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Synopsis

This thesis entitled “Synthesis of Natural product-Inspired Macrocyclic

Architectures and Hybrid Latrunculins” contains five chapters

Chapter 1: Introduction to the Importance of Macrocycles
This chapter deals with literature survey on the@amance of macrocycles in drug
discovery arena and breifly discuss about few ssgseories of natrual product as well

as synthetic macrocycles.

Chapter 2: Synthesis of Natural Product-Inspired, #-Membered Ring Derived
Macrocyclic Toolbox

(Org. Lett., 2013 15, 436-439)

Due to the growing demand in accessing small mdédscto search for modulators of
Protein-Protein Interactions (PPI) and the seledtisgsectors of signaling pathways, we
are seeing a rejuvenating interest in natural ptsduln general, macrocyclic

compounds can offer several advantages, such) afjl{ty to map a large surface area,

R
O, ~ COR;
rﬂ‘j N Y\N/ 2
X COR
op, N R L’"ﬂ /
H o =7 :> | No compound, After compound
z Ry \\\\OP1K 1.5 p10\“ o.1lyDM§e (2.5uM)
W \N . A B
P4O" R4 p,o" N | |
a | NH, NHCOR;
X = NCOR; (1.1) X = NCOR;(1.3) g “:20 oR S:
X=0(1.2) X=0(1.4) 3 B
d OH Hy

Scheme 1:Designed natural product-inspired 14-membered otgctes and zebrafish based

anti-angiogenesis assay

(i) numerous binding interactions, (iii) pre-orgaation, and (iv) an enhanced cell-
permeation properties. Some of these featureshiyldy attractive to search for
compounds with high selectivity and affinity to prm targets, as modulators of
protein-protein interactions and pathways, in gahddowever, a high complexity of

macrocycles in most bioactive natural products heamspheir synthetic modification(s)
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and pharmacokinetic optimization. Thus, synthetiacracycles having sufficient

complexity is gaining a serious attention in thegldiscovery arena in recent years.
This has led to the discovery of many synthetic no@glic small molecules as

modulators with appropriate pharmacokinetic prapsrfor challenging new targets
related to PPI

With this objective, we were interested in devehgpa modular synthesis method to
access natural product-inspired 14-membered ringvete macrocyclic toolbox
(Scheme ). Natural product inspired macrocycles are mooselto natural products in
terms of their 3D shapes and dense display of ttlenal functinal groups. In our
modular design strategy, we had an option to imm@ge the amino acid functionality
either through the aromatic amine or from the atmghside chain (see, macrocyclic
targets,1.1-1.4. Further, variation in the side chain, i.ex-R on the macrocyclic
skeleton can also be achieved through selectivdati@n and amidation, respectively.
We successfully developed the synthesis methoddinigato access 14-membered
macrocycles, and also, tested them in a zebrafeded assay to search for anti-
angiogenesis agents and the inhibitors of an eamryo development. This was
achieved in collaboration with Satish Kitambi teanh the Karolinska Institute in
Sweden. This study identified some novel smallenoles as anti-angiogenesis agents

and the inhibitors of early embryonic development.

A few key references:

0} Driggers, E. M.; Hale, S. P.; Lee, J.; Terrbit,K. Nat. Rev. Drug Discov. 2008 7,
608.

2) Arkin, M. R.; Wells, J. ANat. Rev. Drug Discov. 2004 3, 301.

3) Wells, J. A.; McClendon, C. INature 2007, 450, 1001.

4) Scott, J. D.; Pawson, $cience 2009 326, 1220.

(5) Pawson, T.; Warner, Kdncogene 2007, 26, 1268.

(6) Schreiber, S. [Proc. Natl. Acad. Sci. USA 2011, 108, 6699.

@) Dandapani, S.; Marcaurelle, L. Nat. Chem. Biol. 201Q 6, 861.
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Chapter 3: Synthesis of Natural Product-Inspired, Z-Membered Ring Derived
Macrocyclic Toolbox via an Intramolecular Heck Reation

(Eur. J. Org. Chem., 2013 3955-3958)

More than 40 years ago Mizorokand Heck independently discovered the Pd(0)-
catalyzed vinylation of aryl halides. This reactisnnow known as the Heck reaction
and it is broadly defined as the Pd(0)-mediatedpting of an aryl or vinyl halide or
triflate with an alkene. The reaction is very aitnge from the the synthetic point of
view because of mild reaction conditions, high cbesalectivity and low toxicity and
cost. Although the synthetic potential of this sfmmmation was unexplored for a
number of years, the application of this powertdation in natural product synthesis
has flourished recenfly There are many number of reactions are knowntlier
macrocyclization but Heck reaction was not muchheaa as the macrocyclization
strategy. There are only few examples in the litesutilizing Heck reaction as the
macrocyclization step. Here are the some liteeatexamples for the synthesis of
macrocycles using intra-molecular Heck reactionttes macrocyclization strately
Even though the Heck reaction was utilized as tlaerotyclization strategy for the
synthesis of cyclic peptid&s'®and in the natural product synthé&fsthis reaction is
not much explored in the generation macrocycliccdashemical toolbox. By
considering this, we are interested in exploring tise of the intramolecular Heck
reaction as the macrocyclization strategy in theegation of macrocyclic library of

compounds.

Intramolecular Heck

o as the key step O

R enantioenriched

O, HN:
P 1\ S (
NH - . N R NO,

OMe OMe : OMe

Ri HN”™0 \

N./ NH,

MeO K R, MeO HN MeO'

~ 0 0

e

"

21 stereochemical and 2.2 2.3
skeletal diversity
hydrophobicity modulation

Scheme 2:Designed natural product-inspired 17-membered otgctes and zebrafish based
anti-angiogenesis assay

vii



In our study, we decided to develop a modular nettw obtain a diverse to 17-
membered functionalized macrocyclic compounds bexdhere are several examples
of bioactive natural products that have functiaredi 17-membered rings. Shown in
Scheme 2are our two proposed macrocyclic targe?sl (@and 2.2). The macrocyclic
targets,2.1 and2.2 are highly attractive because of the presencefofetionalized 17-
membered ring skeleton. The possibility of usinghbenantiomers further allows us to
explore the stereochemical diversity on a similacrocyclic ring. The incorporation
of an amino acid moiety as a part of the macrocygtig provides an opportunity to
bring various non-polar to polar groups as theathside chain. Further, in our present
design targets, each macrocyclic ring has two ditsempoints that could easily be
explored in generating the structurally relatedl@gg as the library members. We
successfully used an intramolecular Heck reactioactess 17-membered macrocycles,
and, further, tested our chemical toolbox in a aébin based assays to search for anti-
angiogenesis agents and the inhibitors of an earlpryo development and identified

some novel small molecules as anti-angiogenesistage

A few key references:

(1) Mizoroki, T.; Mori, K.; Ozaki, ABull. Chem. Soc. Japan 1971, 44, 581.

(2) Heck, R.; Nolley Jr, dl. Org. Chem. 1972 37, 2320.

(3) (a) Beletskaya, I. P.; Cheprakov, A. ®hem. Rev. 200Q 100, 3009(b) Dounay, A.
B.; Overman, L. EChem. Rev. 2003 103, 2945(c) Le Bras, J.; Muzart, Chem.
Rev. 2011, 111, 1170.

(4) (a) Akaji, K.; Teruya, K.; Akaji, M.; Aimoto, STetrahedron 2001, 57, 2293. (b)
Dieckmann, M.; Rudolph, S.; Dreisigacker, S.; Mexydd.J. Org. Chem. 2012 77,
10782. (c) Groh, M.; Meidlinger, D.; Bringmann, Gpeicher, AOrg. Lett. 2012
14, 4548. (d) Reddy, P. R.; Balraju, V.; Madhavan, R5;, Banerji, B.; Igbal, J.
Tetrhedron Lett. 2003 44, 353.

Chapter 4: Literature Work on Latrunculins
This chapter covers the isolation, biological intpoce and literature synthesis of

latrunculin family of bioactive marine natural prads.
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Chapter 5: Latrunculin-Derived Hybrid Natural Produ cts

(Manuscript under preparation)

As an extension to our work in the area of buildimg macrocyclic diversity, we plan to
develop novel chemical approaches that are focosethe bioactive natural product,
Latrunculin A. Latrunculins are the marine natugaoducts known to disrupt
microfilament organization by binding specifically the cytoskeleton protein called
actin. Latrunculin A and B, two lead compoundstuo$ family serving as the biological
probes. These natural products are isolated frahsea spongilegombata Magnifica
(formerly known ad.atrunculia Magnifica) in 1980 by Kashman et al. The structure of
latrunculin A and B were assigned based on an sikterspectroscopic studies and the

single crystal X-ray of methyl glycoside derivatiokthe latrunculin A.

H
Hybrid R,, N__©O
Macrocycles /J/i \"/
0]
@) O
o)
H H
(@)
MeO H
PMBN
S
o 3.3

Latrunculin A, 3.1 3.2

Scheme 3The design of latrunculin derived hybrid macrdegc

These are the first marine natural products comgimmacrocyclic ring skeleton
(latrunculin A is 16-membered and B is 14-membarextrolide) as well as with hte
rare thiazolidinone ring. Moreover, it is inteliagt to see that it share the similar
carbocyclic skeleton with epothilone B, which isealdy an approved drug for the
treatment of breast cancer. Later, it was found b® latrunculins disrupting

microfilament organization by forming 1:1 complextlwthe protein actin without



showing any effect on microtubule organization iouse neuroblastoma and fibroblast

cells.
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Scheme 4Retrosynthetic analysis of latrunculin derivedhigt macrocycles
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Scheme 5:Synthesis of key fragmendsl and4.2



Our plan is to develop a novel methodology to abtai key pyran fragment of
latrunculin A in sufficient scale quantity and toliae this fragment in the generation of
latrunculin derived hybrid macrocyclic librar$g¢heme 3. The retrosynthetic analysis
of our designed latrunculin derived hybrid macrdegcis shown inScheme 4 The
aldol reaction between the fragment methyl ketdreand aldehydet.5, which was
obtained fromSmalic acid in four steps, yielded two isomersafpd 3) of pyran
fragments4.1 and 4.2 (Scheme %. These two fragments were further utilized to the
synthesis of hybrid macrocycleSdheme & Currently, the biological evaluation of
these compounds is ongoing in several researchidtdees in a search of functional

small molecules.

H
(l)TBDPS (le (\ R, N o
", OH ", o) Y
i. NaH, Allylbromide, O A
o) DMF, RT,5h o 0% YOH g2
—»
MeO™JeH i TBAF, THF, RT, MeO” ] H EDCI, DMAP, DCM,
PMBN 1h PMBN RT, 4 h
)—s S
[e) 4.2 le} 6.1
similarly
H
H N R N_ _O
R, _N_ _O R,, N _O “,
TS Y Y
0 0 @ >o °
07 o (\ i. Gl @omolw), ©° 9
|’f:,, o DCM, reflux, 3 h ) (o) O
» “ H H
o il. H,, 10% Pd/C, 3 H o
EtOH, RT, 12 h R = i-Pr e g
MeO” | JH MeO™ [ ,H R=Bn
PMBN PMBN R-iBu PMBN
6.3 R =s-Bu s
S S R = Me 3.4
Io; o 3.3 o

Scheme 6:Synthesis of latrunculin-derived, hybrid macrocgc3and3.4

A few key references:

(1) Kashman, Y.; Groweiss, A.; Shmueli, Tétrahedron Lett. 1980,21, 3629-3632.

(2) Spector, I.; Shochet, N. R.; Kashman, Y.; Gems, A.Science 1983,219, 493—
495.

(3) Coué, M.; Brenner, S. L.; Spector, |.; Korn, EHEBSLett. 1987,213, 316—
318.
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General Information

'H and®*C nuclear magnetic resonance (NMR) spectra weded on Varian 400
MHz NMR spectrometer at the frequency indicated evehindicated, the NMR peak
assignments were made using COSY experiments.h&lingcal shifts are quoted on
the o-scale and were referenced to the residual solaenain internal standard.
Combinations of the following abbreviations areduse describe NMR spectra: s =
singlet; d = doublet; t = triplet; g = quartet; nmultiplet. Mass spectra and LCMS
were recorded using electron impact, chemical aima or electrospray ionisation
techniqgues, on Agilent-6430 mass spectrometer. -degformance liquid
chromatography was carried out on Agilent-1200rumsent using X-BRIDGE C-18
150x4.6mm § column. Thin layer chromatography (TLC) was calrieut on
aluminium sheets coated with silica gel 60fFMerck, 1.05554) and the spots were
visualized with UV light at 254 nm or alternativdby staining with aqueous basic
potassium permanganate or ceric ammonium molybddash column
chromatography was performed using silica gel (Mer@0A, 230-400 Mesh).
Commercially available reagents were used as segp@nd some of them were
distilled before use. All reactions were performadoven dried glassware. DMF,
DCM, MeOH and THF were dried immediately prior teeuaccording to standard
procedures: Dimethylformamide, Dichloromethane wveiistiled under N from
CaH,, Methanol was distilled under,Mver Mg and Tetrahydrofuran was distilled

under N over Na. All solvents were removed by evaporatiodar reduced pressure.
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Chapter 1

1.1. Introduction:

In recent years, an interest in accessing macracyaichitectures has grown
significantly due to their role as the chemical miatbrs in a wide variety of protein-
protein interaction-based signaling pathwayShown in Figure 1 are some selected
examples of bioactive natural products having adaring skeleton and their
participation in several disease-related signalpaghways. Macrocyclic natural
products have evolved to fulfil numerous biochernfaactions, and, their profound
pharmacological properties have led to their dgwmlent as drugs. A macrocycle
provides diverse functionality and stereochemiaahplexity in a conformationally
pre-organized ring structure. This can result ihigh affinity and selectivity for
protein targets, while preserving sufficient biodadaility to reach intracellular
locations™® Despite these valuable characteristics, and, theep success of more
than 100 marketed macrocycle drugs derived fromrahproducts, this structural

class has been poorly explored within drug discpver

NMe,
""IMe
“0” ~07 “Me
R4= OMe, R,= H Geldanamycin, F1.2
R4=H, R,= OMe Herbimycin A, F1.3 - aiulMle
(HSP90 Inhibitors) Me OMe
Me OH
Rifampacin, F1.1 Erythromycin A, F1.4
(Antituberculostatic) % (0] (Antibiotic)
(e) H
O, (0]
j\: I
Me' O)H/\
H

Me
Cryptophycin 1, F1.5
(tubulin modulator)

OMe
O OH O ,
X = O, Epothilone B, F1.7 Peloruside A, F1.9
Rapamycin, F1.6 X = NH, Ixabipilone, F1.8 (tubulin modulator)
(m-TOR inhibitor) (tubulin modulator)

Figure 1. Examples of bioactive macrocyclic natural products




Chapter 1

This is mainly due to our inability to develop efént synthesis methods to access
these compounds and their structural related anaf@ a time efficient mannét.
Another reason is that these compounds also ddoliowv the classical Lipinski’s
rules’ that are commonly and religiously applied in theditional drug discovery
arena. However, there are several research grbapsre investigating the potential
of synthetic macrocycles in drug discovery, andiehshown that such compounds
can provide a high target affinity and selectivitystructures having acceptable drug-
like properties. Several synthetic macrocycleselated to natural products, are now

under an active preclinical and clinical developtden

1.2. Key technologies:

Success in discovering, developing, and, marketsafe and efficacious
pharmaceutical products has been characterized tbeetast three decades by a
highly polarized focus in two major categories ofigs® At one extreme, we have
small molecules that represent a synergy of sywthetd medicinal chemistry,
driven by an understanding of interactions of sumeblecules with receptors or
enzymes. These compounds are usually readily syimtheeand have characteristics
bounded by the Lipinski ‘Rule of 5’ guidelindg.hese molecules work by providing
sufficient functionality in a concise package tadito lipophilic pockets and polar
functionality in small, concise binding sites, swshthose found in an enzyme active
site. In many cases, they replicate the interaatiotie target protein molecule with
its endogenous ligand or substrate. However, tiseaegrowing realization that such
targets represent only a fraction of all diseas®veat drug opportunities, and, that to
find novel drugs for important medical needs, itniecessary for the scientist
community to discover molecules to disrupt ProtBirstein Interactions (PPI&)>
These recognition events between proteins dependmamy weak binding
interactions spread over an extended surface dtea exceeding 700% It has
become apparent that ‘Rule of 5 compliant moleswee generally unable to make
sufficient interactions to disrupt PPIs. The pharendical industry has responded to
this challenge by developing biological drugs, treqtly, derived from proteins or
peptides to gain a sufficient potency by interagtiover a large surface area.
Antibodies or soluble receptors constitute a lapget of this drug space, but
increasingly, there are several new semi-synthieitcdogical molecules such as,
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AdnectinsTM, avimers, and aptamers, discoveredraadufactured by biochemical
means® While providing high levels of potency, exquisitelectivity, and in many
cases, long half-livesn vivo, molecule size significantly restricts membrane
permeability. Thus, there remains a need for com@sihat on one hand possessing
sufficient size and functionality to interact wifbrotein surfaces, and, yet still
maintain small molecule-like properties such asl geénetration and oral
bioavailability?®® Amongst the range of pharmacologically active poumds,
macrocycles offer the potential to sit in the ‘nl@ldpace’ between small molecules
and biologicals, and, furthermore, are precedebgedatural product?®’ (see, Figure
2)

Target types 4

Protein-
Protein
Interactions

Adnectins

Biological drugs
+ antibodies

Avimers

Extended binding

Aptamers Novel-

antibodies

Proteases,
phosphatases

Kinases

o

[

£

.g lon

= channels

«

(=%

E GPCRs/

8 Aminergic

Receptors
Small simple structure Large complex structure .
100-500 MW 10,000 to 500,000 MW

Figure 2:

In this chapter, | am going to discuss some sucsgsgs of macrocyclic natural

products as well as the synthetic macrocycles.

1.3. Macrocyclic Natural Products:

In this section, | am going to discuss about tweecatudies of natural products,
cryptophycins and geldanamycins.

1.3.1. Cryptophycins:

Cryptophycins E1.5, Figure 1) are isolated from the terrestrgghnobacterium, a
Nostoc species,” shows strong destabilizing properties by blocking hydrolysis of

4
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GTP® They are not the substrate of P-glycoprotein (Rbp} favors the specific
antitumor activity against multiple cancérét lower concentrations, cryptophycins
are shown to interrupt the microtubule dynamicabsity. They have two forms of
binding sites, a high affinity binding site, andfeav low-affinity binding site¥ It
interferes with the vinblastine-binding site onulib in a non-competitive mann&r
There are many groups who successfully achieved tttal synthesis of
cryptophycins?Herein, we outline the efforts by the Georg tearthatUniversity of

Kansas to develop the synthesis of cryptophytins.

Retrosynthesis:

As shown in the retrosynthesis plan, the reseasclaehieved the crytophycin
macrolactone core by a novel macrolactonizatiorreguh that utilizes a reactive
acyl-lactam intermediate 1(4) which incorporates thei-amino acid moiety
(Scheme 1¥3

Heck reaction

l

©\MO ©/X WY
o) H H
O0x° 0 HNI‘\©\ : + 00 0 HN _‘\\\\©\
O/”\/\N 0 OMe 1.2 OJI\/\N 0 OMe
H l H
1.3

Macro

O

1.1, Cryptophycin-24

-lactonization
\/k/\/OPMB
W Amidation 1 H
H T 1.6 o)
= 7 OH
\\,o HN
\

:\/ 0, s
. L\@\ :\/ +
0TBS \tN 0 OMe o) CIHHN
Phapé\? 0 :\l\\©\
Ot-Bu
1.4 17 18 \IEN 0 OMe

Scheme 1. The retrosynthetic analysis of cryptophycin-24

(0] Cl
5

OTBS

Synthesis:

The total synthesis of cryptophycin is shown in Sok 2*° The alcohol1.6 was
coupled with the acid chloride5 followed by the PMB removal to obtain an ester
2.1. Oxidation of primary alcohol of est&2.1 to aldehyde using Dess-Martin
conditions followed by Wittig olefination witd.7 resulted in compoun@.2. The
ter-butyl ester2.2 was hydrolyzed using TFA condition then couplethwhe acyl-
B-lactam containing amino compouridB to yield the macrocyclic precursdr4.

The TBS group in compound.4 was removed with BfFfELO followed by

5
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macrolactonization using BNCN resulted in the macrocyclic compoubh@®. The
Heck reaction with iodo benzene followed by thexagation yielded the required

cryptophycin as a 2:B(a) epoxide mixturé?

\/k/\/OH i
Y 1. Dess-Martin
OPMB 4+ 1. TEA, DMAP 6 oxidation
_—

o
—_—
OTBS  , ppa 2 O
oTES Ph3P/\f
16 15 17 OtBu
21

N 0 X 0
1.TFA 5 1. BFyE,0

0s__0 OtBu  _2.HBTU,DIEA 05_0 HNI\\Q\
2. Bu,NCN
oTBS Clh H2NL\©\ oTBS \]tril 0 OMe

2.2 1.4

1. Phl, Pd(OAc)2

1.1, Cryptophycin-24
J\A L 2. DMD(2 )

Scheme 2: Total synthesis of cryptophycin-24

1.3.2. Geldanamycin:

Benzoquinoid anasamycins, such as geldanamydir2)(and herbimycin AK1.3),
are two antibiotics that exhibit the anti-tumoregtis Geldanamycin was isolated by
workers at Upjohn fromSreptomyces hygroscopicus var. geldanus var. nova in
1970 Studies have also shown that the Hsp90 client jm®tean be destabilized
when geldanamycin binds to the ATP-binding siteHp90, and, it inhibits the
chaperone activity of the protein. Geldanamycin getively binds to the N-
terminal ATP binding site of HSP90 and this theevents the ATP binding and

disrupts the ATP-dependent conformational cyclorat?

The total synthesis of geldanamycin was carried-mitially, by Andrus and co-
workers®® and, later, by other researchéfsRecently, Panek team reported an
enantioselective synthesis that was achieved ifin2dr steps, with an overall 2%

yield.
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Retrosynthesis:

The synthesis of 19-membered macrocycle was adhieen an acylic amid&.1
(Scheme Bthrough an intramolecular aryl amidation reactidhe E,Z)-diene was
installed by the reduction of an enyne from alkwtigih of precursor8.2 and3.3.
These were generated from easily accessible aléghy@dnd a chiral silane reagent
3.4. Organosilane3.4 has unique features as it establishes the C10-§hl
stereochemistry while simultaneously creating tBe €9 E)-trisubstituted olefin.

OMOM

OMOM

N CO,Me

Me,PhSi™ e

CHO

3.2 OMOM O'Pr 3.5

Scheme 3: Retrosynthetic analysis of geldanamydii.@)

Synthesis:

The synthesis is also highlighted by (i) a regind atereo-selective hydroboration
reaction and a Sc(OHEt:SiH-mediated pyran ring-opening approach, (i) an
enantioselective crotylation to simultaneously alisthe C8—C9 K)- trisubstituted
olefin and the C10 and C11 stereocenters, and), diichelation controlled
asymmetric metallated acetylide addition followgddn intramolecular copper (I)-
mediated aryl amidation reaction to obtain the ¥whered macrolactagscheme
4)}7
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iPr

AN N

o, W i

Br CHo 1 TfOH, DCM,-00°C @ Pr
> CHO
QTMs Me0,C™ 07 +

-
OMe CO.Me

\/Y\ . OMe

i

4.3 O'Pr

O'Pr 4.2 SiPhMe;
4.1

OMOM MeO
OMe 3.4 2

\/\:(\CONe
Me,Phsi.  Me
N
1. BFyEt,0, TMSOBn
2. DIBALH MeO

3.3
/ CO,Et

few steps Br

-

1. Et,0.ZnclL,, BulLi
2. NaH, Mel

CHO

w

3.2
OMOM

few steps

4.5 OMOM

Scheme 4. Total synthesis of geldanamyciRl(2)

1.4. Synthetic M acrocycles:

There are several success stories for the syntmetbcocyclic modulators of protein-
protein interactions, and, in this section, we gmng to discuss macrocyclic
inhibitors of IRAP and anti-malarial macrocyclicnapounds.

1.4.1. Macrocyclic Inhibitor s of Insulin Regulated Amino Peptidase:
Angiotensin IV £3.1),'® a hexapeptide was proved to play an important iole
improving memory and learning, and this was denratei by a large number of
animal studies over the past two decddeang IV binds with high affinity to
insulin-regulated amino peptidase (IRAP), an enzyowalized in areas of brain,
associated with memory and learnfidn recent years, IRAP evolved as a new drug
target for the treatment of memory dysfunctfbrThere are many groups who are
working on SAR studies on the Ang IV to make it meifficient by designing their
stable peptide¥’
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The Design of Macrocyclic I nhibitors of IRAP:

Hallberg and co-workers conducted the SAR studieg\iog 1V, and, reported that
macrocyclization (11 and 13 membered rings) usirsylfide bond followed by
structural optimization leads to the macrocyese2 having K value 5.1 nM***The
disulfide is chemically and metabolically labilenda due to these reasons, it was
replaced by carbon-carbon bonds, which can beyesgilthesized using ring closing

metathesis. This strategy resulted in the macresf3.3 (K; = 4.1 nM) and=3.4.%*

OH

OH
N
HN SN
o] o
HN o macrocyclization O o HOOC
and optimization
H N\/g HN\)I\
N0 Y NH O — Os_NH HN U\N
W S m
/

F3.2,K;=5.1nM
chemically and metabolically
unstable analogues

OH
HOOC
replacing S atom o] HOOC
JU i

O
by C atom
y |t:> i/g /\b HoN,,, OHN “\u/\gj

F3.3,Ki=4.1nM F3.4
chemically and metabolically
stable analogue

Ang IV, F3.1, K= 62.3 nM

Figure 3: The design of macrocyclic inhibitors of IRAP

Synthesis:

The synthetic strategy for the macrocy€R3 using Wang resin is shown in Scheme
5. The phenyl acetic acid derivative was coupledh® Wang resin1) to give
compoundbs.2 which was then subsequent coupled with an activateoc protected
homoallyl glycine (Hag) using DIC and HOBt in theepence of tributyl phosphine.
This was then followed by removal of Fmoc protegtgroup with piperidine to
obtain the primary aming3. The remaining two amino acid couplings were eali
out in a similar manner to obtain a bisallyl compd6.4. This was subjected to ring
closing metathesis using Hoyeda-Grubbs’ Il genenagatalyst at 140C, and, this
yielded the macrocyclic product as well as the atign of the double bond.
Following the cleavage of the resin with TFA/TEShdition, gave the macrocycle
F3.3.%
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i. 2- (andomethyl)phenylaceﬂcaad

o}
DIC,DMAP, DMF/CH,Cl, (1:9), i, Fmoc-Hag-OH, DIC, Q o
Q 44°C. 3h HOBY, CHQCIQ
OH N N NH,
ii. acetic anhydride (5.0 equw) ° ::I F;%l‘j/?' rlt eridine/DMF H
5.1 pyridine (1.0 equiv), DMF, 0.5 h ° PP A
53

Wang resin

O'Bu

i. Fmoc-Tyr(‘Bu)-OH, HATU, O\ Q . .
DIEA DMF rt 2h i. HGII, DCE, microwave,

o )
ii. 20% piperidine/DMF ’ 140 °C, 5 min _

> \n/\ ’ ”
iii. (2S)-Fmoc-2-amino-6- II DMOSO,' CI-!QQIQ, rt
heptenoicacid, HATU, DIEA, iii. 20% piperidine/DMF
DMF, rt, 2 h

=

OtBU OH
(o}
HN 0 0 o) LFOAét_rEi:)athylsilane (TES)/H,0 HN o o HOOC
HaN,, HN u\ _ > HN, HN jj\
. o Wy ' . R
H n2h N
55 F3.3

Scheme 5: Synthesis of macrocycke3.3

1.4.2. Anti-Malarial Macrocyclic Compounds:

Diversity-oriented synthesis (DOS) enables chentistsynthesize a library of small
molecules having diverse stereochemistries andetke®> Heidebrecht et. al.,
screened 8000 membered Broad Institute of Harvadd\T small molecule library
that was generated using a DOS approach, andwimsthen tested in growth
inhibition assa$f (72 h, DAPI) with multidrug resistant Dd2 falciparum parasites
at 5uM concentration. This study resulted in the 59@iémolecule having greater
than 90% inhibitiorf” Further, experiments at four different concentragi yielded
26 compounds having greater than 50% inhibitior2&® nM?’ Out of these 26
compounds, 20 compounds were derived from the dloging metathesis and
identified that compoun&4.1 (Figure 4) was the most active compound from this

library.2’

10
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) SN
High throughput Ji 0
screening Me N0
8000 membered |:> H H =
DOS library N N o Me
hig Ve
(0]
O
HIT 1, F4.1
F
~ / ~
J: N : 0//8\\0
SAR Ly Me N o
—> N_ _N o Me
hig Ve
(0]
O F4.2
Figure 4:
F
OH L
2 z //\\
AL O
Me' N 6 O
H H
N N

HIT 1, F4.1
Stereochemistry (C,C5CgC15)

Stereochemistry: SRRS RSSR RSkRR | srss

Dd2 (Glso): 120 nm ssss | RrRrRR | sssr | RRRS

3d72 (Glgp): 120 nm
RSSS | SRRR | SSRS | RRSR

Hemolysis (ECsg): >40 uM
SSRR | RRSS | RSRS | SRSR

m O O

100% 50% 0%

Solubility (water): <0.5 uM

Figure5: Stereochemical SAR studies on HIT 1

Stereochemical SAR Studies:

The most active hit (compourfeéd.1, Figure 5) was independently synthesized and
iteratively titrated in a 12-point assay to confitie potency (Gb) of 120 nM
against Dd2 intraerythrocytic parasites. This Iéagd a similar potency in a drug-
sensitive 3d7 parasite strain and does not causelligis of erythrocytes at upto 40

uM concentration; unfortunately, it is largely ingble in aqueous solution (<08

11



Chapter 1

in water). Stereochemical SAR studies was conduatethe all possible 16 stereo-
isomers of hit 1f4.1), resulted in the interesting biological activiigservation. The
activity is predominantly located in two stereoisino compounds that are epimeric

outside the macrocyclic ring (C2, Figure 5).

The stereochemical SAR studies revealed that dreathemistry at C2, C5, C6 and
C12 are important for the activity. Now, there #reee diverse sites in the g.1,

as shown in Figure 6. The replacement of urea gheng at R resulted in the
decreased activity. Replacing-fluoro sulphonyl group at Rwith any other
substituent diminished the activity of hit compourithe hydroxyl group at third
diversity site by dimethyl amine group increaseel potency as well as the solubility

of the compound. This resulted in the most active gotent compounB4.2.

Three diverse sites

Figure 6: Diversity sites in the compourie.1

Synthesisof Macrocyclic Library:

The synthesis of RCM library of compounds using D&gproach is shown in
Scheme 6° Secondary aminé.1 was coupled with the benzoic acid derivaté/2
using PyBOP coupling reagent to give an eét8r Removal of TBS group with
TBAF followed by the allylation of secondary hydgbxgroup with NaH and allyl
bromide gave the bis-allyl produéi. This compound was subjected to ring closing
metathesis using Hoyeda-Grubbs second generatitalysta followed by the
reduction of the olefin with 10%Pd/C and furtheactton with isocyanate gave the

macrocycle6.5. The Boc protecting group was removed using TBSth&h HF- Py

12
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condition, then treating with aromatic sulphonylaeide followed by removal of
PMB group with DDQ reagent yielded the compouh@. Primary alcohol was
converted to azide using Mitsunobu conditions te@zide6.7. Reduction of azide
to primary amine using Staudinger reaction followey imino reduction with

formaldehyde under Na(OABH condition gave the active macrocyclic compounds
6.8.%°

(0}
ON OH
Me OTBS
0 PMBO_ A~ /\)\/NMeBoc
M OTBS el :
E 62 X ON Me i. TBAF
PMBO_~ NMeBoc 5 ¢} _—
N = ii. NaH, allylbromide
Me PyBOP, DIPEA o
6.1 k/\ 6.3
w AN
NMeBoc
Me
H PMBO _NMeBoc
PMBO\/\N/\/\O/W E
| i. HG-II i. TBSOTH, lutidine

O,N Me AN
z \@O ii. Hy, 10% Pd/C H N Q ii. HF.Py
_—
/
0 iii. RNCO \@i\j iii. ArSO,CI
iv. DDQ
\\\\“I\/\ 6.4

I\Ille I\Ille
HO PN N3 NG AAT
E //\\ z //\\
(I C@/
I\Ille I\Ille
e N N A
. B A\
I. PPh3, H20 J\ z O 0
B " " Me N/\:/\O
ii. CH,0, MgSOy, =
then Na(OAC),BH R/N\n/N o Me
Me,
(6]
O
6.8

Scheme 6: Synthesis of macrocyclic library
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2.1. Introduction:

The need to assemble a small molecule toolbox witmpounds that are more
natural-product-like, to search for modulators mftgin-protein interactiorisand the
dissectors of pathwayshas grown in recent years. In particular, inteiasthe
macrocyclic natural products is rising because tr@yide the diverse functionality
and stereochemical complexity in a conformationalig-organized ring structufe.
These features might be useful for a high affiaity selectivity for protein targets,
while preserving sufficient bioavailability to agarch intracellular targets. Despite
these valuable characteristics and the proven ssafeseveral marketed macrocycle
drugs derived from natural products, this strudtatass has been poorly explored
within drug discovery® Certainly, this testifies the need to develop pecattand
modular synthesis methods that allow us buildingreall molecule toolbox with a
diverse set of macrocyclic compounds to exploré thielogical functions®

2.2. Working Hypothesis:

With this objective, we were interested in devehgpa modular synthesis method to
access different types of 14-membered ring mactmcgompounds because there
are several examples of the presence of this nisgwide variety of bioactive natural
products, such as, radicicoF1(1)," pochonin F1.2),° hypothemycin E1.3),’
aigialomycin £1.4) and other related compounds (Figure 1).

OH O OH O

Radicicol, F1.1 Pochonin, F1.2
HSP-90 inhibitor HSV inhibitor
OH O
(@)
HO X
OH
Hypothemycin, F1.3 Aigiomycin D, F1.4
Inhibits Ras function CDK1/cyclin B
CDK5/p25

Figure 1. Examples of 14-membered macrocyclic natural prtsduc
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Our designed 14-membered macrocyckE&1-F2.4) are shown in Figure 2. In our
approach, we were interested in developing a methatl is simple, practical in

nature, and, in our design strategy, we can intedihe skeletal diversity and
modulate various functional groups, i.e. throughoDL- amino acids and Sharpless
chemistry’ The proposed natural product-inspired compoun@snaore close to

bioactive natural products in terms of 3D shapes te dense display of chiral
functional groups. One of the major advantagdbas they are easy to explore the
stereochemical and skeletal diversity, the chenspalce around the scaffold, and,

are easy to synthesize on a gram scale in a reasdivae period®*°

=X
o =
N7 R,
NH
WOMe I
MeO™

X = NCOR; (F2.1) X = NCOR; (F2.3)
X = O (F2.2) X =0 (F2.4)

Figure 2: 14-Membered ring derived macrocycles

In our modular design strategy, we had the optionbting the amino acid
functionality either through the aromatic aminefrom the aliphatic side chain (see,
macrocyclic targets$:2.1-2.4). Further, variation in the side chain, i.e-R, on the
macrocyclic skeleton can also be acheived througlecsve alkylation and

amidation, respectively.

2.3. Results and Discussion:
2.3.1. Retrosynthesis of Macrocycles F2.1& F2.2:

The retrosynthetic analysis of macrocyclE21&F2.2 is shown in Scheme 1.
Macrocyclization would be done by ring closing ntleésis (RCM) of bis-allylated
compoundl.1, which could be obtained from bis-allylation of iden1.2 with allyl
bromide. Compound..2 could be obtained from coupling of amino acid dig
blocks with secondary amin&.3, which then would be obtained from imino-

reduction of primary aminé&.4 with isobutaraldehyde. Primary amite! could be
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derived from enantiopure dihydroxyl derivati¥é, which could be obtained from

Sharpless asymmetric dihydroxylation of the coroesiing cinnamate derivative.

\

allylatiou amidation
£

=z
~ |
7 _COR, i <CORz

Ry

X

~R, amino acid
coupling

X = NCOR; (F2.1)

X =0 (F2.2)
X X X
FGI
WOR e OR &&= LOR imino reduction

Sharpless ' ’ H

asymmetric - - NH, W N
dihydroxylation RO" ~COOEt RO" RO" R,

1.5 1.4 1.3

Scheme 1: Retrosynthesis of macrocycleg.1 & F2.2

2.3.2. Synthesisof Macrocycle F2.1:

As shown in Scheme 2, 2-nitrocinnnamd&d was subjected to a Sharpless
asymmetric dihydroxylation reaction, giving an et@pure dihydroxyl derivative
2.2. Following the acetonide protection of the didietcarboxylester was then
reduced with lithium borohydride to give primarycathol 2.3. Primary amine.6
was then obtained fro@3 in four steps, (i) the conversion of alcohol tode22.4 by
mesylation with methane sulfonyl chloride then tirega with sodium azide, (ii) the
deprotection of acetonide, (iii) 1,2-diol methytati with methyl iodide to give
compound2.5, and finally, (iv) the reduction of azide by Stangkr reaction. The
primary amine2.6 was converted to secondary ami@ by imino-reduction with
isobutyraldehyde, which was then coupled with défg N-protected amino acids
(2.8) under HBTU conditions to obtain compoun28. With compounds having
NCbz as the protecting groups, the nitro reductionml &Cbz removal were
performed in a single step with 10% Pd/C under bgdn condition to obtain
diamines, which were then converted to bisami2ié6 on reaction with different
acid chlorides. Compounds haviNgmoc were converted in@10 in four steps, (i)
the removal olNFmoc with DBU, (ii) amidation with different acichlorides, (iii)
reduction of nitro to amine with 10% Pd/C, and (arpidation with different acid
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chlorides. Macrocyclic compound$;2.1 were obtained from the corresponding
bisamides in two steps, i.e. bisallylation withyddlomide and NaH condition
followed by ring-closing metathessusing Grubbs % generation catalyst (G-I1).
In this series, eight macrocyclic compounds wenmglmsized, and in all cases, the

trans olefin geometry was obtained, as determined by NMR

1. 2,2-dimethoxy

NO, K,0s0,4.2H,0, NO, -propane, NO,
(DHQ),PHAL, K3Fe(CN)g, PTSA, DCM, rt, 12 h
/ > \\\OH > O
COOEt CHzSO,NH,, K,COs, ) 2. LiBH,, dry THF, ;
t-BUOH + H,0 (1:1), . 0°Ctort, 12h OH
0°Ctort, 12 h, 81% HOY “COOEt 82% for two steps o™
21 2.2 2.3

1. MsCl, Et;N, DCM,
0°Ctort,1h

1. p-TSA, H,0, THF, NO,

reflux, 5 h

PPhs, H,O, THF, r,
wOMe —_— >
8 h, 66% for 5 steps

2. Mel, NaH, DMF,
N, -78°Ctort,05h

2. NaN;, DMF, 80 °C,
12h

- N
MeO" ®

25

NO, HBTU, DIPEA,DMF,
6 h, 0 °Cto rt, 85-90%

NO, Isobutyraldehyde,
EtOH, 0.5 h then

WOMe — wOMe
(. NECNBH; ACOH, § HOZC\‘/NHR“
MeO™ 2 1t,2 h, 68% MeO™ i-Bu 2.8
26 2.7 Ry

1a. R4 = Cbz, 10% Pd/C,

Hy, 12 h
2a. R,COCI, DCM, rt,

1 h, 80-85% for 2 steps
>
1b R4 = Fmoc, DBU, THF

rt, 5 min
2b. R,COCI, DCM, rt, 1 h
3b. 10% Pd/C, Hy, 4 h
4b. R;COCI, DCM, rt, 1 h

60-65% for 4 steps

Rz
1. allyl bromide, NaH, OA\ (\/\N °

THF, 12 h N O
_— OMe R4

2. G-Il (20 mol %), N
DCM, 8 h, ~i-Bu
64-70% for 2 steps. OMe

Scheme 2: Synthesis of macrocycke2.1
2.3.3. Derivatives of Macrocycle F2.1

We synthesized 8 macrocyclic derivatiesk#.1 by changing the R R, and R
groups, as shown in Figure 3.
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Cl

(\/\N o
™ o N O
OMe i-Pr OMe i-Pr
N
N<iBu ~i-Bu
OMe F2.1a OMe F2.1b

F F
cl :
X N o] I X
2 (\;\/‘\ oA [N o
N O ) N O

OMe i-Bu OMe})\i-Bu

OMe F2.1e

Figure 3: Derivatives of macrocycle2.1

2.3.4. Synthesis of Macrocycle F2.2:

OBn K20$O4.2H2o,
(DHQ),PHAL, K3Fe(CN)g,
P~
COOEt CHaSO,NH,, K,COs,
£-BUOH + H,0 (1:1),

0°Ctonrt, 12 h, 89%
3.1

1. MsCl, Et;N, DCM,

0°Ctort,1h reflux, 5 h

2. NaN3;, DMF, 80 °C,

OBn 1. p-TSA, H,0, THF,

2. Mel, NaH, DMF,

F OMe
F OMe

Cl

o (\/\N 0 o ‘/\/\N o)
X L

N O N O
OMe -Bu OMe
N N
~i-Bu i-Bu

OMe F2.1h

1. 2,2-dimethoxy
OBn -propane, OBn
PTSA, DCM, rt, 12 h;
WOH > 0
: 2. LiBHy, dry THF, )
0°Ctort,12h OH

HO™ SNCOOEt 81% for two steps o™
3.2 3.3

OBn

PPh3, H,O, THF, rt,
R —" .

wOMe
8 h, 75% for 5 steps

N, -78°Ctort,05h - N
12h o} 8 MeO" 8
3.4 3.5
OBn Isobutyraldehyde, HBTU, DIPEA,DMF,
EtOH, 0.5 h then 6 h, 0 °C to t, 85-90%
‘\‘\OMe —_—>

NaCNBH;, AcOH,

Meo™ NH2 1t o h, 72%

3.6

1a. R4 = Cbz, 10% Pd/C,
H,, 12 h

2a. R,COCI, DCM, rt,
1h, 80-85% for 2 steps

1b R4 = Fmoc, DBU, THF
rt, 5 min

2b. R,COCI, DCM, rt,
1h, 75%

3b. 10% Pd/C, H,, 4 h
60-65% for 3 steps

~i-Bu \l/ 2.8

2. G-Il (20 mol %),

HO,C_ _NHR,

Ry

1. allyl bromide, NaH,
THF, 12 h

DCM, 8 h,
65-70% for 2 steps.

OMe
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Scheme 3: Synthesis of macrocycke2.2

In a similar manner, using 2-benzyloxy ethylcinngaral as the starting material,
we completed the synthesis of 8 macrocyclic comfde#i2.2. As before, thérans
olefin geometry was obtained following the “stitebi technology”. In one case
(F2.2a), we could further obtain the X-ray to confirm timacrocyclic skeleton, and,

trans geometry of olefin.

2.3.5. Derivatives of Macrocycle F2.2:

We synthesized eight macrocyclic derivatiesF@2 by changing the Rand R
groups, as shown in Figure 4.

Cl F Cl

NN o O (N0 NSNS0
o} 0 O : o o o0 _o0
OMeﬁ)\/ Pr OMeﬁ)\’-Pf OMeﬁ)\Bn OMe Bn
N
ANTH ~i-Bu AT NSiBu
OMe F2.2a OMe F2,2b OMe F2.2¢ OMe F2.2d

I/\/\% l/\o/\r\E?o (\/\N o) (\O/\r\%

o _o O _o0 o)
OMe © OMe})\/ Bu OMeﬁ)\s-Bu OMeY‘\s Bu
N N N
~i-Bu N\igu >i-Bu i-Bu
OMe F2.2e OMe F2.2f OMe F2.2g OMe F2.2h

Figure 4: Derivatives of macrocycle2.2

2.3.6. The X-ray Crystal structure of Macrocycle F2.2a:
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Crystal data foF2.2a: C3;H42N20s, M = 522.67, colorless block, 0.10.18x 0.09
mm®, orthorhombic, space grol2,2:2; (No. 19),a = 8.8039(10)p = 15.7940(17),
c=22.015(2) AV = 3061.1(6) &R Z = 4,D. = 1.134 g/cr| Fogo = 1128, CCD Area
Detector, Mokx radiation\ = 0.71073 A, T = 294(2)K, Bnax = 50.0°, 29693
reflections collected, 3064 unique{R= 0.0238). FinaGooF = 1.035,R1 = 0.0355,
wR2 = 0.1007 R indices based on 2818 reflections with d82 (refinement orfF?),
349 parameters, 0O restrainisz 0.076 mrt.

2.3.7. Retrosynthesis of MacrocyclesF2.3 & F2.4:

The retrosynthetic analysis of macrocyckE83 & F2.4 is shown in Scheme 4.
Macrocyclization would be done by ring closing ntleésis of bis-allyl compound
4.1, which would be obtained from amidation of seca@rg@amined.2. This could be
obtained from coupling of amino acid building blsckith aromatic primary amine
4.3. Compound4.3 could be obtained from allylation df4, followed by reduction
of nitro group. Compoundt4 could be obtained from enantiopure dihydroxyl
derivative4.5, which would be obtained from Sharpless asymmeéihgdroxylation

of the corresponding cinnamate derivative.

amidation
Ry |O Ry
oL \Jj\ amino acid o % allylation
N\ R, coupling. \Y_ NH/
: -t
'\/
X =NCOR3 (F2.3)
X =0 (F2.4)
NO,
WOR C wOMe
sharpless /\
asymmetric

RO
45

dihydroxylation allylation

Scheme 4. Retrosynthesis of macrocyclEg.3 & F2.4
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2.3.8. Synthesis of Macrocycle F2.3:

NO, 1. R,COCI, DCM, t,
1h, 95% Zn/AcOH, EtOH,
—_——
wOMe
2. allyl bromide, NaH, r,0.5h, 85%
NH, TBAL dry THF,
MeO" 0°Ctort, 6 h, 90%
2.6
O _A NG
HOQCYNHFmoc Y\NHFmoc Y\'i'/\" G-I (10 mol %)
2.8 1. DBU, THF, rt, - mol 7o),
Ry NH 5 min NH R | dry DCM,
—_—— _—-
OMe : OMe reflux, 12 h
K\ K\ 3 y
EDCI, CH4CN, 2. allyl bromide, 45-50% for 4 steps

EtsN, MeOH,
N\fo reflux, 12 h Meo™

53 R, Ry=H, 54 R,
RsCOCI, DCM, tt, 1h | R, = CORy, 5.5

';1 Q Me Me Me
NH NN

Me
wOMe | Me T\CI

RU=
o) Grubbs' il 1\
. el
MeO Y generation
F2.3 R, catalyst (G-11)

rt, 1 h, 85-90%

P(Cy)s

Scheme 5: Synthesis of macrocycke2.3

In another series, macrocycld.3 (Scheme 5) were obtained from the key
intermediate primary amin2.6 in 8 steps as follows. Primary ami2e& was
converted to an amide with benzoyl chloride thdylation on amide NH gave the
compoundb.1. Reduction of an aromatic nitro gave the aromatnine5.2. This was
then coupled witiN-protected amino acid2.8) using EDGHCI and then subjected
to NFmoc removal to obtais.3. Mono-allylation of5.4 with allyl bromide followed
by an amidation gives the key bisallyl proddeb, which was needed for the
stitching technology. Four macrocyclic compouis3 were obtained using the
ring-closing technology (Grubbs®gen. catalyst, G-II). In this series, although we
obtained a single isomer (determined by HPLC-MI89, dlefin geometry remains to

be determined.
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2.3.9. Derivatives of Macrocycle F2.3:

We synthesized four macrocyclic derivaties k.3 by changing the Rand R

groups, as shown in Figure 5.

Pr O n O i-Bu O s-Bu O

|
O O

O, A O, A
N J]\ Y\ N
NH NH
wOMe | wOMe
w N - N
MeO" \f MeO" \f

F2.3a Ph F23b ph F2.3c Ph F2.3d Ph

mw

L.

Figure5: Derivatives of macrocyclg2.3

2.3.10. Synthesis of Macrocycle F2.4:

1. allyl bromide, NaH,

DMF, 0 °C to rt, NO,

6 h, 90% | Zn/AcOH, EtOH,
wOMe EEE——
2. p-TSA, THF, H,0, rt, 0.5 h, 85%
oH  reflux, 12 h, 95% - O
3. Mel, NaH, 10 min, MeO
0 °C, 98% 6.1
R Ry
Os_~ o)
HOZCYNHFmoc NHFmoc N
2.8 1. DBU, THF, rt, NH R4 G-Il (10 mol %),

5 min; dry DCM,
—>
EDCI, CH3CN \\\OMGH 2. allyl bromide, WOM ’) reflux, 12 h,
rt, 1 h, 95-99% EtsN, MeOH, 55-60% for 4 steps
O“ reflux, 12 h O\“

R,COCI, DCM, t, 1 h Ry=H 6.4
3 t |:R4= COR;, 6.5

o)
AY Pr O Pr O
O, : )j\ o s o 5
Rs Y\N/U\Ph Y\N Ph
NH
| NH | 10%PdIC, Hy, NH
—»
wOMe ~wOMe 2h, 90% wOMe
N\ o) . .
MeO" MeO™ © MeO™ ©
F2.4 F2.4a 6.6

Scheme 6: Synthesis of macrocycke2.4

On similar lines, 4 macrocycle compourfea4 were obtained the primary alcohol
2.3 , This was subjected to allylation then deprotettof acetonide witlp-TSA
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followed by the diol methylation with Mel and Naldrdition to give compouné. 1.
Reduction of aromatic nitro with Zn/AcOH gave thamary amine6.2. Coupling of
N-Fmoc amino aci@.8 with 6.2 yielded the compoun@.3. Bis-allyl compound.5
was obtained fron6.3 in three steps, (i) removal of Fmoc group with DB()
allylation with allyl bromide to gives.4 and, (iii) amidation with different acid
chlorides. This bis allylated compound was subpkdi® ring closing metathesis
using Grubbs ¥ generation catalyst gave the macrocycle compo&@ds Though
we obtained single isomer (determined by the HPLE}Mve could not assaign the
geometry of the olefin, because the NMR spectra coasplex due to the rotamers.
And in one case, we could obtain the single X-reystal structure of the reduced

double bond macrocyclic produg6 to further confirm our assignments.

2.3.11. Derivatives of Macrocycle F2.4.
We synthesized 4 macrocyclic derivatiesk#.4 by changing the R R, and R

groups, as shown in Figure 6.

MeO™

F2.4a

Figure 6: Derivatives of macrocycle2.4

2.3.12. The X-ray Crystal Structure of Macrocycle 6.6:

MeO™"
Crystal data fo6.6: C,7H36N2Os, M = 468.58, colorless needle, 0.£8.09x 0.07
mm®, monoclinic, space group2; (No. 4),a = 7.9392(8),b = 19.1700(19)c =
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8.6598(9) A,f=103.597(2)°V = 1281.0(2) R Z = 2,D. = 1.215 g/cm, Fogo = 504,
CCD Area Detector, MoK radiation\ = 0.71073 A, T = 294(2)K, Bnax = 50.0°,
12398 reflections collected, 2341 unique,(R 0.0225). FinaGooF = 1.027,R1 =
0.0473,wR2 = 0.1357,R indices based on 2166 reflections with dfi2 (refinement
onF?), 315 parameters, 1 restraiptz 0.083 mrit.

2.4. Biological Evaluation:

24.1. Zebrafish Assay related to angiogenesis and an early
embryonic development:

Small molecule toolbox from this study (total 85ngmounds) was subjected to
search for compounds affecting epiboly during aryeambryonic developmerit,
angiogenesi&’ neurogenests in zebrafish embryo-based ass&¥%’ These assays

are well-documented in the literature and this gtwes carried out in collaboration
)\ Anti-angiogenesis
: 9 at 2.5 uM
O )%
)

NH
wOMe I X single isomer,
geometery is not
Lo F24¢ defined yet
MeO™

No compound After compound
only DMSO (2.5uM)

Figure7: (A) Wild-type zebrafish embryo at 30 hpf of developtheegion zoomed
in panelsB and C is shown by a yellow box,B) zoom section of wild-type or
vehicle treated embryo, an@)zoom section after treatment with compoHaHc.

with Satish Kitambi team at the Karolinska Insttusweder"*?***Embryos were
obtained by natural mating and staged accordingheo literature procedurg.
Zebrafish embryos of stages older than 24 hoursfpadization (hpf) were treated
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with 0.03% PTU N-phenylthiourea) when needed to inhibit pigmenirfation. Wild
type AB line, and transgenic lines Tg (fli:EGFPRei%:GFP) were used to assess the
effects on epiboly, angiogenesis and neurogenesjgectively. Zebrafish embryos
for small molecule screening experiments were ctdl via pair-wise matings,
cleaned and incubated in PTU treated E3 water & Z8 One to four cell stage
embryos were then distributed into 96 well cleattdm plate (Corning). The
compound exposure was done in 96 well plate (Cgjnand three embryos were
taken in each well containing 2@0of (0.5 to 15uM) compound in PTU treated egg
water. The 96 well plates were incubated at 28.and the embryos were allowed
to grow wuntii 10 hpf or 30 hpf to assess the effeoh epiboly,
angiogenesis/neurogenesis respectively. Phenotypse scored using a Zeiss
Axiovert 200 inverted microscope equipped with aled CCD camera. Photographs
were processed and assembled using Photoshop sofseaFigure 1).

Ph(4 -Cl) h (4- F)Ph Ph(4-F)
Ph(4 P (4 F)Ph N A
N~ 0
oc|-| O N(\/\
Yan OMe Bn
H,co™ ~i-Bu W Ni-Bu
OMe Hs co™ OMe
3.9d F2.2f 2, 10c F2.1c

Figure 8. Zebrafish early embryonic development Assay. WSO exposed
embryos at 10 hpf of development, (B) small moleakposed embryos causing a

delay in epiboly.

It was interesting to observe that among all thenmounds tested from this
collection, we identified a novel small molecule2{c, Figure 7) that specifically
inhibited the trunk angiogenesis (sBeand C in Figure 7) at 2.5uM without
affecting either epiboly or neurogenesis. Embryxgosed to 2.51M of this small
molecule F2.4c) displayed the normal epiboly movement and neuregis and an
overall embryonic development was also not affectBde embryos showed a

29



Chapter 2

complete lack of migration of early endothelialls€l.e. tip and stalk cells) to form
an early inter-segmental vessel of the trunk.

In another parallel study, we identified four aetitgompounds3(9d, 2.10c, F2.1c
and F2.2f) that inhibited the epiboly cell movements duriag early embryonic
development. The delay in epiboly was clearly seeembryos exposed to 5.M

of the small molecules; however these embryos didpiete epiboly and developed
normally without any visible effects on angiogeseand neurogenesis. At higher
concentrations, such as 1QuM, epiboly did not begin leading to lethality ofeth
embryo. The mechanism underlying the inhibitioraofjiogenesis and epiboly will

be investiageted further using both zebrafish ghdracell based assays.

2.5. Conclusion:

In conclusion, we reported a practical and modajgproach to allow us accessing a
diverse set of 14-membered ring macrocyclic compsurnThe ease of the synthesis
and the reported modular methodology are the tivaciive features in assembling a
macrocyclic, small molecule toolbox to explore #alue. The presence of two
contiguous stereogenic hydroxyl group derivatived an amino acid moiety in the
macrocyclic ring architecture allow accessing tlmsque set of compounds. With
the goal of going beyond the conventional chemsgdce in the drug discovery
arena where most compounds are rich in sp2 chardlotepresent method provides
a good entry to access a diverse set of 14-membeaetocyclic compounds with
variation in the display of different functionalogips. Furthermore, to explore their
biological effects, we utilized zebrafish embryomsicreening assays. These rapid
assay procedures allowed us to quickly identify ¢iffects of small molecules on
various biological processes. The effects produbgdthese novel molecules
provided a platform for using chemical biology apgrhes to understand the basic
biological processes such as epiboly and angiogendsctensive validation
procedures need to be developed to characterizeffibet produced and to elucidate
the mechanism of action. Further, work is needednierstand the deep impact of
these functional small molecules both in the cantéxdeveloping a new class of
inhibitors of angiogenesis as well as the inhilsitosf an early embryonic
development.
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2.6. Experimental Procedure;

K20$O4_2H20,

NO,
NO, (DHQ),PHAL,
.
/
COOEt  CH,SO,NH,, o OEt
24 BUOH + H,0 (1:1) HO

0°C to rt, 85% 22 ¢

(2R,3S)-ethyl 2,3-dihydroxy-3-(2-nitrophenyl)propanoate (2.2):

To a stirred mixture of kre(CN) (44 g, 133 mmol), KCO; (18.7 g, 135.3 mmol),
(DHQ),PHAL (520 mg, 0.67 mmol), ¥OsOQ, (60 mg, 0.18 mmol), methane
sulfonamide (4.29 g, 45.19 mmol) trBuOH (300 mL) and water (300 mL), a
solution of2.1 (10 g, 45.20 mmol) it-BuOH (100 mL) was added at a time at O °C
and allowed to stir for 12 h at room temperaturteiAcompletion of the reaction,
reaction mixture was quenched by the addition &ilssndium sulfite and extracted
with ethyl acetate (3 X 300 mL). Combined orgarager was washed with brine,
dried over anhydrous sodium sulfate, filtered aodcentrated to leave a crude oil,
which was purified by column chromatography (3:Myétacetate/hexanes) to give
the compoun@.2 (9.1 g, 81% yield ) as white solid.

Molecular Formula: @H:13NOg, R: : 0.3 (3:7 ethyl acetate/hexaneéd NMR
(CDCls, 400 MHZz):6 ppm 8.01 (dJ = 8.0 Hz, 1H), 7.85 (d] = 8.0 Hz, 1H), 7.68 (t,
J=8.0 Hz, 1H), 7.47 () = 8.0 Hz, 1H), 5.71 (ddl;, = 6.8 Hz,J, = 2.0 Hz, 1H), 4.52
(dd,J; = 5.6 Hz,J, = 2.4 Hz, 2H), 4.32 (q] = 7.2 Hz, 2H), 3.29 (d] = 6.8 Hz, 1H),
3.02 (d,J = 5.6Hz, 1H), 1.31 (t) = 7.2 Hz, 3H);**C NMR (CDCE, 100 MHz):5
ppm 172.5, 147.4, 135.9, 133.3, 129.4, 128.6, 1248, 69.6, 62.4, 14.0; LRMS:
(ES+) m/z = 256.3 (M+1)

NO, 1. 2,2-dimethoxy
-propane,

WOH PTSA, DCM. t, 12 b »°

) 2. LiBH,, dry THF, >\/ OH
HO™ NCOOEt  0°Ctort, ©

2.2 23

((4S,59)-2,2-dimethyl-5-(2-nitr ophenyl)-1,3-dioxolan-4-yl)methanol (2.3):

To a solution of the compourti2 (8.5 g, 33.34mmol) in dry dichloromethane (200
mL), 2,2-dimethoxy propane (8.16 mL, 66.68 mmold grTSA (50 mg) were
added. The reaction mixture was stirred at roonpegature for 12 h under nitrogen
atmosphere. After completion of the reaction, rieactmixture was quenched with
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sodium bicarbonate solution, and extracted witthldiommethane (3 X 100 mL).
Combined organic layer was washed with brine, de@r anhydrous sodium
sulfate, filtered and concentrated to leave a caitjevhich was purified by column
chromatography (1:9 ethyl acetate/hexanes) to tiieeacetonide protected ester
(8.8 g, 86% yield) as yellow liquid.

To a solution of acetonide protected e85 g, 27.51mmol) in dry THF (150 mL),
at 0 °C, LiBH, (1.2 g, 55.02 mmol) was added, and reaction maxwas allowed to
stir for 24 h at room temperature. After completadrthe reaction, reaction mixture
was quenched by the addition of ice cold water, exichcted with ethyl acetate (3 X
100 mL). Combined organic layer was washed witmdgridried over anhydrous
sodium sulfate, filtered and concentrated to lemweude oil, which was purified by
column chromatography (3:7 ethyl acetate/hexateegjve the compoun@.3 (6.6

0, 94.8% yield ) as yellow liquid.

Molecular Formula: ©HisNOs; R; : 0.3 (3:7 ethyl acetate/hexanéd NMR
(CDCls, 400 MHZz):6 ppm 7.85 (dJ = 8.0 Hz, 1H), 7.81 (d] = 8.0 Hz, 1H), 7.65 (t,
J=8.0 Hz, 1H), 7.45 () = 8.0 Hz, 1H), 5.40 (d] = 8.4 Hz, 1H), 4.00 (m, 1H), 3.90
(dd,J; = 12.0 Hz J, = 3.2 Hz, 1H), 3.81 (ddl; = 12.0 HzJ, = 5.2 Hz, 1H), 1.58 (s,
3H), 1.49 (s, 3H)**C NMR (CDCE, 100 MHz):5 ppm 149.2, 133.3, 132.9, 129.2,
128.9, 124.2, 109.7, 84.4, 74.2, 61.6, 27.1, AGNIS: (ES+) m/z = 254.2 (M+1)

N02 1. MsCl, Eth, DCM,
0°Ctort,1h

O
2. NaN3;, DMF, 80 °C,

g H 12h

2.3
(4S,55)-4-(azidomethyl)-2,2-dimethyl-5-(2-nitr ophenyl)-1,3-dioxolane (2.4):
To a solution of2.3 (6 g, 23.71mmol) in dry dichloromethane (150 m&f,0 °C,
EtN (9.98 mL, 71.13 mmol) and methane sulfonyl cldenvere added, and reaction

mixture was allowed to stir for 1 h at room tempeara. After completion of the
reaction, reaction mixture was quenched by the tamhdiof sodium bicarbonate
solution, and extracted with dichloromethane (330 InL). Combined organic layer
was washed with brine, dried over anhydrous sodisuffate, filtered and
concentrated to leave a crude liquid (7.5 g).

To a solution of above crude in dry DMF, N&(9.9 g, 45.2 mmol) was added, and

reaction mixture was heated at 80 °C for 10 h. rAttempletion of the reaction,
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reaction mixture was quenched by the addition alfitso bicarbonate solution, and
extracted with dichloromethane (3 X 100 mL). Conelirorganic layer was washed
with brine, dried over anhydrous sodium sulfatkefed and concentrated to leave a
crude liquid, which was purified by column chrongphy (1:4 ethyl
acetate/hexanes) to give the compoRad5.3 g, 80.3% yield ) as yellow liquid.
Molecular Formula: ©HN4Os R : 0.3 (1:9 ethyl acetate/hexané}d NMR
(CDCls, 400 MHZz):6 ppm 7.89 (dJ = 8.0 Hz, 1H), 7.81 (d] = 8.0 Hz, 1H), 7.67 (t,
J=8.0 Hz, 1H), 7.47 () = 8.0 Hz, 1H), 5.42 (d] = 8.0 Hz, 1H), 4.05 (m, 1H), 3.65
(dd,J; = 13.2 HzJ, = 3.2 Hz, 1H), 3.52 (ddl; = 13.2 HzJ, = 6.0 Hz, 1H), 1.60 (s,
3H), 1.54 (s, 3H)**C NMR (CDCE, 100 MHz):5 ppm 149.2, 133.4, 132.6, 129.2,
129.1, 124.3, 110.3, 82.9, 74.8, 51.3, 29.6, 27609; LRMS: (ES+) m/z = 279.3
(M+1)

NO,

1. p-TSA, H,0, THF,

yo reflux, 5 h ‘\\\OMe
>/ 2. Mel, NaH, DMF,
deNNs 78°Ctort, 0.5h Meo™ N Ne
24 2.5

1-((1S,29)-3-azido-1,2-dimethoxypr opyl)-2-nitr obenzene (2.5):

To a solution 0f2.4 (5.3 g, 19.06 mmol) in THF (150 mL), PTSA (9.835,.19
mmol) and water 10 mL were added, and reactionurexivas allowed to reflux for
12 h. After completion of the reaction, reactionxture was quenched by the
addition of sodium bicarbonate solution, and exegdavith ethyl acetate (3 X 100
mL). Combined organic layer was washed with broveed over anhydrous sodium
sulfate, filtered and concentrated to leave a caitjevhich was purified by column
chromatography (3:7 ethyl acetate/hexanes) totheealiol azide (4.5 g, 99% vyield )
as yellow liquid.

Molecular Formula: €H:1N4Os; R: : 0.3 (3:7 ethyl acetate/hexanéd NMR
(CDClg, 400 MHz): 6 ppm 7.97(m, 1H), 7.75(m, 1H), 7.64(m, 1H), 7.51(H),
5.25(m, 1H), 4.0(m, 1H), 2.90-3.56 (m, 1H)*C NMR (CDC}k, 100 MHz):5 ppm
147.5, 136.5, 133.6, 128.8, 128.7, 124.7, 73.@,,6.3; LRMS: (ES+) m/z = 239.1
(M+1)

To a -78 °C solution of NaH (2.72 g, 113.35 mmaiyi el (11.7 mL, 188.9 mmol)
in DMF (150 mL) was added a solution of diol az{des g, 18.89mmol) in DMF.
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The solution was stirred for 5 min, allowed to watenroom temperature. The
solution was stirred for 1 h and then quenched top dvise addition of NECI
solution (20 mL), and extracted with ethyl acet@e< 100 mL). Combined organic
layer was washed with brine, dried over anhydroodiusn sulfate, filtered and
concentrated to leave a crude oil, which was pdifby column chromatography
(3:7 ethyl acetate/hexanes) to give the compdlbd4.5 g, 89.5% vyield ) as yellow
liquid.

Molecular Formula: GH1N4Os R : 0.3 (1:4 ethyl acetate/hexané}d NMR
(CDClg, 400 MHz): 7.97 (dJ= 8.18 Hz, 1H), 7.78 (d] = 7.85 Hz, 1H), 7.67 (] =
7.59 Hz, 1H), 7.49 (1) = 7.74 Hz, 1H), 5.01 (d] = 3.14 Hz, 1H), 3.68 (td] = 7.76,
3.97 Hz, 1H), 3.39 (ddl = 12.60, 7.61 Hz, 1H), 3.35-3.27 (m, 4H), 3.24 (s);3fC
NMR (CDCk, 100 MHz):6 ppm 149.2, 133.6, 133.0, 129.4, 128.6, 124.5,,8Z.9,
60.0, 57.8, 51.6; LRMS: (ES+) m/z = 267.3 (M+1)

NO, 1. PPhs, H0, THF,
rt,8h
wOMe >
2. Isobutyraldehyde,
N3 EtOH, 0.5 h then o
NaCNBH3 AcOH, MeO
rt, 2h, 2.7

MeO™

25

(2S,39)-N-isobutyl-2,3-dimethoxy-3-(2-nitrophenyl)pr opan-1-amine (2.7):

To a solution of the compouris (4.5 g, 16.90 mmol) in THF (50 mL), TPP (8.85
g, 33.38 mmol) and water (3 mL, 169 mmol) were adaed stirred for 24 h. After
completion of the reaction, reaction mixture wasigamtrated to leave a residue,
which was purified by column chromatography (4:tiyetacetate/hexanes) to give
the compound2.6 (3.8 g, 93.6% vyield) as light yellow oiMolecular Formula:
C11H16N204; Rs (solvent system): 0.3 (ethyl acetate/hexane)

To a suspension of compourgle (3.0 g, 12.48 mmol) in EtOH (30 mL),
isobutyraldehyde (1.24 mL, 12.48 mmol) was added strred for 30 min. A
mixture of NaCNBH (1.18 g, 18.72 mmol) and acetic acid (50 pL) inaebl (5
mL) were added to the reaction mixture at 0 °Cvadld to stir for 1 h. After
completion of the reaction, reaction mixture wasmghed with sodium bicarbonate
solution (5 mL), and extracted with ethyl aceta@eX(20 mL). Combined organic
layer was washed with brine, dried over anhydroodiusn sulfate, filtered and

concentrated to leave a crude oil, which was pdifby column chromatography
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(3:7 ethyl acetate/hexanes) to give the compaiid2.5 g, 67.8% yield) as light
yellow oil.

Molecular Formula: @H2aN.O4; R : 0.2 (3:7 ethyl acetate/hexanéld NMR
(CDCls, 400 MHZz):6 ppm 7.89 (dJ = 8.0 Hz, 1H), 7.76 (d] = 8.0 Hz, 1H), 7.62 (t,
J=8.0 Hz, 1H), 7.44 () = 8.0 Hz, 1H), 5.09 (d] = 4.0 Hz, 1H), 3.61 (m, 1H), 3.30
(s, 3H), 3.28 (s, 3H), 2.66 (dd, = 12.0Hz,J, = 3.6 Hz, 1H), 2.54 (dd}; = 12.0Hz,

J, = 8.0 Hz, 1H), 2.36 (ddl; = 6.8 Hz,J, = 2.4 Hz, 2H), 1.71 (m, 1H), 0.89 (s, 3H),
0.87 (s, 3H)*C NMR (CDCE, 100 MHz):5 ppm 149.4, 134.3, 132.5, 129.2, 128.1,
124.1, 82.8, 78.4, 59.6, 57.9, 57.7, 49.9, 28.15,220.4; LRMS: (ES+) m/z = 297.4
(M+1)

HBTU, DIPEA,DMF,
6h,0°Ctort

HO,C_ _NHR,

T

Compound 2.9:

To a suspension of compourdZ7 (1 mmol) in DMF (10 mL),2.8 (1.5 mmol),
HBTU (1.5 mmol) and DIPEA (2 mmol) were added &@and allowed to stirred
for 6 h. After completion of the reaction, reactimixture was quenched with sodium
bicarbonate solution (10 mL), and extracted withyketacetate (3 X 20 mL).
Combined organic layer was washed with brine, die@r anhydrous sodium
sulfate, filtered and concentrated to leave a caifjevhich was purified by column

chromatography to give the pure compoari

Benzyl (9)-1-(((2S,39)-2,3-dimethoxy-3-(2-nitrophenyl) propyl)
(isobutyl)amino)-3-methyl-1 oxobutan-2-ylcar bamate (2.9a):

NO, OMe

_1-Bu

0)

Molecular Formula: €gH39N307; Rr : 0.4 (1:4 ethyl acetate/hexanes); Solvent system

for column purification (3:7 to 2:3 ethyl acetatetnes); Yield-88.9% (yellow
liquid); *"H NMR (CDCk, 400 MHz):3 ppm 8.00 (m, 1H), 7.83 (m, 1H), 7.68 (m,
1H), 7.54-7.24 (m, 6H), 5.56 (m, 1H), 5.23-4.83 @), 4.52 (m, 1H), 3.98-3.70
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(m, 2H), 3.12 (m, 9H), 2.08-1.88 (m, 2H), 1.03-0(79, 12H);°C NMR (CDCE,
100 MHz): & ppm 172.1, 156.3, 149.3, 149.2, 136.5, 136.5, 113433.1, 133.0,
129.4, 129.2, 128.8, 128.6, 128.5, 128.5, 128.8,112127.9, 127.8, 127.8, 124.6,
124.4, 82.9, 81.5, 78.3, 66.6, 66.6, 60.4, 60.16,56.4, 55.8, 55.5, 54.1, 53.4, 48.5,
47.9, 31.4, 31.4, 28.1, 26.5, 20.1, 20.1, 19.99,199.8, 19.5, 16.9 ; LRMS: (ES+)
m/z = 530.1 (M+1)

Benzyl (9)-1-(((2S,39)-2,3-dimethoxy-3-(2-nitr ophenyl) propyl)
(isobutyl)amino)-1-oxo-3-phenylpropan-2-ylcar bamate (2.9b):

NO, OMe
X N/i-Bu

m;j/NHCbz
)
Ph

Molecular Formula: H3zgN3O7; R : 0.5 (1:4 ethyl acetate/hexanes) ; Solvent

system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield-86.0%
(yellow liquid); *H NMR (CDCk, 400 MHz):3 ppm 7.98 (dJ) = 8.06Hz,1H), 7.86-
7.72 (m, 1H), 7.67 (1) = 7.58 Hz, 1H), 7.48 (m, 1HY,.38-7.10 (m, 10H), 5.59 (4,

= 9.31 Hz, 1H), 5.16-4.74 (m, 4H), 3.84 0= 6.79 Hz, 1H), 3.38-2.83 (m, 12H),
1.96-1.74 (m, 1H), 0.88-0.70 (m, 6HJC NMR (CDCE, 100 MHz):d ppm 172.3,
172.0, 155.6, 155.5, 149.4, 149.0, 136.6, 136.5,513136.4, 134.3, 133.5, 133.1,
133.0, 129.6, 129.3, 129.3, 129.1, 128.6, 128.8,412128.3, 127.9, 127.8, 127.8,
126.7, 124.6, 124.4, 82.7, 81.0, 78.1, 66.6, 66063, 60.0, 57.8, 57.6, 56.4, 54.6,
52.1, 51.9, 48.8, 48.4, 39.6, 39.5, 28.4, 26.72,20.1, 19.9, 19.7; LRMS: (ES+)
m/z = 578.3 (M+1)

(9H-fluor en-9-yl)methyl(S)-1-(((2S,3S)-2,3-dimethoxy-3-(2-nitro-
phenyl)propyl)(isobutyl) amino)-4-methyl-1-oxopentan-2-yl car bamate (2.9c):

NO, OMe

N _1-Bu

OMe NHFmoc
(0]

Molecular Formula: gsH41N307; Ri: 0.4 (1:4 ethyl acetate/hexanes); Solvent system
for column purification (3:7 to 2:3 ethyl acetatetanes); Yield-85.0% (yellow
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liquid); *H NMR (CDChk, 400 MHz):3 ppm 7.95 (tJ = 7.00 Hz, 1H), 7.79 (m, 3H),
7.71-7.55 (m, 3H), 7.46 (8,= 7.33 Hz, 1H), 7.38 () = 7.31 Hz, 2H), 7.28 (ddl =
12.51, 5.22 Hz, 2H), 5.65 (d= 9.04 Hz, 1H), 5.19-4.83 (m, 1H), 4.76 (s, 1H), 4.43
4.16 (m, 3H), 4.01-3.83 (m, 1H), 3.68-3.43 (m, 1B)39-3.05 (m, 8H), 2.02 (m,
1H), 1.67-1.50 (m, 1H), 1.36 (m, 1H), 1.06-0.78 (t&H); **C NMR (CDCk, 100
MHz): & ppm 173.6, 173.2, 156.1, 149.1, 143.8, 141.2,2141134.3, 133.1, 132.9,
129.4, 128.5, 128.5, 127.5, 126.9, 125.2, 124.8,4,1219.8, 119.8, 82.5, 81.1, 78.2,
66.9, 60.3, 60.2, 57.7, 56.4, 53.9, 49.6, 49.33,487.1, 47.1, 47.0, 42.4, 28.4, 26.6,
24.6, 24.5, 23.6, 23.5, 21.4, 21.63, 20.2, 20.19,110.7; LRMS: (ES+) m/z = 632.1
(M+1)

(9H-fluor en-9-yl)methyl (2S,3R)-1-(((2S,3S)-2,3-dimethoxy-3-(2-
nitrophenyl)propyl) (isobutyl)amino)-3-methyl-1-oxopentan-2-ylcar bamate
(2.9d):

NO, OMe

i-Bu
N/

©/\6M/e})/\NHFmoc
(0]

Molecular Formula: €sH41N307; Re: 0.2 (1:9 ethyl acetate/hexanes); Solvent system

for column purification (3:7 to 2:3 ethyl acetatetanes); Yield-85.5% (yellow
liquid); *"H NMR (CDCk, 400 MHz): & ppm 7.96 (dJ = 8.14 Hz, 1H), 7.79 (m,
3H), 7.71-7.55 (m, 3H), 7.53-7.23 (m, 5H), 5.64 J& 9.35 Hz, 1H), 4.92 (d) =
2.56 Hz, 1H), 4.63-4.13 (m, 4H), 3.88 Jtz 7.55 Hz, 2H), 3.42-2.99 (m, 8H), 1.98
(d, J = 6.49 Hz, 1H), 1.86-1.47 (m, 3H), 1.02-0.75 (m, 128 NMR (CDC}, 100
MHz): & ppm 172.2, 156.2, 149.2, 144.0, 143.8, 143.8,214141.2, 134.1, 133.1,
133.0, 132.9, 129.4, 129.4, 128.5, 128.5, 128.4,5.2127.0, 1216.9, 125.1, 125.1,
124.5,124.4,124.4, 119.9, 119.9, 119.8, 82.&,,&.5, 66.9, 66.8, 60.3, 60.1, 57.8,
57.6, 56.5, 55.1, 48.1, 47.9, 47.1, 47.1, 38.3%,288.1, 23.6, 20.1, 19.5, 15.9, 11.3;
LRMS: (ES+) m/z = 632.1 (M+1)
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R3 O
NO, R
ome NHRe T E4=1;3?12, 10% Pd/C, NH HNAO
s Oﬁ)\R 2 »> OMe
! ' 2 R,COCI, DCM, tt, S Oﬁ)\m
MeO™ ~i-Bu th LN
29 MeO™ ~i-Bu

Compound 2.10:

To a suspension of compouB® (1 mmol) in ethyl acetate (10 mL), 10% Pd/C (0.2
mmol) was added and stirred the reaction mixture X8 h under hydrogen
atmosphere. After completion of the reaction, rneacmixture was passed through
celite and concentrated to leave crude oil, whies wubjected to the next reaction
without any purification.

To a suspension of above compound (0.2 mmol) in HCOImML), acid chloride (0.5
mmol) was added at 0 °C and allowed to stir forndi@. After completion of the
reaction, reaction mixture was quenched with sodnocarbonate solution (5 mL),
concentrated, and extracted with ethyl acetate @)XnL). Combined organic layer
was washed with brine, dried over anhydrous sodismifate, filtered and
concentrated to leave a crude oil, which was mdifty column chromatography to
give pure compound.10.

4-chlor o-N-(2-((1S,2S)-3-((S)-2-(4-chlor obenzamido)-N-isobutyl-3-methylbutan
amido)-1,2-dimethoxypropyl)phenyl)benzamide (2.10a):

Molecular Formula: H41CloN3sOs; Re : 0.5 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield-85.4%
(white solid);*H NMR (CDCk, 400 MHz):d ppm 10.05 (s, 1H), 8.51 (d,= 8.06
Hz, 1H), 7.98-7.91 (m, 2H), 7.81-7.61 (m, 2H), 7626 (m, 10H), 5.05 (m, 1H),
4.37 (m, 1H), 3.92-2.87 (m, 12H), 2.22-1.96 (m, 2HP8-0.82 (m, 12H)}*C NMR
(CDCls, 100 MHz):5 ppm 172.3, 172.1, 165.9, 165.7, 163.7, 137.7,613137.4,
133.5, 133.3, 132.3, 132.1, 129.4, 129.2, 128.8,712128.6, 128.6, 128.5, 128.4,
128.4, 128.3, 126.0, 123.9, 121.9, 85.9, 84.6,,88)%, 60.2,57.2, 57.0, 56.8, 54.6,

38



Chapter 2

54.5, 53.8, 49.7, 49.1, 31.7, 31.6, 28.1, 26.62,2P0.1, 20.0, 19.9, 19.5, 19.4, 17.7,
17.2; LRMS: (ES+) m/z = 642.3 (M+1)

N-(2-((1S,29)-3-((S)-2-benzamido-N-isobutyl-3-methylbutanamido)-1,2-
dimethoxy propyl)phenyl)benzamide (2.10b):

o]

NH OMe
A N/i—Bu
H H
OMS Np
o]

Molecular Formula: gH43N3O0s; Ry : 0.3(3:7 ethyl acetate/ hexanes); Yield-88.6%
(white solid);*H NMR (CDCk, 400 MHz):d ppm 10.07 (s, 1H), 8.54 (d,= 8.24
Hz, 1H), 8.02 (tJ = 7.95 Hz, 2H), 7.78 (m, 2H), 7.44 (m, 7H), 7.22-6(9 2H),
5.07 (d,J = 3.12 Hz, 1H), 4.40 (m, 1H), 3.91-2.91 (m, 11H),12(§, 2H), 1.08-0.82
(m, 12H);**C NMR (CDCk, 100 MHz):8 ppm 172.5, 172.3, 167.1, 166.8, 164.9,
137.7, 135.2, 134.9, 134.0, 133.9, 131.7, 131.4,513131.5, 129.5, 129.2, 129.0,
128.9, 128.6, 127.2, 127.1, 127.0, 126.9, 126.3,8222.1, 85.9, 84.9, 84.0, 60.8,
60.3, 57.3, 57.1, 56.9, 54.7, 54.4, 53.8, 49.91,482.0, 31.9, 28.3, 26.7, 20.3, 20.1,
20.0, 19.7, 19.6, 17.7, 17.4; LRMS: (ES+) m/z = B71M+1)

4-fluor 0-N-(2-((1S,29)-3-((S)-2-(4-fluor obenzamido)-N-isobutyl-3-phenylpropan
amido)-1,2-dimethoxypropyl)phenyl)benzamide (2.10c):

Ph
Molecular Formula: ggH41FN3Os; Ri: 0.5 (3:7 ethyl acetate/hexanes); Yield-85.4%
(white solid);*H NMR (CDCk, 400 MHz):3 ppm 9.94 (s, 1H), 8.42 (m, 1H), 8.10-
7.90 (m, 2H), 7.69 (m, 2H), 7.46-6.69 (m, 14H),B%25 (m, 1H), 4.43-4.23 (m,
1H), 3.86-2.95 (m, 14H), 1.98-1.76 (m, 1H), 0.97D(m, 6H);**C NMR (CDCE,
100 MHz): & ppm 172.6, 165.9, 165.6, 165.5, 164.2, 163.7,416837.4, 136.4,
136.3, 131.3, 131.3, 130.9, 130.8, 129.6, 129.6,5,2129.4, 129.4, 129.4, 129.3,
129.3, 129.1, 129.1, 128.9, 128.9, 128.5, 128.4,9012126.8, 126.1, 124.7, 123.8,
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121.8, 1215.6, 115.5, 115.4, 115.4, 115.3, 1158.8,1] 114.9, 85.3, 83.9, 83.3, 60.6,
59.8, 57.2, 56.9, 56.8, 54.9, 50.8, 49.9, 49.37,389.5, 28.5, 26.7, 20.1, 20.0, 19.7;
LRMS: (ES+) m/z = 658.1 (M+1)

N-((9)-1-(((2S,39)-2,3-dimethoxy-3-(2-(4-methoxybenzamido)phenyl)propyl
)(isobutyl) amino)-1-oxo-3-phenyl propan-2-yl)-4-methoxybenzamide (2.10d):

o

Molecular Formula: ¢pH47N3O7; Ri: 0.5 (3:7 ethyl acetate/hexanes); Solvent system
for column purification (3:7 to 2:3 ethyl acetattanes); Yield-78.5% (white
solid); '"H NMR (CDCk, 400 MHz):5 ppm 9.95 (s, 1H), 8.39 (m, 1H), 8.11-7.63 (m,
5H), 7.43-6.82 (m, 14H), 5.34 (d= 7.08 Hz, 1H), 4.45-4.25 (m, 1H), 3.92-2.98 (m,
20H), 1.95-1.71 (m, 1H), 0.82 (m, 6HfC NMR (CDCE, 100 MHz):5 ppm 172.8,
166.3, 16.1, 165.0, 164.5, 163.5, 162.4, 162.3,216237.8, 137.3, 136.5, 136.4,
132.1, 129.6, 129.5, 129.3, 129.3, 129.2, 129.9,0,2129.0, 128.9, 128.8, 128.8,
128.6, 128.5, 127.5, 127.1, 126.9, 126.8, 126.5,912125.8, 124.4, 123.5, 121.9,
113.8, 113.7, 113.6, 85.3, 84.1, 83.2, 60.8, 589793, 56.9, 56.9, 55.4, 55.3, 54.7,
50.8, 50.5, 49.8, 49.4, 39.1, 39.0, 29.6, 28.77,280.1, 20.1, 20.0, 19.7; LRMS:
(ES+) m/z = 682.4 (M+1)

1. Ry = Fmoc, DBU, THF Y R,
rt, 5 min
2.R,COCI, DCM, 1t, 1 h

Y

3.10% Pd/C, Hy, 4 h
4.R4COCI, DCM, 1, 1 h

Compound 2.10:

To a suspension of compouB® (1 mmol) in THF (10 mL), DBU (1.5 mmol) was
added and stirred the reaction mixture for 5 mifteAcompletion of the reaction,
reaction mixture concentrated and which was suéjett the next reaction without
any purification.

To a suspension of above compound (0.3 mmol) in D@M mL), acid chloride

(0.45 mmol) was added at 0 °C and allowed to stirlD min. After completion of
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the reaction, reaction mixture was quenched wittisn bicarbonate solution (5
mL), and extracted with ethyl acetate (3 X 20 mCpmbined organic layer was
washed with brine, dried over anhydrous sodiumase|ffiltered and concentrated to
leave a crude oil, which was purified by columnarhatography to give pure nitro
amide.

To a suspension of above compound (1 mmol) in edbgtate (10 mL), 10% Pd/C
(0.2 mmol) was added and stirred the reaction mextior 12 h under hydrogen
atmosphere. After completion of the reaction, rneacmixture was passed through
celite and concentrated to leave 200 mg crudewdiich was subjected to the next
reaction without any purification.

To a suspension of above compound (0.5 mmol) in D@®mL), acid chloride (1
mmol) was added at 0 °C and allowed to stir forndi@. After completion of the
reaction, reaction mixture was quenched with sodocarbonate solution (5 mL),
concentrated, and extracted with ethyl acetate @0XnL). Combined organic layer
was washed with brine, dried over anhydrous sodisuffate, filtered and
concentrated to leave a crude oil, which was mdifty column chromatography to

give pure compound.10.

4-chloro-N-(2-((1S,25)-3-((S)-2-(4-fluor obenzamido)-N-isobutyl-4-methylpentan
amido)-1,2-dimethoxypropyl)phenyl)benzamide (2.10e):

0
NH OMe
o 2 N _i-Bu F
Z H
OM8 N\n/©/
o}

Molecular Formula: gH43CIFN3Os; Rs : 0.5 (3:7 ethyl acetate/hexanes); Solvent

system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield-86.3%
(white solid);*H NMR (CDCk, 400 MHz):d ppm 10.04 (s 1H), 8.42 (m, 1H), 8.04-
7.69 (m, 4H), 7.53-6.88 (m, 9H), 5.29-5.11 (m, 1K)%7-4.25 (m, 1H), 4.02-3.09

(m, 11H), 2.15-1.92 (m, 1H), 1.84-1.65 (m, 1H),L{n, 1H), 1.11-0.81 (m, 12H);

13C NMR (CDC}, 100 MHz):5 ppm 173.5, 173.4, 165.8, 163.8, 137.5, 133.7,51.29.
129.4, 129.4, 129.4, 129.3, 129.0, 128.8, 128.8,6,2128.5, 126.1, 123.9, 121.8,
115.6, 115.5, 115.4, 115.3, 85.6, 84.5, 83.4, 604, 57.3, 57.1, 57.0, 49.5, 49.4,
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48.3, 47.9, 42.6, 28.6, 26.7, 24.9, 24.7, 23.55221.5, 20.3, 19.9, 19.8 ; LRMS:
(ES+) miz = 640.1 (M+1)

N-((9)-1-(((2S,39)-3-(2-(cyclopr opanecar boxamido)phenyl)-2,3-
dimethoxypropyl) (isobutyl)amino)-4-methyl-1-oxopentan-2-yl)-4-
fluor obenzamide (2.10f):

0]

v/”\NH OMe
X N/LBu F
H
OMce) N\n/©/
o]

Molecular Formula: &H44FN3Os; Ry (solvent system): 0.5 (3:7 ethyl

acetate/hexanes); Solvent system for column patibo (3:7 to 2:3 ethyl
acetate/hexanes); Yield-60.0% (white solith; NMR (CDCk, 400 MHz):d ppm
9.29 (s, 1H), 8.09 (m, 1H), 7.82 (m, 2H), 7.50 d; 8.43 Hz, 1H), 7.39-7.23 (m,
2H), 7.22-6.93 (m, 4H), 5.29-5.14 (m, 1H), 4.41 (tH), 4.08-3.77 (m, 1H), 3.69
(m, 1H), 3.59-3.40 (m, 2H), 3.37-3.18 (m, 6H), 200, 1H), 1.88-1.66 (m, 2H),
1.64-1.35 (m, 3H), 0.95 (m, 17H))C NMR (CDCE, 100 MHz):5 ppm 178.2, 173.6,
173.5, 166.3, 166.0, 165.8, 163.5, 136.6, 130.0,902129.7, 129.7, 129.6, 129.5,
129.4, 129.3, 128.7, 128.6, 128.4, 124.7, 115.5,411115.3, 115.2, 84.4, 83.2, 60.8,
60.4,57.4,57.1, 57.0, 54.3, 49.9, 49.7, 48.49,442.6, 41.8, 29.56, 28.5, 26.7, 24.9,
24.7, 23.5, 23.4, 21.5, 21.5, 20.2, 20.1, 19.8/,1®.5, 8.6, 7.6, 7.5 ; LRMS: (ES+)
m/z = 570.1 (M+1)

N-((2S,3R)-1-(((2S,39)-3-(2-benzamidophenyl)-2,3-dimethoxypr opyl)(isobutyl)
amino)-3-methyl-1-oxopentan-2-yl)-4-fluor obenzamide (2.10g):

0]

NH OMe
A N/i-Bu F
H H
OMe, Np
o)
o)

Molecular Formula: H44FN3Os; Rr @ 0.5 (3:7 ethyl acetate/hexanes); Solvent

system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield-86.3%
(white solid);*H NMR (CDCk, 400 MHz):5 ppm 10.06 (s, 1H), 8.42 (m, 1H), 8.06-
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6.76 (m, 14H), 5.13-4.93 (m, 1H), 4.40 (m, 1H),8208 (m, 11H), 2.12-1.96 (m,
1H), 1.95-1.78 (m, 1H), 1.69-1.49 (m, 1H), 1.2391(tn, 1H), 1.04-0.80 (m, 12H);
¥C NMR (CDC}, 100 MHz):d ppm 172.4, 172.3, 166.0, 165.9, 165.6, 164.8,5.63.
137.6, 135.1, 134.9, 131.4, 131.4, 129.4, 129.8,212129.2, 129.0, 128.9, 128.5,
1285, 127.2, 127.0, 126.0, 123.8, 122.0, 115.6,41186.0, 84.8, 83.9, 60.6, 60.2,
57.2, 57.0, 56.9, 54.8, 53.7, 53.5, 49.8, 49.14,388.2, 28.1, 26.6, 24.2, 23.9, 20.2,
20.0,19.5, 16.0, 11.2, 11.1; LRMS: (ES+) m/z =.a0®1+1)
4-chloro-N-(2-((1S,29)-3-((2S,3R)-2-(4-fluor obenzamido)-N-isobutyl-3-
methylpentanamido) -1,2-dimethoxypr opyl)phenyl)benzamide (2.10h):

Molecular Formula: gH43CIFN3Os; Rs : 0.5 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield-86.3%
(white solid);*H NMR (CDCk, 400 MHz):d ppm 10.05 (s, 1H), 8.50 (d,= 8.19
Hz, 1H), 8.04-7.90 (m, 2H), 7.88-7.67 (m, 2H), #A30 (m, 3H), 7.22-6.78 (m,
4H), 5.12-4.90 (m, 1H), 4.37 (m, 1H), 3.89-3.05 (AH), 2.11-1.96 (m, 1H), 1.93-
1.81 (m, 1H), 1.64-1.51 (m, 1H), 1.25 (m, 1H), @82 (m, 12H);*C NMR
(CDCl, 100 MHz):6 ppm 172.6, 172.5, 166.0, 165.7, 163.8, 137.8,7,31137.5,
1133.7, 133.4, 130.2, 129.5, 129.4, 129.3, 1229,3] 129.1, 129.0, 128.8, 128.8,
128.7, 128.7, 128.6, 126.1, 124.0, 122.0, 115.8,51186.0, 84.9, 839, 60.7, 60.3,
57.3, 57.1, 57.0, 54.9, 53.8, 53.5, 49.2, 38.43,338.3, 26.7, 24.4, 24.0, 20.3, 20.1,
19.6, 16.1, 15.8, 11.3, 11.2; LRMS: (ES+) m/z =.64M+1)

o)
Y /t jj X N ]

NH 1. allyl bromide, NaH, o

ome HN™ 7O THF, 12h W o

e} _— OMe R,

J Ry 2. G-Il (20 mol %), N

. N DCM, 8 h, Si-Bu

MeO™ ~i-Bu 64-70% for 2 steps. OMe
2.10 F2.1

Macrocycle F2.1.

To a suspension of compouRdO (0.2 mmol) in dry THF (10 mL), allyl bromide (2
mmol), NaH (1 mmol) and TBAI (0.02 mmol) were add&d0 °C and allowed to

stirred at room temperature for 10 h. After completof the reaction, reaction
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mixture was quenched with ammonium chloride sotu{i® mL), concentrated, and
extracted with ethyl acetate (3 X 20 mL). Combimedanic layer was washed with
brine, dried over anhydrous sodium sulfate, filleaad concentrated to leave a crude
oil, which was purified by column chromatography7(®thyl acetate/hexanes) to
give the pure bisallyl product.

To above bisallyl compound (0.1 mmol) was takenry dichloromethane (50 mL)
under nitrogen atmosphere and Grubb™ @eneration catalyst (0.02 mmol) was
added and reaction mixture was heated to 40 °@4oh. After completion of the
reaction, reaction mixture was concentrated and jestddl to column

chromatography to give pure prod&@.1.

((7S,11S,12S,E)-9-isobutyl-7-isopr opyl-11,12-dimethoxy-8-ox0-7,8,9,10,11,12-
hexahydro benzo[j][1,4,9]triazacyclotetr adecine-1,6(2H,5H)-diyl)bis((4-
chlorophenyl)methanone) (F2.1a):

OMe

Molecular Formula: GgH4sCIoN3Os; Re: 0.3 (2:5 ethyl acetate/hexanes); Solvent
system for column purification (2:5 to 1:2 ethyl etate/hexanes); Yield-60%
(colourless semi solid}H NMR (CDCk, 400 MHz):3 ppm 7.57 (dJ = 7.64 Hz,
1H), 7.51 (d,J = 8.30 Hz, 2H), 7.40-7.24 (m, 7H), 7.14 (& 8.46 Hz, 2H), 7.06 (d,
J=7.59 Hz, 1H), 5.68 (bdl = 16.0, 1H), 5.46 (dJ = 10.8, 1H), 5.33 (bd] = 16.0,
1H), 4.94 (m, 1H), 4.39 (s, 1H), 4.20-4.01 (m, 3Big6 (d,J = 18.25 Hz, 1H), 3.61-
3.51 (m, 1H), 3.40 (dd] = 13.24, 9.46 Hz, 1H), 3.23 (d,= 9.13 Hz, 1H), 3.13 (s,
3H), 2.84 (ddJ = 14.58, 7.98 Hz, 1H), 2.78 (s, 3H), 2.50 (dd;s 6.55, 3.92 Hz,
1H), 2.23-2.11 (m, 1H), 1.08 (dd,= 6.21, 5.01 Hz, 6H), 1.00 (dd,= 13.27, 6.59
Hz, 6H); *C NMR (CDCE, 100 MHz): 5 ppm 172.1, 170.3, 168.8, 142.8, 136.5,
135.2, 134.8, 134.6, 133.5, 130.7, 130.2, 128.8,612128.3, 127.9, 127.8, 126.9,
126.5, 77.3, 59.0, 57.0, 55.9, 55.0, 54.6, 46.(8,420.6, 29.1, 28.2, 20.2, 20.0, 19.8,
17.9; LRMS: (ES+) m/z = 694.0 (M+1)
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((7S,11S,12S,E)-9-isobutyl-7-isopropyl-11,12-dimethoxy-8-oxo0-7,8,9,10,11,12-
hexahydro benzo[j][1,4,9]triazacyclotetr adecine-1,6(2H,5H)-diyl)bis((4-
chlor ophenyl)methanone) (F2.1b):

OMe

Molecular Formula:ggH47N30s; Ry : 0.3 (3:7 ethyl acetate/hexanes); Solvent system
for column purification (3:7 to 2:3 ethyl acetattanes); Yield-68.5% (colourless
semi solid):'"H NMR (CDCk, 400 MHz):3 ppm 7.52 (m, 3H), 7.39-7.22 (m, 9H),
7.15 (t,J = 7.53 Hz, 2H), 7.06 (d] = 7.44 Hz, 1H), 5.75 (d] = 16.66 Hz, 1H), 5.48
(d,J = 10.63 Hz, 1H), 5.35 (d] = 15.34 Hz, 1H), 4.94 (d] = 15.05 Hz, 1H), 4.47
(s, 1H), 4.19-4.10 (m, 1H), 4.08-3.96 (m, 2H), 3(831H), 3.52 (dd) = 16.14, 3.89
Hz, 1H), 3.39 (ddJ = 12.82, 9.63 Hz, 1H), 3.33-3.26 (m, 1H), 3.12 (s),3H91 (dd,
J=14.51, 7.53 Hz, 1H), 2.75 (s, 3H), 2.58-2.47 (m),1417 (m, 1H), 1.09 (ddl =
6.31, 4.03 Hz, 6H), 1.03 (d,= 6.82 Hz, 3H), 0.99 (d] = 6.41 Hz, 3H);"*C NMR
(CDCl3;, 100 MHz):& ppm 173.0, 170.4, 143.3, 136.3, 135.5, 134.9,613080.3,
129.2,128.8, 128.7, 128.7, 128.1, 127.7, 127.6,8,226.6, 126.2, 79.4, 59.1, 57.0,
55.8, 54.9, 54.2, 46.0, 45.0, 29.6, 29.0, 28.13,20.0, 17.9; LRMS: (ES+) m/z =
626.4 (M+1)

((7S,11S,12S,E)-7-benzyl-9-isobutyl-11,12-dimethoxy-8-oxo0-7,8,9,10,11,12-
hexahydro benzo[j][1,4,9]triazacyclotetr adecine-1,6(2H,5H)-diyl)bis((4-
fluor ophenyl)methanone) (F2.1c):

F
F
oj NN 0

N
Ni-Bu

OMe

Molecular Formula: G2HssF2N3Os; Re @ 0.25 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield-80%
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(colourless semi solidH NMR (CDCk, 400 MHz):5 ppm 7.56 (d,J = 7.67 Hz,
1H), 7.37-7.23 (m, 10H), 7.08 (m, 3H), 6.94Jt 8.61 Hz, 2H), 6.82 (tJ = 8.49
Hz, 1H), 6.18 (] = 7.82 Hz, 1H), 5.70 (d] = 16.0 Hz, 1H), 5.34 (d] = 15.93 Hz,
1H), 4.94 (dJ = 16.32 Hz, 1H), 4.39 (d] = 1.08 Hz, 1H), 4.22 (dd] = 18.28, 1.91
Hz, 1H), 4.14 (ddJ = 14.64, 7.77 Hz, 1H), 4.02 (d,= 12.17 Hz, 1H), 3.76 (d] =
18.32 Hz, 1H), 3.54 (d] = 3.74 Hz, 1H), 3.34 (dd] = 13.17, 9.58 Hz, 1H), 3.28-
3.10 (M, 7H), 2.85 (dd] = 14.69, 6.86 Hz, 1H), 2.74 (s, 3H), 1.92 (dc= 9.78,
3.80 Hz, 1H), 0.97 (m, 6H)*C NMR (CDCh, 100 MHz): & ppm 172.1, 170.0,
168.8, 164.8, 164.2, 162.3, 161.8, 143.0, 136.8,8.3131.9, 131.9, 131.4, 131.3,
131.3, 131.2, 130.8, 129.7, 129.6, 128.9, 128.8,512128.4, 128.3, 128.3, 127.8,
126.9, 126.8, 126.6, 115.1, 114.9, 114.9, 114.7%,7B7.2, 59.0, 55.9, 55.2, 54.7,
51.9, 45.8, 44.8, 36.4, 29.6, 28.8, 20.3, 19.6; IRMES+) m/z = 710.1 (M+1)

((7S,11S,12S,E)-7-benzyl-9-isobutyl-11,12-dimethoxy-8-oxo0-7,8,9,10,11,12-
hexahydro benzo[j][1,4,9]triazacyclotetradecine-1,6-(2H,5H)-diyl)bis((4-
methoxyphenyl)methanone) (F2.1d):

OMe
OMe

@)
OMe Bn

OMe

MolecularFormula: G4Hs1N3O7; Ri: 0.2 (3:7 ethyl acetate/hexanes); Solvent system
for column purification (3:7 to 2:3 ethyl acetattanes); Yield-78.9% (colourless
semi solid); 'H NMR (CDCk, 400 MHz):5 ppm 7.57 (dJ = 7.31 Hz, 1H), 7.43-
7.20 (m, 12H), 7.08 (m, 3H), 6.75 (@~ 8.18 Hz, 2H), 6.64 (d] = 8.08 Hz, 2H),
6.14 (t,J= 7.6 Hz , 1H), 5.75 (dJ = 15.93 Hz, 1H), 5.38 (d] = 15.2 Hz, 1H), 4.90
(d, J = 16.0 Hz, 1H), 4.45 (s, 1H), 4.07 (m, 4H), 3.94-3(82 2H), 3.73 (m, 7H),
3.60-3.46 (m, 1H), 3.39-3.08 (m, 8H), 2.79 (s, 4HP8-1.82 (m, 2H), 0.94 (d,=
6.58 Hz, 6H);**C NMR (CDCE, 100 MHz): & ppm 172.6, 170.1, 161.1, 160.2,
136.8, 130.9, 130.9, 130.7, 129.7, 128.8, 128.8,312128.2, 128.1, 127.5, 127.4,
126.9, 126.6, 113.2, 112.9, 79.5, 77.2, 59.1, 95621, 55.0, 54.8, 52.2, 45.5, 45.1,
36.4, 29.6, 29.6, 28.6, 20.2, 19.5; LRMS: (ES+) m/i34.3 (M+1)
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(7S,11S5,12S,2)-1-(4-chlor obenzoyl)-6-(4-fluor obenzoyl)-7,9-diisobutyl-11,12-
dimethoxy-1,2,6,7,9,10,11,12-octahydr obenzo[j][1,4,9]triazacyclotetr adecin-
8(5H)-one (F2.1e):

F
cl
05 (\/\N 0
N _0 ,
i-Bu

OMeﬁ/‘\
N
~j-Bu

OMe

Molecular Formula:gH47CIFN3Os; Rf : 0.35 (3:7 ethyl acetate/hexane); Solvent
system for column purification (3:7 to 2:3 ethyl etate/hexanes); Yield-
63.5%(colourless semi solidi4 NMR (CDCk, 400 MHz): & ppm 7.55 (m, 3H),
7.30 (m, 5H), 7.14 (d] = 8.49 Hz, 2H), 7.05 (dd] = 11.83, 5.28 Hz, 3H), 5.90 (m,
1H), 5.70 (dJ = 15.6 Hz, 1H), 5.35 (d] = 16.0 Hz, 1H), 4.90 (d] = 15.6 Hz, 1H),
4.40 (s, 1H), 4.23-4.06 (m, 2H), 4.02 (&= 12.33 Hz, 1H), 3.90 (s, 1H), 3.60-3.49
(m, 1H), 3.37 (dJ = 13.19 Hz, 1H), 3.23 (d] = 9.18 Hz, 1H), 3.13 (s, 3H), 2.91 (m,
1H), 2.78 (s, 3H), 2.18-2.01 (m, 1H), 1.90 (s, 1HE5-1.48 (m, 2H), 1.13-0.97 (m,
12H); °C NMR (CDCk, 100 MHz):d ppm 172.0, 170.8, 168.9, 164.4, 161.9, 142.9,
136.6, 134.9, 130.8, 130.3, 128.9, 128.8, 128.8,0,2127.8, 127.0, 126.5, 115.3,
115.1, 79.5, 59.0, 56.0, 55.1, 54.7, 49.1, 45.%,43D.4, 31.8, 29.6, 28.8, 24.6, 23.5,
22.5, 20.5, 19.7, 14.0; LRMS: (ES+) m/z = 692.3 @1+

(7S,11S,12S,E)-1-(4-chlor obenzoyl)-6-(4-fluor obenzoyl)-7,9-diisobutyl -11,12-
dimethoxy-1,2,6,7,9,10,11,12-octahydr o benzo[j][1,4,9]triazacyclotetr adecin-
8(5H)-one (F2.1f):

F
04} (\/\N 0
0
i-Bu

N
OMeﬁ/‘\
N
~j-Bu

OMe
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Molecular Formula:ggH4sFN3Os; Ry : 0.4 (1:3 ethyl acetate/hexanes); Solvent
system for column purification (1:3 to 3:7 ethyletate/hexanes);Yield-58.5%
(colourless semi solid}H NMR (CDCk, 400 MHz):3 ppm 7.72 (dJ = 7.87 Hz,
1H), 7.51 (ddJ = 8.17, 5.54 Hz, 2H), 7.40 (m, 3H), 7.11 (dd= 10.31, 6.24 Hz,
3H), 5.95-5.86 (m, 1H), 5.50 (d= 16.4 Hz, 1H), 5.25 (d] = 16.0 Hz, 1H), 4.70 (d,
J=14.8 Hz, 1H), 4.60 (s, 1H), 4.06 (m, 3H), 3.89-3(i#9 1H), 3.42 (s, 1H), 3.39-
3.04 (m, 11H), 2.97-2.88 (m, 1H), 2.17-2.06 (m, 1HP3-1.80 (m, 1H), 1.64-1.47
(m, 2H), 1.13-0.90 (m, 14H), 0.63 (m, 2HJC NMR (CDCk, 100 MHz):5 ppm
174.4, 172.1, 170.9, 143.1, 135.9, 130.9, 129.8,912128.2, 128.2, 127.9, 127.1,
126.6, 115.3, 115.6, 79.1, 59.1, 56.8, 54.9, 5291, 45.4, 44.6, 39.3, 29.6, 28.7,
24.6, 23.5, 22.6, 20.5, 19.7, 12.8, 9.1, 8.7; LRMES+) m/z = 622.2 (M+1)

(7S,11S,12S,E)-1-benzoyl - 7-sec-butyl-6-(4-fluor obenzoyl)-9-isobutyl-11,12-
dimethoxy-1,2,6,7,9,10,11,12-octahydr obenzo[j][1,4,9] triazacyclotetr adecin-
8(5H)-one (F2.19):

OMe

Molecular Formula:CzgHssFN3Os; Ry :0.4 (1:3 ethyl acetate/hexanes); Solvent
system for column purification (1:3 to 3:7 ethyletate/hexanes); Yield-65.6%
(colourless semi solid}H NMR (CDCk, 400 MHz):5 ppm 7.57 (m, 4H), 7.36-7.23
(m, 7H), 7.16 (d,) = 7.38 Hz, 3H), 7.10 (s, 2H), 7.04 (s, 2H), 5.75Jd, 15.6 Hz,
1H), 5.50 (dJ = 10.8 Hz, 1H), 5.35 (d] = 15.6 Hz, 1H), 5.95 (d] = 16.0 Hz, 1H),
4.42 (s, 1H), 4.25-4.14 (m, 1H), 4.05 (s, 2H), 33982 (m, 1H), 3.61-3.50 (m, 1H),
3.45-3.35 (m, 1H), 3.29-3.21 (m, 1H), 3.13 (s, 3#Y3-2.81 (m, 1H), 2.69 (s, 3H),
2.37-2.24 (m, 2H), 1.81-1.63 (m, 1H), 1.59-1.46 (Hl), 1.13-1.05 (m, 6H), 1.01-
0.91 (m, 6H);"*C NMR (CDCE, 100 MHz):5 ppm 172.3, 170.5, 170.0, 143.1, 135.3,
135.0, 132.4, 132.4, 130.6, 130.3, 128.9, 128.8,712128.7, 128.6, 127.7, 127.6,
126.8, 126.7, 115.3, 115.1, 79.6, 59.0, 55.9, 95681, 54.5, 46.2, 44.9, 34.2, 31.8,
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31., 29.6, 29.6, 29.3, 29.1, 23.9, 22.6, 20.3, 20610, 14.0, 11.0; LRMS: (ES+) m/z
= 658.1 (M+1)

(7S,11S,12S,E)-7-sec-butyl-1-(4-chlor obenzoyl)-6-(4-fluor obenzoyl)-9-isobutyl-
11,12-dimethoxy-1,2,6,7,9,10,11,12-
octahydrobenzo[j][1,4,9]triazacyclotetr adecin-8(5H)-one (F2.1h):

OMe

~i-Bu

Molecular Formula:GgH47CIFN3Os; R; : 0.25 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield-71.2%
(colourless semi solid}H NMR (CDCk, 400 MHz):5 ppm 7.56 (ddJ = 8.14, 5.18
Hz, 3H), 7.39-7.23 (m, 5H), 7.14 (d,= 8.46 Hz, 2H), 7.05 (1) = 8.27 Hz, 3H),
5.70 (d,J = 16.0 Hz, 1H), 5.53 (d) = 10.75 Hz, 1H), 5.35(d) = 16.0 Hz, 1H),
4.95(d,J = 16.0 Hz, 1H), 4.40 (s, 1H), 4.25-4.15 (m, 1H), 4962H), 3.93-3.82 (m,
1H), 3.61-3.51 (m, 1H), 3.45-3.35 (m, 1H), 3.261(H), 3.14 (s, 3H), 2.89-2.80 (m,
1H), 2.78 (s, 3H), 2.37-2.24 (m, 1H), 2.24-2.11 (H), 1.58-1.47 (m, 1H), 1.26 (s,
3H), 1.13-1.05 (m, 7H), 1.01-0.91 (m, 6HfC NMR (CDCk, 100 MHz): 3 ppm
172.2, 170.5, 168.8, 164.3, 161.8, 142.9, 136.8,93133.6, 132.4, 132.4, 130.8,
130.3, 128.9, 128.6, 128.6, 128.0, 127.8, 126.8,5,2415.3, 115.1, 79.5, 59.0, 56.0,
55.8, 55.1, 54.7, 46.2, 44.9, 34.2, 29.2, 23.93,2R0.1, 16.0, 15.9, 11.0; LRMS:
(ES+) m/z =692.3 (M+1)

K20$O4.2H20,
(DHQ),PHAL,

Cﬁi K,COs, KaFe(CN)s,
—_—
ookt

CH3SO,NH,,
3.1 tBUOH + H,0 (1:1)

0°C to rt, 85% 32 0
(2R,39)-ethyl 3-(2-(benzyloxy)phenyl)-2,3-dihydr oxypropanoate (3.2):

Experimental procedure as per Ref. compoR@d

OEt
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Molecular Formula: ¢H200s; R (solvent system): 0.25 (3:7 ethyl acetate/hexanes);
Yield-89.3% (colourless liquid); Solvent system falumn purification (3:7 to 2:3
ethyl acetate/hexanes)H NMR (CDCk, 400 MHz):5 ppm 7.25-7.50 ( m,, 7H),
7.03 (t,J = 7.50 Hz, 1H), 6.96 (dJ = 8.24 Hz, 1H), 5.44 (dd] = 8.0, 2.0 Hz 1H),
5.18-5.06 (m, 2H), 4.51 (dd,= 5.59, 2.32 Hz, 1H), 4.24 (m, 2H), 3.09 (& 5.81

Hz, 1H), 2.94 (dJ = 8.12 Hz, 1H), 1.28-1.18 (m, 3H}*C NMR (CDCE, 100 MHz):

o ppm 173.0, 155.0, 136.7, 128.8, 128.5, 128.5,942127.2, 127.0, 121.0, 111.4,
73.2,70.3, 69.9, 61.9, 14.0 ; LRMS: (ES+) m/z Z.31(M+1)

OBn 1. 2,2-dimethoxy
-propane,
WOH PTSA, DCM, rt, 12 h;
v >
2. LiBHy4, dry THF,

HO™ SNCOOEt 0°Ctort,
3.2

((4S,59)-5-(2-(benzyloxy)phenyl)-2,2-dimethyl-1,3-dioxolan-4-yl)methanol (3.3):
Experimental procedure as per Ref. compoRfd

Molecular Formula: @H2204; Rs: 0.3 (3:7 ethyl acetate/hexanes); Solvent system
for column purification (3:7 to 2:3 ethyl acetat¢anes); Yield-90.8% (colourless
liquid); *H NMR (CDCk, 400 MHz):5 ppm 7.58 (dJ = 7.60 Hz, 1H), 7.47-7.30 (m,
5H), 7.29-7.22 (m, 1H), 7.03 d,= 7.50 Hz, 1H), 6.95 (d] = 8.23 Hz, 1H), 5.31 (d,

J = 8.34 Hz, 1H), 5.12 (dJ = 11.52 Hz, 1H), 5.05 (d] = 11.52 Hz, 1H), 3.88 (m,
1H), 3.78 (m, 1H), 3.67 (m, 1H), 1.56 (s, 3H), 1(§23H);**C NMR (CDC}, 100
MHz): & ppm 155.7, 136.3, 128.9, 128.7, 128.2, 127.5,012%#126.7, 121.4, 111.8,
108.9, 83.6, 73.7, 70.5, 61.8, 27.2, 27.0; LRMS{Em/z = 315.4 (M+1)

1. MsCl, EtsN
DCM, 0 °C

OH 2. NaN, DMF
80°C

(4S,59)-4-(azidomethyl)-5-(2-(benzyloxy)phenyl)-2,2-dimethyl-1,3-dioxolane

(3.9):

Experimental procedure as per Ref. compoRiad

Molecular Formula: &H»1N30s; Rq: 0.3 (1:9 ethyl acetate/hexanes); Solvent system
for column purification (3:7 to 2:3 ethyl acetatetanes); Yield-86.5%
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OBn 1. p-TSA, H,0, THF,

reflux, 5 h
w0
o4

2. Mel, NaH, DMF,

N; -78°Ctort, 0.5h -
MeO"
3.4 3.5

1-((1S,29)-3-azido-1,2-dimethoxypr opyl)-2-(benzyloxy)benzene (3.5):

Experimental procedure as per Ref. compoBibd

Molecular Formula: &H21N3Os; Rr : 0.35 (1:4 ethyl acetate/hexanes); Solvent
system for column purification (1:4 ethyl acetagd/énes); Yield-99.8% (brown
liquid); *H NMR (CDCk, 400 MHz):5 ppm 7.35 (m, 7H), 7.02 (3,= 7.42 Hz, 1H),
6.97 (d,J = 8.21 Hz, 1H), 5.11 (qJ = 11.86 Hz, 2H), 4.77 (d] = 4.64 Hz, 1H),
3.57 (m, 1H), 3.37 (dd] = 12.74, 7.77 Hz, 1H), 3.30 (s, 3H), 3.25 Jd; 6.20 Hz,
3H), 3.16 (ddJ = 12.73, 4.23 Hz, 1H)**C NMR (CDCk, 100 MHz):5 ppm 156.2,
136.8, 128.8, 128.6, 127.9, 127.9, 127.1, 126.6,112111.8, 83.1, 77.7, 70.1, 60.0,
57.3,51.7; LRMS: (ES+) m/z = 328.4 (M+1)

OBn 1. PPhg, H,0, THF,
rt,8h
wOMe >
2. Isobutyraldehyde,
N3 EtOH, 0.5 h then -
NaCNBH3 AcOH, MeO
rt, 2h, 3.7

OBn

MeO™

3.5

(2S,39)-3-(2-(benzyloxy)phenyl)-N-isobutyl-2,3-dimethoxypr opan-1-amine (3.7):
Experimental procedure as per Ref. compokiid

Molecular Formula: €H3i1NOs; Ry: 0.3 (3:7 ethyl acetate/hexanes); Solvent system
for column purification (3:7 to 2:3 ethyl acetawxanes); Yield-71.7% (brown
liquid); *H NMR (CDCk, 400 MHz):8 ppm 7.36 (m, 6H), 7.24 (§,= 8.32 Hz, 1H),
7.00 (t,J = 7.46 Hz, 1H), 6.94 (d] = 8.22 Hz, 1H), 5.14-5.03 (m, 2H), 4.79 (¢
5.45 Hz, 1H), 3.64-3.55 (m, 1H), 3.37 (s, 3H), 3(@R) = 11.63 Hz, 3H), 2.69 (dd,

= 12.33, 8.37 Hz, 1H), 2.50 (dd,= 12.39, 3.99 Hz, 1H), 2.30 (m, 2H), 1.65 (m,
1H), 0.85 (m, 6H)**C NMR (CDCk, 100 MHz):5 ppm 156.2, 136.7, 128.2, 128.2,
127.8, 127.6, 127.4, 126.9, 120.7, 11.4, 83.1,, @08, 59.7, 57.7, 56.8, 50.2, 27.9,
20.3, 20.3; LRMS: (ES+) m/z = 358.5 (M+1)
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HBTU, DIPEA,DMF,
6h0°Ctort

HO,C _NHR,

T

Compound 3.8:
Experimental procedure as per Ref. compo8d

Benzyl (S)-1-(((2S,39)-3-(2-(benzyloxy)phenyl)-2,3-dimethoxypr opyl)(isobutyl)

amino)-3-methyl-1-oxobutan-2-ylcar bamate (3.8a):

OBn OMe

N _i-Bu

(6]

MolecularFormula: H4eN2Os; Re : 0.75 (3:7 ethyl acetate/ hexanes); Solvent

system for column purification (1:4 to 1:3 ethyletate/hexanes); Yield: 95.6%
(colourless liquid);’H NMR (CDCk, 400 MHz):8 ppm 7.60-7.19 (m, 12H), 7.15-
6.92 (m, 2H), 5.15-5.03 (m, 4H), 4.70 (m, 4H), 44685 (m, 1H), 3.80-3.60 (m,
1H), 3.45-3.05 (m, 7H), 1.85-1.70 (m, 2H), 1.0280(#h, 12H);**C NMR (CDC},
100 MHz): 6 ppm 172.0, 171.6, 156.3, 156.2, 156.1, 136.9,5,3628.8, 128.7,
128.6, 128.5, 128.4, 128.1, 128.0, 127.9, 127.9, 127.8, 127.7, 127.7, 127.4,
127.3, 127.3, 126.9, 126.7, 121.3, 121.1, 121.0,8,1111.8, 111.5, 83.9, 83.2, 82.4,
78.3, 70.2, 69.9, 66.6, 66.5, 60.5, 57.6, 57.31,597.0, 56.5, 55.7, 55.4, 53.9, 48.5,
48.3, 31.6, 31.4, 27.8, 26.4, 20.2, 20.1, 19.98,199.7, 19.4, 18.0, 16.8; LRMS:
(ES+) m/z =591.4 (M+1)

Benzyl (5)-1-(((2S,39)-3-(2-(benzyloxy)phenyl)-2,3-dimethoxypr opyl)(isobutyl)
amino)-1-oxo-3-phenylpropan-2-ylcar bamate (3.8b):

OBn OMe

i-Bu
N/

8Me)j/ NHCbz
S

Ph

Molecular Formula: @HseN2Os; R : 0.35 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield: 88.9%
(colourless liquid)*H NMR (CDCk, 400 MHz):5 ppm 7.29 (m, 16H), 7.06-6.90 (m,

52



Chapter 2

3H), 5.54-5.36 (m, 1H), 5.21-4.63 (m, 6H), 3.8473(f, 1H), 3.33-2.73 (m, 11H),
1.90-1.71 (m, 1H), 0.87-0.60 (m, 6HYC NMR (CDCk, 100 MHz):5 ppm 172.1,
171.6, 156.4, 156.1, 155.5, 155.4, 136.9, 136.8,5,3136.4, 129.3, 128.8, 128.6,
128.6, 128.5, 128.4, 128.4, 128.1, 128.0, 127.9,8,2127.8, 127.7, 127.4, 127.3,
126.9, 126.6, 121.3, 121.0, 111.8, 111.6, 83.7,,88.1, 77.7, 70.2, 70.0, 66.5, 66.5,
60.6, 60.4, 57.2, 57.0, 56.3, 54.7, 52.1, 51.9),439.8, 39.6, 28.0, 26.6, 20.2, 20.1,
20.0, 19.6 ; LRMS: (ES+) m/z = 638.7 (M+1)

(9H-fluor en-9-yl)methyl (S)-1-(((2S,39)-3-(2-(benzyloxy)phenyl)-2,3-
dimethoxypropyl) (isobutyl)amino)-4-methyl-1-oxopentan-2-ylcarbamate (3.8c):

OBn OMe

i-Bu
N/

C:)Me NHFmoc
(0]

Molecular Formula: ¢zHs:N2.Og; Re @ 0.75 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (1:4 ethyl acetagxfnes); Yield: 91.5% (colourless
liquid); *H NMR (CDCk, 400 MHz):8 ppm 7.75 (dJ) = 7.50 Hz, 2H), 7.58 (d] =
7.37 Hz, 2H), 7.51-7.19 (m, 11H), 7.09-6.90 (m, 2664 (m, 1H), 5.19-5.02 (m,
2H), 4.74 (m, 2H), 4.42-4.14 (m, 3H), 3.88-3.71 (th{), 3.38 (m, 1H), 3.29-3.01
(m, 7H), 2.01-1.75 (m, 1H), 1.50 (m, 1H), 1.37-1@3 1H), 1.04-0.73 (m, 12H);
13C NMR (CDC}, 100 MHz):5 ppm 173.3, 172.6, 156.1, 156.0, 143.9, 143.8,8,43.
141.2, 141.2, 136.9, 136.9, 128.6, 128.5, 128.5,942127.9, 127.7, 127.6, 127.5,
127.4, 127.3, 127.2, 126.9, 125.2, 125.1, 125.1,112121.1, 119.9, 119.8, 111.9,
111.6, 83.4, 82.1, 78.2, 70.2, 69.9, 66.7, 60.83,%7.1, 56.5, 49.3, 49.1, 47.2, 47.1,
43.2, 42.8, 28.2, 26.5, 24.6, 24.4, 23.5, 21.4]1,219.8, 19.6; LRMS: (ES+) m/z =
693.5 (M+1)

(9H-fluor en-9-yl)methyl (2S,3R)-1-(((2S,39)-3-(2-(benzyloxy) phenyl)-2,3-

dimethoxypropyl)  (isobutyl)amino)-3-methyl-1-oxo  pentan-2-ylCarbamate
(3.8d):

53



Chapter 2

OBn OMe

_i-Bu

©/\8;e\ NHFmoc
O

Molecular Formula: ¢zHsoN2Og; Rs @ 0.30 (3:7 ethyl acetate/hexanes); Solvent

system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield: 85.3%
(colourless liquid)H NMR (CDCk, 400 MHz):8 ppm 7.75 (dJ = 7.49 Hz, 2H),
7.58 (d,J = 7.30 Hz, 2H), 7.54-7.20 (m, 11H), 7.04Jt 7.34 Hz, 1H), 6.94 (d] =
8.20 Hz, 1H), 5.50 (d] = 9.00 Hz, 1H), 5.09 (dd} = 11.61, 8.19 Hz, 2H), 4.77-4.68
(m, 1H), 4.60-4.14 (m, 4H), 3.84 @= 10.30 Hz, 2H), 3.47-2.99 (m, 8H), 1.90 {,
= 7.22 Hz, 1H), 1.78-1.64 (m, 1H), 1.55-1.42 (m, 1@)98-0.73 (m, 12H)>C
NMR (CDCl, 100 MHz): 6 ppm 172.2, 171.7, 156.3, 156.2, 156.1, 144.0,943.
143.9, 143.8, 141.2, 136.9, 128.7, 128.6, 128.8,112127.9, 127.9, 127.7, 127.6,
127.6, 127.4, 127.3, 127.0, 126.9, 125.2, 125.5,112121.3, 121.1, 119.9, 119.9,
111.8, 111.6, 83.9, 82.4, 78.3, 75.4, 70.2, 70807,660.5, 57.2, 56.6, 55.5, 55.1,
48.6, 47.2, 47.1, 38.5, 38.3, 27.8, 26.4, 23.%4,2%.2, 20.1, 19.9, 19.5, 15.8, 11.4 ;
LRMS: (ES+) m/z = 693.5 (M+1)

OBn
ome \HRs  1.Rq=Cbz 10% PdiC, OH /&
E-O})\R Hp, 12 h - OMe HN” 0
L 2Rcocipem.r, : ﬁ)‘m
MeO™" SiBu b LN
W
MeO

3.8

Compound 3.9:

To a suspension of compouBd (1 mmol) in ethyl acetate (10 mL), 10% Pd/C (0.2
mmol) was added and stirred the reaction mixture X8 h under hydrogen
atmosphere. After completion of the reaction, rneacmixture was passed through
celite and concentrated to leave 200 mg crudewdiich was subjected to the next
reaction without any purification.

To a suspension of above compound (0.3 mmol) iMD@O mL), acid chloride
(0.4 mmol) was added at 0 °C and allowed to stidfdomin. After completion of the
reaction, reaction mixture was quenched with sodnocarbonate solution (5 mL),
concentrated, and extracted with ethyl acetate @0XnL). Combined organic layer

was washed with brine, dried over anhydrous sodismifate, filtered and
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concentrated to leave a crude oil, which was mdifty column chromatography to

give pure compound.9.

N-((9)-1-(((2S,39)-3-(2-hydr oxyphenyl)-2,3-dimethoxypr opyl)(isobutyl)amino)-
3-methyl-1-oxobutan-2-yl)benzamide (3.9a):

OH OMe

SRSEV

Molecular Formula: gH3gN2,Os; R : 0.35 (3:7 ethyl acetate/hexanes); Solvent

system for column purification (3:7 ethyl acetagdéines); Yield: 82.3% (white
solid); *H NMR (CDCk, 400 MHz):5 ppm 7.93 (m, 3H), 7.62-6.74 (m, 9H), 5.07
(m, 1H), 4.47-4.25 (m, 1H), 3.98-3.15 (m, 11H),81.93 (m, 2H), 1.15-0.78 (m,
12H); °C NMR (CDCk, 100 MHz):d ppm 172.4, 172.1, 167.4, 166.8, 155.8, 155.3,
134.0, 134.0, 131.7, 131.6, 129.9, 129.5, 129.5,412129.1, 128.5, 128.5, 128.2,
127.0, 122.9, 122.0, 120.1, 119.7, 117.5, 116.91,8%4.7, 83.6, 60.7, 60.4, 57.5,
57.5, 56.8, 54.6, 54.2, 53.8, 49.6, 49.0, 32.10,328.1, 26.7, 20.2, 20.1, 20.0, 20.0,
19.8,19.4,17.4,17.3; LRMS: (ES+) m/z = 471.3 i+

4-chlor o-N-((9)-1-(((2S,39)-3-(2-hydr oxyphenyl)-2,3-dimethoxypr opyl) (isobutyl)
amino)-3-methyl-1-oxobutan-2-yl)benzamide (3.9b):

OH OMe

Molecular Formula: €H4oN2Os; Rr : 0.2 (1:4 ethyl acetate/hexanes); Solvent system
for column purification (1:3 ethyl acetate/hexanegkld: 62.9% (white solid)*H
NMR (CDCk, 400 MHz):5 ppm 7.76 (m, 3H), 7.49-6.77 (m, 8H), 5.13-4.95 (m,
1H), 4.35 (m, 1H), 3.93-3.12 (m, 11H), 2.18-1.91, @hl), 1.10-0.80 (m, 12H)-*C
NMR (CDCl, 100 MHz): 5 ppm 172.2, 172.0, 166.3, 165.8, 155.7, 155.2,8137.
132.4, 129.5, 129.5, 129.3, 129.1, 129.0, 128.8,712128.7, 128.6, 128.6, 128.5,
128.4, 122.7, 122.0, 120.1, 119.8, 117.4, 117.6,9,185.0, 84.8, 83.7, 60.6, 60.4,
57.5, 56.8, 54.5, 54.3, 53.9, 49.5, 49.0, 32.00,328.0, 26.6, 20.2, 20.1, 20.0, 19.8,
19.4, 17.3, 17.2 ; LRMS: (ES+) m/z = 505.3 (M+1)

Oll
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4-fluor o-N-((9)-1-(((2S,39)-3-(2-hydr oxyphenyl)-2,3-dimethoxypr opyl) (isobutyl)
amino)-1-oxo-3-phenylpropan-2-yl)benzamide (3.9¢):

OH OMe

Ph

Molecular Formula: gH3/FN,Os; Ry : 0.3 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 ethyl acetagdéines); Yield: 85.7% (white
solid); *H NMR (CDCk, 400 MHz):5 ppm 7.74 (m, 2H), 7.34-6.75 (m, 14H), 5.35
(d,J=7.67 Hz, 1H), 4.29 (ddl = 13.53, 3.08 Hz, 1H), 3.95-3.68 (m, 2H), 3.58-2.95
(m, 13H), 1.84 (m, 2H), 0.92-0.70 (m, 7HYC NMR (CDCk, 100 MHz):3 ppm
172.3, 172.1, 165.9, 165.4, 155.8, 155.2, 136.8,213129.6, 129.5, 129.4, 129.3,
129.3, 128.6, 128.5, 127.0, 126.9, 122.1, 120.9,71117.4, 117.0, 115.6, 115.6,
115.4, 115.4, 84.6, 84.4, 83.3, 60.7, 60.1, 57/4,556.7, 54.9, 50.9, 50.6, 49.7,
49.2, 39.4, 39.3, 28.4, 26.8, 20.2, 20.1, 20.05;I1RMS: (ES+) m/z = 537.3 (M+1)

4-chloro-N-((9)-1-(((2S,39)-3-(2-hydr oxyphenyl)-2,3-dimethoxypr opy!) (isobutyl)
amino)-1-oxo-3-phenylpropan-2-yl)benzamide (3.9d):

OH OMe

Ph

Molecular Formula: gH37CIN.Os; R : 0.4 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (1:3 ethyl acetagdéines); Yield: 83.6% (white
solid); *H NMR (CDCk, 400 MHz):5 ppm 7.67 (m, 3H), 7.50-6.74 (m, 14H), 5.35
(d,J = 7.34 Hz, 1H), 4.29 (m, 1H), 3.97-3.65 (m, 2H), 3585 (m, 13H), 1.95-1.72
(m, 1H), 0.93-0.68 (m, 6H)Y*C NMR (CDCk, 100 MHz): & ppm 172.3, 172.2,
172.1, 165.9, 165.5, 155.8, 155.2, 137.9, 137.6,113132.1, 132.1, 131.3, 129.6,
129.9, 129.5, 129.3, 129.3, 129.2, 128.7, 128.8,6,2128.6, 128.5, 128.5, 128.5,
128.4, 127.1, 126.9, 122.5, 122.0, 120.2, 119.7,441117.0, 84.6, 84.3, 83.3, 60.7,
60.1, 57.5, 57.4, 56.7, 54.9, 51.0, 50.6, 49.72,4%9.2, 28.4, 26.8, 20.2, 20.1, 20.0,
19.6; LRMS: (ES+) m/z = 553.3 (M+1)
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OBN  \HFmoc 1.DBU, THF, rt, 5 min
OMe 2. R,COCI, DCM, tt, 1 h
Ry 3.10% Pd/C, H,,
EtOAc, 4 h

MeO™

Compound 3.9:

To a suspension of compouBd (1 mmol) in THF (10 mL), DBU (1.5 mmol) was
added and stirred the reaction mixture for 5 mifteAcompletion of the reaction,
reaction mixture concentrated and which was subjetd the next reaction without
any purification.

To a suspension of above compound (0.3 mmol) in D@M mL), acid chloride
(0.45 mmol) was added at 0 °C and allowed to stirl0 min. After completion of
the reaction mixture was quenched with sodium bimaate solution (5 mL),
concentrated, and extracted with ethyl acetate @0XnL). Combined organic layer
was washed with brine, dried over anhydrous sodisuffate, filtered and
concentrated to leave a crude oil, which was mdifty column chromatography to
give pure compound.

To a suspension of above compound (1 mmol) in edbgtate (10 mL), 10% Pd/C
(0.2 mol) was added and stirred the reaction mextior 12 h under hydrogen
atmosphere. After completion of the reaction, rneacmixture was passed through
celite and concentrated to leave 200 mg crudembiich was purified by the column

chromatography to giva.9.

4-fluor o-N-((5)-1-(((2S,39)-3-(2-hydr oxyphenyl)-2,3-dimethoxypr opyl) (isobutyl)
amino)-4-methyl-1-oxopentan-2-yl)benzamide (3.9¢):

OH OMe

Molecular Formula: H3gFN.Os; Rf @ 0.3 (1:4 ethyl acetate/hexanes); Solvent
system for column purification (1:3 ethyl acetagéines); Yield: 65.7% (white
solid); '"H NMR (CDCk, 400 MHz):8 ppm 7.92 (m, 3H), 7.48-6.74 (m, 10H), 5.22
(m, 1H), 4.37 (m, 1H), 3.79 (m, 2H), 3.64-3.19 (b1H), 2.05 (m, 1H), 1.84-1.69
(m, 2H), 1.53-1.36 (m, 1H), 1.20-1.10 (m, 1H), 0@3 12H);*C NMR (CDC},
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100 MHz): & ppm 173.8, 173.6, 166.4, 165.9, 155.8, 155.3,6,3232.5, 129.7,
129.6, 129.5, 129.5, 129.5, 129.2, 128.8, 122.2,(,2120.1, 119.7, 117.3, 116.9,
1156.6, 115.5, 115.5, 115.3, 115.3, 115.3, 84.63,888.1, 60.6, 60.6, 57.4, 57.0,
54.2, 49.5, 47.9, 42.6, 42.2, 29.6, 29.6, 28.57,2B4.9, 24.7, 23.5, 23.5, 21.5, 21.5,
20.1,20.1, 19.8, 19.7 ; LRMS: (ES+) m/z = 50ME1)

N-((9)-1-(((2S,39)-3-(2-hydr oxyphenyl)-2,3-dimethoxypr opy!)(isobutyl)amino)-
4-methyl-1-oxopentan-2-yl)benzamide (3.9f):

OH OMe

Molecular Formula: gH40N2Os; R : 0.25 (1:4 ethyl acetate/hexanes); Solvent
system for column purification (1:3 ethyl acetagéines); Yield: 75.6% (white
solid); *H NMR (CDCk, 400 MHz):5 ppm 7.81 (m, 2H), 7.44 (m4H), 7.18 (m 1H),
7.04-6.75 (m, 4H), 5.29-5.18 (m, 1H), 4.37 (m, 1Bip7-3.20 (m, 11H), 2.13-1.87
(m, 2H), 1.83-1.66 (m, 2H), 1.43 (m, 1H), 0.94 (&2H); *C NMR (CDCE, 100
MHz): & ppm 173.4, 173.3, 167.2, 166.8, 155.8, 155.3,0,3433.8, 131.6, 131.6,
129.5, 129.4, 129.2, 128.8, 128.5, 127.0, 127.@,5,2122.1, 120.1, 119.7, 117.3,
116.9, 84.7, 84.6, 83.2, 60.6, 57.4, 56.9, 49.47,442.9, 42.7, 29.6, 28.5, 26.7, 24.8,
24.7, 23.5, 23.5, 21.6, 21.6, 20.1, 20.1, 19.97;ARMS: (ES+) m/z = 485.3 (M+1)

4-fluor o-N-((2S,3R)-1-(((2S,39)-3-(2-hydr oxyphenyl)-2,3-dimethoxypr opyl)
(isobutyl)amino) -3-methyl-1-oxopentan-2-yl)benzamide (3.99):

OH OMe

N~ BY F
E H

o}

Molecular Formula: ggH39FN2Os; Ry : 0.2 (1:4 ethyl acetate/hexanes); Yield: 77.1%
(white solid);'H NMR (CDCk, 400 MHz):8 ppm 7.83 (m, 2H), 7.31-6.74 (m, 7H),
5.06 (m, 1H), 4.33 (m, 1H), 3.93-3.56 (m, 2H), 3%17 (m, 8H), 2.10-1.79 (m,
2H), 1.58 (m, 1H), 1.18 (m, 1H), 1.06-0.79 (m, 12HC NMR (CDCE, 100 MHz):

0 ppm 172.6, 172.2, 167.2, 166.7, 155.8, 155.3,6.3R32.5, 129.7, 129.6, 129.5,

58



Chapter 2

129.5, 129.5, 129.2, 128.8, 122.4, 122.0, 120.9,711117.3, 116.9, 1156.6, 115.5,
115.5, 115.3, 115.3, 115.3, 85.0, 83.6, 60.3, F497, 53.4, 49.1, 38.6, 38.6, 29.6,
28.2, 26.7, 24.0, 20.2, 20.1, 20.0, n19.5, 16.09,151.3, 11.2; LRMS: (ES+) m/z =
503.3 (M+1)

N-((2S,3R)-1-(((2S,3S)-3-(2-hydr oxyphenyl)-2,3-dimethoxypr opyl)(isobutyl)
amino)-3-methyl-1-oxopentan-2-yl)benzamide (3.9h):

OH OMe

Molecular Formula: ggH40N2Os; Rs: 0.2 (1:4 ethyl acetate/hexanes); Solvent system
for column purification (1:3 ethyl acetate/hexanegkld: 62.9% (white solid)H
NMR (CDCl, 400 MHz):6 ppm 7.81 (m, 3H), 7.56-7.36 (m, 3H), 7.25-6.73 (m,
6H), 5.10 (m, 1H), 4.33 (m, 1H), 3.93-3.58 (m, 2H)51-3.19 (m, 8H), 2.10-1.78
(m, 2H), 1.70-1.53 (m, 2H), 1.23-1.12 (m, 1H), @79 (m, 12H);*C NMR
(CDCls, 100 MHz):6 ppm 172.6, 172.2, 167.2, 166.7, 158.8, 155.3,(,3434.0,
131.7, 131.6, 129.5, 129.5, 129.4, 129.2, 128.8,512127.1, 127.0, 122.8, 121.9,
120.1, 119.7, 117.6, 117.0, 109.9, 85.0, 83.6,,863, 54.7, 53.4, 49.1, 38.6, 38.6,
29.6, 28.2, 26.7, 24.0, 20.2, 20.1, 20.0, 19.50,1865.9, 11.3, 11.2; LRMS: (ES+)
m/z = 485.3 (M+1)

1. allyl bromide, NaH,

THF, 12 h (0] O
—_— OMe Ry
2. G-l (20 mol %), N

DCM, 8 h, Si-Bu

65-70% for 2 steps.

OMe
F2.2

Macrocycle F2.2:

To a suspension of compouB® (0.2 mmol) in dry THF, allybromide (1 mmol),
NaH (2 mmol) and TBAI (0.02 mmol) were added at@ahd allowed to stirred at
room temperature for 10 h. After completion of tleaction, reaction mixture was
guenched with ammonium chloride solution, concéettaand extracted with ethyl

acetate (3 X 20 mL). Combined organic layer washa&dswith brine, dried over
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anhydrous sodium sulfate, filtered and concentratel@ave a crude oil, which was
purified by column chromatography to give the coommbpure bis allyl product.

To suspension of above compound (0.069 mmol) alkentin dry dichloromethane
(50 mL) under nitrogen atmosphere and GrubB* generation catalyst (0.0138
mmol) was added and reaction mixture was heated0to°C for 24 h. After
completion of the reaction, reaction mixture wasaantrated and subjected to
column chromatography using to give pure compde@a.
(7S,11S,12S,E)-6-benzoyl-9-isobutyl-7-isopropyl-11,12-dimethoxy-6,7,9,10,11,12-
hexahydro -2H-benzo[m][1,6,9]oxadiazacyclotetradecin -8(5H)-one (F2.2a):

@f\o@\ k

O

Molecular Formula: gH4oN2Os; Rr : 0.35 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (1:3 ethyl acetagféines); Yield: 60.5% (colourless
semi solid);"H NMR (CDCk, 400 MHz):8 ppm 7.46 (d,) = 6.73 Hz, 1H), 7.43-7.30
(m, 5H), 7.29-7.21 (m, 1H), 7.04 @,= 7.47 Hz, 1H), 6.79 (d) = 8.08 Hz, 1H),
5.85 (dddJ= 15.6 Hz,J= 8.8 Hz,J = 2.4 Hz, 1H), 5.46 (d] = 10.61 Hz, 1H), 5.19
(dd,J = 15.65, 0.69 Hz, 1H), 4.71 (s, 1H), 4.37 Jds 0.71 Hz, 2H), 4.11 (dd] =
13.01, 2.77 Hz, 1H), 4.04-3.76 (m, 4H), 3.48-3.84 4H), 3.12 (s, 3H), 2.94 (dd,

= 14.62, 7.43 Hz, 1H), 2.67-2.52 (m, 1H), 2.28-2.&f (H), 1.10-0.97 (m, 12H);
¥C NMR (CDCE, 100 MHz): 172.2, 171.1, 155.2, 136.5, 129.2, 32828.1, 128.0,
127.8, 126.4, 124.9, 120.8, 110.7, 77.5, 65.0,,59/2, 57.1, 54.7, 45.9, 45.7, 28.8,
27.3, 20.3, 20.0, 19.9, 17.7; LRMS: (ES+) m/z =.33B8/1+1)

(7S,11S,12S,E)-6-(4-chlor obenzoyl)-9-isobutyl-7-isopropyl-11,12-dimethoxy-
6,7,9,10,11,12-hexahydr o-2H-benzo[ m][1,6,9] oxadiazacyclotetr adecin-8(5H)-one
(F2.2b):

-

Sssss
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Molecular Formula: gH4:CIN2Os; Ry : 0.4 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (1:3 ethyl acetagxfnes); Yield: 65.0% (colourless
semi solid);"H NMR (CDCk, 400 MHz): & ppm 7.46 (dJ = 7.38 Hz, 1H), 7.37 (d,

J = 8.28 Hz, 2H), 7.33-7.22 (m, 3H), 7.04 Jt= 7.47 Hz, 1H), 6.80 (d] = 8.07 Hz,
1H), 5.80 (dddJ = 16.0 Hz,J= 9.6 Hz,J = 2.4 Hz, 1H), 5.43 (d] = 10.60 Hz, 1H),
5.26 (d,J = 15.85 Hz, 1H), 4.70 (s, 1H), 4.38 (s, 2H), 4.10, @d 12.97, 2.87 Hz,
1H), 4.02 (d,J = 16.36 Hz, 1H), 3.88 (dd] = 14.60, 7.58 Hz, 1H), 3.79 (dd,=
16.39, 9.00 Hz, 2H), 3.43 (dd,= 12.79, 10.68 Hz, 1H), 3.37 (s, 3H), 3.12 (s, 3H),
2.93 (dd,J = 14.58, 7.48 Hz, 1H), 2.64-2.51 (m, 1H), 2.19 (d&; 13.59, 6.75 Hz,
1H), 1.10-0.94 (m, 12H)**C NMR (CDCk, 100 MHz):3 ppm 171.2, 170.8, 155.2,
135.3, 134.9, 128.3, 128.3, 128.1, 128.0, 127.5,3,2125.0, 120.8, 110.7, 64.9,
59.5, 57.3, 57.1, 54.7, 46.0, 45.7, 28.8, 27.33,200.0, 19.9, 17.7; LRMS: (ES+)
m/z = 557.2 (M+1)

(7S,11S,12S,E)-7-benzyl-6-(4-fluor obenzoyl)-9-isobutyl-11,12-dimethoxy-
6,7,9,10,11,12-hexahydr 0-2H-benzo[ m][ 1,6,9] oxadiazacyclotetr adecin-8(5H)-one
(F2.2¢):

OMe j/

o N Ph

GMe)\‘ \\\l F
O O )
I\/\/Np

0]

Molecular Formula: H41FN.Os; Ry : 0.4 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (1:3 ethyl acetagféines); Yield: 79.6% (colourless
semi solid); *H NMR (CDCk, 400 MHz):8 ppm 7.45 (t) = 6.64 Hz, 1H), 7.36-7.22
(m, 7H), 7.08-6.94 (m, 5H), 6.80 (d,= 8.00 Hz, 1H), 6.10 (t) = 7.68 Hz, 1H),
5.85 (dddJ = 15.6 Hz,J = 8.8 Hz,J = 2.4 Hz, 1H), 5.38-5.27 (m, 1H), 4.70 (s, 1H),
4.40 (d,J = 1.67 Hz, 2H), 4.21 (dJ = 16.41 Hz, 1H), 4.06 (dd, = 12.90, 2.81 Hz,
1H), 3.91-3.71 (m, 3H), 3.43-3.32 (m, 4H), 3.27,(d¢ 13.60, 7.21 Hz, 2H), 3.22-
3.05 (m, 5H), 2.94 (dd] = 14.62, 6.70 Hz, 1H), 2.09-1.93 (m, 1H), 0.99-0.81, (
6H); *C NMR (CDCE, 100 MHz):3 ppm 170.9, 170.5, 155.1, 136.7, 132.1, 132.0,
129.7, 128.6, 128.6, 128.2, 128.2, 128.1, 127.%,6,2126.3, 125.0, 120.8, 115.1,
114.8, 110.7, 77.6, 65.0, 56.4, 57.0, 54.8, 52%8,445.6, 35.7, 29.6, 28.3, 20.2,
19.4; LRMS: (ES+) m/z =589.3 (M+1)
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(7S,11S,12S,E)-7-benzyl-6-(4-chlor obenzoyl)-9-isobutyl-11,12-dimethoxy-
6,7,9,10,11,12-hexahydr o-2H-benzo[ m][1,6,9] oxadiazacyclotetr adecin-8(5H)-one
(F2.2d):

OMe j/

N Ph

OMe - cl
0 07N\
K/\/N

Molecular Formula: gH4:CIN2Os; Ry @ 0.4 (1:3 ethyl acetate/hexanes); Solvent

system for column purification (1:3 ethyl acetagxfnes); Yield: 75.8% (colourless
semi solid);'H NMR (CDCk, 400 MHz ):8 ppm 7.46 (dJ = 6.64 Hz, 1H), 7.36-
7.22 (m, 10H), 7.04 (t] = 7.42 Hz, 1H), 6.94 (d] = 8.36 Hz, 2H), 6.80 (d] = 7.96
Hz, 1H), 6.10 (tJ = 7.71 Hz, 1H), 5.85 (ddd} = 15.2 Hz,J = 9.2 Hz,J = 2.4 Hz,
1H), 5.33 (d,J = 15.38 Hz, 1H), 4.70 (s, 1H), 4.40 (s, 2H), 4.21Jd; 16.44 Hz,
1H), 4.06 (ddJ = 12.98, 2.57 Hz, 1H), 3.80 (m, 3H), 3.42-3.33 (m),48131-3.06
(m, 7H), 2.95 (ddJ = 14.55, 6.62 Hz, 1H), 2.08-1.93 (m, 1H), 0.95 (d&; 6.50,
3.81 Hz, 6H);**C NMR (CDCk, 100 MHz): 5 ppm 170.8, 170.5, 155.2, 136.7,
135.3, 134.4, 129.8, 128.3, 128.2, 128.2, 127.9,62 126.7, 126.3, 125.2, 120.9,
110.8, 77.6, 65.0, 59.5, 57.1, 54.9, 52.5, 45.86,435.7, 28.4, 20.2, 19.4; LRMS:
(ES+) m/z = 605.3 (M+1)

(7S,11S,12S,E)-6-(4-fluor obenzoyl)-7,9-diisobutyl-11,12-dimethoxy-
6,7,9,10,11,12-hexahydr o-2H-benzo[m][1,6,9] oxadiazacyclotetr adecin-8(5H)-one
(F2.2¢):

OMej/
O)\Y@

Molecular Formula: eH43FN2Os; Rr : 0.3 (1:4 ethyl acetate/hexanes); Solvent

system for column purification (1:4 ethyl acetagxfnes); Yield: 82.1% (colourless
semi solid);*H NMR (CDCk, 400 MHz):5 ppm 7.46 (dJ = 7.26 Hz, 1H), 7.38 (dd,
J = 8.30, 5.41 Hz, 2H), 7.26 (s, 1H), 7.07 (m, 4H),06(8,J = 8.08 Hz, 1H), 5.86
(d,J = 7.28 Hz, 1H), 5.80(ddd] = 15.6 Hz,J = 9.2 Hz,J = 2.8 Hz, 1H), 5.33-5.24
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(m, 1H), 4.71 (s, 1H), 4.38 (s, 2H), 4.07 (d= 9.24 Hz, 2H), 3.95-3.73 (m, 3H),
3.37 (s, 4H), 3.12 (s, 3H), 3.02-2.94 (m, 1H), A4.71H), 1.75 (dJ = 6.81 Hz, 3H),
1.62-1.50 (m, 1H), 1.10-0.99 (m, 12HJC NMR (CDCE, 100 MHz):5 ppm 171.4,
171.0, 155.2, 132.4, 132.4, 128.9, 128.8, 128.8,112127.7, 126.4, 125.1, 120.8,
115.3, 115.0, 110.8, 77.6, 65.0, 59.4, 57.2, 54967, 45.7, 45.5, 38.7, 29.6, 28.4,
24.7,23.3, 22.8, 20.4, 19.6; LRMS: (ES+) m/z =.355/+1)

(7S,11S,12S,E)-6-benzoyl-7,9-diisobutyl-11,12-dimethoxy-6,7,9,10,11,12-
hexahydro-2H benzo[m][1,6,9]oxadiazacyclotetr adecin-8(5H)-one (F2.2f):

OMe j/
ce~ss
6Me)\ W
?\/O\/ ‘
_~_ _N_ _Ph
T

(6]

Molecular Formula: €H44N20s; R : 0.4 (1:3 ethyl acetate/hexanes); Solvent system
for column purification (1:4 ethyl acetate/hexanegkeld: 67.2% (colourless semi
solid); *"H NMR (CDCk, 400 MHz):5 ppm 7.40 (m, 7H), 7.26-7.22 (m, 1H), 7.04 (t,
J=7.44 Hz, 1H), 6.79 (d] = 8.01 Hz, 1H), 5.94-5.78 (m, 2H), 5.23 (b7 15.70
Hz, 1H), 4.72 (s, 1H), 4.37 (s, 2H), 4.11-4.01 @H), 3.95 (ddJ = 14.52, 7.92 Hz,
1H), 3.86 (dd,) = 16.49, 8.92 Hz, 1H), 3.77 (dd~= 10.28, 1.73 Hz, 1H), 3.43 (dd,

= 12.90, 10.50 Hz, 1H), 3.38 (s, 3H), 3.13 (s, 3H992dd,J = 14.59, 6.59 Hz, 1H),
2.22-2.09 (m, 1H), 1.84 (dd,= 8.38, 5.47 Hz, 1H), 1.78-1.69 (m, 2H), 1.59 (dd,
13.09, 6.61 Hz, 2H), 1.12-0.99 (m, 13HYC NMR (CDCE, 100 MHz): & ppm
171.9, 171.5, 155.3, 136.4, 129.3, 128.3, 128.8,012127.6, 126.6, 126.5, 125.0,
120.8, 110.8, 77.6, 65.1, 59.4, 57.2, 49.6, 455%4,438.7, 28.3, 24.6, 23.4, 22.8,
20.5, 19.6; LRMS: (ES+) m/z = 537.4 (M+1)

(7S,11S,12S,E)-7-sec-butyl-6-(4-fluor obenzoyl)-9-isobutyl-11,12-dimethoxy-
6,7,9,10,11,12-hexahydr o-2H-benzo[m][1,6,9] oxadiazacyclotetr adecin-8(5H)-one
(F2.29):

ove j/
Cé)Me ] \\/ F

63



Chapter 2

Molecular Formula: gH43FN.Os; Ry : 0.3 (1:4 ethyl acetate/hexanes); Solvent
system for column purification (1:4 ethyl acetagxfnes); Yield: 67.5% (colourless
semi solid)"H NMR (CDCk, 400 MHz):8 ppm 7.46 (d)) = 7.43 Hz, 1H), 7.35 (dd,
J=8.25, 5.44 Hz, 2H), 7.26 (dd,= 9.00, 5.47 Hz, 1H), 7.13-7.00 (m, 3H), 6.79 (d,
J=8.08 Hz, 1H), 5.85 (dddl = 15.6 Hz,J = 9.2 Hz,J = 2.4 Hz, 1H), 5.48 (d] =
10.71 Hz, 1H), 5.21 (d] = 15.81 Hz, 1H), 4.69 (s, 1H), 4.37 (s, 2H), 4.10, @
12.98, 2.82 Hz, 1H), 4.02 (d,= 16.17 Hz, 1H), 3.93 (ddl = 14.61, 7.44 Hz, 1H),
3.86-3.75 (m, 2H), 3.43 (dd,= 12.75, 10.64 Hz, 1H), 3.37 (s, 3H), 3.12 (s, 3H),
2.92 (dd,J = 14.64, 7.54 Hz, 1H), 2.43-2.30 (m, 1H), 2.19 (m,),1H51-1.40 (m,
1H), 1.24-1.18 (m, 1H), 1.06 (§ = 7.01 Hz, 6H), 1.00-0.92 (m, 6H}*C NMR
(CDCl, 100 MHz):6 ppm 171.3, 171.0, 155.2, 132.6, 132.6, 128.7,6,2R28.3,
128.1, 127.8, 126.3, 124.9, 120.8, 115.2, 115.0,7.177.6, 64.9, 59.5, 56.4, 56.3,
54.7, 46.1, 45.8, 33.3, 28.8, 23.8, 20.3, 19.91,161.1; LRMS: (ES+) m/z = 555.3
(M+1)

(7S,11S,12S,E)- 7-sec-butyl-6-benzoyl-9-isobutyl-11,12-dimethoxy-6,7,9,10,11,12-
hexahydro-2H-benzo[m][1,6,9]oxadiazacyclotetr adecin-8(5H)-one (F2.2h):

OMe j/

Lo
K/\/\(

Ph

7

Molecular Formula: gH44N20s; Rs: 0.3 (1:4 ethyl acetate/hexanes); Solvent system
for column purification (1:4 ethyl acetate/hexanegkeld: 68.3% (colourless semi
solid); *H NMR (CDCk, 400 MHz):8 ppm 7.46 (dJ = 7.27 Hz, 1H), 7.43-7.30 (m,
5H), 7.25 (ddJ = 10.14, 2.65 Hz, 1H), 7.04 @,= 7.45 Hz, 1H), 6.79 (d] = 8.03
Hz, 1H), 5.85 (ddd) = 15.2 Hz,J = 8.8 Hz,J = 2.8 Hz, 1H), 5.50 (dJ = 10.74 Hz,
1H), 5.16 (dJ = 15.95 Hz, 1H), 4.70 (s, 1H), 4.35 (s, 2H), 4.11, @d 12.95, 2.83
Hz, 1H), 3.98 (ddJ = 14.41, 7.57 Hz, 2H), 3.88-3.77 (m, 2H), 3.43 (dd;, 12.78,
10.53 Hz, 1H), 3.37 (s, 3H), 3.12 (s, 3H), 2.93, @& 14.61, 7.53 Hz, 1H), 2.44-
2.32 (m, 1H), 2.27-2.13 (m, 1H), 1.55-1.44 (m, 1HP5-1.18 (m, 1H), 1.07 (§,=
6.49 Hz, 6H), 0.97 (dd] = 6.57, 5.23 Hz, 6H)}*C NMR (CDCE, 100 MHz):3 ppm
172.2, 171.1, 155.2, 136.5, 129.1, 128.3, 128.8,A12127.7, 126.4, 124.8, 120.7,
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110.7, 77.5, 64.9, 59.4, 56.2, 56.2, 54.7, 46.17,453.3, 28.8, 23.7, 20.3, 19.9, 16.1,
11.1; LRMS: (ES+) m/z = 537.3 (M+1)

NO, 1. PhCOCI, DCM, rt, 1 h
2. Allylbromide,NaH, TBAI,
wOMe THF, 0°C to rt

NH
2 3. Zn/AcOH, EtOH, MeO"

0°CtoRT 52 ph

MeO™
26

N-allyl-N-((2S,3S)-3-(2-aminophenyl)-2,3-dimethoxypr opyl)benzamide (5.2):

To a suspension &6 (2.0 g, 8.32 mmol) in DCM (20 mL), benzoyl chlaidl.75
g, 12.48 mmol) was added at 0 °C and allowed td@ti5 min. After completion of
the reaction, reaction mixture was quenched witthiusn bicarbonate solution (15
mL), concentrated, and extracted with DCM (3 X 2D)nCombined organic layer
was washed with brine, dried over anhydrous sodismifate, filtered and
concentrated to leave a crude oil, which was mdifty column chromatography to
give pure compound.

To suspension of above compound (1.0 g, 2.9 mmalyy THF, 60%NaH (348 mg,
14.5 mmol), allyloromide (1.25 mL, 14.5 mmol) anBAl (10.7 mg, 0.029 mmol)
were added at 0 °C, allowed to stir for 12 h. Atempletion the reaction mixture
was quenched by using ammonium chloride solutioom( and extracted with
EtOAc (3 X 25 mL). Combined organic layer was wakhgth brine, dried over
anhydrous sodium sulfate, filtered and concentrateldave a crude oil, which was
subjected next reaction without further purificatio

To a suspension ofabove compoundl.5 g, 3.91 mmol) in EtOH (10 mL), Zn
(5.07g, 78.03 mmol), AcOH (1.0 mL, 19.55 mmol) vealsled at O °C and allowed to
stir the reaction mixture for 0.5 h. After compbeti of the reaction mixture was
passed through celite and concentrated, to leawreide oil, which was purified by
column chromatography (2:3 ethyl acetate/hexangiv®the pure compourii2.
Molecular Formula: GH.6N-Os; Re : 0.25 (2:3 ethyl acetate/hexanéyf NMR
(CDClg, 400 MHz): 7.28 (m, 5H), 7.13 (m, 2H), 6.83-6.41, (2H), 5.93-5.56 (m,
1H), 5.11 (m, 2H), 4.42-3.75 (m, 6H), 3.66-3.13 @H); *C NMR (CDC}, 100
MHz): & ppm 172.2, 145.6, 136.5, 133.3, 129.5, 129.0,7.2R28.3, 128.1, 126.3,
125.2,117.8, 117.2, 116.5, 85.0, 81.3, 60.2, 7@, 53.2, 47.7; LRMS: (ES+) m/z
= 355.2 (M+1)
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B

NH, HOZCYNHR4 NHR4
\\\\OM# 28
WS _N.__O EDCI, CH3CN H
MeO Y rt, 1 h, 85-90% o
5.2 Rg MeO‘

Compound 5.3:

To a suspension 05.2 (0.1 mmol) in Acetonitrile (10 mL)2.8 (0.15 mmol),
EDCHCI (0.15 mmol) were added at room temperaturealudved to stirred for 3
h. After completion of the reaction mixture was nciged with sodium bicarbonate
solution (5 mL), concentrated, and extracted withyleacetate (3 X 20 mL).
Combined organic layer was washed with brine, dmoe@r anhydrous sodium
sulfate, filtered and concentrated to leave a caitjevhich was purified by column

chromatography to give the pure compo&&i

(9H-fluor en-9-yl)methyl (S)-1-(2-((1S,25)-3-(N-allylbenzamido)-1,2-
dimethoxypropyl) phenylamino)-3-methyl-1-oxobutan-2-ylcarbamate (5.3a):

\:/

NHFmoc
NH

OMe
W\ \

MeO™ NP

Ph
Molecular Formula: GH4sN3Og; Rr : 0.25 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 ethyl acetagxénes); Yield- 89% (colourless
liquid); '"H NMR (CDCk, 400 MHz):3 ppm 9.75 (s, 1H), 8.30 (d,= 6.40 Hz, 1H),
7.76 (d,J = 7.42 Hz, 2H), 7.62 (d) = 7.17 Hz, 2H), 7.47-7.24 (m, 10H), 7.14 (m,
2H), 5.87-5.50 (m, 2H), 5.25-5.03 (m, 2H),4.37 &), 3.98 (m, 4H), 3.52-3.01 (m,
8H), 2.47-2.19 (m, 1H), 1.11-0.93 (m, 6HfC NMR (CDCk, 100 MHz): 8 ppm
172.3, 169.4, 156.4, 143.8, 141.2, 136.1, 133.9,6,2128.9, 127.7, 127.0, 127.0,
126.3, 125.2, 125.0, 124.1, 121.9, 119.9, 117.45,883.6, 67.0, 61.1, 60.3, 57.3,
53.5,47.2,30.9, 19.4, 17.4, 14.1; LRMS: (ES+) mG76.4 (M+1)

(9H-fluor en-9-yl)methyl (S)-1-(2-((1S,25)-3-(N-allylbenzamido)-1,2-
dimethoxypropyl) phenylamino)-1-oxo-3-phenylpropan-2-ylcar bamate (5.3b):
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Molecular Formula: G¢sH4sN3Os; Rf @ 0.26 (3:7 ethyl acetate/hexane); Solvent
system for column purification (3:7ethyl acetatednees); Yield- 80.9%(colourless
liquid); *H NMR (CDCk, 400 MH32 & ppm 9.72 (s, 1H), 8.31 (d,=7.49 Hz, 1H),
7.75 (d,J = 7.32 Hz, 2H), 7.53 (m, 2H), 7.43-7.07 (m, 17H),B278 (m, 1H),
5.69-5.47 (m, 1H), 5.06 (d,= 11.30 Hz, 2H), 4.79-4.62 (m, 1H), 4.49 (s, 1H),14.3
(s, 1H), 4.13 (m, 3H), 3.96 (m, 3H), 3.77-3.62 (iHl), 3.41-3.25 (m, 2H), 3.15 (m,
8H); **C NMR (CDCE, 100 MHz):5 ppm 172.3, 171.1, 169.1, 169.0, 155.9, 143.7,
141.2, 136.7, 136.7, 136.1, 133.2, 129.7, 129.5,02128.6, 128.5, 128.3, 127.7,
127.0, 126.9, 126.8, 126.3, 125.2, 125.0, 124.2,012119.9, 117.3, 117.3, 85.8,
85.8, 83.4, 67.1, 60.3, 57.2, 56.9, 53.5, 53.57,447.1, 38.1; LRMS: (ES+) m/z =
724.4 (M+1)

(9H-fluor en-9-yl)methyl (S)-1-(2-((1S,2S)-3-(N-allylbenzamido)-1,2-
dimethoxypropyl) phenylamino)-4-methyl-1-oxopentan-2-ylcar bamate (5.3c):

Meo™

Ph

Molecular Formula: ¢3H47N30s; Rs: 0.3 (3:7 ethyl acetate/hexanes); Solvent system
for column purification (3:7 ethyl acetate/hexané&gld-85.4% (colourless liquid);

'H NMR (CDCl, 400 MHz):5 ppm 9.75 (s, 1H), 8.29 (d,=7.86 Hz, 1H), 7.77 (d]

= 7.35 Hz, 2H), 7.62 (d] = 7.27 Hz, 2H), 7.47-7.2@m, 10H), 7.19 (dJ = 6.91 Hz,
1H), 7.11 (dJ = 7.34 Hz, 1H), 5.86-5.73 (m, 1H), 5.73-5.57 (m, 16iR6-5.03 (m,
2H), 4.58-4.47 (m, 1H), 4.47-4.18 (m, 4H), 4.03 @Hl), 3.75 (s, 1H), 3.49-3.37 (m,
1H), 3.26 (m, 6H), 1.94-1.69 (m, 4H), 1.65-1.50 (th), 0.99 (m, 6H)**C NMR
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(CDCls, 100 MHz):8 ppm 172.3, 170.5, 156.2, 143.8, 141.2, 136.8,113632.2,
129.7, 129.6, 129.0, 127.1, 127.0, 127.0, 12568,2] 125.1, 124.2, 122.1, 119.1,
117.4, 85.6, 83.5, 66.9, 60.4, 57.2, 54.6, 53.65,447.1, 41.9, 24.8, 23.1, 21.8;
LRMS: (ES+) m/z = 690.4 (M+1)

(9H-fluor en-9-yl)methyl (2S,3R)-1-(2-((1S,29)-3-(N-allylbenzamido)-1,2-
dimethoxypropyl) phenylamino)-3-methyl-1-oxopentan-2-ylcarbamate (5.3d):
e

NHFmoc
NH

OM
K\ € \

N_ __O
MeO"

Ph

Molecular Formula: ¢3H47N3Og; Ri: 0.3 (3:7 ethyl acetate/hexanes);Solvent system
for column purification (3:7 ethyl acetate/hexané&&gld- 83.1% (colourless liquid);
'H NMR (CDClk, 400 MHz):5 ppm 9.78 (s, 1H), 8.35 (d,= 7.42 Hz, 1H), 7.77 (d,
J=7.42 Hz, 2H), 7.63 (d] = 7.20 Hz, 2H), 7.47-7.27 (m, 11H), 7.18 (s, 1H),17.1
(s, 1H), 5.85-5.56 (m, 2H), 5.25-5.02 (m, 2H), 44684 (m, 1H), 4.30 (m, 4H), 3.98
(m, 3H), 3.87-3.72 (m, 1H), 3.55-3.36 (m, 1H), 3@7, 7H), 2.19-2.06 (m, 1H),
1.91-1.73 (m, 1H), 1.67-1.47 (m, 1H), 1.26 (s, 1H)L0-0.86 (m, 6H)**C NMR
(CDCl3, 100 MHz):d ppm 172.3, 169.4, 156.3, 143.8, 143.8, 141.2,8,3636.1,
133.2, 129.7, 129.0, 128.4, 127.7, 127.0, 127.6,312125.2, 125.1, 124.1, 121.7,
119.9, 117.3, 85.4, 83.5, 67.0, 60.7, 60.4, 57335,547.4, 47.1, 37.5, 24.5, 15.7,
11.7; LRMS: (ES+) m/z = 690.4 (M+1)

O,

NHR,4
1. DBU, THF, rt,
5 min
—_—
~OMe 2. Allylbromide,
EtzN, MeOH,

N\(O reflux, 12 h

R

Compound 5.4
To a suspension of compoubd (0.1 mmol) in THF (10 mL), DBU (0.15 mmol)
was added and stirred the reaction mixture for %.ndifter completion of the
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reaction, reaction mixture concentrated and whichs wpurified by column
chromatography.

To a suspension of above compound (0.1 mmol) in M@0 mL), allyloromide
(0.5 mmol) and triethylamine (0.5 mmol) were added allowed to reflux for 12 h.
Concentrated the reaction mixture and purified ey ¢olumn chromatography to
give the pure compourii4.
N-allyl-N-((2S,39)-3-(2-((S)-2-(allylamino)-3-methylbutanamido)phenyl)-2,3-
dimethoxypropyl) benzamide (5.4a):

\_/

Y

NH
oM
MeO™" N\(O

Ph

Molecular Formula: &H39N3O4; Rr : 0.25 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 ethyl acetaéedéines); Yield- 65.8% (colourless
liquid); *H NMR (CDCk, 400 MHz): & ppm 10.25 (s, 1H), 8.39 (d,= 8.18 Hz,
1H), 7.36 (m, 7H), 7.25-7.05 (m, 1H), 6.03-5.60 (th), 5.13 (m, 4H), 4.44-4.32
(m, 1H), 4.12-3.82 (m, 2H), 3.76-3.52 (m, 1H), 3529 (m, 11H), 2.21 (s, 1H),
1.11-0.85 (m, 6H)**C NMR (CDC}, 100 MHz):5 ppm 172.7, 172.1, 136.3, 133.3,
129.4, 128.8, 128.3, 126.3, 123.7, 122.0, 117.8,2,185.4, 82.6, 68.6, 62.0, 60.4,
57.1,53.2,59.1, 31.6, 29.6, 19.8, 18.1; LRMS:{E%/z = 494.3 (M+1)

N-allyl-N-((2S,39)-3-(2-((S)-2-(allylamino)-3-phenylpropanamido)phenyl)-2,3-
dimethoxypropyl)benzamide (5.4b):

_P

h
o H
e
.
NH

MeO™
Ph

Molecular Formula: gH3gN3O4 ; Ry : 0.25 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 ethyl acetagdéines); Yield- 70.1% (colourless
liquid); *H NMR (CDCk, 400 MHz): & ppm 10.35 (s, 1H), 8.47-8.31 (m, 1H), 7.29
(m, 14H),5.95-5.57 (m, 2H), 5.33-4.93 (m, 4H), 4.41-4.26 (), 4.16-3.77 (m,
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3H), 3.76-3.60 (m, 1H), 3.22 (m, 14HYC NMR (CDCk, 100 MHz):5 ppm 172.5,
172.2, 136.3, 133.3, 130.2, 129.5, 129.1, 128.8,212126.7, 126.3, 123.8, 122.1,
117.2, 116.1, 85.8, 82.5, 64.2, 60.4, 57.0, 5313),547.3, 39.2; LRMS: (ES+) m/z =
542.3 (M+1)

N-allyl-N-((2S,39)-3-(2-((2S,3R)-2-(allylamino)-3-methylpentanamido)phenyl)-
2,3-dimethoxypropyl)benzamide (5.4d):

e

Ojlf\”w

MeO™

Ph

Molecular Formula: H4N3Os R (solvent system): 0.20 (3:7 ethyl
acetate/hexanes); Solvent system for column patiéo (3:7 ethyl acetate/hexanes);
Yield- 68.3% (colourless liquid}H NMR (CDCk, 400 MHz):d ppm 10.25 (s, 1H),
8.40 (d,J = 8.20 Hz, 1H), 7.37 (s, 6H), 7.24-7.17 (m, 1H), 76187 (m, 1H), 6.04-
5.59 (m, 2H), 5.14 (m, 4H), 4.48-4.30 (m, 1H), 43180 (m, 3H), 3.77-3.56 (M,
1H), 3.24 (m, 10H), 2.00-1.86 (m, 1H), 1.31-1.15 (), 1.03 (d,) = 6.92 Hz, 3H),
0.92 (d,J = 6.84 Hz, 3H);*C NMR (CDCk, 100 MHz):d ppm 172.6, 172.1, 136.3,
133.3, 129.5, 129.4, 129.4, 128.8, 128.3, 126.3,4,2122.0, 117.3, 116.3, 85.4,
82.6, 77.4, 67.8, 60.4, 57.1, 53.3, 51.9, 47.15,385.2, 16.1; LRMS: (ES+) m/z =
508.3 (M+1)

R,COCI,

DCM, rt

Compound 5.5:

To a suspension &4 (0.1 mmol) in DCM (10 mL), acid chloride (0.15 mhhwas
added at 0 °C and allowed to stir for 5 min. Attempletion of the reaction mixture
was quenched with sodium bicarbonate solution (5, mancentrated, and extracted
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with DCM (3 X 20 mL). Combined organic layer wasshiad with brine, dried over
anhydrous sodium sulfate, filtered and concentratel@ave a crude oil, which was
purified by column chromatography to give pure coomu5.5.
N-allyl-N-((9)-1-(2-((1S,25)-3-(N-allylbenzamido)-1,2-dimethoxypr opyl)phenyl
amino)-3-methyl-1-oxobutan-2-yl)benzamide (5.5a):

\_/

oA NN

LA

wOMe N
P
b

Ph

Meo™

Molecular Formula: eH43N3Os, R @ 0.40 (2:3 ethyl acetate/hexanes), Solvent
system for column purification (2;3 ethyl acetagxfnes); Yield-82.6% (white
solid); 'H NMR (CDCk, 400 MHz):5 ppm 9.70 (s, 1H), 8.17-7.95 (m, 1H), 7.38 (m,
12H), 7.20-6.96 (m, 2H), 5.85-5.56 (m, 2H), 5.263(m, 2H), 5.00-4.65 (m, 2H),
4.55-4.34 (m, 1H), 3.97 (m, 6H), 3.36 (m, 9H), 2624 (m, 1H), 1.08-0.80 (m,
6H); 3C NMR (CDCE, 100 MHz):3 ppm 173.2, 172.2, 168.4, 136.3, 133.9, 133.2,
129.9, 129.4, 129.1, 128.3, 128.3, 126.7, 126.83,412423.1, 117.3, 83.7, 82.6, 65.2,

62.1, 60.5, 57.1, 53.4, 47.2, 33.4, 30.1, 26.89,188.6, 15.8, 13.3; LRMS: (ES+)
m/z = 598.4 (M+1)

N-allyl-N-((2S,39)-3-(2-((S)-2-(N-allyl pr opionamido)-3-phenyl propanamido)
phenyl)-2,3-dimethoxypropyl)benzamide (5.5b):

MeO™

Ph

Molecular Formula: @H43N30s, R : 0.45 (2:3 ethyl acetate/hexanes), Solvent
system for column purification (2:3 ethyl acetagxfnes); Yield-83.8% (white
solid); *H NMR (CDCk, 400 MHz): 8 ppm 9.50 (s, 1H), 8.36-8.04 (m, 1H), 7.57-
6.96 (m, 14H), 5.90-5.51 (m, 2H), 5.44-4.97 (m, 5¥N5-4.22 (m, 1H), 3.96 (s,
5H), 3.74-3.37 (m, 3H), 3.16 (m, 8H), 2.50-2.20 @hl), 1.09 (tJ = 7.27 Hz, 3H);
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13C NMR (CDC}, 100 MHz):5 ppm 174.8, 172.2, 168.6, 137.9, 136.3, 134.4,2,33.
129.1, 128.6, 128.4, 128.3, 128.2, 126.3, 126.3,012122.2, 117.4, 117.0, 85.0,
83.0, 77.4, 60.3, 60.3, 57.0, 48.7, 47.1, 34.67,28.2; LRMS: (ES+) m/z = 598.4
(M+1)

N-allyl-N-((2S,39)-3-(2-((S)-2-(N-allylacetamido)-4-methyl pentanamido)phenyl)-
2,3-dimethoxypropyl)benzamide (5.5¢):

MeO™"

Ph

Molecular Formula: &H43N3Os, R (solvent system): 0.35 (3:7 ethyl
acetate/hexanes), Solvent system for column patifin (2:3 ethyl acetate/hexanes);
Yield-79.4% (white solid)*H NMR (CDCk, 400 MHz):5 ppm 9.60 (s, 1H), 8.43-
8.28 (m, 1H), 7.38 (s, 7H), 7.23-7.00 (m, 2H), 53261 (m, 2H), 5.47-5.32 (m, 1H),
5.20 (m, 5H), 4.44-4.29 (m, 1H), 4.27-3.84 (m, 5B)B0-3.65 (m, 1H), 3.62-3.43
(m, 1H), 3.28 (m, 7H), 2.18 (s, 3H), 2.10-1.87 @hi), 1.77-1.50 (m, 4H), 0.97 (m,
6H); *C NMR (CDCE, 100 MHz):d ppm 172.2, 172.0, 169.5, 136.2, 134.8, 133.2,
129.6, 128.7, 128.4, 126.3, 123.8, 121.6, 117.6,9,185.5, 83.3, 60.4, 57.3, 56.4,
53.3,53.3, 48.5, 47.2, 37.3, 24.9, 24.3, 22. 0;ARMS: (ES+) m/z = 550.3 (M+1)

N-allyl-N-((2S,39)-3-(2-((2S,3R)-2-(N-allylcyclopr opanecar boxamido)-3-
methylpentanamido)phenyl)-2,3-dimethoxypropyl)benzamide (5.5d):

MeO™

Ph

Molecular Formula: @H4sN3Os, R @ 0.40 (2:3 ethyl acetate/hexanes), Solvent
system for column purification (2:3ethyl acetate#n@es); Yield-75.2% (white
solid); '"H NMR (CDCk, 400 MHz):3 ppm 9.50 (s, 1H), 8.15-7.96 (m, 1H), 7.53-
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7.19 (m, 7H), 7.17-6.87 (m, 1H), 6.02-5.61 (m, 26)35-5.05 (m, 4H), 4.97-4.73
(m, 1H), 4.39 (s, 3H), 3.97 (s, 3H), 3.84-3.60 (rhi), 3.30 (m, 7H), 2.25-2.08 (m,
1H), 1.77 (m, 1H), 1.53-1.37 (m, 1H), 0.94 (m, 9676 (M, 2H);*C NMR (CDCE,
100 MHz): & ppm 174.9, 172.2, 168.6, 136.3, 135.1, 133.3,312826.3, 124.2,
122.9, 122.9, 117.3, 116.2, 83.6, 82.5, 62.7, 68(A), 53.3, 47.0, 46.6, 32.9, 24.6,
15.7,12.0, 10.7, 8.8, 8.5, 8.2; LRMS: (ES+) m&76.4 (M+1)

OY\ A OY?\NJLRz

NH

Z G-Il (10 mol%)
_—

‘\‘\OMe X DCM, reflux

Ph

Macrocycle F2.3:

To above bisallyl compoun®l5 (0.1 mmol) in dry dichloromethane (50 mL) under
nitrogen atmosphere and Grubb&® generation catalyst (0.01 mmol) was added and
reaction mixture was heated to 40 °C for 24 h. Aftempletion of the reaction,
reaction mixture was concentrated and subjectesbliaomn chromatography to give

pure producfE2.3.

((35,11S,12S,Z/E)-3-isopr opyl-11,12-dimethoxy-2-ox0-2,3,11,12-
tetrahydrobenzo [m][1,4,9] triazacyclotetradecine-4,9(1H,5H,8H,10H)-
diyl)bis(phenyl methanone) (F2.3a):

Molecular Formula: €H3gN3Os; Re: 0.3 (2:3 ethyl acetate/hexane); Solvent system
for column purification (2:3ethyl acetate/hexanéggld-78%(white semi solid)'H
NMR (CDCl, 400 MHz):5 ppm 9.16-8.54 (m, 1H), 8.26-6.82 (m, 18H), 6.245.
(m, 1H), 5.71-4.62 (m, 2H), 4.60-3.72 (m, 7H), 3680 (m, 11H), 2.78-2.37 (m,
2H), 1.19 (ddJ = 31.69, 25.73 Hz, 6H)-*C NMR (CDC}, 100 MHz):3 ppm 172.6,
172.3, 167.5, 136.4, 135.4, 130.2, 129.5, 129.8,712128.3, 127.2, 126.6, 125.0,

73



Chapter 2

90.1, 80.5, 67.6, 60.3, 59.3, 57., 54.8, 48.7, 4286, 27.1, 20.0, 18.5; LRMS:
(ES+) miz = 570.3 (M+1)

(3S5,115,12S,Z/E)-9-benzoyl-3-benzyl-11,12-dimethoxy-4-pr opionyl-
3,4,5,8,9,10,11,12-octahydr obenzo[m][1,4,9]triazacyclotetr adecin-2(1H)-one
(F2.3b):

MeO™’

Ph

Molecular Formula: eHsgN3Os; Re: 0.3 (2:3 ethyl acetate/hexane); Solvent system
for column purification (2:3ethyl acetate/hexanéggld-81%(white semi solid)'H
NMR (CDCk, 400 MHz):5 ppm 9.57-8.88 (m, 1H), 8.54-7.93 (m, 1H), 7.6976.8
(m, 14H), 6.21-5.52 (m, 2H), 4.40-3.66 (m, 4H),B(@, 11H), 2.63-2.10 (m, 3H),
0.92 (d,J = 6.49 Hz, 4H):*C NMR (CDC}, 100 MHz):5 ppm 173.9, 173.0, 172.4,
137.0, 136.9, 136.4, 135.9, 133.5, 129.5, 129.9,112128.8, 128.4, 127.0, 126.6,
124.4, 121.5, 90.6, 81.7, 77.2, 62.7, 60.0, 5638,31.8, 29.6, 25.7, 22.6, 14.0, 9.2;
LRMS: (ES+) m/z =570.3 (M+1)

(3S,11S5,12S,Z/E)-4-acetyl-9-benzoyl-3-isobutyl-11,12-dimethoxy-
3,4,5,8,9,10,11,12-octahydr obenzo[m][1,4,9]triazacyclotetr adecin-2(1H)-one
(F2.3c):

Molecular Formula: ggH3gN3Os; R: 0.3 (2:3 ethyl acetate/hexanes); Solvent system
for column purification (2:3ethyl acetate/hexané&kld-76% (white semi solid)*H
NMR (CDChk, 400 MHz): 3 ppm 9.60-8.98 (m, 1H), 8.66-7.97 (m, 1H), 7.6436.7
(m, 8H), 6.32-5.33 (m, 3H), 4.39-4.17 (m, 1H), 4337 (m, 3H), 3.72-2.98 (m,
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8H), 2.33 (s, 4H), 1.99-1.84 (m, 1H), 1.84-1.67 (th), 1.69-1.46 (m, 2H), 1.11-
0.90 (m, 6H);"*C NMR (CDCE, 100 MHz):5 ppm 173.2, 172.4, 170.8, 170.3, 169.5,
167.8, 136.5, 135.9, 133.7, 130.7, 129.8, 129.5,112128.3, 128.0, 127.3, 126.6,
124.4, 121.7, 90.8, 81.7, 81.0, 69.4, 60.3, 60(R1,659.0, 57.7, 56.8, 55.0, 53.7,
53.5, 49.2, 44.8, 40.5, 37.3, 36.1, 31.8, 31.76,280.3, 29.2, 24.6, 24.6, 23.1, 22.7,
22.1,21.7, 14.0; LRMS: (ES+) m/z = 522.3 (M+1)

(3S,11S,12S,Z/E)-9-benzoyl-3-sec-butyl-4-(cyclopr opanecar bonyl)-11,12-
dimethoxy-3,4,5,8,9,10,11,12-octahydr obenzo[m][1,4,9]triazacyclotetra  decin-
2(1H)-one (F2.3d):

Molecular Formula: gH41N30s; Ri: 0.2 (1:1 ethyl acetate/hexanes); Solvent system
for column purification (2:3ethyl acetate/hexané&kld-77% (white semi solid)*H
NMR (CDCk, 400 MHz):5 ppm 9.43-8.84 (m, 1H), 8.27-7.91 (m, 1H), 7.5147.2
(m, 7H), 7.23-6.75 (m, 2H), 6.20-5.62 (m, 2H), 54380 (m, 2H), 4.47-3.73 (m,
6H), 3.50 (dJ = 76.44 Hz, 9H), 2.52-2.14 (m, 2H), 2.02-1.77 (m, 1HPR7 (d,J =

7.18 Hz, 4H), 1.13-0.79 (m, 12HJ*C NMR (CDCE, 100 MHz): 5 ppm 173.6,
173.1, 172.5, 136.6, 135.8, 133.2, 130.1, 129.8,312127.2, 126.6, 124.5, 122.8,
90.6, 81.6, 77.2, 66.4, 61.0, 42.6, 29.6, 24.%,216.0, 14.1, 11.7, 11.5, 8.4; LRMS:
(ES+) m/z = 548.3 (M+1)

1. Allylbromide,NaH,
DMF, 0°C tort
2. PTSA, H,O,THF, reflux
o
OH 3. Mel, NaH, DMF, -78 °C
4. Zn/AcOH, EtOH,
0°Ctort

(2-((1S,29)-3-(allyloxy)-1,2-dimethoxypr opyl)aniline (6.1):
To a suspension 02.3 (500 mg, 1.97 mmol) in dry DMF (10 mL), 60% NaH4(8
mg, 3.95 mmol) was added at 0 °C and allowed tofeti 30 min then added

MeO™

allyloromide (0.35 mL, 3.95 mmol). After completioof the reaction, reaction
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mixture was quenched with ammonium chloride sofuff® mL), and extracted with
Ethyl acetate (3 X 20 mL). Combined organic layerswvashed with brine, dried
over anhydrous sodium sulfate, filtered and corme¢ed to leave a crude oil, which
was subjected to next reaction without further fozation.

To suspension of above compound (500 mg, 1.71 mmolHF, PTSA (880 mg,
5.12 mmol) and water 1 mL were added, allowed tioxeor 6 h. After completion
of the reaction, reaction mixture was quenched wattium bicarbonate solution (10
mL), and extracted with Ethyl acetate (3 X 20 mCpmbined organic layer was
washed with brine, dried over anhydrous sodiumasel/ffiltered and concentrated to
leave a crude oil, which was subjected to nexttr@aaevithout further purification.

To a suspension of nitro compound (400 mg, 1.58 lhmd®MF (10 mL), Mel (0.9
mL, 15.8 mmol) and 60% NaH (227.5 mg, 9.48 mmolyevadded at O °C and
allowed to stir the reaction mixture for 0.5 h. é&ftcompletion of the reaction,
reaction mixture was quenched with ammonium chéorgblution (5 mL), and
extracted with Ethyl acetate (3 X 20 mL). Combimedanic layer was washed with
brine, dried over anhydrous sodium sulfate, filleaad concentrated to leave a crude
oil, which was subjected to next reaction withauttier purification.

To a suspension of above compound (500 mg, 1.78)mmB&tOH (10 mL), Zn (2.3
g, 35.58 mmol), AcOH (0.5 mL, 8.9 mmol) was adde@ & and allowed to stir the
reaction mixture for 0.5 h. After completion of theaction, reaction mixture was
passed through celite and concentrated, to leasrade oil, which was purified by
column chromatography to give the pure compoéitd

Molecular Formula: &H21NOs; R¢ (solvent system): 0.2 (1:4 ethyl acetate/hexane);
Solvent system for column purification (1:4 ethgktate/hexanes); Yield- 65% for 4
steps LRMS: (ES+) m/z = 252.1 (M+1)

RHN" > COOH
2.8

—_—
EDCI, CH4CN,
rt

6.2

Compound 6.3:

Experimental procedure as per ref. compobu3d
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(9H-fluor en-9-yl)methyl (9)-1-(2-((1S,29)-3-(allyloxy)-1,2-
dimethoxypropyl)phenyl amino)-3-methyl-1-oxobutan-2-ylcarbamate (6.3a):

\:/
o H

NHFmoc
NH

wOMe

» o}
Me O\\ \/\

Molecular Formula: €H4oN2Os; R; : 0.4 (1:4 ethyl acetate/hexanes); Solvent system
for column purification (1:4 ethyl acetate/hexanegkeld-99.5% (white solid):H
NMR (CDCk, 400 MHz):6 ppm 8.22 (dJ = 8.05 Hz, 1H), 7.76 (d) = 7.42 Hz,
2H), 7.62 (dJ = 7.32 Hz, 2H), 7.44-7.27 (m, 5H), 7.20 (t& 7.42 Hz, 1H), 7.09 (t,
J=7.47 Hz, 1H), 5.91-5.78 (m, 1H), 5.53 M= 8.66 Hz, 1H), 5.22 (d) = 17.31
Hz, 1H), 5.14 (dJ = 10.34 Hz, 1H), 4.47 (q] = 9.25 Hz, 2H), 4.38-4.29 (m, 1H),
4.24 (t,J = 7.03 Hz, 1H), 4.16 (ddJ = 8.14, 6.09 Hz, 1H), 3.91 (d,= 4.77 Hz,
2H), 3.65-3.52 (m, 2H), 3.43 (s, 3H), 3.28-3.17 4H), 2.28 (m, 1H), 1.02 (m, 6H);
13C NMR (CDC}, 100 MHz):5 ppm 169.2, 156.1, 143.6, 143.6, 141.0, 136.3,2134.
129.0, 128.4, 127.4, 127.0, 126.8, 124.9, 124.8,912121.9, 119.7, 119.7, 116.9,
83.4, 72.1, 68.7, 66.8, 61.1, 59.1, 57.2, 30.91,197.5; LRMS: (ES+) m/z = 541.3
(M+1)

(9H-fluor en-9-yl)methyl (9)-1-(2-((1S,29)-3-(allyloxy)-1,2-
dimethoxypropyl)phenyl amino)-1-oxo-3-phenylpropan-2-ylcar bamate (6.3b):

Molecular Formula: gH40N2Os; Rr : 0.25 (1:4 ethyl acetate/hexanes); Solvent
system for column purification (1:4 ethyl acetagxnes); Yield-98.5% (white
solid); '"H NMR (CDCk, 400 MHz):8 ppm 9.62 (s, 1H), 8.22 (d,= 7.71 Hz, 1H),
7.77 (d,J=7.46 Hz, 2H), 7.57 (J = 7.26 Hz, 2H), 7.46-7.13 (m, 13H), 7.09Jt
7.40 Hz, 1H), 5.81 (m, 1H), 5.44 (d,= 7.08 Hz, 1H), 5.16 (m, 2H), 4.61 (d,=
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5.94 Hz, 1H), 4.55-4.44 (m, 1H), 4.39 (M= 4.53 Hz, 1H), 4.25 (m, 6.90 Hz, 2H),
3.85 (s, 2H), 3.55-3.38 (m, 2H), 3.24 (m, 5H), 33105 (m, 5H)*C NMR (CDCE,
100 MHz): & ppm 168.9, 155.7, 143.7, 414.2, 136.5, 136.2,4,3829.5, 129.3,
128.7, 128.7, 127.7, 127.0, 125.1, 125.0, 124.2,11219.9, 11.9, 117.1, 84.3, 83.3,
72.3,68.3, 67.1, 59.2, 57.4, 56.8, 47.1, 38.4; IRKES+) m/z = 621.3 (M+1)

(9H-fluor en-9-yl)methyl (9)-1-(2-((1S,29)-3-(allyloxy)-1,2-
dimethoxypropyl)phenyl amino)-4-methyl-1-oxopentan-2-ylcarbamate (6.3c):

)

MeO™

Molecular Formula: @H4:N2Os; Rs : 0.25 (1:4 ethyl acetate/hexanes); Solvent
system for column purification (1:4 ethyl acetagxhnes); Yield-97.8% (white
solid); *H NMR (CDCk, 400 MHz):8 ppm 9.66 (s, 1H), 8.21 (d,= 7.90 Hz, 1H),
7.76 (d,J= 7.44 Hz, 2H), 7.62 (d] = 7.34 Hz, 2H), 7.45-7.27 (m, 5H), 7.19 (&=
7.41 Hz, 1H), 7.09 () = 7.45 Hz, 1H), 5.92-5.78 (m, 1H), 5.41 @z 7.83 Hz,
1H), 5.22 (dJ = 17.26 Hz, 1H), 5.15 (dl = 10.36 Hz, 1H), 4.55-4.41 (m, 2H), 4.34
(m, 2H), 4.23 (tJ = 6.90 Hz, 1H), 3.91 (s, 2H), 3.68-3.55 (m, 2H), 3(d1J =
14.20 Hz, 3H), 3.23 (dl = 11.34 Hz, 4H), 1.79 (m, 3H), 1.67-1.53 (m, 1H),aL(f,
6H); **C NMR (CDC}, 100 MHz):d ppm 170.4, 156.0, 143.8, 143.8, 141.2, 136.7,
134.4, 129.2, 128.7, 127.7, 127.6, 127.1, 127.6,112125.0, 124.1, 122.2, 119.9,
119.9, 117.1, 84.1, 84.1, 83.6, 72.3, 69.0, 6694,557.4, 54.7, 47.2, 42.1, 24.8,
23.0, 22.0; LRMS: (ES+) m/z = 587.3 (M+1)

(9H-fluor en-9-yl)methyl (2S,3R)-1-(2-((1S,2S)-3-(allyloxy)-1,2-dimethoxypr opyl)
phenyl amino)-3-methyl-1-oxopentan-2-ylcarbamate (6.3d):
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Molecular Formula: eH42N2Og; R; : 0.3 (1:4 ethyl acetate/hexanes); Solvent system
for column purification (1:4 ethyl acetate/hexanegkeld-96.9% (white solid):H
NMR (CDCL, 400 MHz):8 ppm 9.60 (s, 1H), 8.24 (d,= 7.96 Hz, 1H), 7.76 (d] =
7.46 Hz, 2H), 7.61 (d) = 7.44 Hz, 2H), 7.35 (m, 5H), 7.19 (d,= 7.34 Hz, 1H),
7.09 (t,J= 7.47 Hz, 1H), 5.91-5.78 (m, 1H), 5.51 (t+ 8.60 Hz, 1H), 5.21 (d] =
17.13 Hz, 1H), 5.14 (d] = 10.44 Hz, 1H), 4.47 (ddl = 10.46, 6.82 Hz, 2H), 4.39-
4.28 (m, 1H), 4.27-4.15 (m, 2H), 3.97-3.82 (m, 2BIK8 (m, 2H), 3.44 (s, 3H), 3.28-
3.15 (m, 4H), 2.09-1.96 (m, 1H), 1.63-1.50 (m, 1821 (m, 1H), 1.08-0.89 (m,
6H); *C NMR (CDCE, 100 MHz):5 ppm 169.4, 156.2, 143.8, 143.8, 141.2, 136.6,
134.4, 129.2, 128.7, 127.7, 127.6, 127.1, 127.6,112125.0, 124.1, 122.1, 119.9,
119.9, 117.1, 83.5, 72.3, 68.9, 67.0, 60.7, 59745,547.2, 37.8, 24.7, 15.6, 11.6;
LRMS: (ES+) m/z =587.3 (M+1)

NHFmoc
NH 1. DBU, THF,
rt
wOMe 2. Allylbromide,
EtN, MeOH,
O reflux

Compound 6.4:
Experimental procedure as per ref. compobdd

(S)-2-(allylamino)-N-(2-((1S,2S)-3-(allyloxy)-1,2-dimethoxypr opyl)phenyl)-3-
methylbutanamide (6.4a):

MeO™

Molecular Formula: &H3z4N2Os; Re: 0.25(1:4 ethyl acetate/hexanes); Solvent
system for column purification (1:4 ethyl acetaganes); Yield-65.5% (colourless
liquid); *H NMR (CDCk, 400 MHz):5 ppm 10.23 (s, 1H), 8.32 (d= 8.20 Hz, 1H),
7.32 (t,J= 7.73 Hz, 1H), 7.21 (d) = 7.54 Hz, 1H), 7.07 (t) = 7.48 Hz, 1H), 5.98-
5.76 (m, 2H), 5.21 (dd] = 17.21, 8.43 Hz, 2H), 5.12 (dd,= 10.01, 1.62 Hz, 2H),
4.47 (d,J= 6.77 Hz, 1H), 3.91-3.79 (m, 2H), 3.73-3.66 (m, 1814-3.46 (m, 4H),
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3.35 (dd,J = 14.02, 5.01 Hz, 1H), 3.31-3.25 (m, 3H), 3.18 (d&; 14.05, 6.83 Hz,
1H), 3.11-3.02 (m, 2H), 2.22 (m, 1H), 1.06 {d= 6.92 Hz, 3H), 0.98 (d] = 6.85
Hz, 3H); *C NMR (CDCk, 100 MHz): 5 ppm 172.5, 136.8, 136.1, 134.4, 129.6,
128.7,126.8, 123.7, 122.0, 117.0, 116.5, 84.%/,82.3, 68.9, 68.5, 59.2, 57.3, 51.9,
31.6,19.7, 18.2; LRMS: (ES+) m/z = 391.3 (M+1)

(S)-2-(allylamino)-N-(2-((1S,2S)-3-(allyloxy)-1,2-dimethoxypr opyl)phenyl)-3-
phenylpropanamide (6.4b):

MeO™

Molecular Formula: &H34N2O4; Ry : 0.25(3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 ethyl acetag‘éines); Yield-66.5% (colourless
liquid); *H NMR (CDClk, 400 MHz):5 ppm 10.36 (s, 1H), 8.32 (d= 8.17 Hz, 1H),
7.39-7.15 (m, 7H), 7.07 (8 = 7.37 Hz, 1H), 5.78 (m, 2H), 5.26-4.99 (m, 4H), 4.41
(d,J=6.79 Hz, 1H), 3.91-3.76 (m, 2H), 3.54-3.38 (m, 6B8183-3.08 (m, 6H), 3.03-
2.89 (m, 2H);*C NMR (CDCE, 100 MHz):5 ppm 172.4, 137.3, 136.7, 135.7, 134.5,
129.7, 129.2, 128.8, 128.7, 126.9, 126.9, 123.83,11217.0, 116.3, 85.0, 82.3, 72.3,
68.9, 63.7,59.4, 57.2,51.1, 39.1; LRMS: (ES+) mA39.2 (M+1)

(S)-2-(allylamino)-N-(2-((1S,25)-3-(allyloxy)-1,2-dimethoxypr opyl)phenyl)-4-
methylpentanamide (6.4c):

NH

wOMe

L__o
MeO" X

Molecular Formula: €H3sN204; Ri: 0.3(1:4 ethyl acetate/hexanes); Solvent system
for column purification (1:4 ethyl acetate/hexanéggld-72.3% (colourless liquid);
'H NMR (CDCk, 400 MHz):8 ppm 10.23 (s, 1H), 8.27 (d= 8.17 Hz, 1H), 7.32 (t,
J=7.73 Hz, 1H), 7.20 (d] = 7.42 Hz, 1H), 7.07 () = 7.43 Hz, 1H), 5.98-5.77 (m,
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2H), 5.26-5.17 (m, 2H), 5.16-5.09 (m, 2H), 4.46Jd; 6.66 Hz, 1H), 3.94-3.81 (m,
2H), 3.71-3.62 (m, 1H), 3.56-3.46 (m, 4H), 3.3983(in, 6H), 3.09 (ddJ = 10.41,
4.63 Hz, 1H), 1.83-1.63 (m, 2H), 1.53-1.43 (m, 1BP7 (t,J = 6.12 Hz, 6H):**C
NMR (CDChk, 100 MHz):d ppm 173.7, 136.9, 136.0, 134.4, 129.6, 128.7,9,26.
123.7, 122.2, 117.1, 116.4, 84.8, 82.7, 72.3, 681%, 59.3, 57.3, 51.4, 43.3, 25.1,
23.1, 22.0; LRMS: (ES+) m/z = 405.3 (M+1)

(2S,3R)-2-(allylamino)-N-(2-((1S,25)-3-(allyloxy)-1,2-dimethoxypr opyl)phenyl)-
3-methylpentanamide (6.4d):

MeO™

Molecular Formula: &H3sN2O4; R @ 0.35 (1:4 ethyl acetate/hexanes); Solvent
system for column purification (1:4 ethyl acetagaines); Yield-68.5% (colourless
liquid); *H NMR (CDClk, 400 MHz):5 ppm 10.23 (s, 1H), 8.33 (d= 8.20 Hz, 1H),
7.32 (t,J = 7.75 Hz,1H), 7.21 (d) = 7.50 Hz, 1H), 7.07 (t) = 7.75 Hz, 1H), 5.97-
5.76 (m, 2H), 5.25-5.16 (m, 2H), 5.12 (ds 10.17, 4.60 Hz, 2H), 4.47 (d= 6.82
Hz, 1H), 3.91-3.80 (m, 2H), 3.73-3.67 (m, 1H), 3%45 (m, 4H), 3.35 (dd] =
14.09, 5.17 Hz, 1H), 3.29 (d,= 7.66 Hz, 3H), 3.17 (dd] = 14.11, 6.91 Hz, 1H),
3.13-3.04 (m, 2H), 1.98-1.87 (m, 1H), 1.64-1.50 &H), 1.25 (m, 2H), 1.02 (d, =
6.92 Hz, 3H), 0.92 () = 7.38 Hz, 3H);**C NMR (CDCE, 100 MHz):5 ppm 172.6,
136.8, 136.1, 134.4, 129.6, 128.7, 126.8, 123.2,0,217.0, 116.5, 84.7, 82.6, 72.3,
68.9, 67.9, 59.3, 57.3, 52.0, 38.5, 25.3, 16.18;1IRMS: (ES+) m/z = 405.3 (M+1)

Y

R O

Compound 6.5:

Experimental procedure as per ref. compobiusd
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N-allyl-N-((S)-1-(2-((1S,29)-3-(allyloxy)-1,2-dimethoxypr opyl)phenylamino)-3-
methyl-1-oxobutan-2-yl)benzamide (6.5a):

T

Ph

MeO™

Molecular Formula: eH3sN2Os; R : 0.25 (1:4 ethyl acetate/hexanes); Solvent
system for column purification (1:4 ethyl acetagxénes); Yield-90.5% (white
solid); *H NMR (CDCk, 400 MHz):8 ppm 9.65 (s, 1H), 8.07 (s, 1H), 7.52-7.22 (m,
8H), 7.13 (t,J = 7.46 Hz, 1H), 5.95-5.60 (m, 2H), 5.23 (m, 1H), 5(@5J = 10.35
Hz, 1H), 4.98-4.87 (m, 1H), 4.86-4.72 (m, 1H), 46 2H), 3.85-4.20 (m, 5H),
3.80-3.69 (m, 1H), 3.68-3.46 (m, 4H), 3.36-3.18 @Hl), 2.71-2.55 (m, 1H), 1.96-
1.69 (m, 1H), 1.09 (m, 6H}*C NMR (CDCk, 100 MHz):d ppm 173.3, 168.6,
136.6, 136.3, 134.5, 133.9, 129.6, 128.8, 128.4,812124.5, 123.2, 117.7, 117.0,
83.1, 82.7, 72.3, 69.3, 65.5, 59.4, 57.4, 49.69,280.0, 19.0; LRMS: (ES+) m/z =
495.3 (M+1)

N-allyl-N-((S)-1-(2-((1S,29)-3-(allyloxy)-1,2-dimethoxypr opyl)phenylamino)-1-
oxo-3-phenylpropan-2-yl)-4-fluor obenzamide (6.5b):

/Ph

OY:\N/\/

NH
o)
%e F
Meo™ O

Molecular Formula: eHs/FN.Os; Ry : 0.4 (1:4 ethyl acetate/hexanes); Solvent

system for column purification (1:4 ethyl acetagxnes); Yield-85.6% (white
solid); *H NMR (CDCk, 400 MHz):8 ppm 9.57 (s, 1H), 8.19 (s, 1H), 7.39-7.05 (m,
11H), 5.85 (m, 1H), 5.45 (m, 1H), 5.20-4.80 (m, 3H)72 (s, 1H), 4.50 (s, 1H),
3.87-3.35 (m, 6H), 3.28-3.07 (m, 7HYC NMR (CDCk, 100 MHz):3 ppm 171.7,
168.3, 162.1, 137.8, 136.6, 134.4, 133.4, 132.20.512129.4, 129.3, 129.2,
128.6,128.5, 126.7, 124.1, 122.7, 118.9, 117.1,411815.1, 84.6, 82.6, 72.3, 68.2,
62.2, 58.5, 57.4, 53.0, 29.6; LRMS: (ES+) m/z =.BgM+1)
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N-allyl-N-((S)-1-(2-((1S,29)-3-(allyloxy)-1,2-dimethoxypr opyl)phenylamino)-4-

methyl-1-oxopentan-2-yl)cyclopr opanecar boxamide (6.5c):

MeO™

Molecular Formula: €H40N2Os; Rs: 0.3 (1:4 ethyl acetate/hexanes); Solvent system
for column purification (1:4 ethyl acetate/hexaneégkeld-92.3% (white solid);H
NMR (CDCls, 400 MHz):6 ppm 9.45 (s, 1H), 8.18 (d,= 8.17 Hz, 1H), 7.40-7.24
(m, 2H), 7.19 (dJ = 7.52 Hz, 1H), 7.07 (t) = 7.45 Hz, 1H), 6.02-5.79 (m, 2H),
5.36-5.09 (m, 5H), 4.45 (d,= 5.14 Hz, 1H), 4.40-4.28 (m, 1H), 4.10 (dds 18.10,
5.16 Hz, 1H), 3.91 (dd] = 11.34, 6.12 Hz, 2H), 3.66 (dd,= 9.20, 4.65 Hz, 1H),
3.57 (dd,J = 10.21, 3.91 Hz, 1H), 3.45 (s, 3H), 3.26 (s, 3H}73(dd,J = 10.14,
5.10 Hz, 1H), 2.01-1.88 (m, 1H), 1.82-1.73 (m, 1H)%6-1.52 (m, 2H), 1.12-0.91
(m, 8H), 0.84-0.74 (m, 2H)**C NMR (CDCk, 100 MHz): 3 ppm 174.9, 169.6,
136.9, 135.3, 134.5, 128.9, 128.4, 127.1, 123.9,2216.9, 116.4, 83.7, 83.2, 72.3,
69.1, 59.3, 57.3, 56.5, 47.2, 37.4, 24.9, 22.%,22.0, 8.5, 8.3; LRMS: (ES+) m/z =
473.3 (M+1)

N-allyl-N-((2S,3R)-1-(2-((1S,29)-3-(allyloxy)-1,2-
dimethoxypropyl)phenylamino)-3-methyl-1-oxopentan-2-
yl)cyclopropanecar boxamide (6.5d):

Y

OY:\N/\/

NH
O)\ Me
wOMe
M eo\\“ O\/\

Molecular Formula: HsgN2Os; R; @ 0.35 (1:4 ethyl acetate/ hexanes); Solvent

system for column purification (1:4 ethyl acetagxfnes); Yield-83.5% (white
solid); *"H NMR (CDCk, 400 MHz):8 ppm 9.41 (d,) = 12.94 Hz, 1H), 8.06 (d] =
8.13 Hz, 1H), 7.30 (m, 1H), 7.23 (d,= 7.37 Hz, 1H), 7.09 (&) = 7.47 Hz, 1H),
5.83 (m, 2H), 5.17 (m, 4H), 4.83 (@= 11.01 Hz, 1H), 4.47 (d] = 5.33 Hz, 1H),
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4.11 (t,J = 6.45 Hz, 2H), 3.92 (m, 3H), 3.69-3.62 (m, 1H), 3%91 (m, 4H), 3.28
(d, J = 10.68 Hz, 4H), 3.17 (ddl = 10.29, 5.18 Hz, 1H), 2.30-2.25 (m, 1H), 2.21-
2.08 (m, 4H), 1.42 (m, 1H), 1.13-0.98 (m, 5H), 0®87 (M, 3H);**C NMR (CDC},
100 MHz): & ppm 171.9, 169.5, 137.0, 134.7, 134.4, 128.9,412826.8, 123.8,
121.9, 17.0, 116.9, 83.9, 83.5, 72.2, 69.0, 59724,556.3, 48.4, 37.3, 24.9, 22.7,
22.2, 22.0; LRMS: (ES+) m/z = 445.2 (M+1)

Z G-Il (10 mol%)
—>

\\\\OMe(\ DCM, reflux

Macrocycle F2.4:

Experimental procedure as per ref. compobR2d.

3S,11S,12S,Z/E)-4-benzoyl-3-isopropyl-11,12-dimethoxy-4,5,8,10,11,12-
hexahydro-1H-benzo[j][1,6,9] oxadiazacyclotetr adecin-2(3H)-one (F2.4a):
N~

X
|

o}
N Ph
e

NH
jos
Meo™ 0

Molecular Formula: €H34N20s; Rs: 0.25 (3:7 ethyl acetate/hexane); Solvent system

for column purification (3:7 ethyl acetate/hexané&ld-88%(white semi solid)‘H
NMR (CDCl, 400 MHz): 6 ppm 9.49-9.23 (m, 1H), 8.99-8.71 (m, 1H), 8.1457.9
(m, 1H), 7.70 (dJ = 6.49 Hz, 1H), 7.46 (s, 6H), 7.33 @@= 5.96 Hz, 2H), 7.19-6.94
(m, 2H), 5.95-5.53 (m, 1H), 5.50-4.91 (m, 1H), 4389 (m, 5H), 3.65 (s, 4H), 3.43
(s, 7H), 2.76-2.51 (m, 1H), 1.22-0.97 (m, 6H), 0(85) = 6.56 Hz, 4H);"*C NMR
(CDCl;, 100 MHz):& ppm 172.2, 167.4, 136.3, 135.9, 135.6, 133.6,313080.0,
129.4,129.2,128.7, 127.2, 124.7, 124.0, 82.%,8%.6, 60.1, 57.6, 57.2, 41.5, 29.6,
27.3,19.9, 18.5; LRMS: (ES+) m/z = 467.2 (M+1).

(3S,115,12S,Z/E)-3-benzyl-4-(4-fluor obenzoyl)-11,12-dimethoxy-4,5,8,10,11,12-
hexahydro-1H-benzol[j][1,6,9]oxadiazacyclotetr adecin-2(3H)-one (F2.4b):
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NH
Wi _O
MeQ"

Molecular Formula: GiHs3sFN2Os; Rf @ 0.25 (2:3 ethyl acetate/hexane); Solvent

system for column purification (2:3 ethyl acetaééines);Yield-86%(white semi
solid); 'H NMR (CDCk, 400 MHz): 5 ppm 9.69-8.78 (m, 1H), 8.43-7.96 (m, 1H),
7.54-7.18 (m, 7H), 7.03 (d,= 5.17 Hz, 6H), 6.18-5.29 (m, 2H), 5.02-4.33 (m, 1H),
4.30-3.70 (m, 4H), 3.50 (m, 11H)C NMR (CDC}, 100 MHz):3 ppm 171.2, 167.0,
136.9, 136.5, 135.8, 134.5, 131.3, 130.2, 129.8,4,2128.7, 126.9, 124.5, 122.6,
115.8, 115.6, 82.2, 73.9, 72.9, 63.7, 60.4, 59/1,529.7; LRMS: (ES+) m/z =
533.2 (M+1).

(3S,11S,12S,Z/E)-4-(cyclopr opanecar bonyl)-3-isobutyl-11,12-dimethoxy-
4,5,8,10,11,12-hexahydro-1H-benzo[j][1,6,9] oxadiazacyclotetr adecin-2(3H)-one
(F2.4c):

MeO™

Molecular Formula: gHseN2Os; Re: 0.3 (2:3 ethyl acetate/hexane); Solvent system
for column purification (2:3 ethyl acetate/hexané&ld-85%(white semi solid)‘H
NMR (CDCk, 400 MHz):8 ppm 7.29 (d,J = 11.56 Hz, 4H), 5.87 (d] = 5.25 Hz,
1H), 4.16 (s, 5H), 3.58 (s, 5H), 3.30 (s, 6H), 1(8d,J = 13.50, 6.51 Hz, 3H), 1.66-
1.47 (m, 1H), 1.26 (s, 2H), 1.08-0.86 (m, 15K NMR (CDC, 100 MHz):5 ppm
174.0, 169.7, 136.0, 131.9, 129.8, 128.8, 128.8,2223.2, 88.8, 83.5, 71.4, 59.2,
57.0, 54.5, 37.0, 29.6, 24.7, 22.9, 22.8, 22.37,18.7, 8.3; LRMS: (ES+) m/z =
445.3 (M+1)
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(3S,11S,12S,Z/E)-4-(cyclopr opanecar bonyl)-3-(seco-butyl)-11,12-dimethoxy-
4,5,8,10,11,12-hexahydro-1H-benzo[j][1,6,9] oxadiazacyclotetr adecin-2(3H)-one
(F2.4d):

N o

OY\NJLMe

NH
|

wOMe

o)
MeO"

Molecular Formula: gHseN2Os; Re: 0.3 (1:1 ethyl acetate/hexane); Solvent system
for column purification (2:3 ethyl acetate/hexané&ild-85%(white semi solid)‘H
NMR (CDCk, 400 MHz):5 ppm 9.36-8.97 (m, 1H), 8.36-7.91 (m, 1H), 7.5067.2
(m, 2H), 7.21-6.89 (m, 2H), 5.81 (s, 2H), 5.17-4(49 1H), 4.32-3.74 (m, 5H), 3.65
(s, 3H), 3.36 (dJ = 19.65 Hz, 6H), 2.87-2.53 (m, 1H), 2.31 (s, 4H),711421 (m,
4H), 1.12-0.87 (m, 8H)**C NMR (CDCE, 100 MHz):5 ppm 173.4, 171.1, 168.8,
167.5, 135.9, 134.8, 132.2, 129.9, 129.3, 128.8,4,2124.1, 122.5, 114.0, 83.0,
82.7, 73.5, 72.3, 72.0, 67.9, 60.2, 59.4, 57.62,553.3, 44.3, 40.6, 32.7, 32.3, 29.6,
29.6, 24.5,24.2,22.1, 21.9, 16.7, 16.0, 11.5/;ARMS: (ES+) m/z = 419.2 (M+1)
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HPLC ANALYSIS REPORT

Seq Line ] 0
Injection Date : Thu, 19. Jan. 2012 Location g Vial 43
Sample Name : TLS/AMD/C62/173 Inj. No. 4 0
Acq Operator : RADHA Ti] ¢ Vol: 2 10 pl
Acg. Method : D:\CHEM32\1\METHODS\C-18 A50B50.M
Analysis Method : D:\CHEM32\1\METHODS\C-18 A50B50.M
Method Info : Column: X Bridge C18 150*4.6mm 5um

Mobile phase: A ) 0.1% HCOOH in water ,B) ACN
(GRADIENT) T/%B:0/50,2/50,10/98,15/95,18/50,20/50
Flow :1.0 ml/min Diluent:ACN Column Temp:23°C

*DAD1 A, Sig=215,4 Ref=360,100 (MC\190112000007.D - MC\190112000008.D)
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1000 ‘
] ;‘ ~ o
| O A
NJLPh
800 —
] NH
] | o
600 — ‘ R N. _O
, MeO"™ \I//
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] |
i
200 —
|
] m ~ o S
bS8 S
o M~ s o] b
o+—————— e e e ——y = —
T T ! T T | I ! T
0 5 10 15 min
Signal 1: DAD1 A, Sig=215,4 Ref=360,100
| Peak]| RT | Width | Area | Area % | Name |
I+ | [min] | [min] | | |
el | ======= [ === | ======== [ ===
| 1] 6.113] 0.109] 44,436 0.715]
\ 2] 6.513] 0.095] 5.582] 0.090]
| 3 6.608] 0.115] 30.0006] 0.483]
| 4] T.177] 0.115] 16.360] 0.263]
| 5] 7.375] 0.087] 318.266| 5.120]
| 6| 7.534] 0.089] 5715.140] 91.947|
| 71 8§.020] 0.110] 4.575] 0.074]
\ 8| 10.190] 0.073] 13.885] 0.223]
| 9 10.644 | 0.144]| 67.435| 1.085]

HPLC-MS of compoundF2.3a
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HPLC-MS of compoundr2.4a

HPLE AMALYSLS REPGRT

: Mon, 4. Feb.

2012

LLE-AMD-C62- 140

¢ RADHA

Gag Line

Lzl Lon

D NCHEM 32 INMETHODSYWC- L8 AG OR20, M
D NCHEMAZ2WIWMETHODSYC— 18 ASOR20 .M

: o lunn

Mobile phase

: X-BRIDGE
Ay 0.

L50* 4
ACEG0H

©-18

I I'|li

Ing. Mo,
Ing. Wol.
Soamn S

i waler (B

TR0/ 20, 2/20,15/99,20/95,22/20, 25120

Flow:l.Omlfmin

B luent: AN
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H 0
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= 4}
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b '_i % o d e e
0 J A |
— — 1 e B e e e —
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| P k| BT | wWidth | Direa | Area % | M caine 1
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Chapter 3: Synthesis of Natural
Product-lnspired, 17-M embered
Ring Derived Macrocyclic
Toolbox via an Intramolecular

Heck Reaction
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3.1. Introduction:

More than 40 years ago, Mizorokind Heck independently discovered the Pd(0)-
catalyzed vinylation of aryl halides. This reactis now known as the Heck
reaction, is now broadly defined as the Pd(0)-ntedi@oupling of an aryl or vinyl
halide or triflate with an alkene. This reactionvery attractive from the synthetic
point of view because of mild reaction conditiohgyh chemoselectivity, and, low
toxicity and cost. Although the synthetic potentafl this transformation was
unexplored for a number of years, the applicatibthis powerful reaction in natural
product synthesis has flourished recent§jhere are many number of reactions are
known for the macrocyclization but Heck reactionswet much evolved as the
macrocyclization strategy. There are only few exiasn the literature that utilizes
Heck reaction as the macrocyclization as the kep.stHere are the some literature
examples for the synthesis of macrocycles usingtaa-molecular Heck reaction as

the key macrocyclization stratedy.

3.1.1. Synthesis of Cyclic RGD Peptides:

Akaji et. al., synthesized cyclic RGD peptides on solid supp@ih@g an intra-
molecular Heck reaction as a macrocyclization sggi® Solid support chemical
synthesid is one of the ways to generate chemical libraifescombinatorial
chemistry, and, in order to generate library of poomds that requires to increase
the number of carbon-carbon bond forming reactidie Heck reaction is one of
such reaction very useful in solid phase synthbsisause of its milder reaction

conditions.

Pd(OAc),, PPhg,

Bu,NCI H
— N
N

NH
1.1 1.2 Cl

Scheme 1. Synthesis of cyclic RGD peptide via Heck macro@ation strategy

The RGD sequence is a common recognition motif thex integrin family of
receptors, which are involved in cell-cell and geHtrix adhesiofi. Glycoprotein

123



Chapter 3

lIb/Illa (GPIlIb/llla), a member of the integrin faly, is expressed on the surface of
activated platelets which binds to fibrinogen toisza platelet aggregation. Thus, the
solid phase preparation of cyclic RGD derivativethwffinities for GPIIb/llla could
be an effective approach for the discovery of dragdidates, which could further
prevent the formation of platelet-rich cldt¥he macrocyclic precursdrl on solid
support (obtained from the coupling of Arg, Gly aAdp building blocks), was
subjected to intramolecular Heck macrocyclizatiaonditions, Pd(OAg) PPHh,
BuwNCI, in DMF/H,O/EtzN) and this yielded the cyclic RGD peptide (Scheme
1).

3.1.2. Synthesis of Small Cyclic Peptides:

Cyclic peptides are having many advantages ovecliacpeptides. It is well
accepted that acyclic peptides shows poor biodvatla and easily undergo
proteolytic degradation, whereas cyclic peptideswah resistant to proteolytic
degradation, good bioavailability, and, do not suffom the entropic disadvantages.
Suitably designed mimics the bioactive conformatiauld increase the affinity to
the target proteifl.lgbal and co-workers reported the synthesis cyméiptide2.2*
having aromatic linket? for conformational and binding studies for thegyeon on
mimicry of helix-turn-helix motifs. The cyclic pade 2.2 was obtained from the
precursor2.1l subjecting to intra-molecular Heck conditions gsid(OAc), P0-
tolyl)s, DIPEA and acetonitrile under reflux (Scheme 2).

Br

DIPEA, ACN, reflux,
NH HN O

O 0,
’ Yan 36 h, 39% ‘
NH @) Bn
@)

Me O
Me 24 2.2

/
Os. _N_ /( Pd(OAc),, P(o-tolyl)s,  Oxy-NH S
H HN" o ol
| Bn
Bn N

Scheme 2: Synthesis of small cyclic peptide via Heck macrdizgtion strategy

3.1.3. Synthesis of the M acrocyclic Core of Rhizopodin:

The rhizopodin isolation and structural determimativas reported in 1993 by the
groups of Hofle and Reichenbach from myxobactefrillyxococcus stipitatus.® This
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macrolide exhibits various biological propertiescluding antifungal and anti-
proliferative activities at a low nanomolar congatibn, which arises due to specific
binding to G-actin and thus hamper the polymeniatio F-actin® Initially the
structure of rhizopodin was proposed to be 19-meetbmacrolide, and later, it was
revised in 2008 by Menche group to a C2-symmetirited during studies aimed at
determining its absolute configuratibh.The unique structure of rhizopodin
comprises 18 stereocenters and consists of a 3&ereoh macrocyclic core with
two side chains terminating in labile N-vinyl formale motifs, which are believed
to be critical parts of the pharmacophore. The m@aale itself embeds two oxazole
rings and two diene systems together with an umietted stereo-tetrade between
C16 and C21. Schubert and co-workers independastligned the stereochemistry
of rabbit actin bound rhizopodin through X-ray dafsanalysis? and, further

confirmed the structure, in the course of an amalys the biosynthesis of

rhizopodin.

OMe OMe OMe O
Pd(OAC),, K,COs, S e e e
n-BuyNCI, DMF, O _N
—_—_—
60 °C, 50 min, 77%
o)
MeO o] /c') OMe OMe
TBS

OPMB

. 3.2
Scheme 3. Synthesis of Rhizopodin macrocyclic core via Heclicrocyclization

strategy

The first total synthesis of rhizopodin was repdrtyy Menche and co-workersin
2012, where they used the Suzuki reaction as tiierleerocycliztion strategy. This
synthesis requires 24 steps to obtain macrocydie of rhizopodin, and, one year
later the same group published a much shorter routg/nthesize the macrocyclic
core of rhizopodiff? This synthesis utilized a highly advantageousaimtlecular
Heck reaction for the macrocylization (Scheme 3)e Thacrocyclic precurs@.1
was subjected to the Heck conditions, Pd(QAKYCOs;, BuNCI in DMF at 60°C

and this resulted in the macrocyclic c8r2 of rhizopodin in a very good yield.
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3.1.4. Enantioselective Synthesis of Bis(bibenzylic) Natural Products:

Speicher and co-workers utilized the atroposelectiHeck reaction as a
macocylization strategy, to the synthesis of bisghizylic) natural products e.g.
isoplagiochins? Macrocyclization in this kind of natural products very
challenging because of efficiency, not surprisingtiepending on ring strain,
substitution pattern, and concomitant dimerizatibime major reactions employed as
the macrocyclization strategy for synthesis of lils€énzylic) natural products are
Wittig,®™ McMurry'® and Suzuki-Miyaura coupliny. Speicher and co-workers for
the first time used atroposelective Heck reactmnhe synthesis of bis(bibenzylic)
natural product using chiral BINAP as a ligdhdThe macrocyclic precursat.1
under Pd(OAg) M-BINAP, PMP in DMF at 60°C provided the enantiopure cyclic
bis(bibenzylic) product.2 in 27% ee (Scheme 4). Compouh@ was converted to
natural product isoplagiochirl.@) in two steps, i.e. reduction of double bond with
Pd/C under hydrogen atmosphere followed by deptiote©of methyl groups with

BBr; condition.

OMe OH
OMe
PMP, DMF, 18 h, O i BBrs O
60 °C, 27% ee, 25%
OMe OH
4.1 4.2 Isoplagiochin (4.3)

Scheme 4: Synthesis of Bis(bibenzylic) Natural Products viack macrocyclization

strategy

3.2. Research Objective:

Even though the Heck reaction was utilized as therotyclization strategy for the
synthesis of cyclic peptidd§® and, in other natural product synthe&id this
reaction is not much explored in the generationro@clic library. By considering
this, we were interested in exploring the use ofraramolecular Heck reaction as
the macrocyclization strategy in the generatiomatrocyclic library of compounds.
In our study, we decided to develop a modular nekttwoobtain a diverse to 17-

membered functionalized macrocyclic compounds hezathere are several
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examples of bioactive natural products that havetionalized 17-membered rings.
Some of the representative examples with the asdgidnological functions are
shown in Figure 1 and these are metacridamide A(&®BL andF1.2),'® OF4949 (I-
IV) (FL.4- F1.6)** ?° and K13 F1.2).1922%2

OR;
o}
CO,H QO , \\NHz
o) “NHAc CO,H
HN NH
O
R = Ac, metacridamide A, (F1.1) R2
R =H, metacridamide B, (F1.2) K-13, (F1.3) NH2
Inhibitor of Angiotensin | OF4949-I, R;=Me, R, = OH, (F1.4)
converting enzyme OF4949-ll, Ry=H, R,=O0H, (F1.5)

OF4949-lll, Ry = Me, R, = H, (F1.6)
OF4949-IV,R;=H, R,=H, (F1.7)
Inhibitors of Aminopeptidase B

Figure 1: Examples of 17-membered macrocyclic natural prtsduc

Shown in Figure 2 are our two proposed macrocyeigets F2.1 andF2.2). The
macrocyclic targetd:2.1 andF2.2 are highly attractive because of the presence of a
functionalized 17-membered ring skeleton. The gyl of using both enantiomers
further allows us to explore the stereochemicakity on a similar macrocyclic
ring. The incorporation of an amino acid moietyaapart of the macrocyclic ring
provides an opportunity to bring various non-patapolar groups as the chiral side
chain. Further, in our present design targets, eaatrocyclic ring has two diversity
points that could easily be explored in generathmg structurally related analogues
as the library members.

0]
Q 0. HN
R1\ j (
NH < N R,
OMe OMe
R; HN (0]
\ )
MeO R, MeO  HN
o) (6]
F2A1 F2.2

Figure 2: 17-Membered macrocyclic targets
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3.3. Synthesis Plan and Execution

3.3.1. Retrosynthesis of Macrocycle F2.1:

The retrosynthetic analysis of macrocyd®.1 is shown in Scheme 5. The
macrocyclic compouné2.1 can be obtained from the macrocyclic precutsrboy
using an intramolecular Heck reaction. Compoéridcan be synthesized from an
amidation of aromatic amine and acrylolation opléitic primary amine, which can
be obtained from compouril2. This could be synthesized from coupling of amino
acid with secondary amin&3, which would be obtained from aliphatic primary
amine 5.4 on imino-reduction. The primary amirte4 could be obtained from the

enantiopure dihydroxyl derivative5.

Intramolecular
O Heck reactlon o

NH \ NH\ amidation 2 amino acid
acrylolat/on coupl/ng

OMe : OMe

|?1 HN O

N N

MeO' R2 \ NHFmoc
F21 O O
NO, NO,
OH e

Sharpless
asymmetric /HO' COOEt MeO
dihydroxylation 55 5.4

Scheme 5: Retrosynthesis of macrocydi@.1

3.3.2. Synthesisof Macrocycle F2.1:

As shown in Scheme 6, ethyl-2-nitro-cinnamael)( was subjected to Sharpless
asymmetric dihydroxylation reactidf,giving an enantiopure dihydroxyl derivative
5.5. Following the acetonide protection of diol, thertwoxylester was then reduced
with lithium borohydride to give primary alcoh6l2. Azide 6.3 was then obtained
from 6.2 in three steps as follows: (i) mesylation of pngnaalcohol with
methanesulfonyl chloride, (ii) treatment with sadiazide, and (ii) the deprotection
of acetonide withp-TSA. It was further subjected to di-methylatiomthvmethyl
iodide gives the compoun®.4 and reduction of azide by Staudinger reaéfion
condition (PPk H,O in THF) to obtain the primary aming4.
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The primary aminé.4 was subjected to reductive alkylation with isobakaehyde
and NaCNBH conditions to obtain the secondary am@ig This was then coupled
with N-Fmoc protected amino acid by using HBT&J obtain compound§.6. N-
Fmoc removal with DBU, followed by acryloylation \ga the compoundb.?.
Aromatic nitro compound was reduced to aromaticnpry amine using Zn/AcOH
condition, which was then coupled with 3-bromobeszohloride to give the
macrocyclic precurso6.8. Finally, macrocyclic compoundB2.1 were obtained
from 6.8 via an intramolecular Heck reactfdrin the presence of Pd(OA¢)P (-
tol);, DIPEA in acetonitrile in good yields. The geormyetf the double bond was

confirmed with the coupling constant’if NMR.

1. 2,2-dimethoxy

NO, K,0s50,4.2H,0, NO, -propane, NO,
@/\ (DHQD),PHAL, K5Fe(CN)g, PTSA, DCM, rt, 12 h;
F > OH > (o]
COOEt CH,S0,NH,, KoCO3, 2. LiBH,, dry THF,
t-BuOH + H,0 (1:1), 0°Ctor, OH
6.1 0°Ctort, 12 h, 85% HO¥ “COOEt 93% for two steps o
5.5 6.2
1. MsCl, EtzN, DCM, 0, 1. p-TSA, H,0, THF, NO,
oot _reflx 5h 5h PPhs, H,0, THF, rt,
OMe ———— >
2. NaN3, DMF, 80 °C, 2 Mel, NaH, DMF, 8 h, 75% for 5 steps
78°Ctort, 0.5h N
12h MeO 3
6.4
Isobutyraldehyde, HBTU, DIPEA,DMF, NO, NHE
EOH, 05 hthen 6h,0°C o t, 80-90% e moe
R
\H NaCNBH3 ACOH, HOzC NHFmoc ﬁ)\ 2
2 1,2 h, 68% MeO™ N\i-Bu
2 6.6
NO,
1. Zn/AcOH, EtOH,
1. DBU, THF, rt, 5 min OMe it 10 min
S —— BuR, O >
2. Acryloyl chloride, 2. 3-bromobenzoy! chloride,
DCM, rt, 5 min MeO \n/\N rt, 5 min,
60-70% for 4 steps
o)
Br O Pd(OAc),, P(o-tol)s,
DIPEA, CH5CN, NH
NH —_— > A
reflux 20 h, OMe
OMe 55-60% (brsm) i
BuR, O ’ hilB“ HIN™ 0
N A A M \n/kR
MeO \"/\H / eO 2
68 O F24 ©

Scheme 6: Synthesis of macrocyck2.1
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3.3.3. Derivatives of Macrocycle F2.1:

We have synthesized five derivatives of macroci@4, by replacing Rgroup

%% Q 0
NH
NS
OMe
©E(//BUHN ©E(//BUHN 0 BuHN"0
N
\’H\i—Bu

MeO
(0]
F2. 1a F2. 1b F2.1c
(0] (0]
NH NH
S X
OMe OMe
/|'—Bu HN (@] /l'-Bu HN (0]
N N
MeO 's-Bu MeO Me
F2.1d o F2.1e o

Figure 3: Derivatives of macrocycle2.1

3.3.4. Retrosynthesis of Macrocycle F2.2:

The retrosynthetic analysis of macrocydi®.2 is shown in Scheme 7. The
macrocyclization can be carried-out by an intramoal@ Heck reaction of precursor

7.1, which can then be obtained from the amino acittlimg block coupling of an

amino acid

amidation
coupling

R2

O
U
NH R2 NH NH,
OMe Br :> acrylolat/on
2

.

H
N N
Intramolecular MeO \n/\ MeO , ‘"/\
F2. O Heck reaction 71 O 72 0
N02 NO2
OH e— OMe
Sharpless NH
asymmetric 2
dihydroxylation HO COOEt MeO
5.5 54

Scheme 7: Retrosynthesis of macrocyclEg.2
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aromatic aminer.2. The aromatic amine could be obtained from acayioh of
primary amine followed by reduction of aromaticraigroup of compoun&.4 and
this could be obtained from enantiopure dihydraigtivative5.5.

3.3.5. Synthesis of Macrocycle F2.2:

Our plan is to obtain macrocyclic compounBg,2 from the key intermediat&.4 is
shown in Scheme 8. Primary ami®e} was converted to amide with acryloyl
chloride to give compoun8.1 which then upon reduction of aromatic nitro group
gave the aromatic amirg2. This was coupled with-Fmoc protected amino acids
by using EDGHCI coupling reagent in acetonitrile solveiat give the coupled
product8.2. Fmoc removed with DBU then coupling with 3-broreokoyl chloride
gave7.1. Finally, this was then subjected to an intramoli@&cHeck reaction in the
presence of Pd(OAg)P(o-tol)s, DIPEA in acetonitrile to obtain macrocydi2.2 in

good vyields.
N02 N02
Acryloyl chloride, Zn/AcOH EtOH,
OMe ——mm» OMe
DCM, rt, 5 min H | rt, 10 min,
NH, N 85% for 2 steps
MeO MeO
5.4 8.1 o)
R, R, O
O < O -
Y\NHFmoc Y\H
EDCI, CH3CN, rt, NH NH
1 h, 80-90% 1. DBU, THF, rt, 5 min
—>
OMe > OMe Br
HO,C NHFmoc | 2. 3-bromobenzoyl chloride, |
\r H rt, 5 min, 90-95% for 2 steps H
R, MeO MeO
8.2 O 71 O

Pd(OAC),, P(o-tol),,

DIPEA, CH4CN,

_—>

reflux 20 h,

55-60% (brsm) \

F2.2
Scheme 8: Synthesis of macrocyclé2.2
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3.3.6. Derivatives of Macrocycle F2.2:

We have synthesized five derivatives of macroc#@e, by replacing Rgroup.

F2.2a F2.2b F2.2¢c
HN
F2.2d F2.2e

Figure 4: Derivatives of macrocycIEZ.Z
3.4. Biological Evaluation:

34.1. Zebrafish Assay related to angiogenesis and an early

embryonic development:

The next plan was to subject our macrocyclic srmallecule toolbox collection and
several intermediates (45 compounds in total) toua zebrafish screens to evaluate
the biological effect of these small molecules.e3é screens were related to search
for compounds affecting epiboly during early emimigo development> 2%’
angiogenesi€® and neurogenedisin zebrafish embryo-based ass&yall the three
assays are well-documented in the literaf(ifé3' Zebrafish embryos for small
molecule screening experiments were collected wia \pise matings, cleaned and
incubated in PTU treated E3 water at 283 The compound exposure was
performed in 96 well plate and three embryos waken in each well containing 200
pl of (0.5 to 1uM) compound in PTU treated egg water. The 96 widtgs were
incubated at 28.3C and the embryos were allowed to grow until 10dwp80 hpf to

assess the effect on epiboly, angiogenesis andgenesis respectively. Figure 1
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shows the effect of a novel macrocyclic small moledqF2.2a) on angiogenesis and

on effect on other two screens was observed.

Figure 5: Wild-type zebrafish embryo at 30 hpf of developmeagion zoomed in
panelsB, C and D is shown by a yellow box,A) zoom section of wild-type or
vehicle treated embryo, an& @ndC) zoom sections after treatment with a small

molecule A macrocyclic compound;2.2a, showed the complete inhibition at 2.5

MM,

3.5. Conclusion:

In conclusion, we developed a modular method thiatvad us building a small
molecule toolbox having two different types of l1embered macocyclic
compounds. An intramolecular Heck reaction iskiég step in our approach. When
tested to search for functional small moleculesaag-angiogenesis agents in a
zebrafish assay, we discovered a potent compde@dd) as an inhibitor at 2.GM.
Further, biological studies are needed to undedstha mode action of this active

compound, and, these will be reported when becoakahle.
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3.6. Experimental Procedure;

K20$O4'2H20,

NO,
NO, (DHQD),PHAL,
@E/\ K,COs, KsFeCNg, OH
_—
Zcookt CH3SO,NH,, OEt
6.1 £BUOH + H,0 (1:1) HO
0°C to rt, 85% 55 0

(2S,3R)-ethyl 2,3-dihydroxy-3-(2-nitrophenyl)propanoate (5.5):

To a stirred mixture of kre(CN) (44 g, 133 mmol), KCO; (18.7 g, 135.3 mmol),
(DHQD),PHAL (520 mg, 0.67 mmol), ¥O0sQ, (60 mg, 0.18 mmol), methane
sulfonamide (4.29 g, 45.19 mmol) trBuOH (300 mL) and water (300 mL), a
solution of6.1 (10 g, 45.20 mmol) it-BuOH (100 mL) was added at a time at 0 °C
and allowed to stir for 12 h at room temperaturteiAcompletion of the reaction,
reaction mixture was quenched by the addition #flsndium sulfite and extracted
with ethyl acetate (3 X 300 mL). Combined orgarager was washed with brine,
dried over anhydrous sodium sulfate, filtered aodcentrated to leave a crude oil,
which was purified by column chromatography (3:fAyétacetate/hexanes) to give
the compound.5 (9.1 g, 81% yield ) as white solid.

Molecular Formula: GH1sNOs; R @ 0.3 (3:7 ethyl acetate/hexaneé}d NMR
(CDCls, 400 MHZz):6 ppm 8.01 (dJ = 8.0 Hz, 1H), 7.85 (d] = 8.0 Hz, 1H), 7.68 (t,
J=8.0 Hz, 1H), 7.47 () = 8.0 Hz, 1H), 5.71 (ddl;, = 6.8 Hz,J, = 2.0 Hz, 1H), 4.52
(dd,J; = 5.6 Hz,J, = 2.4 Hz, 2H), 4.32 (g] = 7.2 Hz, 2H), 3.29 (d] = 6.8 Hz, 1H),
3.02 (d,J = 5.6Hz, 1H), 1.31 (t) = 7.2 Hz, 3H);**C NMR (CDCE, 100 MHz):5
ppm 172.5, 147.4, 135.9, 133.3, 129.4, 128.6, 12848, 69.6, 62.4, 14.0; LRMS:
(ES+) m/z = 256.3 (M+1)

NO, 1. 2,2-dimethoxy NO,
-propane,
OH PTSA, DCM, rt, 12 h; (o}

2. LiBH,, dry THF, )\/OH
HO” “COOEt 0°Ctort, o}
5.5 6.2

((4R,5R)-2,2-dimethyl-5-(2-nitr ophenyl)-1,3-dioxolan-4-yl)methanol (6.2):
To a solution of the compouris (8.5 g, 33.34mmol) in dry dichloromethane (200
mL), 2,2-dimethoxy propane (8.16 mL, 66.68 mmold gnTSA (50 mg) were
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added. The reaction mixture was stirred at roonmpsgature for 12 h under nitrogen
atmosphere. After completion of the reaction, rieactmixture was quenched with
sodium bicarbonate solution, and extracted witthldilomethane (3 X 100 mL).
Combined organic layer was washed with brine, de@r anhydrous sodium
sulfate, filtered and concentrated to leave a caifjevhich was purified by column
chromatography (1:9 ethyl acetate/hexanes) to tiieeacetonide protected ester
(8.8 g, 86% vyield) as yellow liquid.

To a solution of acetonide protected e85 g, 27.51mmol) in dry THF (150 mL),
at 0 °C, LiBH, (1.2 g, 55.02 mmol) was added, and reaction méxtueis allowed to
stir for 24 h at room temperature. After completadrthe reaction, reaction mixture
was quenched by the addition of ice cold water, exichcted with ethyl acetate (3 X
100 mL). Combined organic layer was washed witmdyridried over anhydrous
sodium sulfate, filtered and concentrated to lemweude oil, which was purified by
column chromatography (3:7 ethyl acetate/hexateegjve the compound.2 (6.6
g, 94.8% yield ) as yellow liquid.

Molecular Formula: @HisNOs; R; : 0.3 (3:7 ethyl acetate/hexane¥d NMR
(CDCls, 400 MHz):3 ppm 7.85 (dJ = 8.0 Hz, 1H), 7.81 (d] = 8.0 Hz, 1H), 7.65 (t,
J=8.0 Hz, 1H), 7.45 (1) = 8.0 Hz, 1H), 5.40 (d] = 8.4 Hz, 1H), 4.00 (m, 1H), 3.90
(dd,J; = 12.0 Hz J; = 3.2 Hz, 1H), 3.81 (ddl; = 12.0 Hz,J, = 5.2 Hz, 1H), 1.58 (s,
3H), 1.49 (s, 3H)**C NMR (CDCE, 100 MHz):5 ppm 149.2, 133.3, 132.9, 129.2,
128.9, 124.2, 109.7, 84.4, 74.2, 61.6, 27.1, A6RNIS: (ES+) m/z = 254.2 (M+1)

NO, 1. MsCl, EtzN, DCM, NO,
0°Ctort,1h
(o) 0
2. NaN,, DMF, 80 °C,
0)\/0"' 12h 0)\/"‘3
6.2 6.3

(4R ,5R)-4-(azidomethyl)-2,2-dimethyl-5-(2-nitr ophenyl)-1,3-dioxolane (6.3):

To a solution 0f6.2 (6 g, 23.71mmol) in dry dichloromethane (150 mé&f,0 °C,
EtN (9.98 mL, 71.13 mmol) and methane sulfonyl cldenvere added, and reaction
mixture was allowed to stir for 1 h at room tempeara. After completion of the
reaction, reaction mixture was quenched by the taxhdiof sodium bicarbonate
solution, and extracted with dichloromethane (330 InL). Combined organic layer

135



Chapter 3

was washed with brine, dried over anhydrous sodismifate, filtered and
concentrated to leave a crude liquid (7.5 g).

To a solution of above crude in dry DMF, N&(9.9 g, 45.2 mmol) was added, and
reaction mixture was heated at 80 °C for 10 h. rAttempletion of the reaction,
reaction mixture was quenched by the addition alfitso bicarbonate solution, and
extracted with dichloromethane (3 X 100 mL). Conelirorganic layer was washed
with brine, dried over anhydrous sodium sulfatkefed and concentrated to leave a
crude liquid, which was purified by column chrongphy (1:4 ethyl
acetate/hexanes) to give the compo@:3d5.3 g, 80.3% yield ) as yellow liquid.
Molecular Formula: ©H1N4Os; R : 0.3 (1:9 ethyl acetate/hexanéld NMR
(CDCls, 400 MHZz):6 ppm 7.89 (dJ = 8.0 Hz, 1H), 7.81 (d] = 8.0 Hz, 1H), 7.67 (t,
J=8.0 Hz, 1H), 7.47 () = 8.0 Hz, 1H), 5.42 (d] = 8.0 Hz, 1H), 4.05 (m, 1H), 3.65
(dd,J; = 13.2 HzJ, = 3.2 Hz, 1H), 3.52 (ddl; = 13.2 HzJ, = 6.0 Hz, 1H), 1.60 (s,
3H), 1.54 (s, 3H)**C NMR (CDCE, 100 MHz):5 ppm 149.2, 133.4, 132.6, 129.2,
129.1, 124.3, 110.3, 82.9, 74.8, 51.3, 29.6, 27609; LRMS: (ES+) m/z = 279.3
(M+1)

NO, NO,
1. p-TSA, H,O, THF,
o reflux, 5 h OMe
2. Mel, NaH, DMF
N o ’ ’ N
0)\/ 3 -78°Ctort,0.5h MeO 3
6.3 6.4

1-((1R,2R)-3-azido-1,2-dimethoxypr opyl)-2-nitr obenzene (6.4):

To a solution 0f6.3 (5.3 g, 19.06 mmol) in THF (150 mL), PTSA (9.8357,.19
mmol) and water 10 mL were added, and reactionurexivas allowed to reflux for
12 h. After completion of the reaction, reactionxtuie was quenched by the
addition of sodium bicarbonate solution, and ex@gdavith ethyl acetate (3 X 100
mL). Combined organic layer was washed with broveged over anhydrous sodium
sulfate, filtered and concentrated to leave a caifjevhich was purified by column
chromatography (3:7 ethyl acetate/hexanes) to thiealiol azide (4.5 g, 99% yield )
as yellow liquid.

Molecular Formula: €HioN4Os R; : 0.3 (3:7 ethyl acetate/hexane¥d NMR
(CDCls, 400 MHz): 8 ppm 7.97(m, 1H), 7.75(m, 1H), 7.64(m, 1H), 7.51(th),
5.25(m, 1H), 4.0(m, 1H), 2.90-3.56 (m, 1H)*C NMR (CDCk, 100 MHz):5 ppm
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147.5, 136.5, 133.6, 128.8, 128.7, 124.7, 73.Q,,6%.3; LRMS: (ES+) m/z = 239.1
(M+1)

To a -78 °C solution of NaH (2.72 g, 113.35 mmaiyi el (11.7 mL, 188.9 mmol)
in DMF (150 mL) was added a solution of diol az{de5 g, 18.89mmol) in DMF.
The solution was stirred for 5 min, allowed to watenroom temperature. The
solution was stirred for 1 h and then quenched top dvise addition of NECI
solution (20 mL), and extracted with ethyl acet@e< 100 mL). Combined organic
layer was washed with brine, dried over anhydrooditsn sulfate, filtered and
concentrated to leave a crude oil, which was pdifby column chromatography
(3:7 ethyl acetate/hexanes) to give the compdusd4.5 g, 89.5% vyield ) as yellow
liquid.

Molecular Formula: GH1N4Os R : 0.3 (1:4 ethyl acetate/hexané}d NMR
(CDCls, 400 MHz): 7.97 (dJ = 8.18 Hz, 1H), 7.78 (d] = 7.85 Hz, 1H), 7.67 () =
7.59 Hz, 1H), 7.49 () = 7.74 Hz, 1H), 5.01 (d] = 3.14 Hz, 1H), 3.68 (td] = 7.76,
3.97 Hz, 1H), 3.39 (ddl = 12.60, 7.61 Hz, 1H), 3.35-3.27 (m, 4H), 3.24 (s);3fC
NMR (CDCk, 100 MHz):6 ppm 149.2, 133.6, 133.0, 129.4, 128.6, 124.5,,8Z.9,
60.0, 57.8, 51.6; LRMS: (ES+) m/z = 267.3 (M+1)

NO, 1. PPhs, H,0, THF, NO,
rt, 8 h
OMe OMe
2. Isobutyraldehyde, H
MeO N3 EtOH, 0.5 h then MeO ~iBu
6-4 6'5

NaCNBH3 AcOH,
tt, 2h,

(2R,3R)-N-isobutyl-2,3-dimethoxy-3-(2-nitr ophenyl)propan-1-amine (6.5):

To a solution of the compouré4 (4.5 g, 16.90 mmol) in THF (50 mL), TPP (8.85

g, 33.38 mmol) and water (3 mL, 169 mmol) were adaed stirred for 24 h. After

completion of the reaction, reaction mixture wasiaantrated to leave a residue,

which was purified by column chromatography (4:hyétacetate/hexanes) to give

the compound.4 (3.8 g, 93.6% vyield) as light yellow oiMolecular Formula:

C11H16N20O4; Rs (solvent system): 0.3 (ethyl acetate/hexane)

To a suspension of compoursl4 (3.0 g, 12.48 mmol) in EtOH (30 mL),

isobutyraldehyde (1.24 mL, 12.48 mmol) was added stirred for 30 min. A

mixture of NaCNBH (1.18 g, 18.72 mmol) and acetic acid (50 pL) ihaeol (5
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mL) were added to the reaction mixture at 0 °Cvad#ld to stir for 1 h. After
completion of the reaction, reaction mixture wasmghed with sodium bicarbonate
solution (5 mL), and extracted with ethyl aceté@eX(20 mL). Combined organic
layer was washed with brine, dried over anhydroodiusn sulfate, filtered and
concentrated to leave a crude oil, which was pdifby column chromatography
(3:7 ethyl acetate/hexanes) to give the compaaibd2.5 g, 67.8% vyield) as light
yellow oil.

Molecular Formula: @H2aN,O4; R : 0.2 (3:7 ethyl acetate/hexané}d NMR
(CDCls, 400 MHz):3 ppm 7.89 (dJ) = 8.0 Hz, 1H), 7.76 (d] = 8.0 Hz, 1H), 7.62 (t,
J=8.0 Hz, 1H), 7.44 (1) = 8.0 Hz, 1H), 5.09 (d] = 4.0 Hz, 1H), 3.61 (m, 1H), 3.30
(s, 3H), 3.28 (s, 3H), 2.66 (dd, = 12.0Hz,J, = 3.6 Hz, 1H), 2.54 (dd}; = 12.0Hz,
J> = 8.0 Hz, 1H), 2.36 (ddl; = 6.8 Hz,J, = 2.4 Hz, 2H), 1.71 (m, 1H), 0.89 (s, 3H),
0.87 (s, 3H)*C NMR (CDCE, 100 MHz):5 ppm 149.4, 134.3, 132.5, 129.2, 128.1,
124.1, 82.8, 78.4, 59.6, 57.9, 57.7, 49.9, 28.15,220.4; LRMS: (ES+) m/z = 297.4
(M+1)

NO, HBTU, DIPEA.DMF, NO:  \HFmoc

6h.0°Ctort OMe

OMe o)
R2
H HO,C _NHFmoc
N
MeO N<iBu b MeO ~i-Bu
R

6.5 2 6.6

Compound 6.6:

To a suspension of compoufd (1 mmol) in DMF (10 mL),N-Fmoc amino acid
(2.5 mmol), HBTU (1.5 mmol) and DIPEA (2 mmol) weaglded at 0 °C and
allowed to stirred for 6 h. After completion of theaction, reaction mixture was
guenched with sodium bicarbonate solution (10 mahy extracted with ethyl acetate
(3 X 20 mL). Combined organic layer was washed witine, dried over anhydrous
sodium sulfate, filtered and concentrated to lemweude oil, which was purified by

column chromatography to give the pure compoéied

(9H-fluor en-9-yl)methyl (S)-1-(((2R,3R)-2,3-dimethoxy-3-(2-nitr ophenyl)propyl)
(isobutyl) amino)-3-methyl-1-oxobutan-2-ylcarbamate (6.6a):
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N02 OMe

OMe NHCbz
0

Molecular Formula: egH39N307; Rs : 0.4 (1:4 ethyl acetate/hexanes); Solvent system
for column purification (1:4 ethylacetate/hexanémtd:88.9%;'H NMR (CDClk,
400 MHz):6 ppm 7.99 (tJ= 9.0 Hz, 1H), 7.8 (dd) = 7.1, 4.7 Hz, 1H), 7.75 (dd,

= 7.2, 3.1 Hz, 2H), 7.70-7.55 (m, 3H), 7.47Jt 7.7 Hz, 1H), 7.43-7.34 (m, 2H),
7.34-7.24 (m, 2H), 5.53 (d,= 9.5 Hz, 1H), 4.99-4.88 (m, 1H), 4.75-4.49 (m, 1H),
4.44-4.16 (m, 3H), 3.83-3.50 (m, 3H), 3.37-3.19 BHl), 3.07 (m, 3H), 2.17-1.97
(m, 2H), 1.04-0.84 (m, 12H)*C NMR (CDCk, 100 MHz): 8 ppm 172.7, 172.6,
156.1, 156.0, 149.0, 148.8, 143.8, 143.8, 141.2,23134.0, 133.1, 127.7, 127.4,
127.4,127.1, 126.9, 126.8, 125.2, 124.5, 124.8,0,219.7, 109.9, 80.4, 80.3, 78.3,
78.1, 66.9, 59.8, 57.7, 55.7, 47.0, 31.7, 31.45,286.8, 20.1, 20.0 ; LRMS: (ES+)
m/z = 530.1 (M+1)

(9H-fluor en-9-yl)methyl (S)-1-(((2R,3R)-2,3-dimethoxy-3-(2-nitr ophenyl)propyl)
(isobutyl) amino)-1-oxo-3-phenylpropan-2-ylcar bamate (6.6b):

NO, OMe

_i-Bu

WNHCM
0
Ph

Molecular Formula: H3oN3O7; Rs : 0.5 (1:4 ethyl acetate/hexanes) ; Solvent
system for column purification (1:4 ethylacetate#ges); Yield:86.0%*H NMR
(CDCls, 400 MHz):5 ppm 8.00 (m, 1H), 7.79-7.70 (m, 3H), 7.66J)(& 7.3 Hz, 1H),
7.58 (d,J= 7.4 Hz, 1H), 7.49 (m, 2H), 7.38 (m, 2H), 7.33-7(tr, 8H), 5.58 (d,) =

9.1 Hz, 1H), 4.91 (dd] = 10.5, 1.9 Hz, 1H), 4.39-4.27 (m, 2H), 4.19 (m, 1BI}7-
3.08 (m, 8H), 3.07 (s, 2H), 3.03-2.89 (m, 2H), 2(801H), 2.00-1.85 (m, 1H), 0.87-
0.75 (m, 6H);*C NMR (CDCk, 100 MHz):d ppm 172.4, 172.2, 155.5, 155.3, 149.0,
149.0, 143.8, 143.7, 143.7, 141.2, 141.2, 141.8,713136.5, 134.3, 134.0, 130.0,
129.6, 129.1, 128.7, 128.6, 128.2, 128.1, 127.8,312127.3, 127.2, 126.7, 125.4,
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124.9, 120.0, 119.7, 80.7, 80.5, 78.5, 66.8, 66082, 60.0, 52.3, 47.2, 47.1, 28.7,
28.6, 26.9, 20.3, 20.1, 19.9; LRMS: (ES+) m/z = 3781+1)

(9H-fluor en-9-yl)methyl (S)-1-(((2R,3R)-2,3-dimethoxy-3-(2-nitr ophenyl)propyl)
(isobutyl) amino)-1-oxo-3-phenylpropan-2-ylcar bamate (6.6c):

N02 OMe
i-Bu
N/

OMe NHFmoc
(@)

Molecular Formula: gH41N307; Ri: 0.4 (1:4 ethyl acetate/hexanes); Solvent system
for column purification (1:4 ethylacetate/hexaneégld:85.0%;'H NMR (CDCh,
400 MHz):84 ppm 7.95 (tJ = 7.00 Hz, 1H), 7.79 (m, 3H), 7.71-7.55 (m, 3H), 7(46
J= 7.3 Hz, 1H), 7.38 (t) = 7.3 Hz, 2H), 7.28 (dd] = 12.5, 5.2 Hz, 2H), 5.65 (d,

= 9.0 Hz, 1H), 5.19-4.83 (m, 1H), 4.76 (s, 1H), 4436 (m, 3H), 4.01-3.83 (m,
1H), 3.68-3.43 (m, 1H), 3.39-3.05 (m, 8H), 2.02 (bh{), 1.67-1.50 (m, 1H), 1.36
(m, 1H), 1.06-0.78 (m, 12H)*C NMR (CDCk, 100 MHz): 8 ppm 173.6, 173.2,
156.1, 149.1, 143.8, 141.2, 141.2, 134.3, 133.2,913129.4, 128.5, 128.5, 127.5,
126.9, 125.2, 124.6, 124.4, 119.8, 119.8, 82.5,,88.2, 66.9, 60.3, 60.2, 57.7, 56.4,
53.9, 49.6, 49.3, 48.3, 47.1, 47.1, 47.0, 42.44,236.6, 24.6, 24.5, 23.6, 23.5, 21.4,
21.63, 20.2, 20.1, 19.9, 19.7; LRMS: (ES+) m/z 2.83M+1)

(9H-fluor en-9-yl)methyl (2S,3S)-1-(((2R,3R)-2,3-dimethoxy-3-(2-nitr ophenyl)
propyl)(iso butyl)amino)-3-methyl-1-oxopentan-2-ylcar bamate (6.6d):

NO, OMe

OMe NHFmoc
(@)

Molecular Formula: €sH41N307; Ri: 0.2 (1:9 ethyl acetate/hexanes); Solvent system
for column purification (1:4 ethylacetate/hexaneégkld:85.5%;"H NMR (CDClh,

400 MHz): & ppm 7.96 (dJ = 8.1 Hz, 1H), 7.79 (m, 3H), 7.71-7.55 (m, 3H), 7.53-
7.23 (m, 5H), 5.64 (d] = 9.3 Hz, 1H), 4.92 (dJ = 2.5 Hz, 1H), 4.63-4.13 (m, 4H),
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3.88 (t,J = 7.5 Hz, 2H), 3.42-2.99 (m, 8H), 1.98 @= 6.4 Hz, 1H), 1.86-1.47 (m,
3H), 1.02-0.75 (m, 12H):*C NMR (CDCh, 100 MHz):5 ppm 172.2, 156.2, 149.2,
144.0, 143.8, 143.8, 141.2, 141.2, 134.1, 133.8,,3132.9, 129.4, 129.4, 128.5,
128.5, 128.4, 127.5, 127.0, 1216.9, 125.1, 1254,5 124.4, 124.4, 119.9, 119.9,
119.8, 82.8, 82.7, 81.5, 66.9, 66.8, 60.3, 60.18,577.6, 56.5, 55.1, 48.1, 47.9, 47.1,
47.1,38.3, 29.6, 28.1, 23.6, 20.1, 19.5, 15.8:1IRMS: (ES+) m/z = 632.1 (M+1)

X
NO, NO
oMe \TFMOC  1.DBU, THF, 2 a0
Oe rt, 5 min Ol\ée
—>
R, R,
N 2. Acryloyl chloride N
MeO ~i-Bu DCM, rt, 5 min MeO ~i-Bu
6.6 6.7

Compound 6.7:

To a suspension of compoufid (0.7 mmol) in THF (10 mL), DBU (0.9 mmol) was
added and stirred the reaction mixture for 5 mifteAcompletion of the reaction,
reaction mixture concentrated and which was subjetd the next reaction without
any purification.

To a suspension of above compound (0.5 mmol) in D@MMmL), acrylol chloride
(0.8 mmol) was added at 0 °C and allowed to stidfomin. After completion of the
reaction, reaction mixture was quenched with sodocarbonate solution (5 mL),
and extracted with ethyl acetate (3 X 20 mL). Camebi organic layer was washed
with brine, dried over anhydrous sodium sulfatkefed and concentrated to leave a

crude oil, which was purified by column chromatqarg to give pure compourgl7.

(S)-2-acrylamido-N-((2R,3R)-2,3-dimethoxy-3-(2-nitrophenyl)propyl)-N-
isobutyl-3-methylbutanamide (6.7a):

NO, X
OMe
i-Bl‘J HN (@]
N
MeO i-Pr
0
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Molecular Formula: €H3sN3Og; Rr @ 0.2 (3:7 ethyl acetate/hexanes); Solvent system
for column purification (2:3 ethylacetate/hexanéggld:78%;'H NMR (400 MHz,
CDCl3) 6 ppm 8.00 (m, 1H), 7.89-7.79 (m, 1H), 7.69 (m, 1THA8 (m, 1H), 6.60 (m,
1H), 6.33-6.06 (m, 2H), 5.63 (m, 1H), 5.08-4.88 @), 3.83-3.69 (m, 2H), 3.68-
3.38 (m, 2H), 3.33-3.23 (m, 4H), 3.08 (m, 3H), 2298 (m, 2H), 1.08-0.79 (m,
12H); C NMR (100 MHz, CDCI33 ppm 172.8, 172.7, 165.1, 165.0, 149.0, 134.0,
133.9, 133.1, 133.1, 133.0, 133.0, 132.7, 130.6,712129.5, 128.7, 128.5, 128.3,
126.5, 126.4, 124.8, 124.6, 124.4, 124.2, 83.19,80.6, 80.4, 78.3, 78.0, 60.4, 59.7,
57.5, 53.9, 53.6, 49.6, 48.0, 31.8, 31.7, 31.43,348.6, 28.5, 26.6, 26.6, 20.0, 19.9,
19.9, 19.7, 19.6, 19.5, 17.6, 17.4; LRMS: (ES+) m#50.3 (M+1)

N-((9)-1-(((2R,3R)-2,3-dimethoxy-3-(2-nitr ophenyl)pr opyl)(isobutyl)amino)-1-
oxo-3-phenylpropan-2-yl)acrylamide (6.7b):

NO, A
OMe
i—BliI HN @]
N
MeO Bn
0

Molecular Formula: &H3sN3Og; Rs : 0.2 (3:7 ethyl acetate/hexanes); Solvent system
for column purification (2:3 ethylacetate/hexané&&ld: 75% (yellow liquid); 1HH
NMR (400 MHz, CDC})  ppm 8.01 (m, 1H), 7.87-7.74 (m, 1H), 7.73-7.61 (i),
7.54-7.41 (m, 1H), 7.35-7.11 (m, 6H), 6.75-6.50 (i), 6.31-5.99 (m, 2H), 5.69-
5.55 (m, 1H), 5.25 (d] = 8.8 Hz, 1H), 4.89 (m, 1H), 3.93-3.70 (m, 1H), 3A67

(m, 13H), 1.99-1.82 (m, 1H), 0.88-0.68 (m, 6H}c NMR (100 MHz, CDCI3&
ppm 172.4, 172.2, 164.5, 164.4, 149.0, 148.6, 13636.4, 134.3, 134.1, 129.4,
128.6, 128.3, 126.7, 124.8, 124.6, 124.3, 82.4,&80.6, 78.4, 78.1, 60.1, 57.7, 57.6,
56.6, 56.6, 54.8, 50.6, 50.5, 50.0, 49.2, 39.81,388.6, 26.9, 20.0, 19.8, 19.7, 19.6;
LRMS: (ES+) m/z = 497.9 (M+1)

(S)-2-acrylamido-N-((2R,3R)-2,3-dimethoxy-3-(2-nitr ophenyl)propyl)-N-
isobutyl-4-methylpentanamide (6.7c):
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NO, AN
OMe l
i-BuHN @)

|
N
MeO i-Bu
(@)

Molecular Formula: &H37N3Og; Rr : 0.3 (1:1 ethyl acetate/hexane); Solvent system
for column purification (1:1 ethylacetate/hexanesleld:78% (yellow liquid); *H
NMR (400 MHz, CDC}) & ppm 7.99 (m, 1H), 7.84 (§,= 8.0 Hz, 1H), 7.67 (m, 1H),
7.48 (m, 1H), 6.77 (dd] = 4.0, 3.5 Hz, 1H), 6.33-6.05 (m, 2H), 5.60 (ddd; 9.2,
6.9, 1.8 Hz, 1H), 5.35-5.06 (m, 1H), 5.00-4.83 (), 3.87-3.71 (m, 2H), 3.70-3.46
(m, 2H), 3.40-3.23 (m, 4H), 3.11 (d,= 5.1 Hz, 3H), 2.80-2.59 (m, 1H), 2.16-1.94
(m, 2H), 1.82-1.56 (m, 2H), 1.54-1.32 (m, 1H), 2@82 (m, 12H);**C NMR (100
MHz, CDCI3 & ppm 173.7, 173.7, 165.0, 164.9, 164.8, 149.0,113133.8, 133.1,
132.9, 132.9, 131.0, 130.6, 129.8, 129.6, 128.8.4,2°C NMR (100 MHz,
CDCI3) 6 ppm 126.5, 126.0, 124.7, 124.3, 81.6, 80.2, 68933, 57.6, 57.4, 56.6,
53.9, 48.6, 48.1, 47.7, 47.3, 43.5, 42.6, 42.55,2838.6, 26.8, 24.7, 24.6, 24.6, 23.5,
23.5, 23.4, 21.6, 21.5, 20.2, 20.2, 20.1, 19.9,194.1; LRMS: (ES+) m/z = 463.9
(M+1)

(2S,39)-2-acrylamido-N-((2R,3R)-2,3-dimethoxy-3-(2-nitr ophenyl)propyl)-N-
isobutyl-3-methylpentanamide (6.7d):

NO
2 \
OMe
FBUHN"0
N
MeO \n/‘\s—Bu
o)

Molecular Formula: €H37N3Og; Rr : 0.3 (1:1 ethyl acetate/hexanes); Solvent system

for column purification (1:1 ethylacetate/hexanegield:75% (yellow liquid); *H
NMR (400 MHz, CDC}) 3 ppm 8.00 (s, 1H), 7.84 (m, 1H), 7.68 (m, 1H), 7(48
= 7.7 Hz, 1H), 6.47 (s, 1H), 6.32-6.03 (m, 2H), 5563 (m, 1H), 5.10-4.85 (m,
2H), 3.89-3.57 (m, 3H), 3.50 (td= 20.77, 8.20 Hz, 1H), 3.25 (dd= 17.7, 7.2 Hz,
3H), 3.08 (ddJ = 6.4, 4.5 Hz, 3H), 2.04 (dd} = 6.9, 2.1 Hz, 1H), 1.88 (m, 1H),
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1.70-1.48 (m, 1H), 1.27-1.06 (m, 1H), 0.93 (m, 12HC NMR (100 MHz,
CDCI3) 5 ppm 172.9, 172.8, 164.9, 164.8, 149.1, 148.8,2,3134.1, 133.3, 133.0,
130.9, 130.5, 129.8, 129.7, 128.6, 128.4, 126.8,2,2124.7, 124.4, 82.5, 82.5, 80.8,
78.5, 78.0, 78.0, 60.4, 59.9, 57.7, 57.5, 56.%,583.3, 53.1, 49.4, 48.4, 38.6,, 38.0,
28.6, 26.8, 24.2, 24.1, 20.2, 20.1, 19.7, 15.99,151.3, 11.1; LRMS: (ES+) m/z =
463.9 (M+1)

N-((9)-1-(((2R,3R)-2,3-dimethoxy-3-(2-nitr ophenyl)pr opyl)(isobutyl)amino)-1-

oxopropan-2-yl)acrylamide (6.7¢€):

NO, N
OMe
FBuHN""0
N
MeO \”)\Me
0

Molecular Formula: €H31N3O0s; Rr : 0.2 (3:7 ethyl acetate/hexanes); Solvent system

for column purification (2:3 ethylacetate/hexanegjeld:80% (yellow liquid); *H
NMR (400 MHz, CDC}) d ppm 8.01 (m, 1H), 7.87-7.79 (m, 1H), 7.74-7.64 i),
7.54-7.44 (m, 1H), 6.85 (dd, m, 1H), 6.27 (m, 16113 (m, 1H), 5.62 (ddd, = 9.9,
5.9, 1.1 Hz, 1H), 5.24-4.98 (m, 1H), 4.87 (dd&= 6.9, 1.8 Hz, 1H), 3.87-3.62 (m,
3H), 3.60-3.47 (m, 1H), 3.38-3.22 (m, 4H), 3.123Hl), 3.02 (dJ = 4.5 Hz, 1H),
2.03 (m, 1H), 1.41 (m, 3H), 1.01-0.83 (m, 6*C NMR (100 MHz, CDGJ) 5 ppm
173.7, 173.5, 164.4, 164.3, 148.8, 134.2, 133.8,313133.1, 130.9, 130.6, 129.9,
129.7, 128.7, 128.4, 126.5, 126.1, 124.7, 124.41,829.9, 78.4, 77.9, 60.9, 59.8,
57.6, 57.5, 56.3, 53.6, 49.5, 47.5, 45.4, 45.12,236.7, 20.1, 20.0, 19.8, 19.6, 19.1,
19.1; LRMS: (ES+) m/z = 421.9 (M+1)

2 O 1.2Zn/AcOH, EtOH
OMe

OMe _—
O R 2. 3-bromobenzoyl R
2 . 2
chloride, DCM, rt
N
MeO i-Bu ~i-Bu
6.7 6.8

Compound 6.8:
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To a suspension @.7 (0.5 mmol) in EtOH (10 mL), Zn (8.5 mmol), AcOR.{
mmol) was added at 0 °C and allowed to stir thetrea mixture for 0.5 h. After
completion of the reaction mixture was passed thinocelite and concentrated, to
leave a crude oil, which was purified by columnarhatography to give the pure
compound.

To a suspension of above compound (0.5 mmol) in OC&mML), 3-bromo benzoyl
chloride (0.45 mmol) was added at O °C and allowedstir for 10 min. After
completion of the reaction, reaction mixture wasmghed with sodium bicarbonate
solution (5 mL), and extracted with ethyl aceta@eX(20 mL). Combined organic
layer was washed with brine, dried over anhydroodiusn sulfate, filtered and
concentrated to leave a crude oil, which was mdifty column chromatography to

give pure compoun€@.8.

N-(2-((1R,2R)-3-((S)-2-acrylamido-N-isobutyl-3-methylbutanamido)-1,2-
dimethoxypropyl) phenyl)-3-bromobenzamide (6.8a):

o)

Br
NH
AN
OMe
i-Bl‘J HN (0]
N
MeO i-Pr
0

Molecular Formula: H40BrN3Os; Ry : 0.2 (3:7 ethyl acetate/ hexanes); Solvent
system for column purification (2:3 ethylacetatedmges); Yield:85% (white solid);
'H NMR (400 MHz, CDCJ) & ppm 10.13 (s, 1H), 8.44 (d= 8.1 Hz, 1H), 8.18 (dJ

= 13.4 Hz, 1H), 7.90 (d) = 7.9 Hz, 1H), 7.67 (d) = 7.1 Hz, 1H), 7.38 (dt]) = 7.8,
5.1 Hz, 2H), 7.25 (d) = 13.3 Hz, 1H), 7.09 (dd] = 7.9, 4.3 Hz, 1H), 6.60-6.40 (m,
1H), 6.35-6.06 (m, 2H), 5.65 (dd= 7.1, 3.8 Hz, 1H), 5.02-4.83 (m, 1H), 4.25 {d,
= 1.8 Hz, 1H), 3.88-3.60 (m, 2H), 3.56-3.43 (m, 1BB39-3.16 (m, 7H), 2.18-1.89
(m, 2H), 1.09-0.74 (m, 12H)*C NMR (100 MHz, CDG) & ppm 174.1, 172.9,
172.8, 165.0, 163.3, 137.3, 137.2, 137.2, 134.6,213130.6, 130.5, 130.5, 130.4,
130.0, 129.2, 126.4, 125.7, 125.5, 122.8, 122.8,7,285.2, 85.0, 82.8, 82.5, 59.9,
56.9, 56.9, 56.8, 53.8, 53.4, 32.0, 31.8, 28.75,286.9, 26.7, 20.3, 20.1, 19.9, 19.7,
19.7, 19.5, 17.8, 17.5; LRMS: (ES+) m/z = 602.2 )1+
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N-(2-((1R,2R)-3-((S)-2-acrylamido-N-isobutyl-3-phenylpr opanamido)-1,2-
dimethoxypropy! )phenyl)-3-bromobenzamide (6.8b):

)

Br
NH
X
OMe
i—Bl‘J HN @]
N
MeO Bn
(©)

Molecular Formula: H40BrNsOs; Ry : 0.3 (3:7 ethyl acetate /hexanes); Solvent
system for column purification (3:7 ethylacetatedmges); Yield:80% (white solid);
'H NMR (400 MHz, CDCY) 5 ppm 9.98 (s, 1H), 8.53-8.20 (m, 1H), 8.19-8.10 (m,
1H), 7.99-7.86 (m, 1H), 7.68-7.58 (m, 1H), 7.5017(@, 9H), 6.71-6.34 (m, 1H),
6.33-5.98 (m, 2H), 5.63 (m, 1H), 5.36-5.16 (m, 14)39-4.17 (m, 1H), 3.90-3.58
(m, 1H), 3.55-2.84 (m, 12H), 1.72 (ddi= 13.4, 6.6 Hz, 1H), 0.91-0.68 (m, 6HC
NMR (100 MHz, CDCI3 & ppm 172.5, 172.3, 164.5, 164.3, 163.3, 137.4,3137.
136.9, 136.2, 134.4, 134.3, 130.5, 130.5, 130.9,313130.2, 130.1, 129.4, 129.3,
129.2, 129.0, 128.6, 127.0, 126.8, 126.3, 125.8,712124.1, 122.7, 122.2, 85.3,
83.2, 60.3, 60.2, 57.2, 56.9, 56.8, 54.3, 50.72,509.6, 49.2, 39.9, 39.3, 28.6, 26.9,
20.2, 20.1, 20.0, 19.7; LRMS: (ES+) m/z = 652.1 @1+

N-(2-((1R,2R)-3-((S)-2-acrylamido-N-isobutyl-4-methylpentanamido)-1,2-
dimethoxypropy! )phenyl)-3-bromobenzamide (6.8c):

)

Br
NH
X
OMe
i-Bl|J HN @]
N .
MeO i-Bu
0

Molecular Formula: H4:BrN3Os; Ry : 0.3 (3:7 ethyl acetate/ hexanes); Solvent
system for column purification (2:3 ethylacetatedmges); Yield:86% (white solid);
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'H NMR (400 MHz, CDCJ) & ppm 10.13 (s, 1H), 8.45 (d,= 8.14 Hz, 1H), 8.25-
8.09 (m, 1H), 8.04-7.86 (m, 1H), 7.66 (M= 8.4 Hz, 2H), 7.57-7.30 (m, 3H), 7.10
(d, J = 4.1 Hz, 1H), 6.70-6.43 (m, 1H), 6.21 (m, 2H), 563 1H), 5.24-5.00 (m,
1H), 3.74 (m, 5H), 3.35-3.00 (m, 8H), 2.11-1.89 (@tHl), 1.70 (s, 2H), 1.08-0.69 (m,
12H); *C NMR (100 MHz, CDCI}& ppm 174.0, 173.8, 165.0, 164.9, 163.3, 137.3,
137.2, 137.0, 134.5, 134.4, 130.7, 130.7, 130.8,413130.2, 129.4, 129.0, 129.0,
126.9, 126.5, 125.7, 124.2, 122.8, 122.3, 85.3,8D.0, 57.2, 57.0, 56.9, 53.3, 49.0,
47.7,47.2, 43.2, 42.6, 28.7, 26.8, 24.7, 24.65,233.4, 23.3, 21.6, 21.3, 20.2, 20.2,
19.9, 19.9; LRMS: (ES+) m/z = 617.9 (M+1)

N-(2-((1R,2R)-3-((2S,3S)-2-acrylamido-N-isobutyl-3-methylpentanamido)-1,2-
dimethoxy propyl)phenyl)-3-bromobenzamide (6.8d):

(@)
Br
NH
AN
OMe
i—Bl{ HN @]
N
MeO s-Bu
O

Molecular Formula: H4,BrN3Os; Ry : 0.2 (3:7 ethyl acetate/ hexanes); Solvent
system for column purification (2:3 ethylacetatedmges); Yield:84% (white solid);
'H NMR (400 MHz, CDCJ) 3 ppm 9.99 (s, 1H), 8.45 (d,= 8.1 Hz, 1H), 8.23-8.10
(m, 1H), 7.94 (m, 1H), 7.66 (8,= 6.8 Hz, 1H), 7.47-7.32 (m, 2H), 7.22 @z 7.5
Hz, 1H), 7.15-7.00 (m, 1H), 6.40 (d= 9.0 Hz, 1H), 6.33-6.04 (m, 2H), 5.71-5.55
(m, 1H), 4.95 (m, 1H), 4.37 (s, 1H), 3.91-3.63 @hl), 3.53 (ddJ = 13.3, 6.2 Hz,
1H), 3.45-3.14 (m, 7H), 2.11-1.77 (m, 2H), 1.705L(&, 1H), 1.09-0.75 (m, 12H);
¥C NMR (100 MHz, CDCI33 ppm 172.9, 172.9, 164.8, 163.3, 137.3, 137.2,9.36.
134.4, 134.4, 130.7, 130.5, 130.4, 130.3, 130.2,312129.0, 126.9, 126.6, 126.4,
125.8, 125.6, 124.1, 122.8, 122.7, 122.3, 85.8,80.3, 59.9, 57.2, 56.9, 53.8, 53.3,
53.0, 48.8, 48.5, 38.5, 38.4, 28.7, 26.8, 24.29,230.2, 20.2, 20.0, 19.6, 15.8, 15.8,
11.3, 11.1; LRMS: (ES+) m/z = 617.9 (M+1)
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N-(2-((1R,2R)-3-((S)-2-acrylamido-N-isobutylpr opanamido)-1,2-
dimethoxypropyl)phenyl)-3-bromobenzamide (6.8e):

0

Br
NH
AN
OMe
i-Bl‘J HN (@]
N
MeO Me
O

Molecular Formula: gH3eBrN3Os; R; @ 0.2 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (2:3 ethylacetatedmges); Yield:85% (white solid);
'H NMR (400 MHz, CDCJ) & ppm 10.03 (s, 1H), 8.41 (m, 1H), 8.16 (s, 1H), 7.89
(m, 1H), 7.67 (m, 1H), 7.51-7.33 (m, 2H), 7.25-7 @8, 2H), 6.75-6.54 (m, 1H),
6.27 (m, 1H), 6.11 (m, 1H), 5.63 (ddl= 10.2, 1.3 Hz, 1H), 5.17-4.93 (m, 1H), 4.32
(m, 1H), 3.90-3.46 (m, 3H), 3.39-3.19 (m, 7H), 202, 1H), 1.47-1.29 (m, 3H),
1.03-0.79 (m, 6H)**C NMR (100 MHz, CDCI3& ppm 173.5, 164.4, 163.3, 137.3,
137.2, 134.4, 130.7, 130.4, 130.4, 130.2, 129.9,012126.8, 126.4, 125.7, 124.2,
122.8, 122.3, 85.2, 85.1, 82.7, 60.0, 57.0, 5630,548.2, 45.0, 28.3, 26.7, 20.1,
19.6, 19.1; LRMS: (ES+) m/z = 573.8 (M+1)

/©Y )
(0]
X
Br l NH
HN (6]

NH Pd(OAQ),, ~
P(o-tol)s, DIPEA OMe
—_— .

Die -BuHN" 0

R, CH3CN, reflux '1‘\")\
N MeO R
MeO NiBu I 2

6.8 F2.1

To a solution 0f6.8 (0.077 mmol) in acetonitrile (120mL) was added gudilhm
acetate (0.0154 mmol) and tri-(o-tolyl)phosphine0{®4 mmol), followed by
diisopropyl ethylamine (0.155 mmol).The reactiorxiuare was refluxed for 36 h and
then diluted with dichloromethane. It was filterdédough Celite and the filtrate was
concentrated in vacuo. The residue was then disdoim dichloromethane. The

organic layer was washed with brine, dried overydnbus sodium sulfate, filtered
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and concentrated to leave a crude oil, which wasi@d by column chromatography

to give pure compoun@2.1.

Compound (F2.1a):

MeO i-Pr

Molecular Formula: ggH39N30s; Rr @ 0.3 (2:1 ethyl acetate/hexanes); Solvent system
for column purification (2:1 ethylacetate/hexané&kld:53% (semi solid)*H NMR
(400 MHz, CDC}) 6 ppm 10.40-10.34 (m, 1H), 8.86-8.80 (m, 1H), 8.461(d),
8.19-8.11 (m, 1H), 7.73 (d,= 15.6 Hz, 1H), 7.54 (d] = 6.4 Hz, 2H), 7.46-7.40 (m,
1H), 7.19-7.10 (m, 3H), 6.21-6.13 (m, 1H), 4.969%4(@n, 1H), 4.19 (s, 1H), 4.08-
4.00 (m, 1H), 3.81-3.74 (m, 1H), 3.32 (s, 3H), 3(893H), 2.56-2.48 (m, 1H), 2.09
(s, 3H), 1.06 (dJ = 6.7 Hz, 3H), 0.98 (dd] = 11.7, 6.7 Hz, 7H), 0.91 (d,= 6.7 Hz,
3H); *C NMR (100 MHz, CDCI35 ppm 171.4, 166.8, 164.0, 141.5, 137.8, 135.6,
135.1, 133.0, 129.8, 129.7, 129.6, 124.7, 123.8,3,220.5, 118.8, 86.2, 82.2, 61.4,
57.2, 51.9, 50.7, 29.6, 26.4, 22.4, 20.2, 19.75,161.8; LRMS: (ES+) m/z = 522.3
(M+1)

Compound (F2.1b):

@)

NH
OMe
i—Bl|J HN (0]

N
MeO Bn

)

~I

Molecular Formula: €H3gN3Og; Rr : 0.2 (1:1 ethyl acetate/hexanes); Solvent system
for column purification (1:1 ethylacetate/hexané&kld:55% (semi solid)*H NMR
(400 MHz, CDC}) & ppm 10.35 (s, 1H), 8.82 (d,= 8.3 Hz, 1H), 8.36 (s, 1H), 8.13
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(d,J = 7.7 Hz, 1H), 7.51 () = 7.6 Hz, 1H), 7.46-7.37 (m, 3H),2.14 (s, 1H), 7.25-
7.10 (m, 7H), 7.26 (s, 1H), 6.88 (@= 15.4 Hz, 1H), 6.16-6.04 (m, 1H), 5.28-5.18
(m, 1H), 4.39-4.28 (m, 1H), 4.19 (s, 1H), 3.981H!), 3.79 (dd,J = 10.9, 2.0 Hz,
1H), 3.37 (s, 3H), 3.28 (s, 3H), 3.17 (m, 3H), 2(88,J = 14.0, 9.5 Hz, 1H), 2.61
(dd,J = 13.5, 7.2 Hz, 1H), 0.98 (m, 6H)*C NMR (100 MHz, CDCI3& ppm 171.5,
166.1, 163.9, 140.7, 137.7, 135.9, 135.6, 135.2,8,3129.7, 129.7, 129.6, 129.4,
129.0, 128.7, 127.2, 124.5, 123.8, 122.1, 120.8,81186.1, 82.2, 61.3, 57.6, 54.6,
52.0, 50.2, 41.1, 26.6, 20.4, 19.9; LRMS: (ES+) mA69.9 (M+1)

Compound (F2.1¢):

0)

MeO i-Bu

Molecular Formula: gH41N3Os; R : 0.3 (7:3 ethyl acetate /hexanes); Solvent
system for column purification (7:3 ethylacetate#nges); Yield:58% (semi solid);
'H NMR (400 MHz, CDCJ) & ppm 10.43 (s, 1H), 8.87 (d,= 8.5 Hz, 1H), 8.52 (s,
1H), 8.20-8.14 (m, 1H), 7.74 (d,= 15.4 Hz, 1H), 7.55 (d] = 6.4 Hz, 2H), 7.43 (s,
1H), 7.15 (ddJ = 10.7, 7.9 Hz, 3H), 5.98-5.89 (m, 1H), 5.09-4.99 {iH), 4.18 (s,
2H), 4.06-3.97 (m, 1H), 3.82-3.75 (m, 1H), 3.304Hl), 2.58-2.49 (m, 1H), 2.17-
1.98 (m, 2H), 1.93-1.80 (m, 1H), 0.98 Jt= 7.2 Hz, 6H), 0.92-0.87 (m, 6H}C
NMR (100 MHz, CDCI3 & ppm 172.6, 166.4, 163.9, 141.6, 137.8, 135.4,0135.
133.1, 129.9, 129.7, 129.7, 129.7, 124.7, 123.2,00220.5, 118.5, 86.0, 81.9, 61.3,
57.5, 51.5, 51.1, 49.8, 43.4, 29.6, 26.5, 24.34,220.4, 20.3, 19.7; LRMS: (ES+)
m/z = 535.9 (M+1)
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Compound (F2.1d):

@)

MeO s-Bu

Molecular Formula: gH41N3Os; R : 0.3 (7:3 ethyl acetate /hexanes); Solvent
system for column purification (7:3 ethylacetate#n@es); Yield:55% (semi solid);
'H NMR (400 MHz, CDCJ) & ppm 10.38 (s, 1H), 8.83 (d,= 8.2 Hz, 1H), 8.47 (s,
1H), 8.15 (ddJ = 6.3, 2.1 Hz, 1H), 7.75 (dl = 15.4 Hz, 1H), 7.58-7.51 (m, 2H),
7.46-7.39 (m, 1H), 7.19-7.09 (m, 3H), 6.03 J& 11.1 Hz, 1H), 4.93 (dd] = 11.0,
2.7 Hz, 1H), 4.25-4.16 (m, 2H), 4.04 (dbs 13.3, 7.5 Hz, 1H), 3.80-3.74 (m, 1H),
3.31 (d,J = 6.7 Hz, 3H), 3.31-3.25 (m, 4H), 2.52 (dtz 13.5, 7.58 Hz, 1H), 2.13
(dd,J=12.2, 5.3 Hz, 1H), 1.78 (ddd,= 9.6, 6.6, 3.1 Hz, 1H), 1.58 (dddl= 13.2,
7.6, 2.6 Hz, 1H), 1.05 (dl = 6.7 Hz, 3H), 0.99 (dJ = 6.6 Hz, 3H), 0.95-0.88 (m,
6H); *C NMR (100 MHz, CDCI3d ppm 171.4, 166.8, 164.0, 141.5, 137.8, 135.6,
135.1, 133.0, 129.8, 129.7, 129.6, 124.7, 123.8,3,220.5, 118.8, 86.2, 82.2, 61.4,
57.2, 51.9, 50.7, 38.6, 29.6, 26.4, 22.4, 20.27,196.5, 11.8; LRMS: (ES+) m/z =
535.9 (M+1)

Compound (F2.1e):

@)

NH
OMe
i-Bu HN (@]

MeO Me
)

Molecular Formula: gH3sN30s; Rr : 0.3 (ethyl acetate); Solvent system for column
purification (9:1 ethylacetate/hexanes); Yield:5(8émi solid);"H NMR (400 MHz,
CDCl;) & ppm 10.38 (s,1H), 8.84 (d,= 8.1 Hz, 1H), 8.49 (s, 1H), 8.20-8.10 (m,
1H), 7.74 (dJ = 15.4 Hz, 1H), 7.54 (d] = 6.1 Hz, 2H), 7.42 (dd] = 10.9, 4.1 Hz,
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1H), 7.20-7.08 (m, 3H), 6.05 (d,= 10.1 Hz, 1H), 5.28-5.18 (m, 1H), 5.09 (®i=
3.4 Hz, 1H), 4.22-4.15 (m, 2H), 3.78 (diz 10.9, 1.9 Hz, 1H), 3.31 (s, 3H), 3.28 (s,
3H), 2.53 (dd,) = 13.4, 7.1 Hz, 1H), 1.68 (s, 1H), 1.47 4 6.90 Hz, 3H), 0.99 (d,
J = 6.6 Hz, 3H), 0.90 (dJ = 6.5 Hz, 3H);**C NMR (100 MHz, CDCI33 ppm
172.9, 165.8, 163.9, 137.8, 135.4, 135.1, 133.2,82129.7, 124.7, 123.7, 122.1,
120.5, 118.6, 86.0, 82.1, 61.5, 51.6, 51.0, 50821,426.4, 23.0, 20.2, 19.7; LRMS:
(ES+) m/z = 493.2 (M+1)

NO, 1. Acryloyl chloride,
DCM, rt 5 min
OMe
2 Zn/AcOH,
MO NH,  EtOH, rt, 10 min MeO
5.4

N-((2R,3R)-3-(2-aminophenyl)-2,3-dimethoxypropyl)acrylamide (7.2):

To a suspension &4 (2.0 g, 8.32 mmol) in DCM (20 mL), Acrylol chloridd.75
g, 12.48 mmol) was added at 0 °C and allowed td@ti5 min. After completion of
the reaction, reaction mixture was quenched wititso bicarbonate solution (15
mL), concentrated, and extracted with DCM (3 X 2D)nmCombined organic layer
was washed with brine, dried over anhydrous sodisuffate, filtered and
concentrated to leave a crude oil, which was stdjeto next reaction without
purification.

To suspension of above (1.5 g, 3.91 mmol) in Et@B mL), Zn (5.07g, 78.03
mmol), AcOH (1.0 mL, 19.55 mmol) was added at O &@l allowed to stir the
reaction mixture for 0.5 h. After completion of theaction mixture was passed
through celite and concentrated, to leave a cruigdevbich was purified by column
chromatography (1:1 ethylacetate/hexanes) to iegtire compound?2.

Molecular Formula: €H20N,O3; Ry : 0.3 (1:1 ethyl acetate/hexane); Yield:95%
(yellow liquid); *H NMR (400 MHz, CDCY) 3 ppm 7.09 (m, 1H), 6.99 (dd,= 11.2,
4.5 Hz, 1H), 6.70 (dd) = 9.1, 5.6 Hz, 1H), 6.61 (dl = 7.9 Hz, 1H), 6.15 (dd] =
17.0, 1.3 Hz, 1H), 5.94 (dd,= 17.0, 10.2 Hz, 1H), 5.87-5.72 (m, 1H), 5.55 (d¢;
10.2, 1.2 Hz, 1H), 4.30-4.17 (m, 2H), 3.87-3.78 (iHl), 3.47 (s, 3H), 3.3-3.1 (m,
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5H); 2*C NMR (100 MHz, CDCI35 ppm 165.4, 145.6, 130.7, 130.5, 130.1, 130.0,
129.6, 120.9, 116.9, 86.4, 80.6, 58.5, 57.5, ARMIS: (ES+) m/z = 265.2 (M+1)

Y\NHFmoc
NH, NH
HOOC NHFmoc
OMe
H | epci CH3CN it
MeO
72 O

Compound 8.2:

To a suspension of.2 (0.75 mmol) in Acetonitrile (10 mL)N-Fmoc amino acid
(2.54 mmol), EDEHCI (2.27 mmol) were added at room temperatureadiosved to
stirred for 3 h. After completion of the reactionximre was quenched with sodium
bicarbonate solution (5 mL), concentrated, andaexéd with ethyl acetate (3 X 20
mL). Combined organic layer was washed with broveged over anhydrous sodium
sulfate, filtered and concentrated to leave a caitjevhich was purified by column

chromatography to give the pure compoéii

(9H-fluor en-9-yl)methyl (5)-1-(2-((1R,2R)-3-acrylamido-1,2-dimethoxypropyl)
phenyl amino)-3-methyl-1-oxobutan-2-ylcar bamate (8.2a):

Molecular Formula: gH39N3Og; Rr : 0.3 (1:1 ethyl acetate/hexane); Solvent system
for column purification (1:1 ethylacetate/hexané&kld:83% (colourless liquid):H
NMR (400 MHz, CDCJ) & ppm 9.44 (s, 1H), 8.16 (d,= 8.0 Hz, 1H), 7.77 (dJ =

7.3 Hz, 2H), 7.62 (d) = 7.3 Hz, 2H), 7.45-7.28 (m, 5H), 7.15 (dts 14.5, 6.8 Hz,
2H), 6.23 (ddJ = 16.9, 1.2 Hz, 1H), 6.08-5.96 (m, 1H), 5.96-5.84 (i), 5.60 (dd,
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J=10.2, 1.3 Hz, 1H), 5.48 (d,= 8.3 Hz, 1H), 4.53 (s, 1H), 4.38-4.28 (m, 2H), 4.25
(t, J= 6.9 Hz, 1H), 4.20-4.13 (m, 1H), 3.66-3.52 (m, 2B1}%2-3.33 (m, 1H), 3.29 (s,
3H), 3.24 (s, 3H), 2.39-2.25 (m, 1H), 1.05 & 6.4 Hz, 3H), 0.99 (dJ = 6.5 Hz,
3H); *C NMR (100 MHz, CDCI35 ppm 169.6, 165.7, 156.4, 143.7, 141.2, 136.5,
130.6, 129.0, 127.8, 127.6, 127.1, 126.9, 125.8,112124.8, 123.0, 120.1, 119.9,
85.2, 82.4, 82.2, 67.0, 61.2, 59.3, 57.4, 47.15,3%0.9, 19.4, 17.6; LRMS: (ES+)
m/z = 586.1 (M+1)

(9H-fluor en-9-yl)methyl (5)-1-(2-((1R,2R)-3-acrylamido-1,2-dimethoxypropyl)
phenyl amino)-1-oxo-3-phenylpropan-2-ylcar bamate (8.2b):

O
;-lllw
-]
=z
T
m
3
o
(@]

NH

OMe

MeO

ZT
=

Molecular Formula: gH39N3Oe; Rr : 0.4 (1:1 ethyl acetate/hexane); Yield:85%
(colourless  liquid); Solvent system for column  figdation (1:1
ethylacetate/hexanesyd NMR (400 MHz, CDCJ) & ppm 9.37 (s, 1H), 8.09 (d,=
7.6 Hz, 1H), 7.75 (d) = 7.5 Hz, 2H), 7.54 (t) = 6.57 Hz, 2H), 7.39 (t) = 7.4 Hz,
2H), 7.35-7.19 (m, 9H), 7.12 (td,= 14.5, 7.3 Hz, 2H), 6.18 (d,= 16.9 Hz, 1H),
5.96 (dd,J = 16.8, 10.0 Hz, 2H), 5.57 (§,= 11.7 Hz, 2H), 4.62-4.45 (m, 2H), 4.22
(td,J = 13.4, 6.9 Hz, 2H), 4.11 (d,= 7.2 Hz, 2H), 3.44 (dd] = 13.7, 8.0 Hz, 2H),
3.34-2.94 (m, 10H)}*C NMR (100 MHz, CDCI3d ppm 171.1, 169.0, 165.6, 155.8,
143.6, 141.2, 141.2, 136.5, 136.1, 130.6, 129.8,8.2128.7, 127.8, 127.1, 127.0,
127.0, 126.4, 125.1, 124.9, 124.8, 123.1, 120.@@,832.0, 67.1, 60.4, 59.0, 57.1,
47.0, 39.2, 38.4; LRMS: (ES+) m/z = 633.9 (M+1)

(9H-fluor en-9-yl)methyl (5)-1-(2-((1R,2R)-3-acrylamido-1,2-dimethoxypropyl)
phenyl amino)-4-methyl-1-oxopentan-2-ylcar bamate (8.2c):
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Bu

NHFmoc

S

Molecular Formula: gH41N3Oe; R; : 0.4 (7:3 ethyl acetate/hexane); Solvent system
for column purification (3:2 ethylacetate/hexanegkld:88.9% (colourless liquid);
'H NMR (400 MHz, CDC}) 5 ppm 9.43 (s, 1H), 8.12 (d,= 7.7 Hz, 1H), 7.76 (d)

= 7.4 Hz, 2H), 7.61 (d) = 7.3 Hz, 2H), 7.46-7.27 (m, 5H), 7.14 (dt= 15.4, 6.9
Hz, 2H), 6.21 (ddyJ = 16.9, 0.9 Hz, 1H), 6.01 (s, 2H), 5.58 (dds 10.2, 1.2 Hz,
1H), 5.51-5.41 (m, 1H), 4.53 (d,= 2.4 Hz, 1H), 4.39-4.28 (m, 3H), 4.24 (b= 6.8
Hz, 1H), 3.66-3.54 (m, 2H), 3.25 (d,= 12.6 Hz, 7H), 1.81 (dd] = 13.1, 4.7 Hz,
2H), 1.61 (s, 1H), 0.99 (d] = 6.3 Hz, 6H);**C NMR (100 MHz, CDCI3d ppm
170.5, 165.6, 156.1, 143.7, 141.2, 136.5, 130.6,112128.9, 127.7, 127.1, 127.0,
126.5, 125.1, 124.9, 124.6, 123.1, 120.0, 109.%,88.1, 67.0, 59.1, 57.4, 54.5,
47.1, 41.7, 39.6, 24.8, 23.0, 21.9, 14.1; LRMS:E%/z = 600.0 (M+1)

(9H-fluoren-9-yl)methyl (2S,3R)-1-(2-((1R,2R)-3-acrylamido-1,2-
dimethoxypropyl )phenyl amino)-3-methyl-1-oxopentan-2-ylcarbamate (8.2d):

Molecular Formula: gH41N3Oe; Rr : 0.4 (7:3 ethyl acetate/hexane); Solvent system
for column purification (3:2 ethylacetate/hexané&kld:86% (colourless liquid):H
NMR (400 MHz, CDC}) 6 ppm 9.44 (s, 1H), 8.15 (d,= 7.9 Hz, 1H), 7.77 (d) =

7.5 Hz, 2H), 7.61 (d) = 7.3 Hz, 2H), 7.45-7.28 (m, 5H), 7.15 (dbs 14.3, 7.1 Hz,
2H), 6.22 (ddJJ = 16.9, 1.1 Hz, 1H), 6.11-5.96 (m, 1H), 5.96-5.84 i), 5.59 (dd,
J=10.2, 1.3 Hz, 1H), 5.46 (d,= 8.4 Hz, 1H), 4.53 (dJ = 2.6 Hz, 1H), 4.43-4.27
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(m, 2H), 4.21 (m, 2H), 3.66-3.50 (m, 2H), 3.25J¢ 17.6 Hz, 7H), 2.05 (d] = 2.7
Hz, 1H), 1.65-1.50 (m, 1H), 1.23-1.13 (m, 1H), 2@¥2 (m, 6H):"*C NMR (100
MHz, CDCI3) & ppm 169.6, 165.6, 156.3, 143.7, 141.2, 136.5,713180.5, 129.0,
128.8, 127.9, 127.6, 127.1, 127.0, 125.2, 125.@,8,2123.1, 123.0, 120.1, 119.9,
85.4, 82.3, 82.1, 67.0, 60.8, 60.7, 59.2, 57.41,439.5, 37.3, 24.5, 15.8, 15.7, 11.4;
LRMS: (ES+) m/z = 600.0 (M+1)

(9H-fluor en-9-yl)methyl (5)-1-(2-((1R,2R)-3-acrylamido-1,2-dimethoxypropyl)
phenyl amino)-1-oxopropan-2-ylcar bamate (8.2€):

Me

NHFmoc

S

Molecular Formula: gH3sN3Og; Rr @ 0.3 (7:3 ethyl acetate/hexane); Solvent system

for column purification (7:3 ethylacetate/hexané&kld:80% (colourless liquid):H
NMR (400 MHz, CDCJ) & ppm 9.45 (s, 1H), 8.13 (d,= 8.2 Hz, 1H), 7.76 (dJ =
7.4 Hz, 2H), 7.62 (dJ = 7.1 Hz, 2H), 7.44-7.27 (m, 5H), 7.21-7.08 (m, 2BR3
(dd,J = 16.9, 1.2 Hz, 1H), 6.12-5.88 (m, 2H), 5.70 J& 4.6 Hz, 1H), 5.60 (d) =
10.3 Hz, 1H), 4.53-4.44 (m, 1H), 4.44-4.28 (m, 3#R3 (t,J = 6.9 Hz, 1H), 3.56
(m, 2H), 3.40-3.14 (m, 7H), 1.51 (d, = 6.7 Hz, 3H);**C NMR (100 MHz,
CDCI3) 6 ppm 170.4, 165.7, 155.8, 143.7, 141.2, 136.5,5,329.0, 127.7, 127.1,
125.0, 124.7, 123.0, 120.0, 119.9, 85.3, 82.2,,60(, 57.3, 51.5, 47.1, 39.7, 18.9;
LRMS: (ES+) m/z =558.2 (M+1)

82 R2 (0]
O < <
Y\NHFmoc OY\N
1. DBU, THF, H
NH rt, 5 min NH
—>
OMe 2. 3-bromobenzoyl OMe Br
¥ | chioride, DCM, Hoo|
i N
MeO rt, 5 min MeO
8.2 o) 71 o)
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Compound 7.1:

To a suspension of compouB@ (0.6 mmol) in THF (10 mL), DBU (0.9 mmol) was
added and stirred the reaction mixture for 5 mifteAcompletion of the reaction,
reaction mixture concentrated and which was subjetd the next reaction without
any purification.

To a suspension of above compound (0.5 mmol) in OC&mL), 3-bromo benzoyl
chloride (0.45 mmol) was added at O °C and allowedstir for 10 min. After
completion of the reaction, reaction mixture wasmghed with sodium bicarbonate
solution (5 mL), and extracted with ethyl acete@eX(20 mL). Combined organic
layer was washed with brine, dried over anhydroodiwsn sulfate, filtered and
concentrated to leave a crude oil, which was mdifty column chromatography to

give pure compound.1.

N-((9)-1-(2-((1R,2R)-3-acrylamido-1,2-dimethoxypr opyl)phenylamino)-3-
methyl-1-oxobutan-2-yl)-3-bromobenzamide (7.1a):

0]
0] HN

NH i-Pr Br
@igoie
MeO HNAQ
(0]

Molecular Formula: H3:BrN3Os; R : 0.2 (1:1 ethyl acetate/hexane); Solvent

system for column purification (3:2 ethylacetateémees); Yield:75.2% (white
solid); *"H NMR (400 MHz, CDCJ) & ppm 9.52 (s, 1H), 8.15 (8, = 6.7 Hz, 1H),
8.01 (s, 1H), 7.77 (d] = 7.8 Hz, 1H), 7.64 (d) = 8.0 Hz, 1H), 7.32 (tJ = 7.8 Hz,
2H), 7.19-7.08 (m, 2H), 6.96 (d= 8.5 Hz, 1H), 6.2 (dd) = 16.9, 1.3 Hz, 1H), 6.10
(dd,J = 16.9, 10.2 Hz, 1H), 6.01 (d,= 6.1 Hz, 1H), 5.64 (ddJ = 10.2, 1.3 Hz,
1H), 4.65 (ddJ = 8.6, 5.9 Hz, 1H), 4.34 (d] = 3.0 Hz, 1H), 3.65-3.56 (m, 2H),
3.33-3.26 (m, 1H), 3.23 (d,= 4.3 Hz, 6H), 2.40 (dd] = 13.0, 6.6 Hz, 1H), 1.08 (d,
J = 6.7 Hz, 3H), 1.04 (dJ = 6.8 Hz, 3H);**C NMR (100 MHz, CDCI33 ppm
169.3, 165.9, 136.4, 136.1, 130.6, 130.5, 130.0,313129.9, 127.2, 125.7, 125.4,
123.0, 122.7, 122.7, 109.9, 85.3, 82.7, 59.5, 53%7, 31.3, 19.5, 17.7; LRMS:
(ES+) m/z =547.8 (M+1)
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N-((9)-1-(2-((1R,2R)-3-acrylamido-1,2-dimethoxypr opyl)phenylamino)-1-oxo-3-
phenylpropan-2-yl)-3-bromobenzamide (7.1b):

0
0] HN

NH  Bn Br
MeO HN«%
O

Molecular Formula: H3:BrN3Os; Re @ 0.3 (4:1 ethyl acetate/hexane); Solvent

system for column purification (4:1 ethylacetate#dmges); Yield:76% (white solid);
'H NMR (400 MHz, CDCJ) 8 ppm 9.41 (s, 1H), 8.11 (d,= 8.0 Hz, 1H), 7.95 (s,
1H), 7.64 (ddJ = 16.7, 7.6 Hz, 2H), 7.36-7.21 (m, 7H), 7.10 {@ds 5.9, 4.0 Hz,
3H), 6.26-6.18 (m, 1H), 6.03 (dd,= 16.9, 10.2 Hz, 1H), 5.85 (s, 1H), 5.61 {d;
10.2 Hz, 1H), 5.03 (dd] = 14.1, 6.6 Hz, 1H), 4.08 (§,= 5.4 Hz, 1H), 3.48-3.40 (m,
2H), 3.36 (ddJ = 13.6, 5.6 Hz, 1H), 3.27 (dd,= 13.7, 6.8 Hz, 1H), 3.16-3.10 (m,
4H), 3.02 (s, 3H)**C NMR (100 MHz, CDCI3d ppm 168.8, 165.6, 165.4, 136.4,
136.0, 135.8, 134.7, 130.5, 130.1, 129.5, 128.8,8,2128.8, 127.1, 126.7, 125.5,
124.9, 123.1, 122.7, 84.2, 82.4, 59.4, 57.1, 53%6, 37.9; LRMS: (ES+) m/z =
595.8 (M+1)

N-((9)-1-(2-((1R,2R)-3-acrylamido-1,2-dimethoxypr opyl)phenylamino)-4-
methyl-1-oxopentan-2-yl)-3-br omobenzamide (7.1¢):

0
0] HN

NH  i-Bu Br
MeO HN«%
O

Molecular Formula: €H3sBrN3Os; Re @ 0.2 (7:3 ethyl acetate/hexane); Solvent

system for column purification (7:3 ethylacetate#dmges); Yield:78% (white solid);
'H NMR (400 MHz, CDCY) d ppm 9.49 (s, 1H), 8.16-7.97 (m, 2H), 7.80J¢&; 7.6
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Hz, 1H), 7.72-7.58 (m, 1H), 7.41-7.27 (m, 3H), 7208 (m, 2H), 6.42-6.01 (m,
3H), 5.69-5.59 (m, 1H), 4.83 (d,= 5.7 Hz, 1H), 4.33 (s, 1H), 3.60 (s, 2H), 3.33-
3.15 (m, 7H), 2.00-1.85 (m, 1H), 1.85-1.71 (m, 2HQ1 (s, 6H):**C NMR (100
MHz, CDCI3 & ppm 170.5, 165.8, 136.3, 135.7, 134.7, 134.5,5,3180.4, 130.1,
129.9, 127.6, 125.9, 125.7, 123.4, 123.3, 122.62,88.4, 59.4, 57.4, 53.2, 53.0,
41.3, 40.0, 25.0, 23.0, 22.0; LRMS: (ES+) m/z = BgM+1)

N-((2S,39)-1-(2-((1R,2R)-3-acrylamido-1,2-dimethoxypr opyl)phenylamino)-3-
methyl-1-oxopentan-2-yl)-3-bromobenzamide (7.1d):

0
O, HN

NH s-Bu Br
©:§°_“"i
MeO HN*Q
(0]

Molecular Formula: €H3sBrN3Os; Re @ 0.2 (7:3 ethyl acetate/hexane); Solvent

system for column purification (7:3 ethylacetate#dmges); Yield:75% (white solid);
'H NMR (400 MHz, CDCJ) 5 ppm 9.49 (dJ = 7.4 Hz, 1H), 8.13 (dJ = 8.1 Hz,
1H), 8.00 (d,J = 1.6 Hz, 1H), 7.76 (dJ = 7.8 Hz, 1H), 7.63 (dJ = 7.9 Hz, 1H),
7.35-7.27 (m, 2H), 7.13 (td,= 14.7, 6.8 Hz, 2H), 6.97 (d,= 8.5 Hz, 1H), 6.25 (dd,
J=16.9, 1.3 Hz, 1H), 6.15-6.05 (m, 1H), 6.04-5.97 {H), 5.63 (dd,J = 10.1, 1.3
Hz, 1H), 4.66 (ddJ = 8.2, 6.1 Hz, 1H), 4.33 (d,= 3.2 Hz, 1H), 3.68-3.54 (m, 2H),
3.31-3.20 (m, 8H), 2.20-2.10 (m, 1H), 1.62 (m, 1HBO (d,J = 9.1 Hz, 1H), 1.06
(dd,J = 6.5, 3.0 Hz, 3H), 0.96 (i = 7.3 Hz, 3H);**C NMR (100 MHz, CDCI3}3
ppm 169.3, 165.7, 165.7, 136.3, 136.1, 134.6, 13030.4, 130.1, 129.1, 128.9,
127.1, 126.7, 125.6, 124.8, 123.0, 122.7,, 85.45,829.4, 59.1, 57.4, 39.7, 37.5,
29.6, 24.8, 15.8, 11.5; LRMS: (ES+) m/z = 561.8 @1+

N-((9)-1-(2-((1R,2R)-3-acrylamido-1,2-dimethoxypr opyl)phenylamino)-1-

oxopropan-2-yl)-3-bromobenzamide (7.1¢€):
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O, HN

>

NH Me Br
©:§°_“"i
HN*Q
0

MeO

Molecular Formula: €H»gBrN3Os; Re @ 0.2 (4:1 ethyl acetate/hexane); Solvent
system for column purification (9:1 ethylacetate#dmges); Yield:80% (white solid);
'H NMR (400 MHz, CDCJ) 8 ppm 9.47 (s, 1H), 8.12 (d,= 8.0 Hz, 1H), 8.04 (s,
1H), 7.80 (dJ = 7.8 Hz, 1H), 7.65 (dJ = 7.9 Hz, 1H), 7.38-7.29 (m, 2H), 7.25-7.20
(m, 1H), 7.20-7.11 (m, 2H), 6.26 (ddl= 16.9, 1.1 Hz, 1H), 6.08 (dd,= 16.9, 10.2
Hz, 1H), 5.94 (s, 1H), 5.65 (dd= 10.2, 1.1 Hz, 1H), 4.81 (dd,= 8.8, 5.3 Hz, 1H),
4.32 (d,J = 3.0 Hz, 1H), 3.57 (td) = 11.4, 4.6 Hz, 2H), 3.27-3.21 (m, 6H), 1.59 (d,
J = 7.0 Hz, 3H);®*C NMR (100 MHz, CDCI3}& ppm 170.3, 165.7, 165.4, 136.4,
135.9, 134.7, 130.5, 130.4, 130.4, 130.1, 129.0,012126.8, 125.7, 124.9, 123.2,
122.7, 85.3, 85.3, 82.5, 59.6, 57.4, 50.2, 40.16;1BRMS: (ES+) m/z = 518.2
(M+1)

R, O o)
o O, HN
Y\H
NH Pd(OAc),, NH R,
P(o-tol),, DIPEA OMe
—>
OMe Br CH,CN, reflux \
o
MeO MeO HN
71 o) F2.2 0

To a solution of7.1 (70 mg, 0.084 mmol) in acetonitrile (120mL) wasded

palladium acetate (0.016 mmol) and tri-(o-tolyl)ppbine (2.8 mg, 0.016 mmol),
followed by diisopropyl ethylamine (0.155 mmol).Treaction mixture was refluxed
for 36 h and then diluted with dichloromethanewits filtered through Celite and the
filtrate was concentrated in vacuo. The residue when dissolved in

dichloromethane. The organic layer was washed ithe, dried over anhydrous
sodium sulfate, filtered and concentrated to lemweude oil, which was purified by

column chromatography to give pure compo&2d.
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Compound (F2.2a):

(0]
0] HN
NH i-Pr
OMe
MeO HN
(0]

Molecular Formula: H3:N3Os; Rr : 0.4 (ethyl acetate); Solvent system for column
purification (9:1 ethylacetate/hexanes); Yield:53%sm (semi solid)*H NMR (400
MHz, CDCk) & ppm 10.25 (s, 1H), 8.62 (d,= 8.4 Hz, 1H), 8.20 (s, 1H), 8.02 (d,
= 7.7 Hz, 1H), 7.57 (t) = 7.6 Hz, 1H), 7.46 (d) = 7.6 Hz, 1H), 7.41-7.31 (m, 2H),
7.13-7.06 (m, 3H), 7.03 (d,= 12.7 Hz, 1H), 6.29 (d] = 9.3 Hz, 1H), 6.11 (dJ =
12.8 Hz, 1H), 6.07-6.00 (m, 1H), 4.97 (dds 9.3, 3.26 Hz, 1H), 4.57 (s, 1H), 4.03-
3.92 (m, 1H), 3.29 (s, 3H), 3.23 (@~ 3.4 Hz, 1H), 2.95 (s, 3H), 2.83 (d= 3.4
Hz, 1H), 0.99 (d,J = 6.9 Hz, 3H), 0.91 (dJ = 6.9 Hz, 3H);"*C NMR (100 MHz,
CDCI3) 6 ppm 168.9, 167.1, 165.6, 136.5, 135.9, 135.1,913132.0, 129.5, 129.5,
129.0, 129.0, 129.0, 126.8, 125.6, 124.1, 121.32,8%8.6, 58.7, 57.8, 39.9, 29.6,
29.3,19.5, 16.3; LRMS: (ES-) m/z = 464.0 (M-1)

Compound (F2.2b):

O
(@) HN
NH Bn
OMe
MeO HN
(@)

Molecular Formula: H3i1N3Os; R; : 0.3 (ethyl acetate); Solvent system for column
purification (9:1 ethylacetate/hexanes); Yield:6a8sm (semi solid)*H NMR (400
MHz, CDCk) & ppm 10.08 (s, 1H), 8.61 (d,= 8.0 Hz, 1H), 8.01 (dJ = 7.7 Hz,
1H), 7.86 (s, 1H), 7.56 (1 = 7.7 Hz, 1H), 7.43 (d) = 7.6 Hz, 1H), 7.38-7.32 (m,
1H), 7.24-7.14 (m, 5H), 7.06 (m, 2H), 7.00 Jd&s 12.4 Hz, 1H), 6.35 (d] = 9.1 Hz,
1H), 6.03 (d,J = 12.7 Hz, 1H), 5.93-5.85 (m, 1H), 5.40-5.32 (m, 1#%1 (s, 1H),
3.88 (dd,J = 14.8, 8.2 Hz, 1H), 3.74 (dd,= 13.7, 4.0 Hz, 1H), 3.14 (d,= 3.4 Hz,
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1H), 3.11-2.96 (m, 3H), 2.89 (s, 3H), 2.61 (s, 3HE NMR (100 MHz, CDCI}&
ppm 168.3, 166.3, 165.5, 136.3, 136.0, 135.9, 13538.8, 131.8, 129.7, 129.5,
129.3, 128.9, 128.9, 128.8, 127.5, 127.2, 126.8,3,2124.1, 121.3, 87.9, 83.5, 57.6,
56.3, 53.6, 39.8, 36.8, 29.6; LRMS: (ES-) m/z = A1-1)

Compound (F2.2¢):

0]
O, HN

NH  -Bu
OMe

\

MeO HN
0]

Molecular Formula: gH33N3Os; R; : 0.4 (ethyl acetate); Solvent system for column
purification (9:1 ethylacetate/hexanes); Yield:53%sm (semi solid)*H NMR (400
MHz, CDCk) & ppm 10.24 (s,1H), 8.58 (d,= 8.2 Hz, 1H), 8.22 (s, 1H), 7.98 (d,

= 7.8 Hz, 1H), 7.55 (t) = 7.7 Hz, 1H), 7.44 (d) = 7.7 Hz, 1H), 7.37-7.30 (m, 1H),
7.08 (t,J = 6.1 Hz, 2H), 6.99 (dJ = 12.8 Hz, 1H), 6.18-6.01 (m, 3H), 5.07-4.99 (m,
1H), 4.54 (s, 1H), 3.97 (ddd,= 14.7, 8.1, 1.1 Hz, 1H), 3.29 (s, 3H), 3.24 (s, 1H),
3.22-3.14 (m, 1H), 2.96 (s, 3H), 2.12 (ddds 13.2, 8.4, 3.7 Hz, 1H), 1.70-1.52 (m,
2H), 1.00 (d,J = 6.4 Hz, 3H), 0.96 (dJ = 6.3 Hz, 3H);**C NMR (100 MHz,
CDCI3) 6 ppm 169.9, 167.2, 165.8, 136.7, 135.8, 135.1,9,3432.0, 129.4, 129.0,
128.8, 127.2, 126.7, 125.9, 124.0, 121.3, 88.8,88.4, 58.0, 52.8, 41.3, 39.9, 25.0,
23.2, 21.4; LRMS: (ES-) m/z = 478.1 (M-1)

Compound (F2.2d):

0]
O, HN

NH  s-Bu
OMe

\

MeO HN
0]

Molecular Formula: gH33N3Os; R; : 0.5 (ethyl acetate); Solvent system for column
purification (9:1 ethylacetate/hexanes); Yield:53%sm (semi solid)*H NMR (400
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MHz, CDCk) & ppm 10.25 (s, 1H), 8.62 (d,= 8.3 Hz, 1H), 8.18 (s, 1H), 8.00 (@,

= 7.6 Hz, 1H), 7.55 (t) = 7.7 Hz, 1H), 7.44 (d) = 7.7 Hz, 1H), 7.38-7.30 (m, 2H),

7.08 (t,J = 3.3 Hz, 2H), 7.01 (dJ = 12.7 Hz, 1H), 6.25 (d] = 9.4 Hz, 1H), 6.09 (d,

J = 12.8 Hz, 1H), 6.05-5.99 (m, 1H), 4.99 (dbz 9.4, 3.1 Hz, 1H), 4.55 (s, 1H),

3.96 (dd,J = 11.9, 10.8 Hz, 1H), 3.29 (s, 3H), 3.21 Jd 3.3 Hz, 1H), 3.12 (s, 1H),

2.94 (d,J = 4.7 Hz, 3H), 2.51 (dJ = 3.4 Hz, 1H), 1.52-1.43 (m, 1H), 1.08-1.05 (m,
1H), 0.95 (m, 6H)*C NMR (100 MHz, CDCI3d ppm 168.9, 167.2, 165.6, 136.5,
135.9, 135.0, 135.0, 132.0, 129.5, 129.5, 129.6,812125.6, 124.0, 121.2, 88.4,
83.7, 58.9, 57.9, 57.3, 39.9, 36.2, 29.6, 23.9),162.1; LRMS: (ES-) m/z = 478.1
(M-1)

Compound (F2.2¢):

0
O, HN

NH Me
OMe

\

MeO HN

0]

Molecular Formula: &H27N3O0s; Rs : 0.2 (9:1 ethyl acetate/hexane); Solvent system
for column purification (ethylacetate);Yield:58%s;*H NMR (400 MHz, CDC})

o ppm 10.30-10.20 (m, 1H), 8.57-8.49 (m, 1H), 8.211@), 8.10 (s, 1H), 8.00-7.95
(m, 1H), 7.84-7.79 (m, 1H), 7.55 (s, 2H), 7.451Hl), 7.31 (s, 2H), 7.09 (s, 2H),
6.96 (d,J = 12.8 Hz, 1H), 6.41-6.32 (m, 1H), 6.09 ®= 12.8 Hz, 1H), 6.08 (M,
1H)5.10-4.99 (m, 1H), 4.56 (s, 1H), 4.02-3.93 (rH)),12.61-2.57 (m, 1H), 3.51 (s,
1H), 3.37 (dJ = 9.7 Hz, 3H), 3.32-3.21 (m, 6H), 2.97 (s, 3H), 1(85J = 7.2 Hz,
3H); *C NMR (100 MHz, CDCI35 ppm 169.9, 167.2, 165.8, 136.7, 135.8, 135.1,
134.9, 132.0, 129.4, 129.0, 128.8, 127.2, 126.3,9,2124.0, 121.3, 88.2, 83.6, 60.4,
58.0, 52.8, 41.3, 39.9, 25.0; LRMS: (ES-) m/z =.33B/-1)
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3.8. Spectra
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Chapter 4: Literature Work on
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4.1. Isolation and Biology of Latrunculins:

In 1975, Kashman et al. isolated a novel marinentdsom the red sea sponge
Negombata Magnifica (formerly known aslLatrunculia Magnifica) which was
found to be toxic for fisH.Later, it was found that this toxin contains twosely
related isomers, contaminated with glycerifieShe three pure toxins were
separated named as latrunculin A, B and C. Extenspectroscopic analysis and
the X-ray crystal structure of the latrunculin A

(@)
R =H, 18R, Latrunculol A, F1.3
R = CHj, 18R, Latrunculol B, F1.4
R=H, 18S, 18-epi-Latrunculol A, F1.5

Latrunculol C, F1.6 Latrunculone A, F1.7 Latrunculone B, F1.8

Figurel: Latrunculin family of compounds

derivative confirmed the structure of latrunculin(AL.1) and B £1.2) as 16 and

14-membered macrolides and latrunculin C (structueie not shown) is a stereo-
isomer of latrunculin A. Latrunculins are the firstarine natural products having
14 and 16-membered macrocyclic skeleton, as welthesfirst natural products
containing the rare thiazolidinone riAg.Spector et al. identified that
submicromolar concentration of latrunculin A andcBuses the morphological
change in the mouse neuroblastoma (N1E-115) anobiifst (3T3) cell$.Further

studies with specific antibodies for actin and migbules revealed that
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latrunculins inducing a significant change in thenafilament dynamics without
affecting the microtubules organisation, and, aldentified that, the effect of
latrunculins on cell morphology and actin disruptias reversible. Before
identification of latrunculins, there is only clast molecules known to disrupt
cellular process by specifically binding to mictafnent organization are
cytochalasins! moreover, latrunculins are showing their effeatantration 1/10
to 1/100 of the cytochalasins. The rate of polyaation of pure actin was altered
by cytochalasins, where as latrunculins did nowsBach effect, suggesting that

site of action of these two molecules are different

CompoundF1.1 was found to affect the polymerization of pureraah vitro in a
manner consistent with the formation of a nonpolyrable 1:1 molar complex
betweenF1.1 and G-actin with a dissociation constant for the reaction bt
0.2 pM® These effects are very different from those dadrfient capping agents
such as cytochalasidsIn vivo, they alter cell shape, disrupt microfilament
organization, and, inhibit the microfilament-medttprocesses of fertilization,

and, an early development.

Mutation studies on actin are one of the best waydetermine the importance of
actin dynamics and to know the binding site ofractigulatory proteins and drugs.
Ayscough et al. conducted mutation studies to kbowding site ofF1.1 on actin
by taking the congenic collection of 23 mutant @etgenerated by charged-to-
alanine mutagenesis scan of ACT1, the single, yeastentional scah.This
collection was previously use to map binding siteplsalloidin® yeast fimbrirt°
and other interacting proteffson actin. Halo assay was used to study at the
sensitivity of latrunculin A towards all the strainThe affect ofF1.1 on each
mutant allele was compared with wild type actin #md study identified thaf1.1
showing different effect on each allele. In a tatallection of mutants, there are
four strains which are resistant kd.1. Act1-119, partially resistant and act1-112
(K213A, E214A, K215A), actl-113 (R210A, D211A) amttl-117 (R183A,
D184A) exhibiting complete resistant to th&.1. When they look at the mutations
carried out in these alleles, all these mutatioaschustered around the neucleotide
binding cleft. These results suggests that thesidues could be forming a direct
hydrogen bond or salt bridge with the neucleotateform a salt bridge and bring
other residues which themselves interact with remicle. Drubin and co-
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workers purified D157E actin and measured the rate of AXEhange in the
presence and absenceRdf1. This study concluded that the rate of ATP exgean
was faster for D157E actin (t1/2 = 36 seconds) wéenpared to wild-type yeast
actin (t1/2 = 100 seconds). Treating wild-type yeastin with 10 uM ofF1.1
caused complete inhibition of ATP exchange but Inadeffect on the ATP
exchange rate of D157E actin. For comparison, theyformed the similar
experiment on purified G158A actin (t1/2=250 secpndsd found that ATP
exchange was inhibited completely by 10 uMF@fl. These mutation experiments
suggested that D157E mutation disrupting the bopdie of latrunculin A, and,
this is also supported by an observation that O&$3 in close proximity to other

residues whose mutation resultdh.1 resistance.

4.2. X-ray crystal structureof Latrunculin A with G-actin:

Figure 2: X-ray crystal structure of latrunculin A bound wiBactin (ref. 12)

The co-crystal structure of latrunculin £X.1) with actin protein was obtained by
McLaughins and co-workers in 206DActin not known to be crystallizes in the
absence of its binding proteins. There are thremvknexamples of such binding
proteins; (i) profilin known to increase the ratkrucleotide exchange, so it is
unsuitable, (i) deoxyribosenucleasel binds to ldteunculin binding domain,

which was observed from the yeast genetics studieg, (iii) gelosin domain 1
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binds with actin by leaving all other domains ftéeTherefore F1.1 was

crystallized with the actin in the presence ofhitsding protein gelosin domain 1.
Refinement of the X-ray crystal structure of latulin with actin showed that
binding site was located between the subdomaiasdI IV, which was just above
to the nucleotide binding site. All the polar a®fiorming a hydrogen bonding
with actin either directly or through the salt lg&l except, one of the lactone
oxygen. The rare thiazolidinone ring nicely fitanthe deep pocket, latrunculin
forming hydrogen bonds with Tyr69 in subdomain Thr186 and Arg210 in

subdomain IV as well as Aspl57 in subdomain lllisTmodel revealed that
latrunculin could be preventing the nucleotide exade by forming a bridge

between subdomains Il and IV.
4.3. Literature Synthesis of Latrunculins:

There are three major groups working on the symheflatrunculin family of
compounds. Amos B. Smith Ill from university of Peglvania, James D. White
from Oregon state university and Alois FurstnernfraMax-Planck Institute,

Germany.

4.3.1 Smith [11 Approach:

The first total synthesis of latrunculin B1.2) was reported by his group in 1986
and latrunculin A in 1998 followed by 18epi-latrunculol A in 2013°

Retrosynthesisof Latrunculin A and B:

The retrosynthetic analysis 6fL.1 andF1.2 was shown irScheme 2.*°> The key
steps involved in the synthesis are macrolactowizaising Mitsunobu reaction
and synthesis of @s olefin between C8 and C9 using wittig olefinatinthe two
fragments tetrahydropyarad.Z) and the Wittig reagentl(1/1.3). The fragment
1.2 could be obtained from an aldol reaction betwdenrethyl ketond.8 and
aldehydel.7. Wittig reagentsl.1 could be obtained from alkyrie4 and 1.3 from
15
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Wittig ==

Mitsunobu
macrocyclisation

HO H Mitsunobu
HN macrocyclisation
Latrunculin A Latrunculin B ; g
o o]
F1.1 Qﬁ & F1.2
/O
Phyp” | Ph,P |
+ + o
Br 0) ,, OTBS Br 13
11 OH m OH
U Meo/H\ Cyclic ketal U
Re formation P
HO\/\/ N Cl\/\//
Ja
1.4 (@) 1.2 1.5

1.8
Scheme 1: Retrosynthetic analysis of latrunculin A and B (@$mB. Smith IIl and

co-workers)

Synthesisof Latrunculin A and B:

The synthesis of aldehyde7 started with 2-allylcyclopentanor2el, upon Baeyer-
Villiger oxidation to give lactone followed by mefthation ofin a-postion with
LDA and Mel, furnished (+22 as a mixture of 1:1 diastereométsThe
resolution and equilibration of lacto@e with (+)-(R,R)-2,3-butanediol resulted in
the 6:1 mixture of trans:cis isomers. The absoktereochemistry oR.4 was

assigned based on the single X-ray
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Scheme 2: Synthesis of latrunculin A and B (Smith Il andworkers)

crystal structur€ of its p-bromophenyl carbamate derivati@ell. Ozonolysis of
alkene2.4 furnished the aldehydke7 for the aldol reaction. The methyl ketoh8&
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was obtained from L-cystein hydrochloride. The aléaction betweet.8 and1.7
under BuBOTf and DIPEA condition resulted in the 4:&:f) inseparable
epimeric mixture of the aldol produttHemiacetalization under 2N HCI in THF
(1:5) condition gave 12:1 mixture of separable omgtofa (2.6a) andp (2.6b) via
formation of oxonium ion2.5. Methyl acetal formation under CSA/MeOH
condition and protection of secondary alcohol WisS followed by reduction of
ester with DIBAL resulted in the aldehyde®. Compound~1.2 was obtained from
1.2 in four steps; first the dianion generated frora #8 was coupled with the
aldehydel.2 to givecis wittig product2.8 and then deprotection with TBS.

In the case oF1.1 removal of PMB group in the final step, leads éc@mposition
of the product, because of the sensitive diene tyoi&o overcome this
circumstance the PMB protecting group was replagid Teoc in the early stage
of the synthesis. Methyl acetal7 was subjected to LAH reductiotyBulLi, O,
condition to remove PMB protection then Moffatt daiion of primary alcohol to
aldehyde followed by protection of carbamate NHhwiitoc to give aldehyd29.
Witting coupling of dianion derived frorh1 with 2.9 gives the cis olefin followed
by the deprotection of TBS group gives compouhtio,*® which was then
subjected to the Mitsunobu macrocylization followsdthe deprotection of Teoc

and methyl acetal resulted k1. 1.

Retrosynthesis of (+)-18-epi-L atrunculol A:

The (+)-18epi-latrunculol A €1.5) differ from the latrunculin A by the
replacement of arkE-olefin with 1,2-diol and the stereocenter at tepbsition in
thiazolidinone ring bys-configuration. Retrosynthetic analysiski.5 was shown
in Scheme 3.2° Macrocyclization strategy for this molecule is Banto latrunculin
A, but the construction the double bond was caroat by partial reduction of
alkyne from the compoungll. Macrocyclic precurso8.1 could be obtained from
Carreira alkynylation of terminal alkyr@2 and aldehyd&.3. Alkyne 3.2 would
be obtained fronu,3-unstaurated carbony compouBd, which could be obtained
from cross coupling between vinylkeorg5 drived from theS-cysteine and

homoallylic alcohoB.6.
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Scheme 3: Retrosynthetic analysis of (+)-Epi-latrunculol A (Amos B. Smith I

and co-workers)

Synthesis of (+)-18-epi-Latrunculol A:

The homoallylic alcohol3.6 was obtained from the olefid.1 in two steps,

ozonolysis followed by the Brown asymmetric allidat Cross metathesis

between 3.6 and vinyl ketone3.5 resulted in thea,-unstaurated carbonyl

compound3.4,'® which was subjected to acid catalyzed hemiacetidiz with 6N

HCI.

This gives the hemiacetdl4 as a single diasteromer, which could be

obtained via intermediate&2 and oxonium ioM.3. Methanolysis o0f4.4 in the

presence of CSA yielded methyl acet&l. Terminal alkyne3.2 was obtained from

the 4.5 in three steps, which was subjected to the carralkynylation with

aldehyde3.3 derived from theSmalic acid to give propargyl alcohdl6 as a

single diastereomer. Semihydrogenation experimem#&6 with either Lindlar or

P-2 nickel catalysts met with failures, this coblel reasoned by a possible steric

hinderence. To look at the steric interaction tremnducted MM2 modeling

studies, and further observed that
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Scheme 4: Synthesis of (+)-1&pi-latrunculol A (Smith 11l and co-workers)

ester group irh.6 was pre-organized for mitsunobu macrocyclizatfoNext, they

deprotected the SEM group and protected 1,2-dith &j2-dimethoxy propane to

give 4.7. Hydrolysis of ester sodium hydroxide then Mitshnanacrocyclization

followed by deprotection of the PMB group and meéthgetal yieldedF1.5

precursor3.1. Subjecting3.1 for semihydrogenation by using Lindlar catalyst
smoothly furnished thE1.5.

184



Chapter 4

4.3.2. White Appr oach:
The total synthesis df1.1 was accomplished by White and co-workers in 1990.
In this synthesis, the researchers designed a stnategy to synthesizeZ-diene

via one pot three component reaction. This stratemples the synthesis of major
part of the macrocyclic core.

Retrosynthesisof Latrunculin A:

d o) |/\S
M + HN
H 15[ e Mitsunobu \\<
o) "\ macrocyclisation \
HO H Aldol
HN 5.2
S
(0]
Latrunculin A, F1.1
O -+
h Br PPhy
SO,Ph . )
0 ' / %
Bno/\.) + |>\/\OR <: |
: N OR 0.
5.6 5.5 OrR 5.3 54 OR

Scheme 5: Retrosynthetic analysis of latrunculin A (James WWhite and co-
workers)

The retrosynthetic analysis is shownStheme 5. The macrocyclization would be
carried out by Mitsunobu reaction and C-15 hydraxylup would obtained by the
aldol reaction between aldehyfld and methyl keton&.2. Aldehydeb.1 could be
obtained from Wittig reageri4 and aldehyd®.3, which could be obtained from
epoxide5.5 and sulfoné.6.

Synthesisof Latrunculin A:
The epoxidé.5 was obtained from 1,2-diél2 (synthesized from S-malic acidl
in 7 steps) in three steps, tosylation of primdcplaol then treating with ¥CO;z in

methanol to give epoxide and free primary hydrafoflowed by the protecting
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with TBS’ The sulfones.6 was obtained by treating the phenyl sulfone wiklyla
iodo compounds.4, which was synthesized from corresponding eSi&iin four
steps. Coupling of sulfon&.6 with epoxide5.5 under n-BuLi condition then
reductive cleavage of the sulfone gives the seagnd@ohol 6.5. Aldehyde5.3
was obtained fron®.5 in three steps. The dianidh7'’ was generated frorf-
ketoester6.6 by treating with LDA coupled with the dienylphogptium reagent
6.9 generated from thé.8 by treating with LDA gives the intermedia10,
addition of aldehydé&.3 to the same pot furnished the cis wittig prodaidd. The
aldehyeb.1 was obtained from th6.11 in four steps. The enolate was generated
from methyl ketoné.2 by using two equivalents of LDA and Cg@hen added to
the aldehydés.1 furnished the aldol produé12 as a 1:1 diastereomeric mixture
in a good yield! This reaction has an advantage over the Smithhegi®®
because, in case of Smith synthesis it was pratesith PMB, which would,
became problematic to remove in the final stagelse of sensitive diene moiety
where as this synthesis, no protection group wasl éigr carbamate NH i6.2,
thus, it also avoids protection and deprotecticgpst. The removal of SEM
protection and methonolysis @12 gives the two separable diastereomers of
methyl acetab.13 (a-OH) and6.14 (3-OH). F1.1 was obtained froms.13 in three
steps, first hydrolysis of ester with TBAF then #ibhobu macrocyclization
followed by acid hydrolysis of methy acetal. 15-&grunculin A was obtained
from 6.14 following the similar step¥’
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4.3.3. Fuerstner Approach:

In 2003, Fuerstner and co-workers reported the sytathesis of1.2'® followed
by the F1.1 in 2005 In this synthesis, the team used ring closing radky
metathesis (RCAM) as key strategy for macrocydtirgt’ which could be further

reduced to ais olefin by Lindlar catalyst.

Retrosynthesisof Latrunculin A and B:

Latrunculin A, F1.1 Latrunculin B, F1.2

Fe catalysed Fe catalysed
cross coupling cross coupling
WOH

\/\/\\ n,, \/\
/ // ,/
R + ]
0 MeO”| LH 0
R
OH =N OH
S
7.3 o) 74 7.5

\/\)Oi/gH I
\
\)‘\{/\ or \: '\Qj\k\

N\<
Aldol R o) HWE reactlon R’

7.6 7.7
Scheme 7: Retrosynthetic analysis of latrunculin A&B (Furstrand co-workers)

L)

The retrosynthetic analysis BfL.1 is shown inScheme 7.*° Latrunculin A and B
precursors/.1 and 7.2 would be obtained by alkyne metathesis, which ddad

obtained from coupling of a common intermedi@# with 7.3 for latrunculin A
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and7.5 for latrunculin B. The alkyn&.4 could be obtained from the aldol product

7.6 or a,B-unsaturated carbonyl compound obtained from Wittig reaction.
Synthesisof Latrunculin A and B:

In this synthesis C(10) methyl group stereochemistas brought from thé&
citronellene8.1, aldehyde8.2 was obtained fronB.1 in seven stepS. Brown
asymmetric allylation 08.2 followed by protection of secondary alcohol witBS
gave the compoun@l3. This was subjected to ozonolysis to give aldel8/deThe
methy acetal8.6 and7.4 were obtained frorB.4 in two ways. (i) Wittig reactiof
of aldehydeB.4 with Wittig reagen8.5 in presence of activated Ba(QHH,O to
give a,B-unsaturated carbonyl compound7, which was subjected to acid
catalyzed cyclization followed by methanolysis géve methyl acetal®.6 and7.4

in 1:7 ratio. (ii) The aldol reaction of titaniumm@ate generated from methyl
ketone in the presence of TiCand DIPEA with aldehyd®&.4 gave the aldol
product 7.6, which was subjected acid catalyzed cyclizatiodlofeed by
methanolysis gave the methyl ace®B and7.4 in 1:2 ratio™® Latrunculin B was
obtained from7.4 in five steps; (i) triflation of sendary alcohol with 3®, (ii)
SN displacement of OTf with sodium salt 85 in presence of 15-crown-5, (ii)
ring closing alkyne metathesis by using Mo catal@si?2 to give 8.7, (iv)
semihydrogenation of alkyne to alkene in the presesf Lindlar catalyst, and (v)
removal PMB group and hydrolysis of methyl acetdhvCAN in acetonitrile and

water.

It was already known from Smith IIl total synthesiEF1.1,* the final step of

PMB removal leads to decomposition of product duesénsitive diene moiety.
The similar thing was happening in the case wityner8.10, and this resulted in
the decomposition of the product. Now, the chamgé¢he protecting group was
needed, so they decided to exchange the protegtowup in the RCAM precursor
8.8. PMB group was replaced with the Teoc group in staps, deprotection PMB
with CAN
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Scheme 8: Synthesis of latrunculin A and B (Fuerstner andvookers)

followed by Teoc protection using trimethylsilyletiol and triphosgene. This was
subjected to RCAM by using Mo catal§fsto gives the compour@i11. F1.1 was
obtained fronB.11 in the three steps, semihydrogenation of alkyrakene in the
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presence of Lindlar catalyst and removal Teoc groypTBAF followed by

hydrolysis of methyl acetal with acetic acid.

From the X-ray crystal structure Bf..1 with actin protein? it was anticipated that
pyran and cystein moiety were important for theldgaal property as they
involved in the hydrogen bonding network with tlotim Furstneget al. conducted
the SAR studies to know the importance of macracysieletor? sulfur atom and
C(16) chiral center. To test this, they synthesideéfgrent analogued3.1-F3.12)
of latrunculin A and B shown in Figure3. In caseF8f1 to F3.6 methyl group at
C(4) position was chapped out andHB.5 and F3.6 sulfur atom replaced with
oxygen.F3.9 to F3.11 are the open chain analogues of latrunculin A Brahd
also in case ofF3.9 thaizolidinone ring replaced with hydroxy thiazgeup. The
compoundF3.12 is the only macrocyclic core dfl.2. This small library of

compounds was evaluated to determine their aciimdjrig properties by

F3.11 F3.12

Figure 3: Latrunculin A and B analogs

using NIH3T3 fibroblast cell line and identifiedaththe entire compound showing
microfilament disrupting effect at 1M concentration except two compounds,

one is open chain precurde8.9 and another is only macrolactone cbB12. One
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of the F1.2 analogF3.3 was found to be more potent compared to its parent

compound~1.2 and the potency of this molecule almost equathed-1.1.
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5.1. Hybrid Natural Products:

The concept of hybrid natural products is not qui&, even nature also synthesize
hybrid molecules.For example, indole alkaloid, vincristinB1(2)> has completely
changed the fate of young children afflicted wiyimphatic leukemia. Previously,
this disease was fatal, but vincristine is now usetthe treatment with a success rate
of over 60%. The compound is a dimeric indole aldtonsisting of vindolinan
alkaloid of theAspidosperma subgroup and catharanthihe, member of théboga
subgroup of indole alkaloids. It is of special me®t that both monomeric alkaloids
do not express any pronounced or useful biologamivity. Another interesting
example of natural hybrids is the antimicrobialiliotic thiomarinol £1.3),> which
was isolated from a culture broth of the marinetéx@em Alteromonas rava sp. nov.
SANK 73390 and shown to be a hybrid of the pseudomacid ¢ analogue and
holothin. Importantly, the antimicrobial spectrurh 1.3 shows characteristics of
both parent compounds: it is active against Grasitpe and Gram-negative
bacteria (e.g. multiresistagtaphylococcus aurea strains), and, its effects are more

pronounced than those of either parent compound.

catharanthine pseudomonic acid C
Vindoline
OH OH
\OH HO (0]
\ Me
O /
Ory
b OH
H COOMe A
\
Ho/oth/n
R = Me, Vinblastin, F1.1
R = CHO, Vincristine, F1.2 Thiomarinol, F1.3

Figure 1: Naturally occurring hybrid natural products

Artificial natural product hybrids have not yet beesed as drugs, as this idea is
guite new, but several novel compounds of this typecloped in the last few years

show promising biological activity, and, some cérinare discussed below.

5.1.1. Discoder molide and Dictyostatin Hybrid:
Discodermolide 1.1, Scheme 1), isolated from the deep-sea spobgscodermia
dissoluta, shows potent antiproliferative activity againstwade range of human

cancer cell lines, and, it also inhibits the growfhdrug-resistant solid tumofslt
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shares a similar microtubule-stabilizing mechantenthat of taxol, while having a
greater tubulin binding affinity, and, has progezbsnto clinical development as a

novel anticancer agent.

Dictyostatin (.2, Scheme 1) is also known for antiproliferativeiatt against a
wide range of human cancer cell lines, and, emeagesinew microtubule stabilizing
agent’ There are structural similarities existing betwdehand 1.2, especially, in
terms of their stereochemical functionafiy. Inspiration from Curran and co-
workers studies on the conformational constrainslis€todermolide, Paterson and
co-workers designed the hybrid dfl and1.2. The designed 22-membered hybrid
macrolidel.3,° incorporating the full C2—C24 linear sequenceistddermolide and
the (2)-enoate of dictyostatin. The cell growth imtory activity of hybrid
macrocyclel.3 was evaluatedn vitro against three cancer cell lines: MDA-MB-
231(breast), A549 (non-small cell lung) and HT28lda). Interestingly, hybrid.3
displayed significant antiproliferative activity @igst these human carcinoma cells,

with a cytotoxicity around one-tenth that of diseauolide.’

Hybrid

0

H OH OH

HO,,
e 1.3

OH OH
Dictyostatin, 1.2

Scheme 1: Discodermolide/dictyostatin hybrid macrocycle
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5.1.2. Cryptophycin and Epothilone Hybrid:

Cryptophycins and epothilones are cytotoxic natymalducts of widely different
origin, the one emanating from a bluegreen dgand, the other from the soil
bacterium'! Interestingly, both found to possess tubulin higdiproperties that
inhibit cell proliferation at mitosi&?

Cryptophycins are believed to bind to the ends mirmtubules and, like vinblastine
and certain other antimitotic agents. They disrlygt polymerization process by
which a,B-tubulin heterodimers condense into aggregateBpothilones, on the
other hand, are known to bind to an interior regdbthe microtubule at a site close
to that which complexes taxd\.This site is believed to be located on freubulin
subunit in a location adjacent to the neighboupr@ofilament. The epothilones and
taxol coordinate to microtubules in a manner tlemtuces the rate af/B-tubulin

dissociation by serving as a bracketing device.

05, 0% AN
1 /g
OJ\‘/\N 0 OMe

Hybrid

OH O OH

Cryptothilone, 2.3

OH O OH

trans-Epothilone C, 2.2
Scheme 2: Cryptophycin/trans-epothilone hybrid macrocycles

Common features in both structures are (i) a 16-bezed ring, (i) an aryl
substituent attached to a conjugated double bortdckwis epoxidized in some
cryptophycins), (iii) a methyl substituent at oralose proximity to the conjugated
double bond, (iv) $ configuration at the oxygen substituent to whibk lactone
carbonyl is attached, and, (v) an alkene (whiatpisxidized in epothilones A and B)

separated from the acyloxy carbon by one methylgite On the other hand, there is
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one region of the macrocycle perimeter that isedé#t in these two structures. The
C8-C11 segment of epothilones is relatively flegjblvhereas, the cryptophycin
sector that would superimpose on this set of féoma is quite rigid due to the two
amide linkages. Hydrogen bonding in this peptidect®n of the cryptophycin

perimeter imposes conformation that is not matéhexpothilones?

White and co-workers designed cryptophy@ri) andtrans-Epothilone 2.2) hybrid

by combining the upper half of cryptophycin andosvér half common to most
epothilones, and named as cryptothilo2e3){> (Scheme 2). Unfortunately, this
hybrid macrocycle 2.3 did not show any effect on polymerization or

depolymerization of tubulin up to 40M.*°

5.1.3. FK506 Derived Hybrid Macrocycles:

HO,,,

- 5

MeO

n 1,2,3
(0]
FK-506, 3.1 FK-506 hybrid macrocycles, n =1, 3.2
n=2,33
n=3, 3.4

Scheme 3: FK-506 derived hybrid macrocycles

A possible explanation for the biological activity some natural products is the
assumption that the molecule mimics an endogeneypside substance and thus
exerts its action by binding to the correspondiegeptor. This has long been
proposed for the alkaloid morphine, which mimice #ncephalin peptides. There is
now some evidence that the natural macrocycle, BKBQ),*® which shows high

immunosuppressive and anticancer activity, usesitimpeptide structural elements
in binding to its intracellular FKBP12 receptor. §ain some insight into the binding
of this compound and rapamycin, another potent imosuppressor, to

immunophilin receptors, several cyclic FK506 hybB®—3.4 were synthesizetf,in

198



Chapter 5

which, parts of the compound was replaced by aigephoiety (Scheme 3). This
approach is different from the well-known designpefptidomimetics in which an
active peptide is mimicked by, for example, ldfheterocycle to avoid enzymatic
cleavage by peptidases. For the synthesis of thedsy3.2-3.4, tethers of variable

lengths were introduced through a macrocyclizapiatocol. Interestingly, the X-ray
crystallographic studies of the complex of the ppaewith hybrid3.3 show a nearly

identical overall protein topology to that observedhe FKBP12—-FK506 complex.
However, as expected, the affinities of the hyb@ds3.4 for the receptor were
considerably lower than that of FK50&1X).

5.2. Designing of Latrunculin Derived Hybrid Macr ocycles:

As an extension to our work in the area of buildihg macrocyclic diversity, we
have planned to develop novel chemical approadhas are focused on the key
fragments of bioactive natural product, latrunculin(4.1). Latrunculins are the
marine natural products known to disrupt microfie@rh organization, binding
specifically to the cytoskeleton protein callediméty forming 1:1 comple® without
affecting the microtubule dynamit%Latrunculin A and B, two lead compounds of
this family serving as a biological probe. These molated from red sea sponge
Negombata Magnifica in 1980 by Kashmaet al., the structures of latrunculin A and

B were

Hybrid R,
Macrocycles ’

Latrunculin A, 4.1 4.2

Scheme 4: Designof latrunculin-derived hybrid macrocycles

assigned based on extensive spectroscopic studdéesha single crystal X-ray of

methyl glycoside derivative of the latrunculin?AThese are the first marine natural
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products containing macrocyclic ring skeleton (latulin A is 16 and B is 14-
membered macrolide) as well as the rare thiazaitinring?® One of the common
features observed in all latrunculin family of caopds is the pyran ring containing
thaizolidinone. The X-ray crystal structure betwedre actin monomer and
latrunculin A revealed that the interactions made by pyran rigtaining

thiazolidinone substitution with actin are veryaal for the biological activity.

5.3. Working Hypothesis:

With this objective, we are interested in develgpennovel methodology to obtain a
key synthon (pyran fragment) of latrunculin A.X) on grams quantity in a
reasonable time, and, then utilize this fragmenthe generation of latrunculin
derived hybrid macrocyclic library4@). We have designed two 15-membered
macrocyclic target4.3 and4.4 as shown in Scheme 1. The difference between two
macrocycles is the stereochemistry at C4 positiopycan ring. We can introduce
the skeletal diversity through coupling of diffeteamino acids (D/L), either from
primary alcohol or from secondary alcohol side ohand the stereochemical
diversity by changing C14 hydroxyl group stereoctstry. Further, variation in the
side chain (Rand R) could be obtained through the selective alkyfatio

5.4. Results and Discussion:
5.4.1. Retrosynthetic analysis:

Retrosynthetic analysis of latrunculin hybrid maydes 4.3 & 4.4 is shown in
Scheme 1. Macrocycle$3 & 4.4 could be obtained from the coupling of pyran
fragments %.1 & 5.2) and alloc amino acids followed by ring closingtatbesis and
the reduction of a double bond. These pyran fragsn@rl & 5.2) could be obtained
from asymmetric ketolization of aldol produB, which would be obtained from the
aldol reaction between thiazolidinone methyl ketétieand the aldehyd&.4. The
thiazolidinone fragment.5 could be obtained from L-cysteirb.§) by simple

functional group modifications.
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H
Ry, N Aldol
;, OR; O |
0 l"o "" RO 1 )
R
Amino acid Rz\ \ 3\N ““]\O
Coupling H H = Asymmetric O=< j
Ry R3\N Ketolization «— 53
Re~N S
o-C14, 5.1 U
B-C14,5.2

. _ M, ORs O
H,N_ _C0O0 Me” 5
3 \( — e N(\\<S ' R4O\/k/”
Ry

5.6 55 © 5.4

Scheme 5: Retrosynthetic analysis of latrunculin derivedbhigg macrocycles

5.4.2. Synthesisof Macrocycles 4.3 & 4.4:

MeO o)
) \I}IH-HCI MeO )|/
+ ~ ,’/ ~ ,,
HoN__COO  Ref.22 ™\ Me NN
E— N > Me N
PMB” EDCI, CH,CN, PVB”
HS 61 O rt, 3 h, 98%
5.6
6.4 QTBSO OTBSOH O
MeMgBr, )l, TBDPSO TBDPSO b,

’ e . .
el g - D
THF,0°C,  PMB” \\< TiCl,, DIPEA, 6.5 pMB” \\<
2h, 95% 63 O DCM, -78 °C, 88% dr 52

OTBDPS OTBDPS
PPTS, ‘n,, ~OH ‘n,, OH
MeOH:THF (9:1) o i
e +
45°C, 12 h, 72% MeO™ | JH MeO™ | ,H

pu .

o o
66 =52 6.7

Scheme 6: Synthesis of key pyran fragments

201



Chapter 5

Stereochemical Assignment
nOe no nOe

Hq H 0

TBDPSO
H H

(0]
milH "

6.6 6.7
\er\PMB

o) (0]

_|
o8]
@)
0
0]
Q
©)
=
@
o

S

Figure 2: Stereochemical assignment

H
CI)TBDPS CI)H ,/\ R, N_ o
/,,,I OH //,,l (0] \n/
i. NaH, Allylbromide, (0] A

0 DMF, rt, 5 h 0 07 OH 7.2
—>
MeO™ | ,H i TBAF, THF, rt,1h, MeO™ |,H EDCI, DMAP, DCM,
PMBN 75% for 2 steps  PMBN rt, 4 h, 85-90%
)—s )—s
1) 6.8 o 71
\ R, _N_ _O
R, _N_ _O ,
S Y
o) o)
0% Yo (\ i Gl (10mol%), 07 O
la, o DCM, reflux, 3 h 0
1, —_—— 7,
5 ii. Hy, 10% Pd/C, H™ S 'H
EtOH, rt, 12 h
MeO H 60-65% for 2 steps MeO H
PMBN PMBN
J 13 ) d
o 0 4.4

Scheme 7: Synthesis of latrunculin hybrid macrocyeld

The synthesis of pyran fragmen&6 & 6.7 is shown in Scheme 3. The
thiazolidinone acid6.1 was obtained from L-cystein in two steps followittye
reported protocdl?> Coupling of hydroxylamine hydrochloride with acgdl using
EDCI reagent gave the Weinreb ami@l@, followed by treating the compour&
with methyl magnesium bromide, yielded the methgtoke 6.3 in a very good
yield?® Titanium tetrachloride mediated aldol reactfobetween the aldehydi4,
which was obtained frorS-malic acid in four ste8 and methyl ketoné.3 gavep-
hydroxy ketone6.5 as inseparable 5:2 (frofH NMR) diastereomeric mixture in
88% yield. Removal of the TBS group followed byrmasnetric ketolization of the
aldol product6.5 in the presence of pyridiniurp-toluene sulphonate (PPTS) and
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methanol condition smoothly furnished the separatlixture of methylacetal
fragments6.6 (50% yield) and6.7 (20% yield). The stereochemical assignments of
the major and minor products were carried out basedOe experiments (Figure 2).

o) o) o]
H “H H “H H ““H
o) o) o]
MeO H MeO H MeO H
PMBN PMBN PMBN
)—s S S
0 4.4a 0 4.4b 0 4.4c

o) o)
H “H H “H
o) o)
MeO” | ,H MeO” | H
PMBN PMBN
S S
0 4.4d o] 4.4e

Figure 3: Derivatives of macrocyclé.4

Allylation of secondary hydroxyl group of pyran graent6.7, with allyl bromide
and NaH condition followed by removal of TBDPS guawith tetrabutylammonium
fluoride gave the primary alcohd@ll in 75% vyields (Scheme 4). Coupling of alloc
amino acid7.2 with primary alcohol7.1 in the presence of EDCI and DMAP
condition gave the bisallyl compound3, which was then subjected to ring closing
metathesi® using Grubbs’ Il generation catal§/st(10 mol %) followed by
hydrogenation of olefin with 10% Pd/C in the presemf hydrogen gas gave the
macrocycle4.4 in very good yields. In a similar manner, we hayathesized the
macrocycle4.3 starting from the pyran fragme6i6 (Scheme 8). In both cases, we

have synthesized five macrocyclic derivatives tplaeing different R group.
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OTBDPS OH

PMBN 80% for 2 steps  PMBN

)— 6.6 )—S

n.

I/’ ,, \\\O H ll,’ ., \\\O
i. NaH, Allylbromide, ’
DMF, rt, 5h e}
—>
i. TBAF, THF, rt,1h, MeO™ [ ,H

'/\

OH 7.2

EDCI, DMAP, DCM,

rt, 4 h, 75-80%

g 8.1
= N
TS
o}
0% o (\ i. G-Il (10 mol%), 0
I o DCM, reflux, 3 h
I/I,l W =
ii. Hy, 10% Pd/C,
0 EtOH, rt, 12 h © R = -Pr
MeO H 60-65% for 2 steps MeO H R=Bn
PMBN R=/-Bu
PMBN 52 R = o-Bu
S )—S R =Me
o] o 43
Scheme 8: Synthesis of macrocycke3
H H
,,ll BnIN \[ro /I[,' N\[ro
! 1
07 o 07 o
o)
H H H H H
o O o)
MeO” | H MeO” | JH MeO” | H
PMBN PMBN PMBN
)—s S S
o] 4.3a o) 4.3b o] 4.
3c
H H
", N\n/o Me,,, N\n/o
/j\ o L 0
07 o 0“7 o
o) o]
H H H H
o) o]
MeO H MeO H
PMBN PMBN
S S
o] 4.3d 4.3e

Figure 4: Derivatives of macrocyclé.3
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5.5. Conclusion:

In conclusion, we developed a novel and efficieethndology to synthesize a key
synthon, i.e., pyran fragmen6.§6 & 6.7) of latrunculin A in gram quantities. The
amino acid moiety and C14 hydroxyl group allow asatcessing a unique set of
latrunculin hybrid macrocyclic architectures. Bigical activities of these molecules

are now under exploration in various cell signal@ged assays.

5.6. Experimental Procedure;

/O\NH-HCI
I O )//,'

0
|
O)h"' s — = s

N\< N
, EDCI, CH,CN, \<
PMB Y .3 h PMB

6.1

(R)-N-methoxy-3-(4-methoxybenzyl)-N-methyl-2-oxothiazolidine-4-

carboxamide (6.2):

To a stirred solution of thiazolidinone adéd. (1.50 g, 5.61 mmol) in acetonitrile (20
mL), N,O-dimethylhydroxylamine hydrochloride (0.4, 6.73 mmol) and EDCI
(2.60 g, 8.45 mmol) was added at room temperatudestirred for 3 h. The reaction
mixture was diluted with ethyl acetate (50 mL) amashed with water followed by
brine. Solvent was concentrated to leave crudewedlil, which was purified by the
flash coloumn chromatography (1:1 ethyl acetatedheg) to give the weinreb amide
6.2 (1.68 g, 98%yield) as a yellow solid.

Molecular Formula: €H1gN-0,S; R : 0.3 (1:1 ethyl acetate/hexanedyf NMR
(CDCls, 400 MHz):0 ppm 7.16 (d,) = 8.4 Hz, 2H), 6.87 (d) = 8.4 Hz, 2H), 5.12
(d,J= 14.6 Hz, 1H), 4.42 (dd] = 8.8, 4.8 Hz, 1H), 3.84 (d, = 14.6 Hz, 1H), 3.79
(s, 3H), 3.48 (ddj = 11.2, 8.8 Hz, 1H), 3.40 (s, 3H), 3.21 (s, 3H), Yd&,J = 11.4,
4.8 Hz, 1H);**C NMR (CDCE, 100 MHz):5 ppm 172.2, 169.1, 159.3, 130.0, 127.5,
61.2, 57.4, 55.3, 46.9, 32.5, 28.0; LRMS: (ES+) m&11.0 (M+1)
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0

o. J, MeMgBr (3M in THF) /JL

IUN 1, ‘,,
s = M
,N~1g dry THF, 0°C, 2 h ,N~ﬁ<

PMB PMB
0 e

6.2 6.3

(R)-4-acetyl-3-(4-methoxybenzyl)thiazolidin-2-one (6.3):

To a stirred solution of weinreb amid&2 (1 g, 3.23 mmol) in THF (10 mL),
MeMgBr (3M in THF, 9.70 mL) was added drop wiseOabC and stirred for 2 h.
The reaction mixture was quenched with additiorsaturated ammonium chloride
solution and extracted with ethyl acetate (25 mdk) three times. Organic layers
were combined and washed with brine, dried overydrdus sodium sulphate.
Solvent was concentrated to leave crude yellowwdiich was purified by the flash
coloumn chromatography (2:5 ethyl acetate/hexatweg)ve the keton€.3 (0.79 g,
95%) as a white solid.

Molecular Formula: @HisNOsS; R : 0.5 (1:1 ethyl acetate/hexaneshyf NMR
(CDCls, 400 MHz):0 ppm 7.14 (d,) = 8.4 Hz, 2H), 6.86 (d) = 8.4 Hz, 2H), 5.02
(d,J = 14.6 Hz, 1H), 4.10 (dd] = 9.6, 4.0 Hz, 1H), 3.91 (d,= 14.6 Hz, 1H), 3.80
(s, 3H), 3.51 (ddj = 11.4, 9.2 Hz, 1H), 3.12 (dd,= 11.4, 3.9 Hz, 1H), 2.14 (s, 3H);
13C NMR (CDCE, 100 MHz):5 ppm 204.3, 171.6, 159.3, 129.8, 127.2, 114.2,,65.3
55.2,47.3, 27.6, 26.2; LRMS: (ES+) m/z = 265.9 @1+

TiCl,, DIPEA, OTBSOH O
)I DCM, -78°C TBDPSO ",

0]
,I'I, )
Me r\s - (\S

,N\< OTBSO ,N\<
PMB \V/L\/J PMB
0
6.3

TBDPSO @)
6.4 6.5

Compound 6.5:

To a stirred solution of ketor3 (0.30 g, 1.13 mmol) in dichloromethane (5 mL),
TiCl4 (0.23 mL, 1.24 mmol) was added at T The resulting brown suspension
was stirred for 10 min before adding a solutiod&PEA (0.33 mL, 1.9 mmol). The
mixture was stirred at -7& for 1 h followed by at 6C for 2 h. The resulting red
coloured solution was cooled to -78 before adding a solution of aldehyfg
(0.77 g, 1.69 mmol) in DCM (5 mL) and stirred foh&t the same temperature. The
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reaction was quenched with saturated ammonium idelosolution at that
temperature and cooling bath was removed. Aftechieg the room temperature
reaction mixture was filtered through a celite gt separated the two layers.
Washed the aqueous layer twice with dichlorometh@®mL) and combined the
organic layers washed with brine, dried over anbydrsodium sulphate. Solvent
was concentrated to leave crude yellow colour which was purified by flash
column chromatography (1:3 ethyl acetate/hexanesyite 5:2 mixture of aldol
product6.5 (0.71 g, 88% vyield) as a brown liquid.

Molecular Formula: GHssNOgSSh; R:: 0.3 (1:3 ethyl acetate/hexane¥t NMR
(CDCls, 400 MHz):8 ppm 7.66 (tJ = 5.97 Hz, 4H), 7.53-7.32 (m, 6H), 7.19-7.08
(m, 2H), 5.07 (m, 1H), 6.94-6.75 (m, 2H), 4.35 Jd; 3.72 Hz, 1H), 4.21 (m, 1H),
4.03-3.74 (m, 5H), 3.69-3.55 (m, 2H), 3.53-3.38 @Hl), 3.31-3.15 (m, 1H), 2.73-
2.57 (m, 1H), 2.42 (m, 1H), 1.89 (m, 1H), 1.82-1(A8 1H), 1.05 (s, 9H), 0.86-0.77
(m, 9H), 0.02 (s, 3H), -0.10 (s, 3HYC NMR (CDCk, 100 MHz): 205.6, 205.6,
171.8, 159.3, 159.3, 135.5, 135.5, 133.0, 132.9,113129.8, 129.8, 127.8, 127.7,
127.7, 127.6, 127.4, 114.1, 114.0, 72.2, 67.6,,802, 55.2, 55.2, 47.1, 46.5, 41.0,
27.2,26.8,25.7,19.1, 17.8, -4.3, -5.0; LRMS: {EB\/z = 722.6 (M+1)

OTBS

TBDPSO OTBDPS (IDTBDPS
OH I//,,l ‘\\\OH n,, OH
PPTS,
0 T 0 + O
H MeOH:THF (9:1) ~ MeO™ | JH MeO” oM

PMBN 45°C, 14 h PMBN PMBN

S }—s }—s
o
O 65 O 66 6.7
5:2 mixture a:p =52

Compounds 6.6 & 6.7:

To a solution of aldol produc6.5 (3.0 g, 4.15 mmol) in MeOH:THF (9:1),
pyridinium p-toluene sulphonate (1.56 g, 6.23 mmae¥ps added and the mixture
was heated at 45 o C for 14 h. Reaction mixture queshched with the addition of
triethylamine (2 mL) and stirred for 10 minutes.\Me@ot was concentrated under
vacuo then diluted with ethylacetate (50 mL) andheal with sodium bicarbonate
followed by brine, and dried over anhydrous sodigoiphate. Solvent was

concentrated to leave crude yellow oil, which wasifed by the flash coloumn
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chromatography (1:24 ethyl acetate/hexanes) to thee-OH compound.6 (1.35
g, 50.4% yield)and[3-OH compound.7 (0.55 g, 21.3% yield).

Compound 6.6: Molecular Formula: €H4NOgSSi; R : 0.2 (3:7 ethyl
acetate/hexanesid NMR (CDCk, 400 MHz):5 ppm 7.46-7.36 (m, 7H), 7.68 (dd,
= 10.0, 3.8 Hz, 4H), 7.25 (d,= 8.6 Hz,, 2H), 6.77 (dJ = 8.6 Hz, 2H), 5.08 (dJ =
14.2 Hz, 1H), 4.36 (d) = 14.2 Hz, 1H), 4.09 (d) = 11.2, 5.4 Hz, 1H), 3.88 (dd,

= 8.4, 3.2 Hz, 1H), 3.77 (s, 3H), 3.72-3.65 (m, 2Bi£8-3.19 (m, 2H), 3.08 (s, 3H),
2.23 (ddJ = 12.6, 3.6 Hz, 1H), 1.97-1.88 (m, 1H), 1.59-1.500 &, 11.6,, 1H), 1.45-
1.32 (m, 1H), 1.09 (s, 10HY}’C NMR (CDCE, 100 MHz): 5 ppm 172.8, 159.0,
135.6, 135.6, 135.5, 135.5, 133.1, 133.1, 130.8,812128.6, 128.5, 127.8, 127.7,
127.6, 114.1, 113.9, 103.3, 71.2, 66.5, 64.5, 366&2, 47.4, 47.0, 36.8, 36.2, 26.9,
25.2,22.7,19.2 ; LRMS: (ES+) m/z = 644.5 (M+Z30.3 (M-OMe)

Compound 6.7: Molecular Formula: €H4sNOgSSi; R : 0.2 (3:7 ethyl
acetate/hexanes)H NMR (CDCk, 400 MHz):3 ppm 7.67 (ddJ = 10.8, 4.41 Hz,
4H), 7.48-7.33 (m, 6H), 7.25 (d,= 8.5 Hz, 2H), 6.76 (d) = 8.5 Hz, 2H), 5.06 (dJ

= 14.2 Hz, 1H), 3.34-3.21 (m, 2H), 3.87-3.74 (m, 6¥))8-3.97 (m, 1H), 4.20 (s,
1H), 4.36 (dJ = 14.2 Hz, 1H), 3.70 (dJ = 8.8 Hz, 1H), 3.20 (dJ = 11.6 Hz, 3H),
2.14-1.99 (m, 2H), 1.89 (dd,= 14.4, 3.54 Hz, 1H), 1.67 (dd,= 11.2, 2.4 Hz, 3H),
1.08 (s, 9H)*C NMR (CDC}, 100 MHz):5 ppm 172.6, 159.0, 139.2, 135.6, 135.5,
133.1, 133.0, 130.3, 129.8, 128.5, 127.8, 127.3,91103.7, 67.3, 66.6, 63.8, 58.6,
55.2, 47.7, 47.1, 33.3, 26.8, 25.1, 22.6, 19.2; IRNES+) m/z = 644.5 (M+23),
590.3 (M-OMe)

(l)TBDPS OH (\

‘n, OH i, Allylbromide, ", O
NaH, DMF, ‘
0] rt, 12 h fe)
—_—
MeO™ | ,H ii. TBAF, THF, MeO™ | ,H
PMBN t,1h PMBN
S S
o)
6.7 © 1

(R)-4-((2R,4R,6S)-4-(allyloxy)-6-(hydr oxymethyl)-2-methoxytetr ahydr o-2H-
pyran-2-yl)-3-(4-methoxybenzyl)thiazolidin-2-one (7.1):

To a stirred solution of glycosidg@7 (0.1 g, 0.16 mmol) in dry DMF, 60% NaH
(0.019 g, 0.80 mmol) and allyl bromide (0.07 mL8®mmol) were added at 0 o C.
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The reaction mixture was stirred at room tempeeafor 12 h and then quenched
with addition of saturated ammonium chloride santi The reaction mixture was
extracted with ethyl acetate (10 mL) for three snaed combined the organic layers,
dried over anhydrous sodium sulphate. Solvent wasentrated to leave crude
yellow colour oil, which was subjected to next i@t without purification

To above allylated product in THF, TBAF (1M in THE25 mL) was added at room
temperature and stirred for 1 h. The reaction mé&tuas quenched with addition of
ice cold water and extracted with ethylacetate ifil0) for three times. Organic
layers were combined and washed with brine, driest anhydrous sodium sulphate.
Solvent was concentrated to leave crude yellowwdiich was purified by the flash
coloumn chromatography (2:5 ethyl acetate/hexatoegive the primary alcohal.1
(0.05 g, 75% vyield) as a colourless liquid.

Molecular Formula: @H2NOeS; R : 0.2 (2:3 ethyl acetate/hexanesyf NMR
(CDCl3;, 400 MHZz):6 ppm 7.18 (d,J = 8.4 Hz, 2H), 6.80 (d) = 8.4 Hz, 2H), 5.96-
5.80 (m, 1H), 5.24 (dJ = 17.2 Hz, 1H), 5.13 (d] = 10.4 Hz, 1H), 5.05 (d] = 14.5
Hz, 1H), 4.24 (d) = 14.4 Hz, 1H), 4.14-4.05 (m, 1H), 4.05-3.89 (m, 2Bi{§9-3.79
(m, 2H), 3.76 (dJ = 2.8 Hz, 3H), 3.73-3.62 (m, 2H), 3.32-3.20 (m, 28i)9 (d,J =
10.2 Hz, 3H), 2.24 (m, 1H), 2.07 (@~ 14.6 Hz, 1H), 1.84-1.70 (m, 2H), 1.41 {t,
= 12.0 Hz, 1H);"*C NMR (CDCk, 100 MHz):5 ppm 173.1, 159.0, 135.0, 129.5,
128.5, 116.8, 114.0, 101.7, 69.3, 69.0, 66.9, 698, 55.2, 47.5, 47.3, 30.0, 29.8,
25.3; LRMS: (ES+) m/z = 424.3 (M+1)

(I)TBDPS OH (\

‘n,, WOH i, Allylbromide, I,,,, e
NaH, DMF, ' :
0 i, 12 h o
—>
MeO™ | H ii. TBAF, THF, MeO™ | JH
PMBN n,1h PMBN
S )—s
O 66 O g1

(R)-4-((2R,4S,65)-4-(allyloxy)-6-(hydr oxymethyl)-2-methoxytetr ahydr o-2H-
pyran-2-yl)-3-(4-methoxybenzyl)thiazolidin-2-one (8.1):

Experimental procedure as per ref. comporuid

Molecular Formula: @H2NOeS; R : 0.2 (2:3 ethyl acetate/hexaneshyf NMR
(CDCl3;, 400 MHz):6 ppm 7.18 (d,J = 8.5 Hz, 2H), 6.86 (d) = 8.7 Hz, 2H), 5.89
(ddd,J = 15.9, 10.6, 5.2 Hz, 1H), 5.29 (d= 3.0 Hz, 1H), 5.20 (ddd] = 11.6, 8.7,
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1.3 Hz, 2H), 5.12 (dJ = 14.5 Hz, 1H), 4.21-4.15 (m, 1H), 4.06-3.97 (m, 2BIB6
(dd,J = 9.4, 2.7 Hz, 1H), 3.83-3.76 (m, 5H), 3.72 J& 10.8 Hz, 2H), 3.27 (dq] =
11.6, 4.5 Hz, 2H), 3.07 (d, = 6.0 Hz, 3H), 2.31-2.23 (m, 1H), 2.02-1.95 (m, 1H),
1.53 (dd,J = 12.6, 11.2 Hz, 1H), 1.26 (dd,= 10.7, 7.0 Hz, 1H)**C NMR (CDC},
100 MHz):6 ppm 172.5, 158.8, 134.5, 129.2, 128.2, 128.1,74.114.3.9, 102.9, 70.7,
70.6, 68.7, 65.7, 58.6, 55.0, 47.3, 47.0, 33.79,324.9; LRMS: (ES+) m/z = 424.3
(M+1)

H
LY
o
(I)H (\ R, N o 0% Mo ,/\
, 0 ;\ T L 0
I ,
0o 0 OH 7.2 X o)
MeO H
EDCI, DMAP, MeO™ [ H
PMBN DCM. it 4 h PMBN
S S
7.3
o 741 o}

Compound 7.3:

To a stirred solution of primary alcoh@ll (0.12 mmol) in DCM (5 mL), Alloc
Amino acid 7.2 (0.23mmol), EDCI (0.23 mmol) and DMAP (0.35 mmaiere
added. The mixture was stirred at room temperdturd h and then quenched with
addition of saturated sodium bicarbonate soluthoueous layer was washed twice
with dichloromethane (10 mL) and combined the orgdayers washed with brine
solution, dried over anhydrous sodium sulphatevé&ul was concentrated to leave
crude solid, which was purified by the flash coloushromatography to give the

bisallyl product7.3.
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(9)-((254R,6R)-4-(allyloxy)-6-methoxy-6-((R)-3-(4-methoxybenzyl)-2-oxothia
zolidin-4-yl)tetrahydro-2H-pyran-2-yl)methyl 2-(((allyloxy)carbonyl)amino)-3-
methylbutanoate (7.3a):

O
0% o r‘§§
//,,’ O
(@)
MeO H

Molecular Formula: gH4:N2OgS; R : 0.5 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 ethyl acetagddéines); Yield-85.5% (colourless
liquid); '"H NMR (CDClk, 400 MHz):d ppm 7.21 (d,J = 8.4 Hz, 2H), 6.85 (dJ =
8.4 Hz, 2H), 5.90 (m, 2H), 5.34-5.14 (m, 5H), 5(@7J = 14.3 Hz, 1H), 4.52 (m,
2H), 4.29 (m, 5H), 4.04 (dd,= 13.0, 5.6 Hz, 1H), 3.98 (dd,= 13.0, 5.4 Hz, 1H),
3.90 (bs, 1H), 3.85 (dd, = 8.4, 3.2 Hz, 1H), 3.80 (m, 3H), 3.33-3.22 (m, 2Bi}13
(m, 3H), 2.24-2.07 (m, 3H), 1.88-1.76 (m, 2H), B89 (m, 2H), 0.98 (d] = 6.82
Hz, 3H), 0.89 (dJ = 6.9 Hz, 3H);"*C NMR (CDCE, 100 MHz):5 ppm 173.0, 172.0,
159.0, 155.9, 134.9, 132.4, 130.0, 129.7, 128.6,91117.0, 114.0, 113.9, 102.2,
69.4, 68.9, 67.4, 65.9, 64.2, 59.1, 59.0, 55.25,431.1, 30.1, 29.8, 25.4, 19.0, 17.5;
LRMS: (ES+) m/z = 629.1 (M+23), 575.1 (M-OMe)

(9)-((254R,6R)-4-(allyloxy)-6-methoxy-6-((R)-3-(4-methoxybenzyl)-2-oxothia
zolidin-4-yl)tetrahydro-2H-pyran-2-yl)methyl 2-(((allyloxy)carbonyl)amino)-3-
phenylpropanoate (7.3b):

o
Ph//tLL:N\H/O\v/“§§
oo © r/Q§>
I”/,, Y
o)
MeO” | JH
PMBN
Ju
o

Molecular Formula: eH4:N,OgS; R : 0.5 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 ethyl acetagxénes); Yield-90% (colourless
liquid); *H NMR (CDCk, 400 MHz):d ppm 7.24 (m, 5H), 7.11 (d,= 7.2 Hz, 2H),

211



Chapter 5

6.84 (d,J = 8.4 Hz, 2H), 5.97-5.78 (m, 2H), 5.34-5.10 (m, 551P5 (d,J = 14.4 Hz,
1H), 4.64 (d,J = 7.6 Hz, 1H), 4.35-4.50 (m, 2H), 4.32-4.18 (m, 4408 (dd,J =
14.2, 5.6 Hz, 1H), 3.92)(= 14.2, 5.6 Hz, 1H),, 3.89-3.73 (m, 5H), 3.32-3.21 (m
2H), 3.17-2.99 (m, 5H), 2.08 (dd,= 17.6, 8.4 Hz, 2H), 1.78 (dd,= 14.8, 3.9 Hz,
1H), 1.70 (d,J = 13.8 Hz, 1H), 1.29 (tJ = 12.8 Hz, 1H);"*C NMR (CDC}, 100
MHz): & ppm 172.9, 171.6, 159.0, 155.3, 135.4, 134.9,33129.8, 129.1, 128.7,
128.6, 127.2, 117.9, 117.0, 114.0, 102.1, 69.8,68.4, 65.8, 64.1, 59.1, 55.2, 47.5,
38.2,29.9, 29.7, 25.6, 25.3; LRMS: (ES+) m/z =.67M+23), 623.0 (M-OMe)

(9)-((25,4R,6R)-4-(allyloxy)-6-methoxy-6-((R)-3-(4-methoxybenzyl)-2-oxothia
zolidin-4-yl)tetrahydro-2H-pyran-2-yl)methyl  2-(((allyloxy)car bonyl)amino)-4-
methylpentanoate (7.3c):

H
s
O (0} © X
L,

(\

o]

o)
MeO H
PMBN
S

)

Molecular Formula: gH44N2OgsS; R : 0.5 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 ethyl acetagddéines); Yield-89.5% (colourless
liquid); *H NMR (CDCk, 400 MHz):5 ppm 7.19 (d,) = 8.4 Hz, 2H), 6.83 (dJ =
8.4 Hz, 2H), 5.96-5.78 (m, 2H), 5.31-5.09 (m, 5610 (d,J = 14.4 Hz, 1H), 4.57-
4.43 (m, 2H), 4.38 (dt) = 9.1, 4.8 Hz, 1H), 4.33-4.19 (m, 4H), 4.08-3.92 @Hl),
3.89 (bs, 1H), 3.82 (dd, = 8.4, 3.1 Hz, 1H), 3.79-3.75 (m, 4H), 3.29-3.22 @H),
3.11 (d,J = 9.2 Hz, 3H), 2.09 (dJ = 14.3 Hz, 2H), 1.85-1.75 (m, 2H), 1.73-1.64 (m,
1H), 1.63-1.55 (m, 1H), 1.50 (m, 2H), 0.87 (m, 6HE NMR (CDCE, 100 MHz):5
ppm 172.9, 172.8, 158.9, 155.6, 134.8, 132.3, 1282B.4, 117.7, 116.8, 113.9,
113.8, 102.0, 69.3, 68.8, 67.3, 65.7, 64.1, 5830,552.3, 47.4, 47.0, 41.5, 29.9,
29.7, 25.2, 24.5, 22.8, 21.4; LRMS: (ES+) m/z =.648+23), 589.1 (M-OMe)
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(2S,3R)-((2S,4R,6R)-4-(allyloxy)-6-methoxy-6-((R)-3-(4-methoxybenzyl)-2-
oxothia zolidin-4-yl)tetr ahydr o-2H-pyran-2-yl)methyl 2-
(((allyloxy)car bonyl)amino)-3-methylpentanoate (7.3d):

Molecular Formula: €H44N2OoS; R : 0.5 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 ethyl acetaéedéines); Yield-83.9% (colourless
liquid); *H NMR (CDCk, 400 MHz):5 ppm 7.18 (d,J = 8.4 Hz, 2H),6.83 (dJ =
8.4 Hz, 2H), 5.97-5.77 (m, 2H), 5.23 (m, 5H), 5(@4J = 14.4 Hz, 1H), 4.58-4.42
(m, 2H), 4.38-4.19 (m, 5H), 4.08 (ddi= 14.2, 5.6 Hz, 1H), 3.93) 14.2, 5.6 Hz,
1H),3.89 (bs, 1H), 3.82 (dd,= 8.2, 3.2 Hz, 1H), 3.78 (s, 3H), 3.33-3.21 (m, 2H),
3.13 (s, 3H), 2.10 (d] = 16.0 Hz, 1H), 1.93-1.74 (m, 3H), 1.54-1.34 (m, 2HP1-
1.09 (m, 1H), 0.89 ( m, 6H)*C NMR (CDCk, 100 MHz): 5 ppm 174.3, 173.4,
160.4, 157.2, 136.3, 133.9, 131.1, 130.0, 119.8,411115.4, 103.6, 70.8, 70.3, 68.8,
67.2, 65.6, 60.5, 59.8, 56.6, 49.0, 48.8, 39.25,331.2, 26.8, 26.3, 16.9, 13.0;
LRMS: (ES+) m/z = 643.1(M+23), 589.1 (M-OMe)

(9)-((25/4R,6R)-4-(allyloxy)-6-methoxy-6-((R)-3-(4-methoxybenzyl)-2-oxothia
zolidin-4-yl)tetr ahydr o-2H-pyr an-2-yl)methyl 2-(((allyloxy)car bonyl)amino)

propanoate (7.3€):

H
Me,, " N O\/\

LU

U

/, 1,

O
MeO H
PMBN

0)
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Molecular Formula: &gH3gN2OgS; R : 0.2 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield-86%
(colourless liquid); *H NMR (CDCk, 400 MHz):d ppm 7.21 (dJ = 8.4 Hz, 2H),
6.85 (d,J = 8.4 Hz, 2H), 5.91 (m, 2H), 5.35-5.15 (m, 5H), 5(68J = 14.4 Hz, 1H),
4.55 (dd,J = 10.0, 6.0 Hz, 2H), 4.46-4.33 (m, 2H), 4.33-4.21 8H), 4.09 (dd,) =
14.2, 5.6 Hz, 1H), 3.95)E 14.2, 5.6 Hz, 1H), 3.91 (s, 1H), 3.86-3.77 (m, 48133-
3.22 (m, 2H), 3.14 (s, 3H), 2.12 @= 16.7 Hz, 1H), 1.88-1.77 (m, 2H), 1.53-1.46
(m, 1H), 1.43 (dJ = 7.2 Hz, 3H);*C NMR (CDCE, 100 MHz):5 ppm 172.9, 172.8,
159.1, 155.3, 134.9, 132.4, 129.8, 128.6, 117.9,0,114.0, 102.1, 69.4, 68.9, 67.5,
65.8, 64.2, 58.9, 55.2, 49.6, 47.5, 47.1, 30.08,229.6, 25.4, 18.6; LRMS: (ES+)
m/z = 601.0 (M+23), 547.0 (M-OMe)

/, ., ‘\\\O l \[( j\ I/,II \\\
- . 8

™
O 0
—»
MeO H
EDCI, DMAP, MeO™ [ H
PMBN DCM, rt, 4 h PMBN
S )—S
o 8.1 0 8.2

Compound 8.2:
Experimental procedure as per ref. compou3d

(9)-((25,4S,6R)-4-(allyloxy)-6-methoxy-6-((R)-3-(4-methoxybenzyl)-2-oxothia
zolidin-4-yl)tetr ahydr o-2H-pyran-2-yl)methyl 2-(((allyloxy)car bonyl)amino)-3-
methylbutanoate (8.2a):

o)
0% Mo I/\
7, “\O
o)
MeO H
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Molecular Formula: gH4:N2OgS; R : 0.5 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 ethyl acetaéedéines); Yield-84.5% (colourless
liquid); *H NMR (CDCk, 400 MHz):d ppm 7.22 (d,) = 8.4 Hz, 2H), 6.86 (dJ =
8.4 Hz, 2H), 5.91 (m, 2H), 5.37-5.16 (m, 6H), 5(d0J = 14.4 Hz, 1H), 4.54 (t) =
5.61 Hz, 2H), 4.38-4.18 (m, 5H), 4.10-3.97 (m, 3B)95-3.77 (m, 7H), 3.27 (m,
2H), 3.10 (s, 3H), 2.31 (dd,= 13.0, 3.8 Hz, 1H), 2.19 (m, 2H), 2.04 (dds 12.7,
2.4 Hz, 1H), 1.58 (dd] = 12.4, 11.2 Hz, 1H), 1.00 (d,= 6.8 Hz, 3H), 0.92 (d] =

6.8 Hz, 3H);"*C NMR (CDC}, 100 MHz):5 ppm 172.5, 172.0, 159.0, 155.9, 134.6,
132.4, 129.7, 128.5, 117.9, 117.0, 113.9, 103.5%,789.0, 68.1, 65.8, 59.0, 58.7,
55.1, 47.5, 33.6, 33.2, 31.0, 29.6, 25.2, 19.04;1ERMS: (ES+) m/z = 629.0
(M+23), 575.0 (M-OMe)

(9)-((25,4S,6R)-4-(allyloxy)-6-methoxy-6-((R)-3-(4-methoxybenzyl)-2-oxothia
zolidin-4-yl)tetr ahydr o-2H-pyran-2-yl)methyl 2-(((allyloxy)car bonyl)amino)-3-
phenylpropanoate (8.2b):

Molecular Formula: gHs:N-OgS; R : 0.5 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield-80%
(colourless liquid); *H NMR (CDCk, 400 MHz):d ppm 7.34-7.18 (m, 5H), 7.18-
7.09 (d,J = 6.4 Hz, 2H), 6.87 (dJ = 12.73, 8.4 Hz, 2H), 6.00-5.77 (m, 2H), 5.35-
5.13 (m, 5H), 5.10 (d] = 14.4, 1H), 4.73-4.61 (m, 1H), 4.57-4.46 (m, 2HR54(
m, 3H), 4.06-3.99 (m, 2H), 3.90-3.75 (m, 6H), 33839 (m, 2H), 3.17-3.02 (m, 4H),
2.28 (ddJ = 12.8, 3.6 Hz, 1H), 2.01-1.92 (d= 12.4 Hz, 1H), 1.55 ({J = 12.4 Hz,
1H), 1.27 (t,J = 8.4 Hz, 1H) ;**C NMR (CDC}, 100 MHz):5 ppm 172.5, 171.6,
159.0, 155.4, 135.4, 134.7, 132.4, 130.0, 129.8,0,2128.7, 128.5, 128.3, 127.3,
117.9, 116.9, 114.0, 103.5, 70.6, 69.0, 68.0, 6658, 58.7, 55.2, 47.6, 47.1, 38.1,
33.7,33.2, 25.2; LRMS: (ES+) m/z = 677.0 (M+23)3® (M-OMe)
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(9)-((2S,4S,6R)-4-(allyloxy)-6-methoxy-6-((R)-3-(4-methoxybenzyl)-2-oxothia
zolidin-4-yl)tetrahydro-2H-pyran-2-yl)methyl  2-(((allyloxy)carbonyl)amino)-4-
methylpentanoate (8.2¢):

H
Y
R
(o] O
|

\/\
[
\‘\O
O
MeO H
PMBN

)

Molecular Formula: gH44N2O¢S; R : 0.5 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 ethyl acetaéx@nes); Yield-88.6% (white
solid); *H NMR (CDCk, 400 MHz):5 ppm 7.16 (dJ = 8.4 Hz, 2H), 6.85 (d] = 8.4
Hz, 2H), 5.88 (m, 2H), 5.27 (d,= 17.2 Hz, 2H), 5.18 () = 9.8 Hz, 2H), 5.09 (d)

= 14.2, 1H), 4.51 (dJ = 4.11 Hz, 2H), 4.37 (m, 1H), 4.32-4.16 (m, 3H), 43995
(m, 2H), 3.91-3.73 (m, 6H), 3.31-3.17 (m, 2H), 3(883H), 2.27 (ddJ = 12.6, 3.6
Hz, 1H), 2.06-1.97 (d) = 12.8, 1H), 1.74-1.43 (m, 4H), 1.30 (m, 1H), 0.9Q H);
13C NMR (CDC}, 100 MHz):5 ppm 173.0, 172.5, 159.0, 155.7, 134.7, 132.4,8,.29.
128.5, 128.3, 117.9, 117.0, 114.1, 114.0, 1037,8®.0, 68.1, 67.1, 65.8, 58.7, 55.2,
52.4, 47.5, 47.0, 41.5, 33.7, 33.2, 29.6, 25.17,222.9, 21.5; LRMS: (ES+) m/z =
643.0 (M+23), 589.1 (M-OMe)

(2S,3R)-((2S,4S,6R)-4-(allyloxy)-6-methoxy-6-((R)-3-(4-methoxybenzyl)-2-
oxothia zolidin-4-yl)tetr ahydr o-2H-pyran-2-yl)methyl 2-
(((allyloxy)car bonyl)amino)-3-methylpentanoate (8.2d):

LI
o

", ”, W \O

0

MeO H
PMBN
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Molecular Formula: gH44N2-OeS; R : 0.5 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield-80%
(colourless liquid);:*H NMR (CDCk, 400 MHz): & ppm 1H NMR (400 MHz,
Solvent) 6 ppm 7.21 (dJ = 8.4 Hz, 2H), 6.87 (dJ = 8.4 Hz, 2H), 5.90 (m, 2H),
5.34-5.16 (m, 5H), 5.09 (d,= 14.4 Hz, 1H), 4.59-4.46 (m, 2H), 4.39-4.17 (m, 4H),
4.03 (bs, 2H), 3.93-3.76 (m, 6H),3.26 (#ds 11.62, 6.62 Hz, 2H), 3.10 (s, 3H), 2.30
(dd,J= 12.6, 3.8 Hz, 1H), 2.08-1.99 (m, 1H), 1.80Jd&; 15.8 Hz, 1H), 1.55 (1) =
11.8 Hz, 1H), 1.47-1.38 (m, 1H), 1.27 (m, 2H), 1(®2 1H), 0.98 (dJ = 6.8 Hz,
3H), 0.85 (d,J = 6.8 Hz, 3H);**C NMR (CDC}, 100 MHz):5 ppm 172.5, 172.0,
159.0, 155.8, 134.7, 132.4, 129.7, 128.6, 128.3,91117.0, 114.1, 114.0, 103.5,
70.6, 69.0, 68.1, 67.1, 65.8, 58.8, 58.4, 55.26,447.0, 37.7, 33.7, 33.3, 30.0, 25.2,
24.9, 15.6, 11.5; LRMS: (ES+) m/z = 643.0 (M+2395L (M-OMe)

(9)-((25,4S,6R)-4-(allyloxy)-6-methoxy-6-((R)-3-(4-methoxybenzyl)-2-oxothiazo
lidin-4-yl)tetrahydro-2H-pyran-2-yl)methyl 2-(((allyloxy)car bonyl)amino)

propanoate (8.2¢):

Me///, HTO\/\

1
0% o (\
/I,,' . \\O

(¢}
MeO H
PMBN

0]

Molecular Formula: &gH3gN2OgS; R : 0.2 (3:7 ethyl acetate/hexanes); Solvent
system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield-81.2%
(colourless liquid); *H NMR (CDCk, 400 MHz):d ppm 7.21 (dJ = 8.4 Hz, 2H),
6.86 (d,J = 8.4 Hz, 2H), 5.99-5.82 (m, 2H), 5.37-5.16 (m, 55I12 (d,J = 14.4 Hz,
1H), 4.61-4.51 (m, 2H), 4.46-4.31 (m, 2H), 4.325 (2, 1H), 4.25-4.18 (m, 1H),
4.06-3.99 (m, 2H), 3.94-3.77 (m, 6H), 3.33-3.20 2H), 3.10 (s, 3H), 2.30 (dd,=
12.7, 3.2 Hz, 1H), 2.07-1.99 (m, 1H), 1.57 (d&; 12.7, 11.1 Hz, 1H), 1.42 (d,=

7.6 Hz, 3H):"*C NMR (CDCk, 100 MHz):d ppm 172.8, 172.5, 159.1, 155.4, 134.6,
132.4,129.8, 128.5, 128.4, 117.9, 117.0, 114.4,0,1103.5, 70.6, 69.0, 68.1, 67.2,
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65.8, 58.6, 55.2, 49.6, 47.5, 47.0, 33.7, 33.22,288.5; LRMS: (ES+) m/z = 601.0
(M+23), 547.0 (M-OMe)

H
R ,J/:N\n/o\/\
ol
0% o X
, (\ i. G-11 (10 mol%),

O DCM, reflux, 4 h
—_—

© i. Hy, 10% Pd/C,
MeO”| H E{OH, 1t, 12 h
PMBN
S
O 73

Compound 4.4:

To bisallyl compound’.3 (0.05 mmol) was taken in dry dichloromethane (30 m
under nitrogen atmosphere and Grubb'$ generation catalyst (0.005 mmol) was
added and reaction mixture was refluxed for 4 heA€ompletion of the reaction,
reaction mixture was concentrated and subjectedfutther reaction without
purification.

To above macrocyclic compound in ethanol, 10% PB0Ong) was added and
reaction mixture was stirred under hydrogen atmesptor 12 h. The reaction
mixture was passed through celite pad and condedtitaen subjected to column
chromatography to give pure proddct.

(1R,10S,14S,16R)-10-isopr opyl-16-methoxy-16-((R)-3-(4-methoxybenzyl)-2-
oxothi azolidin-4-yl)-2,7,12,15-tetr aoxa-9-azabicyclo[12.3.1] octadecane-8,11-
dione (4.4a):

Molecular Formula: HioN2OgS; R : 0.3 (1:1 ethyl acetate/hexanes); Solvent
system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield-63.2%
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(colourless liquid); *H NMR (CDCk, 400 MHz):d ppm 7.18 (d,) = 8.4 Hz, 2H),
6.88 (d,J = 8.4 Hz, 2H), 5.03 (d) = 14.4 Hz, 1H), 4.89 (ddl= 15.2, 8.0 Hz, 1H),
4.77 (t,J = 8.0 Hz 1H), 4.68 (dd) = 14.0, 3.2 Hz, 1H), 4.17 (m, 4H), 3.82 (m,
10H), 3.52-3.39 (m, 1H), 3.36-3.07 (m, 7H), 2.3882(m, 1H), 2.18 (m, 2H), 2.01
(m, 3H), 1.91-1.78 (m, 3H), 1.35 (m, 2H), 1.04 & 6.8 Hz, 3H), 0.95 (dJ = 6.8
Hz, 3H); **C NMR (CDCE, 100 MHz): 3 ppm 173.2, 170.8, 159.1, 156.6, 129.8,
129.7, 128.4, 114.0, 102.4, 71.7, 70.6, 65.8, 65358, 60.0, 59.0, 55.2, 47.9, 47.5,
32.7, 31.9, 30.9, 29.6, 28.0, 25.9, 25.3, 22.63,197.7; LRMS: (ES+) m/z =
603.1(M+23), 549.1 (M-OMe)

(1R,10S,14S,16R)-10-benzyl-16-methoxy-16-((R)-3-(4-methoxybenzyl)-2-oxothia
zolidin-4-yl)-2,7,12,15-tetr aoxa-9-azabicyclo[12.3.1]octadecane-8,11-dione
(4.4b):

H
', N O
Ph g \“/
/l/i o
0~ o

Molecular Formula: gH4oN2OsS; R : 0.4 (2:3 ethyl acetate/hexanes); Solvent
system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield-60.5%
(colourless liquid);*H NMR (CDCk, 400 MHz):d ppm 7.43-7.28 (m, 3H), 7.19 (d,
J= 8.2 Hz, 4H), 6.89 (dJ = 8.4 Hz, 2H), 5.05 (d) = 14.4 Hz, 1H), 4.82 (d] = 8.4
Hz, 1H), 4.53 (m, 2H), 4.22-4.07 (m, 2H), 3.88-3(9 6H), 3.77 (m, 2H), 3.71 (m,
1H), 3.33-3.07 (m, 7H), 3.40 (m, 1H), 2.95-2.75 (bH), 2.04 (m, 5H), 1.80 (m,
2H), 1.46 (m, 2H)*C NMR (CDCE, 100 MHz):d ppm 173.0, 170.8, 159.0, 156.0,
135.7, 135.7, 129.7, 128.9, 128.8, 128.3, 127.2,0,1102.3, 71.5, 70.3, 67.0, 66.1,
65.1, 63.6, 58.9, 55.1, 53.3, 52.7, 51.9, 47.74,438.2, 36.6, 29.5, 25.5, 25.2;
LRMS: (ES+) m/z = 651.2 (M+23), 597.1 (M-OMe)
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(1R,10S,14S,16R)-10-isobutyl-16-methoxy-16-((R)-3-(4-methoxybenzyl)-2-
oxothia zolidin-4-yl)-2,7,12,15-tetr aoxa-9-azabicyclo[12.3.1] octadecane-8,11-
dione (4.4c):

Molecular Formula: €H4:N.OgS; R : 0.4 (2:3 ethyl acetate/hexanes); Solvent
system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield-61.5%
(colourless liquid); *H NMR (CDCk, 400 MHz):d ppm 7.18 (dJ = 8.4 Hz, 2H),
6.88 (d,J = 8.4 Hz, 2H), 5.05 (d] = 14.4 Hz, 1H), 4.85 (d] = 8.4 Hz, 1H), 4.72 (t,

J = 8.4 Hz, 1H), 4.60 (ddj = 10.0, 2.8 Hz, 1H), 4.44-4.28 (m, 2H), 4.23-4.09 (m,
3H), 3.88-3.66 (m, 9H), 3.52-3.39 (m, 1H), 3.3583(fn, 3H), 3.14 (s, 3H), 2.16 (m,
1H), 2.02 (dd) = 13.2, 9.6 Hz, 2H), 1.93-1.80 (m, 2H), 1.77-1.70 2H), 1.54 (tJ

= 6.0 Hz, 1H), 0.95 (t) = 6.0 Hz, 6H);**C NMR (CDCE, 100 MHz):5 ppm 173.1,
171.7, 159.1, 156.3, 129.8, 128.4, 114.1, 102.46,710.4, 66.0, 65.4, 63.8, 59.0,
55.2, 53.4, 53.0, 47.9, 47.4, 39.8, 32.7, 32.66,297.8, 25.3, 24.7, 22.9, 21.3;
LRMS: (ES+) m/z = 617.1(M+23), 563.1 (M-OMe)

(1R,10S,14S,16R)-10-((R)-sec-butyl)-16-methoxy-16-((R)-3-(4-methoxybenzyl)-
2-oxothiazolidin-4-yl)-2,7,12,15-tetr aoxa-9-azabicyclo[12.3.1]octadecane-8,11-
dione (4.4d):
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Molecular Formula: gH4:N.OgS; R : 0.4 (2:3 ethyl acetate/hexanes); Solvent
system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield-60%
(colourless liquid); *H NMR (CDCk, 400 MHz):d ppm 7.18 (dJ = 8.4 Hz, 2H),
6.88 (d,J = 8.4 Hz, 2H), 5.05 (d) = 14.4 Hz, 1H), 4.87 (d] = 9.2 Hz, 1H), 4.75 (t,

J = 8.4 Hz, 1H), 4.65 (dd) = 8.8, 3.6 Hz, 1H), 4.32-4.07 (m, 4H), 3.82 (s, 8H),
3.54-3.40 (m, 1H), 3.21 (m, 6H), 2.20-2.11 (m, 1R)Y8-1.97 (m, 3H), 1.94-1.80
(m, 4H), 1.63-1.47 (m, 3H), 1.01 (d,= 6.85 Hz, 3H), 0.93 (m, 3H)**C NMR
(CDCls, 100 MHz):6 ppm 173.1, 170.9, 159.1, 156.6, 129.8, 128.4,(,1102.4,
71.7, 70.6, 65.8, 65.5, 63.8, 59.3, 59.0, 55.24,587.9, 47.5, 36.1, 32.8, 32.6, 29.6,
25.9, 25.3, 25.0, 14.1, 11.5; LRMS: (ES+) m/z =.6{M+23), 563.1 (M-OMe)

(1R,10S,14S,16R)-16-methoxy-16-((R)-3-(4-methoxybenzyl)-2-oxothiazolidin-4-
yl)-10-methyl-2,7,12,15-tetr aoxa-9-azabicyclo[ 12.3.1] octadecane-8,11-dione
(4.4e):

H
Me N 0}

T
o
o} O

Molecular Formula: Hs3eN2OgS; R : 0.3 (1:1 ethyl acetate/hexanes); Solvent
system for column purification (2:3 to 1:1 ethyletate/hexanes); Yield-65.9%
(colourless liquid); *H NMR (CDCk, 400 MHz):d ppm 7.17 (dJ = 8.4 Hz, 2H),
6.88 (d,J = 8.6 Hz, 2H), 5.06 (dJ = 14.4 Hz, 1H), 4.95 (d) = 8.0 Hz, 1H), 4.78-
4.63 (m, 1H), 4.50 (dd] = 10.0, 2.4 Hz, 1H), 4.39-4.36 (m, 1H), 4.25-4.10 8H),
3.92-3.70 (m, 9H), 3.52-3.36 (m, 1H), 3.35-3.08 @H), 2.16 (dJ = 12.2 Hz, 1H),
2.09-1.97 (m, 3H), 1.91-1.78 (m, 3H), 1.70-1.55 @H), 1.45 (dJ = 7.2 Hz, 3H);
¥C NMR (CDCk, 100 MHz): 3 ppm 173.2, 169.3, 15.9.1, 156.1, 129.8, 129.7,
129.7, 128.4, 114.1, 102.4, 71.6, 70.5, 66.1, 68328, 59.0, 55.2, 50.0, 47.8, 47.4,
31.9, 29.6, 27.7, 25.9, 25.3, 22.6; LRMS: (ES+) m/575.0(M+23), 521.0 (M-
OMe)

221



Chapter 5

i. G-I (10 mol%),

2 w0 DCM, reflux, 4 h °
—> H
o ii. Hy, 10% Pd/C, 0
MeO” | JH EtOH, rt, 12 h MeO” | LH
PMBN PMBN
S S
o 8.2 o 4.3

Compound 4.3:

Experimental procedure as per ref. compoddd

(1S,10S,14S,16R)-10-isopr opyl-16-methoxy-16-((R)-3-(4-methoxybenzyl)-2-
oxothi azolidin-4-yl)-2,7,12,15-tetr aoxa-9-azabicyclo[ 12.3.1] octadecane-8,11-
dione (4.3a):

Molecular Formula: HioN2OgS; R : 0.3 (1:1 ethyl acetate/hexanes); Solvent
system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield-67.5%
(colourless liquid); *H NMR (CDCk, 400 MHz):5 ppm 7.17 (dJ = 8.4 Hz, 2H),
6.87 (d,J = 8.4 Hz, 2H), 5.13 (d) = 14.4 Hz, 2H), 4.70 (t) = 9.6 Hz, 1H), 4.55
(dd,J = 10.0, 4.0 Hz, 1H), 4.24-4.11 (m, 2H), 4.07)& 8.4 Hz, 1H), 3.91-3.65 (m,
9H), 3.57-3.45 (m, 1H), 3.33-3.18 (m, 2H), 3.093kl), 2.21-2.14 (m, 2H), 2.12-
2.01 (m, 2H), 1.87-1.76 (m, 2H), 1.70-1.60 (m, 5HN3 (M, 6H);*C NMR (CDCE,
100 MHz):6 ppm 172.7, 171.7, 159.0, 156.8, 129.7, 128.4,3,28.4.0, 103.7, 71.9,
67.1, 66.9, 64.9, 60.8, 58.4, 55.2, 47.6, 47.15,334.4, 31.8, 29.6, 26.6, 25.1, 19.2,
18.4, 14.0; LRMS: (ES+) m/z = 603.1(M+23), 549.0-QWle)
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(1S,10S,14S,16R)-10-benzyl-16-methoxy-16-((R)-3-(4-methoxybenzyl)-2-oxothia
zolidin-4-yl)-2,7,12,15-tetr aoxa-9-azabicyclo[ 12.3.1] octadecane-8,11-dione
(4.3b):

H
~m, N o}

Ph " \[r
/j\o\?
(@) (0]

H

0]

H
o

MeO H
PMBN

O

Molecular Formula: gHsoN2OsS; R : 0.4 (2:3 ethyl acetate/hexanes); Solvent
system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield-61.8%
(colourless liquid);*H NMR (CDCk, 400 MHz):d ppm 7.37-7.11 (m, 8H), 6.87 (d,
J=8.47 Hz, 2H), 5.15 (d] = 8.4 Hz, 1H), 5.09 (d) = 14.4 Hz, 1H), 4.60-4.45 (m,
2H), 4.16-4.05 (m, 2H), 3.89-3.65 (m, 7H), 3.5733#n, 1H), 3.32-2.97 (m, 7H),
2.21-2.02 (m, 4H), 1.90-1.75 (m, 1H), 1.59 (m, 5HE NMR (CDCk, 100 MHz):3
ppm 172.7, 171.3, 159.1, 156.4, 135.7, 129.9, 12928.8, 128.4, 127.2, 114.1,
114.0, 103.8, 71.9, 67.6, 66.9, 65.3, 63.4, 60845,555.8, 55.2, 47.6, 47.1, 36.8,
34.5, 29.6, 25.2, 24.9; LRMS: (ES+) m/z = 651.0 @@y, 597.0 (M-OMe)

(1S,10S,14S,16R)-10-isobutyl-16-methoxy-16-((R)-3-(4-methoxybenzyl)-2-
oxothia zolidin-4-yl)-2,7,12,15-tetr aoxa-9-azabicyclo[12.3.1] octadecane-8,11-
dione (4.3c):

/ H (o)
YUY
(¢} O °
H

o)

H
0]

MeO H
PMBN

)

Molecular Formula: €H4:N.OgS; R : 0.4 (2:3 ethyl acetate/hexanes); Solvent
system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield-60.3%
(colourless liquid)'H NMR (CDCk, 400 MHz):3 ppm 7.18 (d,J = 8.4 Hz, 2H),
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6.87 (d,J = 8.4 Hz, 2H), 5.14 (dJ = 14.4 Hz, 1H), 5.03 (d] = 8.0 Hz, 1H), 4.66 (t,
J= 8.8 Hz, 1H), 4.52 (dd] = 10.0 Hz,J = 4.0 Hz, 1H), 4.36-4.27 (m, 1H), 4.17 (d,
J= 14.4 Hz, 2H), 3.84 (m, 8H), 3.75-3.68 (m, 1H), 3589 (m, 1H), 3.33-3.20 (m,
2H), 3.10 (s, 3H), 2.44-2.29 (m, 1H), 2.23-2.14 RH), 1.86-1.77 (m, 1H), 1.62 (m,
7H), 0.93 (d,J = 6.4 Hz, 3H), 0.85 (dJ = 6.4 Hz, 3H);**C NMR (CDC}, 100
MHz): & ppm 172.7, 172.3, 159.0, 156.5, 129.7, 128.4,0,1403.7, 71.8, 67.2, 66.9,
65.1, 63.2, 58.5, 55.2, 53.4, 47.6, 47.1, 39.85,384.4, 29.6, 26.5, 25.5, 25.1, 24.7,
22.6, 21.6; LRMS: (ES+) m/z = 617.1(M+23), 563.0-Qlle)

(1S,10S,14S,16R)-10-((R)-sec-butyl)-16-methoxy-16-((R)-3-(4-methoxybenzyl)-2-
oxothiazolidin-4-yl)-2,7,12,15-tetr aoxa-9-azabicyclo[ 12.3.1] octadecane-8,11-
dione (4.3d):

Molecular Formula: eH4:N.OgS; R : 0.4 (2:3 ethyl acetate/hexanes); Solvent
system for column purification (3:7 to 2:3 ethyletate/hexanes); Yield-65%
(colourless liquid); '"H NMR (CDCk, 400 MHz):8 ppm 7.17 (dJ = 8.4 Hz, 2H),
6.86 (d,J = 8.4 Hz, 2H), 5.12 (d) = 14.2 Hz, 2H), 4.66 (tJ = 9.6 Hz, 1H), 4.51
(dd,J = 10.0, 4.0 Hz, 1H), 4.23-4.07 (m, 3H), 3.88-3.62 9H), 3.56-3.43 (m, 1H),
3.31-3.17 (m, 2H), 3.08 (s, 3H), 2.25-2.15 (m, 2MP5 (d,J = 10.4 Hz, 1H), 1.88-
1.74 (m, 2H), 1.70-1.48 (m, 6H), 0.97 Jt= 6.4 Hz, 3H), 0.93-0.86 (m, 3HJC
NMR (CDCl, 100 MHz): 5 ppm 172.7, 171.8, 159.1, 156.8, 129.8, 128.4,0114.
103.8, 71.9, 67.1, 67.0, 65.0, 63.1, 59.6, 58.5,567.6, 47.1, 36.0, 34.5, 34.4, 29.6,
26.6, 25.2, 24.9, 15.6, 10.9; LRMS: (ES+) m/z =.6{M+23), 563.0 (M-OMe)

(1S,10S,14S,16R)-16-methoxy-16-((R)-3-(4-methoxybenzyl)-2-oxothiazolidin-4-
yl)-10-methyl-2,7,12,15-tetr aoxa-9-azabicyclo[ 12.3.1] octadecane-8,11-dione
(4.3e):
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Me/,,, NTO
LI
o} O
H
O
H
o
MeO H
PMBN
S
O

Molecular Formula: &H3eN2OgS; R @ 0.3 (1:1 ethyl acetate/hexanes); Solvent
system for column purification (2:3 to 1:1 ethyletate/hexanes); Yield-63.8%
(colourless liquid); *H NMR (CDCk, 400 MHz):5 ppm 7.16 (d,J = 8.41 Hz, 2H),
6.85 (d,J = 8.63 Hz, 2H), 5.15 (d] = 8.0 Hz, 1H), 5.11 (d) = 14.4 Hz, 1H), 4.59
(t, J= 11.2 Hz, 1H), 4.50 (dd] = 10.4, 4.4 Hz, 1H), 4.36-4.24 (m, 1H), 4.20-4.04
(m, 2H), 3.91-3.66 (m, 8H), 3.57-3.43 (m, 1H), 3(88 2H), 3.08 (s, 3H), 2.16 (dd,
J=11.9, 3.4 Hz, 2H), 2.06 (d,= 11.2 Hz, 1H), 1.87-1.77 (m, 1H), 1.74-1.52 (m,
5H), 1.42 (dJ = 7.2 Hz, 3H);**C NMR (CDCk, 100 MHz):d ppm 172.7, 172.3,
159.1, 156.4, 129.8, 128.4, 128.3, 114.1, 114.8,8,0r1.9, 67.4, 66.9, 65.3, 63.3,
58.5, 55.2, 50.4, 47.6, 47.1, 34.8, 34.4, 31.96,296.6, 25.2, 24.9, 22.6, 16.8;
LRMS: (ES+) m/z = 575.0 (M+23), 521.0 (M-OMe)
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