue8.52band3.42 (entries
7,21) were activated witlpara-nitrophenyl chloroformate, as the reaction with @S
afforded the desired carbonatd in a mixture with the corresponding symmetric cardte
4.2in variable ratios and only low yields. Normaltize mixed carbonates1 were coupled
to benzoxazole containing amide81b and/or aniline substituted amirie8la BisTHF
ligands that showed interesting results in firdivity tests were subsequently derivatised
with other amines. In particular, the benzopyrazinataining PK.16d of methoxyethoxy
ligand 3.57 (entry 13) and thepara-methoxyphenyl sulfomanide PI4.20-4.22c of
acetamide8.41(entries 17-19) have been synthesised.

For P14.26 (entry 23) only a small amount of starting alcoBdlO8was available, it was
therefore attempted to perform activation and dogpktep in one pot by successively
adding the reagents. However, only 12% of the ddsil14.26 could be obtained after
HPLC.

The direct activation of alcoh@.53b with DSC or PNPOCOCI failed, as the aromatic
amine and the hydroxy group show similar reactitatyards the carbonates (Scheme 4-2).
It was therefore decided to derive the desireddPlI$a/bfrom the correspondingara-nitro
substituted PIst.10a/h Selective reduction of the aromatic nitro growpan aromatic

amine was achieved via Pd-catalysed hydrogenation.

HQ y OONHz DSCorPNPOCOCI,  R70" Q OONHZ
/ Et;N, CH,Cl, /
(ig T I T e— > Pl4.1lab
oo oo
H H

3.53b 4.27a R = N(COCH),
4.27h R =p-CgH,NO,

AN TN o«i%mo2 H, PdiC, Ar” ‘N/\/\H Q u OONHZ
=N (ig MEOH, rt OH (ig
—_—
o T-0o o T~
H H

4.10a/b 4.11a(51%)
4.11b(56%)

Scheme 4-2Synthesis of Plg.11a/b

Out of the three substituted amino alcoh8ldla-c only carbamate3.41a could be
successfully activated with DSC and subsequendgtesl with amine4.81a/bto provide
Pls4.13a/bin good to excellent yield (entry 10). For oxaldtd1band sulfonamid&.41c
the activation proved less straight forward. AlthbuDSC activation of oxalat8.41b
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proceeded smoothly according to TLC analysis, atuméxof at least 4 compounds was
obtained after column chromatography (Scheme &i8)ilarly, the reaction of sulfonamide
3.41cwith DSC or PNPOCOCI only afforded complex mixtth the desired carbonates
4.29aand4.29bas minor products.

o) o 4 o)
OBn OR
HQ y HNH %\O)LQ__ H HNH
0 DSC, EgN, CH,Cl, (ig 0
o)
o T~d o T~o
H H
3.41b 4.28a R =Bn +4.28l1 R = Me
\\S’/ 8\\ O\\S//
HQ yHN"Bn DSC or PNPOCOCI, R-g” Q@ yHN Bn
EtN, CHCl,
I
o T~d oo
H H
3.41c 4.29a R = N(COCH),

4.2901 R = OGH,NO,

Scheme 4-3Attempted activation of alcoho&41b/c

Further analysis of the activation product3#1b revealed that product and starting
material are prone to nucleophilic attack. Durihg purification process the produtf8a
reacted with methanol, which was used as a co-glterform the corresponding methyl
ester4.28h A similar reaction was observed during the magssctsometric analysis of
3.41h which showed an intensive signalmatz= 254.1 (for4.30 instead of the expected
signal atm/z= 330 (M+NaJ (Scheme 4-4). Akin to the reaction with methaneter or
amine1.81 might be able to attack the carbonyl group indkalate leading to undesired
product mixtures. The usefulness of oxala#lbas a P2 ligand is therefore debatable.

H\
O _ 0-Me o 0

HQ HNJ%{osn HQ HN#%O\Me HQ HN//grONIe
(ig 0. — 8@8” — 0 + BnOH
o (0] (0] (0] (0] (0]
H H H
3.41b 4.30
m/z = 330 (M+Naj m/z = 254 (M+Naj

Scheme 4-4Possible nucleophilic attack of MeOH 8rt1lh

Since the activation of alcoh8l41cproved troublesome, it was attempted to derive the
sulfonamide PK.15from the azide containing PI.24 (Scheme 4-5). The azide group in
4.24 was reduced with triphenylphosphine and the cruaelyct was then treated with
phenylmethanesulfonyl chloride to form #I15 However, no product could be obtained
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from the reaction. Due to the encountered problemesfurther investigations into the

sulfonamide substituted Pls were made.

Ph
\, O o 0
\"/ \\// \\S//
/\/\

/©/ : ) B Ns pph, THF; /©/ N Q yHN"Bn

HoN (\/I\/g then BnSQCI K (ig

O

H
424 4.15

Scheme 4-5Attempted synthesis of BlL15from 4.24.

In addition to the already described hydroxy PI80a-d (see 1.4), the corresponding
benzoxazole containing PK.32b was synthesised from silyl eth@6 in three steps
(Scheme 4-6). Activation with DSC was followed lyupling to aminel.81bto yield the
protected Pl4.31 TBAF-mediated desilylation led subsequently te ttesired hydroxy
analoguet.32h

Ph

o i
HQ y QTIPS MeHN— j©/ Q y OR
1. DSC, BN, CH,Cly, 92% OH
071" 2.1.81h EgN, CH,Cl,, 63% oL°
2.6 431 R=TIPS
TBAF, THF, 73%[ . 4 35L R - H

Scheme 4-6Formation of hydroxy P4.31bfrom silyl ether2.6.
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A total of 34 new protease inhibitors have beerntssgised, they include 21 different
disubstituted bis-THF scaffolds and 4 different naatic sulfonamide substituents.
Following the different target groups outlined ihdpter 2, the structures of these Pls are

shown below (Figure 4.2 to 4.4).

Ar = oo ™S o 4.4 45 4.6
H,N N t )_L

/\/O\ N N
O O O O S
Ar = /@k R= “w, o

HoN 4.16 4.17 4.18

H 412 4.13
[ ] H H |
MeO /N:©}i N._Ph N N
c [ o Y oY oY
SN g B 5
d

4.20 4.21 4.22

Figure 4-3.PIs with hydrogen bond donor and/or acceptortgbili

Ph__
= o 0 B o CE
Ar= /©}{ W : o o
H,N Ar/S\N/\/\ )k R R o %/\(

Ngo)
: ) H F
a S OH =
K OH (ig 4.16 417
0

o] (0] N Cl F

H/N{\j@k H S
N 424 4.25 4.26

Figure 4-4.Halogenated and azide-containing PIs.
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Chapter 5 ANTIVIRAL ACTIVITY AND MOLECULAR M ODELLING

5.1 RESISTANCE TO PROTEASE INHIBITORS

Drug resistance to Pls emerges when mutationsenHilV-1 protease gene allow the
enzyme to retain its catalytic activity in the gese of the drug. In particular, the enzyme
is still able to cleave thgagpol polyprotein in at least nine different recognitisites to
produce mature virus particles. Mutations occur tue high replication rate of the virus,
the lack of proofreading capacity of the RT and magportantly the selective pressure of
Pl therapy on the evolution of the virtfs:® Most mutants show a reduced efficiency in
comparison to the wild-type virus and are rapidljgpown by fitter viruses in untreated
patients. However, in the presence of drug-indymexsure, replication of the wild-type
virus will be impaired and mutant strains with redd susceptibility can outgrow
efficiently.**° Since the advent of protease inhibitors in 19@6istance to all marketed PlIs
has been reported and mutations in 38 out of than®iBio acid positions were identifiéd.
An overview of mutations associated with decreasasteptibility to these inhibitors is

shown in Table 5-1.

Table 5-1.Mutations in the protease gene associated withtagge to Pfs

PI° Primary mutations Secondary mutations positions

L10, G16, K20, L24, V32, L33, E34, M46, G438, F53,

atazanavir I50L, 184V, N88S |2/ "h60 162, 164, A71, G73, V82, 185, L90, 193

147V, 150V, I54MIL,

darunavir V11, V32, L33, T74, L89

L76V, 184V
fosamprenavir 150V, 184V L10, V32, M46, 147, 1547@, L76, V82, L90
e M46I/L, V82A/F/T, L10, K20, L24, V32, M36, 154, A71, G73, L76, V77,
indinavir
184V L90
lopinavir V32l, 147VIA, L76V, L10, K20, L24, L33, M46, I50, F53, 154, L63, A71,
P V82A/FITIS G73, 184, L90
nelfinavir D30N, L90M L10, M36, M46, A71, V77, V8134, N88
saquinavir G48V, LI9OM L10, L24, 154, 162, A71, GAB/7, V82, 184
tipranavir 147V, Q58E, T74P, L10, 113, K20, L33, E35, M36, K43, M46, 154, H69,
P V82L/T, 184V N83, L90

2 Data adapted from Ref. (2P)all boosted with ritonavir except nelfinavir
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Pl resistance mutations have been defined as “pyimajor” or “secondary/minor”
depending on their impact on inhibitor activify.Primary mutations usually have a
significant effect on inhibitor activity and thewyppen to be situated within the active site.
Secondary mutations show only a small impact orstiseeptibility to Pls, but can enhance
resistance in combination with primary mutationcompensate for the reduced efficiency
of the mutant viru$®® In contrast to RTIs where single mutations caml lea>1000-fold
decreased activity, high level resistance to Plsallg requires more than one primary
mutation**

While some primary mutations only affect one Plg.eAsp36G>Asn (D30N) for
nelfinavir, G48V for saquinavir or Q58E for tipraria other mutations are multi-drug-
resistant as they were identified with more thaa Bh(147V/A, I50V/L, V82A/F/L/SIT and
184V).?” Based on their “substrate envelope” hypothesikiffec et al. could show that the
majority of the currently available Pls share a owmn “inhibitor envelope” resulting in
contacts to the same residues of the proteaseréFignl, A and B}*® Although being
significantly smaller, the inhibitor envelope prales beyond the substrate envelope in
several locations (Figure 5-1, C). These locatioogespond to the residues of HIV-1

protease where most multi-drug-resistant mutatomesir*>

P37 P1 p2’

(A) The substrate envelope calcula
form the overlapping van der Wai
volume of six substrate peptides.

(B) The inhibitor envelope calculat
form the overlapping volume of eight Pls.

(C) Superposition of substrate envelc
(blue) with theinhibitor envelope (red
Residues that induce drug resistance w
mutated are labelled.

4

P3  P1 P2’ P4

Figure 5-1. Substrate envelope vs. inhibitor envelope (pictta&en from Ref{8).
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Up to date, ten mutations associated to resistémagarunavir have been identified,
including five primary mutations (147V, 150V, 154M/L76V and 184V) and five secondary
mutations (V11l, V32A, L33F, T74P, L89V}**1*n addition, one mutation (V82A) was
detected that showed a positive impact on the agiohl response to ritonavir-boosted
darunavir (DRV/r)**%*! However, high level resistance to DRV/r (over bliifloss of
activity) was only observed with three or more stmice associated mutatidfisThe
described primary mutations mainly result in thessloof favourable hydrophobic
interactions due to the shorter side chain resitfi/é&'*0Only in the case of 154M where
the mutation induces a shift of the main chain &othe replacement of a direct HB
between the aniline Nlbf DRV and the side chain of Asp30 with a waterdiated contact
was observed®® On the other hand, the V82A mutation results imain chain shift

towards the inhibitor and closer van der Waalsrattons®

5.2 ANTIVIRAL ACTIVITY

All synthesised PIs4(4-4.3) were tested by Tibotec for their cellular ant@iactivity
(EGs0) against the wild-type virus (HIVpk) and a panel of recombinant clinical isolates
(M1-3), which were selected because of their heylell of cross-resistance against several
approved Pls (as exemplified by the activity ofit@vir and atazanavir). Every isolate has
6-8 amino acid substitutions in the protease géaé are associated with resistance to
protease inhibitors, including the primary mutasoM46l, G48V, 150V, L76V, V82A,
184V and L90M (see footnote of Table 5-2 for desil Isolates M1 and M2 are of
particular interest, as they were identified witim@ary mutations (I150V, 184V and L76V)
that are associated with resistance to darunake.activity on HIV-1,z was also measured
in the presence of 50% human serum (H|)-1+ 50% HS) as an indication for the
tendency of the compounds to bind to plasma prstednless than 10-fold change in
activity is usually considered as an acceptablelleiplasma protein binding.

The test results are divided into several groupsraking to the different types of targeted

interactions that were proposed in Chapter 2.
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5.2.1 The hydroxy analogues

In order to give an overview over the influencetloé various aromatic sulfonamide
substituents, the activities of the previously kesised hydroxy analogués32a-gare
summarized in Table 5-2. Atazanavir (entry 1), hapiir (entry 2), darunavir (entry 3) and
its previously described benzoxazole analodguéb (entry 4) serve as reference

compounds.

Table 5-2.Antiviral activity (EGs) of OH-analogued.31on HIV-1,g and mutant viruses.

NH, N OMe
Ar= D
e O e
H
.\\OYN\/\/N\S,Ar a b ¢
o] Ho B cS/\\o Br N / O
AL, O O
e f )

ECso [nM] ® (fold change relative to HIVyk)

R o

1 atazanavir 7.2 13.3 58.0(8.4) 3.2(0.5) 60.5(8.8)
2 lopinavir 13.2 63.2 114.6(8.7) 307.3(23) 32.1(2.4)
3 1.10 H (darunavir) 6.6 17.2 11.3(1.7) 51.0(7.8) 2.3(0.4)
4 5.1b H 2.3 83 27(1.2) 3.2(1.4) 0.9(04)
5 4.32a OH 7729  814.7 112.3(0.2) 204.5(0.3) 40.4(0.05)
6 4.32b OH 137.7  446.3 125.4(0.9) 108.0(0.8) 103.9(0.8)
7 4.32¢ OH 6.5 124 6.9(1.1) 6.7(1.00 1.6(0.2)
8 4.32e OH 4.8 19.6 4.1(0.9) 8.2(1.7) 2.2(0.5)
9 4.32f OH 39.7 80.9 14.9(0.4) 15.3(0.4) 6.5(0.2)
10 4.32¢g OH 24.8 453 9.1(04) 11.1(0.4) 4.5(0.2)

% The following PI resistance-associated mutatioesewidentified in the isolate#11: L10l,
M46l, 164V, 184V, L90M, 193L; M2: L10l, 113V, M46l, |50V, L63P,L76V; M3: L10I,
K20R, M361,G48V, 162V, A71V, V82A, 193L; bold figures represent primary resistance
mutations and underlined figures are associatel resistance to DRV according to the IAS
(Ref. 27).° The EG, values were determined using MT4 cells and athgssvere conducted in
quadruplicate. The numbers in parentheses repréiserfbld change in Eg& value for each
isolate relative to the activity on wild-type HI\{zd.

All three approved Pls (entries 1-3) inhibit HIygl at low nanomolar concentrations
(ECsp = 6.6—13.9 nM) but exhibit a great variation ieitiresistance profile. Atazanavir and
lopinavir, which are, alongside darunavir, recomdezh for treatment of antiretroviral

therapy-naive patients, showed a decreased actaghinst the majority of mutants.
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Interestingly, with atazanavir an increased iniobit of mutant M2 was observed.
Darunavir (.10 entry 3) is equally potent against isolate M1t &udoss in activity was
noted with isolate M2, which bears two primary ntiatas known to be associated with
decreased susceptibility to DRV (I50V and L76V). tsit M3, which includes the
favourable V82A mutatioh’® was found to be hypersusceptible to darunavir.
Hypersusceptibility is defined as a lower fold-chanon a mutant virus when being
compared to the wild-type virus (FC<1) and has dieen reported for a few cadds?*
The benzoxazole analogdelb (entry 4) is slightly more potent against HIsl and
shows a better resistance profile against the mytanel (EGy= 0.9-3.2 nM) when
compared to DRV.

The majority of the hydroxy Pl4.32a-g (entries 5-10) are less potent on wild-type
HIV-1 and their activity is strongly dependent tw tsulfonamide substituent. However, in
comparison to darunavir and Bllb they have a better resistance profile, with ale¢h
mutant strains showing hypersusceptibility to thaority of the hydroxy PIs. This might
be due to additional interactions of the free hygirgroup with the enzyme (compare
Chapter 2) as well as the different P2’ ligands.oTgeneral trends can be identified from
the sulfonamide substitutions: Firstly, the uptake the cell appears to be rather dependent
on the number of hydrogen bond donors (HBD) thanttital polar surface area (TPSA) of
the molecule (e.g. compadke32a(entry 5, HBD = 5, TPSA = 160&2), 4.32b (entry 6,
HBD = 4, TPSA= 172.A? and 4.32f (entry 9, HBD = 3, TPSA = 1634%. And
secondly, bicyclic P2’ ligands (Ar b, f, g) seemingly have a greater influence on the
hypersusceptibility characteristic of the PIs.

These preliminary results did not favour anilinobstituenta and N-methylamino
benzoxazold. Nevertheless, they formed the basis for the niswd&e to their pronounced

hydrogen bonding abilities in the S2’ pocket.
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5.2.2 The hydrophobic analogues

The antiviral activities of the benzyl PK.4-4.8 and the aryl PIs4.9-4.11 are
summarized in Table 5-3. Darunavir.10), its benzoxazole analog®elb and the hydroxy

Pls4.32a/bnow serve as references (entries 1-4).

Table 5-3.Antiviral activity (EGsg) of Pls4.4—-4.11on HIV-1,z and mutant viruses.

. OH # NH, N
O N AN AT Ar = ,©/ C[\%NH
SO s & snr~d N
H B a b
)

ECso [nM] ° (fold change relative to HIVqk)

Entry. Pl R HIV-1,5 'j:s\goi'”'j‘s M1 M2 M3
1 110 H (darunavir) 6.6 17.2 11.3(1.7) 51.0(7.8) 2.3(0.4)
2  5.1b H 2.3 83 27(1.2) 32(1.4) 0.9(0.4)
3  4.32a OH 7729  814.7 112.3(0.2) 204.5(0.3) 40.4(0.05)
4  4.32b OH 137.7  446.3 125.4(0.9) 108.0(0.8) 103.9(0.8)
5 4.4a OBn 1.5 121 4.7(3.2) 18.0(12) 1.7(1.2)
6  4.4b OBn 0.8 3.7 17(22) 3.4(45) 1.0(1.3)
7  45Db O(2-F-Bn) 0.7 40 13(20) 21(3.1) 0.9(1.3)
8  46b O(3-F-Bn) 0.6 3.7 08(1.2) 1.7(27) 0.8(1.3)
9  4.7b O(4-F-Bn) 0.6 40 1.1(1.8) 23(3.8) 1.0(1.6)
10 4.8b O(2,4-diF-Bn) 0.6 54 1.1(2.0) 2.3(41) 0.7(1.3)
11  4.9a OPh 8.9 47.2 32.5(3.6) 249.1(28) 6.5(0.7)
12 4.10a O-(4-NO,-CgHa) 10.7  128.6 60.0(5.6) 389.7(36) 11.9(1.1)
13 4.10b O-(4-NO»-CgHa) 2.5 15.3 5.0(2.0) 19.9(8.0) 2.2(0.9)
14  4.11a O-(4-NH,-CgHy) 11.1 67.7 13.2(1.2) 75.9(6.8) 9.5(0.9)
15  4.11b O-(4-NH,-CgHy) 8.3 68.8 6.5(0.8) 12.3(1.5) 2.7(0.3)

% The following PI resistance-associated mutatioesewidentified in the isolates1: L10l,
M46l, 164V, 184V, L90M, 193L; M2: L10l, 113V, M46l, 150V, L63P,L76V; M3: L10lI,
K20R, M361,G48V, 162V, A71V, V82A, 193L. ° The numbers in parentheses represent the
fold change in EE; value for each isolate relative to the activityvafd-type HIV-1,5.

With activities ranging from 0.6-11.1 nM, all hygitwobic Pls showed a significantly
improved potency on the wild-type virus when coneplato the hydroxy P14.32a/bh The
benzyl and fluorobenzyl analogué<l-4.8(entries 5-10) were even 4-10 fold more active

on HIV-1,g than DRV and its benzoxazole analogbdb. However, all benzylated
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analogues exhibit a up to 12-fold reduced activity the mutant strains and the
hypersusceptibility characteristic is lost. Thisidee explained by the increased lipophilicity
of these analogues. On the one hand it facilitttesuptake into the cell and leads to
increased binding to HIVqk via additional van der Waals contacts. On therotiaed the
mutations lead to an altered enzyme conformatiociuding significant shifts in the side
chain residues, which might then result in the losshese favourable but weak van der
Waals interactions. There is no apparent benefihfthe introduction of fluorine atoms on
the aromatic ring, only with the 3-fluorobenzyl &gue (entry 8) a slightly improved
activity on mutant M1 was observed.

The aryl substituted PI4.9-4.11(entries 11-15) showed similar or slightly deceshs
potency when compared to DRV and321a In addition, a considerable loss in activity
against clinical isolates M1 and M2 was observetijlavmutant strain M3 remained
hypersusceptible to the majority of the arylatesl Fhe lower activity on the mutants could
be explained by the reduced flexibility of the amyfoup in comparison to benzyl
substituents and, therefore, a decreased abiliadépt to conformational changes induced
by the mutations. Interestingly, the 4-amino-phgnaxibstituted PI4.11b retained its
hypersusceptibility characteristic for two of tlieege mutants, indication additional dipolar
or even hydrogen bonding interactions with the emzyFurther analysis on the possible
binding mode of this analogue will be made in th@eoular modelling section (see 5.3).

In summary, the hydrophobic Pls showed good agtieim HIV-1,5, but failed to
achieve similar results on the mutant strains. Agaés containing the benzoxazole
sulfonamide usually showed a superior resistanoélgr The benzylated and arylated Pls
also exhibited a significantly higher tendency todoto plasma proteins when compared to
the hydroxy Pls (average FC = 7.2 vs. 2.5). It ddad argued that their increased binding is
based on a higher gain in entropy rather than @gnawed enthalpy, i.e. upon binding of the
inhibitor more lipophilic surface area is burieduking within the hydrophobic cleft of the
enzyme. This leads to an increased desolvatiorhefinhibitor and therefore a higher
entropy.
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5.2.3 Analogues with hydrogen bond donor/acceptor ability

Table 5-4 shows the activity results for the anaé&sgwith modelled hydrogen bond
donor and/or acceptor ability. Again RI40 5.1band4.32aare included as references.

Table 5-4.Antiviral activity (EGsg) of Pls4.12—4.23on HIV-1;;z and mutant viruses.

y OH # NH, N OMe N
A Ar = S>—NH
.\\OT N\i/\/ s Ar '}e,,’©/ 37,,’@[0% A\ :"'q’©/ :‘%’@E N/j
H B o a b c d
(0]

ECso [nM] ® (fold change relative to HIVyk)

Enty P R HIV-1,5 T;\é;/lo”'fs M1 M2 M3

1  1.10 H (darunavir) 6.6 17.2 11.3(1.7) 51.0(7.8) 2.3(0.4)
2  5.1b H 2.3 83 27(1.2) 3.2(1.4) 0.9(0.4)
3  4.32a OH 772.9 814.7 112.3(0.2) 204.5(0.3) 40.4(0.05)
4  4.12a OCONHBn 5.8 30.4 15.5(3.2) 124.5(22) 5.2(0.9)
5 4.12b OCONHBn 5.8 26.7 7.2(1.2) 13.9(2.4) 4.0(0.7)
6 4.13a NHCOBn 5.0 352 b5.7(1.1) 82.5(16) 1.8(0.4)
7 4.13b  NHCOBn 3.8 16.6 2.4(0.6) 7.5(2.0) 1.0(0.3)
8 4.16a O(CH,),OMe 15.5 37.0 11.9(0.8) 71.4(4.6) 6.8(0.4)
9 4.16b O(CH,),OMe 8.6 240 6.9(0.8) 10.8(1.3) 4.3(0.5)
10 4.16d O(CH,),OMe 3.7 44 7.4(20) 17.54.7) 3.4(0.9)
11 4.17b  OCHOMe 3.4 70 5.0(1.5) 11.2(3.2) 1.9(0.6)
12 4.18b  OCH,SMe 1.3 6.7 4.0(3.0) 9.3(7.1) 22(1.7)
13 4.19b O(CH2)LCF; 0.5 82 09(1.9) 2.8(5.9) 0.8(1.6)
14 4.20a OCH,CONHBn 16.0 935 10.8(0.7) 35.2(2.2) 9.3(0.6)
15 4.20b OCH,CONHBn 25.0 102.3 13.4(0.5) 15.1(0.6) 6.4(0.3)
16  4.20c OCH,CONHBn 0.6 46 3.3(5.6) 4.4(75) 1.0(1.7)
17 4.21b OCH,CONHMe 460.5 376.5 150.7(0.3) 203.6(0.4) 68.5(0.1)
18 4.21c OCH,CONHMe 6.9 16.1 14.3(2.1) 15.7(2.3) 8.3(1.2)
19 4.22b OCH,CONMe, 249.1 243.4 101.8(0.4) 83.8(0.3) 50.4(0.2)
20 4.22c OCH,CONMe, 3.8 70 7.0(1.8) 11.5(3.0) 2.9(0.8)
21  4.23b OCHCF=CH 0.4 22 08(1.2) 2.3(6.1) 05(1.4)

% The following PI resistance-associated mutatioesewidentified in the isolates11: L10l,
M46l, 164V, 184V, L90M, 193L; M2: L10l, 113V, M46l, 150V, L63P,L76V; M3: L10lI,
K20R, M361,G48V, 162V, A71V, V82A, 193L. ° The numbers in parentheses represent the
fold change in EE; value for each isolate relative to the activityvafd-type HIV-1,5.
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The benzyl carbamate containing RBl&2/4.13showed good potency on wild-type HIV
and mutant strains M1/3 (entries 4-7). In conttagheir corresponding anilino analogues,
the benzoxazole substituted Bl4d2band4.13balso retained their potency against clinical
isolate M2, which contains two primary mutationsasated with resistance to darunavir.
Carbamate4.13 which is attached to thieiss THF moiety via the nitrogen, appears to be
slightly more potent than th®-bound carbamatd.12 This might be due to possible
hydrogen bonding interactions between the carbaméteand the backbone carbonyl of
Gly48, as indicated in Chapter 2.

The alkoxyalkyl PIst.16—4.18nhibit HIV-1,5 at low nanomolar concentrations (€
1.3-15.5 nM, 8-12), which are comparable to darumaithough they are not as potent as
the corresponding benzylated analogues, the mettiooyy-substituted PK.16a/bshow a
more balanced resistance profile on the mutaninst(antries 8,9). The clinical isolates M1
and M3 were found to be hypersusceptible to inbrb#.16a/band only a 1-5 fold increase
in EGsp was noted against isolate M2. The benzopyra4ih6d proved to be very potent on
the wild-type virus, but lost activity against twb the mutant strains (entry 10). A further
analysis of the relationship between chain lengthantiviral activity showed that a methyl
linker (Pls 4.17b and 4.18h entries 16/17) is slightly favoured over the éthgker
(compound4.16b on HIV-1,s. However, the methyl linker exhibits more variation
activity on the mutants and the hypersusceptibditpracteristic is lost completely against
isolate M1 and partially against M3.

The acetamides (entries 14-20) show a similar iggprofile as the hydroxy analogues.
Although the para-methoxy phenyl substitution (Ar ) significantly improves the
absolute potency of these ligands, it also resutsthe complete loss of the
hypersusceptibility, which was very pronounced ime tcorresponding benzoxazole
analogues (e.g. compare entries 17 and 18). Theased polarity, in particular of the
methyl acetamide$.21 appears to impair the permeability of these camps.

The fluorinated isostered.19b4.23b exhibit a significantly improved activity on
HIV-1,s when compared td.16band4.21h respectively. Although they fail to retain their
activity on the mutant strains and no hypersusbéipyi was observed, the absolute potency
of these Pl is notable.

In summary, the antiviral activity of the analoguegh HB acceptor/donor ability is
strongly dependent on the sulfonamide substituedttiae all over polarity of the molecule.
As expected they showed a lower tendency to birglasma proteins than the hydrophobic
Pls (average FC = 3.6). In addition, a hypersuduiéipt characteristic was observed for the

majority of the more polar Pls.
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5.2.4 Halogenated and Azide Pls

The antiviral activity of azide R4.24ais shown in Table 5-5. The corresponding results

for the chlorinated PI§.25and fluorinated P4.26bhave not been obtained yet.

Table 5-5.Antiviral activity (EGsg) of Pls4.24—-4.26on HIV-1;z and mutant viruses.

L OH # NH, N
N AN Ar Ar = © @[\%NH
Y08 X wA~G N
O O a b

ECso [nM] ° (fold change relative to HIVqk)

entry Pl R HIV-1 g T;\éoi”lfs M1 M2 M3
1 1.10 H (darunavir) 6.6 17.2 11.3(1.7) 51.0(7.8) 2.3(0.4)
2 5.1b H 2.3 83 27(1.2) 3.2(1.4) 0.9(0.4)
3 43la OH 772.9  814.7 112.3(0.2) 204.5(0.3) 40.4(0.05)
4  4.24a N 3.7 18.8 5.6(1.5) 55.6(15) 2.3(0.6)
5  4.25a Cl 0.4 46 2.8(75) 31.6(85) 1.5(4.0)
6 4.25b Cl 0.5 42 0.7(1.6) 2.1(46) 0.7(1.6)
7  4.26b F 0.7 84 0.8(12) 28(41) 0.7(0.9)

% The following PI resistance-associated mutatioesewidentified in the isolate#11: L10l,
M46l, 164V, 184V, L90M, 193L; M2: L10l, 113V, M46l, 150V, L63P,L76V; M3: L10lI,
K20R, M361,G48V, 162V, A71V, V82A, 193L. ° The numbers in parentheses represent the
fold change in EE; value for each isolate relative to the activityvafd-type HIV-1,5.

Azide containing PK.24a (entry 4) inhibits HIV-1,z and mutant strains M1/3 at low
nanomolar concentrations. Only against clinicalato M2 a reduced activity was noted,
which is very similar to the results obtained withrunavir (entry 1). This leads to the
conclusion that there is only a very limited inthee of the azide group on the binding
mode. The chloride and fluoride substituted £RB54.26 (entries 5-7) exhibit an excellent
activity on the wild-type virus. Although these &mues inhibit the mutant strains at low
nanomolar concentrations, the hypersusceptibiligracteristics of mutants M1/M3 is lost.
This is in accordance with the results obtainedtierbenzylated analogues.

At this stage it remains unclear whether the haddestituents, as well as the fluorinated
isosterest.19band4.23h are able to undergo specific dipolar interactions the gain in
potency is merely based on entropic effects. Tars @nly be determined by X-ray crystal

structure studies of the corresponding enzyme-Riptex.
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5.2.5 Enzymatic activity

Several anilino and benzoxazole substituted Plsvetioonly medium or low potency
against the wild-type virus in the cellular esdayt at least two of the mutant strains were
found to be hypersusceptible to these analoguasadttherefore decided to determine their
activity on the purified enzyme (ig), in order to be able to rationalize these resulte
obtained activities are shown below (Table 5-6)az&navir, darunavir and B.1b are

given as reference compounds (entries 1-3).

Table 5-6.Enzymatic activity (1Gg) versus cellular activity (Efg).

y OH # NH, N Nj
OUN_AUN A A= © @[\%NH @:
Y T 08 5 FNAG N NN
H o a b d

(6]

SrSO Sy O
a
Entry Pl R El-ﬁi;-[lr].:z] H II\C/:Sl0 g;cl\)/'lt]ease
1 atazanavir 7.2 4.1
2 1.10 H (darunavir) 6.6 3.8
3 5.1b H 2.3 2.1
4 4.31a OH 772.8 2.9
5 4.4a OBn 15 3.5
6 4.11a O(4-NH-CeH,) 111 11.2
7 4.11b O(4-NHy-CgHy) 8.3 9.9
8 4.12b OCONHBnN 5.8 <1.5
9 4.13b NHCO,Bn 3.7 3.3
10 4.16a O(CH,),OMe 155 2.5
11 4.16b O(CH,).OMe 8.6 <1.5
12 4.16d O(CH,).OMe 3.7 <1.5
13 4.17b OCH,OMe 3.4 1.9
14 4.20a OCH,CONHBnN 16.0 3.1
15 4.20b OCH,CONHBn 25.0 2.7
16 4.21b OCH,CONHMe 460.5 <1.5
17 4.22b OCH,CONHMe, 249.1 4.1

% The substrate for the enzymatic assay reflectsthel MA-CA cleavage site.
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All PIs are highly active on the purified enzymedaimhibit HIV-1 protease at low
nanomolar concentrations @& 1.5-11.2 nM). For several analogues a significan
improvement in potency was noted, e.g. the enzynaatiivity of hydroxy PK.31ais over
250-fold higher than in the cellular assay. Simiesults were obtained for the acetamide
analoguest.21band4.22b (FC >300 and >60, respectively). This leads todbeclusion
that additional ligand—protein interactions, asiifeed in the X-ray crystal structure of PI
4.31a(compare Chapter 2), are also present within thielea series. However, the higher
polarity and the increased number of hydrogen bdmabrs seem to limit the uptake into
cell, which explains the weak potency of Bl8laand4.21/22bagainst HIV-};z in the
cellular essay.

The benzylated Pl and the aminophenoxy analoguesgg 5-7) appear to lose activity
on the HIV-1 protease. Although these changes #&tenathe error margins of assay, there
are two possible explanations: (1) In the cellldasay, the higher lipophilicity of the
compounds could favour the uptake into cell, whiculd result in different concentrations
within and outside the cell. This effect would ragiply in the enzymatic assay. (2) The
substrate in the enzymatic assay only represeetsleavage site (MA-CA) within thgag-
pol polyprotein, while in the cellular assay at leaisie different recognition sequences are
processed by the HIV-1 protease. As these siteslaaved at different rates, the enzyme
might show a higher affinity to this particular aleage sité**

For the carbamate series (entries 8,9) no significhange in activity was observed.
Although theO-bound carbamaté.12bappears to be slightly more potent in the enzyenati
assay. The alkoxyalkyl substituted RIsL6/17 (entries 10-13) show a particularly good
inhibition of the purified enzyme (Kg= 1.5-2.5nM), which also suggests additional
interactions between the enzyme and the inhibitor.

The enzymatic activities proved the general poteofythe synthesised protease
inhibitors. However, for a better understandingtloé new binding interactions it was
necessary to perform additional molecular modelfinglies, which will be discussed in the
next section.
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5.3 MOLECULAR MODELLING STUDIES

Based on their good activity against HI\iglor their pronounced hypersusceptibility
characteristics, four analogues were further ingattd using molecular modelling studies.
In particular, these are the two hydrophobic infoits 4.6b and 4.11h as well as the
methoxyethoxy analogué.16b and acetamidd.21h All calculations were performed by
Dr. Jbrg Wegner at Tibotec using the 2HS1-coorémgiublished by Webegt al. in
2006%

5.3.1 Hydrophobic analogues 4.6b and 4.11b

The 3-fluorobenzyl analogué.6b showed the best inhibition of the wild-type virus,
while the 4-aminophenoxy substituted £211b exhibited a good activity against all three

mutant strains. The modelling results are showFigare 5-2.

Figure 5-2.3D depiction of the possible binding mode of blieTHF moiety in PIst.6band4.11h

In the X-ray crystal structure based modelling bé t3-fluorobenzyl substituted PI
4.6b (Figure 5-2, A), the benzyl ligand is occupying tiydrophobic space below the flaps.
There appears to be a weak C-interaction between Gly48 and the aromatic system.
However, the direct or water-mediated hydrogen buanéhteractions that were identified
with the hydroxy Pls4.31a are not present. The anticipated orthogonal CSEO-
interactions can not be calculated with this apgincand would require further analysis on a
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crystal structure. Essentially, the increased #gtof the benzyl analogues on HIVid can
be based on a higher logP of these molecules, whitthn stimulates the cell permeability.
For the arylated P#.11b (Figure 5-2, B) a possible catianstacking between the
positively charged guanidine side-chain of Argl08d athe aromatic ring has been
predicted. However, stacking is hard to calculated aadditional thermodynamic
measurements would be required to fully understtese interactions. The observed
hypersusceptibility characteristic is probably mdependent on the P2’ sulfonamide than
on the aromatibis-THF substituent, although tlgara-aminophenoxy group shows a better

resistance profile when compared to plaea-nitro analogue.

5.3.2 Methoxyethoxy ether 4.16b andN-methyl acetamide 4.21b

Methoxyethoxy substituted P4.16b and N-methyl acetamide containing R1.21b
showed a very pronounced hypersusceptibility charsstic against several mutant strains.
It was therefore anticipated, that they would slaalditional hydrogen bonding interactions
with the enzyme, similar to the hydroxy analogug®e results of the molecular modelling

studies are shown below (Figure 5-3).

/ \ /
) o : Gly 48 \f’

(A)

1.8 (45%)

-

. L]
-
$1.7 (80%) .

e19 (78%) . o
g . ‘e ¢ 18T
. ] 3
. i IO &y v o8
“1.9 (58%) ° .
- ]
.

Figure 5-3.Possible binding modes of thes-THF moieties in Plg.16band4.21h

For P14.16b (Figure 5-3, A) the methoxyethoxy moiety possibigplaces the water
molecule which formed the water-mediated contacthi hydroxy Pls, and the second
oxygen could now form a direct hydrogen bond to bdazkbone NH of Gly48. This

interaction has been described for some naturatsaibs of HIV-1 protease (see Chapter2)
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and might explain the hypersusceptibility charaster of Pls 4.16 as these direct
backbone interactions are less influenced by resichutations. The hydrogen bonding
distance is 1.7 A and would result in an 80% optimgdrogen bond as calculated by
Clark/Labute™ In principle, a similar contact could be expecfed the methoxymethyl
ether in P14.17h However, the interaction appears to be lost i mutants, as no
hypersusceptibility was observed for&217h The additional Cktgroup in Pisd.16allows
enough flexibility to retain these contacts witktiie mutant-inhibitor complexes.

The acetamide moiety in BI21b(Figure 5-3, B) possibly displaces two water muoles
to form a hydrogen bonding network from Gly48 top28. The carbonyl oxygen of the
acetamide would interact with the backbone NH of48I(d = 1.84, 45% optimal), while
the NH can form a hydrogen bond to the side chb#sp29 (d = 1.9, 44% optimal). The
two important HB contacts between thes-THF ring oxygens and the backbone amide
groups of Asp29 and Asp30 would be retained incase.

5.4 SUMMARY

Nearly all synthesised Pls showed a good actigsirsst wild-type HIV-1,z and a panel
of multi-PI resistant HIV-1 mutant strains. Withettbenzylated and fluorobenzylated
analogues inhibition at subnanomolar concentratveas observed. Several more polar Pls
suffered from a reduced cell permeability, but th@tency could be confirmed on the
purified enzyme. Interestingly, all mutant strawsre found to be hypersusceptible to
analogues that were designed to allow additionalcdBtacts. This has only been reported
in a few case® Especially the methoxyethoxy derivativés6 and the acetamide series
4.20-22 showed this hypersusceptibility characteristic.ddidnal molecular modelling
studies could confirm particularly favourable imetions with the backbone NH of Gly48.
Still, a direct interpretation of the hypersuscheitity remains challenging, since the
observed effect might have multiple reasons. Thetrikely structural reason might be a
changed protease or folding dynamics of the preteasl substrates due to interference of

the inhibitors with the flap region (containing @8and Gly48).
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Chapter 6 a-FLUOROAMIDES AS CARBAMATE ALTERNATIVE

6.1 BACKGROUND

Detailed ADME studies have shown that carbamaterdiysis is a major metabolic
pathway for darunavit®> When DRV was administered without ritonavir boogti
approximately 13% of the observed metabolites tedulfrom carbamate cleavage.
However, the group has proven to be crucial, asctmbonyl oxygen forms a water-
mediated HB interaction with the backbone NH ob0eReplacement of the carbamate by
an amide group resulted in a decreased activitythef inhibitor, probably due to
conformational changes. The crystal structure oWVBEf®und HIV-1 protease revealed that
the bis THF substituent is located above the plane ofdhdamate heteroatoms, with a
torsion angle of 10-15 1,(Figure 6-1). It was envisaged to increase meialstbility and
to retain activity at the same time, by replacing tarbamate oxygen with a CHF moiety.
The torsion angle, or at least its direction, wobddpreserved utilizing thex*fluoroamide
effect”'*® by which the C-F and C-N bonds will ®yncoplanar, resulting in the
positioning of thebisTHF moiety above the amide plané)( It was recognised that the

magnitude of the torsion angle may be differerth&original carbamate.

H 10-15°
m o} o o} o
...... NH R Ry H

:/_; H: QH P‘ 2 ngo)‘k"\rR — 1\® Rlﬁ)kl‘\l/R — l\@

Hi OTN;\/'\/N\ H N F H NE
O !Bn do R, = endobis-THF R = endobis-THF
"""" 1.10 [ I

Figure 6-1.

6.1.1 The a-Fluoroamide Effect

The X-ray crystal structure ef-fluoroamide6.1 showed the C-F bond oriented nearly
cis to the N-H bond and trans to the C=0O bond (Figtn®)1® Additional ab initio
calculations of the preferred conformation effluoroamide 6.2 indicated an energy
difference of ~7.0 kcal/mol between tbie andtrans conformers.

|
H F H  CH,

Cis-6.2(180 °) trans-6.2 (0 °)

(0] o) ~7.0 kcal/mol o
@\ \CH HsC \CH _ barrier to rotation H-C =
"“)H‘ ’ ’ ’}‘)H ’ - s \N)H/
H F
6.1
Figure 6-2.Preferred conformation effluoroamides.
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The trans conformer is mainly stabilised by the opposingotis of the amide and the
C-F group, resulting in a smaller dipole mom¥ht. In addition, the formation of an
intramolecular hydrogen bond N-H---F can be amited'*° Based on these observations,
ana-CHF moiety could be used for the conformationadtoa of amides.

6.2 THE RACEMIC APPROACH

To exploit thea-fluoroamide effect in fluorinated darunavir analeg, it was now
envisaged to synthesise the@3a (Scheme 6-1). According to the X-ray crystal sioe
analysis, the -configuration is required at the CHF position. bddition, the
corresponding R)-diastereoisomer6.3b will be targeted as a control. Retrosynthetic
analysis leads to the requirdts-THF moiety6.4a and the known amine scaffold81h
Acetic acid derivatives.4a can be obtained from the known oxazolidin@®a which in
turn is derived in 5 steps from 2,3-dihydrofutaf3*4®

Hy OH # \
N\/\/N >7NH

// \\

S)

Scheme 6-1Retrosynthesis of fluorinatdell 6.3a

Following a publication by Kisoet al, the synthesis of the two inseparable
diastereomeric oxazolidinone&5d6.5b was completed in four steps (Scheme 6%).
Allylic alcohol 6.7 was obtained by selective reduction of monoethyhdrate .6) with
BHs THF*° The yield of the radical cyclisation step§to 6.9) varied from 55% to 93%,
depending on the scale of the reaction. Kisal. have shown that stereoselective azidation
of 6.5a can be achieved by treatment of the correspondinglate with 2,4,6-
triisopropylbenzene-sulfonyl azidé& Hence, it was intended to utilize the same auxilia

controlled process to selectively fluorinate oxalinbne6.5a
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0 o)
BH3 THF, THF
OH OH
Et0” —_— EtO)K/\/
70%
6.6 O 6.7
o
Br n-BuzSnH, AIBN, H OR
) 6.7, NBS, CHCI, < benzene, reflux, 4 h :
/\—/\ LT e .
o 46% o Y0 > coskt 55-93% 00
H
rac-6.9 R =Et
153 rac-6.8 NaOH, EtOH, 73%] . rac-6.10 R = H
PN
1. PivCl, EtN, THF, —78°C N O )ko
2.nBuLi, Evans' oxazolidinone H ./

71% 07:-"0

LDA, THF, —78 °C;
then NFSI 6.11), 82%

6.5aent6.50 R=H
6.12aént6.12bR=F

Ph

0
\ /,
/‘/\(\N/\S/ o) F
1.81h DIC, HOB, \C[ )—NHMe o N2
EtsN, CH,Cl, OH N 0=5"""s=0
Ph  Ph
6.11
6.3alc R=F
6.13a/c R= H

Scheme 6-2Racemic approach tefluoroamide containing F8.3.

Diastereoisomer8.5ab were then deprotonated with LBR and subsequently treated
with N-fluorodibenzenesulfonimide (NFS8,11)** to afford the fluorinated intermediates
6.12a/h which were still not separable by column chrorgedphy. Nevertheless,
diastereoselective fluorination could be confirnbgd®F NMR, with only two major peaks
at 8 —191.85 and-197.36 ppm. Subsequent hydrolysis @fl2db with LiOH/H,0,**?
surprisingly led to a complex mixture of at leastdifferent compounds (fronffF NMR),
indicating that epimerisation had occurred. Alt¢inea hydrolysis with only LiOH®
afforded only the two expected diastereoisongefsalb, which were then coupled to amine
1.81h TLC analysis showed two major spots, which cobkl separated by column
chromatography and were expected to be the twdBsand6.3c However,*F NMR
analysis revealed twtF signals (at188.83 and-191.92 ppm) in the first spot and the
absence of fluorine in the second spot. This léadke conclusion, that the substrate was
partially defluorinated during the coupling reaaticalthough the mechanism remains
unclear. Further mass spectrometric analysis auoefir the first spot to be P&3dc (n/z
641.2 (M+Na)) and the second spot being Bl&3dc (m/z 623.2 (M+Na)).
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6.3 THE ENANTIOPURE APPROACH

Although the formal synthesis of BI3awas completed in the racemic approach, it was
not possible to separate the diastereoisomers yatstage. Hence, a method for the
enantiopure formation ofi-fluoroamide 6.4a was sought. In order to circumvent any
separation problems, it was now envisaged to dexoid6.10 from bissTHF alcohol1.15
via ketone6.14and subsequent HWE-reaction (Scheme 6-3).

o) o)
Fr. “Son OH o) OH
0 =~0 00 00 0 :~0
A A A A
6.4a 6.10 6.14 1.15

Scheme 6-3Retrosynthetic approach to enantiopure &ckfrom alcoholl.15

The bissTHF alcohol1.15 provided by TBOTEC, was readily oxidised to ketore14
using PCC or Parikh-Déring conditiofsalthough the latter failed to give satisfactory
yields (Scheme 6-4). An attempt to directly introduthe oxazolidinone with the
corresponding phosphonaiel5 did not give the desired alkeel6 However, the HWE

reaction with triethylphosphono acetafé*

afforded a separable mixture of the
corresponding alkene®.17 (E/Z = 1:2) in excellent yield. The bulkigert-butyldiethyl-

phosphono acetdf8 only furnished a 1:1 mixture of alken@48

P01 O O
(EtO)ZP\)LN)ko )k
OH 0
H H N
8 PCC, 3A MS, CHCl,, 69%; 8 6.15 ) =yl )\/o
Bn Il B
[ n
0 -0 or SG;-py, DMSO, E{N, 07 :70 NaHMDS, THF 0 -0
H CH.Cl,, 38% H H
1.15 6.14 E/Z-6.16
? ?
(EtO),P~_CO,Et (EtO),P~_CO,'Bu
NaH, THF, 93% NaH, THF, 54%
(E/Z=1:2) (E/Z=1:1)
EtO,C .
i) " /COzEt y /COzBu
N
00 0 -0 07 -0
H H H
E-6.17 7-6.17 E/Z-6.18

Scheme 6-4Formation of alkene8.17and6.18

The double bond i16.17 and6.18 was then reduced by catalytic hydrogenation t@ giv

the corresponding ester. The results are summarnsEable 6-1.
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Table 6-1.Optimisation of double bond reductionE/Z-6.17.

uo CO,R . /~COR b —COR
> Table 6-1 B m
e — e +
= o :70
H

0] i (o] EtOH, rt, 18 h o0
E/Z-6.16 R= Et end06|_-|g R= Et ex06.9 R= Et
E/Z-6.17 R='Bu ends6.19 R='Bu ex06.19 R='Bu
Ratio ,
Entry Ester Reagents Yield (%)?
endo exo
1 H,, Pd(OH)/C **° 3 ; 1 91
2 H,, Pd/C® 10 ; 3 100
E/Z-6.17 158

3 H,, Rh/AI203 5 . 1 100
4 NaBH; (1.5 equiv}®® endoonly £
5 Z-6.17 6 ; 1 99
6 E-6.17 H,, Rh/AlLO; 3 ; 1 100
7 E/Z-6.18 3 : 1 99

%isolated yield® reaction was then heated to reflux for Sreaction was incomplete.

Following a procedure by Florent'&t al,** the mixture of£/Z-6.17 was hydrogenated
under atmospheric pressure using Pd@E )Xo give a 3:1 mixture of the desired ester
ende6.9 andexce6.9in very good yield (entry 1). The formation of thedesiredexcester
was expected to be hindered by the roof-like sludlee substrate, since the hydrogenation
should happen on the catalyst surface. Howeveertain solubility of the catalyst in the
solvent might reduce the selectivity of the attaldke hydrogenation with catalytic amounts
Pd/C (entry 2" and Rh/AYO; (entry 3}°® led to better selectivity towards the desired
endcester. In order to eliminate the formationexfo6.9, a 1,4-addition tde/Z-6.17 with
NaBH, in EtOH* was attempted (entry 4), but even under refluxditmms the reaction
did not go to completion. However, the cruteNMR only showed the formation of the
desiredendeproduct. With Rh/AIO; (entry 3) giving the best ratio ehde6.9 to exc6.9,
the effect of the conformation of the double bomdtlee hydrogenation was investigated
(entry 5 and 6). In both cases a mixture was obthiralbeit the reduction of-6.17
afforded a significant higher amount @fide6.9 in comparison tde-6.17. Nevertheless, a
separation of th&/Z-6.17 is not necessary, since the ratios are similampare entries 3
and 5) and the two reduction isomers can also pa&rated by HPLC. The hydrogenation of
the tert-butyl esterE/Z-6.18 only afforded a 3:1 mixture of the correspondisteesende
6.19andexc6.19(entry 7).
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The structures ofende6.9 and exo6.9 were confirmed by 1D NOE experiments
(GOESY, Figure 6-3). Irende6.9 a NOE coupling between H-1 and H-3 was observed,
while no interaction between H-3 and H-5a/b wasitbun comparisonexa6.9 shows no
NOE coupling between H-1 and H-3, but an interachetween H-3 and one proton on C-5

was observed.

H
5

Ha P
3
1
NOE\ 0o o]

H
ende6.9

Figure 6-3.Important NOE coupling iende6.9 andexa6.9.

Hydrolysis of the ester gave free aéid0in good yield, which was then reacted with
(9-4-benzyl-2-oxazolidinone andR)-4-benzyl-2-oxazolidinone to giveé.5a andent6.5b,
respectively (Scheme 6-5f

CO,Et CO,H

H H PivCl, EEN, THF, —-78°C;
5 NaOH, EtOH 5 thennBuLi, Evans' oxazolidinone
_ > >
0 :"0 80% 0 -0
H H H
endo6.9 6.10 6.5a R'= Bn, R= H; 55%

ent6.5b R'= H, R= Bn; 65%

Scheme 6-5Formation of oxazolidinone&5aandent6.5b.

Deprotonation of oxazolidinon&.5a with LDA' and subsequent treatment with
N-fluorodibenzensulfonimide (NFSB.11)*** afforded the fluorinated intermediaéel2a
(Scheme 6-6). Diastereoselective fluorination ts wanfirmed by*F NMR, with only one
major peak a® -197.36 ppm. Hydrolysis with LiOH® afforded theo-fluoroacid 6.4a
which was then coupled to amideB1bto give PI6.3ain good yield. The purity 06.3a
could be confirmed b{’F NMR (5 —188.8 ppm).

LDA, -78 °C;
then NFSI \—/ LiOH, THF/Hzo
6.5a
92% B

78%

1.81h EDCI, HOBL,
EtsN, CH,Cl,

6.3a
75%

6. 12a

Scheme 6-6Synthesis of P6.3a
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Following the same protocol, oxazolidinomat6.5b was transformed into P&.3b
(Scheme 6-7). As observed before in the racemibwaat, hydrolysis ofent6.12b with
LiOH led to partial defluorination resulting in aitture of a-fluoroacid6.4b and acid6.9.
This mixture was then coupled to amih®&1bto yield a separable mixture of FAs3b and
6.13a

o) O o)
R
LDA, =78 °C; LIOH, H OH 1.814 EDCI, HOB,
then NFSI }J THFHO = AH Et;N, CH,Cl,
ent6.5b ———
92% —

O 0770

H
ent6.12b

Scheme 6-7Synthesis of P16.3band6.13a

6.4 ANTIVIRAL ACTIVITY OF a-FLUOROAMIDE PIsS

Similar to all other synthesised protease inhikitdhe a-fluoroamide containing Pls
6.3a/band amides.13awere tested against wild-type HIV-1 and three musdrains. The
obtained activities are shown below, the previouldgcribed benzoxazole BI1** serves

again as reference compound (Table 6-2).

Table 6-2.Antiviral activity of PIs6.3a/band6.13aagainst HIV-],;s and mutant viruses.

Rl RZ

6.13aR'= ’/ o

6.3aR'=H,R=F OH ?‘ \
6.3aRl= FR2 H % %NHMe

P

ECso [NnM] (fold change relative to HIVk)

Entry Pl
HIV-1,5 M1 M2 M3
1 5.1b 2.3 2.71.2 3.2 (L.4) 0.9 0.4)
2 6.3a 1012 (8.5) (>9.7) (1.5)
3 6.3b 368 (10.8) (>26.7) (2.2)
4 6.13a 287 (18.1) (>34.3) (2.2)

% The following PI resistance-associated mutatiomsewidentified in the isolate$41: L10l,
M461, 164V, 184V, L90OM, 193L; M2: L10I, 113V, M46l, 150V, L63P,L76V; M3: L10Il, K20R,
M361, G48V, 162V, A71V, V82A, 193L; bold figures represent primary resistanagtations
and underlined figures are associated with resisttam DRV according to the 1A%,
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The fluorinated PIs5.3a and 6.3b only show micromolar activity against wild-type
HIV-1 and an even more significant loss of activégainst the mutants was observed
(entries 2,3). Interestingly, the non-fluorinatethide Pl6.13a exhibits the best activity
among the three synthesised non-carbamate Ply @ntThis leads to the conclusion that
the presence of a fluorine next to the amide hasfarence on the binding mode, although
this interaction appears to counteract to the agtlvinding of the inhibitor to the enzyme.

There are two possible explanations for these t®s(l) the electronegative fluorine
reduces the HB acceptor capability of the vicirebonyl group, which could result in the
loss of a water-mediated interaction to 11e50, §2dthe presence of thex-fluoroamide
effect” forces thebisTHF moiety in an unfavourable conformation. Thiouhd also
explain the better activity of F.3b, in which thebissTHF moiety would be turned away
from Asp29/30, while in P6.3athe forcedsyncoplanar alignment of N-H and C-F bond

would result in a steric clash between tie THF ligand and the enzyme.

6.5 SUMMARY

To increase metabolic stability, the replacemerthefcarbamate group in darunavir with
an o-fluoroamide moiety had been proposed. The requogentation of thebisTHF
moiety above the plane of the carbamate heteroatorntd have been preserved utilizing
the “a-fluoroamide effect**® The synthesis of fluorinated bis-THF derivatiéet was
achieved from alcoholl.15 via diastereoselective fluorination of an oxazoliatie-
intermediate. However, the final PB.3a/b only showed a weak antiviral activity,
indicating that the predicted effect of the CHFithtion counteracts to the required
binding mode of the inhibitor.
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Chapter 7 CoNcLUSION AND FUTURE WORK

7.1 CONCLUSIONS

A series of 34 disubstituted bis-THF containing HIVprotease inhibitors has been
synthesised and tested for their in vitro antivaetivity against wild-type virus as well as a
panel of multi-PI resistant mutant strains. Theargj of analogues showed low nanomolar
activity, and in many cases, at least one of thetamustrains was found to be
hypersuceptible to these PlIs.

Following preliminary modelling studies and X-rayystal structure analysis, two
different strategies were pursued for the synthegisuccessful candidates. On the one
hand, it was envisaged to extent the “backboneimificconcept® by aiming for additional
interactions with the peptide backbone of the ereym particular, the proximal Gly48
residue was targeted. On the other hand, thedatteon of hydrophobic substituents was
investigated to increase the cell permeability pfeviously studied hydroxy analogue.

The synthesis of thdédisTHF scaffolds were based on kas-THF diol, previously
described by our grouff,and involved the selective protection of #redehydroxy group
to allow functionalisation of thexaalcohol. Based on our initial approach to repltdee
exchydroxy group with a substituted amine, a highldieg route to anexcamino
analogue has been established. In addition, sexenm@nO-substitutechis- THF analogues
have been synthesised, including arylated and letlerly moieties, alkoxyalkyl and
fluoroalkyl ether as well as a series of acetanaidalogues. The latter are derived from a
bis THF substituted acetic acid, which could prove auable intermediate for further
analogues. The formation of the desired Pls wageaetl via DSC-mediated coupling of
thebis-THF moieties to the various amine scaffolds predithy Tibotec.

Additional molecular modelling studies could sholatt an extended binding to the
backbone NH of Gly48 was successfully achieved whth promising methoxyethoxy and

acetamide substituted protease inhibithdband4.21h respectively (Figure 7-1.).

OH P‘ OH #
H P H ) NH
N\/\/N /©[ >7NH N\/\/N /©[ >7
O H O : o H o : /l \\
H o “Ph H o “Ph
o \ 4.16b o \y 4.21b

OMe NHMe

@]

Figure 7-1.

-83-



CHAPTERY

7.2 FUTURE WORK

For a better understanding of the hypersuscepilmharacteristic of some analogues, it
would be necessary to perform thermodynamic bindihglies or to obtain a crystal
structure of the inhibitor-enzyme complex. From ediminal chemistry point, the synthesis
of acetamide isosteres would be interesting to avgrcell permeability. These analogues
could include oxazoleg.1and thiazoles.2 (Figure 7-2).

O, S
HO 0 HO 0
&gw ) (%N& J
o (6]

(0] O
H H
7.1 7.2

Figure 7-2. Structures of potential acetamide isosteres.

Oxazole7.1 could be synthesised from aldehy&i&8and tosylmethyl isocyanide via the
Van Leusen Oxazole Synthesis (Scheme *11).

................... > EREE
N . Rt
(¢] (¢} O 0 2. deprotection ¢} (¢}
H H

3.78 7.1

o o
PMBQ O HO o/\(\/?
/ H P 1. K,COy, MeOH,AT ' N
+ s{ONC -

Scheme 7-1Possible synthesis of oxazalel

A possible approach to the desired thiazbR is outlined in Scheme 7-2. The synthesis
would be based on the cyclisation of a ketoanmid2to a thiazole by treatment with
Lawesson’s reagent, as previously reported by 8atb'®? Ketoamide 7.3 could be derived
from acid3.72 after reaction with aminoacetaldehyde diethyl @lcahd subsequent acetal
cleavage.

H
OH N N
PMBQ O Y H O PMBO oY 1 1. Lawessons HQ H o/\(/\/)
1. ' o K, ' s s

(’ig o] OEt (ig Reagent (ig
______________ - [ >
(¢] (0] 2. deprotection (¢] o 2.DDQ O (¢]
H H H
3.72 7.3 7.2
Scheme 7-2.
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Chapter 8 EXPERIMENTAL SECTION

8.1 GENERAL METHODS

Arabitol was obtained from CMGHEMICALS. All other chemical reagents were obtained
from ACROS ALFA AESAR, MERCK or SGMA-ALDRICH, respectively. THF was distilled
from Na/benzophenone immediately prior use.,ClkHland E{N were dried over CaH
Extra dry DMF and DMSO (kD < 50 ppm) were purchased from commercial sourkks.
glassware was flame-dried under vacuum and coabel@ruN prior to use. Water or air
sensitive reactions were performed under inert gaphere, using dry solvents.

Reactions were monitored by TLC éMck Kieselgel 60 b4 aluminium sheet).
Detection was carried out by UV or by using onetloé following dying reagents:
Anisaldehyde-reagentA solution of 5.1 mLp-anisaldehyde, 2.1 mL AcOH and 6.9 mL
H,SO, in 186 mL EtOH gives a reagent that will show cokxrl spots on the TLC after
treatment with the heat gudMnO,-reagent.. A solution of 3 g KMnQ, 20 g KCO; and
5 mL NaOH (ag., 5 w%) in 300 mL,B gives a reagent that will show yellow spots an th
TLC after development with the heat gun.

Flash column chromatography was performed on siiek(60 A, particle size 35-70
pm). Preparative HPLC was carried out using @RBD BioSil D 90-10 column
(250%22 mm) eluting at 12.5-15 mL/min or using @adyiERY-NAGEL Nucleodor 100-5
column (250x10 mm) eluting at 5 mL/min. Both coluswere connected to a Kontron 475
refractive index detector. All reported solvent tunes are volume measures.

NMR spectra were recorded on arRUKER AV300 [300.13 MHz {H NMR) and
75.47 MHz {3C NMR)] or a BRUKER DPX400[400.13 MHz {H NMR) and 100.61 MHz
(*3C NMRY)], respectively. The chemical shif)(is given in ppm using the residual solvent
peak as an internal standard. The coupling corssi@ntare given in Hertz (Hz) and are
reported as measured with ACD Labs 12.0. The smitof the proton signals were
designated as follows: s... singlet, d... doublet, ddoublet of doublets, t... triplet, dt...
doublet of triplets, td... triplet of doublets, q...agtet, m... multiplet and br... broad.

IR spectra were recorded on a Nicolet 380 FT-IR &bn. Absorption peaks are given in
cm® and the intensities were designated as follows: weak, m... medium, s... strong,
VS... very strong and br... broad.

Optical rotation was measured on arT@AL AcTiviTy POLAAR 2001 at 589 nm.
Melting points were measured on aAlGENKAMP melting point apparatus and are
uncorrected. Low and high resolution electrospragssnspectra were recorded on a

WATERS ZMD single quadrupole system and onrUBER APEX Il FT-ICR MS system.
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8.2 PROCEDURES AND CHARACTERISATION
8.2.1 General Procedures

General Procedure A: Parikh-Déring oxidation™

To a solution of BN (3.7 equiv) in CHCI/DMSO (5 mL/mmol, v/iv 1:1) at 0 °C is
added S@pyridine (3 equiv) and the resulting mixture isretd at 0 °C for 15 min. This
mixture is then added dropwise over a period of@®min via cannula to a solution of the
corresponding alcohol (1 equiv) in @E,/DMSO (10 mL/mmol, v/v 2:1) at -10 °C. The
reaction is stirred at —20 to 0 °C for 4 to 6 h amonitored by TLC. After completion, the
mixture is poured into sat. ag. NWEI/H,O/petroleum ether (10 mL/mmol, v/v 1:1:2). The
layers are separated and the aqueous phase isctedtravith petroleum ether
(3 x 5 mL/mmol). The combined organic layers anedliover anhydrous N8GO, filtered
and the solvent is removed in vacuo to afford theiréd ketone/aldehyde after purification

by column chromatography.

General Procedure B: Benzylation

To a solution of the alcohol in THF (10 mL/mmol)(atC is added NaH (1.25 eq, 60% in
mineral oil) and the resulting mixture is stirreor 20 min. TBAI (0.3 equiv) and the
corresponding benzyl bromide (3.0 equiv) are adaiedi the reaction is stirred at 0-20 °C
for further 1 to 3 h. After completion the mixtuie quenched with sat. aq. NEl
(5 mL/mmol) and diluted with petroleum ether (20/mimol). The phases are separated
and the aqueous layer is extracted with petroletirarg3x 15 mL/mmol). The combined
organic phases are dried over anhydrousSRg filtered and the solvent is removed in

vacuo. The crude product is then purified by coluwhromatography.

General Procedure C: DDQ Oxidatior®

To a solution of the PMB-ether in GEI,/H,O (10 mL/mmol, 18:1, v/v) is added 2,3-
dichloro-5,6-dicyanobenzoquinone (DDQ, 1.10 egaml the resulting mixture is stirred at
rt for 4-6 h. After completion C§Cl, (10 mL/mmol) and sat. aq. NaHG@( mL/mmol) are
added. The phases are separated and the aqueaars idayextracted with CHCl,
(3% 10 mL/mmol). The combined organic phases are whsigain with sat. aq. NaHGO
(5 mL/mmol) and brine (5 mL/mmol), dried over anhyas NaSO, filtered and the

solvent is removed in vacuo. The crude produdtes tpurified by column chromatography.
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General procedure D: Acetamide formation

To a solution of the desired amine or amine hydwdae (3.0 equiv),
N-(3-dimethylaminopropylN'-ethylcarbodiimide hydrochloride (EDCI, 1.5 equiand
EtN (3 equiv) in CHCI, (15 mL/mmol) at 0 °C is added hydroxybenzotriaz(i#©OBt,

1.4 equiv) and a solution of the corresponding ati@H,Cl, (5 mL/mmol). The cooling is
removed and the resulting mixture is stirred abrt1l5 h. After completion, the reaction
mixture is poured into ag. sat. NaHE€@0 mL/mmol), the phases are separated and the
agueous phase is extracted with,CH (2 x 10 mL/mmol). The combined organic phases
are washed with ag. HCI (10 mL/mmol, 1 M), driecepanhydrous N&O,, filtered and

the solvent is removed in vacuo. The crude progugtirified by column chromatography.

General Procedure E: Activation with DSC%3or CICO,PNP

To a solution of the alcohol and 3Bt (2.0 equiv) in CHCI, (15 mL/mmol) is added
N,N’-disuccinimidyl carbonate (DSC, 1.5 equiv) gara-nitrophenyl chloroformate
(PNPOCOCI, 1.5 equiv) and the resulting mixturestgsred at rt for 18-24 h. After
completion the reaction is diluted with @B, (15 mL/mmol) and sat. ag. NaHGO
(7 mL/mmol). The phases are separated and the agygtase is extracted with g,
(3 x 10 mL/mmol). The combined organic phases are driedl anhydrous N&QO,, filtered
and the solvent is removed in vacuo. The crude ymods then purified by column

chromatography.

General Procedure F: Pl formation

To a solution of the mixed carbonate (1.15 equindl &gN (2.0 equiv) in CHCI,
(10 mL/mmol) is added amire8la-d(1 equiv) and the resulting mixture is stirredtdor
1-3 d. After completion CECl, (10 mL/mmol) and sat. aq. NaHG@@5 mL/mmol) are
added. The phases are separated and the aqueaars idayextracted with CHCl,
(3 x 10 mL/mmol). The combined organic phases are dned anhydrous N&O,, filtered
and the solvent is removed in vacuo. The crude ymtbds purified by column
chromatography and HPLC.
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8.2.2 Synthesis ofis-THF ligands
8.2.2.1 Synthesis ofexo-amino analogues

(1R,4R,5S,6R)-6-tert-Butyldiphenylsilanoxy-4-hydroxy-2,8-dioxa-bicycloB.3.0]-octane
(3.4)

1. TBDPSCI (4 eq), DMAP (0.8 eq),
HQ y OH imidazole (8 eq), DMF, 1, 20 h ~ 1BDPSQ y OH
2. NH,F (4 eq), MeOH, reflux, 2 h

(6] (0] 38% e} (6]
H H

1.74 3.4

To a solution of dioll.74(5.85 g, 40.1 mmol), imidazole (21.84 g, 320.8 MrioMAP
(3.92 g, 32.08 mmol) in dry DMF (150 mL) was addeedt-butyldiphenylsilylchloride
(41.7 mL, 160.4 mmol) and the reaction mixture s@sed at rt for 20 h. After completion,
Et,O (150 mL) and KD (300 mL) were added and the layers were separatedorganic
layer was washed withJ@ and brine (200 mL each), dried over anhydrousSig filtered
and the solvent was removed in vacuo to give thdecproducB.5as a colourless oil. To a
solution of crude silyl ethe3.5in MeOH (250 mL) was added NH (5.94 g, 160.4 mmol)
and the reaction mixture was heated to reflux fdr. Zubsequently the solvent was
removed under reduced pressure, the precipitatefitased off and the filter cake was
washed with petroleum ether/EtOAc (90:10, 300 nilh)e filtrate was again concentrated
in vacuo. Further purification by column chromatggny (petroleum ether/EtOAc 90:10 to
75:25) afforded théis-silylated compound.5 (not isolated pure) and thigle compound
3.4 as a colourless oil (5.79 g, 38%). Further treatna the precipitate with acetone
afforded the dioll.74 as an off-white solid (695 mg, 12%fformula C,;H»s0,Si; Mw
384.54:R; 0.29 (petroleum ether/acetone 70:3@)p +17.5 € 0.89, CHC}, 26 °C), lit®®
+18.0 € 0.25, CHC}, 27 °C). The'H and**C NMR spectra corresponded to the reported

data®®
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(1S,4R,5R,6R)-4-Triisopropylsilanoxy-6-hydroxy-2,8-dioxa-bicyclb[3.3.0]-octane (3.6)

HQ y OH TIPSCI (1.1 eq), DMAP (0.2eq) HQ y QTIPS
imidazole (2.0 eq), DMF, rt, 20 h

o710 95% o7l 0o
H H

1.74 3.6

To a solution of the diol.74 (3.00 g, 20.5 mmol), imidazole (2.80 g, 41.0 mmenhd
DMAP (500 mg, 4.1 mmol) in DMF (30 mL) was addedistpropylsilyl chloride
(4.80 mL, 22.6 mmol) and the resulting mixture stiged at rt for 20 h. The mixture was
then diluted with HO (300 mL) and RO (200 mL), and the phases were separated. The
aqueous layer was extracted with@&t(3 x 100 mL). The combined organic layers were
washed with brine, dried over anhydrous,8a,, filtered and the solvent was removed in
vacuo. Purification of the crude product by colunohromatography (petroleum
ether/acetone 85:15) afforded ttide compound3.6 as a colourless oil (5.90 g, 95%).
Formula Cy,H,50,Si; Mw 384.54;R; 0.29 (petroleum ether/acetone 85:1o)p +45.0 €
0.91, CHC}, 25 °C), lit® +44.7 € 0.99, CHC}, 23 °C) The'H and **C NMR spectra
corresponded to the reported d&ta.

Formic acid (1R,4R,5S,6R)-6-tert-butyldiphenylsilanoxy-2,8-dioxa-bicyclo[3.3.0]-

octane-4 yl ester (3.7e)

h
I.

TBDPSQ 4 OH  pph(L5eq), DIAD (15eq), "58Q y 0o

/ HCOOH (1.5 eq), THF, rt, 18 h 8~ A7 s 3 H

o710 2% (6] (6]
H

3.4 3.7e

To a solution of PPh(331 mg, 1.26 mmol) in THF (3 mL) at 0 °C was atld®AD
(250 pL, 1.26 mmol). After 1 h of stirring at 0 °@rmic acid (50 pL, 1.26 mmol) was
added and the mixture was stirred for further 30 atiO °C. Then a solution of alcol®#
(323 mg, 0.84 mmol) in THF (2 mL) was added dropwad the reaction mixture was
stirred at rt for 18 h. The solvent was removesgldnuo and the crude mixture was purified
by column chromatography (petroleum ether/EtOAR80n 60:40). Further purification
by HPLC (hexane/EtOAc 88:12) afforded thide compound3.7e as a colourless oill
(8.5 mg, 2%) and recovered alcol3of (238 mg, 74%)Formula Cy3H2505Si; Mw 412.55;

Rt 0.53 (petroleum ether/EtOAc 80:20R (film) 2931 (br, m), 2858 (m), 1721 (s), 1111
(s), 1016 (s), 701 (s), 506 (s) émH NMR (400 MHz, CDC})) § 7.90 (1 H, s, H-9), 7.71—
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7.62 (4 H, m, Ar-H), 7.49-7.37 (6 H, m, Ar-H), 6.01LH, d,J = 5.1 Hz, H-1), 4.86 (1 H,
m, H-3), 4.34 (1 H, dtJ = 4.1, 2.1 Hz, H-5), 3.87-3.81 (3 H, m, H-2, Hazid H-6), 3.76
(1 H, dd,J = 10.0, 4.1 Hz, H-6"), 2.83 (1 H, m, H-4), 1.08H9s, H-8) ppm;*C NMR +
DEPT (100 MHz, CDC)) 6 159.9 (CH, C-9), 135.74 (2 x Gj 135.62 (2 x Ckj), 133.05
(Ca), 133.03 (G), 130.07 (CH), 130.05 (CH), 127.94 (2 x CH)), 127.90 (2 x CH)),
108.6 (CH, C-1), 76.2 (CH, C-3), 76.0 (CH, C-5),%%CH, C-6), 72.4 (CH C-2), 59.1
(CH, C-4), 26.8 (3 x C C-8), 19.0 (C, C-7) ppm.RMS (ESI') m/z 435.4 (M + Naj;
HRMS (ESI+) for GsH,s0sNaSi (M + Naj calcd 435.1598, found 435.1599.

(1S,5S,6R)-6-tert-Butyldiphenylsilanoxy-2,8-dioxa-bicyclo[3.3.0]-oct3-ene (3.8)

Ph
I.
TBDPSQ i OH  pph (15eq), DIAD (15eq), S
' PNBA (15 eq), THF, i, 4h 8~ A7 3
S Do ATEOL
(0] (0] 31% (0] (0]
H H
3.8

3.4

To a solution of PPh(403 mg, 1.54 mmol) in THF (10 mL) at 0 °C was edldIAD
(300 pL, 1.54 mmol). After 1 h of stirring at 0 °@, solution of 4-nitrobenzoic acid
(257 mg, 1.54 mmol) and alcoh8l4 (394 mg, 1.03 mmol) in THF (5 mL) was added via
syringe, the reaction mixture was stirred at rt emahitored by TLC. After 4 h, the solvent
was removed in vacuo and the crude mixture wasfipdrby column chromatography
(petroleum ether/EtOAc 80:20 to 60:40). Furtherifmation by HPLC (hexane/EtOAc
97:3) afforded thetitle compound3.8 as a white solid (115 mg, 31%J}-ormula
CooH2603Si; Mw  366.53; Ry 0.38 (hexane/EtOAc 95:5)Mp 78-80 °C; [a]p —52.3
(c0.93, CHCY, 25 °C);IR (film) 2931 (br. w), 2890 (w), 2858 (w), 1135 (n)111 (s),
1013 (m), 701 (s), 505 (m) ¢*H NMR (400 MHz, CDC}) § 7.71-7.63 (4 H, m, Ar-H);
7.48-7.39 (6 H, m, Ar-H), 6.56 (1 H, },= 2.5 Hz, H-2), 5.84 (1 H, dl = 6.0 Hz, H-1),
5.07 (1 H, tJ = 2.5 Hz, H-3), 4.48 (1 H, ddd,= Hz, H-5), 3.68 (1 H, tJ = 6.8 Hz, H-6),
3.53 (1 H, tJ = 8.3 Hz, H-6'), 3.35 (1 H, m, H-4), 1.10 (12 H,-8) ppm;**C NMR +
DEPT (100 MHz, CDC}) é 147.0 (CH, C-2), 135.53 (2 x G 135.51 (2 x CH}), 133.34
(Can), 133.31 (Gy), 130.0 (2 x CH}), 127.83 (2 x CHj), 127.78 (2 x CH), 108.4 (CH, C-1),
98.0 (CH, C-3), 73.9 (CH, C-5), 69.3 (&HC-6), 50.1 (CH, C-4), 26.8 (3 x GHC-8), 19.2
(C, C-7) ppm.LRMS (ESI) nvz 389.3 (M + Na); HRMS (ESI) for CyH,s0sSiNa
(M + Na) calcd. 389.1543, found 389.1545.
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Diphenylphosphinic acid (1S,4R,5R,6R)-6-tert-butyldiphenylsilanoxy-2,8-dioxa-
bicyclo[3.3.0]-octane-4-yl ester (3.9)

Ph (0]

Ph~d:_ X
TBDPSQ y OH 1 nBuLi (1.0 eq), CIPPR(L.0 eq), THF, tt, 2 h; Si-Q y O-R"Ph
2. DMBQ (1.0 eq), ACOH (1.0 eq), GBI, t, 18h 8~ /7 8 Ph
8 g X 1 2
o T-o 49% o T~o
H H
3.4 3.9

To a solution of the alcohd@.4 (466 mg, 1.21 mmol) in THF (5 mL) at 0 °C was atide
nBuLi (490 pL, 1.21 mmol, 2.5 M in hexane) and tkeulting mixture was stirred at rt for
1 h. Then chlorodiphenylphosphine (220 uL, 1.21 ®ym@s added at 0 °C, the reaction
mixture was stirred at rt for further 60 min andsequently concentrated in vacuo. A
solution of acetic acid (70pL, 1.21mmol) in &# (GmL) and 2,6-
dimethylbenzoquinone (165 mg, 1.21 mmol) were adttedhe crude product and the
resulting mixture was stirred at rt for 18 h. Tleaction was quenched with®l (2 mL) and
diluted with CHCI, (10 mL). The layers were separated and the aqupbase was
extracted with CECl, (3 x 5 mL). The combined organic layers were doedr anhydrous
NaSQO,, filtered and the solvent was removed in vacue Glude product was purified by
column chromatography (petroleum ether/EtOAc 8Gr2@’0:30). Further purification by
HPLC (hexane/EtOAc 70:30) afforded thide compound3.9 as a white solid (350 mg,
49%) and recovered starting mater@a¥ (76 mg, 16%).Formula Cz4H3/0sPSi; Mw
584.71;R¢ 0.13 (petroleum ether/EtOAc 80:20p 50-53 °Cja]p —26.5 € 0.86, CHCY,

25 °C); IR (film) 3053 (w), 2960 (w), 2931 (w), 2858 (w), 128m), 1112 (s), 983 (s), 699
(s) cm'; 'H NMR (400 MHz, CDCY) & 7.89-7.78 (4 H, m, Ar-H), 7.62-7.32 (16 H, m,
Ar-H), 5.84 (1 H, d,J = 5.0 Hz, H-1), 5.48 (1 H, dd,= 8.0, 3.0 Hz, H-3), 4.41 (1 H, dt=
9.4, 7.5 Hz, H-5), 4.31 (1 H, dd, = 10.5, 1.1 Hz, H-2), 4.12 (1 H, ddd,= 10.5, 3.0,
1.0 Hz, H-2"), 3.40 (1 H, ddj = 9.4, 6.7 Hz, H-6), 3.33 (1 H, dd,= 9.4, 7.5 Hz, H-6),
3.19 (1-H, dddJ= 9.5, 5.0, 1.1 Hz, H-4), 0.92 (9 H, s, H-8) ppiC NMR + DEPT
(100 MHz, CDCY) 6 135.7 (2 x CH), 135.6 (2 x CH}), 133.1 (G), 132.3 (2 x CH, d,J =
2.7 Hz), 132.4 (dJ = 135.0 Hz, G), 132.1 (G), 131.7 (2 x CH}, d, J = 10.0 Hz), 131.6
(2 x CH,, d,J = 10.2 Hz), 130.2 (CK), 130.0 (CH), 128.7 (2 x CH}, d,J = 13.1 Hz),
128.6 (2 x CH, d,J=13.1 Hz), 128.0 (2 x Clj, 127.9 (2 x CH), 108.8 (CH, C-1), 77.2
(CH, d,J = 4.9 Hz, C-3), 76.6 (Ck d,J= 4.9 Hz, C-2), 72.6 (CH C-6), 70.8 (CH, C-5),
54.2 (CH, d,J = 3.9 Hz, C-4), 26.8 (CK C-8), 19.0 (C, C-7) ppm:P NMR (121 MHz,
CDCly) & 32.44 (P(O)PH) ppm.LRMS (ESI) mvz 607.5 (M + Na); HRMS (ESI') for
Ca4H3;0sNaPSi (M + Na) calcd 607.2040, found 607.2038.
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(1S,5S,6R)-6-tert-Butyldiphenylsilanoxy-2,8-dioxa-bicyclo[3.3.0]-ocane-4-one (3.10)

g NN
Ph~d:_ Ph~d:_
TBDPSQ 'y DH  A:sO,py (3 eq), BN (3.7 eq), STy P -
DMSO, CHCl,, 0°C,4hor 8 7< N s A I 7ED
> g g 6 2+ g g © 2
o710 B: PCC (2 eq), ChCl, 24 h o 1o o I~o
L (2 eq), CECl, H H
3.4 3.10 3.11

Method A: Following General Procedure A (8.2.1), oxidationatcohol 3.4 (1.94 g,
5.0 mmol) with S@pyridine (2.44 g, 15.0 mmol) afforded after pwation by column
chromatography (petroleum ether/EtOAc 80:20) andHBY.C (toluene/diethylether 93:7)
the title compound3.10 as a colourless oil (956 mg, 50%), mixed ac8tall as a pale
yellow oil (294 mg, 13%) and recovered alcoBal (163 mg, 8%).

Method B: To a solution 0f3.4 (321 mg, 0.84 mmol) in Ci&l, (10 mL) was added
pyridinium chlorochromate (360 mg, 1.67 mmol) ahd tesulting mixture was stirred at rt
for 24 h. After completion, the solvent was remowed/acuo and the crude mixture was
directly applied to column chromatography (petrateether/EtOAc 90:10, dry loading) to
afford thetitle compound3.10 as a colourless oil (297 mg, 93%jormula CyH260,4Si;
Mw 382.52;R: 0.35 (toluene/diethylether 95:5)¢]p —22.9 € 0.61, CHCY4, 25 °C); IR
(film) 2955 (m), 2932 (m), 2858 (m), 1764 (s), 11(s), 1030 (m), 703 (s), 505 (M) &m
'H NMR (400 MHz, CDC}) § 7.76-7.64 (4 H, m, Ar-H), 7.51-7.38 (6 H, m, Ar;}%$)88
(1 H, d,J =5.0Hz, H-1), 458 (1 H, dij = 9.5, 6.5 Hz, H-5), 4.34 (1 H, dd,= 16.5,
0.7 Hz, H-2), 4.12 (1 H, dd,= 16.5, 0.9 Hz, H-2"), 3.70 (2 H, d,= 6.5 Hz, H-6 and H-6),
2.92 (1 H, ddtJ= 9.5, 5.0, 0.8 Hz, H-4), 1.06 (9 H, s, H-8) ppi’C NMR + DEPT
(100 MHz, CDC}) 4 209.0 (C, C-3), 135.85 (2 x G 135.62 (2 x CH}), 133.07 (G),
132.18 (G), 130.15 (CH), 130.10 (CH), 127.90 (2 x CH}), 127.84 (2 x CH}), 107.8
(CH, C-1), 73.70 (CH C-2), 73.67 (CH, C-5), 73.2 (GHC-6), 53.1 (CH, C-4), 26.7
(3 x CH;, C-8), 19.0 (C, C-7) ppn;RMS (ESI) m'z 405.4 (M + Na) HRMS (ESI") for
C,:H2604NaSi (M + Naj calcd 405.1493, found 405.1495.

Byproduct of Method A: (1R 4R,5S56R)-6-tert-Butyldiphenylsilanoxy-2,8-dioxa-4-
methyl-sulfanylmethoxy-bicyclo[3.3.0]-octan8.11): Formula: Cy4H3,0,SSi; Mw 444.66;
Rt 0.20 (toluene/diethylether 95:9u]p —39.2 € 0.63, CHCY4, 25 °C);IR (film) 2959 (m),
2930 (m), 2858 (m), 1113 (s), 1020 (s), 702 (s} 68) cm’; *H NMR (400 MHz, CDCY)
8 7.72-7.60 (4 H, m, Ar-H), 7.51-7.37 (6 H, m, Ar;18)71 (1 H, dJ = 5.1 Hz, H-1), 4.91
(1 H, m, H-3), 457 (1 H, d] = 11.7 Hz, H-9), 4.49 (1 H, d,= 11.7 Hz, H-9), 4.46 (1 H,
ddd,J = 9.0, 8.3, 6.8 Hz, H-5), 4.12 (1 H, m, H-2), 4(@8H, dd,J = 10.3, 3.4 Hz, H-2"),
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3.61 (1 H, dd)J = 9.0, 6.9 Hz, H-6), 3.45 (1 H,1,= 8.5 Hz, H-6"), 2.80 (1 H, m, H-4), 2.15
(3H, s, H-10), 1.12 (9 H, s, H-8) ppiC NMR + DEPT (100 MHz, CDC}) & 135.63
(2 x CHy), 135.61 (2 x CH), 133.1 (G), 132.8 (G), 130.2 (CH), 130.1 (CH,), 128.0
(2 x CHy), 127.9 (2 x CH), 108.7 (CH, C-1), 77.1 (CH, C-3), 74.5 (§}€-2), 73.2 (CH,
C-9), 72.6 (CH, C-6), 71.1 (CH, C-5), 53.1 (CH, C-4), 27.0 (3 M£C-8), 19.1 (C, C-7),
13.9 (CH, C-10) ppm.LRMS (ESI) m/z 467.4 (M + Na), 911.9 (2M + N&), HRMS
(EST) for C4H3,04NaSSi (M + Na) calcd 467.1683, found 467.1685

(1R,4R,5S,6R)-6-Benzyloxy-4-hydroxy-2,8-dioxa-bicyclo[3.3.0]-dane (3.19)

N
HQ  OTIPS 1. NaH (3 eq), BnBr (3.0 eq), TBAI (0.2 eq), PR™7Q i C;H
; THF, 0°C, 2 h, 91% 5

o 1-d 2. TBAF (1.1 eq), THF, 0°C tort, 2 h, 93% o710
36 310

Following General Procedui (8.2.1), the reaction of alcoh8l6 (500 mg, 1.65 mmol)
with benzyl bromide (540 pL, 4.5 mmol) afforded eaft purification by column
chromatography (petroleum ether/acetone 95:5) Ieprotected intermediate as a
colourless oil (578 mg, 1.47 mmol, 89%; 0.45 (hexane/acetone 90:109p +32.2 €
1.30, CHC}, 26 °C);IR (film) 2942 (s), 2865 (s), 1463 (m), 1123 (vs)22qvs), 883 (m),
697 (m), 682 (m) cify *H NMR (400 MHz, CDC}) § 7.40-7.28 (5 H, m), 5.85 (1 H, d=
5.1 Hz), 4.81 (1 H, br. d] = 3.4 Hz), 4.55 (2 H, m), 4.20 (1 H, ddbiz= 9.2, 7.2, 6.8 Hz),
4.05 (1 H, ddJ = 9.5, 3.4 Hz), 3.98-3.92 (2 H, m), 3.65 (1 H, d& 9.2, 7.3 Hz), 2.88
(1H, dd,J=9.2, 5.1 Hz), 1.09-1.03 (21 H, ntf{C NMR + DEPT (100 MHz, CDC}) &
137.6 (G, 128.4 (2 x CH}), 127.9 (CH), 127.5 (2 x CH), 109.1 (CH), 78.3 (C}), 76.6
(CH), 73.2 (CH), 72.5 (C}}, 71.0 (CH), 55.5 (CH), 18.0 (6 x C§), 12.1 (3 x CH)LRMS
(ESI) mz415.2 (M + Na)j).

To a solution of the intermediate silylether (550, .40 mmol) in THF (10 mL) was
added dropwise TBAF (1.54 mL, 1.54 mmol, 1 M in THiE O °C. After 5 min the cooling
was removed and the resulting mixture was stirtetifar further 2 h. After completion the
reaction was diluted with ED (20 mL) and subsequently washed witfOH10 mL) and
brine (10 mL). The organic layer was dried overyainbus NaSQ,, filtered and the solvent
was removed in vacuo. Purification of the crudedpat by column chromatography
(petroleum ether/acetone 75:25 to 60:40) affordextitte compound3.19 as a colourless
oil (307 mg, 93%).Formula C;3H:604 Mw 236.26;R; 0.35 (petroleum ether/acetone
75:25);[a]p —4.3 € 1.18, CHCY, 26 °C);IR (film) 3418 (br, m), 2972 (w), 2878 (w), 1121
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(s), 1082 (m), 1023 (s), 971 (m), 741 (m)LmMH NMR (400 MHz, CDCY) § 7.42-7.29
(5H, m, Ar-H), 5.83 (1 H, dJ) = 5.3 Hz, H-1), 4.69 (1 H, dfj = 3.8, 1.1 Hz, H-3), 4.61
(H, d, J=12.2 Hz, part of AB system, H-7), 4.58 (1 H, d,= 12.2 Hz, part of AB
system, H-7), 4.26 (1 H, ddd,= 8.8, 7.8, 6.7 Hz, H-5), 4.07 (1 H, d#iz 10.2, 3.8 Hz,
H-2), 3.98 (1 H, dd) = 9.3, 6.7 Hz, H-6), 3.92 (1 H, di,= 10.2, 1.2 Hz, H-2), 3.64 (1 H,
dd,J=9.3, 7.8 Hz, H-6), 2.87 (1 H, ddt= 8.8, 5.3, 1.2 Hz, H-4), 1.78 (1 H, br, OH) ppm;
3C NMR + DEPT (100 MHz, CDCY) § 137.5 (G), 129.6 (2 x CH), 128.1 (CH), 127.7
(2 x CHy), 108.8 (CH, C-1), 77.1 (CHC-2), 77.0 (CH, C-5), 72.7 (GHC-7), 72.3 (CH,
C-3), 70.9 (CH, C-6), 54.6 (CH, C-4) pprm;:RMS (ESI) m/z 259.2 (M + Naj; HRMS
(ESI) for C13H1604Na (M + Naj caled 259.0941, found 259.0943

(1S,5S,6R)-6-Benzyloxy-2,8-dioxa-bicyclo[3.3.0]-octane-4-on@.20)

7 7 9 10
P S AN
B1Q w PH soipy(Beq) EN@B7eq, P QW P Mo P
(ig DMSO, CH,Cl,, —20 °C, 5 h 6(%2 . G(ng
1 1
o 10 o 10 o 10
H H

H
3.19 3.20(70%) 3.21(traces)

Following General Procedurd (8.2.1), oxidation of alcohaB.19 (1.01 g, 4.3 mmol)
with  SOs:-pyridine (2.06 g, 12.8 mmol) afforded after puwation by column
chromatography (petroleum ether/acetone 90:10 t80j(thetitle compound3.20 as a
colourless oil (738 mg, 70%) and recovered alc@09 (130 mg, 13%). Traces of the pure
mixed acetal3.21 were isolated as a pale yellow oil after reductan3.20 to 3.22
Formula Ci3H140, Mw 234.24; R; 0.26 (petroleum ether/EtOAc 80:2Q]p -52.3
(c 1.01, CHCY, 24 °C);IR (film) 2876 (w), 1760 (vs), 1115 (s), 1044 (m),290(m), 954
(m), 741 (m), 700 (m) cih *H NMR (400 MHz, CDC})) § 7.39-7.28 (5 H, m, Ar-H), 6.00
(1 H, d,J=5.0Hz, H-1), 478 (1 H, d,= 11.4 Hz, H-7), 451 (1 H, d,= 11.4 Hz, H-7’),
4.44 (1 H, ddd) = 9.3, 7.1, 6.4 Hz, H-5), 4.30 (1 H, db= 16.7, 0.8 Hz, H-2), 4.13 (1 H,
dd, J= 9.6, 6.4 Hz, H-6), 4.10 (1 H, dd,= 16.7, 1.0 Hz, H-2), 3.95 (1 H, dd= 9.6,
7.1 Hz, H-6), 3.19 (1 H, m, H-4) pprC NMR + DEPT (100 MHz, CDC}) § 209.7 (C,
C-3), 137.0 (G), 128.5 (2 x CH), 128.0 (CH), 127.9 (2 x CH}), 108.1 (CH, C-1), 79.2
(CH, C-5), 73.5 (CH C-2), 72.9 (CH, C-7), 71.2 (CH, C-6), 52.3 (CH, C-4) ppn;RMS
(ESI) mz 257.2 (M + Na); HRMS (ESI) for Ci3H1404Na (M + Naj calcd 257.0784,
found 257.0783.
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Byproduct:  (1S4R,5R,6R)-6-Benzyloxy-2,8-dioxa-4-methyl-sulfanylmethoxyelclo-
[3.3.0]-octane 3.21): Formula C;sH,00,S Mw 296.38R; 0.25 (hexane/acetone 80:20);
[a]p +26.0 € 1.29, CHC}, 25 °C);IR (film) 2921 (w), 2873 (w), 1116 (m), 1080 (m), 402
(s), 740 (w), 699 (w) cit *H NMR (400 MHz, CDC}) § 7.41-7.30 (5 H, m, Ar-H), 5.82
(1 H, d,J= 5.1 Hz, H-1), 4.77 (1 H, m, H-3), 4.66 (1 H,X11.8 Hz, H-7), 4.65 (1 H, d,
J=11.7 Hz, H-8), 4.61 (1 H, d=11.7 Hz, H-8"), 4.55 (1 H, dI=11.8 Hz, H-7’), 4.27 (1 H,
ddd,J=8.8, 8.0, 6.7 Hz, H-5), 4.06 (1 H, m, H-2), 4.a3H, d,J=10.5 Hz, H-2’), 4.00 (1 H,
dd,J=9.0, 6.7 Hz, H-6), 3.64 (1 H, d&=9.0, 8.0 Hz, H-6), 2.97 (1 H, m, H-4), 2.16 (3,
H-8) ppm;**C NMR + DEPT (100 MHz, CDC}) § 137.5 (G), 128.5 (2 x CH), 128.0
(CHa), 127.6 (2 x CH), 108.9 (CH, C-1), 76.9 (CH, C-5), 76.6 (CH, C-3%.3 (CH,
C-2), 73.5 (CH, C-8), 72.6 (CH, C-7), 70.9 (CH C-6), 51.9 (CH, C-4), 13.9 (GHC-9)
ppm.LRMS (ESI) m/z319.2 (M + Na); HRMS (ESI) for C;sH,004NaS (M + Naj calcd
319.0975, found 319.0980.

(1R,4S,5S,6R)-6-Benzyloxy-4-hydroxy-2,8-dioxa-bicyclo[3.3.0]-dane (3.22)

P
BnO y O  NaBH,(L.leg), Ph"7Q p OH
' EtOH, 0 °C, 2 h 7

4
—_— 1 2

(6] (0] 94% (6] (¢}

To a solution of keton8&.20 (100 mg, 0.43 mmol) in EtOH (5 mL) at 0 °C was edld
sodium borohydride (18 mg, 0.47 mmol). The resgltimxture was stirred at 0 °C for 2 h.
After completion, the reaction was quenched withicacid (10 w% in water, 1 mL) and
concentrated under reduced pressure. The residsegh&a partitioned between,Et and
brine (10 mL each), and the aqueous phase wasceedravith EtO (2 x 10 mL). The
combined organic layers were dried over anhydroasS®,, filtered and the solvent was
removed in vacuo. Purification of the crude prodmctolumn chromatography (petroleum
ether/acetone 85:15) afforded ttide compound3.22 as a colourless oil (96 mg, 94%).
Formula Cy3H1604 Mw 236.26; R; 0.35 (petroleum ether/acetone 85:1fjp +22.9
(c 0.78, CHCY, 26 °C);IR (film) 3450 (br, w), 2923 (w), 2877 (w), 1101 (4043 (s), 1005
(s), 970 (m), 730 (m), 699 (m) ¢cm'H NMR (400 MHz, CDC}, D,O-shake) 7.43-7.31
(5H, m, Ar-H), 5.61 (1 H, dJ = 5.5 Hz, H-1), 4.67 (1 H, d,= 11.5 Hz, H-7), 4.57 (1 H, d,
J=11.5Hz, H-7), 4.49 (1 H, di,= 7.4, 6.0 Hz, H-3), 4.46 (1 H, dddl= 8.3, 6.7, 6.1 Hz,
H-5), 4.12 (1 H, ddJ = 9.2, 6.8 Hz, H-6), 3.98 (1 H, dd= 8.9, 6.3 Hz, H-2), 3.96 (1 H,
dd, J= 9.2, 6.0 Hz, H-6"), 3.94 (1 H, dd,= 8.9, 5.9 Hz, H-2"), 2.87 (1 H, tdl= 7.8,
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5.5 Hz, H-4) ppm*C NMR + DEPT (100 MHz, CDC}) § 136.4 (G,), 128.8 (2 x CH),
128.5 (CH,), 128.0 (2 x CH), 108.8 (CH, C-1), 80.9 (CH, C-5), 74.5 (§HC-2), 73.8
(CH, C-3), 73.3 (Ch| C-7), 71.3 (CH, C-6), 46.7 (CH, C-4) ppnL.RMS (ESI') m/z 259.3
(M + Na)'; HRMS (EST") for Ci3H:604Na (M + Naj calcd. 259.0941, found 259.0939.

Methanesulfonic acid (15,4S,5R,6R)-6-Benzyloxy-2,8-dioxa-bicyclo[3.3.0]-octane-4-yl
ester (3.23)
O

AN n
B0 1y OH MsCl(15eq) BN @eq), PN 7O i 05
CH,Cl,, 0°Ctort, 20 h 3

(6] h (6] 75% (6] b (0]
3.22 3.23

To a solution of alcohoB.22 (2.48 g, 10.5 mmol) and & (4.30 mL, 31.0 mmol) in
CHCl, (35mL) at 0°C was added dropwise methanesulfociyloride (1.22 mL,
15.7 mmol) and the resulting mixture was stirredrtator 20 h. After completion, the
reaction was diluted with Gi&l, (100 mL) and consecutively washed with water, aqt.
NaHCG; and brine (50 mL each). The organic phase wasl dner anhydrous N8O,
filtered and the solvent was removed in vacuo.fRation of the crude product by column
chromatography (petroleum ether/acetone 85:15 1203@fforded theitle compound.23
as a colourless oil (2.47 g, 75%jormula C;4H1s06S; Mw 314.35;R; 0.15 (petroleum
ether/acetone 80:20)p]p —26.9 € 1.43, CHCY4, 26 °C); IR (film) 3030 (w), 2936 (w),
2903 (w), 2875 (w), 1351 (s), 1173 (s), 1028 (n§7 9s), 912 (s), 751 (m), 701 (m) €m
'H NMR (400 MHz, CDC}) 5 7.40-7.28 (5 H, m, Ar-H), 5.65 (1 H, d,= 5.4 Hz, H-1),
5.26 (1 H, dtJ = 7.1, 4.6 Hz, H-3), 4.63 (L H, d,= 11.5 Hz, H-7), 458 (1 H, d =
11.5 Hz, H-7’), 4.39-4.32 (2 H, m, H-2 and H-508(1 H, ddJ = 8.5, 7.5 Hz, H-6), 4.01
(1 H, dd,J=9.5, 4.8 Hz, H-2"), 3.96 (1 H, dd,= 8.5, 6.3 Hz, H-6’), 3.01 (1 H, td,= 7.3,
5.4 Hz, H-4), 2.88 (3 H, s, H-8) ppiiC NMR + DEPT (100 MHz, CDC}) 5 137.4 (Q),
128.5 (2 x CHy), 128.1 (CH,), 128.0 (2 x CH}), 108.0 (CH, C-1), 78.6 (CH, C-5), 77.7
(CH, C-3), 73.29 (CH C-2), 73.27 (CH C-7), 71.8 (CH, C-6), 47.7 (CH, C-4), 38.1
(CHs, C-8) ppm;LRMS (ESI) m/z 337.2 (M + Na); HRMS (ESI") for Ci4H;:s0sSNa
(M + Na)" calcd 337.0716, found 337.0713.
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(1R,4R,5S,6R)-4-Azido-6-benzyloxy-2,8-dioxa-bicyclo[3.3.0]-octze (3.24)

PN
BnQ y OMs  Nang@Beq), PN 7Q y N
(i} DMF, 95 °C, 24 h E(T%
—_— 1 2
oT-0 66% o 10
H H
3.23 3.24

To a solution of mesylat8.23 (30 mg, 0.095 mmol) in DMF (3 mL) was added sodium
azide (19 mg, 0.29 mmol) and the resulting mixtwas stirred at 95 °C for 24 h. After
completion, the reaction was diluted with,GH (10 mL) and extracted with &

(3 x 15 mL). The combined organic layers were doedr anhydrous N&Q,, filtered and
the solvent was removed. Purification of the crpideduct by column chromatography
(petroleum ether/ acetone 90:10 to 80:20) afforttheditle compound3.24 as a colourless
oil (16.5 mg, 66%)Formula C;3H1503N3; Mw 261.28;R; 0.29 (petroleum ether/acetone
90:10);[a]p +53.2 € 0.71, CHC}, 25 °C);IR (film) 2947 (w), 2881 (w), 2094 (vs), 1253
(m), 1118 (s), 1026 (vs),740 (m), 699 (m)tmH NMR (400 MHz, CDCY) & 7.43-7.30
(5 H, m, Ar-H), 5.80 (1 H, dJ = 5.1 Hz, H-1), 4.60 (1 H, d,= 11.7 Hz, H-7), 4.56 (1 H, d,
J=11.7 Hz, H-7"), 4.39 (1 H, dj = 4.5, 1.8 Hz, H-3), 4.27 (1 H, dddi= 8.5, 7.7, 6.5 Hz,
H-5), 4.11 (1 H, ddJ = 10.2, 6.5 Hz, H-2), 4.01 (1 H, m, H-2’), 4.00H1dd,J= 9.3,
6.5 Hz, H-6), 3.66 (1 H, ddj= 9.3, 7.7 Hz, H-6"), 2.96 (1 H, ddi= 8.8, 5.1, 1.3 Hz, H-4)
ppm;*C NMR + DEPT (100 MHz, CDC}) § 137.1 (G), 128.6 (2 x CH), 128.2 (CH),
127.7 (2 x CH), 108.6 (CH, C-1), 76.7 (CH, C-5), 74.0 (gH-2), 72.7 (CH, C-7), 70.9
(CH,, C-6), 61.3 (CH, C-3), 51.9 (CH, C-4) pphiRMS (ESI) m/z 284.0 (M + Na);
HRMS (ESI') for Ci3H;50sN3Na (M + Naj calcd 284.1006, found 284.1008.

(1R,4R,5S,6R)-4-Amino-6-benzyloxy-2,8-dioxa-bicyclo[3.3.0]-octae (3.25)

N\
BnQ y Nz H, 10% Pd/C (9w%), Ph"7Q y NH;
/ MeOH, rt, 20 h Z 3

(6] (0] 93% (0] (0]

To a solution of azid&.24 (220 mg, 0.84 mmol) in dry MeOH (15 mL) undes Was
added Pd/C (20 mg, 9 w%, 10% Pd). The flask was the under Batmosphere and the
reaction was stirred at rt for 20 h. After complatithe reaction mixture was filtered over
celite and the filter cake was washed with MeOHe Tiltrate was concentrated in vacuo an
then redissolved in Ci&l, (10 mL). This organic layer was dried over anhydrdaSQO,,
filtered and the solvent was removed in vacuo fordfthe titte compound3.25 as a
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colourless oil (186 mg, 93%}.ormula C;3H;/NOs; Mw 235.28;R¢ 0.20 (CHCI,/MeOH
90:10); [a]p +5.3 € 1.32, CHCY4, 26 °C);IR (film) 3356 (w), 2948 (m), 2878 (m), 1604
(w), 1121 (s), 1021 (s) ch*H NMR (400 MHz, CDC}) § 7.41-7.29 (5 H, m, Ar-H), 5.81
(1 H, d,J =5.3 Hz, H-1), 4.62 (1 H, d,= 11.8 Hz, H-7), 4.57 (1 H, d,= 11.8 Hz, H-7"),
4.24 (1 H, tdJ = 8.0, 7.0 Hz, H-5), 4.09 (1 H, dd= 9.3, 4.5 Hz, H-2), 3.98 (1 H, dd3=
9.0, 6.8 Hz, H-6), 3.90 (1 H, m, H-3), 3.74 (1 W, d = 9.3, 1.0 Hz, H-2'), 3.65 (1 H, app.
t, J= 8.5, H-6"), 2.69 (1 H, m, H-4), 1.91 (2 H, br. NH,) ppm; °C NMR + DEPT
(100 MHz, CDC}) & 137.6 (G,), 128.6 (2 x CH), 128.0 (CH), 127.7 (2 x CH}), 108.9
(CH, C-1), 77.44 (Ck} C-2), 77.42 (CH, C-5), 72.7 (GHC-7), 70.8 (CH, C-6), 55.0 (CH,
C-4), 52.1 (CH, C-3) ppmi.RMS (ESI) m/z 236.3 (M + HJ, 258.2 (M + Na); HRMS
(ESTI") for C;sH17NOsH (M + H)* calcd 236.1281, found 236.1282.

(1R,4R,5S,6R)-4-Hydroxy -6-(4-methoxybenzyloxy-2,8-dioxa-bicyclo-[3.3.0]-octang3.26)
9
HQ y OTIPS 1.NaHMDS (1.9 eq), PMBCI (3.eq), 5, li©8/7\0:_ H OH
- TBAI (0.3 eq), THF, 0°Ctort, 20h g4 o Sh N ,
o T-0 2. TBAF (1.1eq), THF,0°Ctort, 2 h 9 h o

36 3.26(94%)

To a solution of alcohoB.6 (5.49 g, 18.1 mmol) in THF (40 mL) at 0 °C was edd
NaHMDS (14.5 mL, 29.0 mmol, 2 M in THF) and the ukisg mixture was stirred for
10 min. Then 4-methoxybenzyl chloride (4.9 mL, 3&&ol) and TBAI (2.00 g, 5.4 mmol)
were added and the resulting mixture was stirredt dor 20 h. After completion the
reaction was quenched with a mixture of sat. agMUgetroleum ether (1:1, 200 mL). The
phases were separated and the aqueous layer wesctedt with petroleum ether
(2 x 100 mL). The combined organic layers were dlmeer anhydrous N&GQ,, filtered
over a silica plug and the solvent was removeddoue to afford the intermediates-
protected compound in sufficient purity (8.26 gh analytically pure sample was obtained
by column chromatography (petroleum ether/EtOAG96:90:10).Formula Cy3H3505Si;
Mw 422.63;R 0.38 (hexane/acetone 90:10¢]p +30.9 € 0.8, CHC}, 25 °C);IR (film)
2942 (m), 2865 (m), 1513 (s), 1463 (m), 1247 (81 (vs), 1016 (vs), 882 (m), 821 (m),
681 (m) cm’; '"H NMR (400 MHz, CDC})) § 7.23 (2 H, d,J =8.5Hz), 6.89 (2H, dJ =
8.5 Hz), 5.84 (1 H, dJ = 5.3 Hz), 4.79 (1 H, br. di= 3.4 Hz), 4.50 (1 H, d] = 11.7 Hz),
4.47 (1 H,dJ=11.7 Hz), 4.17 (1 H, d = 9.2, 6.8 Hz), 4.03 (1 H, dd,= 9.4, 3.4 Hz),
3.95-3.90 (2 H, m), 3.83 (3H, s), 3.61 (1 H, de& 9.3, 7.3 Hz), 2.85 (1 H, dd,= 9.2,
5.2 Hz), 1.09-1.04 (21 H, m) pprHiC NMR + DEPT (100 MHz, CDCY) § 159.4 (G),
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129.7 (G, 129.1 (2 x CH}), 113.9 (2 x CH}), 109.1 (CH), 78.3 (Ch), 76.2 (CH), 73.2
(CH), 72.2 (CH), 71.0 (CH), 55.5 (CH), 55.3 (ChJ, 18.0 (6 x CH), 12.1 (3 x CH) ppm;
LRMS (ESI+) miz 445.3 (M + Naj; HRMS (ESI") for CyHsg0sNaSi (M + Naj calcd
445.2381, found 445.2386.

To a solution of intermediate silylether (8.26 §,2Lmmol) in THF (30 mL) at O °C was
added dropwise TBAF (20.0 mL, 20.0 mmol, 1 M in THRAfter 5 min the cooling was
removed and the resulting mixture was stirred dortfurther 2 h. After completion, the
reaction was diluted with D (200 mL) and subsequently washed witsOHand brine
(100 mL each). The organic layer was dried overydrdus NaSQ,, filtered and the
solvent was removed in vacuo. Purification of thede product by column chromatography
(petroleum ether/acetone 75:25 to 60:40) affordextitte compound3.26 as a colourless
oil (4559, 97%).Formula C;4H1s0s; Mw 266.29; R¢ 0.25 (petroleum ether/acetone
75:25);[a]p —3.2 € 1.2, CHC}, 26 °C);IR (film) 3421 (br, m), 2956 (w), 2877 (w), 1612
(m), 1513 (s), 1464 (w), 1246 (s) em'H NMR (400 MHz, CDC})) & 7.27 (2 H, d,
J=8.6 Hz, H-9), 6.89 (2 H, d] = 8.6 Hz, H-10), 5.82 (1 H, d,= 5.1 Hz, H-1), 4.67 (1 H,
br. d,J = 3.5 Hz, H-3), 453 (1 H, dl = 11.7 Hz, H-7), 4.50 (1 H, d,= 11.7 Hz, H-7’),
4.23 (1 H, tdJ = 8.4, 6.7 Hz, H-5), 4.05 (1 H, ddi= 10.0, 3.5 Hz, H-2), 3.96 (1 H, ddi=
9.1, 6.7 Hz, H-6), 3.91 (1 H, di,= 10.0, 1.4 Hz, H-2"), 3.82 (3 H, s, H-14), 3.60H, dd,J
= 9.1, 8.2 Hz, H-6"), 2.85 (1 H, m, H-4), 1.83 (1 bt. s, OH) ppm*C NMR + DEPT
(100 MHz, CDC}) 6 159.5 (G, C-11), 129.6 (& C-8), 129.4 (2 x CK, C-9), 114.0
(2 x CH,, C-10), 108.8 (CH, C-1), 77.1 (GHC-2), 76.7 (CH, C-5), 72.4 (GHC-7), 72.3
(CH, C-3), 71.0 (CH C-6), 55.3 (CH, C-12), 54.6 (CH, C-4) ppni;RMS (ESI) m/z
289.2 (M + Na); HRMS (ESI) for Ci4H:g0sNa (M + Na) calcd 289.1046, found
289.1050.

(1S,5S,6R)-6-(4-Methoxybenzyloxy)-2,8-dioxa-bicyclo[3.3.0]-ctan-4-one (3.27)
A R
PMBQ 4 OH  so,py (3eq), BN (3.7 eq), ,, l/©/\o H O li@s/\Q__ H O S
qg DMSO, CHCI,, ~10 °C, 5 h K% \o N 9 (TS’
10 60 1 2
O (6]

(0] (6]
H

3.26 3. 27(93%) 3.28(traces)

Following General Procedurd (8.2.1), oxidation of alcohaB.26 (1.42 g, 5.3 mmol)
with SG;-pyridine (2.58 g, 15.9 mmol) afforded after pwafion by column chromato-
graphy (petroleum ether/EtOAc 80:20 to 70:30)title compound3.27 as a colourless oil
(1.30 g, 93%). Traces of mixed ace8a28 could be isolated pure after reduction3c27.
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Formula CyHi160s; Mw 264.27;R; 0.23 (petroleum ether/acetone 80:2[)]p -55.0
(c 0.75, CHC}, 25 °C);IR (film) 2937 (w), 2838 (w), 1760 (s), 1612 (m), 15(s), 1248
(s), 1179 (m), 1110 (m), 1031 (s), 954 (m), 824 ¢m; *H NMR (400 MHz, CDC}) 5
7.26 (2 H, d,J =8.7 Hz, H-9), 6.89 (2 H, d] = 8.7 Hz, H-10), 5.99 (1 H, dl = 5.1 Hz,
H-1), 4.72 (1 H, dJ = 11.2 Hz, H-7), 4.44 (1 H, d,= 11.2 Hz, H-7"), 4.42 (1 H, df] =
9.3, 6.8 Hz, H-5), 4.29 (1 H, d,= 16.7 Hz, H-2), 4.11 (1 H, dd,= 9.5, 6.4 Hz, H-6), 4.09
(1 H, d,J =16.7 Hz, H-2), 3.91 (1 H, dd,= 9.5, 7.3 Hz, H-6"), 3.91 (3 H, s, H-12), 3.19
(1 H, dd,J = 9.3, 5.1 Hz, H-4) ppm:*C NMR + DEPT (100 MHz, CDC}) § 209.8 (C,
C-3), 159.5 (G, C-11), 129.7 (2 x CH C-9), 129.1 (G, C-8), 113.9 (2 x CK, C-10),
108.1 (CH, C-1), 78.9 (CH, C-5), 73.5 (GHC-2), 72.6 (CH, C-7), 71.2 (CH, C-6), 55.3
(CHs, C-12), 52.3 (CH, C-4) ppm;RMS (ESI") mVz 287.2 (M + Naj; HRMS (ESI") for
C14H160sNa (M + Na) calcd 287.0890, found 287.0893.

Byproduct:(1S4R,5R,6R)-6-(4-Methoxybenzyloxy)-2,8-dioxa-4-methylsulfamgthoxy-
bicyclo-[3.3.0]-octane 3.28: Formula C;¢H2,0sS; Mw 326.41;R¢ 0.46 (petroleum ether/
acetone 80:20)a]p +21.6 € 0.73, CHCJ, 24 °C);IR (film) 2921 (m, br), 1760 (s), 1612
(w), 1513 (m), 1246 (s), 1020 (vs) ¢m'H NMR (400 MHz, CDC}) 6 7.30 (2 H, dJ =
8.7 Hz, H-9), 6.91 (2 H, d] = 8.7 Hz, H-10), 5.81 (1 H, d,= 5.1 Hz, H-1), 4.75 (1 H, m,
H-3), 4.65 (1 H, dJ = 11.7 Hz, H-13), 4.61 (1 H, d,= 11.7 Hz, H-13"), 459 (1 H, d, =
11.2 Hz, H-7), 4.48 (1 H, dl = 11.2 Hz, H-7"), 4.24 (1 H, td] = 8.5, 6.8 Hz, H-5), 4.05
(1 H, m, H-2), 4.01 (1 H, dd] = 10.3, 3.5 Hz, H-2’), 3.98 (1 H, dd,= 9.2, 6.7 Hz, H-6),
3.82 (3H, s, H-12), 3.81 (1 H, appJt= 8.5 Hz, H-6"), 2.96 (1 H, m, H-4), 2.17 (3 H, s,
H-14) ppm;*C NMR + DEPT (100 MHz, CDC})  159.5 (G, C-11), 129.5 (&, C-8),
129.3 (2 x CH, C-9), 113.9 (2 x CK, C-10), 108.9 (CH, C-1), 76.7 (CH, C-5), 76.6 (CH,
C-3), 74.3 (CH, C-2), 73.4 (CH, C-13), 72.4 (CH C-7), 70.9 (CH, C-6), 55.3 (CH
C-12), 51.8 (CH, C-4), 14.0 (GHC-14) ppmLRMS (ESI') m'z 349.1 (M + Na)j; HRMS
(ESI) for Ci6H,,0sNaS (M + Naj calcd 349.1080, found 349.1078.
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(1S,4S,5S,6R)-6-(4-Methoxybenzyloxy)-4-hydroxy-2,8-dioxa-bicya[3.3.0]-octane 8.29

9

10
PMBQ y O NaBH, (1.1eq), /[::Ff>q Y OH
EIOHITHF, 0°C,2h ¥~ i szl

10 1 2
O (@] 97% O (@]
H H

3.27 3.29

To a solution of keton8.27 (1.01 g, 4.1 mmol) in EtOH/THF (15 mL, v/v 2:1) @rC
was added sodium borohydride (170 mg, 4.5 mmdig flesulting mixture was stirred at
0 °C for 2 h. After completion, the reaction waenched with citric acid (10 w% in water,
10 mL) and concentrated under reduced pressurereBistue was then partitioned between
Et,O and brine (20 mL each), and the aqueous phasextasted with BEO (2 x 20 mL).
The combined organic layers were dried over anhygifdaSQO,, filtered and the solvent
was removed in vacuo. Purification of the crudedpat by column chromatography
(petroleum ether/acetone 80:20) affordedtitie compound.29as a colourless oil (1.07 g,
97%).Formula C14H150s; Mw 266.29;R; 0.25 (petroleum ether/acetone 75:3@)p +19.1
(c 0.72, CHCY4, 24 °C);IR (film) 3478 (br, w), 2955 (br, w), 2860 (w), 1612), 1514 (s),
1250 (s) crit; '"H NMR (300 MHz, acetonegis 7.34 (2 H, dJ =8.8 Hz, H-9), 6.94 (2 H,
d, J = 8.8 Hz, H-10), 5.49 (1 H, d, = 5.6 Hz, H-1), 4.64 (1 H, dl = 11.2 Hz, H-7), 4.58
(1H,dJ=11.2 Hz, H-7"), 4.49 (1 H, ddd,= 8.2, 6.9, 6.0 Hz, H-5), 4.38 (1 H, m, H-3,
simplifies to dt,J= 7.3, 5.7 Hz after fD-exchange), 4.16 (1 H, d, = 6.0 Hz, OH,
disappears after J@-exchange), 3.99 (1 H, dd= 8.8, 6.9 Hz, H-6), 3.88 (1 H, dd= 8.8,
6.0 Hz, H-6"), 3.80 (1 H, ddl = 8.7, 5.7 Hz, part of ABX system, H-2), 3.80 (3%1H-12),
3.77 (L H, ddJ = 8.7, 5.7 Hz, H-2"), 2.92 (1 H, ddd, = 8.2, 7.3, 5.6 Hz, H-4) ppm;
3C NMR + DEPT (100 MHz, CDC})) § 159.8 (G, C-11), 129.7 (2 x CK C-9), 128.5
(Can C-8), 114.2 (2 x Cl C-10), 108.8 (CH, C-1), 80.6 (CH, C-5), 74.5 (B-2), 73.8
(CH, C-3), 72.9 (CH C-7), 71.3 (CH, C-6), 55.3 (CH, C-12), 46.6 (CH, C-4) ppm;
LRMS (ESI) nvz 289.1 (M + Na); HRMS (ESI) for CisH1s0sNa (M + Naj calcd.
289.1046, found 289.1044.
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Methanesulfonic acid (5,4S,R,6R)-6-(4-methoxybenzyloxy)-2,8-dioxa-bicyclo[3.3.0]-
octane-4-yl ester (3.30)

PMBQ  OH Mscl (1.5 eq), BN (3 eq), 7Q y O 3*13

8
(\/If> CH,Clp, 0°Ctort, 44h 2 m o)
o T-0 70%
3. 30

H

To a solution of alcohoB.29 (1.62 g, 6.1 mmol) and &8 (2.50 mL, 18.2 mmol) in
CH.CI, (15 mL) at 0 °C was added dropwise methanesulfohlgride (720 pL, 9.1 mmol)
and the resulting mixture was stirred at rt fornd4After completion, the reaction was
diluted with CHCI, (25 mL) and consecutively washed with water, agt. NaHCQ and
brine (15 mL each). The organic phase was dried ambydrous N0, filtered and the
solvent was removed in vacuo. Purification of thede product by column chromatography
(petroleum ether/acetone 80:10 to 70:30) affordkeditie compound3.30as a white solid
(1.47 g, 70%)Formula Cy5H200;S; Mw 344.38;R; 0.20 (petroleum ether/acetone 70:30);
Mp 85 °C; [a]p —31.4 € 1.31, CHCJ, 26 °C);IR (film) 2937 (w), 2904 (w), 1612 (m),
1514 (m), 1351 (s), 1247 (s), 1173 (vs), 1030 &8 (s), 912 (m) ciy ‘H NMR
(400 MHz, CDC}) 6 7.30 (2 H, dJ = 8.8 Hz, H-9), 6.89 (2 H, dl = 8.7 Hz, H-10), 5.65
(1 H, d,J =54Hz, H-1), 525 (1 H, ddd, = 7.1, 4.8, 4.0 Hz, H-3), 456 (1 H, d,=
11.2 Hz, H-7), 451 (1 H, dl = 11.2 Hz, H-7"), 4.35 (1 H, dd, = 9.9, 4.0 Hz, H-2), 4.34
(1H, td,J= 7.6, 6.3 Hz, H-5), 4.05 (1 H, dd= 8.4, 7.7 Hz, H-6), 4.00 (1L H, dd,= 9.9,
4.8 Hz, H-2"), 3.95 (1 H, dd] = 8.5, 6.4 Hz, H-6’), 3.82 (3 H, s, H-12), 2.98H1td,J =
7.3, 5.4 Hz, H-4), 2.90 (3 H, s, H-13) pphiC NMR + DEPT (100 MHz, CDC}) 5 159.5
(Can C-11), 129.7 (2 x CH C-9), 129.4 (G, C-8), 113.9 (2 x CK, C-10), 108.0 (CH,
C-1), 78.3 (CH, C-5), 77.9 (CH, C-3), 73.5 (£K-2), 73.0 (CH, C-7), 71.7 (CH, C-6),
55.3 (CH, C-12), 47.7 (CH, C-4), 38.2 (GHC-13) ppm;LRMS (ESI) m/z 367.1
(M + Na)'; HRMS (EST") for Ci5H200;SNa (M + Na) calcd 367.0822, found 367.0823.
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(1R,4R,5S,6R)-4-Azido-6-(4-methoxybenzyloxy)-2,8-dioxa-bicycld.3.0]-octane (3.31)
9

10
PMBQ 1y OMs  A:TMSN; (1.5 eq), TBAF(L5 eq), THF, , 87Q y Ns
m 70 °C, 20 h, 78% or N oA 9 (T%
o 1o

- 10
B: NaN; (3 eq), DMF, 95 °C, 62 h, 83% o1 o

D
-
N

3.30 3.31

Method A: To a solution of mesylat8.30 (605 mg, 1.75 mmol) in THF (7 mL) was
added trimethylsilyl azide (347 pL, 2.6 mmol) an®AF (2.6 mL, 2.6 mmol, 1 M in
THF).%" The resulting mixture was heated to 70 °C andestifor 20 h. After completion
the solvent was removed under reduced pressuréharcude product was directly applied
to column chromatography (petroleum ether/EtOAc280to 60:40) afforded thditle
compound.31as a colourless oil (398 mg, 78%).

Method B: To a solution of mesylat&30(1.51 g, 4.4 mmol) in DMF (35 mL) was added
sodium azide (860 mg, 13.2 mmol). The resultingtarx was heated to 85 °C and stirred
for 62 h. After completion the majority of DMF wasmoved under reduced pressure and
the remaining crude was partitioned betweesOEdnd HO (25 mL each). The aqueous
layer was extracted with £2 (3 x 25 mL). The combined organic layers weredlover
anhydrous N850, filtered and the solvent was removed in vacuaifieation of the crude
product by column chromatography (petroleum etleettme 85:15 to 65:35) afforded the
title compound.31as a colourless oil (1.06 mg, 83%prmula C;4H;,04N3; Mw 291.30;
R¢ 0.28 (petroleum ether/acetone 85:1o)p +46.5 € 1.44, CHCY, 24 °C);IR (film) 2954
(w), 2881 (w), 2094 (s), 1612 (m), 1513 (s), 124€),(1107 (s), 1025 (vs) cm’H NMR
(400 MHz, CDC}) 6 7.26 (2 H, dJ = 8.7 Hz, H-9), 6.91 (2 H, d = 8.7 Hz, H-10), 5.79
(1H,d,J=51Hz, H-1),4.53 (1 H, d,=11.3 Hz, H-7), 4.49 (1 H, d,= 11.3 Hz, H-7"),
4.36 (1 H, dtJ=4.4, 1.6 Hz, H-3), 4.25 (1 H, dd#i= 8.8, 7.9, 6.7 Hz, H-5), 4.09 (1 H, dd,
J=10.2, 4.5 Hz, H-2), 4.00 (1 H, m, H-2"), 3.97H1dd,J= 9.3, 6.7 Hz, H-6), 3.83 (3 H,
s, H-12), 3.62 (1 H, dd] = 9.3, 7.8 Hz, H-6"), 2.93 (1 H, ddi,= 8.8, 5.1, 1.3 Hz, H-4)
ppm; *C NMR + DEPT (100 MHz, CDC}) § 159.6 (G, C-11), 129.4 (CH, C-9), 129.2
(Can C-8), 114.0 (CH}, C-10), 108.6 (CH, C-1), 76.4 (CH, C-5), 74.0 (CIg-2), 72.5
(CH,, C-7), 709 (CH, C-6), 61.3 (CH, C-3), 55.3 (GHC-12), 51.9 (CH, C-4) ppm;
LRMS (ESI) m/z 314.1 (M + Na), HRMS (ESI') for Ci4H:;0sNsNa (M + Naj calcd
314.1111, found 314.1108.
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(1R,4R,5S,6R)-4-Amino-6-(4-methoxybenzyloxy-2,8-dioxabicyclo[3.0]-octane (3.32)

9

10
PMBQ i Ni  H, 10% Pd/C (10 wos), |, /@s/v\q_ H NH,
EtOH, 1t, 20 h ~ginr s e

> 10 60 1 2
O O 99% O (e}
H H

3.31 3.32

To a solution of azide&.31 (393 mg, 1.35 mmol) in dry EtOH (7 mL) undep Was
added Pd/C (40 mg, 10 w%, 10% Pd). The flask was gut under Hatmosphere and the
reaction was stirred at rt for 20 h. After complatithe reaction mixture was filtered over
celite and the filtercake was washed with EtOH. Bloévent was removed in vacuo to
afford thetitle compound.32as a colourless oil (355 mg, 99%prmula C;4H:0NO,; Mw
265.31;R; 0.15 (CHCl,/MeOH 90:10);[a]p +3.6 (c 0.79, ChkCly, 23 °C); IR (film) 3330
(br. w), 2954 (br. m), 2877 (m), 1612 (m), 1514)(d47 (vs), 1111 (s), 1030 (vs) 820 (m)
cm®; 'H NMR (400 MHz, CDC}) & 7.27 (2 H, d,J= 8.7 Hz, H-9), 6.90 (2 H, dJ=
8.7 Hz, H-10), 5.78 (1 H, &= 5.1 Hz, H-1), 4.54 (1 H, d,= 11.4 Hz, H-7), 4.50 (1 H, d,
J=11.4 Hz, H-7"), 4.21 (1 H, tdl = 8.4, 6.9 Hz, H-5), 4.07 (1 H, dd= 9.2, 4.7 Hz, H-2),
3.96 (1 H, ddJ =9.0, 6.8 Hz, H-6), 3.86 (1 H, dt= 4.4, 1.9 Hz, H-3), 3.82 (3 H, s, H-12),
3.69 (1 H,ddJ)=9.1, 2.1 Hz, H-2"), 3.61 (1 H, ddi= 9.0, 8.7 Hz, H-6"), 2.63 (1 H, ddt=
8.4, 5.1, 1.5 Hz, H-4), 1.41 (2 H, br. s, Nippm;**C NMR + DEPT (100 MHz, CDC}) &
159.5 (G, C-11), 129.8 (&, C-8), 129.3 (2 x CK C-9), 114.0 (2 x Ck, C-10), 108.9
(CH, C-1), 77.8 (CH C-2), 77.2 (CH, C-5), 72.4 (GHC-7), 70.8 (CH, C-6), 55.3 (CH,
C-12), 55.2 (CH, C-4), 52.1 (CH, C-3) ppmRMS (ESI) m/z 266.2 (M + HJ, 288.1
(M + Na)’; HRMS (EST) for C;4H20NO, (M + H)" calcd 266.1387, found 266.1387.

Quinoline-8-sulfonic acid (1S,4R,5R,6R)-6-(4-methoxybenzyloxy)-2,8-dioxa-bicyclo-
[3.3.0]-octane-4-yl ester (3.33)

14
9 15

10 13
PMBQ H OH quinoline-8-sulfonyl chloride (1.3 eq), 1 87 Q H Of? 16
pyridine, 0 °C to rt, 20 h Noit 9 =1 30 2% 17

10 1 2 N 8
O (0] 35% (0] (0]
H H 20 19

3.26 3.33

To a solution of alcohd.26 (515 mg, 1.93 mmol) in dry pyridine (10 mL) at®© fvas
slowly added quinoline-8-sulfonyl chloride (572 ng51 mmol). The resulting mixture
was allowed to warm to rt and stirred at this terapge for 20 h. The reaction was
quenched by the addition of ag HCI (15 mL, 0.5 My @ahe mixture was extracted with
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EtOAc (3x 20 mL). The combined organic phases were washéd vine, dried over
anhydrous N850, filtered and the solvent was removed in vacuaifieation of the crude
product by column chromatography (€4/MeOH 99:1 to 97:3) and HPLC
(hexane/acetone 72:28) afforded title compound.33as a colourless oil (310 mg, 35%).
Formula Cy3H23NO;S; Mw 457.50;R¢ 0.20 (hexane/acetone 70:30¢]p +14.9 € 1.89,
CHCls, 23 °C);IR (film) 2945 (w), 2879 (w), 1612 (m), 1514 (m), ¥3%m), 1248 (m),
1173 (s), 1109 (m), 1029 (s), 909 (s)trH NMR (400 MHz, CDC}) § 9.04 (1 H, ddJ =
4.3, 1.9 Hz, H-20), 8.52 (1 H, dd,= 7.4, 1.4 Hz, H-14), 8.27 (1 H, dd= 8.3, 1.8 Hz,
H-18), 8.12 (1 H, ddJ = 8.2, 1.5 Hz, H-16), 7.64 (1 H, dd= 8.3, 7.4 Hz, H-15), 7.56
(1 H, dd,J = 8.3, 4.3 Hz, H-19), 7.25 (2 H, d,= 8.8 Hz, H-9), 6.88 (2 H, dl = 8.8 Hz,
H-10), 5.97 (1 H, dJ = 3.3 Hz, H-3), 5.85 (1 H, d] = 5.1 Hz, H-1), 4.60 (1 H, d] =
11.2 Hz, H-7)", 4.39 (1 H, d, = 11.2 Hz, H-7), 4.23 (1 H, ddd,= 9.2, 7.8, 6.8 Hz, H-5),
4.11 (1 H, ddJ = 10.9, 1.1 Hz, H-2), 4.04 (1 H, ddi= 11.2, 3.4 Hz, H-2’), 3.95 (1 H, dd,
J=9.5, 6.7 Hz, H-6), 3.82 (3 H, s, H-12), 3.5941dd,J = 9.5, 7.7 Hz, H-6"), 3.34 (1 H,
ddd,J = 9.2, 5.2, 1.3 Hz, H-4) ppm*C NMR + DEPT (100 MHz, CDC}) & 159.5 (G,
C-11), 151.8 (CH, C-20), 143.8 (&, C-21), 136.5 (CH, C-18), 134.8 (CH, C-16), 134.2
(Can C-13), 133.1 (CH, C-14), 129.5 (X CH,, C-9), 129.3 (G, C-8 or C-17), 129.0 (&
C-17 or C-8), 113.9 (& CH,, C-10), 109.0 (CH, C-1), 83.4 (CH, C-3), 76.1 (CEt5),
75.1 (CH, C-2), 72.2 (CH, C-7), 71.0 (CH, C-6), 55.3 (CH, C-12), 52.2 (CH, C-4) ppm;
LRMS (ESI) m/z 480.2 (M + Na); HRMS (ESI") for C,3H23NO,SNa (M + Na) calcd.
480.1087, found 480.1088.

(3R,38R,4R,6aS)- 4-Azido-3-(4-methoxybenzyloxy)-hexahydrofuro[3,4]furan (3.34)

@) 9 7
I 6
PMBQ  O-S TMSN; (21.0 eq), Tif (5.0 eq), (CHC),, rt, 10 s 0 o
(0] 30 min; ther8.33 (CH,Cl),,0°Ctort, 20 h 12 9 5\,
o1 0 H 3 —H
2

N
o To \_/ 10%
H N3 170

3.33 3.34
To a solution of Tik (272 mg, 2.20 mmol) in dichloroethane (10 mL) tatvas added
TMSN; (1.29 mL, 9.18 mmol) and stirred for 30 min. Thiha mixture was cooled to 0 °C
and a solution of quisylat2.33 (200 mg, 0.44 mmol) in dichloroethane (2 mL) wdsled
dropwise. The reaction was allowed to warm to d atirred for further 20 h. It was then
quenched by the addition of,@ (15 mL) and the mixture was extracted with ;CH
(3% 15 mL). The combined organic phases were dried ankydrous Ng0O,, filtered and

the solvent was removed in vacuo. Purification b€ tcrude product by column
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chromatography (petroleum ether/acetone 90:10 #0§@&fforded theitle compound2.34

as a colourless oil (13 mg, 10%) and unreactedirsgamaterial2.33 (113 mg, 56%).
Formula C;4H17N3O4; Mw 291.30;Rf 0.23 (hexane/acetone 92:8¥]p —113.5 € 0.54,

CHCI;, 23 °C); IR (film) 2930 (w), 2875 (w), 2103 (vs), 1613 (w), 6 (m), 1248 (s),
1080 (m) crit; *H NMR (400 MHz, CDC})) § .26 (2 H, dJ = 8.7 Hz, H-9), 6.91 (2 H, d,

= 8.8 Hz, H-10), 5.36 (1 H, d, = 1.4 Hz, H-1), 4.82 (1 H, dd,= 6.7, 3.8 Hz, H-3), 4.48
(2 H, s, AB-system, H-7 and H-7’), 4.09 (1 H,J 10.5 Hz, H-2), 4.01 (1 H, td,= 4.1,

2.5 Hz, H-5), 3.99 (1 H, dd] = 10.5, 3.6 Hz, H-2'), 3.86 (1 H, dd,= 9.7, 4.4 Hz, H-6),
3.82 (3H, s, H-12), 3.81 (1 H, dd,= 9.7, 3.8 Hz, H-6’), 2.75 (1 H, dtd, = 6.6, 1.5,

0.6 Hz, H-4) ppm;**C NMR + DEPT (100 MHz, CDC}) & 159.5 (G, C-11), 129.4
(2 x CHay, C-9), 129.3 (G, C-8), 114.0 ( CH,, C-10), 95.9 (CH, C-1), 82.3 CH, C-3

and C-5), 74.2 (CH C-2), 72.4 (CH, C-6), 71.3 (CH, C-7), 56.9 (CH, C-4), 55.3 (GH

C-12) ppm; LRMS (ESI) m/z 314.1 (M + Na); HRMS (ESI) for Cyi4Hi/NsOsNa

(M + Na) calcd. 314.1111, found 314.1115.

N-(1R,4R,5S,6R)-6-(4-Methoxybenzyloxy)-2,8-dioxa-bicyclo[3.3.0]-«ctane-4-yl
carbamic acid benzylester (3.40a)

9 14
PMBQ | NH, CICO;Bn (L5 eq), DMAP (0.25 eq), TI::IQ?Q +4HN%§O/\Ph
3 .

pyridine (3 eq), ChCl, 0°Ctort,2h 12

[e) O 90% O (6]
H H

3.32 3.40a

To a solution of amine.32 (172 mg, 0.65 mmol), DMAP (20 mg, 0.16 mmol) and
pyridine (158 pL, 1.95 mmol) in G&l, (5mL) at 0 °C was added dropwise benzyl
chloroformate (138 pL, 0.98 mmol) and the resulimgture was stirred at rt for 2 h. After
completion, the reaction mixture was diluted withlCl, and sat. ag. NaHGQ(10 mL
each). The layers were separated and the aquegas \&as extracted with GEl,

(3x 10 mL). The combined organic phases were wash#d &M HCI and brine (5 mL

each), dried over anhydrous J$&,, filtered and the solvent was removed in vacuo.

Purification of the crude product by column chrooggéphy (petroleum ether/acetone
75:25) afforded thaitle compound3.40a as a colourless oil (232 mg, 90%jormula
CooH2sNOg; Mw 399.44; R; 0.25 (petroleum ether/acetone 80:2]p +30.5 € 0.51,
CHCls, 22 °C);IR (film) 3323 (br. w), 2953 (w), 2886 (w), 1715 (9612 (m), 1514 (s),
1246 (vs), 1084 (m), 1027 (s) &mH NMR (400 MHz, CDC}) § 7.40-7.29 (7 H, m, Ar-H
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and H-9), 6.90 (2 H, dl = 8.3 Hz, H-10), 5.76 (1 H, d,= 5.1 Hz, H-1), 5.225.04 (3 H, m,
H-14 and NH), 4.72 (1 H, dJ= 11.0 Hz, H-7), 4.63 (1H, m]= 7.5, 4.5 Hz can be
observed, H-3), 4.49 (1 H, d=11.2 Hz, H-7’), 4.24 (1 H, dfl = 8.0, 7.8 Hz, H-5), 4.06
(1 H, dd,J= 9.8, 4.4 Hz, H-2), 3.97 (1 H, dd,= 9.3, 6.9 Hz, H-6), 3.86 (1 H, nd,=
10.5 Hz can be observed, H-2), 3.81 (3H, s, H-B%8 (1 H, tJ= 8.7 Hz, H-6), 2.83
(1 H, m,J = 8.1, 5.6 Hz can be observed, H-4) ppi@; NMR + DEPT (100 MHz, CDC})

5 159.5 (G, C-11), 155.6 (C, C-13), 136.2 {I; 129.6 (2xCH,), 129.5 (G), 128.6
(2 x CH,), 128.3 (CH), 128.1 (2xCH,), 114.0 (2 x CH, C-10), 108.7 (CH, C-1), 76.6
(CH, C-5), 75.1 (CH C-2), 72.3 (CH, C-7), 71.4 (CH, C-6), 66.9 (CH, C-14), 55.3 (CH|
C-12), 52.90 (CH, C-4), 52.88 (CH, C-3) ppbRMS (ESI') m/z 422.2 (M + Na); HRMS
(ESI") for CyoHosNOgNa (M + Naj calcd 422.1571, found 422.1570.

N-(1R,4R,5S,6R)-6-Hydroxy-2,8-dioxa-bicyclo[3.3.0]-octane-4-yl adbamic acid
benzylester (3.41a)

; 1.
PMBQ HHN)kOBn HQ | HN"70" Ph
; DDQ (1.1 eq), CECIy/H,0, 1t, 5 h 1
6( 4 2
o 1~0 88% o 1~0
H H
3.40a 3.41a

Following General Procedufe (8.2.1), deprotection of eth8r40a(195 mg, 0.49 mmol)
with DDQ (140 mg, 0.61 mmol) afforded after purdimn of by column chromatography
(petroleum ether/acetone 75:25 to 65:35) tile compound3.4la as a colourless oll
(123 mg, 88%).Formula Ci4H;7/NOs; Mw 279.29; Ry 0.25 (petroleum ether/acetone
70:30);[a]p +16.7 € 0.62, CHCY4, 22 °C);IR (film) 3960 (br. m) 3312 (br. m), 1690 (vs),
1534 (s), 1256 (s), 1104 (br. s), 1008 (s)'cfH NMR (400 MHz, CDC}) & 7.42-7.30
(5H, m, Ar-H), 5.75 (1 H, dJ = 5.3 Hz, H-1), 5.16 (1 H, d,= 6.5 Hz, NH), 5.13 (1 H, d,
J=12.3 Hz, H-8), 5.09 (1 H, d,= 12.3 Hz, H-8’), 4.6064.51 (2 H, m, H-3 and H-5), 4.18
(1 H, dd,J = 9.8, 5.7 Hz, H-2), 4.05 (1 H, dd= 9.2, 6.8 Hz, H-6), 3.77 (1 H, dd= 9.9,
2.8 Hz, H-2’), 3.663.60 (2 H, m, H-6" and OH), 2.83 (1H, dddi= 7.8, 5.5, 1.9 Hz, H-4)
ppm;**C NMR + DEPT (100 MHz, CDC})  156.3 (C, C-7), 136.0 (), 128.6 (2 x CH),
128.4 (CH,), 128.1 (2xCH,), 109.1 (CH, C-1), 73.6 (CH C-2), 72.9 (CH, C-6), 70.0
(CH, C-5), 67.2 (Ch C-8), 55.3 (CH, C-4), 51.5 (CH, C-3) pphRMS (ESI') m/z 302.2
(M + Na)'; HRMS (EST) for C;4H1,NOsNa (M + Na) calcd 302.0999, found 302.1002.
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N-(1R,4R,5S,6R)-6-(4-Methoxybenzyloxy)-2,8-dioxa-bicyclo[3.3.0]-ctane-4-yl oxalamic
acid benzylester (3.40b)

(0]

9
PMBQ . NH, (COClI), (1.5 eq), BnOH (1.5 eq), GBI, 0 °C, 30 min; 10 <770 }+HN4gﬁbO:;Ph
7 then3.32 DMAP (0.3 eq), BN (3 eq), CHCl, 0°Ctort, 1 h 12 ~orit 0 "5 3 0O
> 10 6 7 4% >2
(6] (6]
H

o (0] 84%
H

3.32 3.40b

To a solution of oxalylchloride (170 pL, 1.98 mmmi)CH,CI, (5 mL) at 0 °C was added
dropwise benzyl alcohol (206 pL, 1.98 mmol) and ribsulting mixture was stirred at this
temperature for 30 min. After completion all vollesi were removed in vacuo and the crude
product was redissolved in GEl, (4 mL). This solution was then added dropwise to a
solution of amine3.32 (350 mg, 1.32 mmol), DMAP (49 mg, 0.40 mmol) ant;Ne
(550 pL, 3.96 mmol) in CECl, (10 mL) at 0 °C. After 5 min the cooling was reradvand
the resulting mixture was stirred at rt for 1 htekfcompletion, the reaction was diluted
with CH,Cl, (15 mL) and sat. ag. NaHG®@5 mL). The phases were separated and the
agueous layer was extracted with L (3 x 10 mL). The combined organic phases were
dried over anhydrous N&Q,, filtered and the solvent was removed in vacuaifieation
of the crude product by column chromatography (petrm ether/acetone 80:20 to 70:30)
afforded thetitle compound3.40b as a colourless oil (473.3 mg, 84%fjormula
CoH2sNO7; Mw 427.45; R 0.20 (petroleum ether/acetone 70:3@]p +29.5 € 0.83,
CHCls, 27 °C);IR (film) 3297 (br. w) 2950 (w), 2886 (w), 1735 (m)693 (s), 1612 (m),
1514 (s), 1351 (s), 1250 (s), 1197 (s), 1031 (s):;cti NMR (400 MHz, CDC))
§7.47-7.35 (6 H, m, Ar-H and NH), 7.33 (2 H, d,= 8.7 Hz, H-9), 6.88 (2 H, dJ =
8.7 Hz, H-10), 5.80 (1 H, d = 5.1 Hz, H-1), 5.35 (1 H, d, = 12.5 Hz, H-15, part of AB-
system), 5.31 (1 H, d,= 12.5 Hz, H-15’, part of AB-system), 4.83 (1 H, Jr= 8.3, 4.1 Hz
can be observed, H-3), 4.74 (1 H,Jd= 11.0 Hz, H-7), 451 (1 H, d, = 11.0 Hz, H-7),
4.26 (1 H, tdJ = 8.5, 7.1 Hz, H-5), 4.08 (1 H, dd= 10.2, 4.3 Hz, H-2), 4.00 (1 H, ddi=
9.4, 7.0 Hz, H-6), 3.91 (1 H, nd,= 10.3 Hz can be observed, H-2"), 3.80 (3 H, slZ}-
3.65 (1 H, ddJ = 9.3, 8.1 Hz, H-6’), 2.86 (1 H, nJ,= 8.8, 5.3 Hz can be observed, H-4)
ppm;**C NMR + DEPT (100 MHz, CDC}) § 160.2 (C, C-14), 159.5 (£ C-11), 155.9 (C,
C-13), 134.2 (g), 129.8 (2 xCH, C-9), 129.4 (G, C-8), 129.0 (X CH,), 128.7
(2 x CHyy), 113.9 (2 x CH}, C-10), 108.7 (CH, C-1), 76.5 (CH, C-5), 74.3 (£B-2), 72.5
(CH,, C-7), 71.5 (CH, C-6), 68.9 (CH C-15), 55.3 (Chl C-12), 52.4 (CH, C-4), 51.9
(CH, C-3) ppm;LRMS (ESI m/z 450.1 (M + NaJ); HRMS (ESI) for CisH17NOgNa
(M + Na)" calcd 450.1523, found 450.1519.
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N-(1R,4R,5S,6R)-6-Hydroxy-2,8-dioxa-bicyclo[3.3.0]-octane-4-yl calamic acid
benzylester (3.41b)

0 0
PMBQ 4 HN)S(OBn HO oy HN)%?/O\Q/Ph
/ o DDQ (1.1 eq), CHCI»/H,0, 1t, 5 h /s . 3 0
. Y
o e 86% o 10
H H
3.40b 3.41b

Following General Proceduf2 (8.2.1), deprotection of eth8r40b (714 mg, 1.67 mmol)
with DDQ (417 mg, 1.84 mmol) afforded after purdimn of by column chromatography
(petroleum ether/acetone 80:20 to 60:40) title compound3.41b as a colourless oll
(446 mg, 86%).Formula C;sH;7/NOs; Mw 307.30; Ry 0.18 (petroleum ether/acetone
70:30);[a]p +15.4 € 0.95, CHCY, 24 °C);IR (film) 3351 (br. m) 2924 (br. m), 2359 (m),
2341 (m), 1737 (m), 1682 (vs), 1533 (m), 1266 (D99 (s), 1007 (m), 948 (m) ¢m
H NMR (400 MHz, CDC}) & 7.47-7.35 (6 H, m, Ar-H and NH, reduces to 5 H afte©b
shake), 5.78 (1 H, dl = 5.1 Hz, H-1), 5.33 (1 H, d, = 12.0 Hz, H-9, part of AB-system),
5.30 (1 H, dJ = 12.0 Hz, H-9', part of AB-system), 4.78 (1 H,tdd = 7.4, 5.1, 2.4 Hz,
H-3, simplifies to dt after BD-shakeJ = 5.3, 2.2 Hz), 4.58 (1 H, qd,= 7.6, 3.3 Hz, H-5,
simplifies to dt after BO-shakeJ = 8.0, 7.5 Hz), 4.23 (1 H, dd,= 10.2, 5.6 Hz, H-2), 4.06
(1 H, dd,J=9.3, 6.7 Hz, H-6), 3.89 (1 H,dd= 10.0, 2.6 Hz, H-2"), 3.65 (1 H, dd=9.1,
7.8 Hz, H-6"), 3.19 (1 H, d) = 3.4 Hz, OH, disappears aftes@ shake), 2.86 (1 H, ddd,
J=17.9, 5.1, 2.2 Hz, H-4) ppntC NMR + DEPT (100 MHz, CDC}) § 159.9 (C, C-8)
156.5 (C, C-7), 134.0 (&, 129.04 (CH), 128.95 (2x CHj), 128.8 (2x CH,), 109.0 (CH,
C-1), 70.0 (CH, C-5), 73.06 (GHC-2 or C-6), 73.04 (Ckl C-6 or C-2), 69.0 (CH C-9),
54.9 (CH, C-4), 50.8 (CH, C-3) ppraRMS (ESI') m/z254.1 (M + Na-OBn+OME) 286.1
(M + Na-CQ)*, 330.1 (M + Na).

N-(1R,4R,5S,6R)-6-(4-Methoxybenzyloxy)-2,8-dioxa-bicyclo[3.3.0]-«ctane-4-yl
benzylsulfonamide (3.40c)

9 (0]
10 n 13
PMBQ  NHz BnsocCl (3 eq), DMAP (0.5 eq), 57°Q yHN-S—
; pyridine , rt, 30 min 12 ot s stLo Ph
10 60 1 2
(0] (0] 86% (0] (0]
H H
3.32 3.40c

A solution of amine3.32 (112 mg, 0.42 mmol) and DMAP (26 mg, 0.21 mmol) in
pyridine (3 ml) was added phenylmethanesulfonybite (240 mg, 1.26 mmol) and the
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resulting mixture was stirred at rt for 30 min. éftcompletion the solvent was removed in
vacuo. Purification of the crude product by columimromatography (petroleum ether/
acetone 80:20 to 70:30) afforded ttile compound3.40c as a colourless oil (152 mg,
86%). Formula C,;H2sNOgS; Mw 419.49;R; 0.38 (petroleum ether/acetone 70:3Wfp
+3.4 (€ 0.67, CHC}, 26 °C);IR (film) 3265 (br. w), 2935 (br. w), 1612 (m), 15(s), 1320
(m), 1249 (s), 1154 (m), 1126 (vs), 1029 (s)'chd NMR (400 MHz, CDCY) § 7.39-7.33
(5 H, m, Ar-H), 7.26 (2 H, dJ = 8.8 Hz, H-9), 6.90 (2 H, d,= 8.8 Hz, H-10), 5.69 (1 H, d,
J=5.3 Hz, H-1), 4.55 (1 H, d,= 8.8 Hz, NH), 4.54 (1 H, dl = 11.3 Hz, H-7), 4.43 (1 H,
d,J=11.3 Hz, H-7"), 4.27 (1 H, d| = 14.3 Hz, H-13, part of AB system), 4.25 (1 HJd;
14.3 Hz, H-13’, part of AB system), 4.16 (1 H, ddd; 8.9, 7.7, 6.7 Hz, H-5), 4.12 (1 H,
ddt,J = 8.8, 4.5, 1.4 Hz, H-3), 3.92 (1 H, dbiF 9.3, 6.8 Hz, H-6), 3.91 (1 H, dd= 10.0,
4.3 Hz, H-2), 3.82 (3H, s, H-12), 3.74 (1 H, 3t 9.9, 1.2 Hz, H-2"), 3.58 (1 H, dd=
9.4, 7.7 Hz, H-6", 2.83 (1 H, ddf,= 8.9, 5.1, 1.3 Hz, H-4) ppnt’C NMR + DEPT
(100 MHz, CDC}) & 159.5 (G, C-11), 130.7 (X CHy), 129.5 (2 x CH,, C-9), 129.4 (@),
129.1 (G, 128.9 (CH), 128.8 (2x CH,y), 114.0 (2 x CH, C-10), 108.3 (CH, C-1), 76.3
(CH, C-5), 75.2 (CH C-2), 72.3 (CH C-7), 71.3 (CH, C-6), 59.8 (CH, C-13), 55.5 (CH,
C-3), 55.3 (CH, C-12), 53.9 (CH, C-4) ppnL.RMS (ESI) m/z 442.2 (M + Na); HRMS
(ESI) for C;3H2sNOgSNa (M + Na) calcd. 442.1295, found 442.1295.

N-(1R,4R,5S,6R)-6-Hydroxy-2,8-dioxa-bicyclo[3.3.0]-octane-4-yl bezylsulfonamide (3.41c)

o)
1 7
PMBQ 1 NHSO,Bn HQ B HTRT
- DDQ (1.1 eq), CHCI/H,0, rt, 5 h 1o Ph
6 1 2
o1~o 70% 07170
H
3.40c 3.41c

Following General Procedul@ (8.2.1), deprotection of eth840c (55 mg, 0.13 mmol)
with DDQ (33 mg, 0.14 mmol) afforded after purifica of by column chromatography
(petroleum ether/acetone 80:20 to 60:40)titte compound.41cas a yellow solid (27 mg,
70%) and recovered starting material (11 mg, 2B6é)mula C;3H1;NOsS; Mw 299.34;R¢
0.19 (petroleum ether/acetone 70:3@p 153-155 °Cja]p +50.2 € 1.32, MeOH, 27 °C);
IR (film) 3482 (br. m), 3251 (br. m), 2926 (br. mB16 (m), 1153 (m), 1123 (s), 1001 (s),
940 (m) cn¥; *H NMR (400 MHz, MeOD-d) § 7.51-7.37 (5 H, m, Ar-H), 5.70 (1 H, d,
J=5.3Hz, H-1), 446 (1 H, d§ = 8.7, 6.7 Hz, H-5), 4.42 (1 H, d= 13.7 Hz, H-7), 4.38
(1H, d,J= 13.8 Hz, H-7), 4.27 (1 H, dtj = 4.8, 1.8 Hz, H-3), 3.99 (1 H, dd,= 9.5,
4.9 Hz, H-2), 3.94 (1 H, dd,= 9.2, 6.3 Hz, H-6), 3.81 (1 H, dddi= 9.4, 1.7, 1.0 Hz, H-2",
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3.55 (1H, ddJ= 9.2, 6.9 Hz, H-6"), 2.77 (1 H, ddi,= 8.8, 5.3, 1.6 Hz, H-4) ppm;
3C NMR + DEPT (100 MHz, MeOD-g) § 132.2 (2x CH,), 131.5 (@), 129.7 (2 x CH),
129.6 (CH,), 110.4 (CH, C-1), 77.1 (CH C-2), 74.3 (CH, C-6), 70.4 (CH, C-5), 59.8
(CH,, C-13), 55.63 (CH, C-4), 55.58 (CH, C-3) ppbRMS (ESI) m/z 322.2 (M + NaJj;
HRMS (ESI') for Ci3H;7NOsSNa (M + Naj calcd. 322.0720, found 322.0715.

(1R,4R,5S,6R)-4-Azido-2,8-dioxa-bicyclo[3.3.0]-octan-6-ol (3.42

PMBQ H Nj HQ Gy Ns
; DDQ (1.1 eq), CHCI,/H,0, t, 5 h /e 3
6~ 4% 2
o 1o 86% o710
H H
3.31 3.42

Following General Proceduk@ (8.2.1), deprotection of eth831 (395 mg, 1.36 mmol)
with DDQ (355 mg, 1.56 mmol) afforded after purdimn of by column chromatography
(petroleum ether/acetone 80:20 to 70:30) tile compound3.42 as a colourless oll
(197 mg, 86%)Formula CsHgN3O3; Mw 171.15;R¢ 0.24 (petroleum ether/acetone 75:25);
[a]p +106.7 € 0.77, CHCY4, 29 °C);IR (film) 3425 (br. m), 2955 (w), 2886 (w), 2095 (vs)
1252 (m), 1112 (s), 1017 (s), 926 (m)EtH NMR (400 MHz, CDCY) 5 5.81 (1 H, dJ =
5.3 Hz, H-1), 4.654.55 (1 H, m, simplifies after {®-shake to dtJ = 8.7, 6.5 Hz, H-5),
4.43 (1 H, dtJ = 4.4, 1.6 Hz, H-3), 4.12 (1 H, dd= 10.0, 4.4 Hz, H-2), 4.03 (1 H, ddi=
9.4, 6.3 Hz, H-6), 4.02 (1 H, ddd, = 10.0, 1.9, 1.1 Hz, H-2"), 3.65 (1 H, dd= 9.5,
6.8 Hz, H-6), 2.90 (1 H, ddt) = 8.7, 5.3, 1.3 Hz, H-4), 2.08 (1 H, d,= 3.0 Hz, OH,
exchanges in ED-shake) ppm**C NMR + DEPT (100 MHz, CDC}) 4 108.9 (CH, C-1),
74.1 (CH, C-2), 73.2 (CH, C-6), 69.8 (CH, C-5), 61.0 (CH, C-3), 53.3 (CHALppm;
LRMS (ESI) m/z 171.1 (M +HJ, 194.1 (M + Na); HRMS (ESI') for CsHoNsOsNa
(M + Na)' calcd 194.0536, found 194.0537.
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8.2.2.2 Synthesis ofexo-oxy analogues

(1R,4R,5S,6R)-4-Benzyloxy-6-tert-butyldiphenylsilanoxy)-2,8-dioxa-bicyclo[3.3.0]-
octane (3.48)

Ph 9
Ph- L VS
TBDPSQ y OH  NaH (3 eq), BnBr (3 eq), Si-Q y O Ph
TBAI (0.2 eq), THF,0°C,4h ¢ A7 1A
4
8 g X 4 2
(@] (@] 65% (@] (@]
H H
3.4 3.48

To a stirred suspension of NaH (268 mg, 7.0 mm@ 6n mineral oil) in THF (3 mL) at
0 °C was added a solution of alcolRo# (900 mg. 2.34 mmol) in THF (9 mL). After 10 min
benzyl bromide (0.84 mL, 7.0 mmol) and TBAI (177,n0g47 mmol) were added and the
reaction was stirred at 0 °C for 4 h. After comiolet the reaction was quenched by
dropwise addition of FD (2 mL) and the solvent was removed in vacuo.fieation of the
crude product by column chromatography (hexane/EtC9%:5) afforded thetitle
compound.48as colourless oil (725 mg, 65%)ormula CygH3404Si; Mw 474.66;R; 0.62
(hexane/EtOAc 70:30)e]p —10.6 € 0.7, CHC}, 25°C); IR (film) 2930 (m), 2857 (m),
1471 (m), 1427 (m), 1362 (w), 1342 (w), 1261 (W31 (w), 1111 (s), 1021 (s), 699 (S)
cm™®; *H NMR (400 MHz, CDC}) § 7.67-7.58 (5 H, m, Ar-H), 7.51-7.28 (10 H, m, A);H
573 (1 H, dJ= 5.1 Hz, H-1), 4.64 (1 H, dl= 3.8 Hz, H-3), 4.49 (1 H, d = 11.8 Hz,
H-9), 4.47 (1 H, ddd) = 9.3, 8.3, 6.9 Hz, H-5), 4.42 (1 H, 8= 11.8 Hz, H-9"), 4.20 (1 H,
dt, J=10.2, 1.1 Hz, H-2), 4.07 (1 H, dd~= 10.1, 3.8 Hz, H-2'), 3.64 (1 H, dd= 8.9,
6.9 Hz, H-6), 3.46 (1 H, t] = 8.7 Hz, H-6"), 2.86 (1 H, ddf|= 9.2, 5.1, 1.1 Hz, H-4), 1.06
(9 H, s, H-8) ppm**C NMR + DEPT (100 MHz, CDC})  137.9 (G), 135.60 (2 x CH),
135.57 (2 x CH), 133.1 (G), 132.8 (G), 130.15 (CH)y), 130.09 (CH), 138.4 (2 x CH}),
127.92 (2 x CH}), 127.86 (2 x CHJ), 127.72 (CH), 127.67 (2 x CHj), 108.8 (CH, C-1),
79.4 (CH, C-3), 74.3 (Ckl C-2), 72.5 (CH, C-6), 71.2 (CH, C-5), 71.1 (GHC-9), 53.2
(CH, C-5), 26.9 (3 Ckl C-8), 19.1 (C, C-7) ppn;RMS (ESI") m/z497.3 (M + Na).
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(1S,4R,5R,6R)-4-Benzyloxy-6-hydroxy-2,8-dioxa-bicyclo[3.3.0]oetne (3.45)

7

TBDPSQ 1 OBn  TBAF (15 eq), HO y O  Ph
/ THF, rt, 10 min ; 3
—_— 574
e 2
(0] (0] 73% o) o]
H H
3.48 3.45

To a stirred solution of silyl ethé.48 (532 mg, 1.12 mmol) in THF (20 mL) at rt was
added TBAF (1.68 mL, 1.68 mmol, 1 M in THF). Afted min the solvent was removed in
vacuo and the purification of the crude productblumn chromatography (hexane/acetone
80:20) afforded theitle compound3.45 as a white solid (194 mg, 73%lrormula
Ci3H1604; Mw 236.26;Mp 51-52 °C,R; 0.58 (hexane/acetone 50:503]p +74.0 € 0.15,
CHCl, 27°C); IR (film) 3387 (br m), 2940 (m), 2867 (m), 1483 (rbi56 (m), 1341 (w),
1301 (w), 1261 (w), 1100 (s), 1012 (m) ¢mH NMR (400 MHz, CDC}) & .34-7.28 (5 H,
m, Ar-H), 5.83 (1 H, dJ = 5.1 Hz, H-1), 4.58-4.50 (3 H, m, H-5, H-7 and/hi-4.48 (1 H,
d,J=3.6 Hz, H-3), 4.13 (1 H, d,= 10.2 Hz, H-2), 4.03 (1 H, dd,= 10.1, 4.0 Hz, H-2"),
4.00 (1 H,dJ=9.3, 6.1 Hz, H-6), 3.62 (1 H, dd=9.2, 6.7 Hz, H-6"), 2.93 (1 H, dd,=
8.4, 5.3 Hz, H-4), 1.79 (1 H, br. s, OH) ppMC NMR + DEPT (100 MHz, CDC}) §
137.9 (G), 128.5 (2 x CH}), 127.8 (CH,), 127.7 (2 x CH}), 109.2 (CH, C-1), 78.7 (CH,
C-3), 74.3 (CH, C-2), 73.4 (CH, C-7), 71.2 (CH, C-6), 70.1 (CH, C-5), 53.6 (CH, C-4)
ppm; LRMS (ESI) mvVz 254.1 (M + NH)", 259.1 (M + Na), HRMS (ESI) for
CisH160sNa (M + Naj calcd 259.0941, found 259.0943.

(1S,4R,5R,6R)-4-(2-Fluorobenzyloxy)-6-hydroxy-2,8-dioxa-bicycl{.3.0]-octane
(3.49a)

F

7 9

8 10
PMBQ y OH 1 2.F-BnBr (3.0 eq), NaH (1.25 eq), HQ y O

TBAI (0.3 eq), THF, 0 °C to rt, 3 h, 95% . 1 e 1

1 12
o710 2.DDQ (1.1 eq), CKCl,/H,0, 1t, 5 h, 93% o710
H H

3.26 3.49a

Following general procedui® (8.2.1), the reaction of alcoh8l26 (398 mg, 1.49 mmol)
and 2-fluorobenzyl bromide (540 pL, 4.47 mmol) afied after purification by column
chromatography (petroleum ether/acetone 90:10 203@he intermediate dibenzyl ether as
a colourless oil (530 mg, 95%R; 0.53 (petroleum ether/acetone 75:2%) NMR
(400 MHz, CDC}) & 7.42 (1 H, tdJ= 7.5, 1.9 Hz), 7.29 (1 H, tdd,= 7.9, 5.3, 1.9 Hz),
7.20 (2H, d,J= 8.7Hz), 7.14 (1 H, td)= 7.5, 1.2 Hz), 7.05 (1 H, ddd,= 9.9, 8.4,
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1.3 Hz), 6.88 (2 H, d] = 8.8 Hz), 5.83 (1 H, dl = 5.3 Hz), 4.60 (1 H, dl = 11.9 Hz), 4.57
(1H,dJ=119Hz),449 (1H,d=11.4Hz), 448 (1H,d=3.0Hz),4.44 (1 H, d =
11.3 Hz), 4.24 (1 H, dddl = 8.9, 8.2, 6.7 Hz), 4.14 (1 H, dt= 10.3, 1.2 Hz), 4.01 (1 H,
dd,J= 9.9, 3.6 Hz), 3.97 (1 H, dd,= 9.1, 6.7 Hz), 3.82 (3H, s), 3.59 (1 H, dds 9.0,
8.3 Hz), 3.01 (1 H, ddt) = 8.9, 5.2, 1.2 Hz) ppnt’F NMR (282 MHz, CDC}) 5 -119.2
(dt,J = 8.6, 6.4 Hz) ppm).

Subsequent treatment of this dibenzyl ether (5250 mmol) with DDQ (350 mg,
1.54 mmol) according to general proced@ré8.2.1) afforded after purification by column
chromatography (petroleum ether/acetone 80:20 tB80jGhetitle compound3.49aas a
white solid (333 mg, 93%)Formula Cy3Hi1sFO,; Mw 254.25; Mp 55-56 °C; Ry 0.40
(petroleum ether/acetone 70:3M]p +49.9 (c 0.9, CHGJ 26 °C);IR (film) 3442 (br. m),
2941 (w), 2879 (w), 1619 (w), 1587 (w), 1492 (m35& (m), 1230 (m), 1112 (vs), 1015
(vs), 932 (m), 759 (vs) cm *H NMR (400 MHz, CDC}) § 7.43 (1L H, tdJ= 7.5, 1.9 Hz,
H-13), 7.29 (1 H, dddd) = 8.3, 7.5, 5.4, 1.9 Hz, H-11), 7.15 (1 H, & 7.5, 1.2 Hz,
H-12), 7.05 (1 H, dddJ= 10.0, 8.4, 1.2 Hz, H-10), 5.83 (1 H, d,= 5.3 Hz, H-1),
4.63-4.56 (2 H, m, H-7 and H-7’), 4.56 (1 H, dtii= 8.6, 6.5, 5.1 Hz, H-5), 4.50 (1 H, dt,
J=4.0, 1.2 Hz, H-3), 4.13 (1 H, di,= 10.2, 1.3 Hz, H-2), 4.04 (1 H, ddi= 10.2, 4.0 Hz,
H-2'), 4.01 (1 H, dd,J = 9.3, 6.1 Hz, H-6), 3.63 (1L H, dd= 9.4, 6.7 Hz, H-6') 2.94 (1 H,
ddt, J= 8.6, 5.2, 1.1 Hz, H-4), 1.94 (1 H, d= 5.1 Hz, OH) ppm*C NMR + DEPT
(100 MHz, CDCY) 6 160.7 (Ch, d, J = 245.2 Hz, C-9), 130.1 (GKH d,J= 4.1 Hz, C-13),
129.6 (CH, d,J= 8.0 Hz, C-11), 1249 (& d, J= 14.6 Hz, C-8), 124.2 (CH d,J=
3.4 Hz, C-12), 115.2 (CH d,J= 21.4 Hz, C-10), 109.2 (CH, C-1), 78.9 (CH, C-3},3
(CH,, C-2), 73.3 (CH, C-6), 70.1 (CH, C-5), 64.5 (GHd,J = 3.6 Hz, C-7), 53.4 (CH, C-4)
ppm.**F NMR (282 MHz, CDC}) 6 —119.3 (dtJ = 10.0, 6.4 Hz) ppmLRMS (ESI) m/z
318.2 (M + Na+MeCN} HRMS (ESI) for CisHisFO;Na (M + Naj calcd 277.0847,
found 277.0850.
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(1S,4R,5R,6R)-4-(3-Fluorobenzyloxy)-6-hydroxy-2,8-dioxa-bicycl{.3.0]-octane
(3.49b)

7 9

8 F
PMBQ | OH 1 3-F-BnBr (3.0 eq), NaH (1.25 eq), HQ y O 3
' TBAI (0.3 ), THF, 0°Ctort, 3h,91% 1L 1 n

2 12

1
o 1T-o 2.DDQ (1.1 eq), CKCI/H,0, 1t, 5 h, 91% o 1o
H H
3.26 3.49b

Following general procedui® (8.2.1), the reaction of alcoh8l26 (352 mg, 1.32 mmol)
and 3-fluorobenzyl bromide (488 pL, 4.00 mmol) afied after purification by column
chromatography (petroleum ether/acetone 90:10 180j@he corresponding dibenzyl ether
as a colourless oil (448 mg, 91%; 0.51 (petroleum ether/acetone 75:28% NMR
(300 MHz, CDC}) 6 = 7.30 (1 H, m), 7.18 (2 H, d,= 8.8 Hz), 7.12-6.94 (3 H, m), 6.88
(2H,d,J=8.7 Hz), 5.84 (1 H, d = 5.2 Hz), 4.56-4.41 (5 H, m), 4.24 (1L H, id; 6.9, 8.5
Hz), 4.12 (1 H, dJ = 10.3 Hz), 4.02-3.94 (1 H, m), 3.82 (3 H, s),8(% H, t,J = 8.6 Hz),
3.00 (1 H, ddJ = 4.9, 9.0 Hz) ppm**F NMR (282 MHz, CDC}) & -113.3 (td,J = 9.7,
5.4 Hz) ppm).

Subsequent treatment of this dibenzyl ether (445 IntP mmol) with DDQ (300 mg,
1.31 mmol) according to general procedGr¢8.2.1) afforded after purification by column
chromatography (petroleum ether/acetone 80:20 tB0jQhetitle compound3.49b as a
white solid (276 mg, 91%)Formula Cy3H;sFOs; Mw 254.25 Mp 51-53 °C; Ry 0.40
(petroleum ether/acetone 70:3]p +56.0 (c 0.9, CHGJ 26 °C);IR (film) 3437 (br. m),
2982 (w), 2940 (w), 2878 (w), 1591 (m), 1488 (m)5Q@ (m), 1253 (s), 1117 (s), 1016 (s),
929 (s), 785 (s) cth *H NMR (400 MHz, CDC})) & 7.31 (1 H, tdJ= 7.9, 5.9 Hz, H-12),
7.12-7.05 (2 H, m, H-9 and H-13), 6.99 (1 H, tdds 8.5, 2.6, 0.8 Hz, H-11), 5.83 (1 H, d,
J=5.1Hz, H-1), 456 (1 H, dddd,= 8.7, 6.7, 6.3 5.1 Hz, H-5), 4.55 (1 H,J 12.4 Hz,
H-7), 4.51 (1 H, d)=12.2 Hz, H-7"), 4.48 (1 H, d8 = 4.0, 1.2 Hz, H-3), 4.13 (1 H, dt~
10.2, 1.3 Hz, H-2), 4.03 (1 H, dd,= 10.3, 4.0 Hz, H-2’), 4.00 (1 H, dd,= 9.4, 6.2 Hz,
H-6), 3.62 (1L H, ddJ = 9.4, 6.7 Hz, H-6"), 2.93 (1 H, dd1,= 8.5, 5.3, 1.1 Hz, H-4), 1.97
(1 H, d,J = 5.1 Hz, OH) ppm**C NMR + DEPT (100 MHz, CDC}) § 162.9 (CFk, d,J=
245.2 Hz, C-10), 140.5 ¢¢ d,J= 7.3 Hz, C-8), 129.9 (CH d,J= 8.3 Hz, C-12), 122.9
(CHay, d,J= 2.9 Hz, C-13), 114.6 (CH d,J= 21.4 Hz, C-9), 114.3 (CH d,J= 21.9 Hz,
C-11), 109.2 (CH, C-1), 78.9 (CH, C-3), 74.2 (£:B-2), 73.4 (CH, C-6), 70.3 (CH, C-7),
70.0 (CH, C-5), 53.5 (CH, C-4) ppraRMS (ESI') nvz 318.2 (M + Na+MeCN} HRMS
(ESI") for Ci3Hi1sFOsNa (M + Naj calcd 277.0847, found 277.0844.
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(1S,4R,5R,6R)-4-(4-Fluorobenzyloxy)-6-hydroxy-2,8-dioxa-bicycl{.3.0]-octane
(3.49c¢)

7 9

8 10
PMBQ 1 OH 1 4.F-BnBr (3.0 eq), NaH (1.25 eq), HQ y O "
' TBAI (03 eq), THF, 0°Ctort, 3h,03% =11

F
1 2 10
o 1o 2.DDQ (1.1 eq), CKCIy/H,0, 1t, 5 h, 89% o1 o
H H
3.26 3.49¢

Following general procedui® (8.2.1), the reaction of alcoh8l26 (338 mg, 1.27 mmol)
and 4-fluorobenzyl bromide (470 pL, 3.80 mmol) afied after purification by column
chromatography (petroleum ether/acetone 90:10 208@he corresponding dibenzyl ether
as a colourless oil (443 mg, 93%; 0.33 (petroleum ether/acetone 80:2)t NMR
(300 MHz, CDC}) & 7.30 (2 H, ddJ = 5.4, 8.7 Hz), 7.17 (2 H, d,= 8.8 Hz), 7.02 (2 H, t,
J=28.7 Hz), 6.88 (2 H, d] = 8.8 Hz), 5.83 (1 H, d] = 5.2 Hz), 4.52-4.40 (5 H, m), 4.24
(1H,dddJ=6.7,8.1, 8.7 Hz), 4.11 (1 H, dt= 1.1, 10.2 Hz), 3.98 (1 H, dd,= 4.0, 10.2
Hz), 3.98 (1 H, ddJ = 6.8, 9.1 Hz), 3.82 (3 H, s), 3.58 (1 H, dd; 8.3, 9.1 Hz), 2.99 (1 H,
ddt,J = 1.1, 5.1, 8.9 Hz) pprt?F NMR (282 MHz, CDC})) & -114.8 (tt,J = 8.6, 5.4 Hz)
ppm).

Subsequent treatment of this dibenzyl ether (440 Iat8 mmol) with DDQ (295 mg,
1.30 mmol) according to general procedGré8.2.1) afforded after purification by column
chromatography (petroleum ether/acetone 80:20 t80jCGhetitle compound3.49c as a
white solid (269 mg, 89%)Formula C;3H:sFO,;; Mw 254.25; Mp 50-52 °C; Ry 0.34
(petroleum ether/acetone 70:3]p +56.5 (c 0.9, CHGJ 26 °C);IR (film) 3431 (br. m),
2971 (w), 2941 (w), 2877 (w), 1509 (s), 1220 (981 (s), 1011 (vs), 929 (s), 821 (vs)
cm®; *H NMR (400 MHz, CDCJ) § 7.31 (2 H, ddJ= 8.8, 5.4 Hz, H-9), 7.04 (2 H, d,=
8.7 Hz, H-10), 5.82 (1 H, d,= 5.3 Hz, H-1), 4.54 (1 H, dtd,= 8.5, 6.4, 5.0 Hz, H-5), 4.50
(1 H,d,J=11.8 Hz, H-7), 4.47 (1 H, d§, = 4.0, 1.2 Hz, H-3), 4.47 (1 H, d,= 11.7 Hz,
H-7"), 4.11 (1 H, dtJ = 10.2, 1.3 Hz, H-2), 4.02 (1 H, dd,= 10.2, 4.0 Hz, H-2'), 3.99
(1 H, dd,J=9.4, 6.2 Hz, H-6), 3.61 (1 H, dd= 9.4, 6.8 Hz, H-6"), 2.91 (1 H, ddi~= 8.7,
5.3, 1.1 Hz, H-4), 2.12 (1 H, dl= 5.0 Hz, OH) ppm;“*C NMR + DEPT (100 MHz,
CDCl) 6 162.4 (Ch, d, J= 2459 Hz, C-11), 133.6 ¢ d, J= 2.9 Hz, C-8), 129.4
(2 x CH,y, d,J=8.3 Hz, C-9), 115.3 ( CH,, d,J=21.4 Hz, C-10), 109.2 (CH, C-1), 78.7
(CH, C-3), 74.2 (CH C-2), 73.3 (CH, C-6), 70.4 (CH, C-7), 70.0 (CH, C-5), 53.5 (CH,
C-4) ppm;*F NMR (282 MHz, CDC}) & -114.8 (it,J = 8.6, 5.4 Hz) ppmLRMS (ESI")
m/z 318.2 (M + Na+MeCN) HRMS (EST) for C;3HisFOsNa (M + Nay calcd 277.0847,
found 277.0846.
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(1S,4R,5R,6R)-4-(2,4-Difluorobenzyloxy)-6-hydroxy-2,8-dioxa-bigclo[3.3.0]-octane
(3.49d)
F
d 89 10
PMBQ y OH 1 2-F-BnBr (3.0 eq), NaH (1.25 eq), HQ 4y Oﬁ
(ig TBAI (03 eq), THF, 0 °C tort, 3h, 93% "(ﬁ e &
o T0 2. DDQ (1.1 eq), ChCI/H,0, rt, 5 h, 91% o T-0 *

H
3.26 3.49d

Following general procedui® (8.2.1), the reaction of alcoh8l26 (408 mg, 1.53 mmol)
and 2,4-difluorobenzyl bromide (580 uL, 4.59 mmeffprded after purification by column
chromatography (petroleum ether/ acetone 90:1@103 the corresponding dibenzyl ether
as a colourless oil (557 mg, 93%; 0.65 (petroleum ether/acetone 70:3t)t NMR
(400 MHz, CDC}) 6 7.37 (1L H, tdJ = 6.5, 8.4 Hz), 7.20 (2 H, d,= 8.8 Hz), 6.89 (2 H, d,
J=8.7 Hz), 6.86 (1 H, tddl = 1.0, 2.5, 8.3 Hz), 6.80 (1 H, dddi= 2.5, 8.8, 10.2 Hz), 5.82
(1 H,d,J=53Hz), 454-4.48 (3H, m), 4.46 (1 H,Jd= 3.9 Hz), 4.45 (1 H, d] = 11.3
Hz), 4.25 (1 H, ddd) = 6.8, 8.2, 8.8 Hz), 4.12 (1 H, dt= 1.1, 10.3 Hz), 4.00 (1L H, dd=
3.9, 10.3 Hz), 3.98 (1 H, dd,= 6.8, 9.2 Hz), 3.82 (3 H, s), 3.59 (1 H, dd; 8.3, 9.0 Hz),
2.99 (1 H, ddtJ = 1.1, 5.2, 8.9 Hz) ppnt’F{*H} NMR (282 MHz, CDC}) § -110.7 (1 F,
d,J=7.5Hz), -114.9 (1 F, d,= 7.5 Hz) ppm).

Subsequent treatment of this dibenzyl ether (553 Infl mmol) with DDQ (352 mg,
1.55 mmol) according to general procedGré8.2.1)afforded after purification by column
chromatography (petroleum ether/acetone 80:20 tB0jQhetitle compound3.49d as a
white solid (351 mg, 91%)Formula C;3H14F,0, Mw 272.24; Mp 51 °C; R¢ 0.40
(petroleum ether/acetone 70:3@)p +47.8 (c 1.0, CHG| 26 °C);IR (film) 3442 (br. m),
2941 (w), 2880 (w), 1620 (m), 1605 (m), 1505 (K721 (m), 1100 (vs), 1015 (s), 960 (s),
851 (m) cm’; *H NMR (400 MHz, CDC})) & 7.39 (1 H, tdJ= 8.4, 6.5 Hz, H-13), 6.88
(1 H, tdd,J= 8.4, 2.6, 1.1 Hz, H-12), 6.81 (1 H, ddblz 10.2, 8.9, 2.5 Hz, H-10), 5.82
(1 H,d,J=5.1Hz H-1), 4.56 (1 H, dtd,= 8.5, 6.4 Hz, 5.0 Hz, H-5), 4.57-4.50 (2 H, m,
H-7 and H-7’), 4.49 (1 H, dt) = 4.0, 1.2 Hz, H-3), 4.12 (1 H, dl,= 10.2, 1.3 Hz, H-2),
4.04 (1 H, ddJ = 10.3, 4.0 Hz, H-2"), 4.01 (1 H, dd,= 9.4, 6.3 Hz, H-6), 3.62 (1 H, dd,
J=9.5, 6.7 Hz, H-6"), 2.92 (1 H, ddi,= 8.6, 5.2, 1.1 Hz, H-4), 2.00 (1 H, 3= 5.0 Hz,
OH) ppm;**C NMR + DEPT (100 MHz, CDC}) & 162.7 (Ck, dd,J= 248.7, 11.9 Hz,
C-11), 160.7 (CF, dd,J= 249.4, 11.9 Hz, C-9), 131.0 (GHdd,J= 9.7, 5.8 Hz, C-13),
120.9 (G, dd,J = 14.8, 3.6 Hz, C-8), 111.3 (GHdd,J= 21.1, 3.6 Hz, C-12), 109.2 (CH,
C-1), 103.7 (CH, t,J= 25.3 Hz, C-10), 79.0 (CH, C-3), 74.3 (gk-2), 73.4 (CH, C-6),
70.0 (CH, C-5), 64.1 (CKd,J = 3.2 Hz, C-7), 53.4 (CH, C-4) ppm;
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19F{'H} NMR (282 MHz, CDCJ) § -110.7 (1L F, dJ= 7.5 Hz),-115.0 (1L F, dJ= 7.5
Hz) ppm; LRMS (ESI) m/z 336.2 (M + Na+MeCN} HRMS (ESI) for C;sH14F,04Na
(M + Na)" calcd 295.0752, found 295.0750.

(1R,4R,5S,6R)-6-(tert-Butyldiphenylsilanoxy)-4-(4-nitrophenoxy)-2,8-dioxa-bicyclo-
[3.3.0]octane (3.52a)

Ph 10 11

e 9 12
TBDPSQ  OH  4-fluoronitrobenzene (1.1 eq), Ph 75"Q_ H O NO;
KHMDS (1.1 eq), THF,0°C 8 o~ N
> 8 g 6 1 2
(0] (0] 85% (e} (¢}
H H
34 3.52a

To a solution of compoun8.4(3.829 g, 9.96 mmol) in THF (75 mL) af0 was added a
solution of 4-fluoronitrobenzene (1.545 g, 10.95 @fjmn THF (2.5 mL). Then KHMDS
(21.9 mL, 10.95 mmol, 0.5 M in THF) was added drggvover a period of 15 min,
whereupon the reaction mixture changed its coloamfpurple to brown. After further 5
min of stirring at 0 °C, the reaction was quenchetth H,O (100 mL) and neutralized with
ag. HCl (2 M), at which the colour changes fromkdgellow to light yellow when
neutralized. Then the reaction mixture was extchetgh EtO (3 x 50 mL). The combined
organic phases were dried over anhydrousSRig filtered and the solvent was removed in
vacuo. Purification of the crude product by coluamomatography (hexane/EtOAc 85:15)
afforded thetitle compound.52aas a white solid (4.304 g, 85%jormula CygH3;NOsSi;
Mw 505.63;Mp 130-132C; R; 0.38 (hexane/EtOAc 70:30)p]p —57.5 € 0.5, CHC},
26°C); IR (film) 2930 (w), 2878 (w), 2858 (w), 2360 (m), 234m), 1506 (m), 1331 (s),
1109 (s), 1032 (w), 1011 (w), 843 (m), 702 (s), 606 cri’; '"H NMR (400 MHz, CDC})

8 8.14 (2H, dJ= 9.2 Hz, H-11), 7.68-7.60 (4 H, m, Ar-H), 7.5247.(2 H, m, Ar-H),
7.43-7.38 (4 H, m, Ar-H), 6.91 (2 H, d,= 9.3 Hz, H-10), 5.78 (1 H, d,= 5.0 Hz, H-1),
5.42 (1 H, dJ = 3.5 Hz, H-3), 4.60 (1 H, ddd,= 9.0, 8.2, 6.8 Hz, H-5), 4.29 (1 H, dbs
10.5, 3.5 Hz, H-2), 4.23 (1 H, d1,= 10.5, 1.0 Hz, H-2"), 3.70 (1 H, dd,= 9.2, 6.8 Hz,
H-6), 3.55 (1 H, app ] = 8.5 Hz, H-6’), 2.91 (1 H, ddl = 9.0, 5.1 Hz, H-4), 1.13 (9 H, s,
H-8) ppm.*C NMR + DEPT (100 MHz, CDC})) & 162.1 (G, C-9), 141.8 (G, C-12),
135.6 (2 x CH), 135.5 (2 x CH), 132.6 (G), 132.5 (G), 130.43 (CH), 130.39 (CH),
128.1 (2 x CH), 128.0 (2 x CH}), 126.0 (2 x CH}, C-11), 115.2 (2 x Ci§ C-10), 108.6
(CH, C-1), 78.7 (CH, C-3), 74.4 (GHC-2), 72.8 (CH, C-6), 71.2 (CH, C-5), 52.9 (CH,
C-4), 27.0 (3 x Ckl H-8), 19.2 (C, C-7) ppnL.RMS (ESI) mz528.3 (M + Na).
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EXPERIMENTAL SECTION

(1R,4R,5S,6R)-4-(4-Aminophenoxy)-6-(ert-butyldiphenylsilanoxy)-2,8-dioxa-bicyclo-
[3.3.0]-octane (3.53a)

11
h 10

P
Pd(OH), (0.25 eq), i o 12
TBDPSQ G OONoz cyclohexene (200 eq) " 1SIFQ O NH
; EtOH, reflux, 4h ~ 87 A7 & ¢ 10 n
> 8 g 6 1) 4 2
o1~g 86% o 10
H

3.52a 3.53a

To a suspension of eth&.52a (1.00 g, 1.97 mmol) in EtOH (40 mL) was added
cyclohexene (4.0 mL, 39.4 mmol) and Pd(®KB46 mg, 0.49 mmol). The reaction was
stirred under inert atmosphere at reflux tempeeator 4 h. After cooling to rt, the mixture
was filtered through celite and the solvent wasawsd in vacuo. Purification of the crude
product by column chromatography (hexane/EtOAc @Qdfforded thetitte compound
3.53a as brown oil (809 mg, 86%)Formula CygH3aNO,Si; Mw 475.65; Ry 0.81
(CH,CIly/MeOH 90:10);[a]p —53.6 € 0.14, CHOH, 21°C); IR (film) 3426 (m), 3361 (w),
2930 (m), 2858 (m), 1625 (w), 1508 (s), 1427 (n¥6A (w), 1227 (bs), 1110 (bs), 1008
(m), 907 (m), 821 (m), 739 (m), 700 (s), 608 (m)'crtH NMR (300 MHz, CDC}) &
7.66-7.61 (4 H, m, Ar-H), 7.50-7.35 (6 H, m, Ar-H§,75 (2 H, dJ= 8.9 Hz, H-10 or
H-11), 6.64 (2 H, dJ = 8.9 Hz, H-11 or H-10), 5.76 (1 H, 3= 5.1 Hz, H-1), 5.27 (1 H, d,
J = 3.3 Hz, H-3), 4.50 (1 H, ddd,= 9.1, 8.1, 6.7 Hz, H-5), 4.23 (1 H, dtz 10.5, 1.0 Hz,
H-2), 4.17 (1 H, ddJ = 10.5, 3.4 Hz, H-2), 3.59 (1 H, dd= 9.0, 6.7 Hz, H-6), 3.47 (1 H,
app t,J = 8.5 Hz, H-6"), 2.96 (1 H, dd§,= 9.0, 5.1, 1.0 Hz, H-4), 1.10 (9 H, s, H-8) ppm;
3C NMR + DEPT (75 MHz, CDC}) & 150.2 (G, C-9), 140.1 (G, C-12), 135.63
(2 x CH,), 135.56 (2 x CHj), 133.0 (G), 132.6 (G, 130.2 (CH,), 130.1 (CH), 127.93
(2 x CHy), 127.92 (2 x CH)), 117.4 (2 x CH, C-10 or C-11), 116.7 (2 x GH C-11 or
C-10), 108.8 (CH, C-1), 78.8 (CH, C-3), 74.8 (£8-2), 72.6 (CH C-6), 71.3 (CH, C-5),
52.8 (CH, C-4), 27.0 (3 x G}IH-8), 19.1 (C, C-7) ppni;RMS (ESI) m/z476.3 (M + HJ,
498.3 (M + Na).
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(1R,4R,5S,6R)-6-(tert-butyldiphenylsilanoxy)-4-phenoxy-2,8-dioxa-bicyclg3.3.0]-
octane (3.50a)

Ph
Et,0-BF; (4.0 eq)BUNO, (3.5 eq) o

TBDPSQ OONHz THF, =30 °C to -5 °C, 90 min, Phosiq y oph

/ then Cu, EtOH, 60°Ctort, 17h 8 A7 = 3

> 8 8 1

o 1o 62% o 1o
H H

3.53a 3.50a

Deamination was achieved via diazonium salt foramdfi® A solution of amine3.53a
(662 mg, 1.45 mol) in THF (10 mL) was added dropwis cannula to BEFOE% (2.84 mL,
5.8 mmol) at —30 °C under inert atmosphere was dddéer 20 min, a solution dfert-
butylnitrite (2.30 mL, 5.07 mmol) in THF (5 mL) wasldedvia cannula and the reaction
mixture was stirred at 26. After further 90 min, copper powder (100 mg) &t®dH (25
mL) were added and the reaction was stirred atBfdf 2 h and at rt for further 15 h. After
completion, the mixture was filtered through celituenched with sat. aq. NaHgO
(100mL) and extract with EtOAc (3 x 70 mL). The duned organic layers were dried
over anhydrous N&Q,, filtered and the solvent was removed in vacuaifiéation of the
crude product by column chromatography (hexane/Et0O20:10) and by HPLC
(hexane/EtOAc 90:10) afforded ttide compound3.50aas colourless oil (414 mg, 62%).
Formula CygH30,Si; Mw 460.64; R; 0.54 (hexane/EtOAc 70:30Ju]p —38.8 € 0.8,
CHCl;, 26 °C); IR (film) 3071 (w), 2931 (m), 2858 (m), 1598 (m), 758m), 1489 (m),
1427 (m), 1237 (s), 1110 (s),1025 (m), 973 (m), @h}, 821 (m), 740 (m), 700 (s), 691 (s)
cm®; '"H NMR (400 MHz, CDC}) § 7.68-7.61 (4 H, m, Ar-H), 7.50-7.44 (2 H, m, Ar;H)
7.42-7.36 (4 H, m, Ar-H), 7.27 (2 H, dd,= 8.9, 7.4 Hz, H-11), 6.98 (1 H, ti,= 7.4,
1.1 Hz, H-12), 6.91 (2 H, d] = 8.9, 1.1 Hz, H-10), 5.78 (1 H, d,= 5.1 Hz, H-1), 5.40
(1 H,t,J=2.3Hz, H-3), 4.54 (1 H, ddd,= 9.2, 8.3, 6.8 Hz, H-5), 4.25 (2 H, 3= 2.4 Hz,
H-2 and H-2"), 3.61 (1 H, ddl = 9.0, 6.5 Hz, H-6), 3.47 (1 H, appltz 8.6 Hz, H-6’), 2.97
(1 H, dd,J = 9.0, 5.1 Hz, H-4), 1.12 (9 H, s, H-8) ppMAC NMR + DEPT (100 MHz,
CDCly) 6 157.1 (G, 135.7 (2 x CH}), 135.6 (2 x CH}), 132.9 (G), 132.5 (G), 130.3
(CHay), 130.1 (CH), 129.6 (2 x CH), 127.97 (2 x CH)), 127.94 (2 x CH}), 121.2 (CH),
115.7 (2 x CH), 108.7 (CH, C-1), 77.8 (CH, C-3), 74.8 (gK-2), 72.7 (CH, C-6), 71.3
(CH, C-5), 52.8 (CH, C-4), 27.0 (3 x GHH-8), 19.2 (C, C-7) ppm;LRMS (ESI) m/z
483.2 (M + Na); HRMS (ESI) for CgH3,0,SiNa (M + Naj calcd. 483.1962; found
483.1960.
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(1S,4R,5R,6R)- 6-Hydroxy-4-phenoxy-2,8-dioxa-bicyclo-[3.3.0]-aane (3.50b)

TBDPSQ 1 OPh HO  OPh
/ TBAF (1.5 eq), THF, rt, 10 min "5 3
6 4 2
o T-0 100% o
H H
3.50a 3.50b

To a stirred solution of silyl ethé.50a(358 mg, 0.78 mmol) in THF (10 mL) at rt was
added TBAF (1.16 mL, 1.16 mmol, 1 M in THF). Afted min the solvent was removed in
vacuo and purification of the crude product by cmtuchromatography (Ci&l,/MeOH
95:5) afforded thetitle compound3.50b as a white solid (174 mg, 100%formula
C12H1404; Mw 222.24;Mp 95-96 °C;R¢ 0.62 (CHCI,/MeOH 90:10);[a]p +60.5 € 0.1,
CH3OH, 26°C); IR (film) 3415 (br. m), 2990 (w), 2963 (w), 2929 (V2881 (w), 2863 (m),
1596 (m), 1584 (m), 1482 (s), 1378 (m) 1301 (mB&LL&s) 1107 (s), 887 (m), 828 (m), 811
(m), 757 (s), 691 (s), 623 (m) ¢m*H NMR (400 MHz, MeOH-d) & 7.30-7.24 (2 H, m,
Ar-H), 6.96-6.91 (3 H, m, Ar-H), 5.77 (1 H, d,= 5.3 Hz, H-1), 5.22 (1 H, 1 = 2.0 Hz,
H-3), 4.53 (1 H, dtJ = 8.9 6.7 Hz, H-5), 4.16-4.09 (2 H, m, H-2 and {-3.96 (1 H, dd,
J=9.1, 6.5 Hz, H-6), 3.58 (1 H, dd= 9.2, 7.0 Hz, H-6"), 2.99 (1 H, dd,= 8.8, 5.3 Hz,
H-4) ppm:=C NMR + DEPT (100 MHz, MeOH-g) § 158.7 (G, C-7), 130.8 (2 x CK,
C-9), 122.2 (CH, C-10), 116.6 (2 x Ci§ C-8), 110.9 (CH, C-1), 78.8 (CH, C-3), 75.8
(CH,, C-2), 74.6 (CH, C-6), 70.5 (CH, C-5), 54.4 (CH, C-4) pptRMS (ESI) m/z245.2
(M + H)*; HRMS (ESI") for C;2H1404Na (M + Na) calcd. 245.0784; found 245.0782.

(1S,4R,5R,6R)- 6-Hydroxy-4-(4-nitro-phenoxy)-2,8-dioxa-bicyclof3.3.0]-octane (3.52b)

8 9

TBDPSQ | OONOz HO O@&NOZ
(Tg TBAF (1.5 eq), THF, rt, 10 min : A

8 9

o] ) o 98% o] 1 o]
3.52a 3.52b
To a stirred solution of silyl ethé.52a(500 mg, 1.00 mmol) in THF (18 mL) at rt was
added TBAF (1.48 mL, 1.48 mmol, 1 M in THF). Aftemmin the solvent was removed in
vacuo and purification of the crude product by cmtuchromatography (hexane/acetone
60:40) afforded theitle compound3.52b as a white solid (261 mg, 98%irormula
C12H13NOg; Mw 267.23; Mp 123-124 °C;R¢ 0.57 (CHCI/MeOH 90:10);[a]p +76.8
(c0.11, CHOH, 21°C); IR (film) 3426 (m), 3075 (m), 2955 (m), 2896 (m), B3@n),
1607 (m), 1590 (s), 1512 (s), 1496 (m), 1345 (8B8L(s), 1175 (m), 1112 (s), 1014 (m),
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899 (m), 898 (m), 854 (m), 754 (s), 694 (m), 654cts™; *H NMR (400 MHz, CDC})) §
8.21 (2 H, dJ=9.3 Hz, H-9), 7.03 (2 H, d,= 9.3 Hz, H-8), 5.88 (1 H, d,= 5.1 Hz, H-1),
5.36 (1 H, ddJ) = 2.5, 1.6 Hz, H-3), 4.69 (1 H, m, H-5), 4.29-4(21H, m, H-2 and H-2"),
4.08 (1 H, ddJ = 9.4, 6.3 Hz, H-6), 3.70 (1 H, dd~ 9.5, 6.8 Hz, H-6"), 3.03 (1 H, dd,=
8.8, 5.3 Hz, H-4), 2.43 (1 H, d,= 3.9 Hz, OH) ppm;*C NMR + DEPT (100 MHz,
CDCl) 6 162.2 (G, C-7), 141.8 (G, C-10), 126.0 (2 x Ci{ C-9), 115.2 (2 x CK, C-8),
109.2 (CH, C-1), 78.0 (CH, C-3), 74.5 (gHC-2), 73.7 (CH, C-6), 69.8 (CH, C-5), 53.0
(CH, C-4) ppm; LRMS (ESI) m/z 331.2 (M + Na+ MeCN) HRMS (ESI) for
C12H13NOgNa (M + Naj caled. 290.0635; found 290.0634.

(1S,4R,5R,6R)-4-(4-Amino-phenoxy)-6-Hydroxy-2,8-dioxa-bicyclo-[3.3.0]-octane(3.53b)

8 9

7
TBDPS?\/IHinNHZ HQ y O NH,

TBAF (1.5 eq), THF, rt, 10 min ~ 3

o] ) o 71% o] ) o]
3.53a 3.53b
To a stirred solution of silyl ethé.53a(272 mg, 0.57 mmol) in THF (10 mL) at rt was
added TBAF (0.85 mL, 0.85 mmol, 1 M in THF). Afted min the solvent was removed in
vacuo and purification of the crude product by cmtuchromatography (Ci&l,/MeOH
95:5) afforded thetitte compound3.53b as a yellow solid (96 mg, 71%Jormula
C12Hi1sNOy4; Mw 237.25; Mp 166-167 °C;R¢ 0.49 (CHCI/MeOH 90:10);[a]p +57.1
(c0.07, CHOH, 21°C); IR (film) 3365 (w), 3302 (w), 3172 (w), 2954 (w), 2B{w), 1509
(s), 1455 (w), 1362 (m), 1235 (s), 1113 (s), 1084 996 (m), 945 (m), 898 (m), 833 (m),
810 (m), 745 (m), 695 (w), 911 (m), 591 (m) &mMH NMR (400 MHz, DMSO¢) § 6.65
(2 H, d,J=8.9 Hz, H-9), 6.51 (2 H, d,= 8.9 Hz, H-8), 5.68 (1 H, d,= 5.3 Hz, H-1), 5.51
(1 H,d,J=4.8Hz OH), 494 (1 H, 1 =2.0Hz, H-3), 4.61 (2 H, br. s, N;14.38 (1 H,
dddd,J = 8.9, 7.5, 6.7, 4.8 Hz, H-5), 3.97-3.91 (2 H,Hr2 and H-2’), 3.84 (1 H, dd] =
8.9, 6.7 Hz, H-6), 3.38 (1 H, dd,= 8.8, 7.6 Hz, H-6"), 2.82 (1 H, dd,= 9.0, 5.2 Hz, H-4)
ppm;**C NMR + DEPT (100 MHz, DMSOdg) & 147.9 (G, C-7), 142.7 (G, C-10), 116.3
(2 x CH,, C-9), 115.0 (2 x CH, C-8), 108.6 (CH, C-1), 77.7 (CH, C-3), 73.9 (£&-2),
72.5 (CH, C-6), 68.5 (CH, C-5), 52.2 (CH, C-4) ppkRMS (ESI') m/z238.1 (M + HJ;
HRMS (ESI') for Ci2H16NO4 (M + H)* caled. 238.1074; found 238.1082.
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Benzyl carbamic acid (5,4R,5R,6R)-6-(4-methoxybenzyloxy)-2,8-dioxa-bicyclo[3.3.0]-
octane-4-yl ester (3.54)

(0]
2 A2
10
PMBQ 1 OH  DsC (1.5 eq), BN (3 eq), CHCI, rt, 5 h; 1 87Q y OF H Ph
: then BnNH (3 eq), rt, 24 h SonF o/ N

(0] (0] o, O (0]
H 85% H

3.26 3.54

To a solution of alcohoB.26 (475 mg, 1.78 mmol) and & (745 pL, 5.36 mmol) in
CH.CI, (10 mL) was then addel,N’-disuccinimidyl carbonate (685 mg, 2.68 mmol) and
the resulting mixture was stirred at rt for 5 h. &dhthe TLC revealed the absence of
starting material, benzylamine (585 pL, 5.36 mnvadls added dropwise and the resulting
mixture was stirred at rt for further 24 h. Afteornopletion CHCI, (20 mL) and sat. ag.
NaHCGO; (5 mL) were added, and the phases were separéted.aqueous phase was
extracted with ChLCl, (3% 10 mL). The combined organic phases were washédsat. aq.
NH,4CI (5 mL) and brine (5 mL), dried over anhydrous8a,, filtered and the solvent was
removed in vacuo. Purification of the crude prodmctolumn chromatography (petroleum
ether/acetone 80:20 to 75:25) afforded tile compound3.54 as a yellow oil (605 mg,
85%). Formula CyH2sNOgs; Mw 399.44; R; 0.38 (petroleum ether/acetone 75:2f)jp
+26.4 € 0.63, CHCY4, 27°C); IR (film) 3333 (br. w), 2953 (w), 2880 (w), 1717 (4612
(m), 1514 (s), 1247 (vs), 1128 (m), 1107 (m), 1028mi’; '"H NMR (400 MHz, CDC)) §
7.39-7.28 (7 H, m, Ar-H and H-9), 6.89 (2 H, #IF 8.7 Hz, H-10), 5.81 (1 H, d,= 5.3 Hz,
H-1), 5.54 (1 H, dJ = 2.6 Hz, H-3), 5.05 (1 H, m, NH), 4.71 (1 H, 35 11.2 Hz, H-7),
451 (1 H, dJ= 11.2 Hz, H-7’), 4.41 (1 H, part of AB-system,14), 4.39 (1 H, part of
AB-system, H-14"), 4.26 (1 H, df = 8.3, 7.6 Hz, H-5), 4.12-4.06 (2 H, m, H-2 an®}i-
3.97 (1 H, ddJ= 9.3, 6.7 Hz, H-6), 3.81 (3H, s, H-12), 3.64H1dd, J= 9.3, 7.9 Hz,
H-6"), 2.99 (1 H, m,J= 8.8, 5.5 Hz can be observed, H-4) ppiC NMR + DEPT
(100 MHz, CDC}) § 159.4 (G, C-11), 155.7 (C, C-13), 138.1 4 129.6 (2< CHa, Ca),
128.7 (2 x CH), 127.6 (2x CH,), 127.5 (CH)), 113.9 (2 x CH}, C-10), 108.9 (CH, C-1),
76.3 (CH, C-5), 76.1 (CH, C-3), 75.1 (gHC-2), 72.4 (CH, C-7), 71.1 (CH, C-6), 55.3
(CHs, C-12), 51.7 (CH, C-4), 45.1 (GHC-14) ppmLRMS (ESI') m/z422.1 (M + Na).

-123-



CHAPTERS8

Benzyl carbamic acid (B5,4R,5R,6R)-6-hydroxy-2,8-dioxa-bicyclo[3.3.0]-octane-4-yl
ester (3.55)

1 i
8
PMBO 0~ >N"Ph HO O)7LN/\Ph
) H N ) H N
(ig DDQ (1.15), CHCI,/H,0, 1t, 4 h F’(T%
. ) )
o 1o 74% o~ 1o
H H
3.54 3.55

Following general procedur€ (8.2.1),the reaction of ethe3.54 (523 mg, 1.37 mmol)
with DDQ (358 mg, 1.58 mmol) afforded after purdion by column chromatography
(petroleum ether/acetone 70:30 to 60:40) tile compound3.55 as an off-white solid
(366 mg, 74%)Formula C;4H17NOs; Mw 279.29;R; 0.34 (hexane/acetone 60:40¢]p
+61.9 € 0.51, acetone, 2%); IR (film) 3398 (m), 3330 (br. m), 2979 (w), 2937 (WB82
(w), 1695 (vs), 1533 (m), 1249 (s), 1114 (s), 118%, 970 (m), 700 (m) cih *H NMR
(400 MHz, acetonek) 6 7.34-7.21 (5 H, m, Ar-H), 6.82 (1 H, br. sHY, 5.67 (1 H, dJ =
5.3 Hz, H-1), 5.47 (1 H, dl = 3.7 Hz, H-3), 4.58 (1 H, d,= 4.3 Hz, ®{), 4.52 (1 H, dtd)
= 8.8, 6.6, 4.3 Hz, H-5), 4.33 (2 H, d,= 6.2 Hz, H-8), 4.01 (1 H, dd, = 10.5, 3.8 Hz,
H-2), 3.90 (1 H, dtJ = 10.4, 1.0 Hz, H-2’), 3.89 (1 H, dd,= 9.1, 6.4 Hz, H-6), 3.48 (1 H,
dd,J = 9.1, 7.1 Hz, H-6"), 2.85 (1 H, dd,= 8.7, 5. 2 Hz, H-4) ppm?C NMR + DEPT
(100 MHz, acetonek) 6 157.2 (C, C-7), 140.8 (), 129.3 (2x CHay), 128.2 (2x CH,),
127.9 (CH), 110.1 (CH, C-1), 76.3 (CH, C-3), 75.6 (gl-2), 73.9 (CH, C-6), 70.1 (CH,
C-5), 54.1 (CH, C-4), 45.2 (GHC-8) ppm;LRMS (ESI) m/z343.2 (M + Na + MeCN)
HRMS (ESI") for C;4H1/NOsNa (M + Naj calcd. 302.0999; found 302.0999.

(1S,4R,5R,6R)-4-(2-Methoxyethoxy)-6-(4-methoxybenzyloxy)-2,8-dxa-bicyclo[3.3.0]-
octane (3.56)

. 9 13
NaH (3.0 eq), DMF, 0 °C, 20 min; 10 ~_0
PMBQ | OH then Br(CH),OMe (3.0 eq), , 57Q y O Y s

TBAI (0.3 ), 0 °C to rt, 20 h - o 1L

- o1 0 . 4 2
o T-0 85% o T~0o

H H
3.26 3.56

To a solution of alcohdB.26 (500 mg, 1.88 mmol) in DMF (10 mL) at 0 °C was edd
NaH (225 mg, 5.64 mmol, 60% in mineral oil) and theulting mixture was stirred at this
temperature for 20 min. Then TBAI (207 mg, 0.56 mjnamd 2-bromoethyl methyl ether
(532 pL, 5.64 mmol) were added. After 10 min thelew was removed and the reaction
was stirred at rt for further 20 h. After completiothe mixture was diluted with J@
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(100 mL) and BO (100 mL), the phases were separated and the agjygtase was
extracted with BO (2x 50 mL). The combined organic phases were dried ambydrous
NaSQO,, filtered and the solvent was removed in vacuaifieation of the crude product by
column chromatography (petroleum ether/acetone 578 65:35) afforded thditle
compound3.59as colourless oil (518 mg, 85%jrmula C;7H,40s; Mw 324.37;R¢ 0.60
(petroleum ether/acetone 70:3Qx]p +15.5 (c 0.55, CHGJ 27 °C); IR (film) 2929 (w),
2875 (w), 1612 (w), 1514 (m), 1463 (w), 1247 (s)14 (vs), 1028 (s) ch H NMR
(400 MHz, CDC}) & 7.26 (2 H, dJ= 8.7 Hz, H-9), 6.90 (2 H, dl= 8.7 Hz, H-10), 5.80
(1 H, d,J=5.3Hz, H-1), 455 (1 H, d = 11.3 Hz, H-7), 4.47 (1 H, d,= 11.3 Hz, H-7’),
4.40 (1L H, dtJ = 3.9, 1.1 Hz, H-3), 4.23 (1 H, td= 8.5, 6.7 Hz, H-5), 4.08 (1 H, dt,=
10.2, 1.1 Hz, H-2), 3.98 (1 H, dd,= 10.2, 3.9 Hz, H-2’), 3.95 (1 H, dd,= 9.0, 6.7 Hz,
H-6), 3.82 (3 H, s, H-12), 3.68.52 (5 H, m, % H-13, 2x H-14 and H-6’), 3.38 (3 H, s,
H-15), 2.98 (1 H, ddtJ = 8.8, 5.2, 1.1 Hz, H-4) ppnmC NMR + DEPT (100 MHz,
CDCl) 8 159.4 (C, C-11), 129.6 (C, C-8), 129.3XZH,, C-9), 113.9 ( CH,, C-10),
108.9 (CH, C-1), 78.9 (CH, C-3), 76.6 (CH, C-5),I74CH,, C-2), 72.2 (CH, C-7), 71.9
(CH,, C-13 or C-14), 70.8 (CH C-6), 68.5 (CH, C-14 or C-13), 59.1 (CH C-15), 55.3
(CHs, C-12), 51.9 (CH, C-4) ppn;RMS (ESI') m/z 347.1 (M + Na); HRMS (ESI") for
Ci17H2406Na (M + Na) calcd 347.1465, found 347.1464.

(1S,4R,5R,6R)-6-Hydroxy-4-(2-methoxyethoxy)-2,8-dioxa-bicyclo[3.0]-octane (3.57)

7
~_-OMe O
PMBQ y O Hp, PA/C 10woe), HQ y ©° 77 e

' EtOH, rt, 20 h ; 3

6: 44 2
o T-0 99% o T-0

H H
3.56 3.57

To a solution of ethe3.56(518 mg, 1.60 mmol) in dry EtOH (8 mL) undes Was added
Pd/C (50 mg, 10 w%, 10% Pd). The flask was then ynder H-atmosphere and the
reaction was stirred at rt for 18 h. After compati the reaction mixture was filtered over
celite and the filter cake was washed with EtOHe Bolvent was removed in vacuo to
afford the crude alcohd.57 as colourless oil (325 mg, 97%) in sufficient purFormula
CoH160s; Mw 204.22;R¢ 0.24 (petroleum ether/acetone 70:3@)p +45.3 (¢ 0.98, CHGJ
23 °C); IR (film) 3425 (m), 2929 (m), 2877 (m), 1459 (w), ¥24n), 1107 (s), 1088 (s),
1002 (s), 975 (s), 933 (s), 847 (m) tmMH NMR (400 MHz, CDC}) § 5.79 (1 H, dJ =
5.3 Hz, H-1), 4.54 (1 H, m, H-5), 4.44 (1 H, dt 3.1, 1.5 Hz, H-3), 4.04 (2 H, app.X=
3.2 Hz, H-2 and H-2’), 4.00 (1 H, dd= 9.2, 6.3 Hz, H-6), 3.69-3.51 (5 H, m, H-6", H-7,
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H-7, H-8 and H-8’), 3.40 (3 H, s, H-9), 2.91 (1 Hdd,J = 8.6, 5.3, 1.5 Hz, H-4), 2.39
(1 H, d,J = 4.2 Hz) ppm*3C NMR + DEPT (100 MHz, CDC}) § 109.2 (CH, C-1), 79.5
(CH, C-3), 74.1 (Ch C-2), 73.1 (CH, C-6), 72.3 (CH, C-7 or C-8), 70.0 (CH, C-5), 68.7
(CH,, C-8 or C-7), 59.1 (CH C-9), 53.5 (CH, C-4) ppmLRMS (ESI) miz 227.1
(M + Na)'; HRMS (ESI") for CgH1¢0sNa (M + Naj calcd 227.0890, found 227.0898.

(1S,4R,5R,6R)-4-(2-Methoxymethoxy)-6-(4-methoxybenzyloxy)-2,8idxa-bicyclo-
[3.3.0]-octane (3.58)

9 13 14

NaH (3.0 eq), THF, 0 °C, 15 min; 10 R
PMBQ | OH then MOMCI (3.0 eq), . J::j{>q 4 0 o
<»:tjg TBAI (0.3 eqg), 0°Ctort, 20 h \011m 9 “fiifgz
1
(6] (6] 89% 0 0
H H
3.26 3.58

To a solution of alcohadB.26 (362 mg, 1.35 mmol) in THF (20 mL) at 0 °C was edd
NaH (162 mg, 4.05 mmol, 60% in mineral oil) and tesulting mixture was stirred at this
temperature for 15 min. Then TBAI (151 mg, 0.41 mMnamd chloromethyl methyl ether
(MOMCI, 308 pL, 4.05 mmol) were added. After 10 ntire cooling was removed and the
reaction was stirred at rt for further 20 h. Afeempletion the mixture was quenched with
H,O (10 mL) and extracted with £ (3x 50 mL). The combined organic phases were
dried over anhydrous N&Q,, filtered and the solvent was removed in vacuaifieation
of the crude product by column chromatography (petrm ether/acetone 85:15 to 70:30)
afforded thetitle compound3.58 as pale yellow oil (371 mg, 89%frormula C;sH2,0s;
Mw 310.34;R; 0.48 (petroleum ether/acetone 70:3@)p —2.4 (c 1.01, CHGJ 26 °C);IR
(film) 2940 (w), 2882 (w), 1612 (w), 1513 (m), 1245), 1109 (s), 1018 (vs), 916 (s) tm
'H NMR (400 MHz, CDCJ) & 7.27 (2 H, d,J= 8.5 Hz, H-9), 6.90 (2 H, d] = 8.7 Hz,
H-10), 5.83 (1 H, dJ = 5.1 Hz, H-1), 4.69 (1 H, dl = 7.3 Hz, H-13), 4.67 (1 H, d =
7.3 Hz, H-13'), 4.61 (1 H, dtJ = 3.2, 1.4 Hz, H-3), 4.57 (1 H, d,= 11.3 Hz, H-7), 4.47
(1 H,d,J=11.3Hz, H-7"), 4.24 (1 H, td, = 8.5, 6.8 Hz, H-5), 4.6#4.00 (2 H, m, H-2 and
H-2"), 3.97 (1 H, ddJ= 9.2, 6.8 Hz, H-6), 3.82 (3 H, s, H-12), 3.59H]1t, J= 8.5 Hz,
H-6), 3.40 (3H, s, H-14), 2.99 (1 H, nd,= 8.9, 5.3 Hz can be observed, H-4) ppm;
3C NMR + DEPT (100 MHz, CDC}) § 159.5 (C, C-11), 129.6 (C, C-8), 129.3XZH,,
C-9), 113.9 (2 CH,, C-10), 108.9 (CH, C-1), 95.6 (GHC-13), 77.2 (CH, C-3), 76.5 (CH,
C-5), 75.1 (CH, C-2), 72.2 (CH C-7), 70.8 (CH, C-6), 55.5 (CH, C-14), 55.3 (CH
C-12), 55.1 (CH, C-4) ppmLRMS (ESI) m/z 333.1 (M + Naj); HRMS (ESI") for
Ci6H2:06Na (M + Na) calcd 333.1309, found 333.1303.
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(1S,4R,5R,6R)-6-Hydroxy-4-(2-methoxyethoxy)-2,8-dioxa-bicyclo[3.0]-octane (3.59)

7 8

P P
PMBQ [ O “OMe DDQ (1.1 eq), HQ w P ©
CH,Cl,/H,0, 1t, 5 h N
- [ 14 2
o010 89% 07170
5 H
3.58 3.59

Following general procedur€ (8.2.1), the deprotection of ethe.58 (319 mg,
1.05 mmol) with DDQ (263 mg, 1.16 mmol) affordedteaf purification by column
chromatography (petroleum ether/acetone 70:30 td0§Qthetitle compound3.59 as a
colourless oil (177 mg, 0.93 mmol, 89%formula CgH;,0s; Mw 190.19; Ry 0.26
(CH,Cly/MeOH 97:3);[a]p +47.8 (c 1.08, CHGJ 26 °C);IR (film) 3434 (br. w), 2948 (w),
2886 (w), 1277 (m), 1150 (m), 1102 (s), 1035 (€08 (vs), 918 (s) cih 'H NMR
(400 MHz, CDC}) 6 5.80 (1 H, dJ = 5.3 Hz, H-1), 4.73 (1 H, dl = 6.9 Hz, H-7), 4.69
(1H, d,J =6.9Hz, H-7"), 4.59 (1 H, ddd, = 4.9, 2.9, 2.4 Hz, H-3), 4.44 (1 H, dddbs
8.6, 7.3, 6.4, 4.2 Hz, H-5), 4.14 (1 H, dblr 10.0, 4.9 Hz, H-2), 4.02 (1 H, dd= 9.2,
6.4 Hz, H-6), 3.96 (1 H, ddd = 10.0, 2.9, 0.9 Hz, H-6’), 3.62 (1 H, ddi= 9.3, 7.4 Hz,
H-6"), 3.42 (3 H, s, H-8), 2.87 (1 H, ddddi= 8.8, 5.3, 2,4 1.0 Hz, H-4), 2.46 (1 H,Xk
4.0 Hz, OH) ppm;*C NMR + DEPT (100 MHz, CDC}) § 109.2 (CH, C-1), 96.2 (CH
C-7), 76.8 (CH, C-3), 74.3 (GHC-2), 72.7 (CH, C-6), 70.1 (CH, C-5), 55.7 (GHC-9),
53.7 (CH, C-4) ppmilt was not possible to obtain LRMS/HRMS (ESI, EI©I) data for

this compound.

(1R,4R,5S,6R)-6-(tert-Butyldiphenylsilanoxy)-4-(2-methylsulfanylmethoxy)2,8-dioxa-
bicyclo[3.3.0]-octane (3.60)

Ph 9 10
Phd:_ AN
TBDPSQ y OH  pMsO, AcOH, AgO, SFQ g O S
40°C,6h A
4
8 8 6 1 2
o 1~0 95% o 10
H H
3.4 3.60

To a stirred solution of alcoh@l4 (2.880 g, 5.69 mmol) in DMSO (23 mL) was added a
mixture of AcCOH and AgO (19 mL, 1:5.6). The reaction mixture was stiregd40 °C for
6 h. After completion, the reaction mixture wasledao rt and poured in ag. sat. NaH{CO
(300 mL) at 0 °C. The aqueous phase was extratt B40O (3 x 150 mL). The combined
organic phases were washed with aq. sat. NajH&@ brine (200 mL each), dried over

anhydrous NzB50,, filtered and solvent was removed under reducedsure. Purification
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of the crude product by column chromatography (he&atOAc 90:10) afforded thitle
compound3.60 as colourless oil (2.396 g, 95 %jormula Cy4H3,0,SSi; Mw 444.66;R¢
0.58 (hexane/EtOAc 70:30)¢]p —41.8 € 0.36, CHCY, 26 °C); IR (film) 2930 (m), 2858
(m), 1745 (m), 1589 (w), 1471 (w), 1427 (m), 1214),(1111 (s), 1018 (s), 900 (m), 741
(m), 700 (s), 607 (m), 502 (s) &m*H NMR (400 MHz, CDC}) .71-7.61 (4 H, m, Ar-H),
7.50-7.37 (6 H, m, Ar-H), 5.71 (1 H, d,= 5.0 Hz, H-1), 4.91 (1 H, d} = 3.0 Hz, H-3),
457 (1 H, dJ=11.5 Hz, H-7), 450 (1 H, d,= 11.5 Hz, H-7), 4.47 (1 H, ddd,= 9.2,
8.2, 6.9 Hz, H-5), 4.12 (1 H, di,= 10.2, 1.3 Hz, H-2), 4.08 (1 H, dd,= 10.3, 3.4 Hz,
H-2"), 3.61 (1 H, dd,J = 9.0, 6.8 Hz, H-6), 3.45 (1 H, appJt= 8.3 Hz, H-6"), 2.80 (1 H,
dd,J = 9.2, 5.1 Hz, H-4), 2.15 (3 H, s, H-8), 1.11 (9¢1H-10) ppm}°*C NMR + DEPT
(100 MHz, CDC4) & 135.63 (2 x CH)), 135.61 (2 x CHj), 133.1 (G), 132.8 (G), 130.2
(CHa), 130.1 (CH), 127.94 (2 x CHj), 127.87 (2 x CH)), 108.7 (CH, C-1), 77.1 (CH,
C-3), 74.5 (CH, C-2), 73.3 (CH, C-7), 72.6 (CH, C-6), 71.1 (CH, C-2), 53.1 (CH, C-4),
27.0 (3 x CH, H-10), 19.1 (C, C-9), 13.9 (GHC-8) ppm.LRMS (ESI') m/z 445.2 (M +
H)*, 462.3(M + NH)*, 467.2 (M + Na).

(1S,4R,5R,6R)-6-Hydroxy-4-(2-methylsulfanylmethoxy)-2,8-dioxa-lcyclo[3.3.0]-octane
(3.61)

RO O “SMe HO o 0" s”
; A: 3.6Q TBAF (1.2 eq), THF, rt, 1h, 78% o TR
1 2
o 1~o B: 3.28 DDQ (1.1 eq), CKCI,/H,0, 1t, 5 h, 54% o -0
H H
3.60 R = TBDPS 3.61
3.28 R=PMB

Method A: To a stirred solution of silyl eth&:.60 (112 mg, 0.25 mmol) in THF (3 mL)
at rt was added TBAF (0.30 mL, 0.30 mmol, 1 M inHHAfter 1 h the solvent was
removed in vacuo and the crude residue was paitiobetween C}Cl, and ag. sat.
NaHCGQ; (15 mL each). The aqueous phase was extract WHiCIZ (3 x 10 mL). The
combined organic phases were dried over anhydrausSQ@y, filtered and solvent was
removed under reduced pressure. Purification of tmade product by column
chromatography (petroleum ether/acetone 70:30)radtb thetitle compound3.61 as
colourless oil (40 mg, 78%).

Method B: Following general procedur@ (8.2.1), the deprotection of PMB-eth@28
(510 mg, 1.56 mmol) with DDQ (390 mg, 1.72 mmolpaded after purification by column
chromatography (petroleum ether/acetone 75:25 t80j(thetitle compound3.61 as a
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colourless oil (172 mg, 54%)Formula CgH140,S; Mw 206.26; Ry 0.30 (petroleum
ether/acetone 70:30)a]p +60.9 € 0.76, CHCY, 26 °C); IR (film) 3447 (br. w), 2923 (w),
2882 (w), 2359 (w), 1789 (m), 1736 (s), 1210 (€)74. (s), 1045 (s), 1000 (vs), 731 (vs)
cm®; *H NMR (400 MHz, CDCY) § 5.81 (1 H, dJ = 5.3 Hz, H-1), 4.73 (1 H, di = 4.0,
1.5Hz, H-3), 4.68 (1H, d=11.5Hz, H-7), 4.64 (1H, d,=11.5Hz, H-7"), 4.58 (1 H,
dtd, J= 8.5, 6.6, 4.9 Hz, H-5), 4.08 (1 H, dil= 10.3, 4.1 Hz, H-2), 4.68.00 (2 H, m,
H-2" and H-6), 3.63 (1 H, dd] = 9.3, 6.9 Hz, H-6"), 2.89 (1 H, ddi,= 8.7, 5.3, 1.1 Hz,
H-4), 2.18 (3 H, s, H-8), 2.05 (1 H, d= 4.9 Hz, OH) ppm*°*C NMR + DEPT (100 MHz,
CDCl3) 6 109.2 (CH, C-1), 76.4 (CH, C-3), 74.3 (gHC-2), 73.7 (CH, C-7), 73.2 (CH,
C-6), 70.1 (CH, C-5), 53.4 (CH, C-4), 13.9 (¢£HC-8) ppm;LRMS (ESI) m/z 229.1
(M + Na)'; HRMS (ESTI") for CgH140,S Na (M + Na)j calcd 229.0505, found 229.0504.

2-((1S,4R,5R,6R)-6-(4-Methoxybenzyloxy)-2,8-dioxa-bicyclo[3.3.0]-ctane-4-yloxy)
acetic acid (3.72)

NaH (1.4 eq), THF, 0 °C, 10 min; then 10 1814 oH
PMBQ 4 OH  BICH,COH (20eq) NaH (2.1eq), 579y O
/ THF, reflux, 15 h ~ 9

/ 3
(j\/g o ? b(ji/gz ’
O O 93% O o

H H
3.26 3.72

A flask was charged with NaH (81 mg, 2.02 mmol, 6@%mnineral oil). The solid was
rinsed with hexane three times, dried under vaculilned with THF (3 mL) and cooled to
0 °C. A solution of bromoacetic acid (267 mg, 1m@&wol) in THF (5 mL) was added
dropwise and the mixture was stirred for 10 minsécond flask was charged with NaH
(54 mg, 1.34 mmol, 60% in mineral oil) and the dolkas treated as described above. A
solution of alcohoB.26 (255 mg, 0.96 mmol) in THF (5 mL) was added ang ithixture
was stirred for 10 min. The content of the firsisk was then transferred to the second flask
via cannula, the cooling was remove, and the regulnixture was heated to reflux for
15 h. After completion, the reaction mixture wasled to rt, diluted with THF (10 mL) and
H,O (10 mL), acidified with 2 M HCI (5 mL), and extted with EtOAc (3¢ 25 mL). The
combined organic phases were dried over anhydr@SQy, filtered and the solvent was
removed in vacuo to give the desired product ificgaht purity. For characterisation, the
crude product was further purified by column chréwgeaphy (CHCI,/MeOH 97:3 to
90:10) to afford thditle compound3.72 as a pale yellow oil (292 mg, 93%ormula
Ci16H2007; Mw 324.33;R; 0.20 (CHCI,/MeOH 90:10);[a]p +17.9 (c 0.99, CHGJ 25 °C);

IR (film) 2937 (br. w), 1733 (m), 1612 (w), 1514 (8R47 (s), 1123 (vs), 1026 (vs), 820
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(m) cm®; *"H NMR (400 MHz, CDC}) § 7.24 (2 H, dJ= 8.7 Hz, H-9), 6.90 (2 H, dl =
8.8 Hz, H-10), 5.81 (1 H, d, = 5.3 Hz, H-1), 4.53 (1 H, d,= 11.4 Hz, H-7), 4.49 (1 H, d,
J=11.4 Hz, H-7"), 4.48 (1 H, d,= 3.8 Hz, H-3), 4.24 (1 H, ddd,= 8.8, 8.0, 6.7 Hz, H-5),
4.13 (1 H, dJ = 16.8 Hz, H-13), 4.08 (1 H, df,= 10.3, 1.3 Hz, H-2), 4.07 (1 H, d,=
16.8 Hz, H-13’), 4.00 (1 H, dd,= 10.3, 3.9 Hz, H-2’), 3.96 (1 H, dd= 9.2, 6.6 Hz, H-6),
3.81 (3H, s, H-12), 3.58 (1 H, dd= 9.2, 8.0 Hz, H-6"), 3.00 (1 H, dd,= 9.0, 5.2 Hz,
H-4) ppm;**C NMR + DEPT (100 MHz, CDC}) § 173.8 (C, C-14), 159.5 (C, C-11), 129.4
(C, C-8), 129.3 (X CHg, C-9), 114.0 (% CH,, C-10), 108.7 (CH, C-1), 80.5 (CH, C-3),
76.3 (CH, C-5), 73.6 (CKH C-2), 72.4 (CH, C-7), 70.8 (CH, C-6), 65.9 (CH, C-13), 55.3
(CHs, C-12), 51.9 (CH, C-4) ppm;RMS (ESI") mz 347.1 (M + Na); HRMS (ESI') for
Ci6H200/Na (M + Na) calcd 347.1101, found 347.1096.

2-((1S,4R,5R,6R)-6-(4-Methoxybenzyloxy)-2,8-dioxa-bicyclo[3.3.0]-«tane-4-yloxy)
N-benzyl acetamide (3.65a)

9 7
PMBQ o/jo( BnNH; (3.0 eq), EDCI (1.5 eq), HOBt (L5 eq)  ,, /@{\q
~N 9

21 N _ph
N
H C;/ﬁf 15
EtsN (3.0 eq), CHCl, 0°Ctort, 40 h ot o 7EAN o

o 1~0o 91% e e

H H
3.72 3.65a

Following general procedur® (8.2.1), the reaction of acig.72 (517 mg, 1.40 mmol)
and benzyl amine (460 uL, 4.20 mmol) afforded aftpurification by column
chromatography (C¥Cl,/MeOH 98:2 to 96:4) théitle compound3.65aas a colourless oll
(527 mg; 91%)Formula C,3H,7/NOgs; Mw 413.46;R; 0.23 (hexane/acetone 65:3%]p
+25.2 (c 1.01, CHG@J 25 °C);IR (film) 3349 (w), 2934 (w), 1666 (s), 1513 (vs)472(s),
1118 (s), 1028 (vs) ch 'H NMR (400 MHz, CDC}) & 7.38-7.27 (5 H, m, Ar-H), 7.23
(2H, d,J = 8.7 Hz, H-9), 6.90 (2 H, dl = 8.7 Hz, H-10), 6.82 (1 H, br. s,HBn), 5.75
(1 H, d,J=5.1Hz, H-1), 4.544.43 (4 H, m, H-7, H-7’, H-15 and H-15’), 4.41 (1 H,
J=3.5Hz, H-3), 4.22 (1 H, ddd,= 9.0, 7.9, 6.7 Hz, H-5), 4.03 (1 H, ;& 10.5 Hz can
be observed, H-2), 4.02 (1 H, 8z 15.2 Hz, H-13), 3.97 (1 H, d,= 15.2 Hz, H-13"), 3.97
(1 H, dd,J = 10.5, 3.5 Hz, H-2), 3.94 (1 H, dd,= 9.2, 6.5 Hz, H-6), 3.82 (3 H, s, H-12),
3.57 (1 H, ddJ= 9.2, 7.9 Hz, H-6’), 2.89 (1 H, nJ,= 8.9, 5.1 Hz can be observed, H-4)
ppm; °C NMR + DEPT (100 MHz, CDC}) 5 170.0 (C, C-14), 170.0 (¢ C-11), 137.9
(Can), 129.4 (2x CHy, C-9), 129.3 (&), 128.7 (2x CHyy), 127.8 (2x CHy), 127.6 (CH),
114.0 (2x CH,, C-10), 108.6 (CH, C-1), 80.7 (CH, C-3), 76.3 (GH5), 73.8 (CH, C-2),
72.5 (CH, C-7), 71.0 (CH C-6), 68.4 (CH C-13), 55.3 (CHl C-12), 51.7 (CH, C-4), 42.9
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(CH,, C-15) ppm;LRMS (ESI) m/z 436.1 (M + Na); HRMS (ESI') for C,3H,/NOgNa
(M + Na)" calcd 436.1731, found 436.1734.

2-((1S,4R,5R,6R)-6-(4-Methoxybenzyloxy)-2,8-dioxa-bicyclo[3.3.0]-«tane-4-yloxy)
N-methyl acetamide (3.65b)

9 7
OH
PMBQ ; O7 Y MeNH, HCI (3.0 eq), EDCI (L5 eq), HOBt (1.5 eq) . i@{\Q
; 0 ~ o/

1814 H
H O/ﬁf s
Et;N (5.0 eq), CHCl, 0°Ctort, 15 h 1 3 0
2

O O 91% O (@]

H
3.72 3.65b

Following general procedur® (8.2.1), the reaction of aci®.72 (505 mg, 1.36 mmol)
and methylamine hydrochloride (275 mg, 4.20 mmtijrded after purification by column
chromatography (C¥Cl,/MeOH 97:3 to 95:5) thétle compound3.65b as a colourless ol
(417 mg, 91%)Formula C;7H23NOg; Mw 337.37;R; 0.34 (CHCI,/MeOH 95:5);IR (film)
3369 (br. w), 2940 (w), 2880 (w), 1663 (s), 1612,(@b42 (m), 1514 (s), 1247 (s), 1119
(s), 1027 (vs), 821 (m) ch*H NMR (400 MHz, CDC})  7.24 (2 H, d,J = 8.8 Hz, H-9),
6.90 (2 H, dJ = 8.7 Hz, H-10), 6.49 (1 H, br. s,HWe), 5.80 (1 H, dJ = 5.2 Hz, H-1),
451 (1 H, dJ=11.7Hz, H-7), 448 (1 H, d = 11.7 Hz, H-7"), 4.40 (1 H, dij = 3.6,
1.1 Hz, H-3), 4.24 (1 H, dddl = 9.0, 7.9, 6.6 Hz, H-5), 4.04 (1 H, dt= 10.5, 1.1 Hz,
H-2), 3.98 (1 H, ddJ = 10.5, 3.6 Hz, H-2"), 3.97 (1 H, d,= 14.9 Hz, H-13), 3.96 (1 H, dd,
J=9.2, 6.6 Hz, H-6), 3.91 (1 H, d,= 14.9 Hz, H-13’), 3.82 (3 H, s, H-12), 3.58 (1dti,
J=9.2, 79 Hz, H-6’), 2.91 (1 H, ddi,= 8.9, 5.1, 1.0 Hz, H-4), 2.84 (3 H, = 5.1 Hz,
H-15) ppm;**C NMR + DEPT (100 MHz, CDC}) § 169.6 (C, C-14), 159.6 (& C-11),
129.4 (2x CHa, C-9), 129.3 (G, C-8), 114.0 (X CHy, C-10), 108.7 (CH, C-1), 80.6 (CH,
C-3), 76.4 (CH, C-5), 73.9 (GHC-2), 72.6 (CH, C-7), 71.0 (CH, C-6), 68.4 (CH, C-13),
55.3 (CH, C-12), 51.8 (CH, C-4), 25.5 (GHC-15) ppm;LRMS (ESI) m/z 360.2
(M + Na)'.
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2-((1S,4R,5R,6R)-6-(4-Methoxybenzyloxy)-2,8-dioxa-bicyclo[3.3.0]-«tane-4-yloxy)
N,N-dimethyl acetamide (3.65c)

15

OH 9 34 1314 [‘\1
quk,d“r MqMHM@Dw)@OﬂEwMﬂ&ﬂBwhzlo s Q Ho”ﬁ/\m
/ o} EtsN (5.0 eq), CHCl, 0°Ctort, 15 h ~ o 3 0

’ o1 0 6( 5 1 4 2
o7i=c 275 o"i~o
3.72 3.65¢

Following general procedur® (8.2.1), the reaction of aci8l.72 (540 mg, 1.66 mmol)
and dimethylamine hydrochloride (407 mg, 5.00 mmatforded after purification by
column chromatography (GBI,/MeOH 97:3 to 95:5) thditle compound3.65c as a
colourless oil (449 mg, 77%lrormula CygH2sNOg; Mw 351.39;R; 0.44 (CHCI,/MeOH
95:5);IR (film) 2936 (w), 2875 (w), 1650 (s), 1612 (m), B5(), 1248 (s), 1113 (vs), 1026
(vs), 822 (m) crit; '"H NMR (400 MHz, CDC}) § 7.27 (2 H, dJ = 8.7 Hz, H-9), 6.89 (2 H,
d,J = 8.7 Hz, H-10), 5.80 (1 H, d,= 5.3 Hz, H-1), 4.58 (1 H, dl = 11.2 Hz, H-7), 4.47
(1H,d,J=11.2 Hz, H-7), 4.45 (1 H, dfl = 3.9, 1.3 Hz, H-3), 4.24 (1 H, dddi= 9.0, 8.1,
6.7 Hz, H-5), 4.18 (1 H, d} = 13.6 Hz, H-13), 4.10 (1 H, d,= 13.6 Hz, H-13’), 4.09 (1 H,
dt, J = 10.4, 1.3 Hz, H-2), 3.99 (1 H, dd,= 10.5, 3.9 Hz, H-2'), 3.96 (1 H, dd,= 9.1,
6.7 Hz, H-6), 3.82 (3 H, s, H-12), 3.58 (1 H, dd& 9.2, 8.0 Hz, H-6"), 3.04 (1 H, ddi,=
9.0, 5.2, 1.1 Hz, H-4), 2.97 (3 H, s, H-15), 2.84H, s, H-15) ppm**C NMR + DEPT
(100 MHz, CDC}) & 168.7 (C, C-14), 159.4 (£ C-11), 129.6 (&, C-8), 129.3 ( CH,,
C-9), 113.9 ( CH,, C-10), 108.8 (CH, C-1), 80.2 (CH, C-3), 76.6 (GH5), 73.9 (CH,
C-2), 72.2 (CH, C-7), 70.8 (CH, C-6), 68.3 (CH, C-13), 55.3 (CH C-12), 51.9 (CH,
C-4), 36.4 (CH, C-15), 35.5 (Clj C-15) ppmLRMS (ESI') m/iz374.2 (M + Na).

2-((1S,4R,5R,6R)-6-hydroxy-2,8-dioxa-bicyclo[3.3.0]-octane-4-yloxyN-benzyl
acetamide (3.67a)

7 H
NHBnN 8 N Ph
PMBQ 7 DDQ (1.1 eq), HO g oY
0 CH,CLJHO, 1t, 5 h L o

6 2
(6] (6] 73% (6] O
H H

3.65a 3.67a

Following general procedur€ (8.2.1), the deprotection of PMB-eth&r65a (345 mg,
0.83 mmol) with DDQ (210 mg, 0.92 mmol) affordedteaf purification by column

chromatography (petroleum ether/acetone 75:25 t609Ghetitle compound3.67aas a
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white solid (179 mg, 73%)}ormula Cy;sH1gNOs; Mw 292.32;Rf 0.38 (petroleum ether/
acetone 50:50)Mp 132-134 °C;[e]p +34.0 (c 0.79, CHGJ 29 °C);IR (film) 3427 (m),
3336 (m), 2882 (w), 2360 (w), 1651 (vs), 1538 ()16 (vs), 1056 (m), 1018 (vs), 1003
(s), 953 (m), 934 (m), 892 (m) ¢m*H NMR (400 MHz, CDC}) § 7.40-7.28 (5 H, m,
Ar-H), 6.88 (1 H, br. s, NH, exchanges in@), 5.76 (1 H, dJ = 5.1 Hz, H-1), 4.594.42
(4 H, m, H-3, H-5, H-9 and H-9’), 4.34.02 (4 H, m, H-2, H-2’, H-7 and H -7’), 3.99 (1 H,
dd, J = 9.3, 6.5 Hz, H-6), 3.57 (1 H, dd,= 9.3, 7.4 Hz, H-6"), 2.83 (1 H, dd, = 8.6,
5.2 Hz, H-4), 2.79 (1 H, d] = 4.6 Hz, OH, exchanges in,®) ppm;**C NMR + DEPT
(100 MHz, CDC}) 6 169.4 (C, C-8), 137.7 (£, 128.8 (2x CHy), 127.8 (2x CH,), 128.7
(CHa), 109.0 (CH, C-1), 80.3 (CH, C-3), 74.0 (gk-2), 73.1 (CH, C-6), 69.6 (CH, C-5),
68.4 (CH, C-7), 53.1 (CH, C-4), 429 (GHC-9) ppm.;LRMS (ESI+) m/z 316.2
(M + Na)’; HRMS (ESI+) for GsH1gNOsNa (M + Na) calcd 316.1155, found 316.1154.

2-((1S,4R,5R,6R)-6-Hydroxy-2,8-dioxa-bicyclo[3.3.0]-octane-4-yloxyN-methyl
acetamide (3.67b)

7 H
NHMe 8 N
PMBQ y 07 Y H,, Pd/C (25 wos), HO o7 Y e
0 MeOH, rt, 18 h 1L o
1 2
O O 99% O O
H H
3.65b 3.67b

To a solution of ethe3.65b (580 mg, 1.72 mmol) in MeOH (20 mL) undes Was added
Pd/C (145 mg, 25 w%, 10% Pd). The flask was thenymder H-atmosphere and the
reaction was stirred at rt for 18 h. After complatithe reaction mixture was filtered over
celite and the filter cake was washed with MeOHe Bolvent was removed in vacuo to
afford the titte compound3.67b as a white solid (421 mg, 99%) in sufficient pyrit
Formula CgH1sNOs; Mw 217.22;R; 0.30 (CHCI,/MeOH 93:7);Mp 128 °C;[a]p +31.8 (C
0.48, CHCY, 26 °C);IR (film) 3401 (m), 3343 (m), 2965 (w), 2882 (w), BHvs), 1549
(m), 1332 (m), 1118 (vs), 1020 (s), 1003 (s), 9853 638 (m) crif; *H NMR (400 MHz,
CDCl3) 6 6.56 (1 H, br. s, NMe, disappears after,D-shake), 5.82 (1 H, d, = 5.1 Hz,
H-1), 4.59 (1 H, dtdJ = 8.7, 6.8, 4.7 Hz, simplifies to di,= 8.7, 6.7 Hz, after fD-shake,
H-5), 4.48 (1 H, m, H-3), 4.681.00 (4 H, m, H-2, H-2", H-6 and H-7), 3.96 (1 H,H=
15.1 Hz, H-7"), 3.60 (1 H, ddl = 9.4, 7.2 Hz, H-6’), 2.86 (3 H, d,= 5.0 Hz, simplifies to s
after D,O-shake, H-9), 2.87 (1 H, m, H-4), 2.73 (1 HJd; 4.8 Hz, OH, disappears after
D,O-shake) ppm**C NMR + DEPT (100 MHz, CDC}) & 170.0 (C, C-8), 109.1 (CH,
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C-1), 80.2 (CH, C-3), 74.1 (GHC-2), 73.2 (CH, C-6), 69.7 (CH, C-5), 68.3 (GHC-7),
53.1 (CH, C-4), 25.6 (CH C-9) ppm:LRMS (ESI") m/z 240.1 (M + Naj; HRMS (EST")
for CgH1sNOsNa (M + NaJ calcd 240.0842, found 240.0845.

2-((1S,4R,5R,6R)-6-Hydroxy-2,8-dioxa-bicyclo[3.3.0]-octane-4-yloxy ~ N,N-dimethyl
acetamide (3.67¢)

9

\
7
NMe, o N
PMBO 1y O Y Ho PUIC (25 wo6), MO w O7 ) e
0] MeOH, rt, 18 h s O
6 7 4% >z
o T~ 98% o T-0
H H
3.65¢ 3.67¢

To a solution of ethe8.65¢(665 mg, 1.89 mmol) in MeOH (15 mL) undes Was added
Pd/C (165 mg, 25 w%, 10% Pd). The flask was thenymgder H-atmosphere and the
reaction was stirred at rt for 18 h. After complatithe reaction mixture was filtered over
celite and the filter cake was washed with MeOHe Bolvent was removed in vacuo to
afford thetitle compound3.67c as a colourless oil (477 mg, 98%) in sufficientifyu
Formula CioH;7NOs; Mw 231.25; R 0.23 (CHCI/MeOH 95:5); [a]p +63.1 (¢ 1.13,
CHCI3, 26 °C);IR (film) 3384 (br. w), 2938 (w), 2878 (w), 1635 (9111 (s), 1019 (s),
1003 (s), 930 (m) cih *H NMR (400 MHz, CDCJ) § 5.77 (1 H, dJ = 5.3 Hz, H-1), 4.55
(1H, td,J= 8.4, 6.8 Hz, H-5), 4.50 (1 H, di,= 4.8, 2.4 Hz, H-3), 4.28 (1L H, d, =
14.2 Hz, H-7), 4.10 (1 H, d, = 14.3 Hz, H-7"), 4.09 (1 H, dd,= 10.2, 4.9 Hz, H-2), 4.01
(1 H, dd,J=9.0, 6.7 Hz, H-6), 3.96 (1 H, dddl= 10.0, 2.5, 0.9 Hz, H-2"), 3.53 (1 H,Xz=
8.7 Hz, H-6"), 3.01 (3 H, s, H-9), 2.97 (3 H, sM-2.93 (1 H, ddJ = 8.4, 5.5, 2.4 Hz, H-4)
ppm; **C NMR + DEPT (100 MHz, CDC}) & 169.8 (C, C-8), 109.1 (CH, C-1), 79.5 (CH,
C-3), 73.7 (CH, C-2), 72.5 (CH, C-6), 69.8 (CH, C-5), 68.3 (GHC-7), 53.6 (CH, C-4),
36.4 (CH, C-9), 35.6 (CH, C-9) ppm,LRMS (ESI+)m/z 254.1 (M + Na); HRMS (ESI+)
for C1ogH17NOsNa (M + Naj calcd 254.0999, found 254.1001.
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8.2.2.3 Synthesis fluorinatedO-alk(en)yl analogues

2-((1S,4R,5R,6R)-6-(4-Methoxybenzyloxy)-2,8-dioxa-bicyclo[3.3.0]-ctane-4-yloxy)
ethanol (3.80)

9

13
OH 10 14 OH
PMBQ y 07 Y LiAIH 4 (2 eq), THF, 0°C, 1 h, 570y oY
; o) 0°C,1h 2 o s

then NaSO;*10 H,0, 0 °C, ol JETN,

o T o 75% oo
H H
3.72 3.80

To a stirred solution of acig@.72 (2.05 g, 6.3 mmol) in THF (15 mL) at 0 °C was adide
LIAIH 4 (12.6 mL, 12.6 mmol, 1 M in THF). After 1 h, p&0,-10 HO (2.0 g) were added
slowly and the mixture was stirred for further 6@mat O °C until the gas evolution has
stopped. The crude mixture was filtered over ceditel the filter cake was washed with
CH.CI; (2 x 15 mL). The solvent was removed in vacuocaftord thetitle compound.80
as a colourless oil (1.47 g, 75%) in sufficientiurFormula C;gH,,0s; Mw 310.34;R¢
0.21 (petroleum ether/acetone 70:3®; (film) 3443 (br. w), 2936 (w), 2875 (w), 1612
(m), 1514 (s), 1247 (s), 1109 (s), 1027 (vs), 82) ¢m*; *H NMR (400 MHz, CDC}) 5
7.26 (2H, dJ = 8.7 Hz, H-9), 6.90 (2 H, dl = 8.7 Hz, H-10), 5.80 (1 H, d, = 5.2 Hz,
H-1), 453 (1 H, dJ = 11.3 Hz, H-7), 4.49 (1 H, d,= 11.3 Hz, H-7"), 4.39 (1 H, df] =
3.9, 1.3 Hz, H-3), 4.24 (1 H, ddd= 8.9, 8.1, 6.6 Hz, H-5), 4.07 (1 H, dt= 10.2, 1.2 Hz,
H-2), 3.99 (1 H, ddJ = 10.2, 3.9 Hz, H-2’), 3.96 (1 H, dd= 9.2, 6.6 Hz, H-6), 3.82 (3 H,
s, H-12), 3.73 (2 H, df) = 6.2, 4.5 Hz, H-14), 3.59 (1 H, dd= 9.2, 8.2 Hz, H-6'), 3.54
(2 H, t,J = 4.5 Hz, H-13), 2.95 (1 H, dd,= 9.0, 5.2, 1.1 Hz, H-4), 1.99 (1 H)t= 6.2 Hz,
OH) ppm;**C NMR + DEPT (100 MHz, CDC)) § 159.5 (G, C-11), 129.5 (G, C-8),
129.3 (2 x CH, C-9), 114.0 (2 x CK, C-10), 108.8 (CH, C-1), 79.9 (CH, C-3), 76.6 (CH,
C-5), 74.1 (CH, C-2), 72.4 (CH, C-7), 70.9 (CH, C-6), 70.2 (CH, C-13), 61.8 (CH
C-14), 55.3 (CH, C-12), 51.9 (CH, C-4) ppm; LRMS (E$hvz 333.2 (M + Na).
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(1S,4R,5R,6R)-4-(2,2-Diethoxy-ethoxy}6-(4-methoxybenzyloxy)2,8-dioxa-bicyclo[3.3.0]-
octane(3.82)

. 9 13
NaH (2 eq), DMF, 0 °C, 20 min; 10 14 0O 16
PMBQ  OH then BICHCH(OE), (2 eq), . 57Q y oY T
(ig TBAI (0.2 €q), 0 °C to t, 18 h NP D KT% o
10 1 15
o T~0 34% o T~0
H H
3.26 3.82

To a stirred solution of alcoh@.26 (817 mg, 3.07 mmol) in dry DMF (15 mL) at 0 °C
was added NaH (245mg, 6.14 mmol, 60% in mineral). oAfter 20 min,
bromoacetaldehyde diethyl acetal (940 uL, 6.14 mmaodd TBAI (225 mg, 0.61 mmol)
were added and the resulting mixture was stirre@ 4 for 20 min and at rt for further
18 h. The reaction was quenched carefully withacecid (5 mL, 10 %), diluted with 1D
(20 mL) and the mixture was extracted with,(Et(3 x 20 mL). The combined organic
layers were dried over anhydrous,N88), filtered and the solvent was removed in vacuo.
Purification of the crude product by column chrooggéphy (petroleum ether/acetone
90:10 to 75:25) successively afforded thlke compound3.82 as a colourless oil (402 mg,
34%) and starting alcohd.26 (271 mg, 33%)Formula CyH3007; Mw 382.45;R; 0.80
(petroleum ether/acetone 70:3@,; (film) 2974 (w), 2931 (w), 2874 (w), 1612 (w), b1
(m), 1248 (m), 1119 (vs), 1124 (s), 1028 (vs), &2} cmi’; *H NMR (400 MHz, CDC}) §
7.26 (2 H, dJ = 8.5 Hz, H-9), 6.90 (1 H, dl = 8.7 Hz, H-10), 5.79 (1 H, d, = 5.3 Hz,
H-1), 459 (1 H, tJ = 5.1 Hz, H-14), 455 (1 H, d = 11.2 Hz, H-7), 4.47 (1 H, d =
11.2 Hz, H-7"), 4.42 (1 H, dt) = 3.9, 1.2 Hz, H-3), 4.22 (1 H, ddd,= 8.8, 8.0, 6.6 Hz,
H-5), 4.07 (1 H, dtJ = 10.2, 1.3 Hz, H-2), 3.98 (1 H, ddl= 10.1, 3.8 Hz, H-2’), 3.95 (1 H,
dd,J=9.0, 6.5 Hz, H-6), 3.82 (3 H, s, H-12), 3.76€3(8 H, m, H-15), 3.61-3.52 (3 H, m,
H-6" and H-15), 3.51 (1 H, dd] = 10.5, 5.2 Hz, H-13), 3.48 (1 H, dd,= 10.5, 5.4 Hz,
H-13"), 2.98 (1 H, ddtJ = 8.9, 5.2, 1.2 Hz, H-4), 1.22 (6 H,~= 7.1 Hz, H-16) ppm;
*C NMR + DEPT (100 MHz, CDCY) & 159.5 (G, C-11), 129.6 (g, C-8), 129.3
(2 x CH,, C-9), 114.0 (2 x Ck, C-10), 109.0 (CH, C-1), 101.2 (CH, C-14), 80.H(C
C-3), 76.5 (CH, C-5), 74.3 (GHC-2), 72.2 (CH, C-7), 70.9 (CH, C-6), 70.1 (CH, C-13),
62.6 (CH, C-15), 62.5 (CH C-15), 55.3 (Chl C-12), 51.8 (CH, C-4), 15.4 (GHC-15),
15.3 (CH, C-15) ppmLRMS (ESI+)m/z 405.3 (M + Na).
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(1R,4R,5S,6R)-6-(4-Methoxybenzyloxy)-4-(3,3,3-trifluoropropoxy)2,8-dioxa-bicyclo-
[3.3.0]-octane (3.77a)

OEt 1.4M HCI (4.0 eq), THF, 10 h 9 13
PMBQ  O7 Y 2. TMSCR (2.0 eq), TBAF (0.05 eq), THF, tt, 18 h; i@(v\q g
9

OEt then TBAF (2.0 eq), rt, 3 h, 34% fra@3r82 ot 1 3 , ?5F3
10 1]
o T0o 3.nBuLi (1.15 eq), PhOCSCI (1.5 eq), THF, —78 °C t®rh, 78% & o To
H 4. Bu;SnH (1.5 eq), AIBN (0.2 eq), toluene, reflux, 278% H
3.82 3.77a

To a solution of aceteé8.82 (400 mg, 1.05 mmol) in THF (15 mL) was added agl H
(1 mL, 4.00 mmol, 4 M) and the resulting mixtureswsirred at rt and monitored by TLC.
When the majority of starting material was consuptlee reaction was neutralised with aqg.
sat. NaHCQ@ (10 mL) and the mixture was extracted with EtOAcx(B5 mL). The
combined organic phases were dried over anhydr@SQy, filtered and the solvent was
removed in vacuo to afford the crude aldeh$d&3 (359 mg) as a pale yellow oil.

Following literature procedure$ a solution of crude aldehy@®78 (359 mg, 1.0 mmol)
in dry THF (15 mL) was treated with TMSEEL.0 mL, 2.00 mmol, 2 M in THF) and cat.
TBAF (50 pL, 0.05 mmol, 1 M in THF) and the resodfimixture was stirred at rt. After
18 h, TBAF (2.0 mL, 2.00 mmol, 1 M in THF) was addend the reaction was stirred for
further 3 h. The reaction was quenched witfOH15 mL) and extracted with EtOAc
(3 x 30 mL). The combined organic phases were vwehstith brine (10 mL), dried over
anhydrous N850, filtered and the solvent was removed in vacuaifieation of the crude
product by column chromatography (petroleum etlcettme 80:20 to 60:40) afforded the
two diastereoisomers of trifluoromethyl alcol3r9as a pale yellow oil (130 mg, 34 ®;
0.40 (petroleum ether/acetone 70:368F NMR & -77.77 (d,J = 6.4 Hz), -77.84 (d] =
6.4 Hz) ppm).

Transformation to trifluoropropyl ethe3.77a was achieved in two steps via Barton-
McCombie deoxygenatiolt> To a solution of diastereomeric alcoh®l79 (253 mg,
0.64 mmol) in dry THF (10 mL) at —78 °C was ada@ulLi (300 pL, 0.74 mmol, 2.5 M in
hexanes) an®-phenyl chlorothiono formate (1.35 pL, 1.00 mmaotdathe reaction was
stirred for 1 h at =78 °C and for further 2 h at Affter completion, the reaction was
quenched with aq. sat. NaH@®@10 mL) and extracted with £ (3 x 10 mL). The
combined organic phases were dried over anhydr@SQy, filtered and the solvent was
removed in vacuo. Purification of the crude prodmctolumn chromatography (petroleum
ether/EtOAc 80:20 to 70:30) afforded the thionoocadie3.83as a colourless oil (257 mg,
73 %; Ry 0.19 (petroleum ether/EtOAc 80:285F NMR & -74.64 (d,J = 6.2 Hz), —74.62
(d,J =6.2 Hz) ppm).
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To a solution of thionocarbonaB83(2.55 mg, 0.50 mmol) in toluene (5 mL) was added
tributyltin hydride (202 pL, 0.75 mmol) and AIBN{Ing, 0.1 mmol) and the reaction was
heated to reflux for 2 h. After completion, all atles were removed on vacuo and the
crude product was purified by column chromatograffgtroleum ether/EtOAc 80:20 to
70:30) to afford theitle compound3.77aas a colourless oil (132 mg, 73%jormula
Ci7H21F30s; Mw 362.34; R¢ 0.16 (petroleum ether/EtOAc 80:2(u]p +11.9 (c 0.45,
CHCIs, 23 °C); IR (film) 2956 (w), 2879 (w), 1612 (m), 1514 (m), B24vs), 1145 (s),
1124 (s), 1026 (vs), 822 (m) ¢iH NMR (400 MHz, CDCY) § 7.25 (2 H, dJ = 8.7 Hz,
H-9), 6.91 (1 H, dJ = 8.7 Hz, H-10), 5.78 (1 H, dl = 5.2 Hz, H-1), 453 (1 H, d =
11.4 Hz, H-7), 4.49 (1 H, dl = 11.4 Hz, H-7"), 4.35 (L H, dil = 3.9, 1.2 Hz, H-3), 4.24
(1 H,dddJ=8.7, 8.2, 6.7 Hz, H-5), 4.03 (1 H, dt= 10.2, 1.1 Hz, H-2), 3.97 (1 H, ddi=
10.4, 3.9 Hz, H-2"), 3.97 (1 H, dd,= 9.0, 6.8 Hz, H-6), 3.82 (3 H, s, H-12), 3.62H2ddt,
J=15.7, 9.7, 6.6 Hz, H-13), 3.58 (1 H, dbs 9.0, 8.3 Hz, H-6'), 2.91 (1 H, ddl,= 9.0,
5.2, 1.2 Hz, H-4), 2.39 (2 H, qtd,= 10.6, 6.7, 0.6 Hz, H-14) ppm3C NMR + DEPT
(100 MHz, CDC}) 4 159.5 (G, C-11), 129.5 (&, C-8), 129.3 (2 x Ck, C-9), 126.0 (CK
g,J = 277.0 Hz, C-15), 114.0 (2 x GHC-10), 108.8 (CH, C-1), 79.9 (CH, C-3), 76.5 (CH,
C-5), 73.8 (CH, C-2), 72.4 (CH, C-7), 70.9 (CH, C-6), 61.9 (CH d,J= 3.7 Hz, C-13),
55.3 (CH, C-12), 51.9 (CH, C-4), 34.5 (GHq, J= 28.8 Hz, C-14) ppm*F NMR
(282 MHz, CDC}): & -65.0 (t,J= 10.5 Hz, F-15)LRMS (ESI+) m/z 385.2 (M + Na),
426.2 (M + Na+ MeCN)

(1S,4R,5R,6R)-6-Hydroxy-4-(3,3,3-trifluoropropoxy)-2,8-dioxa-bicyclo[3.3.0]-octane
(3.74)

9

7
CF CF
PMBQ o O 0 HQ y o7 Y2

DDQ (1.1 eq), _
CH20|2/H20, r, 5 h 5 3
- «° " 2
(6] O 73% O (6]
H H
3.77a 3.74

Following general procedur€ (8.2.1), the deprotection of PMB-eth@&r77a (125 mg,
0.34 mmol) with DDQ (90 mg, 0.37 mmol) afforded eaft purification by column
chromatography (petroleum ether/acetone 80:20 t80j(thetitle compound3.74 as a
colourless oil (60 mg, 73%)-ormula CgH13F:04; Mw 242.19;R; 0.34 (petroleum ether/
acetone 70:30)a]p +30.8 (c 0.41, CHGJ 23 °C);IR (film) 3439 (br. w), 2953 (w), 2885
(w), 1383 (w), 1254 (s), 1146 (s), 1120 (s), 1085 062 (m), 933 (m) cth *H NMR
(400 MHz, CDC¥) § 5.80 (1 H, dJ = 5.3 Hz, H-1), 4.57 (1 H, m, H-5), 4.38 (1 H, dt
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3.8, 1.2 Hz, H-3), 4.06 (1 H, di, = 10.1, 1.2 Hz, H-2), 4.01 (1 H, dd,= 10.1, 3.8 Hz,
H-2'), 4.01 (1 H, ddJ = 9.5, 6.5 Hz, H-6), 3.66 (2 H, td,= 6.7, 1.7 Hz, H-7), 3.62 (1 H,
dd,J=9.5, 6.7 Hz, H-6"), 2.86 (1 H, ddi,= 8.6, 5.2, 1.1 Hz, H-4), 2.41 (2 H, qt= 10.7,
6.7 Hz, H-8), 1.91 (1 H, dl = 5.1 Hz, ®) ppm;*C NMR + DEPT (100 MHz, CDC}) 5
126.0 (Ck, q,J = 275.2 Hz, C-9), 109.1 (CH, C-1), 79.5 (CH, C-B,0 (CH, C-2), 73.4
(CH,, C-6), 70.0 (CH, C-5), 61.9 (GHd, J = 3.7 Hz, C-7), 53.2 (CH, C-4), 34.4 (GH),
J=28.9 Hz, C-8) ppm:°F NMR (282 MHz, CDC}J): § -65.0 (t,J = 10.5 Hz, F-9)LRMS
(ESI+) m'z 306.1 (M + Na+MeCN} HRMS (ESI+) for GH1sFs04Na (M + Naj calcd
265.0658, found 265.0665.

Ethyl 2-Fluoro-2-phenylsulfanyl-acetate (3.91)

0 PhSH (1.0 eq), EN (1.5 eq)

o
S2 2
Br THF, reflux, 2 h o,
OFEt 1

F 88%

3.91

Sulfide 3.91was synthesised according to literature procetfifEo a stirred solution of
ethyl bromofluoroacetate (10.0 mL, 84.6 mmol) iny diHF (120 ml) were added
successively BN (17.6 ml, 126.9 mmol) and thiophenol (8.6 mii.8mmol) and the
mixture was heated to reflux for 2 h. The prdeig was removed by filtration and the
filtrate was concentrated under reduced pressure33 °C). The residue was purified by
distillation to afford thetitte compound3.91 as a colourless oil (16.0 g, 88%jormula
CiH11FO,S; Mw 214.26;Bp 148-150 °C / 20 mbar (Iif* 125 °C / 18 mbar)'H NMR
(300 MHz, CDC}) § 7.60-7.54 (2 H, m, Ar-H), 7.41-7.33 (3 H, m, Ar;1)08 (1 H, d,J =
52.1 Hz, H-2), 4.15 (2 H, ¢,= 7.2 Hz, H-3), 1.20 (3 H, § = 7.2 Hz, H-4) ppm**C NMR
+ DEPT (75 MHz, CDC}) & 163.7 (CO, dJ= 27.3 Hz, C-1), 134.1 (2 x Ghi 129.4
(CHap), 129.2 (2x CHy), 94.3 (CH, dJ= 233 Hz, C-2), 62.3 (CkI C-3), 13.9 (CH, C-4)
ppm. *F NMR (282 MHz, CDC)) & -158.4 (d,J= 52.1 Hz) ppm. The'H, **C and
F NMR spectra correspond to the reported #4ta.
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Ethyl 2-Fluoro-2-phenylsulfinyl-acetate (3.87)
i MCPBA (1.15 eq), ChCl I QL T
Q/S%OB oW Q/S%O/\zt . Q/S%O/\zt
E —78°Ctort, 16 h E E

3.91 3.87(89%) 3.92(6%)

Sulfoxide 3.87 was synthesised according to literature procetfr€o a solution of
sulfide 3.91 (16.0 g, 74.5 mmol) in Cil, (150 mL) at —-78 °C was added 3-chloro-
perbenzoic acid (19.71 g, 85.7 mmol, 75%). Thetrea was stirred overnight and allowed
to slowly warm to rt. After completion, the mixtuveas filtered and the filtrate washed
with ag. sat. NaHC®and aq. sat. NkCl, dried over anhydrous MaOyu, filtered and the
solvent was removed in vacuo. Purification of thede product by column chromatography
(petroleum ether/EtOAc = 90:10 to 60:40) affordedtitle compound3.87as a colourless
oil (15.37 g, 89%) and sulfon®.92 as a white solid (1.12 g, 6%) Sulfoxi®87 is a
mixture of diastereomers due to asymmetric centogs sulfur and carborizormula
CioH11FOsS; Mw 230.26; Ry 0.20 (petroleum ether/EtOAc 80:201 NMR (300 MHz,
CDCl) 6 7.74-7.67 (2 H, m, Ar-H), 7.62-7.53 (3 H, m, Ar;1$)70 (0.7 H, dJ = 50.0 Hz,
major H-2), 5.70 (0.3 H, d] = 48.2 Hz, minor H-2), 4.23 (2 H, d4,= 7.2 Hz, H-3), 1.25
(0.9 H, t,J= 7.2 Hz, minor H-4), 1.24 (2.1 H, 3,= 7.2 Hz, major H-4) pprm>F NMR
(282 MHz, CDC}) 6 —191.9 (d,J = 47.8 Hz, minor), —192.7 (d,= 50.0 Hz, major) ppm.
The'H and®F NMR spectra correspond to the reported Hta.

Byproduct Ethyl 2-Fluoro-2-phenylsulfonyl-acetat8.92: Formula C,oH;;FO,S; Mw
246.26:R; 0.30 (petroleum ether/EtOAc 80:26[f NMR (300 MHz, CDC}) & 8.02-7.91
(2 H, m, Ar-H), 7.80-7.56 (3 H, m, Ar-H), 5.58 (1, H,J = 47.9 Hz, H-2), 4.30 (2 H, d,=
7.2 Hz, H-3), 1.29 (3 H, f] = 7.2 Hz, H-4) ppm**F NMR (282 MHz, CDC}) 5 -180.6 (d,
J = 47.8 Hz) ppm. ThiH and**F NMR spectra correspond to the reported Hita.

(2)-2-Fluoro-4-phenyl-but-2-enoic acid ethyl ester4-3.85a)

3.87(1.0 eq), NaH (1.1 eq), DMF, 0 °C, 20 min, P ] b .
©/\/Br then3.93(1.1 eq), 0 °C to rt, 16 h, then 110 °C, 2 MO\/ ﬁov
. 3 5 + 5
68% @/E = 20:1) o p 4 ©

3.93 Z-3.85a E-3.85a

Method A:*?* Ethyl fluorophenylsulfinylacetate3(87, 2.30 g, 10.0 mmol) was added to a
suspension of sodium hydride (440 mg, 11.0 mmdh &® mineral oil) in DMF (14 mL) at
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0 °C and stirred for 20 min. Then (2-Bromoethyl)beme 8.93 1.50 mL, 11 mmol) was
added and the reaction mixture was first stirrgdlfd h at rt. After heating to at 110 °C for
2 h, the mixture was poured on ice/aq. sat,8lH100 mL) and the solution was extracted
with ELO (3 x 50 mL). The combined organic extracts wereddover NaSQ filtered and
the solvent was removed in vacuo. Purification bé& tcrude product by column
chromatography (petroleum ether/EtOAc 98:2) affdrtiee desired alken&3.85a(1.42 g,
68%,Z/E = 20:1) as a colourless oil.

1.1 MJ(1.4 eq), BICHCH,Br (1.5 eq), THF, 1h; . Qe 9
_0 1.2.3.86(1.0 eq),3.90(1.2 eq), THF, 10 min; P OEt NYS%OEt
@/v 1.3.DBU (1.4 eq), rt, 16 h S F
> 0
3.90 50% Z-3.85a 3.86
(ZE =10:1)

Method B: '’ Dibromoethane (0.128 mL, 1.48 mmol, 1.5 equiv) wdded dropwise to a
suspension of My (35 mg, 1.40 mmol) in THF (5 mL) at 20 °C undep. Mfter
disappearance of all magnesium (ca. 1 h of stiirgg solution containing 2-phenyl-
acetaldehyde3(90 145 mg, 1.20 mmol) and sulfor&86 (303 mg, 1.00 mmol) in THF
(2 mL) was added dropwise. After further 10 min, DB10 pL, 1.40 mmol) was added
dropwise, and the solution was stirred for 16 t.athe reaction was quenched with a sat.
ag. NH,CI (1 mL) and brine (2 mL), then extracted with@&t(20 mL). The organic layer
was washed with brine, dried over NaS@iltered, solvent was removed in vacuo.
Purification of the crude product by column chrooggéphy (petroleum ether/EtOAc 98:2)
afforded the corresponding alkene mixtu8&85a (104 mg, 50%,Z/E = 10:1). Further
separation by HPLC (hexane/EtOAc 97:3) afforded pluiee isomersZ-3.85a (84 mg,
0.40 mmol) ande-3.85b (7 mg, 0.03 mmol) both as colourless ofarmula C;,H;13FO;;
Mw 208.23;R; 0.28 (hexane/EtOAc 97:3)R (film) 3065 (w), 3030 (w), 2983 (w), 2939
(w), 1732 (vs), 1677 (m), 1371 (m), 1302 (s), 126561188 (m), 1104 (s), 747 (m), 698 (S)
cm®; *"H NMR (400 MHz, CDC}) § 7.36-7.30 (2 H, m, Ar-H), 7.287.20 (3 H, m, Ar-H),
6.30 (1 H, dtJ = 32.2, 8.0 Hz, H-3), 4.29 (2 H, 4= 7.2 Hz, H-5), 3.60 (2 H, dd,= 8.0,
2.3 Hz, H-4), 1.34 (3 H, ] = 7.1 Hz, H-6) ppm**C NMR + DEPT (100 MHz, CDC}) 5
160.7 (CO, dJ= 35.5Hz, C-1), 1479 (CF, d = 256.8 Hz, C-2), 1379 ¢ d, J=
1.9 Hz), 128.7 (X CH,), 128.5 (2x CH,), 126.7 (CH), 118.9 (CH, dJ= 11.4 Hz, C-3),
61.7 (CH, C-5), 30.5 (CH, d,J = 3.2 Hz, C-4), 14.1 (CKI C-6) ppm;"*F NMR (282 MHz,
CDCly) & -130.7 (d,J= 32.2 Hz) ppm;LRMS (EI") mz (%) 91 ([GHs]®, 20), 115
(ICoH7]*, 87), 131 (60), 133 ([§EsF]*, 85), 135 ([GHsF]", 100), 158.9 (36), 179.9 ([M-
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C,Hs]*, 20), 207.9 ([M7], 27); HRMS (EI") for CisHi1sFO, (M™) calcd 208.0900, found
208.0899.

Byproduct: (E)-2-Fluoro-4-phenyl-but-2-enoic acid ethyl esteE-12): Formula
C12H13FO;; Mw 208.23;R¢ 0.35 (hexane/EtOAc 97:3)R (film) 3063 (w), 3029 (w), 2984
(w), 2939 (W), 1727 (vs), 1375 (s), 1348 (m), 1860, 1234 (vs), 1129 (m), 699 (m) &m
'H NMR (400 MHz, CDC}) § 7.35-7.29 (2 H, m, Ar-H), 7.2%7.21 (3 H, m, Ar-H), 6.09
(1 H, dt,J = 20.9, 8.3 Hz, H-3), 4.36 (2 H, d,= 7.1 Hz, H-5), 3.91 (2 H, dd = 8.3,
1.5 Hz, H-4), 1.38 (3 H, t] = 7.2 Hz, H-6) ppm**C NMR + DEPT (100 MHz, CDC}) §
161.0 (CO, d,J= 35.2 Hz, C-1), 147.1 (CF, dl= 253.4 Hz, C-2), 138.8 (£ d, J=
1.9 Hz), 128.7 (X CHy), 128.4 (2x CH,), 126.6 (CH), 121.9 (CH, dJ= 19.4 Hz, C-3),
61.5 (CH, C-5), 31.6 (CH, d,J = 5.8 Hz, C-4), 14.1 (CH C-6) ppm;**F NMR (282 MHz,
CDCl) § —122.0 (dJ = 21.0 Hz) ppmLRMS (EI") m/z(%) 77 ([GHs]", 14), 91 ([GH/]",
10), 115 ([GH4]", 59), 131 (95), 133 ([§HsF]*, 100), 135 ([GHsF]", 43), 158.9 (50), 179.9
(IM-C2Hs]", 26), 207.9 (M7, 30); HRMS (EI") for CioH13FO, (M™) caled 208.0900,
found 277.0898.

(2)-2-Fluoro-4-phenyl-but-2-en-1-ol (3.95)

F F
LiAIH 4 (1.1 eq), 4 2
woa THE 0°C. 1h 3/ 1 OH
=
0 86%
7-3.85a 3.95

To a solution of ester-3.85a (75 mg, 0.36 mmol) in THF (5 mL) at 0 °C was added
LiAIH 4 (0.43 mL, 0.43 mmol, 1M in THF) and the resultimgxture was stirred at 0 °C.
After 1 h NaS0O, - 10 HO (0.3 g, 0.91 mmol) was added and the reactionstiaed for
further 30 min. After completion the mixture wasutkd with CHCI, (15 mL) and filtered
over celite. The filter cake was washed with,CH (2 x 10 mL) and the combined filtrates
were concentrated in vacuo. Purification of thederproduct by column chromatography
(petroleum ether/EtOAc 85:15) afforded thide compound3.95 as a pale yellow oil
(51.6 mg, 86%)Formula C;oH11.FO; Mw 166.19;R; 0.23 (hexane/EtOAc 85:139R (film)
3335 (br. m), 3063 (w), 3028 (w), 2925 (w), 2685,(®w709 (m), 1495 (m), 1454 (m), 1071
(m), 1012 (s), 745 (m), 698 (vs) &m'H NMR (400 MHz, CDC}) & 7.34-7.28 (2 H, m,
Ar-H), 7.25-7.19 (3 H, m, Ar-H), 5.08 (1 H, dfl = 35.8, 7.7 Hz, H-3), 4.17 (2 H, dd=
15.3, 6.3 Hz, H-1), 3.48 (2 H, d,= 7.7 Hz, H-4), 1.72 (3 H, td,= 6.4, 1.8 Hz, OH) ppm;
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3C NMR + DEPT (100 MHz, CDC}) & 157.8 (CF, dJ = 256.1 Hz, C-2), 139.8 (£ d,J =

1.7 Hz), 128.5 (X CHy), 128.3 (2x CHa), 126.2 (CH,), 106.9 (CH, d,J = 13.6 Hz, C-3),
61.3 (CH, d,J = 32.3 Hz, C-1), 29.7 (CHd, J = 4.9 Hz, C-4) ppm'*F NMR (282 MHz,
CDCl;) § -121.1 (dtJ = 35.7, 15.4 Hz) ppm;RMS (EI") m/z (%) 91 ([GH/]*, 16), 115
([CoH7]*, 66), 134.9 ([GHsF]", 100), 146.9 ([GH1O]", 41), 165.9 ([M7], 18); HRMS

(EI") for CioH1sFO (M™) caled 166.0794, found 166.0797.

1-((2)-4-Chloro-3-fluorobut-2-enyl)-benzene (3.96b)

F F
(CIsC),CO (1.0 eq), PPA(1.1 eq), 1 3
©/\/K/OH THF, —40 °C, 20 min wC|
99%

3.95 3.96b

To a solution of alcohd.95(930 mg, 5.60 mmol) in THF (20 mL) at —40 °C wakled
PPh (1.61 g, 6.16 mmol) and hexachloroacetone (850 f6, mmol). The resulting
mixture was stirred at —40 °C for 20 min. After qaletion, the solvent was removed in
vacuo and purification of the crude product by awmtu chromatography (petroleum
ether/EtOAc 97:3 to 95:5) afforded thide compound3.96b as a colourless oil (1.02 g,
99%). Formula C;gH1oCIF; Mw 184.64;R; 0.55 (petroleum ether/EtOAc 95:3H NMR
(400 MHz, CDCY}) 6 7.34-7.19 (5 H, m, Ar-H), 5.17 (1 H, d§, = 33.6, 7.7 Hz, H-2), 4.10
(2 H, d,J = 18.1 Hz, H-4), 3.52 (2 H, dd,= 7.7, 1.5 Hz, H-1) ppm:>C NMR + DEPT
(100 MHz, CDC}) & 154.3 (CF, dJ= 253.9 Hz, C-3), 139.2 (£ d,J= 1.7 Hz), 128.6
(2 x CHyy), 128.3 (2¢x CHy), 126.4 (CH)), 106.9 (CH, dJ= 14.3 Hz, C-2), 41.9 (CHd,
J= 32.2 Hz, C-4), 30.1 (CK d, J= 4.4 Hz, C-1) ppm;°*F NMR (282 MHz, CDC})) §
-117.1 (dtJ = 33.8, 18.0 Hz) ppm.

2,2,2-Trichloro-acetimidic acid ¢)-2-fluoro-4-phenyl-but-2-enyl ester (3.99)

F

F
CIzCCN (1.5 eq) DBU (0.2 eq), 6 4 2
___OH o oo caly
©/\/‘\/ CH2C|2, 0°C,1 h _ : 3 Y
99% NH

3.95 3.99

To a solution of alcohdB.95 (1.48 g, 8.9 mmol) in C¥Cl, (50 mL) at 0 °C was added
DBU (265 pL, 1.8 mmol) and trichloroacetonitrile.32 mL, 13.4 mmol). The resulting
mixture was stirred at 0 °C for 1 h and monitorgdTh.C. After completion, the solvent
was removed in vacuo and the crude product wadigulioy filtration over a prewashed
silica plug (petroleum ether/EtOAc 95: 5) to afféhetitle compound®.99as a pale yellow
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oil (2.75 g, 99%)Formula C;,H1:ClIFNO; Mw 310.58;R; 0.75 (petroleum ether/EtOAC
90:10); *H NMR (300 MHz, CDC}) & 8.45 (1 H, br. s, NH), 7.35.17 (5H, m, Ar-H),
5.27 (1 H, dtJ = 34.6, 7.7 Hz, H-5), 4.86 (2 H, d,= 16.4 Hz, H-3), 3.52 2 H, d =
7.8 Hz, H-6) ppm*F NMR (282 MHz, CDC}) § —-119.0 (dtJ = 34.9, 16.4 Hz) ppm.

Acetic acid )-2-fluoro-4-phenyl-but-2-enyl ester (3.100a)

F F
AcCl (2.0 eq), pyridine (1.1 eq), 6 4 2
©/\/K/OH toluene, 0 °Ctort, 18 h = Owl(
5 3
65% ©
3.95 3.100a

Acetyl chloride (504 pL, 7.10 mmol) was added showd a stirred solution of alcohol
3.95 (590 mg, 3.55 mmol) and pyridine (324 pL, 4.00 mmo toluene (15 mL) at 0 °C
and stirring was continued for 18 h while the migtwarmed to rt. After completion, the
reaction was cooled to =78 °C angddH(2 mL) was added slowly. The warmed mixture was
washed with sat. ag. NaHG(b mL), the phases were separated and the aqpbass was
extracted with BO (2 x 10 mL). The combined organic phases werddover anhydrous
Na:SQ,, filtered and the solvent was removed in vacugifieation of the crude product by
column chromatography (petroleum ether/EtOAc 956 85:15) afforded thetitle
compound3.100aas a colourless oil (477 mg, 65%prmula C;,H;13FO,; Mw 208.23;R¢
0.59 (petroleum ether/EtOAc 85:13R (film) 3063 (w), 3029 (w), 2941 (w), 1740 (vs),
1453 (m), 1364 (m), 1217 (vs), 1160 (m), 1028 @34 (m), 746 (s), 698 (vs) chn
'H NMR (400 MHz, CDCY) § 7.34-7.29 (2 H, m, Ar-H), 7.257.19 (3 H, m, Ar-H), 5.16
(1 H, dt,J = 34.6, 7.7 Hz, H-5), 4.62 (2 H, d,= 17.3 Hz, H-3), 3.49 (2 H, dd, = 7.7,
1.5 Hz, H-6), 2.12 (3 H, s, H-2) ppffC NMR + DEPT (100 MHz, CDC}) § 170.4 (CO,
C-1), 153.9 (CF, dJ= 255.0 Hz, C-4), 139.4 (g, 128.6 (2x CH,), 128.3 (2x CH,),
126.3 (CH,), 110.3 (CH, d,J = 13.2 Hz, C-5), 62.1 (CHd,J= 31.1 Hz, C-3), 29.8 (CH
d, J= 4.4 Hz, C-6), 20.8 (CHC-2) ppm;'*F NMR (282 MHz, CDC}) & -118.8 (dt,J =
34.7, 17.4 Hz, F-4) ppm.
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Trichloroacetic acid (2)-2-fluoro-4-phenyl-but-2-enyl ester (3.100b)

F F )
Cl,CCOCI (L5 eq), BN (2.0 eq), 6 la
Z~-OH THE, 0 °C. 30 min Z Oﬁ(cob
> 5 3
o
97%
3.95 3.100b

Trichloroacetyl chloride (640 pL, 5.70 mmol) wasdad slowly to a stirred solution of
alcohol3.95(625 mg, 3.80 mmol) and & (1.05 mL, 7.60 mmol) in THF (10 mL) at 0 °C
and stirring was continued at this temperature3@min. After completion, the reaction
was quenched by the careful addition of sat. @&H®GO; (10 mL) and EO (10 mL). The
phases were separated and the aqueous phase wageekivith EIO (2 x 15 mL). The
combined organic phases were washed with sat. HgCNand HO (10 mL each), dried
over anhydrous N&Q,, filtered and the solvent was removed in vacuaifiéation of the
crude product by column chromatography (petroletimréEtOAc 95:5 to 90:10) afforded
the titte compound3.100bas a colourless oil (1.15 g, 97%)prmula C;,H;,ClsFO,; Mw
311.56;R¢ 0.75 (petroleum ether/EtOAc 85:13R (film) 3064 (w), 3029 (w), 2957 (w),
1766 (vs), 1496 (m), 1454 (m), 1216 (vs), 973 @26 (s), 747 (m), 698 (s), 682 (s) tm
'H NMR (300 MHz, CDC})  7.36-7.28 (2 H, m, Ar-H), 7.277.18 (3 H, m, Ar-H), 5.32
(1 H, dt,J = 33.9, 7.7 Hz, H-5), 4.89 (2 H, d,= 17.2 Hz, H-3), 3.52 (2 H, dd,= 7.8,
1.8 Hz, H-6) ppm*3*C NMR + DEPT (75 MHz, CDC}) § 163.8 (CO, C-1), 152.0 (CF, d,
J= 255.4 Hz, C-4), 138.8 (g, 128.6 (2x CHay), 128.3 (2x CHy), 126.5 (CH), 112.7
(CH, d,J=13.0 Hz, C-5), 77.2 (CglC-2), 66.3 (CH, d,J= 31.8 Hz, C-3), 29.9 (CHld,
J= 4.1 Hz, C-6) ppm**F NMR (282 MHz, CDC}) & -119.4 (dt,J= 35.0, 17.1 Hz, F-4)
ppm.

(2)-2-Fluoro-4-phenyl-but-2-enoic acid (3.102)

F F
4
MOEt LiIOH-H,0 (1.2 eq), THF/HO, rt, 3 h MOH
> 3
© 88% 0
Z-3.85a 3.102

To a solution of LIOH:-KO (313 mg, 7.4 mmol) in THFA® (4 mL, 1:1) was added a
solution of esteZ-3.85a(1.294 g, 6.2 mmol) in THF (6 mL) and the resgtmixture was
stirred at rt for 3 h. After completion, the solvemas removed in vacuo and the crude
product was redissolved in EV/H,O (10 mL each). The phases were separated and the

agueous phase was extracted withOE(2 x 10 mL). The combined organic phases were
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washed with ag. HCI (5 mL, 1M), dried over anhydrddaSQ,, filtered and the solvent
was removed in vacuo to afford ttide compound3.102as a white solid (981 mg, 88%).
Formula C;oHoFO,; Mw 180.19;Mp 98-100 °C;IR (neat) 3063 (br. m), 3028 (m), 2865
(br. m), 2550 (w), 1688 (vs), 1666 (s), 1449 (291 (m), 1262 (s), 1114 (s), 940 (s), 738
(m), 695 (s) cnt; *H NMR (400 MHz, CDC}) § 10.52 (1 H, br. s, OH), 7.38.18 (5 H, m,
Ar-H), 6.47 (1 H, dtJ = 31.6, 8.0 Hz, H-3), 3.60 (2 H, dd= 8.0, 2.1 Hz, H-4) ppm?C
NMR + DEPT (100 MHz, CDC}) é 165.6 (CO, dJ= 35.9 Hz, C-1), 147.0 (CF, d,=
253.9 Hz, C-2), 137.4 (§J, 128.8 (2x CHay), 128.5 (2x CHy), 126.9 (CH), 122.0 (CH, d,
J=11.0 Hz, C-3), 30.7 (CH d, J= 2.6 Hz, C-4) ppm°F NMR (282 MHz, CDC}) §
-131.7 (dJ = 31.6 Hz, F-2) ppm.

(2)-2-Fluoro-4-phenyl-but-2-enoic  acid (5,4R,5R,6R)-6-(4-methoxybenzyloxy)-2,8-
dioxabicyclo[3.3.0]-octane-4-yl ester (3.103)

CH,Cl,, 0°Ctort, 18 h

5 14
10 6 1 2
(e} (e} 2% O (e}

H

(o]
9 15 Ph
PMBQ y OH  3.102 DMAP (0.1eq),DCC (10ed), 10 579 0)1%

3.26(1.15 eq) 3.103

To a solution of aci®.102(570 mg, 3.15 mmol), alcoh8l26 (882 mg, 3.31 mmol) and
DMAP (39 mg, 0.32 mmol) in C¥Cl, (10 mL) at 0 °C was added a solution of DCC
(603 mg, 3.15 mmol) in CKl, (3 mL) and the resulting mixture was stirred ais th
temperature for 10 min. The cooling was removed #redreaction was stirred at rt for
further 18 h. After completion, the urea precigtatas filtered off and the solvent was
removed in vacuo. Purification of the crude productolumn chromatography (petroleum
ether/acetone 85:15 to 50:50) afforded successithedtitte compound3.103 as a pale
yellow oil (1.02 g, 72%) and alcohd.26 (133 mg, 15%).Formula C,/H2sFOs; Mw
428.45;R; 0.40 (petroleum ether/acetone 75:2[)}p +38.6 € 0.75, CHCY4, 27 °C);IR
(film) 2933 (w), 2880 (w), 1731 (s), 1514 (m), 1308), 1249 (s), 1110 (s), 1029 (vs), 949
(m), 761 (m) crit; *"H NMR (400 MHz, CDC}) § 7.37-7.20 (7 H, m, Ar-H); 6.89 (2 H, d,
= 8.7 Hz, H-10), 6.32 (1 H, di,= 32.0, 8.0 Hz, H-15), 5.84 (1 H, 8= 5.2 Hz, H-1), 5.66
(1H, d,J=3.0 Hz, H-3), 4.66 (1 H, d,= 11.2 Hz, H-7), 4.53 (1 H, d,= 11.2 Hz, H-7"),
4.26 (1 H, dddJ = 9.1, 7.9, 6.7 Hz, H-5), 4.13 (1 H, dii= 11.0, 3.3 Hz, H-2), 4.08 (1 H,
dd,J = 11.0, 1.0 Hz, H-2), 3.98 (1 H, dd,= 9.3, 6.7 Hz, H-6), 3.81 (3 H, s, H-12), 3.63
(1 H, dd,J = 9.5, 8.0 Hz, H-6’), 3.60 (2 H, dd,= 8.0, 2.3 Hz, H-16), 3.00 (1 H, ddt~
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9.1, 5.2, 1.0 Hz, H-4) ppm=C NMR + DEPT (100 MHz, CDC}) 5 160.2 (C, d,J =
36.2 Hz, C-13), 159.5 (§ C-11), 147.4 (CF, d) = 256.1 Hz, C-14), 137.6 (£d,J =
1.8 Hz), 129.6 (X CH,, C-9), 129.3 (G, C-8), 128.8 (% CH,), 128.5 (2¢ CHy,), 126.8
(CHas), 120.0 (CH, dJ = 11.3 Hz, C-15), 114.0 (2CH,, C-10), 108.9 (CH, C-1), 79.9
(CH, C-3), 76.3 (CH, C-5), 74.6 (GHC-2), 72.6 (CH, C-7), 71.0 (CH, C-6), 55.3 (CH,
C-12), 51.4 (CH, C-4), 30.5 (GHd, J = 3.3 Hz, C-16) ppm:’F NMR (282 MHz, CDCI?3)
8 —130.6 (d,J = 32.0 Hz, F-14) ppmtLRMS (ESI) m/z451.2 (M + Naj; HRMS (ESI")
for C,4H2sFOsNa (M + Naj caled. 451.1527; found 451.1534.

(1R,4R,5S,6R)-4-Allyloxy -6-(4-methoxybenzyloxy)2,8-dioxa-bicyclo3.3.0]-octane(3.81)

Hp
o [ 9 13 10
NaH (2 eq), THF, 0 °C, 10 min; 10 14
PMBQ  OH then CH=CHCH,Br (2 eq), b 570y OMHa
- TBAI (0.2 eq), 0°Ctort, 16 h N0t 9 5 . 3

o110 79% o 1~0d
H H

3.26 3.81

To a stirred solution of alcohd.26 (1.05 g, 3.93 mmol) in THF (15 mL) at 0 °C was
added NaH (314 mg, 7.86 mmol, 60% in mineral déifjer 10 min, allyl bromide (680 pL,
7.86 mmol) and TBAI (291 mg, 0.79 mmol) were addetl the resulting mixture was
stirred at 0 °C for 20 min and at rt for further L6The reaction was quenched carefully
with H,O (20 mL) and BED (20 mL). The phases were separated and the as|lemr was
extracted with BO (2 x 20 mL). The combined organic layers werehgdswith aqg. sat.
NaHCG;, dried over anhydrous MaQ,, filtered and the solvent was removed in vacuo.
Purification of the crude product by column chroogaaphy (petroleum ether/acetone 95:5
to 85:15) afforded théitle compound3.81 as a colourless oil (950 mg, 79%j)ormula
C17H2:0s; Mw 306.35;R¢ 0.25 (petroleum ether/acetone 85:18), +15.4 € 1.0, CHCY,

27 °C);IR (film) 2937 (m), 2874 (m), 1612 (m), 1514 (s), 924), 1120 (s), 1027 (vs), 821
(m) cm; '"H NMR (400 MHz, CDC})) § 7.26 (2 H, dJ = 8.7 Hz, H-9), 6.90 2 H, d} =
8.7 Hz, H-10), 5.92 (1 H, ddf,= 17.2, 10.4, 5.6 Hz, H-14), 5.81 (1 H,Jd 5.2 Hz, H-1),
5.30 (1 H, dgJ =17.3, 1.6 Hz, H-15b), 5.20 (1 H, 8= 10.4, 1.4 Hz, H-15a), 4.55 (1 H, d,
J=11.4 Hz, H-7), 4.48 (1 H, d,= 11.4 Hz, H-7’), 4.40 (1 H, d§, = 3.9, 1.2 Hz, H-3), 4.24
(1 H, ddd,J = 8.9, 8.3, 6.7 Hz, H-5), 4.07 (1 H, dt= 10.1, 1.3 Hz, H-2), 4.03-3.93 (4 H,
m, H-2', H-6, H-13 and H-13’), 3.82 (3 H, s, H-1359 (1 H, ddJ = 9.0, 8.3 Hz, H-6"),
2.96 (1 H, ddtJ = 9.0, 5.2, 1.1 Hz, H-4) ppnt:C NMR + DEPT (100 MHz, CDC}) §
159.5 (G, C-11), 134.5 (CH, C-14), 129.6 {£CC-8), 129.3 (2 x Cl, C-9), 117.3 (CH
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C-15), 113.9 (2 x Cl, C-10), 108.9 (CH, C-1), 78.9 (CH, C-3), 76.6 (QH5), 74.2 (CH,
C-2), 72.3 (CH, C-7), 70.8 (CH, C-6), 70.1 (CH, C-13), 55.3 (Ch} C-12), 52.0 (CH, C-4)
ppm;LRMS (ESI) m/z329.2 (M + Na).

(1S,4R,5R,6R)-4-(2-Fluoroallyloxy)-6-(4-methoxybenzyloxy)-2,8-tbxa-bicyclo[3.3.0]-
octane (3.106)

9 13 15
= %
PMBQ |y 07 1. NBS (1.1 eq), EN-3HF (L5 eq), . 1i©{7\9__ H Oﬁf”ﬁ
~ 9

CHCl, 0°Ctort, 16 h, 43 %

3 F
5
o T~o 2.tBUOK (2.0 eq), THF, rt, 22 h, 57% o 1~0

H H
3.81 3.106

Fluoroalkene3.106was prepared in two steps, according to a liteegpuoceduré®® To a
solution of allyl ether3.81 (937 mg, 3.05 mmol) in Ci€l, (10 mL) at 0 °C was added
N-bromosuccinimide (600 mg, 3.36 mmol) and triethyilze tris(hydrofluoride) and stirred
at this temperature for 15 min. The cooling wasaead and the reaction was stirred at rt
for further 16 h. The reaction was poured into waer (50 mL), basified with ag. NH
(~ 1 mL, 35w%) and the resulting mixture was estied with CHCI, (4 x 30 mL). The
combined organic phases were washed with ag. HCImll, 0.1 N) and ag. NaHGO
(10 mL, 5 w%), dried over anhydrous J$&,, filtered and the solvent was removed in
vacuo. Purification of the crude by column chrongaphy (petroleum ether/acetone 90:10
to 80:20) successively afforded allyl etl381 (433 mg, 46%) and bromofluoro ett8405
as a colourless oil (532 mg, 43%, 1.1 mixture of wastereoisomer®; 0.29 (petroleum
ether/acetone 80:20°F NMR & —183.62 (dtdd,) = 46.5, 20.4, 19.9, 15.8 Hz), —183.62
(ddt,J = 46.4, 38.0, 19.0 Hz) ppm).

To a solution of bromofluoro eth&:105(800 mg, 1.97 mmol) in dry THF (15 mL) was
added potassiurtert-butoxide (443 mg, 3.94 mmol) and the reaction wt@sed at rt for
22 h. The reaction was diluted with,® (15 mL) and the resulting mixture was extracted
with ELO (3 x 20 mL). The combined organic phases wereddover anhydrous N8O,
filtered and the solvent was removed in vacuo.fRation of the crude product by column
chromatography (petroleum ether/acetone 90:10 t@5)5afforded thetitte compound
3.106 as a colourless oil (363 mg, 57%jormula Ci;H»1FOs; Mw 324.34; R; 0.35
(petroleum ether/acetone 80:2Q¢]p +15.1 € 1.0, CHC}, 23 °C); IR (film) 2937 (w),
2875 (w), 1681 (m), 1514 (s), 1249 (s), 1119 (£28L (vs), 931 (m) cii ‘H NMR
(400 MHz, CDC}) & 7.25 (2 H, dJ = 8.7 Hz, H-9), 6.90 (1 H, dl = 8.7 Hz, H-10), 5.81
(1 H, d,J = 5.3 Hz, H-1), 4.76 (1 H, dd,= 16.5, 3.0 Hz, H-15a), 4.56 (1 H, ddtz 48.5,
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3.0, 0.8 Hz, H-15b), 4.54 (1 H, d,= 11.4 Hz, H-7), 4.48 (1 H, d,= 11.4 Hz, H-7’), 4.46
(1 H, dt,d=3.9, 1.2 Hz, H-3), 4.24 (1 H, dddi= 9.0, 8.2, 6.7 Hz, H-5), 4.06 (1 H, dt=
10.4, 1.3 Hz, H-2), 4.01-3.95 (4 H, m, H-2’, H-6;13 and H-13’), 3.82 (3 H, s, H-12),
3.58 (1H, dd,J = 9.1, 8.1 Hz, H-6"), 2.96 (1L H, ddg = 8.9, 5.2, 1.1 Hz, H-4) ppm;
¥C NMR + DEPT (100 MHz, CDC}) 6 161.9 (CF, dJ= 237.1 Hz, C-14), 159.5 (¢
C-11), 129.5 (G, C-8), 129.3 (2 x CK, C-9), 114.0 (2 x CK, C-10), 108.8 (CH, C-1),
93.1 (CH, d,J = 17.2 Hz, C-15), 79.5 (CH, C-3), 76.5 (CH, C-B3.9 (CH, C-2), 72.4
(CH,, C-7), 70.8 (CH, C-6), 66.5 (CH, d,J = 33.3 Hz, C-13), 55.3 (GHC-12), 52.1 (CH,
C-4) ppm;*F NMR (282 MHz, CDC}) & -105.6 (ddt,J = 48.5, 16.5, 13.2 Hz, F-14);
LRMS (ESI') m/'z388.2 (M + Na+MeCN)

(1S,4R,5R,6R)-4-(2-Fluoroallyloxy)-6-hydroxy-2,8-dioxa-bicyclof3.3.0]-octane (3.75a)

Hp

7 9
=
PMBQ y O Y DDQ (1.1 eq), HQ O/\B]/‘\Ha
_ I _

CH,CI/H,0, 1t, 3 h L F
6~ 4|4 2
O O 57% O (e}
H H
3.106 3.75a

Following general procedur€ (8.2.1), the deprotection of PMB-eth&r106 (340 mg,
1.05 mmol) with DDQ (262 mg, 1.15 mmol) affordedteaf purification by column
chromatography (petroleum ether/acetone 80:20 tB80jGhetitle compound3.75aas a
colourless oil (123 mg, 57%lrormula CoH13FO4; Mw 204.20;R¢ 0.29 (petroleum ether/
acetone 70:30)a]p +50.6 € 1.0, CHCY, 25 °C);IR (film) 3434 (br. m), 2942 (w), 2879
(w), 1680 (m), 1219 (m), 1107 (s), 999 (vs), 928 &9 (s) crit; '"H NMR (400 MHz,
CDClg) 6 5.82 (1 H, dJ =5.3 Hz, H-1), 4.77 (1 H, dd,= 16.5, 3.0 Hz, H-9a), 4.59 (1 H,
ddt,J = 48.5, 3.0, 0.8 Hz, H-9b), 4.57 (1 H, did; 8.6, 6.5, 5.1 Hz, H-5), 4.49 (1 H, dt&
4.0, 1.2 Hz, H-3), 4.08 (1 H, di,= 10.2, 1.3 Hz, H-2), 4.05-3.99 (4 H, m, H-2', H&-7
and H-7"), 3.62 (1 H, ddJ = 9.5, 6.7 Hz, H-6"), 2.90 (1 H, dd1,= 8.6, 5.3, 1.2 Hz, H-4),
1.90 (1 H, dJ = 5.2 Hz, OH) ppm**C NMR + DEPT (100 MHz, CDC}) 6 162.1 (CF, d,
J=259.1 Hz, C-8), 109.1 (CH, C-1), 162.1 (£H,J = 16.8 Hz, C-9), 79.2 (CH, C-3), 74.1
(CH,, C-2), 73.3 (CH C-6), 70.0 (CH, C-5), 66.5 (GHd, J= 33.3 Hz, C-7), 53.5 (CH,
C-4) ppm.;*F NMR (282 MHz, CDC}) § -105.5 (ddt,J) = 48.5, 16.5, 13.2 Hz, F-8) ppm;
LRMS (ESI) m/z 268.2 (M + Na+MeCN) HRMS (ESI) for CH;13FO/Na (M + Nay
calcd 227.0690, found 227.0689.
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8.2.2.4 Synthesis of halogenated bis-THF analogues

(1S,4R,5S,6R)-4-Chloro-6-(4-methoxybenzyloxy)-2,8-dioxa-bicyclo[3.8]-octane (3.110)

9

10
PMBQ  OH SOCK(1.15 eq), pyridine 87Q y @
/ \ 0°Cto100°C,2h ot 9 & 4 3

O (0] 39% (6] (6]
H H

3.29 3.110

To a solution ofendealcohol 3.29(1.00 g, 3.76 mmol) in pyridine (7 mL) at 0 °C was
added thionyl chloride (330 pL, 4.50 mmol) and tlgulting mixture was heated to 100 °C
for 2 h. After cooling to rt, the reaction was pedrinto ice water (20 mL) and extracted
with Et,O (2 x 20 mL). The combined organic phases werehacsvith water and brine
(5 mL each), dried over anhydrous S&;, filtered and the solvent was removed in vacuo.
Purification of the crude product by column chrooggphy (petroleum ether/acetone
90:10 to 80:20) afforded th#le compound.110as a white solid (422 mg, 39%)ormula
C14H1/CIO4; Mw 284.74;R; 0.40 (petroleum ether/acetone 80:2@p 74-76 °C;IR (film)
2936 (w), 2875 (w), 2837 (w), 1612 (m), 1514 (2948 (s), 1110 (s), 1027 (vs), 921 (m),
821 (m) cm’; *H NMR (400 MHz, CDC}) § 7.26 (2 H, dJ = 8.7 Hz, H-9), 6.91 (2 H, d,
J=8.7 Hz, H-10), 5.90 (1 H, d,= 5.1 Hz, H-1), 4.76 (1 H, d§,= 4.2, 1.4 Hz, H-3), 4.55
(1H,d,J=11.2 Hz, H-7), 4.49 (1 H, d,= 11.2 Hz, H-7"), 4.26 (1 H, dd,= 10.6, 4.2 Hz,
H-2), 4.21 (1 H, ddd) = 8.8, 7.8, 6.7 Hz, H-5), 4.09 (1 H, dt= 10.6, 1.4 Hz, H-2"), 3.98
(1 H, dd,J = 9.3, 6.6 Hz, H-6), 3.83 (3 H, s, H-12), 3.62H1dd,J = 9.3, 7.8 Hz, H-6"),
3.18 (1 H, ddtJ = 9.0, 5.1, 1.4 Hz, H-4) ppnt’C NMR + DEPT (100 MHz, CDC}) &
159.6 (G, C-11), 129.4 (2 x Ci{ C-9), 129.2 (G, C-8), 114.0 (2 x CK, C-10), 108.8
(CH, C-1), 77.6 (CH C-2), 76.6 (CH, C-5), 72.4 (GHC-7), 70.9 (CH, C-6), 57.3 (CH,
C-3), 55.8 (CH, C-4), 55.3 (GHC-12) ppm,LRMS (ESI) nvz 348.1 (M + Na+MeCN)
350.1 (M + Na+MeCN),

(1S,4R,5S,6R)-4-Chloro-6-hydroxy-2,8-dioxa-bicyclo[3.3.0]-octae (3.107)

PMBQ yy Cl DDQ (1.1 eq), "
CH,ClyH;0, 1t, 3 h IR
> 1! 2
o110 56% o7l-o
) H
3.110 3.107

Following general procedur€ (8.2.1), the deprotection of PMB-eth&r110 (539 mg,
1.90 mmol) with DDQ (473 mg, 2.10 mmol) affordedteaf purification by column
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chromatography (petroleum ether/acetone 90:10 t80jChetitle compound3.107 as a
pale yellow oil (174 mg, 56%Jormula CsHgClO3; Mw 164.59;R; 0.26 (petroleum ether/
acetone 70:30)u]p +85.1 € 0.68, CHCJ, 26 °C);IR (film) 3430 (br. m), 2982 (w), 2941
(w), 2881 (w), 1309 (w), 1230 (m), 1107 (s), 101),(1016 (s), 946 (m), 919 (s), 886 (m),
578 (m) cm; *H NMR (400 MHz, CDC}) § 5.91 (1 H, dJ = 5.2 Hz, H-1), 4.80 (1 H, dj,

= 4.1, 1.3 Hz, H-3), 4.56 (1 H, dtd,= 8.8, 6.4, 4.5 Hz, H-5), 4.28 (1 H, d#i= 10.5,
4.0 Hz, H-2), 4.12 (1 H, dt] = 10.5, 1.2 Hz, H-2"), 4.04 (1 H, dd,= 9.7, 6.3 Hz, H-6),
3.64 (1 H, dd,) = 9.6, 6.6 Hz, H-6"), 3.12 (1 H, ddi,= 8.8, 5.2, 1.1 Hz, H-4), 2.13 (1 H, d,
J=4.7 Hz, OH) ppm**C NMR + DEPT (100 MHz, CDC}) 5 109.0 (CH, C-1), 77.8 (CH
C-2), 73.3 (CH, C-5), 70.0 (GHC-6), 57.2 (CH, C-3), 57.1 (CH, C-4) pptRMS (CI")
m'z (%) 128.0 (61), 129.0 (29), 146.0 (93), 148 (6832 (100, (M+NH)"), 184 (33,
(M+NH,)"); HRMS (ESI") for CsHoClOsNa (M+Na) calcd 187.0132, found 187.0132.

(1S,4R,5S,6R)-4-Fluoro-6-hydroxy-2,8-dioxa-bicylco-[3.3.0]-octae (3.108)

PMBQ y OH 1 DAST (1.2 eq), DMAP (2.0 eq), GBl,, HQ y F
m ~10°Ctort, 18 h, 36% @%
. ) )
o 1~0 2.DDQ (1.1 eq), CKCIy/H,0, 1t, 5 h, 23% o 1~o
H H

3.29 3.108

Diethylaminosulfur trifluoride (170 pL, 1.30 mmolas added dropwise to a solution of
alcohol3.29 (285 mg, 1.07 mmol) and DMAP (260 mg, 2.14 mmolCH,Cl, (2.5 mL) at
—-10 °C. The reaction was allowed to warm to rt avab stirred for further 18 h. After
completion, the reaction mixture was cooled to *@0quenched with MeOH (2 mL) and
partitioned between Ci&l, and sat. ag. NaHGQO@8 mL each). The aqueous phase was
extracted with ChCIl, (3 x 10 mL). The combined organic phases were diogdr
anhydrous Nz50,, filtered and the solvent was removed in vacugifieation of the crude
product by column chromatography (petroleum etloettmne 85:15 to 65:35) afforded
fluoride 3.113 as a colourless oil (104 mg, 36%; 0.38 (petroleum ether/acetone 80:20);
'H NMR (300 MHz, CDC}) § 7.25 (d,J = 8.6 Hz, 2 H), 6.91 (d] = 8.8 Hz, 2 H), 5.87 (d,
J=5.2Hz, 1H), 5.44 (dd] = 53.2, 3.1 Hz, 1 H), 4.54 (d,= 11.3 Hz, 1 H), 4.49 (d] =
11.3 Hz, 1 H), 4.27 (ddd,= 9.1, 7.6, 6.6 Hz, 1 H), 4.21 (dddlz 23.0, 11.4, 1.6 Hz, 1 H),
4.05 (dddJ = 39.6, 11.3, 3.0 Hz, 1 H), 3.96 (ddbs 9.4, 6.4, 1.2 Hz, 1 H), 3.83 (s, 3 H),
3.61 (dd,J= 9.4, 7.5 Hz, 1 H), 3.13 (dddd, J = 26.0, 9.1, 8.5 Hz, 1 H) ppm*°F NMR
(282 MHz, CDC}) 6 —179.7 ppm).
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Treatment of the PMB-eth&:113(285 mg, 1.07 mmol) with DDQ (270 mg, 1.20 mmol)
according to general procedur€ (8.2.1) afforded after purification by column
chromatography (petroleum ether/acetone 80:20 td0§Chetitle compound3.108 as a
colourless oil (37.2 mg, 23%}rormula CgHoFO3; Mw 148.13;R; 0.25 (hexane/acetone
70:30); [a]p +21.2 (c 1.06, CHGJ 25 °C); IR (film) 3417 (br. m), 2982 (w), 2941 (w),
2883 (w), 1228 (m), 1110 (s), 1001 (s), 959 (v&F ©&), 856 (s) ci1 *H NMR (400 MHz,
CDCly) 6 5.87 (1 H, dJ = 5.1 Hz, H-1), 5.47 (1 H, dd, = 53.0, 3.0 Hz, H-3), 4.61 (1 H,
dtd,J = 8.8, 6.1, 4.8 Hz, H-5), 4.24 (1 H, ddds 23.1, 11.3, 1.6 Hz, H-2), 4.08 (1 H, ddd,
J=39.7,11.5, 2.9 Hz, H-2"), 4.01 (1 H, ddb= 9.8, 6.0, 1.1 Hz, H-6), 3.63 (1 H, dbiF
9.7, 6.1 Hz, H-6"), 3.08 (1 H, dddd,= 25.6, 8.8, 5.3, 1.8 Hz, H-4), 2.18 (1 H, Hs
4.9 Hz, OH) ppm{*C NMR + DEPT (100 MHz, CDC}) § 109.1 (CH, C-1), 93.7 (CHF, d,
J=176.9 Hz, C-3), 75.4 (CHd, J= 22.8 Hz, C-2), 73.6 (CK C-6), 69.5 (CH, dJ=
9.7 Hz, C-5), 53.6 (CH, dl = 22.1 Hz, C-4) ppm'*F NMR (282 MHz, CDC}) 5 —180.4
(dddd,J = 53.0, 39.7, 25.6, 23.1 Hz) ppitRMS (CI") m/z (%) 44.1 (12), 68.0 (100), 69.0
(18), 110.9 (10), 128.9 (10), 148.9 (IM+HB), 165.9 ([M+NH]", 14).

(3R,4S,559)-4-(1,1-Difluoro-2-hydroxy-ethyl)-5-ethoxy-tetrahydro-furan-3-ol (3.116)

' LD%T@mmcw@mcmmm¢%%Gzikg{m+
1
[¢] o] 2. Hy, Pd/C, EtOH, reflux, 18 h, 39% 0 -0
H I

3.27 3.116

Diethylaminosulfur trifluoride (1.32 mL, 10.0 mmailjas added dropwise to a solution of
ketone3.27 (524 mg, 2.00 mmol) in CiI, (10 mL) at O °C. The reaction was allowed to
warm to rt and was stirred in a sealed tube fath&mr 16 d. After completion, the reaction
mixture was cooled to -20 °C, quenched with sat. dgHCQ (10 mL), diluted with
CH.CIl, (20 mL). The layers were separated and the aqupbase was extracted with
CH.CI; (3 x 15 mL). The combined organic phases were doeer anhydrous N&O,,
filtered and the solvent was removed in vacuo.fRation of the crude product by column
chromatography (petroleum ether/acetone 85:15 26 afforded difluoro ethe8.114as a
colourless oil (377 mg, 669R; 0.55 (petroleum ether/acetone 80:26);NMR (300 MHz,
CDCl) § 7.28 (d,J = 8.7 Hz, 2 H), 6.89 (dl = 8.8 Hz, 2 H), 5.78 (d] = 5.2 Hz, 1 H), 4.61
(d,J=11.3 Hz, 1 H), 4.49 (d = 11.4 Hz, 1 H), 4.39 (ddd,= 14.0, 6.1, 0.7 Hz, 1 H), 4.23
(ddd,J = 26.3, 9.9, 5.2 Hz, 1 H), 4.09-3.95 (m, 3 H),23(8, 3 H), 3.03 (ddddd] = 18.2,
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8.0, 5.2, 2.1, 1.1 Hz, 1 H) ppniF NMR (282 MHz, CDCI3)5 -90.6 (d,J = 245.0 Hz),
-121.3 (dJ = 245.0 Hz) ppm).

To a solution of PMB-ethe8.114 (200 mg, 0.72 mmol) in absolute EtOH (7 mL) under
N,-atmosphere was added Pd/C (20 mg, 10w%, 10% Rd).flask was then put under
hydrogen and heated to reflux for 18 h. After cogtiph the reaction mixture was filtered
over celite, the filtercake was washed with EtOHl #ime solvent was removed in vacuo.
Recrystallisation from CDGlafforded thetitle compound3.116 as colourless crystals
(60.1 mg, 39%)Formula CgH14F04 Mw 212.19;R¢ 0.28 (hexane/acetone 70:30¢]p
+138.1 (c 0.71, MeOH, 25 °CIR (film) 3388 (br. m), 2962 (w), 2934 (w), 2887 (VIR58
(w), 1099 (m), 1036 (vs), 794 (m), €m'H NMR (400 MHz, CDC})  5.42 (1 H, dJ =
4.6 Hz, H-1), 4.61 (1 H, ddd,= 7.3, 4.9, 3.0 Hz, H-5), 4.05 (1 H, dbs 9.9, 3.0 Hz, H-6),
3.94 (1 H, dJ = 9.9 Hz, H-6"), 3.99-3.85 (2 H, m, H-2 and H-23,82 (1 H, dg,) = 9.7,
7.1 Hz, H-7), 3.58 (1 H, d§,= 9.7, 7.1 Hz, H-7"), 2.77 (1 H, t,= 16.6, 4.9 Hz, H-4), 2.57
(1 H, t,J= 7.1 Hz, CHOH), 2.33 (1 H, dJ= 7.3 Hz, OH), 1.23 (1 H, t] = 7.1 Hz, H-8)
ppm; *C NMR + DEPT (100 MHz, CDC}) & 122.2 (Ck, dd,J = 246.1, 244.2 Hz, C-3),
102.7 (CH, ddJ = 7.3, 3.6 Hz, C-1), 74.1 (GHC-6), 72.1 (CH, dJ = 3.6 Hz, C-5), 64.4
(CH,, t,J = 31.6 Hz, C-2), 64.3 (CHC-7), 54.8 (CH, tJ = 21.7 Hz, C-4), 15.1 (CHC-8)
ppm; *F NMR (282 MHz, CDC}) § —104.2 (dtd,J = 261.1, 15.3, 11.3 Hz);107.5 (dtd,
J=261.1, 16.1, 10.7 Hz) ppm. It was not possiblelitain LRMS/HRMS (ESI, El or CI)

data for this compound.
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8.2.3 Synthesis of Protease Inhibitors 4.4-4.31

Protease Inhibitor 4.4a

o
N 11 10 - )k 7
HQO  oBn 1. DSC (1.5 eq), BN (2.0 eq), N/\/Q\H s 0 o >ph
; CH,Cl,, 1t, 18 h, 86%
H,N

z ) Y
12 OH A~ 3

14 6 * 2
o To 2.1.81a(0.87eq), BN (1.7 eq), 13 oo

H CHyCl, 1t, 25 h, 70% 14 H
3.45 4.4a

Following general procedui (8.2.1), the reaction of alcoh8l45(270 mg, 1.14 mmol)
with DSC (440 mg, 1.71 mmol) afforded after puation by column chromatography
(CH.CI/MeOH 99:1 to 98:2) the corresponding mixed cartb®ras a pale yellow oil
(370 mg, 0.98 mmol, 86%). Following general progedt (8.2.1), this mixed carbonate
(185 mg, 0.49 mmol) was then reacted with anfirféla (176 mg, 0.45 mmol) to afford
after purification by column chromatography (§H,/MeOH 97:3 to 95:5) and by HPLC
(CH.CI,/MeOH 96:4) PU4.4aas a white solid (207 mg, 70%jormula Cz4H43N30sS; Mw
653.79;R; 0.40 (CHCI,/MeOH 95:5);Mp 90-92 °C;[a]p +29.6 (c 1.28, CHGJ 26 °C);
IR (film) 3469 (w), 3370 (w), 2961 (w), 2872 (w), 171s), 1629 (m), 1596 (s), 1314 (s),
1147 (vs), 1090 (s), 1021 (m), 735 (s)trtH NMR (400 MHz, CDC}) § 7.55 (2 H, dJ =
8.8 Hz, Ar-H), 7.387.16 (10 H, m, Ar-H), 6.69 (2 H, d,= 8.7 Hz, Ar-H), 5.80 (L H, dI =
5.2 Hz, H-1), 5.13 (1 H, df| = 8.7, 5.6 Hz, H-5), 4.93 (1 H, d,= 8.3 Hz, NH), 4.38 (1 H,
d,J=11.8 Hz, H-7), 4.29 (1 H, d,= 11.8 Hz, H-7’), 4.16 (2 H, br. s, NH 4.03 (1 H, d,
J=10.1 Hz, H-2), 4.00 (1 H, dd,= 10.0, 6.1 Hz, H-6), 3.93.82 (3 H, m, H-2’, H-9 and
H-10), 3.75 (1 H, dJ = 3.5 Hz, H-3), 3.723.66 (2 H, m, H-6’ and OH), 3.14 (1 H, dil=
14.8, 8.4 Hz, H-11), 3.02 (1 H, dd= 14.5, 3.9 Hz, H-15), 3.02 (1 H, dd#i= 8.8, 5.2 Hz,
H-4), 2.982.91 (2 H, m, H-11' and H-12), 2.82 (1 H, diiz 14.5, 8.6 Hz, H-15'), 2.78
(1 H, dd,J= 135, 6.7 Hz, H-12), 1.82 (1 H, m, H-13), 0.@8H, d,J= 6.6 Hz, H-14),
0.89 (3 H, dJ= 6.6 Hz, H-14) ppm**C NMR + DEPT (100 MHz, CDC}) § 155.2 (C,
C-8), 150.7 (@), 137.8 (G), 137.6 (G), 129.5 (2x CH,), 129.4 (2x CH,), 128.6
(2% CHyy), 128.4 (2¢x CHy), 127.7 (CH), 127.5 (2x CH,), 126.7 (CH), 126.1 (G),
114.1 (2x CHay), 109.0 (CH, C-1), 79.3 (CH, C-3), 74.4 (gk-2), 72.8 (CH, C-10), 72.4
(CH, C-5), 71.1 (CH C-6), 70.9 (CH C-7), 58.9 (CH, C-12), 55.3 (CH, C-9), 53.8 (GH
C-11), 51.7 (CH, C-4), 35.5 (GHC-15), 27.3 (CH, C-13), 20.2 (GHC-14), 19.9 (CH
C-14) ppm;LRMS (ESI) m/z 676.5 (M + Naj; HRMS (ESI) for CssHssN3OgSNa
(M + Na)' calcd. 676.2663; found 676.2649.
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Protease Inhibitor 4.4b

Ph\15 o
7
HO . OBn  1.DSC (L5 eq), BN (2.0 eq), Hw{ % W\“«’&OH 0o ph
{i& CH,Cl,, 1t, 18 h, 86% \ %12 (i%
4 N2
oo 2.1.81b(0.87eq), EN (1.7 eq), 13 1 o-1~0
H CH,Cl, 1t, 25 h, 64% 14 H
3.45 ' 4.4b

Following general procedute (8.2.1), the reaction of alcoh8l45 (270 mg, 1.14 mmol)
with DSC (440 mg, 1.71 mmol) afforded after puation by column chromatography
(CH.CI/MeOH 99:1 to 98:2) the corresponding mixed cartb®ras a pale yellow oil
(370 mg, 0.98 mmol, 86%). Following general progedt (8.2.1), this mixed carbonate
(185 mg, 0.49 mmol) was then reacted with anfirglb (200 mg, 0.45 mmol) to afford
after purification by column chromatography (§H,/MeOH 97:3 to 95:5) and by HPLC
(CH.CI,/MeOH 96:4) the P#.4b as a white solid (205 mg, 64%jormula CzeH44N4OsS;
Mw 708.82;Mp 110-112 °C;R; 0.38 (CHCI,/MeOH 95:5);[alp +33.7 (c 0.95, CHGJ
26 °C); IR (film) 3340 (w), 2960 (w), 2869 (w), 1711 (m), I6%vs), 1580 (m), 1326 (m),
1271 (m), 1239 (m), 1144 (s), 1121 (s), 1021 (N3 Tvs) cnmt; 'H NMR (400 MHz,
CDCly) & 7.65 (1 H, dJ = 1.6 Hz, H-17), 7.61 (1 H, dd,= 8.2, 1.6 Hz, H-21), 7.55 (1 H,
d,J = 8.3 Hz, H-20), 7.377.16 (10 H, m, Ar-H), 5.80 (1 H, d,= 5.2 Hz, H-1), 5.54 (1 H,
g,J = 4.5 Hz, \HMe), 5.12 (1 H, dtJ = 8.8, 5.9 Hz, H-5), 5.05 (1 H, d,= 8.8 Hz, NH),
4.39 (1 H, dJ = 12.0 Hz, H-7), 4.29 (1 H, d,= 12.0 Hz, H-7’), 4.02 (1 H, d] = 10.0 Hz,
H-2), 3.99 (1 H, ddJ = 10.1, 6.2 Hz, H-6), 3.98.86 (2 H, m, H-9 and H-10), 3.86 (1 H,
dd,J = 10.0, 3.9 Hz, H-2"), 3.76 (1 H, d,= 3.5 Hz, H-3), 3.68 (1 H, dd,= 9.9, 5.6 Hz,
H-6"), 3.65 (1 H, br. s, OH), 3.16 (3 H, 3= 4.9 Hz, H-23), 3.13 (1 H, dd,= 15.0, 8.7 Hz,
H-11), 3.082.98 (3 H, m, H-4, H-11" and H-15), 2.94 (1 H, dds 13.5, 8.1 Hz, H-12),
2.84 (1 H, ddJ = 13.5, 7.1 Hz, H-12’), 2.81 (1 H, ddi= 14.0, 8.8 Hz, H-15), 1.82 (1 H, m,
H-13), 0.92 (3 H, dJ = 6.6 Hz, H-14), 0.90 (3 H, d,= 6.6 Hz, H-14) ppm**C NMR +
DEPT (100 MHz, CDCY}) 6 164.7 (G, C-22), 155.2 (C, C-8), 148.1 {£C-18 or C-19),
147.8 (G, C-19 or C-18), 137.7 (&, 137.5 (G), 129.6 (G, C-17), 129.3 (X CHy),
128.5 (2x CHay), 128.4 (2x CHyy), 127.7 (CH), 127.5 (2x CH,), 126.7 (CH), 124.2
(CHa, C-21), 116.1 (CH, C-20), 109.0 (CH, C-1), 108.4 (GHC-17), 79.2 (CH, C-3),
74.4 (CH, C-2), 72.7 (CH, C-10), 72.4 (CH, C-5), 71.2 (£B-6), 70.9 (CH, C-7), 58.9
(CH,, C-12), 55.3 (CH, C-9), 53.8 (GHC-11), 51.6 (CH, C-4), 35.6 (GHC-15), 29.5
(CHs, C-23), 27.3 (CH, C-13), 20.1 (GHC-14), 19.9 (ChH C-14); LRMS (ESI) m/z
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731.5 (M + Na); HRMS (ESI') for CsHs3sN3OsSNa (M + Naj caled. 676.2663; found
676.2649.

Protease Inhibitor 4.5b

Ph
F N2 o F

" 23 O\\S// 17 16 B )k 7 8 9
HO 4 © 1. DSC (L5 eq), BN (2.0 eq), HN§<O 2 ‘N/\/ls\u W0 O 10
; CH,Cl,, rt, 18 h, 95% 7 \N = , 18 OH 21, u
29 26 To 20 6 2 12
o T0 2.1.81b(0.87eq), EN (1.7 eq), o~
H CH,Cl, 1t, 25 h, 67% 2 H
3.49a ' 4.5b

Following general procedurd (8.2.1), the reaction of alcohdB.49a (310 mg,
1.22 mmol) with DSC (470 mg, 1.83 mmol) affordedteaf purification by column
chromatography (C¥Cl,/MeOH 98:2 to 97:3) the corresponding mixed carl®rea a pale
yellow oil (459 mg, 1.16 mmol, 95%). Following geakprocedure- (8.2.1), subsequent
reaction with aminel.81b (446 mg, 1.00 mmol) afforded after purification bglumn
chromatography (CHCl,/MeOH 97:3 to 95:5) and by HPLC (GEI/MeOH 95:5) the PI
4.5bas a white solid (487 mg, 67%jormula CzeHssFN;,OgS; Mw 726.81;Mp 95-96 °C;
Rt 0.30 (CHCI,/MeOH 95:5);[a]p +28.9 (c 1.17, CHGJ 26 °C);IR (film) 3342 (br. w),
2960 (w), 2873 (w), 1712 (m), 1656 (s), 1580 (€61 (m), 1325 (m), 1238 (m), 1143 (m),
1121 (m), 727 (vs) cth 'H NMR (400 MHz, CDC})) & 7.66 (1 H, dJ= 1.6 Hz, H-23),
7.61 (1 H, ddJ=8.3, 1.8 Hz, H-27), 7.41 (1 H, d= 8.3 Hz, H-26), 7.37 (1 H, td,= 7.5,
1.2 Hz, H-13), 7.337.15 (6 H, m, H-11 and Ar-H), 7.13 (1 H, t#l= 7.5, 1.0 Hz, H-12),
7.03 (1 H, dddy) = 9.7, 8.7, 1.0 Hz, H-10), 5.80 (1 H,H= 5.1 Hz, H-1), 5.60 (1 H, br. s,
NHMe), 5.16-5.07 (2 H, m, H-5 and NH), 4.43 (1 H,37 12.2 Hz, H-7), 4.33 (1 H, d,=
12.2 Hz, H-7’), 4.033.97 (2 H, m, H-2 and H-6), 3.98.88 (2 H, m, H-15 and H-16), 3.86
(1 H, dd,J = 10.2, 3.7 Hz, H-2"), 3.76 (1 H, d,= 3.3 Hz, H-3), 3.743.65 (2 H, m, H-6’
and OH), 3.173.04 (3 H, m, H-17, H-21 and H-21'), 3.16 (3 HJd; 5.0 Hz, H-29), 3.01
(1 H, dd,J= 8.7, 5.3 Hz, H-4), 2.94 (1 H, dd= 13.4, 7.9 Hz, H-18), 2.85 (1 H, ddi=
13.4, 7.0 Hz, H-18'), 2.81 (1 H, dd,= 14.3, 9.3 Hz, H-17"), 1.86 (1 H, m, H-19), 0.92
(3H, d,J= 6.7 Hz, H-20), 0.90 (3 H, d]= 6.7 Hz, H-20) ppm;°C NMR + DEPT
(100 MHz, CDC}) 6 164.7 (G, C-28), 160.5 (CF, d,J = 246.4 Hz, C-9), 155.2 (C, C-14),
148.1 (G, C-24 or C-25), 147.8 (& C-25 or C-24), 137.6 (§, 129.8 (CH,, d,J = 3.9 Hz,
C-13), 129.6 (G, C-22), 129.5 (CH, d, J= 8.0 Hz, C-11), 129.3 (2CH,), 128.5
(2 x CHay), 126.7 (CH)), 124.8 (G, d,J = 14.6 Hz, C-8), 124.2 (& C-27), 124.1 (CH, d,
J=3.6 Hz, C-12), 116.1 (& C-26), 115.2 (CH), d,J = 21.4 Hz, C-10), 109.0 (CH, C-1),
108.4 (CH,, C-23), 79.6 (CH, C-3), 74.3 (GHC-2), 72.8 (CH, C-16), 72.4 (CH, C-5), 71.2
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(CH,, C-6), 64.5 (CH, d,J = 3.6 Hz, C-7), 58.9 (CK C-18), 55.3 (CH, C-15), 53.8 (GH
C-17), 51.6 (CH, C-4), 35.6 (GHC-21), 29.5 (Chl C-29), 27.2 (CH, C-19), 20.1 (GH
C-20), 19.9 (CH, C-20) ppm:*F NMR (282 MHz, CDC}) 5 -119.1 (1 F, dtJ= 9.7,
6.4 Hz, F-9) ppmLRMS (ESI) m/z749.4 (M + Na); HRMS (ESI") for CagHasFNsOsSNa
(M + Na)" calcd. 749.2627, found 749.2624.

Protease Inhibitor 4.6b

16 _~
HQ 4 © ' 1.DSC (15 eq), BN (2.0 eq), NS \Ojgfzsw\l/\/ﬁ\u)l%@_ H O N0
CH,Cly, rt, 18 h, 91% / N2 » 18 OH ; 3 13 "
> 29 26 To 20 6 2 12
O (0] 2.1.81b(0.87eq), EN (1.7 eq), O (0]
H CH,Cl, 1t, 25 h, 65% 20 H
3.49b ’ 4.6b

Following general procedur& (8.2.1), the reaction of alcohoB.49b (245 mg,
0.96 mmol) with DSC (370 mg, 1.44 mmol) affordedteaf purification by column
chromatography (C¥CIl,/MeOH 98:2 to 97:3) the corresponding mixed carl®@e a pale
yellow oil (352 mg, 0.89 mmol, 91%). Following geakprocedure= (8.2.1), subsequent
reaction with aminel.81b (344 mg, 0.77 mmol) afforded after purification bglumn
chromatography (CHCl,/MeOH 97:3 to 95:5) and by HPLC (GEI/MeOH 97:3) the PI
4.6bas a white solid (364 mg, 65%jormula CzeHs3sFN;sOS; Mw 726.81;Mp 92-94 °C;
R¢ 0.33 (CHCI,/MeOH 95:5);[a]p +30.8 € 1.04, CHCY, 26 °C);IR (film) 3342 (br. w),
2960 (w), 2873 (w), 1716 (m), 1659 (vs), 1580 (d§10 (m), 1463 (m), 1326 (m), 1224
(m), 1145 (m), 1053 (m), 733 (s), 600 (M) &mMH NMR (400 MHz, CDC}) § 7.66 (1 H,
d,J=1.6 Hz, H-23), 7.62 (1 H, dd,= 8.3, 1.8 Hz, H-27), 7.42 (1 H, d~ 8.3 Hz, H-26),
7.30 (1 H, td,J = 8.0, 5.9 Hz, H-12), 7.27.14 (5 H, m, Ar-H), 7.087.00 (2 H, m, H-9 and
H-12), 6.97 (1 H, td) = 8.4, 2.3 Hz, H-10), 5.81 (1 H, d~= 5.1 Hz, H-1), 5.38 (1 H, br. s,
NHMe), 5.12 (1 H, dtJ = 8.9, 6.0 Hz, H-5), 5.02 (1 H, d= 6.4 Hz, NH), 4.36 (1L H, d, =
12.1 Hz, H-7), 4.24 (1H, dJ = 11.9Hz, H-7’), 4.053.98 (2H, m, H-2 and H-6),
3.95-3.85 (2 H, m, H-15 and H-16), 3.85 (1 H, dd; 10.2, 3.6 Hz, H-2’), 3.73.67 (2 H,
m, H-3 and H-6’), 3.61 (2 H, br. s, OH), 3.17 (3d{,J = 5.0 Hz, H-29), 3.14 (1 H, dd,=
15.3, 8.4 Hz, H-21), 3.62.98 (3 H, m, H-4, H-17 and H-21"), 2.96 (1 H, dtx 13.4,
8.2 Hz, H-18), 2.84 (1 H, ddl= 13.4, 6.9 Hz, H-18’), 2.80 (1 H, dd,= 14.1, 9.3 Hz,
H-17"), 1.86 (1 H, m, H-19), 0.93 (3 H, d= 6.7 Hz, H-20), 0.90 (3 H, d,= 6.7 Hz, H-20)
ppm; °C NMR + DEPT (100 MHz, CDC})) § 164.7 (G, C-28), 162.9 (CE, d, J=
246.4 Hz, C-10), 155.2 (C, C-14), 148.2,{@-24 or C-25), 147.9 (& C-25 or C-24),
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140.4 (G, d,J= 7.3 Hz, C-8), 137.6 (§), 129.9 (CH, d,J= 8.0 Hz, C-12), 129.7 (&
C-22), 129.3 (% CH,), 128.5 (2x CHy), 126.7 (CH), 124.2 (G, C-27), 122.7 (CH, d,
J=1.9 Hz, C-13), 116.2 (§ C-26), 114.5 (CH, d,J= 21.1 Hz, C-9), 114.1 (CH d,J =
21.9 Hz, C-11), 109.0 (CH, C-1), 108.4 (GHC-23), 79.5 (CH, C-3), 74.3 (GHC-2), 72.8
(CH, C-16), 72.5 (CH, C-5), 71.1 (GHC-6), 70.0 (CH, d,J= 1.9 Hz, C-7), 59.0 (CHl
C-18), 55.4 (CH, C-15), 53.8 (GHC-17), 51.6 (CH, C-4), 35.6 (GHC-21), 29.6 (CH|
C-29), 27.3 (CH, C-19), 20.1 (GHC-20), 19.9 (Ch C-20) ppm;*F NMR (282 MHz,
CDCl;) 6 -113.2 (1 F, tdJ = 9.1, 5.6 Hz, F-10) ppni;RMS (ESI") m/z749.4 (M + NaJ;
HRMS (ESI') for C3gH43FN4sOsSNa (M + Naj caled. 749.2627, found 749.2619.

Protease Inhibitor 4.7b

Ph\lg o

HO 4 O 1. DSC (1.5 eq), BN (2.0 eq), HN% o0& - %k 8
; CH,Cl,, 1t, 18 h, 90% \ b s OH f
= N 23
47b

oT~0 2.1.81b(0.87eq), EN (1.7 eq), ” 8
H CH,Clj 1t, 25 h, 65%

3.49¢c

Following general procedurd& (8.2.1), the reaction of alcohoB.49c (231 mg,
0.91 mmol) with DSC (349 mg, 1.36 mmol) affordedterf purification by column
chromatography (C¥Cl,/MeOH 99:1 to 97:3) the corresponding mixed carl®mea a pale
yellow oil (323 mg, 0.82 mmol, 90%). Following geakprocedurd- (8.2.1), subsequent
reaction with aminel.81b (330 mg, 0.74 mmol) afforded after purification bglumn
chromatography (CHCl,/MeOH 97:3 to 95:5) and by HPLC (GEI/MeOH 97:3) the PI
4.7bas a white solid (352 mg, 65%jormula CzeHs3sFN4,OS; Mw 726.81;Mp 97-99 °C;
R¢ 0.24 (CHCI,/MeOH 95:5);[a]p +27.8 € 0.92, CHCY, 26 °C);IR (film) 3339 (br. w),
2961 (w), 2873 (W), 1712 (m), 1658 (vs), 1581 ()63 (m), 1327 (m), 1271 (m), 1142 (s),
1122 (m), 732 (s) cih '"H NMR (400 MHz, CDCY) § 7.66 (1 H, d,J = 1.6 Hz, H-21), 7.62
(1 H, dd,J = 8.3, 1.8 Hz, H-25), 7.42 (1 H, d= 8.3 Hz, H-24), 7.287.15 (7 H, m, H-9
and Ar-H), 7.02 (2 H, t) = 8.7 Hz, H-10), 5.80 (1 H, d,= 5.1 Hz, H-1), 5.39 (1 H, br. s,
NHMe), 5.13 (1 H, dtJ = 8.8, 5.9 Hz, H-5), 5.03 (1 H, br. s, NH), 4.32H, d,J =
11.8 Hz, H-7), 4.21 (1H, dJ = 11.4 Hz, H-7"), 4.043.97 (2H, m, H-2 and H-6),
3.97-3.88 (2 H, m, H-13 and H-14), 3.85 (1 H, dd; 10.1, 3.8 Hz, H-2"), 3.7B.67 (2 H,
m, H-3 and H-6’), 3.62 (1 H, br. s, OH), 3.17 (3d,J = 5.0 Hz, H-27), 3.14 (1 H, dd,=
15.1, 8.5 Hz, H-19), 3.62.99 (2 H, m, H-15 and H-19"), 2.99 (1 H, dbs 8.7, 5.2 Hz,
H-4), 2.95 (1 H, ddJ = 13.3, 6.9 Hz, H-16), 2.84 (1 H, ddi= 13.3, 6.9 Hz, H-16), 2.81
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(1 H, dd,J = 13.9, 9.3 Hz, H-15"), 1.86 (1 H, m, H-17), 0.@8H, d,J = 6.7 Hz, H-18),
0.90 (3 H, dJ = 6.5 Hz, H-18) ppm**C NMR + DEPT (100 MHz, CDC}) & 164.7 (G,
C-26), 162.3 (CE, d, J= 245.8 Hz, C-11), 155.3 (C, C-12), 148.2,(@-22 or C-23),
147.9 (G, C-23 or C-22), 137.6 (§, 133.5 (G, d,J= 3.2 Hz, C-8), 129.7 (§ C-20),
129.3 (2x CHy), 129.2 (2¢ CHy, d,J = 8.1 Hz, C-9), 128.6 (2 CH,,), 126.7 (CH), 124.2
(Can C-25), 116.1 (G, C-24), 115.3 (X CH,, d, J= 21.1 Hz, C-10), 109.0 (CH, C-1),
108.4 (CH,, C-21), 79.4 (CH, C-3), 74.3 (GHC-2), 72.8 (CH, C-14), 72.5 (CH, C-5), 71.1
(CH,, C-6), 70.2 (CH, C-7), 58.9 (CH, C-16), 55.3 (CH, C-13), 53.8 (GHC-15), 51.6
(CH, C-4), 35.6 (Chl C-19), 29.5 (Ckl C-27), 27.3 (CH, C-17), 20.1 (GHC-18), 19.9
(CHs, C-18) ppm;**F NMR (282 MHz, CDC}) 3 -114.8 (1 F, ttJ= 8.6, 5.4 Hz) ppm;
LRMS (ESI) m/z749.4 (M + Na); HRMS (ESI") for CsgHasFN4sOoSNa (M + Naj calcd.
749.2627, found 749.2627.

Protease Inhibitor 4.8b

E ~N2t O F
\\ // 7 9

HO { O 1. DSC (1.5 eq), BN (2.0 eq), HN4< oz /“\/§?N14o H o 10

; CH,Cl, 1t, 18 h, 74% N% 18 Rt S

F 12 F
O e 2.1.81b(0.87eq), BN (1.7 eq) 1920
H CHClj 1t, 25 h, 67%
3.49d 4. 8b

Following general procedur& (8.2.1), the reaction of alcohoB.49d (326 mg,
1.20 mmol) with DSC (461 mg, 1.80 mmol) affordedteaf purification by column
chromatography (C¥Cl,/MeOH 98:2 to 97:3) the corresponding mixed carl®rea a pale
yellow oil (365 mg, 0.88 mmol, 74%). Following geakprocedure- (8.2.1), subsequent
reaction with aminel.81b (339 mg, 0.76 mmol) afforded after purification bglumn
chromatography (CHCl,/MeOH 97:3 to 95:5) and by HPLC (GEI/MeOH 95:5) the PI
4.8b as a white solid (382 mg, 67%)ormula CseHsFoN4OS; Mw  744.80; Mp
104-106 °C;R¢ 0.30 (CHCIl,/MeOH 95:5);[a]p +22.1 € 0.96, CHC}, 26 °C);IR (film)
3343 (br. w), 2960 (w), 2873 (w), 1716 (m), 1659)(\.580 (m), 1506 (m), 1463 (m), 1326
(m), 1272 (s), 1141 (m), 1052 (m), 735 (m) 600 mj*; *H NMR (400 MHz, CDC}) &
7.66 (L H, dJ= 1.8Hz, H-23), 7.62 (1 H, dd,= 8.3, 1.8 Hz, H-27), 7.41 (1 H, d=
8.3 Hz, H-26), 7.33 (1 H, tdl = 8.5, 6.4 Hz, H-13), 7.28.15 (5 H, m, Ar-H), 6.86 (1 H,
td, J= 8.3, 2.5 Hz, H-12), 6.79 (1 H, td= 9.5, 2.5 Hz, H-10), 5.79 (1 H, d,= 5.3 Hz,
H-1), 5.57 (1 H, br. s, NHMe), 5.#6.10 (2 H, m, H-5 and NH), 4.36 (1 H, 3= 11.8 Hz,
H-7), 4.24 (1 H, dJ = 11.8 Hz, H-7’), 4.033.96 (2 H, m, H-2 and H-6), 3.98.87 (2 H,
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m, H-15 and H-16), 3.85 (1 H, dd,= 10.2, 3.8 Hz, H-2"), 3.78.65 (3 H, m, H-3, H-6’
and OH), 3.183.03 (3 H, m, H-17, H-21 and H-21"), 3.16 (3 H,Jd&s 5.0 Hz, H-29), 2.99
(1 H, dd,J = 8.8, 5.1 Hz, H-4), 2.95 (1 H, dd= 13.4, 8.3 Hz, H-18), 2.85 (1 H, dd=
13.4, 6.9 Hz, H-18’), 2.80 (1 H, dd,= 14.1, 9.2 Hz, H-17"), 1.81 (1 H, m, H-19), 0.93
(3 H, d,J = 6.7 Hz, H-20), 0.90 (3 H, d,= 6.7 Hz, H-20) ppm**C NMR + DEPT (100
MHz, CDCk) & 164.7 (G, C-28), 162.6 (CF, dd,J = 248.8, 11.9 Hz, C-11), 160.5 (GF
dd,J=249.5, 11.9 Hz, C-9), 155.2 (C, C-14), 148.1,(C-24 or C-25), 147.9 (§ C-25 or
C-24), 137.6 (G), 130.8 (CH, dd, J= 9.7, 5.3 Hz, C-13), 129.6 {C C-22), 129.3
(2x CHy), 128.5 (2x CHa), 126.7 (CH), 124.2 (G, C-27), 120.9 (G, dd, J= 14.6,
3.6 Hz, C-8), 116.1 (& C-26), 111.2 (CK, dd,J = 21.1, 3.6 Hz, C-12), 109.0 (CH, C-1),
108.4 (G, C-23), 103.7 (CH, t,J = 25.5 Hz, C-10), 79.7 (CH, C-3), 74.3 (§I€-2), 72.8
(CH, C-16), 72.4 (CH, C-5), 71.2 (GHC-6), 64.1 (CH, d,J = 3.2 Hz, C-7), 58.9 (C4l
C-18), 55.4 (CH, C-15), 53.8 (GHC-17), 51.6 (CH, C-4), 35.6 (GHC-21), 29.5 (CHl
C-29), 27.2 (CH, C-19), 20.1 (GHC-20), 19.9 (CH C-20) ppm;*F{’*H} NMR
(282 MHz, CDC}) 8 -110.7 (1 F, dJ= 7.5 Hz),-114.8 (1 F, dJ = 7.5 Hz) ppmLRMS
(ESI+) m/z 767.4 (M + Na); HRMS (ESI) for CsgHsF2NsOgSNa (M + Naj calcd.
767.2533, found 767.2532.

Protease Inhibitor 4.9a

o
N 10 -
S. 9
HO 4 oph  1.DSC (1.5eq), BN (2.0 eq), /@/ N/\;/\N)?kQ_ 4 OPh
HoN

8
CH,Cly, 1t, 18 h, 55% 11% OH 2y s
6 |4 >2
13
o T-0 2.1.81a(0.87eq), BN (1.7 eq), 4" o°T-o
H CHCl, 1t, 25 h, 70% H
3.50b 4.9a

Following general procedur& (8.2.1), the reaction of alcohdB.50b (32.4 mg,
0.15 mmol) with DSC (56 mg, 0.22 mmol) afforded eaftpurification by column
chromatography (C¥CIl,/MeOH 98:2 to 97:3) the corresponding mixed carl®e a pale
yellow oil (30 mg, 0.08 mmol, 55%). Following geakprocedure- (8.2.1), subsequent
reaction with aminel.81a (32 mg, 0.08 mmol) afforded after purification fkplumn
chromatography (petroleum ether/acetone 70:30 #605@P14.9aas a white solid (36 mg,
70%).Formula Cz3H41N30gS; Mw 639.76;Mp 234 °C;R; 0.50 (CHCI,/MeOH 95:5);[a]p
+21.5 € 0.54, CHCI,, 23 °C);IR (film) 3468 (br. w), 3368 (br. m), 2960 (w), 287&),
1713 (m), 1596 (s), 1497 (m), 1314 (m), 1236 (44 7L(vs), 1090 (s), 734 (s), 553 (m)
cm®; 'H NMR (400 MHz, CDC}) § 7.57 (2 H, dJ = 8.7 Hz, H-16), 7.32-6.95 (8 H, m,

-160-



EXPERIMENTAL SECTION

Ar-H), 6.81 (2 H, dJ = 8.1 Hz, Ar-H), 6.70 (2 H, d] = 8.7 Hz, H-17), 5.80 (1L H, d, =
5.3 Hz, H-1), 5.23 (1 H, ddd,= 8.4, 4.9, 4.4 Hz, H-5), 5.07 (1 H, 37 9.2 Hz, NH), 4.17
(2 H, br. s, NH), 4.15 (1 H, dJ = 3.7 Hz, H-3), 4.08 (1 H, d,= 10.5 Hz, H-2), 4.01-3.88
(4 H, m, H-2’, H-6, H-8 and H-9), 3.83 (1 H, di= 10.1, 4.3 Hz, H-6’), 3.69 (1 H, d,=
2.4 Hz, H), 3.19 (1 H, ddJ = 15.2, 8.8 Hz, H-10), 3.08 (1 H, di#i= 14.0, 4.2 Hz, H-14),
3.03-2.94 (3 H, m, H-4, H-10’ and H-11), 2.81 (1dtd,J= 13.5, 6.8 Hz, H-11"), 2.78
(1 H, dd,J = 13.8, 10.0 Hz, H-14'), 1.85 (1 H, m, H-12), 0.g5H, d,J = 6.7 Hz, H-13),
0.91 (3 H, dJ = 6.7 Hz, H-13) ppm=C NMR + DEPT (100 MHz, CDCJ) & 156.5 (G),
155.4 (C, C-7), 150.8 (5 C-18), 137.5 (), 129.54 (2 x CH, C-16), 129.50 (X CHy),
129.1 (2x CHay), 128.5 (2x CHy), 126.6 (CHy), 125.9 (G, C-15), 121.1 (CH), 115.3
(2 % CHay), 114.1 (2 x CH, C-17), 109.1 (CH, C-1), 77.1 (CH, C-3), 74.6 (CB-2), 72.9
(CH, C-9), 72.4 (CH, C-5), 71.7 (GHC-6), 58.9 (CH, C-11), 55.3 (CH, C-8), 53.7 (GH
C-10), 51.5 (CH, C-4), 35.6 (GHC-14), 27.3 (CH, C-12), 20.2 (GHC-13), 19.9 (CH|
C-13) ppm;LRMS (ESI+) miz 662.3 (M + Naj; HRMS (ESI) for CssHaNsOsSNa
(M + Na) calcd. 662.2507, found 662.2531.

Protease Inhibitor 4.10a

CH,Cl,, 1t, 18 h, 66% 15 3

\\ // 78
HQ 4 OPNP 1. PNPOCOCI (1.5 eq), § (3.0 eq), /@{ /\/Q\N%O H O O No,
H,N 22

o 10 2.1.81a(0.87eq), EN (L.7 eq), 16 oo
3.22b CHLClj, 1, 25 h, 60% v 4.1HOa

Following general procedur& (8.2.1), the reaction of alcohoB.52b (309 mg,
1.15 mmol) with PNPOCOCI (350 mg, 1.73 mmol) affeddafter purification by column
chromatography (petroleum ether/acetone 85:15 t®B595the corresponding mixed
carbonate as a colourless oil (329 mg, 0.76 mm&fp;&R; 0.55 (hexane/EtOAc 60:40);
[a]p +23.0 (c 1.23, CHGJ 27 °C);IR (film) 3116 (w), 3084 (w), 2980 (w), 2883 (w), AB6
(w), 1766 (m), 1591 (m), 1513 (m), 1493 (m), 134R 1248 (s), 1211 (vs), 1111 (m), 1097
(m) cm®; *H NMR (400 MHz, CDC})  8.33 (2 H, dJ = 9.3 Hz), 8.25 (2 H, dl = 9.3 Hz),
7.42 (2 H, dJ=9.3Hz), 7.00 (2 H, d] = 9.3 Hz), 5.99 (1 H, d] = 5.1 Hz), 5.45 (1 H, dt,
J=8.8,5.4Hz),518 (1 H,d,=2.6 Hz), 4.35 (1 H, ddl=10.8, 2.6 Hz), 4.31 (1 H, di,=
10.8, 1.1 Hz), 4.24 (1 H, dd,= 10.7, 5.6 Hz), 4.05 (1 H, dd,= 10.5, 5.0 Hz), 3.30 (1 H,
dd,J = 8.8, 5.1 Hz) ppm**C NMR + DEPT (100 MHz, CDC}) § 161.3 (G), 154.9 (GQ),
151.9 (C), 142.2 (§), 126.1 (2x CH,), 125.5 (2xCH,), 121.6 (2x CH,), 115.2

-161-



CHAPTERS8

(2 x CH,y), 108.9 (CH), 78.1 (CH), 76.3 (CH), 74.0 (§H71.2 (CH), 51.6 (CH) ppm;
LRMS (ESI) m/z455.2 (M + Na).

Following general procedurgE (8.2.1), this mixed carbonate was reacted with amin
1.81a(287 mg, 0.73 mmol) to afford after purificatiop @olumn chromatography (GBI,/
MeOH 97:3 to 95:5) and by HPLC (GEl,/MeOH 97:3) PK.10aas a white solid (300 mg,
60%). Formula Cz3HsoN4010S; Mw 684.76 Mp 103-105 °C;R; 0.39 (CHCI,/MeOH
95:5);[a]p +5.2 € 0.30, CHCY, 27 °C);IR (film) 3451 (w), 3356 (w), 2953 (w), 2883 (w),
1716 (s), 1591 (m), 1519 (m), 1496 (m), 1315 (8R2L(S), 1144 (s), 1082 (s), 993 (m), 757
(s), 748 (s), 547 (vs) cm*H NMR (400 MHz, DMSOe€e) § 8.14 (2 H, dJ) = 9.3 Hz, H-9),
7.52 (1 H, dJ= 9.2 Hz, OH), 7.41 (2 H, dl= 8.7 Hz, H-20), 7.18 (2 H, d|= 7.5 Hz,
Ar-H), 6.94 (2 H, dJ= 9.3 Hz, H-8), 6.90 (2 H, tJ= 7.6 Hz, Ar-H), 6.75 (1 H, t)=
7.3 Hz, Ar-H), 6.61 (2 H, dJ = 8.7 Hz, H-21), 5.98 (2 H, br. s, M5 5.67 (1 H, dJ =
5.3 Hz, H-1), 5.12 (1 H, ddd, = 8.4, 5.0, 3.8 Hz, H-5), 5.05 (1 H, 8= 6.3 Hz, NH), 4.03
(2 H, m, H-2), 3.96-3.91 (2 H, m, H-2' and H-3)38.(1 H, ddJ = 10.1, 5.3 Hz, H-6), 4.08
(1 H, dd,J = 10.1, 3.7 Hz, H-6"), 3.71-3.65 (2 H, m, H-12 adel3), 3.35 (1 H, ddJ =
14.9, 3.2 Hz, H-14), 3.04 (1 H, ddi= 13.7, 2.2 Hz, H-18), 2.98 (1 H, d#i= 13.4, 8.6 Hz,
H-15), 2.91 (1 H, dddj = 8.5, 5.1, 1.0 Hz, H-4), 2.68 (1 H, dii 14.9, 7.8 Hz, H-14"),
2.64 (1 H, dd,J = 13.4, 6.3 Hz, H-15’), 2.44 (1 H, dd~ 13.2, 11.1 Hz, H-18’), 1.98 (1 H,
m, H-16), 0.89 (3 H, d] = 6.6 Hz, H-17), 0.82 (3 H, d,= 6.7 Hz, H-17) ppm-3C NMR +
DEPT (100 MHz, DMSO+dg) & 161.8 (G,, C-7), 155.4 (C, C-11), 152.7 {£C-22), 141.0
(Can C-10), 139.4 (&), 129.1 (2 x CH}, C-20), 129.0 (% CH,), 127.6 (2 x CH}), 125.6 (2
x CH,, C-9), 125.4 (CH)), 123.4 (G, C-19), 115.5 (X CH,, C-8), 112.6 (2 x Ck, C-21),
108.5 (CH, C-1), 78.5 (CH, C-3), 73.6 (gHC-2), 72.8 (CH, C-13), 71.4 (CH, C-5), 70.9
(CH, C-6), 57.5 (CH, C-15), 56.1 (CH, C-12), 52.8 (GHC-14), 51.4 (CH, C-4), 35.1
(CH,;, C-18), 26.4 (CH, C-16), 20.1 (2 x GHC-17) ppm;LRMS (ESI+) m/z 707.4
(M + Na)'; HRMS (ESI) for CssHaoN4sO0SNa (M + Naj caled. 707.2357, found
707.2370.

Protease Inhibitor 4.10b

\ O 8 9
7

HO  OPNP 1.PNPOCOCI (1.5 eq), M (3.0 eq), HN% 0B S 12N110 H o No,
; CH,Cly, 1t, 18 h, 60% \ 15 >/

o T~0 2.1.81b(0.87eq), EN (1.7 eq), 16 17

H CHCly, 1t, 25 h, 49%
3.52b 4. 10b
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Following general procedurd (8.2.1), the reaction of alcohoB.52b (350 mg,
1.30 mmol) with PNPOCOCI (412 mg, 1.96 mmol) affedldafter purification by column
chromatography (petroleum ether/acetone 85:15 t®B595the corresponding mixed
carbonate as a pale yellow oil (334 mg, 0.77 m@0%0). Following general proceduFe
(8.2.1), subsequent reaction with amide81b (313 mg, 0.70 mmol) afforded after
purification by column chromatography (@, /MeOH 97:3 to 95:5) and by HPLC
(CH.CIl,/MeOH 96:4) the PI14.10b as a white solid (252 mg, 49%)ormula
CssH4iN504:S; Mw 739.79Mp 119-121 °C;R¢ 0.38 (CHCI,/MeOH 95:5); [a]p +3.2
(c 1.11, CHCY4, 27 °C); IR (film) 3344 (br. w), 2962 (w), 2875 (w), 1715 (n)656 (s),
1581 (m), 1513 (m), 1463 (m), 1341 (s), 1252 (D111 (m), 907 (s), 726 (vs) chm
'H NMR (400 MHz, CDC}) & 8.18 (2 H, dJ= 9.0 Hz, H-9), 7.69 (1 H, d] = 1.0 Hz,
H-20), 7.64 (1 H, d) =8.3, 1.8 Hz, H-24), 7.41 (1 H, d= 8.3 Hz, H-23), 7.16 (2 H, d,=
7.3 Hz, Ar-H), 6.99 (2 H, t) = 7.7 Hz, Ar-H), 6.91 (1 H, = 7.5 Hz, Ar-H) , 6.87 (2 H, d,
J=9.2 Hz, H-8), 5.77 (1 H, d,= 5.1 Hz, H-1), 5.76 (1 H, br. s,HMe), 5.49 (1 H, dJ =
5.0 Hz, NH), 5.21 (1 H, dij = 8.3, 4.5 Hz, H-5), 4.08.97 (3 H, m, H-2, H-12 and H-13),
3.94 (1 H, ddJ = 10.4, 5.6 Hz, H-6), 3.98.83 (3 H, m, H-2', H-3 and H-6’), 3.73 (1 H,
br. s, OH), 3.22 (1 H, dd) = 15.2, 8.7 Hz, H-14), 3.16 (3H, d,= 4.8 Hz, H-26),
3.14-3.07 (2 H, m, H-14' and H-18), 3.00 (1 H, dil= 13.3, 8.2 Hz, H-15), 2.92.85
(2H, m, H-4 and H-15’), 2.70 (1 H, dd,= 13.8, 10.8 Hz, H-18’), 1.94.84 (1 H, m,
H-16), 0.94 (3 H, dJ = 6.7 Hz, H-17), 0.92 (3 H, d,= 6.7 Hz, H-17) ppm**C NMR +
DEPT (100 MHz, CDC}) 5 164.8 (G,, C-25), 161.7 (&, C-7), 155.5 (C, C-11), 148.1 4{C
C-21 or C-22), 147.9 (& C-22 or C-21), 141.7 (& C-10), 137.7 (&), 129.5 (G, C-19),
129.2 (2x CHyy), 128.3 (2x CHy,y), 126.5 (CH), 125.9 (2x CH,, C-9), 124.2 (G, C-24),
116.1 (G, C-23), 115.3 (X CH,, C-8), 109.0 (CH, C-1), 108.4 4CC-20), 78.3 (CH,
C-3), 74.3 (CH, C-2), 73.0 (CH, C-13), 72.4 (CH, C-5), 71.4 (£B-6), 58.9 (CH, C-15),
55.5 (CH, C-12), 53.7 (CKIC-14), 51.5 (CH, C-4), 35.7 (GHC-18), 29.5 (CH C-26),
27.2 (CH, C-16), 20.1 (CHl C-17), 19.9 (CH C-17) ppm;LRMS (ESI+) m/z 762.5
(M + Na)’; HRMS (ESI) for CssHaiNsO;:SNa (M + Naj caled. 762.2415, found
762.2422.
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Protease Inhibitor 4.11a

5 £, 0 h
R. R. 7 10 P ~ 18
” Q_ H OPNP sz Pd/C (10% Pd), ” 11 Q_ . H (@] NH, 20 O\\ //o 4. B
/ MeOH, rt, 20 h / 3 g o A lgS‘N 12
- = 6 |4 2 R= 15 6H
o710 51% el e H N2 20
H H 21 6 17
4.10a 4.11a 17

To a solution of PB.10b (195 mg, 0.285 mmol) in MeOH (7 mL) undep tWas added
Pd/C (50 mg, 25 w%, 10% Pd). The flask was then ynder H-atmosphere and the
reaction was stirred at rt for 20 h. After compatthe mixture was filtered over celite and
the filtercake was washed with MeOHX2.0 mL). The solvent was removed and the crude
product was purified by column chromatography {CkHMeOH 98:2 to 90:10) and HPLC
(CH.CI,/MeOH 96:4) to afford Pl4.11b as a white solid (95 mg, 51%Jormula
Cs3H42N4OsS; Mw 654.77 Mp 102-104 °C;R¢ 0.18 (CHCI/MeOH 95:5); [a]p +22.5
(c0.35, CHCY, 27 °C);IR (film) 3364 (br. m), 2961 (w), 2873 (w), 1710 (n)627 (m),
1595 (m), 1509 (s), 1313 (m), 1227 (s), 1146 @B9L(s), 909 (m), 730 (vs) ¢m'*H NMR
(400 MHz, CDC}) 6 7.55 (2 H, dJ = 8.7 Hz, H-20), 7.267.05 (5 H, m, Ar-H), 6.68 (2 H,
d, J= 8.7 Hz, H-21), 6.64 (4 H, br. s, H-8 and H-9){&(1 H, d,J = 5.3 Hz, H-1), 5.18
(1 H, dt,J = 9.3, 4.9 Hz, H-5), 5.14 (1L H, d= 8.7 Hz, NH), 4.11 (1 H, d} = 3.0 Hz, H-3),
4.04 (1 H, dJ =10.0 Hz, H-2), 4.973.88 (3 H, m, H-6, H-12 and H-13), 3.87 (1 H, dd;
10.2, 3.5 Hz, H-2"), 3.79 (1 H, dd,= 10.2, 4.2 Hz, H-6’), 3.16 (1 H, dd,= 15.1, 8.5 Hz,
H-14), 3.07 (1 H, ddJ = 14.2, 4.1 Hz, H-18), 3.62.91 (3 H, m, H-4, H-14" and H-15),
2.81 (1 H, ddJ=13.4, 7.0 Hz, H-15"), 2.77 (1 H, dd~ 14.1, 9.8 Hz, H-18’), 1.85 (1 H,
m, H-16), 0.93 (3 H, d] = 6.7 Hz, H-17), 0.90 (3 H, d,= 6.5 Hz, H-17) ppr-3C NMR +
DEPT (100 MHz, CDC}) § 155.3 (C, C-11), 150.8 ( C-22), 149.5 (G, C-7), 140.4 (G,
C-10), 137.6 (&), 129.5 (2x CHy, C-20), 129.2 (X CHjy), 128.5 (2x CH,), 126.7 (CH),
125.9 (G, C-19), 116.7 (X CH,, C-8 or C-9), 116.4 ( CH,, C-9 or C-8), 114.1
(2 x CHy, C-21), 109.0 (CH, C-1), 77.7 (CH, C-3), 74.5 (£B-2), 72.8 (CH, C-13), 72.4
(CH, C-5), 71.7 (CH C-6), 58.9 (CH C-15), 55.3 (CH, C-12), 53.8 (GHC-14), 51.4
(CH, C-4), 35.6 (CH C-18), 27.3 (CH, C-16), 20.2 (GHC-17), 19.9 (CH C-17) ppm;
LRMS (ESI) m/z 655.5 (M + HJ, 677.4 (M + Na), HRMS (ESI) for CssHaoN4OsSNa
(M + Na)" calcd. 655.2796, found 655.2786.
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Protease Inhibitor 4.11b

Q o 8 9
r. ML r. L 7/ \1o oo N\
N"7Q 1 OPNP  H, PIC(10%Pd), N1Q y O NH, 20 N w4, c
/ MeOH, rt, 20 h ~L e A 0B S E e
_— 2 = :
: R=OVN 2 15 OH
07170 32% oy e} N22
H H 26 23 17
4.10b 4.11b J

To a solution of P4.10b (345 mg, 0.466 mmol) in MeOH (15 mL) undes Was added
Pd/C (85 mg, 25 w%, 10% Pd). The flask was then ynder H-atmosphere and the
reaction was stirred at rt for 20 h. After compatihe mixture was filtered over celite and
the filtercake was washed with MeOHX2L0 mL). The solvent was removed and the crude
product was purified by column chromatography §CkH{MeOH 98:2 to 90:10) and HPLC
(CH.CI,/MeOH 96:4) to afford PK.11b as a off-white solid (106 mg, 32%lrormula
CssH43NsOeS; Mw 709.81Mp 112-114 °C;R¢ 0.25 (CHCI,/MeOH 96:4); [a]p +13.4
(c 0.28, CHCY, 27 °C);IR (film) 3337 (br. w), 2960 (w), 2875 (w), 1713 (658 (vs),
1580 (m), 1509 (vs), 1463 (m), 1323 (m), 1233 (D44 (m), 909 (m), 730 (s) chm
'H NMR (400 MHz, CDC}) § 7.66 (1 H, d,J= 1.6 Hz, H-20), 7.62 (1 H, dd,= 8.3,
1.8 Hz, H-24), 7.41 (1 H, d,= 8.3 Hz, H-23), 7.267.05 (5 H, m, Ar-H), 5.78 (1 H, d, =
5.3 Hz, H-1), 5.72 (1 H, br. s, NHMe), 5.26 (1 HJd 9.0 Hz, NH), 5.17 (1 H, dj = 8.4,
5.0 Hz, H-5), 4.13 (1 H, dJ = 3.3 Hz, H-3), 4.03 (1 H, d = 10.0 Hz, H-2), 3.983.91
(3H, m, H-6, H-12 and H-13), 3.88 (1 H, dH= 10.2, 3.5 Hz, H-2'), 3.78 (1 H, dd,=
10.2, 4.4 Hz, H-6’), 3.183.03 (6 H, m, H-14, H-14’, H-18 and H-26), 2.98H1dd,J =
8.3, 5.2 Hz, H-4), 2.94 (1 H, dd,= 13.4, 7.8 Hz, H-15), 2.87 (1 H, ddi= 13.3, 7.3 Hz,
H-15'), 2.76 (1 H, ddJ = 13.9, 9.5 Hz, H-18’), 1.92.81 (1 H, m, H-16), 0.92 (3 H, d=
6.7 Hz, H-17), 0.91 (3 H, d,= 6.7 Hz, H-17) ppm**C NMR + DEPT (100 MHz, CDC})

8 164.7 (G, C-25), 155.4 (C, C-11), 149.5{CC-7), 148.1 (G, C-21 or C-22), 147.9 (&
C-22 or C-21), 140.4 (& C-10), 137.5 (&), 129.6 (G, C-19), 129.1 (X CH,y), 128.5
(2x CH,y), 126.7 (CH)), 124.2 (G, C-24), 116.7 (X CHy, C-8 or C-9), 116.5 (R CHa,
C-9 or C-8), 116.1 (& C-23), 109.1 (CH, C-1), 108.4 {£C-20), 77.7 (CH, C-3), 74.5
(CH,, C-2), 72.8 (CH, C-13), 72.4 (CH, C-5), 71.7 (£8-6), 58.9 (CH, C-15), 55.3 (CH,
C-12), 53.8 (CH, C-14), 51.4 (CH, C-4), 35.7 (GHC-18), 29.5 (CH C-26), 27.2 (CH,
C-16), 20.1 (Cl, C-17), 19.9 (CH C-17) ppm:LRMS (ESI') m'z 710.5 (M + HJ, 732.4
(M + Na)'; HRMS (ESI) for CssHaiNsO;:SNa (M + Naj caled. 732.2674, found
732.2680.
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Protease Inhibitor 4.12a

\16
2 P
HO ; O  “NHBn 1. DSC (1.5 eq), BN (2.0 eq), N/“\/Q?Ng 0 u o N
(tijg CH,Cl,, 1t, 18 h, 86% 13 (tij% H
o T~0 2.1.81a(0.87eq), BN (L.7 eq), 14 15
H CHCly, 1t, 25 h, 65%
3.55 4ua

Following general proceduie (8.2.1), the reaction of alcoh8155 (350 mg, 1.25 mmol)
with DSC (480 mg, 1.88 mmol) afforded after puation by column chromatography
(CH.CI,/MeOH 98:2 to 96:4) the corresponding mixed carl®rea a white solid (451 mg,
1.07 mmol, 82%R: 0.28 (CHCI,/MeOH 96:4);Mp 82 °C;[a]p +39.0 € 0.73, CHC},
26 °C); IR (film) 3348 (br. w), 2930 (w), 2885 (w), 1813 (n)789 (m), 1740 (vs), 1525
(m), 1247 (s), 1232 (s), 1080 (m) ¢mH NMR (400 MHz, CDC}) § 7.38-7.27 (7 H, m,
Ar-H), 5.85 (1 H, dJ=5.0 Hz), 5.39 (1 H, br. s), 5.37 (1 H, dts 8.5, 5.2 Hz), 5.12 (1 H,
m), 4.39 (1 H, part of AB-system), 4.37 (1 H, pafrtAB-system), 4.21 (1 H, dd,= 10.7,
3.8 Hz), 4.184.07 (2H, m), 3.97 (1 H, dd]= 10.5, 5.1 Hz), 3.17 (1 H, dd,= 8.5,
5.2 Hz), 2.84 (4 H, br. s) ppn®C NMR + DEPT (100 MHz, CDC}) § 168.2 (2x C),
155.3 (C), 150.9 (C), 138.1 4 128.7 (2 x CH}), 127.61 (2x CH,), 127.55 (CH), 108.5
(CH), 78.1 (CH), 74.9 (CH), 74.7 (GH 70.6 (CH), 51.6 (CH), 45.1 (ChJ, 25.4 (2x CHy)
ppm; LRMS (ESI) mvz 443.1 (M + Na); HRMS (ESI+) for GgHooN,OgNa (M + Naj
calcd. 443.1061, found 443.1066).

Following general procedurd- (8.2.1), the reaction of this carbonate (210 mg,
0.50 mmol) and amin&.81a (168 mg, 0.43 mmol) afforded after purification bglumn
chromatography (C¥Cl,/MeOH 98:2 to 94:6) and HPLC (GHI,/MeOH 96:4) the PI
4.12a as a white solid (180 mg, 60%rormula CssHiN4sOS; Mw 696.81; Ry 0.33
(CH,CIly/MeOH 96:4);Mp 99-102 °Cja]p +50.7 (c 0.69, CHGJ 26 °C);IR (film) 3364
(br. w), 2961 (w), 2875 (w), 1704 (s), 1628 (w)965m), 1520 (m), 1312 (m), 1225 (s),
1144 (s), 1089 (s), 1017 (m), 730 (vs), 700 (s)'ctl NMR (400 MHz, DMSOdg, T =
373 K)5 7.43 (1 H, dJ = 8.7 Hz, Ar-H), 7.39-7.08 (11 H, m, Ar-H and N#)82 (1 H, br.
s, NH), 6.66 (2 H, dJ = 8.7 Hz, Ar-H), 5.68 (1 H, d] = 5.2 Hz, H-1), 5.62 (2 H, s,H¥),
5.10 (1 H, d,J = 3.4 Hz, H-3), 5.04 (1 H, df,= 8.3, 5.6 Hz, H-5), 4.53 (1L H, d= 5.3 Hz,
OH), 4.22 (2H, d,J= 6.2 Hz, H-8), 4.07-3.82 (4 H, m, H-2, H-2’, H&hd H-6),
3.78-3.62 (2 H, m, H-10 and H-11), 3.33 (1 H, di¢,14.8, 3.3 Hz, H-12), 3.03-2.93 (3 H,
m, H-4, H-13 and H-16), 2.89 (1 H, ddl= 14.8, 8.1 Hz, H-12"), 2.80 (1 H, dd= 13.7,
6.9 Hz, H-13’), 2.64 (1 H, ddl = 14.1, 10.0 Hz, H-16), 1.97 (1 H, m, H-14), 0.&BH, d,
J= 6.6 Hz, H-15), 0.82 (3 H, dl= 6.7 Hz, H-15) ppm:*C NMR + DEPT (100 MHz,
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CDClg) 6 155.4 (C, C-7 or C-9), 155.1 (C, C-9 or C-7), I5(,), 138.1 (G), 137.5 (@),
129.5 (4x CHy and G)), 128.7 (2x CH,y), 128.6 (2x CHy), 127.6 (2x CH,y), 127.5 (CH),
126.6 (CH,;), 114.1 (2x CH,), 108.7 (CH, C-1), 75.4 (CH, C-3), 74.9 (gHC-2), 72.3
(CH, C-11), 71.8 (CH, C-5), 71.6 (GHC-6), 58.8 (CH, C-13), 55.2 (CH, C-10), 53.7
(CH,, C-12), 51.6 (CH, C-4), 45.1 (GHC-8), 35.3 (CH, C-16), 27.3 (CH, C-14), 20.2
(CHs, C-15), 19.9 (Chl C-15) ppm;,LRMS (ESI+) mVz 719.4 (M + Na); HRMS (ESI+)
for CssHaaN4OgSNa (M + Naj calcd. 719.2721, found 719.2714.

Protease Inhibitor 4.12b

Ph

~ 16
)O'L 19 \\ // i
HO { O” 'NHBn 1. DSC (1.5 eq), BN (2.0 eq), HN% : 0 4 N
(ig CHCl, 1t, 18 h, 86% S 7 e OH (Si% N
14 15
o170 2.1.81b(0.87eq), BN (1.7 eq)
H CH,Cl, 1, 25 h, 63%
3.55 4, 12b

Following general proceduie (8.2.1), the reaction of alcoh8l55 (350 mg, 1.25 mmol)
with DSC (480 mg, 1.88 mmol) afforded after puation by column chromatography
(CH.CI,/MeOH 98:2 to 96:4) the corresponding mixed carl®rea a white solid (451 mg,
1.07 mmol, 82%). Following general procedd#g8.2.1), the reaction of this carbonate
(210 mg, 0.50 mmol) and amirde81b (192 mg, 0.43 mmol) afforded after purification by
column chromatography (GBl,/MeOH 98:2 to 94:6) and HPLC (GBI,/MeOH 96:4) the
Pl 4.12b as a white solid (207 mg, 63%jormula Cs7H4sNs010S; Mw 751.85;R; 0.30
(CH,CIly/MeOH 96:4);Mp 109-111 °C; [a]p +53.8 € 0.59, CHCY, 26 °C);IR (film) 3342
(br. w), 2961 (w), 2876 (w), 1714 (s), 1660 (vs)81 (m), 1530 (m), 1462 (m), 1330 (m),
1237 (s), 1181 (m), 1141 (s), 1031 (m), 908 (m)D 78s), 701 (s) cit ‘H NMR
(400 MHz, DMSO#ds, T = 353 K)5 7.95 (1 H, qJ = 4.5 Hz, NHMe), 7.68 (1L H, dJ=
1.8 Hz, H-18), 7.57 (1 H, dd,= 8.3, 1.8 Hz, H-22), 7.43 (1 H, br. sHBn), 7.33 (1 H, d,
J= 8.2 Hz, H-21), 7.33-7.08 (10 H, m, Ar-H), 6.92H, br. s, M), 5.67 (1 H, dJ=
5.1 Hz, H-1), 5.07 (1 H, d = 3.4 Hz, H-3), 5.02 (1 H, br. s, H-5), 4.66 (14, = 6.2 Hz,
OH), 4.20 (2 H, dJ = 6.2 Hz, H-8), 4.02-3.83 (3 H, m, H-2, H-2' and6} 3.72-3.57
(3H, m, H-6", H-10 and H-11), 3.37 (1 H, dilF 14.6, 3.1 Hz, H-12), 3.04 (1 H, ddi=
13.9, 8.0 Hz, H-13), 2.97 (3 H, d,= 4.8 Hz, H-24), 3.01-2.92 (3H, m, H-4, H-12" and
H-16), 2.87 (1 H, ddJ = 13.8, 6.9 Hz, H-13’), 2.61 (1 H, dd,= 13.8, 10.2 Hz, H-16"),
1.98 (1 H, m, H-14), 0.85 (3 H, d= 6.7 Hz, H-15), 0.81 (3 H, d,= 6.6 Hz, H-15) ppm;
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3C NMR + DEPT (100 MHz, CDC}) § 164.7 (G,, C-23), 155.4 (C, C-7 or C-9), 155.2
(C, C-9 or C-7), 148.1 (& C-19 or C-20), 147.7 (& C-20 or C-19), 138.1 (§, 137.5
(Ca), 129.7 (G, C-17), 129.4 (X CH,), 128.7 (2¢xCH,), 128.6 (2x CH,), 127.6
(2 % CHay), 127.5 (CH), 126.6 (CH,), 124.2 (CH, C-22), 116.1 (Ck, C-21), 108.7 (CH,
C-1), 108.4 (CH, C-18), 75.4 (CH, C-3), 74.8 (GHC-2), 72.3 (CH, C-11), 71.8 (CH,
C-5), 71.6 (CH, C-6), 58.7 (CH, C-13), 55.3 (CH, C-10), 53.7 (GHC-12), 51.6 (CH,
C-4), 45.1 (CH, C-8), 35.4 (CH, C-16), 29.5 (ChH C-24), 27.2 (CH, C-14), 20.1 (GH
C-15), 19.9 (CH, C-15) ppm;LRMS (ESI) m/z 774.4 (M + Na); HRMS (ESI") for
Cs7H45N5010SNa (M + Na) caled. 774.2779, found 774.2771.

Protease Inhibitor 4.13a

Ph\ 16

0 O o)
M /\/\ M A
HQ K HN™ ~OBn 1. DSC (1.5 eq), BN (2.0 eq), N 10 N 9 O HHN"7°0" "Ph
<%:ﬁf$ CHCl,, 1t, 18 h, 78% %m <p;¥j%
o T-0 2.1.81a(0.87eq), EN (1.7 eq), 1418
H CH,Cl, rt, 25 h, 90%
3.4la ' 4. l3a

Following general procedurd (8.2.1), the reaction of alcohdB.4la (118 mg,
0.42 mmol) with DSC (161 mg, 0.63 mmol) affordedteaf purification by column
chromatography (C§l,/MeOH 98:2) the corresponding mixed carbonate asige solid
(140 mg, 0.33 mmol, 78%; 0.28 (CHCI,/MeOH 98:2);IR (film) 3330 (br. w), 2947 (br.
w), 1737 (s), 1716 (s), 1525 (m), 1224 (s), 1200 1878 (m), 907 (s), 724 (vs) €m
'H NMR (400 MHz, CDC}) § 7.38-7.28 (5H, m, Ar-H), 5.78 (1 H, d)= 5.1 Hz),
5.35-5.26 (2 H, m), 5.11 (3 H, d = 11.8 Hz), 5.08 (3 H, d = 11.8 Hz), 4.42 (1 H, m),
4.13 (1 H, ddJ= 9.8, 4.4 Hz), 4.14 (1 H, dd,= 10.7, 5.7 Hz), 3.97 (1 H, dd,= 10.7,
5.0 Hz), 3.90 (1 H, m), 3.08 (1H, m), 2.80 (4 H, $r ppm;"*C NMR + DEPT (100 MHz,
CDCl3) 6 168.3 (2x C), 155.4 (C), 150.9 (C), 136.2 4§ 128.5 (2 x CH), 128.2 (CH),
128.1 (2x CHy), 108.3 (CH), 78.6 (CH), 74.2 (GH 70.6 (CH), 66.9 (CH), 52.5 (CH),
52.2 (CH), 25.4 (% CH,) ppm;LRMS (ESI+)m/z 443.1 (M + Na)).

Following general proceduie (8.2.1), the reaction of this carbonate (74 mg8 @ninol)
and aminel.81a(60 mg, 0.15 mmol) afforded after purification clumn chromatography
(CH.CI,/MeOH 98:2 to 94:6) and HPLC (GHI,/MeOH 97:3) the P#.13aas a white solid
(96 mg, 90%).Formula CzsHasN4OoS; Mw 696.81; R; 0.28 (CHCI,/MeOH 96:4), Mp
118-120 °CJa]p +42.9 € 0.73, CHCY, 26 °C);IR (film) 3363 (br. m), 2960 (br. w), 1701
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(vs), 1628 (w), 1598 (s), 1529 (m), 1313 (s), 1281 1147 (vs), 1090 (vs), 732 (vs) ¢m
'H NMR (400 MHz, DMSO¢dg, T = 373 K)8 7.42 (2 H, dJ = 8.7 Hz, Ar-H), 7.38-7.08
(11 H, m, Ar-H and M), 6.78 (1L H, br. s, N), 6.65 (2 H, dJ = 8.7 Hz, Ar-H), 5.65 (1 H,
d,J=5.1Hz, H-1), 5.64 (2H, s, NH 5.07 (1 H, dJ = 12.6 Hz, H-8), 5.04 (1 H, d,=
12.6 Hz, H-8"), 4.98 (1 H, m, H-5), 4.53 (1 H, 8= 5.8 Hz, ®&), 4.07 (1 H, dd,J = 6.1,
4.6 Hz, H-3), 3.96-3.81 (2 H, m, H-2 and H-6), 3:3%1 (4 H, m, H-2’, H-6", H-10 and
H-11), 3.32 (1 H, ddJ = 14.9, 3.4 Hz, H-12), 2.99 (1 H, ddi= 14.0, 4.0 Hz, H-16), 2.95
(1 H, dd,J = 13.8, 7.8 Hz, H-13), 2.92-2.84 (2 H, m, H-4 ahd2’), 2.79 (1 H, dd,J =
13.8, 6.9 Hz, H-13’), 2.63 (1 H, dd,= 14.0, 9.5 Hz, H-16"), 1.96 (1 H, m, H-14), 0.85
(3H, d,J= 6.6 Hz, H-15), 0.82 (3 H, d]= 6.7 Hz, H-15) ppm;®*C NMR + DEPT
(100 MHz, CDC}) 6 155.4 (C, C-9 or C-7), 155.2 (C, C-7 or C-9), I5(C.), 137.5 (GQ),
136.2 (G), 129.5 (4x CH, and G,), 128.6 (4x CH,), 128.3 (CH,), 128.1 (CH), 126.6
(CHa), 114.1 (2 x CH}), 108.3 (CH, C-1), 74.6 (CHC-2), 72.3 (CH, H-11), 72.2 (CH,
C-5), 71.4 (CH, C-6), 66.9 (CH C-8), 58.8 (CH C-13), 55.2 (CH, C-10), 53.7 (GH
C-12), 52.7 (CH, C-4 or C-3), 52.5 (CH, C-3 or G-35.4 (CH, C-16), 27.3 (CH, C-14),
20.2 (CH, C-16), 19.9 (CHl C-16) ppm, one quaternary carbon was not obsehRMS
(ESI m/'z719.4 (M + Naj; HRMS (ESTI) for CssHa4N4OsSNa (M + Naj calcd. 719.2721,
found 719.2733.

Protease Inhibitor 4.13b

Ph

o 16 o o)
8
HO 4 HNXOBn 1. DSC (1.5 eq), BN (2.0 eq), HN% 0L N, N/\/lo\N e HHNko/\Ph
p CHCl,, 1t, 18 h, 78% \ %13
oT~0 2.1.81b(0.87eq), EN (1.7 eq), 1 1
H CHXClIy, 1t, 25 h, 61%
3.41a 4, 13b

Following general procedur& (8.2.1), the reaction of alcohdB.4la (118 mg,
0.42 mmol) with DSC (161 mg, 0.63 mmol) affordedterf purification by column
chromatography (C§l,/MeOH 98:2) the corresponding mixed carbonate asige solid
(140 mg, 0.33 mmol, 78%). Following general procedt (8.2.1), the reaction of this
carbonate (115 mg, 0.27 mmol) and amih&1lb (111 mg, 0.25 mmol) afforded after
purification by column chromatography (g&,/MeOH 98:2 to 94.6) and HPLC (G8l,/
MeOH 96:4) the PK.13aas a white solid (115 mg, 61%jormula Cz7H4sN5010S; Mw
751.85;R; 0.25 (CHCI,/MeOH 95:5);Mp 106-108 °C;[a]p +39.1 (c 1.03, CHGJ 27 °C);
IR (film) 3326 (br. w), 2960 (w), 1702 (s), 1656 (v&p80 (m), 1533 (m), 1463 (m), 1325
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(m), 1240 (s), 1144 (s), 910 (m), 730 (vs), 700¢®)"; *H NMR (400 MHz, DMSO¢,
T =363 K)5 7.95 (1 H, gJ = 4.5 Hz, \HHMe), 7.68 (1 H, dJ = 1.8 Hz, H-18), 7.57 (1 H,
dd,J=8.2, 1.8 Hz, H-22), 7.36-7.09 (12 H, m, Ar-H2H-and NH), 6.88 (1 H, br. s, N),
5.64 (1 H, dJ=5.1Hz, H-1), 5.06 (1 H, dl= 12.9 Hz, H-8), 5.03 (1 H, d,= 12.9 Hz,
H-8), 4.98 (1 H, br. s, H-5), 4.66 (1 H, d= 6.1 Hz, ®1), 4.05 (1 H, ddJ) = 5.9, 4.9 Hz,
H-3), 3.95-3.82 (2 H, m, H-2 and H-6), 3.77-3.5844m, H-2’, H-6", H-10 and H-11),
3.37 (1 H, ddJ = 14.9, 2.5 Hz, H-12), 3.04 (1 H, d#i= 13.9, 8.0 Hz, H-13), 2.97 (3 H, d,
J=4.7 Hz, H-24), 3.00-2.84 (4 H, m, H-4, H-12’,13 and H-16), 2.61 (1 H, dd,= 13.3,
10.0 Hz, H-16’), 1.99 (1 H, m, H-14), 0.85 (3 H, s 6.6 Hz, H-15), 0.81 (3 H, dl =
6.7 Hz, H-15) ppm**C NMR + DEPT (100 MHz, CDC}) § 164.7 (G, C-23), 155.4 (C,
C-7 or C-9), 155.2 (C, C-9 or C-7), 148.1,(GC-19 or C-20), 147.7 (£ C-20 or C-19),
137.5 (G), 136.1 (G), 129.7 (G, C-17), 129.4 (X CH,), 128.5 (4x CH,), 128.3
(2 x CHay), 128.1 (CH), 126.6 (CH,), 124.2 (CH, C-22), 116.0 (CH, C-21), 108.4 (CH,
C-1 and CH, C-18), 74.5 (Ck C-2), 72.3 (CH, C-11), 72.2 (CH, C-5), 71.4 (&-6),
66.9 (CH, C-8), 58.8 (CH, C-13), 55.2 (CH, C-10), 53.7 (GHC-12), 52.6 (CH, C-3 or
C-4), 52.5 (CH, C-4 or C-3), 35.4 (GHC-16), 29.5 (Ckl C-24), 27.2 (CH, C-14), 20.1
(CHs, C-15), 19.9 (Ch C-15) ppm,LRMS (ESI) m/z 752.4 (M + HJ, 774.9 (M + Na));
HRMS (ESI') for C37H4eN5010S (M + HY caled. 752.2960, found 752.2958.

Protease Inhibitor 4.16a

7
12
HO o o M 1 Dsc(15eq), BN (2.0 eq), S‘N/\;/EN%%Q H o/\a/o\9
; CH,Cl, 1t, 18 h, 82% 1w oy N 33y Ls
> H2N 6 4 2
6
o T~0 2.1.81a(0.87eq), BN (1.7 eq), 15 1 o130
H CHyCl, 1t, 25 h, 64% 16 H
3.57 4.16a

Following general procedui (8.2.1), the reaction of alcoh8l57 (293 mg, 1.43 mmol)
with DSC (550 mg, 2.15 mmol) afforded after puation by column chromatography
(CH.CI/MeOH 96:4) the corresponding mixed carbonate aslaurless oil (405 mg,
1.17 mmol, 82%R; 0.40 (CHCI/MeOH 97:3);IR (film) 2938 (w), 2883 (w), 1811 (m),
1787 (m), 1735 (vs), 1368 (w), 1257 (m), 1231 ()99 (s), 1071 (s), 1047 (m) &m
'H NMR (400 MHz, CDC}) & 5.85 (1 H, dJ = 5.1 Hz), 5.34 (1 H, dtj= 8.8, 5.9 Hz),
4.21 (1 H, br. dJ = 3.9Hz), 4.13 (1 H, dtJ = 10.3, 1.1 Hz), 4.11 (1 H, dd,= 10.4,
6.0 Hz), 4.04 (1 H, dd] = 10.3, 3.9 Hz), 3.91 (1 H, dd,= 10.4, 5.8 Hz), 3.63.58 (2 H,
m), 3.55-3.52 (2 H, m), 3.37 (3H, s), 3.15 (1 H, dd+ 8.8, 5.3 Hz), 2.85 (4 H, m) ppm;
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3C NMR + DEPT (100 MHz, CDC}) § 168.2 (2x C), 151.1 (C), 108.9 (CH), 79.6 (CH),
78.5 (CH), 74.2 (Ch), 71.6 (CH), 70.1 (CH), 68.7 (CH), 59.0 (CH), 51.6 (CH), 25.4
(2 x CHs) ppm;LRMS (ESI+)nVz368.1 (M + Na)).

Following general procedurg (8.2.1), the reaction of this carbonate (200 mé,70.
mmol) with amine1.81a (196 mg, 0.50 mmol) afforded after purification leplumn
chromatography (CHCl,/MeOH 97:3 to 96:4) and by HPLC (GEI/MeOH 97:3) the PI
4.16a as a white solid (200 mg, 64%lrormula CgzoHi3sN3OS; Mw 621.74; Ry 0.23
(CHCI/MeOH 97:3);Mp 88 °C;[a]p +11.2 (c 0.71, CHGJ 26 °C);IR (film) 3459 (w),
3363 (m), 2959 (w), 2873 (w), 1712 (s), 1631 (W§9a (s), 1534 (w), 1314 (s), 1255 (m),
1147 (vs), 1090 (vs), 1018 (m), 734 (m)tmH NMR (400 MHz, CDC})) § 7.55 (2 H, d,
J=8.7 Hz, Ar-H), 7.337.18 (5 H, m, Ar-H), 6.69 (2 H, d,= 8.7 Hz, Ar-H), 5.77 (1 H, d,
J =5.1Hz, H-1), 5.12 (1 H, df = 8.8, 5.8 Hz, H-5), 5.00 (1 H, d,= 8.4 Hz, NH), 4.18
(2 H, br. s, NH), 4.013.94 (2 H, m, H-2 and H-6), 3.93.84 (2 H, m, H-11 and H-12),
3.82 (1 H, ddJ = 10.1, 3.7 Hz, H-2), 3.78.65 (3 H, m, H-3, H-6" and OH), 3.53.41
(3H, m, H-7, H-8 and H-8"), 3.37 (3 H, s, H-9)33-3.32 (1 H, m, H-7’), 3.14 (1 H, dd,
J=15.1, 8.3 Hz, H-13), 3.06 (1 H, ddi= 14.4, 4.0 Hz, H-17), 2.92.90 (3 H, m, H-4,
H-13'" and H-14), 2.8¥2.75 (2 H, m, H-14’ and H-17’), 1.83 (1 H, m, H-18)93 (3 H, d,
J= 6.7 Hz, H-16), 0.89 (3 H, dl= 6.7 Hz, H-16) ppm**C NMR + DEPT (100 MHz,
CDClg) 8 155.2 (C, C-10), 150.8 (g, 137.7 (Gy), 129.5 (2x CHyy), 129.3 (2x CHy), 128.5
(2 x CHay), 126.7 (CH), 126.0 (Gy), 114.1 (2x CHy), 109.0 (CH, C-1), 80.0 (CH, C-3),
74.3 (CH, C-2), 72.8 (CH, C-12), 72.4 (CH, C-5), 71.8 (£B-8), 71.2 (CH, C-6), 68.3
(CH, C-7), 59.1 (CH, C-9), 58.9 (CH C-14), 55.3 (CH, C-11), 53.8 (GHC-13), 51.6
(CH, C-4), 35.5 (CH C-17), 27.3 (CH, C-15), 20.2 (GHC-16), 19.9 (CH C-16) ppm;
LRMS (ESI) m/z 644.4 (M + Na); HRMS (ESI") for CzHasNsOsSNa (M + Naj calcd.
644.2612, found 644.2606.
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Protease Inhibitor 4.16b

Ph\17 O

\\ //
HO o >OMe 1 Dsc (1.5 eq), BN (2.0 eq), HN% NI N 100 H o/\;o o
CH,Cly, 1t, 18 h, 82% 1

o TG 2.1.81b(0.87eq), BN (1.7 eq), 15 16

317 CH,Cl, 1, 25 h, 69% . 16b

Following general procedui (8.2.1), the reaction of alcoh8l57 (293 mg, 1.43 mmol)
with DSC (550 mg, 2.15 mmol) afforded after puation by column chromatography
(CH.CI,/MeOH 96:4) the corresponding mixed carbonate asolaurless oil (405 mg,
1.17 mmol, 82%). Following general procedidg8.2.1), the reaction of this carbonate
(200 mg, 0.57 mmol) with amink81b (223 mg, 0.50 mmol) afforded after purification by
column chromatography (GBIl,/MeOH 97:3 to 96:4) and by HPLC (GEI,/MeOH 97:3)
the Pl4.16bas a white solid (232 mg, 69%jormula Cz,H44N4010S; Mw 676.78;R; 0.25
(CH.Cl,/MeOH 96:4);Mp 94 °C;[a]p +24.1 (c 0.73, CHGJ 26 °C);IR (film) 3337 (br.
w), 2959 (w), 2874 (w), 1710 (m), 1658 (s), 1580,(&63 (m), 1327 (m), 1271 (m), 1240
(m), 1143 (s), 1121 (s), 1018 (m), 732 (s)’criH NMR (400 MHz, CDC}) 6 7.65 (1 H, d,
J= 1.6 Hz, H-19), 7.61 (1 H, dd,= 8.3, 1.8 Hz, H-23), 7.42 (1 H, d= 8.3 Hz, H-22),
7.33-7.20 (5 H, m, Ar-H), 5.78 (1 H, d,= 5.1 Hz, H-1), 5.45 (1 H, ¢,= 5.0 Hz, NHMe),
5.11 (1 H, dtJ = 8.6, 6.0 Hz, H-5), 5.05 (1 H, d,= 8.9 Hz, NH), 3.99 (1 H, dd,J = 9.8,
5.1 Hz, H-6), 3.98 (L H, dJ = 10.0 Hz, H-2), 3.943.86 (2 H, m, H-11 and H-12), 3.84
(1 H, dd,J = 10.0, 3.8 Hz, H-2), 3.70 (1 H, d,= 3.8 Hz, H-3), 3.68 (1 H, dd = 9.8,
6.0 Hz, H-6"), 3.60 (1 H, d) = 2.5 Hz, ®), 3.51-3.39 (3 H, m, H-7, H-8 and H-8’), 3.37
(3 H, s, H-9), 3.393.33 (1 H, m, H-7"), 3.13 (1 H, dd,= 15.2, 8.5 Hz, H-13), 3.08 (1 H,
dd,J = 14.4, 3.9 Hz, H-17), 3.01 (1 H, d#if 15.1, 2.4 Hz, H-13'), 2.98.90 (2 H, m, H-4
and H-14), 2.892.78 (2 H, m, H-14" and H-17"), 1.85 (1 H, m, H-1893 (3 H, dJ=
6.7 Hz, H-16), 0.90 (3 H, d,= 6.7 Hz, H-16) ppm*°*C NMR + DEPT (100 MHz, CDC}))
5 164.7 (G, C-24), 155.3 (C, C-10), 148.2 {CC-20 or C-21), 147.9 (& C-21 or C-20),
137.6 (G, 129.6 (G), 129.3 (2x CHy), 128.6 (2x CH,), 126.7 (CH), 124.2 (CH,
C-23), 116.2 (CH}, C-22), 109.0 (CH, C-1), 108.4 (GHC-19), 80.0 (CH, C-3), 74.2 (GH
C-2), 72.8 (CH, C-12), 72.4 (CH, C-5), 71.8 (£l&-8), 71.2 (CH, C-6), 68.3 (CH, C-7),
59.1 (CH, C-9), 58.9 (CH, C-14), 55.3 (CH, C-11), 53.8 (GHC-13), 51.5 (CH, C-4),
35.6 (CH, C-17), 29.6 (ChHl C-25), 27.3 (CH, C-15), 20.1 (GHC-16), 19.9 (Chl C-16)
ppm; LRMS (ESI) m/z 699.4 (M + Na); HRMS (ESI") for CzHi4N4O10SNa (M + Na)
calcd. 699.2670, found 699.2657.
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Protease Inhibitor 4.16d

Ph
0P w,: ] :
20 12_~
Ho 4y oM 1pscseq BN @oen,  HENENEINTYINGG 07N
- CH2C|2, I’t, 18 h, 82% 25 \N o 2 14 OH -5 . 3
= 22 6 2
o710 2.1.81d(0.87eq), BN (1.7 eq), 15 16 oA~g
H CH,Cl, 1t, 25 h, 59% 16
3.57 4.16d

Following general procedui (8.2.1), the reaction of alcoh8l57 (293 mg, 1.43 mmol)
with DSC (550 mg, 2.15 mmol) afforded after puation by column chromatography
(CH.CI/MeOH 96:4) the corresponding mixed carbonate asolaurless oil (405 mg,
1.17 mmol, 82%). Following general procedidg8.2.1), the reaction of this carbonate
(350 mg, 1.00 mmol) with amink81d (370 mg, 0.87 mmol) afforded after purification by
column chromatography (GBIl,/MeOH 97:3 to 96:4) and by HPLC (GEI,/MeOH 97:3)
the Pl4.16bas a white solid (337 mg, 59%jormula C3,H42N4OsS; Mw 658.76;R; 0.23
(CH.Cl/MeOH 97:3);Mp 68-70 °C;[a]p +21.1 (c 1.50, CHGJ 25 °C);IR (film) 3341
(br. w), 2958 (w), 2874 (w), 1716 (m), 1531 (w),363(m), 1255 (m), 1148 (s), 1112 (s),
1067 (s), 1019 (s), 736 (M), 657 (M) &mH NMR (400 MHz, CDC}) 5 8.99 (2 H, s, H-24
and H-25), 8.61 (1 H, d,= 2.0 Hz, H-19), 8.26 (1 H, d,= 8.8 Hz, H-22), 8.07 (1 H, d,=
8.8, 2.1 Hz, H-23), 7.3%77.18 (5 H, m, Ar-H), 5.76 (1 H, d, = 5.3 Hz, H-1), 5.17 (L H, d,
J=7.5Hz, NH), 5.12 (1 H, dij= 8.6, 5.9 Hz, H-5), 4.668.92 (3 H, m, H-2, H-6 and
H-12), 3.88 (1 H, ttJ = 9.2, 4.8 Hz, H-11), 3.80 (1 H, dd,= 10.1, 3.8 Hz, H-2'), 3.70
(1 H, dd,J =10.0, 5.5 Hz, H-6"), 3.638.59 (2 H, m, H-3 and OH), 3.48.37 (3 H, m, H-7,
H-8 and H-8"), 3.36 (3 H, s, H-9), 3.33.28 (1 H, m, H-7"), 3.25 (1 H, dd,= 15.2, 8.7 Hz,
H-13), 3.17 (1 H, ddJ = 14.9, 2.5 Hz, H-14), 3.33.04 (2 H, m, H-13' and H-14")", 3.01
(1 H, dd,J=13.7, 7.3 Hz, H-17), 2.94 (1 H, dd= 8.7, 5.2 Hz, H-4), 2.81 (1 H, dd=
13.9, 9.7 Hz, H-17"), 1.961.84 (1 H, m, H-15), 0.91 (3 H, d,= 6.7 Hz, H-16), 0.89 (3 H,
d,J = 6.7 Hz, H-16) ppm;*C NMR + DEPT (100 MHz, CDC}) § 155.4 (C, C-10), 147.3
(CHa, C-24 or C-25), 146.7 (CH C-25 or C-24), 144.4 (& C-21), 142.1 (&, C-20),
139.7 (G, C-18), 137.4 (&), 131.3 (CH, C-22), 130.0 (CH, C-19), 129.3 (X CH,),
128.7 (2x CHyy), 126.9 (CH), 126.8 (CH, C-23), 109.0 (CH, C-1), 80.0 (CH, C-3), 74.2
(CH, C-2), 72.8 (CH, C-12), 72.5 (CH, C-5), 71.8 (£8-8), 71.1 (CH, C-6), 68.4 (CH,
C-7), 59.1 (CH, C-9), 58.7 (CH, C-14), 55.5 (CH, C-11), 53.6 (GHC-13), 51.6 (CH, C-
4), 35.5 (CH, C-17), 27.3 (CH, C-15), 20.1 (GHC-16), 19.9 (CH C-16) ppm;LRMS
(ESI+) m/z 681.1 (M + Na); HRMS (ESI+) for GoH4N4OsS (M + Naj calcd. 681.2565,
found 681.2580.
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Protease Inhibitor 4.17b

Ph\lG o

7
HO 4 o “OMe 1. DSC (1.5 eq), BN (2.0 eq), /\/o\ %;ko o ™o

19
) 7 °N D _H
oo 2.1.81b(0.87eq), EN (1.7 eq) 1 15
H CHLCIy, 11, 25 h, 65%
3.59 4, l7b

\\ //

Following general procedui (8.2.1), the reaction of alcoh8l59 (177 mg, 0.93 mmol)
with DSC (360 mg, 1.40 mmol) afforded after puation by column chromatography
(petroleum ether/acetone 70:30 to 60:40) the cpomding mixed carbonate as a pale
yellow oil (277 mg, 0.84 mmol, 909%&; 0.23 (petroleum ether/acetone 70:3Wjp —7.4
(c 1.93, CHCY, 25 °C);IR (film) 2948 (w), 2885 (w), 1787 (m), 1734 (vs),1E2(s), 1198
(s), 1076 (s), 1028 (s) cin*H NMR (400 MHz, CDC})) § 5.84 (1 H, dJ = 5.3 Hz), 5.32
(1 H, dt,J= 8.8, 6.0 Hz), 4.67 (1 H, d,= 6.9 Hz), 4.65 (1 H, d] = 6.9 Hz), 4.61 (1 H, td,
J=25, 1.1Hz), 410 (1 H, dd,= 10.4, 6.1 Hz), 4.06 (2 H, d,= 2.5 Hz), 3.89 (1 H, dd,
J=10.4, 5.8 Hz), 3.35 (3 H, s), 3.15 (1 H, ddd; 8.8, 5.2, 0.8 Hz), 2.83 (4 H, m) ppm;
3C NMR + DEPT (100 MHz, CDC}) § 168.3 (C), 151.0 (C), 108.7 (CH), 95.8 (§H78.3
(CH), 76.9 (CH), 74.7 (Ch), 70.0 (CH), 55.6 (CH), 52.0 (CH), 25.4 (¥ CH,) ppm;
LRMS (ESI) m/z 386.1 (M+MeOH+Na), HRMS (ESI) for Ci3H;/NOgNa (M + Nay
calcd 354.0796, found 354.0796).

Following general proceduré (8.2.1), subsequent reaction of the mixed carbonate
(235 mg, 0.71 mmol) with amink81b (288 mg, 0.65 mmol) afforded after purification by
column chromatography (GBIl,/MeOH 97:3) and by HPLC (Ci€l,/MeOH 97:3) the PI
4.17bas a white solid (281 mg, 65%jormula C3;H42N4010S; Mw 662.75;Mp 93-95 °C;

Rf 0.23 (CHCI,/MeOH 97:3);[a]p +20.2 (c 0.71, CHGJ 25 °C);IR (film) 3338 (br. w),
2958 (w), 1709 (m), 1659 (vs), 1581 (m), 1463 (4826 (m), 1272 (m), 1240 (m), 1148
(s), 1018 (s), 753 (s) cm*H NMR (400 MHz, CDC}) & 7.64 (1 H, s, H-18), 7.60 (1 H, d,
J=8.4Hz, H-22), 7.42 (1 H, d,= 8.3 Hz, H-21), 7.347.20 (5 H, m, Ar-H), 5.81 (1 H, d,
J=5.1 Hz, H-1), 5.43 (1 H, d,= 5.0 Hz, HMe), 5.12 (1 H, dt] = 8.9, 6.2 Hz, H-5), 5.05
(1 H, d,J=8.7Hz, NH), 458 (1 H, d=7.0Hz, H-7), 454 (1 H, d = 7.0 Hz, H-7"),
413 (1 H, dJ = 2.1 Hz, H-3), 4.03 (1 H, dd = 10.0, 6.3 Hz, H-6), 3.98 (1 H, d,=
9.9 Hz, H-2), 3.953.84 (3 H, m, H-2", H-10 and H-11), 3.67 (1 H, dds 10.0, 6.1 Hz,
H-6'), 3.62 (1 H, br. s, OH), 3.34 (3 H, s, H-8)13 (3 H, d,J = 5.0 Hz, H-24), 3.10 (1 H,
dd,J = 15.2, 9.1 Hz, H-12), 3.06 (1 H, dii= 14.1, 4.9 Hz, H-13), 3.62.94 (2 H, m, H-4
and H-12), 2.942.87 (2 H, m, H-13" and H-16), 2.83 (1 H, dbs 13.6, 7.2 Hz, H-16"),
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1.84 (1 H, m, H-14), 0.92 (3 H, d,= 6.7 Hz, H-15), 0.90 (3 H, d,= 6.7 Hz, H-15) ppm;
13C NMR + DEPT (100 MHz, CDC}) 5 164.7 (G, C-23), 155.2 (C, C-9), 148.1 {CC-19
or C-20), 147.8 (g C-20 or C-19), 137.5 (g, 129.7 (G), 129.4 (2¢ CH,), 128.6
(2 x CHy), 126.7 (CH), 124.2 (CH, C-22), 116.2 (CH, C-21), 108.9 (CH, C-1), 108.4
(CHay, C-18), 95.4 (Chl C-7), 76.8 (CH, C-3), 74.7 (GHC-2), 72.6 (CH, C-12), 72.3 (CH,
C-5), 71.1 (CH, C-6), 58.9 (CH, C-13), 55.5 (CH, C-10), 55.2 (GHC-8), 53.9 (CH,
C-11), 52.2 (CH, C-4), 35.5 (GHC-16), 29.6 (Ch C-24), 27.3 (CH, C-14), 20.1 (GH
C-15), 19.9 (CH, C-15) ppm;LRMS (ESI) m/z 685.2 (M + Naj; HRMS (ESI) for
Cs1H42N4010S Na (M + Na) caled. 685.2514, found 685.2521.

Protease Inhibitor 4.18b

Ph\15 o
9

7 8
HO y O  “SMe 1. DSC (1.5 eq), BN (2.0 eq), HN :\:©1 10 9 s

CH,Cl,, 1t, 18 h, 62%

3 s H
/ ) I ) 13 3
o T-o 2.1.81b(0.87eq), BN (1.7 eq),

H CH,Cl, 11, 25 h, 73%
3.61 4. 18b

Following general proceduie (8.2.1), the reaction of alcoh8l61 (160 mg, 0.78 mmol)
with DSC (300 mg, 1.16 mmol) afforded after puation by column chromatography
(CH.CI/MeOH 99:1 to 97:3) the corresponding mixed cadternas a pale yellow oil
(168 mg, 0.48 mmol, 62%). Following general progedt (8.2.1), subsequent reaction
with amine 1.81b (178 mg, 0.40 mmol) afforded after purification bgolumn
chromatography (C¥Cl,/MeOH 97:3) and by HPLC (Ci€l,/MeOH 96:4) the P#.18bas
a white solid (200 mg, 74%J)-ormula Csz;H4:N4OS;; Mw 678.82;Mp 101-103 °C; R¢
0.24 (CHCIy/MeOH 96:4);[a]p +10.5 (c 1.03, CHGJ 25 °C);IR (film) 3341 (br. w), 2961
(w), 2873 (w), 1711 (m), 1656 (vs), 1580 (m), 132%), 1271 (m), 1239 (m), 1143 (s),
1051 (s), 909 (s), 728 (vs) &m*H NMR (400 MHz, CDC}) § 7.65 (1 H, dJ= 1.3 Hz,
H-18), 7.59 (1 H, ddJ = 8.2, 1.4 Hz, H-22), 7.40 (1 H, d,= 8.3 Hz, H-21), 7.337.19
(5 H, m, Ar-H), 5.80 (1 H, d) = 5.1 Hz, H-1), 5.73 (1 H] = 4.4 Hz, NHMe), 5.17 (1 H, d,
J=8.5Hz, MHCO,), 5.11 (1 H, dtJ = 8.7, 6.4 Hz, H-5), 4.53 (1 H, d,= 11.5 Hz, H-7),
4.48 (1 H, dJ= 11.5Hz, H-7"), 4.26 (1 H, d] = 3.3 Hz, H-3), 4.01 (1 H, dd] = 9.7,
6.3 Hz, H-6), 3.983.84 (4 H, m, H-2, H-2’, H-10 and H-11), 3.72 (1d{J = 1.4 Hz, OH),
3.67 (1 H, ddJ = 9.9, 6.2 Hz, H-6"), 3.16 (3 H, d,= 5.0 Hz, H-24), 3.1:22.96 (4 H, m,
H-12, H-13, H-13’ and H-16), 2.92.80 (3 H, m, H-4 , H-12’ and H-16"), 2.74 (1 H,,dd
J=13.7, 10.4 Hz, H-17’), 2.11 (3 H, s, H-8), 1@6H, m, H-14), 0.90 (3 H, d| = 6.7 Hz,
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H-15), 0.88 (3 H, dJ = 6.7 Hz, H-15) ppm:*C NMR + DEPT (100 MHz, CDCI3) 164.7
(Can, C-23), 155.2 (C, C-9), 148.1 {CC-19 or C-20), 147.8 (& C-20 or C-19), 137.5
(Ca), 129.6 (G), 129.4 (2¢ CHa), 128.6 (2x CH,y), 126.7 (CH,), 124.2 (CH, C-22),
116.0 (CH,, C-21), 108.9 (CH, C-1), 108.4 (GHC-18), 76.3 (CH, C-3), 74.2 (GHC-2),
73.2 (CH, C-7), 72.5 (CH, C-11), 72.3 (CH, C-5), 71.0 (£B-6), 58.8 (CH, C-13), 55.2
(CH, C-10), 53.7 (Chf C-12), 51.6 (CH, C-4), 35.4 (GHC-16), 29.5 (Ckl C-24), 27.2
(CH, C-14), 20.1 (Ch C-15), 19.9 (CH C-15), 13.8 (Chl C-8) ppm;,LRMS (ESI+)m/z
701.3 (M + Naj; HRMS (ESI") for C3iH4N4O0S:Na (M + Naj calcd. 701.2285, found
788.2275.

Protease Inhibitor 4.19b

Ph\17 O

9

HO o> 1 Dsc (1.5eq), BN (2.0 eq), HN% 1 N/\/ll\N 100 o/\e/c':3
CH,Cl, 1t, 18 h, 93% 1

oT-0 2.1.81b(0.87eq), EN (1.7 eq), 15 16

3{474 CHCly, 1t, 25 h, 70% . 19b

Following general procedute (8.2.1), the reaction of alcoh8174 (55 mg, 0.23 mmol)
with DSC (88 mg, 0.35 mmol) afforded the correspoganixed carbonate as a pale yellow
oil (85 mg, 0.22 mmol, 93%). Following general prdareF (8.2.1), subsequent reaction
with amine 1.81b (100 mg, 0.22 mmol) afforded after purification bgolumn
chromatography (CHCl,/MeOH 96:4 to 95:5) and by HPLC (GEI/MeOH 97:3) the PI
4.19b as a white solid (110 mg, 70%}ormula CgHs1FsN4OsS; Mw  714.75; Mp
110-112 °C;R¢ 0.30 (CHCI,/MeOH 96:4);[a]p +14.2 (c 0.61, CHG] 23 °C);IR (film)
3339 (m), 2960 (w), 2874 (w), 1716 (m), 1660 (MH81 (m), 1463 (m), 1327 (m), 1255
(s), 1146 (vs), 1021 (m) ¢l *H NMR (400 MHz, CDC}) § 7.67 (1 H, d,J= 1.6 Hz,
H-19), 7.63 (1 H, ddJ = 8.3, 1.8 Hz, H-23), 7.43 (1 H, d,= 8.2 Hz, H-22), 7.337.19
(5 H, m, Ar-H), 5.76 (1 H, d) = 5.3 Hz, H-1), 5.29 (1 H, d,= 4.9 Hz, N\HMe), 5.10 (1 H,
dt, J = 9.0, 5.8 Hz, H-5), 5.02 (1 H, d,= 9.1 Hz, M), 3.99 (1 H, ddJ = 10.0, 5.9 Hz,
H-6), 3.96-3.84 (3 H, m, H-2, H-11 and H-12), 3(IH, dd,J = 10.2, 3.7 Hz, H-2"), 3.70
(1 H, dd,J = 10.0, 5.7 Hz, H-6"), 3.59 (1 H, d= 2.5 Hz, ®{), 3.51-3.42 (2 H, m, H-3 and
H-7), 3.34 (1 H, m, H-7’), 3.18 (3 H, d,= 5.2 Hz, H-25), 3.16 (1 H, dd,= 15.2, 8.8 Hz,
H-13), 3.09 (1 H, dd) = 14.1, 4.0 Hz, H-17), 3.01 (1 H, d#l= 15.2, 2.7 Hz, H-13’), 2.98
(1 H, dd,J = 13.4, 8.0 Hz, H-14), 2.90 (1 H, ddi= 9.0, 5.2 Hz, H-4), 2.85 (1 H, dd,=
13.3, 6.9 Hz, H-14"), 2.79 (1 H, dd~= 14.1, 9.6 Hz, H-17’), 2.33 (2 H, qt= 10.7, 6.7 Hz,
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H-8), 1.86 (1 H, m, H-15), 0.94 (3 H, d= 6.6 Hz, H-16), 0.91 (3 H, d,= 6.6 Hz, H-16)
ppm; **C NMR + DEPT (100 MHz, CDCI3)5 164.7 (G, C-24), 155.2 (C, C-10), 148.2
(Car C-20 or C-21), 147.9 (& C-21 or C-20), 137.7 (§, 129.7 (G, C-18), 129.3
(2 x CHa), 128.5 (2x CH,), 126.7 (CH), 124.2 (CH, C-20), 116.3 (CH, C-19), 109.0
(CH, C-1), 108.4 (CH, C-16), 80.0 (CH, C-3), 74.2 (GHC-2), 72.9 (CH, C-12), 72.4
(CH, C-5), 71.1 (Clf C-6), 61.7 (CH, d,J= 3.3 Hz, C-7), 59.0 (CH C-14), 55.5 (CH,
C-11), 53.8 (CH, C-10), 51.4 (CH, C-4), 35.6 (GHC-17), 34.4 (CH q,J= 28.5 Hz,
C-8), 29.6 (CH, C-25), 27.3 (CH, C-15), 20.1 (GHC-16), 19.9 (Ch C-16) ppm;
1% NMR (282 MHz, CDC}) § -64.88 (CF, t, J = 10.6 Hz, F-9)LRMS (ESI+)m/z 737.4
(M + Na), 753.4 (M+K}; HRMS (ESI') for CzHaiFsN4OeSK (M+K)* caled. 753.2178,
found 753.2172.

Protease Inhibitor 4.20a

Ph
o o \17 O

\\ //

HO | o/}(NHB” 1. DSC (1.5 eq), BN (2.0 eq), 11N 100 H o/ﬁ( ~P

(ig CH,Cl,, 1t, 18 h, 86% %14
o-T-0 2.1.81a(0.87eq), ENN (1.7 eq), 15 10
H

CH,Cl, 1t, 25 h, 68%
3.67a ' 4. 20a

Following general procedurd (8.2.1), the reaction of alcohdB.67a (185 mg,
0.63 mmol) with DSC (242 mg, 0.95 mmol) affordedteaf purification by column
chromatography (C}Cl,/MeOH 98:2 to 94.6) the corresponding mixed carl®rea a pale
yellow oil (234 mg, 0.54 mmol, 86%). Following gealkprocedurd= (8.2.1), the reaction
of this carbonate (220 mg, 0.51 mmol) with amih&la (189 mg, 0.48 mmol) afforded
after purification by column chromatography (§H,/MeOH 98:2 to 96:4) and by HPLC
(CH.CI,/MeOH 96:4) the P#.20aas a white solid (234 mg, 68%)jormula CzgH46N4OgS;
Mw 710.84;R¢ 0.31 (CHCI,/MeOH 96:4); Mp 95-97 °C;[a]p +21.6 (c 0.87, CHGJ
27 °C); IR (film) 3363 (m), 2960 (w), 1712 (m), 1661 (m), B5&), 1534 (m), 1313 (m),
1146 (s), 1090 (s), 909 (m), 729 (vs), 701 (s)'rhid NMR (400 MHz, CDC})) & 7.55
(2H, d,J=8.7 Hz, Ar-H), 7.397.12 (10 H, m, Ar-H), 6.75 (1 H, 1= 5.7 Hz, NHBn),
6.69 (2 H, dJ= 8.7 Hz, Ar-H), 5.71 (1 H, dJ = 5.3 Hz, H-1), 5.18 (1 H, dl = 5.3 Hz,
NH), 5.06 (1 H, dtJ = 8.5, 5.9 Hz, H-5), 4.51 (1 H, dd= 14.8, 5.9 Hz, H-9), 4.47 (1 H,
dd, J= 14.8, 5.9 Hz, H-9'), 4.20 (2 H, br. sH¥, 3.96 (1 H, ddJ= 10.2, 6.1 Hz, H-6),
3.93-3.86 (4 H, m, H-2, H-7, H-11 and H-12), 3.75 (1d#, J = 10.5, 3.6 Hz, H-2)),
3.72-3.64 (3 H, m, H-6', H-7" and B), 3.47 (1 H, dJ = 3.0 Hz, H-3), 3.15 (1 H, dd,=
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15.2, 8.5 Hz, H-13), 3.05 (1 H, dd~= 14.0, 4.2 Hz, H-17), 3.62.92 (2 H, m, H-13" and
H-14), 2.88 (1 H, ddJ = 8.3, 5.4 Hz, H-4), 2.80 (1 H, dd,= 13.6, 6.8 Hz, H-14'), 2.76
(1 H, dd,J = 14.3, 10.2 Hz, H-17’), 1.83 (1 H, m, H-15), 0.@H, d,J = 6.5 Hz, H-16),
0.90 (3 H, d,J = 6.5 Hz, H-16) ppm*C NMR + DEPT (100 MHz, CDC}) & 168.9 (C,
C-8), 155.1 (C, C-10), 150.8 & 137.9 (G), 137.8 (G), 129.5 (2x CHa), 129.4
(2 X CHay), 128.8 (2¢ CHy), 128.5 (2x CHyy), 127.8 (2¢ CHy), 127.6 (CH), 126.6 (CH),
126.0 (G), 114.1 (2x CH,), 108.8 (CH, C-1), 80.6 (CH, C-3), 73.8 (§1-2), 72.9 (CH,
C-12), 72.1 (CH, C-5), 71.0 (GHC-6), 68.2 (CH, C-7), 58.9 (CH, C-14), 55.5 (CH,
C-11), 53.7 (Cl, C-13), 51.3 (CH, C-4), 42.9 (GHC-9), 35.4 (Ch, C-17), 27.3 (CH,
C-15), 20.2 (CH, C-16), 19.9 (Ch C-16) ppm;LRMS (ESI) m/z 733.5 (M + Naj;
HRMS (ESI+) for GeHseN4OsS (M + Naj calcd. 733.2878, found 733.2873.

Protease Inhibitor 4.20b

Ph\17 O

13

O
19
NHBn O 20 /\/\ \/
HO H O/ﬁf 1. DSC (1.5 eq), BN (2.0 eq), |'/|N24:\ N 100 G H O/}(

CH,Cl,, 1t, 18 h, 86% N2 s 14 OH
> 22 5 16
O (0] 2.1.81b(0.95 eq), BN (1.9 eq), (0] (0]
H CH,Cl, 1t, 25 h, 70% 16 H
3.67a ' 4.20b

Following general procedurd (8.2.1), the reaction of alcohdB.67a (185 mg,
0.63 mmol) with DSC (242 mg, 0.95 mmol) affordedteaf purification by column
chromatography (C}Cl,/MeOH 98:2 to 94.6) the corresponding mixed carl®rea a pale
yellow oil (234 mg, 0.54 mmol, 86%). Following gealkprocedurd= (8.2.1), the reaction
of this carbonate (212 mg, 0.49 mmol) with amih81b (208 mg, 0.46 mmol) afforded
after purification by column chromatography (§H,/MeOH 96:4 to 94:6) and by HPLC
(CH.CI/MeOH 96:4) the PI4.20b as a white solid (248 mg, 70%)rormula
CsgH47N5010S; Mw 795.87;R¢ 0.29 (CHCI,/MeOH 95:5); Mp 101-103 °C;[e]p +26.1
(c0.52, CHCY, 26 °C);IR (film) 3338 (br. w), 2960 (w), 1712 (m), 1655 (v4580 (m),
1534 (m), 1326 (m), 1271 (m), 1239 (m), 1121 (8P &), 728 (vs), 700 (s) cm'H NMR
(400 MHz, CDC}) 6 7.67 (1 H, dJ = 1.6 Hz, H-19), 7.61 (1 H, dd,= 8.3, 1.8 Hz, H-23),
7.40 (1 H, dJ= 8.3Hz, H-22), 7.377.11 (10 H, m, Ar-H), 6.80 (1 H, t] = 5.6 Hz,
NHBn), 5.93 (1 H, br. s, NMe), 5.70 (1 H, dJ = 5.1 Hz, H-1), 5.44 (1 H, d|= 5.0 Hz,
NH), 5.04 (1 H, dtJ= 8.7, 5.9 Hz, H-5), 4.51 (1 H, dd,= 16.9, 5.8 Hz, H-9), 4.47 (1 H,
dd,J =16.9, 5.8 Hz, H-9"), 4.068.84 (5 H, m, H-2, H-6, H-7, H-11 and H-12), 38073
(2H, m, H-2" and ®), 3.69 (1 H, dJ = 15.3 Hz, H-7"), 3.66 (1 H, dd} = 10.0, 5.5 Hz,
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H-6"), 3.50 (1 H, dJ = 2.5 Hz, H-3), 3.14 (3 H, d] = 4.8 Hz, H-25), 3.11 (2 H, dd,=
13.1, 4.1 Hz, H-13 and H-13"), 3.07 (1 H, dds 13.7, 4.1 Hz, H-17), 2.9@.83 (3 H, m,
H-4 , H-14 and H-14’), 2.74 (1 H, dd;= 13.7, 10.4 Hz, H-17"), 1.86 (1 H, m, H-15), 0.91
(3H, d,J = 6.4 Hz, H-16), 0.89 (3 H, d,= 6.4 Hz, H-16) ppm™*C NMR + DEPT (100
MHz, CDCI3) 5 169.1 (C, C-8), 164.8 (& C-24), 55.2 (C, C-10), 148.1 {CC-20 or
C-21), 147.9 (§, C-21 or C-20), 137.9 (§, 137.5 (Q), 129.5 (G), 129.3 (2¢ CHy),
128.7 (2x CHa), 128.4 (2x CHa), 127.7 (2x CHay), 127.6 (CH), 126.5 (CHy), 124.2
(CHa, C-23), 116.0 (CH, C-22), 108.8 (CH, C-1), 108.4 (GHC-19), 80.5 (CH, C-3),
73.8 (CH, C-2), 72.9 (CH, C-12), 72.1 (CH, C-5), 71.0 (C8-6), 68.1 (CH, C-7), 58.8
(CH,, C-14), 55.6 (CH, C-11), 53.6 (GHC-13), 51.3 (CH, C-4), 42.8 (GHC-9), 35.5
(CH,, C-17), 29.4 (CH C-25), 27.1 (CH, C-15), 20.1 (GHC-16), 19.9 (Ck} C-16) ppm;
LRMS (ESI+)m/z 788.1 (M + Naj; HRMS (ESI+) for GaHaNsO:1cSNa (M + Naj calcd.
788.2936, found 788.2925.

Protease Inhibitor 4.20c

Ph\17 O

\\ ’/

HO o/“T(NHB” 1. DSC (1.5 eq), BN (2.0 eq), N/“\/T?Nloo H o/\m/ ~P
(ig CH,Cl,, 1t, 18 h, 86% %14
15 16
(¢] (¢] 2.1.81c(0.87eq), BN (1.7 eq),
H CH,Cly, 11, 25 h, 88%
3.67a 420c

Following general procedurd (8.2.1), the reaction of alcohdB.67a (185 mg,
0.63 mmol) with DSC (242 mg, 0.95 mmol) affordedteaf purification by column
chromatography (C¥CIl,/MeOH 98:2 to 94:6) the corresponding mixed carl®es a pale
yellow oil (234 mg, 0.54 mmol, 86%). Following geak procedureF (8.2.1), this
carbonate was then reacted with amihé&1c (200 mg, 0.49 mmol) to afford after
purification by column chromatography (@E,/MeOH 98:2 to 96:4) and by HPLC
(CH,CI,/MeOH 97:3) the P#.20cas a white solid (313 mg, 88%)jormula Cz;H;7N30,0S;
Mw 725.85;R¢ 0.39 (CHCI,/MeOH 95:5); Mp 88-90 °C;[a]p +18.6 (c 0.93, CHGJ
25 °C); IR (film) 3360 (w), 2961 (w), 2931 (w), 1715 (m), I6Em), 1532 (m), 1332 (M),
1258 (s), 1150 (s), 1091 (s), 1022 (m), 908 (mY, &&), 700 (s), 558 (vs) cm*H NMR
(400 MHz, CDC}) § 7.71 (2 H, dJ = 9.0 Hz, Ar-H), 7.3%7.12 (10 H, m, Ar-H), 6.99 (2 H,
d,J= 9.0 Hz, Ar-H), 6.79 (1 H, ) = 5.7 Hz, N\HBn), 5.70 (1 H, dJ = 5.2 Hz, H-1), 5.41
(1 H, d,J = 8.8 Hz, NHCHBnN), 5.05 (1 H, dt) = 8.6, 5.8 Hz, H-5), 4.50 (1 H, dd= 14.8,
5.9 Hz, H-9), 4.45 (1 H, dd] = 14.8, 5.9 Hz, H-9'), 3.93 (1 H, dd,= 10.0, 6.1 Hz, H-6),
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3.92-3.82 (4 H, m, H-2, H-7, H-11 and H-12), 3.87 (3%:{H-18), 3.783.72 (2 H, m, H-2’
and OH), 3.67 (1 H, dd} = 10.0, 5.7 Hz, H-6"), 3.65 (1 H, d,= 14.8 Hz, H-7’), 3.45 (1 H,
d,J = 3.2 Hz, H-3), 3.14 (1 H, dd,= 15.3, 8.3 Hz, H-13), 3.33.01 (2 H, m, H-13" and
H-17), 2.95 (1 H, ddJ = 13.5, 8.1 Hz, H-14), 2.88 (1 H, dd,= 8.8, 5.2 Hz, H-4), 2.84
(1 H, dd,J = 13.5, 6.9 Hz, H-14"), 2.76 (1 H, dd,= 14.0, 10.2 Hz, H-17’), 1.87 (1 H, m,
H-15), 0.91 (3 H, dJ = 6.6 Hz, H-16), 0.88 (3 H, d,= 6.6 Hz, H-16) ppm**C NMR +
DEPT (100 MHz, CDC}) 6 168.9 (C, C-8), 163.0 (§, 155.1 (C, C-10), 137.9 (@, 137.8
(Ca), 129.6 (G), 129.4 (2x CH,), 129.3 (2x CH,), 128.7 (2¢x CHy), 128.4 (2< CHa),
127.7 (2x CH,), 127.5 (CH,), 126.5 (CH,), 114.3 (2x CH,,), 108.7 (CH, C-1), 80.5 (CH,
C-3), 73.8 (CH, C-2), 72.9 (CH, C-12), 72.1 (CH, C-5), 71.0 (£B-6), 68.1 (CH, C-7),
58.7 (CH, C-14), 55.6 (Chl C-18), 55.5 (CH, C-11), 53.5 (GHC-13), 51.3 (CH, C-4),
42.8 (CH, C-9), 35.4 (Ch, C-17), 27.1 (CH, C-15), 20.1 (GHC-16), 19.9 (Chl C-16)
ppm; LRMS (ESI) m/z 748.4 (M + Na); HRMS (ESI") for Cs;H4/N3O10SNa (M + Na)
calcd 748.2874, found 748.2894.

Protease Inhibitor 4.21b

1o \17 10
01 N B, )k 7 . H
HO o/}("‘”'\"e 1. DSC (1.5 eq), BN (2.0 eq), HN{ % ‘N/\/H\N 100 | O ~,
CH,Cl,, 1t, 18 h, 64% o @ o 1 8 3 0
4
22 5 16 2

(0] (0] 2.1.81b(0.95 eq), BN (1.9 eq), O (0]
H CH,Cl, 1t, 25 h, 84% 16 H

3.67b ' 4.21b

Following general procedurd (8.2.1), the reaction of alcohdd.67b (174 mg,
0.80 mmol) with DSC (307 mg, 1.20 mmol) affordedterf purification by column
chromatography (C¥Cl,/MeOH 98:2 to 94:6) the corresponding mixed carl®ea a pale
yellow oil (183 mg, 0.51 mmol, 64%). Following geakprocedure~ (8.2.1), reaction of
this carbonate (149 mg, 0.42 mmol) with amin81b (178 mg, 0.40 mmol) afforded after
purification by column chromatography (@E,/MeOH 96:4 to 93:7) and by HPLC
(CH.Cl,/MeOH 95:5) the Pl14.21b as a white solid (232 mg, 84%)ormula
Cs2HasNsO10S; Mw 689.78; Ry 0.20 (CHCIl,/MeOH 95:5); Mp 91-93 °C;[a]p +22.1
(c 0.84, CHC}, 26 °C);IR (film) 3348 (br. w), 2959 (w), 1716 (m), 1659 (v4681 (m),
1327 (m), 1272 (m), 1240 (m), 1146 (m), 1123 (83 Tvs) cm; 'H NMR (400 MHz,
CDClg) 6 7.67 (1 H, dJ= 1.4 Hz, H-19), 7.62 (1 H, dd,= 8.2, 1.7 Hz, H-23), 7.42 (1 H,
d,J=8.3 Hz, H-22), 7.347.17 (5 H, m, Ar-H), 6.46 (1 H, br. s, C®We), 5.77 (1 H, dJ
= 5.1 Hz, H-1), 5.74 (1 H, br. s,H\Me), 5.30 (1 H, dJ = 8.9 Hz, NH), 5.07 (1 H, dtJ =
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8.7, 5.8 Hz, H-5), 3.99 (1 H, dd,= 9.7, 6.3 Hz, H-6), 3.98.81 (4 H, m, H-2, H-7, H-11
and H-12), 3.80 (1 H, dd, = 10.5, 3.6 Hz, H-2’), 3.73.63 (3 H, m, H-6’, H-7’ and ),
3.54 (1 H, dJ = 3.0 Hz, H-3), 3.16 (3 H, d| = 4.9 Hz, H-25), 3.133.01 (3H, m, H-13 ,
H-13' and H-17), 2.992.83 (3 H, m, H-4 , H-14 and H-14’), 2.86 (3 HJd& 5.0 Hz, H-9),
2.77 (1 H, ddJ= 13.9, 10.4 Hz, H-17"), 1.86 (1 H, m, H-15), 0.@H, d,J = 6.7 Hz,
H-16), 0.90 (3 H, dJ = 6.7 Hz, H-16) ppm:*C NMR + DEPT (100 MHz, CDCI3) 169.7
(C, C-8), 164.8 (G, C-24), 155.1 (C, C-10), 148.2 {CC-20 or C-21), 147.9 (& C-21 or
C-20), 137.8 (§), 129.6 (G), 129.3 (2x CH,), 128.5 (2x CH,), 126.6 (CH), 124.2
(CHa, C-23), 116.1 (CH, C-22), 108.8 (CH, C-1), 108.4 (GHC-19), 80.4 (CH, C-3),
73.8 (CH, C-2), 72.8 (CH, C-12), 72.2 (CH, C-5), 71.0 (£8-6), 68.2 (CH, C-7), 58.9
(CH,, C-14), 55.5 (CH, C-11), 53.6 (GHC-13), 51.4 (CH, C-4), 35.5 (GHC-17), 29.5
(CHs, C-25), 27.2 (CH, C-15), 25.6 (GHC-9), 20.1 (CH, C-16), 19.9 (Chl C-16) ppm;
LRMS (ESI") mz 712.1 (M + Na); HRMS (ESI') for CsHasNsO10SNa (M + Naj calcd.
712.2623, found 712.2626.

Protease Inhibitor 4.21c

Ph\ 17 O
\\ ’/
HQ o/\T(NHMe 1. DSC (1.5 eq), BN (2.0 eq), NI NlOO H o/\jf
CH,Cl, 1t, 18 h, 64% 18 "
oT-o 2.1.81c(0.87eq), BN (1.7 eq), 15 16
H CHCl 11, 25 h, 82%
3.67b 42m

Following general procedur& (8.2.1), the reaction of alcohdd.67b (174 mg,
0.80 mmol) with DSC (307 mg, 1.20 mmol) affordedteaf purification by column
chromatography (C¥Cl,/MeOH 98:2 to 94:6) the corresponding mixed carl®es a pale
yellow oil (183 mg, 0.51 mmol, 64%). Following geak procedureF (8.2.1), this
carbonate was then reacted with amih&1c (200 mg, 0.49 mmol) to afford after
purification by column chromatography (@E,/MeOH 97:3 to 95:5) and by HPLC
(CH,CI,/MeOH 97:3) the P#.21cas a white solid (260 mg, 82%jormula Cz1H43N30,0S;
Mw 649.75;R; 0.36 (CHCI,/MeOH 95:5); Mp 92-94 °C;[e]p +15.9 (c 1.38, CHGJ
24 °C);IR (film) 3361 (w), 2960 (w), 2873 (w), 1716 (m), BEm), 1541 (m), 1332 (m),
1258 (s), 1150 (vs), 1091 (s), 1023 (s), 730 &8 (s) crit; *H NMR (400 MHz, CDC))

5 7.72 (2H, dJ= 9.0 Hz, Ar-H), 7.327.18 (5H, m, Ar-H), 7.00 (2 H, d] = 9.0 Hz,
Ar-H), 6.42 (1 H, br. s, NMe), 5.77 (1 H, dJ = 5.3 Hz, H-1), 5.14 (1 H, d] = 8.8 Hz,
NHCHBn), 5.08 (1 H, dtJ= 8.8, 6.0 Hz, H-5), 3.99 (1 H, dd,= 10.0, 6.3 Hz, H-6),
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3.96-3.85 (3 H, m, H-2, H-11 and H-12), 3.89 (3 H, s18); 3.83-3.75 (2 H, m, H-2" and
H-7), 3.69 (1 H, ddJ = 10.0, 5.9 Hz, H-6"), 3.673.62 (2 H, m, H-7" and OH), 3.49 (1 H, d,
J = 3.2 Hz, H-3), 3.18 (1 H, ddj= 15.2, 8.7 Hz, H-13), 3.06 (1 H, ddi= 13.7, 4.0 Hz,
H-17), 3.03-2.95 (2 H, m, H-13’ and H-14), 2.91 (1 H, dis 8.5, 5.2 Hz, H-4), 2.86 (3 H,
s, H-9), 2.852.74 (2 H, m, H-14’ and H-17’), 1.85 (1 H, m, H-18)94 (3 H, d,) = 6.6 Hz,
H-16), 0.90 (3 H, dJ = 6.7 Hz, H-16) ppm**C NMR + DEPT (100 MHz, CDC})  169.5
(C, C-8), 163.1 (§), 155.1 (C, C-10), 137.7 (§ 129.7 (G), 129.5 (2x CH,), 129.3
(2 % CHyy), 128.5 (2x CH,), 126.6 (CH,), 114.4 (2x CH,), 108.8 (CH, C-1), 80.4 (CH,
C-3), 73.8 (CH, C-2), 72.9 (CH, C-12), 72.2 (CH, C-5), 71.0 (£B-6), 68.2 (CH, C-7),
58.9 (CH, C-14), 55.7 (Chl C-18), 55.5 (CH, C-11), 53.7 (GHC-13), 51.4 (CH, C-4),
35.4 (CH, C-17), 27.3 (CH, C-15), 25.6 (GHC-9), 20.2 (CH, C-16), 19.9 (Ck| C-16)
ppm; LRMS (ESI) m/z 672.4 (M + Na); HRMS (ESI") for CzH3N3O10SNa (M + Na)
calcd 672.2561, found 672.2536.

Protease Inhibitor 4.22b

Ph\17 9

NM
HQ G o/\n/ €2 4. DSC (1.5 eq), BN (2.0 eq), HN—<\ j@@ 11N100 H O/\n/ ~,
14

(\/I\/g CH,Cl,, 1t, 18 h, 69% (\)b
oT-0 2.1.81b(0.95 eq), EN (1.9 eq), 15 10

H CHLCl, rt, 25 h, 61%
3.67¢c ' 4, 22b

Following general procedurd& (8.2.1), the reaction of alcohdB.67c (200 mg,
0.80 mmol) with DSC (307 mg, 1.20 mmol) affordedterf purification by column
chromatography (C¥CIl,/MeOH 97:3 to 95:5) the corresponding mixed carl®es a pale
yellow oil (206 mg, 0.55 mmol, 69%). Following gealkprocedurd= (8.2.1), the reaction
of this carbonate (112 mg, 0.30 mmol) with amih81b (130 mg, 0.29 mmol) afforded
after purification by column chromatography (§H,/MeOH 97:3 to 95:5) and by HPLC
(CH.CI,/MeOH 95:5) the P#.22bas a white solid (124 mg, 61%jormula Cz3H4sNsOeS;
Mw 703.80;R; 0.25 (CHCI,/MeOH 95:5); Mp 85-87 °C;[a]p +21.9 (c 1.13, CHGJ
26 °C); IR (film) 3307 (br. w), 2959 (w), 1716 (m), 1654 (v4680 (m), 1463 (m), 1327
(m), 1271 (m), 1239 (m), 1121 (s), 730 (vs)criH NMR (400 MHz, CDC}) & 7.65 (1 H,
s, H-19), 7.59 (1 H, dJ = 8.3 Hz, H-23), 7.37 (1L H, d,= 8.3 Hz, H-22), 7.297.14 (5 H,
m, Ar-H), 5.78 (1 H, dJ = 5.3 Hz, H-1), 5.67 (1 H, d,= 8.5 Hz, NHCO,), 5.57 (1 H, br. s,
NHMe), 5.03 (1 H, dtJ = 8.4, 6.1 Hz, H-5), 4.18.80 (8 H, m, H-2, H-2’, H-3, H-6, H-7,
H-7’', H-11 and H-12), 3.73 (1 H, br. s, OH), 3.6llH, dd,J = 9.5, 6.4 Hz, H-6’), 3.13
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(3 H, d,J = 4.8 Hz, H-25), 3.142.93 (4 H, m, H-4, H-13, H-13' and H-17), 2.96 (3${
H-9), 2.93 (3H, s, H-9), 2.92.84 (2H, m, H-14 and H-14’), 2.80 (1 H, diiz 13.9,
9.5 Hz, H-17’), 1.86 (1 H, m, H-15), 0.88 (6 H, 3= 6.5 Hz, H-16) ppm*C NMR +
DEPT (100 MHz, CDC})) § 168.8 (C, C-8), 164.8 (§ C-24), 155.4 (C, C-10), 148.04C
C-20 or C-21), 147.8 (& C-21 or C-20), 137.9 (§, 129.6 (G), 129.4 (2x CHy), 128.4
(2% CH,y), 126.5 (CH,), 124.1 (CH, C-23), 115.9 (CH, C-22), 108.7 (CH, C-1), 108.3
(CHa,, C-19), 79.6 (CH, C-3), 73.7 (GHC-2), 72.6 (CH, C-12), 72.1 (CH, C-5), 70.9 (CH
C-6), 68.0 (CH, C-7), 58.6 (CH, C-14), 55.5 (CH, C-11), 53.5 (GHC-13), 51.7 (CH, C-
4), 36.5 (CH, C-9), 35.7 (CH, C-17), 35.5 (Ch} C-9), 29.4 (CH, C-25), 27.1 (CH, C-15),
20.1 (CH, C-16), 19.9 (CH C-16) ppm;LRMS (ESI) m/z 726.1 (M + NaJ; HRMS
(ESI) for CaaHasNsO10SNa (M + Naj caled. 726.2779, found 726.2778

Protease Inhibitor 4.22c

Ph\l7 O

HO o/}(N’V'ez 1. DSC (1.5 eq), BN (2.0 eq), NI N 100 H o/ﬁ( ~,
CH,Cl, rt, 18 h, 69% 14
15 16
¢} (¢} 2.1.81c(0.87 eq), BN (1.7 eq),
H CHCly, 11, 25 h, 83%
3.67c 422c

Following general procedurd& (8.2.1), the reaction of alcohdB.67c (200 mg,
0.80 mmol) with DSC (307 mg, 1.20 mmol) affordedteaf purification by column
chromatography (C¥Cl,/MeOH 97:3 to 95:5) the corresponding mixed carl®ea a pale
yellow oil (206 mg, 0.55 mmol, 69%). Following geak procedureF (8.2.1), this
carbonate was then reacted with amihé&1c (203 mg, 0.50 mmol) to afford after
purification by column chromatography (@E,/MeOH 97:3 to 95:5) and by HPLC
(CH,CI,/MeOH 97:3) the P#.22cas a white solid (273 mg, 83%jormula Cz,HssN30,0S;
Mw 663.78;R; 0.35 (CHCIl,/MeOH 95:5); Mp 89-90 °C;[a]p +19.3 (c 1.09, CHGJ
24 °C);IR (film) 3341 (w), 2959 (w), 2872 (w), 1716 (m), I64m), 1497 (m), 1333 (M),
1258 (s), 1151 (vs), 1092 (s), 1023 (s), 730 &8 (s) crit; *H NMR (400 MHz, CDC))

§ 7.71 (2 H, dJ= 8.6 Hz, Ar-H), 7.327.20 (5 H, m, Ar-H), 6.99 (2 H, d] = 9.0 Hz,
Ar-H), 5.77 (1 H, dJ = 5.2 Hz, H-1), 5.53 (1 H, d, = 8.3 Hz, NH), 5.07 (1 H, df = 8.3,
6.6 Hz, H-5), 4.173.82 (8 H, m, H-2, H-2’, H-3, H-6, H-7, H-7’, H-14nd H-12), 3.88
(3H, s, H-18), 3.67 (1 H, dJ= 1.9 Hz, OH), 3.63 (1 H, dd] = 10.0, 6.3 Hz, H-6"),
3.18-2.76 (7 H, m, H-4, H-13, H-13', H-14, H-14’, H-1h& H-17’), 2.98 (3 H, s, H-9),
2.94 (3H, s, H-9), 1.84 (1 H, m, H-15), 0.92 (3d{J = 6.6 Hz, H-16), 0.88 (3 H, d,=
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6.4 Hz, H-16) ppm**C NMR + DEPT (100 MHz, CDC}) § 168.8 (C, C-8), 163.0 (g,
155.4 (C, C-10), 137.8 (g, 129.8 (G), 129.5 (2x CH,), 129.4 (2xCH,), 128.5
(2x CH,y), 126.6 (CH), 114.3 (2x CH,), 108.7 (CH, C-1), 79.6 (CH, C-3), 73.8 (&H
C-2), 72.7 (CH, C-12), 72.1 (CH, C-5), 70.8 (£8-6), 68.1 (CH, C-7), 58.7 (CH, C-14),
55.6 (CH, C-18), 55.4 (CH, C-11), 53.6 (GHC-13), 51.8 (CH, C-4), 36.5 (GHC-9),
35.6 (CH, C-9), 35.5 (CH, C-17), 27.2 (CH, C-15), 20.1 (GHC-16), 19.9 (CH C-16)
ppm; LRMS (ESI) m/z 686.4 (M + Na); HRMS (ESI") for CaHisN3O10SNa (M + Na)
calcd 686.2718, found 686.2744.

Protease Inhibitor 4.23b

~ 17 O Hb

\\ // 7 9
HO i o/\( 1. DSC (1.5 eq), BN (2.0 eq), HN% :@Ts NI N 10 o H OMHa
el %“ ﬁ

CHCl,, 1t, 18 h, 70% F

o TG 2.1.81b(0.90 eq), EN (1.8 eq) 15 10
H CHCly 11, 25 h, 77%

3.75a 423b

Following general procedurd (8.2.1), the reaction of alcohdB.75a (115 mg,
0.56 mmol) with DSC (215 mg, 0.84 mmol) affordedteaf purification by column
chromatography (C¥Cl,/MeOH 99:1 to 97:3) the corresponding mixed carl®me a pale
yellow oil (136 mg, 0.39 mmol, 70%). Following geak procedureF (8.2.1), this
carbonate was then reacted with amih@1lb (156 mg, 0.35 mmol) to afford after
purification by column chromatography (gE,/MeOH 95:5 to 90:10) and by HPLC
(CH.Cl,/MeOH 96:4) the P14.23b as a white solid (182 mg, 77%)ormula
Cs2H41FN4OoS; Mw 676.75;R¢ 0.30 (CHCI/MeOH 95:5);Mp 116-118 °C;[a]p +18.0
(c 1.03, CHCY, 26 °C);IR (film) 3339 (m), 2960 (w), 2874 (w), 1716 (m), 1666), 1581
(m), 1463 (m), 1327 (m), 1255 (s), 1146 (vs), 102} cm*; *H NMR (400 MHz, CDCY)
5 7.66 (1H, dJ=1.4Hz, H-19), 7.62 (1 H, dd,= 8.3, 1.7 Hz, H-23), 7.43 (1 H, d=
8.2 Hz, H-22), 7.337.21 (5 H, m, Ar-H), 5.79 (1 H, &, = 5.1 Hz, H-1), 5.29 (1 H, ¢, =
5.1 Hz, \HMe), 5.11 (1 H, dtJ = 8.7, 5.9 Hz, H-5), 5.00 (1 H, d,= 8.8 Hz, NH), 4.73
(1 H, dd,J = 16.7, 3.0 Hz, H-9a), 4.53 (1 H, db= 48.4, 2.8 Hz, H-9b), 4.04-3.82 (5 H, m,
H-2, H-2', H-6, H-11 and H-12), 3.81-3.65 (4 H, A3, H-6", H-7 and H-7"), 3.59 (1 H,
br. s, AH), 3.18 (3 H, dJ= 5.1 Hz, H-22), 3.163.05 (2 H, m, H-13 and H-17), 3.62.92
(3 H, m, H-4, H-13’ and H-14), 2.88-2.79 (2 H, m1&’ and H-17’), 1.92 (1 H, m, H-15),
0.94 (3H, dJ= 6.6 Hz, H-16), 0.91 (3 H, d,= 6.6 Hz, H-16) ppm**C NMR + DEPT
(100 MHz, CDC}) 6 164.7 (G, C-21), 162.6 (CF, d] = 236.0 Hz, C-8), 155.2 (C, C-10),

-184-



EXPERIMENTAL SECTION

148.2 (G, C-20 or C-21), 147.9 (£ C-21 or C-20), 137.5 (§, 129.7 (G, C-18), 129.4
(2 x CHyy), 128.6 (2x CH,), 126.8 (CH,), 124.2 (CH,, C-23), 116.3 (CH, C-22), 109.0
(CH, C-1), 108.4 (CH, C-19), 92.8 (CH d,J = 16.8 Hz, C-9), 79.7 (CH, C-3), 74.3 (gH
C-2), 72.8 (CH, C-12), 72.4 (CH, C-5), 71.0 ($1€-6), 66.3 (CH, d,J = 34.0 Hz, C-7),
59.0 (CH, C-14), 55.3 (CH, C-11), 53.9 (GHC-13), 51.5 (CH, C-4), 35.6 (GHC-17),
29.6 (CH, C-25), 27.3 (CH, C-15), 20.2 (GHC-16), 19.9 (Chl C-16) ppm;**F NMR
(282 MHz, CDC}) & -105.6 (ddtJ = 48.5, 16.5, 13.2 Hz, F-8;RMS (ESI") m/z 699.4
(M + Na)’; HRMS (EST) for CaoH1FN4OoSK (M+K)™ caled 715.2210, found 715.2207.

Protease Inhibitor 4.24a

~ 14
\\S// 10 9 j i

HO 4 Ns 1. PNPOCOCI (1.5 eq), Bt (2.0 eq), N/\/S\H 770 4 N
; CHLCl,, rt, 18 h, 55% N %11 OH 5 3
2 6 |4 VY2

o 1~0 2.1.81a(0.87eq), EN (L.7 eq), e e o-T~0

H CHCl, 1, 25 h, 71% H
3.42 4.24a

Following general proceduie (8.2.1), the reaction of alcoh8l42 (850 mg, 5.00 mmol)
with PNPOCOCI (1.51 g, 7.5 mmol) afforded afteripcation by column chromatography
(CH.CIy/MeOH 99.5:0.5 to 99:1) the corresponding mixedboaate as a pale yellow oll
(932 mg, 2.77 mmol, 55%Formula Cy3H1oN4O7; Mw 336.26; R 0.28 (hexane/acetone
75:25);[a]p +47.9 € 1.38, CHCI3, 30 °C)IR (film) 3115 (w), 3085 (w), 2945 (w), 2887
(w), 2099 (m), 1765 (m), 1523 (m), 1348 (m), 124 1212 (vs), 1093 (m), 859 (m) &m
'H NMR (400 MHz, CDC}) 6 8.32 (2 H, dJ = 9.2 Hz, H-10), 7.41 (2 H, d, = 9.3 Hz,
H-9), 5.89 (1 H, dJ = 5.1 Hz, H-1), 5.37 (1 H, d§,= 8.7, 5.8 Hz, H-5), 4.32 (1 H, di,=
4.4, 1.8 Hz, H-3), 4.22 (1 H, dd,= 10.0, 4.4 Hz, H-2), 4.19 (1 H, dd~= 10.4, 6.0 Hz,
H-6), 4.08 (1 H, ddd) = 10.0, 1.9, 1.1 Hz, H-6), 3.97 (1 H, dd; 10.3, 5.8 Hz, H-6"), 3.16
(1 H, ddt,J = 8.7, 5.1, 1.3 Hz, H-4) ppm>C NMR + DEPT (100 MHz, CDC}) § 155.0
(Can C-8), 151.7 (C, C-7), 145.7 4CC-11), 125.5 (X CH,, C-10), 121.6 (X CHa,, C-9),
108.6 (CH, C-1), 76.1 (CH, C-5), 73.6 (gHC-2), 70.6 (CH C-6), 61.2 (CH, C-3), 51.7
(CH, C-4) ppmLRMS (ESI') Mz 337.1 (M + HJ). Following general procedufe(8.2.1),
this carbonate was then reacted with amingla (980 mg, 2.50 mmol) to afford after
purification by column chromatography (@, /MeOH 97:3 to 95:5) and by HPLC
(CH.CIl,/MeOH 97:3) the Pl4.24a as a white solid (1.04g, 71%)Formula
C27H36N607SMw 588.68;R; 0.25 (hexane/acetone 60:40)p 82-84 °C;[a]p +30.1
(c 0.60, CHCY, 26 °C);IR (film) 3470 (w), 3368 (w), 2962 (w), 2097 (m), 1719, 1629
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(m), 1596 (s), 1530 (m), 1313 (s), 1251 (s), 11v€),(1090 (s), 733 (s) cin*H NMR
(400 MHz, CDC}) 6 7.56 (2 H, dJ = 8.7 Hz, H-16), 7.357.21 (5 H, m, Ar-H), 6.70 (2 H,
d, J= 8.7 Hz, H-17); 5.76 (1 H, d} = 5.1 Hz, H-1), 5.09 (1 H, di = 8.6, 6.0 Hz, H-5),
4.99 (1 H, dJ=5.3Hz, NH), 4.16 (2 H, br. s, NH 3.99 (1 H, ddJ = 10.0, 6.1 Hz, H-6),
3.95-3.88 (2 H, m, H-8 and H-9), 3.84 (1 H, dtz 10.2, 1.3 Hz, H-2), 3.81 (1 H, ddi=
10.2, 3.8 Hz, H-2'), 3.71 (1 H, dd,= 10.0, 5.9 Hz, H-6"), 3.69 (1 H, d,= 2.8 Hz, OH),
3.40 (1 H, dJ = 3.1 Hz, H-3), 3.19 (1 H, dd,= 15.0, 8.3 Hz, H-10), 3.07 (1 H, ddi=
14.2, 4.2 Hz, H-14), 3.62.89 (3 H, m, H-4, H-10’ and H-11), 2.8375 (2 H, m, H-11’
and H-14), 1.891.78 (1 H, m, H-12), 0.95 (3 H, d,= 6.7 Hz, H-13), 0.90 (3 H, d}=
6.7 Hz, H-13) ppm**C NMR + DEPT (100 MHz, CDC}) § 154.9 (C, C-7), 150.7 (g,
137.6 (G), 129.5 (2x CHy and G,), 129.3 (2¢x CHa), 128.6 (2¢x CH,), 126.8 (CH),
114.1 (2x CH,,), 108.6 (CH, C-1), 73.6 (C4£IC-2), 72.8 (CH, C-9), 72.2 (CH, C-5), 71.0
(CH,, C-6), 61.4 (CH, C-3), 59.0 (GHC-11), 55.2 (CH, C-8), 53.7 (GHC-10), 52.0 (CH,
C-4), 35.5 (CH, C-14), 27.4 (CH, C-12), 20.2 (GHC-13), 19.9 (Ck| C-13) ppmLRMS
(ESI) m/iz611.1 (M + Naj; HRMS (ESI') for C;/H3¢NsO;SNa (M + Naj calcd 611.2258,
found 611.2254.

Protease Inhibitor 4.25a

~ 14
\\S// 10 9 j i
HO 4 C 1. DSC (1.5 eq), BN (2.0 eq), NTYENTO ¢
; CH,Cl,, 1, 18 h, 72% 1mw oy OGSy L
i H,N 7
> 2 6 2
o0 2.1.81a(0.87eq), BN (L.7 eq), e e o-T~o
H CH,Cl, 1t, 25 h, 64% H
3.107 ' 4.25a

Following general procedurd& (8.2.1), the reaction of alcohoB.107 (165 mg,
1.00 mmol) with DSC (384 mg, 1.50 mmol) affordedteaf purification by column
chromatography (C¥Cl,/MeOH 99:1 to 95:5) the corresponding mixed carl®rea a pale
yellow oil (221 mg, 0.72 mmol, 72%). Following geak procedureF (8.2.1), this
carbonate (110 mg, 0.36 mmol) was then reacted antime1.81a(125 mg, 0.32 mmol) to
afford after purification by column chromatograpt@§H.Cl,/MeOH 98:2 to 96:4) and by
HPLC (CHCI,/MeOH 96:4) the Pl4.25a as a white solid (119 mg, 64%lrormula
Cu7H36CIN3O;S; Mw 582.11;R¢ 0.26 (CHCI/MeOH 97:3);Mp 101-103 °Cj[a]p +30.0
(c0.82, CHCY, 26 °C);IR (film) 3472 (br. w), 3369 (br, w), 2961 (w), 2878)( 1712 (m),
1595 (m), 1311 (m), 1145 (s), 1090 (s), 1020 (ry) @n), 729 (vs), 551 (s) cm'H NMR
(400 MHz, CDC}) 6 7.56 (2 H, d,J = 8.6 Hz, H-16), 7.367.20 (5 H, m, Ar-H), 6.70 (2 H,
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d, J= 8.8 Hz, H-17), 5.87 (1 H, d, = 5.1 Hz, H-1), 5.09 (1 H, dfl = 8.6, 5.9 Hz, H-5),
5.01 (1 H, dJ = 8.6 Hz, NH), 4.17 (2 H, s, N 4.02-3.88 (5 H, m, H-2, H-2’, H-6, H-8
and H-9), 3.83 (1 H, d] = 2.9 Hz, H-3), 3.73-3.67 (2 H, m, H-6" and OH)18 (1 H, dd,
J=15.2, 8.8 Hz, H-10), 3.12 (1 H, dil= 8.8, 5.1 Hz, H-4), 3.08 (1 H, ddi= 14.1, 4.0 Hz,
H-14), 3.0£2.93 (2 H, m, H-10'and H-11), 2.84-2.76 (2 H, m,1H-and H-14), 1.84
(1H, m, H-12), 0.95 (3H, d)= 6.7 Hz, H-13), 0.90 (3 H, dl= 6.6 Hz, H-13) ppm;
3C NMR + DEPT (100 MHz, CDC}) § 154.8 (C, C-7), 150.8 (& C-18), 137.5 (§),
129.5 (2 x CH, C-16), 129.3 (X CH,), 128.6 (2x CHy), 126.8 (CH), 126.0 (G, C-15),
114.1 (2 x CH, C-17), 108.9 (CH, C-1), 77.3 (GHC-2), 72.8 (CH, C-9), 72.1 (CH, C-5),
71.0 (CH, C-6), 59.0 (CH, C-11), 57.4 (CH, C-3), 55.7 (CH, C-4), 55.2 (GE48), 53.7
(CH,, C-10), 35.5(CH C-14), 27.4 (CH, C-12), 20.2 (GHC-13), 19.9 (Chl C-13) ppm;
LRMS (ESIN) m/'z604.3 (M + Na), 606.3 (M + Na); HRMS (ESI') for C,7H3¢CIN;O;SNa
(M + Na)" calcd 604.1855, found 604.18609.

Protease Inhibitor 4.25b

Ph\l4
16 0\\/,0 R
HQ y ¢l 1. DSC (1.5 eq), BN (02.Oeq), HN%\ N N7 o e
(ttg CH,Cly, rt, 18 h, 72% MOH (:ﬁg
12 14
o T o 2.1.81b(0.87eq), BN (1.7 eq),
H CHCl, 1, 25 h, 73%
3.107 ' 425b

Following general procedur& (8.2.1), the reaction of alcohdB.107 (165 mg,
1.00 mmol) with DSC (384 mg, 1.50 mmol) affordedteanf purification by column
chromatography (C¥Cl,/MeOH 99:1 to 95:5) the corresponding mixed carl®rea a pale
yellow oil (221 mg, 0.72 mmol, 72%). Following geak procedureF (8.2.1), this
carbonate (110 mg, 0.36 mmol) was then reacted amtime1.81b (142 mg, 0.32 mmol) to
afford after purification by column chromatograpt@H.Cl,/MeOH 98:2 to 96:4) and by
HPLC (CHCI,/MeOH 96:4) the PI4.25b as a white solid (148 mg, 73%lrormula
CooH37CIN4OsS; Mw 637.14;R¢ 0.20 (CHCI,/MeOH 96:4);Mp 138-140 °C;[a]p +30.3
(c0.58, CHCY, 26 °C);IR (film) 3337 (m), 2961 (w), 2873 (w), 1710 (m), 1669, 1580
(m), 1324 (m), 1271 (m), 1238 (m), 1143 (m), 909,(@27 (vs), 599 (m) cihy *H NMR
(400 MHz, CDC}) 5 7.67 (1 H, dJ = 1.6 Hz, H-16), 7.63 (1 H, dd,= 8.2, 1.6 Hz, H-20),
7.43 (1 H, dJ = 8.3 Hz, H-19), 7.367.20 (5 H, m, Ar-H), 5.87 (1L H, d, = 5.1 Hz, H-1),
5.39 (1 H, gJ = 4.7 Hz, \HMe), 5.11-5.04 (2 H, m, H-5 and NH), 4.03-3.91 (51 H-2,
H-2', H-6, H-8 and H-9), 3.86 (1 H, d,= 3.0 Hz, H-3), 3.69 (1 H, dd, = 10.0, 5.6 Hz,

-187-



CHAPTERS8

H-6"), 3.62 (1 H, br. s, OH), 3.18 (3 H, d= 5.1 Hz, H-22), 3.243.07 (3 H, m, H-4, H-10
and H-14), 3.042.95 (2 H, m, H-10" and H-11), 2.87-2.77 (2 H, m1lH and H-14"), 1.86
(1H, m, H-12), 0.94 (3H, dJ = 6.6 Hz, H-13), 0.91 (3H, dl= 6.6 Hz, H-13) ppm;
13C NMR + DEPT (100 MHz, CDCY) 5 164.7 (G, C-21), 154.9 (C, C-7), 148.2 {CC-17
or C-18), 147.9 (G, C-18 or C-17), 137.4 (§, 129.7 (G, C-15), 129.3 (X CH,), 128.6
(2 x CHy), 126.9 (CH), 124.2 (CH, C-20), 116.3 (CH, C-19), 108.7 (CH, C-1), 108.4
(CHay, C-16), 77.3 (CH} C-2), 72.8 (CH, C-9), 72.2 (CH, C-5), 71.1 (£8-6), 59.0 (CHj
C-11), 57.3 (CH, C-3), 55.7 (CH, C-4), 55.2 (CH.85-53.8 (CH, C-10), 35.5 (Ch
C-14), 29.6 (CH, C-22), 27.3 (CH, C-12), 20.1 (GHC-13), 19.9 (Chl C-13) ppm;
LRMS (ESI) m/z659.3 (M + Naj, 661.3 (M + Na); HRMS (ESI') for CosHa7CIN,OsSNa
(M + Na)" calcd 659.1927, found 659.1937.

Protease Inhibitor 4.26b

17 ~
HQ | F DSC(15eq), BN (2.0 eq), CHCly, 1t, 18 h; HN§< 5 N 8 N Q 4 F
; then1.81b(1.2 eq), rt, 25 h \ 11 5D 3
N~18 20 OH 2
> 2 19 14 6 2
o-1~J 12% 12 o-I~0
H 13 H
3.108 4.26b

Following general procedui (8.2.1), the reaction of alcoh8l107 (25 mg, 0.17 mmol)
with DSC (65 mg, 0.25 mmol) afforded the crude mix@arbonate as a pale yellow oil,
which was subsequently reacted with amih81b (90 mg, 0.20 mmol) to afford after
purification by column chromatography (@E,/MeOH 98:2 to 96:4) and by HPLC
(CH.CIl,/MeOH 97:3) alcoho8.108(10.2 mg, 41%) and FI.26bas a white solid (13.1 mg,
12%). Formula CyH3/FN4OgS; Mw 620.69; Rf 0.23 (CHCI/MeOH 96:4); Mp
122-124 °CJa]p +11.3 € 0.87, CHC}, 26 °C);*H NMR (400 MHz, CDCY) § 7.67 (1 H,
d,J = 1.6 Hz, H-16), 7.62 (1 H, dd,= 8.2, 1.8 Hz, H-20), 7.42 (1 H, d= 8.3 Hz, H-19),
7.35-7.20 (5 H, m, Ar-H), 5.83 (1 H, d,= 5.2 Hz, H-1), 5.43 (1 H, d,= 4.9 Hz, \HMe),
5.15 (1 H, dtJ = 8.9, 5.7 Hz, H-5), 5.05 (1 H, d,= 9.0 Hz, NH), 4.55 (1 H, ddJ = 51.4,
2.3 Hz, H-3), 4.07 (1 H, ddd,= 22.4, 11.1, 1.0 Hz, H-2), 3.97 (1 H, dds 10.0, 5.7 Hz,
H-6), 3.95-3.89 (2 H, m, H-8 and H-9), 3.82 (1 ldddJ = 39.8, 11.2, 2.8 Hz, H-2), 3.67
(1 H, dd,J = 10.0, 5.2 Hz, H-6"), 3.62 (1 H, d,= 2.1 Hz, ®), 3.17 (3H, dJ= 5.1 Hz,
H-22), 3.17 (1 H, ddJ = 15.2, 8.7 Hz, H-10), 3.33.02 (3 H, m, H-4, H-10' and H-14),
2.98 (1 H, ddJ = 13.4, 8.2 Hz, H-11), 4.55 (1 H, d8i= 13.5, 6.9 Hz, H-11"), 2.80 (1 H,
dd,J = 13.9, 9.3 Hz, H-14), 1.86 (1 H, m, H-12), 0.@&H, d,J = 6.6 Hz, H-13), 0.90
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(3 H, d,J = 6.6 Hz, H-13) ppm**C NMR + DEPT (100 MHz, CDC}) § 164.7 (G, C-21),
154.9 (C, C-7), 148.2 ( C-17 or C-18), 147.9 (& C-18 or C-17), 137.4 (§}, 129.6 (G,
C-15), 129.3 (% CHy), 128.6 (2x CHa,), 126.8 (CH,), 124.2 (CH, C-20), 116.3 (CH,
C-19), 108.8 (CH, C-1), 108.4 (GHC-16), 93.2 (CH, dJ = 179.3 Hz, C-3), 74.9 (CH(d,
J=22.7 Hz, C-2), 72.8 (CH, C-9), 71.7 (CH, Xx 9.5 Hz, C-5), 71.2 (CH C-6), 59.0
(CH,, C-11), 55.2 (CH, C-8), 53.8 (GHC-10), 52.2 (CH, dJ = 23.4 Hz, C-4), 35.6 (CHl
C-14), 29.6 (CH, C-22), 27.3 (CH, C-12), 20.1 (GHC-13), 19.9 (Ch C-13) ppm;
F NMR (282 MHz, CDC})) § -179.1 (ddt,J = 51.4, 39.8, 23.0 Hz, F-3) pprhRMS
(ESI) m/z 643.4 (M + Na); HRMS (ESI") for C,gH3,FN4,OgSNa (M+Na) calcd 643.2208,
found 643.2222.

Protease Inhibitor 4.31a

~ 14
> (@]
O\\S//O 10 R B )k
HQ  OTIPS 1. DSC (L5 eq), BN (2.0 eq), CHC,, 1t, 18 h, 91% NTYENTQ_yy oH
' 2. 1.81a(0.87eq), BN (1.7 eq), CHCl,, 1t, 25 h, 89% SloHH '543
2 6 2
13
o 1~0 3. TBAF (1.3 eq), THF, 1t, 3 h, 47% e oL°
2.6 4.31a

Following general proceduie (8.2.1), the reaction of alcoh@l6 (468 mg, 1.55 mmol)
with DSC (590 mg, 2.30 mmol) afforded after puation by column chromatography
(CH.CI/MeOH 99:1 to 97:3) the corresponding mixed cartb®ras a pale yellow oil
(630 mg, 1.42 mmol, 92%). Following general procedst (8.2.1), this mixed carbonate
(210 mg, 0.47 mmol) was then reacted with anfirf&la (133 mg, 0.34 mmol) to afford
after purification by column chromatography (&H,/MeOH 97:3 to 95:5) the protected PI
as white solid (254 mg, 0.30 mmol, 89%). To astirsolution this PI (254 mg, 0.30 mmol)
in THF (3 mL) at rt was added TBAF (0.40 mL, 0.46noi, 1 M in THF). After 3 h the
solvent was removed in vacuo and the crude resisepartitioned between GEl, and
ag. sat. NaHC®(15 mL each). The aqueous phase was extract WiiCIZ (3 x 10 mL).
The combined organic phases were dried over anbgd¥aSQ,, filtered and solvent was
removed under reduced pressure. Purification byneolchromatography (G&l,/MeOH
95:5 to 90:10) and by HPLC (GBI,/MeOH 94:6) afforded the R1.31aas a white solid
(80 mg, 47%).Formula Cy;H3/N30sS; Mw 563.66; R; 0.28 (CHCIl,/MeOH 93:7); Mp
114-115 °C{a]p +8.8 (c 1.03, CHGJ 23 °C);IR (film) 3366 (br. w), 2961 (w), 2873 (w),
1704 (m), 1596 (m), 1311 (m), 1264 (m), 1145 (889.(s), 733 (s), 551 (s) ¢m*H NMR
(400 MHz, CDC}) § 7.56 (2 H, dJ = 8.7 Hz, H-16), 7.347.21 (5 H, m, Ar-H), 6.69 (2 H,
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d,J=8.6 Hz, H-17), 5.79 (1 H, d,= 5.2 Hz, H-1), 5.12-5.05 (2 H, m, H-5 and NH1%.
(1 H, br. s, NH), 3.96 (1 H, ddJ = 9.7, 6.1 Hz, H-6), 3.93-3.87 (2 H, m, H-8 an®}-
3.84 (1 H, ddJ = 10.3, 3.3 Hz, H-2), 3.79 (1 H, 3= 10.5 Hz, H-2"), 3.77 (1 H, br. s, H-3)

3.71-3.65 (2 H, m, H-6" and OH), 3.16 (1 H, dds 15.1, 8.3 Hz, H-10), 3.08 (1 H, dd,
J=14.3, 3.5 Hz, H-14), 3.62.91 (2 H, m, H-10’ and H-11), 2.85 (1 H, dd 8.8, 5.3 Hz,
H-4), 2.84-2.74 (2 H, m, H-11’ and H-14"), 1.90-8.71 H, m, H-12 and OH), 0.93 (3 H,
d,J= 6.6 Hz, H-13), 0.90 (3 H, d,= 6.6 Hz, H-13) ppm**C NMR + DEPT (100 MHz,
CDCl;) 6 155.3 (C, C-7), 150.8 (§, 137.8 (G), 129.5 (2 x CH), 129.4 (2x CH,), 128.5
(2 x CHy), 126.5 (CH)), 126.0 (G), 114.1 (2 x CH}), 108.9 (CH, C-1), 76.7 (CHC-2),
72.8 (CH, C-9), 72.4 (CH, C-5), 72.0 (CH, C-3),9(CH,, C-6), 58.9 (CH, C-11), 55.2
(CH, C-8), 54.6 (CH, C-4), 53.7 (GHC-10), 35.6 (Ch C-14), 27.3 (CH, C-12), 20.2
(CHs, C-13), 19.9 (Chl C-13) ppmLRMS (ESI) m/z586.3 (M + Naj; HRMS (ESI") for
C,7H37N30gSNa (M + Na) calcd. 586.2194; found 586.2213.

Protease Inhibitor 4.31b

Ph\14 o

HQ |4 OTIPS 1.DSC (L5 eq), BN (2.0 eq), CHCly, t, 18 h, 91% O NGO %ko_ H OH
2.1.81b(0.87eq), BN (L7 eq), CHCly 1t, 25 h, 63% 1 -3
13
o710 3. TBAF (1.5 eq), THF, rt, 3 h, 72% ©
26 4. 31b

According to the synthesis df313 the reaction of the activated carbonate of alt@t®
(210 mg, 0.47 mmol) with amin&.81b (149 mg, 0.33 mmol) and subsequent treatment of
the protected Pl (162 mg, 0.21 mmol) with TBAF (349 0.31 mmol, 1 M in THF)
afforded the protease inhibitod.31b as a white solid (98 mg, 72%)Formula
Ca9H3sN4OgS; Mw 618.70;R¢ 0.35 (CHCI/MeOH 93:7);Mp 127-129 °Cja]p +12.8 (c
1.09, CHC}, 26 °C);IR (film) 3338 (m), 2962 (w), 2873 (w), 1704 (m), T66vs), 1582
(m), 1324 (m), 1272 (s), 1240 (m), 1145 (s), 734c(s™; 'H NMR (400 MHz, CDC}) §
7.67 (LH, dJ= 1.6 Hz, H-16), 7.63 (1 H, dd,= 8.2, 1.6 Hz, H-20), 7.42 (1 H, d=
8.3 Hz, H-19), 7.347.20 (5 H, m, Ar-H), 5.80 (1 H, dl = 5.2 Hz, H-1), 5.51 (1 H, br. s,
NHMe), 5.19-5.05 (2H, m, H-5 and NH), 4.02-3.88 (34, H-6, H-8 and H-9),
3.87-3.77 (3H, m, H-2, H-2" and H-3), 3.67 (1 H, di= 10.2, 6.0 Hz, H-6’), 3.64 (1 H,
br. s, OH), 3.17 (3 H, dl = 4.9 Hz, H-22), 3.268.01 (3 H, m, H-10, H-10’ and H-14), 2.97
(1 H,dd,J=13.0, 8.0 Hz, H-11), 2.90-2.75 (3 H, m, H-4, H-and H-14"), 1.99 (1 H, br.
s, OH), 1.86 (1 H, m, H-12), 0.93 (3 H,X 6.7 Hz, H-13), 0.91 (3 H, d,= 6.7 Hz, H-13)
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ppm;**C NMR + DEPT (100 MHz, CDC}) & 164.8 (G, C-21), 155.4 (C, C-7), 148.1{C
C-17 or C-18), 147.8 (& C-18 or C-17), 137.8 (§, 129.6 (G, C-15), 129.4 (X CHa),
128.5 (2x CHa), 126.5 (CH,), 124.2 (CH, C-20), 116.0 (CH, C-19), 108.9 (CH, C-1),
108.4 (CH,, C-16), 76.7 (Ck} C-2), 72.8 (CH, C-9), 72.4 (CH, C-5), 71.8 (CH3}; 71.0
(CH,, C-6), 58.8 (CH, C-11), 55.3 (CH, C-8), 54.6 (CH, C-4), 53.6 (CK-10), 35.7
(CH,, C-14), 29.5 (Ch} C-22), 27.2 (CH, C-12), 20.1 (GHC-13), 19.9 (Ch| C-13) ppm;
LRMS (ESI) m/z 641.3 (M + Naj; HRMS (ESI') for CogH3gN4OsSNa (M + Naj calcd.
641.2252; found 641.2259.

Protease Inhibitor 4.31c

Ph\14 o

16 \\ //
S
HQ  OTIPS 1.DSC (1.5 eq), BN (2.0 eq), CHCl,, 1t, 18 h, 91% T N/\/e\ %ko 4 OH
(ig 2.1.81c(0.87eq), BN (1.7 eq), CHCly, 1t, 25 h, 70% °<_ 1 (ig
13
oo 3. TBAF (L5 eq), THF, it, 3 h, 62% 2
2.6 43lc

According to the synthesis df31g the reaction of the activated carbonate of comgdou
6.9 (210 mg, 0.47 mmol) with amink81c (129 mg, 0.32 mmol) and subsequent treatment
of the protected PI (165 mg, 0.22 mmol) with TBAF3Q pL, 0.33 mmol, 1 M in THF)
afforded the protease inhibitdr31cas a white solid (80 mg, 62%jormula CygH3gN,OgS;
Mw 578.67;R; 0.29 (CHCI,/MeOH 95:5); Mp 91-93 °C;[a]p +5.2 (c 1.04, CHG)
23 °C);IR (film) 3434 (br. w), 3358 (br, w), 2961 (w), 28{8), 1703 (m), 1596 (m), 1330
(m), 1258 (s), 1149 (s), 1091 (s), 1014 (s), 73),(859 (vs) cil; *H NMR (400 MHz,
CDCl) 6 7.73 (2H, dJ= 9.0 Hz, H-16), 7.35/.22 (5H, m, Ar-H), 7.00 (2 H, dl =
8.8 Hz, H-17), 5.79 (1 H, dJ = 5.3 Hz, H-1), 5.12-5.01 (2 H, m, H-5 and NH))C+3.90
(3H, m, H-6, H-8 and H-9), 3.89 (3 H, s, H-19)86-3.74 (3 H, m, H-2, H-2" and H-3),
3.71-3.63 (2 H, m, H-6' and OH), 3.19 (1 H, dd; 14.6, 8.7 Hz, H-10), 3.32.95 (3 H,
m, H-10’, H-11 and H-14), 2.85 (1 H, dd= 8.8, 5.2 Hz, H-4), 2.85-2.76 (2 H, m, H-11’
and H-14"), 1.85 (1 H, m, H-12), 1.69 (1 H, H= 5.2 Hz, OH), 0.94 (3 H, d = 6.6 Hz,
H-13), 0.90 (3 H, dJ = 6.7 Hz, H-13) ppm;°*C NMR + DEPT (100 MHz, CDC}) § 163.2
(Can C-18), 155.3 (C, C-7), 137.7 4% 129.7 (G, C-15), 129.5 (2 x Ci C-16), 129.4
(2 x CHay), 128.6 (2 CH,y), 126.5 (CH), 114.1 (2 x CH, C-17), 108.9 (CH, C-1), 76.7
(CH,, C-2), 72.8 (CH, C-9), 72.4 (CH, C-5), 72.0 (CH3¥; 70.8 (CH, C-6), 58.9 (CH,
C-11), 55.7 (CH, C-19), 55.2 (CH, C-8), 54.7 (CH, C-4), 53.7 (£i€-10), 35.6 (CH
C-14), 27.3 (CH, C-12), 20.1 (GHC-13), 19.9 (Ch C-13) ppm;LRMS (ESI) m/z
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601.3 (M + Na); LRMS (ESI) m/z 641.3 (M + Na); HRMS (ESI') for CyoHzsN,OsSNa
(M + Na) calcd. 601.2190; found 601.2205.
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8.2.4 a-Fluoroamide synthesis

(E)-4-Hydroxybut-2-enoic acid ethyl ester (6.7)

o BH3 (1.0 eq), THF,
—10°Ctort, 20 h 4 2 6
= OEt ' A~ 0~
How HO/\mO( :
0,
6.6 63% 6.7

Allylic alcohol 6.7 was prepared according to literature procedurs.a solution of
monoethyl fumarate6(6, 10.0 g, 69.4 mmol) in THF (30 mL) afLl0 °C was added under
vigorous stirring BH - THF complex (70.0 mL, 70.0 mmol, 1 M in THF). Tbeoling was
removed and the reaction was stirred at rt for 28fer completion the mixture was
quenched carefully with AcCOHA® (2 mL, 1:1, v/v), concentrated under vacuo arel th
remaining slurry was poured slowly into ice-cold.sag. NaHCQ@ The mixture was
extracted with EtOAc (3 100 mL). The combined organic phases were washtusat.
ag. NaHCQ, dried over anhydrous MNaQO,, filtered and the solvent was removed under
reduced pressure to afford essentially pitte compounds.7 as a colourless oil (5.71 g,
63%). Formula CgH1¢0s; Mw 130.14;'H NMR (300 MHz, CDCI3)§ 7.04 (1 H, dtJ=
15.7, 4.0 Hz, H-3), 6.11 (1 H, di,= 15.7, 2.2 Hz, H-2), 4.36 (2 H, dd= 4.0, 2.1 Hz,
H-4), 4.22 (2 H, gJ = 7.1 Hz, H-5), 1.30 (3 H, 8= 7.1 Hz, H-6) ppm**C NMR + DEPT
(75 MHz, CDCI3)s 166.4 (C, C-1), 146.7 (CH, C-3), 120.2 (CH, C®),9 (CH, C-4 or
C-5), 60.4 (CH, C-5 or C-4), 14.2 (Ckl C-6) ppm. ThéH and**C NMR correspond to the
reported dat.

(E)-Ethyl 4-((2R/S,3S/R)-3-bromo-tetrahydrofuran-2-yloxy)but-2-enoate fac-6.8)

6.7 (1.1 eq), NBS (1.0 eq), s 287

@ CH,Cl,, 0 °C to rt, 1h Oi 5 7 . o 10
> 4
(0] 46% ¢} O%O( 9
1.53 rac-6.8

To a solution of 2,3-dihydrofuranl 63 3.02 mL, 40 mmol) and alcoh@.7 (5.71 g,
43.9 mmol) in CHCI, (40 mL) at 0 °C was added slowly a solutiorNatbromosuccinimide
(7.12 g, 40 mmol) in CCl, (20 mL). The cooling was removed and the reacti@s
stirred at rt for 1 h. After completion the solvemas removed in vacuo and the crude
product was directly applied to column chromatogsathexane/EtOAc 90:10 to 75:25) to
afford thetitle compoundac-6.8 as a colourless oil (5.17 g, 46%)rmula C;oH1sBrOy;
Mw 279.13;R 0.40 (hexane/EtOAc 85:15)R (film) 2981 (w), 2900 (w), 1716 (s), 1663
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(w), 1445 (w), 1300 (m), 1266 (m), 1176 (s), 1028)(920 (m) crit; *H NMR (400 MHz,
CDCly) & 6.93 (1 H, dtJ= 15.8, 4.4 Hz, H-6), 6.02 (1 H, dt= 15.7, 2.1 Hz, H-7), 5.26
(1 H, s, H-2), 4.34 (1 H, ddd,= 15.8, 4.2, 2.1 Hz, H-5), 4.27 (1 H, diiz 6.0, 1.7 Hz,
H-2), 4.21 (2 H, ) = 7.2 Hz, H-9), 4.18 (2 H, dd,= 8.9, 7.2 Hz, H-4), 4.14 (1 H, ddi#i=
15.9, 4.6, 2.0 Hz, H-5"), 4.07 (1 H, til= 8.5, 3.4 Hz, H-4"), 2.67 (1 H, dtd,= 14.2, 8.5,
6.0 Hz, H-3), 2.24 (1 H, dddd,= 14.1, 7.0, 3.4, 1.6 Hz, H-3, 1.30 (3 HJ& 7.2 Hz,
H-10) ppm;**C NMR + DEPT (75 MHz, CDCI3)5 166.1 (C, C-8), 143.4 (CH, C-6), 121.4
(CH, C-7), 108.2 (CH, C-1), 67.0 (GHC-5), 65.5 (CH, C-4), 60.5 (CH, C-9), 49.6 (CH,
C-2), 33.8 (CH, C-3), 14.2 (CH, C-10) ppm,LRMS (ESI+) m/z 301.0 (M + Naj, 303.0
(M + Na)'.

(3aR,6aR)-Tetrahydrofuro[2,3- b]furan-3-one (6.14)

H OH PCC (3 eq), MS 3A, s H @
: CH,Cl,, 1t, 18 h AN
. 6 1 2
o7 :-70 0, 0O -0
Q 66% Q
1.15 6.14

To a solution of alcohol.15 (500 mg, 3.85 mmol) in C}l, (20 mL) was added PCC
(2.49 g, 11.55 mmol) and molecular sieves (5003nd). The resulting mixture was stirred
at rt for 18 h. After completion the mixture wadieied over celite and the filtrate was
concentrated in vacuo. The crude product was pdrifby column chromatography
(petroleum ether/acetone 90:10 to 80:20) to aftbeditle compounds.14as an amorphous
white solid (324 mg, 66%).Formula CgHgOs;; Mw 128.13; Ry 0.35 (petroleum
ether/acetone 80:2Qa]p —127.5 € 1.0, CHC}, 27 °C), 1it>® -126.6 ¢ 0.8, CHC}, 25 °C);
'H NMR (300 MHz, CDC}) § 6.07 (1 H, d,J = 5.1 Hz, H-1), 4.16 (2 H, s, H-2 and H-2'),
4.05 (1 H, m, H-6), 3.80 (1 H, m, H-6"), 3.00 (1 A, H-4), 2.282.19 (2 H, m, H-5 and
H-5") ppm; *C NMR + DEPT (75 MHz, CDC}) § 215.4 (C=0, C-3), 107.9 (CH, C-1),
71.7 (CH, C-2), 67.7 (CH, C-6), 49.6 (CH, C-4), 30.4 (GHC-5) ppm. The'H and
13C NMR spectra corresponded to the reported Hata.
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(3aR,6aR)-[Tetrahydro-furo[2,3- bjfuran-(3E/Z)-ylidene]-acetic  acid ethyl ester
(E/Z-6.17)

9 6]
6] N\
7 10 07
H @ (EtO),OPCH,CO,EL (2.0 eq), NaH (1.9 eq), s H [ s 0,9\ JH 7
: THF, 0 °C, 20 min; thefO, rt, 1h : 4 :
> 6 4 2 10 + 6 4 3N,
1 1
o0 93% E/Z=1:2) 00 00
H H H
6.14 Z-6.17 E-6.17

Triethylphosphono acetate (620 pL, 3.12 mmol) wadded dropwise to a suspension of
NaH (120 mg, 3.00 mmol, 60% in mineral oil) in THED mL) at 0 °C and the resulting
mixture was stirred for 20 min at this temperatdieen a solution of ketor&14 (200 mg,
1.56 mmol) in THF (5 mL) was added dropwise, theliog was removed and the reaction
was stirred at rt for 1 h. After completion the e was quenched with,8 and EtOAc
(10 mL each), the phases were separated and te®eEphase was extracted with EtOAc
(3% 15 mL). The combined organic layers were dried N&SQO,, filtered and the solvent
was removed in vacuo. The crude product was pdrifiy column chromatography
(petroleum ether/acetone 90:10 to 80:20) to affard:1 mixture of thditle compounds
E/Z-6.17 as a colourless oil (289 mg, 93%). For charaa®ads the mixture was further
purified by HPLC (hexane/acetone 85:1B)ajor product(presumablyZ-6.17): Formula
C10H1404; Mw 198.22;R; 0.35 (hexane/acetone 80:2(3]p —179.6 (c 1.39, CHGJ 27 °C);

IR (film) 2979 (w), 2871 (w), 1707 (s) 1664 (m), 12($9, 1132 (s), 1030 (s), 1013 (s)
cm®; *"H NMR (400 MHz, CDC}) & 5.89 (1 H, q,J= 2.4 Hz, H-7), 5.84 (1H, d)=
4.9 Hz, H-1), 5.00 (1 H, dddl= 17.7, 2.6, 0.7 Hz, H-2), 4.91 (1 H, dtz 17.7, 2.6 Hz,
H-2"), 4.19 (2 H, qJ= 7.2 Hz, H-9), 3.97 (1 H, tdl= 8.3, 1.6 Hz, H-6), 3.78 (1 H, ddd,
J=11.3, 8.7, 5.3 Hz, H-6’), 3.46 (1 H, ddb= 8.8, 4.6, 2.1 Hz, H-4), 2.30 (1 H, dddid;
12.4, 11.3, 8.8, 4.6 Hz, H-5), 1.98 (1 H, ddi¢; 12.5, 5.3, 1.6, 0.6 Hz, H-5’), 1.30 (3 H, t,
J= 7.1 Hz, H-10) ppm**C NMR + DEPT (100 MHz, CDC}) § 165.8 (C, C-8), 164.2 (C,
C-3), 113.2 (CH, C-7), 108.2 , CH, C-1), 72.4 (£Cig-2), 67.3 (CH C-6), 60.3 (CH
C-9), 48.9 (CH, C-4), 34.7 (GHC-5), 14.3 (CH, C-10) ppm;LRMS (ESI') m/z 221.1
(M + Na)’; HRMS (EST) for C;gH140:,Na (M + Naj calcd 221.0784, found 221.0787.

Minor product (presumablyE-6.17): Formula C,0H1404; Mw 198.22;R; 0.40 (hexane/
acetone 80:20)u]p —243.2 (c 0.86, CHGJ 27 °C);IR (film) 2981 (w), 2875 (w), 1712 (s)
1673 (m), 1218 (vs), 1173 (m), 1028 (vs), 947 (8)'c'H NMR (400 MHz, CDC}) 5 5.86
(1H, d,J= 4.9 Hz, H-1), 5.79 (1 H, gl = 2.0 Hz, H-7), 4.65 (1 H, dfj = 15.1, 2.3 Hz,
H-2), 4.50 (1 H, ddJ = 15.1, 1.8 Hz, H-2'), 4.21 (2 H, qd= 7.1, 2.3 Hz, H-9), 4.63.96
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(2 H, m, H-4 and H-6), 3.82 (1 H, ddii= 10.7, 8.8, 6.0 Hz, H-6'), 2.44 (1 H, dtbi= 13.0,
10.4, 6.1 Hz, H-5), 2.00 (1 H, ddi,= 13.1, 6.1, 2.4 Hz, H-5"), 1.31 (3 H, 1= 7.1 Hz,
H-10) ppm;**C NMR + DEPT (100 MHz, CDC}) § 165.5 (C, C-8), 163.0 (C, C-3), 111.5
(CH, C-7), 109.9 (CH, C-1), 72.6 (GHC-2), 68.0 (CH, C-6), 60.2 (Ch, C-9), 47.0 (CH,
C-4), 33.9 (CH, C-5), 14.3 (CH, C-10) ppm;LRMS (ESI+)m/z 253.1 (M+MeOH+Na);
HRMS (ESI+) for GoH1404Na (M + Naj calcd 221.0784, found 221.0787.

((3R,3aS,6aR)-Hexahydrofuro[2,3-b]furan-3-yl)-acetic acid ethyl ester €ndo-6.9)

L { {
7 7
OEt 9 S 9
H H,, cat. Rh/A}Og, H 80 H s &9
2 EtOH, rt, 18 h 2 N G N
4 3 10 4 3 10
B — 6 1 2 + 6 1 2

00 0" 0 00
A A A
E/Z-6.17 endo6.9 (87%) ex06.9 (13%)

To a solution of alkene mixturg/Z-6.17 (67.3 mg, 0.34 mmol) in EtOH (7.5 mL) was
added Rh/AIO; (5.5 mg, 8 w%, 5% Rh), the flask was put underatinosphere and the
reaction was stirred at rt for 18 h. After compatithe mixture was diluted with EtOH
(5mL), filtered over a celite/silica pad and th#ief cake was washed with EtOH
(3x 5 mL). The combined filtrates were concentratedvacuo, to yield a 5:1-mixture of
ende6.9ex06.9 as a colourless oil (68.3 mg, 100%). Further paifon by HPLC
(hexane/acetone 80:20) afforded the puitle compound end6.9 as well as the
diastereoisomeexc6.9, both as colourless oil&ormula Cy0H1604 Mw 200.23;R; 0.24
(hexane/acetone 80:2Qy]p —24.9 (¢ 1.18, CHGJ 27 °C);IR (film) 2978 (w), 2872 (w),
1728 (vs), 1176 (s), 1016 (s), 1001 (s), 924 (m);ctl NMR (400 MHz, CDC})) & 5.75
(1H, d,J= 5.0 Hz, H-1), 4.16 (2 H, g]= 7.2 Hz, H-9), 4.03 (1 H, ddl= 8.5, 7.3 Hz,
H-2), 3.943.83 (2 H, m, H-6 and H-6"), 3.47 (1 H, dii= 11.2, 8.5 Hz, H-2'), 2.94 (1 H,
ddt,J= 9.3, 8.0, 5.3 Hz, H-4), 2.74 (1 H, dquihs 11.3, 7.7 Hz, H-3), 2.46 (1 H, dd~
15.9, 7.8 Hz, H-7), 2.39 (1 H, dd,= 15.9, 7.7 Hz, H-7"), 1.89 (1 H, ddi,= 13.1, 9.4,
7.5 Hz, H-5), 1.82 (1 H, ddil= 13.0, 6.8, 5.6 Hz, H-5"), 1.27 (3 H, ¥= 7.2 Hz, H-10)
ppm;**C NMR + DEPT (100 MHz, CDC})  171.8 (C, C-8), 109.6 (CH, C-1), 71.8 (gH
C-2), 69.0 (CH, C-6), 60.7 (CH C-9), 45.3 (CH, C-4), 38.1 (CH, C-3), 32.7 ({I€-7),
25.4 (CH, C-5), 14.2 (CH, C-10) ppmLRMS (ESI) m/z 223.2 (M + Naj; HRMS (ESI)
for CigH1604Na (M + Naj calcd 223.0941, found 223.0943.
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byproduct:(3S,3aS,6aR)-(Hexahydrofuro[2,3]furan-3-yl)-acetic acid ethyl esteeXc6.9):
Formula CioH1604 Mw 200.23;Rf 0.24 (hexane/acetone 80:2Q¥]p —44.9 (c 1.13,
CHCls, 27 °C);IR (film) 2951 (w), 2875 (w), 1728 (vs), 1172 (s),920(m), 1021 (s), 921
(m) cm®; '"H NMR (400 MHz, CDC}) § 5.73 (1 H, dJ= 5.1 Hz, H-1), 4.16 (2 H, gl =
7.2 Hz, H-9), 4.09 (1 H, m, H-2), 3.91 (1 H, dik 8.7, 1.3 Hz, H-6), 3.90 (1 H, d,=
8.7 Hz, H-6'), 3.61 (1 H, m, H-2"), 2.55 (1 H, ddt= 9.0, 5.1, 2.8 Hz, H-4), 2.42.41
(3H, m, H-3, H-7 and H-7"), 2.13 (1 H, dtd~ 12.6, 9.2, 8.3 Hz, H-5), 1.82 (1 H, dddd,
J=12.6, 5.4, 4.3, 2.9 Hz, H-5"), 1.28 (3 HJt= 7.2 Hz, H-10) ppm;°C NMR + DEPT
(100 MHz, CDC}) 8 172.1 (C, C-8), 109.0 (CH, C-1), 72.4 (&HC-2), 67.9 (CH C-6),
60.6 (CH, C-9), 48.7 (CH, C-4), 42.0 (CH, C-3), 38.2 (£I€-7), 31.9 (CH C-5), 14.2
(CHs, C-10) ppm;LRMS (ESI+) m/z 223.2 (M + Na); HRMS (ESI+) for GoH1¢0sNa
(M + Na)" calcd 223.0941, found 223.0937.

Protease inhibitor 6.3a

o o 15 Ph
1.4 M NaOH (2 eq.), EtOH, rt, 2h /'/\/\
H OEt 2 pivCl (1.1 eq), BN (1.5 eq), THF, -78 °C to 0 °C, 10 min; /%NH
: then §-4-Bn-2-oxazolidinone (2.1 eq), BuLi (2.0 eq), 2 h OH 12f 15
[0 3. LDA (1.1 eq), then NFSI (1.1 eq), THF, -78 °G5 B
H 4. LiOH (2 eq), THF/HO, 0°C, 2 h
ende6.9 5.1.81b(1.2 eq), EDCI (1.4 eq), HOBt (1.4 eq)gBt(3 eq), 6.3a(23%)

CH,Cl,, 1t, 18 h

To a solution of esteende6.9 (427 mg, 2.13 mg) in EtOH (20 mL) was added ail 4
NaOH (1.05 mL, 4.26 mmol) and the resulting mixtuvas stirred at rt for 2 h. After
completion the reaction mixture was acidified watt). 2 N HCI (3 mL) and concentrated
under reduced pressure. The residue was dissoivétiQ/EtOAc (10 mL each) and the
agueous phase was extracted with EtOAg (B mL). The combined organic layers were
dried over anhydrous MNaQ,, filtered and the solvent was removed in vacuafford the
crude free acié.10as a white solid (292 mg, 80%).

Following procedures from the literati® acid 6.10 was then coupled to the Evan’s
auxiliary as follows: To a solution of the crudgd6.10 (195 mg, 1.13 mmol) and J&t
(235 pL, 1.70 mmol) in THF (15 mL) at78 °C was added pivaloyl chloride (154 pL,
1.25 mmol) and the mixture was allowed to warm f€0A second flask was charged with
(9-4-benzyl-2-oxazolidinone (420 mg, 2.38 mmol) ikHA (10 mL) and n-BuLi (0.9 mL,
2.26 mmol, 2.5 M in THF) was added slowly-at8 °C. After 10 min, the first solution was
added via cannula and the resulting mixture wasestifor further 2 h, while slowly

warming to rt. After completion, the reaction wagegched with aq. 1 N NaHS@5 mL)
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and concentrated under reduced pressure. The reguaueous residue was extracted
with CH,ClI, (3 x 25 mL). The combined organic layers were washel sat. aq. NaHCO
and brine (10 mL each), dried over anhydrous,9@s, filtered and the solvent was
removed in vacuo. The crude product was purifieccdlymn chromatography (petroleum
ether/ acetone 75:25 to 60:40) and by HPLC (hesae#dne 70:30, R0.3) to afford
oxazolidinones.5aas a colourless oil (191 mg, 55%).

Oxazolidinone6.5a was then selectively fluorinated using LBAand NFSP. To a
solution of6.5a(184 mg, 0.55 mmol) in THF (20 mL) a8 °C was added dropwise LDA
(0.3 mL, 0.61 mmol, 2 M in THF) and stirred for &0n. Then a solution oN-fluoro-
benzenesulfonimide (192 mg, 0.61 mmol) in THF (5mtas added and the resulting
mixture was stirred at78 °C for 2.5 h. The reaction was then allowed &wmto 0 °C over
20 min, quenched with sat. ag. MH (10 mL) and extracted with GBI, (3% 20 mL). The
combined organic layers were dried over anhydroas$S®,, filtered and the solvent was
removed in vacuo. The crude product was purifieccdlymn chromatography (petroleum
ether/acetone 75:25 to 70:30) to afford the fluatead intermediaté.12a (176 mg, 92%).
The'*F NMR only showed one major peak-d197.3 ppm.

The chiral auxiliary was then removed using LiOBOHN ageous THE® To a solution
of 6.12a (159 mg, 0.46 mmol) in THFA® (10 mL, 3:1, v/v) at 0 °C was added LiOH
(38.2 mg, 0.91 mmol) and the reaction mixture wasesl at this temperature for 75 min.
After completion the solution was buffered to pHL9 with sat. aq. NaHC{and the THF
was removed in vacuo. The aqueous residue wasefiteacted with CECI, (2 x 10 mL),
then acidified with aq. 2 M HCI and again extracteith EtOAc (3x 10 mL). The
combined CHCIl,-phases were dried over anhydrous3@, filtered and the solvent was
removed in vacuo to obtain the crude auxiliary 7@, 83%). The combined EtOAc-phases
were also dried over anhydrous JS@), filtered and the solvent is removed in vacuo to
afford thea-fluoroacid 6.4a (68 mg, 78%°F NMR: & —191.6 ppm). The crude acid was
then coupled to amind.81b as follows: To a solution of aminel.81b (187 mg,
0.42 mmol), EDCI (94 mg, 0.49 mmol) and®t(145 pL, 1.05 mmol) in C¥LI, (7 mL) at
0 °C was added HOBt (66 mg, 0.49 mmol) and a swiutif 6.4a (68 mg, 0.35 mmol) in
CH.CI, (3 mL). The cooling was removed and the resultmxture is stirred at rt for 18 h.
After completion, the reaction mixture was dilutgidh CH,CI, (10 mL), and subsequently
washed with ag. 1 M HCI and.8 (10 mL each), dried over anhydrous,8@, filtered
and the solvent was removed in vacuo. The crudelustowas purified by column
chromatography (CHCl,/MeOH 97:3 to 95:5) and by HPLC (GEI,/MeOH 95:5) to
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afford the PI6.3aas a white solid (163 mg, 75%jormula CzHzoFN4O;S; Mw 618.72;R¢
0.28 (CHCl/MeOH 95:5);:Mp 173-175 °C;[a]p +2.4 (c 0.41, MeOH, 27 °C)R (film)
3328 (br. w), 2962 (w), 2870 (w), 1691 (s), 1668)(M539 (m), 1331 (m), 1274 (m), 1141
(s), 1025 (s), 767 (s) c'H NMR (400 MHz, CDC}) & 7.68 (1 H, dJ = 1.6 Hz, H-17),
7.63 (1 H, ddJ = 8.3, 1.8 Hz, H-21), 7.44 (1 H, d= 8.3 Hz, H-20), 7.347.20 (5 H, m,
Ar-H), 6.54 (1 H, ddJJ = 9.3, 4.2 Hz, MICO), 5.64 (1 H, dJ = 4.9 Hz, H-1), 5.19 (1 H, m,
NHMe), 4.74 (1 H, dd) = 49.2, 9.3 Hz, H-7), 4.27 (1 H, &&= 9.7, 4.8 Hz, H-9), 3.95 (1 H,
m, H-10), 3.89 (1 H, dt) = 8.7, 7.1 Hz, H-6), 3.80 (1 H, ddd= 8.8, 7.4, 5.8 Hz, H-6"),
3.75 (1 H, m, OH), 3.64 (1 H, dd,= 11.2, 9.2 Hz, H-2), 3.56 (1 H, dd= 9.2, 7.5 Hz,
H-27), 3.19 (3 H, dJ = 5.0 Hz, H-23), 3.21 (1 H, dd,= 15.1, 8.9 Hz, H-11), 3.11 (1 H, dd,
J=14.2, 5.0 Hz, H-15), 3.02 (1 H, dd= 13.3, 8.4 Hz, H-12), 2.98 (1 H, dd= 15.2,
3.0 Hz, H-11"), 2.87 (1 H, dd] = 14.1, 10.5 Hz, H-15'), 2.84 (1 H, dd= 13.4, 6.7 Hz,
H-127), 2.74 (1 H, ddtJ = 9.5, 7.7, 5.5 Hz, H-4), 2.23 (1 H, m, H-3), =&8%8 (3 H, m,
H-5, H-5" and H-13), 0.95 (3 H, d,= 6.5 Hz, H-14), 0.90 (3 H, d,= 6.7 Hz, H-14) ppm;
3C NMR + DEPT (100 MHz, CDC}) & 168.7 (C, d,J = 19.9 Hz, C-8), 164.6 (& C-22),
148.2 (G, C-18 or C-19) 147.9 (& C-19 or C-18), 137.3 (§, 129.8 (G, C-16), 129.2
(2 x CH,y), 128.5 (2x CH,y), 126.8 (CH,), 124.2 (CH, C-21), 116.3 (CH, C-20), 109.2
(CH, C-1), 108.4 (CH, C-17); 89.7 (CHF, dJ = 189.0 Hz, C-7), 72.6 (CH, C-10), 69.0
(CH,, C-6), 67.7 (CH, d,J = 8.7 Hz, C-2), 59.0 (CH C-12), 53.8 (Ch} C-11), 52.8 (CH,
C-9), 44.5 (CH, dJ = 19.4 Hz, C-3), 44.1 (CH, C-4), 35.0 (§HC-15), 29.6 (ChH C-23),
27.4 (CH, C-13), 25.2 (CH C-5), 20.2 (CH, C-14), 19.9 (Ch C-14) ppm;**F NMR
(282 MHz, CDC}) & -188.3 (dd,J= 48.2, 12.9 Hz) ppmLRMS (ESI) m/z 641.3
(M + Na)'; HRMS (EST") for C3oH40FN4O;S (M + H) calcd 619.2596, found 619.2587.

Protease inhibitor 6.3b

Ph
o 15
1.4 M NaOH (2 eq.), EtOH, rt, 2h R
H OEt 2 pivCl (1.1 eq), BN (1.5 eq), THF, -78 °C to 0 °C, 10 min; H /%NH
: then R)-4-Bn-2-oxazolidinone (2.1 eq), BuLi (2.0 eq), 2 h 4 OH 12f < N
6

[o)gne] 3. LDA (1.1 eq), then NFSI (1.1 eq), THF, -78 °G5 &

H 4. LiOH (2 eq), THF/HO, 0 °C, 2 h
endo6.9 5.1.81b(1.2 eq), EDCI (1.4 eq), HOBt (1.4 eq)gBt(3 eq), 6.3b R =F (19%)

CHClI,, 1t, 18 h 6.13a R = H (11%)

Following the conditions described for BI3a the reaction of acidb.10 (195 mg,
1.13 mmol) and R)-4-benzyl-2-oxazolidinone (420 mg, 2.38 mmol) a&ffed after
purification by column chromatography (petroleurnegtacetone = 75:25 to 60:40) and by
HPLC (hexane/acetone 70:30; ®31) oxazolidinone.5b as a colourless oil (243 mg,
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65%). Diastereoselective fluorination d.5b (234 mg, 0.71 mmol) withN-fluoro-
benzenesulfonimide (245 mg, 0.78 mmol) led afteifigation by column chromatography
(petroleum ether/acetone 75:25 to 70:30) to therithated intermediaté.12b (201 mg,
81%, '%F NMR: § —=191.9 ppm). Treatment &.12b (192 mg, 0.55 mmol) with LIOH-}D
(46.1 mg, 1.10 mmol) afforded a 2:1 mixture ®@#0/6.9 (78 mg, 79%), which was then
coupled to aminel.81b (205 mg, 0.46 mmol), as described above (8.2d)give after
purification by column chromatography (@, /MeOH 95:5) and by HPLC
(CH.CI,/MeOH 95:5) the Pb.3b as a white solid (134 mg, 57%) and non-fluorinagd
6.13aas a pale yellow oil (70 mg, 30%Formula CgoH3sFN4O;S; Mw 618.72;R; 0.28
(CH.Cl/MeOH 95:5);Mp 95-97 °C; [a]p +13.4 (c 1.31, CHG) 27 °C);IR (film) 3337
(br. w), 2960 (w), 2873 (w), 1655 (s), 1580 (m)634m), 1325 (m), 1272 (m), 1143 (m),
1005 (m), 911 (m), 729 (s) ¢in*H NMR (400 MHz, CDC}) § 7.64 (1 H, dJ= 1.8 Hz,
H-17), 7.60 (1 H, ddJ = 8.3, 1.8 Hz, H-21), 7.41 (1 H, d,= 8.3 Hz, H-20), 7.327.20
(5H, m, Ar-H), 6.54 (1 H, dd] = 9.0, 4.2 Hz, MICO), 5.69 (1 H, dJ = 4.9 Hz, H-1), 5.66
(1 H, dd,J = 8.0, 4.9 Hz, MMe), 4.83 (1 H, ddJ = 49.3, 7.0 Hz, H-7), 4.20 (1 H, ttd=
9.7, 4.8, 1.1 Hz, H-9), 3.98.89 (2 H, m, H-6 and H-10), 3.89.80 (3 H, m, H-2, H-6" and
OH), 3.76 (1 H, ddJ = 11.0, 8.7 Hz, H-2’), 3.16 (3 H, d,= 4.9 Hz, H-23)", 3.123.01
(3H, m, H-11, H-11" and H-15), 2.99.85 (4 H, m, H-4, H-12, H-12’ and H-15’), 2.73
(1 H, ddq,J = 18.8, 11.2, 7.5 Hz, H-3), 2.60.93 (2 H, m, H-5 and H-5), 1.85 (1 H, m,
H-13), 0.90 (6 H, dJ = 6.5 Hz, H-14) ppm:*C NMR + DEPT (100 MHz, CDC}) § 168.7
(C, d,J=19.4 Hz, C-8), 164.8 (& C-22), 148.1 (&, C-18 or C-19), 147.9 (& C-19 or
C-18), 137.1 (&), 129.5 (G, C-16), 129.3 (X CH,), 128.6 (2x CH,), 126.8 (CH),
124.2 (CH, C-21), 116.2 (CH, C-20), 109.6 (CH, C-1), 108.3 (GHC-17), 90.4 (CHF, d,
J=186.8 Hz, C-7), 72.3 (CH, C-10), 69.1 (£l€-6), 67.8 (CH, d,J = 5.6 Hz, C-2), 59.0
(CH,, C-12), 53.7 (CH C-11), 53.4 (CH, C-9), 44.7 (CH, 3= 4.4 Hz, C-4), 44.3 (CH, d,
J=19.2 Hz, C-3), 35.2 (CKHIC-15), 29.5 (ChHl C-23), 27.2 (CH, C-13), 26.5 (GHC-5),
20.1 (CH, C-14), 19.9 (Ch C-14) ppm;**F NMR (282 MHz, CDC}) § -192.8 (dd,J =
47.2, 17.2 Hz) ppm;LRMS (ESI+) m/z 641.3 (M + Na); HRMS (ESI+) for
CsoH39FN;,O,SNa (M + Naj calcd 641.2416, found 641.2429.

byproduct: Pl 6.13a Formula: CzoH4oN4O;S; Mw 600.73; R 0.21 (CHCI,/MeOH
95:5);[a]p —13.0 (c 0.64, CHG) 27 °C);IR (film) 3306 (br. w), 2959 (w), 2872 (w), 1657
(s), 1580 (m), 1463 (m), 1324 (m), 1273 (m), 1149,(999 (m), 731 (s) cth *H NMR
(400 MHz, CDC}) 5 7.65 (1 H, dJ = 1.6 Hz, H-17), 7.61 (1 H, dd,= 8.3, 1.8 Hz, H-21),
7.42 (1H, d,J= 8.3 Hz, H-20), 7.337.18 (5H, m, Ar-H), 5.85 (LH, dJ= 8.5 Hz,
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NHCO), 5.65 (1 H, dJ = 4.9 Hz, H-1), 5.47 (1L H, d, = 4.9 Hz, \HMe), 4.25 (1 H, tt,) =
9.1, 4.8 Hz, H-9), 3.99 (1 H, br. s, OH), 3.94 (1 H-10), 3.85 (1 H, ddl = 8.5, 7.4 Hz,
H-2), 3.82 (1 H, dtJ = 8.8, 7.1 Hz, H-6), 3.75 (1 H, di,= 8.7, 6.5 Hz, H-6"), 3.38 (1 H,
dd,J=11.2, 8.5 Hz, H-2"), 3.17 (3 H, d= 5.0 Hz, H-23), 3.123.02 (3 H, m, H-11, H-11’
and H-15), 2.972.84 (3 H, m, H-12, H-12' and H-15’), 2.69 (1 H,,dd= 7.5, 4.9 Hz, H-4),
2.57 (1L H, dquin) = 11.2, 7.5 Hz, H-3), 2.19 (1 H, dd= 14.8, 7.2 Hz, H-7), 2.13 (1 H,
dd, J= 14.7, 8.2 Hz, H-7’), 1.88 (1 H, m, H-13), 1.58H, app. qJ = 6.9 Hz, H-5 and
H-5"), 0.91 (3 H, dJ = 6.5 Hz, H-14), 0.90 (3 H, d,= 6.7 Hz, H-14) ppm**C NMR +
DEPT (100 MHz, CDC)) & 171.3 (C, C-8), 164.7 (& C-22), 148.2 (&, C-18 or C-19),
147.9 (G, C-19 or C-18), 137.7 (&), 129.8 (G, C-16), 129.2 (X CH,,), 128.6 (2x CHy),
126.7 (CH)), 124.2 (CH, C-21), 116.2 (CH, C-20), 109.5 (CH, C-1), 108.3 (GHC-17),
72.8 (CH, C-10), 71.5 (CK C-2), 68.9 (CH, C-6), 58.9 (CH, C-12), 53.7 (CH, C-9), 53.6
(CH,, C-11), 45.2 (CH, C-4), 38.4 (CH, C-3), 34.9 (£8-7 or C-15), 34.4 (CkI C-15 or
C-7), 29.6 (CH, C-23), 27.2 (CH, C-13), 25.1 (GHC-5), 20.1 (CH, C-14), 20.0 (CHl
C-14) ppm;LRMS (ESI+) mz 623.3 (M + Na); HRMS (ESI+) for GoHsoN4sO;SNa
(M + Na)" calcd 623.2510, found 623.2520.
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Chapter 9 APPENDIX

9.1 SINGLE CRYSTAL X-RAY ANALYSIS DATA

Methanesulfonic acid (5,4S,R,6R)-6-(4-methoxybenzyloxy)-2,8-dioxa-bicyclo[3.3.0]-
octane-4-yl ester (3.30)

Table 1.Crystal data and structure refinement details.

Identification code 2009s0t0875
Empirical formula GsH200;S
Formula weight 344.37
Temperature 120(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P2,

Unit cell dimensions a=7.48670(10) A
b=11.1908(2) A  B=111.1240(10)°

c=10.3316(2) A

Volume 807.44(2) A

Z 2

Density (calculated) 1.416 Mg Pm
Absorption coefficient 0.234 mith

F(000) 364

Crystal Fragment Colourless

Crystal size 0.68 0.30x 0.10 mm
@range for data collection 2.9227.46°

Index ranges

Reflections collected
Independent reflections
Completeness t6= 27.46°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit orfF?
Final Rindices F? > 20(F?)]
Rindices (all data)

-9<h<9,-14<k=<14,-13<1<13
10379
358R | = 0.0354]
99.7 %
Semempirical from equivalents
0.9770 and 0.8724
Full-matrix least-square$on
3584 /11/210
1.042
R1=0.0328wR2=0.0850
R1=0.0362wR2=0.0876

Absolute structure parameter 0.02(6)
Largest diff. peak and hole 0.172 atti271 e A3

Diffractometer: Nonius KappaCCbDarea detectorg{scans andw scans to fillasymmetric unif). Cell determination: DirAx
(Duisenberg, A.J.M.(1992). J. Appl. Cryst. 25, ®)®ata collection: Collect (Collect: Data collection software, R. Hodonius
B.V., 1998).Data reduction and cellrefinement: Denzo(Z. Otwinowski & W. Minor,Methods in Enzymologi1997) Vol.276:
Macromolecular Crystallographypart A, pp. 30#326; C. W. Carter, Jr. & R. M. Sweet, Eds., Acadefiess)Absorption
correction: Sheldrick, G. M. SADABS - Bruker Nonius area d#be scaling and absorption correction - V2.1fu&ure solution:
SHELXS97(G. M. Sheldrick, Acta Cryst. (1990)48 467-473). Sructure refinement: SHELXL97(G. M. Sheldrick (1997),
University of Gottingen, Germanygraphics: Cameron - A Molecular Graphics Package. (D. M. RiviatL. Pearce and C. K.
Prout, Chemical Crystallography Laboratory, Uniitgref Oxford, 1993).

Special details All hydrogen atoms were placed in idealised fi@s$ and refined using a riding model.
Chirality : C9=R, C11=S, C13=S, C14=R
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Table 2. Atomic coordinatesy 10f], equivalent isotropic displacement parameters A

10°] and site occupancy factotdeq is defined as one third of the trace of the ortimagized

U' tensor.

Atom X y z Ueq S.o.f.
S1  -324(1) -59(1) -605(1)  19(1) 1
o1 9(2) 3299(1)  5245(1)  30(1) 1
02  3929(2) -433(1) 2715(1)  23(1) 1
03  4775(2) -3069(1) 1051(2)  29(1) 1
04  3954(2) -2283(1) -1173(1)  29(1) 1
05  1520(2) -867(1) -105(1)  19(1) 1
06  -1847(2) -858(1) -687(1)  28(1) 1
07  -396(2)  595(1) -1816(1)  27(1) 1
Cl  -757(3) 2825(2) 6226(2)  34(1) 1
C2  1239(3) 2576(2) 4885(2)  22(1) 1
C3  1674(3) 1405(2)  5329(2)  24(1) 1
C4  2065(3)  772(2)  4902(2)  24(1) 1
C5  3804(3) 1273(2) 4027(2)  21(1) 1
C6  3332(3) 2451(2)  3591(2)  22(1) 1
C7  2067(3) 3100(2) 4013(2)  23(1) 1
Cc8  5071(3)  535(2)  3497(2)  24(1) 1
CO  4981(3) -1240(2) 2208(2)  20(1) 1
C10  4069(3) -2479(2) 2017(2)  23(1) 1
Cll  5256(3) -2215(2)  223(2) 22(1) 1
Cl2  3287(3) -1095(2) -1638(2)  25(1) 1
C13  3242(2) -464(2) -361(2)  18(1) 1
Cl4  5029(2) -965(2)  771(2) 19(2) 1
ci5  18(3) 944(2)  772(2) 27(1) 1
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Table 3.Bond lengths [A] and angles [].

S1-06
S1-07
S1-05
S1-C15
01-C2
01-C1
02-C9
02-C8
03-C11
03-C10
04-C11
04-C12
05-C13

06-S1-07
06-S1-05
0O7-S1-05
06-S1-C15
O7-S1-C15
05-S1-C15
C2-01-C1
C9-02-C8
C11-03-C10
C11-04-C12
C13-05-S1
01-C2-C3
01-C2-C7
C3-C2-C7
C2-C3-C4
C5-C4-C3
C4-C5-Co
C4-C5-C8

1.4272(13)
1.4339(13)
1.5740(12)
1.756(2)
1.374(2)
1.434(2)
1.416(2)
1.436(2)
1.413(2)
1.447(2)
1.422(2)
1.440(2)
1.4764(19)

119.32(8)

104.30(8)

109.39(7)

109.16(9)

109.27(10)
104.31(8)

116.81(15)
113.07(13)
110.17(13)
108.52(13)
118.99(11)
124.53(17)
115.19(16)
120.29(17)
118.90(18)
121.85(18)
118.00(17)
120.50(16)

CZX3
Cx7
G4
CACS
C=C6
C5C8
ceC7
CoC10
CC14
CHC14
C1xC13
C114

CeC5-C8
CfC6-C5
cecr7-C2
OoZxC8-C5
OZx9-C10
0xL9-C14
CHLC9-C14
0O3C10-C9
0X11-04
0X11-Ci14
C4L11-C14
04C12-C13
O0xL13-C12
OxC13-C14

C1X13-C14

CL14-C13
CL14-C11

CEKC14-Cl11

1.388(3)
1.394(2)
1.393(3)
1.391(2)
1.397(3)
1.502(3)
1.382(3)
1.526(2)
1.529(2)
1.541(3)
1.508(2)
1.532(2)

121.37(17)
121.06(17)
119.89(17)
107.10(14)
110.15(13)
116.21(14)
102.88(14)
104.27(13)
110.32(15)
107.79(13)
107.16(14)
104.77(14)
108.03(14)
109.27(14)
101.99(14)
119.68(14)
102.63(14)
103.50(14)
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Table 4. Anisotropic displacement parameter$$A.0°]. The anisotropic displacement

factor exponent takes the forr277°[h?a*?U™ + ... + 2h k & b* U*?].

Atom Ull U22 USS U23 UlS UlZ
s1 17(1) 20(1) 21(1)  -1(1) 8(1) 1(1)
o1 36(1) 30(1) 29(1) 7(1) 19(1) 9(1)
02 21(1) 24(1) 24(1)  -8(1) 9(1) ~1(1)
03 39(1) 17(1) 38(1) 1(1) 25(1) 3(1)
04 35(1) 25(1) 28(1)  -8(1) 11(1) 3(1)
05 17(1) 18(1) 27(1) 2(1) 13(1) 1(1)
06 18(1) 31(1) 37(1)  -5(1) 14(1) ~4(1)
07 29(1) 29(1) 24(1) 7(1) 11(1) 6(1)
c1 38(1) 37(1) 37(1) 7(1) 25(1) 7(1)
C2 24(1) 25(1) 15(1)  -1(1) 6(1) 1(1)
c3 26(1) 24(1) 23(1) 1(1) 10(1)  -2(1)
c4 29(1) 22(1) 19(1) 1(1) 7(1) 0(1)
C5 23(1) 23(1) 16(1)  -3(1) 5(1) ~2(1)
C6 28(1) 22(1) 16(1)  -1(1) 8(1) ~4(1)
c7 30(1) 20(1) 19(1) 1(1) 8(1) 1(1)
c8 24(1) 24(1) 24(1)  -5(1) 8(1) -5(1)
c9 20(1) 21(1) 20(1) 1(1) 8(1) 3(1)
c10  27(1) 21(1) 25(1) 4(1) 16(1) 3(1)
cil  22(1) 21(1) 27(1)  -1(1) 12(1) 2(1)
C12  24(1) 31(1) 21(1) 0(1) 11(1) 3(1)
c13  17(1) 18(1) 21(1) 2(1) 11(1) 0(1)
Cci4  18(1) 16(1) 24(1)  -1(1) 11(1) 0(1)
c15  27(1) 26(1) 26(1)  -6(1) 7(1) 6(1)
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Table 5.Hydrogen coordinates [10f] and isotropic displacement parameter$ 407

Atom X y z Ueq S.o.f.
H1A  -1526 2114 5834 52 1
H1B -1565 3429 6432 52 1
H1C 296 2608 7082 52 1
H3 1100 1042 5915 29 1
H4 3282 -26 5218 28 1
H6 3890 2813 2995 27 1
H7 1763 3901 3709 28 1
H8A 5561 1026 2900 29 1
H8B 6176 223 4282 29 1
H9 6323 -1292 2891 24 1
H10A 4465 -2914 2910 28 1
H10B 2654 -2421 1632 28 1
H11 6600 -2338 268 27 1
H12A 1994 -1119 -2368 29 1
H12B 4171 -687 -2012 29 1
H13 3291 425 -441 21 1
H14 6168 -459 859 23 1
H15A -1137 1430 584 41 1
H15B 1109 1466 865 41 1
H15C 273 495 1635 41 1

Thermal ellipsoids drawn at the 35% probabilitydev
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(3R,4S,59)-4-(1,1-Difluoro-2-hydroxy-ethyl)-5-ethoxy-tetrahydro-furan-3-ol (3.116)

Table 1.Crystal data and structure refinement details.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient
F(000)

Crystal Fragment:

Crystal size

@range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness t6@= 27.47°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit orfF?
Final R indices F? > 20(F?)]
Rindices (all data)

2010s0t0425
@414F204
212.19
120(2) K
0.71073 A
Monoclinic

P2,

a=5.29810(10) A

b=6.45980(10) A 3= 95.7630(10)°

c=14.2857(3) A
486.452(16) A
2
1.449 Mg Pm
0.137 mith
224
Colourless
0.32 0.20x 0.10 mm
3.9927.47°
-6<h<6,-7<k<8,-18<1<17
5861
1208} = 0.0345]
99.0 %
Semempirical from equivalents
0.9864 and 0.9574
Full-matrix least-square$on
1201/1/130
0.958
R1=0.0275wR2= 0.0688
R1=0.0290wR2=0.0705

Absolute structure parameter 10(10)
Largest diff. peak and hole 0.178 atl198 e A3

Diffractometer: Nonius KappaCCbDarea detectorg{scans andw scans to fillasymmetric unif). Cell determination: DirAx
(Duisenberg, A.J.M.(1992). J. Appl. Cryst. 25, ®)®ata collection: Collect (Collect: Data collection software, R. Hodonius
B.V., 1998).Data reduction and cellrefinement: Denzo(Z. Otwinowski & W. Minor,Methods in Enzymologi1997) Vol.276:
Macromolecular Crystallographypart A, pp. 30#326; C. W. Carter, Jr. & R. M. Sweet, Eds., Acadefiess)Absorption
correction: Sheldrick, G. M. SADABS - Bruker Nonius area d#be scaling and absorption correction - V2.1fu&ure solution:
SHELXS97(G. M. Sheldrick, Acta Cryst. (1990)48 467-473). Sructure refinement: SHELXL97(G. M. Sheldrick (1997),
University of Gottingen, Germany§raphics: Cameron - A Molecular Graphics Package. (D. M. kiviatL. Pearce and C. K.
Prout, Chemical Crystallography Laboratory, Uniitgref Oxford, 1993).

Special details All hydrogen atoms were placed in idealised f@s$ and refined using a riding model.
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Table 2. Atomic coordinatesy 10f], equivalent isotropic displacement parameters A

10°] and site occupancy factotdeq is defined as one third of the trace of the ortimagized

U' tensor.

Atom X y Z Ueq S.o.f.

F1 4798(2) 5579(2) 8668(1) 17(1) 1

F2 7552(2) 5981(2) 7638(1) 21(2) 1

01 3975(2) 3058(2) 6135(1) 18(1) 1

02 1588(2) 1519(2) 7237(1) 18(1) 1

03 4064(2) 1197(2) 9139(1) 18(1) 1

04 8149(2) 3326(2) 9857(1) 18(1) 1

C1 2778(4) 3465(4) 4492(1) 32(1) 1

C2 1938(4) 3738(3) 5464(1) 25(1) 1

C3 3324(3) 3120(3) 7062(1) 14(1) 1

C4 3054(3) —214(3) 7608(1) 18(1) 1

C5 5135(3) 750(3) 8279(1) 14(1) 1

C6 5755(3) 2693(3) 7723(1) 12(1) 1

C7 6740(3) 4570(3) 8276(1) 14(1) 1

Cc8 8933(3) 4300(3) 9038(1) 16(1) 1

Table 3.Bond lengths [A] and angles [].

F1-C7 1.3834(18) 04C8 1.426(2)
F2-C7 1.3867(18) cic2 1.510(3)
01-C3 1.4030(18) CX6 1.544(2)
01-C2 1.438(2) CACS 1.520(2)
02-C3 1.423(2) C5C6 1.539(2)
02-C4 1.434(2) cecv7 1.511(2)
03-C5 1.4329(18) GLC8 1.520(2)
C3-01-C2 112.43(13) CG#C6-C5 117.76(12)
C3-02-C4 107.25(12) C6-C3 113.55(14)
01-C2-C1 107.82(16) CEC6-C3 104.67(13)
01-C3-02 111.68(13) HC7-F2 104.38(13)
01-C3-C6 107.70(12) HC7-C6 110.96(12)
02-C3-C6 106.10(13) FX7-C6 107.34(12)
02-C4-C5 104.18(14) HC7-C8 108.07(12)
03-C5-C4 107.37(12) FX7-C8 106.31(13)
03-C5-C6 113.66(13) CceC7-C8 118.75(15)
C4-C5-C6 100.81(12) 04AC8-C7 111.92(12)
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Table 4. Anisotropic displacement parameter$$A.0°]. The anisotropic displacement

factor exponent takes the forr277°[h?a*?U™ + ... + 2h k & b* U*?].

Atom Ull U22 U33 U23 U13 U12
F1 17(1) 15(1) 18(1)  -3(1) 3(1) 5(1)
F2 27(1) 17(1) 18(1) 5(1) 41)  -5(1)
o1 20(1) 23(1) 10(1) 2(1) 0(1) 2(1)
02 13(1) 21(1) 19(1) 2(1) o1  -2(1)
03 22(1) 19(1) 12(1) 0(1) 3(1)  -3(1)
04 22(1) 18(1) 13(1) 0(1) 1(1) 5(1)
c1 43(1) 37(1) 14(1) 51)  —4(1) ~7(1)
c2 28(1) 28(1) 16(1) 41  -6(1) 4(1)
c3 15(1) 15(1) 12(1)  -2(1) 1(1) 1(1)
c4 21(1) 15(1) 18(1)  -1(1) 2(1) ~1(1)
C5 16(1) 13(1) 14(1) 1(1) 3(1) 1(1)
C6 13(1) 12(1) 11(1) 0(1) 3(1) 3(1)
c7 15(1) 12(1) 14(1) 2(1) 5(1) 0(1)
c8 15(1) 20(1) 14(1)  -1(1) 1(1) 0(1)

Table 5.Hydrogen coordinates [10'] and isotropic displacement parameter$ ¥X.07].

Atom X y z Ueq S.o.f.
H903 5146 1807 9511 26 1
H4 7515 4216 10193 27 1
H1A 4304 4295 4436 47 1
H1B 1421 3922 4020 47 1
H1C 3153 2002 4389 47 1
H2A 1543 5211 5574 30 1
H2B 394 2907 5528 30 1
H3 2605 4504 7202 17 1
H4A 3782 -983 7099 22 1

H4B 2001 -1172 7945 22 1

H5 6638 -187 8388 17 1

H6 7097 2285 7314 14 1
HB8A 10272 3452 8789 20 1
H8B 9668 5673 9211 20 1
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Table 6.Hydrogen bonds [A and °].

D-H--A d(D-H) d(H--A) d(D--A) O(DHA)
03-H903--04 0.84 1.89 2.6801(18) 155.7
O4-H4..03 0.84 1.85 2.6850(17) 175.9

Symmetry transformations used to generate equivatems: (i)—x+1,y+1/2;-z+2

Thermal ellipsoids drawn at the 35% probabilitydev
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9.2 ANTIVIRAL ACTIVITY TEST AND CALCULATED PROPERTIES OF NEW PIs

The antiviral activity has been determined withedl-based replication ass&y. This
assay directly measures the ongoing replicatiorviafs in MT4 cells via the specific
interaction of HIV-tat with LTR sequences coupleddFP. In the toxicity assay, a reduced
expression of the GFP reporter protein serves asaeker for cellular toxicity of a
compound. Briefly, various concentrations of thst teompounds are brought into a 384-
well microtiter plate. Subsequently, MT4 cells afid/-1/LAI (wild type) are added to the
plate at a concentration of 150 000 cells/mL an@ 28Il culture infectious doses 50%
(CCIDsg). To determine the toxicity of the test compounthck-infected cell cultures
containing an identical compound concentration eaguge incubated for 3 days (37 °C, 5%
CQO,) in parallel with the HIV-infected cell culture®n the basis of the calculated percent
inhibition for each compound concentration, dosgpoase curves are plotted and EC50,
pEC50, CC50, and pCC50 values are calculated.

The logP value€® and the total polar surface areas (TPSA31%° were calculated using
Cresset FieldView 2.0.1.
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H (DRV)

NH,

17,2

547,66

1.10b H BO-NHMe 2,3 8,3 2,7 3,2
4.31a OH NH; 772,9 814,7 112,3 204,5
4.31b OH BO-NHMe 137,7 446,3 1254 108,0
4.31c OH OMe 6,5 12,4 6,9 6,7
4.31e OH Br 4,8 19,6 4,1 8,2
4.31f OH BO-NMe 39,7 80,9 14,9 15,3
4.31g OH BD 24,8 45,3 9,1 11,1
4.4a OBn NH 15 12,1 4,7 18,0
4.4b OBn BO-NHMe 0,8 3,7 1,7 34
4.5b O(2-F)Bn BO-NHMe 0,7 4,0 1.3 2,1
4.6b O(3-F)Bn BO-NHMe 0,6 3,7 0,8 1,7 0,8 1,2
4.7b O(4-F)Bn BO-NHMe 0,6 4,0 11 2,3 1,0 1,8
4.8b 0O(2,4-diF)Bn BO-NHMe 0,6 54 11 2,3 0,7 2,0
4.9a OPh NH2 8,9 47,2 32,5 249,1 6,5 3,6
4.10a PNP NH2 10,7 128,6 60,0 389,7 11,9 5,6
4.10b PNP BO-NHMe 2,5 153 5,0 19,9 2,2 2,0
4.11a PAP NH2 111 67,7 13,2 75,9 9,5 1,2
4.11b PAP BO-NHMe 8,3 68,8 6,5 12,3 2,7 0,8
4.12a OCONHBnN NH2 5,8 30,4 155 1245 52 2,7
4.12b OCONHBnN BO-NHMe 5,8 26,7 7,2 13,9 4,0 1,2
4.13a NHCO2Bn NH2 5,0 35,2 57 82,5 1,8 11
4.13b NHCO2Bn BO-NHMe 3,8 16,6 24 7,5 1,0 0,6

2,1 n/a 602,70 2,78 152,5
2,9 >31.48 563,66 2,11 160,6
n/a >31.48 618,70 2,13 172,7
n/a >31.48 578,67 2,53 143,9
n/a >31.48 627,54 3,36 134,6
n/a >31.48 632,73 2,16 163,9
n/a >31.48 624,74 3,53 153,1
35 >31.48 653,79 3,95 149,6
n/a >31.48 708,82 3,98 161,7
n/a >31.48 726,81 4,39 161,7
1,3 n/a >31.48 726,81 4,39 161,7
1,6 n/a >31.48 726,81 4,39 161,7
1,3 n/a >31.48 744,80 4,80 161,7
0,7 n/a >31.48 639,76 3,81 149,6
11 14,2 >31.48 684,76 3,61 195,5
0,9 9,5 >32.27 739,79 3,64 207,5
0,9 11,2 >32.27 654,78 3,40 175,7
0,3 9,9 >32.27 709,81 3,42 187,7
0,9 15,3 >30.61 696,81 3,66 178,8
0,7 <15 28,05 751,85 3,69 190,8
0,4 11,3 29,91 696,81 3,66 178,8
0,3 3,3 28,68 751,85 3,69 190,8




O(CH,).0Me

NH,

37,0

11,9

71,4

621,74

4.16b O(CH,).OMe BO-NHMe 8,6 24,0 6,9 10,8 <15 >31.48 676,78 2,42 170,9
4.16d O(CH,).OMe BP 3,7 4,4 7.4 17,5 <15 >9.84 658,76 2,76 158,6
4.17b MOM BO-NHMe 3,4 7,0 5,0 11,2 19 >9.84 662,75 2,38 170,9
4.18b MTM BO-NHMe 1,3 6,7 4,0 9,3 n/a >31.48 678,81 3,10 161,7
4.19b O(CH,).CFs BO-NHMe 0,5 8,2 0,9 2,8 n/a >24.59 714,75 3,73 161,7
4.20a OCH,CONHBn NH 16,0 93,5 10,8 35,2 31 >32.27 710,84 3,07 178,8
4.20b OCH,CONHBn BO-NHMe 25,0 102,3 13,4 151 2,7 >9.84 765,88 3,09 190,8
4.20c OCH,CONHBn OMe 0,6 4,6 3,3 4,4 n/a >31.48 725,85 3,49 162,0
4.21b OCH,CONHMe BO-NHMe 460,5 376,5 150,7 203,6 <15 >9.84 689,78 1,52 190,8
4.21c OCH,CONHMe OMe 6,9 16,1 14,3 15,7 n/a >31.48 649,75 1,92 162,0
4.22b OCH,CONMe&, BO-NHMe 249,1 243,4 101,8 83,8 4,1 >9.84 703,80 1,86 182,0
4.22c OCH,CONMe&, OMe 3,8 7,0 7,0 11,5 n/a >31.48 663,78 2,27 153,2
4.23b OCH,CF=CH BO-NHMe 0,4 2,2 0,8 2,3 n/a >24.59 676,75 3,19 161,7
4.24a N3 NH; 3,7 18,8 5,6 55,6 4,2 >9.84 589,68 3,16 177,8
4.25a Cl NH2 0,4 4,6 2,8 31,6 n/a >24.59 583,12 3,09 140,4
4.25b Cl BO-NHMe 0,5 4,2 0,7 2,1 n/a >24.59 638,15 3,11 152,5
4.26b F BO-NHMe 0,7 8,4 0,8 2,8 n/a >24.59 621,70 2,84 152,5
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