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Introduction to Benzofuran-Derived Natural Products...

1.1. Introduction to Protein-Protein I nteractions (PPl s)

There is a growing desire to undertake biologieaféts, within the drug discovery
arena, that lie in the domain of protein-proteiteiactions (PPIs),and, result from
the de-regulation of intracellular signaling patlys&Becauseproteins play central
roles in all aspects of cellular function includimgetabolism, information processing,
decision making, transport, and, the structurahoizption® it is becoming clear that
signaling networks that are composed of severalptexnPPIs are central to both
normal and dysfunctional cellular proces&$:"*In a classical drug discovery
approach, the focus was mainly on enzymes (su&inases and phosphatases), and,
depending upon the structural information of a giveolated target which would
then aid in the design and synthesis of small nubdsc In this era, the challenge was
to discover novel small molecule that have the miad€to hit only one target, i.e. the
desired kinases or phosphatases. The post-gencatiaught us that this is not going
to be an easy undertaking, keeping in mind thatdrugenome encodes more than
600 kinases and ~250 phosphatases. So, the groesi is to undertake biological
targets that are focused on protein-protein inteas and on the de-regulation of

dynamic signaling pathways.

B~ g
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. ) . Smallmolecule binding

. to an enzyme active site
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Figure 1. A. Small molecule binding to an enzyme active. dtelllustration of
protein-protein interfaces represents two intengcgroteins (human glutathione S-
transferase, PDB ID: 10gs, Chains A and B)

Unlike the deep and well-defined pockets that eresyrdo offer, PPIs involve a
shallow, large surface area with extensive hydrbghoteractions and a reference
example is shown iffigure 1.° Protein-protein interactions are largely driventbg

hydrophobic effect.Hydrogen bonds and electrostatic interactions plag crucial




Chapter 1

roles® and, covalent bonds are also important. The disgosfesmall molecules that
regulate protein-protein binding interactions is gifeat interest and practical

importance’

1.2. Protein-Protein Interactions: Challenges and Opportunities

Several factors have contributed to the limitedcess of small molecules as
modulators of protein-protein interactiofisin general, protein-protein interactions
involve shallow surfaces and cover a relativelgéasurface area. Proteins also have
areas known as “hot spot§”In several cases, it has been observed that these
spots” contribute significantly to an overall bindi and, the targeting of these
“focused surface areas” has successfully led talésggn of small-molecule binders.
There are a few examples in the literature whexetral information of a protein-
protein complex has led to the design of small ks that exploit the “hot
spots”*® One such example of a rationally designed moleinvelved the synthesis
of small-molecule modulators capable of interfermwgh caspase 9-IAP BIR 3
domain interaction§: However, despite having structural information toé protein
surface(s), there are very few cases where thisnrdtion has successfully led to the
rational design of small-molecule modulators oftei-protein interactions. Thus,
by developing organic synthesis methods that abowding the chemical toolboxes
having compounds belonging to natural product-mespi(or like) or even hybrid
natural products remains an attractive strategy tha identification of small-

molecule modulators of protein-protein interactibh&

Developing small molecules that modulate proteiotgin interactions is difficult,
owing to issues such as the lack of well-definedlinig pockets. Nevertheless, there
has been serious progress made in this endeavoueciamt years® While the
disruption of protein-protein interactions is a ltdvaging undertaking, it has recently
yielded several new compounds including small mdes: that disrupt interactions
important for cancer including the inhibitors fo63mdmz2, Bcl-2/BH3, XIAP/
caspase-9, XIAP/caspase-3, Rac/Tiaftatenin/ TCF and Sur-2/ESX

1.3. Natural Productsas M odulators of Protein-Protein I nteractions
Natural products have served as the source andatiep fora large fraction of the
current pharmacopoetaHistorically, natural products have been the sewfomany

new drugs Newman and Cragg analyzed the sources of new drags 1981 to

2



Introduction to Benzofuran-Derived Natural Products...

2006, and, using a fairly broad definition of wlainstitutes a “natural product-
derived drug”, it indicates that almost 50% of ndwgs introduced during this
period had a natural product oridih Over the years, 3-dimensional (3-D),
architecturally complex natural products have besed as small-molecule probes
for understanding protein function(s). The searoch Hovel natural products with
interesting biological properties is still ongoitfd’ Natural products are a number of
highly diverse, chiral functional groups, which aree potential sites for protein
binding. Although natural products from a variefysources (i.e. plants, soil, sea,
etc.) are very useful candidates for identifyingapde compounds, the major
disadvantage with natural products is difficulty a@he follow-up organic
synthesis/medicinal chemistry efforts.

Natural products offer several advantages ovecligsical drug-like compounds in
several ways, and, these are: (i) the presenc® afh@pes, (ii) the ability to present
several chiral functional groups to provide specbinding interactions in the 3D
space, and, (i) multiple rings or macrocyclic sespThe chemical properties of the
small-molecule natural products that have recelodgn developed into drugs have
been analyzetf It appears that at least half of them were foundbé closely
compliant with Lipinski’'s rule of five for orally \ailable compounds, but the
remainder had higher molecular weights, more retddunds and more stereogenic
centres, although they retained relatively low logiues. It is also well-accepted

that, on average, natural products are more reabdprbed than synthetic drugs.

In many cases, there is insufficient material fog various desired biological assays,
thereby limiting the exploration of their full paotiéal. One solution to this,
developing relatively simple structural analogs hwitomparative biological
responses to the natural product, is a challengnugrtaking, and, it is at this point
that a diversity-oriented synthesis (DQBdgram*®*® or biology-oriented synthesis
(BIOSY® developed for the specific natural product classxtremely useful. Both
approaches are aimed at populating the unexploegdral product-based, chemical

space that is currently unoccupied by conventionaibinatorial chemistry

Members of natural products including alkalofdi$lavonoid$® and several of their

derivatives are known tpossess a diverse range of biological propertiesar@only
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found in natural products, “benzofuran and derigeldstructures” that are ideal sub-

structures for interactions with for protein tasfét

1.4. Examples of Benzofuran-Derived Natural Products as

Modulator s of Protein-Protein I nteractions
In this section, | am going to discuss some of Bemzofuran-derived natural
products, and, two case studies of natural produsiish as galantamine and

rocaglaol.

Me,
\
N

.-lIOH
O o H

OMe

-)-Galantamine
()F2.1 Rocaglamide ~ OM® R= H, Morphine F2.3

F2.2 R= CH,, Codeine F2.4

Liphagal F2.5 Daleformis F2.6

selective Inhibits endothelin converting enzyme

phosphoinositide-3-kinase a inhibitor
Figure 2. Benzofuran-derived bioactive natural products

Benzofuran and furan are two common structural etdm present in numerous
bioactive natural products as well as in pharmacaist molecular electronic and

functional polymer$?

1.4.1. Synthesisand Chemical Biology of (-)-Galantamine

(-)-Galantamine is an alkaloid isolated from theu€Gssian snow-drop (Galanthus
woronowii) and from the bulbs of different specedshe Amaryllidaceae family and
related genera likeNarcissus (daffodil), Leucojum (snowflake), and.ycoris inclu
ding Lycoris radiate (Red Spider Lily). It is a centrally acting, sdlee, reversible,
and, competitive acetylcholinesterase (AChE) irthitfi* as well as an allosteric
modulator of the neuronal nicotinic recepfor acetylcholiné” (-)-Galantamine is

the most recently approved AChE inhibitor in Eurdpethe European registration

4



Introduction to Benzofuran-Derived Natural Products...

bureau and in USA by FDA for the symptomatic treatinof Alzheimer’'s disease
(AD) and it is commercially available as razadyg@&antamine hydrobromide. Some

of galantamine-type amaryllidaceae alkaloids anreirtherivatives are shown in

Figure 3.
\/:OCHg \/:OCH3 %OCHg \/:OCH:;
(-)- galanthamme (-)- narwedlne (-)- choramlne galanthamlne analogs

Figure 3. Naturally occurring galantamine-type amaryllidacediealoids and their

derivatives

Synthesis

Synthetic approaches to galantamine rely on two keaction protocols: (a) a
biomimetic approach via the phenolic oxidative doupin the presence of metal
oxidants?® and, (b) an intramolecular Heck reactfdrand, a very few reports have
disclosed the asymmetric synthesis of this molec8lnthesis of galantamine is
shown inScheme 1. The researchers planned first to form the O5-Gdiad by a
palladium-catalyzed asymmetric allylic alkylatithortho-halophenol, and, then
employ an intramolecular Heck reactidiio prepare the crucial quaternary center.
Palladium catalyzed reaction of 2-bromovanitlia,*® with carbonatel.2** which is
available in two steps from glutaraldehyde and Ememons-Wadsworth-Horner
reagent in the presence of a ligah&® furnished the required aryl eth&#. Next,
1.4 was reduced with DIBAL-H, and, the resulting diabfected with TBDMS-
triflate to afford bisTBDMS ether 1.5 in 89% vyield from 1.4. After several
conditions 1,2-bis(dicylohexylphosphino)ethane (dcpe) provedbe an excellent
ligand for an intramolecular Heck reaction, affaglibenzofurarl.6 in 50% vyield
along with 19% of the monodeprotected produ¢t TheTBDPSdeprotection ofl..6
and 1.7 mixture followed by the chemoselective Ma@xidation of the resulting
diol, afforded aldehydé&.8 and reductive amination with methylamine, followsg
Boc protection gavel.9 with 83% yield. Oxidation of1.9 followed by Wittig

reaction gavel.1l0. Concomitant de-blocking of the secondary amind &me
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hydrolysis of the methoxy vinyl group gave a sewaembered ring hemiaminal
which was not isolated, immediately treated witdism cyanoborohydride to afford
(-)-3-deoxygalanthamine,1.11 in 53% overall yield. The reaction of the
tosylammonium salt of tertiary amine11l with dimethyl dioxiran& afforded a
mixture of epoxide and the correspondimdpydroxy tosylate. The treatment with
DBU convertedu-tosyl alcohol to an epoxide12 which was isolated in 45% from
1.11. Regioselective opening of an epoxidel2 with sodium phenyl selenide
produced a-hydroxyselenidel.13, followed by a chemoselective oxidation with
sodium periodate to produce 1:1 mixture of diastereric selenoxides. These
selenoxides required heating to effect the desice/ersion into (-)-isogalanthamine
1.14. Reaction of 1.14 with Osborn’s rhenium(VIl) cataly&t produced (-)-
galantamine.

: ~>—NH HN—f
o PPhy  ph,p COZCHs

HasCO Br 13 1. DIBAL-H, PhCH,
. L 78°C (92%)
CHO  TrocO 1% [n3 -C4HsPdCll, cHO 2. TBDMSOTT,
11 Co.,cH.  (CaHs)sN, DCM 2,6-lutidine, DCM
: 1.2 752218 709, 88% ee 1.4 97%
F"
¢ OTBOMS 20% Pd(OAcy, |, oo 1. TBAF, THF,
H;CO. Br 18% dcpe 3 RT, 99% H4CO.

oo “*—0TBDMS
roton sponge,
OTBDMS  POn SRS

15 RO 1.8
R= TBDMS (50%) 1
R=H (19%) 1

2. MnO,, Acetone,
RT, 97%

1. MeNH3Cl, NaCNBH3  H,CO.

1. DMP, NaHCO3,
MeOH, reflux

DCM, RT, 92%

2. NaHMDS, THF, 0°C
HyCO._PPhyBr
(64%, 10:1 Z:E)

OCH3 1. TFA, DCM, RT
_—

2. Boc20 (osz)3
DCM, R

2. NaCNBH3, MeOH,
4 A°MS, 0 °C, 53%

1.10

1. TsOH, DCM, RT """1SePh

2. DMDO, acetone
—_—

3.DBU, THF, RT
45%

H;CO. PhSeSePh, NaBH,,

—_—
EtOH, 80 °C, 98%

NalQy4, THF, H,0, RT,
—_—_—
then CHClj, 80 °C

64%

Ph,SiRe03, TsOH,

HyCO
PhH, 60 °C, 50% 3

Scheme 1. Synthesis of (-)-galantamife

1.4.2. Synthesisand Chemical Biology of (-)-Rocaglamide
Flavaglines are a family of natural compounds et#@ from Asian plants of the
genus Aglaig® In 1982, Kinget. al., isolated the first flavagline, rocaglamigi@.2
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from Aglaia elliptifolia, on the basis of its poten vivo activity against murine P388
lymphocytic leukemid’ Since then, many other flavaglines, such as rooagla
silvestrol, have been isolated, mainly by the plarognosy laboratories of
Kinghorn, Pezzuto, and Proksch. These cycloperiafidofurans have been shown
to inhibit the proliferation of tumor cells in avonanomolar range, either by
cytostatié® or cytotoxic effects? depending on the compounds as well as cell lines.

Rocaglamide and different analogues are shoviigar e 4.

Ry Rz Rs
rocaglaol (1) OCHj3 H H
aglafolin (2)  OCH,4 H  COOCH;

pannellin (3) O—CH,-0 COOCH;4
rocaglamide (4) OCHg H CON(CHs3),

aglaroxin A (5) O—CH,-O  CON(CHg),
desmethyl rocaglamide (6) OCH; H  CONHCHs

Figure 4. Rocaglamide and analogues

Synthesis

In 1987, Taylor and co-workers reported a numbeisgnthetic approaches to the
tricyclic rocaglamide skeletol?, and, in 1989, Kraus and co-workers reported the
synthesis of a di-epi-analogue of rocaglanfideater, Trostet. al., published a total
synthesis of (-)-rocaglamide itself, which estdidid the absolute configuration of
the natural produé® Retrosynthesis of (-)-rocaglamide is showrSaheme 2. The
researchers developed a novel oxidative cyclizatapproach to create the
dihydrobenzofuran ring2(2-2.1).
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Scheme 2. Retrosynthetic analysis of (-)-rocaglamide
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OS|Me3 —_— OS|Me3 EEE—— e
MeO benzene, 45 °C MeO 3. Me,NBH(OAC)s,
Ph ph MeCN, AcOH

COOMe CONMeQ

Scheme 3. Synthesis of (-)-rocaglamide

Pd-catalyzed cycloaddition of the substituted TMiMqursor2.4 and an acceptd:.1
under 5 mol% Pd(OAs) 30 mol% (iGH;)sP, PhCH, reflux conditio® gave the
cycloadduct. This was followed by hydrolysis (NaCEQOH, reflux), esterification
(CH2N2, GHsOAc, room temperature), and, ozonolysis, which gawmeoptically
pure adduct3.2. Condensation with dimethyl phloroglucinol yield&d3, further
transesterificatiof with benzyl alcohol [Ti(OCkPh), PhCHOH, 100°C, 78%]
afforded a single produ®.4 in which only one ester was exchanged. Oxidative
cyclization of 3.4, gave the complete nucleus5 with 75% vyield. Catalytic
hydroxylation with 4 mol% Osg 2 equiv of NMO, 5:1 THF/ED, room
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temperature, along with DABC®* and Moffatt-Doering oxidatiaft’ followed
immediately by silylation and decarbobenzyloxylatgave the keto est8r6 as a 3.l
keto/enol mixture, in an overall 60% yield. Theraauction of the double bond into
3.6 by selenylation-dehydroselenylatf8rfailed, whereas, sulfenylation with NaH,
PhSCI followed by dehydrosulfenylation (MCPBA, Na@§ CH,Cl,, -20 °C)
produced enon@.7 in 72% vyield The enone3.7 smoothly underwent amidation
under Weinreb's conditioffsto obtain an amid&.8. The use of Pearlman's catalyst
proved completely reproducible but generated a 12-@iastereomeric mixture
favouring 3.8. The crude amide was directly desilylated and tdrasselectively
reduced from the3-face by templating the reducing agent with theghkoring
hydroxyl group® to provide (-)-rocaglamid&2.2 in 50% overall vyield for three
steps.

1.4.3. Chemical Biology of Morphine

Morphine was isolated in 1804 by Friedrich Sertidrménich is the first isolation of a
natural alkaloid in history. Sertirner originallpmed the substanesor phium after
the Greek god of dreams, Morpheus for its tendém@pause sleep. Morphife€.3 is
an opioid analgesic drug, and, the most abundaiateofiound in opium, the dried
latex from unripe seedpods pépaver somniferum (the opium poppy)Like other
opioids, such as hydromorphone and diacetylmorplflreroin), morphine acts
directly on the central nervous system (CNS) teevel pain. The first synthesis of
morphine was reported in 1952and, further interest in developing the improved
asymmetric total synthetic routes continued becaakethe broad range of
pharmacological properti€s.

1.4.4. Chemical Biology of Liphagal

Liphagal is a selective inhibitor of PI3 kinageand isolated from the spondda
coralliphaga in Dominica. The structural elucidation and biomiimesynthesis was
reported in 2008°

1.4.5. Chemical Biology of Daleformis

Daleformis, a new phytoalexin from the roots Dhlea filiciformis Snader
(Fabaceae), was found to be active in endothelinveming enzyme (ECE)
inhibitory screen. ECE is a membrane bound neutigthlloprotease that catalyzes
the conversion of a 38-residue inactive intermedl@gendothelin (B-ET) to a 21-
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residue potent vasoconstrictive peptide, endotHET-1). The overproduction of
ET is associated with numerous disorders includliyygertension and renal failure. It
is an ECE inhibitor and by interfering with the Biosynthesis pathway it reduces
the production of endothelin and this may have therapeutic utility for
hypertension or renal failure. Daleformis inhibi@GE with an 1G of 9.0 pM>*

1.5. Importance of Macrocyclic Natural Products

One structural feature that is common in the sévertural products is the presence
of a macrocyclea ring architecture of 12 or more atoms. Macrocyci@tural
products have evolved to fulfil numerous biocherfaactions and their profound
pharmacological properties have led to their dgwelent as drug®. Some examples
of bioactive macrocyclic natural products are shawrFigure 5. A macrocycle
provides diverse functionality and stereochemiaahpglexity in a conformationally
pre-organized ring structure. This can result ighhaffinity and selectivity for
protein targets, while preserving sufficient biodedaility in reaching intracellular
locations>® Despite the proven therapeutic potential of sdvermcrocyclic
compounds, they have been underexplored and pewplpited for the discovery of
novel drug molecules. Because of their structucahmlexity, it usually generates
difficulties in an analogue synthesis and most w@galic compounds typically do
not follow Lipinski's rule. Although several reselargroups are investigating the
potential of synthetic macrocycles for drug disagyeand, have shown that such
compounds can provide high target affinity and delgy in structures that have
acceptable drug-like properties. Several synthei@crocycles, unrelated to natural

products, are now under an active preclinical dimical developments.

10
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R4= OMe, R,= H Geldanamycin F5.2

F5.1 R4=H, R;= OMe Herbimycin A F5.3 Erythromycin A F5.4
Rifampicin : (HSP90 Inhibitors) (Antibiotic)
(Antituberculostatic)
HO—, Me

0 OH O HO

3 OMe
X =0, Epothilone B F5.5 Me Me OH ) ,
X =NH, Ixabepilone, F5.6 . Ebal)i?;:ﬂamlo%eu étzrs)-s
(tubulin modulator) Peloruside A F5.7

(tubulin modulator)

Figure 5. Examples of bioactive macrocyclic natural products

Current macrocyclic drugs are almost exclusivelyiveel from natural sources
(primarily microorganisms) and are either identi¢al or closely derived from

naturally occurring macrocycles.

In this section, | am going to discuss about th@adrtance of some macrocyclic
natural products, and, a case study of diazonamida benzofuran-derived 12-

membered natural product.

1.5.1. Chemical Biology of Rifampicin

Rifamycins were first isolated in 1957 from a fentaion culture oB&treptomyces
mediterranei at the laboratory of Gruppo Lepetit SpA in Milay two scientists
named Piero Sensi and Maria Teresa Timbal, workuity the scientist Pinhas
Margalith. RifampicinF5.1 is a bactericidal antibiotic drug of the rifamyagnoup.
Rifampicin inhibits the bacterial DNA-dependent RN#nthesis by inhibiting the
bacterial DNA-dependent RNA polymeraded chemical process for the preparation

of rifampicin is also reportet.

1.5.2. Chemical Biology of Geldanamycin

Geldanamycin was isolated by workers at Upjohn f@&nasptomyces hygroscopicus
var. geldanus var. nova in 1970. Benzoquinoid ansamycirssjch as geldanamycin
F5.2 and herbimycin AF5.3, are two antibiotics that exhibit the antitumofeefs™®
The Hsp90 client proteins can be destabilized wgedanamycin binds to the ATP-

11
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binding site of Hsp90, and, it inhibits the chaperoactivity of the protein.

Geldanamycin competitively binds to tieterminal ATP binding site of HSP90,
and, this then prevents the ATP binding and disruite ATP-dependent
conformational cyclizationThe total synthesis of geldanamycin was carriel-ou

initially, by Andrus and co-worke?$and, later, by several other researcfers.

1.5.3. Chemical Biology of Erythromycin A

In 1949,Eli Lilly’s research team isolated erythromycinrirdhe metabolic products
of a strain ofSreptomyces erythreus and the product wasunched commercially in
1952. Erythromycin is an antibiotic useful for ttheatment of a number of bacterial
infections. In 1981, Robert B. Woodwaadong with a large number of members
from his research group, reported the first stesatrolled, asymmetric chemical
synthesis of erythromycin .

1.5.4. Chemical Biology of Epothilone B

In 1996, Hofle and his co-workers isolated 16-membenacrocyclic natural
products called Epothilone A/B.Like taxanes, epothilones were shown to interrupt
the cell mitosis by stabilizing microtubules, artdus exhibit excellent cytotoxic
activity. Another interesting fact is that epotimés are known to bind the

microtubulé* at a site closer to that where taxol binds.

1.5.5. Chemical Biology of Peloruside A

Peloruside A was isolated from a marine sponggcale, and was reported by
Northcote in 20068° It is a potent microtubule stabilizer that actsanmanner
synergistic to that of paclitaxel. The first totaynthesis was reported by De
Brabander group in 2008.Peloruside A synthesis are also reported by skwotrar

groups®’

1.5.6. Synthesisand Chemical Biology of Diazonamide A

Diazonamide AF5.8, is a secondary metabolite isolated from the daloascidian
Diazona angulata. In 1991, Fenical and Clardy, first disclosed theudure of
diazonamide A, whose unprecedented molecular aathite included a cyclic
polypeptide backbone, a strained halogenated hateroatic core trapped as a
single atropisomer, and, a lone quaternary centéneaepicenter of its two major

macrocyclic subunits. Later, despite unique chagksn posed by this amazing

12
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molecular framework, in concert with an impressiveitro cytotoxicity (nanomolar
activity against human colon carcinoma and B-16ineumelanoma cell lin€¥,the
first successful synthesis of the proposed strectiirdiazonamide A was achieved
by Harran group at the Southwestern Medical Cent&allas, Texa$§® Originally,
the product was not matched with the proposed tstrg@nd, later, the structure was
revised which included an alteration of the terrhiaaino acid, exchange of the
heteroatom in ring F, and, the addition of a temtg (ring H) to the natural product

architecture. This further led to a series of ngmtisetic campaigns worldwid8.

hlorination

IR

Peptide
coupling
Aminal formation BocO 4.2 Witkop-type
) macrocyclization
Diazonamide A F5.8
Me Me
M Me
N AN © N
HNT Y Z “NH N (B
CbzHN,, (7 Robinson-Gabriel HN = 0 =
’ o cyclodehydration CbzHN,, oY NH
(=)
* NH B

|

Macro e Me B T
lactamization Me Me
\_t"_t_ = HZNI|¢N e
CbzHN,,, 00 W/
W ®
BocO O H Br
4.6 - 4.9
Me
BocHN Me Me
Me 0
BocHN OBn
N + o — ee =
p— N (e}
CO,Me MOM Br -1
4.1 412 Nucleophilic HO

addiion 67 Mom &

Scheme 4. Retrosynthetic analysis of diazonamidé A

Retrosynthetic plan for diazonamideFA.8 is shown inScheme 4. According to this

plan, removal of the C-2 hydroxyisovaleric acidesithe excision of the two aryl
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chlorines and the FH aminal ring on the basis afsaerations of their stability to
diverse reaction conditions. Later, two motifs cbloé generated in either order, with
the chloro groups arising through a site seleatideetrophilic aromatic substitution
reaction and the aminal ring resulting from theitdid of the C-7 phenol onto an
iminium species derived from the F-ring lactam4i2. For the macrocyclic ring
formation the heterocycle-based ring system at its C16-C18 bihndage was
unfurled through the Witkop-type photocyclizatiamrtsformatior? giving 4.3. It
was then simplified td.6 by unravelling its B-ring oxazole to a keto amptecursor
4.4 and then breaking apart the newly unveiled amidiafje to excise the CD-
indole portion as amind.5. The initial nucleophilic addition of a dianion sva
derived from oxazold.11 onto the more reactive C-3 carbonyl group of rsati2,

a process that would lead to the requisite testpowmd 4.10 bearing a tertiary
hydroxyl group. Subsequent exposure of this produi€i to acid in the presence of
the electron-rich L-tyrosine-derived building blo¢l8 was then expected to give rise
to 4.7 by way 0f4.9.

Me
Me BocHN
BocHN NH, EDC Me
Me Ho\)\ HOBL,
+ CO,Me —— o) NH
O OH Et;N HO
5.1 5.2 CO,Me
5.3
Me
0 Me
\73\ _CO,Me BocHN M BocHN
Et;N° N e Me
® © BrCCls,
—_— N\ —_—
Burgess o N DBU 0" >N
reagent \—QQ \__(
54 COMe 411 COzMe

Scheme 5. Synthesis of oxazole building blodkl1

Synthesis of Diazonamide A

First, the construction of an oxazole fragméritl is shown inScheme 5. Starting
with the merger oBoc-protected L-valiné.1 and DL-serine methyl estér2 led to
obtain5.3 in 92% vyield through a standard peptide-couplie@ction as conducted by
EDC and HOBt, and, following cyclization to oxazwi5.4 through the action of
Burgess reagefitin refluxing THF over the course of 4 h. Subsedq@enmatization
as effected by BrCghnd DBU in DCM at 25 °C, and, this approach debdethe

requisite fragmem.11 in 72% overall yield.

14
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NH, o NHrTFA
i. (Boc),0
i. DDQ
A\ —_ > N\
iii. TFA
N
H N
6.1 45
A MgBr /)
D ——
O,N N
Br 6.3 Br
6.2 KOH, I,
o)
[
i. LIHMDS,
0 MOMCI /
N -
MOM ii. RuCly:3H,0, N
Br NalO, H
412 6.4 Br

Scheme 6. Synthesis of compoundss and4.12

As shown inScheme 6, to access indole fragme#5 by selectively protecting the
free primary amine of tryptamin@l, a ketone carbonyl was installed through the
action of DDQ in agueous THF, and, then exposimgrésultant product to TFA to
concomitantly cleave thé\Boc protecting group. This approach delivered the
product as its stable TFA salthe MOM-protected 7-bromoisatthl2 required four

steps from 1-bromo-2-nitrobenzebe, by the way of 7-bromoindol6.3, in 43%

yield.
M
$ Me ° Me
BocHN
f\""e BocHN Ve BocN Ve
o’ N i. LiBH, nBuLi N
\—=( —— N — o N
copme -NaHMDS \___k \;k
P BnBr C]
OBn
411 71 OBn 72
Me Me
OBn
H,N _N
. //
A2 41048, cbzhHN,, COMeO (Bo9O
pTsOH,
CICH,CH,ClI - Br
0 73
HO

Scheme 7. Synthesis of compourtl7

Synthesis of the First Macrocyclic Unit
Compound4.11 was converted into a protected primary alcold!|, and, then

fragments were smoothly converted idtd0 in 73% vyield as shown iBcheme 7.
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After extensive optimization conditions, the syrdiseof 7.3 was accomplished in
47% vyield by refluxing a solution containidg (4.0 equiv)4.10 (1.0 equiv), ang-
TsOH (4.0 equiv) in 1,2-dichloroethane followed MBoc protection of free amine,
which gave 4.7, with a separable C-10 epimer. Finally, an intreeoolar
lactamization was achieved to obt&i2 along with a small amount of pher®B in
36% combined yield. The MOM and benzyl ethers wben removed through the
action of BC} in DCM at -78 °C, as shown Bcheme 8.

H2N
i. MOMCI HBTU,
a7 J-HOH_ cozmin,, COZH ) / _colidine 02N CbzHN,,
iii. TFA
NMOMB Nmom® Nmom®

MOMO
MOMO 8.1

i N
BCl, a6 i. (Boc),0 HN // o £oC, .
NaOH ii. IBX CbzHN,,, (0] HOB, 44 3, PY ‘
iii. NaClo, o} —_— —

hv, LiOAc or iBAL-|
PhySnH, AIBN i.NCs CbzHN,, T obeN,, A, ©
Macrocyclization ii. TFA o

8 -

o
OH 85
0 I
(¢]
NH

Cl

. CozhN,, i. Hy, PA(OH),/C -
ii. 4.1, EDC,

HOBt

Scheme 8. Final stages and completion of the first totadthgsis of diazonamide A

Completion of the Synthesis

Selectively protecting its H-ring phenol asNBoc carbonate using (Bof£) in a
solvent mixture of aqueous NaHg@nd 1,4-dioxane (1:2) over the course of 24 h
followed by the conversion of free hydroxyl grounpa a carboxylic acid through two
iterative oxidations (IBX, NaClg), afforded8.4. Further, peptides coupling with5
produced ketoamidd.4, followed by a Robinson-Gabriel cyclodehydratiosing
pyridine-buffered POGlat 25 °C afforded.3. Compound4.3 was then subjected to
Witkop-type photocyclization conditions, and, thiggave 4.2 with the desired
stereochemistry. Alternatively, the conversion 43 into 4.2 under free radical

conditions by treating.3 with a slight excess of BBnH and catalytic amounts of

16
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AIBN in refluxing benzene yielded 10% 41f2. After treatingd.2 with NCS at 60 °C
for 2 h in a 1:1mixture of THF and Cglthis led to the site- and atropselective
incorporation of the two requisite chlorines. Tss then followed byNBoc
deprotection to obtaiB.5. After several optimization conditions, the syr#isenf8.7
was accomplished in 56% yield through the portiasewaddition of 100 equiv of
DIBAL-H (5 x 20 equiv) to a solution of 50 in THFver 3 h, using a cooling and
warming cycle between -78 °C and 25 °C after ealditian. Finally, theCbz group
was removed chemoselectively, guarding the C-2 antimough a standard
hydrogenation protocol using Pearlman’s catalys0%2Pd(OH)YC] in EtOH,

followed by a peptide coupling withl gave diazonamide A in overall 21 steps.
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2.1. Introduction

Excess cell death via apoptosis is associated adtb-immune and degenerative
diseasé? Small molecules that interfere with the orderedeseof protein:protein
interactions by which the pro-apoptotic proteinsxBand Bak permeabilize
mitochondria to kill cells would be useful as toéts studies in live cells and as
leads for novel therapeutit§.The transient prevention of programmed cell death
(PCD) is predicted to be of potential therapeugadfit when cells are subjected to
acute stress, such as, during ischemia, ischerméxrftesion, inflammation as well as
when exposed to other forms of stress, for exanmpleormal tissues during cancer
chemotherapy?®’®° While there are many cellular strategies for avaidi
apoptosis?**? pharmacological inhibition of apoptosis has not rbeewidely
investigated.The multi-domain pro-apoptotic Bcl-2 family membdé3ax and Bak
are theoretically attractive targets for the depeient of small molecule inhibitors
due to their central importance in mitochondriatesumembrane permeabilization
(MOMP), an event widely accepted as committing mosiis to apoptosis*
MOMP results from an ordered series of steps béginwith activation of one or
more Bcl-2 homology 3 proteins (BH3-proteins). Oactivated, BH3-proteins bind
to mitochondria, directly recruit and activate Baxd the constitutively membrane
bound Bak®

In some cases ‘activation’ involves releasiagpreviously activated Bax or Bak
from inhibition by an anti-apoptotic protein of tiBel-2 family®'’ The embedded
together model suggests that membrane bound Banitseeand activates both Bax
and Bak by catalyzing insertion of the core heli&§ into the lipid bilayer.
Oligomerization of integral membrane Bax and/or BaXminates in membrane
permeabilizatiof:® Theoretically, MOMP could be prevented by inhititiany one
of the individual steps that lead to the oligomatian of Bax and Bak in the outer
mitochondrial membrane. It is therefore not surpgsthat small molecules that alter
the physical properties of membranes such as direicpropranolol and cholesterol
have all been shown to partially inhibit the ingertof Bax into membranes thereby
reducing apoptosi®**?Figure 1 shows the detailed mechanisam of apoptosis from
the perspective of the Bcl-2 family of protefiisHowever, gross perturbation of
cellular membranes is likely to have wide rangeftgcts on cellular physiology,

meaning, such molecules are unlikely to be usefibgs for studying the molecular
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mechanism of Bax activation or as leads for tlevetbpment of pharmaceuticals.
Two other classes of Bax inhibitors have beenntedpone of which is sufficiently
hydrophobic that it is expected to partition inthembrané®?*? While access to
these molecules has been limited, it hasnlseewn that they inhibit Bax but
not Bak!® Furthermore, elegant electrophysiology studies ssiggl that they act as
channel blockers rather than inhibiting Bax oligoiretion®®> However,
permeabilization of mitochondria and liposomes lay Beleases large molecules like
proteins. The molecular mechanism by which smalleside channel blockers

prevent Bax mediated protein release from mitocharid not clear.

FasL/TRAIL
Growth factor uv (2) ;S

" s s 1 "a" s s 8" s s"s" 5”8 "5 s 8" 8" INCOOOMOOOR T, Tote¥s | TaleTaTeTetatom v wly
........

(4)
Oligomerization

R Endoplasmic
Nucleus DNA Damage % reticulum

CCR Molecuiar Pathways AC

Figure 1. (This picture is taken fronClin. Cancer Res. 2009, 15, 1126) The
apoptotic pathway to cell death from the perspectivthe Bcl-2 family of proteins:
(1), The intrinsic pathway is initiated by variosgnals, principally extracellular
stimuli. (2), The extrinsic pathway is activatedfgs ligand or TRAIL, subsequently
activa ting caspase-8. Caspase-8 transforms Bl timincated Bid. In addition,
caspase-8 initiates a cascade of caspase activ@8lpmBH3-only proteins (Bim, Bid,
Bad, Noxa, Puma) engage with anti-apoptotic Bcadify proteins to relieve their
inhibition of Bax and Bak to activate them NextxBand Bak are oligomerized and

activated, leading to mitochondrial outer membrg@meabilization. (5), Once
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mitochondrial membranes are permeabilized, cytorderc and/or Smac/DIABLO
is released into the cytoplas m, where in they domlwith an adaptor molecule,
apoptosis protease-activating factor 1, and artivemitiator caspase, procaspase-9,
within a multiprotein complex called the apoptoson&mac/DIABLO inhibits
inhibitors of apoptosis proteins to activate casp@s (6), Caspase-9 activates
caspase-3, which is the initiation step for thecads of caspase activation. Intrinsic
and extrinsic pathways converge on caspase-3. Batally proteins are also found
on the endoplasmic reticulum and the perinucleanbrane in hematopoietic cells,

but they are predominantly localized to mitochoaffti

2.2. Working Hypothesis

With the objective, to accessing small moleculest tare inspired by bioactive
natural products having 3-dimensional architecturesexplore their biological
functions our group developed a modular method t¢oess enantioenriched
benzofuran derived 1,2ansB-amino acid derivativeF2.1.>* Further explore
chemical space around these scaffold, synthesiaedl $bray of enantioenriched
benzofuran derived compounds to explore their lgiok functions. Small library of
our novel benzofuran derived natural product-iregbirsmall molecules were
screened our collaborator david andrew for idesdifiinhibitors of tBid-Bax

mediated liposome permeabilization. These resuliswa that, two of our
compoundg=2.2 (MSN50) andF2.3 (M SN125) shown inFigure 2, inhibited tBid-

Bax mediated liposome permeabilization withd6 uM and 3 uM respectively.
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L

AMNTS/DPX Release{Endpoint)

Conc. (uM)

Figure 2. Novel Bax inhibitor from our lab2.2 andF2.3

With this object, | am interested in the synthedishese two active compounds to
undertake additional biological studies along wsitme molecules for structure—
activity relationship(SAR) study as shown ischeme 3. For the divesity sites, we
varied R, R;, Rs, and also instead of secondary amine, we seldgbidgrimary

amine to coupled with different amino acid moieties

MEMO
o)
Ui \©:)""coza —@

F2.1 NH;

)

MEMO o rRs MEMO o MEMO o)
., _NH
\@:,I”/ Nfo \@-W’/ NH2 .~ 2
H N " HN.__O Rane N0
HN” 'R, 0
él\ J\ R NJ\R
o R2 R1 N R2 1 H 2
H
F3.1 F3.2 F3.3

Figure 3. Designecenantioenriched benzofuran inspired targets

2.3. Results and Discussion
2.3.1. Synthesisof F2.1
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The synthesis of2.1 is shown inScheme 1. To develop an enantioselective
synthesis of benzofuran derived cydi@amino ester scaffol&2.1, 2,4-dihydroxy
benzaldehydel.l was subjected to a selective stepwise phenolicraxyd
protections, as OMEM..2 and —OBn1.3 (Scheme 1). Following the two carbon
chain extension by Wittig-Horner reaction to obtdid, it was then subjected to
Sharpless aminohydroxylation reactfof® which worked very-well even on a large
scale and thé&l-protected aminohydroxyl produttt5 was obtained in 75% yield (ee
>959%). The hydroxyl group was then tosylated tcawbl.6, which to our delight,
under hydrogenation conditions in the presencerofld base (KCOs), afforded the
benzofuran derivativé2.1, following deprotection of the amino and the pHeno
hydroxyl groups and the nucleophillic displacemeait -OTs by the phenolic
hydroxyl generatedn situ. This process is highly simple, practical, andthbo
enantiomers op-amino acids could be easily obtained in large tjtias depending

on the chirality of the ligand used for the amindioxylation reaction.

HO OH  MEmcl, DIPEA MEMO OH  BnBr,K,CO;  MEMO OBn
—_— —_—
\©: DCM, 0°C, 6 h, acetone, RT, \@[
CHO 60% CHO 12h, 72% CHO
1.4 1.2 1.3

Bn
Benzylcarbamate, |

MEMO OBn t-BuOCI, NaOH, MEMO O
(EtO)zP(O)CHzCOzEt,: m( (DHQ),PHAL K;0s0,(OH),, OH
NaH, THF,0°C,5h = OEt 5 >
o’ ’ T n-propanol, 0 °C - RT,
96% oD COOEt

14 (0] >05%ee NHCbz
Y 15
I?n
MEMO. (0] MEMO.
TsCl, DMAP, DCM \@[(CES 10% Pd-C/H,, KoCO3 (0]
—_— o
RT, 6 h, 87% EtOH, RT, 12 h, 73% ‘,
° COOEt o ’/COZE(
NHCbz NH,
1.6 F2.1

Scheme 1. Synthesis oénantioenriched benzofuran derived cyclig-amino ester

2.3.2. Synthesisof F3.1

Having a large amount ahantioenriched benzofuran derived cyclig-amino ester
F2.1 in hand, we then planed to synthesisF8f1, F3.2 and F3.3 to explore the
chemical space using ester and an amine functgroap on the scaffold. In our plan
the incorporation of amino acid was attractiverivaduce a diverse array of chiral
side chains having a variation in polarity.

29



Chapter 2

MEMO o allyl chloroformate, MEMO 0 MEMO 0
DIPEA, CH,Cl,, LiBH,, THF
" > . —_— .,, OH
“CO,Et 0 °C - RT, 12 h, 88% “CO,Et 0°C - RT, 82% "

F214  NH 24 NHAlloc 22  NHAlloc
MEMO o MEMO
PPh, DEAD, DPPA " PPhg, THF/H,0 0 R;CHO, NaCNBHj,
S o —_— v, _NH, ———————————>
THF, 0°C, 3 h, 85% "% RT, 12h, 85% “u"""2 Aceic acid, EtOH, RT
0,
NHAlloc NHAlloc 3h, 75%
2.3 2.4
MEMO o rR1 1) Fmoc-AA-CI, DIEA, ~ MEMO o Ry
DCM, 0°C, 3 h r Pd(PPhg),, morpholine,
K NN I OCRT A n e
NHAlloc 2) DBU, THF, 0°C, 10 min L VTR T, BE
3) RsCOCI, DIEA, AllochN— g
2.5 DCM, 0°C, 3h
60% for 3 steps 26 R 0

Scheme 2. Synthesis of compound F3.1

Synthesis of3.1 was started withNalloc protection of amin&2.1, with allylchloro
formate, DIPEA conditions gav2.1l in good yield. Reduction of est&1 with
lithium borohydride provided an alcoh®l2 in 82% vyield. It was then subjected to
Mitsunobu reaction under PRHDEAD, DAAP conditiond”*® that gave an azide
with 85% yield. Azide2.3 was reduced to amir4 using Staudinger reaction (Ph
THF/H,0 condition)?®*° and followed by a reductive imination of ami2d under
NaCNBHy/AcCOH condition yielded2.5 with 75% vyield. Coupling of NFmoc
protected amino acid chloride wigh5, followed by the Fmoc removal under DBU
condition, the subsegent amine was converted taeamith RCOCI, DIEPA to
obtain compoun@.6 with 60% overall yield in 3 steps. Deprotection-bialloc of

2.6 with Pd(PPBh)4, morpholine condition gave the final prod&&1 in a good yield.

2.3.3. Derivativesof F3.1
We synthesized 5 derivatives by changing®, and Rand these are:

MEMO.
o h
o TO y /Nfo
> 0y PN NH, g »
e]

l/ Ph MEMO. Ph MEMO.
, v, Ph
1

[
N .,,,I/Nfo
NH
HN HN NHp A, P

Pl
Ph /&O /@/&o
F3.1a
Cl F

F3.1b F3.1c

Br
MEMO\©\7‘)O |/ Ph MEMO. K©/
., N o] ?
A SN
NH. f%/ Ph
o]

2
NH.
HN 2 N

0
"y,

()

Ph
c F1.2

F3.1d

2.3.4. Synthesis of F3.2
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Synthesis 0F3.2 is shown inScheme 3. The coupling of modified amino aci&i1
with benzylic amineF2.1 under EDCI, acetonitrile conditions provided comipadu
3.2 with a good yield. Reduction of ester with lithilmrohydride gave alcoh@l3.
The alcohoB.3 was therconverted to mesylated product using MsCI/NEindition,
and, subsegently the mesylated product was tresitedNaN;, at 55°C in DMF
solvent to obtain azid&.4. Finally, compound-3.2 was synthesized frol4 under

staudinger conditions in a good yield.

MEMO

MEMO o
R EDCI, CH3CN LiBH,, THF
“1c0,EtT HO ‘COOEt ———
1 h, 70% 0°C-RT,
HN (0] o 82%
F2.1 32 I JU

R1 N RZ
H
MEMO o MEMO 0
1) “"38"1NhEt3' PPhg, THF/H,0O
o, ~OH 0 e “w, N3 = F3.2
2 Naoé DMF, RT, 12 h, 85%

6h HN.__0O
TR
RY N7 "R,

H

3.4

HN O
L
R; NJLRZ
H
Scheme 3. Synthesis of compound F3.2

2.3.5. Derivatives of F3.2

MEMO MEMO
o]
HN o]
\I I /k/\E
Ph
o *@

F3.2a F3.2b NH,
2.3.6. Synthesisof F3.3

In a similar manner, the synthesisk#.3 from an enantioenriched scaffdi@.1 ws
achieved and it is shown ischeme 4. Reductive imination ofF2.1 under
NaCNBHyAcOH conditiori* gave secondary amingél which was then coupled
with NFmoc amino acid chloride. It was then followedNMfymoc deprotection with
DBU, and the subseqgent primary amine convertioaniide with RCOCI/DIEA to
provide 4.2. Reduction of estef4.2) with lithium borohydride conditions led the
synthesis of alcohct.3. The compoundl.3 was converted toF3.3 using a similar
procedure as described in the synthesis2i3 from 3.3.
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MEMO o) MEMO o 1) Fmoc-AA-Cl, DIEA,  MEMO o
) R3CHO, NaCNBH3, DCM, 0°C, 3 h
. B ", - . .,
“CO,Et "GOEt COOEL

NH, Acetic acid, EtOH, RT 2) DBU, THF, 0°C, 10 min

3h, 75% Ra_NH 3) R,COCI, DIEA, Ran N 29
F2.1 441 DCM, 0°C, 3h )J\
60% for 3 steps R{ N R,
H
4.2
MEMO.
o MEMO.
) 1) MsCl, NEts, o}
LiBH,, THF
1y OH 0°C.1h PPhs, THF/H,0

—0°C.1h o Ny ——— 25 F33

9 C -RT, < RT, 12 h, 85%
0

R N (0] 2) NaN;, DMF,
VIR
R; ” R, R; ” R,
4.3 4.4
Scheme 4. Synthesis of compound F3.3

2.3.7. Derivatives of F3.3

MEMO MEMO.
o (0]
Br N o
thN (0] o o
NJ\Q H)Lph
ph 1 Ph
F

F3.3a F2.3
2.4. Conculsions
We identified two novel bax inhibitofs2.2 andF2.3 from our research group, and,
further synthesized severahantioenriched benzofuran derivatives as analogbe

biological evalution of all our reported derivative ongoing and will be reported

when available.

2.5. Experimental procedure
Synthesis of compound 1.2

CL, e L

DCM, 0°C, 6 h,
CHO 60% CHO
1.1 1.2

2-hydr oxy-4-((2-methoxyethoxy)methoxy)benzaldehyde (1.2):
To a solution of 2,4-dihydroxybenzaldehytld(10.0 g, 72.3 mmol) in DCM (100
mL) at -5°C was added DIPEA (12.50 mL, 72.3 mmol) over a futa period
dropwise. The following mixture was stirred for Snutes followed by the addition

of 2-methoxy ethoxymethyl chloride (8.20 mL, 72.8&01). The solution was stirred
at -5°C for 6 hours. The reaction was then quenched witter (50 mL) at 6C and
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extracted with DCM (3 x 100 mL), dried over anhyasoNaSQ,, filtered and
concentrated in vacuo to produce yellowish oil.ifaation by flash chromatography
to affordedl.2(14.9 g, 91%) as a colorless oil.

Synthesise of compound 1.3

MEMO OH BnBr,K,CO; MEMO OBn
é
\@ acetone, RT, \@
CHO 12h, 72% CHO
1.2 1.3
To a solution ofL.2 (14.9 g, 69.08 mmol) in acetone (200 mL) at roemperature
was added BCO;(38.19 g, 276.35 mmol). The suspension was stioe& minutes
followed by the subsequent addition of benzyl biden({8.22 mL, 69.08 mmol). The
reaction mixture was stirred for 12 hours at ro@mperature and then filtered

through a 5 cm celite pad and concentrated in vaouproduce yellowish oil.
Purification by flash chromatography to afforded.

Synthesis of compound 1.4

MEMO OBn MEMO oB
\@E (EtO),P(O)CH,CO,Et, n
NaH, THF,0°C,5h, Pz OEt
cHo  Ha

1.3 1.4 @)

(E)-ethyl3-(2-(benzyloxy)-4-((2-methoxyethoxy)methoxy)phenyl)acrylate (1.4):

To a suspension of NaH (2.87 g, 61.1 mmol) in dHFT(100 mL) at 0 °C was
slowly added triphenylphosphinoethyl acetate (10@L, 55.01 mmol) for 5
minutes. The reaction mixture was then allowedtitofer 30 minutes at 0 °C and
then aldehydd.3 (15 g, 47.4 mmol) dissolved in dry THF (50 mL) wadded to it
slowly. After being stirred for 5 hours at 0 °C under thedimosphere the reaction
mixture was quenched with water very slowly at 0 &@d extracted with ethyl
acetate, washed with brine, dried over anhydroy$®a and concentrated in vacuo.

Purification by flash chromatography to afforded.

Synthesis of compound 1.5
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Benzylcarbamate,

MEMO OBn t-BuOCI, NaOH, MEMO OBn
(DHQ),PHAL, K,0s0,(OH),, OH
N OF! npropanol 0°C-RT, COOEt
14 h, 70%
1.4 (@] >95%ee NHCbz

1.5
(2R,39)-ethyl3-(2-(benzyloxy)-4-((2-methoxyethoxy)methoxy)phenyl)-3-(benzyl
oxycar bonylamino)-2-hydr oxypropanoate (1.5):

Benzyl carbamate (14.08 g, 93.3 mmol) was dissolmeatpropanol (124 mL). To
this stirring solution a freshly prepared solutmiNaOH (3.73 g, 93.3 mmol in 232
mL of distilled water) was added, followed by th#sequent additions of the freshly
prepared tBuOCI| (10.7 mL, 93.3 mmol), and the sotubf (DHQLPHAL ligand
(2.240 g, 1.59 mmol in 108 mL of n-propanol) at@. The reaction mixture was
stirred at room temperature for 5 minutes, and thér{12 g, 31.1 mmol in 30mL of
n-propanol) was added followed by the addition d&fe tosmium catalyst
(K20sQ(OH)4, 480 mg 1.30 mmol). The resulting mixture wasretirfor 3 hours at
room temperature. The solution turned from a dadey to a dark yellow over the
period. Once reaction completed, the reaction mextwas extracted with ethyl
acetate. The organic extracts were combined, waskiéld brine, dried over
anhydrous Ng50, and concentrated to dark brown oil. Purificatiog thash

chromatography to obtaindcb.

Synthesis of compound 1.5

Bn
MEMO OBn MEMO o
OH OTs
TsCI, DMAP, DCM_
COOEt RT 6 h, 87% COOEt
NHCbz NHCbz
1 -5 1 .6

(2R,3S)-ethyl 3-(2-(benzyloxy)-4-((2-methoxyethoxy)methoxy)phenyl)-3-(benzyl
oxycar bonylamino)-2-(tosyloxy)pr opanoate (1.6):

Tosyl chloride (4.55 g, 23.9 mmol) was added téiraesl solution ofl.5 (11 g, 19.9
mmol) and DMAP (3.64 g, 29.9 mmol) in DCM (100 mdt)room temperature. The
reaction mixture was refluxed for 12 hours at 40 A@er completion of the reaction
the solution was washed with saturated agueous KgHGlution (3 x 20 mL) and

combined organic layer was extracted with DCM, veakhvith brine, dried over
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anhydrous Ng50O, and concentrated in vacuo. Purification by flastooiatography
affordedl.6.

Synthesis of compound F2.1

Bn
MEMO 5 MEMO
OTs 10% Pd-C/H,, K,CO; o
\@E‘/'\cooa EtOH, RT, 12 h, 73% \Q:)""coza
NHCbz NH,
1.6 F2.1

(2S,39)-ethyl 3-amino-6-((2-methoxyethoxy)methoxy)-2,3-dihydrobenzo furan-

2- carboxylate (F2.1):

To a stirred solution of compouridé (13 g, 18.4 mmol) in 95% ethanol (130 mL)
was added 10% Pd/C (1.3 g) followed by the addibbmanhydrous KCO; (5.1 g,
36.8 mmol). The solution was stirred under &mosphere for 48 hours at room
temperature. The reaction mixture was then filteatedugh a celite pad (5 cm) and
concentrated into pale yellow oil. Purification figsh chromatography to afforded
F2.1.

Synthesis of compound 2.1

MEMO MEMO

0 allyl chloroformate, 0
DIPEA, CH,Cl,,
‘v, > ‘v,
‘CO,Et 0°C -RT, 12 h, 88% ‘CO,Et
F214 NH; 24  NHAlloc

(2S,39)-ethyl-3-(allyloxycar bonylamino)-6-((2-methoxyethoxy)methoxy)-2,3di
hydrobenzofuran-2-carboxylate (2.1):

To a stirred solution of compourfR.1 (1.25 g, 4.01 mmol, 1leq) in dry DCM (15
mL) was added DIEA (1.5 ml, 6.02 mmol, 1.5 eq) &@under inert atmosphere.
After 5 minute, AllocCl (4.83 mmol, 1.2 eq) was add The reaction mixture was
stirred for 4 h. The reaction mixture was quenchbgdhe addition of a saturated.
NaHCGQ;, extracted with DCM, washed with brine, dried oaahydrous N£&50O, and
concentratedn vacuo. Purification by flash chromatography (30% ethgétate in
hexane) afforded compoufdl (0.38 g, 80 %) as a white solid.

Molecular Formula: @H»sNOg; R; (30% ethyl acetate/hexane): 0.3; Yield: 80%4;
NMR (CDCk, 400 MHz)8 ppm: 1.30 (tJ = 7.1 Hz, 3H), 3.37 (s, 3H), 3.56 (@~
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4.5 Hz, 2H), 3.80 (dJ = 4.5 Hz, 2H), 4.26 (q) = 7.1 Hz, 2H), 4.58-4.65 (m, 2H),
4.93 (d,J = 3.8 Hz, 1H), 5.06-5.13 (m, 1H), 5.20-5.26 (m, 36181 (d,J = 17.0 Hz,
1H), 5.47 (dd,J) = 2.9, 1.3 Hz, 1H), 5.85-6.00 (m, 1H), 6.63-6.69 @H), 7.17 (dJ

= 8.0 Hz, 1H);**C NMR (CDCE, 100 MHz)$ ppm: 14.0, 56.8, 58.9, 61.8, 65.8,
67.7, 71.4, 86.5, 93.5, 99.1, 110.0, 117.9, 12632,4, 155.1, 159.7, 160.6, 169.1;
LRMS: (ES+) m/z = 396 (m+1).

Synthesis of compound 2.2

MEMO MEMO
o LiBH,, THF o

‘0, > ‘e OH
‘CO,Et 0 °C - RT, 82% "

2.1 NHAlloc 29 NHAIlloc

allyl(2S,39)-2-(hydr oxymethyl)-6-((2-methoxyethoxy)methoxy)-2,3-dihydro
benzofuran-3-ylcarbamate (2.2):

To a stirred solution of compourtdl (0.5 g, 1.26 mmol) in dry THF (10 mL) was
added a solution of 2M LiBHin THF of (0.62 mL, 1.26 mmol) at 0 °C under inert
atmosphere. The reaction was allowed to warm tenrmperature and stirred for 3
hours. The reaction mixture was quenched by aadditb a saturatecqg.NH4Cl,
extracted with ethyl acetate, washed with bringeddiover anhydrous N8O, and
concentratedn vacuo. Purification by flash chromatography (40% ethgétate in
hexane) afforded compou2® (0.38 g) as a white solid.

Molecular Formula: §H.sNO;; R (40% ethyl acetate/hexane): 0.2; Yield: 82%4;
NMR (CDCls, 400 MHz): 3.21 (s, 3H), 3.39 (m, 2H), 3.81-3.88, @H), 4.59-4.61
(m, 3H), 5.14-5.35 (m, 6H), 5.90-5.94 (m, 1H), 6(581H), 6.63 (dJ = 2.0 Hz, 1H),
7.16 (d,J = 2.0 Hz, 1H);**C NMR (CDCk, 100 MHz)8 ppm 56.0, 59.4, 63.9, 66.5,
68.1, 71.9, 91.8, 93.9, 98.4, 99.4, 109.9, 1181®.7, 125.8, 132.7, 156.5, 160.0,
161.2; MS: (ES+) m/z = 354 (M+1).

Synthesis of compound 2.3

MEMO o MEMO .
PPhs, DEAD, DPPA
I"///OH 3 '/,,,/N3
THF, 0°C, 3 h, 85%
NHAlloc NHAlloc
2.2 2.3
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allyl(2R,3S)-2-(azidomethyl)-6-((2-methoxyethoxy)methoxy)-2,3-dihydro
benzofuran-3-ylcarbamate (2.3):

To a solution of alcoha?.2 (0.047 g, 0.097 mmol) in 3.88 mL of THF was added
triphenylphosphine (0.026 g, 0.099 mmol), DEAD (®@0mL, 0.099 mmol), and
diphenylphosphoryl azide (0.021 mL, 0.099 mmolPp&C and stirred for 3 hours.
The reaction was quenched with saturated Napl@t@ extracted with ethyl acetate
(3 x 10 mL). The combined organics were dried owhydrous NS5Oy,
concentrated in vacuo and purified by silica gduem chromatography to afford
azide2.3 (0.042 g) as brownish liquid.

Molecular Formula: &H»,N4Os; Rr (30% ethyl acetate/hexane): 0.2; Yield: 85%;
NMR (CDCls, 400 MHz)é ppm 3.39 (s, 3H), 3.50-3.60 (m, 3H), 3.70-3.74 {id),
3.81-3.84 (m, 2H), 4.61 (d,= 5.52 Hz, 2H), 4.65-4.69 (m, 1H), 5.04-5.07 (rH),1
5.12-5.14 (m, 1H), 5.25-5.27 (m, 3H), 5.28-5.35Jd;, 17.5 Hz, 1H), 5.87-5.98 (m,
1H) 6.62 (d,J = 2.0 Hz, 1H), 6.65-6.68 (m, 1H), 7.17-7.19 (m,)1C NMR
(CDCl3;, 100 MHz)6 ppm 53.8, 56.1, 59.4, 66.3, 68.2, 71.9, 90.2,,9906, 110.1,
118.4, 125.7, 132.8, 156.0, 160.2, 161.1; MS: (B8/)= 379 (M+1).

Synthesis of compound 2.4

MEMO MEMO
@) 0
. PPha, THF/H,0
vy Ny —— .., _NH
“<“ RT, 12 h, 85% v 2
NHAlloc NHAlloc
2.3 2.4

allyl(2R,3S)-2-(aminomethyl)-6-((2-methoxyethoxy)methoxy)-2,3-dihydro benzo
furan-3-ylcarbamate (2.4):

To a stirred solution of azide compouB@ (0.225 g, 0.59 mmol) in THF (3 mL)
was added TPP (0.166 g, 0.63 mmol) and water (1Q0The reaction mixture was
left for stirring for 12 h at room temperature. éftthe completion of the reaction
THF was removed under vacuo and purified by flasluran using DCM, MeOH
solvent system to afford pure amiad as colorless liquid.

Molecular Formula: §H»sN-Os; R (100% ethyl acetate): 0.2; Yield: 8594 NMR
(CDCl3;, 400 MHz)s ppm 2.96-3.03 (m, 1H), 3.09-3.14 (m, 1H), 3.403(4), 3.56-
3.59 (m, 2H), 3.81-3.84 (m, 2H), 4.48-4.53(m, 1#K2 (d,J = 5.0 Hz, 2H), 5.05-
5.12 (m, 1H), 5.25-5.28 (m, 3H), 5.31-5.38 J&; 16.5 Hz, 1H), 5.87-5.99 (m, 1H),
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6.57 (d,J = 2.0 Hz, 1H), 6.64 (d] = 2.5 Hz, 1H), 7.18 (d] = 8.0 Hz, 1H)*°C NMR
(CDCl;, 100 MHz)& ppm 45.4, 56.1, 59.4, 66.2, 68.1, 71.9, 93.2, 98908, 109.6,
118.4, 119.3, 125.9, 132.9, 156.0, 160.0, 161.3; (ES+) m/z = 353 (m+1).

Synthesis of compound 2.5

MEMO MEMO R
0 R,CHO, NaCNBHj, 0
“u, NH2 p cotic acid. EtOH, o, - NH
RT, 4h,
NHAIlloc NHAIlloc
2.4 2.5

The pure amin.4 (1eq) and RCHO (1.1 eq) dissolved in EtOH, and a solution of
NaCNBH, (1.3 eq) in EtOH/AcOH (catalytic amount) was addedthe above
mixture at room temperature. The reaction mixtues stirred for 4 h. The reaction
was quenched with saturated MH solution and washed with water and brine. The
organic layer was dried over sodium sulfate, fdterand concentrated under reduced
pressure. The crude product was purified by colghmomatography on silica gel to
give the produc?.5.
allyl(2R,39)-2-((benzylamino)methyl)-6-((2-methoxyethoxy)methoxy)-2,3-dihyd
robenzofuran-3-ylcarbamate (2.5a):

MEMO Ph
0]

’I,,//NH

NHAlloc
2.5a

Molecular Formula: &€H3oN2Og; R (50% ethyl acetate/hexane): 0Burified by
flash chromatography using 50% ethyl acetate inahex Yield: 70%:;'H NMR
(CDCls, 400 MHZz)3 ppm 2.97 (m, 1H), 3.36 (s, 3H), 3.48-3.57 (m, 2B180 (m,
4H), 4.52-4.66 (m, 3H), 5.08-5.37 (m, 6H), 5.87% @&, 1H), 6.49-6.65 (m, 2H),
7.13 (d,J = 8.2 Hz, 1H), 7.19-7.38 (m, 5H}’C NMR (CDC}k, 100 MHz)8 ppm
51.8, 53.8, 56.2, 58.9, 65.7, 67.7, 71.5, 90.55,938.9, 109.2, 117.9, 119.1, 125.5,
126.9, 128.1, 128.3, 132.5, 140.0, 155.6, 159.8, 716LRMS: (ES+) m/z = 443
(M+1).

allyl(2R,3S)-2-((4-br omobenzylamino)methyl)-6-((2-methoxyethoxy)methoxy )-
2,3-dihydrobenzofuran-3-yl carbamate (2.5b):
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Br
MEMO /( ]
; !

uy-NH

NHAlloc
2.5b

Molecular Formula: &H29BrN.Og; Rs (50% ethyl acetate/hexane): 0.3; Purified by
flash chromatography using 50% ethyl acetate inahex Yield: 77%;:*H NMR
(CDCls, 400 MHZz)6 ppm 2.90-2.95 (m, 1H), 3.01-3.04 (m, 1H), 3.393(4), 3.56-
3.58 (m, 2H), 3.81-3.83 (m, 4H), 4.60-4.65 (m, 36103 (d,J = 7.5 Hz, 1H), 5.14-
5.17 (m, 1H), 5.23-5.26 (m, 3H), 5.31-5.35 (m, 16189-5.99 (m, 1H), 6.56 (d,=
2.0 Hz, 1H), 6.61 (dJ = 2.0 Hz, 1H), 7.16 (d] = 8.5 Hz, 1H), 7.21 (dJ = 8.5 Hz,
1H), 7.44 (d, J = 8.5 Hz, 2HJ°C NMR (CDC}, 100 MHz)8 ppm 52.1, 53.5, 56.6,
59.4, 66.2, 68.1, 71.9, 91.0, 94.0, 99.3, 109.B.4,1119.3, 121.1, 125.9, 130.2,
131.8, 132.9, 139.5, 156.0, 160.0, 161.2; MS: (BB8/&)= 521 (M+1), 523 (M+3).

Synthesis of compound 2.6

MEMO o Ri 1) Fmoc-AA-CI, DIEA, ~ MEMO o Ry
I/ DCM,0°C, 3h
"”//NH "/,//N ‘\\R2
2) DBU, THF, 0°C, 10 min
NHAlloc 3) R;COCI, DIEA, AllocHN HN o
DCM,0°C, 3h
2.5 26 Ry 0

To the stirred solution a2.5 (1eq) in dry DCM added DIEA (1.5eq) at 0 °C under
inert atmosphere. After 5 min freshly prepared Frpomected amino acid chloride
(1.5 eq) in DCM, was added slowly. Reaction mixtus stirred at room
temperature and reaction monitored by TLC. Thetm@acnixture was quenched by
the addition of a saturatemtj NaHCQ, extracted with DCM, washed with brine,
dried over anhydrous N8O, and concentratedn vacuo. Purification by flash
chromatography. The pure Fmoc amino acid coupledymt was subjected to Fmoc
removal, using DBU (1.2 eq) in THF. This reactioompleted in 10 min, then
concentrated the solveint vacuo.

To a suspension of above amine (1 eq) in DCM (10,nadded DIEA (1.5eq)
followed by acid chloride (JCOCI) (1.5 eq) at 0 °C under inert atmosphere. rAfte
completion of the reaction, reaction mixture wasmghed with sodium bicarbonate

solution (5 mL), concentrated, and extracted withyleacetate (3 X 20 mL).
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Combined organic layer was washed with brine, de@r anhydrous sodium
sulfate, filtered and concentrated to leave a caifjevhich was purified by column

chromatography to give pure compouhé.

allyl(2R,39)-2-(((S)-2-benzamido-N-benzyl-3-phenylpr opanamido)methyl)-6-((2-
meth oxyethoxy)methoxy)-2,3-dihydr obenzofur an-3-ylcarbamate (2.6a):

MEMO Ph _Ph
0 Z 0
o, /N ~ N Ph
NHAIlloc (@]
2.6a

Molecular Formula: GsH43N30g; Rr (30% ethyl acetate/hexane): 0.1; Purified by
flash chromatography using 30% ethyl acetate imhexYield: 60%;'H NMR (400
MHz, CDCk) & ppm 3.00-3.30 (m, 3H), 3.39 (s, 3H), 3.61-3.50 &), 3.75-3.87
(m, 2H), 4.27-4.98 (m, 6H), 5.10-5.46 (m, 6H), 5829 (m, 1H), 6.48-6.68 (m,
2H), 6.98 (bs, 1H), 7.11-7.57 (m, 14H), 7.73-7.84 @H); *°C NMR (100 MHz,
CDCl;) 6 ppm 39.6, 48.3, 51.4, 51.9, 56.0, 58.9, 65.7, 66735, 67.7, 71.4, 87.6,
88.3, 88.6, 93.5, 98.8, 109.5, 118.4, 126.6, 12127,3, 127.5, 128.3, 128.4, 128.4,
128.5, 128.5, 128.8, 129.5, 129.5, 131.5, 132.5,913155.4, 159.5, 159.7, 160.4,
166.8, 172.5; LRMS: (ES+) m/z = 694 (M+1).

allyl(2R,39)-2-(((S)-N-benzyl-2-(4-chlor obenzamido)-3-phenyl pr opanamido)
methyl)-6-((2-methoxyethoxy)methoxy)-2,3-dihydr obenzofuran-3-ylcar bamate

(2.6b):

MEMO Ph _Ph
\[ j;o ( 70

., _N A
S \"/\N
H

NHAlloc O

Cl
2.6b

Molecular Formula: ¢H42CIN3Og; Rs (50% ethyl acetate/hexane): 0.3; Purified by
flash chromatography using 30% ethyl acetate imhexYield: 60%;'H NMR (400
MHz, CDCk) 6 ppm 2.96-3.30 (m, 4H), 3.36 (s, 3H), 3.52-3.54 @), 3.74-3.83
(m, 2H), 4.51-4.57 (m, 3H), 4.66-4.87 (m, 2H), 53.82 (m, 6H), 5.77-5.94 (m,
1H), 6.58 (bs, 2H), 6.95 (s, 1H), 7.07-7.32 (m,),9H34-7.37 (m, 3H), 7.64-7.70
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(m, 2H);**C NMR (100 MHz, CDGJ) & ppm 39.6, 48.3, 51.4, 51.9, 56.0, 58.9, 65.7,
65.8, 67.6, 67.7, 71.4, 87.6, 88.3, 88.6, 93.53,9809.5, 118.4, 126.6, 127.1, 127.3,
127.5, 128.3, 128.4, 128.4, 128.5, 128.5, 128.8,5,2129.5, 131.5, 132.4, 135.9,

155.4, 159.5, 159.7, 160.4, 166.8, 172.5; LRMS:+)E8/z = 727 (M-1).

allyl(2R,39)-2-(((S)-N-benzyl-2-(4-fluor obenzamido)-3-phenylpr opanamido)
methyl)-6-((2-methoxyethoxy)methoxy)-2,3-dihydr obenzofuran-3-ylcar bamate

(2.60):

MEMO Ph Ph
o) 70
l'l///N\n/-\N
H

NHAIlloc (0]

F
2.6¢

Molecular Formula: ¢H42FN3Og; Rs (30% ethyl acetate/hexane): 0.2; Purified by
flash chromatography using 30% ethyl acetate irahexYield: 60%* NMR (400
MHz, CDCk) & ppm 2.96-3.30 (m, 4H), 3.36 (s, 3H), 3.52-3.54 8MH), 3.74-3.83
(m, 2H), 4.51-4.57 (m, 3H), 4.66-4.87 (m, 2H), 53.82 (m, 6H), 5.77-5.94 (m,
1H), 6.58 (bs, 2H), 6.95 (s, 1H), 7.07-7.32 (m, 9HB4-7.37 (m, 3H), 7.64-7.70 (m,
2H); **C NMR (100 MHz, CDG)) & ppm 39.6, 48.3, 51.4, 51.9, 56.0, 58.9, 65.7,
65.8, 67.6, 67.7, 71.4, 87.6, 88.3, 88.6, 93.53,9809.5, 118.4, 126.6, 127.1, 127.3,
127.5, 128.3, 128.4, 128.4, 128.5, 128.5, 128.8,512129.5, 131.5, 132.4, 135.9,
155.4, 159.5, 159.7, 160.4, 166.8, 172.5; LRMSHES8/z = 710 (M-1).

allyl(2R,39)-2-(((S)-N-benzyl-2-(4-chlor obenzamido)-4-methylpentanemido)
methyl)-6-((2-methoxyethoxy)methoxy)-2,3-dihydrobenzofuran-3-ylcarb amate
(2.6d):

MEMO o |/Ph )\

NHAlloc (0]
O%\©\
2.6d Cl

Molecular Formula: gH44CIN3Og; R (30% ethyl acetate/hexane): 0.3; Purified by
flash chromatography using 30% ethyl acetate inahex Yield: 58%;'H NMR
(CDCl3;, 400 MHz)6 ppm 0.85-1.00 (m, 6H), 1.59 (ddi= 14.3, 7.6 Hz, 2H), 1.72
(bs, 1H), 3.37 (s, 3H), 3.55-3.60 (m, 3H), 3.7714(tn, 3H), 4.44-4.60 (m, 2H),
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4.66-4.79 (m, 2H), 4.91-5.11 (m, 2H), 5.16-5.36 @Hl), 5.81-5.97 (m, 1H), 6.55-
6.69 (m, 2H), 7.13-7.47 (m, 10H), 7.78 (= 8.4 Hz, 2H);"*C NMR (CDCk, 100
MHz) 6 ppm 21.6, 23.2, 24.7, 29.6, 42.1, 48.2, 52.3, 56900, 65.7, 67.7, 71.5,
88.7, 93.5, 98.8, 109.5, 118.5, 126.6, 128.5, 12®6.7, 128.7, 128.9, 131.3, 132.3,
132.4, 136.1, 137.7, 155.4, 159.6, 159.7, 160.5,716165.9, 174.1; LRMS: (ES+)
m/z = 695 (M+1).

allyl(2R,39)-2-(((S)-2-benzamido-N-(4-bromobenzyl)-3-phenylpropanamido)
methyl)-6-((2-methoxyethoxy)methoxy)-2,3-dihydrobenzofuran-3-ylcarbama te
(2.6e):

Br
MEMO. : K©/

0
“u,, N O
AllocHN »

HN

26e Ph”™ "0 th
Molecular Formula: GH4,BrN3Osg; Rs (30% ethyl acetate/hexane): 0.3; Purified by
flash chromatography using 30% ethyl acetate inahex Yield: 60%;:*H NMR
(CDCls, 400 MHz, 58°C) § ppm 3.11-3.28 (m, 2H), 3.38-3.40 (m, 3H), 3.5393.6
(m, 2H), 3.78-3.85 (m, 3H), 4.26-5.00 (m, 6H), 53.89 (m, 6H), 5.50 (bs, 1H),
5.83-6.00 (m, 1H), 6.49-6.76 (m, 3H), 6.83-7.00 @Hl), 7.11-7.28 (m, 4H), 7.35-
7.54 (m, 6H), 7.71-7.82 (m, 2H)*C NMR (100 MHz, CDGJ) 5 ppm 39.6, 48.3,
51.4,51.9, 56.0, 58.9, 65.7, 65.8, 67.6, 67.74,71.6, 88.3, 88.6, 93.5, 98.8, 109.5,
118.4, 126.6, 127.1, 127.3, 127.5, 128.3, 128.8,412128.5, 128.5, 128.8, 129.5,
129.5, 131.5, 132.4, 135.9, 155.4, 159.5, 159.0,416166.8, 172.5; LRMS: (ES+)

m/z = 772 (M+1), 774 (M+3).
allyl(2R,39)-2-(((S)-N-(4-bromobenzyl)-2-(4-fluor obenzamido)-3-methylbutan

amido)methyl)-6-((2-methoxyethoxy)methoxy)-2,3-dihydr obenzofur an-3-yl

carbamate (2.6f):
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Br
MEMO K©/
0
AllocHN “,
HN "(
/@O
F
2.6f

Molecular Formula: gsH41BrFN3Og; Rs (30% ethyl acetate/hexane): 0.2; Purified by

flash chromatography using 30% ethyl acetate inahex Yield: 60%;:*H NMR
(CDCl3;, 400 MHZz)6 ppm 0.80-1.00 (m, 6H), 2.07 (bs, 1H), 3.3§ 8H), 3.55 (dJ

= 3.2 Hz, 3H), 3.79 (bs, 3H), 4.41-4.61 (m, 3H), 44706 (m, 2H), 4.81-4.99 (m,
2H), 5.04 (bs, 1H), 5.09-5.39 (m, 6H), 5.79-5.97, (Hl), 6.50 (bs, 1H), 6.60-6.61
(m, 2H), 7.10 (m, 6H), 7.44-7.46 (m, 2H), 7.85 = 3.7 Hz, 2H):**C NMR
(CDCl3;, 100 MHz)6 ppm 17.2, 19.7, 29.6, 31.5, 48.9, 51.4, 54.3, 58597, 67.6,
71.4, 88.2, 93.4, 98.8, 109.5, 115.3, 109.8, 117718,3, 121.4, 121.7, 125.7, 128.5,
129.4, 131.6, 132.0, 135.1, 135.9, 155.3, 159.6,715.63.4, 166.0, 172.8; LRMS:
(ES+) m/z = 742 (M+1), 744 (M+3).

Synthesis of compound F3.1

MEMO R4
0 ( .
Pd(PPhs),4, morpholine,
N wR2 »  F3.1
L DCM, 0 °C-RT, 1 h, 88%
AllocHN
HN 0
26 Rj 0]

To a solution oR.6 (1 eq) in dry CHCI, (5 mL) under nitrogen atmosphere at 0 °C,
was added morpholine (1.5 eq) and tetrakis(triplmosphine) palladium (0)
catalyst (0.1 eq). The round-bottom flask contajnihe mixture was covered with
aluminum foil and stirred for 1 h. TLC showed tr@mpletion of the reaction. The
reaction was quenched with saturated8Hsolution and washed with water and
brine. The organic layer was dried over anhydroas$SR), filtered, and concentrated
under reduced pressure to give crude compound wihijgbn flash column

chromatography to afford amine.
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N-((9)-1-((((2R,339)-3-amino-6-((2-methoxyethoxy) methoxy)-2,3-dihydr obenzo
furan-2-yl)methyl)(benzyl)amino)-1-oxo-3-phenylpr opan-2-yl)benzamide
(F3.1a):

MEMO Ph /Ph o

o [
K2 N\[]/\NJJ\Ph
NH, o M

F3.1a
Molecular Formula: €sH3gN3Os; Rr (10% MeOH\DCM): 0.1; Purified by flash
chromato graphy using 100% ethyl acetate NMR (400 MHz, CDCY) & ppm 1.99
(bs, 2H), 3.02-3.25 (m, 2H), 3.32-3.44 (m, 4H),83161 (m, 5H), 3.62 -3.71(m,
1H), 3.74-3.86 (m, 2H), 3.64-3.69 (m, 1H), 4.5844(®s, 1H), 4.75-4.91 (m, 1H),
5.25 (bs, 2H), 5.34-5.48 (m, 1H), 6.48-6.56 (m, 2HPO-7.22 (m, 6H), 7.23-7.33
(m, 3H), 7.37-7.58 (m, 5H), 7.62-7.71 (m, 1H), 7(#7, 2H); *C NMR (100 MHz,
CDCl3) & ppm 39.1, 50.9, 56.7, 58.8, 66.3, 67.0, 67.5,,71541, 75.3, 90.8, 93.5,
93.5, 98.8, 109.1, 126.6, 126.9, 128.3, 128.4,4,2828.8, 129.3, 131.5, 131.8,
131.9, 132.0, 132.8, 133.6, 133.6, 133.8, 135.5,03136.0, 136.4, 158.7, 159.3,
159.7, 160.7, 166.4, 171.2, 172.2, 172.7; LRMSHES8/z = 608 (M+1).

N-((9)-1-((((2R,3S9)-3-amino-6-((2-methoxyethoxy)methoxy)-2,3-dihydr obenzo
furan-2-yl)methyl)(benzyl)amino)-1-oxo-3-phenylpr opan-2-yl)-4-chlor obenzam
ide (F3.1b):

MEMO Ph _Ph
0 I/ EN e
H
o)

NH
2 cl

F3.1b
Molecular Formula: H3sCIN3Os; Re (10% MeOH\DCM): 0.1; Purified by flash
chromatography using 100% ethyl acetateNMR (400 MHz, CDCI3)% ppm 2.86-
2.95 (bs, 2H), 3.03-3.06 (m, 4H), 3.37 (s, 3H) 933455 (m, 2H), 3.70-3.72 (m, 2H),
3.79-3.80 (M, 2H), 4.02-4.25 (m, 1H), 4.55-4.64 {iH) 4.74-4.90 (m, 1H), 5.21 (bs,
2H), 6.46-6.70 (m, 2H), 7.04-7.07 (m, 2H), 7.1317(#n, 9H), 7.40-7.81 (m, 3H);
3C NMR (100 MHz, CDGJ) & ppm 39.1, 50.9, 56.7, 58.8, 66.3, 67.0, 67.5,,71.4
75.1, 75.3, 90.8, 93.5, 93.5, 98.8, 109.1, 12626.9, 128.3, 128.4, 128.4, 128.8,
129.3, 131.5, 131.8, 131.9, 132.0, 132.8, 133.8,6,3133.8, 135.7, 136.0, 136.0,
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136.4, 158.7, 159.3, 159.7, 160.7, 166.4, 171.2,217172.7; LRMS: (ES+) m/z =
663 (M-1).

N-((9)-1-((((2R,39)-3-amino-6-((2-methoxyethoxy)methoxy)-2,3-dihydr obenzo
furan-2-yl)methyl)(benzyl)amino)-1-oxo-3-phenylpr opan-2-yl)-4-fluor obenzam
ide (F3.1c):

MEMO Ph Ph
0 ( 0
\@"’/ N .
o N
H

NH, 0
F3.1c

Molecular Formula: gH3sFN3Og; R (10% MeOH\DCM): 0.1; Purified by flash
chromatography using 100% ethyl acetatéNMR (400 MHz, CDCY) 5 ppm 2.86-
2.95 (bs, 2H), 3.03-3.06 (m, 4H), 3.37 (s, 3H) 933455 (m, 2H), 3.70-3.72 (m, 2H),
3.79-3.80 (m, 2H), 4.02-4.25 (m, 1H), 4.55-4.64 {id) 4.74-4.90 (m, 1H), 5.21 (bs,
2H), 6.46-6.70 (m, 2H), 7.04-7.07 (m, 2H), 7.1347(#n, 9H), 7.40-7.81 (m, 3H);
¥C NMR (100 MHz, CDGJ) & ppm 39.1, 50.9, 56.7, 58.8, 66.3, 67.0, 67.5,,71.4
75.1, 75.3, 90.8, 93.5, 93.5, 98.8, 109.1, 12626.9, 128.3, 128.4, 128.4, 128.8,
129.3, 131.5, 131.8, 131.9, 132.0, 132.8, 133.8,61,3133.8, 135.7, 136.0, 136.0,
136.4, 158.7, 159.3, 159.7, 160.7, 166.4, 171.2,2,7172.7; LRMS: (ES+) m/z =
650 (M+Na).

N-((9)-1-((((2R,39)-3-amino-6-((2-methoxyethoxy)methoxy)-2,3-dihydr obenzo
furan-2-yl)methyl)(benzyl)amino)-4-methyl-1-oxopentan-2-yl)-4-chlor obenza
mide (F3.1d):

MEMO. Ph )\
lo} r z
oy, N~ M
"y \H/\N
NH, o
2 O%\©\
F3.1d cl

Molecular Formula: gsH3sBrN3Og; R (10% MeOH/DCM): 0.2; Purified by flash
chromato graphy using 100% ethyl acetate; Yiel@ 9% NMR (CDCk, 400 MHz)

d ppm 0.84-1.00 ( m, 6H), 1.59 (bs, 2H), 2.03J¢, 5.3 Hz, 1H), 3.37 (s, 3H), 3.55-
3.58 (m, 4H), 3.80-3.90 (m, 3H), 4.29 M= 5.2 Hz, 1H), 4.42-4.63 (m, 1H), 4.78
(bs, 1H), 4.91 (bs, 1H), 5.14-5.29 (m, 3H), 6.6656(m, 2H), 7.12-7.45 (m, 8H),
7.74 (d,J = 8.3 Hz, 2H);**C NMR (CDCE, 100 MHz)3 ppm 21.4, 22.6, 23.3, 24.7,
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29.6, 42.3, 52.2, 56.8, 59.0, 67.6, 71.5, 91.76,983.6, 98.8, 109.2, 124.9, 126.8,
127.8, 127.9, 128.6, 128.6, 128.7, 128.7, 128.2,2,3136.1, 136.8, 137.8, 158.8,
158.9, 159.4, 159.8, 165.8, 165.9, 174.1; LRMSHES/z = 611 (M+1).

N-((9)-1-((((2R,339)-3-amino-6-((2-methoxyethoxy) methoxy)-2,3-dihydr obenzo
furan-2-yl)methyl)(4-br omobenzyl)amino)-1-oxo-3-phenylpr opan-2yl)benza
mide (F2.2):

MEMO. K©/
(o]
Ph

NH
2 HN

Br

1y

Ph o
F2.2

Molecular Formula: ggH3sBrN3Og; Ry (100% ethyl acetate): 0.1; Purified by flash
chromatography using 100% ethyl acetate; Yield: 989\MR (CDCk, 400 MHz)

d ppm: 3.02-3.31 (m, 2H), 3.37 (m, 3H), 3.47-3.48 (hbH), 3.54-3.61 (m, 2.5H),
3.73-3.86 (m, 2.5H), 3.94-3.99 (m, 0.5H), 4.05-4(h@ 1H), 4.14-4.24 (m, 1H),
4.36-4.49 (m, 1H), 4.51-4.63 (m, 1H), 4.70-4.81 @BH), 5.02-5.06 (m, 0.5H),
5.19-5.31 (m, 2.5H), 5.36-5.59 (m, 1H), 6.49-6(86 1H), 6.61-6.65 (m, 1H), 6.79-
7.02 (m, 3H), 7.09-7.16 (m, 2H), 7.20-7.34 (m, 3AB9-7.54 (m, 5H), 7.73-7.80
(m, 2H);**C NMR (CDC}, 100 MHz)3 ppm 39.2, 39.6, 48.1, 48.5, 49.3, 51.1, 56.1,
56.8, 58.9, 60.3, 67.6, 71.5, 73.3, 75.1, 75.3,901.2, 91.2, 93.6, 98.9, 99.2, 109.3,
109.5, 121.3, 121.5, 124.5, 124.9, 127.0, 127.8,412128.5, 128.5, 129.4, 130.0,
131.9, 133.5, 133.7, 135.1, 135.6, 136.0, 136.8,915159.3, 159.7, 166.6, 166.6,
172.5, 172.8; LRMS: (ES+) m/z = 671 (M-NHL), 673 (M-NH:+3).

N-((9)-1-((((2R,339)-3-amino-6-((2-methoxyethoxy)methoxy)-2,3-dihydr obenzo
furan-2yl)methyl)(4-br omobenzyl)amino)-3-methyl-1-oxobutan-2-yl)-4-fluor o
benzamide (F3.1€):

Br
MEMO o ’/©/
NH, f/

HN

g
o

F3.1e
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Molecular Formula: gH3/BrN3Og; Ry (100% ethyl acetate): 0.1; Purified by flash
chromatography using 100% ethyl acetate; Yield: 95% NMR (400 MHz,
CDCl3) 6 ppm 2.86-2.95 (bs, 2H), 3.03-3.06 (m, 4H), 3.373(d), 3.49-3.55 (m,
2H), 3.70-3.72 (m, 2H), 3.79-3.80 (m, 2H), 4.0254(2n, 1H), 4.55-4.64 (m, 1H)
4.74-4.90 (m, 1H), 5.21 (bs, 2H), 6.46-6.70 (m, 2HP4-7.07 (m, 2H), 7.13-7.41
(m, 9H), 7.40-7.81 (m, 3H)}*C NMR (100 MHz, CDGJ) & ppm 39.1, 50.9, 56.7,
58.8, 66.3, 67.0, 67.5, 71.4, 75.1, 75.3, 90.85,933.5, 98.8, 109.1, 126.6, 126.9,
128.3, 128.4, 128.4, 128.8, 129.3, 131.5, 131.8,913132.0, 132.8, 133.6, 133.6,
133.8, 135.7, 136.0, 136.0, 136.4, 158.7, 159.8,715160.7, 166.4, 171.2, 172.2,
172.7; LRMS: (ES+) m/z = 682 (M+Na).

Synthesis of compound 3.2

MEMO
MEMO. o
/ﬂ\T/ R, EDCL CHiCN o,
“too.gtt HO COOE
CO,Et »
\ﬂ/ 1h, 70% W o
X
F2.1
32 RSN R,
H

To a stirred solution of compourk®.1 (1eq) and amino acid derivatidl (1.2 eq)
in CH3CN was added EDCI (1.2 eq) at room temperature ruaénert atmosphere.
The reaction was allowed stirred for 1 hour. Thection mixture was quenched by
the addition of a saturatemtj NaHCQ, extracted with DCM, washed with brine,
dried over anhydrous N8O, and concentratedn vacuo. Purification by flash

chromatography to obtain pure product.

(2S,39)-ethyl3-((S)-2-benzamido-3-phenylpr opanamido)-6-((2-methoxyethoxy)
methoxy)-2,3-dihydrobenzofur an-2-car boxylate (3.2a):

MEMO
(0]

“COOE

HN (0]
\I JOI\
Ph
N Ph
H
3.2a

Molecular Formula: €H34N2Og; Rr (30% ethyl acetate/hexane): 0.3; Purified by
flash chromatography using 30% ethyl acetate irahexYield: 75%*H NMR (400
MHz, CDCk) & ppm 1.26 (tJ = 7.1 Hz, 3H), 3.06-3.09 (m, 2H), 3.35 (s, 3H), 3.47
3.58 (m, 2H), 3.71-3.83 (m, 2H), 4.15-4.32 (m, 2#K5 (d,J = 4.0 Hz, 1H), 4.84
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(d, J = 4.1 Hz, 1H), 5.00-5.15 (m, 2H), 5.20 Jt= 5.0 Hz, 1H), 5.57-5.63 (m, 1H),
6.44-6.61 (m, 2H), 6.76 (d,= 8.1Hz, 1H), 6.97 (dJ = 8.2 Hz, 1H), 7.11-7.25 (m,
4H), 7.42-7.52 (m, 1H), 7.37 (m, 3H), 7.55-7.57 @H), 7.65-7.67 (m, 1H)**C
NMR (100 MHz, CDC}) dppm 14.1, 39.2, 54.9, 58.9, 61.8, 67.6, 67.7, 73640,
93.4, 93.5, 98.8, 98.9, 109.8, 117.4, 117.7, 1112%,3, 125.5, 127.1, 128.4, 128.5,
129.3, 129.4, 131.8, 133.1, 136.2, 159.4, 160.8,116169.2, 169.2, 171.0; LRMS:
(ES+) m/z = 563 (M+1).

(2S,39)-ethyl6-((2-methoxyethoxy)methoxy)-3-((S)-4-methyl-2-(4-nitr obenz
amido)penta namido)-2,3-dihydrobenzofur an-2-car boxylate (3.2b):

MEMO.
(0)

“COOEL

HN O o
3.2b NO,

Molecular Formula: €H3sN3O10; R (30% ethyl acetate/hexane): 0.3; Purified by
flash chromatography using 30% ethyl acetate irahexYield: 72%*H NMR (400
MHz, CDCk) & ppm 0.96 (bs, 6H), 1.29 @,= 7.1 Hz, 3H), 1.70-1.79 (m, 3H), 3.33-
3.39 (m, 4H), 3.56 (s, 3H), 3.75-3.84 (m, 2H), 4863 = 7.0 Hz, 2H), 4.79 (d] =
7.7 Hz, 1H), 4.90 (d) = 4.1 Hz, 1H), 5.15-5.26 (m, 2H), 5.63 (dti= 6.9, 4.2 Hz,
1H), 6.54-6.61 (m, 2H), 7.06 (d,= 8.2 Hz, 1H), 7.38-7.43 (m, 1H), 7.87.88 (m,
2H), 8.20-8.24 (m, 2H)**C NMR (100 MHz, CDGJ) 5 ppm 14.0, 22.7, 22.1, 24.8,
41.4, 52.3, 55.3, 58.8, 61.9, 67.7, 71.4, 86.14,999.0, 110.1, 117.2, 123.5, 123.7,
125.2, 128.3, 128.3, 128.4, 138.7, 149.6, 159.8,616165.6, 169.0, 172.5; LRMS:
(ES+) m/z =574 (M+1).

Synthesis of compound 3.3

MEMO MEMO
(0] (0]
HN 0 0°C -RT, 3h HN 0
@t @i
R N R
1 N 2 R/ ” R2
3.2
To a stirred solution of compourd® (1eq) in dry THF was added LiBH1.2 eq) at

3.3

0 °C under inert atmosphere. The reaction was alibie warm to room temperature
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and stirred for 3 hours. The reaction mixture wasrnghed by the addition of a
saturatedaqg. NH,Cl, extracted with ethyl acetate, washed with hrideed over
anhydrous Nz50O; and concentrateth vacuo. Purified by flash chromatography to
obtained pure produ&s3.

N-((9)-1-((2S,39)-2-(hydr oxymethyl)-6-((2-methoxyethoxy)methoxy)-2,3-
dihydrobenzofuran-3-ylamino)-1-oxo-3-phenylpr opan-2-yl)benzamide (3.3a):

MEMO
O

_-OH

"y
HN 0]
L

Ph

N Ph
H
3.3a

Molecular Formula: €H3.N2O7; R: (50% ethyl acetate/hexane): ORrified by
flash chromatography using 50% ethyl acetate irahexYield: 75% NMR (400
MHz, CDCk) 6 ppm 3.03-3.15 (m, 2H), 3.22 (dd,= 13.5, 6.1 Hz, 1H), 3.35 (s,
3H), 3.47-3.56 (m, 2H), 3.72-3.78 (m, 4H), 4.1024(in, 1H), 4.98-5.08 (m, 1H),
5.10-5.23 (m, 3H), 6.40-6.52 (m, 2H), 6.76 J& 8.1Hz, 1H), 6.97 (dJ = 8.2 Hz,
1H), 7.16-7.28 (m, 5H), 7.35 (td,= 15.0, 7.6 Hz, 2H), 7.48 (td| = 9.1, 6.2 Hz,
2H), 7.59 (dd,J) = 17.3, 7.6 Hz, 2H)'*C NMR (100 MHz, CDGJ) & ppm 38.9, 39.1,
58.9, 58.9, 63.3, 67.6, 71.5, 90.7, 93.4, 98.7,70,7109.2, 117.8, 125.4, 127.1, 128.5,
128.6, 128.7, 129.3, 131.8, 133.1, 133.2, 136.6,3.3159.3, 160.7, 167.1, 171.6;
LRMS: (ES+) m/z = 519(M-1).

N-((9)-1-((2S,39)-2-(hydr oxymethyl)-6-((2-methoxyethoxy)methoxy)-2,3-dihy
drobenzofur an-3-ylamino)-4-methyl-1-oxopentan-2-yl)-4-nitr obenzamide
(3.3b):

MEMO
0
\©\7‘).~,’/0H
HN_ O
O
N
3.3b NO,

3
Molecular Formula: @H33N3Og; Rr (50% ethyl acetate/hexane): ORrified by
flash chromatography using 50% ethyl acetate irahexYield: 72%*H NMR (400

MHz, CDCL) & ppm 0.88 (bs, 6H), 1.68-1.70 (m, 3H), 3.35 (s, 3854 (dd,J =
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7.3, 4.3 Hz, 2H), 3.75-3.82 (m, 4H), 4.52-4.53 {iH), 4.89-4.91 (m, 1H), 5.08-5.28
(m, 3H), 6.46 (bs, 2H), 7.00 (d,= 8.3 Hz, 1H), 7.76-7.58 (m, 1H), 7.85 (= 8.7
Hz, 2H), 8.13-8.25(m, 2H)**C NMR (100 MHz, CDGJ) & ppm 14.0, 22.1, 24.9,
29.6, 41.5, 52.1, 54.3, 58.9, 63.3, 67.7, 71.51,943.4, 98.7, 109.4, 117.6, 123.5,
125.3, 128.4, 138.8, 149.6, 159.5, 160.8, 165.8,@ L.RMS: (ES+) m/z = 530 (M-
1).

Synthesis of compound 3.4
MEMO. o MEMO o
1) MsCl, NEt3, 0 °C,
v, ~OH _DCM.1h , Na
2) NaN3, DMF,
HN. O ) Nede B HNIO o
R4 NJ\R R4 NJ\R2
H H
3

3.4

2

3

To a solution 08.3 (1eq) in dry dichloromethane, at 0 °C3¥{(1.2 eq) and methane

sulfonyl chloride (1.5) were added, and reactiortore was allowed to stir for 1 h at

room temperature. After completion of the reactieaction mixture was quenched
by the addition of sodium bicarbonate solution, arttacted with dichloromethane

(3 X 10 mL). Combined organic layer was washed witine, dried over anhydrous

sodium sulfate, filtered and concentrated to lesmeeude liquid.

To a solution of above crude in dry DMF, Na(4.5 eq) was added, and reaction
mixture was heated at 55 °C for 6 h. After completof the reaction, reaction

mixture was quenched by the addition of sodiumrbigaate solution, and extracted
with dichloromethane (3 X 10 mL). Combined orgalaiger was washed with brine,

dried over anhydrous sodium sulfate, filtered awodcentrated to leave a crude

liquid, which was purified by column chromatographygive the compoung4.
N-((9)-1-((2R,3S)-2-(azidomethyl)-6-((2-methoxyethoxy)methoxy)-2,3-dihydro

benzo furan-3-ylamino)-1-oxo-3-phenylpropan-2-yl)benzamide (3.4a):
MEMO

0
ty Na
HN.___O
LR
Ph
N" ~Ph

3.4a
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Molecular Formula: €H31NsOs; Re (30% ethyl acetate/hexane): ORrified by
flash chromatography using 30% ethyl acetate irahexYield: 62%:*H NMR (400
MHz, CDCI3)% ppm 3.03-3.08 (m, 1H), 3.11-3.26 (m, 1H), 3.363d), 3.49 (bs,
2H), 3.62-3.64 (m, 1H), 3.72-3.83 (m, 2H), 4.10J(t 6.8 Hz, 1H), 4.51-4.60 (m,
1H), 4.92-5.26 (m, 4H), 6.43-6.57 (m, 2H), 6.76Jd, 8.1Hz, 1H), 6.97 (dJ = 8.2
Hz, 1H), 7.17-7.26 (m, 6H), 7.37 (m, 2H), 7.45-7(54, 1H), 7.61 (dJ = 6.5 Hz,
2H); **C NMR (100 MHz, CDG)) & ppm 39.1, 53.2, 59.0, 67.7, 67.7, 71.5, 88.9,
89.2, 93.5, 98.9, 109.4, 117.7, 125.3, 127.0, 12128.5, 129.3, 131.9, 133.1, 136.3,
159.6, 160.6, 166.9, 167.0, 171.1, 171.2; LRMSHES8/z = 546 (M+1).

N-((9)-1-((2R,3S)-2-(azidomethyl)-6-((2-methoxyethoxy)methoxy)-2,3-dihydro
benzofuran-3-ylamino)-4-methyl-1-oxopentan-2-yl)-4-nitrobenzamide (3.4b):

MEMO.
(0]

, Na
L
3.4b NO,
Molecular Formula: &H3.NgOg; Rr (30% ethyl acetate/hexane): 0.3; Purified by
flash chromatography using 30% ethyl acetate irahexYield: 65%* NMR (400
MHz, CDCk) 6 ppm 0.87-1.01 (m, 6H), 1.62-1.74 (m, 3H), 3.36, @&id), 3.54 (m,
3H), 3.65-3.65 (m, 1H), 3.74-3.80 (m, 2H), 4.60, (bd), 4.81 (dJ = 7.7 Hz, 1H),
5.16-5.20 (m, 3H), 6.49-6.57 (m, 2H), 7.04 & 8.1Hz, 1H), 7.58 (m, 2H), 7.87 (d,
J = 8.4 Hz, 2H), 7.93 (bs, 1H), 8.20 (d,= 8.5 Hz, 2H);**C NMR (100 MHz,
CDCl) d ppm 22.1, 22.8, 24.9, 31.4, 36.5, 41.5, 52.1, 53434, 58.9, 67.7, 71.5,
89.4, 93.5, 98.9,109.7, 117.5, 123.5, 123.6, 1288,3, 138.9, 149.6, 159.7, 160.7,
162.5, 165.4, 172.5; LRMS: (ES+) m/z = 557 (M+1).

Synthesis of compound F3.2

MEMO. MEMO
0 0
v, N p
s
HN._O RT, 12h HN.__O
p@it @
R R, R JI\

1

&~ ITZ

3.
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To a stirred solution of azide compouBd (1 eq) in THF (3 mL) was added TPP
(1.1 eq) and water (100 pL). The reaction mixtueesweft for stirring for 12 h at
room temperature. After the completion of the neacfTHF was removed under
vacuo and purified by flash column using DCM, Me@blvent system to afford
pure amind-3.2.
N-((9)-1-((2R,39)-2-(aminomethyl)-6-((2-methoxyethoxy)methoxy)-2,3-dihydro
benzo furan-3-ylamino)-1-oxo-3-phenylpropan-2-yl)benzamide (F3.2a):

MEMO.
(0]

/H2

vy N
HN.__O
Fa.2a
Molecular Formula: gHs3N3Os; R: (100% ethyl acetate): 0.Burified by flash
chromatography using 100% ethyl acetate; Yield: 829%H NMR (400 MHz,
CDCl3) 6 ppm 3.04-3.25 (m, 2H), 3.35 (s, 3H), 3.49 (bs,,2Bi§2-3.64 (m, 1H),
3.71-3.83 (m, 2H), 4.10 (8 = 6.8 Hz, 1H), 4.51-4.60 (m, 1H), 4.93-5.25 (m, 4H),
6.43-6.57 (m, 2H), 6.74-6.76 (m, 1H), 6.96-6.97 {#H),7.17-7.26 (m, 6H), 7.37 (m,
2H), 7.45-7.54 (m, 1H), 7.61 (d, = 6.5 Hz, 2H);**C NMR (100 MHz, CDG)
oppm 39.1, 53.2, 59.0, 67.7, 67.7, 71.5, 88.9, 8932, 98.9, 109.4, 117.7, 125.3,
127.0, 127.0, 128.5, 129.3, 131.9, 133.1, 136.8,65160.6, 166.9, 167.0, 171.1,
171.2; LRMS: (ES+) m/z = 520 (M+1).

4-amino-N-((9)-1-((2R,3S)-2-(aminomethyl)-6-((2-methoxyethoxy)methoxy)-2,3-
dihydro benzofuran-3-ylamino)-4-methyl-1-oxopentan-2-yl)benzamide (F3.2b):

MEMO
(0]

~

oy
N
H

NH,

F3.2b

NH,
0

Molecular Formula: &H3sN4Os; Rr (10% MeOH\DCM): 0.1; Purified by flash
chromato graphy using 100% ethyl acetate; Yield%86'H NMR (400 MHz,
CDCl) & ppm 0.93 (bs, 6H), 1.69-1.70 (m, 3H), 2.19-2.48, (8H), 2.78-3.15 (m,
2H), 3.37 (s, 3H), 3.54 (bs, 2H), 3.78 (bs, 2H).3844.56 (m, 1H), 4.60-4.79 (m,
1H), 5.17-5.26 (m, 3H), 6.48-6.68 (m, 4H), 6.9717(fh, 2H), 7.55 (d) = 7.3 Hz,
2H); ¥*C NMR (100 MHz, CDGJ) & ppm 22.0, 22.9, 24.9, 29.6, 31.8, 33.2, 37.6,
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40.9, 58.9, 67.7, 71.5, 93.4, 98.7, 109.5, 10918.9, 118.2, 122.4, 125.7, 129.1,
150.2, 150.2, 159.3, 160.5, 167.5, 173.6; LRMS:HEB/z = 500 (M+1), 523
(M+Na).

Synthesis of compound 4.1

MEMO MEMO
0 o}
\©\—‘)’ R;CHO, NaCNBH;,
7 > "
COEL 4 cetic acid, EtOH, RT ‘COEt
3h, 75%

NHz Ra~_-NH
F2.1 41

The pure amin&2.1(1eq) and RCHO (1.1 eq) dissolved in EtOH, and a solution of
NaCNBH, (1.3 eq) in EtOH/AcOH (catalytic amount) was addedthe above
mixture at room temperature. The reaction mixtues stirred for 4 h. The reaction
was quenched with saturated MH solution and washed with water and brine. The
organic layer was dried over sodium sulfate, fdterand concentrated under reduced
pressure. The crude product was purified by colghmomatography on silica gel to
give the product.l.

(2S,39)-ethyl 3-(benzylamino)-6-((2-methoxyethoxy)methoxy)-2,3-dihydro
benzofuran-2 carboxylate (4.1):

MEMO
o)
““COOEt

Ph._NH

Molecular Formula: &H»/NOg; R; (30% ethyl acetate/hexane): 0.3; Yield: 62%4;
NMR (400 MHz, CDC}) & ppm 1.20 (tJ = 7.1 Hz, 3H), 3.29 (s, 3H), 3.48 (ddi=
5.4, 3.8 Hz, 2H), 3.73 (dd,= 5.4, 3.8 Hz, 2H), 3.84 (s, 2H), 4.15 (= 7.1, 2H),
4.48 (d,J = 3.3 Hz, 1H), 4.98 (dJ = 3.39 Hz, 1H), 5.12-5.18 (m, 2H), 6.54-6.63 (m,
2H), 7.01 (s, 1H), 7.01 ( s, 1H), 7.23-7.31 (m)5HC NMR (100 MHz, CDGJ)
oppm 14.1, 50.3, 59.0, 61.5, 63.9, 67.6, 71.5, 88376, 99.1, 109.5, 120.0, 125.4,
127.1,128.1, 128.4, 139.5, 159.2, 160.6, 170.MBR(ES+) m/z = 411 (M+1).

Synthesis of compound 4.2
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MEMO o 1) Fmoc-AA-Cl, DIEA, ~ MEMO o
\©\7‘) DCM, 0°C, 3 h
K > “GOOE
COEt 2) DBU, THF, 0°C, 10 min

RaNH 3) Ry,COCI, DIEA, R3\/NIO 0
DCM, 0°C, 3 h
41 R, N)LRQ
H
42

To the stirred solution od.1(1eq) in dry DCM added DIEA (1.5eq) at O °C under
inert atmosphere. After 5 min freshly prepared Frpomected amino acid chloride
(1.5 eq) in DCM, was added slowly. Reaction mixtuas stirred at room
temperature and reaction monitored by TLC. Thetr@acnixture was quenched by
the addition of a saturatem. NaHCQ, extracted with DCM, washed with brine,
dried over anhydrous N8O, and concentratedn vacuo. Purification by flash
chromatography. The pure Fmoc amino acid coupledymt was subjected to Fmoc
removal, using DBU (1.2 eq) in THF. This reactioompleted in 10 min, then
concentrated the solvemt vacuo.

To a suspension of above amine (1 eq) in DCM (10,nadded DIEA (1.5eq)
followed by acid chloride (COCI) (1.5 eq) at 0 °C under inert atmosphere. rAfte
completion of the reaction, reaction mixture wasmghed with sodium bicarbonate
solution (5 mL), concent -rated, and extracted wathyl acetate (3 X 20 mL).
Combined organic layer was washed with brine, dme@r anhydrous sodium
sulfate, filtered and concentrated to leave a caifjevhich was purified by column

chromatography to give pure compouha.

(2S,39)-ethyl 3-((S)-N-benzyl-2-(4-fluor obenzamido)-3-phenyl pr opanamido)-6-
((2-methoxyethoxy)methoxy)-2,3-dihydr obenzofur an-2-car boxylate (4.2a):

MEMO.

Molecular Formula: gHzgFN.Og; R: (30% ethyl acetate/hexane): 0.1; Purified by
flash chromatography using 30% ethyl acetate imhexYield: 60%;'H NMR (400
MHz, CDCk) & ppm 1.25-1.33 (t) = 7.1 Hz, 3H), 3.15-3.21 (m, 2H), 3.34-3.41 (s,
3H), 3.52-3.59 (m, 2H), 3.74-3.84 (m, 2H), 4.1734(f, 3H), 4.58 (dJ = 17.4 Hz,
1H), 4.84-5.06 (m, 2H), 5.11- 5.27 (m, 3H), 6688 (dd,J = 8.3, 2.0 Hz, 1H),
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6.62 (bs, 2H), 6.79-6.90 (m, 1H), 7.01-7.10 (m, 6HL7-7.26 (m, 6H), 7.76 (m,

2H), 8.10 (m, 1H)**C NMR (100 MHz, CDG)) 5 ppm 14.1, 39.1, 50.9, 56.7, 58.8,
66.3, 67.0, 67.5, 71.4, 75.1, 75.3, 90.8, 93.55,938.8, 109.1, 126.6, 126.9, 128.3,
128.4, 128.4, 128.8, 129.3, 131.5, 131.8, 131.2,013132.8, 133.6, 133.6, 133.8,
135.7, 136.0, 136.0, 136.4, 158.7, 159.3, 159.0,716166.4, 171.2, 172.2, 172.7;
LRMS: (ES+) m/z = 671 (M+1).

(2S,39)-ethyl 3-((S)-2-benzamido-N-(4-br omobenzyl)-3-phenylpr opanamido)-6-
((2-methoxyethoxy)methoxy)-2,3-dihydr obenzofur an-2-car boxylate (4.2b):

MEMO.
(0]

o
A

o
Molecular Formula: gH39BrN2Og; Rs (30% ethyl acetate/hexane): 0.1; Purified by
flash chromatography using 30% ethyl acetate imhexYield: 58%;'H NMR (400
MHz, CDCk) 6 ppm 1.25-1.33 (t) = 7.1 Hz, 3H), 3.15-3.21 (m, 2H), 3.34-3.41 (s,
3H), 3.52-3.59 (m, 2H), 3.74-3.84 (m, 2H), 4.1734(f, 3H), 4.58 (dJ = 17.4 Hz,
1H), 4.84-5.06 (m, 2H), 5.11- 5.27 (m, 3H), 6848 (dd,J = 8.3, 2.0 Hz, 1H),
6.62 (bs, 2H), 6.79-6.90 (m, 1H), 7.01-7.10 (m, 6HL7-7.26 (m, 6H), 7.76 (m,
2H), 8.10 (m, 1H)**C NMR (100 MHz, CDG)) 5 ppm 14.1, 39.1, 50.9, 56.7, 58.8,
66.3, 67.0, 67.5, 71.4, 75.1, 75.3, 90.8, 93.55,938.8, 109.1, 126.6, 126.9, 128.3,
128.4, 128.4, 128.8, 129.3, 131.5, 131.8, 131.2,013132.8, 133.6, 133.6, 133.8,
135.7, 136.0, 136.0, 136.4, 158.7, 159.3, 159.0,716166.4, 171.2, 172.2, 172.7;
LRMS: (ES+) m/z = 732 (M+1).

Synthesis of compound 4.3

MEMO. MEMO.

o) o)
LiBH,, THF
oy B TP vy~ OH
COOEt  Goc.RT, g
Rsa N 20 R3VNIO o
R4 N/”\Rz R4 NJJ\RQ
H H
4.2 4.3

Same experimental procedure as synthesss3of
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N-((S)-1-(benzyl((2S,3S)-2-(hydr oxymethyl)-6-((2-methoxyethoxy)methoxy)-2,3-
dihydrobenzofuran-3-yl)amino)-1-oxo-3-phenylpr opan-2-yl)-4-fluor obenzamide
(4.3a):

MEMO.
Q

Ph N O o

Mo

4.3a

Molecular Formula: gHs7FN.O;; Rs (50% ethyl acetate/hexane): 0.3; Purified by
flash chromatography using 50% ethyl acetate imhexYield: 82%;'H NMR (400
MHz, CDCk) d ppm 2.98-2.99 (m, 4H), 3.38 (s, 3H), 3.54-3.58 &H), 3.68-3.74
(m, 2H), 3.79-3.83 (m, 3H), 4.35-4.36 (m, 2H), 5(@5 2H), 6.37 (dJ = 6.9 Hz,
2H), 7.04-709 (m, 4H), 7.22-7.26 (m, 3H), 7.30-7(84 6H), 7.65-7.69 (m, 3H}C
NMR (100 MHz, CDC}) & ppm 39.6, 48.3, 51.4, 51.9, 56.0, 58.9, 65.7, ,66/85,
67.7, 71.4, 87.6, 88.3, 88.6, 93.5, 98.8, 109.8.4,1126.6, 127.1, 127.3, 127.5,
128.3, 128.4, 128.4, 128.5, 128.5, 128.8, 129.5,512131.5, 132.4, 135.9, 155.4,
159.5, 159.7, 160.4, 166.8, 172.5; LRMS: (ES+) mB27 (M-1).

N-((S)-1-((4-bromobenzyl)((2S,3S)-2-(hydr oxymethyl)-6-((2-methoxyethoxy)
methoxy)-2,3-dihydrobenzofur an-3-yl)amino)-1-oxo-3-phenylpr opan-2-yl)ben
zamide (4.3b):

MEMO.
0]
Br
N o]
i 1
N Ph
H
Ph
4.3b

Molecular Formula: gH37BrN2O;; Ry (50% ethyl acetate/hexane): 0.3; Purified by
flash chromatography using 50% ethyl acetate imhexYield: 80%;'H NMR (400
MHz, CDCk) d ppm 2.98-2.99 (m, 4H), 3.38 (s, 3H), 3.54-3.58 &H), 3.68-3.74
(m, 2H), 3.79-3.83 (m, 3H), 4.35-4.36 (m, 2H), 55 2H), 6.37 (d,) = 6.9 Hz,
2H), 7.04-709 (m, 4H), 7.22-7.26 (m, 3H), 7.30-7(B% 6H), 7.65-7.69 (m, 3H}’C
NMR (100 MHz, CDCJ) & ppm 39.6, 48.3, 51.4, 51.9, 56.0, 58.9, 65.7, ,66/85,
67.7, 71.4, 87.6, 88.3, 88.6, 93.5, 98.8, 109.8.4,1126.6, 127.1, 127.3, 127.5,
128.3, 128.4, 128.4, 128.5, 128.5, 128.8, 129.5,512131.5, 132.4, 135.9, 155.4,
159.5, 159.7, 160.4, 166.8, 172.5; LRMS: (ES+) mB88 (M-1).
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Synthesis of compound 4.4

MEMO o MEMO

1) MsCl, NEt, 0
“, JOH "0°C,1h oy Ns
2) NaNs, DMF,
Rs\/NIO o 55°¢ 6 h RngIO o
RO N R R NJ\R2
4.3 44 H

Same experimental procedure as synthesisdof

N-((9)-1-(((2R,39)-2-(azidomethyl)-6-((2-methoxyethoxy)methoxy)-2,3-dihydro
benzo furan-3-yl)(benzyl)amino)-1-oxo-3-phenylpropan-2-yl)-4-fluor obenza
mide (4.4a):

MEMO

Mo

4.4a

Molecular Formula: gH3sFNsOs; Rr (30% ethyl acetate/hexane): 0.3; Purified by
flash chromatography using 30% ethyl acetate imhexYield: 62%;'H NMR (400
MHz, CDCk) d ppm 2.98-2.99 (m, 4H), 3.38 (s, 3H), 3.54-3.58 &H), 3.68-3.74
(m, 2H), 3.79-3.83 (m, 3H), 4.35-4.36 (m, 2H), 5(@5 2H), 6.37 (dJ = 6.9 Hz,
2H), 7.04-709 (m, 4H), 7.22-7.26 (m, 3H), 7.30-7(84 6H), 7.65-7.69 (m, 3H}C
NMR (100 MHz, CDC}) & ppm 39.6, 48.3, 51.4, 51.9, 56.0, 58.9, 65.7, ,66/85,
67.7, 71.4, 87.6, 88.3, 88.6, 93.5, 98.8, 109.8.4,1126.6, 127.1, 127.3, 127.5,
128.3, 128.4, 128.4, 128.5, 128.5, 128.8, 129.5,512131.5, 132.4, 135.9, 155.4,
159.5, 159.7, 160.4, 166.8, 172.5; LRMS: (ES+) mB52 (M-1).

N-((9)-1-(((2R,39)-2-(azidomethyl)-6-((2-methoxyethoxy)methoxy)-2,3-dihydr o
benzofuran-3-yl)(4-br omobenzyl)amino)-1-oxo-3-phenylpr opan-2-yl) benzamide
(4.4b):

MEMO
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Molecular Formula: gH37BrN.O;; Ry (30% ethyl acetate/hexane): 0.3; Purified by
flash chromatography using 30% ethyl acetate imhexYield: 65%;'H NMR (400
MHz, CDCk) d ppm 2.98-2.99 (m, 4H), 3.38 (s, 3H), 3.54-3.58 2H), 3.68-3.74
(m, 2H), 3.79-3.83 (m, 3H), 4.35-4.36 (m, 2H), 55 2H), 6.37 (d,) = 6.9 Hz,
2H), 7.04-709 (m, 4H), 7.22-7.26 (m, 3H), 7.30-7(84 6H), 7.65-7.69 (m, 3H}C
NMR (100 MHz, CDCJ) & ppm 39.6, 48.3, 51.4, 51.9, 56.0, 58.9, 65.7, ,66/85,
67.7, 71.4, 87.6, 88.3, 88.6, 93.5, 98.8, 109.8.4,1126.6, 127.1, 127.3, 127.5,
128.3, 128.4, 128.4, 128.5, 128.5, 128.8, 129.5,512131.5, 132.4, 135.9, 155.4,
159.5, 159.7, 160.4, 166.8, 172.5; LRMS: (ES+) miZA3(M-1).

Synthesis of compound F3.3

MEMO. MEMO.

0 0
vy, Ns  PPhg, THF/H,0 vy NH2
RT, 12h
RavNIO o Ra\/NIO o
Ry N" 'R R N)LR»_;
H H
44 F3.3

Same experimental procedure as synthe3&

N-((9)-1-(((2R,39)-2-(aminomethyl)-6-((2-methoxyethoxy)methoxy)-2,3-
dihydrobenzofuran-3-yl)(benzyl)amino)-1-oxo-3-phenylpr opan-2-yl)-4-fluor o
benzamide (F3.3a):

MEMO.

F3.3a

Molecular Formula: gHzsFN3Os; R: (30% ethyl acetate/hexane): 0.3; Purified by
flash chromatography using 100% ethyl acetate ixahe; Yield: 88%: *H NMR
(400 MHz, CDC}) 6 ppm 2.98-2.99 (m, 4H), 3.38 (s, 3H), 3.54-3.58 2i), 3.68-
3.74 (m, 2H), 3.79-3.83 (m, 3H), 4.35-4.36 (m, 2BR5 (s, 2H), 6.37 (d] = 6.9
Hz, 2H), 7.04-709 (m, 4H), 7.22-7.26 (m, 3H), 7884 (m, 6H), 7.65-7.69 (m, 3H);
¥C NMR (100 MHz, CDG)) & ppm 39.6, 48.3, 51.4, 51.9, 56.0, 58.9, 65.7, ,65.8
67.6, 67.7, 71.4, 87.6, 88.3, 88.6, 93.5, 98.8,3,0018.4, 126.6, 127.1, 127.3, 127.5,
128.3, 128.4, 128.4, 128.5, 128.5, 128.8, 129.5,512131.5, 132.4, 135.9, 155.4,
159.5, 159.7, 160.4, 166.8, 172.5; LRMS: (ES+) mf26 (M-1).
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N-((9)-1-(((2R,3S)-2-(aminomethyl)-6-((2-methoxyethoxy)methoxy)-2,3-dihydro
benzofuran-3-yl)(4-bromobenzyl)amino)-1-oxo-3-phenylpr opan-2-yl)benzamide
(F2.3):

MEMO.

(o}
iy o NH,
Br

N (0]

i X
N Ph
H

Ph

F2.3

Molecular Formula: gH3sBrNsOg; Rs (30% ethyl acetate/hexane): 0.3; Purified by
flash chromatography using 100% ethyl acetate ixahe; Yield: 88%: *H NMR
(CDClg, 400 MHz): 2.47-2.67 (m, 0.5 H), 2.83-3.03 (m, Hp 3.11-3.21 (m, 2H),
3.38-3.41 (m, 3H), 3.56-3.61 (m, 2H), 3.78-3.84 @Hl), 3.95-3.98 (m, 0.5), 4.14-
4.27 (m, 2H), 4.36-4.47 (m, 0.5H), 5.19-5.28 (nhHD, 5.69-5.83 (m, 1.5H), 6.46-
6.54 (m, 2H), 6.69-7.02 (m, 4H), 7.14-7.16 (m, 1AR5-7.35 (m, 4H), 7.45-7.57
(m, 4H), 7.77-7.81 (m, 2H)-*C NMR (CDC}, 100 MHz)& ppm 39.2, 39.6, 48.1,
48.5, 49.3, 51.1, 56.1, 56.8, 58.9, 60.3, 67.65,743.3, 75.1, 75.3, 90.8, 91.2, 91.2,
93.6, 98.9, 99.2, 109.3, 109.5, 121.3, 121.5, 1248.9, 127.0, 127.1, 128.4, 128.5,
128.5, 129.4, 130.0, 131.9, 133.5, 133.7, 135.5,613136.0, 136.1, 158.9, 159.3,
159.7, 166.6, 166.6, 172.5, 172.8; LRMS: (ES+) m/671 (M-NH+1), 673 (M-
NH3+3).
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2.7. Spectra
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