Synthesis of Amino-indoline
Based Macrocycles and
Treprostinil Inspired Hybrid
Compounds

A THESIS
SUBMITTED FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY
IN CHEMISTRY

BY
SRINIVAS CHAMAKURI

Dr. Reddy’s Institute of Life Sciences
University of Hyderabad Campus
Gachibowli, Hyderabad 500046, India

August 2014



Dedicated to

My Parents

& %&c}% Jor
/C\



Table of contents

Page

No.
Declaration [
Certificate i
Acknowledgements i
Synopsis v
Abbreviations XV
General information XVii

Chapter 1: Introduction to Indoline and M acr ocyclic Natural Products and
Their Inspired Analogous as Modulators of Protein-Protein I nteractionsl
1.1. Introduction
1.2. Protein-Protein Interactions
1.3. Natural Product Modulators of Protein-Protein Interactions
1.3.1. Indoline and indole based natural products
1.3.1.1. Vindoline
1.3.1.2. TMC-95A

o o1 O W NN

1.3.2. Macrocyclic natural products 10
1.3.2.1. Kendomycin 11
1.3.2.2. Geldanamycin 13

1.4. Natura Product Derived and Inspired Macrocyclic Compounds 15

1.4.1. TMC-95A based analogous 16
1.4.2. Geldanamycin-derived analogous 18
1.5. References 19

Chapter 2: Synthesis of Indoline Alkaloid Natural Product I nspired

Macrocyclic Toolbox 23
2.1. Introduction 24
2.2. Working Hypothesis 24
2.3. Results and discussion 28

2.3.1. Synthesis of Amino Indoline Scaffold 28



24.
2.5.
2.6.
2.7.
2.8.

2.3.2. Retrosynthesis of 12 Membered Macrocycle

2.3.3. Synthesis of 12-Membered Macrocycle, 2.2

2.3.4. Derivatives of 12 Membered Macrocycle, 2.2

2.3.5. Retrosynthesis of 11 Membered Macrocycle

2.3.6. Synthesis of 11-Membered Macrocycle, 2.3

2.3.7. Derivatives of 11-Membered Macrocycle, 2.3

2.3.8. Retrosynthesis of 11-Membered Bridged Macrocycle, 2.4
2.3.9. Synthesis of 11-Membered Bridged Macrocycle, 2.4
2.3.10. Derivatives of 11-Membered Bridged Macrocycle, 2.4

Biological evaluation
Conclusion
Experimental procedure
References

Spectra

Chapter 3: Synthesis of Treprostinil Inspired Hybrid Compounds

3.1.
3.2

3.3.

3.4.

Introduction
Literature synthesis
3.2.1. Moriarty approach
3.2.1.1. Retrosynthesis
3.2.1.2. Synthesis of Treprostinil A

3.2.2. Aristoff and co-workers approach
3.2.2.1. Retrosynthesis
3.2.2.2. Synthesis of Treprostinil A

Synthesis of tricycle scaffold of treprostinil A (our approach)
3.3.1. Retrosynthesis of tricyclic intermediate of Treprostinil A
3.3.2. Synthesis of tricyclic scaffold

3.3.3. The X-ray Crystal structure of 8.1

Synthesis of macrocycles
3.4.1. Retrosynthesis of macrocycle, 9.1

29
30
31
31
32
33

35
36

36
38
38
66
68

126
127
128
128
129
129

131
131
131

132
133
134
136

138
138



3.5.
3.6.
3.7.
3.8.

3.4.2. Synthesis of macrocycle 9.1
3.4.3. Derivatives of 9.1

3.4.4. Retrosynthesis of macrocycle, 9.2
3.4.5. Synthesis of macrocycle 9.2
3.4.6. Derivatives of 9.2

Conclusion
Experimental procedure
References

Spectra

List of Publications

139
139
140
140
141

142
142
158
159

188



DECLARATION

I, hereby, declare that the matter embodied irthlesis is the result
of investigation carried out by me at the Dr. Reddstitute of Life
Sciences, University of Hyderabad Campus, Hyderabadia,
under the supervision &fr ofessor Prabhat Arya.

In keeping with the general practice of reportingiestific
observations, due acknowledgements have been maeiewver the
work described is based on the findings of otheestigators. Any
omission, which might have occurred by oversight eoror, is
regretted.

Dr. Reddy’s Institute of Life Sciences Srinivas Chamakuri
University of Hyderabad
August 2014



CERTIFICATE

This is to certify that the thesis entitlé8ynthesis of Amino-indoline

Based Macrocycles and Treprostinil Inspired Hybri@ompounds”being

submitted byMr. Srinivas Chamakurito University of Hyderabad for the
award ofDoctor of Philosophy in Chemistrynas been carried out by him
under my supervision and the same has not beenittetbmlsewhere for a
degree. | am satisfied that the thesis has reatbethe standard of
fulfilling the requirements of the regulations tatg to the nature of the

degree.

Professor Prabhat Arya

(Research Supervisor)

Head, Department of Organic and Medicinal Chemistry
Dr. Reddy’s Institute of life Sciences (DRILS)
University of Hyderabad Campus
Gachibowli, Hyderabad 500 046

Telangana, India

Tel.: +91 40 66571500

Fax: +91 40 66571581

E-mail: prabhata@drils.org

Web site: www.prabhatarya.org



Acknowledgements

| would like to express my deepest gratitude to awvisor, Professor Dr.
PRABHAT ARYA, Head, Department of Organic and Medat Chemistry, Dr.
Reddy’s Institute of Life Sciences (DRILS) for hexcellent guidance, caring,
patience, and for providing me with an exceptioafinosphere during my
research tenure in his laboratory. The joy andwsidsm he has for the research
was contagious and motivational for me, even dutouygh times in the Ph.D.
pursuit. His support and encouragement immenselgedeme to grow as a
research scientist. Besides my advisor, | woulé li& thank the Director and
other faculty members of DRILS for their encouragein and insightful
comments. My sincere thanks to DRILS analytical addhinistrative staff for

their excellent support.

| am truly thankful to my doctoral committee mensjeProfessor Ashwini
Nangia (School of Chemistry, University of Hyderdpand Professor Manojit

Pal (DRILS), for their critical evaluation and vahle suggestions.

| would like to express my special thanks to my dl.&acher Dr. Sarbani Pal,
M.N.R.P.G. College, Hyderabad, India. | would lit@ thank Dr. Rajamohan

Reddy Poondra (DRILS), for his constant support sughestions and Professor
Manojit Pal (DRILS), for being an advisor in mytiai days of research career.

| thank all my DRILS colleagues Madhu Aeluri, Rawkar Jimmidi, Shiva
Krishna Reddy, Bhanudas Dasari, Narender ReddysaBr&8agineni, Ratham,
Raju Adepu, Srinivas Jogula, Saidulu Konda, MahenHatravath, Jagan
Gaddam, Naveen Kumar M, Ramesh Reddy, Ramu E, KRajm and Dr.
Alinakhi for their support.

| would like to thank my former colleagues Dr. Shikumar Kota, Suresh B,
J.S.N. Reddy, A.S.G. Prasad, Dr. Prabhakar M, DamiBabu D, Krishna
Padigela, Ravi shekar Y, and Thrinath Devarakomishan Rao, Sidhanth for

their support at the initial stage of my researateer.

| would like to thank my dearest friends for thesluable support Saidulu Kotla,

Naresh Gunaganti (Cousin), Sasi Puppala, Ramu 8, Ralisetti (gali), Guddeti



Chandrashekar Reddy, Nagaraju Goud, Kiranmai Ja3tva Vangoor and my
friends Rajesh T, Madhu D, Uppy A, Jagadish, Hdrd®sSrinu Busani, Shyam
Gunaganti, Rambabu Podisetti, Venky (Chapell), B&wddamalla, Vivek,
Harihar, R.K, Ragavaiah G for sharing troubles agpiness in my life.

| would like to acknowledge all my teachers Mr.f8ras Thaduri, Laxman
Basani. Yakaswamy D, Poornaiah P, Venkanna D, feskaarlu (maths, ZPHS
thimmapur), Sathyanarayana Reddy (Principal, Seenr degree college), for

their encouragement and support.

| acknowledge the Council of Scientific and IndigdtrResearch (CSIR),
Government of India for providing me with the nesaay fellowship to pursue my
research program at DRILS. | would like to than& tniversity of Hyderabad for
the Ph.D. registration and Dr. Reddy’s InstituteLde Sciences (DRILS), for

providing me with such a great environment to cauy my research program.

Finally, 1 would like to acknowledge the people, avimean world to me, my
parents $omalaxmi, Venkataiah). | don’t imagine a life without their love and
blessings. Thank you mom, dad, for showing faitimm and giving me liberty to
choose what | desired. | consider myself the lustkie the world to have such a
supportive family, standing behind me with theiwdoand support! like to
dedicate my thesis to my Parents. | would like hank my sister Saritha and
brother-in-law Saibabu for their moral support amativation, which drives me to
give my best. My little thanks go to my Niece Saafavi (Pambu) and my
NephewAbhi (Nani), who has been a source of relief wtiblam away from the
work. | would like to thank my aunty and uncle Aefima, Pullaiah for their
caring and guidance in early days of my educatMw.heart full thanks to my
wife Sandhya for her love and constant support, fandkeeping me happy over

the past few months.

| thank the Almighty for giving me the strength gpatience to work through all
these years so that today | can stand proud witheag held high.

Dr. Reddy’s Institute of Life Sciences Srinivas chamakuri
August 2014



Synopsis

The thesis entitled'Synthesis of Amino-indoline Based Macrocycles ah

Treprostinil Inspired Hybrid Compounds” contain three chapters

Chapter 1: Introduction: Natural Products and Synthetic Macrocycles.

This chapter covers the importance of various m@htproduct macrocycles and the
synthetic macrocycles. In addition to discussingaaf the selective synthesis example
of bioactive natural products, their use in addrgsdiological questions related to

portein-protein interactions is also covered

Chapter 2: Synthesis of Indoline Alkaloid Natural Roduct Inspired Macrocycles.
(Eur. J. Org. Chem. 2013,19, 3959-3964)

With the goal of expanding the currently accepthdnaical space to search for small
molecule modulators of protein-protein, DNA/RNA-fm interactions and signaling
pathways, the past few years has seen a growiegesttin accessing small molecules
that are more natural product-like, and, are okthiftom the inspiration from bioactive
natural products. Traditionally small moleculestthee broadly available to medicinal
chemistry community for an early biological evaloatare rich in spcharacter, and in
general, lack the features that are commonly faarimloactive natural products. Several
leading review articles are being written on thigpit that challenges the organic
synthesis community to access small molecules i@iodical evaluation in the broad

areas of protein-protein and other bio-macromokacinteractions.

In particular, the interest in accessing functiea large ring derivatives (i.e.
macrocyclic compounds) is growing due to severaloes: (i) large ring structures
present an opportunity to map a large surface tar@geract with the protein targets, (ii)
pre-organization in large rings allow to displayweml functional groups in specific
orientations, and, (iii) in general, cyclic compdsnpossess better cell permeation



properties. Despite all these attractive featunaslarge rings offer and an excellent track
record of several macrocyclic natural products asgysl the full potential of this area
remains to be explored thoroughly. One of the elmgiés in this-arena is the development
of synthesis methods that are modular and pradhaature to allow obtaining different-
types of functionalized medium to large rings. Weéiated the synthesis program that
was aimed at developing methods to allow us aaegdanctionalizedenantioenriched
natural product-inspired scaffolds, a few years.agoone study, we developed a
practical synthesis of an aminoindoline scaffoldiihg three orthogonally protected
functional groups1.1). As an extension to this work, with an objectteeexplore the
macrocyclic chemical space, herein, we report a ulasdmethod that allow us to
incorporate different-type of large ring skeletg¢sse,1.2 1.3and1.4, Scheme 1) onto an
enantioenriched aminoindoline scaffold.

12-membered ring 11-membered ring
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Scheme 1 The proposed plan to obtain three macrocyclievedrcompoundd..2, 1.3

andl.4 from anenantioenriched, aminoindoline scaffold.l1

There are several attractive features in the amdwdine scaffold 1.1) that makes it a
highly attractive starting point to incorporate igais large rings onto the skeletdrhese
include, (i)the presence dfans 2,3-aminoalcohol moiety that can further be witian
building the additionaltrans-fused 12-membered ringl.Q), (i) 1,2-aminoalcohol
utilizing the indoline nitrogen to provide 1l-memée ring (.3), and (iii)) 1,3-

orthogonally protected di-amino functional groupattcan lead to synthesize bridged 11-
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membered ring 1(4). In all the three strategies, we utilize a commapproach to
incorporate the amino acid functionality and thiécsing technology to construct the

macrocyclic rings.
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Scheme 2.The synthsis ofl.2 having a 12-membered macrocyclic ring on an

aminoindoline scaffold

Our synthesis method to obtain 12-membered ringrosgclic ring derivativel.2 from
anenantioenriched aminoindoline scaffold is outlined in Scheme 2eTiee amine 02.2

was acylated (i.e. Ras the first diversity), and following th&l€bz removal (10% Pd
over C), it was then subjected to reductive alkgtato obtain the secondary amia&in
good vyields (i.e. B as the second diversity). The secondary aminetiveascoupled with
different Fmoc amino acids that allowed us to idtrce the diversity site as; Ri.e. the
side chain of an amino acid). ThdFmoc group was removed and the free amine was
then acylated with acid chlorides to providetl with the fourth diversity (B. Upon
treatment under basic conditions and with allylnbide, it produced théis-allylated

product2.5in respectable yields. Under the reactions comstithat

Vi



may have the traces of moisture, it also leadsetwbyl ester hydrolysis, which is then
followed by O-allylation. The next crucial step was to explotee tring closing
metathesis-based stitching technology on this kidghihctionalized substrat2.5. This
reaction worked well, and as we proposed, the mxhdikt 12-membered macrocyclic ring
was easily obtained. The cyclic product was thdnesiied to hydrogenation to obtain the
saturated version as a clean produ@ that was well-characterized through various
analytical techniques (HPLC-MS and NMR).
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Scheme 3The synthesis af.3with an eleven membered ring
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Scheme 4The incorporation of 11-membered bridged macrocycle

In similar manner 11 memberddl.3) and 11 membered bridgédl.4) macrocycles are
synthesized. All the small molecules obtained fithiis project (in total 36 compounds)
were tested in a zebrafish based assay to searchnfbangiogenesis agents and the
inhibitors of an early embryo development (FiguyeThis was achieved in collaboration

with Satish Kitambi team at the Karolinska Ins&tuh Sweden. This study identified
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some novel small molecules as -angiogenesis agents and the inhibitors of ¢

embryonic development

Partial inhibition at 2.5 1M and complete inhibition at 5.0 /M
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(Cl-4ph—"

complete inhibition at 3.0 uM

Figure 1. Zebrafish angiogenesis assay: (A) embryonic zedivaf(B) control witk
DMSO, (C) antiangiogenesis effect (1.1 at 5.0um; Embryo development assay: (

normal development, (A) the effect of small molexS,s at 3.0um.
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M.; Campagna-Slater, V.; Reayi, A.; Reddy, P. ThpGdhry, A.; Barnes, M. L.;
Leek, D. M.; Daroszewska, M.; Lougheed, C.; Xu, Bchapira, M.; Alaoui-
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Chapter 3: Synthesis of Treprostinil Inspired Hybrid Macrocycles.

(Manuscript under preparation)

Treprostinil A is a FDA approved drug, known as WF-1t is an effective drug in the
treatment of pulmonary arterial hypertension. laipart of stable synthetic analogue of
prostacyclin (PG). Prostacyclin is one of the important metabolimducts of
arachidonic acid produced in the vasculature ofa@mmuscle cell and endothelial cells.
Prostacyclin is an effective vasodilator in botlpay of circulatory pathways. It was
earlier used for the treatment of cardiovasculaeases. UT-15 retains all the biological
activity of PGp. PGhL has a very short half-life (approx. 10 min) andvésy unstable
towards higher temperature. Whereas, UT-15 hadtarldelf life of approx. 3 hrs. UT-
15 is known for action towards the curing of seveomgestive heart failure, severe
intermittent claudication and immunosuppresion. &tmer, UT-15 has an anti
proliferative effect on human pulmonary arterial ogtlhh muscle cells. All these
interesting features of UT-15 have attracted usddk on the synthesis of UT-15 and to

develop methods to obtain hybrid macrocycles. Qainrobjective is to develop a novel



route to key core of UT-1®nd, further, the building of a macrocyclic cherioelbox
by exploring a new chemical space around the dchfkey intermediate)

OTBS

Oeo

H Co,Et
5.1

Tricyclic
Intermediate

5.2
L4
O

. _N__O

AT
[0}

H H Rue

oMe M CoEt

5.3

H co Et

5.4
Our Proposed Treprostinil Inspired Hybrid Macrocycles

Scheme 5Treprostinil A and Treprostinil Inspired Macrocgsl

0 R, N.__O
/,
5.2 (g)TI?_lS ; \([)]/
(@) O
R"' = o| &<
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H Co,Et —©
OMe 2 H
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5.4

COOEt
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enantlopure (Iater)
:> O COOEt :> COOEI X\ _COOEt

Scheme 6:Retrosynthesis of Treprostinil Inspired Macrocgcle

Retrosynthesis of macrocycles.§ and5.4) shown inScheme 6 Macrocycless.3 and

5.4 can be synthesized from the key intermed&& by incorporating the amino acid

Xl



building block and subsequent RCM-based stitchiachnology. Intermediat®.2 is

synthesized frong.1 by the functional group modification and Dieckmayclization.

Compound6.1 could be derived fromu—alkylation of carbonyl compound.2, this

bicyclic compound achieved from intermediét8 by using Michael addition.

o) o) 0
Grubbs 2" gen cat
Me DMS! K2CO3 Me (3 mo'%), DCE, Me NaOEtv EtOHv
—_— —_—
O Ac;etone, 4 h X Reflux 2h X~ COOE -78°Ctort, 2h,
91% ' OEt t
OMe 7 4 OMe 72 = OMe 6.3 Rk
79%
1. NaBH,, EtOH, 0 °C,
2h, 74% oTes
NaHMDS, THF, 2. TBSOTY, Et;N, DCM, S
-78 °c 4h, 75% COOEt 0°Ctort, 4 h, 64% 0
COOEt COOEt >
r 3. KO®Bu, THF, reflux H
, THF, : CO,Et
Me 90 min, 65% OMe o, 77
/nseparable
mixture
OTBS
Y o

"

NaBH4 EtOH,
wOH

0°C, 1h, 82%
H Co,Et H Co,Et

Me
7.4

Scheme 7:Synthesis of key intermediate2 (racemic)

Our synthesis started from the phenolic derivativd which is derived from
commercially available 3-hydroxyacetophenone. Rtaia of 7.1 followed by the cross
metathesis gave the Michael precursp2)(in good yields. We then synthesized the
bicyclic, racemic compouné.2 from 6.3 by using NaOEt and this approach gave a
guantitative yield of the bicyclic scaffold.2 It was further subjected to enol ether
alkylation condition giving compoun@ll1 as the 6:1 mixture of inseparable diastereomers
(note: the ratio was determined by NMR). Compo@ridas the diastereomeric mixture
was then subjected to carbonyl reduction, silyfafiollowed by Dieckmann cyclization

to obtain the key intermediate2

Xl



To our surprise, we obtained only one product tisata result of a region and
stereoselective Dieckmann cyclization. The NMR ofmpound5.2 is clean and further
COSY and NOESY were helpful in assigning all thetpns. Interestingly, it appears that
the presence of a —OTBS group at the benzylic iposis playing an important role in
governing the regioselective deprotonation underrdaction conditions, and, this leads
to having the —COOEt group at the site that is sgpdo the -OTBS group. By having a
key intermediat®.2in our hand, further, we then attempted the ketedection. At this
stage, we are getting two isomes3(and 7.4) which are easily separable. One of the
isomer7.3 is crystallised, it is further supported our assignt. Both the isomers were

further coupled with various amino acid buildingdits to get the macrocycles.

A
i?

H2 E'H

k H

crz K c'

OMe CO,Et
7.4

Figure 2: ORTEP diagram of compound3

\\—\ 7 o
1. Alloc AA, EDC, /E/ O=<O r\O%NH
oo o ©

DCM, DMAP,

0°C,2h, G 11 (10 mol%), DCM, o
- B = _ =
7.3 wnd R Reflux, 4 h, 60-70% o +

2. 3N HCI, THF, eflux, 4 h, b

0°Ctort, 1h A H

,1h, )

3. Acryloyl chloride, OMe COzEt g1 OMe COLE

Py, DCM, 1h | R = Me, Isopropyl, Bn | 5.3a

Scheme 8:Synthesis of macrocycke3and derivatives

To synthesise macrocycke.3, first we coupled the N-Alloc amino acid @3, and
followed by the deprotection of silyl ether andydaylation, gave intermediat® 1 This

Xl



was further subjected to ring closing metathesisisipg Grubbs ' generation catalyst

gave macrocycles.3with good yields (Scheme 8) as a mixture of twariscs.

In another approach, the synthesis of macrocyeléScheme 9 was achieved using. 1
as the RCM precursor. Compoufidl was obtained by acryloylation of the compound
7.4 (secondary -OH groypthe removal of the silyl group from the benzytgdroxyl;
and, then coupling with the N-Alloc amino acid nmgig~urther subjected to ring closing
metathesis by using Grubbd®2Zyeneration catalyst gave macrocyckd with good

yields (Scheme 9).

H
R, N \H/O\/\
1. Acryloyl chloride, ; [¢] /

0" o
Py, DCM, 1h Q
v : H G 11 (10 mol%), DCM,
o SUUOmA™ DO

2.3N HCI, THF, g Reflux, 4 h, 60-70%

0°Ctort, 1h,

H

3. Alloc AA, EDC, Omte COEt

DCM, DMAP,
0°C,2h, | R = Me, Isopropyl, Bn |

Scheme 9:Synthesis of macrocyck4 and derivatives

The biological evaluation of all these macrocy@asd intermediates obtain in this project
is under progress.
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General Information

'H and *C nuclear magnetic resonance (NMR) spectra wererded on
Varian 400 MHz NMR spectrometer at the frequencgtidated. Where
indicated, the NMR peak assignments were made U3D8Y experiments.
All chemical shifts are quoted on tléescale and were referenced to the
residual solvent as an internal standard. Comlansatiof the following
abbreviations are used to describe NMR spectrasiagtet; d = doublet; t =
triplet; g = quartet; m = multiplet. Mass spectradd.CMS were recorded
using electron impact, chemical ionisation or elesgpray ionisation
techniques, on Agilent-6430 mass spectrometer. degformance liquid
chromatography was carried out on Agilent-1200 rumeent using X-
BRIDGE C-18 150x4.6mm b column. Thin layer chromatography (TLC)
was carried out on aluminium sheets coated witlcasijel 60Fs4 (Merck,
1.05554) and the spots were visualized with UV tlight 254 nm or
alternatively by staining with aqueous basic pataegermanganate or ceric
ammonium molybdate or ninhydrin. Flash column chatography was
performed using silica gel (Merck, 60A, 230-400 kflesCommercially
available reagents were used as supplied and sértteerm were distilled
before use. All reactions were performed in overdglassware. DMF,
DCM, MeOH and THF were dried immediately prior teeuaccording to
standard procedures: Dimethylformamide, Dichlordraee was distilled
under N from CaH, Methanol was distilled under ;Nover Mg and
Tetrahydrofuran was distilled under biver Na. All solvents were removed
by evaporation under reduced pressure.

XVii



Chapter 1: Introduction to Indoline and Macrocy®iatural Products and Their Inspired Analogous as
Modulators of Protein-Protein Interactions (PPIs)

Chapter 1.
I ntroduction to Indoline and
Macrocyclic Natural Productsand Their
I nspired Analogous as M odulator s of

Protein-Protein I nteractions (PPl s)



Chapter 1: Introduction to Indoline and Macrocy®iatural Products and Their Inspired Analogous as
Modulators of Protein-Protein Interactions (PPIs)

1.1. Introduction:

The post-genomic chemical biology age has brouglallenges to the biomedical
research community trying to develop a better ustdeding of protein-protein
interaction (PPI)-based signaling netwotks is becoming clear that these signaling
networks are central to both normal and dysfunetiarellular processesin most
cases, they involve multiple, dynamic, highly coexplprotein-protein interactions.
These confounding features have resulted in tHe dd@ thorough understanding of
normal and disease-related cellular signaling neksyavhich has severely limited our
ability to develop therapeutic approaches that@kphese networks. It is hoped that
having a wide arsenal of relevasinall-molecule chemical modulators of protein-
protein interactions will result in a more infornvat probing of such dynamic
processes, both in normal and dysfunctional celiptacesses. In the long run, it will
allow biomedical researchers to explore the biaalgspace of proteins, something
which has not currently been considered highlyaative.

1.2. Protein-Protein Interactions (PPl s):

Several factors have contributed to the limitedcess of small molecules as
modulators of protein-protein interactions (PPIdh general, protein-protein
interactions involve shallow surfaces and coveelatively large surface area. PPIs
are largely driven by hydrophobic interfadeslydrogen bonds and electrostatic
interactions play crucial rolésand, the covalent bonds are also considered very
important for PPIs. The physical chemical princgpted protein-protein interactions
are general, and, many of the interactions obsermedtro are the outcome of
experimental over-expression or of the crystal a#fecomplicating the functional
prediction. Proteins also have areas knownhas &ots’.” In several cases, it has
been observed that theskot spots’ contribute significantly to an overall binding,
and, the targeting of these “focused surface arkas’successfully led to the design
of small-molecule binders. There are a few examjleshe literature where the
structural information of a protein-protein complbas led to the design of small
molecules that exploit thehtt spots’. One such example of a rationally designed
molecule involved the synthesis of small-moleculedmators capable of interfering

with Caspase 9-IAP BIR 3 domain interacti@n#/hereas a typical enzyme inhibition
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based approach involves seeking the structuralmdtion ofan enzyme and the
working closely with organisynthesis/medicinal and computational chemistsin/
most cases, the enzymes present-defined, often deep poclkseand this informatic
providesa good starting point to develop the medicinal aseémprogran in the drug

discovery arena.

— At the PPl interface
s i
L ; (f \ ) n < ; Small molecule
y 4 E modulator
v “ WS
\ N\ S % / ‘ < 4

Allosteric site

to an enzyme active site

w,

Caspase-9

y RSl

L b l ’ J" L‘ /,/ ’
4 «-% Small molecule binding
b

Figure 1: (A) An illustration of a small molecule binding &m enzyme active sit
(B) small molecule modulators of prot-protein interactions viaterface or at
allosteric site

A practical way to predict protein function is thgh the identification of the binding
partners. Since the vast majority of protein charesiving cells are mediated
proteinprotein interactions, if the function of at leasteoof the components wi
which the protein interacts is identified, itthen exgcted to facilitate its function.
and pathway assignment. Through the network ofem-protein interactions, we c:
map cellular pathways and their intricate c-connectivity’ For example,two
protein partners cannaimultaneously bind at the same (or overlappintp, the
discovery of the ways in which proteins associdteutl assist in inferring the
dynamic regulation. ldentification of prot-protein interactions is at the heart
functional genomicsThe rediction of proteirprotein interactions is also crucial
developing thedrug discover program. The kowledge of the pathway and
topology, length, and dynamics should provide usefiormationin forecasting the
side effectd.

1.3. Natural Product Modulators of Proten-Proten

I nter actions:
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Natural products are an attractive source of vadechplex structures that exhibit
potent biological activities, and, desirable pharatagical profiles. Historically,
natural products have been the source of many megsdFor example, most of the
cancer drugs and infectious diseases-based dragsesved from natural products.
Over the years, 3-dimensional (3-D), architectyrabmplex natural products have
been used as small-molecule probes for understgupdotein function(s). The search
for novel natural products with interesting biologji properties is still ongoind.
Imbedded in these natural products are a numbhrgbty diverse, chiral functional
groups, which are the potential sites to exhibec#c interactions with different
proteins. Although natural products from a variefysources (i.e. plants, soil, sea,
etc.) are very useful candidates for identifyingnde compounds, the major
disadvantage with natural products is difficulty dhe follow-up organic
synthesis/medicinal chemistry efforts. In many sasigere is insufficient material for
various desired biological assays, thereby limitithg exploration of their full
potential. The development of relatively simplaistural analogous with comparative
biological responses to the natural product, isalenging undertaking, and, it is at
this point that a Diversity-Oriented Synthesis (DQogrant'**** or Biology-
Oriented Synthesis (BIOY) developed for the specific natural product class i
extremely useful. Both approaches are aimed atlpbpg the unexplored, natural
product-based, chemical space that is currentlyceuqmmed by using conventional
combinatorial chemistry approachigs

Members of the diverse alkaloid natural produceskarown to interfere with protein
surfaces involved in protein-protein interactior®hown in Figure 2 are some
examples of bioactive natural products that araiabt from different sources, and,
function as PPIs modulators. Vinca alkaloi@gdoline F2.1, vinblastineF2.2) are
two important anticancer agents known to disruptratubule dynamics, and, inhibit
the assembly, resulting in the arrest of cell divisat the metaphas@ TMC-95A
(F2.3) is a potent proteasome inhibitor. Recently, itswghown that TMC-95A
displays noncovalent and reversible inhibitionhe proteasome. Macrocyclic natural
products such as geldanamyck26) and herbimycin K2.7) (commonly known as
ansamycins) are potent and specific inhibitors hid ATPase activity of Hsp90
Cryptophycin EF2.9) is a well known, highly potent cytotoxin, and, iadwn for

4
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tubulin modulator to function as the inhibitor daflicdivision!’ FK506 (F2.4) is an
immunosuppressive agerifamycin F2.8) and kendomycinK2.5) are known as

antibiotics.

> ",
e
7,
O e ', N
MeO Y ¢ /’// e
N 0 o o) F2.4 FK506

OMe

“10H

F2.6: Ry1= OMe, Ry= H Geldanamycin B 0
F2.5 Kendomycin F2.7: Ry= H, Ry= OMe Herbimycin A Me F2.8 Rifamycin S F2.9 Cryptophycin 1

Figure 2. A few examples of bioactive natural products asritodulators of protein-

protein interactions

1.3.1. Indoline and indole based natural products:

The indoline scaffold is ubiquitously present inrmpanaturally bioactive alkaloids,

such as vinblastine, strychnine, (=) - physostigmirgjmaline, and, (+) -

aspidospermidine. It is also the structural componef several important

pharmaceutically active compounds, such as angimtezonverting enzyme (ACE)

inhibitor and the antihypertensive drug pentopntoline alkaloids constitute a large
family of natural products. Their diverse and coaxp$tructures contribute to potent
biological activities in a range of small moleculds this section, | am going to

discuss two case studies of natural products,thede are vindoline and TMC-95A.

1.3.1.1. Vindoline:

Vinca alkaloids (vindolind-2.1) and vinblastineK2.2), are two important anticancer
agents. At sub-stoichiometric levals vitro, vinca alkaloids are known to stabilize
microtubules, possibly, by binding to microtubuleds, and, thus, inhibiting the
hydrolysis of GTP.
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Retrosynthesis:

Boger et al.,, synthesized (-)- and ent-(+)- vindolineF21) through a
diastereoselective tandem [4+2]/[3+2] cycloadditiminl,3,4-oxadiazole1(2). The
unique reaction cascade assembles the fully fumalied pentacyclic ring system of
vindoline in a single step that forms four C-C bsmahd three rings while introducing
all requisite functionality and setting all six ecenters within the central ring
including three contiguous and four quaternary eeit An intermediatel.2 was
synthesized fronil.3 by attaching the side chain. Compouh8 was synthesized

from 1.4 by the dehydrative cyclization.

0
N \
AN /~0 BnO
N \ =
MeO \ N™ Scoome

NH
A\ N)/\o
MeO N\ \N/J\

COOMe

Scheme 1: The retrosynthetic analysis of vindoline

Synthesis:

Synthesis of vindoline is shown in Scheme 2. Tdsearchers started their synthesis
with the indole derivativ@.1, which was first subjected to Vilsmeier—Haack teac
followed by a Henry reaction to obtain an B-unsaturated nitro compournt>.
Further, an olefin reduction gaw-methyl-6-methoxy tryptamine, which was first
treated with carbonyldiimidazole (CDI), and, thaerbsequently treated with methyl
oxalylhydrazide to providé.4. The intermediaté&.4 was further converted th3 via
the dehydrative cyclization by using TsCl and TBHA.was then coupled with
isomerically pure acid2.2 to provide 1.2, which was then subjected to a tandem
[4+2]/[3+2] cycloaddition cascade leading to thentgeyclic product1.1.?° This

reaction sequence providéd, and,is initiated by an intramolecular inverse electron
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demand Diels-Alder cycloaddition of the 1,3,4-oxeatile 1.2 with the tethered enol
ether to obtain2.3. The loss of N from the initial cycloadduc®.3 provides the

carbonyl ylide 2.4, which then undergoes a subsequent estabfiSHea-dipolar

cycloaddition with the tethered indole moiety. Imjamtly, the diene and dienophile
substituents complement and reinforce the [4+2)oaddition regioselectivity, that
was dictated by the linking tether. The intermesliai3-dipole is stabilized by the
complementary substitution at the dipole termimicl,athe tethered 1,3-dipolarophile

(indole) complements the [3+2] cycloaddition regiestivity.

NO, 0
— N//<
1. LiAH,, THF, refl
1. POCI, DMF, 2 CDI. EOH 900 \ " N TsciTEA DCM
m then aq NaOH A 2 CDI EtOR, 90% o s
—_— N O 16-20h, 67%
MeO :
MeO N 2. CHsNO,, NH,0Ac, MeO N 3. HoNHNCOCO,Me, - Me \ F
\ 15 THF, 79% 14 MeOOC
2.1 reflux, 1 h, 99% : ' . e
0
NH /\(\)k Nw\ triisopropylbenzene,
A\ 0 BnO — >
» \’ _ T —— N\ N/ o 230 °C, 90 h, 50%
MeO EDCCI, DMAP, DCM =
¢ s N COOMe 16 h, 96% MeO 1\ N""Ncoome

1. LDA, TMSO-OTMS,
TIPSOTf, THF, -40 °C
2. Lawesson's reagent

pey
ot

MeO MeO

24

PPh3, DEAD, THF,

O , 2. TBAF, THF, 89% O L 1, 24 h, 75%
MeO' MeO

Scheme 2: Synthesis of vindoline

The relative stereochemistry in each cycloadducbrgrolled by a combination of (i)
the dienophile geometry, and, (ii)) an exclusive ecenddole [3+2] cycloaddition
sterically directed opposite to the newly formeddd lactam. Am-hydroxylation of

1.1 was achieved by the treatment of the lactam enelate TMSO-OTMS, and, this
was then followed by a direct quench with TIPSOIltfwas further converted to
thioamide with Lawesson’s reagent, reductive desiziition with raney Ni, and,

subsequent acetylation of the resulting seconddcphal afforded 2.5. The
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diastereoselective reductive cleavage of the okigddge upon catalytic
hydrogenation (45 psi H PtQ, 50% MeOH-EtOAc) with reduction of the
intermediate imminium ion from the-face. Further, the silyl ether cleavage provided
2.6 and subsequent secondary alcohol activation anmdnealtion provided either (-)-

or ent- (+)- vindoline.

1.3.1.2. TMC-95A:

A proteasome is a multi-catalytic protease thatvslved in a variety of biologically
important processes, including immune responsel;cy®e control, metabolic
adaptation, stress response, and cell differeotidfi The selective inhibition of
proteasomes may allow controlling these essenditivpays> TMC-95A (F2.3) and

its C36 epimer TMC-95B are two potent proteasonmgbitors that bind to enzymes
non-covalently with 1§ values at low nanomolar levéfs.Recently, the X-ray
crystallographic structure of a complex of TMC-95&ith a proteasome was
reportec?® This study has allowed the design of novel TMC&%logous with
tailored biological activities.

Retrosynthesis:

Scheme 3: The retrosynthetic analysis of TMC-95A
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The macrolactam structure could be assembled byuzauk&-Miyaura coupling
reaction (C1-C20) and the peptide bond formation9-Q40)*® To avoid
epimerization at the C-36 stereocenter, the reeess@lanned to introduce 3-methyl-
2-oxopentanoic acid as the reduced f@# and, to generate the C35 ketone at the
final stage of the synthesis. The northern part syaxhesized by using the following
key reactions (i)Z-selective Mizoroki-Heck reaction to construct tb&yindole
portion, (ii) a diastereoselective epoxidation) @rendo selective epoxide opening by
Boc carbonyl group to establish the stereochemsitr§€6, and, (iv) 1,3-elimination
reaction of the L-allothreonine.8) derivative under Mitsunobu conditions to afford
the ©)-1-propenylamine.

Synthesis:

Synthesis of TMC-95A was started fromx, B unsaturated estdrl. This compound
was derived from Garner aldehyde. An amidation loé tester4.1 with 2,6-
dibromoaniline in the presence of Mé resulted in4.2,%® followed by protection of
the N22-amide with aNBoc group. Further, an intramolecular Mizoroki-Heck
reaction afforded the tri-substituted olefth3. The {)-selectivity of this facile
intramolecular cyclization can be explained by $reinsertion of the alkyl palladium
into (E)-olefin, followed by bond rotation, angyn-elimination of the C6-hydride to
provide, predominantly, Z)-oxyindole 4.3. The bulky NBoc group seems to be
protecting theN22-amide of4.3 and thiscan explain the lack of further Pd(0)
insertion into the Cl-bromide @f.3, to cause undesirable side reactions, and, to
maintain the catalytic cycle. Thee B—unsaturated olefin was further oxidized using
3,3-dimethyldioxirane (DMDO) to obtain an epoxide a single diastereomer. An
activation of the epoxide with BEt$LO selectively provided a six membered
carbamate3.1 with the concomitant loss of thertiary butyl group. TheNBoc group

of 3.1 was selectively removed with Mg(CJJ in acetonitrile, and, the C7 secondary
alcohol was protected as the ethoxyethyl (EE) ether an effective biaryl coupling,
the bromide3.1 was converted into the corresponding iodide thinotige metalation
reaction withn-BuLi, and, the subsequent addition of diiodoethautaout affecting
the reactive carbamate. The carbamate grouplofvas removed by using Gassman
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method® and, further a few functional groups inter-coniats allowed to complete
the synthesis of.4.

(]
Q 1 (Boc),0, Et3;N, DMAP, )<
7 2,6-dibromoaniline, CHyCly, rt, 88% / N
EtO 0 Boc
BOCN\ﬂ MeaAI toluene, 2. Pdy(dba)s, EtzN, N 0

THF-NMP (1:1), rt,

0
a1 0°C tort, 59% o [ Bec s
PMP
I~
o A0
1. DMDO, CH,Cly, rt . >=o few steps NHCbz B Suzuki-
> OH MOMO MeO_ O Miyaura reaction
2. BF3.Et,0, CH,Cly, o o
-78t0 0°C, 87% N
(2 steps) H N H
I 44 45 oTBS

1. LiOH, THF/H,O (1:1), 0 °C
2. HAsn-OBn-TFA, EDC, HOB,
DMF, 0°C, 75%

HN

(0]
few steps
0] |::>
i/ CONH2 [F23]

-

3. Hy, Pd(OH),/C, THF/H,0 (1:1)

4. EDC, HOAt, DMF, 0 °C, 78% MOMO

H
4.7 OTES

Scheme 4. Synthesis of TMC-95A

The C1-C20 biaryl bond was constructed by Suzulgadia coupling of two
intermediates4.4 and4.5. The basic hydrolysis of the methyl esfes, followed by
an amidation reaction with L-asparagine benzylrested, further hydrogenolysis of
both the benzyloxycarbonyl (Z) and the benzyl gegpve the seco acid, which was
then subjected to cyclization in the presence ofCE&nd HOAt to afford the
macrolactamd.7. Further, the attachment of L-allothreonine berester, which was
subjected to hydrogenolysis to provide flraydroxycarboxylic acid. The subsequent
treatment with PPhand DEAD in the presence of molecular sieves iaduthe
dehydrative decarboxylation at room temperatured, athis led to obtain an
isomerically pure (Z)- propenylamide. Followed bgnge functional group inter-
conversions and de-protection, the synthesi=2d8 was then completed.

1.3.2. Macrocyclic natural products:

10
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So far, a large number of macrocyclic natural potsiuhave been isolated and
synthesized. The construction of macrocycles iseg@ly considered a crucial and
challenging step in the synthesis of macrocyclitura products® Over the last

several decades, numerous efforts have been ukeertawards the synthesis of
complex naturally occurring macrocycles, and, greaigress has been made to
advance the field of total synthesis. In this settil am going to discuss two case

studies of macrocyclic natural products, kendomyem5) and geldanamycir-@.6).

1.3.2.1. Kendomycin:

(-)-Kendomycin E2.5) has a diverse and highly fascinating pharmaco&gorofile.

It was isolated in 1996 from variou&reptomyces bacteria. This natural product
exhibits potent antagonism of the endothelin remeps well as, antiosteoporotic
properties from calcitonin receptor agonism andepbtytotoxicity (Gip < 100 nM)
towards carcinoma cell lines. In addition to thtshas been shown to be a broad-
spectrum antibacterial agent, and, active agaiwest évo biologically very improtant
strains, MRSA and VRSA! A recent report also described kendomycin’s utility

probing the biological processes of the mammali@tegsomén vitro.*?

Retrosynthesis:

Scheme 5: The retrosynthetic analysis of (-)-Kendomycin

A retrosynthetic analysis of kendomycin is outlined Scheme 5. Th@-quinone
methide of kendomycin can be prepared by an oxidatif hydroxybenzofurab.1.
The key Prins cyclization was utilized to genetae THP ring, three new stereogenic
centers, and, the macrocycle simultaneously froenuthsaturated hydroxy aldehyde
5.2. Trisubstituted alken®.2 can be made available from the two major fragmg3ts
and 5.4, which would be stitched via Suzuki-Miyaura congl?® Importantly, this

11



Chapter 1: Introduction to Indoline and Macrocy®iatural Products and Their Inspired Analogous as
Modulators of Protein-Protein Interactions (PPIs)

strategy allowed for the merger of equally compfexgments with a complete

stereocontrol of the trisubstituted alkene.

Synthesis:

Cy

prm— O o

. FZ Cp,Zr(H)CI, PhH, ", | /_§—3< l
0°c 1.TBAF, THF, 93% 7 X S 0N,
E——— —_—
then I, CHZCIZ 2. Pyr -SO3, DMSO, hexane, 0 °C, 90%

0, 0 S
o4 NoTEDPS -30°C, 89% oTeDps  CHCl 0°C, 85% o y

BnO
PdCly(PPh),, Cul,
BnO 2(PPhs)a,
L|C(N2)TMS Et,0, NEt, DMF. 94%
o —>
78 °c 72% AcQ

Suzuki-

Miyaura reaction
—_—

1. aq. CsOH, EtOH, 80 °C
| 2. TBSCI, imidazole

OAc 3, Pd(OH),/C, H,
4. |, PPhs, imidazole

1. Prins reaction
—>
2. KOH, EtOH,
80°C

Scheme 6: Synthesis of (-)-Kendomycin

The synthesis (see Scheme 6) began with the cotistiuof the cross-coupling
partners to assemble the Prins-macrocyclizatiorypser 5.2. Synthesis of vinyl
iodide 5.3 was started from alkynés.1. The one-pot treatment of alkyel with
freshly prepared Schwartz’s reagé&htollowed by treatment with iodine, affordéd
vinyl iodide 6.2 as a single regioisomer. The deprotection of s#tfler 6.2 and
Parikh-Doering oxidatioft to obtain aldehydeé.3 which was further treated with
Hoffmann’s dimethallyl boran®, and, this produced tHe-homoallylic alcohob.3 as
a single diastereomer. Synthesis of the secondhgramf 5.2 was started from
aldehyde6.4. The addition of aldehyd@4 to a cold solution of lithium trimethylsilyl
diazomethane in BD and subsequent Colvin rearrangerfegenerated terminal
alkyne 6.5. Sonogashira coupling of alkym@5 and aryl iodideusing catalytic
PdCL(PPh), delivered an aryl alkyn&.6. Treatment of aryl alkyn6.6 with aqueous

12
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CsOH in EtOH at 80 °C deprotected the phenols dm&l induced a ®ndo-dig
cyclization onto the alkyne to generate hydroxyléman moiety. Further,
deprotection of benzyl group and the conversiomyafroxy to iodide to obtai’.4.
The synthesis 06.7 was achieved by coupling of both the partn&8 and 5.4.
Finally, the treatment 06.7 with TBAF removed the phenol-protecting group, and,
then C5 aldehyde was introduced by using modifiaéf Brtho-formylation, followed
by few functional group interconversions to accéss precursor 52) of Prins
macrocyclizatior?® The treatment of aldehyde2 with BF;- OEs and HOAc in DCM

at high dialution (15 mM) generated a mixture o thcetate and fluoride. The

ethanolysis of macrocycle afforded the kendomycin.

1.3.2.2. Geldanamycin:

Heat shock protein 90 (Hsp90) has attracted mutntadn as a serious molecular
target for cancer therapeutics. Geldanamycin (GOMJ).6) was the first small
molecule inhibitor identified for Hsp90. GDM bindis the N-terminal domain ATP
binding site of Hsp90, and, this leads to inhilgtithe chaperone activity of the
protein. This inhibition leads to the disruptiontbé Hsp90-client protein compléX.
The unchaperoned client proteins are subsequebityitinated and degraded by the
proteasome. Because many of the Hsp90 client potare important in signal
transduction and transcription, GDM and its analsgdave great potential in a

cancer chemotherapy.

Retrosynthesis:

The 19-membered macrocycle2(6) was synthesized through copper(l)-mediated an
intramolecular aryl amidation reaction, and, thatbgsis of 11, 12, 14 stereocenters
were achieved through a Sc(OJBt;SiH-mediated pyran ring-opening reaction. The
(E,2)-diene 7.1 was installed by reduction of the enyne from aijkshion of
precursors/.2 and 7.3 which could be generated from easily accessiblergide7.5

and the chiral silane reagent.®
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OMOM

Z R CO,Me
Me,PhSi™ ‘e

14
O'Pr +
Br CHO

H OMe
OMe
OPr 75

Scheme 7: The retrosynthetic analysis of geldanamycin

Synthesis:

The synthesis of the C6-C21 fragm&ri (Scheme 8) was started from functionalized
aromatic aldehyd®.1, which was easily obtained in three steps from roencially
available 2-methoxyhydroquinone. [4+2]-Annulatiointlois aldehyde with silan8.2
provided a mixture of dihydropyra3. The regio- and stereo-selective hydroboration
of the pyran moiety double bond provided the seaondalcohol, which was
subsequently methylated with Meerwein’s reagenpitovide the tetrahydropyran
skeleton. The reductive opening of the pyran moieith Sc(OTfy/Et;SiH followed

by a few functional group interconversions led $lyathesis of aldehydé?2. It was
further homologated through the diastereoselecddition of a metallated acetylide
and methylation of propargylic alcohaking NaH and Mel; this occurred with the
simultaneous dealkylation of the ester to the spweding acid8.4. which was
subjected to Lindlar reduction, subsequently cdmederto the E,Z)- unsaturated
amide. The amide was then subjected to an intrasulale copper(l)-mediated aryl
amidation reaction to provide the desired macracyelctam. Deprotection of the
protecting groups and the classical inter convessito led the completion of

synthesis of geldanamycéi(F2.6).
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2. NaH, Mel

F2.6

Scheme 8: Synthesis of geldanamycin

1.4. Natural Product Derived and Inspired Macrocyclic

Compounds:

Most natural products are hardly synthesized byineato aid the human health
problems. In many cases, the real function of @foroducts is not even known; the
evolutionary benefits are far from being fully exipéd because the original targets
often remain undefined. Also, many structures aghliz complex in nature to access
these compounds and their analogous in a timeceifiimanner. Moreover, some
structures still remains a serious challenge ewveihie directed total synthesis. Many
of these total syntheses are far from being ecocalmior example, those of taxanes
such as paclitaxdP To overcome the problems with the synthetic abdity of

natural products and especially their derivativeguired for quantitative structure—

activity relationships (QSARS).

The development of relatively simple, structurahlagous of natural products that
also have comparative biological responses ofteovgs to be a challenging
undertaking. This is where the development of ana&tproduct-inspired, diversity-

oriented synthesis program could be extremely lisBiversity-Oriented Synthesis
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(DOS) aims at populating the unexplored, naturadpct chemical space that is
currently not occupied by conventional combinatoriehemistry'®®“* The
combinatorial chemistry program in DOS utilizes reod (i.e. stereo- and enantio-
selective reactions) organic synthesis reaction$ iandesigned to provide small
molecules that are rich in (i) stereochemicallyxuied polyfunctional groups, and (i)
conformationally diverse, natural product-inspirgkeletons. On the contrary, with
few exceptions, classical combinatorial chemistifjores have led to simple
compounds lacking rigid 3-dimensional architecturBsese simple compounds do
not populate the chemical space occupied by bxadciatural products and, typically,
are not attractive as modulators of protein-proteteractions or as chemical probes
for dissecting dynamic signaling networks. Macrdicycompounds are attractive
targets when searching for novel structures withldgical activity due to the fact
that, macrocyclic natural products typically incdud 12 or more membered ring
architectures and often do not possess the druglike of five” properties. This
unique structural feature and conformational fldxipbof the macrocyclic ring can
offer subsequent functional advantages, e.g. sthe potential of being highly potent
as well as being selective when key functional gsoumteract with biological targets.
In addition, from a chemistry point of view, macyolic compounds can offer diverse
functionality and stereochemical complexity in afmvmationally restricted manner.
Moreover, macrocycles can demonstrate favorablg-tke properties, including
good solubility, increased lipophilicity, enhance®embrane penetration, improved
metabolic stability, and good oral bioavailabiliggth desirable pharmacokinetic and

pharmacodynamic propertiés.

1.4.1. TM C-95A based analogous:

Among the natural proteasome inhibitors discovesedfar, only TMC-95A, (a
complex side chain and bridged tripeptide derivgtivlocks all the active sites of the
proteasome in a highly specific and noncovalentmeaff The TMC-95 is a cyclic
tripeptide containing a biaryl system constraineid ithe 17-membered heterocycle,
and its binding mode was characterized by X-raystafjography?® In the TMC-
95A/yeast proteasome complex the non-covalentantiems are mainly mediated by
H-bonds between the extended peptide backbone rengbrbtein counterpart in a
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manner similar to an antiparall@lsheet. The&C-terminal (Z)-propenyl moiety acts as
P1 and the asparagine as P3 residue, whereals-theninal keto-amide group is

largely exposed to the surface without appareetautions with the proteiff.

From this structural information, Groll and co-werk designed and synthesized
reversible inhibitors of the proteasome that isebasn the lead structure of TMC-
95A. The first generation analdt3.1 of TMC-95A was synthesized by using tin
terminal 3-methyl-2-oxopentanoyl moiety. The symittedly challengingC-terminal
(2)- (prop-l-enyl) amino groups were replaced ben@yloxy)carbonyl (Z) and
propylamino groups, respectively, and, the hightyjdzed form of the tryptophan
was reduced t@-(2-oxoindol-3-yl)alanine. The ring closures of thiaryl-containing
linear precursor via intramolecular side-chain %iizmosscoupling was achievéd.
According to the X-ray analysis of the proteasonmZF95A complex, the main role
of the phenol-oxindole biaryl system appears taméduction and stabilization of an
extendedB type peptide-backbone conformatiorBiaryl ethers of the isodityrosine
type are known to induce the identical conformalorestriction when used as
structural clamps in positions. Therefore, the aepiment of the phenol-oxindole
group in TMC-95A with an endocyclic biaryl etherutd further facilitate the
synthetic access of TMC-95A analogous as poteptiaieasome inhibitors. And, the
resulting TMC-95A analogoug3.2 andF3.3 (2" generation analogous) were found

to exhibit promising inhibitory properties.

CONH,
HN/\/

HN)""//\/
. o
HN___O
o HN__O o T
o T)\ O,N 'y -CONH,
l,/

NHCbz

N
H

Iz

0
F3.2 F3.3

Figure 3: TMC-95-Based Proteasome Inhibitors
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1.4.2. Geldanamycin-derived analogous:

Due to the high hepatotoxicity and poor solubibfygeldanamycin, during preclinical
studies in animals, there is a growing interesdemeloping geldanamycin analogous
to overcome these hurdl&The analogous of geldanamycin with alkylamino gu
in place of the methoxy moiety at C-17 are shownb#o less reactive toward
nucleophiles, and, these compounds have excelieloigiral activity and the reduced
hepatotoxicity'® These modifications at the C-17 position do natehan effect on
formation of Hsp90 and geldanamycin complex. Geddaycin analogous are also
known to form similar complexes with Hsp90 as witle GDM*’ 17-Allylamino
geldanamycin (17-AAG, F4.1) and 17-desmethoxy-17-N,N
dimethylaminoethylamino geldanamycin (17-DMAG4.2) are the 17-position
derivatives of GDM, and, are shown to have lowernvivo toxicity than GDM.
However, most of them exhibit less affinity towarH$p90 than the parent natural
product, GDM. 17-AAG has promising anticancer gfean vitro andin vivo, but it

has a low solubility in water.

R
F4.6; R= OCOR
F4.7; R= OCONHNH,
F4.8; R= NHR

Figure 4. Geldanamycin derived analogous

Recently Hecht and co-workersynthesized geldanamycin andfog4.3. This
compound is a structurally simplified analog of dgglamycin and is shown to

suppress the lipid peroxidation and to maintairl g&lbility in a dose dependent
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manner at low micromolar concentrations in an axeastressed environment for
FRDA (Friedreich’s ataxia) lymphocytes. In adulitj F4.3 suppressed the ROS
(reactive Oxygen species) production and maintaihedmitochondrial membrane
potential in cultured FRDA lymphocytes and fibradita subjected to an oxidative
stress. Compounié4.3 was not cytotoxic and protected differentiated S¥BY cells
against A-induced cell death. Interestingly, compourdi3 did not inhibit Hsp90,
which may contribute to the cytotoxicity of geldamgin, further illustrating its

potential as a therapeutic agent for relievingakieative stres&®

Liu and co-workers synthesized C-11 modified deies' (F4.4, F4.5, F4.6, F4.7
and F4.8) of GDM including ethers, esters, carbonates, hetp and oximes, and,
further, measured their affinity for Hsp90 and dmlity to inhibit growth of human
cancer cells. In accordance with the crystal stmest reported for the complexes of
GDMs with Hsp90, bulky groups attached to C-11 rieted with Hsp90 binding
while smaller groups such as Otmethyl allowed Hsp90 binding. In addition, these
analogous also showeth vitro cytotoxicity against human cancer cell lines.
Esterification of the 11-OH of 17-AAG eliminatedetiHsp90 bindingn vitro. The
readily hydrolyzed esters acted as pro-drugs dutiegneasurement of cytotoxicity.
Thus, during these experiments, the esters wereolygegd, releasing 17-AAG.
Several 110-methyl-17-alkylaminogeldanamycin analogous werentdied with
improved potency relative to 17-AAG.
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2.1. Introduction:

With the goal of expanding the currently acceptiednaical space to search for small
molecule modulators of protein-protéimnd DNA/RNA-proteifi interactions and
signaling pathways in generathe past few years have seen a growing interest in
accessing small molecufethat are more natural product like, and many efséh
small molecules are obtained through the inspinatib bioactive natural products.
Traditionally, small molecules that are broadly ikkde to the medicinal chemistry
community for an early biological evaluation arehrin sg character, and in general,
they lack the features that are commonly foundidadtive natural producfsSeveral
leading review articles have been written on tbpEd, and they challenge the organic
synthesis community to access small moleculesitdogical evaluation in the broad
areas of protein-protein  interactions and other -rbaxromolecular

interactionga5a.5¢.6b

2.2. Working Hypothesis:

In particular, the interest in accessing functicreal large ring derivatives (i.e.,
macrocyclic compounds) is growing due to severasoes, and, these are: (i)
medium-to-large ring structures present an oppdstda map a large surface area to
interact with protein targets, (ii) the pre-orgatian in large rings allow several
functional groups to display in specific orientaso (iii) cyclic compounds, in

general, known to exhibit better cell permeatiomperties’ Despite all of these

attractive features that large rings offer, andyifga an excellent track record of
several macrocyclic natural products as drugsfulh@otential of this area remains to
be explored thoroughR® One of the challenges in this arena is the devetop of

synthesis methods that are modular, and, practiaahture, and, that would allow an

access to different types of functionalized medtartarge rings.

Several indole and indoline alkaloid natural prdduare known to interfere with
protein surfaces that involve in protein-proteitemactions> Moreover, it is a also
considered a ubiquitous scaffold, and, commonlynéouin the structures of several
naturally bioactive alkaloids such as vindolinejblastine, strychnine, staurosporin,

tabersonine, stephatonic acid methyl ester, cetog€h TMC-95, indolactam V (see
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Figure 1). The synthesis of this “privileged sturet’ is meaningful in the design of

new biologically active compounds.

As a result, we were interested in synthesizinglalldl inspired compounds having
the indoline scaffold containing an additional medisize cyclic ring to generate the
skeletally diverse compounds.indoline-based compounds are quite abundant in
nature, and, are considered highly privileged bagdolocks in medicinal chemistry
|12

as well-© Since, natural products containing this scaffoliéh led to interesting

biological properties, this warranted further stanal modifications to its backbone.

N
H
(+)- Aspidospermidine

Tabersonine Staurosporin

Figure 1. Indole and indoline alkaloid natural products asduoiators of protein-
protein interactions

A few years ago, we initiated the synthesis progrdrat was aimed at developing
methods to allow us access to functionalized, eoamtiched natural product inspired
scaffolds'*®*® In one study!® we developed a practical synthesis of an amino
indoline scaffold having three orthogonally progstfunctional groups. In this report,
we demonstrated that this bicyclic scaffold cancbaverted into a tricyclic system
through anin ditu, stereocontrolled aza-Michael reaction. The epaptective
synthesis of amino indoline bicyclic scaffdld is shown in Scheme 1. 5-Hydroxy-2-

nitro-benzaldehydé.1 was converted intt.2 in two steps that involve the protection
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of the phenol and an elongation of the carbon ch@ompoundl.2 was then
subjected to an asymmetric aminohydroxylation ieacto give compound.3 in
79% vyield (>92% ee). The amino indolifté was obtained from.3 in several steps
that involved (i) reduction of the carboxylate eqfé0%), (i) benzoyl-protection of
the primary alcohol (OBz, 88%), (iii) tosylation tife secondary alcohol (OTs, 87%),
(iv) selective reduction of the nitro group, and) €yclization under mild basic

conditions (75% for two steps), followed by protentof secondary amine.

benzylcarbamate, t-BuOCI, NO,

9
/©:Nog 1. MEMCI, DIPEA, 97% NO, NaOH, (DHQLPHAL. 2
_ >
CHO 2 :“Eatg) TC')":CH oot MEMO' COOEt  K,080,(OH), n-propancl, MEMO COOEt
2 2 [ 769
0°Ctort, 6 h, 90% 1.2 0°Ctort, 12 h, 76% 1.3 NHCbz
1. LiBH,, THF, NO. ) 1. Hy, 10% Pd/C, MeOH
2 1. H,, Lindlar cat. Teoc o
o 9 2 2. AllocCl, pyridine, 85%
0°Ctort, 6 h, 85% OTs 2 K.COu, THE. 75% N py o
2 BzCI, Py, DCM MEMO OBz MEMO OB 00, MeOH, 99%
- BzUL Y, y 3. TeocCl, pyridine, 98% 4. DMP. DCM
60°C, 41, 75% 14  NHCbz 15  NHCbz 5. PhyP=CHCOOEt, 93%
3. Ts-Cl, DMAP, - ’ - PhgP= £ 93%
DCM, 6 h, 85% o
JTeoc “Me wMe
N 1. TBAF, THF, 0°C N7 20% Piperidine, N
“ - 0 NHFmoc ——————>
"y, 7
MEMO t 2. Fmoc ala chloride, MEMO " DCM,96%  MEMO [
AllocHN idi Y AllocHN AllocHN
CO,Et  Ppyridine, 88% COEL CO,E
1.6 1.7 18 major
o)
Me
N R
NH
MEMO ™
COOE AllocHN R
Co,Et
. . " 1.9 minor
Favoured transition state Disfavoured transition state

Scheme 1. Synthesis of indoline alkaloid natural product ligemplex polycyclic
compounds

Compound 1.5 was then subjected to Chbz deprotection under hyohaipn
conditions, and, the benzylic amine was protected an Alloc group (85% for two
steps). This further followed by a removal of th@tpcting group at the primary
alcohol (99%), oxidation of the alcohol to the dlgee, and a two carbon Wittig
chain extension (93% for two steps) which finallgvg 1.6. Removal of the Teoc
group, the indoline free amine was then coupled wite amino acid chloride to
obtain N-Fmoc-protected derivativé.7 (88% for two steps). Upon removal of the
Fmoc group (20% piperidine), the six-membered mag formed under these mild
reaction conditions. The primary amine generatedtu was easily trapped by the
conjugated carboxylate ester in a stereoselectaaner to give the cyclic compounds
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1.8 (major) and1.9 (minor) in 96% overall yield (RMe, >10:1 ratio of two

diastereomers, 82% d.r. for the major product).

The stereochemistry of the new stereogenic centas wassigned by NMR
spectroscopy studies. The ease of an asymmetmngigate hetero-Michael reaction
approach to yield the tricyclic product was a pégdssurprise, and, it opens-up a
simple and very attractive methodology to the sgsith of a new family of cycli-
amino acids. The stereochemical preference of rdastion was postulated by the
proposed transition states (see Scheme 1) that anegunt for the attack of the
nucleophile from thef3 face. The conjugate hetero-Michael reaction ishllyig
reproducible, and, it gives the desired cyclic picidupon use of different amino acid

derivatives.

With an objective to explore macrocyclic chemicgahse around the amino indoline
scaffold!* herein, we report another amino-indoline scaffolhich can be
synthesized from 6-nitropiperonal. We developedaglmar approach that allowed us
to incorporate different types of medium/large rsigletons (se8.2, 2.3, and2.4;

Scheme 2) into aenantioenriched amino-indoline scaffol@.1.

12-membered ring

COR,
¢
o) S ©
HY
Ra N OJ)
2.2 éORz

11-membered ring

0]

R

<0 1 NJ\‘\\ )
» i —COR,

O \N)

H
N_ O
R,0C” \I
Rs

23

11-membered bridged
ring

o}

NHP; .
O 1N)H‘\\ 1
2.1 < —COR,

N

O 3,
SN
R OC/N R40 2.4
3

enantioenriched

Scheme 2: The proposed plan to obtain macrocyclic-derived ponmds 2.2, 2.3, and
2.4 from enantioenriched amino-indoline scaffold
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There are several attractive features of aminolindascaffold2.1 that makes it an
attractive starting point to incorporate variousdimel/large rings into the skeleton.
These include the presence of (frans-2,3-amino alcohol moiety that can further be
utilized to buildtrans-fused 12-membered ring, (ii) a 1,2-amino alcolmalt tutilizes
the indoline nitrogen atom to provide 11-membeilied,rand, (iii) 1,3-orthogonally
protected diamino functional groups that can ledthe additional bridged 11-
membered ring. In all three strategies, we utiliaecbmmon approach to incorporate
the amino acid functionality, and, ring-closing mteesi$® was used as stitching
technology to construct the macrocyclic ring. Foareple, the final targeR.2
presents several interesting features, includingemantioenriched amino indoline
substructure, drans-fused 12-membered ring, and the presence of amca@acid
functionality in the macrocyclic skeleton to allasriation in the nature of the chiral
side chain. Similarly, targe2.3 provides an amino indoline substructure and an
additional 11-membered ring having an amino acitheskeleton to allow variation
in the chiral side chain. Finally, our third targ#tat is, compoun@.4, contains an
additional bridged 11-memebred ring that utilizeghbnitrogen atoms of an amino
indoline scaffold. Altogether, these three divetgetrategies with a common
objective provides an excellent opportunity to 8ulunique chemical toolbox having
compounds that will represent the privileged swlastire and additional different
types of large-ring derivatives to explore theidueain biology as modulators of

protein-protein interactions and signaling pathwaygeneral.

2.3. Results and Discussion:
2.3.1. Synthesis of Amino I ndoline Scaffold:

The enantioselective synthesis of amino indolingvdéve 3.6 is shown in Scheme 3.
6-nitropiperonal 3.1 was converted into3.2 by using Wittig-Horner reaction.
Compound3.2 was then subjected to an asymmetric aminohydrtirylaeaction to
give 1,2 amino alcohol compourd® in 76% yield. This wasurther subjected to an
ester reduction and followed by selective benzogtexrtion of primary alcohol at low
temperature gav8.5 in good yields. The tosylation of secondary alcobbl3.5,
followed by the nitro reduction using Zn/AcOH gawar required enantioenriched
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amino indoline scaffol@®.6. In our apporach the cyclization took planesitu, with a

good yield and high selectivity.

NO NaH, benzylcarbamate, t-BuOCI, NO,
<0ﬁ 2 (Et0);0PCH,COOE, < m NaOH, (DHQ),PHAL, <0 OH
0 CHO THF,0°Ctort, COOEt  K;0s0,(OH)4 n-propanol, 0 COOEt
3.1 6 h, 90% 0°Ctort, 12 h, 76% 3.3 NHCbz
LiBH4, THF,
0°Ctort,
6 h, 85%
1. Ts-Cl, DMAP, NO, NO,
<O NH DCM, 6 hy 85% 0] OH BZCl, Py, DCM, o] OH
- -
0 “u,~OBZ 2 Zn/AcOH, 0 OBz gpoc,4h 75% © OH
EtOH, 3 h, 68%
3.6 NHCbz 3.5 NHCbz 3.4 NHCbz

Scheme 3: Synthesis of amino indoline scaffold

2.3.2. Retrosynthesis of 12 Membered M acrocycle:

COR4 a//y/at/on COR,

< < <O N7
JCQ,/ o GO e
R3\/ R3 N~ R3 \/N, , O
I I amino acid -
R

| CM coupling Rq _’1“:'
COR, a CQR2 allylation 42 /" "COR,
' amidation
amldatlon
\COR4 \~CORs
imino
36 NHCbz 44  NHCbz o tion |/,\NH 43
Rs

Scheme 4: The retrosynthetic analysis of 12 membered mactecyc

The retrosynthetic analysis of 12-membered maal@gompound2.2 is shown in
Scheme 4. As shown in this scheme, we planned theraoyclization by a ring
closing metathesis (RCM) tiis-allylated compound.1, which could be synthesized

from intermediatel.2, by abis-allylation using allyl bromide. Compour could be
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obtained from coupling of various amino acid chdes with secondary amink3,
which could be synthesized from an imino-reductmnthe primary amine with
various aldehydes. Compouda! was synthesized from amino indoline scaff8l,
by amide bond forming coupling using different acidorides.

2.3.3. Synthesisof 12-Membered M acrocycle, 2.2:

COR
<0 NH R,COCI, Py, < R, 10% PdiC, Hy <O N
.. OBz —————» . OBz
0 " DCM. 0°C tort, 0B EioH 5h.70-78% O o
3.6 NHCbz 2 h, 85-92% 5.1 NHCbz 5.2 NH,
COR, 1. Fmoc-AA-Cl, Na,CO5, DCM, COR,
RsCHO, NaCNBH,, 0 N 0°Ctor, 1h, 65-72% <0 N
—» -
", OBz - o OBz
2D(riN<|5’5A7CS;' © n 2. DBU, THF, 0 °C, 15 min 0 "
y = 0
43 HN___R, 3. R,COCI, DCM, 0°C, R _N._0
15 min, 70-75%
COR
42 RZONTTT?
H
Allyl bromide, NaH COR, _COR,

o Ry N 0 . 2-10% Pd/C, (10 mol% W/W) Ry
12 h, 58-65% ~~ H,, EXOH, 5 h, 65-70% ~N

’ 0] / 1. 10 mol% Grubbs' 2nd gen,
N
TBAI, THF, < ]@? o DCM, 40 °C, 12 h, 55- 62% < m
—>» vy, A
0°Ctort, HY B

41 R; []]/\/

COR, COR2

Scheme 5: Synthesis of 12 membered macrocycle

As shown in Scheme 5, synthesis of 12-membered aogdes started with an
acylation of free amin8.6 (i.e., R, as the first diversity point). Following the renadv
of the benzyloxycarbonyl (Cbz) group (10% Pd ovgriCwas then subjected to a
reductive alkylation to obtain secondary am#8 in good yields (i.e., Ras the
second diversity point). The secondary amine was tboupled with different 9-
fluorenylmethoxycarbonyl (Fmoc) amino acid chlosdehich synthesized from their
corresponding amino acids. This approach alloweid irstroduce the diversity site as
R: (i.e., the side chain of an amino acid). The NFrgomup was removed by using
DBU,* and the free amine was then acylated with acidritfés to providet.2 with
the fourth diversity point (. Upon treatment under basic conditions with allyl

bromide,bis-allylated product.1 was produced in a respectable yield. Under reaction
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conditions that may have trace amounts of moistilme,hydrolysis of the benzoyl
ester was also observed, which was then directlpwed by anO-allylation. The
next crucial step was to explore the ring-closirgjathesis based stitching technology
on highly functionalized substraté.1l. This reaction worked-well, and, as we
expected, the 12-membered macrocyclic ring wadyealstained. The cyclic product
was then subjected to hydrogenation to obtain dlwrated version as produp. In
this series, four macrocyclic compounds were s\sideel, and, all of them were
thoroughly characterized using various analytieehhiques (HPLC—-MS and NMR

spectroscopy).

2.3.4. Derivatives of 12 Membered Macrocycle, 2.2:

We synthesized 4 macrocyclic derivatives2dt by changing the RR;, Rsand R,
groups, and, these compounds are shown in Figure 2.

02 o2 ol
T 5 5K
*@ @;i %

N
< P

HY /g
N__O
~O~x
N
2.2d
o

Figure 2: Derivatives of 12 membered macrocycles

2.3.5. Retrosynthesis of 11 Membered M acrocycle:

The retrosynthetic analysis of 11-membered mactedgcsshown in Scheme 6. As we
have done in the previous series, we planned tlyenia@crocyclic step by the ring
closing metathesis (RCM) diis-allylated compoun.1. Bis-allylated compoun®.1
can be easily synthesized fr@2, which can be obtained from secondary anti3e

6.3 can be obtained fro4 by theN-Cbz removal and followed by imino reduction.
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Compound6.4 is derived from an amino-indoline scaffold by cliwg with different

amino acid chlorides.

(0]
)H wR4 N)H‘\\& )H wR4
__COR, __COR,
¢ m = QIO e =« DQ
| \\ allylation COR2
~

N
R,0C” R,OC” X
\l \/ 13 Eallylation R“OC/ 13
2.3 CM 6.1 amidation 6.2
amino acid U
coupling O
< < N° X \\R1 < \\R1
COR2 COR2
CbzHN CbzHN »ﬁ B
am/dat/on imino

reduction Rs

Scheme 6: The retrosynthetic analysis of 11 membered mactecyc

2.3.6. Synthesisof 11-Membered Macrocycle, 2.3:

< Fmoc-AA-Cl, Na2003 “R1 1. DBU, THF, 0 °C, 20 min
41, O < NHFmoc . >
DCM, 0 °C tort, 2. R,COCI, DCM, 15 min,

NHCbz 1 h, 65-70% CszN 0°C, 72-75%
. 9 1. R4COCI, DIPEA,
\\R1 1.10% Pd/C’OHz' EtOH, o NJ\\\& DCM, 0°Ctort, 1 h,
< 5 h, 55-62% - < 72.75% _
~COR o iy HN\COR -
2 2. R4CHO, NaCNBHj, | 2 5 Alvl bromide. NaH
CbzHN DCM, AcOH, 2 h, HN. OBz - Allyl bromiae, Nar,
60-68% 6.3 \ TBAI, THF, 0 °C to rt,
Rs 12 h, 55-65%
1. 10 mol% Grubbs' 2nd gen, 9
\\R1 DCM, 40 °C, 12 h, 0 NJ\‘_\\&
_5 R0,
( :@? ., N—COR:z 50-58% - <o N—CORz
2. 10% Pd/C (10 mol% WIW), N H S
R4OC/ \ H,, EtOH, 6 h, 64-68% R,0C”
\ 2.3 R,

Scheme 7: Synthesis of 11-membered macrocycle
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Our next plan was to develop a synthetic metho@doess various 11-membered
macrocyclic compounds as shown in Scheme 7. Teeaehhis objective, we again
utilized compound.6 as the starting material. The direct coupling wiiious amino
acid chlorides (i.e., to obtain the first diverspgint as R) gave7.1. Following the
NFmoc group removal, the amine was acylated witifierdint acid chlorides to
incorporate the second diversity point gsaRd thisproduced6.4 in good vyields. In
this series, we planned to utilize the amino inu®kide chain oxygen atom to obtain
our macrocyclic ring and the indoline amine wasvewted into a tertiary amide. This

was achieved by removal of the Chz group followgdhino reduction

with different aldehydes (third diversity point Bg), which gave6.3. It was further
converted into the tertiary amide by an acylatiathwarious acid chlorides as the
fourth diversity point. This compound was furthelbgcted tobis-allylation with
NaH and allyloromide to obtai.1. As described earlier, under the reaction
conditions of debenzoylation, and followed Oyallylation at the primary hydroxy
group and allylation of amide nitrogen took platee bis-allylated product.1 was
then subjected to ring-closing metathesis by usdngbbs chemistry. This reaction
worked-well and the 11-membered cyclic ring waslgasbtained. To validate the
generality of our approach, we synthesized fourro@clic products. All of these
macrocyclic products were then subjected to doubtend reduction under
hydrogenation conditions, and, their correspondiatyrated derivative.G3a, 2.3b,
2.3c, 2.3d) were easily obtained &s3. All the products were thoroughly purified and
characterized by HPLC—MS and NMR spectroscopy.

2.3.7. Derivatives of 11-Membered Macrocycle, 2.3:

We synthesized four macrocyclic derivative2@ by changing the RRy, Rsand R,
groups, shown in Figure 3.
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Figure 3: Derivatives of 11-membered macrocycles

2.3.8. Retrosynthesis of 11-M embered Bridged M acrocycle, 2.4

)J\‘ W \\R1 \\R1
| eeor, = ¢ J@Q loeons = Dp
HY "NR 40 . j OR “COR,

, 4
R;0C” X R3oc/ RN R;0C” / R .

/ \ alkylation
allylation 8.2

24 RCM 8.1

amino acid

couplmg— o
O JJ\ \R1 \\
NH *
<I>p &= < L=l
/
| | Ccor, COR2
CbzHN OBz CbzHN OBz\ R OC‘ NH OBz
3 \
3.6 6.4 amidation 8.3
amldatlon

Scheme 8: Retrosynthesis of 11-membered bridged macrocycles

The retrosynthetic analysis ofll-membered bridged macrocycles is shown in
Scheme 8. In this series, the macrocyclic appréadeveloped using both the amine
groups (i.e. aromatic secondary amine and benaiine) of an amino-indoline

scaffold. Thus, the plan is to obtain macrocycla@atby the ring closing metathesis

(RCM) of bis-allylated compound8.l, which could be easily synthesized from
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compound8.2. Compound8.2 is derived fromB.3 by a debenzoylation followed by
an alkylation wth various alkyl halides. Intermedi8.3 could be obtained fror6.4,
which could be synthesized from compoielby coupling with different amino acid
chlorides.

2.3.9. Synthesisof 11-Membered Bridged Macrocycle, 2.4:

0
o] N)H‘\\R1 1. 10% Pd/C, H,, J\I
< EtOH, 5 h, 55-62% cho3 MeOH,
(@] "y, HN\
| CORe “COR; 1t 2 h, 54- 62%

2. R4,COCI, DIPEA,

OB OBz
CbzHN z DCM, 0 °C to tt, NH
6.4 2 h, 68-70%
3
(0] (0]
R R .
<° N)H“\ " Akylhalide, NaH,  ° N)H“\ ! Allyl bromide, NaH,
»
o) ‘, HN —— o) K HN\ [¢]
’I CORQ THF 0° tort Il COR2 TBA', THF, 0°Cto rt,
OYNH OH 3 h, 58-60% OYNH OR, 12 h, 60-65%
R, 2 Rs 8.2
(0] (0]
0 N)H\“R1 1. 10 mol% Grubbs' 2nd gen O N)H“\&
< N DCM, 40 °C . < _ N—COR;
(e} //I \CORZ O H\\‘ /,/
ow N ORs 2. 10% Pd/C, Hy, EtOH, _N_RsO
Y | 6 h, 50-55% R;0C
8.1 R, S 24

Scheme 9: Synthesis of 11-membered bridged macrocycles

Our final approach to develop a method to acceandrhbered bridged macrocyclic
derivatives is shown in Scheme 9. As in the previcase, we obtained compouhd
from 7.1 in easy transformations. At this stage, the amiraug on the scaffol®.4
was deprotected using Pd/C andg, knd, further, acylated to obta®;l (third
diversity point as B. Following the hydrolysis of the side chain beylzester to
hydroxy group gavé®.2. Then alkylation 0.2 with different alkyl halides (fourth
diversity point as B gave8.2 with good vyields. It was then subjectedts-allylation
reaction conditions to obtain compoudl. The bis-allylated product was then
subjected to crucial ring closing metathesis chamid his reaction worked well and

the final product2.4 obtained after the double bond reduction. It wasrdhghly
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purified and well-characterized. In this series, symthesized two macrocycles. A
careful analysis of the 3D model 8f4a (see Figure 4)ndicated that the benzylic
nitrogen occupies a pseudoaxial position, and, lthisgs the -CHOMe out of the
plan due to a relative 1fPans orientation. This may be a crucial factor in brimgi
two olefinic groups in proximity to facilitate thel-membered bridged macrocycle

formation.

2.3.10. Derivatives of 11-Membered Bridged Macrocycle, 2.4:

We synthesized two macrocyclic derivativedf by changing the RRsand R,
groups, shown in Figure 4.

N o o
o - . 1
)\\\ -~ Y( < N O < N O
/\-\ \ TR © N " o N N/ﬂ>
N N H'\ OMe H'\ OBn
=X | —
>'\/ F
\/ \ 2.4a 2.4b
Y F
Chem 3D Structure

Figure4: Derivatives of 11 membered bridged macrocycles

2.4. Biological Evaluation:

All the small molecules obtained from this projéattotal 39 compounds) were then
subjected to an embryo zebrafish screen in thréfereit assays: angiogeneSis,
early embryonic developmetit, and, neurogenest§'® These assays are well-
documented in the literature, and, this study wasied out in collaboration with
Satish Kitambi team at the Karolinska Institute,e8en’® A major advantage with
the use of the zebrafish technology is that ilese to then vivo model, and, a cheap
way to evaluate compounds in a high-throughput rearfBmbryos were obtained by
natural mating and staged according to the liteeaproceduré Zebrafish embryos
of stages older than 24 hours post fertilizatigof)lvere treated with 0.03% PTWI{
phenylthiourea) when needed to inhibit pigment fation. Wild type AB line, and
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transgenic lines Tg (fli:EGFP, isletl:GFP) weredise assess the effects on epib
angiogenesisand neurogenesis respectiveZebrafish embryos for small molect
screening experiments were collected via-wise matings, cleaned and incubate:
PTU treated E3 water at 28°C. One to four cell stage embryos were then distiith

into 96 well clear bottom plate (Corning

COntI’Ol 5 DMSO on |y Partial inhibition at 2.5 M and complete inhibition at 5.0 uM
- -

Ty T S

CbzHN OB

NHFmoc
6.4b FS.4

cl

C  with small molecule at 5.0 pM

Complete inhibition at 2.5 uM

a

6.4d

Figure 5: (A) Wild-type zebrafish embryo at 30 hpf of developmentioregoomec
in panelsB andC is shown by a yellow boxB) zoom section of wildype or vehicle
treated embryand C) zoom section after treatment with compoi6.4b.

The compound exposure wicarry-out in a 96 well plate (Corning) and thre
embryos were taken in each well coning 200ul of (0.5 to 1%M) compound ir
PTU treated egg wateFhe 96 well plates were incubated at 2°C and the embryc
were allowed to grow until 10 hpf or 30 hpf to assdhe effect on epibol
angiogenesis/neurogenesis respectively. Phenotypme scored using a Zei
Axiovert 200 inverted microscope equipped with aled CCD camera. Photograg
were processed and assembled using Photoshop s®(see Figure 5 The zebrafish
screen identified.4b, F5.1, and F5.2 (Figure § as antiangiogene: agents with
partial inhibition at 2.5um ard complete inhibition at 5.0m, andcompound<6.4d,

4.3c, and4.3d were found to exhibit complete inhibition at 2u&.

In another parallel study, we identifianother small molecul@3a, that inhibited the
epiboly cell movements during an early embryonieali@oment. The delay in epibc
was clearly seen in embryos exposecsmall molecule at 3.QuM concentratior
However these embryos did complete epiboly and deeel normally without an

visible effectson angiogenesis and neurogeni The mechanism underlying tl
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inhibition of angiogenesis and epiboly will be cheterized using both zebrafish &

other cell based assaffsgure6).

Cl
complete inhibition at 3 uM

Figure 6. Zebrafish early embryonic developmeassg. (A) DMSO expose!
embryos atlO hpf of development, (B) small molecule exposeitbmeyos causing
delay in epiboly.

2.5. Conclusion:

With the goal of building a diverse set of smalllenniles having a privilegedndoline
substructure, andlifferenttypes of mediunto large ring derivatives, we develope
diversity based synthesmethod. The first study utilized the primary hydy on the
side chain and the benzylic amine to build -membered macrocyclic ring. Using
similar strategy andhroughthe use of the primary hydroxy group and indoline
amino group, 1Inembered ring was synthesiz Finally, the use of both nitroge
atoms (i.e., primarypenzylicand secondary aromatic amines) ledtlie successfl
synthesis of llnembered bridged maccycle. Upon evaluation of or small
molecules in a zebrafish ass, we identified threenovel compounds ¢
antiangiogenesis ageniBhese rapid assay procedures allowed us to quidkiytify
the effects of small molecules on various biologm@acesse The effects produce
by these novel small molecules provided a platfdan using chemical biolog
approaches to understand the basic biological psese such as epiboly a
angiogenesisThese finding are at an early stage, arfdrther work is requird to
gain deeper insight into the mode of action of ¢hiesmctiona small molecule:

2.6. Experimental procedures;

2.6.1. Amino-indoline scaffold:
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<O:©1NO2 NaH, TEPA, THF, 0°C <O NO,
(0] CHO 0 Z O\/
3.2 o)

341

(E)-ethyl 3-(6-nitrobenzo[d][1,3]dioxol-5-yl)acrylate (3.2): To a stirred solution of
60% NaH (1.22 g, 50.83 mmol) in dry THF (100 mL)asvadded triethyl
phosphonoacetate (TEPA) (7.62g, 38.43 mmol) at Qat@ stirred under nitrogen
atmosphere for 30 min. A solution of 6-nitropipesb3.1 (59, 25.62 mmol) in THF
was added drop wise to the reaction mixture armivaitl to stirring for 4 h at 8C.
After completion of the reaction, reaction mixtwas quenched by the addition of
saturated ammonium chloride solution (20 mL) anglaeted with ethyl acetate (2 X
100 mL). Combined organic layers was washed wiihebrdried over anhydrous
sodium sulfate, filtered and concentrated, the erpdbduct was purified by flash
column chromatography (ethyl acetate/hexanes 5%ordefd The 3.2 as yellow
crystalline solid. Molecular Formula:;€H:1NOg; Ry (ethyl acetate/hexane 5%): 0.31;
Yield: 90%;*H NMR (400 MHz, CDCls) 8 ppm 8.09 (d,J = 15.74 Hz, 1H), 7.53 (s,
1H), 6.98 (s, 1H), 6.24 (d,= 15.73 Hz, 1H), 6.15 (s, 2H), 4.27 (= 7.13 Hz, 2H),
1.33 (t,J = 7.13 Hz, 4H)*C NMR (101 MHz, CDCls) 3 ppm 165.8 151.9 148.9
142.9 140.1, 127.2 122.2 107.2 105.5 103.3 60.8 14.2 LRMS: (ES+) m/z = 266
(M+1).

Benzyl carbamate, NO
o NO, (DHQ),PHAL 0 201
< _ -
O COOEt K,0sO,. 2H,0,NaOH,  © COOEt
ter Butylhypochlorite, NH
3.2 tylhyp a3 Chz

n-propyl alcohol,
O°Ctort

(2R,3S)-ethyl 3-(benzyloxycar bonylamino)-2-hydr oxy-3-(6-nitro
benzo[d][1,3]dioxol-5-yl)propanoate (3.3):

Benzyl carbamate (3.6 g, 23.8 mmol) was dissolved-ipropylalcohol (32 mL). To
this stirred solution at 0 °C was added a freshgppred solution of NaOH (.95g, 240
mmol) in 60 mL of water. Followed by a freshly paggdterbutylhypochlorite (2.6 g,
24 mmol,ca 2.8 mL). then a solution of the ligoBiHQ),PHAL (307 mg, 039 mmol,
5 mol%) in n-propylalcohol (28 mL) was added. Tlduson was stirred in an ice
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bath for a few minutes then the ole812 (2.1 g, 7.917 mmol) was added, followed by
potassiumosmatedihydrate (116 mg, 0.314 mmol, 44nolhe reaction mixture was
stirred for overnight, the dark green color of fudution turns to dark yellow color at
the end. After TLC analysis confirmed the abserfcgarting material, extracted with
ethyl acetate twice. The combined organic layers washed with brine, dried over
NaSQO, filtered and concentrated. The crude product wasfigd by flash column
chromatography (ethyl acetate/hexane, 30%) afforttezl 3.3 as yellow solid.
Molecular Formula: GH2oN200; Ri (40% ethyl acetate/hexane): 0.3; Yield: 76%:
NMR (400 MHz, CDCl3) & ppm 7.55 (s, 1H), 7.41-7.26 (m, 5H), 6.98 (s, 1H), 6.10
(d,J= 4.40 Hz, 3H), 5.96 (d] = 8.74 Hz, 1H), 5.82 (d] = 8.32 Hz, 1H), 5.07 (d]

= 12.28 Hz, 1H), 5.01 (d] = 12.4 Hz, 1H), 4.63 (s, 1H), 4.30 (d#i= 15.34, 7.80
Hz, 2H), 3.33 (s, 1H), 1.28 @,= 6.75 Hz, 4H);*C NMR (101 MHz, CDCls) & ppm
172.6 155.1 152.Q 147.3 142.1 135.9 132.5 128.4 128.3 128.2 128.Q 127.7,
108.2 105.5, 103.0, 72.1, 67.1, 62.8, 52.6, 1A RMS: (ES+) m/z = 433 (M+1).

o NO, o _ o NO,
< OH I|th|umborohydr|de,> < OH
OH
0 COOEt THF, 0°C to rt o
NHCbz NHCbz
34
benzyl (1S,2R)-2,3-dihydroxy-1-(6-nitrobenzo[d][1,3]dioxol-5-

yl)propylcarbamate (3.4): To a solution of ester3.3 (3.37g, 7.79 mmol ) in Dry
THF (75 mL) was added Lithium Borohydride (257mg,6Lmmol) under nitrogen at
0 °C. the solution was allowed to room temperature, hien stirred over night. The
reaction was quenched by saturated ammonium cbkl@etution. The aqueous layer
was extracted with ethyl acetate. The combinedrocgayers was washed with brine,
dried over anhydrous sodiumsulfate, filtered andcentrated. The crude product was
purified by flash column chromatography (ethyl atethexane 30%) afforded tBe
as yellow solid. Molecular Formula:;§18N2Osg; R (50% ethyl acetate/hexane): 0.2;
Yield: 85%;'H NMR (400 MHz, CDCl3) 8 ppm 7.59 (d,J = 8.26 Hz, 1H), 7.49 (s,
1H), 7.39-7.22 (m, 4H), 7.19 (s, 1H), 6.17 (s, 26l24 (d,J = 5.81 Hz, 1H), 5.04-
4.88 (m, 3H), 4.67 (s, 1H), 3.68 (s, 1F)C NMR (101 MHz, CDCl3) & ppm 156.1,
152.2, 147.0, 141.8, 136.0, 134.3, 128.5, 128.8,3,2128.3, 128.2, 128.0, 127.3,
107.8, 105.6, 103.0, 73.5, 67.1, 64.2, 52.0; LR{ES+) m/z = 391 (M+1).
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O 0 NO,
< BzCl, Dry Py, < OH
N OBz
DCM, -60°C, 4 h
NHCbz 35 NHCbz

(2R,3S)-3-(benzyloxycar bonylamino)-2-hydr oxy-3-(6-nitr obenzo[d][ 1,3]dioxol-5-
yl)propyl benzoate (3.5): To a solution of diol 3.4 (1.66g, 4.25mmol) in dry DCM
(50 mL) was added dry pyridine (378, 4.63mmol). The solution was cooled to — 60
°C. Benzoylchloride (463.L, 3.99mmol) in DCM was added to the solution drop
wise. The solution was stirred at -60 °C for 4 fihe reaction mixture was diluted
with DCM and washed with 1% HCI, brine and satwaMaHCQ solution. The
organic layer was dried over sodiumsulfate, filleesnd concentrated under reduced
pressure. The crude product was purified by flasluman chromatography (ethyl
acetate/lhexane 30%) afforded ti85 as yellow solid. Molecular Formula:
CasH2oN»09; R: (40% ethyl acetate/hexane): 0.3; Yield: 75%; NMR (400 MHz,
CDCIl3) 6 ppm 8.06 (d,J = 7.44 Hz, 2H), 7.63-7.51 (m, 2H), 7.43 Jt= 7.56 Hz,
2H), 7.39-7.24 (m, 5H), 7.02 (s, 1H), 6.09 (s, 261B5 (d,J = 7.93 Hz, 1H), 5.03 (s,
2H), 4.64-4.46 (m, 2H), 4.37 (s, 1H}C NMR (101 MHz, CDCls) & ppm 167.Q
155.7 152.1 147.1 141.9 135.8 134.] 133.3 129.7 129.3 128.5, 128.4, 128.1,
107.8, 105.6, 103.0, 71.5, 67.2, 66.7, 52.1; LRKES+) m/z = 495 (M+1).

< Ts Cl, DMAP,
OBz <
DCM rt
NHCbz NHCbz

(2R,39)-3-(benzyloxycar bonylamino)-3-(6-nitr obenzo[d][1,3]dioxol-5-yl)-2-
(tosyloxy)propyl benzoate (S;): To a solution of hydroxyl compound5 (1.964,
3.96 mmol) in dry DCM (30 mL) were added freshlyipad (washed with NaHC¢)
Tosylchloride (1.12g, 5.96 mmol) and DMAP (0.96692mmol) under inert
conditions. The solution was stirred at room terapee for overnight. The solution
was washed with brine and saturated sodiumbicatbos@ution. The organic layer
was dried over sodium sulfate, filtered and conegetl under reduced pressure. The
crude product was purified by flash column chrorgeaphy (ethyl acetate/hexane
30%) afforded thes; as yellow solid. Molecular Formulas,HogN2011S; R (30%
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ethyl acetate/hexane): 0.26; Yield: 85%; NMR (400 MHz, CDCl3) & ppm 8.02 (d,
J = 7.61 Hz, 2H), 7.60-7.51 (m, 3H), 7.47 (s, 1H), 7(41) = 7.64 Hz, 2H), 7.51-
7.28 (m, 5H), 7.12 () = 9.43 Hz, 2H), 6.80 (s, 1H), 6.11 @@= 31.87 Hz, 2H), 5.86
(dd,J = 15.75, 6.85 Hz, 2H), 5.27 @ = 5.17 Hz, 1H), 5.03 (s, 2H), 4.66 (ddi=
11.78, 5.76 Hz, 1H), 4.52 (dd,= 11.84, 6.27 Hz, 1H), 2.34 (s, 3H); )C NMR
(101 MHz, CDCl3) 8 ppm 165.8 155.3 152.3 147.5 145.1, 141.6 135.6 133.2
132.5 131.8 129.8 129.7 129.1 128.5 128.3 128.1, 127.6 107.9 105.9 103.2
80.2 67.5 62.9 52.0 21.5; LRMS: (ES+) m/z = 649 (M+1).

< m Zn dust, ACOH <
Ethanol rt 1y O
NHCbz 36 NHCbz
((6S,79)-7-(benzyloxycar bonylamino)-6,7-dihydr o-5H-[ 1,3]dioxol o[ 4,5-f]indol-6-
yl)methyl benzoate (3.6): The solution of Nitro compoun8; (2.3g, 3.54mmol) in
ethanol (20mL) was added Zn powder (2.22g, 34.4mnmebllowed by AcOH
(1.96mL) at room temperature. And allow to stirrilog 2 hours. After TLC analysis
confirmed the absence of starting material, reactiuxture was filtered through
celite, solution was evaporated and the residue duased with ethyl acetate and
washed with sodium bicarbonate solution. The oiéayer was dried over sodium
sulfate, filtered and concentrated under reduces$gure. The crude product was
purified by flash column chromatography (ethyl atethexane) afforded tH&6 as
white solid. Molecular FormulaC,sH22N2Os; R: (30% ethyl acetate/hexane): 0.3;
Yield: 68%;H NMR (400 MHz, CDCl3) 8 ppm 7.99 (d,J = 7.64 Hz, 2H), 7.55 (1]
= 7.39 Hz, 1H), 7.42 (t) = 7.70 Hz, 2H), 7.38-7.28 (m, 5H), 6.70 (s, 1H), 6(83
1H), 5.85 (dJ = 7.26 Hz, 2H), 5.18-5.06 (m, 4H), 4.57 (dds 11.10, 3.77 Hz, 1H),
4.36 (dd,J = 10.62, 7.82 Hz, 1H), 4.02-3.86 ( m, 2HYC NMR (101 MHz,
CDCIl3) 6 ppm 166.4, 155.7, 148.9, 144.8, 141.3, 136.2, 1330,7], 129.6, 128.5,
128.3, 128.2, 128.1, 118.2, 105.3, 101.0, 93.8,686.5, 66.3, 56.3; LRMS: (ES+)
m/z = 446 (M+1).

2.6.2. 12 Member ed macrocycles:
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o
3

<° NH R,COCI, Py, DCM, 0
o, OBz » n,, OBz
0 "’ 0°Ctort, 2 h 0 e
36  NHCbz 51  NHCbz

Compound 5.1:

To a stirred solution of secondary am{tieanmol) in dry DCM was added Pyridine (4
mmol) at 0 °C under inert atmosphere. The reactiotiure was stirred for 5 minutes,
Then acid chloride (1.2 mmol) was added and reactixture was stirred for 2
hours. After completion of the reaction, reactionmxtore was quenched by the
addition of saturated NaHGQolution and extracted with DCM (2 X 10 mL), the
combined organic layers was washed with 10% hydooich acid dried over
anhydrous Ng50O, and concentrated under reduced Pressure. Puwicdly flash
column chromatography to obtain pure produdd.af

<O N/Bz
0 ) /OBZ
51a NHCbz

((6S,79)-5-benzoyl-7-(benzyloxycar bonylamino)-6,7-dihydr o-5H-[ 1,3]dioxol o[ 4,5-
flindol-6yl)methyl benzoate (5.1a); Molecular Formula: gH2sN2O7; Rr (30% ethyl
acetate/hexane): 0.3; Yield: 929 NMR (400 MHz, CDCls) & ppm 7.72 (d,J =
7.31 Hz, 2H), 7.52-7.45 (m, 4H), 7.44-7.29 (m, 9AHR6 (s, 1H), 6.81 (s, 1H), 5.89
(d, J = 19.73 Hz, 2H), 5.21 (dJ = 6.86 Hz, 1H), 5.15 (s, 2H), 5.09-4.59 (m, 1H),
4.81 (s, 1H), 4.52-4.42 (m, 1HYC NMR (101 MHz, CDCls) & ppm 169.8 168.7,
165.9 155.4 148.5 144.4 137.5 135.7 133.3 133.Q 130.5 130.Q 129.6 129.3
128.8 128.5128.3 128.2 128.1, 127.1,105.4 101.6 67.5 67.1, 64.2 54.3; LRMS:
(ES+) m/z = 549 (M-1).

o
<o N»7<
0 “s,,_OBz
5.1b  NHCbz

((6S,79)-7-(benzyloxycar bonylamino)-5-pivaloyl-6,7-dihydr o-5H-
[1,3]dioxolo[4,5-f]indol-6-yl)methyl  benzoate (5.1b); Molecular Formula:
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CaoH3oN207; R: (30% ethyl acetate/hexane): 0.4; Yield: 8794; NMR (400 MHz,
CDCl3) & ppm 7.97 (d,J = 7.54 Hz, 2H), 7.62 (s, 1H), 7.56 {t= 7.37 Hz, 1H), 7.43
(t, J=7.57 Hz, 2H), 7.39-7.25 (m, 6H), 6.79 (s, 1H), 583] = 9.13 Hz, 2H), 5.12-
5.08 (m, 2H), 4.95-4.88 (m, 2H), 4.62-4.58 (m, 1#)18-4.08 (m, 1H), 1.39-1.22 (m,
J=14.11 Hz, 9H);*C NMR (101 MHz, CDCl3)  ppm 176.7, 166.1, 155.2 148.6
144.6 136.2 136.1 133.2 129.7 129.4 128.5 128.3 128.2 128.1 128.1 128.Q
121.0105.1 102.8 101.6 66.8 65.4 63.9 55.2 40.6 28.2; LRMS: (ES+) m/z = 553
(M+Na).

o) o)
<o N»\R4 10% Pd/C, H,, <o N»‘R‘;
—»
0 “u, /OB E1oH, 5h 0 u,,, ~OBZ
NHCbz NH,

5.1 5.2
Compound 5.2:

To a solution of theN-Cbz protected compourtll (1 mmol) in ethanol was added
Palladium catalyst (10 mol% (W/W), 10% palladiumep\activated carbon). The
reaction mixture was then subjected to hydrogenaiimder atmospheric pressure for
5 h. The mixture was filtered through celite. Thgamic solution was concentrated
under reduced pressure. Purification by flash colwmromatography to obtain pure

product of5.2.

Bz

4 "
o ey, /OBz

52a NH,

((6S,79)-7-amino-5-benzoyl-6,7-dihydr o-5H-[ 1,3]dioxol o[ 4,5-f]indol-6-yl)methylI
benzoate (5.2a); Molecular Formula: &H»oN.Os; R (ethyl acetate): 0.1; Yield:
75%; *H NMR (400 MHz, CDCl3) & ppm 7.73 (d,J = 7.57 Hz, 2H), 7.56-7.30 (m,
8H), 6.79 (s, 1H), 5.88 (d,= 13.10 Hz, 2H), 4.38 (s, 2H), 4.20 (s, 1H), 4.661();
BC NMR (101 MHz, CDCl3) d ppm 168.6 165.9 147.7 144.2 136.1 135.9 133.Q
130.4 129.4 128.6 128.1 127.1,104.9 101.4 69.7, 64.0 55.0; LRMS: (ES+) m/z =
439 (M+Na).
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(0]
<o N>\7<
(o] l"’///OBZ
5.2b NH,

((6S,7S)-7-amino-5-pivaloyl-6,7-dihydr o-5H-[ 1,3]dioxol o[ 4,5-f]indol-6-yl ) methyl
benzoate (5.2b); Molecular Formula: &H24N20Os; Rs (ethyl acetate): 0.1; Yield:
71%;*H NMR (400 MHz, CDCl3) & ppm 7.93 (d,J = 7.63 Hz, 2H), 7.68 (d] =
4.90 Hz, 1H), 7.57 (1) = 7.33 Hz, 1H), 7.43 () = 7.72 Hz, 2H), 6.79 (s, 1H), 5.93
(d,J = 2.13 Hz, 2H), 4.84 (dd] = 9.15, 3.69 Hz, 1H), 4.57 (dd,= 11.2, 4.4 Hz,
1H), 4.14 (s, 1H), 4.04 (dd, = 11.19, 9.33 Hz, 1H), 1.44 (s, 9HC NMR (101
MHz, CDCl3) d ppm 176.7, 170.3, 167.0, 166.0, 164.5, 145.0, 144.8,213132.5,
132.4, 129.6, 129.6, 129.5, 128.5, 128.3, 128.3,411115.2, 104.9, 101.7, 101.5,
100.8, 67.0, 66.1, 56.3, 40.8, 28.3, 28.1, 18.IMER(ES+) m/z = 395 (M-1).

0 (0]
0 N»\R‘, R,CHO, NaCNBH;, o N»\R4
.
<o sy, ~OBZ  DCM, AcOH, 2 h <o oy, OBZ
52  NH, 43 HN___Rs

Compound 4.3:

The Primary aminé&.2 (1 mmol) was dissolved in dry DCM and added aldiehfi.1
mmol). The reaction mixture was stirred for 30 n@s) then NaCNBI(1.5 mmol)
and AcOH (Catalytic amount) was added to the reagatiixture at room temperature.
The reaction mixture was stirred for 2 h. then riés&ction mixture was quenched by
the addition of saturated NaHGCand washed with brine. The organic layer was
dried over sodium sulfate, filtered, and conceettatinder reduced pressure. The

crude product was purified by flash column chrorgedphy to give the produdt3.

Bz

¢ Y
0 "ty OBz

NH
PMB” 4.3a

((6S,79)-5-benzoyl-7-(4-methoxybenzylamino)-6,7-dihydr o-5H-[ 1,3]dioxol o[ 4,5-
flindol-6-yl)methyl benzoate (4.3a); Molecular Formula: &H2sN2Og; R ((50%
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ethyl acetate/hexane): 0.3; Yield: 688 NMR (400 MHz, CDCl3) & ppm 7.72 (d,

J = 7.65 Hz, 2H), 7.54-7.44 (m, 4H), 7.44-7.38 (m, 2AB5 (t,J = 7.52 Hz, 2H),
7.29-7.21 (m, 3H), 6.84 (dl = 7.93 Hz, 2H), 6.79 (s, 1H), 5.90 (@= 12.36 Hz,
2H), 4.93-4.77 (m, 1H), 4.34 (s, 2H), 4.05 (s, 1BB5 (s, 2H), 3.79 (s, 3H}’C
NMR (101 MHz, CDCl3) & ppm 166.Q 158.8 147.8 144.2 133.Q 131.5 130.4
129.5 129.4 129.2 128.7 128.2 127.2 113.9 105.5, 101.4, 65.8, 65.8, 64.2, 60.3,
60.3, 55.2, 50.1, 29.6; LRMS: (ES+) m/z = 559 (M}Na

Bz
S
o ) /OBz
NH

4.3b

Br

((6S,79)-5-benzoyl-7-(4-br omobenzylamino)-6,7-dihydr o-5H-[ 1,3]dioxol o[ 4,5-
flindol-6-yl)methyl benzoate(4.3b); Molecular Formula: H2sBrN,Os; Rs ((30%
ethyl acetate/hexane): 0.3; Yield: 658 NMR (400 MHz, CDCl3) & ppm 7.72 (d,
J=7.76 Hz, 2H), 7.57-7.33 (m, 10H), 7.26 (s, 1H),27(d,J = 8.17 Hz, 2H), 6.78
(s, 1H), 5.91 (dJ = 11.93 Hz, 2H), 4.94-4.74 (m, 1H), 4.45-4.32 (m, 28ip4 (s,
1H), 3.86 (s, 2H)*C NMR (101 MHz, CDCls) & ppm 168.6, 168.6, 165.9, 147.9,
144.2, 138.5, 136.6, 135.9, 133.1, 131.5, 130.8,6,2129.5, 129.3, 128.7, 128.2,
127.1, 125.2, 120.9, 105.5, 101.5, 65.7, 64.0,,68939, 30.2, 29.6; LRMS: (ES+)
m/z = 585 (M+1).

0]

<o N>\7<
o “,,__OBz
NH

4.3c

Cl

((6S,79)-7-(4-chlor obenzylamino)-5-pivaloyl-6,7-dihydr o-5H-[ 1,3]dioxol o[ 4,5-
flindol-6-yl)methyl benzoate (4.3c); Molecular Formula: gH29CIN2Os; Ry ((30%
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ethyl acetate/hexane): 0.4; Yield: 718 NMR (400 MHz, CDCls) & ppm 7.85 (d,
J= 7.70 Hz, 2H), 7.69 (s, 1H), 7.59 &= 7.43 Hz, 1H), 7.43 (t) = 7.72 Hz, 2H),
7.23 (d,J = 8.32 Hz, 2H), 7.15 (d] = 8.32 Hz, 2H), 6.77 (s, 1H), 5.92 (s, 2H), 5.00
(dd, J = 9.65, 3.81 Hz, 1H), 4.59 (dd,= 10.97, 3.45 Hz, 1H), 3.97-3.78 (m, 4H),
1.45 (s, 9H)*3C NMR (101 MHz, CDCl3) & ppm 176.6 165.9 147.7 144.1 138.3
137.7, 133.3 132. 129.4 129.]1 129.Q 128.4 128.3 128.3 128.Q 124.]1, 105.1
102.6 101.3 64.0 63.8 60.4 49.9 40.5 28.2; LRMS: (ES+) m/z = 543 (M+Na).

((6S,79)-7-(3-fluor obenzylamino)-5-pivaloyl-6,7-dihydr o-5H-[ 1,3]dioxol o[ 4,5-
flindol-6-yl)methyl benzoate (4.3d); Molecular Formula: H29FN2Os; Rs ((30%
ethyl acetate/hexane): 0.4; Yield: 7186 NMR (400 MHz, CDCls) & ppm 7.87 (d,
J=7.63 Hz, 2H), 7.69 (s, 1H), 7.58 &= 7.41 Hz, 1H), 7.43 (t) = 7.69 Hz, 2H),
7.17 (dd,J = 13.93, 7.86 Hz, 1H), 7.05 (d,= 8.01 Hz, 2H), 6.89 (t) = 8.78 Hz,
1H), 6.78 (s, 1H), 5.95 (s, 2H), 4.99 (dds 9.64, 3.75 Hz, 1H), 4.58 (dd,= 11.25,
3.75 Hz, 1H), 4.00-3.85 (m, 4H), 1.45 (s, 9C NMR (101 MHz, CDCls) & ppm
176.6 166.0, 164.1161.7, 147.7 144.1, 138.3 137.7 133.3 132.6 129.4 129.],
129.0 128.4 128.3 128.3 128.9 124.1, 105.1, 102.6 101.3 64.0 63.8 60.4, 49.9
40.5 28.2; LRMS: (ES+) m/z = 505 (M+1).

0o
<O N)LR‘ Fmoc-AA-Cl, Na;COs3, < 1. DBU, THF, 0°C, 15 min‘ <O N
o OB DCM, 0°Ctort, 1 h 2. RyCOCI, DCM, 0°C, T o OB2
HNW Ry—" I 15 min R3_/NIO
R NHFmoc R/ i—{

4.3

Compound 4.2:
To a mixture of the Secondary amia8 (1 mmol) and NgCOs; (3 mmol) in DCM,
was added freshly prepared Fmoc Aminoacid chlof2d® mmol) at 0 °C under inert
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atmosphere. and reaction mixture was stirred fwodr. The reaction mixture was
guenched by the addition of a saturated NaklGdd washed with brine extracted
with DCM, dried over anhydrous BaO, and concentrated under reduced Pressure.
Purification by flash column chromatography to atea pure product ds,.

To theN-Fmoc compound, (1 mmol) in dry THF, DBU (2 mmol) was added at 0
°C, and stirred for 15 min. Following the compleemoval of the NFmoc group that
showed no starting material, THF was evaporate@muretiuced pressure.

To the above crude dry DCM (10 ml) was added foddwy DIPEA (1.1 mmol),
acid chloride (1.5 mmol) was added at 0 °C, andestifor 15 min, then reaction
mixture was quenched with saturated NaHC&nhd washed with brine. The organic
layer was dried over sodium sulfate, and concesdrainder reduced pressure. The
crude product was purified by flash column chrorgedphy to give the produdt2.

Bz

( Y
o) s, /OBZ
N_ _O
MeO \I
Ph
NH

4.2a o

F

((6S,79)-5-benzoyl-7-((S)-2-(4-fluor obenzamido)-N-(4-methoxybenzyl)-3-phenyl
propanamido)-6,7-dihydro-5H-[1,3]dioxolo[4,5-f]indol-6-yl)methyl benzoate
(4.2a); Molecular Formula: GgH4oFN3Osg; R ((30% ethyl acetate/hexane): 0.3; Yield:
62%; 'H NMR (400 MHz, CDCls) & ppm 7.77 (dd,J = 8.63, 5.32 Hz, 2H), 7.72-
7.40 (m, 5H), 7.39-7.19 (m, 10H), 7.16-7.07 (m, 3AP3-6.92 (m, 1H), 6.81-6.71
(m, 4H), 6.45 (s, 1H), 5.84 (d,= 17.57 Hz, 2H), 5.73-5.53 (m, 1H), 5.31-5.16 (m,
1H), 4.86-4.61 (m, 1H), 4.59-4.40 (m, 2H), 4.2764(in, 1H), 3.72 (dJ = 8.04 Hz,
3H), 3.21-2.98 (m, 2H)**C NMR (101 MHz, CDCls) & ppm 172.9, 166.1, 165.9,
165.9, 165.4, 159.1, 136.0, 133.0, 130.4, 129.8,6,2129.5, 129.5, 129.4, 129.4,
129.3, 129.0, 128.8, 128.7, 128.6, 128.6, 128.8,5,2128.2, 128.1, 128.1, 127.5,
127.2, 127.0, 126.8, 115.7, 115.5, 114.4, 101.54,6%4.6, 55.3, 51.8, 39.6; LRMS:
(ES+) m/z = 804 (M-1).
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((6S,79)-5-benzoyl-7-((S)-2-(cyclopr opanecar boxamido)-N-(4-methoxybenzyl)-3-
ethylbutanamido)-6,7-dihydr o-5H-[1,3]dioxolo[4,5-f]indol-6-yl)methyl benzoate
(4.2b); Molecular Formula: ¢3H41N3Og; R ((40% ethyl acetate/hexane): 0.3; Yield:
62%;'H NMR (400 MHz, CDCl3) & ppm 7.67 (d,J = 7.83 Hz, 3H), 7.37-7.25 (m,
8H), 7.05 (dJ = 8.53 Hz, 2H), 6.82 (d] = 8.50 Hz, 3H), 6.52 (s, 1H), 5.94-5.82 (m,
3H), 5.63-5.51 (m, 1H), 4.89-4.75 (m, 2H), 4.681Hl), 4.58-4.45 (m, 2H), 3.76 (s,
3H), 2.06-1.95 (m, 1H), 1.51-1.45 (m, 1H), 0.88J¢; 6.69 Hz, 3H), 0.82-0.71 (m,
7H); *C NMR (101 MHz, CDCl3) & ppm 173.9 173.5 165.8 159.2 135.7 133.Q
130.4 129.5 129.4 129.Q 128.6 128.1 128.1 128.Q 128.0 126.9 126.7 114.3
113.8§ 105.5 101.5 65.7, 64.7, 58.7, 55.2 54.8 31.6 29.6 19.6 17.6 14.5 7.4],
7.37; LRMS: (ES+) m/z = 726 (M+Na).

Bz

{ Y
o oy, /OBz
< > N o]
Br (0]
N
4.2¢

((6S,79)-5-benzoyl-7-((S)-N-(4-br omobenzyl)-2-(cyclohexanecar boxamido)-4-
methylpentanamido)-6,7-dihydr o-5H-[1,3]dioxolo[4,5-f]indol-6-yl)methyl

benzoate (4.2c); Molecular Formula: GH4i1N3Og; R ((30% ethyl acetate/hexane):
0.3; Yield: 68%;H NMR (400 MHz, CDCl3) & ppm 7.69 (d,J = 7.33 Hz, 2H),
7.50-7.41 (m, 5H), 7.37-7.28 (m, 6H), 7.02 Jd5 8.24 Hz, 2H), 6.51 (s, 1H), 5.90-
5.83 (m, 3H), 4.87 (dJ = 18 Hz, 1H), 4.79-4.68 (m, 2H), 4.53-4.41 (m, 2HR%
4.28 (m, 1H), 2.15-2.08 (m, 1H), 1.92-1.53 (m, 1382 (d,J = 6.62 Hz, 3H), 0.58
(d, J = 6.47 Hz, 3H);"*C NMR (101 MHz, CDCl3) & ppm 176.1, 174.9 165.8
148.6 144.5 136.5 135.5 133.0 132.0 131.6 130.5 129.5 129.4 129.3 128.8
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128.7 128.2 128.1, 127.7, 126.7 121.5 120.6 101.6 65.2 64.6 57.8 47.8§ 45.],
41.7,29.6 29.4 25.6 25.6 25.5 24.5 23.3 21.1; LRMS: (ES+) m/z = 832 (M+Na).
Note: Multiple signals of‘H- and®*C-NMR are due to the rotamers

o
<O N»%
"y, /OBz

o
N
Oy
4.2d

O
NH
o

((6S,79)-7-((S)-N-(4-chlor obenzyl)-2-(cyclopr opanecar boxamido)pr opanamido)-
5-pivaloyl-6,7-dihydro-5H-[1,3]dioxol o[ 4,5-f]indol-6-yl)methyl benzoate (4.2d);
Molecular Formula: gH3sCIN3O7; Re ((30% ethyl acetate/hexane): 0.35; Yield:
65%;*H NMR (400 MHz, CDCl3) & ppm 7.87 (d,J = 7.68 Hz, 2H), 7.58-7.48 (m,
3H), 7.42-7.30 (m, 3H), 7.17 (d,= 8.12 Hz, 2H), 6.84 (d] = 8.22 Hz, 2H), 6.07 (s,
1H), 5.84-5.78 (m, 3H), 5.62 (s, 1H), 5.44 (dd&; 7.88, 2.79 Hz, 1H), 4.90-4.86 (m,
1H), 4.64 (dJ = 11.40 Hz, 2H), 4.13-3.97 (m, 2H), 2.01-1.97 (m, 1HB5 (s, 9H),
1.29-1.22 (m, 7H)**C NMR (101 MHz, CDCls) 8 ppm 176.6 176.2 174.2 172.7,
166.2 148.6 144.Q 140.7, 137.Q 135.5 133.2 133.2 133.1 129.7 129.6 128.6
128.2, 128.2127.9 127.2 118.6 106.5 102.4 101.5 66.0 64.6 60.3 58.6 47.5
46.4 40.7,28.3 28.1,20.9 19.1, 14.5 14.1, 7.3; LRMS: (ES+) m/z = 682 (M+Na).

Q o)
o) N>\\R4 0 >\\R4
Allyl Bromide, NaH, < H 1. 10 mol% Grubbs' 2nd gen, < m N
o B O. C -62Y =
- TBAI, THF,0°Ctort, 1 ~X DCM, 400°, 12h, 55:62% '\ . o
42 ] > > H
12 h, 58-65% R _/N O 2.10% Pd/C, H, EtOH, N O
3 : Ry—"
P 5 h, 65-70% I
R; j\/\/ R N
441 07 R, 2.2 o)\R2

Compound 2.2:

To the solution of compounti2 (1 mmol) in THF at 0 °C, TBAI (0.5 mmol), NaH (6
mmol) followed by allyl bromide (8 mmol) was addedder N atmosphere. Then the
reaction was stirred forl2 hours at room tempeeatusfter completion of the

reaction, reaction mixture was quenched with amomochloride solution and
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extracted with EtOAc. The combined organic layessensubsequently washed with
brine. The organic layer was dried over sodiumagelf filtered and concentrated
under reduced pressure and purified by flash colammmatography to obtain pure
product4.1.

Bis-allyl compound (1mmol) was taken in dry dichlorahane (high dilution) under
nitrogen atmosphere and Grubbs’ 2nd generationysat@.1mmol) was added and
reaction mixture was heated to 4D for 12 h. The reaction mixture was concentrated
under reduced pressure and the crude product wafieguby flash column
chromatography to obtain pure product.

To a solution of Macrocycle (RCM product) in ethhiveas added palladium catalyst
(20 mol% (W/W), 10% palladium over activated carporhe reaction mixture was
then subjected to hydrogenation under atmospheggspre forl2 h. The mixture was
filtered through celite. The organic solution wamcentrated under reduced pressure

and then purified by flash column chromatographghitain pure product &.2.

(5aS,13S,15a9)-5-benzoyl-13-benzyl-12-(4-fluor obenzoyl)-15-(4-methoxybenzyl)
5a,6,8,9,10,11,12,13,15,15a-decahydr o-[ 1,3]dioxol o[ 4,5-

f][1,5,8] oxadiazacyclododeca[ 3,4-b]indol-14(5H)-one (2.2a); Molecular Formula:
CusHaoFN3O7;, Re ((30% ethyl acetate/hexane): 0.30; Yield: 58%; NMR (400
MHz, CDCl3) é ppm 7.50-7.36 (m, 4H), 7.33-7.19 (m, 10H), 6.99Jt 8.58 Hz,
2H), 6.80 (d,J = 8.25 Hz, 2H), 6.63 (d) = 8.51 Hz, 2H), -6.055.75 (m, 5H), 4.67-
4.57 (m, 1H), 4.50 (d] = 14.4 Hz, 1H), 4.20 (d] = 14.4 Hz, 1H), 3.73 (s, 3H), 3.51-
3.41 (m, 2H), 3.40-3.35 (m, 2H), 3.34-3.26 (m, 181p3-3.09 (m, 1H), 2.88-2.71 (m,
1H), 1.59-1.47 (m, 2H), 1.32-1.26 (m, 2HYC NMR (101 MHz, CDCl3) & ppm
171.5, 168.0, 164.2, 161.7, 158.6, 148.8, 144.8,113136.0, 133.1, 133.1, 130.5,
129.7, 129.3, 128.7, 128.5, 126.9, 126.7, 115.8,011113.5, 101.7, 55, 46, 29, 26;
LRMS: (ES+) m/z = 756(M+1), 778 (M+Na).
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(5aS,13S,15a9)-5-benzoyl-12-(cyclopr opanecar bonyl)-13-isopr opyl-15-(4-
methoxybenzyl)-5a,6,8,9,10,11,12,13,15,15a-decahydr o-[ 1,3]dioxolo[4,5-
f][1,5,8]oxadiazacyclododecal 3,4-b]indol-14(5H)-one(2.2b); Molecular Formula:
CagHasN3O7; Rr ((50% ethyl acetate/hexane): 0.30; Yield: 56¢%4:NMR (400 MHz,
CDCl3) 8 ppm 7.51-7.43 (m, 2H), 7.45-7.39 (m, 2H), 7.31Jd; 6.50 Hz, 2H), 7.05
(d, J = 8.58 Hz, 2H), 6.73 (d) = 8.59 Hz, 2H), 6.64 (s, 1H), 5.92 (@= 4.52 Hz,
2H), 5.82 (s, 1H), 5.41 (d, = 10.8 Hz, 1H), 5.04-4.89 (m, 1H), 4.72-4.37 (m, 3H),
4.17 (d,J = 14.4 Hz, 1H), 3.80-3.69 (m, 5H), 3.56-3.42 (m, 2RK6-2.47 (m, 1H),
2.10-1.98 (m, 1H), 1.91-1.85 (m, 2H), 1.58-1.52 ), 1.02-.91 (m, 4H), 0.85 (d,

= 6.27 Hz, 3H), 0.78 (dJ = 6.81 Hz, 3H);"*C NMR (101 MHz, CDCls) & ppm
175.1 171.2 168.2, 158.6, 136.2, 130.5, 130.2, 129.8, 128.8.62126.7, 114.6,
113.4, 101.6, 60.1, 55.2, 46.5, 43.7, 29.6, 296,29.3, 28.5, 27.3, 20.2, 17.8, 14.1,
12.0, 9.3, 8.6; LRMS: (ES+) m/z = 653 (M+1), 676%Nh).

0 N/BZ
{ H

o o)

HY
< > N__O
Br
N
2.2¢ O)\O

(5aS,13S,15a95)-5-benzoyl-15-(4-br omobenzyl)-12-(cyclohexanecar bonyl)-13-
isobutyl-5a,6,8,9,10,11,12,13,15,15a-decahydr o-[1,3]dioxolo[4,5-

f][1,5,8] oxadiazacyclododeca[ 3,4-b]indol-14(5H)-one(2.2c); Molecular Formula:
Ca1H49N306; Rr ((30% ethyl acetate/hexane): 0.32; Yield: 46%;NMR (400 MHz,
CDCl3) & ppm 7.46-7.30 (m, 4H), 7.26-7.18 (m, 4H), 7.11-6.98 @H), 6.52 (dJ =
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4 Hz, 1H), 6.09-5.91 (m, 3H), 5.71-5.57 (m, 1HN&(d,J = 17.6 Hz, 1H), 4.69-
4.57 (m, 1H), 4.56-4.44 (m, 1H), 4.19-3.98 (m, 28156-3.29 (M, 4H), 2.51-2.40 (m,
1H), 1.88-1.76 (m, 2H), 1.59-1.51 (m, 5H), 1.088)(&, 10H), 0.83 (dJ = 6.59 Hz,
3H), 0.69 (d,J = 6.44 Hz, 3H);"*C NMR (101 MHz, CDCl3) & ppm 176.8, 171.5,
168.6, 137.7, 137.3, 129.0, 128.6, 128.5, 127.8,9,226.7, 126.6, 101.8, 66.9, 50.5,
41.6, 39.0, 33.7, 29.9, 29.7, 29.6, 29.6, 29.63,285.9, 25.9, 25.7, 25.6, 25.5, 24.8,
24.3,23.1, 22.6, 22.1, 20.3, 14.1, 13.8, 13.6; IRNES+) m/z = 704 (M+Na).

T j; L o
2.2d O)W

5aS,13S,15aS)-15-(4-chlor obenzyl)-12-(cyclopr opanecar bonyl)-13-methyl-5-
pivaloyl-5a,6,8,9,10,11,12,13,15,15a-decahydr o-[1,3]dioxolo[4,5-
f][1,5,8]oxadiazacyclododecal 3,4-b]indol-14(5H)-one (2.2d); Molecular Formula:
C3HaoCIN3Og; R ((25% ethyl acetate/hexane): 0.3; Yield: 528+ NMR (400
MHz, CDCl3) é ppm 7.23-7.15 (m, 2H), 7.08 (d,= 7.40 Hz, 2H), 6.43 (s, 1H), 6.02
(s, 1H), 5.91-5.85 (m, 3H), 5.41-5.34 (m, 1H), 4(88J = 17.6 Hz, 1H), 4.35 (dd, J
=11.2 , 4.8 Hz,1H), 4.15-4.05 (m, 2H), 3.61-3.49 GHl), 1.72-1.65 (m, 3H), 1.62-
1.58 (m, 2H), 1.13 (s, 9H), 1.02 (s, 3H), 0.86-0(i#8 4H); *C NMR (101 MHz,
CDCl3) 6 ppm 178.2, 175.1, 171.7, 145.2, 142.8, 138.3, 13230,5|, 128.5, 127.4,
127.2, 120.9, 104.2, 100.5, 99.4, 90.4, 58.4, 52465, 43.1, 38.4, 32.8, 29.6, 27.1,
27.0, 20.2, 15.3, 14.0, 13.7, 11.8, 8.7, 8.0; LR{ES+) m/z = 608 (M-1).

2.6.3. 11 Membered macrocyles:

o]

Fmoc-AA-Cl, Na,CO;, O N oRi 1.DBU,THF,0°C, N R
20 min
. —_— .
DCM,0°Ctor,1h O ,  NHFmMOC o L N
| 2. R,COCI, DCM, 2
CbzHN OBz 15 min, 0 °C CbzHN OBz
7.1 6.4

Compound 6.4:

Experimental procedure as per Ref. compoti@ad
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(0] "y,

CbzHN OBz

6.4a F

((6S,79)-7-(benzyloxycar bonylamino)-5-((S)-2-(4-fluor obenzamido)-3-
methylbutanoyl)-6,7-dihydro-5H-[1,3]dioxolo[4,5-f]indol-6-yl)methyl  benzoate
(6.4a); Molecular Formula: gH34FN3Og; Rs (30% ethyl acetate/hexane): 0.25; Yield:
64%; *H NMR (400 MHz, CDCl3) & ppm 8.09 (dd,J = 8.71, 5.50 Hz, 2H), 7.89-
7.80 (m, 3H), 7.78 (s, 1H), 7.36-7.29 (m, 6H),4¢7105 (m, 3H), 6.79 (s, 1H), 5.93
(d,J= 15.83 Hz, 2H), 5.19-4.86 (m, 6H), 4.50 (s, 1H),2206 (m, 1H), 1.02 (dd,

= 13.56, 6.71 Hz, 6H)"*C NMR (101 MHz, CDCl3) 8 ppm 176.7,, 170.2 169.3
166.Q 148.0 144.4 138.1 133.3 132.2 132.2 129.6 129.5 129.2 128.5 128.3,
128.2, 128.1, 125.3, 125.2, 115.2, 115.0, 104.8,5,0101.4, 67.1, 64.2, 55.4, 40.8,
29.6, 28.3, 28.2, 28.1, 18.1; LRMS: (ES+) m/z = @d81), 690 (M+Na).

0]
OO
o u,, HN o)
(lDBz Z
6.4b

CbzHN

((6S,79)-7-(benzyloxycar bonylamino)-5-((S)-2-(cyclopr opanecar boxamido)-3-
methylbutanoyl)-6,7-dihydro-5H-[1,3]dioxolo[4,5-f]indol-6-yl)methyl ~ benzoate
(6.4b); Molecular Formula: gH3sN3Og; Rr (40% ethyl acetate/hexane): 0.3; Yield:
64%; *H NMR (400 MHz, CDCl3) & ppm 7.85 (d,J = 7.62 Hz, 2H), 7.79 (s, 1H),
7.51 (t,J = 7.35 Hz, 1H), 7.38-7.29 (m, 7H), 6.78 (s, 1H), 6(d5J = 2.39 Hz, 1H),
5.93 (d,J = 12.98 Hz, 2H), 5.19-5.04 (m, 2H), 5.05-4.89 (m, 3#HB5-4.78 (m, 1H),
4.47-4.33 (m, 1H), 2.05-1.95 (m, 1H), 1.48-1.40 {H), 1.04-0.91 (m, 8H), 0.74 (d,
J = 6.97 Hz, 2H):**C NMR (101 MHz, CDCl3) & ppm 173.5, 170.5, 166.0, 155.1,
148.8, 144.8, 137.2, 136.0, 132.9, 129.7, 128.8.2012128.2, 121.6, 105.2, 101.7,
100.7, 67.0, 66.1, 63.8, 60.3, 55.8, 54.8, 32.5;,20.2, 18.0, 14.5, 7.5, 7.4; LRMS:
(ES+) m/z = 636 (M+Na).
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CIOE A
O '1,,/ HN O
I
CbzHN OBz

((6S,79)-7-(benzyloxycar bonylamino)-5-((S)-2-(4-fluor obenzamido)-4-
methylpentanoyl)-6,7-dihydro-5H-[1,3]dioxolo[4,5-f]indol-6-yl)methyl  benzoate
(6.4c); Molecular Formula: ggH3sFN3Og; R (30% ethyl acetate/hexane): 0.3; Yield:
72%;:*H NMR (400 MHz, CDCls) 8 ppm 7.88 (d,J = 7.47 Hz, 2H), 7.82 (dd] =
8.53, 5.30 Hz, 2H), 7.76 (s, 1H), 7.41-7.32 ( m),7HO7 (t,J = 8.66 Hz, 3H), 6.81
(s, 1H), 5.96 (d,J) = 12.35 Hz, 2H), 5.32-5.20 (m, 1H), 5.12 (s, 2H),644978 (m,
4H), 4.52-4.39 (m, 1H), 1.85-1.69 (m, 2H), 1.608L(t, 1H), 1.03 (dJ = 6.34 Hz,
3H), 0.88 (d,J = 5.6 Hz, 3H); *C NMR (101 MHz, CDCl3) & ppm 171.4 166.Q
165.9163.4, 155.1, 148.9, 145.0, 137.3, 135.9, 133.0,.7,2129.6, 129.5, 128.5,
128.3, 128.2, 115.4, 115.2, 105.4, 101.8, 100.7,667.0, 66.1, 66.0, 63.7, 60.4,
54.8, 50.6, 42.8, 42.7, 42.7, 33.8, 31.9, 29.66,229.6, 29.3, 25.0, 23.5, 22.6, 21.9,
14.1; LRMS: (ES+) m/z = 680 (M-1), 716 (M+Na).

0}
0 N )k‘“‘\\k/

O '/,,/ HN O

CbzHN OBz

6.4d
F

((6S,79)-7-(benzyloxycar bonylamino)-5-((2S,3S)-2-(4-fluor obenzamido)-3-methyl
pentanoyl)-6,7-dihydro-5H-[1,3]dioxolo[4,5-f]indol-6-yl)methyl benzoate (6.4d);
Molecular Formula: ggH3sFN3Os; R (30% ethyl acetate/hexane): 0.32; Yield: 74%;
'H NMR (400 MHz, CDCls) 8 ppm 7.89-7.81 (m, 4H), 7.78 (s, 1H), 7.43-7.29 (m,
7H), 7.10 (tJ = 8.56 Hz, 2H), 6.88 (d] = 8.84 Hz, 1H), 6.80 (s, 1H), 5.99-5.91 (m,
2H), 5.21-5.14 (m, 1H), 5.09 @ = 8.30 Hz, 2H), 5.05-5.48 (m, 1H), 4.97-4.79 (m,
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3H), 4.55-4.43 (m, 1H), 1.90-1.82 (m, 1H), 0.95J¢; 6.86 Hz, 3H), 0.91-0.894 (m,
5H); **C NMR (101 MHz, CDCl3) & ppm 173.9 170.6 166.1, 166.Q 165.9 163.4
155.2 148.7 144.9 137.2 136.1, 129.8 129.5 129.4 128.3 128.3 128.0 121.8
115.5 115.3 115.3 115.1, 101.7 68.4 66.9 60.3 38.9 38.8 38.6 27.7, 24.9 24.9
24.8 24.8 24.8 15.3 15.1,11.3 11.2; LRMS: (ES+) m/z = 682 (M+1), 704 (M+Na).

0
- 10% Pd/C, Hj, R R3CHO NaCNBH;, O NJ\\\&
EtOH, 5h < m ~COR, DCM,AcOH,2h <om HN\CORZ
OBz Ra_NH OBz

6.3

Experimental procedure as per Ref. compobi@cand4.3.

O

((6S,79)-7-(4-chlor obenzylamino)-5-((S)-2-(4-fluor obenzamido)-3-
methylbutanoyl)-6,7-dihydro-5H-[1,3]dioxolo[4,5-f]indol-6-yl)methyl  benzoate
(6.3a); Molecular Formula: Hs3sCIFN3Ogs; R (40% ethyl acetate/hexane): 0.3;
Yield: 61%;'H NMR (400 MHz, CDCl3) 8 ppm 7.90-7.83 (m, 4H), 7.54 (] =
7.43 Hz, 1H), 7.37 (1) = 7.76 Hz, 2H), 7.27-7.16 (m, 4H), 7.11 Jt= 8.58 Hz, 2H),
6.92 (d,J = 8.14 Hz, 1H), 6.78 (s, 1H), 5.97 (d, HF 3.29 Hz, 2H), 5.23 (dd] =
8.73, 6.37 Hz, 1H), 4.90-4.79 (m, 2H), 4.26-4.04 2id), 3.84 (g,) = 13.66 Hz, 2H),
2.28-2.25 (m, 1H), 1.16 (d, = 6.76 Hz, 3H), 1.10 (dJ = 6.72 Hz, 3H);*C NMR
(101 MHz, CDCl3) & ppm 170.1 166.1 166.Q 163.5 148.2 144.8 137.7, 136.2
133.2 132.8 130.1, 130.1 129.6 129.6 129.5 129.2 129.1 128.6 128.3 124.8
115.6 115.4 105.3 101.6 100.8 64.4 63.7, 60.6 56.2 50.1, 32.7, 19.8 18.0;
LRMS: (ES+) m/z = 680 (M+Na).
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(0] k
¢ 9
o HN 0
HN OBz
6.3b é)
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((6S,79)-5-((S)-2-(cyclopr opanecar boxamido)-3-methylbutanoyl)-7-(4-
methoxybenzylamino)-6,7-dihydr o-5H-[1,3]dioxol o[4,5-f]indol-6-yl)methyl

benzoate

(6.3b); Molecular Formula: gH37/N3O7; R: (40% ethyl acetate/hexane): 0.2; Yield:
67%; *H NMR (400 MHz, CDCl3) 8 ppm 7.85 (d,J = 6.22 Hz, 3H), 7.55 (1) =
7.39 Hz, 1H), 7.39 (t) = 7.74 Hz, 2H), 7.15 (d] = 8.52 Hz, 2H), 6.77-6.75 (m, 2H),
6.41 (d,J=8.92 Hz, 1H), 5.95 (d] = 3.29 Hz, 2H), 5.02 (dd] = 8.98, 6.40 Hz, 1H),
4.81-4.68 (m, 2H), 4.22-4.09 (m, 1H), 4.06 (s, 181Y,9-3.73 (m, 4H), 2.19-2.09 (m,
1H), 1.48-1.41 (m, 1H), 1.10 (d,= 6.76 Hz, 3H), 1.03 (tJ = 10.02 Hz, 3H), 0.98-
0.91 (m, 2H), 0.78-0.71 (m, 2H$*C NMR (101 MHz, CDCls) d ppm 173.6 166.Q
158.7 148.0, 144.6, 136.3, 133.1, 131.3, 129.7, 129.£,012128.2, 125.1, 113.8,
105.4, 101.5, 100.7, 64.4, 63.8, 60.6, 55.9, 55522, 50.3, 32.4, 19.7, 17.9, 14.6,
7.51, 7.41; LRMS: (ES+) m/z = 600 (M+1), 622 (M+Na)

o \(
¢ N
o) HN O
HN OBz
6.3c
F
CHs,

((6S,79)-5-((S)-2-(4-fluor obenzamido)-4-methylpentanoyl)-7-(4-
methylbenzylamino)-6,7-dihydr o-5H-[1,3]dioxol o[ 4,5-f]indol-6-yl)methyl
benzoate (6.3c); Molecular Formula: ggH3sFN3Os; R (40% ethyl acetate/hexane):
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0.3; Yield: 65%;'*H NMR (400 MHz, CDCl3) & ppm 7.93-7.86 (m, 2H), 7.85-7.80
(m, 2H), 7.81 (s, 1H)7.52 (§,= 7.44 Hz, 1H), 7.38 (d] = 7.85 Hz, 2H), 7.16 (d] =
7.88 Hz, 2H), 7.07 (dd) = 13.74, 8.07 Hz, 4H), 6.78 (s, 1H), 5.97& 6.59 Hz,
2H), 5.40-5.32 (m, 1H), 4.90 (dd,= 11.41, 4.23 Hz, 1H), 4.74 (dd,= 8.29, 4.76
Hz, 1H), 4.24 (ddJ = 11.33, 8.50 Hz, 1H), 4.10 (s, 1H), 3.91-3.75 (m),2H30 (s,
3H), 1.16 (t,J = 7.13 Hz, 3H), 0.99 (dJ = 6.54 Hz, 3H), 1.27 (dJ = 7.53 Hz, 2H),
1.89-1.84 (m, 1H)**C NMR (101 MHz, CDCl3) & ppm 171.1, 166.0, 166.0, 163.5,
148.2, 144.7, 136.9, 136.4, 136.0, 133.1, 129.1,612129.5, 129.3, 129.2, 128.3,
127.8, 124.7, 115.5, 115.3, 105.3, 105.3, 101.6,8,0100.7, 64.4, 60.7, 50.6, 43.1,
29.6, 25.0, 23.6, 22.0, 21.0; LRMS: (ES+) m/z = §821), 674 (M+Na).

Ll
-
o H 0]
N OBz

H

e

\\\\
F

((6S,79)-5-((2S,3S)-2-(4-fluor obenzamido)-3-methylpentanoyl)-7-(3-

fluor obenzylamino)-6,7-dihydr o-5H-[1,3]dioxolo[4,5-f]indol-6-yl)methy!I

benzoate (6.3d); Molecular Formula: gH3sFN3Og; Re (40% ethyl acetate/hexane):
0.30; Yield: 68%;'*H NMR (400 MHz, CDCls) & ppm 7.91-7.79 (m, 5H), 7.52 (4

= 7.22 Hz, 1H), 7.42-7.34 (m, 2H), 7.19-7.15 (m, 1AH),2-6.98 (m, 4H), 6.90 (§,=
7.96 Hz, 1H), 6.80 (s, 1H), 6.01-5.91 (m, 2H), 5(83) = 7.99 Hz, 1H), 4.98-4.80
(m, 2H), 4.29-4.22 (m, 1H), 4.12 (s, 1H), 3.87J¢;, 3.10 Hz, 2H), 2.03 (s, 1H), 1.13
(d, J = 6.80 Hz, 3H), 0.98-0.85 (m, 5HY)C NMR (101 MHz, CDCl3) & ppm 170.4
167.7 166.1 166.Q 164.2 164.1 163.5 161.7 161.7 148.2 144.8 142.1, 136.2
130.0 130.9 129.8 129.7, 129.5 129.4 129.3 129.3 128.5 128.0 124.9 105.3
101.6 101.Q 100.6 68.1, 64.8 64.3 61.0 60.8 56.0 55.7, 50.3 39.1, 39.0 15.9
15.611.5 11.2; LRMS: (ES+) m/z = 656 (M+1), 678 (M+Na).
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0] (0]

1. R4COCI, DIPEA, 1. 10 mol% Grubbs' 2nd gen,
DCM,0°Ctort, 1h O NJ\ Ry DCM, 40 °C, 12 h 0 NN
2. Allyl Bromide, NaH, K 2.10% Pd/C (10 mols W), O
TBAI, THF, 0°Ctot, H,, EtOH, 6 h N
12h RAOC/ \ R,0C j

61 C 23

To a stirred solution of secondary am{gemmol) in dry DCM was added DIPEA (2
mmol) at 0 °C under inert atmosphere. The reactiotiure was stirred for 5 minutes,
Then acid chloride (1.2 mmol) was added and reactiocture was stirred for 1 hour.
After completion of the reaction, reaction mixtwas quenched by the addition of
saturated NaHC@solution and extracted with DCM (2 X 10 mL), thendmned
organic layers was washed with 10% hydrochlorid atied over anhydrous N&aO,
and concentrated under reduced Pressure. Pugficatby flash column
chromatography to obtain pure productdf.

For6.1 to 2.2 experimental procedure as per Ref. compdugd

3a

<j©[g:)
o

N-benzyl-N-((7S,14aS,15S)-8-(4-fluor obenzoyl)-7-isopr opyl-6-0xo-
6,7,8,9,10,11,12,14,14a,15-decahydr o-[ 1,3]dioxol o[ 4,5-
f][1,4,7]oxadiazacycloundecal4,3-alindol-15-yl)benzamide (2.3a);

Molecular Formula: GH40FN3Os; Rr (30% ethyl acetate/hexane): 0.3; Yield: 54%;
'H NMR (400 MHz, CDCl3) & ppm 7.84 (s, 1H), 7.65-7.32 (m, 8H), 7.22-7.17 (m,
2H), 7.15-6.96 (m, 5H), 5.93 (d,= 22.4 Hz, 2H), 5.52 (ddJ = 10.4, 2.8 Hz, 1H),
5.38 (d,J = 10.4, 1H), 4.11-3.99 (m, 1H), 3.76-3.48 (m, 4HR®2.52 (m, 4H), 2.09-
1.99 (m, 1H), 1.82-1.60 (m, 4H), 0.88 (s, 6HC NMR (101 MHz, CDCl3) & ppm
171.6 170.3 163.9, 161.4148.8 144.7 136.1 133.6 133.6 129.4 129.3 129.2
129.1 128.4 128.3 128.2 126.7 126.5 115.5 115.3 115.2 115.], 101.6 100.9
100.7, 66.6 66.6 59.2 59.1, 29.6 29.6 29.5 27.9 26.7, 22.6 19.7,18.1, 17.9 14.1;
LRMS: (ES+) m/z = 678 (M+1).
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N-((7S,14aS,15S)-8-(cyclopr opanecar bonyl)-7-isopr opyl-6-0xo-
6,7,8,9,10,11,12,14,14a,15-decahydr o-[ 1,3]dioxolo[4,5-

f][1,4,7] oxadiazacycloundeca[4,3-a]indol-15-yI)-N-(4-methoxybenzyl)benzamide
(2.3b); Molecular Formula: egH43N307; Ry (30% ethyl acetate/hexane): 0.35; Yield:
48%;'H NMR (400 MHz, CDCl3) & ppm 7.87-7.82 (m, 1H), 7.79-7.74 (m, 1H),
7.49-7.34 (m, 7H), 6.95-6.90 (m, 1H), 6.67-6.64 (Hi), 5.95-5.88 (m, 2H), 5.86-
5.82 (m, 2H), 5.42-5.30 (m, 2H), 5.15-5.05 (m, 1513-4.89 (m, 4H), 3.73 (s, 3H),
2.36-2.33 (m, 1H), 2.10-1.99 (m, 5H), 1.86-1.83 (iHl), 0.92-0.84 (m, 10H) **C
NMR (101 MHz, CDCl3) & ppm 174.1, 160.0, 158.3, 139.2, 128.5, 128.2, 126.7,
123.4, 115.8, 114.0, 113.5, 101.7, 101.5, 100.62,533.8, 31.9, 29.6, 29.4, 29.3,
24.7,22.6, 14.1; LRMS: (ES+) m/z = 654 (M+1)

e

ety
T

F

4-fluor 0-N-((7S,14aS,15S)-8-(4-fluor obenzoyl)- 7-isobutyl-6-oxo-
6,7,8,9,10,11,12,14,14a, 15-decahydro-[1,3]dioxolo[4,5-
f][1,4,7]oxadiazacycloundeca[4,3-a]indol-15-yl)-N-(4-methylbenzyl)benzamide
(2.3c); Molecular Formula: ¢3H43F:N30g; Rr (30% ethyl acetate/hexane): 0.4; Yield:
57%;'H NMR (400 MHz, CDCls) & ppm 7.91-7.80 (m, 1H), 7.58-7.35 (m, 4H),
7.25-7.16 (m, 1H), 7.15-7.05 (m, 3H), 7.00 Jd; 7.75 Hz, 3H), 6.89-6.67 (m, 2H),
6.01-5.84 (m, 2H), 5.65-5.48 (m, 1H), 5.39-5.19 (iHl), 5.05-4.85 (m, 1H), 4.54-

60



Chapter 2: Synthesis of Indoline Alkaloid Naturab&uct Inspired Macrocyclic Toolbox

4.15 (m, 3H), 3.68-3.57 (m, 1H), 3.55-3.41 (m, 2RIP4-2.87 (m, 1H), 2.86-2.80 (m,
1H), 2.27 (s, 3H), 1.72-1.57 (m, 5H), 0.98-0.92 @hl), 0.88 (t,J = 6.79 Hz, 6H);
13C NMR (101 MHz, CDCl3) & ppm 164.5 148.9 129.3 129.2 129.0 116.Q 115.7,
115.6 115.6 115.6 115.6 115.5 115.4 115.4 101.6 101.6 31.9 29.6 29.5 29.5
29.3 24.8 24.6 24.6 22.6 21.1, 20.8 14.2 14.0; LRMS: (ES+) m/z = 724 (M+1).

<23©EN€""\§©F

N-((7S,14aS,15S)- 7-sec-butyl-8-(4-fluor obenzoyl)-6-oxo-
6,7,8,9,10,11,12,14,14a,15-decahydr o-[ 1,3]dioxol o[ 4,5-
f][1,4,7]oxadiazacycloundeca4,3-a]indol-15-yl)-N-(3-

fluor obenzyl)cyclopropanecar boxamide (2.3d); Molecular Formula: ggH41F2N3Og;

R: (30% ethyl acetate/hexane): 0.3; Yield: 55%;NMR (400 MHz, CDCl3) & ppm
7.88 (s, 1H), 7.46-7.35 (m, 3H), 7.13-7.03 (m, 361R4-6.79 (m, 2H), 6.64 (s, 1H),
5.95 (s, 2H), 5.65 (s, 1H), 5.33-5.15 (m, 2H), 44489 (m, 2H), 4.15-4.07 (m, 1H),
3.74-3.59 (m, 2H), 3.52-3.44 (m, 1H), 2.94-2.77 @Hl), 2.42-2.30 (m, 1H), 1.88-
1.73 (m, 1H), 1.41 (s, 2H), 1.38-1.31 (m, 2H), 2199 (m, 3H), 0.92-0.79 (m, 5H),
0.77-0.57 (m, 4H)**C NMR (101 MHz, CDCls) 8 ppm 175.0, 175.0, 171.4, 171.4,
170.6, 170.5, 170.5, 148.7, 144.8, 144.8, 140.6,73133.7, 128.9, 128.9, 128.9,
128.9, 128.8, 121.5, 115.7, 106.4, 106.4, 105.9,7,0101.7, 101.6, 100.6, 100.5,
47.3, 29.6, 29.5, 24.0, 22.6, 15.5, 15.4, 14.14,12.2, 12.2, 10.9; LRMS: (ES+) m/z
=674 (M+1).

2.6.4. 11 Membered bridged macrocycle:
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0
J\ WRi 1.10% Pd/C, H,, 0 NJ\‘\&
< EtOH. 5 h < o
= O n/,,l \COR2
2. R4,COCI, DIPEA, o OBz
CbzHN DCM, 0°C to rt, YNH
ot 9.1

Rs

Experimental procedure as per Ref. compobi@cand6.1.

@?

NH OBZ

Ph

9.1
2 F

((6S,79)-7-benzamido-5-((S)-2-(4-fluor obenzamido)-3-methylbutanoyl)-6,7-
dihydro-5H-[1,3]dioxolo[4,5-f]indol-6-yl)methyl  benzoate (9.1a); Molecular
Formula: GeHaoFNsO7; R (30% ethyl acetate/hexane): 0.2; Yield: 68%; NMR
(400 MHz, CDCl3) 8 ppm 7.90-7.81 (m, 5H), 7.54 @,= 7.43 Hz, 1H), 7.37 (J =
7.76 Hz, 2H), 7.11 () = 8.58 Hz, 2H), 6.92 (d] = 8.14 Hz, 1H), 6.78 (d] = 5.77
Hz, 1H), 5.96 (dJ = 4.52 Hz, 2H), 7.20 (d] = 9.16 Hz, 4H), 5.23 (dd] = 8.73, 6.37
Hz, 1H), 4.87-4.80 (m, 2H), 2.23 (dd,= 13.34, 6.70 Hz, 1H), 1.19-1.07 (m, 7H),
3.82 (t,J = 10.66 Hz, 2H)*C NMR (101 MHz, CDCl3) 8 ppm 170.1, 166.1, 166.0,
148.2, 144.8, 137.7, 136.2, 133.2, 132.8, 129.6,6,2129.5, 129.2, 129.1, 128.6,
128.3, 124.8, 115.6, 115.4, 105.3, 101.6, 100.8,680.6, 56.2, 50.1, 32.7, 19.8,
18.0; LRMS: (ES+) m/z = 634 (M+1).

O ”Il/l O
Os NH OBz
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((6S,79)-5-((S)-2-(cyclopr opanecar boxamido)-3-methylbutanoyl)-7-(4-fluoro
benzamido)-6,7-dihydro-5H-[1,3]dioxolo[4,5-f]indol-6-yl)methyl benzoate (9.1b);
Molecular Formula: gzH3:FN3O7; Ry (30% ethyl acetate/hexane): 0.25; Yield: 70%;
'H NMR (400 MHz, CDCls) 8 ppm 7.89-7.81 (m, 3H), 7.71 (dd,= 5.72, 3.30 Hz,
2H), 7.53 (dJ = 7.02 Hz, 1H), 7.38 (d] = 7.71 Hz, 2H), 7.09 (t) = 8.52 Hz, 2H),
6.83 (s, 1H), 5.96 (d] = 19.37 Hz, 2H), 5.43-5.32 (m, 1H), 4.96-4.81 (m, 2#57-
4.45 (m, 1H), 4.22 (s, 1H), ), 2.04-1.92 (m, 1H){4t1.68 (m, 1H), 1.01-0.83 (m,
10H); *C NMR (101 MHz, CDCls) 8 ppm 173.4, 170.4, 170.4, 167.7, 167.7, 166.0,
166.0, 148.9, 145.0, 144.9, 137.6, 130.0, 129.9.42121.6, 116.4, 116.3, 116.0,
68.1, 56.2, 38.6, 32.8, 30.3, 23.7, 22.9, 14.8; IRNMES+) m/z = 602 (M+1).

(@) \\R1
< K,CO3, MeOH, rt, 2 h < N *
> ., HN
o "'l “COR,
_NH OBZ NH OH

R,0C” 9.2 Rs0C”
Compound 9.2:
To a stirred solution of compour®dlL (1 mmol) in methanol at room temperature was
added potassium carbonate (2 mmol). And the reagtes allowed for stirring for 2
hours. After completion of the reaction, reactiorixtore was quenched with
ammonium chloride solution and extracted with EtOAlse combined organic layers
were subsequently washed with brine. The organyerlavas dried over sodium
sulfate, filtered and concentrated under reducedsure and purified by flash column

chromatography to obtain pure proda@a@.

(o] k
¢ e
o 1y HN(__O
Os_ _NH ©OH
Ph
9.2a
F

N-((9)-1-((6S,7S)- 7-benzamido-6-(hydr oxymethyl)-6,7-dihydr o-5H-
[1,3]dioxolo[4,5-f]indol-5-yl)-3-methyl-1-oxobutan-2-yl)-4-fluor obenzamide

(9.2a); Molecular Formula: gH2sFN3Og; Rs (50% ethyl acetate/hexane): 0.25; Yield:
62%; '*H NMR (400 MHz, CDCl3) & ppm 7.94-7.82 (m, 3H), 7.52-741 (m, 5H),
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7.13 (t,J = 8.57 Hz, 2H), 7.02-6.92 (m, 1H), 6.01 (s, 2H), 55308 (m, 1H), 4.67-

4.47 (m, 1H), 3.83-3.52 (m, 2H), 3.20-3.13 (m, 1H)23-2.10 (m, 1H), 1.08-0.96 (m,
J = 25.69, 13.13 Hz, 6H)*C NMR (101 MHz, CDCl3) & ppm 174.2, 163.5, 163.5,

148.9, 145.2, 129.5, 129.5, 129.3, 128.6, 128.8,3,.2127.3, 127.0, 115.8, 115.6,
115.5, 115.4, 101.8, 56.2, 29.7, 29.6, 22.6, 14410; LRMS: (ES+) m/z = 534 (-

M+1).

(0]
0 PN
o) :,,IIIHN @]

) NH

9.2b

F

N-((6S,7S)-5-((S)-2-(cyclopr opanecar boxamido)-3-methylbutanoyl)-6-
(hydroxymethyl)-6,7-dihydro-5H-[1,3]dioxol o[ 4,5-f]indol-7-yI)-4-

fluorobenzamide (9.2b); Molecular Formula: &H2sFN3Os; Ri (50% ethyl
acetate/hexane): 0.3; Yield: 549 NMR (400 MHz, CDCls) 8 ppm 7.92-7.86 (m,
1H), 7.55-7.46 (m, 2H), 7.13 (s, 2H), 6.58-6.50 (IHl), 6.00 (s, 2H), 5.37-5.20 (m,
1H), 5.02-4.81 (m, 1H), 4.58-4.40 (m, 1H), 3.7483(%, 2H), 2.33-2.23 (m, 1H), ),
1.52-1.43 (m, 1H), 1.05-0.88 (m, 10HJC NMR (101 MHz, CDCls) & ppm 170.8,
170.3, 150.3, 150.0, 148.9, 148.8, 148.8, 148.8.74148.6, 146.2, 145.2,144.9,
142.5,129.0, 116.3, 116.1, 116.1, 116.1, 115.8,81(032.8, 32.8, 29.7, 29.6, 29.5,
29.4,19.7,19.6, 17.6, 14.7, 14.5, 14.5, 7.5, 7.3, LRMS: (ES+) m/z = 498 (M+1).

(0] o (o]
1. Alkyl halide, NaH, 1. 10 mol% Grubbs' 2nd gen

WR R R
<° N)H“ ! THF, 0°Ctort, 3h <O N)H“\ ! DCM, 40 °C <° NJ\[“ !
o 1y H —_— ., N > ., N—COR:

o]

IN “,
| CORz 2. Allyl Bromide, NaH, I |TCOR2 2. 10% PdIC, Hy, EOH, © = \_/)
o) OH TBAI, THF, OR 6h N RO
e N
8.1 Rs 24

o
9.2 0°Ctort,12h
R3 e

Compound 8.1:
To the solution of compour@?2 (1 mmol) in THF at 0 °C, NaH (1.5 mmol) followed
by alkyl halide (2 mmol) was added undes &mosphere. Then the reaction was

stirred for 3 hours at room temperature. After ctatipn of the reaction, reaction
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mixture was quenched with ammonium chloride sofutmd extracted with EtOAc.
The combined organic layers were subsequently viasfta brine. The organic layer
was dried over sodium sulfate, filtered and conegeatl under reduced pressure and
purified by flash column chromatography to obtaimepproduc8.1.

Compound 2.4

Experimental procedure as per Ref. compoR@d

(0] I\
¢ =

O N 'I,I/ N

HY /

0 N_MeO

O
F
2.4a

(2.4a); Molecular Formula: gH3zsFN3Os; Rr (30% ethyl acetate/hexane): 0.28; Yield:
50%; *H NMR (400 MHz, CDCls) 8 ppm 7.38-7.36 (m, 1H), 7.33-7.28 (m, 1H),
7.16-7.00 (m, 4H), 6.88-6.76 (m, 1H), 6.10 (s, 26i55-5.44 (m, 1H), 5.42-5.28 (m,
1H), 4.92-4.78 (m, 1H), 3.89-3.70 (m, 2H), 4.5044(n, 1H), 4.10-3.92 (m, 1H),
3.43-3.25 (m, 3H), 2.87-2.60 (m, 2H), 2.07-1.97 @H), 1.70-1.57 (m, 4H), 1.17 (d,
J = 5.88 Hz, 3H), 1.09 (dJ = 6.96 Hz, 4H);"*C NMR (101 MHz, CDCl3) & ppm
172.1, 170.6, 167.2, 144.6, 139.2, 128.6, 127.%,8,2115.9, 115.7, 114.0, 102.0,

60.3, 33.8, 31.9, 29.6, 29.6, 29.4, 29.3, 22.67,208.5, 14.1; LRMS: (ES+) m/z =
602 (M+1).

)

0
KN
<, 0

NJ\
'1,,/ N

W /
R,

(2.4b); Molecular Formula: ezH40FN3Os; Rr (30% ethyl acetate/hexane): 0.3; Yield:
54%; 'H NMR (400 MHz, CDCl3) & ppm 7.87-7.82 (m, 1H), 7.79-7.74 (m, 1H),
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7.49-7.34 (m, 7H), 6.95-6.90 (m, 1H), 6.67-6.64 (iH), 5.95-5.88 (m, 2H), 5.86-
5.82 (m, 2H), 5.42-5.30 (m, 2H), 5.15-5.05 (m, 16()3-4.89 (m, 4H),4.25 (s, 2H),
3.73 (s, 3H), 2.36-2.33 (m, 1H), 2.10-1.99 (m, 5HB6-1.83 (M, 1H), 0.92-0.84 (m,
10H); LRMS: (ES+) m/z = 641 (M+1).
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COSMIC DISCOVERIES @ ILS
HPLC ANALYSIS REPORT

Seq Line £ 0
Injection Date : Wed, 21. Dec. 2011 Location 2 Vial 53
Sample Name : ILS-VASU-2-107 Inj. No. 3 0
Acg Operator : RADHA Inj. Vol. : 5 nl
Acq. 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:0/50,3/50,12/98;19/98,22/50;25/50
Flow :1.0 ml/min Diluent:ACN:WATER(50:50) Coclumn Temp:23

*DAD1 B, Sig=210,4 Ref=360,100 (MC\211211000002.D - MC\211211000003.D)
mAU - 2
] S
1400 —
1200 —
1000 —
800 —
600
400
@
200 @
— s 25 33
1 g S 2 =B
| | s 2 =9
0-— | — S T v 1" RPN o T ————
—4 1
T T I
0 5 10 15 20 min

Signal 1: DADl1 B, Sig=210,4 Ref=360,100

| Peak | RT | Width | Area | Area % | Name

[ # [min] | [min] | | |

e | ===~ | === |===mmmmm | === !
| 1] 8.668| 0.084] 20.162]| 0.244] |
| 2| 10.073| 0.072] 3.799] 0.046| |
| 3| 10.289| 0.091] 194 0.111] |
| 4] 10.607| 0.074] 45.014] 0.545] |
| 5] 10.789| 0.083] 338.876]| 4.101] |
| 6| 11.082| 0.083| 7724.214] 93.473] |
| 71 11.279] 0.076] 13.692] 0.166] |
| 8| 11.831| 0.088] 61.797] 0.748]| |
| 9| 12.486| 0.079] 26.044] 0.315] |
| 10| 12.584| 0.053] 2.495] 0.030] |
| 11 12.727| 0.078] 18.321] 0.222] |
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COSMIC Discoveries@ILS

LC-MS Analysis Report

Data Filename 221211LM035.d Sample Name ILS-VASU-2-107
Sample Type Sample Position Vial 97
Instrument Name Instrument 1 User Name
Acq Method ILS-DUMMY.m Acquired Time 12/22/2011 2:51:50 PM
IRM Calibration Status Not Applicable DA Method default.m
Comment Symmetry C18 75*%4.5mm
3.5um
User Chromatograms
x10 2 |PAD1 - B:Sig=210,5 221211LM035.d
. . %1
0.8] |
0.6-
0.4 I
|
0.2 B i 66 I
0 ‘ . ‘ ‘ . B — :
1 2 3 4 5 6 7 8 9 10 1 12
Response Units (%) vs. Acquisition Time (min)
Integration Peak List
Peak RT Area %Area
1 6.6 13.57 0.11
2 71 6.61 0.05
4 7.8 50.02 0.39
5 8 527.76 4.09
6 8.1 12106.46 93.89
7 8.3 58.41 0.45
8 8.5 76.76 0.6
9 8.8 4,98 0.04
10 9 26.4 0.2
11 9.1 18.99 0.15
User Spectra
Fragmentor Voltage Collision Energy Ionization Mode
100 Mixed
x10 2 | *Mixed Scan:1 (8.1-8.2 min, 27 scans) Frag=100.0V 221211LM035.d
14 277.9
0.8
0.6
0.4
0.2 755.9
769 892048 3419 4148 4789 5546 61?'8 677.9 . 810.9 869.7

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850

Counts vs. Mass-to-Charge (m/z)
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Chapter 2: Synthesis of Indoline Alkaloid Naturab&uct Inspired Macrocyclic Toolbox

HPLC ANALYSIS REPORT

Seq Line g 0
Injection Date : Tue, 14. Feb. 2012 Location 2 Vial 13
Sample Name : ILS-VASU-2-136 Inj. No. : 0
Acq Operator : RADHA Inj. Vol. : 12 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:0/50,3/50,12/98,19/98,22/50,25/50
Flow :1.0 ml/min Diluent:MeOH Column Temp:23°C

*DAD1 A, Sig=210,4 Ref=360,100 (PRB\140212000016.D - PRB\140212000014.D)

mAU 2
| <
Il [¢2]
500 |
400;
300
200
100
i ol
. g 2 885 8 58
] |2 o J"S .z} o 6 ©
0 7-“:"(‘!‘.“1“}\"-, T SIS, L - T v . | ¥ —A— -
bl - | o
0 5 10 15 20 min
Signal 1: DADl1 A, Sig=210,4 Ref=360,100
| Peak | RT | Width | Area | Area % | Name |
[ # | [min] | [min] | | \
| === === | === | === | === [ ==
| 1] 1.895| 0.038] 34.810] 0.945]
| 2 2.380| 0.087] 2.342] 0.064 |
| 3 2.881| 0.081] 23.068]| 0.626]
| 4| 4.3731 0.074] 10.716| 0.291]
| 5] 4.517] 0.130] 146.515]| 3.978|
| 6| 4.980| 0.146]| 6.127] 0.166]
| 71 9.553| 0.056] 69.160] 1.878]
| 8| 9.679| 0.098| 3312.194| 89.930]
| 9] 10.433] 0.095] 14.341] 0.389]
| 10| 11.217]1 0.079] 21.678]| 0.589]
| 11| 12.809] 0.073] 5.263]| 0.143]
| 12| 15.707]1 0.097] 1.396] 0.038]
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COSMIC Discoveries@ILS

LC-MS Analysis Report

Data Filename 150212LM014.d Sample Name ILS-VASU-2-136

Sample Type Sample Position Vial 93
Instrument Name Instrument 1 User Name
Acq Method ILS.m Acquired Time 2/15/2012 2:01:40 PM
IRM Calibration Status Not Applicable DA Method default.m
Comment XBridge C18 150%4.6mm
S5um
User Chromatograms
x10 2 |DAD1 - A:Sig=210,4 150212L.M014.d
| *9.7
0.8- l
fo*29 "44 ‘
0.6 'i‘. T .
|
0.2
*16.8
0 16 #

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Response Units (%) vs. Acquisition Time (min)
Integration Peak List

Peak RT Area %Area
1 2.4 2.36 0.08
2 2.9 19.93 0.64
3 4.4 133.47 4.31
4 9.6 70.99 2.29
5 9.7 2822.22 91.2
6 10.3 6.13 0.2
8 11.1 15.41 0.5
9 15.9 3.43 0.11

10 16.6 1.47 0.05
11 16.8 15.69 0.51

User Spectra

Fragmentor Voltage Collision Energy Tonization Mode

x10 2
11

0.8
0.6
0.4

0.2

+Mixed Scan:1 (9.6-9.7 min, 14 scans) Frag=100.0V 150212LM014.d
277.9

675.9

516.9

104.9 2239 3609 4507 | 583.8 . 7438

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 S00
Counts vs. Mass-to-Charge (m/z)
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Chapter 2: Synthesis of Indoline Alkaloid Naturab&uct Inspired Macrocyclic Toolbox

Injection Date
Sample Name
Acqg Operator
Acg. Method
Analysis Method
Method Info

HPLC ANALYSIS REPORT

Seq Line
Tue, 14. Feb. 2012 Location
ILS-VASU-2-138 Inj. No.
RADHA Inj. Vol.

D:\CHEM32\1\METHODS\C-18 A50B50.M
D:\CHEM32\1\METHODS\C-18 A50B50.M
X Bridge C18 150*4.6mm 5um
Mcbile phase: A ) 0.1% HCOOH
(GRADIENT)

Column:

in water ,B) ACN
T/%B:0/50,3/50,12/98,19/98,22/50,25/50
Flow :1.0 ml/min Diluent:MeCH Column Temp:23°C

0

Vial 11
0

15 ul

*DAD1 A, Sig=210,4 Ref=360,100 (PRB\140212000015.D - PRB\140212000014.D)

mAU - 2
- ©
‘(\_I‘
400 —
300 -
200 —
100 —
'\
N~ M~ e}
7 E \E | §
] s dle
0—— — e S B s L= = e - = S
‘ : —
0 5 10 15 min
Signal 1: DADl A, Sig=210,4 Ref=360,100
| Peak | RT | Wwidth | Area | Area % | Name
[ # | [min] | [min] | I \ |
|====] == | === | === | === | === |
| 1] 1.966] 0.062] 91.981]| 3.088|
| 2| 10.7871 0.089] 5.187| 0.174|
| 3 11.223] 0.098] 17.754| 0.596|
| 4| 11.900| 0.090] 6.714 0.225|
| 5] 12.127] 0.086| 4.549] 0.153]
| 6| 12.381] 0.088| 189.046| 6.348| |
| 71 12.819] 0.089| 2654.057] 89.114|
| 8] 13.245] 0.081| 4.270] 0.143]|
| 9| 13.419] 0.083] 4.698]| 0.158] |
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COSMIC Discoveries@ILS

LC-MS Analysis Report

Data Filename

150212LM013.d Sample Name ILS-VASU-2-138

Sample Type Sample Position Vial 92
Instrument Name Instrument 1 User Name
Acq Method ILS.m Acquired Time 2/15/2012 1:33:41 PM
IRM Calibration Status Not Applicable DA Method default.m
Comment XBridge C18 150*4.6mm
Sum
User Chromatograms
x10 2 [DAD1 - A:Sig=210,4 150212LM013.d
I e24 *5,
| Aft24  tso —_— _
0.8 5 ‘ f
| 1
0.6
0.4 w412
0.2 =
\-
*15.6 p
0 T T T T T T - -- - — T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Response Units (%) vs. Acquisition Time (min)
Integration Peak List
Peak RT Area %Area
1 2.4 12.59 0.58
2 3.1 1.09 0.05
3 3.5 2.78 0.13
4 5 7.08 0.33
6 12.4 138.89 6.39
7 12.9 1995.57 91.76
8 13.2 1.64 0.08
9 13.4 1.41 0.07
10 15.6 0.69 0.03
11 16.8 5.03 0.23

User Spectra

Fragmentor Voltage

100

Ionization Mode

Collision Energy
0 Mixed

x10 1

3
2.5

2]
1.5-

1
0.5

148.8
|

+Mixed Scan:1(12.4-12.5 min, 10 scans) Frag=100.0V 150212LM013.d

277.9

701.9
573.0

| ‘
‘ 467.9 |

799.8 908.8

0 59.8

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950

ounts vs. Mass-to-Charge (m/z)

Fragmentor Voltage

100

Ionization Mode
Mixed

Collision Energy
0

x10 2
1

0.8
0.6
0.4

0.2

104.9

+Mixed Scan:1 (12.8-12.9 min, 9 scans) Frag=100.0V 150212LM013.d

173.9

280.0

704.0

331.0 387.0 4507 5729 @639 792.0 8515

50

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850

Counts vs. Mass-to-Charge (m/z)
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Chapter 2: Synthesis of Indoline Alkaloid Naturab&uct Inspired Macrocyclic Toolbox

HPLC ANALYSIS REPORT

Seq Line : 0
Injection Date : Wed, 15. Feb. 2012 Location z Vial 4
Sample Name : ILS-VASU-2-137 Inj. No. 5 0
Acq Operator : RADHA Inj. Vol. : 15 pl
Acg. Method : D:\CHEM32\1\METHODS\C-18 A80B20.M
Analysis Method : D:\CHEM32\1\METHODS\C-18-A80B20.M
Method Info : Column : X-Bridge-C-18 150*4.6mm 5u

Mobile phase: A) 0.1% HCOOH in water , B)ACN (Gradient)
T/B%:0/20,2/20,15/95,20/95,22/20,25/20
Flow : 1.0 ml/min Diluent :MeOH

*DAD1 A, Sig=210,5 Ref=360,100 (PRB\150212000014.D - PRB\150212000015.D)

mAU | o
! &
=]
600 |
500 E
1 =
400 [
300
200 ‘
o |
100 -
] g | BE 8| g5
" s | @o o =
0___1“{ S oo e e amazes ___._._:_‘L__\‘.ﬁ!«‘»\r‘ru“-_—f‘ AL A PR e = - |
1
| I
1 h T X b T "
0 5 10 15 20 min
Signal 1: DADL A&, Sig=210,5 Ref=360,100
| Peak | RT | Width | Area | Area % | Name |
| # | [min] | [min] | | | |
| === === | === [ === [ === | === |
| 1] 9.942| 0.089] 57.003] 0.875]
| 2] 10.985] 0.083| 3413.326] 52.387] \
| 3] 11.869]| 0.080] 356.224| 5.467]
| 4] 12.021] 0.080| 211.251| 3.242] \
| 5] 12.124| 0.073| 42.198|  0.648] \
| 6] 12.181] 0.053| 19.638|  0.301] \
| 71 12.315] 0.085] 23.690] 0.364]
| 8] 12.961] 0.073] 28.863|  0.443] \
| 9| 13.070] 0.079] 36.842] 0.565]
| 10| 13.390] 0.083| 43.187|  0.663] \
| 11|  14.102| 0.091| 15.696|  0.241] \
| 12| 14.277] 0.075| 1944.455| 29.843] \
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COSMIC Discoveries@ILS LC'MS AnalySiS Report

Data Filename 170212LM023.d Sample Name ILS-Vasu-2-137
Sample Type Sample Position Vial 91

Instrument Name Instrument 1 User Name

Acq Method ILS.m Acquired Time 2/17/2012 3:06:52 PM
IRM Calibration Status Not Applicable DA Method default.m

Comment X-Bridge C18,

150*4.6mm,5um.
User Chromatograms

10 2 | DADT - EWC Sig=2255 170212LM023.d

9.1

0.8

06| :

0.4 *8.0

22, o
o2{ s 45 -65 ”- l N
. W 123 f

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
mAU (%) vs. Acquisition Time (min)
Integration Peak List

Peak RT Area %Area
3 22 7.539 2.52
9 6.5 7.489 2.5
11 72 6.495 2.17
13 S, 7.683 2.56
15 8 43.869 14.64

20 8.6 4.278 1.43
21 8.9 12.621 4.21
22 9.1 169.948 56.73
23 9.6 3.703 1.24
26 10 4.399 1.47

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
100 0 Mixed

x10 1 |*Mixed Scan:1 (7.2-7.3 min, 13 scans) Frag=100.0V 170212L.M023.d
1.6+ 633.8
1.4
1.2
1 225.0
0.8
0.6

0.4 309.0
0.21 0-7 683.7
| \‘|.|‘h‘ ‘ R I\.“\ | N ——| \.”\‘ 51?0 (TP T . 7429 820.5 887.9

123.8

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900
Counts vs. Mass-to-Charge (m/z)
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COSMIC DISCOVERIES @ ILS
HPLC ANALYSIS REPORT

Seq Line ¥ 0
Injection Date : Thu, 12. Apr. 2012 Location $ Vial 93
Sample Name : ILS-VASU-2-170 Inj. No. 3 0
Acqg Operator : VARMA Injs Vol: = 15 pl
Acg. Method : D:\CHEM32\1\METHODS\C-18 AS50B50.M
Analysis Method : D:\CHEM32\1\METHODS\C-18 A50B50.M
Method Info : Column:X-Bridge C-18 150*4.6mm 5p

Mobile phase: A) 0.1% HCOOH in water,B) ACN
(GRADIENT) T/B%:0/50,3/50,10/95,18/95,20/50,23/50
Flow:1.0 ml/min Diluent: ACN:WATER(80:20)

*DAD1 C, Sig=210,8 Ref=0off (PRB\120412000010.D - PRB\120412000011.D)
mAU - 2
- @
=
‘1400:
1200_
1000 —
800
600
4007
200
1 N o o
3 8 3§88 g
o~ M N © =] ‘| — ~
0 i N A (2 Rt i
T T I
0 5 10 15 20 min
Signal 1: DADl C, Sig=210,8 Ref=off
| Peak| RT | Wwidth | Area | Area % | Name |
I # | [min] | [min] | | \
[====| === | === [==mm————— | === [ ==
| 1] 1.975] 0.061] 3.955] 0.050] |
| 2] 2.110] 0.059] 4.776| 0.060] [
| 3 2.234) 0.071] 2.982] 0.037] |
| 4] 2.355] 0.076] 21.694| 0.272] |
| 5] 7.750] 0.088] 8.186]| 0.103] |
| 6| 8.049] 0.081] 11.312] 0.142] |
| 71 8.440] 0.103] 20.114| 0.252] |
| 8| 8.613] 0.087] 21.673| 0.271] |
| 9] 8.703] 0.072] 15.599] 0.195] |
| 10] 9.647| 0.075] 17.800] 0.223] |
| 111 9.866 | 0.080] 43.883| 0.550] |
| 12| 10.048] 0.068] 19.002| 0.238] |
| 13 10.372| 0.083]| 44.568 | 0.558]| |
| 14 10.681] 0.073] 176.521 2.211] |

| 15] 10.860| 0.076| 7233.381| 90.604| |
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COSMIC Discoveries@ILS LC-MS Analysis Report
Data Filename 180412LM020.d Sample Name ILS-VASU-2-170
Sample Type Sample Position Vial 25
Instrument Name Instrument 1 User Name
Acq Method ILS LM.m Acquired Time  4/18/2012 2:21:26 PM
IRM Calibration Status Not Applicable DA Method ILS.m
Comment XBridge C18 150*%4.6mm
S5um

User Chromatograms

x10 2 |DAD1 - TWC 180412LM020.d

2 |

15 |
.

0.5

04— — e I
== I

05 T
104 -—2125 *14.0 *17.0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
mAU vs. Acquisition Time (min)

Integration Peak List

Peak RT Area %%Area

8 9.9 6.732 0.39
10 10.4 8.845 0.51
11 10.7 51.788 3
12 10.9 1546.159 89.44
15 11.6 3.107 0.18
17 11.9 14.893 0.86
18 12.1 21.739 1.26
22 15.9 7.545 0.44
23 16.6 24.548 1.42
24 17 2.849 0.16

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
120 0 Mixed
%10 6 [+*Mixed Scan:1 (10.8-11.0 min, 23 scans) Frag=120.0V 180412LM020.d
677.9
2
15
1
0.5
466.9
o 122.8 1739 293.9 382.7 555.9 n

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Counts vs. Mass-to-Charge (m/z)
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Chapter 2: Synthesis of Indoline Alkaloid Naturab&uct Inspired Macrocyclic Toolbox

COSMIC DISCOVERIES ¢ ILS
HPLC ANALYSIS REPORT

Seg Line
Injection Date : Mon, 30. Apr. 2012 Location
Sample Name : ILs-Vasu-2-175 Inj. No.
Acq Operator : SRI KRISHNA VARMA Inj. Vol.
Acg. Method : D:\CHEM32\1\METHODS\XB-A50B50.M
Analysis Method : D:\CHEM32\1\METHODS\XB-A50B50.M
Method Info : Column : XBridge C-18 150*4.6mm 5Spm

Mobile phase: A) 0.1 % HCOOH in water , B)
T/B% : 0/50,3/50,9/95,16/95,17/50,20/50.
Flow: 1.0 ml/min Diluent: ACN:Water (90:10)

0

vial 10
0

20 pl

(Gradient)

*DAD1 A, Sig=210,4 Ref=360,100 (PRB\300412000001.D - PRB\300412000002.D)

mAU 3
@©
1 e
1000 —
800
600 —
400
200 — ‘
@ N =
™ o M
h 1 = 3 §|§
O —y| | A TR — —
I
-200 —
T I
0 5 10 15 min
Signal 1: DADl1 A, S5ig=210,4 Ref=360,100
| Peak | RT | Width | Area | Area % | Name
| # | [min] | [min] | \ \ |
[—=—==| === | —==——-- [-===— | === | === |
| 1] 8.173] 0.084] 12.884| 0.253] |
| 2| 10.069] 0.081] 22.033] 0.432] |
| 3 10.252| 0.070] 134.648| 2.639| |
| 4| 10.6371 0.074] 38.975]| 0.764| |
| 5| 10.893| 0.067| 4470.551| 87.636] |
| 6| 11.015] 0.062] 382.896] 7.506| |
| 7| 11.148] 0.059] 6.971 | 0.137] |
| 8 11.291] 0.059] 2.432] 0.048] |
| 9| 11.368] 0.081] 9.788| 0.192] |
| 0 0 |
| 0 0 |
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COSMIC Discoveries@ILS

LC-MS Analysis Report

Data Filename

300412LM013.d

Sample Name

ILS-VASU-2-175

Sample Type Sample Position Vial 16
Instrument Name Instrument 1 User Name
Acq Method ILS LM.m Acquired Time  4/30/2012 1:56:29 PM
IRM Calibration Status Not Applicable DA Method ILS.m
Comment Symmetry C18 75*4.6mm
3.54m
User Chromatograms
x10 2 |DAD1 - TWC 300412LM013.d
* ?g
0.8
0.6- |‘
0.4 o ‘
ik ——
V e il
0.2 ‘ *6,5“
|
0 ‘ . —~— - - _
1 2 3 4 5 6 7 8 10 1 12
mAU (%) vs. Acquisition Time (min)
Integration Peak List
Peak RT Area %Area
1 6.3 1.737 0.15
2 6.5 40.609 3.61
3 6.7 4.634 0.41
4 6.9 1078.794 95.83
User Spectra
Fragmentor Voltage Collision Energy Ionization Mode
120 0 Mixed
%10 4 |*Mixed Scan:1 (6.4-6.6 min, 29 scans) Frag=120.0V 300412LM013.d
8- 739.9
7’ N
6 =
5
4
3
2
480.9 607.9
1 173.8
0 fis 1] ) 307.7 3679 4490 | 555.0 \ bl
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Counts vs. Mass-to-Charge (m/z)
x10 5 |+*Mixed Scan:1 (6.9-7.0 min, 18 scans) Frag=120.0V 300412LM013.d
723.9
8
6
4 |
2
480.9
0 1739 2438 307.9 4145 617.7 675.7, | | 803.8

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900

Counts vs. Mass-to-Charge (m/z)
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Chapter 2: Synthesis of Indoline Alkaloid Naturab&uct Inspired Macrocyclic Toolbox

COSMIC DISCOVERIES @ ILS
HPLC ANALYSIS REPORT

Seq Line § 0

Injection Date : Tue, 8. May. 2012 Location § Vial 23
Sample Name : ILS-VASU-2-182 Inj. No. £ a
Acg Operator : SRI KRISHNA VARMA I#Hgw Vol. 10 nl
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 C-18 150*4.6mm 5p

Mobile phase: A) 0.1% HCOOH in water,B) ACN

(GRADIENT) T/B%:0/50,3/50,10/95,18/95,20/50,25/50

Flow:1.0 ml/min Diluent: ACN:WATER(90:10)

*DAD1 C, Sig=210,8 Ref=360,100 (PRE\080512000003.D - PRB\080512000004.D)

mAU - 2
2]
] =
2000 -
1750
1500 '
1250 —
1000 -
750
] )
500 - =
| o
| |
250 — ™ M o T O o
Py & é 35 8 8 8
© S < d 8 ¢ 1B &
04— e T T T
1 T T ] |
0 5 10 15 20 min
Signal 1: DADl1 C, Sig=210,8 Ref=360,100
| Peak| RT | Width | Area | Area % | Name
[ [min] | [min] | | | I
|====| === | ======= |====————— | === | ===
| 1] 2.354| 0.064] 197.902| 1.493]|
| 2| 2.542| 0.066] 11.491| 0.087]
| 3| 2.687| 0.062] 1.845] 0.014]
| 4 2.921| 0.095] 32.887] 0.248]
[ 5] 10.223| 0.066] 10.645] 0.080]| \
| 6| 10.427] 0.073] 19.938| 0.150] |
| 71 10.470] 0.075] 27.095] 0.204]
| 8| 10.644 0.071] 83.600] 0.631]
| 9| 10.939| 0.082] 10539.935] 79.513]| |
| 10| 11.088| 0.038] 44.043| 0.332] |
| 11 11.223] 0.083] 224,811 1.696|
| 12] 11.307] 0.051] 19.803] 0.149]
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COSMIC Discoveries@ILS LC'MS AnalySiS Report
Data Filename 080512LM025.d Sample Name ILS-VASU-2-182
Sample Type Sample Position Vial 23
Instrument Name Instrument 1 User Name
Acq Method ILS LM.m Acquired Time 5/8/2012 1:38:03 PM
IRM Calibration Status Not Applicable DA Method ILS.m
Comment XBridge C18 150*4.6mm
Spm

User Chromatograms

x10 2 |DAD1 - TWC 080512LM025.d
1 “11.0

0,7..‘7-_, — S | -

Tk 1367153

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
mAU vs. Acquisition Time (min)

05 T

Integration Peak List

Peak RT Area %Area
1 2.4 25.674 1.91
3 10.7 11.564 0.86
4 11 1140.946 84.72
5 11.3 23.095 1,71
6 11.6 10.701 0.79
7 11.7 3.781 0.28
8 12.1 115,137 8.55
9 13.5 5.698 0.42

10 13.6 0 0
11 15.3 7.019 0.52

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
120 0 Mixed
x10 6 | +Mixed Scan:1 (10.9-11.2 min, 50 scans) Frag=120.0V 080512LM025.d
673.9
1.4 ¢
1.2-
1
0.8
0.6
0.4-
ot 291.9
122.8 173.9 'Y 3498 4149 4809 5518 }

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
Counts vs. Mass-to-Charge (m/z)

Fragmentor Voltage Collision Energy Ionization Mode
120 0 Mixed
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Chapter 2: Synthesis of Indoline Alkaloid Naturab&uct Inspired Macrocyclic Toolbox

COSMIC DISCOVERIES Q@ ILS
HPLC ANALYSIS REPORT

Seqg Line : 0
Injection Date : Thu, 25. Oct. 2012 Location £ Vial 1
Sample Name : ILS-VASU-2-184 Inj. No. : 0
Acq Operator : VARMA Inj. Vol. : 10 pl
Acq. Method : D:\CHEM32\1\METHODS\C-18 A80B20G.M
Analysis Method : D:\CHEM32\1\METHODS\C-18 A80B20G.M
Method Info : Column:X-Bridge C-18 150*4.6mm, 5nu
Mcbile phase: A) 0.1% HCOOH in water,B) ACN (GRADIENT) Tt

%:0/20,5/20,10/98,20/98,22/20,25/20
Flow:1.0 ml/min Diluent: ACN:MeOH:Water(60:20:20)

*DAD1 A, Sig=210,4 Ref=360,100 (PRB\251012000002.D - PRB\251012000005.D)

mAU 8
. <
800
600 —
400 -
200 ‘
| 0
B o -
[ g 5 3
I s g 2 .
0 |‘ = — LN AT o e —
L T T T T |
0 5 10 15 20 min

Signal 1: DADl1 A, Sig=210,4 Ref=360,100

| Peak | RT | Area | Area % |
[ # |  [min] | | |
[—=== === [—===———— | —————=—= |
| 1] 11.335] 120.397]| 3.394|
| 2| 11.466| 3098.868| 87.353|
| 3] 11.944| 202.980| 5. 122 |
| 4] 12.047] 15.102] 0.426]|
| =8 12.432| 66.660] 1.879]
| 6| 12.973] 4,147 0.117]
| 7| 15.647| 38.359| 1.1089|
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Chapter 3: Synthesis of Treprostinil
Inspired Hybrid Compounds
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3.1. Introduction:
As | discussed in the Chapter-1, there is a corslde interest in the synthesis of

natural product-inspired compounds and their amalsegfor chemical biology and
medicinal chemistry research. This need is aridungto the fact that natural products
have shown a proven track record in exhibiting #&oé biological responses in the
area of protein-protein interactions, and, as tbeutators of signaling pathways. Due
to the high degree of complexity that is commordyrid in most bioactive natural
products, this seriously hampers placing them otite drug discovery path.
Moreover, in most cases, the availability of suéit samples also limits their
practicality. Keeping all this in mind, this is ding the need for the development of
efficient synthesis methods to access natural mtodierived and inspired compounds.
To meet the challenges that are associated inatieisa of building novel chemical

toolboxes to explore their functional biologicalw, the-

F1.1: R= Me: Hygrocin B . .
F1.2: R= CHCMe,: Divergolide C F1.3: Divergolide D

F1.8: Ri=R,= O: Cytochalasin A
F1.9: R= OH, R,= H: Cytochalasin B

Figure 1: A few natural products having polycyclic skeletamntaining macrocyclic
rings

-requirements of multi-steps stereoselective sw#be and, the logic and
methodology of natural product total synthesis nieeloe translated. In our group, we
were interested in synthesizing natural producipinesl compounds having the
tricyclic scaffold and also containing an additibmeedium sized macrocyclic ring to
generate skeletally diverse compounds. There ateraenatural products containing
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tricyclic and bicyclic ring skeletons, and, alswimg the additional macrocyclic rings.
Examples in this category include: rifamycikendomycin, hygrocin B divergolide
C and D? cytochalasin A and B,spinosyn A and D.Since, natural products
containing these scaffolds have led to intereshbigdogical properties, this further
warranted the structural modifications to the baclkbof the scaffold.

In particular, we are interested in treprostinfi @), which is contains the tricyclic
skeleton having five stereocenters. Treprostinis A&ommonly known as UT-15. It is
an effective drug in the treatment of pulmonarg@al hypertensioi.Treprostinil A

is a synthetic analog of prostacyclin (BGWwhich is one of the important metabolic
products of arachidonic acid produced in the vagaut of smooth muscle cells and
endothelial cellé.It is an effective vasodilator in both types ofccilatory pathways.
It was earlier used for the treatment of cardiouscdisease$UT-15 retains all the
biological activity of PGJ. PGL has a very short half-life (approx. 10 min), argd,
very unstable towards higher temperatures. Whetdasl5 has a better half life of
approx. 3 hrs. UT-15 is known for an action towatials cure of severe congestive
heart failure, severe intermittent claudication andmmune suppression. Moreover,
UT-15 has an anti-proliferative effect on humannpohary arterial smooth muscle
cells’® All these interesting features of UT-15 attractesito obtain the inspired
compounds having the tricyclic skeleton that isnidin UT-15. Our main objective is
to develop a novel route to obtain the tricyclicecof UT-15,and, further, explore the
chemical space around this scaffold by synthesidiifgrent types of additional

macrocyclic rings with few diversity points to olstdurther analogous.

3.2. Literature synthesis:
In this section, | am going to discuss two of titer&ture approaches to the synthesis

of treprostinil.

3.2.1. Moriarty approach:

Moriarty et. al., reported the synthesis of treprostiniAThe main challenge in the
synthesis of this compound is the constructionhef tricyclic intermediate. It was
obtained via a stereoselective intramolecular &aihand cyclization (PKC): The

benzylic OTBS group, which serves as the temposteyeo-directing group that is
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conveniently removed by the benzylic hydrogenolysmncomitantly with the
catalytic hydrogenation of the enone PKC produtiusl the benzylic chiral center
dictates the subsequent stereochemistry of theagenic centers at three carbon
atoms (G, Cos and G).

3.2.1.1. Retrosynthesis:
The retrosynthetic analysis of treprostinil A) (is shown in Scheme 1. The key

disconnections are, (i) to obta®a stereochemistry from an enone moietyl) by the
catalytic hydrogenation of the double bond. Follogvithis, cyclopentenone ring of
1.1 can be obtained fromi.2 by an intramolecular asymmetric Pauson-Khand
cyclization (PKC). The stereochemistry of the hygitagroup of1.2 can be achieved
by the functional group inter-

" . Me oTBS Cstis oTBS
¢ O OTHP
O 3 ymor > UL~ = NS
X £
H H OTHP
0
1

OMe

L 1 1. 12
HO o  Treprostinil A U
[0} OH
H X
\\\/\/C5H11 + R N CsH1q
OTHP OTHP
15 OMe 44 OMe 43

Scheme 1The retrosynthetic analysis of treprostinil A (Néoty et. al.)

-conversion ofl.3 Further, the hydroxy group it.3 can be obtained from the
stereoselective alkylation of aldehyitie! by the Grignard addition of the side chain
1.5 This side chain was synthesized frdgh {(-)- epichlorohydrin. Aldehydé.4 was
synthesized from commercially available 3-hydroeynbylalcohol.

3.2.1.2. Synthesis of Treprostinil A:

The detailed synthesis of treprostinil A is showrSicheme 2. It was started from 3-
methoxybenzyl alcohoP.1l, which was protected as the -OTBS derivative, and,
furtherortho-allylated by usingiBuLi to obtain an allyl produ@.2 This was further
subjected to deprotection of -OTBS ether and Sveswidation to provide 2-allyl-3-

129



Chapter 3: Synthesis of Treprostinil Inspired Hgh@iompounds

methoxybenzaldehyde4. The enyn€.3was synthesized by Grignard addition of the
side chainl.5to aldehydel.4, and, further oxidation with PC® produce2.3. The
diastereomeric side chain Stetrahydropropanoxy-1-decyné.p) was synthesized
using Takanoet al., method*? For the subsequent stereoselective Pauson-Khand
cyclization, the researchers required $eonfiguration of the benzylic (propargylic)

carbon bearing the hydroxyl group.

.TB i |
on ' TBSCL Imidazole, oTBS 1.TBAF67%
94%
2. Swern oxidation,
2. nBulLi, Allyl bromlde 80%

2.1 60%
/o o 1.4
THPO,
CsHq4
el Q oTBS

A 1. CBS Reduction

= OTHP -
15— ACsHi 72 TBSCI, Imidazole, O“

1. EtMgBr, 92% H 92%
2. PCC, 75% o 23 OTHP 3. Co,(CO)g, 89% 11

CsHy4

1. Hy, Pd/C, K,COy
2. NaBH,, EtOH/NaOH

1. Ph,PLi, 80%
2. NC-CH,CI, 100%

L
HO”™ ~O

3. TsOH, 76% for 3 steps 3. K,COg3, EtOH

Scheme 2Synthesis of treprostinil A

The stereochemistry was obtained by using a stoiedtric Corey-type asymmetric
reductiort® of 2.3 followed by the protection with TBS chloride reageRurther, it

was subjected to either stoichiometric or catal@a(CO) mediated Pauson-Khand
cyclization!* that provided the tricyclic enong.1 in 89% yield. The reductive
elimination’® of 1.1 by usingcatalytic hydrogenation, followed by reduction eténe

with sodium borohydride resulted in an alcohol nid-urther, the removal of -
OTHP protection led to the synthesis2#. Cleavage of the methoxyl group with
lithium diphenylphosphine prepareth situ from diphenylphosphine and n-
butyllithium.*® This step afforded the crystalline triol for whieh X-ray diffraction

pattern confirmed the stereochemistry. The triokwlaen alkylated at the phenolic
hydroxyl group with use of chloroacetonitrile, whiavas then hydrolyzed with

ethanolic potassium hydroxide to obtain treprosfnil).
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3.2.2. Aristoff and co-workers approach:

3.2.2.1. Retrosynthesis:

P OOF
H

OMe 32 OMe 3.3

Scheme 3The retrosynthetic analysis of treprostinil A (#toff and co-workers)

Aristoff and co-workers achieved the synthesis reptostinil A from the tricycle
enone moietyd.1, by subjecting t@ selective reduction from the least hindered face.
Ketone3.1 can be derived from the reduction of an endh& The key step in the
synthesis involves an intramolecular coupling af #imion of phosphonatgith an
enol lactone3.2 Compound3.2 is derived from an appropriate alkylation and the

subsequent dehydration of 5-methoxy-2-tetral@®) £°

3.2.2.2. Synthesis of treprostinil A:

1. allyl bromide, LDA,

o dlmethyl carbonate, THF 30 min, -50 °C few steps
NaOMe, 70 °C MeOH 2. L|CI DMSOQ, 150 °C, COH
OMe
3.3

OMe 4.2

CsH
C5H11 5111
few steps Oe& 'OH

HOLO Treprostmll A

THPQ,

1. HCIO,, A0, rt O‘ 0 . nBuLi O
R >
! " Q
2. enzymatic resolution » Meo\'g/\/\/Can
| 2
OMe 45 OTHP

OMe
4.4

Scheme 4Synthesis of treprostinil A

Aristoff and co-workers obtained the AB ring ofprestinil from tetralone.3, which
was then converted into thracemic version of4.4 by following classical methods.
Further, enzymatic resolution of thacemic compound to provide one of the isomer
4.4. The key step in the synthesis involves the cogpbf the phosphonate reagent

4.5 (note: the chirality was derived from a Sharplessolution of an allylic alcohol
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precursor) with the enol lactond.4 to produce enone4.6 via a modified
intramolecular Wadsworth-Emmons-Wittig reaction.drygenation o#.6 followed
by an unusual one-pot equilibration-reduction seqaegenerated four chiral centers

around the cyclopentane ring with the completeesigmntrol®”

3.3. Synthesis of tricycle scaffold of treprostiniA (our approach):

Me
OTBS

: H
> | CCh-
0 1 H ot

OMe 4.1 2

HOLO Treprostinil A (UT-15) Tricyclic Intermediate

Scheme 4Retrosynthesis of Treprostinil A

As | discussed previously, our aim is to develop®gel method to obtain the tricyclic
intermediate of treprostinil A. To generalize oynthetic methodology, initially, we
started the project to obtain theacemic derivative. Having the complete
sterecontrolled synthesis methodology of the tticyscaffold in hand, we then plan
to explore the macrocyclic chemical space by inomfng various amino acid

building blocks and the stitching technology.

In our synthesis palnning, we designed two macrhesycbased on the tricyclic
scaffold. Both of them contain the additional fftemembered macrocycles on the
tricyclic scaffold. To obtain the additional 15-mleened macrocycles, we planed to
incorporate the amino acid functionality througle tboupling reaction, and, then
employ the ring-closing metathesis-based stitchiaghnology:’ The difference
between two macrocycles (see Scheme 5) couplirtheomino acid moiety either
through the benzylic -OH or via the secondary -Qlug present on the tricyclic
scaffold. Morevoer, further, we can also introdddéerent amino acids (D/L) in both

approaches.
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Scheme 5The proposed plan to obtain macrocyclic-derived monmds5.1, 5.2 from
4.1

These two divergent strategies with a common objecprovides an excellent
opportunity to build a unique chemical toolbox hycompounds that will represent
the tricycle core and the additional 15-memberad derivatives, further, to explore
their value in chemical biology programs as the utairs of protein-protein

interactions and signaling pathways.

3.3.1. Retrosynthesis of tricyclic intermediate ofreprostinil A:

OTBS Dieckmann OTBS

OH
: Condensation
COOEt :> COOEt
COOEt COOEt

H
OMe COEt

an OMe 6.2
U
o) (o]
Crotsst Y Michael addition
Me Mmetathesis
AN <: X\ _COOEt O‘ COOEt
OMe 6.5 Me OMe 6.3

Scheme 6:The retrosynthetic analysis of tricyclic intermese

Retrosynthesis of the tricyclic scaffold is showrSicheme 6. Compourddl could be
synthesized from -OTBS ethé:l, by using a Dieckmann condensation approach.
Compound6.1 is synthesized from alcohd@.2, which could be achieved from the
bicyclic compound.3 by alkylatinga to the carbonyl moiety followed by functional

group inter-conversion. The new C-C bond formatmproach of compoun@.3 is
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planned to be achieved by using Michael additiactien ofa, B-unsaturated ester

6.4. Compound.4is derived from an olefie.5 by cross metathesis reaction strategy.

3.3.2. Synthesis of tricyclic scaffold:

0 0
2 Grubbs 2" gen cat.
Me Dimethyl sulfate, Me (3 mol%), Ethyl acrylate, Me
ﬁ >
X KeCOs, Acetone, X DCE, reflux, 2 h, 79% X~ COOEt
4 h,91% » ) ,
OH 71 OMe 6.5 OMe 6.4
0 1. NaBH,, EtOH, 0 °C, oTBS
1. NaOE, EtOH, : O

2h,74%

-78°Ctort, 2 h, quant. COOEt - Oe o
> COOEt 2. TBSOTY, Et;N, DCM,

2. KHMDS, THF, -78 °C,

0°Ctort,4h,64% H to.Et
Ethylbromo acetate, 4 h, OMe 7.2 3. KO'Bu, THF, reflux, OMe 73 2
75% inseparable 90 min, 65% . .
mixture diastereomerically pure
TBS

OTBS

H
NaBH,, EtOH, S :
—_— OH + “OH
0°C,1h, 82% \
CO,Et
OMe 74 2

H
CO,Et
OMe 75 2

wiQ
I

Scheme 7:Synthesis of tricyclic intermediate

Synthesis o#.1is shown in Scheme 7. We started our synthesis thghphenolic
derivative 7.1, which was synthesized by a Claisen rearrangenwéntl-(3-
(allyloxy)phenyl) ethanone. Compoundl was subjected to phenolic hydroxyl
protection, and, this yieldef.5 in 91%. Thea, B-unsaturated compoungl.4 was
synthesized from an olefin compouBid by using Grubbs™ generation catalyst (3
mol%). a, B-Unsaturated compourl4 was further subjected to Michael additidn
using sodium methoxide (NaOMe in ethanol at °Z8and drop wise addition of the
starting material in THF) to produce the bicyctompound. This was further
subjected to an enol ether alkylation conditiomggbotassium hexamethyldisilazane
(KHMDS) at -78°C to obtain7.2 as the inseparable diastereomeric mixture in 6:1
ratio. The diastereomeric mixture 02 was further treated with sodium borohydride
to reduce the keto moiety. The crude compound oédaifollowing the carbonyl
reduction was then subjected to -OTBS ether fownahy using triethyl amine as

base. At this stage, we moved with the major isotinar was obtained after the flash
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column chromatography. This major isomer was thabjested to Dieckmann
cyclization® by using potassiunertiary butoxide as the base. To our pleasant
surprise, we obtained only one diastereomer andotingy of this compound was
confirmed by HPLC (99% purity). The product formeda result of a regio- and
stereo-selective Dieckmann cyclization. The NMRcompound7.3 was very clean
and further COSY and NOESY were helpful in assigrati the protons (note: the
coupling constant between Ha and Hb is 8.8 Hz, iandOESY experiment Ha is
giving cross peak with Hc, so we confirmed thatata Hb ardrans to each other
and Ha and Hc are ms relationship).

0
“NCooEt COOEt

.., _COOEt COOEt
‘S "y

OMe g 1
|nseparab|e mixture (6 1 ratio)

OTBS OTBS

“NCooEt COOEt
u,,-COOEL __COOEt
OMe

Jle]
_i
II%

g

H
OMe COEt
7.3

QTBHS QTBS QTBS cooEt OTBS CooEt
= - O QCK% @Ct%
H Co,Et H Zo,et
OMe 2 OMe 2
8.5 8.5a

Scheme 8The regio- and stereo-selective Dieckmann Cygbnat

The formation of the regio and stereo-selectiveytlic compound7.3 is shown in
Scheme 8 (schematic representation). There is ailplity of formation of two
diastereomers3(1 and8.2), during the alkylation reaction oacemic compounds.3.
Further, the reduction of the ketone by using sodnorohydride (which can deliver
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the hydride anion from the less hindered face) litaia the alcoholic compound,
followed by the hydroxyl group protection to g3 and 8.4 The -OTBS ether
compound was then subjected to Dieckmann cyclimatieaction, and, in this
reaction, there is a possibility to obtain 8 commuis; but we obtained only one
compound7.3. Interestingly, it appears that the presence eDaBS group at the
benzylic position is playing an important role irovgrning the regio-selective
deprotonation under the reaction conditions. Theratenation is taking place from
the methylene carbon, which is away from the TBi&etAnd, this also leads to
having the -COOEt group at the site that is oppasitthe -OTBS group. THeketo

ester7.3 was further subjected to the carbonyl reductiohictv yields two isomers
(separable) in 1:1 ratio. We assigned both the é&seras’.4 and7.5, by using various

NMR techniques. Further, the final structures web#ained by having a crystal

structure of one of the isomei&4).

3.3.3. The X-ray Crystal structure of 7.4:

Figure 2: ORTEP diagram of compound4

Table 1: Crystal data and structure refinement for7.4

Identification code 7.4
Empirical formula G3 Hzs O Si

136



Chapter 3: Synthesis of Treprostinil Inspired Hgh@iompounds

Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

130.561(2)°.

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 26.08°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

137

420.61

298(2) K

0.71073 A

Monoclinic

C2/c

a = 35.945(5) A a= 90°.
b =7.1685(10) A B=
c=24.167(3) A y=90°.
4731.0(11) R
8

1.181 Mg#n

0.128 mrh
1824

0.40 x 0.24 x 0.20 m
1.49 to 26.08°.

-44<=h<=44, -8<=k<=8, -29<=|<=29

23589

4677 [R(int) = 0.0388]
99.8 %

None

0.9748 and 0.9504

Full-matrix least-squares én F
4677 /0/ 270

1.045
R1 =0.0620, wR2 1870
R1=0.0943, wR2 =0.1771

0.307 and -0.287-2.A



Chapter 3: Synthesis of Treprostinil Inspired Hgh@iompounds

3.4. Synthesis of macrocycles:

Scheme 9:Synthesis of macrocycles

3.4.1. Retrosynthesis of macrocycle, 9.1:

\ O
Y

o}
B NH
9 HS R
5 =0
o‘\
Amino acid
o OEt Coupling
10.@
OTBS OTBS
P H i H
o & OH
Ome M Co.Et Ome _ T COEt
7.3 7.4

Scheme 10The retrosynthetic analysis of macrocyglé
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The retrosynthesis of macrocy®el is shown in Scheme 10. Macrocy@el could
be obtained from theis-allyl compound10.1 by ring closing metathesis, which is
derived from the silyl ethet0.2 Compoundl0.2was synthesized from the hydroxyl
compound?.4 by attaching the N-Alloc amino acid building block3ompound7.4
having the -OH group can be derived fr@r8 by reducing the carbonyl moiety.

3.4.2. Synthesis of macrocycle 9.1:

nQ
1P

T
%)T NHAlloc 1, 3N HCI, THF,

S S 0
: Alloc AA, EDC, DMAP, S >—< 0°tort,1h
OH > 0 R >
DCM,0°Ctort, 2 h, 78-81% 2. Acryloyl chloride,
H  Co,Et OMe 1 COEt
7.4 10.2

[

[
]

OMe TEA, DCM, 0 °C to rt,

1h, 70-74%

NH G 11 (10 mol%), DCM,

L °>\ (
@CK?_O . Reflux, 4 h, 64-70%
H Co.Et

R= Me, Isopropyl, Bn |

Scheme 11Synthesis of macrocycke1

Synthesis of macrocyck.1 was started fron7.4. First, it was subjected to an amino
acid coupling by using EDC, DMAP to obtaif.2 Compoundl0.2is diastereomeric
mixture, which is further subjected silyl ether dapction followed by an
acryloylation to obtain the crucial RCM precurs@f.1 For the silyl ether
deprotection, initially, we used TBAF, which resdtin elimination by the proton
removal froma to an ester moiety. Then, we switched to 3N HQ@Iditions. Thebis-
allyl compound10.1was further subjected to the ring closing metashesaction by
using Grubbs ¥ generation catalyst, and, this resulted in 15-nexeth macrocycle
as a mixture of two isomers (see Scheme 11). Incase, we carried out the double
bond reduction to avoid any geometrical isomerserthe double bond reduction, the
proton NMR spectrum is still showing the shouldgrof signals and this may be due

to the diastereomeric mixture nature of this conmabu
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3.4.3. Derivatives of 9.1:
As shown in Figure 3, we synthesized three mactaxyderivatives of9.1 by

changing the amino acid building blocks and thesepounds are shown in Figure 3.

(0]
7 (0]
) Ph NH
H O m
H
O
O

e — e, _r—r_r e —r—r_— e e e, r_rrrr_r_rrrcrrcr_r————————————

Figure 3: Derivatives of 15-membered macrocycles

3.4.4. Retrosynthesis of macrocycle, 9.2:

ZT

R Acryloylation

\L'_RCM Amino acid ; \ﬂ/ oTBS \o Y/ QTBS
9 o7 H H

Coupling o :

H H 5 -4 5

= w0 j wOH

) ;:[:\ﬂ H Coet ome M CoEt
C02Et H

CO,Et
121 12.2 7.5

Scheme 12The retrosynthetic analysis of macrocygl2

The first disconnection to obtain the 15-memberednwcycle9.2 is the ring closing
metathesis of2.1 Compoundl2.1 can be synthesized from the corresponding silyl
ether12.2by coupling with amino acid building blocks. Th/lscompoundl12.2 can

be synthesized from.5 by an acryloylation of the hydroxyl group.
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3.4.5. Synthesis of macrocycle 9.2:

Synthesis of macrocyck 2 was started froni.5 (second diastereomer obtained from
the B keto ester reduction reactjorAcryloylation of 7.5 provided12.2 which was
further subjected to silyl ether removal and theapding with variousN-Alloc amino
acids. This led to the RCM precursii2.1 Thebis-allyl compoundl12.1 was further
subjected to ring closing metathesis to obtain o@mle 9.2 and we obtain

macrocyclic compounds as a mixture of two diastees (see Scheme 13).

OTBS OTBS
A

z Acryloyl chloride, 5 on, N
*OH L anQ
TEA, DCM, 1 h, 85% 2. Alloc AA, EDC, DMAP,

H H DCM,0°Ctort, 2 h

CO,Et CO,Et : ,2h,

OMe s ? OMe 122 72 68-72%

/]A/ \ﬂ/ R
o
0% o /
: H G Il (10 mol%), DCM,

o
1 H
S 0 5 :
@CQ Reflux, 4 h, 68-70% .
H Co,Et OMe COEt ¢, OMe TO.Et 928

121

R= Me, Isopropyl, Bn

Scheme 13Synthesis of macrocyck?2

3.4.6. Derivatives of 9.2:
We synthesized 3 macrocyclic derivative®dt by changing the amino acid building

blocks, and these are shown in Figure 4.
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4,

H
‘, N O ‘.
LT LY
0] = (@) =
OHO (0) (0] H

(e} O

H
. N_ _O
ph”” 3
(0] NS
H

2 H
H =
OMe CO,Et OMe COEt
F4.2 F4.2A

Ty

Figure 4: Derivatives of 15 membered macrocygl@

3.5.Conclusions:

In conclusion, we developed a novel and efficierdthndology to synthesize the
tricycle scaffold. By incorporating various aminoida building blocks, we further
designed a modular approach to obtain treprosigrived macrocyclic compounds.
The biological evaluation of these compounds is noder exploration in various cell

signaling-based assays and these studies willdmetesl as they become available.

3.6. Experimental procedures:

3.6.1. Tricyclic intermediate:

0] )

Me Dimethyl sulfate, K,COg Me

0,
AN Acetone, 2 h, 91% AN

OH 7.1 OMe 6.5

1-(2-allyl-3-methoxyphenyl)ethanone (6.5):To a stirred solution of phenolic
compound7.1 (1 mmol) in dry acetone was added potassium catlkof2 mmol) at

room temperature. The reaction mixture was stifi@d5 minutes, Then dimethyl
sulfate (1.5 mmol) was added and reaction mixtues stirred for 2 hours. After
completion of the reaction, reaction mixture wdterfed by using centered funnel.
concentrated under reduced Pressure. Purificayoflash column chromatography

(2-5% EtOAc/hexanes) to obtain pure prodéi& as yellow oil. Molecular Formula:
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CiH1402; R (ethyl acetate/hexane 5%): 0.3; Yield: 9184 NMR (400 MHz,
CDCl3) & ppm 7.27-7.23 (m, 1H), 7.15 (d,= 6.93 Hz, 1H), 6.99 (d) = 8.12 Hz,
1H), 6.01-5.91 (m, 1H), 4.97 (s, 1H), 4.96-4.91 (tH), 3.85 (s, 4H), 3.59 (d) =
6.14 Hz, 2H), 2.54 (s, 3H}*C NMR (101 MHz, CDCls) & ppm 203.1, 158.0, 140.6,
137.0, 127.1, 126.9, 120.0, 114.7, 113.0, 55.84,5%.5, 30.0; LRMS: (ES+) m/z =
191 (M+1).

g 0
Grubbs 2" gen cat.
Me (3 mol%), Ethyl acrylate, Me
o
X _COOEt
X DCE, reflux, 2 h, 79%
OMe ¢ 5 OMe ¢4

(E)-ethyl 4-(2-acetyl-6-methoxyphenyl)but-2-enoat€6.4): To a stirred solution of
olefin 6.5 (1 mmol) in dry DCE was added Grubb¥ Ben catalyst (0.03 mmol) at
room temperature and followed by ethyl acrylaten(®ol). Then reaction mixture
was allowed to reflux for 2 hours. After completiohthe reaction, reaction mixture
was allowed to room temperature and concentratederumeduced Pressure.
Purification by flash column chromatography (5% Etlhexanes) to obtain pure
product6.4 as yellow oil. Molecular Formula: 16H1804; R; (ethyl acetate/hexane
10%): 0.3; Yield: 79%'H NMR (400 MHz, CDCl3) & ppm 7.33-7.23 (m, 2H), 7.12-
7.05 (m, 1H), 7.01 (d] = 7.95 Hz, 1H), 5.74-5.67 (m, 1H), 4.14 (o= 7.12 Hz, 2H),
3.84 (s, 3H), 3.77 (ddl = 6.33, 1.43 Hz, 2H), 2.55 (s, 3H), 1.25J& 7.13 Hz, 3H);
3C NMR (101 MHz, CDCls)  ppm 201.9, 166.9, 158.0, 147.5, 139.5, 127.5, 125.5,
121.2, 120.9, 113.4, 60.0, 55.8, 30.1, 28.7, IRNIS: (ES+) m/z = 262 (M+1).

(@) 0]
Me NaOEt, EtOH, O‘
—>
COOEt
X -78°Ctort, 2 h, COOEt
uant.
OMe 6.4 q OMe 6.3

ethyl 2-(8-methoxy-4-oxo-1,2,3,4-tetrahydronaphth&n-2-yl)acetate (6.3):To a
dry MeOH solution (30 ml) of Sodium methoxide (2 wijnwas added a dry THF
soln (10 ml) ofa, B unsaturated esté:4 at -78°C under Nitrogen atmosphere. The

mixture was allowed to warm to room temp. Aftenrstg for 2 hours at room
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temperature, reaction mixture was quenched witheags ammonium chloride
solution.extracted with DCM. The extract was wakhath brine and dried over
NaSO,. After evaporating the solvent, the residue wasfipd by flash column
chromatography (5% EtOAc/hexanes) to obtain purmedyct 6.3 as yellow oll.
Molecular Formula: gH1g04; Rr (ethyl acetate/hexane 10%): 0.3; Yield: quantitiv
yield; 'H NMR (400 MHz, CDCls) & ppm 7.66 (d,J = 7.64 Hz, 1H), 7.33-7.27 (m,
1H), 7.05 (dJ = 7.99 Hz, 1H), 4.19 (q] = 7.12 Hz, 2H), 3.87 (s, 3H), 3.30-3.22 (m,
1H), 2.81-2.76 (m, 1H), 2.74-2.61 (m, 1H), 2.5572(&, 4H), 1.29 (t]) = 7.14 Hz,
4H); **C NMR (101 MHz, CDCls) & ppm 197.6, 171.7, 156.7, 133.0, 131.8, 127.0,
118.6, 114.5, 60.6, 55.6, 44.3, 40.4, 31.4, 281 72;1 RMS: (ES+) m/z = 262 (M+1).

o} O
790
KHMDS, THF, -78 °C, COOEt
COOEt > COOEt
Ethylbromo acetate,
4 h, 75% .
OMe 0 OMe  inseparable
6.3 7.2 mixture

diethyl  2,2'-(5-methoxy-1-o0xo0-1,2,3,4-tetrahydronapthalene-2,3-diyl)diacetate
(7.2): To a solution6.3 (1 mmol) in dry THF was allowed to -7&, added 1 molar
KHMDS solution (1.1 mmol) dropwise. Then allowedrther stirring at same
temperature for 40 min. added ethylboromo acethte ihmol) and further allowed
stirring at -78°C for 3 hours. reaction mixture was quenched wvatfueous
ammonium chloride solution.extracted with ethyltate The extract was washed
with brine and dried over N8O, After evaporating the solvent, the residue was
purified by flash column chromatography (5% EtOAm{anes) to obtain pure product
7.2 as yellow oil. Molecular Formula: 16H240e; R¢ (ethyl acetate/hexane 10%): 0.25;
Yield: 75%;

(@] OH
COOEt NaBH,, EtOH, COOEt
—>
COOEt COOEt
0°C,2h
OMe 7.2 OMe 6.2

diethyl 2,2'-(1-hydroxy -5- methoxy-1,2,3,4- tetrajidronaphthalene- 2,3-diyl)

diacetate (6.2): To a solution carbonyl compoun@?2 (1 mmol) in ethanol was
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allowed to 0°C, added sodium borohydride (1 mmol). Then allofeether stirring at
same temperature for 2 hours. After completiothefreaction, reaction mixture was
guenched with 5% HCI, extracted with ethyl ace(at@se). The extract was dried
over NaSQ,. After evaporating the solvent, the residue (deks oil) was further

subjected to TBS protection without purification.

OH OTBS
COOEt TBSOTHf, Et;N, DCM, COOEt
_
COOEt COOEt
0°Ctort, 2 h,74%
OMe ¢.2 OMe 6.1

Diethyl 2,2'-(1-((tert-butyldimethylsilyl)oxy) -5-methoxy- 1,2,3,4 -
tetrahydronaphthalene-2,3-diyl) diacetate (6.1)To a solution hydroxyl compound
6.2 (1 mmol) in DCM was allowed to @C, added triethyl amine (1.2 mmol). Then
added TBS triflate (1.1 mmol) and allowed furth&mrisig at room temperature for 2
hours. After completion of the reaction, reactmixture was quenched with 5% HCI,
extracted with DCM. The extract was washed witimérand dried over N&O..
After evaporating the solvent, the residue was figaki by flash column
chromatography (5% EtOAc/hexanes) to obtain puyct 6.1 as colorless oil.
Molecular Formula: &H4006Si; R (ethyl acetate/hexane 5%): 0.3; Yield: 74% (for
two steps)!H NMR (400 MHz, CDCls) & ppm 7.15 (t,J = 7.91 Hz, 1H), 6.86 (dJ

= 7.58 Hz, 1H), 6.76 (d) = 8.02 Hz, 1H), 4.60 (dJ = 3.30 Hz, 1H), 4.19-4.08 (m,
4H), 3.80 (s, 3H), 2.83-2.74 (m, 1H), 2.70-2.60 &H), 2.54-2.45 (m, 1H), 2.40-2.34
(m, 1H), 2.28 (m, 3H), 1.27-1.24 (m, 6H), 0.8798l), 0.16 (s, 3H), 0.06 (s, 3H)

OTBS QTBS
cooEt KTB, THF, Reflux, 5
> o)
COOEt 90 min, 65%
H
OMe OMe CO.Et
6.1 7.3

(1S,3aR,4R,9aR)-ethyl  4-((tert-butyldimethylsilyl)xy)-  8-methoxy- 2-oxo-
2,3,3a,4,9, 9a-hexahydro-1H-cyclopenta[b] naphthate-1-carboxylate (7.3):To a
solution diester compoungl1 (1 mmol) in THF was added KBu (2 mmol). Then
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allowed to reflux for 90 minutes. After completiof the reaction, reaction mixture
was quenched with 5% HCI, extracted with ethyl atettwise. The combined
organic layers was dried over 0. After evaporating the solvent, the residue was
purified by flash column chromatography (5% EtOAm{anes) to obtain pure product
7.3 as white solid. Molecular Formulaz#£1340sSi; R (ethyl acetate/hexane 5%): 0.3;
'H NMR (400 MHz, CDCl3) & ppm 7.22 (d,J = 8.01 Hz, 1H), 7.12 (d] = 7.94 Hz,
1H), 6.77 (dJ = 8.01 Hz, 1H), 4.75 (d] = 8.93 Hz, 1H), 4.29-4.21 (m, 2H), 3.82 (s,
3H), 3.25 (ddJ = 16.86, 5.15 Hz, 1H), 3.09 (d,= 12.12 Hz, 1H), 2.80 (dd] =
16.90, 5.77 Hz, 1H), 2.62 (dd= 11.77, 5.26 Hz, 1H), 2.44 (dd= 16.78, 11.39 Hz,
1H), 2.28-2.10 (m, 2H), 1.32 d,= 7.14 Hz, 3H), 0.96 (s, 9H), 0.24 (s, 3H), 0.13 (s,
3H); 3C NMR (101 MHz, CDCls) & ppm 209.2, 199.4, 168.5, 156.7, 141.1, 126.8,
124.0, 119.0, 108.3, 75.2, 62.3, 61.6, 55.4, 44443, 40.6, 28.9, 26.0, 18.2, 14.2, -
3.3, -3.9; LRMS: (ES+) m/z = 419 (M+1).

NaBH4 EtOH,
wOH

0°C, 1 h, 82%
H  Co,Et

H Co,Et H Co,Et OMe

IIO

qu
|IIO

qu
IIO

lIw

7.4
To a solutlon carbonyl compoufrd3 (1 mmol) in ethanol was allowed td’G, added

sodium borohydride (1 mmol). Then allowed furth@rieig at same temperature for
1 hour. After completion of the reaction, reactimixture was quenched with 5%
HCI, extracted with ethyl acetate (twise). Therast was dried over N&O,. After
evaporating the solvent, the residue was purifigdfléssh column chromatography
(0.3:5:4.7 EtOAc/DCM/hexane) to obtain pure produas white solids. Molecular
Formula: G3H340sSi; Re (ethyl acetate/hexane 10%): 0.15;
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(1S,2S,3aR,4R,9aR)-ethyl 4-((tert-butyldimethylsiljoxy) -2-hydroxy-8-
methoxy-2,3,3a,4,9,9a- hexahydro-1H-cyclopenta[b]pathalene-1-carboxylate
(7.4); *"H NMR (400 MHz, CDCl3) & ppm 7.20 (t,J = 7.96 Hz, 1H), 7.11 (d) =
7.89 Hz, 1H), 6.74 (d] = 7.91 Hz, 1H), 4.69 (d] = 9.84 Hz, 1H), 4.62-4.58 (m, 1H),
4.29-4.19 (m, 2H), 3.80 (s, 3H), 3.23 (dds 15.92, 3.99 Hz, 1H), 2.83 (s, 1H), 2.69-
2.58 (m, 2H), 2.40-2.21 (m, 2H), 1.78-1.68 (m, 1H{9-1.45 (m, 1H), 1.32 (g =
7.14 Hz, 3H), 0.95 (s, 9H), 0.22 (s, 3H), 0.163(4); *C NMR (101 MHz, CDCls) &
ppm 173.1, 156.7, 142.0, 126.4, 125.1, 119.1, 108.09,7B2.2, 60.8, 56.1, 55.4,
47.3,40.5, 40.3, 29.3, 26.1, 18.3, 14.3, -3.8;-BRMS: (ES+) m/z = 421 (M+1).

H
OMe CO,Et
7.5

(1S,2R,3aR,4R,9aR)-ethyl 4-((tert-butyldimethylsily)oxy)-2-hydroxy -8-
methoxy-2,3,3a,4,9,9a- hexahydro-1H-cyclopenta[b]phathalene-1-carboxylate
(7.5); *H NMR (400 MHz, CDCl3) 8 ppm 7.20 (t,J = 7.97 Hz, 1H), 7.10 (dJ =
7.86 Hz, 1H), 6.73 (d] = 7.95 Hz, 1H), 4.64-4.55 (m, 2H), 4.26-4.17 (m, 2BIg1
(s, 3H), 3.19 (ddJ = 16.96, 5.20 Hz, 1H), 2.60 (dd,= 10.95, 5.34 Hz, 1H), 2.38
(dd,J = 16.95, 11.53 Hz, 1H), 2.24-1.80 (m, 5H), 1.31J(t 7.13 Hz, 3H), 0.95 (s,
9H), 0.23 (d,J = 5.34 Hz, 3H), 0.13 (s, 3H}*C NMR (101 MHz, CDCls) & ppm
174.1, 156.7, 141.7, 126.4, 125.2, 119.2, 108.18,765.4, 60.8, 60.5, 55.4, 47.5,
42.6,40.2,29.2, 26.1, 18.3, 14.4, -3.2, -3.9; LRNES+) m/z = 421 (M+1).

3.6.2. Synthesis of 9.1:

|IO

qu
-lllo

‘?:, NHAIIoc

AIIoc AA, EDC, DMAP,
DCM, 0°C to rt, 2 h, 78-81%
H' Co,Et

10.2

H' Co,Et
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To a solution hydroxyl compound4 (1 mmol) and Alloc protected amino acid (1.5
mmol) in DCM was allowed to 8C. Then added EDC chloride (1.1 mmol) and
DMAP (1.2 mmol) at 0°C. further allowed for stirring at room temperattiog 2
hours. After completion of the reaction, reactmixture was quenched with 5% HCI,
dialuted with DCM and washed with aqueous NaHGGQlution, followed by brine
solution. Then collected the organic phase andddrieer NaSO,. After evaporating
the solvent, the residue was purified by flash woluchromatography (10%
EtOAc/hexanes) to obtain pure products.

O_/=
QTBS 0 HN—<
S H o}
@CQ )
H .
OMe COZEt 10.2a

(1S,2S,3aR,4R,9aR)-ethyl 2- (((S)-2-(((allyloxy) daonyl) amino)
propanoyl)oxy)-4-((tert-butyldimethylsilyl)oxy)-8-methoxy-2,3,3a,4,9,9a-
hexahydro-1H-cyclopenta [b] naphthalene-1-carboxyle (10.2a) Molecular
Formula: GoHssNOsSi; R (ethyl acetate/hexane 10%): 0! NMR (400 MHz,
CDCl3) 8 ppm 7.20 (t,J = 7.95 Hz, 1H), 7.10 (d] = 7.86, 1H), 6.74 (d) = 7.95 Hz,
1H), 5.96-5.85 (m, 1H), 5.58-5.48 (m, 1H), 5.406(in, 4H), 4.73-4.53 (m, 4H),
4.40-4.28 (m, 1H), 4.25-4.13 (m, 2H), 3.84-3.77 @hi), 3.27-3.20 (m, 1H), 2.84-
2.57 (m, 2H), 2.53-2.04 (m, 3H), 1.81-1.76 ( m, 1HP5-1.48 (m, 1H), 1.47-1.37 (m,
3H), 0.98-0.91 (m, 9H), 0.27-0.19 (m, 3H), 0.155(fn, 3H);**C NMR (101 MHz,
CDCl3) 6 ppm 173.1, 170.1, 156.7, 155.3, 141.6, 141.3, 132.6,612126.5, 124.8,
119.0, 117.8, 117.7, 108.1, 108.1, 78.3, 75.9,, 7R, 65.7, 61.4, 61.0, 60.7, 55.3,
49.6, 49.5, 48.0, 47.1, 47.0, 43.7, 40.1, 40.01,3%.1, 28.7, 26.0, 18.2, 14.1, -3.3, -
3.9; LRMS: (ES+) m/z = 576 (M+1).

o/
Qs o HN—<
O
Ome ' CoEt 10.2b
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(1S,2S,3aR,4R,9aR)-ethyl  2-  (((S)-2- (((allyloxy)daonyl) amino) -3-
methylbutanoyl)oxy)-4-((tert-butyldimethylsilyl)oxy )-8-methoxy-2,3,3a,4,9,9a-
hexahydro-1H-cyclopenta[b]naphthalene-1-carboxylate (10.2b) Molecular
Formula: GoHsgNOsSi; R (ethyl acetate/hexane 20%): 0!8 NMR (400 MHz,
CDCl3) 6 ppm 7.20 (t,J = 7.97 Hz, 1H), 7.10 (dd] = 7.81, 2.82 Hz, 1H), 6.74 (4,

= 7.99 Hz, 1H), 5.99-5.84 (m, 1H), 5.58-5.46 (m, 16(84-5.27 (m, 1H), 5.23-5.16
(m, 2H), 4.68 (tJ = 9.25 Hz, 1H), 4.56 (t) = 5.65 Hz, 2H), 4.32-3.96 (m, 3H), 3.81
(s, 3H), 3.24 (dJ = 3.13 Hz, 1H), 2.84-2.69 (m, 2H), 2.45-2.35 (m, 1RIR5-2.08
(m, 2H), 1.87-1.72 (m, 1H), 1.54-1.47 (m, 1H), 2285 (m, 3H), 0.96 (d) = 9.64
Hz, 12H), 0.89-0.84 (m, 3H), 0.24-0.19 (m, 3H),®(d,J = 6.15 Hz, 3H)*C NMR
(101 MHz, CDCk) & ppm 171.1, 171.0, 156.8, 156.8, 141.7, 132.7, 12623.9,
119.2, 119.0, 117.7, 108.2, 108.1, 76.0, 75.8,,688, 60.7, 59.1, 58.7, 55.3, 54.8,
54.7, 47.3, 47.1, 40.1, 38.7, 38.5, 31.1, 29.77,286.0, 19.1, 18.9, 18.2, 17.4,
17.1,14.2,14.1, -3.2, -3.3, -3.9; LRMS: (ES+) m/@04 (M+1).

_/=

T

QO

BS
H

O
0, HN—<
O
0
Ph

H
OMe COQE‘ 10.2¢

(1S,2S,3aR,4R,9aR)-ethyl-2-(((S)-2-(((allyloxy)cadmyl)amino)-3-
phenylpropanoyl) oxy) -4-  ((tert-butyldimethylsilyl)oxy) -8- methoxy-
2,3,3a,4,9,9a-hexahydro-1H-cyclopenta [b] naphthabe-1-carboxylate (10.2¢)
Molecular Formula: GH1oNOsSi; R: (ethyl acetate/hexane 20%): 0'B; NMR (400
MHz, CDCl3) & ppm 7.33-7.18 (m, 5H), 7.17-7.08 (m, 3H), 6.74 Jd= 7.93 Hz,
1H), 5.95-5.81 (m, 1H), 5.55-5.46 (m, 1H), 5.23,(de 32.34, 13.81 Hz, 2H), 4.70-
4.50 (m, 4H), 4.29-4.03 (m, 2H), 3.81 (s, 3H), 32720 (m, 1H), 3.15-3.06 (m, 2H),
2.83-2.67 (m, 2H), 2.46-2.30 (m, 1H), 2.25-2.17 (Hi), 1.84-1.69 (m, 1H), 1.49-
1.39 (m, 1H), 1.28-1.23 (m, 3H), 0.95 (s, 9H), 0(833H), 0.10 (s, 3H)**C NMR
(101 MHz, CDCk) & ppm 170.5, 170.2, 170.1, 156.8, , 155.4, 141.6, 13632,6,
129.4, 128.6, 127.1, 126.5, 124.9, 119.1, 117.8,2075.8, 75.7, 75.6, 65.8, 60.9,
55.3, 54.7, 54.5, 47.2, 47.1, 40.1, 38.6, 38.30,339.7, 28.7, 26.1, 26.0, 18.2, 14.3,
14.2, -3.1, -3.9; LRMS: (ES+) m/z = 652 (M+1).
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/f ’
0=
QTBS o NHAllec 1.3NHCI, THF, 0"No o5 \n

: H I H

5 >\—< 0°Ctort, 1h : 0 > (
— . O
(0] R o R
2. Acryloyl chloride,
H CO,Et TEA, DCM, 1 h, H

CO,Et
0°C to rt, 70-74% OMe 2
10.2 10.1

To a solution compound0.2 (1 mmol) in THF (5 mL) was added 3N HCI (5 mL)
further allowed for stirring at room temperature fohours. After completion of the
reaction, reaction mixture was allowed t6@ and quenched with aqueous NaHCO
solution. and extracted with ethyl acetate (twiss)mbined the organic layer and
dried over NgSO,. After evaporating the solvent, the residue wathér subjected

next reaction without purification.

The alcoholic compound (1 mmol) was taken in DCNMpveed to 0°C and added

triethyl amine (2 mmol) followed by acryloyl chlde (1.5 mmol) at same
temperature. After addition the reaction was alldvie room temperature for 1 h.
after completion of the reaction added aqueous N2dlution and extracted with
DCM, evaporated under redused pressure. The residaeurified by flash column

chromatography to obtain pure product.

\
X
Oj\l\o\_o\o_{;

; [ E )
H CoEt 10.1a

OMe

(1S,2S,3aR,4R,9aR)-ethyl 4-(acryloyloxy)-2-(((S) -Z((allyloxy)carbonyl) amino)
propanoyl)oxy)-8-methoxy-2,3,3a,4,9,9a-hexahydro-1H
cyclopenta[b]naphthalene-1-carboxylate (10.1a)Molecular Formula: H33NOg;
Rr (ethyl acetate/hexane 20%): 0.38;NMR (400 MHz, CDCls) & ppm 7.20 (t,J =
8.01 Hz, 1H), 6.79 (d] = 8.08 Hz, 2H), 6.55-6.46 (m, 1H), 6.26-6.15 (m, 26197-
5.87 (m, 2H), 5.57-5,5 (m, 1H), 5.33-5.28 (m, 16R1 (d,J = 10.44 Hz, 1H), 4.58
(d, J = 4.73 Hz, 2H), 4.27-4.16 (m, 2H), 3.84 (s, 3H), 3880 (m, 1H), 2.84-2.78
(m, 1H), 2.74-2.57 (m, 1H), 2.57-2.43 (m, 1H), 2820 (m, 1H), 2.17-2.02 (m, 1H),
2.01-1.89 (m, 1H), 1.77-1.61 (m, 2H), 1.43-1.35 @h{), 1.30-1.26 (m,3H)**C
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NMR (101 MHz, CDCls) & ppm 172.6, 172.5, 171.9, 169.8, 169.7, 166.3, 166.2,
157.0, 157.0, 156.9, 156.9, 136.7, 131.6, 131.8,212127.0, 126.9, 125.5, 118.5,
117.7, 117.7, 108.8, 78.2, 75.8, 65.7, 61.0, 66784, 55.3, 54.7, 54.5, 49.5, 45.6,
45.6, 44.8, 44.8, 43.5, 40.0, 39.9, 37.0, 37.04,285.6, 18.6, 14.2, 14.2; LRMS:
(ES+) m/z = 516 (M+1).

; H CoEt 10.1b

(1S,2S,3aR,4R,9aR)-ethyl 4-(acryloyloxy)-2-(((S)-Z¢(allyloxy)carbonyl)amino) -
3- methylbutanoyl)oxy)-8-methoxy-2,3,3a,4,9,9a-hekgdro-1H-cyclopenta[b]
naphthalene -1-carboxylate (10.1b);Molecular Formula: H3/NOo; R; (ethyl
acetate/hexane 20%): 0 NMR (400 MHz, CDCls) & ppm 7.18 (t,J = 7.98 Hz,
1H), 6.77 (dJ = 8.12 Hz, 2H), 6.47 (dd] = 17.32, 1.39 Hz, 1H), 6.24-6.11 (m, 2H),
5.97-5.86 (m, 2H), 5.59-5.44 (m, 1H), 5.35-5.27 (H), 5.24-5.13 (m, 2H), 4.57 (s,
2H), 4.30-4.03 (m, 3H), 3.82 (s, 3H), 3.33 (d&; 16.89, 4.89 Hz, 1H), 2.83-2.76 (m,
1H), 2.71-2.47 (m, 2H), 2.29-2.22 (m, 1H), 2.19&@n, 1H), 1.98-1.88 (m, 1H),
1.69-1.62 (m, 2H), 1.30-1.26 (m, 3H), 0.96 {& 6.85 Hz, 3H), 0.87 (dd] = 14.75,
6.87 Hz, 3H);*C NMR (101 MHz, CDCls) 8 ppm 170.9, 169.8, 169.7, 166.2, 157.0,
136.7, 131.4, 128.3, 126.9, 125.6, 118.6, 117.8,8,075.8, 75.4, 60.9, 55.3, 54.6,
44.9, 44.8, 40.0, 39.9, 37.0, 29.7, 28.5, 19.19,187.3, 17.0, 14.1; LRMS: (ES+) m/z
=544 (M+1).

lR
COR? Y

COzEt  10.1c

(1S,2S,3aR,4R,9aR)-ethyl4-(acryloyloxy)-2-(((S)-Zfallyloxy)carbonyl)amino)-3-
phenylpropanoyl) oxy)-8-methoxy-2,3,3a,4,9,9a-hexgltiro-1H-cyclopenta[b]
naphthalene-1-carboxylate (10.1c);Molecular Formula: gH3/NOg, R; (ethyl
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acetate/hexane 20%): 0.34 NMR (400 MHz, CDCls) & ppm 7.35-7.28 (m, 2H),
7.26-7.11 (m, 4H), 6.78 (dd,= 8.00, 2.67 Hz, 2H), 6.50 (ddd,= 17.32, 2.83, 1.39
Hz, 1H), 6.21 (dddJ) = 17.32, 10.41, 2.94 Hz, 1H), 6.13 (M5 10.25 Hz, 1H), 5.96-
5.83 (m, 2H), 5.51-5.45 (m, 1H), 5.27 (@& 17.19 Hz, 1H), 5.23-5.16 (m, 1H), 4.64-
4.54 (m, 3H), 4.31-4.03 (m, 2H), 3.83 (s, 3H), 3(®lLJ = 16.68, 4.84 Hz, 1H), 3.19-
2.92 (m, 2H), 2.85-2.74 (m, 1H), 2.71-2.33 (m, 2B183-2.17 (m, 1H), 1.99-1.83 (m,
1H), 1.66-1.49 (m, 1H), 1.29-1.24 (m, 3HJC NMR (101 MHz, CDCl3) & ppm
171.2, 171.1, 167.6, 158.4, 158.4, 138.2, 130.0,7,3130.1, 130.0, 129.7, 129.7,
128.6, 128.4, 126.9, 120.0, 119.1, 110.2, 77.2,632.4, 56.8, 56.1, 31.1, 29.9, 15.6;
LRMS: (ES+) m/z =592 (M+1).

0
. I
/C O 1.G Il (10 mol%), DCM, 0 NH
o o

O=< Reflux, 4 h H H o™
O, NH - S5

T H
s >_< 2. Hy, 10% Pd-C, EtOAC, —0 +
d R 65-70%,for 2 steps H
oMe M CO,Et
H Co,Et
10.1

OMe 9.1

To the solution ofbis-allyl compound10.1 (1 mmol) in dry DCM (high dilution)

under nitrogen atmosphere and Grubbs’ 2nd genaratatalyst (0.1 mmol) was
added and reaction mixture was heated td@dor 4 h. The reaction mixture was
concentrated under reduced pressure and the cmadieigh was purified by flash
chromatography to obtain pure product.

OMe H COzEt 9.1a

9.1: Molecular Formula: &H>oNOo; R (ethyl acetate/hexane 40%): 08 NMR
(400 MHz, CDCL) & ppm 7.18 (d,J = 3.44 Hz, 1H), 6.77 (d] = 8.01 Hz, 2H), 6.56-
6.44 (m, 1H), 6.27-6.09 (m, 1H), 5.97-5.86 (m, 15182 (bs, 1H), 5.59-5.45 (m, 1H),
5.32-5.20 (m, 1H), 4.56 (bs, 2H), 4.38-4.26 (m, ,14425-4.13 (m, 2H), 3.82 (s, 3H),
3.38-3.20 (m, 1H), 2.87-2.75 (m, 1H), 2.73-2.57 @Hh), 2.54-2.38 (m, 1H), 2.34-
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2.21 (m, 1H), 2.14-2.02 (m, 1H), 1.40-1.33 (m, 3BIB8 (t,J = 6.77 Hz, 3H);**C
NMR (101 MHz, CDCl3) & ppm 171.9, 169.7, 166.3, 157.0, 157.0, 145.6, 139.2,
136.7, 134.2, 131.5, 128.9, 128.3, 128.1, 126.5,6,2118.6, 118.6, 117.7, 114.0,
108.8, 75.3, 64.5, 60.8, 55.4, 54.8, 54.5, 49.59,440.0, 37.0, 33.8, 31.9, 29.7, 29.6,
29.3, 28.5,22.7, 14.2, 14.1; LRMS: (ES+) m/z = 4881).

H
OMe COZEt g 4p

9.1b: Molecular Formula: Hs3NOg; R (ethyl acetate/hexane 40%): 0’8t NMR
(400 MHz, CDCk) 6 ppm 7.18 (d,J = 3.61 Hz, 1H), 6.80-6.73 (m, 2H), 6.45 (b5
1.20 Hz, 1H), 6.19-6.09 (m, 1H), 5.95-5.81 (m, 26{§8-5.44 (m, 1H), 5.25-5.12 (m,
1H), 4.56 (s, 2H), 4.27-4.17 (m, 2H), 3.82 {d= 3.55 Hz, 3H), 3.40-3.25 (m, 1H),
2.89-2.74 (m, 1H), 2.72-2.46 (m, 2H), 2.33-2.21 (Hi), 2.18-2.06 (m, 1H), 1.99-
1.83 (m, 2H), 0.95 (dJ = 6.80 Hz, 3H), 0.91-0.81 (m, 6HYC NMR (101 MHz,
CDCl3) 6 ppm 171.1, 171.0, 169.7, 166.3, 157.0, 157.0, 155.9,313136.7, 131.5,
128.9, 128.3, 128.2, 127.0, 125.6, 118.6, 114.8,8,075.8, 64.7, 61.0, 60.9, 58.9,
58.7, 55.4, 54.7, 45.0, 40.0, 39.9, 37.4, 37.18,331.9, 31.4, 31.2, 30.2, 29.7, 29.7,

29.6, 29.4, 29.2, 28.9, 28.5, 22.7, 19.2, 19.01,187.3, 17.0, 14.2, 14.1; LRMS:
(ES+) m/z = 516 (M+1).

153



Chapter 3: Synthesis of Treprostinil Inspired Hgh@iompounds

9.1c: Molecular Formula: @H33NOg; R (ethyl acetate/hexane 40%): 0.26; NMR
(400 MHz, CDCk) & ppm 7.36-7.08 (m, 6H), 6.78 (dd,= 7.65, 2.76 Hz, 2H), 6.60-
6.40 (m, 1H), 6.26-6.05 (m, 2H), 5.94-5.74 (m, 16{55-5.42 (m, 1H), 5.20-5.00 (m,
1H), 4.52 (s, 2H), 4.32-4.09 (m, 2H), 3.82 (s, 38B1}10-3.24 (m, 1H), 3.12-3.03 (m,
1H), 3.01-2.72 (m, 2H), 2.70-2.41 (m, 2H), 2.322(In, 1H), 2.09-1.83 (m, 2H),
0.88 (t,J= 6.82 Hz, 3H).

3.6.3. synthesis of 9.2:

Acryloyl chloride,
l"OH lllo
TEA, DCM, 1 h, 85%
H Co,Et H Co,Et

12.2
(1S,2R,3aR,4R,9aR)-ethyI 2-(acryloyloxy)-4-((tert-btyldimethylsilyl)oxy) -8-

methoxy-2,3,3a,4,9,9a- hexahydro-1H-cyclopenta[b]phthalene -1-carboxylate

I||o
uIm
lllo
u:l:Uj

"
"

(12.2): The alcoholic compound.5 (1 mmol) was taken in DCM, allowed tfO and
added triethyl amine (2 mmol) followed by acrylaghloride (1.5 mmol) at same
temperature. After addition the reaction was alldovie room temperature for 1 h.
after completion of the reaction added aqueous Nad&olution and extracted with
DCM, evaporated under redused pressure. the residaepurified by flash column
chromatography to obtain pure prod@2t2 as white color solid. Molecular Formula:
CasH3506Si; R (ethyl acetate/hexane 10%): 0'# NMR (400 MHz, CDCls) & ppm
7.21 (t,J=7.97 Hz, 1H), 7.13 (dJ = 7.90 Hz, 1H), 6.75 (d) = 7.93 Hz, 1H), 6.42
(dd,J=17.33, 1.41 Hz, 1H), 6.13 (dd= 17.33, 10.41 Hz, 1H), 5.84 (dd= 10.43,
1.42 Hz, 1H), 5.55 (ddl = 6.46, 4.70 Hz, 1H), 4.63 (d,= 9.36 Hz, 1H), 4.23 (q] =
7.11 Hz, 2H), 3.81 (s, 3H), 3.21 (ddi= 17.05, 5.26 Hz, 1H), 2.73 (dd,= 10.56,
4.56 Hz, 1H), 2.44 (dd] = 16.98, 11.38 Hz, 1H), 2.29-2.20 (m, 1H), 2.17-2(0
1H), 2.09-1.89 (m, 2H), 1.31 @,= 7.13 Hz, 3H), 0.97 (s, 9H), 0.23 (s, 3H), 0.14 (s,
3H); 3C NMR (101 MHz, CDCls) & ppm 173.3, 165.6, 156.7, 141.5, 130.9, 128.4,
126.5, 124.8, 119.1, 108.2, 77.5, 75.6, 60.9, 55593, 48.1, 43.7, 38.3, 29.1, 26.0,
18.2, 14.3, -3.3, -3.9; LRMS: (ES+) m/z = 475 (M+1)
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| L !
OTBS o 1. 3N HCI, THF, 0 H

i H /  0°tort 1h

wnQ 2. Alloc AA, EDC, DMAP,

H DCM, 0°Ctort, 2 h,

OMe COEt 68-72% H okt
12.2

Experimental procedure same as previous.

;:\"/

IIIIO

g’j:

OMe H CO,Et 12.1a

(1S,2S,3aR,4R,9aR)-ethyl2-(acryloyloxy)-4-(((S)-Ztallyloxy)carbonyl)  amino)
propanoyl)oxy)-8-methoxy-2,3,3a,4,9,9a-hexahydro-1H
cyclopenta[b]naphthalene-1-carboxylate (12.1a)Molecular Formula: gH33NOy;

R (ethyl acetate/hexane 20%): 0'8t NMR (400 MHz, CDCls) & ppm 7.21 (t,J =
7.97 Hz, 1H), 6.80-6.71 (m, 2H), 6.43 (di= 17.33, 1.40 Hz, 1H), 6.19-6.09 (m,
1H), 6.06 (dJ = 9.63 Hz, 1H), 6.01-5.88 (m, 1H), 5.86 (dds 10.44, 1.28 Hz, 1H),
5.58-5.50 (m, 1H), 5.40-5.19 (m, 3H), 4.61Jt 5.25 Hz, 2H), 4.49-4.43 (m, 1H),
4.24 (g,J = 7.15 Hz, 2H), 3.85 (s, 3H), 3.26 (d#l= 17.04, 4.84 Hz, 1H), 2.80-2.72
(m, 1H), 2.47 (dd) = 17.05, 11.35 Hz, 1H), 2.30-2.20 (m, 1H), 2.18-2(68 3H),
1.54-1.48 (m, 3H), 1.31 (f = 7.13 Hz, 3H);**C NMR (101 MHz, CDCls) & ppm
173.1, 172.7,, 165.5, 157.0, 136.0, 135.9, 1313111 128.3, 128.2, 127.0, 125.7,
118.5, 117.8, 109.0, 108.9, 74.8, 67.9, 61.0, 61.6, 55.4, 48.5, 45.6, 45.5, 43.5,
43.4,37.1,36.9, 29.7, 28.8, 25.6, 18.7, 14.2; IRKES+) m/z = 516 (M+1).

H
)”/:, N\n/O\/\
OJ;O °
Z H /

O o,
Q0

12.1b
H Co,Et

OMe

(1S,2S,3aR,4R,9aR)-ethyl 2-(acryloyloxy) -4-(((SH&(allyloxy)carbonyl) amino)-
3-methylbutanoyl)oxy) -8-methoxy-2,3,3a,4,9,9a- hakydro -1H- cyclopenta [b]
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naphthalene-1- carboxylate (12.1b);Molecular Formula: H3/NOo; R; (ethyl
acetate/hexane 20%): 023§ NMR (400 MHz, CDCl3) & ppm 7.20 (g,J = 7.82 Hz,
1H), 6.84-6.70 (m, 2H), 6.41 (ddd,= 17.33, 4.18, 1.35 Hz, 1H), 6.12 (dddz=
17.31, 10.42, 2.74 Hz, 1H), 6.05 (dds 9.68, 3.66 Hz, 1H), 5.97-5.89 (m, 1H), 5.85-
5.82 (m, 1H), 5.55-5.51 (m, 1H), 5.35-5.21 (m, 3#F4-4.56 (m, 2H), 4.41-4.36 (m,
1H), 4.22 (gJ = 7.14 Hz, 2H), 3.83 (s, 3H), 3.24 (dilz 16.92, 4.64 Hz, 1H), 2.73
(dd,J = 10.65, 4.83 Hz, 1H), 2.44 (dd,= 16.85, 11.41 Hz, 1H), 2.31-2.18 (m, 2H),
2.16-2.02 (m, 3H), 1.29 (§ = 7.13 Hz, 3H), 1.04 () = 7.09 Hz, 3H), 0.96 (dd] =
16.11, 6.87 Hz, 3H)-*C NMR (101 MHz, CDCl3) 8 ppm 172.7, 165.5, 157.0, 156.9,
136.0, 131.1, 128.3, 128.2, 127.0, 117.9, 117.9.0,QL08.9, 65.9, 61.0, 61.0, 59.2,
57.5, 55.4, 45.8, 45.5, 43.5, 43.5, 37.3, 37.20,329.7, 28.7, 22.7, 19.4, 19.2, 17.3,
17.1, 14.2; LRMS: (ES+) m/z = 544 (M+1).

H
BN, N\n/o\/\
O/I/io °

z QS //
-IIIO

12.1¢c

nzT

i

H
OMe CO,Et

(1S,2S,3aR,4R,9aR)-ethyl  2-(acryloyloxy) -4-(((S)2 (((allyloxy)carbonyl)
amino)-3-phenylpropanoyl)oxy)-8-methoxy-2,3,3a,4,9a-hexahydro-1H-
cyclopenta [b] naphthalene -1-carboxylate (12.1c); Molecular Formula:
CasHa/NOg; R; (ethyl acetate/hexane 20%): 0.3%5 NMR (400 MHz, CDCls)

o ppm 7.36-7.22 (m, 5H), 7.18-7.08 (m, 1H), 6.81-6.75 (tH), 6.48-6.42 (m, 2H),
6.19-6.11 (m, 1H), 6.01 (d,= 9.49 Hz, 1H), 5.94-5.78 (m, 2H), 5.57-5.49 (m, 1H),
5.33-5.18 (m, 3H), 4.82-4.70 (m, 1H), 4.57 (dd; 16.47, 5.57 Hz, 2H), 4.24 (4,=
7.14 Hz, 2H), 3.84 (s, 3H), 3.29-3.19 (m, 2H), 331@8 (m, 1H), 2.74 (ddl = 10.29,
4.69 Hz, 1H), 2.47-2.40 (m, 1H), 2.25-1.86 (m, 5HB2 (t,J = 7.15 Hz, 3H);"*C
NMR (101 MHz, CDCl3) & ppm 172.8, 165.5, 165.4, 156.9, 135.8, 131.1, 131.1,
129.4, 128.7, 128.3, 128.3, 127.2, 127.0, 125.7,9,1108.9, 65.9, 61.0, 57.6, 57.5,
55.4, 45.7, 45.5, 43.5, 37.2, 29.7, 28.7, 14.2; IRKES+) m/z = 592 (M+1).
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H

R, _N O\/\
T 7 °

/l/i Y /I/i 0
) 74 1.G1l(1omoi%), DeM, 07,0 "

i H o  Refux,4h d

nQ
@CE? 2. H,, 10% Pd-C, EtOAC,
65-70%, for 2 steps
H okt > H COzEt

OMe
121

Experimental procedure same as previous.

Onte H CO,Et 9.2a

9.2a: Molecular Formula: &H.gNOg; R; (ethyl acetate/hexane 40%): 0’8t NMR
(400 MHz, CDCk) 6 ppm 7.23-7.15 (m, 1H), 6.98-6.86 (m, 1H), 6.82-6.64 gH),
6.08-5.92 (m, 2H), 5.55-5.43 (m, 1H), 4.84-4.66 (thi), 4.64-4.53 (m, 1H), 4.49-
4.33 (m, 1H), 4.21 (d) = 7.13 Hz, 2H), 3.82 (s, 3H), 3.30-3.15 (m, 1H), 22765
(m, 1H), 2.52-2.24 (m, 2H), 2.15-1.98 (m, 3H), 1(81J = 11.64 Hz, 3H), 0.88 (1
= 5.36 Hz, 3H)

'ﬂvl

9.2b

ome O COzEt

9.2b: Molecular Formula: 6Hs3NOg; R (ethyl acetate/hexane 40%): 0’8t NMR
(400 MHz, CDCk) 6 ppm 7.24-7.11 (m, 1H), 6.99-6.86 (m, 1H), 6.77 Jds 8.21
Hz, 2H), 6.10-5.90 (m, 2H), 5.58-5.39 (m, 1H), 4449 (m, 1H), 4.42-4.27 (m, 1H),
4.21 (d,J = 7.10 Hz, 2H), 3.82 (s, 3H), 3.32-3.16 (m, 1H), 22883 (m, 1H), 2.57-
2.14 (m, 4H), 2.04 (s, 3H), 1.13-0.95 (m, 6H), 0(B3 = 6.80 Hz, 3H)
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9.2c¢: Molecular Formula: GHssNOg; R; (ethyl acetate/hexane 40%): 0.26; NMR
(400 MHz, CDCL) 6 ppm 7.43-7.12 (m, 7H), 6.80-6.69 (m, 1H), 6.53-6.36 (H),
6.06-5.92 (m, 1H), 5.89-5.66 (m, 1H), 5.61-5.37 (thl), 5.35-5.07 (m, 1H), 4.80-
4.42 (m, 3H), 4.29-4.15 (m, 2H), 3.81 (s, 3H), 3283 (m, 3H), 2.86-2.60 (m, 1H),
2.48-2.30 (m, 1H), 2.22-1.89 (m, 5H), 0.88])(t 6.74 Hz, 3H)
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CPRI @ DRILS
HPLC ANALYSIS REPORT

Inj Date : Thu, 24. Jul. 2014 Acq Operator: SHASHIDHAR
Sample Name : ILS-VASU-3-131 Vial 33

A R Number ¢ CM14G027 ->Inj. Vol. + 10pL

Acg. Method : D:\chem32\1\DATA\240714-API 2014-07-24 18-25-43\API -»
Analysis Method : D:\CHEM32_002\1\METHODS\ARI SIM P2001.M

Method Info : Column : X-Terra C-18 250%4 . 6mm, Spm

Mobile phase: A) 0.1% TFA in Water , B) ACN (gradient )
T/B%:o/zo,3/20,12/95,23/95,25/20,30/20
Flow:1.0 ml/min, Diluent: ACN:Water(80:20)

*Maximum Chromatogram of D:\CHEM32\I\DATAZ40714-APT 2014.-0754 18-25-43\240714-03.0, Signalld A
mAU 4
o
2
500
400 +
300
200
100
1 fh\ % 3 =]
b I B8
J A R 0w
0 T T —
W T T T T T T T T T
L 0 5 10 15 20 mi

Signal 1: DAD1 A, Sig=210,5 Ref=off

|Peak] RT |  Area | aArea % |
[ # | [min] | | |
R R s |--mnee- |
i 1] 14.876| 5.189| 0.324|
| 2] 1s5.127] 2.918| 0.182]
| 3]  15.186| 1.728] 0.108|
| 4| 15.398| 1585.648{ 9$9.084]
| 5] 15.870] 3.494|  0.218]
I 6] 16.540] 1.328] 0.083]

Analysed by :N/ ,,}{x Checked by :
N \;\7/;\‘%

strument 1 Fri, 25. Jul. 2014 09:26:12 am Page 1 of 1
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Inj Date

Sample Name

4 R Number

Acg. Method
Analysis Method
Method Info

CPRI @ DRILS
HPLC ANALYSIS REPORT

Thu, 24. Jul. 2014
ILS-VASU-4-21/T
CA14G029 ->Inj. Vol.

Acq Operator: SHASHIDHAR

Vvial 35
10uL

D:\chem32\1\DATA\240714-API 2014-07-24 18-25-43\API ->

Column X-Terra C-18 250%4,6mm, 5um

: D:\CHEM32_002\1\METHODS\API SIM P2001.M

Mobile phase: A} 0.1% TFA in Water , B) ACN {gradient )
T/B%:0/20,3/20,12/95,23/95,25/20,30/20
Flow:1.0 ml/min, Diluent: ACN:Water(80:20)

[ "DAD1 A, Sig=210,5 Ref=off (240714-API 2014-07-24 16-25-43\240714-05.D - 240714-AP| 2014-07-24 18-95-43)
mAU - 2
1 C
175
150
125 -]
100
75
50
25? e s
] - b @
0o gy — —
I 1 T R — T
[ 0 5 10 15 20 min
Signal 1: DAD1 A, S$ig=210,5 Ref=off
|peak| RT Area | Area % |
| # | (nin) | |
R B L f--mmmnes |
| 1] 13.816]| 1.198] 0.113]
| 2] 14.817] 10.823| 1.023|
| 3] 15.175| 1042.034| 98.458|
[ 4] 15.707] 4,299 0.406 |
Analysed by Checked by :
9,
1strument 1 Fri, 25, Jul. 2014 09:29:53 am Page 1 of 1
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CPRI @ DRILS
HPLC ANALYSIS REPORT

: Thu, 24. Jul. 2014

Inj Date Acq Operator: SHASHIDHAR
Sample Name ILS-VASU-4-21/L Vial 34
A R Number + CM14G028 ->Inj. Vol. 10uL

Acg. Method

Analysis Method : D:\CHEM32_002\1\METHODS\API SIM P2001.M

Method Info

Column X-Terra C-18 250%4 . 6mm, Sum

Mobile phase: A) 0.1% TFA in Water + B) ACN (gradient )

T/E%:0/20,3/20,12/95,23/95,25/20,30/20
Flow:1.0 ml/min, Diluent: ACN:Water(80:20)

: D:\chem32\1\DATA\240714-APT 2014-07-24 18-25-43\API -»

“Maximum Chromatogram of DACHEM32\T\DATAZA07 14-APT 201 4-07-24 18-25-43\240714-04.D, Signalld A
mAU &
- =1
o
500 |
400+
300
200
100
4 A 5 é
i o =
0- B — :L_‘ — e {
| A e e  E— T
0 5 10 15_ - 20 min
Signal 1: DAD1 a, $ig=210,5 Ref=off
|Peak| RT | Area | Area % |
[ # | [min] | | I
R Rt |-me e |--mmeoee
| 1] 12.624] 2.084| 0.118]
[ 2] 14.831] 4¢.532[  0.257]
| 3] 15.095| 1759.786| 99.625|
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