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SUMMARY

On World Malaria Day April 2010, impetus has been towards reducing Malaria burden in
2010 to half as compared to the year 2000 levels and to achieve eradication of malaria by
2015 through progressive elimination methods®. These methods rely heavily upon effective
and efficient diagnosis of the parasite making it a crucial step towards early identification,
control and subsequent elimination of the disease. The gold standard for malaria diagnosis
still continues to be optical microscopy, although it has severe limitations due to its ease of
availability, labor intensive process and need for highly skilled technicians. The emergence
of chloroquine resistant strains in 1957and the further discovery of multi-drug resistant strains
(MDRSs) and recent Artemisinin resistant strains® in 2009 along the Thai-Cambodian border,
has been a cause of grave concern. The current diagnostic techniques do not address the
above need for differentiating sensitive vs resistant strains of the parasite, which would be an
important factor in determining the clinical administration of the effective drug. My current
thesis involving ““Synthesis of fluorescent anti-malarial drug probes and evaluation within
plasmodium falciparum” addresses the above requirement for a robust, fast, sensitive, &
portable diagnostic technique for determination of drug resistant Plasmodium falciparum
strains within patient blood samples. The probes designed would help in reliable data
collection and administration of the appropriate drug dosage. The thesis discusses the drug
design rationale, synthesis and results of the application of the probes in (1) malaria diagnosis
(in collaboration with Dr. Kevin Tan), (2) cancer studies (in collaboration with National
Cancer Institute, USA) and (3) bio-imaging studies on macrophages (studies done by myself
in collaboration with Dr. Kevin Tan). The probes are mainly designed on chloroquine and
artemisinin analogues, which are the preliminary drugs administered for the treatment of
malaria. The probes tested on Plasmodium falciparum & mammalian cell lines established
their lysosomotropic nature thus providing potential insight into the pathway within the
parasite and macrophages. The future lies in utilizing the concept of drug probes or

“Medicinal Probes” towards evaluation and bio-imaging studies on various diseases.
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INTRODUCTION

A deadly mosquito borne disease, “Malaria” was the cause of 7% of global deaths in
children in 2008. According to WHO estimates last year malaria accounted for 250
million cases which lead to 850,000 deaths worldwide in the developing countries,
especially Africa. Global Malaria commitment and funding has increased 10-fold to
about US$1.8 billion accounting for external funding sources and other donors like
GFATM (The Global Fund to Fight Aids, Tuberculosis and Malaria), UNITAID, US-
PMI. On World Malaria Day April 2010, impetus has been towards reducing Malaria
burden in 2010 to half compared to 2000 levels and to achieve eradication of malaria

by 2015 through progressive elimination methods as described in Fig. 1

Control = ‘ .
Scaling-up for Impact (SUFI) S revention of
of preventive and therapeutic Pre-elimination Elimination :

B e HonE reintroduction

Sustaining control (SC) to
prevent the of
malaria

Eradication

“

Regional / national level Global level

Fig.1 - WHO Roll back Malaria goals®

The intervention methods coupled with better diagnostic techniques have shown
success in the past 6 years (2000-06) by reduction in malaria burden by 50%°. The
challenges for achieving WHOs goal of control, elimination and subsequent
eradication of malaria lies in making improvements in the following tools®:

a) SERCaP (Single Encounter radical cure and prophylaxis).

b) VIMT (Vaccines that interrupt malaria transmission).

c) Vector Control techniques.

d) Improved diagnostics and surveillance.
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a) SERCaP — The objective of SERCaP type of drug would be to provide radical cure
and prophylaxis for a period of at least 1month outlasting the typical development
period of P.falciparum parasites. Chloroquine and derivatives, quinine and
artemisinin were the first line of defence against malaria due to their clinical
effectiveness and low-cost. Fig 2 highlights the year of introduction of anti-malarial
drugs administration and the subsequent clinical observations of emergence of
resistant strain® denoted by the suffix “R” after every drug., e.g. — “CQ-
Chloroquine™ was introduced as the drug of choice for administration to malaria
patients in 1945 and subsequently in the year 1955-1960 “CQR - Chloroquine
resistance” due to emergence of chloroquine resistant strains of parasites was

observed. (Abbreviations of other drugs are enclosed in List of Abbreviations I1V-V)

ca PGR PyiR aRr Art Maf MefR Ato Ato-PGR
HalR AtoR
T T T T T T T T T T T T T 1
1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
CaRrR
(S.E. Asia_ S. America) Pyr—SDX LD
PG Pyr Pyr—SDXR COR (E. Africa) Hal Art—comb Ato—PG LDR

Fig.2 — Anti-Malarial drug introduction and emergence of resistance*

Fig. 3 highlights the mode of action of various anti-malarial drugs within the parasitic
cellular components®. It is interesting to note that respite the varied mode of action of
the above mentioned drugs, the parasite was still successful to genetically modify its
cellular components to give rise to the drug specific or even multi-drug resistant
strain. The emergences of multiple drug resistant strains (MDRSs) have been
attributed to the single dose therapies or improper dosages. These have led to

recrudescence i.e. generation of mutant plasmodium strain®.
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Fig.3 — Intra-erythrocytic P.falciparum trophozoite and anti-malarial drug targets’

The amino acid mutations in the cell components of the P.falciparum parasites from

the field have been characterized and summarized below (Table 1)*.

Sulfadoxine

NH> c

Pyrimethamine
H H H

N._N.__N
AT T

3

Chlorproguanil

Principal amino acid
associated with resistance
levels in the field

Gene encoding
target
Dihydropteroate

synthase

(dhps) S436A/F, A437G, K540E.

Dihydrofolate
Reductase

(dhfr) N51lI, C59R, S108N.

Dihydrofolate
reductase

(dhfr) A16V, S108T, C59R.
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Mefloquine Quinine

o
o

8

Mefloquine Quinine

OH O OH. O O I
oH HOL N
CLL I oo
> NH
H H o OH
CHs OH N OH O OH O O
9 10

Doxycycline Tetracycline

o
12 13
Artemisinin Artemether

chloroquine
resistance (crt)
transporter,
multi-drug
resistancel
(mdrl)

multi-drug
resistancel
(mdrl)

multi-drug
resistancel
(mdrl)

mt protein

synthesis

Cytochrome b

ATPase, mdrl

C72S, M741, N86Y, Y184F.

Copy number > 1; wild-type
N86

Copy number > 1; wild-type
N86

Not yet characterized

Y268S/N

Clinical resistance recently

observed in 2009 but the
mutation cannot be
confirmed.
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Table 1: Genetic changes in P.falciparum associated with resistance to current drugs.

Reports from 1995-2010 extensively highlight research contributions into new drug

6-11

development™", typically by utilizing active components from medicinal plants and

marine natural products, which have been recommended as replacements for existing
anti-malarial therapeutics. The molecules cover wide range of structures like alkaloids
(16), peptides (17), flavonoids (18), limonoids (19), quinones (20), terpenes (21),

trioxolanes (22), poly-ether type SF2487 (23)°™.

OH OCH,

OO ™M o OH
N e
H O H HOO O °| OH
O NH >N N/\i‘\m '\Ql/L(N N HO
OH ' o ! s OH O
16 18

OMeO OMe O
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o
O
o “OCOCH
8 OH O
19 20
IC57=15nM IC50 =270 nM IC50 =20 nM

0O,
o -
HN
@ -
22
ICso = 0.67 NM ICso=0.1 NM

Fig. 4 — Structures of anti-malarial drugs derived from natural or marine sources.
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Since malaria remains confined to developing or third-world nations, cost
effectiveness, ready availability and clinical suitability of the above highly efficacious
anti-malarial agents are the most important factors for successful implementation.

Thus WHO has recommended use of artemisinin combination therapy (ACT) to

contain the emergence of resistant strain.

Y
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HO™ Artequu@ \“/\)L

O

g
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e
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Malarone\
® ‘

Atovi n
Proguanll tovaguone

o

Fig. 5 — Artemisinin combination therapy (ACT).
Fig. 5 above shows combination therapies of artesunate with various anti-malarial
drugs (as depicted by arrows) recommended by WHO.
Artemisinin multiple mode of action was expected to discourage the emergence of
artemisinin resistant strains. Unfortunately, the discovery of existence of artemisinin
resistant strains in 2009 and 2010 along the Thai-Cambodian border has been a cause

of grave concern, as the cause for resistance has not been elucidated**’.

Page 6 of 219



b) VIMT (Vaccines that interrupt malaria transmission) — The existing vaccines in

clinical development have the objective of reducing morbidity and mortality in young
children in highly endemic countries. However future vaccines are expected to
function as VIMT’s with the ultimate of purpose of complete eradication. Vaccine
development™®? has taken a great leap with certain vaccines already reaching Phase
I11 trials of testing. These vaccines are expected to create an immunological response
to two specific parasite surface proteins namely MSP-1 (merozoite surface protein)
and CSP (circumsporozoite protein). The vaccine RTS/S (from GlaxoSmith Kline
based on CSP) has shown 65% efficacy and has currently progressed to Phase IlI
clinical trials. First yet unsurpassed success in inducing complete and permanent
protective immunity responses against malaria was achieved with irradiated
sporozoites in human studies. However mass production of these sporozoites still

remains a challenge. Other vaccination techniques are summarized below (Table 2).

c) Vector Control techniques — These techniques rely upon interventions like indoor

residual insecticide spraying and insecticide treated bed-nets to reduce vector daily
survival rates. The challenge lies in developing broader ranges of insecticides that can
circumvent emerging resistance to existing insecticides. The other challenge lies in

the development of interventions for vectors that do not lie or feed indoors®,

d) Improved diagnostics and surveillance — Current methods for measuring

transmission are time consuming, expensive and have low sensitivity for use in
conditions of low and non-uniform infection. The main challenge for achieving
eradication lies in creating a robust, sensitive and specific standardized method for the

assessment of transmission intensity in the intervening period of low and non-random
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levels of transmission®. The diagnostic methods are effective, but do not provide fast

diagnosis and have to rely upon highly skilled technicians. The current gold standard

Plasmodium life cycle stage Targets Vaccine Clinical Phase
Sporozoite invasion T THEsT]
F ’ e ! ;m'rsn a]m RIS S Phase Il
Phase Il
e | ey A-domaInTSR cTo a8
AMA-1 IR ] Phase |

Anti-parasite:
Inhibitory antibodies reduce incculation dose

Merozoite invasion

MSP1 FIMPI _pez| || Phase IIb
&= MSPa Phase |
AMA-1 TN Phase |
Anti-parasite;

Inhibitory antibodies prevent high parasitemia

Cytoadhesion
: var2CsA [[H B ETEEET Research
DBL
@ PIEMP1s Preclinical
DEL CIDA ATE

Anti-disease:
Inhibitory antibodies block sequestration

Liver stage maturation

GAP <=  Research

IFNy

Anti-parasite:
IFMNy-secreling T-cells destroy infected hepatooytes

Qckinete penetration

Pfs25 L HEH]
% EGF Research
I Pfs2s L 00
EGF

Altruistic vaccine:
Inhibitcry antibodies raduce transmission rate

Table 2: Vaccination techniques and parasite targets
for malaria diagnosis has been optical microscopy, but this has limitations due to its
ease of availability, labor intensive process and need for a highly skilled technician.
The WHO (World Health Organization) along with FIND (Foundation for Innovative
New Diagnostics) have started evaluations of rapid diagnostic tests (RDTs) since

2008 in order to provide for fast, accurate, sensitive and affordable tools for the
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instant evaluation of blood samples in the field. In 2010 from the 29 diagnostic tests

submitted for analysis 15 have met the minimum performance criteria as per WHO

guidelines based on RDTs??%. The RDTSs are based on the detection of plasmodium

specific antigens in the whole blood specimens. These are available in dipstick,

cassette or card format and contain bound antibodies to specific antigens such as

histidine-rich proteins-2 (HRP2) (specific to P.falciparum), pan specific or species

specific plasmodium lactate dehydrogenase (pLDH) or aldolase (specific to all major

plasmodium species : P.falciparum, P.vivax, P.ovale, P.malariae)". These RDTs are

sensitive towards test environment and conditions. The existing diagnostic tests for

malaria along with my proposed method have been summarized in the Table 3%,

Factors

Cost

Time for
results
Skill level
Sensitivity
Resources

MDRSs ID
Portability

In vivo
response

High
Days

High
++
Human
subjects

Yes
NA

++ - low sensitivity

+++ - high sensitivity

Methods for Malaria and Drug Resistance Diagnosis

In vitro
microscopy

Low
48 hrs

High
++
Microscope

No
No

In vitro
radioactive
hypo-xanthine

High
48 hrs

High

+++
Scintillation
counter

Yes
No

Polymerase
chain
reaction
PCR

High
12 hrs

Moderate
+++

PCR
machine

Yes
No

Rapid
diagnostic
tests
(RDTs)

Low
0.5 hrs

Moderate
++
Visual
based
technique
No

Yes

Fluorescent
anti-
malarial
probes®

Low
4 hrs

Moderate
+++

Flow
Cytometer

YES
YES

Table 3: Comparison of methods for malaria and drug resistance diagnosis.
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HYPOTHESIS & OBJECTIVES -

This thesis covers the design, synthesis and biological applications of fluorescent anti-
malarial probes®*?*% by addressing the key requirements for robust, sensitive, fast
and portable diagnostic. The idea of using fluorescent drug probe has not gained
popularity due to change in the final pharmacophore thus influencing the binding
property of the final molecular structure?. Chloroquine is very well known for its
lysosomotropic (accumulation in the food vacuole of the parasite) and heme-binding
pathway of action within the chloroquine sensitive parasite. However these features
have never been exploited towards diagnosis for identifying resistant strain®.
Artemisinin and its derivatives have a wide range of mode of action within the
parasite. There are still ongoing debates on the modes of action of artemisinin and its
bio-activation pathways within the plasmodium parasite. Meshnick’s heme-iron

triggered bio-activation of trioxanes to form reactive oxygen species®’, Posner and

2
|28 I 9

Jefford’s reductive scission model~, Haynes and co-workers open peroxide mode
and iron vs heme dependant bio-activation®, inside parasite cells all suggests that
there is not a single pathway for the activation of artemisinin. The binding site of
artemisinin is not clearly understood and is proposed to inhibit the sarcoplasmic
reticulum Ca** - transporting ATPases (SERCAs) specifically within the parasites
(PFATP6)*®, Artemisinin has also been found to have increasing importance for
their application as anti-cancer drug that act upon drug and radiation resistant tumour
cell lines. The mode of action is again proposed to be endo-peroxide mediated with
the end result of decreased proliferation, increased oxidative stress, induction of
apoptosis and inhibition of angiogenesis thus leading to cytotoxicity in tumour

cells?”**. Clearly with the recent discovery of artemisinin sensitive strains it would be

increasingly important to understand the mode of action of artemisinin within the
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resistant parasites. Thus, chloroquine and artemisinin (mainly Artesunate, Artelinic
acid and Deoxocarbaartemisinin) analogue based probes were synthesized for

diagnostic and bio-imaging application as shown in Fig. 6

O~ "OH
4 15 24 25
Chloroquine a—Artesunate -Deoxocarba- B-Artelinic
diphosphate artemisinin acid

Fig.6 Molecular structures of parent drug molecules.
The model for design and synthesis of fluorescent anti-malarial probe can be

described as below.

<«—» Linker «—— Fluorescent Dye
Fig.7 Diagrammatic representation of fluorescent drug probes.
My method of utilizing fluorescent anti-malarial probe for diagnosis provides the
health worker on the field with a portable tool for malaria detection and identification
of multi-drug resistant strains (MDRSs). This would help in reliable data collection
and administration of the appropriate drug regime based on the type of drug resistance
identified in the parasite. It would also provide personal healthcare, reduce the burden
of drug inventory in hospitals and control the further spread of MDRSs, thus modestly

contributing towards WHOs elimination of Malaria goal of 2015.
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RESULTS AND DISCUSSIONS
3.1 Proposed Synthetic route —

3.1.1 Synthesis of probes 36a, 36b and 42°*°"

The synthesis of probes (36a, 36b and 42) is divided into synthesis of the chloroquine
precursor (28a, 28b) and the coumarin precursor (35, 41). Nucleophilic substitution
on 4,7-dichloroquinoline (26) using 1,2-diaminoethane and 1,4-diamino butane gave
analogues (27a) and (27b) respectively. Due to the quinoline structure it is easy to
replace the labile chlorine atom at 4-position compared to the one at the 7-position.
Further addition reactions using bromo ethane gave the chloroquine precursor (28a
and 28b) and diethyl (29a and 29b) precursor of chloroquine. Direct addition of
bromoethane led to diethyl chloroquine analogues in reasonable yields. Hence slow
addition and dilution of bromoethane in anhydrous DMF is an important step to
increase the yields of formation of the desired chloroquine precursor versus the
diethyl analogues. An alternative technique for synthesis of chloroquine precursor
(28a and 28b) was defined and scale up synthesis up to 1gm with almost 90% yields
was achieved. Mono-boc analogue of 1,2-diaminoethane was synthesized by slow
addition and dilution (in anhydrous CH,Cl,) of boc-anhydride into excess of diamine
(also diluted in anhydrous CH,Cl,). Activation of the carboxylic group in bromoacetic
acid using reagents 2-(1H-7-Azabenzotriazol-1-yl)--1,1,3,3-tetramethyl uronium
hexafluorophosphate methanaminium (HATU)) + 1-Hydroxy-7-Azabenzo- triazole
(HOAL) in presence of base diisopropylethylamine (DIPEA) and coupling to mono
boc protected 1,2-ethanediamine gave the acetamido analogue (33). HATU + HOAt
reagents for activation of carboxylic group were preferred over DCC + HOBL or other
similar reagents, due to high yields and ease of work-up. The linker (33) is further

deprotected using trifluoroacetic acid in anhydrous CH,Cl, to give the trifluoroacetic
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salt of the amine, which upon neutralization with excess DIPEA is again coupled with

coumarin-4-acetic acid (34) using HATU + HOAL reagents to give the coumarin

precursor (35). This bromo acetamido coumarin precursor (35) is purified by column

chromatography and used immediately without storage due to its inherent instability.

Finally nucleophilic substitution of the labile bromine atom by the amine group (28a,

28b) in the presence of dry potassium carbonate and anhydrous acetonitrile (ACN)

yielded the probes 36a, 36b and 42.

~Br

al HNAy NHz NSy NH2 ANy N~ TSRS NS
m Inert Atmosphere= X ar?hsyzt(:l:gRI’IF _ A A
cl N? 110°C, 6éhrs cl N 25°C, 24 hrs el N” cl N7
26 27a, n=1, 86% 28a, n=1, 34% 29a, n=1, 17%

27b, n=2, 80%

28b, n=2, 18%

(e}

29b, n=2, 23%

HOJ\/Br
HATU, HOAt H
Boc-Anhydride DIPEA N
Hy N/\/NHZ 3 (Boc)HN/\/NH(Boc)+ H2N/\/NH(Boc) ;(Boc)HN/\’ \n/\Br
30 0°C -RT, 31 32 -10°C - RT, a3 O
CH,Cl, 90% CHCl, 82%
|
o 1)TFA,33 \ o NS
H H
OH 2) HATU HOAt /\/N\n/\Br 28a or 28b HNNN\)J\N/\/N
o K2C°3 " H o) l o]
X
o NOCRT, CHiCly oW o N"  3ean=1,65% O
2) “10°C-RT, CH,Cl, RT, 12hrs 36b, n=2, 70%
60%
OH N
o RN HNOH HN Ay OMs o HNES N~
m Inert Atmosphere DN MsCI m Ethylamine in THF N
130°C cl N/ Pyridine cl N/ THF:MeOH cl N/
(o
12-14 hrs 76a, n=1,90% 0°C - RT 77a, n=1, 34% 1201 ghrs 28a, n=1, 95%
76b, n=2, 90% shrs ’ 28b, n=2, 70%
Scheme 1 — Chloroquine-coumarin probe synthesis 1
0
Br\)J\OH
Boc-Anhydride HATL, HOAt
0. E [o) DIPEA
HNN O N, — > (Boc) NSO~ NHBoc) &+ H NSO NH(Boc) >
a7 0°C - RT, -10°C - RT,
CH,Cl, 38 39 CH,Cl,
90%
1) TFA o o
o 2) 34, HATU, HOAt Nk\/o\%\NJ\/Br
Br I ~_o DIPEA N N
N ~¥; NH(Boc)—————————
°C-|
40 1)0°CRT,CH,Cl, < oNo 41

82% 2) -10°C-RT, CH,Cl,

| 90%
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28a
K,CO;

N o
HN/\/N\/U\H'(’\/O\/);\H
—_—
RT, 12hrs cl NZ 42 oo N

45% I

Scheme 2 - Chloroquine-coumarin probe synthesis 2

3.1.2 Synthesis of probes (48a and 48b)® —

Dess-Martin Periodinane reagent was used for reduction of fmoc protected 3-amino
propanol because it was found to be milder method over chromium based reductions,
ease of work-up and sensitivity of the aldehyde precursor (45). Sodium
triacetoxyborohydride in anhydrous CH,Cl, was used for reductive amination reaction
between aldehyde (45) and amine analogue of chloroquine (28a, 28b). The reaction
progresses by formation of imine upon addition of aldehyde and this intermediate is
reduced to the desired product (46a, 46b) on addition of NaBH(OAc)s. Sodium
triacetoxyborohydride is a mild reducing agent and excess reagent can easily
quenched with methanol, which affords cleaner work up and high yields of the desired
product in comparision to other hydride reducing agents. Upon fmoc de-protection the
amine was directly used after short column purification for the final coupling process,
due to its high affinity towards the silica column. The low yield of probes (48a, 48b)
was possibly due to the mild coupling method adopted and low reactivity between

(47a, 47b) and coumarin-4-acetic acid (34).

28a or 28b
Dess Martin

HO_~_NH, "M% 4o _~_NH(Fmoc) _ Periodinane NH(Fmoc)___NaBH(OAc),
0°C -RT, RT, 4hrs RT, 2hrs
43 CH,CI 44 CH,CI, O 45 CH,CI,
ze 98% 70%
|
N NH(Fmoc) N NH d H N~
HN’(’\a)’n ~N HNNn \/\; 2 HNNN\/\/N
n

X Piperidine X HATU, HOAt o UL 4
Cl N 0°C - RT, Cl N 10°C - RT, cl N/ (o]
46a, n=1, 77% CHLCl, 47a, n=1 CH,Cl, 48a, n=1, 60%
46b, n=2, 70% 47b, n=2 48b, n=2, 65%
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Scheme 3 - Chloroquine-coumarin probe synthesis 3

3.1.3 Synthesis of probes 49a and 49b -

Dicyclohexylcarbodiimide (DCC) + hydroxybenzotriazole (HOBt) with DIPEA in
anhydrous DMF as solvent gave good yields of probes 49a (55%) and 49b (60%) in
comparision to HATU + HOAt reagents. The above reagents follow the same
mechanism of formation of activated carboxylic acid ester, which upon reaction with

amine (28a, 28b) gave the desired product (49a, 49b).

Cl
0 28a or 28b 0 H
OH  DCC+HOBt HNn Y
N DIPEA N =N
\l?l 0o 0°C-RT, DMF \l}l 0O
34 49a, n=1, 55%

49b, n=2, 60%
Scheme 4 - Chloroquine-coumarin probe synthesis 4

3.1.4 Synthesis of probe 51, 53, 55% —

Amide coupling method used for synthesis of probes 48a, 48b was used for synthesis
of probes 51, 53, 55. In the case of probe 55a and 55b, the amine was isolated by
treatment of the TFA salt with bicarbonate solution at 0°C and then coupled with

BODIPY-COOH using HATU+HOAt coupling technique.

34

NH Boc-Anhydride ~_NH(Boc) A~ _NH(Boo) HABIUﬁE'A?At
HzN/\/ 2————>»(Boc)HN + H,.N -
30 0°C -RT, 31 32 410°C -RT,
CHzCl, 50% CH.Cl,
HE
o) 1) TFA 5
NH(Boc) 2) Artesunate \
N (Boc) “'HATU, HoAt  ©9 - |
N DIPEA o o L
CH,CI : H
~ 2Ll N
N o~ "o -10°C-RT, 12hrs ONN/\/
! 0 H o Lo
50 51
60% 57% o

Scheme 5 — Artesunate-coumarin probe synthesis 1

Page 15 of 219



34
HATU, HOAt

Boc-Anhydride DIPEA
NSO N, — > (Boc NSO NHBoo) & NSO NH(Boc) -
a7 0°C - RT, -10°C -RT,
CH,Cl, 38 %9 CH,Cl,
90%
HE
o 1) TFA, 10 N
£~© 2) Artesunate b
N 2 NH(Boc) HATU, HOAt, © H |
X DIPEA o N{
52 —_— H (o] H
~ 0 [} O N
,}, 00 g0u 1) 0°C-RT, CH.Cl, NSO~ I
2) -10°C-RT, CH,Cl, o] H 53 o] o]
50% o

Scheme 6 — Artesunate-coumarin probe synthesis 2

\ o 1) TFA
2) BODIPY-COOH
HN/\/N\)LN/\/NH(B“) HATU, HOAt
H DIPEA
N -
_ -10°C -RT
— 0,

Cl N 64a, n=1, 70% CH,Cl, cl

Scheme 7 — Chloroquine-BODIPY based probes.

3.1.5 Synthesis of artelinic acid probe (57, 83, 86 )*° —

Mixture of dihydroartemisinin epimers was reacted with 4-(hydroxy methyl) benzoic
acid in the presence of Lewis acid boron trifluoride etherate to preferentially give the
B—Artelinic acid (56). The reaction proceeds via formation of oxy-carbenium species
on addition of boron trifluoroetherate. 4-(hydroxymethyl) benzoic acid is only able to
approach the oxy-carbenium ion from the 10B-position due to possible steric
hindrance by the endoperoxide arrangement. Thus it selectively yielded B—Artelinic
acid (56). Method adopted for synthesis of artesunate probes (51, 53) was used for
synthesis of artelinic acid based probe (57). However TAMRA analogue for coupling
with artelinic acid was synthesized using mixed anhydride method as shown below

followed by HATU+HOAL coupling to give TAMRA-Artelinic probe (83).
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HO : [o)

HZ 1) 50, TFA
Y 2) HATU, HOAt
BF3.Et;,0 DIPEA
- _— =
Anhydrous CH,ClI, |
Ether 40°C-RT 0. _0 N_
20hrs
14 69% H
0”7 0oH 07N
H 0
56 57
X | | K
l!l\ 1) ¢l o/\,TEA N 0 No 1) TFA o]
2) 56, HATU, °
2) Monoboc diamine HOAt, DIPEA o
> —_—
H
THF N NH(Boc) c:|2c'2
0°C - RT I -10°C -RT
82
Monoboc diamine 1) TFA
<~ T HATU, HOAt <~ N 2) 56, HATU,
\ N NS o] DIPEA N\_N. N&/ O NH(Boc) HOAt, DIPEA
s B _—
FOF OH \ N
CH,Cl, F N CH,Cl
84 -10°C - RT 85 -10°C - RT
Scheme 8 — Artelinic acid based probes.

3.1.6 Synthesis** of click probes 58-60, 61-64, 87-90, 104-105 —

Amide coupling method used for synthesis of probes 48a, 48b was used for synthesis

of probes 59-62. Probes 58, 63a, 63b, 64a and 64b utilized similar nucleophilic

substitution method as adopted during synthesis of probes 36a and 36b.

HN/\/NH
0
Z
[of] N
28a
(o]
OH

(¢}

—=2

34

Br/\\\

K,CO4

B ————
DMF

12hrs, RT

HAN Y
HATU + HOAt
DIPEA
DCM
-10°C -RT
12hrs

HN/\/N///
S
Z
cl N

58

I=
/

—=2

59
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+N\/\ o
on NN NF: NN
Q HATU + HOAt H
DIPEA
~N ~N
|}| o o DCM |}| o o
34 12h|’5, RT 60
H: H %
HAN T
HATU, HOAt "H
DIPEA
—_—
CH,.Cl,
-10°C-RT
0% OH o] H/\\\
56 61
HZ H
= HZN/\/N3 S
HATU, HOAt
DIPEA
—_—
CH,Cl,
10°C-RT
/\/N3
07 0H 0N
56 62
Z
Br/\\ Z
NH R H\./// N///
HNN’Z 2 K.CO |.|N‘e\,)/2 HNN’Z
2 3
J@fﬁ BER OGN m
P DMF _ P
cl N 12hrs, RT ©! N cl N
27a, n=1 63a, n=1, 20% 64a, n=1, 65%
27b, n=2 63b, n=2, 35% 64b, n=2, 70%

| |
1) Ethylchloroformate, TEA N o No
2) Propargylamine O O
o)
THF o

(o}
0°C -RT \\\,H O

Propargylamine

HATU, HOAt
DIPEA
Ve
CH,Cl, =
-10°C -RT
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1) Ethylchloroformate, TEA
2) 1-Azido ethanamine

Y

THF
0°C -RT

1-Azido ethanamine

HATU, HOAt
DIPEA

CH,Cl,
410°C -RT

HZN/\\\ |;| H

HATU, HOAt

DIPEA "

—_—
-10°C -RT

CH,Cl,

HZN/\/NHZ

vz

HATU, HOAt
DIPEA
—_—
-10°C -RT
CH,Cl,

97 105

Scheme 9 — Click chemistry enabled probes.

3.1.7 Synthesis of BODIPY fluorescent probes 91 —

Due to the problems associated with the isolation of amine precursor after Fmoc
deprotection, a second strategy of synthesis of boc analogue (80) of chloroquine
precursor was adopted. This was further deprotected with trifluoroacetic acid at 0°C
and then the salt obtained was directly used for further coupling reaction by

neutralization with DIPEA at 0°C as shown in Scheme 10.

28a N NH(B
Boc-A:gzdride TEA e N A Boc)
o B PN N EN
Br R B T hioxane:H,0 | O NH(Boc) DME .
8 0°C - RT 7 80°C c N7 80
16-18 hrs a0% 16-18 hrs 70%
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1) TFA
HN =~ N NH(Boc)  2) 84, HATU, HOA

DIPEA
o CH,Cly
g~
cl N 800 -10°C-RT
70% 16-18 hrs

Scheme 10 —-BODIPY chloroquine probe

3.1.8 Synthesis of Deoxocarbartemisinin probes (98 and 100) —

Deoxocarbaartemisinin intermediate was synthesized as per procedure enclosed in
literature. The synthesis of final probes follows the same procedure as used for

synthesis of artelinic acid probes. The detailed synthesis is shown in Scheme 11.

HE 1) Nalo, KMnO,
Benzoyl Chloride $ 2) NaOH
Pyridine 3) HCI
CH.CI, Acetone:Water
0°C -RT

20hrs

1) 50, TFA
2) HATU, HOAt

DIPEA
—_—

CH,CI,
-10°C -RT

1) 85, TFA

2) HATU, HOAt
DIPEA

L
CH,CI,

-10°C - RT

(75%)

Scheme 11 — Deoxocarbaartemisinin probes
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3.2 Drug design rationale and ICsq values —

The proposed drug design was expected to have the following properties

1) Minimal modification of the parent drug molecule structure.

2) Efficacy of the final probe would be similar to the parent drug molecule.

3) Fluorescent dyes selected would not show any activity with the Plasmodium
falciparum parasite as cultured in the lab. Coumarin-4-acetic acid 34, Borondipyrro
methane carboxylic acid (BODIPY-COOH) 84, Tetraaminomethylrhodamines
carboxylic acid (5-TAMRA COOH and 6-TAMRA COOH 81) have no activity
within the parasite.

4) High thermal and hydrolytic stability for applications in biological systems.

5) High fluorescence quantum yields confer live-cell imaging capability*?*.

I
N

N9 >
H
NN N N o o
HNE, N
n H o | 0 HN/\/N\)J\N%\/O\/);\N
X H H
_ o A z
cl N 36a, n=1 _ P
36b, n=2 cl N 42 o~ o N
Probe design 1 Probe design 2
| cl
|/ a i NH
H
N X
HNN’nN\/\/N H n N
o U o N Z
~ ~N
m (o] N 0”70
cl N 48a, n=1 I 49a, n=1
48b, n=2 49b, n=2
Probe design 3 Probe design 4
HE H:
o =, o =
0 o
o) 'H | o) 'H [o]
(o] . o H N_ o Y [o) [o] | O
o\n/\)LN/\/N I ONN*\/O\/);\N
0 H 0 o o H H N
51 o] 53 [
a-Artesunate probe design 1 a-Artesunate probe design 2

Fig.8 Proposed drug design for probes
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\
(¢]
o I
o
© |
Oy O N
A
N
07N
H o)
57 65
B-Artelinic acid probe design -Deoxocarbaartemisinin carboxylic acid

Fig.8 Proposed drug design for probes

The proposed drug design was analyzed for its 1Csp activity on chloroquine sensitive
Plasmodium falciparum (3D7) as cultured in lab. As expected from the proposed
design the tertiary amine functionality of the chloroquine was critical to the activity
inside the parasite thus probes 36a (ICso= 349nM), 36b (ICsp= 230nM), 48a (ICso=
85nM) have values closer to the parent drug molecule (chloroquine diphosphate (4),
ICso = 23nM). Variation was also observed when the chain length was increased from
2 carbon 48a (ICsp= 85nM) to 4 carbon 48b (ICso= 1200nM). The dioxaoctane linker
42 (ICso= 230nM), also lead to difference in ICsy values. This design could assist in
fishing out enzymes using immunoprecipitation technique due to the large spacing
between drug and the fluorescent-affinity probe but cannot be utilized in diagnosis.

ICso values of other probes are summarized in Fig. 9 below.

I
N

N o >
H
HN'(’\*nN\)J\N/\/N \ o o
N H o Lo N 0
HN T N SN
_ [o) H H
cl N X z
36a, n=1, ICs = 349nM )
cl N 0o N~
36b, n=2, IC5; = 230nM 42, 1Csy=230nM |
dhk
HN ~
Z
cl N
4, 1C50 = 23nM

Chloroquine diphosphate
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| o H Cl
O w " N &
H
HN’(/\‘)',,N\/\/N | N _.N
X o 0 SN oo
~ (o] I
cl N 49a, n=1, 55% ; IG5 = 500nM

48a, n=1, IC5o = 85nM
48b, n=2, IC5o = 1200nM 49b, n=2, 60% ; IC5, = 6100nM

HE
O; ;’IIH
Y o
o\r(\)J\N’(\/o\ﬁz\N
o H H

51, IC5o = 12nM 15, 1Cso = 24nM 53, IC5o = 46nM

o
o | (o]

o{o°

—=

a-Artesunate
Fig.9 ICso values of proposed probes.

Thus, as per the above proposal, chloroquine probe designs 1 and 3 are best suited for
diagnostic applications. Artesunate probe design 1 showed good activity within both
P.falciparum and cancer cell lines (discussed in NCI studies section 3.6). However it
was observed by LCMS (as observed during thermal stability studies section 3.3) that
there was a distinct possibility of cleavage of the fluorescent tag within the parasite.
This has also been confirmed by reports that artesunate has a relatively short half life
(~10min) and that the dihydroartemisinin fragment is the actual active component
(half life ~ 1hr). Thus I further proposed two modifications to the artesunate based
structure : one by replacing succinate fragment in artesunate with a para benzoxy
carboxylic acid fragment also known as - Artelinic acid 56 and the other by
replacing the oxygen at 10 position with carbon also known as Deoxocarbaartemisinin
carboxylic acid 65. These intermediates have been thoroughly studied for their
hydrolytic stability (B- Artelinic acid 56 has half life of 13hrs in acidic pH;
Deoxocarbaartemisinin carboxylic acid 65 has a half life of 300hrs in acidic pH)

44,45

stability™™. However the biological activity against the sensitive 3D7 strain of
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parasite for the above molecules has not been studied. The design of the final probes

(57, 83, 86, 92.93) is based on the above discussed parent molecules.

fo) (o]
N(/// N/\/N3
HN H/\\Sg H
X N N
z ~ >N o o
cl N T 0" "o

58 59

Alkyne - Chloroquine Alkyne — Coumarin

o{o°

(o]
2
/

61

Alkyne - B-Artelinic acid

|
60

Azide — Coumarin

Azide - B-Artelinic acid

=z
HNNnH/// WY
ioe joe
cl N’ cl N”
63a, n=1 64a, n=1
63b, n=2 64b, n=2

Fig. 10 — Probe Design for Click Chemistry
Click chemistry enabled probes have also been synthesized for bio-imaging, binding
studies and enzyme fishing for in-vitro applications. Examples of click enabled
molecules are shown in Fig. 10. Later sections in this thesis show that short term
thermal stability (4days) of the probes presented in Fig. 10 have shown that they are
resilient for applications in many biological protocols. Thus, the above drug design
covers a considerable range of molecules to assist in diagnostic, bio-imaging and
pathway elucidation studies for understanding diseases within P.falciparum, cancer

cell lines and other cell lines.
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3.3 Thermal Stability Protocol for Drug Probes —

Thermal stability study was designed based on the ICH guidelines for pharmaceutical
drug analysis®. The above studies clearly indicate thermal stability for 36a, 36b and
48a probe structures. (The shift in retention time can be attributed to the pressure
imbalance in the column but the overall mass values for the peaks are consistent
across all tests). However the artesunate based probes are not as stable as the
chloroquine based probes as observed in both thermal and hydrolytic studies.
Nevertheless the thermal stability tests established that the probes (36a, 36b and 48a)
are stable under normal packaging conditions and are suitable for field requirements.
The integration area under the curve represents 95-98% of the probe concentrations
and is consistent as compared with the standard. Data for 4 days thermal stability
studies on the artelinic acid (56), artelinic acid based probe (57) and click chemistry
probes (58-64) are enclosed in Appendix 1. Although the above probes have shown
excellent thermal stability for 4 days, long term stability data (6months, lyear) needs
to be established for understanding packaging requirements for the same.

3.3.1 Thermal Stability studies for Structure (36a) —

22—

N9 ~
H
HN’\/N\)J\H/\/N |
N o} o}
cl N 36a, n=1 ©
s ooy
‘ x
E |
100 “\ Conditions
E I Amount — 3mgs (95%)
‘ Injection Volume — 2 uL
N “ Structure 36a (Standard)

MS (E+) Ret. Time: 8.460 -> 8.473 - 8.333 <-> 8.753
Inter{x1,000,000)

579.218

08— ‘HH}‘HH_ —_——
100 200 300 400 500 600 700 800 900 1000 1100 1200 m/z

2.5 290,112
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Fig. 11 — LCMS Analysis probe 36a (Eluent — ACN +0.1% TFA: H,0 + 0.1% TFA)
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3.3.2 Thermal Stability Studies on Structure (36b) —
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Fig. 12 — LCMS Analysis probe 36b (Eluent — ACN +0.1% TFA: H,O + 0.1% TFA)

3.3.3 Thermal Stability Studies on Structure 48a —
|
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Fig. 13 — LCMS Analysis probe 48a (Eluent — ACN +0.1% TFA: H,O + 0.1% TFA)
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Fig. 13 — LCMS Analysis probe 48a (Eluent — ACN +0.1% TFA: H,O + 0.1% TFA)

Page 31 of 219



mAU (x1,000)
4254nm,4nm (1.00) |
2.59 ey
20 | Conditions
E l Amount — 3mgs (95%)
15 I Injection Volume — 2 uL
104 \ Temp — -20°C, Humidity — 0%
059 ‘ | Structure 48a (2months) in DMSO
0.0 I\
07.0 ) ‘ ‘ ' 2‘.5 ‘ ‘ ‘ ' 5‘.0 ‘ ‘ ' ‘ 7‘.5 ‘ ‘ ‘ ‘ 16.0 ‘ ‘ ‘ ‘ 12’.5 ‘ ‘ ‘ ' 15‘.0 ‘ ' ‘ ‘ 17‘.5 ‘ ' ‘ ‘min

MS(E+) Ret. Time : 8.720 -> 8.733 - 8.547 <-> 8.980

Inten. (x1,000,000)
50 o 268.62
40 * 536,23
3.0 H
20 H
1.0 o
00 T T T T 7 T 7 T T T T
10 200 300 400 500 600 700 800 900 1000 1100 1200 mwz
Ay 000
o By -
35 “ ..
so 3 \ Conditions
25 4 [ Amount — 3mgs (95%)
20 | Injection Volume — 2 pL
S “\ Temp — 37°C, Humidity — 100%
10 5 \
os 3 | Structure 48a (4 months)
‘
00 = R
of 2 o0 7 0 PPy e P p

MS(E+) Ret. Time : 10.107 -> 10.120 - 9.933 <-> 10.987
Intex1,000,000)

i 536.221
2.5

268.611

0.7\\\\‘ rrrjrrirrjrrrrjrrrrjrrrryrrrryjrvrrrjrrror v 1T
100 200 300 400 500 600 700 800 900 1000 1100 1200 m/z

mAU (x1,000)
{254nm,4nm (1.00) 1
3.0 ‘\ Conditions
] | Amount — 3mgs (95%)
2.0 ‘ Injection Volume — 2 pL
] “‘ Temp — -20°C, Humidity — 0%
1.0 I Structure 48a (4months) in DMSO
0.0 )
0.0 ‘ ‘ 2‘.5 ‘ ‘ ‘ ‘ 5!0 ‘ ‘ 7‘.5 ‘ ‘ 16.0 ‘ ‘ ‘ ‘ 12‘.5 ‘ ‘ ‘ ‘ 15‘.0 ‘ ‘ ‘ ‘ 17‘.5 ‘ ‘ ‘ min

MS(E+) Ret. Time : 8.693 -> 8.707 - 8.553 <-> 9.340

\7Ien (x1,000,000)
35 536.22¢
30 o
25 o
268.61¢
20 o
15 4
1.0 o
05 —f
3 157 03§
0.0 —t T T T T T T T T T T T
10 200 300 400 500 600 700 800 900 1000 1100 1200 mwz
o BBy -
35 é H e
v 3 ‘ Conditions
25 3 Amount — 3mgs (95%)
20 3 [ Injection Volume =2 pL
N [ Temp - 37°C, Humidity — 100%
0s 3 [l Structure 48a (6 months)
oo 3 S B N .
05 E .
of 2 T 7 FrE| Fex Pz o

Page 32 of 219



MS(E+) Ret. Time : 9.367 ->9.380 - 9.193 <->9.813
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Fig. 13 — LCMS Analysis probe 48a (Eluent — ACN +0.1% TFA: H,O + 0.1% TFA)

3.3.4 Thermal Stability Studies on Structure 51 —

As shown by thermal studies on artesunate probe 51, the probe is unstable after 4 days
of heat treatment as per standard conditions. This was expected due to the acid labile

nature of the ester bond between artesunate and coumarin linker precursor (50).
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Page 33 of 219



Inten. (x1,000,000)

3.0 372.137

2.0

1.0+
] 743.270

0.0 —_———————————e——teeee—
100 200 300 400 500 600 700 800 900 1000 1100 1200 miz

MS(E+) Ret. Time : 12.860 -> 12.873 - 12.740 <-> 12.887.
Inten. (x10,000,000)

1.25]

1.00] 390.167

0.75

0.50]

0.25
] 273.123 ‘

0.00 17— ———— Y
100 200 300 400 500 600 700 800 900 1000 1100 1200 miz
mAU  (x100)
+254nm,4nm (1.00)

6.0 4 ‘(‘

50 3 Conditions [

e Amount — 3mgs (95%) \‘ Il

50 ] Injection Volume — 2 pL J‘ (|

Temp — 37°C, Humidity — 100% I I

Structure 51 (4 days)

v T T T T T
0.0 25

T T T T T —— T T T T — T T T T
5.0 75 10.0 125

MS(E+) Ret. Time :11.107 -> 11.120 - 10.967 <-> 11.193
Ipten_ (x100.000)
7.55 372.076
5.0*;
257
0.01;)0 o ‘2(‘)0 o ‘3(‘)0‘ ‘ “‘4(‘)0‘ o 5(‘)0‘ o ‘6(‘)0‘ o ‘7(‘)0‘ o ‘8C‘)O o ‘9C‘)O o ‘10‘00‘ o 11100‘ o 12bd ‘ ‘n‘1/z‘
MS(E+) Ret. Time : 14.953 -> 14.967 - 14.807 <-> 15.000
Ir:nen. (x1,000,000)

Fig. 14 — LCMS Analysis probe 51 (Eluent — ACN: H,0)

Thus I have proposed and synthesized artelinic acid and B—Deoxocarbaartemisinin

carboxylic acid based probes (57, 83. 86, 98, 100), which should have high thermal

and hydrolytic stability, compared to the above artesunate based probe 51. Thermal

stability data for remaining probes is enclosed in Appendix 1.

Page 34 of 219



3.4 Plasmodium studies —

The probe 36b was analyzed for its ability to differentiate between chloroquine
sensitive versus chloroquine drug resistant strains as shown in Fig.15.

The chloroquine resistant strains do not uptake chloroquine probe 36b as compared to
chloroquine sensitive ones. This selective efflux is due to mutations in PfCRT
(Plasmodium falciparum chloroquine resistant transporter) in the drug resistant
strains*’. This establishes a crtical component for diagnosis of drug sensitive over

resistant strains.

Dilferential Probe staining in 3D7, 7G8 and K1
3D7 — Chloroquine Sensitive
7G58 — Chloroguine Resistant
100 , m3D7 K1 — Chloroguine Resistant _
g 90 27Gs K1+WP—Chleroguine Sensitive _-L ,_L_
b~ w 1 3
s oK1
[+ 70 T oK1 " I-
=1 AP - - -
o 601 : : &
a 20 : lsi
Q@ 40 : i
= : .
c ¥ :
- 1 .
o 2 .
2 10 :
E 0 o= r =
Oud . 10uM 20uM JouM
Concentraion of CM-CQ

Fig. 15 — Differential staining*’ by structure 36b in 3D7 (chloroquine sensitive), 7G8,
K1 and K1+VP strains of Plasmodium falciparum Fig.15 clearly shows that

the anti-malarial fluorescent probe can selectively identify chloroquine sensitive
strains of P.falciparum by higher % of staining vs Hoechst stain with increasing
concentrations of the probe. The optimal working concentrations for the probe were
identified to be 3uM to 6 uM. The above flow cytometry data was supported by
confocal imaging study on the probe. Thus the lysosomotropic property of the probe
can be effectively utilized for diagnosis. The imaging studies’’ on the chloroquine

sensitive 3D7 P.falciparum strain using chloroquine probe 36b are shown in Fig.16
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0 nM 30 nM 300 nM 3uM 30 uM 300uM
Concentrations of Chloroquine Probes

Fig. 16 — Imaging"’ of Chlorquine probe 36b at different concentrations
The confocal imaging studies show that the chlorogquine probe 36b accumulates in the
food vacuole of the parasite at low concentrations (mainly 300nM to 3uM) as
compared to JC-1 red and JC-1 green probes, which stain the other cell components of
the parasite. The above concentrations can be considered to be the optimum for
confocal imaging for the identification of chloroquine sensitive versus chloroquine
resistant strains of P.falciparum. However, at high concentrations (mainly 30 uM and
300 uM) the probe starts to stain the entire parasite non-selectively. Thus we could
effectively analyse parasite strains at a lower concentration of probe. However,
coumarin based probes cannot be used for live-cell imaging studies due to the
sensitivity of the probe and the cells to blue laser irradiation. Chloroquine -BODIPY
based probe 55 was synthesized and used for live-cell bio-imaging study on
P.falciparum 3D7 strain as shown in Fig. 17. This experiment was performed on the

trophozoite stage of P.falciparum 3D7 strain. Few concentrations of the Chloroquine
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— BODIPY probe 55 were used for varying time periods to study the effects of the
concentrations on the digestive vacuole of the parasite. The results show that 2uM is
the optimal concentration of the probe at which the digestive vacuole integrity
remains intact despite 4hrs of incubation with the fluorescent probe 55. Higher
concentrations lead to disruption of the food vacuole, in turn leading to parasite death.
Thus probe 55 is an efficient substitute for the probes like 36a, 36b, 48a and further

enables live cell imaging.

o
HN/\/N\/U\N/\/
H
A
cl N/ 55, IC50 = 76.9nM
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Fig. 17 — Live-cell imaging studies on P.falciparum using probe 55
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Fig. 17 — Live-cell imaging studies on P.falciparum using probe 55

3.5 Macrophage study —

Chloroquine is also used as an anti-inflammatory agent for the treatment of

rheumatoid arthritis*®*%°°, Its

lysosomotropic property decreases the production of the
pro-inflammatory cytokines IFN-y, tumour necrosis factor-alpha (TNF-a),
interleukin-6 (IL-6) in LPS- or phyto-hemagglutininstimulated peripheral blood
mononuclear cells and the augmented LPS-induced expression of TNF- a, IL-1 a, IL-

1p and IL-6 in monocytic and microglial cells. The chloroquine probe 48a was

studied for its lysosomotropic mode of action within macrophages using confocal
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microscopy and flow cytometry techniques. It was confirmed that the probe exhibits
lysosomotropic property by accumulating in the lysosomal compartments within
macrophages in turn exerting their anti-inflammatory or pro-inflammatory effects.
However the artesunate based probe 51 does not show specific localization in the
lysosomes. Fig. 18, 19 and 20 show a comparision between flow cytometry (shown in
four quadrant window) and confocal microscopy (10x magnification) for increasing
concentration of probes. The four quadrants represent the distribution of cells extreme
left bottom (unstained cells and live), extreme left top (dead cells stained by
Propidium iodide (P1)), extreme right bottom (live cells stained with probe), extreme

right top (semi-live and dead cells co-staining with propidium iodide and probes).

H:
| 3]
(o] N\ Oo 7 |
OH N( y o o LN
HNN;, ~N\ (:) H
| \n/\)LN/\/
~ N ° ° 0 H o Lo
N 0o P o}
34 c N™ 48a, n=1, IC5, = 85nM 51, ICso = 12nM °

I 1 T T
? i 3} 7
| .| | -
# B 5 1 @,\

Ylive Cells - §3.77%

% live Cells - 98.75% i Live Calls - 99.84% % Live Cells - S0.78%

i Stained - D.19% o Stalned - 0.09% % Stained - 49.77% Stalned - 5.58%
% Dread - 0.83% o Draad . L% Probe Conc - 190aM % Daad - T9.66%
Probe Conc - Srd Proba Cone - Iuhd Probe Cone - S00pM

Standard Condifions Used
50,0000 cellsfwell i glass bottom well
Incubate with probe for Thr
Incubate with 10ul of PIIor10min.

Fig. 18 — Flow cytometry with confocal microscopy data for probe 48a
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Fig. 19 — Flow cytometry with confocal microscopy data for probe 51

% Live Cells - 99.70%
% Gtained - 0.05%
% Dead - 003
Frabe Cone - Srdd

2% Live Cells - 99.87%
% Stained - 0.03%
% Dead - 0.08%
Probe Cone - Spl

Standard Conditions Used
50,0000 cellsforel] in glase bottom well

Incubate with probe for 1hr
Incubate with 10pL of PIfor10min.
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¥ Dread - 0.40%

Probe Conc - 100ph

Fig. 20 — Flow cytometry with confocal microscopy data for coumarin 34

Thus the crude working concentrations for probe 48a and probe 51 which lies

between 100 and 500uM. This concentration range shows staining of a maximum no

of cells with minimal cell death. Three concentrations 50, 100 and 250uM were

chosen for localization studies on the probes at higher magnification. Since initial data
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confirms that coumarin-4-acetic acid 34 on its own does not stain macrophages at
5nM, 5uM and 100uM concentrations, higher concentrations were not considered in
the study. The graphical representation of flow cytometry results are shown below.
Fig. 21 shows that the chloroquine probe 48a gives maximum staining of cells with
minimal cell death (as measured by propidium iodide (PI) stain) at 100uM. Above
100uM, the effect of DMSO along with the probe leads to higher cell death along
with higher staining. Upon comparision with the coumarin fluorescent dye (34) alone
for staining of macrophages, it was observed that probe 34 does not selectively stain
macrophages and at concentrations above 100uM leads to cell death. This confirms
that the staining of cells is primarily due to the chloroquine component of probe 48a.
It also concludes that the probe has lysosomotropic properties like the parent drug
chloroquine. The staining of cells is also observed at 100uM for artesunate probe 51
but the results of the confocal imaging show interesting differences between probes

48a and 51.

Probe CQ-CM (48a)

% THP-1 Cells

Fig. 21 — Comparision of graphical Flow Cytometry results 48a
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Fig. 22 — Comparision of graphical Flow Cytometry results 34

Upon observing macrophages incubated with the chloroquine probe 48a under

standard conditions and at 60x magnification 2.5 optical zoom (Fig. 23), it was clear

that the probe localizes within lysosomal compartment of the macrophages

(confirmed against Lyso-Tracker red stain). This further double confirms the

lysosomotropic nature of the probe thus confirming its action is similar to the parent

molecule chloroquine diphosphate 4. In comparision, macrophages incubated with

probe 51 did not show specific staining of lysosomal compartments of the

macrophages, thus confirming the non-specific cell staining nature of artesunate or

artesunate based probes. This also conforms that artesunate has multiple pathways of

interaction within cells as hypothesized by Meschnick, Posner, Haynes and co-

workers?’ %0,

N\
o

HNN?,N\/\/

|
ﬁﬁ Y
cl N” ©

48a, n=1, IC5; = 85nM
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Probe 48a

LysoTracker

50uM Probe 48a 100uM Probe 48a 250uM Probe 48a

Standard Conditions Used
50,0000 cettatwell 1 glass bottom weldl
Incubate with probe for Lhy
Tneubate witls Lyso Tracker for the
Twsotracker cong. Fixed = 60nbl

Fig. 23 — Confocal microscopy results of chloroquine probe 48a vs lyso tracker red.
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Probe 51

Lyso tracker Merge

50uM Probe 51 100puM Probe 51

Standard Coenditions Used
500000 celfsrwell m glass bottonwell
Tieubate with probe for Lhr
Incubate with Lyso Tracker for Thr
Iysotracker cong. Fied = 60nhd

Fig. 24 — Confocal microscopy results of artesunate probe 51 vs lyso tracker red.
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Standard Conditions Used

Standard Conditions Used
50,00,000 cells/well in glass bottom well
Incubate with probe 23a for 1hr
Incubate with Lysotracker for 1hr.
Lysotracker conc. fixed at 60nM.
Probe 48a Conc - 100pM
Confocal Objective — 60X (Water)
Digital Zoom - 2.5

50,00,000 cells/well in glass bottom well
Incubate with probe 27 for 1hr
Incubate with Lysotracker for 1hr.
Lysotracker conc. fixed at 60nM.
Probe 48a Conc - 100pM
Confocal Objective — 60X (Water)

Fig. 25 — Localization studies results of chloroquine probe 48a (left)

and artesunate probe 51 (right) vs lyso tracker red.

3.6 NCI 60 Cancer Cell Line studies®**? —

3.6.1 Single dose study results on artesunate probe (51) — The chart below shows 60

cancer cell lines and the effect of probe 51 on the growth of the cancer cells. The
above results show the inhibitory effects on the majority of cancer cell lines, which
can be further interpreted for its mode of action via the five dose studies results
summarized in Fig. 26 and 28.

3.6.2 Single and five dose study results on artesunate probe (51) —

It can be concluded from the graphs summarized in Fig. 26 and 27 that artesunate
probe 51 is potent against majority of cancer cell lines at concentrations of 10°M to
10"M as compared against the standard cell line growth. Mean graph data compares
growth inhibition “Glse” (drug concentration resulting in a 50% reduction in the net
protein increase (as measured by SRB staining) in control cells during the drug
incubation) ; total growth inhibition “TGI” (drug concentration resulting in total

growth inhibition) and lethal concentration “LCsy” (drug concentration resulting in a
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50% reduction in the measured protein at the end of the drug treatment as compared
to that at the beginning indicating a net loss of cells). As observed from Fig. 27 and
28, artesunate probe 51 inhibits the proliferation of majority of cancer cell lines at

10° M mean concentration but does not lead to net loss of cells or cell death in the
concentration range of 10® to 10* M. The above results confirms to the study of
effects of artemisinins on cancer cell lines conducted by Woerdenbag et.al®®. The

above probe would be a useful tool to understand the modes of action within cancer

cells
Developmental Therapeutics Program | nsc: 754329/ 1 Conc: 1.00E-5Molar | TestDate: Sep 20,2010
One Dose Mean Graph Experiment ID: 10090523 Report Date: Oct 21, 2010
Panel/Cell Line Growth Percent Mean Growth Percent - Growth Percent
Leukemia
CCRF-CEM 23.02 f—
HL-60(TB) -38.84
K-562 13.59 [—
MOLT-4 31.27 -
RPMI-8226 15.11 J—
SR 16.80
Non-Small Cell Lung Cancer
AB49/ATCC 51.35 —
EKVX 35.35 ol
HOP-62 82.85 —
HOP-92 29.29 -
NCI-H226 65.28 —
NCI-H23 21.46 J—
NCI-H322M 79.20 —
NCI-H460 39.38
NCI-H522 -4.80 I—
Colon Cancer
COLO 205 47.57 =
HCC-2998 50.21 L
HCT-116 10.15 [—
HCT-15 7.81 [—
HT29 26.38 j—
KM12 22.23 —
SwW-620 2527 —
CNS Cancer
SF-268 96.72 —
SF-295 41.83 |
SF-539 55.37 —
SNB-19 65.02 —
SNB-75 60.86 —
U251 34.36 m
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Fig. 26 — NCI 60 cancer cell line data for artesunate probe 51 (Single Dose Data).
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Fig. 27 — NCI 60 Cancer Cell Line data for Artesunate probe 51 (Five Dose Data).
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Fig. 28 — NCI 60 artesunate probe 51 (Mean Graph Data).

3.6.3 Comparision of mean graph data of Probe 51 with Artesunate —

A comparision of five dose data with artesunate parent molecule shows that the
artesunate probe 51 maintains the same efficacy as the parent molecule respite the

attachment of the fluorescent molecule. Supporting data is enclosed in Appendix 3.
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Fig. 29 — Comparision of mean graph data for Probe 51 vs Artesunate.
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3.6.4 Single dose study results on chloroquine probe (48a) — The data in Fig. 30

below shows that chloroquine probe (48a) has little toxic or inhibitory effect on

majority of cancer cell lines at the single dose concentration of 10°M.

Developmental Therapeutics Program | nsc: 754328/ 1

One Dose Mean Graph

‘ Conc: 1.00E-5 Molar Test Date: Sep 20, 2010

Experiment ID:

10090823

Report Date: Oct21, 2010

Panel/Cell Line Growth Percent Mean Growth Percent - Growth Percent
Leukemia
CCRF-CEM 53.92 —
HL-60(TB) 76.63
K-562 0.72
MOLT-4 44.43 I
RPMI-8226 54.69 J—
1.486
Non-Small Cell Lung Cancer
AB49/ATCC 93.43 —
EKVX 99.79 —
HOP-62 85.62 L
HOP-92 59.51 —
NCI-H226 93.06 —
NCI-H23 94.94 —
NCI-H322M 91.00 —
NCI-H460 92.27 —
NCI-H522 56.84 J—
Colon Cancer
COLO 205 68.13 -
HCC-2998 79.53 L
HCT-116 53.34 —
HCT-15 83.20 -
29 18.57
KM12 92.66 —
SW-620 74.89
CNS Cancer
SF-268 92.14 —
SF-295 80.49 L
SF-539 25.20
SNB-19 91.50 F—
SNB-75 88.62 —
58.92 f—
Melanoma
LOX IMVI 86.43
MALME-3M 88.21
M14 11.52
MDA-MB-435 46.71
SK-MEL-2 116.80
SK-MEL-28 84.98
SK-MEL-5 76.16
UACC-257 41.91
UACC-62 98.69
Ovarian Cancer
IGROV1 93.96 —
OVCAR-3 106.30
OVCAR-4 81.66 -
OVCAR-5 109.02 —
OVCAR-8 83.93 -
NCI/ADR-RES 108.59 —
SK-OV-3 115.56 —
Renal Cancer
786-0 86.32
A498 81.51
ACHN 78.61
CAKI-1 105.88
RXF 393 74.64
TK-10 87.42
uo-31 84.69
Prostate Cancer
PC-3 78.70
DU-145 109.36
Breast Cancer
MCF7 65.97
MDA-MB-231/ATCC 78.74
HS 578T 98.27
T-47D 122.60
MDA-MB-468 52.03
Mean 76.56
Delta 75.84
Range 121.88
150 100 50 0 -50 -100 -150

Fig. 30 — NCI 60 cancer cell line data for chloroquine probe 48a (Single Dose Data).

3.6.5 Five dose study results on chloroquine probe (48a) — However the mean 5-dose

data enclosed below in Fig. 31 and 32 showed some interesting results. As in Fig. 31,

the chloroquine probe (48a) shows growth inhibition (Glso) of cell lines at 10°M

concentration but total growth inhibition of cell lines is only observed above 10™*M
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Fig. 31 — NCI 60 cancer cell line data for chloroquine probe 48a (mean graph).
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Fig. 32 — NCI 60 cancer cell line data for chloroquine probe 48a (5- Dose Data).
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Fig. 32 — NCI 60 cancer cell line data for chloroquine probe 48a (5- Dose Data).
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3.6.6 Comparision of mean graph data of probe (48a) with parent molecule —

A comparision of five dose data with chloroquine parent molecule shows that the

chloroquine probe (48a) maintains the same efficacy as the parent molecule respite

the attachment of the fluorescent molecule as shown in Fig.33 (Supporting data

Appendix 3).
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Fig. 33 — Comparision of mean graph data for Probe (48a) vs Chloroquine.

Thus the above probes can also be used for understanding the modes of action of the

drugs within cancer cell lines thus expanding the applications beyond Malaria.
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CONCLUSION

Thus | have synthesized chloroquine based probes 36b, 48a and artesunate based
probes 51 with applications into malaria diagnostic, cancer bio-imaging study and
other auto-immune diseases. Probe 36b as seen from the results (section 3.4) was able
to clearly distinguish between chloroquine sensitive and chloroquine resistant strain of
P.falciparum and coupled with its steadfast thermal stability (section 3.3.2) has
established a robust diagnostic tool, fulfilling WHOs requirements for an fast, robust
and effective diagnostic tool for malaria. Probe 48a (section 3.5) expands the
applications of chloroquine probes for bio-imaging studies of auto-immune diseases.
It was able to establish the lysosomotropic nature of the drug due to its localization
within lysosomal compartment within the mammalian cell lines. Ultimately probe 48a
(sections 3.6.3, 3.6.4) encompasses bio-imaging of cancer cell lines showing
characteristics similar to the parent chloroquine diphosphate molecule. Probe 51 has
also shown diverse applications from bio-imaging of auto-immune diseases (section
3.5) to extremely high potency within cancer cell lines (sections 3.6.1, 3.6.2). It still
needs to be evaluated for its activity within artemisinin resistant P.falciparum
parasites.

However probe 36b and 48a cannot be effectively used for in-vitro live cell imaging
studies due to the detrimental effects of blue laser radiation. This is where chloroquine
based probes (55, 83, 86, 92) have provided an advantage (section 3.4) due to sample
& probe friendly green laser radiation and the high extinction coefficient of
Borondipyrromethane (BODIPY). The chloroquine-bodipy probe 55 has show
excellent resilience under green laser radiation while maintaining the efficacy and

lysosomotropic properties of the parent drug molecule.
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Although artesunate based probe 51 shows excellent anti-cancer activity, it has severe
limitations due to its inherent poor hydrolytic stability and thermal stability (section
2.3.4). Hence it was difficult to ascertain whether the fluorescent tag would sustain
enzymatic cleavage within the cells. This limitation was overcome by the artelinic
based probes (57, 83, 86, 98 and 100) which has shown excellent short term thermal
resilience (appendix Al). However, long term stability (12months) of these probes,
along with their biological activity is under study. All of the click probes (58-64, 87-
90) have show excellent short term thermal stability (4days), they still need to be
evaluated for their ability to undergo click reaction in-situ in the cell. Further the final
click product needs to be evaluated for its ease of separation and binding ability on its
target for immunological study. Overall | have established the molecular tool for bio-
imaging and diagnostic application in malaria, cancer and mammalian cell lines. They
have provided a clear picture of the mode of action of the drugs confirming with the
hypothesis of lysosomotropic mode of action presented by many researchers in past
pap ers27-30.53-57
FUTURE WORK

We have already observed the selective efflux of chloroquine probes from
chloroquine resistant P.falciparum strains cultured in lab. The limitations of the
chromophore have been surmounted by synthesis of superior BODIPY and TAMRA
based probes (83, 86, 92, 95, 98, 100). Rising healthcare costs®* and increasing cases
of cancer worldwide®” have stimulated focus of researchers on personalized medicine
with the promise of effective and individualized healthcare where drugs would be
administered as per individual patient responses. However this field which evaluates
genetic data of individuals to address the right drug treatment is based on probabilistic

model, is highly labor intensive and expensive®®,
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Fig. 34 — Healthcare costs (left) and Cancer incidences worldwide (right).
The concept of fluorescent drug probe as addressed in my thesis for malaria and
cancer can be expanded to include other diseases, giving rise to the field of
“Medicinal Probes™.
In comparision with the pharmacogenomics approach, medicinal probes could lead to
a more direct method for visualization of individual drug response analysis using
existing technology and instrumentation. Thus the future of drug probes lies into
1) In-vitro live cell imaging capable probes (68-70) for malaria, cancer and other
diseases.
2) In-vivo probes®® (71) for the study of mode of drug action within animal
models.
3) Tagging anti-cancer (72), anti-viral (73) and other drugs™ with probes with
possible applications into bio-imaging or diagnostic studies.

4) Copper free click chemistry probes (74, 75).%° for In-Vivo applications.
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EXPERIMENTAL WORK

All chemicals were purchased from the Sigma-Aldrich Chemical Co. or Alfa Aesar
and were used without further purification, unless indicated otherwise. Experiments
were conducted at ambient temperature, unless noted otherwise. Analytical thin layer
chromatography (TLC) was performed using a Merck 60 F254 pre-coated silica gel
plate. Subsequent to elution, plates were visualized using UV radiation (254 nm).
Further visualization was possible by staining with a Ninhydrin, Ceric ammonium
molybdate (CAM) or Potassium permanganate (KMnQO,) or 2,4-Dinitrophenol (2,4-
DNP) solutions. Silica gel 60 (230-400 mesh ASTM) was used for flash column
chromatography. All the yields noted are for 96% purity of the compounds as
analyzed by 'H, **C NMR spectra (enclosed in Appendix A.2), LCMS for purity for
biotesting submission (enclosed in Appendix A.4), IR and HRMS. Infrared spectra
was recorded on a Bio-Rad FTS 165 FTIR spectrometer. *H and **C NMR spectra
were recorded on a Briicker AMX 300 or 500MHz spectrometer. The NMR samples
were prepared in a CDCl;, DMSO-ds or MeOD-d4 solution. Chemical shifts are
reported as O in units of parts per million (ppm), calibrated based on the different
solvents used (CDCI3 s 7.26; DMSO-d6 m 2.50; MeOD-d4 d 3.31).Multiplicities are
given as: s (singlet); d (doublet); t (triplet) or m (multiplets), b (broad) and sex
(sextet). Coupling constants (J) are represented in Hz. Purity and Thermal stability
results were recorded on Shimadzu LC-IT-TOF spectrometer. High Resolution Mass
Spectroscopy was recorded for new molecules using Finnigan LCQ mass
spectrometer. Pre-calibrated weighing balance (for weighing samples for thermal
stability studies), oven (maintained at 37°C) and freezer (maintained at -20°C) were

used for thermal stability studies which were established using the ICH guidelines.
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5.1 Synthesis scheme®**

5.1.1 General experimental procedure for the synthesis of N-(7-Chloro-4-quinolyl)-

1,n-diaminoalkanes (27a, 27b)

A mixture of 4,7-dichloroquinoline (26) (3.0gms, 15.2 mmol, lequiv.) and
ethylenediamine (30) (4.55 gms, 75.7 mmol, 5 equiv) was heated to 110 °C for 6 h
under inert atmosphere and then cooled to room temperature. Aqueous NaOH
(0.61gms, 15.2 mmol, 1equiv,(1N soln., in 10mL)) was then added and the mixture
was extracted with CH,Cl,. The organic layers were washed with water (50mL), brine
(25mL), dried over anhydrous Na,SO4, and evaporated under reduced pressure to get
N-(7-Chloro-4-quinolyl)-1,n-diaminoalkanes.

HN/\\/NHZ

=

P
Cl N

27a, n=1, 86%

N-(7-Chloro-4-quinolyl)-1,2-diaminoethane (27a) - Following the above procedure

the compound was obtained as pale-yellow crystals with 86% yield. This was used
without further purification. Rf (1:9 MeOH: CH,CL+0.1%TEA) = 0.09. IR (KBr)/
cm® — 3248, 2916, 1581. 'H NMR (500MHz, MeOD) & 8.35(1H, d, -N=CH-,
J=9.45Hz), 8.04(1H, d, Ar-CH, J=9.45Hz), 7.76(1H, d, Ar-H, J=2.5Hz), 7.38(1H, dd,
Ar-H, J=2Hz 6.95Hz), 6.56(1H, d, Ar-H, J = 5.7Hz), 3.45(2H, t, -NH-CH»-J =
6.3Hz), 2.93(2H, t, -NH,-CH,-, J = 6.3Hz) ; *C NMR (500 MHz, MeOD) & 152.6,
152.4, 149.7, 136.4, 127.6, 126.1, 124.2, 118.8, 99.7, 50.3, 44.2 .MS(ES"): m/z (%):
222.1 [M+H]".

HNNzNHZ

X
P

Cl N

27b, n=2, 80%
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N-(7-Chloro-4-quinolyl)-1,4-diaminobutane (27b) — Employing the procedure 80%

yield of pale-yellow crystals was obtained. Rs (1:9 MeOH: CH,CL+0.1%TEA) =
0.03. IR (KBr)/cm™ - 3255, 2932, 1582. *H NMR(500MHz, MeOD) & 8.34(1H, d, -
N=CH-, J=9.45Hz), 8.10(1H, d, Ar-CH, J=9. 5Hz), 7.77(1H, d, Ar-H, J=2.5Hz),
7.39(1H, dd, Ar-H, J=2.5Hz,6.3Hz), 6.52(1H, d, Ar-H, J = 5.7Hz), 3.38(2H, t, -NH-
CH,-,J = 7.6Hz), 2.71(2H, t, -NH,-CH,-, J = 6.9Hz), 1.78(2H, m, -NH-CH,-CH,-),
1.62(2H, m, -NH,-CH,-CHy-); *C NMR (500 MHz, MeOD) & 152.7, 152.4, 149.7,
136.2, 127.6, 125.8, 124.3, 118.8, 99.6, 43.9, 42.3, 31.3, 26.8. MS (ES"): m/z (%):

250.1 [M+H]".

5.1.2 General experimental procedure for the synthesis of 2-(7-chloroquinolin-4-

ylamino)ethanol and 4-(7-chloroquinolin-4-ylamino)butan-1-ol (76a, 76b)%

A mixture of 4,7-dichloroquinoline (26) (4.0gms, 20.2mmol, 1lequiv.), 1-
aminobutanol (24.71gms, 403.9 mmol, 20equiv) and TEA (0.62gms, 6.06 mmol, 0.3
equiv.) was heated to 130 °C for 12-14 h under inert atmosphere and then cooled to
room temperature. Water was added and the mixture was extracted with CH,Cl,. The
organic layers were washed with water (50mL), brine (25mL), dried over anhydrous
Na,SO4, and evaporated under reduced pressure to get 2-(7-chloroquinolin-4-

ylamino)ethanol. The compound was directly used without purification.

HN/\/OH
S
cl N”
76a
2-(7-chloroquinolin-4-ylamino)ethanol (76a) - Yields - 80%, Rf (15%

MeOH:CH,Cl) = 0.25 . ‘H NMR(500MHz, MeOD) & 8.35(1H, d, -N=CH-,
J=9.45Hz), 8.05(1H, d, Ar-CH, J=9.45Hz), 7.39(1H, dd, Ar-H, J=2Hz, 6.9Hz),

7.78(1H, d, Ar-H, J=2.5Hz), 6.57(1H, d, Ar-H, J = 5.7Hz), 3.84(2H, t, -OH-CH,-, J =
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5.7Hz), 3.50(2H, t, -NH,-CHo-, J = 5.7Hz): 3C NMR(500 MHz, MeOD) § 152.9,
152.4, 149.7, 136.4, 127.6, 126.0, 124.2, 118.8, 111.6, 99.7, 60.8, 46.3. MS (ES™):
m/z (%): 222.8 [M]".

HN/\/\/OH

Ci N
76b

4-(7-chloroquinolin-4-ylamino)butan-1-ol  (76b) - Yields - 100%, Rf (15%

MeOH:CH.Cl,) = 0.2 . *H NMR(500MHz, MeOD) § 8.32(1H, d, -N=CH-, J=9.45Hz),
8.07(1H, d, Ar-CH, J=9. 5Hz), 7.76(1H, d, Ar-H, J=2.5Hz), 7.36(1H, dd, Ar-H,
J=2.5Hz, 11.5Hz), 6.49(1H, d, Ar-H, J = 5.7Hz), 3.34-3.65(4H, t, -OH-CHy-, -NH-
CHp), 1.58-1.85(4H, m, -NHp-CH,-CHp-CH,-CH,-OH); *C NMR(500 MHz,
MeOD) & 152.7, 152.4, 149.7, 136.3, 133.5, 131.8, 127.6, 125.9, 124.3, 120.3, 118.8,
25.9, 99.6, 62.6, 43.9, 31.1. MS (ES"): m/z (%): 251.14 [M+H]". HRMS(ES") -

obsvd. — 251.0953 ; calc. - 251.0946.

5.1.3 General experimental procedure for the synthesis of 2-(7-chloroquinolin-4-yl

amino)ethylmethanesulfonate, 4-(7-chloroguinolin-4-ylamino)butylmethanesulfonate

(77a, 77b)%

A mixture of 2-(7-chloroquinolin-4-ylamino)ethanol (76a) (1.0gms, 4.5 mmol, 1

equiv.) in 13ml of pyridine is stirred for 30min. Then MsCI (1.54gm, 13.5mmol,
3equiv) in 3ml of pyridine is added at 0°C under inert atmosphere. The reaction
mixture is stirred at this temperature for 1hr, then warmed to room temperature and
stirred for 5hrs. After confirmation with TLC, the mixture is transfered to a bigger
round bottom flask kept at 0°C and about 5-10ml of 25% Ammonia solution is added
slowly with stirring till solution turns basic. Water was added and the mixture till
precipitation was observed. The mixture was extracted with CH,Cl,. The organic

layers were washed with water (25mL), brine (15mL), dried over anhydrous Na,;SOy,
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and evaporated under reduced pressure till thick slurry is obtained. To this slurry 20ml
diethyl ether and about 40ml hexane is added to precipitate out the product. The
precipitate is separated from the solution and then dried thoroughly under vacuum to

get 2-(7-chloroquinolin-4-yl amino)ethylmethanesulfonate.

HN /\/OMS

=

2
Ci N

77a

2-(7-chloroquinolin-4-yl amino)ethylmethanesulfonate (77a) — Yields-91%, R¢ (15%

MeOH:CH.Cl,) = 0.4 . *H NMR(500MHz, CDCls) & 8.53(1H, d, -N=CH-, J=9.45Hz),
7.96(1H, d, Ar-CH, J=9.45Hz), 7.77(1H, d, Ar-H, J=2.5Hz), 7.39(1H, dd, Ar-H,
J=2Hz, 6.9Hz), 4.59(2H, t, -OH-CH,-, J = 5.7Hz), 6.41(1H, d, Ar-H, J = 5.7H2),
3.48(2H, t, -NH,-CHz-, J = 5.7Hz) 3.08(3H, 0S0,-CHs); *C NMR(500 MHz,
CDCly) & 151.36, 149.49, 148.53, 135.48, 128.29, 125.98, 121.38, 117.15, 98.94,

66.84, 42.49, 37.81. MS (ES"): m/z (%): 301.1 [M+H]".

HN /\/\/OMS

X

2

Cl N
77b

4-(7-chloroquinolin-4-ylamino)butylmethanesulfonate (77b) — Yields — 92%, R (15%

MeOH: CH,Cl,) = 0.35 . IR (KBr)/cm™ — 3421, 2935, 1610, 1541, 1352, 1575. 'H
NMR(500MHz, CDCls) & 8.46(1H, d, -N=CH-, J=9.45Hz), 7.91(1H, d, Ar-CH,
J=9.45Hz), 7.78(1H, d, Ar-H, J=2.5Hz), 7.33(1H, dd, Ar-H, J=2Hz, 6.3Hz), 6.39(1H,
d, Ar-H, J = 5.7Hz), 5.61(1H, b, -NH-), 4.31(2H, t, -CH,-OSO,CH3, J = 5.7Hz),
3.39(2H, t, -NH,-CH,-, J = 5.7Hz), 3.01(3H, 0SO,-CHs), 1.68-1.91(4H, m, -NH,-
CH,-CH,-CH,-CH2-OH); *C NMR(500 MHz, CDCls) & 151.7, 150.9, 136.0, 128.5,
126.2, 122.3, 117.7, 99.6, 70.1, 43.3, 38.2, 27.6, 25.5. MS(ES"): m/z (%): 329.1

[M+H]". HRMS (ES") — observed — 329.0735 ; calculated. - 329.0721.
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5.1.4a General experimental procedure for the synthesis of N-(7-chloro-4-quinolyl)-

N’,N’-diethyl-1,(n)-diaminoalkanes (Structures 29a,29h) and N-(7-chloro-4-quinolyl)-

N’-ethyl-1,n-diaminoalkanes (Structures 28a, 28b)

To a solution of N-(7-chloro-4-quinolyl)-1,2-diaminoethane (27a) (1.0 g, 4.5 mmol, 1
equiv.) in anhydrous DMF (10mL) was added Cs,CO; (4.41 gms, 13.5 mmol, 3
equiv). The solution was stirred at 25 °C for 0.5 h and ethyl bromide (0.49g, 4.5
mmol, 1 equiv.) (diluted in 10mL anhydrous DMF) was added dropwise for 2hrs and
then the reaction mixture is stirred at 25 °C for 24 h. DMF was removed in vacuum.
The residue was dissolved in CH,Cl,, washed with water (10mL), brine (10mL) dried
over anhydrous Na;SO4, and the organic extracts were removed under reduced
pressure. Flash chromatography (2%-8% MeOH in CH,Cl,+0.1% TEA) allowed
isolation of 0.21 g (16.8% yield) of N-(7-chloro-4-quinolyl)-N’,N'-diethyl-1,2-
diaminoethane (29a) and 0.38 g (33.7% yield) of N-(7-chloro-4-quinolyl)- N'-ethyl-
1,2-diaminoethane (28a) as pale-yellow crystals.

5.1.4b Alternate general experimental procedure for the synthesis of N-(7-chloro-4-

guinoly-N'-ethyl-1,n-diaminoalkanes (Structures 28a,28b)

To a mixture of 2-(7-chloroquinolin-4-yl amino)ethylmethanesulfonate (77a)
(1.2gms, 4mmol, lequiv.) in THF: MeOH (5:2) is added 2M ethylamine solution in
THF (26.97gms (30mL), 598mmol, 150 equiv.). The solution is heated to reflux under
inert atmosphere for 12-16hrs. After confirmation with TLC, the solution is cooled
down. The product is isolated by removing the solvent under vacuum and further
column with 10% MeOH in CH,Cl, + 0.1% TEA. The diethyl amine by product is

thus avoided and the yields are quantitative.

H
HN/\/N\/

=

Pz
Cl N

28a, n=1, 34%
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N-(7-Chloro-4-quinolyl)-N'-ethyl-1,2-diaminoethane (28a) — Yields — 34% (as per

procedure 4.1.4a) ; 90% (as per procedure 4.1.4b), R (1:9 MeOH:CH,Cl, +0.1%
TEA) = 0.23. IR (KBr)/cm™ - 3271, 2963, 2847, 1582. "H NMR(500MHz, MeOD) &
8.37(1H, d, -N=CH-, J=5.7Hz), 8.10(1H, d, Ar-H, J=8.8Hz), 7.78(1H, d, Ar-H, J
=2.6Hz), 7.41(1H, dd, Ar-H, J=2.5Hz, 6.3Hz), 6.56(1H, d, Ar-H, J =5.7Hz), 3.51(2H,
t, -NH-CHy-, J = 6.3Hz), 2.96(2H, t, -NH-CHy-, J = 7.0Hz), 2.72(2H, q, -CH2-CHs-,
J=7.0Hz), 1.16(3H, t, -CH,-CHs-, J=7.6Hz); *C NMR(500 MHz, MeOD) & 152.8,
152.5, 149.7, 136.4, 127.6, 126.1, 124.3, 118.8, 99.7, 44.7, 43.2, 14.6. MS (ES"): m/z

(%): 250.1 [M+H]".

H
HN*\,)er\/
x

P
Cl N

28b, n=2, 18%

N-(7-Chloro-4-quinolyl)-N'-ethyl-1,4-diaminobutane (28b) — Following procedure

described above and purification by flash chromatography (2%-8% MeOH in
CH,CI,+0.1% TEA) gave 18% yield( procedure 4.1.4a), 80% yield( procedure 4.1.4b)
of pale-yellow crystals. Rs (1:9 MeOH:CH,Cl,+0.1%TEA) = 0.2 IR (KBr)/lcm™ -
3289, 3279, 1582. 'H NMR(500MHz, MeOD) & 8.34(1H, d, -N=CH-, J=5.1Hz),
8.09(1H, d, Ar-H, J=8.9Hz), 7.77(1H, d, Ar-H, J=2.0Hz), 7.39(1H, dd, Ar-H,
J=2.0Hz, 6.9Hz), 6.52(1H, d, Ar-H, J = 5.7Hz), 3.30(2H, t, -NH-CH,-, J = 7.0Hz),
2.67(4H, g, -CH,-CHs-, J = 7.0Hz), 1.79(2H, m, -NH-CH,-CH,-), 1.66(2H, m, -NH,-
CH,-CH,-), 1.13(3H, t, -CH2-CHjs -, J=7.0Hz); *C NMR(500 MHz, MeOD) § 152.7,
152.4, 149.7, 136.2, 127.6, 125.9, 124.3, 118.8, 99.6, 49.9, 44.5, 43.8, 27.9, 27.2,

14.5. MS (ES"): m/z (%): 278.1 [M+H]".

HN/\/N\/
X
o
Cl N

29a, n=1, 17%
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N-(7-Chloro-4-quinolyl)-N',N'-diethyl-1,2-diaminoethane ~ (29a) - Rf (19

MeOH:CH.Cl, +0.1 %TEA) = 0.3 . IR(KBr)/cm® - 3233, 2970, 1582. 'H
NMR(500MHz, MeOD) & 8.37(1H, d, -N=CH-, J=5.1Hz), 8.04(1H, d, Ar-H,
J=8.8Hz), 7.78(1H, d, Ar-H, J=2.0Hz), 7.41(1H, dd, Ar-H, J=2.0Hz, 6.9Hz), 6.55(1H,
d, Ar-H, J = 5.1Hz), 3.48(2H, m, -NH-CH,-, J = 6.3Hz), 2.82(2H, m, -N-CHy-, J =
7.0Hz), 2.67(4H, q, -CHx-CHs-, J=7Hz), 1.34(6H, t, -CH,-CHs-, J=7.6Hz); *C
NMR(500 MHz, MeOD) & 152.6, 152.5, 149.7, 136.4, 127.7, 126.1, 124.1, 118.8,
99.7, 49.5, 48.1, 41.4, 11.6. MS (ES"): m/z (%): 278.1 [M+H]*. LCMS Purity -96%.
Rt = 0.75 min. Eluent system — 0% - 100% ACN/H,0+0.1% TFA
e

=

o~
Cl N

29b, n=2, 23%

N-(7-Chloro-4-quinolyl)-N',N'-diethyl-1,4-diaminobutane  (29b) -  Following

procedure described and purification by flash chromatography (2%-8% MeOH in
CH,Cl,+0.1% TEA) gave 23% vyield of pale-yellow crystals. Rs
(MeOH:CH,Cl,+0.1%TEA) = 0.36. IR (KBr)/cm™ - 3217, 2932, 2793, 1582. 'H
NMR(500MHz, CDCl;) 6 8.51(1H, d, -N=CH-, J=5.7Hz), 7.94(1H, d, Ar-H,
J=2.0Hz), 7.73(1H, d, Ar-H, J=9.5Hz), 7.34(1H, dd, Ar-H, J=2.0Hz, 6.9Hz), 6.38(1H,
d, Ar-H, J = 5.1Hz), 6.00(1H, s, -NH-), 3.30(2H, t, -NH-CH,-, J = 6.3Hz), 2.60(4H, q,
-CHp-CHs-, J = 7.0Hz), 2.53(2H, m, -N-CHy), 1.84(2H, m, -NH-CH,-CH,-),
1.69(2H, m, -NH,-CH,-CHy-), 1.05(6H, t, -CH,-CHs-, J=7.0Hz); **C NMR(500 MHz,
CDCls) 152.7, 152.4, 149.7, 136.3, 127.6, 125.9, 124.3, 118.8, 99.7, 53.5, 47.8, 43.8,
275, 24.9, 11.1. MS (ES): m/z (%): 306.1 [M+H]*. LCMS Purity -98%. Rt =

10.3min. Eluent system — 0% - 100% ACN/H,0+0.1% TFA
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5.1.5 General Experimental procedure for the synthesis of Monoboc diamine (31, 38)

To a solution of the ethylene diamine (30) (3gms, 49.9mmol, 5equiv.) in (100ml) dry
CH,Cl, was added dropwise dilute solution (100ml of dry CH,ClI,) of boc anhydride
(2.18gms, 9.99mmol, lequiv.) under rigorous stirring in ice-water over a period of
40min under Ar atmosphere. The reaction is stirred for 12hrs and checked using TLC
(9:1 CH,Cl;: MeOH +0.1% TEA). The reaction mixture is diluted with 50ml of
dichloromethane and then washed with distilled water (100mL) and brine (50mL) to
remove un-reacted diamine in a separating funnel. The CH,CI, layer is dried over
Na,SO,4 and concentrated in vacuum. The product can be directly used without further
purification as viscous oil in 90% yield which was stored under Ar atmosphere at
20°C.
Hn - NH(Boc)
31
90%

1-(tert-Butyloxycarbonyl) ethyldiamine (31) — The residue can be used directly after

work-up with 31 as viscous oil in 90% yield which was stored under Ar atmosphere at
20°C. R¢ (9:1 CH,Cl,: MeOH +0.1% TEA) = 0.22 . IR (NaCl)/ cm™ — 3364, 2878,
2932, 1697, 1528, 1172.7. *H NMR(500MHz, CDCls) & 4.92(1H, b, -NH-), 3.20(2H,
t, J= 5Hz, -CH-NH-), 2.79(2H, t, J= 5Hz, -CH>-NH-), 1.43(9H, s, -C(CHa)s). *C
NMR(500 MHz, CDCl3) & 156.2, 79.5, 43.3, 41.8, 28.3. MS(ES"): m/z (%): 160.8

[M+H]", 201 [M+CH3CN]".

HZN/(\/O\%;\NH(Boc)
38
90%
N-Boc-1,8-diamino-3,6-dioxaoctane (38) - Following procedure product was

obtained in 90% yield. R¢ (9:1 CH,Cl: MeOH +0.1% TEA) = 0.26 . IR(NaCl)/ cm™ -
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3372, 2924, 2870, 1697. 1528, 1173, 1111. 'H NMR(500MHz, CDCls) & 3.50(2H, d,
J=28Hz, -CH,-NHBoc), 3.42(2H, t, J=9.6Hz, J=9.0Hz m, -O-CH,CH,-0-), 3.19(2H,
t, J= 8.3Hz, -O-CH,CH,-), 2.76(2H, t, J= 8.5Hz, -CH»-NH,-), 1.32(9H, s, -C(CHs)s).
3C NMR(500 MHz, CDCls) & 155.8, 78.8, 72.9, 69.9, 41.6, 40.0, 28.3. MS(ES*): m/z
(%): 249 [M+H]".

5.1.6 General experimental procedure for the synthesis of N-(tert-

Butyloxycarbonylamino ethyl-2-bromoacetamide (33,40)

Bromoacetic acid (44mgs, 0.31mmol, lequiv) was added to a single neck flask
containing freshly distilled CH,Cl, (10 ml). The solution was cooled to -10°C using
ice-methanol mixture. Di-isopropylethylamine (DIPEA) (81mgs, 0.62 mmol, 2equiv)
was added immediately at this followed by addition (2-(7-Aza-1H-benztriazole-1-yl))-
1,1,3,3,-tetramethylammonium hexafluorophosphate (HATU) (142mgs, 0.37mmol,
1.2equiv) and 3H-[1,2,3]triazolo[4,5-b] pyridine-3-ol (HOAt) (51mgs, 0.37mmol, 1.2
equiv) and after 10min of stirring 1-(tert-Butyloxycarbonyl) ethyldiamine (31) (50
mgs, 0.31mmol, lequiv) is added in the sequence respectively. The reaction is
maintained under Ar atmosphere and -10°C till the addition of the above components
is complete. The reaction is cooled to room temperature gradually and stirring is
continued at room temperature till TLC shows the product spot. The product was
isolated by washing the reaction mixture with water and separating the
dichloromethane layer. Dichloromethane was distilled under vacuum and the residue
was purified by flash chromatography (2% - 4% MeOH inCHCI;+0.1% TEA) in 80%

yield.

H
(Boc)HN/\/N\n/\Br
33 ©
82%
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N-(tert-Butyloxycarbonyl) aminoethyl-2-bromoacetamide (33) — Employing the

procedure the residue was purified by flash chromatography (2% - 4% MeOH
iNCHCls+ 0.1% TEA) in 80% vyield. Ry (MeOH:CH,ClL,+0.1%TEA) = 0.33 . 'H
NMR(500MHz, CDCls) & 7.09(1H, b, -NH-CO-), 4.88(1H, b, -NH(Boc)), 3.86(2H, s,
-CO-CH,-Br), 3.40(2H, m, -NH-CH,-), 3.29(2H, m, -CH»-NH(Boc)), 1.45(9H, s, -
C(CHs)s). °C NMR(500 MHz, CDCls) & 166.3, 157.8, 79.9, 41.6, 39.8, 28.9, 28.4.
MS(ESY): m/z (%): 304.9 [M+Na+H]".HRMS (m/z) calc. - 303.0314, observed —

303.0314.

o
B’\)LH*\/OV);\NH(Boc)

40
82%

N-(tert-Butyloxycarbonyl)aminoethoxyethoxyethyl-2-bromoacetamide(40) -

Employing the above procedure and purification by flash chromatography in 90%
yield. Rt (MeOH:CH,CL+0.1%TEA) = 0.36 . *H NMR(500MHz, CDCl;) & 1.43(9H,
s, -C(CHs)s), 2.79(2H, s, -CH,-NHCO-), 3.52(10H, m , -NH(Boc)-CHa-CH,-O-CH,-
CH,-O-CH,-), 4.04(1H, b, -CO-CH,-Br), 4.98(1H, b, -NH(Boc)) 6.94(1H, b, -NH-
CO-) . *C NMR(500 MHz, CDCls) & 165.7, 155.9, 79.9, 70.3, 70.2, 70.1, 69.4, 40.3,

39.9, 29.0, 28.4. MS (ES"): m/z (%): 390.9 [M+Na]".

5.1.7 General experimental procedure for the synthesis of (7-Coumarin-

acetamide)aminoethyl -2-bromoacetamide (35)

N-(tert-Butyloxycarbonyl)aminoethyl-2-bromoacetamide (33) (60mgs, 0.21mmol, 1
equiv.) was dried overnight under vacuum and then placed under Ar atmosphere. 1ml
of freshly distilled dichloromethane was added to above reactant. The reaction
mixture was cooled to 4°C using Ice bath and then Trifluoroacetic acid (TFA)

(243mgs, 2.13mmol, 10equiv.) was added immediately under Ar atmosphere using a
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syringe. The reaction was checked after 1hr by TLC (9:1 CH,Cl;:MeOH + 0.1%
TEA) for absence of starting material. After confirmation by TLC the reaction
mixture is distilled under vacuum at 16-18°C to remove excess TFA and CH,Cl, The
residue is flushed with argon to release the vacuum and then 2-4ml of freshly distilled
dry ether is added to observe precipitation of the TFA salt of the amine. If no
precipitation is observed then the ether is removed under vacuum and after flushing
the TFA salt with Argon the residue is kept under vacuum line for 10min. The residue
is placed under Ar atmosphere using a balloon and then 10-12ml of Dichloromethane
(dry freshly distilled) was added. The reaction mixture is cooled to -10°C using ice-
methanol mixture. Di-isopropylethylamine (82.7 mgs, 0.64 mmol, 3equiv) was added
immediately at this followed by addition of 7-Dimethyl coumarin-4-acetic acid (34)
(53mgs, 0.21mmol, lequiv), HATU (98mgs, 0.26 mmol, 1.2equiv) and HOAt (35
mgs, 0.26mmol, 1.2equiv) is added in the sequence respectively. The reaction is
maintained under Ar atmosphere and -10°C till the addition of the above components
is complete. The reaction is cooled to room temperature gradually and stirring is
continued at room temperature till TLC shows the product spot. The product was
isolated by washing the reaction mixture with water and separating the
dichloromethane layer. Dichloromethane was distilled under vacuum and the residue

was purified by flash chromatography (2% - 4% MeOH inCHClI3;+ 0.1% TEA) in 60%

yield.
o H
O(i”w"w
A
>N o Yo
| 35
60%
(7-Coumarin-acetamide) aminoethyl-2-bromoacetamide (35) - Yield - 70%

Compound is unstable and is to be used directly for next step. Hence characterization

was not done on this molecule. MS (ES™): m/z (%): 431.96 [M+Na]"
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o

e}
N'é\/o\/);\NJ\/Br
H H
A
\|?| N 41

90%

(7-Coumarin-acetamide) aminoethoxyethoxyethyl-2-bromoacetamide (41) - was

Obtained following the above process and flash chromatography in 90% vyield.
Compound is unstable and is to be used directly for next step. Hence characterization

was not done on this molecule.

5.1.8 General experimental procedure for the synthesis of Chloroquine based probes

(36a, 36b, 42) - N-(7-Chloro-4-quinolyl)-N'-ethyl-1,2-diaminoethane (28a) (16.8mgs,
0.07mmol, lequiv.) and freshly dried K,CO3 (18.6mgs, 0.135mmol, 2equiv.) were
stirred together in a single neck flask under Ar atmosphere in 2-3ml of dry
Acetonitrile. (7-Coumarin-acetamide)aminoethyl-2-bromo acetamide (35) (27.6mgs,
0.07mmol, lequiv.) was added directly in dried powder form to the above reaction
mixture at 4°C (Ice water). Ice Water is removed after the addition is done and the
reaction is stirred at room temperature for 12hrs. After confirmation of formation of
product by TLC (9:1 CH,Cl,:MeOH+0.1%TEA). The reaction mixture is columned
through celite and 50ml of Acetonitrile is added to extract the product from the
column. Acetonitrile is distilled under vacuum and the residue is purified by flash

chromatography (2% -6% MeOH in CHCI3+0.1%TEA).

N
N " >

o
HN/\/N\)J\N/\/N

H |
m ’ ”
P [o]
cl N 36a, n=1, 65%

2-((2-(7-chloroquinolin-4-ylamino)ethyl)(ethyllamino)-N-(2-(2-(7-(dimethylamino)-

2-0x0-2H-chromen-4yl) acetamido) ethyl) acetamide (36a) — Following the above

procedure and purification by flash chromatography (2% - 4% MeOH in
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CHCI3+0.1%TEA) the compound was obtained in 65% yield. Re (1:9
MeOH:CH,Cl,+0.1%TEA) = 0.41. IR(KBr)/cm™ — 3364, 2924, 2855, 1659, 1613,
1582. 'H NMR(500MHz, MeOD) & 8.29(1H, d, Chlor-CH-, J= 5.7Hz), 8.02(1H, d,
Chlor-CH-, J= 9.5Hz), 7.71(1H, s, CI-C=CH- , J= 2Hz), 7.41(1H, d, Cou-CH-,
J=8.9Hz), 7.23(1H, dd, Ar-H, J=2.0Hz, 8.9Hz), 6.55(1H, dd, Ar-H , J=2.6Hz, 9.5Hz),
6.44(1H, d, Cou-CH, J= 5.7Hz), 0.95(3H, t, -CH,-CHs, J= 7.0Hz), 6.23(1H, d, -
N=CH=CH-, J= 2.5Hz), 5.98(1H, s, Cou-CH), 3.38(6H, m, -NHCO-CH,-
N(CH2CHs), -CH-NH-, -CH,-NHCO), 3.30(2H, t, -CH,-NHCO-, J= 5.7H2),
3.08(2H, s, Coum-CH,-CONH-), 2.94(6H, s, -N(CHs),), 2.70(2H, t, -N-CH,-, J=
6.3Hz), 2.53(2H, g, -CH,CHs, J= 7.6Hz); **C NMR(500 MHz, MeOD) § 174.9, 172.1,
164.1, 157.0, 153.0, 152.6, 151.5, 148.6, 136.7, 126.9, 126.7, 126.1, 124.8, 118.6,
110.5, 110.3, 109.8, 99.5, 98.5, 59.0, 53.7, 50.3, 41.2, 40.1, 40.0, 14.5, 12.2. MS
(ES): m/z (%): 579.3 [M+H]". HRMS (ES") m/z calc. - 579.2497, observed —
579.2500. LCMS Purity - 96%. Rt = 8.33-8.47 min. Eluent system - 10%

ACN/H;0+0.1%TFA — 100% ACN/H,0+0.1%TFA.

\ o
H
HNMN\)J\H/\/N
S
cl N? °
36b, n=2, 70%

o | (o]

2-((4-(7-chloroquinolin-4-ylamino)butyl)(ethyl)amino)-N-(2-(2-(7-(dimethylamino)-

2-0x0-2H-chromen-4-yl)acetamido) ethyl) acetamide (36b) — Following the above

procedure and purification by flash chromatography (2% -6% MeOH in
CHCI3+0.1%TEA) the compound was obtained in 70% vyield. Rf (1:9
MeOH:CH,Cl,+0.1%TEA) = 0.44. IR (NaCl) / cm™ - 3333, 2932, 2862, 1713, 1613,
1582, 1528. *H NMR(500MHz, MeOD) & 8.29 (1H, d, Ar-H, J= 5.8 Hz), 7.99 (1H,

Ar-H, d, J= 9.1 Hz), 7.71 (1H, d, Ar-H, J= 2.0 Hz), 7.42 (1H, d, Ar-H, J= 8.8 H2),
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7.25 (1H, dd, Ar-H, J= 2.0 Hz, 8.8 Hz), 6.55 (1H, dd, Ar-H, J=2.6 Hz, 9.1 Hz), 6.43
(1H, d, Ar-H, J= 5.8 Hz), 6.34 (1H, d, Ar-H, J= 2.3Hz), 5.98 (1H, s), 3.63 (2H, ),
3.38-3.40 (4H, m), 3.21 (2H, m), 2.97 (8H, bs), 2.41 (2H , t, J= 7.0 Hz), 2.49 (2H, q,
J= 7.0 Hz), 1.62-1.74 (2H, -CH-CH,-CH,-CH,-N((CH,CH3)(CH,)), m), 1.52-1.57
(2H, m, NH-CH,-CH,-CH,-), 0.87 (3H, t, -CH,CHs, J= 6.4 Hz),; *C NMR(500
MHz, MeOD) & 175.2, 171.5, 164.2, 157.1, 154.6, 152.2, 149.4, 152.7, 136.2, 127.3,
126.8, 125.8, 124.5, 118.7, 110.5, 110.3, 109.7, 99.6, 98.6, 58.7, 55.7, 50.0, 47.4,
44.0, 40.2, 40.1, 40.0, 27.1, 26.2, 12.1. MS (ES"): m/z (%): 608.3 [M+2H]*. HRMS
(ES") m/z calculated 608.2848, observed - 608.2847. LCMS Purity -96%. Rt = 8.73-

8.89 min. Eluent system — 10% ACN/H,0+0.1%TFA — 100% ACN/H,0+0.1%TFA.

o

\ o)
HN/\/N\)J\H%\/O\/);\H
m ¢
cl Vig 42 0”0 N~

45% I

N-(1-(7-chloroquinolin-4-ylamino)-3-ethyl-5-0x0-9,12-dioxa-3,6-diazatetradecan-14-

yl)-2-(7-(dimethylamino)-2-ox0-2H-chromen-4-yl)acetamide (42) — Following the

above procedure and purification by flash chromatography (2% - 4% MeOH in
CHCI3+0.1%TEA) the compound was obtained in 60% vyield. Rf (1:9
MeOH:CH,Cl,+0.1%TEA) = 0.56. IR (NaCl)/cm™ - 3279, 3071, 2924, 2862, 1713,
1613, 1528. 'H NMR (500MHz, CDCls) & 8.29(2H, d, Chlor-CH-, d, , J= 5.7Hz),
7.76(1H, d, Chlor-CH-, J= 1.9Hz), 7.52(2H, dd, Cou-CH-, CI-C-CH,-, J= 1.9Hz,
8.8Hz), 6.68(1H, dd, Cou-CH-, Cou-CH-, J= 2.5Hz, 2.6Hz), 6.41(1H, d, -N=CH=CH-
, J= 2.5Hz), 6.01(1H, s, Cou-CH-), 3.55(16H, m), 3.25 (2H, s, Coum-CH,-CONH-),
3.03(6H, s, -N(CHa)2), 2.89 (2H, t, -N-CH,-, J= 6.3Hz), 2.69 (2H, g, -CH,CHs, J=
7.0Hz), 1.07 (3H, t, -CH,CHs, J= 7.5Hz); **C NMR(500 MHz, CDCl3) § 172.0, 168.3,

162.1, 155.9, 153.1, 126.8, 125.8, 124.1, 116.1, 109.5, 109.3, 108.3, 98.0, 97.9, 70.2,
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69.6, 69.5, 57.2, 52.2, 48.7, 42.1, 40.1, 39.5, 39.1, 12.0. MS(ES"): m/z (%): 667.4
[M]". HRMS (ES™) m/z calc. - 668.3100, obsvd. — 668.3098. LCMS Purity -96%. Rt
= 8.83-8.87 min. Eluent system— 10% ACN/H,0+0.1%TFA - 100%

ACN/H;0+0.1%TFA.

5.1.9 General procedure for synthesis of tert-butyl 2-(2-((2-(7-chloroguinolin-4-

vlamino)ethyl)(ethyl)amino)acetamido)ethylcarbamate and tert-butyl 2-(2-((4-(7-

chloroquinolin-4-ylamino)butyl)(ethyl)amino)acetamido)ethylcarbamate (54a, 54b)

N-(7-Chloro-4-quinolyl)-N'-ethyl-1,2-diaminoethane  (28a) (100mgs, 0.4mmol,
lequiv.) and freshly dried K,CO3 (166mgs, 1.2mmol, 3equiv.) were stirred together in
a single neck flask under Ar atmosphere in 2-3ml of dry Acetonitrile. N-(tert-
Butyloxycarbonyl) aminoethyl-2-bromoacetamide (33) (170mgs, 0.6mmol, 1.5equiv.)
was added as Acetonitrile solution to the above reaction mixture at 0°C (lce water).
Ice Water is removed after the addition is done and the reaction is stirred at room
temperature for 12hrs. After confirmation of formation of product by TLC (10%
MeOH: CH,Cl,). The reaction mixture is columned through celite and 50ml of
Acetonitrile is added to extract the product from the column. Acetonitrile is distilled
under vacuum and the residue is purified by flash chromatography (6% -8% MeOH in

CHCl;+0.1%TEA).

0
HN,\/N\)LH/\/NH(Boc)
X

cl N? S4a

tert-butyl 2-(2-((2-(7-chloroquinolin-4-ylamino)ethyl)(ethyl)amino)acetamido) ethyl

carbamate (54a) —

Yields — 70%. R; (1:9 MeOH:CH,CL+0.1%TEA) = 0.45. IR (KBr)/cm™ — 3306,

2972, 2939, 1694, 1668, 1613, 1541, 1451. '"H NMR(500MHz, MeOD) § 8.37(1H, d,
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-N=CH-, J=5.7Hz), 8.31(1H, d, Ar-H, J=8.9Hz), 7.80(1H, d, Ar-H, J=2.0Hz),
7.51(1H, dd, Ar-H, J=2.0Hz, 6.9Hz ), 6.63(1H, d, Ar-H, J = 5.7Hz), 2.87-3.25 (10H,
m, -CHx-NH(Boc), NH-CHz-, -NH,;-CH,-CH,-, -NH-CH,-CH,-, -CO-CHy-N),
2.67(4H, g, -CH,-CHs-, J = 7.0Hz), 1.40(9H, s, -C(CHa)3),1.07(3H, t, -CH,-CH; -,
J=7.0Hz); *C NMR(500 MHz, MeOD) & 174.6, 154.1, 149.9, 147.0, 137.8, 126.9,
1255, 125.1, 118.3, 99.7, 80.1, 58.4, 53.6, 50.0, 42.6, 40.9, 40.6, 28.8, 12.2. MS
(ES: miz (%): 450.1 [M+H]". HRMS (ES") m/z calc. - 450.2266, obsvd. —

450.2284.

\ o
HNNZN\)J\H/\/NH(BOC)
A
cl Yig 54b

tert-butyl  2-(2-((4-(7-chloroquinolin-4-ylamino)butyl)(ethyl)amino)acetamido)ethyl

carbamate (54b) —

Yields — 70%, Ry (1:9 MeOH:CH,Cl+0.1%TEA) = 0.4. IR (KBr)/cm™ - 3306, 2957,
2924, 2853, 1695, 1676, 1655, 1582, 1533, 1451. *H NMR(500MHz, CDCl) &
8.39(1H, d, -N=CH-),7.85(1H, d, Ar-CH, J=9.45Hz), 7.57(1H, d, Ar-H, J=2.5Hz),
7.22(1H, dd, Ar-H, J=2Hz,8.2Hz), 6.29(1H, d, Ar-H, J = 5.7Hz), 3.22-3.32 (6H, m),
2.98(2H, s, -CO-CH2-N-), 2.47(4H, m), 1.50-1.73(4H, m, -NH,-CH-CH,-CHa-CH,-
OH), 1.37(9H, s, -C(CH3)3), 0.96(3H, t, -CH,-CHs -, J=7.0Hz), ; *C NMR(500 MHz,
CDCl3) § 173.3, 157.2, 152.1,150.9, 149.3, 135.4, 128.5, 125.6, 122.6, 117.9, 99.3,
80.1, 58.4, 55.1, 54.0, 49.7, 43.7, 41.1, 39.9, 29.0, 28.9, 26.9, 25.7, 12.6. MS(ES"):

m/z (%): 478.1 [M+H]". HRMS (ES") — observed — 478.2585; calculated. - 478.2579.

5.1.10 General procedure for synthesis of tert-butyl 3-((2-(7-chloroquinolin-4-

ylamino)ethyl)(ethyl)amino)propylcarbamate(80) - N-(7-Chloro-4-quinolyl)-N’-ethyl-

1,2-diaminoethane (28a) (400mgs, 1.6mmol, lequiv.) and TEA (242mgs, 3.2mmol,
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2.0equiv.) and tert-butyl 3-bromopropylcarbamate (649mgs, 2.4mmol, 1.5equiv.)
were stirred together in a single neck flask under Ar atmosphere in 3ml of dry DMF.
The reaction mixture was heated to 80°C under inert atmosphere for 12-16hrs. After
confirmation of formation of product by TLC (10% MeOH:CH,Cl,), DMF was
removed by evaporation under vacuum. The residue was purified by flash

chromatography (6% -8% MeOH in CHCI3+0.1%TEA).

HN/\/N\/\/NH(BOC)
X

~

Cl N 80

tert-butyl3-((2-(7-chloroguinolin-4-ylamino)ethyl) (ethyl)amino)propylcarbamate(80)—

Yields — 85%, R¢ — 0.55 (10% MeOH:CH,Cl,), IR (KBr)/cm™ - 3421.72, 2974.23,
2973.59, 2756.28, 2738.92, 2490.1, 1689.64, 1614.42, 1581.63. *H NMR(500MHz,
MeOD) & 8.28(1H, d, -N=CH-, J=5.1Hz), 7.99(1H, d, Ar-H, J=8.9Hz), 7.69(1H, d,
Ar-H, J=2.0Hz), 7.32(1H, dd, Ar-H, J=2.0Hz,11.6Hz), 6.47(1H, d, Ar-H, J = 5.7Hz),
3.50(1H, m), 2.50-3.24(10H, m, -CH,-CHs-, J = 7.0Hz), 1.53-1.60(2H, m), 1.31(9H,
s, -C(CHs)3), 0.99(3H, t, -CH,-CH3 -, J=7.0Hz),; *C NMR(500 MHz, MeOD) §
158.5, 152.9, 151.7, 148.8, 136.7, 127.0, 126.3, 124.3, 118.6, 99.8, 89.0, 79.9, 52.5,
51.9, 41.5, 39.5, 28.8, 28.0, 11.7. MS (ES"): miz (%): 407.1[M+H]". HRMS (ES")

m/z calc. — 407.2222 , observed — 407.2225.

5.1.11 General procedure for synthesis of (55 and 92)

Tert-butyl 2-(2-((2-(7-chloroquinolin-4-ylamino)ethyl)(ethyl)amino)acetamido) ethyl
carbamate (54a) (100 mgs, 0.22 mmol, 1.0 equiv.) is added to flame dried single neck
flask under argon containing dried 1mL dichloromethane. To this solution
trifluoroacetic acid (634 mgs(414 pL), 5.6mmol, 25.0 equiv.) is added at 0°C and the

reaction mixture is stirred till all the boc amine is converted to trifluoroacetate salt of

Page 74 of 219



amine as per TLC. After confirmation by TLC, the solvent is removed under vacuum
and vacuum is released under Ar atmosphere. Dry ether is added to precipitate the
free amine. In case no precipitation is observed the solution is dried under vacuum for
15min and then kept under argon. Fresh dried dichloromethane is added to the
reaction mixture and then its cooled to -10°C. DIPEA (718 mgs(970uL), 5.6mmol,
25equiv.) is added at -10°C followed by HATU (126mgs, 0.33mmol, 1.5equiv) and
HOAt (45mgs, 0.33mmol, 1.5equiv) and finally BODIPY (84) (65 mgs, 0.22 mmol,
lequiv) is added to the reaction mixture at -10°C. The reaction mixture is warmed to
room temperature and stirred at this temperature for 12-16hrs. Upon confirmation by
TLC the solvent is removed under vacuum and the crude is purified by column

chromatography (4% -8% MeOH in CHCIs).

(o]
H
HN/\/N\)J\H/\/N
~
Pz 55
Cl N

3-(3-(2-(2-((2-(7-chloroguinolin-4-ylamino)ethyl)(ethyl)amino)acetamido)

ethylamino)-3-oxopropyl)-5,5-difluoro-7,9-dimethyl-5H-dipyrrolo[1,2-c:1'.2'-

f][1,3,2]diazaborinin-4-ium-5-uide (55) - Following the above procedure and

purification by flash chromatography (4% - 8% MeOH in CH,Cl,) the compound was
obtained in 70% vyield. R; (1:9 MeOH:CH,Cl,) = 0.45. IR (KBr)/cm™ - 3412, 2950,
1608, 1448, 1383, 1252, 1136, 1084. 'H NMR (500MHz, MeOD) & 8.33(1H, d, J=
9Hz, Ar-H), 8.25(1H, d, J= 6.3Hz, Ar-H), 7.69(1H, d, J= 2Hz, Ar-H), 7.42 (1H, dd, J=
2Hz, 6.9Hz, Ar-H), 7.26(1H, s, Ar-H), 6.90(1H, d, J= 4Hz, Ar-H), 6.58(1H, d,
J=6.95Hz, Ar-H), 6.23(1H, s, Ar-H), 6.10(1H, s, Ar-H), 3.68-3.73(2H, m), 3.46(2H, t,
J= 6.4Hz, NHCO-CH,-CH,-), 3.30-3.35(4H, m & s, N-CH,-CO-), 3.14-3.23(2H, m),
2.82(2H, t, J= 6.3Hz, NHCO-CH,-CH,-), 2.59-2.66(4H, m, N-CH»-CHs-), 2.39(3H, s,

BODIPY-CHj3), 2.20(3H, s, BODIPY-CHs), 1.03(3H, t, J= 6.9Hz, N-CH,-CH3-); °C

Page 75 of 219



NMR (500MHz, MeOD) ¢ 175.2, 174.6, 161.2, 158.3, 155.1, 147.5, 145.7, 144.2,
138.6, 136.4, 134.7, 129.5, 127.3, 125.7, 125.6, 123.3, 121.3, 117.7, 117.1, 99.6, 58.5,
55.8, 53.4, 50.1, 43.8, 42.9, 40.6, 39.9, 35.5, 25.4, 18.0, 14.9, 13.2, 12.2, 11.3. MS
(ES): miz (%): 624.25 [M+H]*". HRMS(ES") m/z calc. — 624.2837 , observed —
624.2861. LCMS Purity -96%. Rt = 8.73-8.89 min. Eluent system - 10%

ACN/H;0+0.1%TFA — 100% ACN/H,0+0.1%TFA.

Cl

3-(3-(3-((2-(7-chloroguinolin-4-ylamino)ethyl)(ethyllamino)propylamino)-3-

oxopropyl)-5,5-difluoro-7,9-dimethyl-5H-dipyrrolo[1,2-c:1',2'-f][1,3,2]diazaborinin-

4-ium-5-uide (92) - Following the above procedure and purification by flash
chromatography (6% - 10% MeOH in CHCI;+0%TEA) the compound was obtained
in 65% yield. R¢ (1:9 MeOH: CH.Cl,) = 0.40. IR (KBr)/cm™ — 2954, 2920, 2851,
1608, 1465, 1251, 1136. 'H NMR(500MHz, MeOD) & 8.32(1H, d, -N=CH-,
J=6.3Hz), 8.14(1H, d, Ar-H, J=8.9Hz), 7.74(1H, d, Ar-H, J=2.0Hz), 7.45(1H, dd, Ar-
H, J=2.0Hz, J=6.9Hz), 7.27(1H, s, Ar-H), 6.94(1H, d, Ar-H, J = 4Hz), 6.59(1H, d, Ar-
H, J = 5.7Hz), 6.30(1H,d, Ar-H, J= 4Hz), 6.09(1H, s, Ar-H), 3.49(2H, t, J=6.3Hz),
3.18-3.27 (4H, m), 2.60-2.78(6H,m), 2.43 (3H, s, BODIPY-CH3), 2.15 (3H, s,
BODIPY-CHs), 1.74(2H, g, -CH,-CHs-, J=7.0Hz ), 1.08(3H, t, -CH,-CHs-, J=7.0H2);
B¢ NMR(500 MHz, MeOD) 6 174.9, 161.4, 158.3, 154.1, 149.3, 146, 145.8, 136.5,
134.8, 129.5, 127.1, 125.6, 125.0, 124.9, 118.1, 117.3, 99.8, 83.6, 71.3, 55.8, 54.8,
52.2, 51.7, 43.8, 41.3, 38.1, 35.6, 30.7, 27.1, 25.6, 18.0, 14.9, 13.2, 11.2, 11.1. MS
(ES): m/z (%): 581.23 [M+H]". HRMS(ES") m/z calc. — 581.2778 , observed —
581.2777. LCMS Purity -96%. Rt = 11.9-12.2 min. Eluent system - 0%

ACN/H;0+0.1%TFA — 100% ACN/H,0+0.1%TFA.
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5.1.12 General experimental procedure for synthesis of (9H-fluoren-9-ylYmethyl 3-

hydroxy propylcarbamate (44)

To a solution of the 3-amino propanol (43) (3.76gms, 50.0mmol, 1equiv.) in (10ml)
dry CH.Cl, was added dropwise Fmoc-OSu (8.92gms, 50.0 mmol, lequiv.) under
rigorous stirring in ice-water over a period of 40min under Ar atmosphere. The
reaction is stirred for 12hrs and checked using TLC (9:1 CH,Cl,: MeOH +0.1%
TEA). The reaction mixture is diluted with 50ml of dichloromethane and then washed
with distilled water (50mL) and brine water (25mL) to remove un-reacted amine in a
separating funnel. The CH,CI; layer is dried over Na,SO,4 and concentrated in vacuum
to obtain viscous oil which is directly used for the next step without purification. The

product is obtained as white solid (44) 70% vyield.

HO___~_ - NH(Fmoc}
44
90%

(9H-fluoren-9-yl)methyl 3-hydroxypropylcarbamate (44) - The product is obtained as

white solid in 70% yield. R (1:9 MeOH:CH,Cl,+0.1%TEA) = 0.75. IR (KBr)/cm™ -
3327, 2947, 2885, 1692, 1543, 1445, 1267. *H (300MHz, CDCl3) 6 7.76(2H, d, Ar-
CH-, J= 4.6Hz), 7.59(2H, d, Ar-CH-, J= 4.6Hz), 7.40(2H, m, Ar-CH-, J= 7.4H2),
7.32(2H, m, Ar-CH-, J= 7.4Hz), 5.00(1H, b, -NH-), 4.44(2H, d, J= 6.6Hz), 4.22(1H, t,
-CO,-CH,-CH-, J=6.6Hz), 3.65(2H, d, -CONH-CH,-, J= 5.4Hz), 3.36(2H,m, -CH,-
CH,-OH), 2.46(1H, b, -OH-), 1.70(2H, m, -CH,-CH,-OH); **C (300 MHz, CDCls) &
157.4, 143.9, 141.3, 127.7, 127.0, 125.0, 120.0, 66.7, 59.5, 47.3, 37.6, 32.6. MS

(ES"): m/z (%): 297.9 [M]" 320.18 [M+Na]".
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5.1.13 General experimental procedure for synthesis of (9H-fluoren-9-ylYmethyl 3-

oxo propyl carbamate (45)

(9H-fluoren-9-yl) methyl 3-oxopropylcarbamate (44) (0.10gms, 0.34 mmol, lequiv.)
was added to 2 ml of freshly distilled dry dichloromethane and Dess-Martin
periodinane (0.357gms, 0.84mmol, 2.5equiv.) was added to the reaction mixture at
room temperature. The reaction mixture is monitored by TLC till the presence of
aldehyde is observed. After reaction is complete the reaction mixture is filtered and
the dichloromethane extract is vacuum distilled to obtain a white solid which is
further purified by flash chromatography (25% - 50% EtOAc in Hexane) in 70%

yield.

H\n/\/NH(Fmoc)

o 45
70%

(9H-fluoren-9-yl)methyl 3-oxopropylcarbamate (45) — Ry (1:1 EtOAc:Hex) = 0.88.

IR (KBr)/em™ — 3329, 2957, 2925, 2855, 1725, 1691, 1543, 1269. 'H (300MHz,
CDCls) 6 9.81(1H, s, -CHO-), 7.76(2H, d, Ar-CH-, J= 7.4Hz), 7.56(2H, d, Ar-CH-, J=
7.5Hz), 7.40(2H, t, Ar-CH-, J= 7.4Hz), 7.31(2H, t, Ar-CH-, J= 7.4Hz), 5.51(1H, b, -
NH-), 4.39(2H, d, J= 6.9Hz), 4.20(1H, t, -O-CH,-CH-, J=6.9Hz), 3.49(2H, m, -CH,-
CHO, J= 3.4Hz), 2.75(2H, t, -CONH-CH,-, J=3.4Hz), ;**C (300 MHz, CDCls) &
201.2, 156.3, 143.9, 141.3, 127.7, 127.0, 125.0, 120.0, 66.7, 47.3, 44.1, 34.5. MS

(ES™): m/z (%): 296.00 [M+H]".

5.1.14 General experimental procedure for synthesis of (9H-fluoren-9-yl) methyl 3-

((2-(7-chloroguinolin-4-ylamino)ethyl)(ethyl) amino) propylcarbamate (46a. 46b)

(9H-fluoren-9-yl)methyl 3-oxopropylcarbamate (45) (0.036gms, 0.12 mmol, 2 equiv.)
was dried under vacuum overnight and then about 5-8ml of freshly distilled dried

CH,Cl, was added to the single neck flask kept under Ar atmosphere. N-(7-Chloro-4-
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quinolyl)-N’-ethyl-1,2-diamino ethane (28a) (0.015gms, 0.06 mmol, 1 equiv.) was
added to the reaction mixture. The reaction mixture was cooled to 4°C (using Ice
Water) and then NaBH(OACc); (0.025gms, 0.12 mmol, 2.0) was weighed quickly and
added immediately to the reaction mixture. The reaction mixture was stirred at room
temperature till TLC shows formation of product. After the reaction is complete
distilled water is added to the reaction mixture and then 4-5ml of saturated NaHCOg3 is
added to the reaction mixture. The mixture is then extracted with ethyl acetate and the
ethyl acetate extract is vacuum distilled and further the residue is purified by flash
chromatography (2% - 4% MeOH in CHCl+ 0.1% TEA) to obtain the product in

(0.025) 70% yield.

HN/\/N»/\/NH(F"‘OC)

=

<

Cl N
46a, n=1, 77%

(9H-fluoren-9-yI) methyl 3-((2-(7-chloroguinolin-4-ylamino)ethyl)(ethyl) amino)

propylcarbamate (46a) — The residue is purified by flash chromatography (2% - 4%
MeOH in CHCl3+ 0.1% TEA) to obtain the product in 70% vyield. Ry (1:9
MeOH:CH,CI,+0.1%TEA) = 0.35 . IR (KBr)/cm'l— 3384, 2959, 2925, 1645, 1457,
1378. 'H (500MHz, CDCls) & 8.51(1H, d, Ar-CH, J= 4.7Hz), 7.94(1H, d, Ar-CH, J=
1.9Hz), 7.74(2H, d, Ar-CH, J= 7.6Hz), 7.69(1H, d, Ar-CH, J=8.9Hz), 7.54(2H, d, Ar-
CH, J= 7.6Hz), 7.38(2H, t, Ar-CH, J= 7.6Hz), 7.30(1H, dd, Ar-CH, J=2.6, 9.1Hz),
7.27(2H, t, Ar-CH, J= 7.6Hz), 6.35(1H, d, Ar-CH, J=5.1Hz), 5.87(1H, b, -NH-Fmoc),
5.14(1H, b, -NH-Chloroquine), 4.39(2H, d, -O-CH,-CH-, J= 6.9Hz), 4.17(1H, t, -O-
CH,-CH-, J=6.9Hz), 3.27(2H, m, -CH,-NH(Fmoc), J=5.7Hz), 2.79(2H, m,
NCH,CH3-CH,-, J=5.7Hz), 2.59(2H, m, -CH,-NCH,CHs, J=7.6Hz), 2.56(2H, q, -
NCH,CHs, J=6.9Hz, 12.6Hz), 1.69(4H, m, -NH-CH,-CH,-NCH,CHj3), 1.65 (2H, m, -

CONH-CH2CH,CH,-), 1.05(3H, t, -NCH,CHs, J=6.9Hz); *C(500 MHz, CDCl;) &
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156.4, 152.0, 149.7, 149.1, 143.9, 141.3, 134.8, 128.7, 127.6, 127.0, 125.3, 124.9,
121.3, 119.4, 117.4, 99.2, 66.4, 51.5, 50.8, 47.3, 46.8, 40.1, 39.5, 27.4, 11.7. MS
(ES™): m/z (%): 529.2 [M]*. HRMS (ES") m/z calc. - 529.2378, observed — 529.2377.

HNN,ZNWNH(Fmoc)

X

o

cl N
46b, n=2, 70%

(9H-fluoren-9-yl)methyl3-((4-(7-chloroquinolin-4-ylamino)butyl)(ethylamino)propyl

carbamate (46b) — Following the above procedure using N-(7-Chloro-4-quinolyl)-N'-

ethyl-1,4-diaminobutane (28b) (0.015gms, 0.05 mmol, 1 equiv.) and purification by
flash chromatography (2% -6% MeOH in CHCI;+0.1%TEA) gave 77% yield. R (1:9
MeOH:CH,Cl,+0.1%TEA) = 0.26. IR (KBr)/cm™ - 3384, 2958, 2924, 1645, 1564,
1456, 1378. *H (500MHz, CDCl3) & 8.49(1H, d, Ar-CH, J= 5.1Hz), 7.94(1H, d, Ar-
CH, J= 1.9Hz), 7.74(2H, d, Ar-CH, J= 7.6Hz), 7.54(2H, d, Ar-CH, J= 7.6Hz),
7.38(2H, t, Ar-CH, J= 7.6Hz), 7.30(1H, dd, Ar-CH, J=2.6, 9.1Hz), 7.27(2H, t, Ar-CH,
J= 7.6Hz), 6.35(1H, d, Ar-CH, J=5.1Hz), 5.14(1H, b, -NH-Fmoc), 5.14(1H, b, -NH-
Chloroquine), 4.39(2H, d, -O-CH,-CH-, J= 5.7Hz), 4.17(1H, t, -O-CH,-CH-,
J=6.9Hz), 3.26(2H, m, -CH,-NH(Fmoc), J= 5.7Hz), 2.62(2H, m, NCH,CHs-CH,- ,
J=5.7Hz), 2.56(2H, g, -NCH,CHs, J=6.9, 12,6Hz), 2.48(4H, m, -CH,-NCH,CHs),
1.69(2H, m, -NH-CH,-CH»-N CH,CHs, J=6.3Hz), 1.65 (2H, m, -CONH-CH,CH,CH,-
), 1.05(3H, t, -NCH,CHs, J=6.9Hz); °C (500 MHz, CDCls) & 156.4, 152.0, 149.8,
149.1, 144.0, 141.3, 134.7, 128.7, 127.6, 127.0, 126.9, 125.0, 124.9, 121.1, 120.0,
98.9, 66.4, 53.0, 52.4, 47.3, 46.2, 43.2, 40.8, 26.8, 26.5, 25.1, 11.5. MS (ES™): m/z

(%): 557.3 [M]*. HRMS (ES*) m/z calc. - 557.2691, observed — 557.2691.
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5.1.15 General experimental procedure for synthesis of N1-(2-(7-chloroquinolin-4-

vlamino)ethyl)-N1-ethylpropane-1,3-diamine (47a. 47b)

(9H-fluoren-9-yl)methyl3-((2-(7-chloroquinolin-4-ylamino)ethyl)(ethyl)amino)propyl
carbamate (46a) (0.025gms, 0.01 mmol, 1 equiv.) was dried overnight under vacuum
and then about 1-2ml of freshly distilled dry CH,Cl, was added to the single neck
flask under Ar atmosphere. The reaction mixture was cooled to 4°C (using Ice water)
and then piperidine (0.035gms, 0.05 mmol, 5 equiv.) was added to the reaction
mixture immediately with vigorous stirring. The reaction mixture was stirred at room
temperature till TLC shows product formation. After completion of the reaction as
observed by TLC the reaction mixture was distilled under vacuum to remove
piperidine and then the compound is purified by flash chromatography 15-25%

MeOH in CHCI3+0.1%TEA to get 13mgs of crude product.

aN SN NH,
A
o

Ci N
47a, n=1

N1-(2-(7-chloroquinolin-4-ylamino)ethyl)-N1-ethylpropane-1,3-diamine (47a) - The

crude is purified by flash chromatography 15-25% MeOH in CHCI3+0.1%TEA to get
85% yield of crude product. *H (500MHz, CDCls) & 8.51(1H, d, Ar-CH, J= 5.7Hz),
7.92(1H, d, Ar-CH, J= 1.9Hz), 7.74(1H, d, Ar-CH, J= 8.8Hz), 7.35(1H, dd, Ar-CH,
J=2.6, 9.1Hz), 6.35(1H, d, Ar-CH, J=5.1Hz), 3.30(2H, m, NCH,CH3-CH,-, J=5.7Hz),
2.82(2H, t, -CH,-N(CH, CHs), J=4.4Hz), 2.60(6H, m, -NCH,CHs, -NH-CH,-CH,-
NCH,CHs -CH,-NHy), 1.65 (2H, m, -CONH-CH,CH,CH,-), 1.07(3H, t, -NCH,CHs,
J=6.9Hz); *C (500 MHz, CDCls) & 152.0, 150.0, 149.0, 134.8, 128.6, 125.3, 121.4,
117.5, 99.2, 51.3, 51.2, 47.1, 40.5, 40.1, 30.0, 11.8. MS(ES"): m/z (%): 307.6

[M+H]".
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HNNnN\/\/NHZ
A
Z

Cl N
47b, n=2

N1-(3-aminopropyl)-N4-(7-chloroguinolin-4-yl)-N1-ethylbutane-1,4-diamine (47b) —

Following the above procedure wusing (9H-fluoren-9-yl)methyl3-((4-(7-
chloroquinolin-4-ylamino) butyl)(ethyl)amino)propylcarbamate (46b) (0.025gms,
0.01 mmol, 1 equiv.) and the compound was obtained in 80% crude product. ‘H
(500MHz, CDCly) & 8.51(1H, d, Ar-CH, J= 5.7Hz), 7.92(1H, d, Ar-CH, J= 1.9Hz),
7.74(1H, d, Ar-CH, J= 8.8Hz), 7.35(1H, dd, Ar-CH, J=2.6, 9.1Hz), 6.35(1H, d, Ar-
CH, J=5.1Hz), 3.30(2H, m, NCH,CHs-CH,-, J=5.7Hz), 2.82(2H, t, -CH,-N(CH,
CH3), J=4.4Hz), 2.60(6H, m, -NCH,CH3;, -NH-CH,-CH,-NCH,CH3;, -CH>-NH), 1.65
(2H, m, -CONH-CH,CH,CH,-), 1.07(3H, t, -NCH,CHs, J=6.9Hz); “C (500 MHz,
CDCl3) 6 152.0, 150.0, 149.0, 134.8, 128.6, 125.3, 121.4, 117.5, 99.2, 51.3, 51.2,
47.1,40.5, 40.1, 30.0, 11.8. MS (ES"): m/z (%): 335.2 [M]*. HRMS (ES") m/z calc. -

335.1997, observed — 335.1988.

5.1.16 General experimental procedure for synthesis of N-(3-((2-(7-chloroquinolin-4-

vlamino)ethyl)(ethyl)amino)propyl)-2-(7-(dimethylamino)-2-oxo0-2H-chromen-4-

yl)acetamide tert-butyl (48a, 48b)

7-Dimethyl coumarin-4-acetic acid (34) (8mgs, 0.03mmol, lequiv.) was placed under
Ar atmosphere and then 10-12ml of Dichloromethane (dry freshly distilled) was
added. The reaction mixture is cooled to -10°C using ice-methanol mixture. DIPEA
(20.0 mgs, 0.06 mmol, 2 equiv) was added immediately followed by addition of N1-
(2-(7-chloroquinolin-4-ylamino)ethyl)-N1-ethylpropane-1,3-diamine(47a)(10mgs,

0.03mmol, 1 equiv), HATU (15 mgs, 0.04 mmol, 1.2 equiv) and HOAt (8 mgs, 0.04
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mmol, 1.2 equiv) is added in the sequence respectively. The reaction is maintained
under Ar atmosphere and -10°C till the addition of the above components is complete.
The reaction is cooled to room temperature gradually and stirring is continued at room
temperature till TLC shows the product spot. The product was isolated by washing the
reaction mixture with water (10mL) and separating the dichloromethane layer.
Dichloromethane was distilled under vacuum and the residue was purified by flash
chromatography (2% - 4% MeOH inCHClIs+ 0.1% TEA) to obtain (7mgs) 40% yield

of pure product.

N\
o8

HN/(/\’);,N\’/\/

I
m e
P [o]
[«] N 48a, n=1, 60%

N-(3-((2-(7-chloroquinolin-4-ylamino)ethyl)(ethyl)amino)propyl)-2-(7-(dimethyl

amino)-2-oxo-2H-chromen-4-yl)acetamide tert-butyl (48a) — The residue was purified

by flash chromatography (2% - 4% MeOH inCHCIs;+ 0.1% TEA) to obtain 60% yield
of pure product. R (1:9 MeOH: CH2CI2+0.1%TEA) = 0.36. IR (KBr)/cm™ - 3383,
2957, 2925, 1646, 1565, 1455, 1377. 'H (500MHz, CDCls) & 8.33(1H, d, Chlor-CH,
J= 5.7Hz), 8.06(1H, d, Chlor-CH, J= 9.5Hz), 7.75(1H, s, CI-C=CH-), 7.53(1H, d,
Cou-CH-, J=8.9Hz), 7.35(1H, dd, CI-CH, J=2.0Hz, 8.9Hz), 6.68(1H, d, -N=C=CH-,
J=2.5Hz), 6.45(1H, dd, (CH3),N-CH,-CH,- , J=2.6Hz, 9.5Hz), 6.03(1H, s, Cou-CH),
3.30(2H, s, Coum-CH,-CONH-), 2.94(6H, s, -N(CHs),), 2.4-2.8(6H, m), 1.72(2H, q, -
CH,CHs, J= 7.6Hz), 0.95(3H, t, -CH,CHs, J= 7.6Hz),; *C (500 MHz, MeOD) &
171.1,164.2, 157.2,154.8, 152.8, 152.8, 152.7, 152.2, 149.4, 136.4, 127.4, 126.9,
125.9, 124.4, 118.7, 110.5, 110.3, 109.7, 99.7, 98.7, 54.0, 51.9, 47.6, 43.8, 40.2, 39.1,
24.9, 11.2. MS (ES"): m/z - 536.3 [M+H]'. HRMS (ES*) m/z - calc. 536.2445,
obsvd. — 536.2441. LCMS Purity -96%. Rt = 8.55-8.73 min. Eluent system — 10%

ACN/H;0+0.1%TFA — 100% ACN/H,0+0.1%TFA.
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HNN,N\/\/N
x

cl N” ©

o | O

48b, n=2, 65%

N-(3-((4-(7-chloroquinolin-4-ylamino)butyl)(ethyamino)propyl)-2-(7-(dimethyl

amino)-2-oxo-2H-chromen-4-yl)acetamide (48b) — Following the above procedure

and purification by flash chromatography (2% - 4% MeOH in CHCI;+0.1%TEA) the
compound was obtained in 65% yield. Rf (1:9 MeOH:CH,Cl,+0.1%TEA) = 0.30. IR
(KBr)/cm™ - 3384, 2958, 2924, 1645, 1564, 1456, 1378. '*H (500MHz, MeOD) &
8.33(1H, d, Chlor-CH, J= 5.7Hz), 8.06(1H, d, Chlor-CH, J= 9.5Hz), 7.75(1H, s, CI-
C=CH-), 7.53(1H, d, Cou-CH-, J=8.9Hz), 7.35(1H, dd, CI-CH-, J=2.0Hz, 8.9Hz),
6.68(1H, d, -N=C=CH-, J= 2.5Hz), 6.45(1H, dd, (CHs);N-CH,-CH»- , J=2.6Hz,
9.5Hz), 6.03(1H, s, Cou-CH), 3.30(2H, s, Coum-CH,-CONH-), 2.94(6H, s, -
N(CHa),), 2.4-2.8(6H, m), 1.72(6H, m), 0.95(3H, t, -CH,CHs, J= 7.6Hz); **C (500
MHz, MeOD) 6 171.1, 164.2, 157.2, 154.8, 152.8, 152.8, 152.7, 152.2, 149.4, 136.4,
127.4, 126.9, 125.9, 124.4, 118.7, 110.5, 110.3, 109.7, 99.7, 98.7, 54.0, 51.9, 47.6,
43.8, 40.2, 39.1, 27.7, 26.9, 24.9, 11.2, 9.9. MS (ES"): m/z - 564.3 [M+H]". HRMS
(ES") m/z - calc. 564.2376, obsvd. — 564.2723. LCMS Purity -96%. Rt = 9.2-9.22

min. Eluent system — 10% ACN/H,0+0.1%TFA — 100% ACN/H,0+0.1%TFA.

5.1.17 General experimental procedure for synthesis of N-(2-(7-chloroquinolin-4-yl

amino) ethyl)-2-(7-(dimethylamino)-2-oxo0-2H-chromen-4-yl)acetamide (49a, 49b)

N-(7-Chloro-4-quinolyl)-1,2-diaminoethane (27a) (30mgs, 0.12mmol, 1 equiv.) was
added under Ar atmosphere and 2.5ml of anhydrous DMF was added to above
reactant. The reaction mixture was cooled to 4°C using Ice bath and then 7-Dimethyl

coumarin-4-acetic acid (34) (53 mgs, 0.22mmol, 1 equiv), DCC (27 mgs, 0.13 mmol,
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1.1 equiv) and HOBt (18 mgs, 0.13 mmol, 1.2 equiv) was added in the sequence
respectively. The reaction is maintained under Ar atmosphere and 4°C till the addition
of the above components is complete. The reaction is cooled to room temperature
gradually and stirring is continued at room temperature till TLC shows the product
spot. The product was isolated by removing the reaction mixture under vacuum and
then the residue was extracted with cold ethyl acetate separating the dicyclohexylurea
by-product which precipitates out from the cold ethyl acetate. Ethyl acetate filtrate
was distilled under vacuum and the residue was purified by flash chromatography
(2% - 4% MeOH inCHClIs+ 0.1% TEA) (41mgs) (49a) 67% yield.

o Cl

H
H Lo
\ 5
N 070

! 49a, n=1, 55%

N-(2-(7-chloroquinolin-4-ylamino)ethyl)-2-(7-(dimethylamino)-2-oxo-2H-chromen-

4-yl)acetamide (49a) — The residue was purified by flash chromatography (2% - 4%

MeOH inCHCI;+ 0.1% TEA) to get 55% vyield of product. Rf (1:9
MeOH:CH,Cl+0.1%TEA) = 0.21. IR (KBr)/cm™ - 3325, 3063, 2924. 1705, 1620,
1535. *H (500MHz, DMSO-d6) & 8.39(1H, d, Chlor-CH, J= 5.7Hz), 8.36(1H, b, -
NHCO-), 8.06(1H, d, Chlor-CH, J= 8.8Hz), 7.78(1H, d, CI-C=CH- , J= 2.5Hz),
7.46(1H, b, Chlor-NH-), 7.42(1H, dd, CI-C-CH-, J=2.0Hz, 8.9Hz), 7.40(1H, s, CI-C-
CH-), 6.56(1H, dd, (CH3);N-C-CH- , J=2.5Hz, 8.8Hz),, 6.43(1H, d, Cou-CH, J=
2.5Hz), 6.41(1H, d, -N=C=CH-, J= 7.0Hz), 6.02(1H, s, Cou-CH), 3.62(2H, s, Cou-
CHy), 3.37-3.41(4H, m, -NH-CH,-, -CH,-NHCO), 2.97(6H, s, N(CHa),); “*C (500
MHz, DMSO-d6) 6 168.7, 168.6, 160.6, 155.3, 152.5, 150.9, 150.8, 150.3, 147.1,
134.1, 126.0, 125.7, 124.4, 124.0, 116.9, 109.6, 108.6, 108.0, 98.5, 97.2, 42.3, 40.0,

37.5, 37.4. MS (ES"): m/z (%): 451.2 [M+H]". HRMS (ES*) m/z calc. - 473.1351,
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observed — 473.1361. LCMS Purity -96%. Rt = 8.8-8.99min. Eluent system — 10%

ACN/H;0+0.1%TFA — 100% ACN/H,0+0.1%TFA.

o Cl

H
NN:I N
H L N
\ e,
N 0" o

|
49b, n=2, 60%

N-(4-(7-chloroquinolin-4-ylamino)butyl)-2-(7-(dimethyl amino)-2-oxo0-2H-chromen-

4-ylacetamide (49b) — Following the above procedure and purification by flash

chromatography (2% -6% MeOH in CHCI;+0.1%TEA) the compound was obtained
in 60% vyield. R (MeOH:CH,ClL+0.1%TEA) = 0.20. IR (KBr)/lcm™ - 3487, 3363,
2924, 2862, 1689, 1612, 1589, 1535. *H (500MHz, DMSO-d6) & 8.37(1H, d, Chlor-
CH, J= 5.7Hz), 8.26(1H, d, Chlor-CH, J= 9.5Hz), 8.18(1H, b, -NHCO-), 7.53(1H, d,
Cou-CH-, J=8.9Hz), 7.77(1H, d, CI-C=CH- , J= 2.0Hz), 7.43(1H, dd, CI-C-CH-,
J=2.0Hz, 8.9Hz), 7.30(1H, b, Chlor-NH-), 6.65(1H, dd, (CHs),N-C-CH- , J=2.5Hz,
8.8Hz), 6.53(1H, d, Cou-CH, J= 2.6Hz), 6.46(1H, d, -N=C=CH-, J= 5.1Hz), 5.99(1H,
s, Cou-CH), 3.58(2H, s, Cou-CH,), 3.25(2H, t, -CH,-NHCO-, J= 7.0Hz), 3.13(2H, t, -
NH-CH,-, J= 7.0Hz), 2.97(6H, s, N(CHs),), 1.62-1.68(2H, m, -CH»-CH,-), 1.50-
1.56(2H, m, -CH,-CH,-); *C (500 MHz, DMSO-d6) & 167.6, 160.6, 155.3, 152.7,
151.3, 150.2, 148.7, 133.4, 127.2, 125.9, 124.1, 124.0, 117.3, 109.3, 108.9, 108.1,
98.6, 97.4, 42.0, 38.4, 26.6, 25.1. MS (ES"): m/z (%): 479.2 [M+H]*. HRMS (ES")
m/z calc. - 479.1861, observed — 479.1858. LCMS Purity -96%. Rt = 9.69-9.73 min.

Eluent system — 10% ACN/H,0+0.1%TFA - 100% ACN/H,0+0.1%TFA.

5.1.18 General experimental procedure for the synthesis of tert-butyl 2-(2-(7-

(dimethylamino)-2-oxo0-2H-chromen-4-yl)acetamido)ethylcarbamate (50,52, 82, 85).

1-(tert-Butyloxycarbonyl) ethyldiamine (31) (130mgs, 0.81mmol, lequiv) was added

to a single neck flask containing freshly distilled CH,Cl, (10 mL). The solution was
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cooled to -10°C using ice-methanol mixture. 7-Dimethyl coumarin-4-acetic acid (34)
(200mgs, 0.81mmol, lequiv) was added followed by di-isopropylethylamine (210
mgs, 1.62mmol, 2equiv), HATU (370mgs, 0.97mmol, 1.2equiv) and HOAt (130 mgs,
0.97mmol, 1.2equiv) in the sequence respectively. The reaction is maintained under
Ar atmosphere and -10°C till the addition of the above components is complete. The
reaction is cooled to room temperature gradually and stirring is continued at room
temperature till TLC shows the product spot. The product was isolated by washing the
reaction mixture with water and separating the dichloromethane layer.
Dichloromethane was distilled under vacuum and the residue was purified by flash
chromatography (2% - 4% MeOH inCHCIs+ 0.1% TEA) in 60% vyield. This method
was primarily used to synthesize 50,52 and 85. In case of TAMRA (81) based
intermediates the procedure enclosed below is followed. 6-TAMRA-COOH (81) (100
mgs, 0.23 mmol, 1.0equiv) is added to flame dried single necked flask containing dry
THF 5mL. The reaction mixture was cooled to -10°C and then ethylchloroformate (38
mgs (33uL), 0.35 mmol, 1.5equiv) and TEA (35 mgs (48 uL), 0.35 mmol, 1.5equiv).
The reaction mixture is stirred for lhr at this temperature and then 1-(tert-
Butyloxycarbonyl) ethyldiamine (31) (56 mgs, 0.35mmol, 1.5equiv) is added in liquid
form directly to the reaction mixture at -10°C. The reaction mixture is gradually
cooled to room temperature and stirred for 16-18hrs. After confirmation with TLC,
the solvent is removed under vacuum and then the crude is purified by column

chromatography (10% -15% MeOH in CHCIs) to get (82).

(o]

N/\/NH(BOC)
H
X
\rla 0" Yo

50
60%
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tert-butyl  2-(2-(7-(dimethylamino)-2-oxo0-2H-chromen-4-yl)  acetamido) ethyl

carbamate (50) - Following the above procedure and purification by flash

chromatography (2% -6% MeOH in CHCI3+0.1%TEA) the compound was obtained
in 60% yield. Ry (MeOH:CH,Cl,+0.1%TEA) = 0.48. (500MHz, CDCls) *H (500MHz,
CDCly) & 7.46 (1H, d, J =9.5Hz, Coum-H), 6.6 (1H, dd, J = 2.5, 8.8Hz, Coum-H),
6.48 (1H, d, J = 8.8Hz, Coum-H), 6.04 (1H, s, Coum-H), 4.89(1H, bs, -NH), 3.61
(2H, s, -CH»-CO-), 3.33 (4H, m), 3.01 (6H, s-N(CHs),), 1.04 (9H, s, O=C-O-
C(CHs)s); °C (500 MHz, CDCls) § 168.6, 161.7, 156.0, 153.1, 149.5, 125.6, 110.6,
109.1, 108.4, 98.3, 79.8, 45.8, 41.3, 40.7, 40.1, 28.3. MS(ES"): m/z (%): 412.2

[M+Na]". HRMS(ES") m/z calc. — 412.1867 , observed — 412.1857 .

o

N O NH(Boc)
AN
- 52
rl¢ 0

G 90%

tert-butyl2-(2-(2-(7-(dimethylamino)-2-o0xo0-2H-chromen-4-yl)acetamido)ethoxy)ethyl

carbamate (52) - Following the above procedure and purification by flash

chromatography (2% -6% MeOH in CHCI3+0.1%TEA) the compound was obtained
in 99% yield. R¢ (MeOH:CH,Cl+0.1%TEA) = 0.30. *H (500MHz, CDCl;) & 7.46
(1H, d, J =9.5Hz, Coum-H), 6.57 (1H, dd, J = 2.5, 8.8Hz, Coum-H), 6.44 (1H, d, J =
8.8Hz, Coum-H), 6.03 (1H, s, Coum-H), 5.04(1H, br, -NH-), 3.5 (14H, m), 3.01 (6H,
s,-N(CH3)2), 1.04 (9H, s, 0=C-O-C(CHs)s), *C(500 MHz, CDCls) & 168.6, 161.7,
155.9, 155.8, 152.9, 149.9, 125.6, 110.1, 109.0, 98.1, 79.5, 70.2, 70.1, 69.5, 40.3,
39.9, 39.5, 28.3. MS(ES") m/z (%): 500.2 [M+Na]’. HRMS(ES") m/z calc. —

500.2381, obsvd. — 500.2375.
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tert-butyl  2-(3',6'-bis(dimethylamino)-3-ox0-3H-spiro[isobenzofuran-1,9'-xanthene]-

6-ylcarboxamido)ethylcarbamate (82) - Following the above procedure and

purification by flash chromatography (10% -15% MeOH in CHCI3+0.1%TEA) the
compound was obtained in 70% yield. R¢ (9:1 MeOH: CH,Cl,) = 0.30. IR(KBr)/ cm™
— 3421, 2922, 1647, 1597, 1491, 1366, 1348. 'H (500MHz, DMSO-dg) & 8.69(1H, b,-
NH-), 8.05-8.14 (2H, m,Ar-H), 7.62 (1H, s, Ar-H), 6.84 (1H, b,-NH-), 6.5 (6H, s, Ar-
H), 3.04-3.21 (4H, m), 2.96 (12H, s,(-N(CH3)2)2), 1.29 (9H, s, O=C-O-C(CHa)s). **C
(500 MHz, DMSO-dg) & 164.8, 155.6, 152.2, 129.2, 128.6, 97.8, 77.6, 28.1. MS (ES")

m/z (%): 573.1 [M+H]*. HRMS (ES*) m/z calc. — 573.2708, obsvd. — 573.2722

T A

N <) 0 NH(Boc)
“e ~

F F

o v

85

3-(3-(2-(tert-butoxycarbonylamino)ethylamino)-3-oxopropyl)-5,5-difluoro-7,9-

dimethyl-5H-dipyrrolo[1,2-c:1',2'-f][1,3,2]diazaborinin-4-ium-5-uide (85) —

Following the above procedure and purification by flash chromatography (6% -8%
MeOH in CHCI3) the compound was obtained in 70% yield. Rs (50% EtAc:Hex) =
0.50. IR(KBr)/cm™ — 3422, 3395, 2972, 2916, 1695, 1653, 1523. H (500MHz,
MeOD) § 7.42(1H, s, N-C-CH-C-N") , 7.00(1H, m, Ar-CH-), 6.32(1H, m, Ar-CH-),
6.20(1H, s, Ar-CH-), 3.10-3.25(4H, t, NH-C-CH-CH-CO-, NH-CH,-CH,-NH(Boc),
J=6.9), 2.61(2H, t, NH-C-CH,-CH-CO-, J=6.9Hz), 2.51 (3H, s, -CH3- ), 2.27 (3H, s, -
CHs- ), 1.42(9H, s, O-(CH3)s-); *C (500 MHz, MeOD) & 174.9, 161.3, 158.5, 145.8,

136.5, 134.9, 129.6, 125.8, 121.3, 117.6, 99.9, 80.1, 40.9, 40.5, 36.1, 28.7, 25.6, 14.9,
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11.2. MS (ES") m/z (%): 457.11 [M+Na]*. HRMS (ES") m/z calc.-457.2222, obsvd.

—457.22009.

5.1.19 General experimental procedure for synthesis of Artemisinin based probes (51,

53, 57, 83, 86, 98-100) Tert-butyl2-(2-(7-(dimethylamino)-2-oxo-2H-chromen-4-yl)
acetamido) ethylcarbamate (50) (10mgs, 0.026mmol, lequiv.) was dried overnight
under vacuum and then placed under Ar atmosphere. 1ml of freshly distilled
dichloromethane was added to above reactant. The reaction mixture was cooled to
4°C using Ice bath and then Trifluoroacetic acid (TFA) (29mgs, 0.26mmol, 10equiv.)
was added immediately under Ar atmosphere using a syringe. The reaction was
checked after 1hr by TLC (9:1 CH,Cl,:MeOH + 0.1% TEA) for absence of boc
product. After confirmation by TLC the reaction mixture is distilled under vacuum at
16-18°C to remove excess TFA and CH,Cl, The residue is flushed with argon to
release the vacuum and then 2-4ml of freshly distilled ether is added to observe
precipitation of the TFA salt of the amine. If no precipitation is observed then the
ether is removed under vacuum and after flushing the TFA salt with Argon the residue
is kept under vacuum line for 10min. The residue is placed under Ar atmosphere
using a balloon and then 10-12ml of Dichloromethane (dry freshly distilled) was
added. The reaction mixture is cooled to -10°C using ice-methanol mixture. DIPEA
(10 mgs, 0.077 mmol, 3 equiv) was added immediately at this followed by addition of
Artesunate (10 mgs, 0.026mmol, lequiv), HATU (10.7 mgs, 0.028 mmol, 1.1lequiv)
and HOAt (38.5 mgs, 0.028 mmol, 1.1equiv) is added in the sequence respectively.
The reaction is maintained under Ar atmosphere and -10°C till the addition of the
above components is complete. The reaction is cooled to room temperature gradually
and stirring is continued at room temperature till TLC shows the product spot. The

product was isolated by washing the reaction mixture with water and separating the
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dichloromethane layer. DCM was distilled under vacuum and the residue was purified

by flash chromatography (2% - 4% MeOH inCHClIs+ 0.1% TEA) in 60% yield.

57% o

Artesunate probe (51) — Following the above procedure and purification by flash

chromatography (2% -6% MeOH in CHCI3+0.1%TEA) the compound was obtained
in 99% yield. Rt (MeOH:CH,Cl,+0.1%TEA) = 0.20. IR(KBr)/lcm™ - 3325, 2878,
2484, 1604, 1404, 1165. *H(500MHz,CDCl;) & 7.56(1H, d, Ar-CH, J= 7.4Hz),
6.74(1H, dd, Ar-CH ,J=2.6Hz, 9.5Hz), 6.52(1H, d, Ar-CH, J=2.5Hz), 6.02(1H, b, -
NH-), 5.63(1H, d, O-CH-OCO, J= 9.45Hz, a- epimer Artesunate), 5.45(1H, s,
Artesunate-O-CH-0O), 5.16(1H, s, Ar-CH-), 3.65(2H, m, Cou-NHCO-CH,-CH,-
NHCO-Artesunate, J=4.4Hz), 3.30(4H, m, Coum-CH;-CONH-, Cou-NHCO-CH,-
CH,-NHCO-Artesunate), 3.04(6H, s, -N(CHs)z), 0.78-2.73(25H, m, Artesunate
protons),; *C (500 MHz, MeOD) & 174.88, 173.53, 171.4, 164.3, 157.3, 154.8, 152.8,
127.2, 110.8, 110.6, 110.0, 105.6, 98.8, 93.8, 92.8, 81.3, 54.8, 52.8, 46.5, 40.9, 40.2,
39.5, 38.2, 37.2, 35.2, 32.9, 31.2, 30.4, 25.9, 25.7, 22.8, 20.5, 12.3. MS (ES"): m/z -
678.2 [M+Na]®. HRMS (ES") m/z - calc. 678.2997, obsvd. — 678.2994. LCMS

Purity -96%. Rt = 8.41-8.55 min. Eluent system — 0% ACN/H,0 - 100% ACN/H,O.

g

0
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Artesunate probe (53) — Following the above procedure and purification by flash

chromatography (2% -6% MeOH in CHCI3+0.1%TEA) the compound was obtained
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in 99% yield. Rt (MeOH:CH,Cl,+0.1%TEA) = 0.40. IR(KBr)/lcm™ — 3496, 3318,
2924, 2878, 1713, 1659, 1612, 1535, 1404, 1010. 'H (500MHz, CDCl3) 6 7.51(1H, d,
Chlor-CH, J= 9.1Hz), 6.72(1H, b, COCH,CH,CO-NH-CH-), 6.65(1H, dd, (CHs),N-
C-CH- , J=2.6Hz, 9.5Hz), 6.48(1H, d, Cou-CH, J= 5.7Hz), 6.38(1H, b, CO-NH-
CH,CH,-), 6.18(1H, s, Cou-OCO-CH-CH-CH,), 5.67(1H, d, -O-CH-OCO, J=
9.45Hz, a-epimer Artesunate), 5.44(1H, s, O-CH-O Artesunate), 3.61(2H, s, Coum-
CH,-CONH-), 3.3-3.5 (12H, m), 3.31(6H, s, -N(CHjs),), 0.81-2.80(25H, m, Artesunate
protons); *C(500 MHz, CDCl3) & — 171.9, 171.4, 168.2, 161.9, 156.0, 153.1, 150.1,
125.8, 110.2, 109.1, 108.5, 104.4, 98.2, 92.2, 91.5, 80.1, 70.3, 70.2, 70.2, 70.2, 69.8,
69.5, 68.7, 53.4, 51.5, 45.2, 40.4, 40.1, 39.6, 39.3, 37.2, 36.2, 34.1, 31.8, 30.7, 29.7,
25.9, 24.5, 21.9, 20.2, 12.0. MS (ES"): m/z (%): 766.2 [M+Na]*. HRMS (ES") m/z
calc. — 766.3521 , observed — 766.3521. LCMS Purity -96%. Rt = 12.2-12.4 min.

Eluent system — 0% ACN/H,0 — 100% ACN/H.0.

Hi
5\

o
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o

Artelinic acid-Coumarin probe (57) — Following the above procedure and purification

by flash chromatography (2% -6% MeOH in CHCI3+0.1%TEA) the compound was
obtained in 80% vyield. R; (MeOH:CH,Cl,+0.1%TEA) = 0.75. IR (KBr)/cm™ - 3400,
2450, 2400, 1700, 1650, 1625, 1525. *H (300MHz, MeOD) & — 7.66(2H, d, Ar-CH,
J=8.22Hz), 7.34-7.68(1H, d, Ar-H, J=8.88Hz), 7.35(2H, d, Ar-CH, J=8.22Hz), 6.43-
6.56(1H,dd, Ar-H, J=2.6Hz, 6.6Hz), 6.44(1H,d, Ar-H, J=2.6Hz), 6.04(1H,s, Ar-H),

5.45(1H, s, -O-CH-0), 4.55(1H, 4.58(1H, d, p-CH-O, J=12.7Hz), 3.66(2H, s, -
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NHCO-CH,-), 3.45-3.51(4H, m, -NH-CH,-CH,-NH-), 2.99(6H,s, N(CH3),), 0.87-2.63
(20H, m, Artemisinin-CH-); *C (300 MHz, MeOD) § 171.8, 170.2,164.23, 157.1,
154.6, 152.5, 143.4, 134.5, 128.4, 128.3, 126.7, 110.8, 110.6, 109.7, 105.5, 102.7,
98.7,89.4, 82.2, 70.3, 53.9, 48.2, 45.8, 40.9, 40.3, 40.2, 38.7, 37.4,35.8, 32.4, 26.1,
25.9, 25.8, 20.7, 13.5, 6.02. MS (ES"): m/z (%): 712.1 [M+Na]". HRMS (ES") m/z
calc. — 712.3205, observed — 712.3231. LCMS Purity -96%. Rt = 15.9 - 16.1 min.
Eluent system — 10% ACN/H,0 - 100% ACN/H,0.

Artelinic-TAMRA probe (83)

Following the above procedure and purification by flash chromatography (10% -20%
MeOH in CHCI3) the compound was obtained in 70% vyield. Ry (MeOH:CH,Cl,) =
0.25. IR (KBr)/cm™ — 3446, 2918, 2848, 1647, 1595, 1346, 1188, 1136. *H (500MHz,
MeOD) § 8.07-8.17(2H, d, Ar-H, J=8.2Hz, 8.2Hz), 7.62-7.72(4H, m, Ar-H), 7.32(2H,
d, Ar-CH, J=8.20Hz), 7.19(2H, d, Ar-CH, J=9.45), 6.90-6.99(3H, m, Ar-H), 5.43(1H,
s, -O-CH-0O), 4.52(1H, d, B-CH-O, J=12.6Hz), 4.22(1H,m, Artemisinin-CH-),
3.60(4H,m, -NH-CH»-CH,-NH-), 3.30(12H,s, (-NH(CHs),),), 1.35-2.69 (23H, m,
Artemisinin-CH-); *C (500 MHz, MeOD) & 170.3, 170.1, 169.3. 169.1, 159.1, 158.8,
143.4, 136.9, 134.7, 133.6, 132.6, 132.4, 131.4, 129.9, 129.7, 129.6, 128.5, 128.4,
115.1, 114.9, 105.5, 102.5, 97.4, 89.4, 82.2, 69.0, 54.0, 45.8, 41.1, 40.9, 40.7, 40.2,
38.7, 37.4, 35.8, 32.3, 31.6, 30.1, 26.1, 25.9, 25.7, 25.0, 24.0, 20.7, 14.4, 13.4, 11.4.

MS (ES"): m/z (%): 873.3 [M]". HRMS (ES") m/z calc. — 873.4069, observed —
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873.4062. LCMS Purity -96%. Rt = 15.1 - 15.4 min. Eluent system — 0% ACN/H,0 -
100% ACN/H,0.

Avrtelinic acid-BODIPY probe (86)

Following the above procedure and purification by flash chromatography (10% -20%
MeOH in CHCI3) the compound was obtained in 80% vyield. Ry (MeOH:CH,Cl,) =
0.55. IR (pellet)/cm™ — 3379, 2922, 2853, 1714, 1657, 1606, 1537, 1447, 1252. *H
(500MHz, MeOD) & 7.77(2H, d, Ar-CH, J=8.2Hz), 7.41(2H, d, Ar-CH, J=8.2),
7.34(1H, s, N-C-CH-C-N"), 6.89(1H, d, Ar-CH-, J=4.4Hz), 6.28(1H, d, Ar-CH-,
J=4Hz), 6.20(1H, s, Ar-CH-), 5.43(1H, s, Artelinic-CH), 4.82(2H, s, O-CH,-Ph),
4.54(1H, d, J=12.6Hz, p-isomer, O-CH-0), 3.40-3.50(4H, m, -CONH-CH,-CH,-NH-
), 3.23(2H, t, BODIPY-CH,-, J= 7.6Hz), 2.64(2H, t, BODIPY-CH,-, J= 7.6Hz), 1.19-
2.56(27H, m,s,s, Artelinic acid-CH-, BODIPY-CHj); *C (500 MHz, MeOD) & 175.4,
170.2, 158.4, 145.7, 143.4, 134.7, 132.4, 129.6, 128.5, 128.4, 125.8, 121.4, 117.5,
105.4, 102.7, 89.3, 82.2, 70.3, 69.1, 65.3, 61.3, 53.9, 45.8, 43.2, 41.2. 40.2, 39.9, 38.6,
37.4, 35.9, 35.7, 32.3, 31.3, 30.7, 30.3, 30.1, 28.7, 26.1, 25.8, 25.7, 25.6, 24.9, 24.2,
24.0,20.7, 14.9, 14.4, 13.4, 11.4, 11.2. MS (ES"): m/z (%): 757.19 [M+Na]*. HRMS
(ES") m/z calc. — 757.3561 , observed — 757.3575. LCMS Purity -96%. Rt = 17.2-

17.6 min. Eluent system — 0% ACN/H,0 - 100% ACN/H0.
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Deoxocarbaartemisinin-Coumarin probe (98)

Following the above procedure and purification by flash chromatography (10% -20%
MeOH in CHCIs) the compound was obtained in 70% yield. R¢ (9:1 MeOH:CH.Cl,)
= 0.55. IR(KBr)/cm'l— 3294, 2957, 2926, 2857, 1719, 1618, 1533,1375, 1278, 1128,
1042. *H (500MHz, MeOD) & — 7.71(1H, d, Ar-CH, J=8.88Hz), 6.77(1H,dd, Ar-H,
J=2.6Hz, 6.6Hz), 6.55(1H,d, Ar-H, J=2.6Hz), 6.05(1H,s, Ar-H), 5.25(1H, s, -O-CH-
0), 3.8 (1H, m, B-CH-0, J=12.7Hz), 3.69(2H, s, -NHCO-CH,-), 3.25-3.50(4H, m, -
NH-CH,-CH-NH-), 3.09(6H,s, N(CHs),), 0.77-2.60 (23H, m, Artemisinin-CH-); **C
(300 MHz, MeOD) 6 174.0, 171.3, 164.2, 157.2, 154.8, 152.8, 126.9, 126.8, 110.6,
110.2, 105.6, 98.8, 93.2, 82.3, 73.2, 53.1, 47.2, 41.0, 40.5, 40.3, 40.2, 39.9, 38.4, 37.2,
35.2, 32.6, 26.2, 25.9, 22.2, 20.6, 14.1. MS (ES"): m/z (%): 620.2 [M+Na]*. HRMS
(ES") m/z calc. — 598.3123 , observed — 598.3119 [M+H]" . LCMS Purity -96%. Rt
= 14.95 min. Eluent system — 0% ACN/H,0 — 100% ACN/H,0 +0.01%TFA.

Deoxocarbaartemisinin-BODIPY probe (100)

Following the above procedure and purification by flash chromatography (10% -20%
MeOH in CHCIs) the compound was obtained in 70% yield. R¢ (9:1 MeOH:CH.Cl,)
=0.55. IR (KBr)/cm™ - 3350, 2954, 2926, 1724, 1647, 1607, 1529, 1437, 1252, 1134.

'H (500MHz, MeOD) & 7.45(1H, s, N-C-CH-C-N*), 7.01(1H, d, Ar-CH-, J=3.8H2),
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6.31(1H, d, Ar-CH-, J=3.8Hz), 6.21(1H, s, Ar-CH-), 5.24(1H, s, Artelinic-CH),
3.85(1H, sex, J=12.6Hz, B-isomer, O-CH-0O), 3.15-3.55(6H, m, -CONH-CH,-CH,-
NH-, BODIPY-CH,-), 0.79-2.70(33H, m,s,s, Artemisinin-CH-, BODIPY-CHjs
BODIPY-CH,-); *C (500 MHz, MeOD) & 174.9, 174.0, 161.2, 158.9, 145.7, 136.5,
134.9, 129.8, 125.8, 121.4, 117.8, 105.6, 104.6, 93.2, 90.8, 82.3, 82.1, 73.7, 73.3,
53.6, 53.2, 47.2, 45.4, 41.3. 40.2, 39.9, 39.8, 39.4, 38.7, 38.3, 38.2, 37.4, 37.2, 36.4,
36.2, 35.6, 35.2, 32.9, 31.5, 26.1, 25.9, 25.7, 25.68, 24.65, 22.2, 20.6, 20.5, 14.9, 14.0,
13.0, 11.2. MS (ES"): m/z (%): 665.2 [M+Na]*. HRMS (ES") m/z calc. — 643.3479,
observed — 643.3508 [M+H]*. LCMS Purity -96%. Rt = 16.33 min. Eluent system —

0% ACN/H,0 — 100% ACN/H,0 +0.01%TFA..

5.1.20 Synthesis of Artelinic Acid —

B-Artelinic Acid (49) — Following the procedure for synthesis of artelinic acid as

shown in literature and purification by flash chromatography (50% EtOAc in Hexane)
the compound was obtained in 65% vyield. Rf (50% EtOAc in Hexane) = 0.5. IR
(KBr)/cm™ = 3500, 3000, 1750, 1390, 1350. *H (300MHz, MeOD) & 8.00(2H, d, Ar-
CH, J=8.37Hz), 7.43(2H, d, Ar-CH, J=8.37), 5.44(1H, s, -O-CH-0), 4.58(1H, d, B-
CH-O, J=12.8Hz), 0.9-2.62 (22H, m, Artemisinin-CH-, -CH3-), C (300 MHz,

MeOD) ¢ 145.0, 130.9, 128.3, 105.5, 102.8, 89.4, 82.2, 70.3, 57.4, 53.9, 45.8, 38.7,
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37.4,32.4, 26.1, 25.8, 25.7, 20.7, 13.4. MS (ES"): m/z (%): 440.94 [M+Na]". LCMS

Purity -98%. Rt = 16.4 - 16.6 min. Eluent system — 0% ACN/H;0 — 100% ACN/H,0.

5.1.21 Synthesis of B—Deoxocarbaartemisinin (97)%* —

Dihydroartemisinin 10a- benzoate (95) — Following the procedure for synthesis of

Dihydroartemisinin 10a- benzoate as shown in literature® and purification by flash
chromatography (10% EtOAc in Hexane) the compound was obtained in 92% vyield.
R¢ (10% EtOAc in Hexane) = 0.3. *H (500MHz, CDCls) & 8.13 (2H, d, Ar-CH-, J=
7.6 Hz), 7.57 (1H, m, Ar-CH-, J= 7.6 Hz), 7.45 (2H, m, aromatic, J= 8.2 Hz), 6.05
(1H, d, J= 10Hz, a-epimer), 5.53 (1H, s), 2.76 (1H, m), 2.40 (1H, m), 0.93-2.07 (19
H, m); *C (500MHz, CDCls) & 165.9, 133.9, 130.8, 130.3, 128.9, 105.1, 93.2, 92.3,
80.9, 52.3, 46.0, 37.9, 36.9, 34.8, 32.7, 26.6, 25.3, 22.7, 20.9, 13.9. MS (ES"): m/z

(%): 410.96 [M+Na]* .

10-B -Allyldeoxoartemisinin (96) — Following the procedure for synthesis of 10-p -

Allyldeoxoartemisinin as shown in literature®® and purification by flash
chromatography (10% EtOAc in Hexane) the compound was obtained in 70% yield.

R¢ (10% EtOAc in Hexane) = 0.5. *H (500MHz, CDCls) & 5.91 (1H, m), 5.30 (1H, s, -
0-CH-0), 5.08(2H,m), 4.29(1H,m, J= 12.6Hz, B-CH-O, B-epimer), 2.68 (1H, sex,

J=6.3Hz), 0.89-2.43 (21H, m, Artemisinin-CH), é. (500MHz, CDCls) - 137.2, 116.8,
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103.8, 89.8, 81.8, 75.4, 53.0, 45.0, 38.2, 37.3, 35.2, 34.9, 30.9, 26.8, 25.6, 25.4, 20.9,

13.7. MS (ES"): m/z (%): 331.02 [M+Na]" .

10-B -Deoxocarbaartemisinin carboxylic acid (97) — Following the procedure for

synthesis of 10-p -Allyldeoxoartemisinin as shown in literature® and purification by
flash chromatography (10% EtOAc in Hexane) the compound was obtained in 90%
yield. Rt (10% MeOH/CH,Cl,) = 0.5. *H (500MHz, CDCl) & 5.37 (1H, s, -O-CH-0),
4.87(1H,m, J= 12.6Hz, B-CH-O, B-epimer), 0.89-2.72 (21H, m, Artemisinin-CH-, -
CHs-); **C (500MHz, CDCly) & 176.2, 103.9, 90.2, 81.5, 71.1, 52.7, 44.4, 38.2, 37.1,
36.5, 34.9, 30.5, 29.9, 26.5, 25.4, 25.3, 20.7, 13.3. MS (ES"): m/z (%): 349.2
[M+Na]". LCMS Purity -96%. Rt = 15.5min. Eluent system — 0% ACN/H,0 — 100%

ACN/H0.

5.1.22 General experimental procedure for synthesis of click probes (58-64)

Alkyne linkage using 3-bromo-prop-1-yne —

N-(7-Chloro-4-quinolyl)-N'-ethyl-1,2-diaminoethane  (27a) (100mgs, 0.05mmol,
lequiv.) and freshly dried K,CO3 (125mgs, 0.09mmol, 2equiv.) were stirred together
in a single neck flask under Ar atmosphere in 2-3ml of dry Acetonitrile. 3-bromo-
prop-1-yne (54mgs, 0.05mmol, lequiv.) was added directly to the above reaction
mixture at 4°C (Ice water). Ice Water is removed after the addition is done and the
reaction is stirred at room temperature for 12hrs. After confirmation of formation of
product by TLC (9:1 CH,Cl,:MeOH+0.1%TEA). The reaction mixture is columned

through Celite and 50ml of Acetonitrile is added to extract the product from the
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column. Acetonitrile is distilled under vacuum and the residue is purified by flash

chromatography (2% -6% MeOH in CHCI3+0.1%TEA).

H 2
x>
P
Ci N

63a

N1-(7-chloroquinolin-4-y)-N2-(prop-2-ynyl)ethane-1,2-diamine (63a) —

Following the above procedure and purification by flash chromatography (4% -8%
MeOH in CHCI3+0.1%TEA) the compound was obtained in 30% vyield. R¢
(MeOH:CH,Cl,+0.1%TEA) = 0.35. IR (KBr)/cm™ - 3200, 3100, 1575. *H (300MHz,
MeOD) & — 8.29(1H, d, -N=CH-, J=5.7Hz), 8.03(1H, d, Ar-CH, J=8.8Hz), 7.77(1H,
d, Ar-H, J=2.6Hz), 7.33(1H, dd, Ar-H, J=2.5Hz,J=6.93Hz), 6.52(1H, d, Ar-H, J =
5.7Hz), 3.39-3.46(2H, t, NH-CH,-CH,-NH, J=6.4Hz; 2H, m, -CH,-Alkyne, J=2.6Hz),
2.96(2H, t, NH-CH,-CH,-NH,, J=6.4Hz), 2.56(1H, m, Alkyne-CH-, J=2.6Hz); *C
(500 MHz, MeOD) 6 152.9, 152.2, 149.4, 136.5, 127.4, 126.2, 124.4, 99.7, 81.9,
735, 47.3, 43.2, 42.1, 38.3. MS (ES"): m/z (%): 260.1 [M+H]". HRMS m/z calc. —
260.0949 , observed — 260.0955. LCMS Purity -96%. Rt = 10.0 - 10.3 min. Eluent

system — 0% ACN/H,0 - 100% ACN/H,O.

H
HN/\/\/N//
X
~
Cl N

63b

N1-(7-chloroquinolin-4-yl)-N4-(prop-2-ynyl)butane-1,4-diamine (63b) — Following

the above procedure and purification by flash chromatography (4% -8% MeOH in
CHCI3+0.1%TEA) the compound was obtained in 25% vyield. Rs
(MeOH:CH,Cl,+0.1%TEA) = 0.35. IR (KBr)/cm™ - 3200, 3100, 1575. *H(300MHz,

MeOD) & 8.22(1H, d, -N=CH-, J=5.7Hz), 7.98(1H, d, Ar-CH, J=8.8Hz), 7.65(1H, d,
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Ar-H, J=2.6Hz), 7.27(1H, dd, Ar-H, J=2.5Hz, J=6.9Hz), 6.39(1H, d, Ar-H, J =
5.7Hz), 3.21-3.30(2H,m,-CH,-Alkyne, J=2.6Hz; 2H, t, -NH-CH,-(CH,),-CHp-NH-,
J=6.4Hz ), 2.51-2.65 (2H, t, -NH-CHa-(CHy),-CH,-NH-, J=6.4Hz; 1H, s, Alkyne-CH-
), 1.49-1.71(4H, m, -NH-CH,-(CH,),-CH,-NH-); ¥*C (500 MHz, MeOD) § 152.9,
152.1, 149.3, 136.4, 127.3, 126.9, 124.4, 118.7, 99.6, 81.9, 73.3, 43.8, 38.4, 27.8,
27.1. MS (ES"): m/z (%): 288.1 [M+H]*. HRMS m/z calc. — 288.1262 , observed —
288.1267. LCMS Purity -96%. Rt = 4.0 - 4.1 min. Eluent system — 0% ACN/H,0 -

100% ACN/H,0.

Z

HN/\/N/

A

Z?\ /;

Cl

64a

N1-(7-chloroquinolin-4-yI)-N2,N2-di(prop-2-ynyl)ethane-1,2-diamine (64a) —

Following the above procedure and purification by flash chromatography (2% -4%
MeOH in CHCI3+0.1%TEA) the compound was obtained in 70% vyield. R¢
(MeOH:CH,ClL+0.1%TEA) = 0.7. IR(KBr)/cm™ - 3200, 1625, 1600, 1575. 'H
(300MHz, MeOD) & 8.27(1H, d, -N=CH-, J=5.7Hz), 7.93(1H, d, Ar-CH, J=8.8Hz),
7.30(1H, dd, Ar-H, J=2.5Hz), 7.68(1H, d, Ar-H, J=2.6Hz), 6.46(1H, d, Ar-H, J =
5.7Hz), 2.60(2H, t, Alkyne-CH-), 3.46 (4H, m, -CH-Alkyne, J=2.3Hz), 3.40 (4H, t,-
NH-CH,-CH,-NH-, J=6.8Hz), 2.85(2H, t, -NH-CH,-CH,-NH-, J=6.8Hz), 2.60(2H, m,
Alkyne-CH-, J=2.3Hz); *C(500 MHz, MeOD) § 152.5, 149.6, 136.4, 127.6, 126.1,
124.1, 118.7, 99.8, 79.2, 75.0, 51.7, 43.1, 41.42. MS (ES"): m/z (%): 298.1 [M+H]".
HRMS m/z calc. — 298.1106 , observed — 298.1110. LCMS Purity -96%. Rt = 14.9 -

15.2 min. Eluent system — 0% ACN/H,0 - 100% ACN/H0.
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64b

N1-(7-chloroquinolin-4-y1)-N4,N4-di(prop-2-ynyl)butane-1,4-diamine (64b) —

Following the above procedure and purification by flash chromatography (2% -4%
MeOH in CHCI3+0.1%TEA) the compound was obtained in 70% vyield. Rf (9:1
MeOH:CH,Cl,+0.1%TEA) = 0.7. IR (pellet)/cm™ - 3200, 1625, 1600, 1575. ‘H
(300MHz, MeOD) & 8.24(1H, d, -N=CH-, J=5.7Hz), 7.97(1H, d, Ar-CH, J=8.8Hz),
7.66(1H, d, Ar-H, J=2.6Hz), 7.28(1H, dd, Ar-H, J=2.5Hz, J=6.8Hz), 6.42(1H, d, Ar-
H, J = 5.7Hz), 3.46 (4H, m, -CH,-Alkyne, J=2.3Hz), 3.22 (4H, t,-NH-CH,-(CH,),-
CH,-NH-, J=6.8Hz), 2.47-2.55 (2H, t, -NH-CHa-(CH,),-CH,-NH-, J=6.8Hz; 2H, m,
Alkyne-CH-, J=2.3Hz), 1.38-1.72 (4H, t, -NH-CH,-(CH,),-CH,-NH-, J=6.8Hz); *C
(500 MHz, MeOD) ¢ 152.7, 152.3, 149.6, 136.3, 127.5, 125.9, 124.3, 118.7, 99.7,
79.1, 74.9, 74.8, 53.4, 43.7, 42.7, 27.0, 25.6. MS (ES"): m/z (%): 326.1 [M+H]".
HRMS m/z calc. — 326.1419, observed — 326.1424. LCMS Purity -96%. Rt = 9.2 —

9.3 min. Eluent system — 0% ACN/H20 — 100% ACN/H,0.

"

>
-~

S

7

Cl N
58

N1-(7-chloroquinolin-4-y1)-N2-ethyl-N2-(prop-2-ynyl)ethane-1,2-diamine (58) —

Following the above procedure and purification by flash chromatography (2% -4%
MeOH in CHCI3+0.1%TEA) the compound was obtained in 60% vyield. Rs (9:1
MeOH:CH,Cl,+0.1%TEA) = 0.65. IR (KBr)/cm™ - 3200, 3100, 1575. *H (300MHz,
MeOD) & 8.27(1H, d, -N=CH-, J=5.7Hz), 7.93(1H, d, Ar-CH, J=8.8Hz), 7.68(1H, d,

Ar-H, J=2.6Hz), 7.30(1H, dd, Ar-H, J=2.5Hz, J=6.9Hz), 6.46(1H, d, Ar-H, J =
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5.7Hz), 3.36-3.45(2H, m, -CH,-Alkyne, J=2.5Hz; 2H, t, NH-CH,-CH,-NH, J=6.8Hz),
2.55-2.82(2H, t, NH-CH,-CH,-NH, J=6.8Hz; 4H, m, Alkyne-CH-, N-CH,-CHs-),
1.01(3H, t, -CH,-CHs-, J=7.1Hz),; **C (300 MHz, MeOD) & 152.5, 152.4, 149.6,

136.4, 127.6, 126.1, 124.1, 118.7, 99.8, 78.7, 75.1, 52.2, 42.0, 41.5, 12.7. MS (ES"):
m/z (%): 288.1 [M+H]". HRMS m/z calc. — 288.1262, observed — 288.1263. LCMS
Purity - 96%. Rt = 8.1 — 8.2 min. Eluent system — 0% ACN/H,0+0.1%TFA - 100%

ACN/H,0+0.1%TFA.

Alkyne linkage using prop-2-yn-1-amine (59, 61,86.87) —

Coumarin-4-acetic acid (34) (50mgs, 0.2mmol, lequiv.) was added under Ar
atmosphere and 5 ml of anhydrous CH,Cl, was added to above reactant. The reaction
mixture was cooled to 4°C using Ice bath and then HATU (8.5 mgs, 0.22 mmol, 1.1
equiv) and HOAt (3 mgs, 0.22 mmol, 1.lequiv), prop-2-yn-l-amine (11mgs,
0.2mmol, lequiv) was added in the sequence respectively. The reaction is maintained
under Ar atmosphere and 4°C till the addition of the above components is complete.
The reaction is cooled to room temperature gradually and stirring is continued at room
temperature till TLC shows the product spot. The product was isolated by washing the
reaction mixture with water and brine and collecting the organic fraction. The organic
fraction was evaporated and the residue was purified by flash chromatography (2% -
4% MeOH inCHCls+ 0.1% TEA) (41mgs) 40% yield.

In case of TAMRA (81) based intermediates the procedure enclosed below is
followed. 6-TAMRA-COOH (81) (100 mgs, 0.22 mmol, 1.0equiv) is added to flame
dried single necked flask containing dry THF 5mL. The reaction mixture was cooled
to -10°C and then ethylchloroformate (33mgs, 0.35 mmol, 1.5equiv) and TEA(
40mgs, 0.35 mmol, 1.5equiv). The reaction mixture is stirred for 1lhr at this

temperature and then prop-2-yn-1-amine (19 mgs, 0.44 mmol, 2 equiv) is added in
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liquid form directly to the reaction mixture at -10°C. The reaction mixture is gradually
cooled to room temperature and stirred for 16-18hrs. After confirmation with TLC,
the solvent is removed under vacuum and then the crude is purified by column

chromatography (10% -15% MeOH in CHCIs).

59

2-(7-(dimethylamino)-2-o0x0-2H-chromen-4-yI)-N-(prop-2-ynyl)acetamide (59) —

Following the above procedure and purification by flash chromatography (4% -8%
MeOH in CHCI3+0.1%TEA) the compound was obtained in 40% vyield. Rs (9:1
MeOH:CH,Cl,+0.1%TEA) = 0.45. IR (KBr)/cm™ - 3400, 3300, 2900, 2850, 1700,
1650, 1625, 1525. *H (300MHz, DMSO-d6) & 8.64(1H, bs, -NH-), 7.52(1H, d, Ar-
CH-, J= 9.1H2), 6.72(2H, dd, Ar-CH-, J=2.6Hz, J=6.4Hz), 6.55(2H, d, Ar-CH-
J=2.6Hz), 5.76(1H, s, Ar-CH-), 3.87(2H, m, -CH,-Alkyne,J=2.5Hz), 3.63(2H, s, -
NHCO-CH-),3.14(1H, m, Alkyne-CH-, J=2.5Hz), 3.01(6H,s, N(CHs)2); *C(300
MHz, DMSO-d6) ¢ 177.1, 167.7, 160.6, 155.4, 152.8, 150.9, 125.9, 109.3, 109.0,
108.1, 97.5, 96.4, 85.4, 80.8, 73.3, 71.9, 28.2. MS (ES"): m/z (%): 285.1 [M+H]".
HRMS (ES") m/z calc. — 285.1240, observed — 285.1234. LCMS Purity - 96%. Rt =

11.6 — 11.7 min. Eluent system — 0% ACN/H,0 - 100% ACN/H0.
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Artelinate Alkyne (61) — Following the above procedure and purification by flash

chromatography (50% EtOAc in Hexane) the compound was obtained in 65% yield.
Rf (50% EtOAc in Hexane) = 0.5. IR (KBr)/cm™ — 3400, 2950, 1650. *H (300MHz,
MeOD) & 7.75(2H, d, Ar-CH, J=8.4Hz), 7.38(2H, d, Ar-CH, J=8.4Hz), 5.38(1H, s, -
O-CH-0), 4.51(1H, d, B-CH-0, J=12.8Hz), 4.08 (2H, m, Alkyne-CH,-, J=2.5Hz), 0.8-
2.55 (25H, m, Artemisinin-CH-, Alkyne-CH,-); *C (300 MHz, MeOD) & 143.8,
134.4, 128.3, 105.5, 102.7, 101.7, 89.4, 82.2, 80.8, 72.0, 70.3, 53.9, 45.8, 38.7, 37.4,
35.8, 32.4, 26.1, 25.8, 25.7, 20.7, 13.4. MS (ES"): m/z (%): 478 [M+Na]*. HRMS
(ES") m/z calc. — 478.2200 , observed — 478.2203 . LCMS Purity - 96%. Rt = 15.7-

15.9 min. Eluent system — 5% ACN/H,0 - 100% ACN/H.0.

| |
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TAMRA Alkyne (87) —

Following the procedure for TAMRA activation and coupling as described above and
purification by flash chromatography (10% MeOH:CH,Cl,+0.1%TEA) the compound
was obtained in 65% vyield. R{(10% MeOH:CH,Cl,+0.1%TEA)= 0.25. IR (KBr)/cm™
— 3417, 1621, 1600, 1406, 1366, 1186, 1134. 'H (500MHz, DMSO-dg) & 9.18(1H,b, -
NH-), 8.08-8.19 (2H, d,d, Ar-CH, J=8.2Hz, J=8.2Hz), 7.68(1H, s, Ar-CH), 6.55(6H,
bs, Ar-CH), 3.99(2H,m, Alkyne-CH,, J=2.6Hz), 3.08(1H, s, Alkyne-CH, J=2.6Hz),
2.97(12H, s, (-NH-(CHs)2)2); °C(500MHz, DMSO-ds) § 164.3, 129.2, 128.7, 97.8,
80.7, 73.0, 28.6, 8.4. MS (ES'): m/z (%): 468.3 [M+H]". HRMS (ES") m/z calc. —
468.1918 , observed — 468.1931. LCMS Purity - 96%. Rt = 9.4-9.7 min. Eluent

system — 0% ACN/H,0 - 100% ACN/H,O.
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BODIPY Alkyne (88) —

Following the above procedure and purification by flash chromatography (6% -8%
MeOH in CHCI3) the compound was obtained in 80% vyield. R¢ (50% EtAc:Hex) =
0.75. IR(KBr)/cm™ — 3319, 3280, 2922, 2852, 1654, 1533, 1485. 1H (500MHz,
MeOD) & 7.42(1H, s, N-C-CH-C-N"), 6.99(1H, d, Ar-CH-, J=4.0Hz), 6.32(1H, d, Ar-
CH-,J=4.4Hz), 6.20(1H, s, Ar-CH-), 3.96(2H, m, Alkyne-CH,, J=2.6Hz), 3.22(2H, t,
BODIPY-CH,, J=6.9), 2.57-2.63(2H, t, BODIPY-CH,, J=6.9Hz; 1H, m, Alkyne-CH,
J=2.6Hz), 2.51 (3H, s, BODIPY-CHj), 2.27 (3H, s, BODIPY-CHs); *C(500 MHz,
MeOD) ¢ 174.2, 161.3, 158.4, 129.6, 125.8, 121.3, 117.7, 80.6, 72.2, 54.8, 35.7, 29.5,
25.4, 14.8, 11.2. MS (ES") m/z (%): 352.09[M+Na]*. HRMS (ES") m/z calc. —
352.1406 , obsvd. — 352.1420. LCMS Purity - 96%. Rt = 13.9-14.2 min. Eluent

system — 5% ACN/H,0 - 100% ACN/H,O.

B-Deoxocarbaartemisinin _alkyne (104) — Following the above procedure and

purification by flash chromatography (6% -8% MeOH in CHCI3) the compound was
obtained in 77% yield. Ry (50% EtAc:Hex) = 0.65. IR(KBr)/cm™ - 3361, 2955, 2859,
1676, 1526, 1458, 1383. 'H (500MHz, CDCls) & 5.39 (1H, s, -O-CH-0), 4.87(1H,m,
J= 12.6Hz, B-CH-0), 4.05(2H, m, Alkyne-CH,, J=2.9Hz), 0.89-2.72 (20H, m,
Artesunate-CH-, -CHs-; 1H, m, Alkyne-CH, J=2.9Hz); *C (500MHz, CDCls) &

172.1, 103.6, 90.9, 81.5,80.5, 71.9, 69.7, 52.4, 43.9, 38.2, 38.1, 37.2, 34.9, 31.1, 29.6,
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29.5, 25.5, 20.7, 12.6. MS (ES") m/z (%): 388.06 [M+Na]". HRMS (ES") m/z calc. —
364.2118, obsvd. — 364.2125 [M+H]*. LCMS Purity - 96%. Rt = 14.7-14.9 min.

Eluent system — 0% ACN/H,0 — 100% ACN/H,0+0.1% TFA.

Azide linkage (60, 62) —

Coumarin acetic acid (34) (100mgs, 0.4mmol, lequiv.) was added under Ar
atmosphere and 2.5ml of anhydrous CH,Cl, was added to above reactant. The
reaction mixture was cooled to -10°C using Ice bath and then DIPEA (209 mgs,
1.62mmol, 4 equiv), HATU (169mgs, 0.44 mmol, 1.1equiv), HOAt (61mgs, 0.44
mmol, 1.1 equiv) and 3-Azido propanamine (35mgs, 0.4mmol, lequiv) was added in
the sequence respectively. The reaction is maintained under Ar atmosphere and -10°C
till the addition of the above components is complete. The reaction is cooled to room
temperature gradually and stirring is continued at room temperature till TLC shows
the product spot. The product was isolated by removing the reaction mixture under
vacuum and the residue was purified by flash chromatography (4% - 8% MeOH
iNCHCIls+ 0.1% TEA) 70% yield.

In case of TAMRA (81) based intermediates the procedure enclosed below is
followed. 6-TAMRA-COOH (81) (53mgs, 0.16 mmol,1.0equiv) is added to flame
dried single necked flask containing dry THF 5mL. The reaction mixture was cooled
to -10°C and then ethyl chloroformate (20mgs (33pL), 0.19 mmol, 1.5equiv) and TEA
(35mgs (48uL), 0.19 mmol, 1.5equiv). The reaction mixture is stirred for 1lhr at this
temperature and then 2-Azidoethylamine (22mgs, 0.25mmol, 1.5equiv) is added in
liquid form directly to the reaction mixture at -10°C. The reaction mixture is gradually
cooled to room temperature and stirred for 16-18hrs. After confirmation with TLC,
the solvent is removed under vacuum and then the crude is purified by column

chromatography (10% -15% MeOH in CHCIs).
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N-(2-azidoethy)-2-(7-(dimethylamino)-2-ox0-2H-chromen-4-yl)acetamide (60) —

Following the above procedure and purification by flash chromatography (4% -8%
MeOH in CHCI3+0.1%TEA) the compound was obtained in 70% yield. R¢ (10%
MeOH:CH.Cl,) = 0.5. IR (KBr)/cm™ - 3400, 3300, 2950, 1700, 1650, 1600, 1550. *H
(300MHz, MeOD) & 7.47(1H, d, Ar-CH-, J=9Hz), 6.66 (1H, dd, Ar-CH-, J=2.5Hz,
6.6Hz), 6.46 (1H, d, Ar-CH-, J=2.6Hz), 5.97(1H, s, Ar-CH-), 3.62(2H, s, -NHCO-
CH,-), 3.20-3.3(4H, m, NH-CHx-CH,-N3), 2.98 (6H,s, N(CHs),); *C (300 MHz,
MeOD) & 171.4, 164.3, 157.2, 154.8, 152.6, 130.1, 126.9, 110.6, 110.5, 109.8, 98.8,
51.5, 40.2, 40.2, 40.1. MS (ES"): m/z (%): 316.1[M+H]" 338.0[M+Na]". HRMS
(ES") m/z calc. — 338.1218 , observed — 338.1224. LCMS Purity - 96%. Rt = 11.9-

12.1 min. Eluent system — 5% ACN/H,0 - 100% ACN/H.0.

fo) N/\/N3
H

62

Artelinate Azide (62) — Following the above procedure and purification by flash
chromatography (50% EtOAc in Hexane) the compound was obtained in 65% vyield.
R¢ (50% EtOAc in Hexane) = 0.5. IR (KBr)/cm™ — 3400, 2900, 2100, 1650, 1550. *H
(300MHz, MeOD) & 7.74(2H, d, Ar-CH, J=6.6Hz), 7.38(2H, d, Ar-CH, J=8.8),
5.38(1H, s, -O-CH-0), 4.58(1H, d, p-CH-O, J=12.8Hz), 3.41-3.53(4H, -NH-CH,-

CHy-N3-), 0.79-2.58 (22H, m, Artemisinin-CH- ); **C (300 MHz, MeOD) & 143.7,
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128.6, 128.5, 105.5, 102.7, 89.4, 82.2, 70.3, 53.9, 51.4, 45.8, 40.6, 38.7, 37.4, 35.8,
32.4, 26.1, 25.8, 25.7, 20.7, 13.4. MS (ES"): m/z (%): 509.1 [M+Na]*. HRMS (ES")
m/z calc. — 509.2368, observed — 509.2371. LCMS Purity - 96%. Rt = 15.9-16.2 min.

Eluent system — 5% ACN/H,0 — 100% ACN/H.0.

TAMRA azide (89) — Following the protocol for TAMRA based probes the above

compound was obtained in 90% yields. Rt (10% MeOH/DCM) = 0.15. IR (KBr)/cm™
— 3415, 2957, 2852, 2106, 1597, 1492, 1365. 'H (500MHz, MeOD) & 8.19-8.13 (2H,
d, d, Ar-CH, J=8.2Hz, J=8.2Hz), 7.74(1H, d, Ar-CH, J= 2.0Hz), 7.27(2H, d, Ar-CH,
J= 9.45Hz), 7.05(2H, dd, Ar-CH, J= 2.5Hz, J= 6.95Hz), 6.96(1H, d, Ar-H, J=2Hz),
3.30-3.34(4H, m, NH-CH,-CHx-N3), 3.1(12H, s, (-NH-(CHas),)2) ; “C(500 MHz,
MeOD) & 159.1, 158.8, 132.6, 129.6, 115.2, 97.3, 49.5, 40.9, 39.9. MS (ES"): m/z
(%): 499.01 [M+H]*. HRMS (ES") m/z calc. — 499.2088, observed — 499.2093.
LCMS Purity - 96%. Rt = 12.89-12.93 min. Eluent system — 5% ACN/H,0 — 100%

ACN/H0.

BODIPY azide (90) — Following the protocol for regular probes the above compound

was obtained in 85% yields. R¢ (10% MeOH/DCM) = 0.5. IR (KBr)/cm™ - 3292,
2953, 2926, 2101, 1527, 1442. 1H (500MHz, MeOD) & 7.37(1H, s, N-C-CH-C-N"),
6.97(1H, d, Ar-CH-, J=3.8Hz), 6.31(1H, d, Ar-CH-,J=4.4Hz), 6.17(1H, s, Ar-CH-),

3.36(4H, m, NH-CH,-CH,-N3), 3.22(2H, t, BODIPY-CH,, J=7.6Hz), 2.61(2H, t,
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BODIPY-CH,, J=8.2Hz), 2.57-2.63(2H, t, BODIPY-CH,, J=6.9Hz; 1H, m, Alkyne-
CH, J=2.6Hz), 2.60 (3H, s, BODIPY-CHjs), 2.24 (3H, s, BODIPY-CHj); *C(500
MHz, MeOD) & 174.9, 161.3, 158.4, 145.8, 136.5, 134.9, 129.6, 125.7, 121.3, 117.6,
51.5, 39.9, 35.9, 25.5, 14.9, 11.2. MS (ES"): m/z (%): 383.05 [M+H]*. HRMS (ES")
m/z calc. — 383.1577, observed — 383.1593. LCMS Purity - 96%. Rt = 14.0-14.4 min.

Eluent system — 0% ACN/H,0 - 100% ACN/H,0+0.1%TFA.

B-Deoxocarbaartemisinin _azide (105) - Following the above procedure and

purification by flash chromatography (6% -8% MeOH in CHCI3) the compound was
obtained in 77% vyield. R (100% EtAc) = 0.68. IR(KBr)/cm™ — 3361, 2955, 2859,
2092, 1674, 1522, 1381. *H (500MHz, CDCls) & 5.39 (1H, s, -O-CH-0), 4.78(1H,m,
J= 12.6Hz, B-CH-0), 3.58-3.28(1H, m, O-CH-CH,-CO; 2H, m, NH-CH,-CHa-Ns; 1H,
m, O-CH-CH,-CO), 0.86-2.56 (22H, m, Artesunate-CH-, -CHs-); *C (500MHz,
CDCls) 6 172.8, 103.6, 90.9, 81.5, 70.2, 52.4, 51.4, 44.0, 39.5, 38.2, 38.1, 37.2, 34.9,
31.1, 26.4, 25.5, 20.7, 12.7. MS (ES") m/z (%): 417.06 [M+Na]*. HRMS (ES") m/z
calc. — 395.2289, obsvd. — 395.2292 [M+H]". LCMS Purity - 96%. Rt = 15.7-15.9

min. Eluent system — 5% ACN/H,0 — 100% ACN/H,0.

5.1.23 — Synthesis of BODIPY-COOH® —

Following the procedure in literature®® the characterization data for the intermediates

and the final products is listed below.

MO\
N 0
101
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(E)-methyl 3-(1H-pyrrol-2-yl)acrylate (101) —

Following the procedure as discussed in literature®®, and purification by flash
chromatography (10% EtOAc in Hexane) the compound was obtained in 90% vyield.
Rf (10% EtOAc in Hexane) = 0.15. *H (300MHz, CDCls) & — 9.51(1H, b, -NH-),
7.62(1H, d, NH-C-CH-CH-CO-, J=26.6Hz, E-enantiomer), 6.93(1H, d, Ar-CH,
J=1.9Hz), 6.57(1H, s, Ar-CH), 6.29(1H, m, Ar-CH), 6.13(1H, d, NH-C-CH-CH-CO-,
J=15.9Hz), 3.79 (3H, s, -CO,-CH3-), 6.12(1H, d, NH-C-CH-CH-CO-, J=26.6Hz, E-
enantiomer); *C (300 MHz, CDCls) & — 168.7, 134.9, 128.3, 122.7, 114.5, 110.7,

110.3, 51.5. MS (ES): m/z (%): 150.1 [M-H]".

LN~
N

H (o]

Methyl 3-(1H-pyrrol-2-yl)propanoate (102) - Following the procedure as discussed in

literature®, and purification by flash chromatography (10% EtOAc in Hexane) the
compound was obtained in 95% vyield. Ry (10% EtOAc in Hexane) = 0.35. 'H
(300MHz, CDCls) 6 — 6.69(1H, m, Ar-CH-), 6.15(1H, m, Ar-CH-), 5.97(1H, m, Ar-
CH-), 3.74 (3H, s, -CO,-CHs-), 2.95(2H, t, NH-C-CH-CH-CO-, J=6.9Hz), 2.68(2H, t,
NH-C-CH,-CH-CO-, J=6.9Hz); *C (300 MHz, CDCls) & — 174.3, 130.7, 116.7,
107.9, 105.3, 51.6, 34.1, 22.4. MS(ES): m/z (%): 151.9 [M-H]. HRMS(ES") m/z

calc. — 176.0682, observed — 176.0682[M+Na]".

5,5-difluoro-3-(3-methoxy-3-oxopropyl)-7,9-dimethyl-5H-dipyrrolo[1,2-c:1',2'-

f][1,3,2]diazaborinin-4-ium-5-uide (103) - Following the procedure as discussed in

literature®®, and purification by flash chromatography (25% EtOAc in Hexane) the
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compound was obtained in 95% vyield. Ry (25% EtOAc in Hexane) = 0.45. 'H
(500MHz, CDCl;) & — 7.06(1H, s, N-C-CH-C-N*), 6.85(1H, d, Ar-CH-, J=3.8Hz),
6.24(1H, d, Ar-CH-, J=3.8Hz), 6.09(1H, s, Ar-CH-), 3.68 (3H, s, -CO,-CHs),
3.28(2H, t, NH-C-CH-CH-CO-, J=6.9 Hz), 2.76(2H, t, NH-C-CH,-CH-CO-, J=6.9
Hz), 2.54 (3H, s, -CHs- ), 2.21 (3H, s, -CHs- ), ; *C (500 MHz, CDCls) & — 172.9,
160.3, 156.9, 143.8, 135.1, 133.2, 128.0, 123.8, 120.4, 116.5, 51.6, 33.2, 29.6, 23.9,
14.9, 11.2. MS (ES): m/z (%): 329.05[M+Na]. HRMS (ES*) m/z calc. — 329.1246,

observed — 329.1249.

F/ \F OH

3-(2-carboxyethyl)-5,5-difluoro-7,9-dimethyl-5H-dipyrrolo[1,2-c:1',2'-f][1,3,2]diaza

borinin-4-ium-5-uide (84) - Following the procedure as discussed in literature®, and

purification by flash chromatography (25% EtOAc in Hexane) the compound was
obtained in 95% yield. Ry (25% EtOAc in Hexane) = 0.40. '"H NMR (500MHz,
MeOD) & — 7.43(1H, s, N-C-CH-C-N*), 7.01(1H, m, Ar-CH-), 6.34(1H, m, Ar-CH-),
6.21(1H, s, Ar-CH-), 3.20(2H, t, NH-C-CH-CH-CO-, J=6.9 Hz), 2.71(2H, t, NH-C-
CH,-CH-CO-, J=6.9Hz), 2.28 (3H, s, -CHs- ), 2.51 (3H, s, -CHz-); °C NMR
(500MHz, MeOD) 6 — 176.2, 161.4, 158.4, 145.8, 134.9, 129.6, 125.8, 121.3,

117.5, 34.0, 25.0, 14.9, 11.2. MS(ES"): m/z (%): 291.0 [M-H]"

5.1.24 — Synthesis of tert-butyl 3-bromopropylcarbamate®’ —

Br” ""NH(Boc)
79

Following the procedure in literature®” and purification by flash chromatography

(25% Ethyl acetate/Hexane) the compound was obtained in 80% yield. Rs (25% Ethyl
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acetate/Hexane) = 0.5. "H(500MHz, CDCls) & — 4.66(1H, b, -NH-), 3.43(2H, m, B,.
CHa), 3.26(2H, m, Br-CH,-CH,-CH2-NH), 2.04(2H, m, -CH2-NH), 1.44(9H, s, -
(CHs)3-); **C (500 MHz, CDCl) & — 156.6, 80.14, 39.73, 33.42, 31.43, 29.06. MS

(ES™): m/z (%): 261.82 [M+Na]".

5.1.25 — Synthesis of 2-Azidoethylamine®® —

HzN/\/N3
2-Azido ethylamine
80%

Following the procedure in literature® and purification by work-up as shown in
literature the compound was obtained in 80% vyields. Rs (10% MeOH/CH.Cl,) = 0.5.
'H (500MHz, CDCls) & — 4.7(2H, bs, -NH,-), 3.34(2H, t, -CH,-N3 J=9.1Hz), 2.85(2H,
t, -CH,-NH,, J=9.1Hz); **C (500 MHz, CDCls) § — 66.5, 55.3, 41.9, 24.9, 15.9. MS

(ESM): m/z (%): 86.82 [M+H]".
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5.2 Thermal stability protocols —

A pre-calibrated oven maintained at 37°C and 100% humidity was utilized for thermal
stability study. Freezer at -20°C and 0% humidity and AR grade DMSO was utilized
for preparing DMSO solution (100uL added for all samples) and solid for cold
storage conditions. Samples were placed in eppendorf tubes and lid was closed during
storage in the oven and freezer. The samples were analyzed for stability after 4 days,
2months, 6months, 12months exposure to the above conditions using Shimadzu IT-
TOF LCMS instrument. ACN + 0.1% TFA / H20 + 0.1% TFA was used as the eluent
in the reverse phase short column and the polarity was increased from 0% - 100% in a
period of 25min. 2uL of sample (sample diluted with 1.5ml of HPLC grade MeOH)
was injected for analysis and compared with the standard sample (diluted with 1.5ml
of MeOH when required). This standard is not subjected to any of the above

conditions and kept in freezer at 4°C.

5.3 Macrophage studies protocols —

Macrophages were prepared fresh by differentiation of THP-1 Monocytes using
Phorbol 12-myristate 13-acetate (PMA) and used within 4 days for flow cytometry
studies. Using the standard conditions as mentioned in Fig. 18-24, the cells were
incubated with the probes and analyzed using Flow Cytometer (BD FACs Vantage
SE). Varying concentrations of the probes from 5nM to 5uM were added to the fixed
concentration of macrophages in cells along with 10uL of Propidium iodide (PI) to
each cell for flow cytometry studies. The best concentrations of probes were chosen
based on least cell death and maximum cell staining and used for confocal
microscopy studies. Standard macrophage concentrations as described in Fig. 25 were
prepared in glass base square shaped and the desired concentrations to be analyzed

were added along with 60nM of Lyso-tracker red for confocal microscopy studies.
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5.4 NCI 60 Cancer cell line protocols —

5.4.1 Single Dose studies protocol —

NCI 60 cancer cell line studies were done in collaboration with National Cancer
Institute, USA>***are based on single dose response of the probes (Structures 48a and
51). The concentration used for single dose testing is 10uM. The number reported for
the one-dose assay is growth relative to the no-drug control, and relative to the time
zero number of cells. This allows detection of both growth inhibition (values between
0 and 100) and lethality (values less than 0). E.g. - a value of 100 means no growth
inhibition; 40 would mean 60% growth inhibition; O means no net growth over the

course of the experiment. A value of -40 would mean 40% lethality.

5.4.2 Five Dose studies protocol *** —

The human tumor cell lines of the cancer screening panel are grown in RPMI 1640
medium containing 5% fetal bovine serum and 2 mM L-glutamine. For a typical
screening experiment, cells are inoculated into 96 well microtiter plates in 100 pL at
plating densities ranging from 5,000 to 40,000 cells/well depending on the doubling
time of individual cell lines. After cell inoculation, the microtiter plates are incubated
at 37° C, 5 % COg, 95 % air and 100 % relative humidity for 24 h prior to addition of
experimental drugs.

After 24 h, two plates of each cell line are fixed in situ with TCA, to represent a
measurement of the cell population for each cell line at the time of drug addition (Tz).
Experimental drugs are solubilised in dimethyl sulfoxide at 400-fold the desired final
maximum test concentration and stored frozen prior to use. At the time of drug
addition, an aliquot of frozen concentrate is thawed and diluted to twice the desired

final maximum test concentration with complete medium containing 50 pg/ml
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gentamycin. Additional four, 10-fold or % log serial dilutions are made to provide a
total of five drug concentrations plus control. Aliquots of 100 ul of these different
drug dilutions are added to the appropriate microtiter wells already containing 100 pl
of medium, resulting in the required final drug concentrations.

Following drug addition, the plates are incubated for an additional 48 h at 37°C, 5 %
CO3, 95 % air, and 100 % relative humidity. For adherent cells, the assay is terminated
by the addition of cold TCA. Cells are fixed in situ by the gentle addition of 50 ul of
cold 50 % (w/v) TCA (final concentration, 10 % TCA) and incubated for 60 minutes
at 4°C. The supernatant is discarded, and the plates are washed five times with tap
water and air dried. Sulforhodamine B (SRB) solution (100 pl) at 0.4 % (w/v) in 1 %
acetic acid is added to each well, and plates are incubated for 10 minutes at room
temperature. After staining, unbound dye is removed by washing five times with 1 %
acetic acid and the plates are air dried. Bound stain is subsequently solubilized with 10
mM trizma base, and the absorbance is read on an automated plate reader at a
wavelength of 515 nm. For suspension cells, the methodology is the same except that
the assay is terminated by fixing settled cells at the bottom of the wells by gently
adding 50ul of 80 % TCA (final concentration, 16 % TCA). Using the seven
absorbance measurements [time zero, (Tz), control growth, (C), and test growth in the
presence of drug at the five concentration levels (Ti)], the percentage growth is
calculated at each of the drug concentrations levels. Percentage growth inhibition is

calculated as:

[(Ti-Tz)/(C-Tz)] x 100 for concentrations for which Ti>/=Tz

[(Ti-Tz)/Tz] x 100 for concentrations for which Ti<Tz.
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Three dose response parameters are calculated for each experimental agent. “Growth
inhibition” of 50 % (Glsp) is calculated from [(Ti-Tz)/(C-Tz)] x 100 = 50, which is the
drug concentration resulting in a 50% reduction in the net protein increase (as
measured by SRB staining) in control cells during the drug incubation. The drug
concentration resulting in “total growth inhibition” (TGI) is calculated from Ti = Tz.
The LCs (concentration of drug resulting in a 50% reduction in the measured protein
at the end of the drug treatment as compared to that at the beginning) indicating a net
loss of cells following treatment is calculated from [(Ti-Tz)/Tz] x 100 = -50. Values
are calculated for each of these three parameters if the level of activity is reached;
however, if the effect is not reached or is exceeded, the value for that parameter is

expressed as greater or less than the maximum or minimum concentration tested.
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APPENDIX
Appendix A

A.1 Thermal stabilities of probes 57-63 —
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Fig. 34 — Artelinic acid probe 57 thermal stability studies (Eluent - ACN : H20)
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Fig. 35 — Probe 58 thermal stability studies (Eluent - ACN : H20)
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Fig. 36 — Probe 59 thermal stability studies (Eluent - ACN : H20)
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Fig. 37 — Probe 60 thermal stability studies (Eluent - ACN : H20)
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Fig. 38 — Probe 61 thermal stability studies (Eluent - ACN : H20)
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Fig. 39 — Probe 62 thermal stability studies (Eluent - ACN : H20)
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Fig. 40 — Probe 63a thermal stability studies (Eluent - ACN : H20)
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Fig. 41 — Probe 63b thermal stability studies (Eluent - ACN : H20)
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Appendix 2

A.2 NMR Data for molecules —
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** Processing Parameters **
LB 0.30 Hz
PHCO 250.571 degree
PHC1 3.244 degree
TE W
5 I3 @ ez 2
2 2 3 Slalls 8
g & = R 3
= © ~ wils (|2 =3
S S EERI o
ols 90 &5 8o 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
(ppm)
g 13C AMX500 MBDOOBA FRAC2 0O O PO WO D ® oo el g
3 J803328839 3833 §R3
S 088333 NS2S SRRY  SeR
0 QI NeRONAN O 0O ®© WY o ®
8 GNNNGSSSag Noggg g9uw
E:d RRRNRRRRES 9368 QXA
*** Current Data Parameters **
NAME khm1029
EXPNO 2
PROCNO 1
*** Acquisition Parameters **
BF1 125.7577890 MHz
LOCNUC 2H
NS 168
01 13204.57 Hz
PULPROG 2gpg30
SFO1 125.7709936 MHz
SOLVENT CDCI3
sw 238.7675 ppm
*** Processing Parameters ***
LB 1.00 Hz
PHCO 171.072 degree
PHC1 30.187 degree
H 1 ‘
170 160 150 140 130 120 110 100 % 80 70 60 50 40 30 20 10
(Ppm)
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1H AMX500 FDAL after washing

€L€6°0
Namm.ow
£996°0

8v8' 7 —

| 6101
C6TE0
/2080

0.v8°0
—9.58°0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

9.0

(ppm)

13C AMX500 FDA1 (MeOD)

TYETZT —

©200°0%

OvLY'86 —
910566 —

T69Y°0TT —

2528w
6S80°92T ——
TIvo 9Tt %
Trés et

2687 TST ——

(Ppm)
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Cl

n=2, 70%

36b.

krsk151

8096'0
2586'0
S800'T
81221
29v2T
s0.2T
19827
v66Y'T
82257
29vS'T
VELST
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$0S9'T
19197
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srriT =

88TY'Z
2erre
SL9v'Z
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Cl

45%

—=2

1H normal range AC300 FD8 *** Current Data Parameters ***
NAME julBskg
EXPNO 1
QN NON® QEOYT® oNYHdom® © NOTNOOONAONDOATOONOON AN O woeuworaa~o  PROCNO 1
CE BBNN NNNNNN GECC6GGE 6 3 03,05 03,05 0 05 €5 0 €5 05 €5 05 03 N NN (N N O Y N il de e e
Uy HEy LY S S P
AUNM au_zg
BF1 300.1300000 MHz
BF2 300.1300000 MHz
BF3 300.1300000 MHz
DATE_t 0411:33
DATE_d Jun 18 2009
INSTRUM spect
NS 16
01 185343 Hz
02 185343 Hz
03 185343 Hz
PARMODE : 1D
80 75 68 66 64 62 60 58 56 B 34 32 30 | TR e e 1 e SOLVENT cbeis
(ppm) (Ppm) (Ppm) ©pm) sw 17.9519 ppm
TE 2973K
*** Processing Parameters ***
AZFW 0.100 ppm
LB 0.30 Hz
MAXI 10000.00 cm
M 0.00 cm
PC 100
wow : EM
*** 1D NMR Plot Parameters ***
AQ_time 3.0408700 sec
SIIEIE| (B(B(8| |E|BIE| IE §1E|2|2|8|2]8 8 218|8
e EE IR eI MEIMEEEN S IR
' gl 75 7o 65 6o ss 4s 4o s 3o 25 2o 1s 1o
(ppm)
~ 4 9a orw 9 900
§ § &f 83k ReRR R g388 § ¥ DpIEBEERaCRS gg
< < N INE N~ gog ~e oNn S N 9 WONACO®WONOOAC L
5 g a8 39 4458 88 NN B B 99%9g9998esess So
N SEOTS i B s e
*** Current Data Parameters *** 13C AMX500 FDA3(FDS)
NAME khm101~2
EXPNO . 2
PROCNO : 1
*** Acquisition Parameters ***
BF1 . 125.7577890 MHz
LOCNUC 2H
NS 18150
o1 13204.57 Hz
PULPROG : 2g9pg30
SFO1 . 125.7709936 MHz
SOLVENT : MeOD
SW 238.7675 ppm
*** Processing Parameters ***
LB 1.00 Hz
PHCO 77.267 degree ‘
PHC1 36.420 degree
L o |
) ol | I
ot Al 0, 1 S—
170 160 150 140 130 120 110 100 %0 80 70 60 50 40 0 2 I
(pPm)
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HO__ ~_ NH(Fmoc)

44
90%

1H AMX500 FAP

HooNOLOHRORnQ N d9o0noNY
DIRANANDOBNO 4=} RIS
FHhoRO0RNBR=08 49 LY RGDT
IR RN RINR] LY NN ©Onmnn

SYTT T @0 00 nn

——5.0008
4473
4334
2267

e
<
—s
T

*** Current Data Parameters **

——2.4579

NAME khm1113
EXPNO 1
PROCNO 1
% Acquisition Parameters *#*
BFL :500.1300000 MHz
LOCNUC 2H
NS 2
o1 3088.51 Hz
PULPROG 2930
SFO1 :500.1330885 MHz
SOLVENT CDCI3
sw 20.6557 ppm
*** Processing Parameters ***
LB . 0.30 Hz
PHCO 193.418 degree
PHC1 -6.010 degree
) ) ’\L
| |
g 8|28 g 8|8 38 3 3%
E gle|d 8 s |3 slle 3 ERE
NMRE S e MIE S EER
ols o0 85 80 75 70 65 60 55 50 45 40 3 do 255 20 15 10 05
(Ppm)
13C AMXS00 FAP - @ 38 3n8 3 o ¢ ~ oo
] &6 583 & 8 8 8§38
~ @ KRS g ¢ 9 & Qi
4 33 R - g 8 5 588
| N I
*** Current Data Parameters **
NAME khm1113
EXPNO 3
PROCNO 1
= Acquisition Parameters **
BFL 125.7577890 MHz
LOCNUC 2H
NS 351
o1 13204.57 Hz
PULPROG 2gpg30
SFO1 125.7709936 MHz
SOLVENT CDCI3
sw 238.7675 ppm
** Processing Parameters **
LB 1.00 Hz
PHCO -19.082 degree
PHC1 46.421 degree
R L
170160 | 150 140 130 | 120 110 | 100 % 80 70 60 50 %0 20 t
(Ppm)
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H\n/\/NH(Fmoc)

O 45
70%

1H AMX500 FAPA

9.8117

*** Current Data Parameters **

——1.5842
——0.9349

NAME khm1123
EXPNO 1
PROCNO 1
*** Acquisition Parameters **
BF1 500.1300000 MHz
LOCNUC 2H
NS 8
o1 308851 Hz
PULPROG 2930
SFO1 500.1330885 MHz
SOLVENT CDCI3
sw 20.6557 ppm
*** Processing Parameters ***
LB 030 Hz
PHCO 108.262 degree
PHC1 3.861 degree
) a o[3s ol (gl2) (s 2
g g g|5|8 CEINERE AN
S EAEAR S - |s - ]
115 1l0 105 100 o5 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
(Ppm)
i o wo IR
& 13C AMX500 FAPA 8 25 282 8 2 88 8
o < @ N & No s
8 4 33 9388 0 8 53 3
N .
*** Current Data Parameters **
NAME khm1123
EXPNO 2
PROCNO 1
= Acquisition Parameters **
BFL 125.7577890 MHz
LOCNUC 2H
NS 17412
o1 13204.57 Hz
PULPROG 2gpg30
SFO1 125.7709936 MHz
SOLVENT CDCI3
sw 238.7675 ppm
** Processing Parameters **
LB 1.00 Hz
PHCO 240.704 degree
PHC1 65.011 degree
, ]‘ y ' . v , el \ ’ y e b : ‘ : waw
210 200 100 180 170 160 150 140 130 1 110 100 9 8 70 6 5 40 30 20 10

(Ppm)
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HN/\/I\(/\/NH(Fmoc)

A
P
N

Cl

=1, 77%

46a, n

92200—"

2820'T
Tevo'T %
2.50'T
SES9'T
88197
¥T69'T
0v0L'T
ELEST
21552
52952
9152
£0652
5092
50292

2€8L'T
Sv6L NW
85082

€L9Z°E
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sovTy
veor qP
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evaey
Taoe Y
S —

698'S ——

2zre'9
seseo—/

00922 —=
15.2°L
9L1T'L
£062°L
8262°L
08TEL
6TEEL
VEIE'L
SBLEL
9E6€'L
BYES'L
00SS'Z
£289°L
0002°Z
T6EL°L
2rSLL
SYE6'L
£8€6'L
9505°8
69158

0000°€

6L19°E

kel
6801

w
&
S
z
=
kd
g
%
I
=
38
3
2
=
<
T
&
P
~ ~ < o 9
I N I ~n 88
: = b = g ¥r8 s
O Hd -} OT © 49 WwWo~f 9N ®
o & i 8Fe33835f 8353
g o 2 8 2 2838 0385
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8 5 £
g 22 g g & 8
g 2z g 2 & @ 4
S w =0 g Z a = > e Q =
S$E87:8,,4383:5,88
P 208159232685 ¢F 33

1£98'€

0998'T

OrY'E

—
60£8'0

56020

Ev8L°0

6088'0

S
5250'Y

resBoI

05

60

65

(ppm)

69Y9'TT ——

£08€22 ——

£LLV°6E
£090°0y =

oezg'or
sviz 1y

£281°05
GTo5 TS =

092t'99 ——

6V 9L
0000°2L HK

8LYT LL—=

£9YT'66 ——

6868 LTT ——
2,86'6TT ——
68vZ TZT —
9268'vZT ——
TLEESET =
89.6'92T \\\
66£9° 22T \\\
5.99°'82T

veosveT —

TITETYT ——
¥S06°'EYT ——

LLET6YT —=
2022 6T~/
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13C AMX500 FAPAC1 PURE

*** Current Data Parameters **

khm1120

NAME
EXPNO

PROCNO

% Acquisition Parameters #*

BFL

125.7577890 MHz

2H
246

13204.57 Hz

LOCNUC
NS
01

29pg30
1257709936 MHz

PULPROG
SFO1

CDCI3
238.7675 ppm

SOLVENT
SwW

*** Processing Parameters **

LB

1.00 Hz
-2.222 degree

53.925 degree

PHCO

PHC1
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"

HN,f\‘),N\/\/NH(Fmoc)

2

A
pZ
N

Cl

46b, n=2, 70%

EVIOT
2820'T
TZro'T
2650'T
6v20'T
2880'T
8965'T
£0T9'T
8929'T
16€9'T
£259'T
9€899'T
¥652°T
EELL°T
T6YP'Z
62972
89.%'2
ze6v'Z
£8052
zzzse
09€5°2
06852
62092
19192
61€9°C
2822’
Tevee
TeszEe
€292
6v8Z'E
£962°E

L T

OvSEY ——

698 v—

082S ——
Teoes—

12800 —=
98909~

SvZE'9
ovees—/

T88T°L
6T6T L
8502°L
9602°L
66v2'L
0092°Z
68.2°L
B0SE'L
9Y9EL
86LEL
VLES'L
52552
vIZLL
99€L°L
£106'2
5506°L
9TL¥'8
62878

1H AMX500 FAPAC2 PURE

** Current Data Parameters **

khm1120n

NAME

EXPNO

PROCNO

** Acquisition Parameters ***

500.1300000 MHz

BF1

2H

LOCNUC
NS
o1

308851 Hz

2930
500.1330885 MHz

PULPROG
SFO1

CDCI3
20.6557 ppm

** Processing Parameters **

SOLVENT

sw

0.30 Hz
344.331 degree

LB

PHCO
PHC1

7.959 degree

8Y60°Z [~
00 ¢<]

0000t

5500°% -

fesBow

(ppm)

90T’ TT
5o8YTT =

9550's2
8vSyoz %
228292 —=

2,907 —
6E6T'EY —
£SYT'OY —
Te8T LY ——
189€°25

BTe0Es =

696£'99 ——

13C AMX500
FAPAC2 PURE

0S€6'86 ——

TOVTLTT ——
2969'6TT ——

8TS6'6TT —/
¥2S6°02T
2250°T2T
0626 v2T
95v0'SZT
8526'92T

2€10°22T
66£9°22T
8v29'82T
YTOLVET H

9056 TST ——

280V 95T ——

** Current Data Parameters **

khm1120n

NAME
EXPNO

PROCNO

** Acquisition Parameters **

125.7577890 MHz

BFL

2H
468

13204.57 Hz

LOCNUC
NS
01

29pg30
125.7709936 MHz

PULPROG
SFO1

CDCI3
238.7675 ppm

*** Processing Parameters **

SOLVENT
Sw

1.00 Hz
192.047 degree

LB

PHCO
PHC1

39.855 degree

170
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A
~
Cl N
47a, n=1
1H AMX500 CAPA1L

*** Current Data Parameters **

NTNOCODRO DO <o QUNORPINOVITONNANONVOITON O | NAVE . Khm1124

OITOFORHO INEN] ONYNITOROWWAANNTIONNPOANDY © :

AL N OO Y Y O © 0 CORNANAPNAOO NN OCOBNOIOROW ©

QaN~NOOOON ® ANNRDRROOOONINAROOOONSOC O | EXPNO 1

NNNNNNNNS ©© moomaNaNNNNNNNNNC A Ao oo S

ST L Ty F e
* Acquisition Parameters ***
INSTRUM avs00
LOCNUC 2H
NS . 2
NUCLEUS : off
01 : 3088.51 Hz
PULPROG : 2930
SFO1 : 500.1330885 MHz
SOLVENT CcDCI3
sw : 20.6557 ppm
™ : 32768
TE : 3000 K
** Processing Parameters **
LB : 030 Hz
**1D NMR Plot Parameters ***
NUCLEUS : off

+
3.0518*ﬁ
° f

=) 0y (o @ 0y (Yo o
S | (@ ~ vl (o] ©
S ol |® ~ MR <
< ®e - N ~ie N
— S| |- - o| | djw o
I o A T N B e R I e
10.0 9.0 8.0 7.0 6.0 5.0 3.0 1.0
(ppm)
13C AMX500 CAPAL
209 © N *** Current Data Parameters ***
552 § BRI 8 889 58935 R 3
X=X ® NS T =) woY o®RH A o < NAME khm1124
oo < ©OWw o~ al NO ™~ M4 wno 9 ™~
0SS o NN AN o =] ~N© “ddN o9 g < EXPNO 2
B B =3 ~~~ bbby I ® —
‘ ‘ ““ ‘ PROCNO 1

o
T
<
N
~

*** Acquisition Parameters ***

INSTRUM avs00
LOCNUC 2H

NS 257
NUCLEUS off

o1 13204.57 Hz
PULPROG zgpg30
SFO1 125.7709936 MHz
SOLVENT CDCI3

Sw 238.7675 ppm
™D 65536

TE 300.1 K
*** Processing Parameters ***

LB 1.00 Hz
*** 1D NMR Plot Parameters ***
NUCLEUS off

A O o A
180 160 140 120 100 8l

(ppm)

0 60 40 20
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A
P
Cl N
47b, n=2
1H AMX500 CAPA2
* Current Data Parameters
RIPNORAMTOD ®o ON DN NIND AN QP QNNVIVI AN TONAWDAONO O™ | NAME  ©  khmi2o7
BIRSCRI DA S IR PR dn 330 IR IoBI3RRINSIO00NNaIRo AN ™
PR g RN g B RO SRR BN A0 I R ON VO I NI RRBINASION® .
SONOQANNNNN @& MOOHIHE00000ERRNNNEIREIVEEELLENOSS | EXPNO :
BB N NN NN NN e R R R R R L RN RN N RN RN RN ENENE R P ps R g ppupp i R Rl pEUN, B
L;gﬁg\%;%‘ \‘ \\\\LLLLLLLLLLLLLLH N%#A—L-L-L-u :
L * Acquisition Parameters **
INSTRUM avs00
LOCNUC ¢ H
NS : 8
NUCLEUS off
o1 : 308851 Hz
PULPROG 230
SFO1 : 5001330885 MHz
SOLVENT coei3
sw : 20,6557 ppm
™ : 32768
TE : 3000 K
* Processing Parameters
18 : 030 Hz
** 1D NMR Plot Parameters
NUCLEUS off
E 7
5 v (o) (9 o oo B <l o =)
2 gl (3] (8 2 3(S|[S[=] 3] (33 3
2 3 (= |2 3 3N 3R 3 |8 a 3
£ ol @ |2 @ ol bl KINfel qlel |
=] = eI RS »
R i I B e B B e R Al R o
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
(ppm)
13C AMX500 CAPA2
<< 0 ~OH©O ™ o ** Current Data Parameters **
) o omwn © © wn —Ho o o W~ DM ON
o< N KON © mog ©O NONO DMOOMWD NAME khm1207
— N ”m ©O—H© ~N o (] no S0 Noos oot
e 8 SIBw I~ < 3 o~ N® NDON ONOONDBO EXPNO 2
w0 ™ NNN — o @ ~~© [3elsN) r\gma DOTANNNO
= o e - - o N~~~ nwmw < < < NANNNNN A
N N N S T0 TTAET e 1
*+* Acquisition Parameters **
INSTRUM avs00
LOCNUC 2H
NS 335
NUCLEUS off
o1 13204.57 Hz
PULPROG 2gpg30
SFOL 1257709936 MHz
SOLVENT [ele]
sw 238.7675 ppm
™ 65536
TE 300.0 K
*** Processing Parameters **
LB 1.00 Hz
** 1D NMR Plot Parameters **
NUCLEUS off
D000 A D MO M uwmuﬂmmmm MWMW mew
180 160 140 120 100 80 60 40 20

(ppm)
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N N
HNN?, ~ N |
o (o]
X
Pz o (o]
cl 48a, n=1, 60%
1H AMX500 FDA7 FRAC3
** Current Data Parameters **
COYTOANIIIRORONNIROIODD O N ONONTNNONOOTNNNTONNDOANOEO 00O | NAVE khm1127
RO BIOANWOORVNONORID & CONCONPCANPONOWANNNDBNPD A ODN O I T
QAo RO N MOPONNNNITANDN I A A0 O N IO RN NO A DO BTINN AO PO~ N O D .
MODORNONOMONNNOOOOIIN®M O BNNNOOONHO~NNONMOMBOBION~NOONAH006 | EXPNO 3
WBABNNNNNNNNNNCOCOCCOCOOO © JomomoadaNdaNdNaNdNNNNNNddddAd A dHO PROCNO - 1
LLLLLLLLLLLLLLLLLLL“ ‘ \\‘ %\/&LW&L—LJ .
=1 T T =77 % = =+ Acquisition Parameters *+*
INSTRUM avs00
LOCNUC 2H
NS 16
NUCLEUS off
o1 3088.51 Hz
PULPROG 2930
SFO1 500.1330885 MHz
SOLVENT MeOD
sw 20,6557 ppm
™ 32768
TE 300.0 K
*** Processing Parameters **
LB 030 Hz
*+ 1D NMR Plot Parameters ***
NUCLEUS off
o gcj A rq
@l 8 Do) ® I N
@4l e el IS S >
S5l ~ o=@ N &
<l d|| o S| & o o)
T T T T T T T T T
6.0 5.0 4.0 3.0 2.0 1.0 0.0
(ppm)
13C AMX500 FDA7 FRAC3
HOND VWO~ D THONN NS M© ** Current Data Parameters **
§8E8RC08  2BBYH EERE sz 3955338 2 38
EREERRRE Y353 6508 38 SaBSNBS © SE NAME Khm127
dYNYaaaNg O~NOOY SOOI ©©o NOMNTO®R 1 ©o EXPNO 4
~OnNWLLWLWL S MANNANN d—4—HO f2je ] N—HON—HOW I~ - O
A A A A A A A A A A oo LS IETTON N =
G TR B I :
*+* Acquisition Parameters ***
INSTRUM avs00
LOCNUC 2H
NS 19933
NUCLEUS off
o1 1320457 Hz
PULPROG 2gpg30
SFO1 125.7709936 MHz
SOLVENT MeOD
Sw 238.7675 ppm
™ 65536
TE 300.0 K
*** Processing Parameters **
LB 1.00 Hz
** 1D NMR Plot Parameters **
NUCLEUS off
| “H . A
A s ks L L s L L e L L L e e G e L
180 160 140 120 100 80 60 40 20

(ppm)

Page 151 of 219



vEB6'6
TEBT'TT %
90002 19887 2]

bl 8v86'92
606222

6180°6€

L) 8SYT OV

- S68LEV

L1251y

668'8Y

[o 5259'87

v2ES'8Y

0000°6

6vLT6

La S2ZYe 6y
T0TS 6

TE68 TS —

9SE0 VS ——

T62T'9

60T6'S

12102

m o

Nl

¥9EL'86 ——

Cl

2H
308851 Hz
2930
5001330885 MHz
MeOD
206557 ppm
030 Hz
99.731 degree
7.221 degree

DBDDNNNNNNNNGGOE66ESC
khm1210

LIy

*** Current Data Parameters **
500.1300000 MHz

= Acquisition Parameters

BFL
# Processing Parameters ™

NAME
EXPNO
PROCNO
LOCNUC
NS
PULPROG
SFO1
SOLVENT
sw

B

PHCO
PHC1

1H AMX500
FDA8 FRAC3

288966 —

B
(ppm)

SB8TL 60T —=
09TE0TT
4 0 6I7S0TT
TITL8TT——

T99EVTT ——
2T66'SZT —F=
£296°92T %
¥06€'22T

6V0V'9ET ——

LYEY 6YT ——
2T12'25T —=

qurwma %\
mmNmNmﬁ \\\
9€8LVST
8S6T'LST

8022 ¥9T
28L0°TLT——

khm1210
5
1
125.7577890 MHz
2H
17998
13204.57 Hz
29pg30
125.7709936 MHz
MeOD
238.7675 ppm
100 Hz
243.238 degree
18.619 degree

resBoIl

13C AMX500 FDA8 FRAC3

** Current Data Parameters **
*** Acquisition Parameters ***
*** Processing Parameters **

NAME
EXPNO
PROCNO
1
LOCNUC
NS
o1
PULPROG
SFO1
SOLVENT
sw
LB
PHCO
PHC1
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Cl

=1, 55%

[e]
493, n

1H AMX500 FD11

696v'Z
20052
Sv0S'Z

£068'Z
9526'2
6v8z'E
9.0€'€

£69€'E
V6LE'E
806€'E
966€'E
v80Y'E —=

0565°€
z5T9E =

69T0'9 ——

0v9s'9

o66EL —
S9EV'L
aeevid
z€82L

28817/

11508 —=
£690'8

8T9E'8 ——
968€'8
6007’8

aw

(ppm)

(ppm)

e
£8v6'0

— £000'T

feibaru|

(ppm)

vS8Y'LE
9€99'8€
00v6'8E
¥91Z'6€
0005 '6€
169268
825007
T62€ 0Y —=
vL0ETY ——

6829'S7 ——

13C Standard AC300 FD11

9LVT L6 —_
8921'86 ——

2T10°'80T
¥yv9'80T %
06T9'60T ——

95€6'9TT ——

PT96'EZT ——
892y VT —/—
81,9'ST &H
0926'S2T

9890'PET ——

TLS2'SST
£LT9°09T "

9.19'89T

6v02'89T —/

*** Current Data Parameters **

NAME

ocl6khm

EXPNO

1

PROCNO

*** Acquisition Parameters **

BF1

75.4677490 MHz

2H
20854
792411 Hz
2gpg30
75.4756731 MHz

LOCNUC

NS

01

PULPROG
SFO1

DMSO
238.2968 ppm

SOLVENT
sw

*** Processing Parameters ***

LB

1.00 Hz
93.111 degree

PHCO
PHCL

3.293 degree

110

120

160 150 140

170

(Ppm)
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Cl

(¢}

=2, 60%

49b, n

1HAMX500 FD10 64 SCANS

T905°T
66TST
BEEGT
68YS°T
8295°T
8029°T
6SE9°T
TIS9°T
6v99°'T
88197

oL6v'Z W
80052
9v05°Z
8696
£966C
LvOT'E
SETTE
TozTE
LBETE
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25oT'E
ESLTE
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SESTE
8vozE
1BITE
9208'E —=

0585°€ ——

0£66'S ——
20579
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M ZeTTo |
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| B —

——— < 88060 [

22000

I\ Tere0

w £0202
0000'T
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/ eeoe0 .

w vzzeo [

I\ 0800 [

" stot |

“J.W 89£6°0

™\ ses60
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99ET'SZ
ze29'92
09EY'8E
9628'8€
2166'8€
89T 6
YZEE6E
000S'6€
£609'6€
9299'6€
£291°6€
25E8'6E
2226'6E
820007
£060°07
18202 ——

£120°26 ——
098586 —

£YST'80T ——
2198'80T
¥862°'60T
T62€ LT ——

2686'€2T
2LL0veT
6026'S2T %
26ST'22T
zvevest—

S802°8YT ——

EELTOST —=
9EL2'TST
TS9S'TST
8£22°2ST
VSZE'SST \\\
62£9°09T

sezoLoT—/

13C AMX500 FDA6

** Current Data Parameters **

khm101~3

NAME
EXPNO

PROCNO

** Acquisition Parameters **

125.7577890 MHz

BFL

2H
17742
13204.57 Hz

LOCNUC
NS
01

2gpg30
125.7709936 MHz

PULPROG
SFO1

DMSO
238.7675 ppm

SOLVENT
Sw

** Processing Parameters **

1.00 Hz
86.246 degree

LB

PHCO
PHC1

23.852 degree

(Ppm)
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N/\/NH(Boc)
H

(o}

50
60%

1H AMX500 QAA3

A
e

** Current Data Parameters **

7.4819
7.4642
7.2600
6.7078
6.6145
6.6095
6.5969
6.5918
6.4809
6.4771

——6.0434
4.8974

——3.6039
3.3429
3.3328
33215
33101
32194
3.2068
3.1967
3.1853
31740

E

3.1563
3.0403

——1.4039

NAME : khm1016

EXPNO  : 2

PROCNO  : 1

*** Acquisition Parameters ***

BF1 : 500.1300000 MHz

LOCNUC 2H

NS . 2

o1 . 3088.51 Hz

PULPROG : 2930

SFOL : 500.1330885 MHz

SOLVENT : cDCi3

Sw . 20.6557 ppm

** Processing Parameters ***

LB : 0.30 Hz

PHCO H 288.229 degree

PHC1 H -0.847 degree

. )
[
2 8181 |8 3
g r 83| |3 g
dlo]| |s -

1 0.8600
©40.8398

3.5899
©]5.1940

@ ]9.0000

95 90 85 80 75 65 60 s o 25 2o 1 os
(ppm)
@ 4 0w g i cod o QN o™ ® MeQ ©
g % 883 B d83 8 FENINS ¢ 988 &
NI . g e
*** Current Data Parameters **
NAME khm1016
EXPNO 3
PROCNO 1
** Acquisition Parameters **
BFL 125.7577890 MHz
LOCNUC 2H
NS 422
01 13204.57 Hz
PULPROG 2gpg30
SFO1 125.7709936 MHz
SOLVENT CDCI3
SwW 238.7675 ppm
% Processing Parameters **
LB 1.00 Hz
PHCO 66.680 degree
PHC1 56.296 degree
h o .
To i o | 1k Tl %0
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75.4677490 MHz
3001300000 MHz

BF1
BF2
BF3

75.4677490 MHz

08:09:15
Oct 13 2009

DATE_t
DATE_d

17909
MeOD

NS

SOLVENT

*** Processing Parameters ***

INTSCL
M

1.00000

0.00 cm

T
10 o

20
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o)
HNOV);\NH(Boc)

X
52

N 0" "0 gy

1H AMX!

500 QAA b o @ guaoran 2
8388 2228538 g
£y 28 8838388 8
AN nouwnT 3 nYYINNG M
NN R ERRR N 3

——7.2600
5817

5691

5641

4481

4430
——6.0384
5.0424

L7

*** Current Data Parameters **
NAME . khm1016
EXPNO . 4
PROCNO 1
*** Acquisition Parameters **
BF1 :500.1300000 MHz
LOCNUC 2H
NS : 8
01 . 3088.51 Hz
PULPROG : 2930
SFO1 : 500.1330885 MHz
SOLVENT CDCI3
Sw : 20.6557 ppm
*** Processing Parameters **
LB . 030 Hz
PHCO H 162.903 degree
PHC1 B 4.417 degree
. A
@ r
g 3 3 IS 3 2 X 8
E 8 ML é 4 |8 g
. . ; S S L5 . e . T ,
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
(Ppm)
A RTES] 3 LI a5y g89e S gyieg =
d REaak 3 88 g 885 5836 2 83358 o
 Ss8dg s Saa <] J88 9389 3 QBIBD
g 9888y q BEE] 8 KR RRR3 ¢ 99988 8§
LIS T N N |
13C AMX500 QAA4
** Current Data Parameters **
NAME . khm1016
EXPNO . 5
PROCNO 1
** Acquisition Parameters ***
BF1 1257577890 MHz
LOCNUC 2H
NS : 339
01 . 13204.57 Hz
PULPROG 29pg30
SFO1 1257709936 MHz
SOLVENT CDCI3
Sw : 238.7675 ppm
** Processing Parameters **
LB . 1.00 Hz
PHCO H 89.314 degree
PHC1 H 20.585 degree
l \w ‘ ol Wt |
80 70 0 50 0 30 20 1
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1H AMX500 ASC2 FRAC2

** Current Data Parameters **

1
1

khm1015
*** Acquisition Parameters ***

PROCNO
DATE_t

07:27:48
Oct 15 2009

DATE_d

DBPNAMO
NS

500.1330885 MHz

SFO1

CDCI3
*** Processing Parameters ***

SOLVENT
LB

030 Hz

** 1D NMR Plot Parameters **

Start
Stop
SR

16.48 ppm

-4.18 ppm
13,06 Hz
15859710 sec

AQ_time
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13C AMX500 ASC2 FRAC2

** Current Data Parameters **

khm1015
** Acquisition Parameters ***

PROCNO
DATE_t

NAME
EXPNO

DATE_d

Oct 15 2009

DBPNAMO

NS

18665
125.7709936 MHz

SFO1

[erlek}

SOLVENT

*** Processing Parameters **

LB

1.00 Hz

** 1D NMR Plot Parameters **

Start
Stop

224.37 ppm

-14.42 ppm

346 Hz
10911740 sec

SR

AQ_time
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)
HN/\/N\)LN/\/NH(Boc)
H

X
P
Cl N 84a
1H AMX500 CQIMBA

900
82
58
@

8.3227
8.3037
7.8045
7.8007
7.5259
7.5208
7.5070
7.5032
6.6371
6.6257

——5.4848

——a.8241
3.5256
3.5130
3.5004
3.3163
3.3125
3.3100
3.3062
3.3037
3.2482
3.2369
3.2205
3.1335

3.1209
3.1095
2.9003
2.8877
2.8750
2.7212
2.7074
2.6935
2.6784
——1.3087
1.0011
1.0772
1.0634

£
£
£

*** Current Data Parameters ***

NAME : khm0506
EXPNO . 7
PROCNO  : 1

*** Acquisition Parameters ***

BF1 : 500.1300000 MHz
LOCNUC 2H

NS : 8

01 . 3088.51 Hz
PULPROG : 2930

SFOL : 500.1330885 MHz
SOLVENT : MeOD

sw . 206557 ppm
*** Processing Parameters ***

LB . 0.30 Hz
PHCO H 180.042 degree
PHC1 H 7.481 degree

3

5 Bl 2 2 =l @ ~ ) o

g b S 8 g g g b4 8

£ & 5 & 3 3 3 & 8

B S S S o > I3 @
R e e e P L s e e e e 7052 e L
00 96 92 88 84 80 76 72 68 64 60 56 52 48 44 40 36 32 28 24 20 16 12 08 04
(ppm)

o @ o @ swo o~

13C AMX500CQIMBA & g5 8 gee @ 2 3 £88395983L83¢y & 3
8 S 8 3 8§85 & S & §833YINSBLEENS 8 9
< g 2 = as2 9 N 1 SOC0ARGERE38s © &
N 32 & 88 3 g s GEC0GEIITITNGS @ o
I [N | I R |

*** Current Data Parameters ***

NAME : khm0506

EXPNO . 8

PROCNO  : 1

*** Acquisition Parameters ***

BF1 1257577890 MHz

LOCNUC 2H

NS . 822

01 . 1320457 Hz

PULPROG : 20pg30

SFO1 : 125.7709936 MHz

SOLVENT MeOD

sw . 2387675 ppm

*** Processing Parameters ***

LB . 1.00 Hz

PHCO : 200563 degree

PHC1 H 61.478 degree

L bl kbbbt bl
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
(ppm)
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4

[o]
HN/\/\/N\)J\N/\/NH(BOC)
H

=z |
N 54b
Cl N
1H AMX500 CQ2MBA 38 83238 83¢ 28 5 38 83838 R 83898  5AINESHYSHY
23 SI8N3 883 &s 3 a8 §O8R% K 8R838 QO8RS SRIREY
&8 G3B5E QAN & 8 58 SHINN & 95999 RRBRLE6H563
@ NNNNN NSNS 66 @ ] Goonm o PPN PNPNPN R D B p
*** Current Data Parameters ***
NAME . khm170~1
EXPNO . 1
PROCNO  : 1
** Acquisition Parameters ***
BF1 : 500.1300000 MHz
LOCNUC 2H
NS : 8
01 . 3088.51 Hz
PULPROG : 230
SFOL © 500.1330885 MHz
SOLVENT : [ehle]
sw . 206557 ppm
*** Processing Parameters **
LB . 0.30 Hz
PHCO : 315.128 degree
PHCL : 0.536 degree
| |
3
5 @ ol |o gl |y 2 sl e @ alslg @
g 8 S| 8 |8 g 818 8 21318 @
E 2 I &l |& 3 8118 53 Gl@|8 B
S s| |s s| |s S 6| |4 @ R o
o e e e P s e e e e e e e B 5 S ML
100 96 92 88 84 80 76 72 68 64 60 56 52 48 44 40 36 32 28 24 20 16 12 08 04 00
(ppm)
2 0 NIy ~ mwo ©
13C AMXS00 CQ2MBA 3 838 8 g3 3 2 4589 g3z S B33 5338 8
& 4 888 g 256 8 & 3883 3983 238 36983 8
@ s Ngg w RS & Sory 3 H8 & gow awoo in
5 4 483 g S99 4 8 I-ANNIN B85 ¢ 99§ §8E&Q S
*** Current Data Parameters ***
NAME . khm170~1
EXPNO . 2
PROCNO  : 1
*** Acquisition Parameters ***
BF1 1257577890 MHz
LOCNUC 2H
NS . 51
[o18 . 1320457 Hz
PULPROG : 20pg30
SFO1 :© 125.7709936 MHz
SOLVENT : CDCI3
sw . 2387675 ppm
*** Processing Parameters ***
LB . 1.00 Hz
PHCO H 214,619 degree
PHC1 H 33.507 degree
) L |
190 180 170 160 150 140 130 120 110 100 % 80 70 60 50 40 30 20 10

(ppm)
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Cl

0ET0'T —
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o
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)
W T 1

mmSm
L6TL°E
€28L°E

S868'7 ——

£90T'9 ——
1922'9

oeec's

59.5°9 ——
voes9

£668'9

6906'9 —/

2992'L ——
LETYL

SLTYL
ETEPL
TSEV'L
01692 %
8v60°L
Svves ——
1528
vize's %
sovE's

1H AMX500 CHLOBOD1

*** Current Data Parameters ***

NAME
EXPNO

khm190~1

PROCNO

% Acquisition Parameters ***

BF1

500.1300000 MHz

2H

LOCNUC
NS
oL

308851 Hz

2030
500.1330885 MHz

PULPROG
SFO1

MeOD
206557 ppm

SOLVENT
sw

*** Processing Parameters **

LB

0.30 Hz
153570 degree

PHCO

9.858 degree

PHC1

TEOEE [

. rearel

resbaw|

(ppm)

PISTTT
£29T'2T \_
SZBTET ——

668t'ST
£297'SE —\_
661668
28v9°0v
0ST6'2t
6vLLEY
668181
515981

¥529'66 ——

EVPTLTT ——
ezl —"

TI8z"LTT
6ees6eT —

EEVLVET —
1S18'9ET ——
¥865'86T ——

2ELTYPT ——
yS2L'SYT ——
S25Y LrT ——

¥280°SST ——
6882'85T ——
028T'T9T ——

LT09VIT —
rervsit—"

13C AMX500 CHLOBOD1

*** Current Data Parameters ***

NAME
EXPNO

khm190~1

PROCNO

% Acquisition Parameters ***

BF1

1257577890 MHz

2H
1592
1320457 Hz

LOCNUC
NS
oL

29pg30
1257709936 MHz

PULPROG
SFO1

MeOD
238.7675 ppm

SOLVENT
sw

*** Processing Parameters **

1.00 Hz
302.023 degree

LB

PHCO

35.690 degree

PHC1

120

(ppm)

Page 161 of 219



1H AC300 ARTELINIC ACID PR PONONNYONONINONOEINTNOVN OO IO AN AN NO N ON NN~ OOV HNONONYONAVONHN ORI O S
SRR DR R R R R et e e R e b R R R R e P TN R
PR P R R R R EIN N N R R R R e R e R R R S R P s N R S
88885358028 m0R 80858506 8R8880588550850R8305888858309383IYSRARARRANT5EES
B N B B S S PN RPN EN RIS PR i g i o o g = e
A B e A i A e \H
L 1 o LU
* Current Data Parameters **
NAME ~ :  ma0skhm
EXPNO 2
PROCNO  : 1
* Acquisition Parameters ***
BFL :300.1300000 MHz
LOCNUC 2H
NS : 8
o1 : 1853.43 Hz
PULPROG : 2930
SFOL : 300.1318534 MHz
SOLVENT : MeOD
W : 17.9519 ppm
=+ Processing Parameters **
LB : 0.30 Hz
PHCO : 117.169 degree
PHCL : -0.505 degree
] W
5 3 ) 2 © slelslaelsllgl |g
g 8 3 8 ] MHEIE IR
g 8 3 & 3 M EEIE IR
£ 8 g & g gla(8|e|&||R| |5
B B - 4 Ala]Ale 4]~ [~
125 120 115 110 105 100 s 90 &8s 80 75 70 &5 60 &5 S0 45 40 35 30 25 20 15 10 05 00
(ppm)
@ oo s 3
K] RS 33 o 9 ~ ~ogoNgINd @ ong o YN ~
g g3 g8 b g 5 5830583583 2 gr3 853 & N
g 5 8 g R 8 3 g 882588208 8 N 2928 5
M 2 e b 8 g 8 288888 RT3 R SRR 8 53R R g
2 88 g8 2 o s Nosgoodns o g o gaa S @
3 29 ] 8 b L 552993998 @ 858 8 888 § g
13C Standard AC300 ARTELINIC ACID
* Current Data Parameters
NAME maoskhm
EXPNO 3
PROCNO 1
* Acquisition Parameters **
BF1 75.4677490 MHz
LOCNUC 2H
NS 500
o1 7924.11 Hz
PULPROG 2gpg30
SFO1 75.4756731 MHz
SOLVENT MeOD
sw 238.2968 ppm
*** Processing Parameters ***
LB 1.00 Hz
PHCO 30,650 degree
PHCL 4860 degree
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1H AC300 Artelinate Coumarin Probe

*** Current Data Parameters ***

NAME

ma05kh~1

17

EXPNO

PROCNO

** Acquisition Parameters ***

300.1300000 MHz

2H

LOCNUC

NS

1853.43 Hz

o1

2930
3001318534 MHz

PULPROG
SFO1

MeOD
17.9519 ppm

SOLVENT

sw

**+ Processing Parameters **

LB

030 Hz
111600 degree

PHCO
PHC1

0998'T

8£00'T

25202

~
1500°€
— 1

00002

2042 degree

[eiBo

(ppm)

S9T0'9 —

89SY'ET ——

£992°0L —

oveTZe —

085£'68 —

5969'86 ——

6£0£720T —
$09Y'SOT ——

2rYL 60T —
¥209°0TT
6228°0TT

22T, 92T —
050£'82T
L11E°82T

9TOGVET ——

TOPYET —

0S6v2ST ——

9EEZVIT ——

6EST0LT ——
YET8TLT —

13C AC300 Artelinate Coumarin Probe

*+* Current Data Parameters *+*

ma05kh~1

NAME

18

EXPNO

PROCNO

** Acquisition Parameters ***

75.4677490 MHz

2H
951
7924.11 Hz
2gpg30
75.4756731 MHz

LOCNUC
NS

IilMMLL %Mmmmm MMJIIILJ.WMM]M

60

wnﬁ\“m.mh.mhm

lmMUm

Mm‘wl

PULPROG :
SFO1

MeOD
238.2968 ppm

SOLVENT :

sw

*+* Processing Parameters ***

1.00 Hz
35.181 degree

1]

PHCO
PHC1

0693 degree

Ll ..“IL\WU n“ il | IL .I.me\

Lt manmln.m A .\‘M Uil

S0 45 40 35 30 25 20

55

70 65

75

170 165 160 155 150 145 140 135 130 125 120 115 110 105 100

175
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1H AC300 DCQA2 Alkyne
% Current Data Parameters ***
NAME ma05kh~1
EXPNO 1
PROCNO 1
*** Acquisition Parameters ***
LOCNUC 2H
NS 2
NUCLEUS off
o1 185343 Hz
PULPROG 7930
SFOL 300.1318534 MHz
SOLVENT MeOD
sw 17.9519 ppm
T 32768
TE 2974 K
% Processing Parameters ***
LB 0.30 Hz
SF 300.1295670 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS off

V]
@
w0
I
~

RNt

7.9232
7.6898
7.6827
7.3249
7.3178
7.2948
7.2877

6.4752
6.4566

e

Cl

=
¢

58

4.7900

\

3.4494
3.4412

i .

3.4083
3.3859

3.3634
3.2346
3.2292
3.2237
3.2182
3.2127
2.8205
2.7980
2.7755
2.6216
2.5975
25734
2.5630
2.5553
2.5498

ks

1.0410
1.0175
0.9934

S

< ~|| @ N
S NI @
o INIERNS &
S Sl|le S
< rm & ©
T T T T T T T T e e T T e e T
7.0 6.5 5.0 5 3.0 25 1.0 0.5
(ppm)
0o o o sod  ®
299 2 i%8 B 0 o 9 2gneotsdva ~
13C AC300 DCQA2 Alkyne 83 8 & EEREIR 8 ] PR ERE R 8
RN i Neq o 4 ] ABBNERISET 8
oo 9 ] ] g g 6 ErEEEEE R o
49 3 3 BEE R 3 R 5 IIIIIIITY B
e Curnt i Pranes al IR | | | =
NAME maoskh~1
EXPNO 2
PROCNO 1
*** Acquisition Parameters *+*
BF1 75.4677490 MHz
LOCNUC 2H
NS 301
o1 792411 Hz
PULPROG 79pg30
SFOL 75.4756731 MHz
SOLVENT MeOD
sw 238.2968 ppm
*** Processing Parameters **
LB 100 Hz
PHCO 46.099 degree
PHC1 -13.736 degree
PSR TN W v
T T T Ty Ty DA A L A RASSE R A AAmienntaaass s o A
200 1% 180 170 160 150 140 130 120 110 100 %0 80 60 g 30 20 10 0
(ppm)
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59

woo 2uRoon
Baa 288883
23m REEET
LRy RRRR G0
@ o o CE6666

=—7.5035
——6.0008
—5.7570
3.8877
3.8789
3.8696
3.8614
3.6258
——3.3229
3.1530
3.1443
31361
3.0172
2.5055
2.5000
2.4940

£
s
L
T
T

1H AC300 Coumarin Alkyne

*** Current Data Parameters ***

NAME  ©  maoskhm
EXPNO  : 1
PROCNO  : 1

** Acquisition Parameters ***

BFL : 3001300000 MHz
LOCNUC  : H

NS : 8

o1 : 1853.43 Hz
PULPROG : 2G30

SFO1 : 300.1318534 MHz
SOLVENT : DMSO

sw : 17.9519 ppm
* Processing Parameters ***

LB : 0.30 Hz
PHCO : 106.745 degree
PHCL : 15,027 degree

T
5 o ° o © (x| le| |g
g B 8 g 8 sl |5] (8] |8
g B 8 N 8 23| (8] |8
E b B 5 ] 5l(S](8] |8
3 S N S ol o] |6| |
96 92 88 | 8a | 80 76 72 68 64 ' 60  se 52 | 48 | 44 | 40 36 32 | 28 | 24 20 16 12 ' o8 | 04
(ppm)
o o 0 o9vN o oow
] 8 2 239 8 888 0 o o ~o dnsosoow
3 3 5 2233 8 S8 E g R 52 ah38388y
8 8 8 833 3 383 25 & 5 g8 ABRE888Y
2 N 2 222 a =] 28 g 3 38 68rBRa8Y
N 5 g 5238 8 288 N 5 o © g Sodoosnm
5 H S 558 B EEE] 58 8 2 N 2333388%
13C AC300 Coumarin Alkyne
# Current Data Parameters ™
NAME ~ :  maoskhm
EXPNO 2
PROCNO 1
# Acqisition Parameters
BFL ;754677490 MHz
LOCNUC - H
NS : 3508
o1 : 7924.11 Hz
PULPROG : 2gpg30
SFOL : T5ATS6T3L MHz
SOLVENT : DMSO
sw T 2382968 ppm
# Processing Parameters ™
18 : 100 Hz
PHCO : 16,111 degree
PHCL : 23.969 degree

MR ]ILW“‘“‘\MM."AUJ\[ WLl A W\dhhmm mhm“m“m ‘Lhﬂm M.mJM Mmdm AMMA‘M“ Nmmlm\mmm ikl mnlmm.hWMLLMML.MMM il
15 180 175 1/0 165 160 15 180 145 140 135 130 125 120 115 10 105 100 9 0 8 8 75 70 6 60 55 50 45 40 I b 25 20 15 10 5

(ppm)
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—=2

e oson uN ~
S 8385 8% 5
58 8N3Y 88 N
N 8568 <9 )
NN 6666 66 5

F

4.7900
——3.6176
——2.7388

Integral

1.0000
1.0137
1.0044

1H AC300 Coumarin Azide

*** Current Data Parameters **

NAME : ma05khm
EXPNO . 4
PROCNO 1

% Acquisition Parameters **

BFL :300.1300000 MHz
LOCNUC 2H

NS : 8

o1 . 1853.43 Hz
PULPROG : 2930

SFO1 :© 300.1318534 MHz
SOLVENT MeOD

SwW B 17.9519 ppm
** Processing Parameters **

LB . 0.30 Hz
PHCO : 119.816 degree
PHC1 : -5.772 degree

-2.0276
6.1740

|

{10338

78 76 74 72 70 68 62 60 58 56 54 52

o
Y

50 48 46 44 42 40 38

w
Y

a2 3o 28 26 24 22 20 18 16 14 12 10 08 06 04 02

o ~ © ©a o 3
a © 48D 3 @
o = K oa 5N
B o 4 @0 5 &
o < NS S ©
S 3 L oo @ o
= = ERE ] 4w

13C AC300 COUMARIN AZIDE

*** Current Data Parameters **

NAME : ma0skhm
EXPNO . 5
PROCNO 1

*** Acquisition Parameters **

BF1 © 754677490 MHz
LOCNUC 2H

NS . 311

o1 . 792411 Hz
PULPROG : 2gpg30

SFO1 © 754756731 MHz
SOLVENT MeOD

swW : 238.2968 ppm
*** Processing Parameters ***

LB . 1.00 Hz
PHCO : 11.634 degree
PHC1 : 32.317 degree

110.5588
110.5152

——109.7951
98.7547

£~

40.2433
40.1924
40.1124

175170 165 160 155 150 145 140 135 130 125
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00080
S0v8'0
ovL80
vv88°0
12680
06060
16860
0860'T
66TT'T
8SET'T
ELVT'T
995T'T
60LT'T
YYET'T
8122’7
oTvZ T
9662 T
ETYE'T
665E T
SBLE'T
otor'T
20zv'T
0sEr'T
s6ov'T
s98v'T
zTrs T
91551
95857
55657
e T
£8v.T
9zos T
£9..T—
298271
5818'T
008’1
ogs8'T
veos'T
6£v6'T
9,56'T
£500Z
58v0'Z
85022
68122
81522
6v9z'Z
56622
TetEZ
91052
£925Z
£2£5Z
s0vsZ —
Te55Z
8982
8Tvz'E
12807
60607 —
ozev v —
Lvesy
6TLL Y
0067 —
8877
oose's

e

LR

1

1H AC300 Artelinate Alkyne

*** Current Data Parameters ***

ma05kh~1

NAME

1

EXPNO

PROCNO
** Acquisition Parameters ***

300.1300000 MHz

BF1

2H

LOCNUC

NS

1853.43 Hz

o1

2930
3001318534 MHz

PULPROG
SFO1

MeOD
17.9519 ppm

SOLVENT
sw

*** Processing Parameters **

030 Hz
107.100 degree

LB

PHCO
PHC1

9.063 degree

£sz'sz

809v°Z

01T

6T60'T

50002

00002

[eiBoI

04

08

12

16

(Ppm)

YOZYET —

25TL08 —
06TL 5T
L2v8sT
128097 —=

8226'62 —
e —.

0000°67
9e8Z 67
£L95°67
60586y )/~

Lv16°ES

£992°02 ——
LE802L —

£T9£°08 —
898128 —

085868 —

£959°TOT ——
ETTL 20T ——

S09v'S0T ——

S0E5'82T ——

06YEVET —

LSYLEYT —

13C AC300 Artelinate Alkyne

*+* Current Data Parameters *+*

ma05kh~1

NAME

EXPNO

PROCNO

** Acquisition Parameters ***

75.4677490 MHz

BF1

2H
500
7924.11 Hz

LOCNUC
NS
01

2gpg30
75.4756731 MHz

PULPROG :
SFO1

MeOD
238.2968 ppm

SOLVENT

sw

*+* Processing Parameters ***

100 Hz
61197 degree
-31.818 degree

1]

PHCO
PHC1

L1 o ol i
16 1% 1% 15510 s 10 105 18

145

150

160

KA A
155

(epm)
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1H AC300 ARTAZ

*+* Current Data Parameters *+*

ma05kh~1

NAME

EXPNO

PROCNO

** Acquisition Parameters ***

300.1300000 MHz

BF1

2H

LOCNUC
NS
01

1853.43 Hz

230
300.1318534 MHz

PULPROG :
SFO1

MeOD
17.9519 ppm

SOLVENT

sw

*+* Processing Parameters ***

0.30 Hz
113.413 degree

1]

PHCO
PHC1

0.030 degree

2rvoz

00002

reibaru

52201

(pm)

TETYET —

080702 —
8TTLSE

iy

5520'92 —=

666L 'St

TorT ey \—
C1Ey

8082°0L ——

oveTZE —

259868 ——

2TTL20T —

¥09Y'S0T ——

osov '8zt
8995821

0TS9'EPT ——

13C AC300 ARTAZ

*** Current Data Parameters ***

NAME

ma05kh~1

EXPNO

PROCNO

** Acquisition Parameters ***

75.4677490 MHz

2H
690
7924.11 Hz
2gpg30
75.4756731 MHz

LOCNUC

NS

o1

PULPROG
SFO1

MeOD
238.2968 ppm

SOLVENT
sw

**+ Processing Parameters **

LB

1,00 Hz
42.298 degree

PHCO
PHC1

wmmmmmmmmmmmﬂm

55

7515 degree

30 25 20 15 10 5

35

40

45

65 60

70

95

100

umM.mammlmwmm\MMMmwmw.mmm Uil
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(ppm)
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63a
Ne e BaZERE 02 N P
5§ 28 88392 22 g yggensanonsanes
g8 33 2R8R88 88 R $398BYRRAR5E0ER 1H AC300 DCOAL Al
95 35 RREeen aa g C200DCQAL Alyne
*** Current Data Parameters ***
NAME ma05kh~1
EXPNO 9
PROCNO 1
* Acquisition Parameters *+*
BF1 300.1300000 MHz
LOCNUC 2H
NS 6
o1 185343 Hz
PULPROG 2930
SFO1 300.1318534 MHz
SOLVENT MeOD
sw 17.9519 ppm
*** Processing Parameters **
LB 0.30 Hz
PHCO 110.883 degree
PHC1 3716 degree
3
g 0 o ol |a
g 3 ¢l |5
B a e
Tee o2 e | Tes 64 | 60 | s6 sz 45 44 4o 36 32 28 | 24 Zo 1 12 o8  oa |
(ppm)
o0 < 5 ar ¥
g2 3 5 853 w a < aoroyraoyon
5 2 g 2g2 3 2 3 ISR hEER
2 3 2 392 g 4 8 grggagiancs
a8 9 i el X 5 g BEESI9TRcIR
49 3 g bER 3 3 3 EEREEPERER
a8 3 a 889 g H g 29939995993
13C AC300 DCQAL Alkyne

** Current Data Parameters **

NAME ma05kh~1
EXPNO B 10
PROCNO 1

*** Acquisition Parameters ***

BF1 754677490 MHz
LOCNUC 2H

NS 735

o1 792411 Hz
PULPROG 2gpg30
SFO1 754756731 MHz
SOLVENT MeOD

sw 238.2968 ppm

** Processing Parameters **

LB : 1.00 Hz
51.248 degree
-21.226 degree

PHCO
PHC1
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63b

9~ 09 soroos sq 2 gouwon oNoq ~NOOWNOHd®
I AackoDoQuALmE 25 88 RRR8R% EH g ggggts  geEs Refnedaneg
NN 60 GoANNN 3o 3 BN coan BOEEEEREIES
Go NN ONNNNNN PRy < 05 5 03 05 INRNENEY R
** Current Data Parameters **
NAME ma05kh~1
EXPNO . 3
PROCNO 1
** Acquisition Parameters ***
BF1 300.1300000 MHz
LOCNUC 2H
NS . 2
01 . 185343 Hz
PULPROG 2930
SFO1 300.1318534 MHz
SOLVENT MeOD
Sw : 17.9519 ppm
*** Processing Parameters **
LB : 0.30 Hz
PHCO 117.857 degree
PHC1 -5.279 degree
A
& alla o @ ~ ~ @ o
g gl|a N g o @ 3 2
g g2 S 3 3 3 a 2
£ slla| o k3 S @ @ S
ARk - - - < o ~
L e e L e e e e e L L e e e e e S PR
96 9.2 88 8.4 8.0 76 72 68 6.4 6.0 56 52 48 a4 4.0 36 32 2.8 2.4 2.0 16 12 08 0.4
(PPm)
no o 0 290 o
a8 32 9 238 3 ~ S 9 QuooYNdNT on
oR 3 h XN " ) S 3 3RB83Na oS 7y
a5 & 3 LR o 3 2 o RoR530380 N
a9 o s Nae & e 3 & BOHNSRIN B NS
o < @ R E g o o EE LR T KN
ST N I T [
13C AC300 DCQA3 Alkyne
** Current Data Parameters **
NAME ma05kh~1 H
EXPNO . 4
PROCNO 1
** Acquisition Parameters ***
BF1 75.4677490 MHz
LOCNUC 2H
NS . 101
o1 . 7924.11 Hz
PULPROG 29pg30
SFO1 75.4756731 MHz
SOLVENT MeOD
sw : 238.2968 ppm
** Processing Parameters **
LB . 1.00 Hz
PHCO 24.439 degree
PHC1 14.130 degree
o165 160 155 150 15 10 1% 10 15 10 115 10 165 100 & S & 80 75 7 6 6 8 = 45 40 3 % 25 20 15 1o 5
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64a
<5 2g 2RRRIL - N cuguannaracaenay
35 53338835 gz g g785829083 808R
g3 28 2RcAsn &8 g SRR RN SRR
&8 5850718 59 R $958585RA5580e8E
PR ISR $e , bR R R PRR kb
1H AC300 DCQAL Dialkyne
*** Current Data Parameters ***
NAME H ma05kh~1
EXPNO H 7
PROCNO : 1
* Acquisition Parameters ***
BF1 ©300.1300000 MHz
LOCNUC 2H
NS H 2
o1 H 185343 Hz
PULPROG : 2930
SFO1 © 300.1318534 MHz
SOLVENT MeOD
sw : 17.9519 ppm
*** Processing Parameters **
LB H 0.30 Hz
PHCO H 112.418 degree
PHC1 : -0.100 degree
®
5 Q ol I3 < IE ol la
g gl [allgl Ig 3 slgl [glls
g gl (8|18 | g g8 |B||B
£ NI g g1 [8]|B
R 3 HEIREE
Toe 92 ds a4 8o | 76 72 68 | da 60 s 52 45 da 4o s ' s2  ds | da  do s 12 o o4
(ppm)
° o o age =
e o 2 a9g 3§ o °o & raoroorarg
88 8 §gg = E § 3 3858880484
o @ © NG S < @ 4 9o CQUNONYHO T 13C AC300 DCQAL Dialkyne
8¢ g N8y 8 a 3 @ EEERERMIEM
83 g 98 3 2 g ® 3999999394

!

** Current Data Parameters **
NAME . ma05kh~1
EXPNO . 8
PROCNO 1

** Acquisition Parameters ***

BF1 © 754677490 MHz
LOCNUC 2H

NS . 101

o1 . 792411 Hz
PULPROG 29pg30

SFO1 © 754756731 MHz
SOLVENT MeOD

sw : 238.2968 ppm
** Processing Parameters **

LB : 100 Hz
PHCO : 28.612 degree
PHC1 : 11.913 degree

mh‘n.lu..‘nmuuL.M‘M.\ILL.‘.m‘AJuMnmAnw.\mhluMwmthi.Mmi.‘.muMuMm.um.Hmmh‘mmmlmmMmmMNmmﬂmemMdk‘lmhmhlmuhmmtm‘ ot R ST 00 4 T UL G L
160 155 150 145 140 135 130 125 120 1s 110 105 100 % 0 8 80 s 70 65 60 55 50 45 40 3»B 30 -2 20 15 10 5

(Ppm)
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Cl N
64b

N Be NEBTI g3 3 nooHaNnNoo oo Lgosre gpgomposurantors
Do 88 NEOERE 88 8 SBSSRRRRnRRASY HIIREY [ASBLEIRAIRTRIIR
48 88 58BN 9% R 6essHRAREARARA B23BRT RNRBBBBERREIITISLY
Ga NN ONNNNNN 6o < 505,03 05 0309 05 09 05 05 09 03 5 NNNNNN Ao e oo o
1H AC300 DCQA3 DIALKYNE \‘ H‘ K\ \g# \‘ ‘ u_u_u_ui%ﬁi% %‘ﬁu ‘ W
*** Current Data Parameters ***
NAME T maoskh-1
EXPNO 5
PROCNO  : 1
*** Acquisition Parameters ***
BF1 :300.1300000 MHz
LOCNUC 2H
NS : 2
o1 : 185343 Hz
PULPROG : 2930
SFO1 1 300.1318534 MHz
SOLVENT : MeOD
SW : 17.9519 ppm
*** Processing Parameters **
LB : 030 Hz
PHCO : 113504 degree
PHC1 : -0.995 degree
i r W
5 sllgl|e g ~ 2 9 9
g 8l118]|R ] & 3 8 8
2 FIRERRE 2 8 3 & 3
£ 8118]|8 g 8 b b g
4lls]|s - S @ W 9
D e e PR o s s e e e e P Ao
104 ' 100 96 92 88 84 80 76 72 68 64 60 56 52 48 44 40 36 32 28 24 20 16 12 08 04 00
(ppm)
No o 0 os0
88 3 2 $38 © @ 2 no © gmooyNddn an
RN 9 3a8 8 k3 392 3 2NB33NaNT 5
RS B & 2a8 R o 2SS 3§ 228530333 g3
Nd g s [ R 3 S ar ® QBNENIING 38
00 9 a3 §a8 3 2 3 ¥¥ ¢ gosgIIWHN P
44 3 3 488 o 8 PN B 9I93IILLT N
13C AC300 DCQA3 Dialkyne
** Current Data Parameters **
NAME : maoskh~1
EXPNO 6
PROCNO  : 1
*** Acquisition Parameters ***
BF1 754677490 MHz
LOCNUC 2H
NS : 101
o1 : 7924.11 Hz
PULPROG 29pg30
SFO1 754756731 MHz ‘
SOLVENT  : MeOD
Sw : 238.2968 ppm
** Processing Parameters **
LB : 1.00 Hz ‘
PHCO H 56.814 degree ‘
PHC1 H -29.857 degree
T L L L AT L 0 Ve L L AL e LU i m.u...\hm..‘.m‘u‘uuummh.}m‘...m..lmmm T LT
160 150 130 120 110 100 90 80 70 60 50 40 30 20 10 o

(ppm)
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*** Current Data Parameters ***
NAME : khm0506
EXPNO . 5
PROCNO 1
*** Acquisition Parameters ***
BF1 :500.1300000 MHz
LOCNUC 2H
NS . 2
01 . 3088.51 Hz
PULPROG : 2930
SFOL 5001330885 MHz
SOLVENT MeOD
sw . 206557 ppm
*** Processing Parameters ***
LB . 0.30 Hz
PHCO H 187.594 degree
PHC1 H 2.001 degree
L
3
g § HBE
£ S 8l |8
] o] |
T T
6

(ppm)

ag ] 3 28y 2 2 ° ) dwoodnoy
13C AMXS00 CQAE 26 o 3 835 8§ S g g 34R8EREY
8% = ] 833§ g < 3 S56sdhes
R e 22% 2 e N 2 EEEEEREN
56 < & 883 8 3 g S EEEELERD
a8 3 a 488 32 b 8 g F9999L9S

*** Current Data Parameters **

NAME : khm0s06
EXPNO . 6
PROCNO 1

** Acquisition Parameters ***

BF1 1257577890 MHz
LOCNUC 2H

NS . 101

01 . 1320457 Hz
PULPROG 2gpg30

SFO1 1257709936 MHz
SOLVENT MeOD

sw . 238.7675 ppm
*** Processing Parameters **

LB . 1.00 Hz
PHCO H 246.160 degree
PHC1 H -8.974 degree

A Im‘HJWL‘MHH QLT ‘\Wm\”mh.ML‘Hmm [T Im\\]\\u‘\u\'hmm 000000 0000000 A
170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 8 80 75 70 65 60 55 50 45 40 35 30 25 20

(ppm)
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85 kBl BoBR8% 23 2 5835b3NE338 EEREERIS I
8s 38 £R8E8I 23 5 8833338nma R RN
BB BB NNRRNC S 3 560030 0.0 03 0 Saa33555533352
*** Current Data Parameters ** H‘ H‘ ql&ﬂ H‘ %%w ‘
NAME : juoskhm
EXPNO B 5
PROCNO  : 1
= Acquisition Parameters **
BFL :300.1300000 MHz
LOCNUC H
NS H 4
o1 H 1853.43 Hz
PULPROG : 2930
SFOL  : 3001318534 MHz
SOLVENT : MeOD
sw : 17.9519 ppm
#* Processing Parameters **
LB H 0.30 Hz
PHCO 285.435 degree
PHCL ¢ 3912 degree
E
) sllal 2] s © ofla o
g g8l (2] |8 8 g8 g
£ 8| (8] |8 ] 5 81|18 3
s3] |8 3 o la <
N e e e e e e e e L e P s L e L ey
160 o6 | 92 ' @8 ' 84 | 8o | 76 | 72 | 68 ' 64 60 | 56 | 52 | 48 | 44 | 40 ' a6 | 32 | 28 | 24 | 20 16 12 ' o8 ' 0a
(ppm)
13C CQ1AB 38 8 3 RY 888 8% o ° omoomnan o o
83 R I5p $33 <8 d 8 2pe2BNas B 3
28 838 388 &% 3 8 B52258%8 8 B
NP G oo w2y 9% 3 8 838888 8 &
238 2 8 8% KO3 Q% o J soooszes o o
85 3 S 8% 88% 89 3 b $933%9%% & &

1

* Current Data Parameters **
NAME  : ju03kim
EXPNO 6
PROCNO 1

** Acquisition Parameters **

BFL : 75.4677490 MHz
LOCNUC H

NS : 81

o1 : 792411 He
PULPROG 29pg30

SFOL  : 754756731 MHz
SOLVENT MeOD

sw 2382968 ppm
#* Processing Parameters **

18 : 100 Hz
PHCO -83.868 degree
PHCL 3,696 degree

17571707 165 160 1557 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 S5 S0 45 40 35 30 25 20 15 10 5

(ppm)
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77b
1H AMX500 CQABMs
NoOMXoodNTO®Rg s @ Now 49 ©wd9 ONYTOLANONDINLT XTI QL O
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*** Current Data Parameters ***
NAME khm0706
EXPNO 1
PROCNO 1
*** Acquisition Parameters ***
LOCNUC 2H
NS 8
NUCLEUS : off
o1 3088.51 Hz
PULPROG : 2930
SFO1 500.1330885 MHz
SOLVENT : CDCI3
sw 20.6557 ppm
T 32768
TE 300.0 K
*** Processing Parameters ***
LB 0.30 Hz
SF 500.1300140 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
g
2 o AR o =3 wn — wn () ©
2 3 NSRS 3 Q @ a2 3
£ 3 AR ] 2 S re eI =3
= S =13 o S 3 < NE] o
- < |a - S — N v
I o L s e A o B L L o e L o e o o B R S
10.0 9.0 8.0 3.0
(ppm)
©ow @ ng o o
SR § 88 8 5 Egﬁ 8 8 I 8
=& 38 & © = B3 I 3 S rege)
E=] < VO o I~ o LN N o 03
53 ] I8 &8 S o ~NN S ] s
a9 ] [ RS 3 [N NS ? 3 INEN
13C AMX500 CQABMs
*** Current Data Parameters ***
NAME khm0706
EXPNO 2
PROCNO 1
*** Acquisition Parameters ***
LOCNUC 2H
NS 41
NUCLEUS : off
o1 13204.57 Hz
PULPROG : 29pg30
SFO1 . 125.7709936 MHz
SOLVENT : CDCI3
sw 238.7675 ppm
TD 65536
TE 300.0 K
*** Processing Parameters ***
LB 1.00 Hz
SF . 125.7577060 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
I N AN n i o o R e S o o LR s o e AANRERRA S s
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
(ppm)
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Br” ""NH(Boc)

1H AMX500 3-Bromo monobocamine
g DT DDO AN ~ow 9
3 SIFIRLBIN Lol &
3 SOATTnSD BEB &
N S¥SISTANA Soo &
~ 505 05 05 03 03 05 05 IR
*** Current Data Parameters *** %\‘H ‘"‘% ‘
NAME : khm130~1
EXPNO : 4
PROCNO : 1
*** Acquisition Parameters ***
LOCNUC : 2H
NS : 8
NUCLEUS : off
o1 : 3088.51 Hz
PULPROG : 2930
SFO1 : 500.1330885 MHz
SOLVENT : CDCI3
sw : 20.6557 ppm
T : 32768
TE : 300.0 K
*** Processing Parameters ***
LB : 0.30 Hz
SF :500.1300140 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
3
> ~ @ Y =)
2 ) 2 2 =1
£ = & 8 8
=l b — o
o L o L LB e o e L A o o R LR
10.0 2.0
(ppm)
o
& 0090 v  eNQ
b 5583 & 83
13C AMX500 3-bromo monobocamine " o~ S ~ PRt
8 SENN g adg
A EINININ & ©Bed
** Current Data Parameters **
NAME . khm130~1
EXPNO . 5
PROCNO 1
*#* Acquisition Parameters **
BF1L : 125.7577890 MHz
LOCNUC 2H
NS : 100
01 . 1320457 Hz
PULPROG : 29pg30
SFO1 : 125.7709936 MHz
SOLVENT CDCI3
sw : 238.7675 ppm
** Processing Parameters **
LB . 1.00 Hz
PHCO : 218.028 degree
PHC1 : 34,068 degree
150 180 170 160 150 140 150 150 110" 160 50 80 70 60 50 s 30 20 10
(ppm)

Page 177 of 219



g

N~ N~ NH(Boc)

80

N

Cl

8£96'0
61860
STTOT
EETET
OYYET
9EEST
9955
2085°T
TT6GT
8v09°T
£229T
00052
25252
TIvSZ
18Y5T
52
28852
LT19T
08122
66ELT
veoLz
569L2
66682
02667
YYTOE
veroe
£V90°E
9060°€ —_
1112
TezTE
98zz e
TrETE
96£7°E
00/E°€
608E°E
vZ6EE
6E0V'E
EVIYE
ELIVE
z86v'E
Tozs'e

e
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1H CQ1MBPA

** Current Data Parameters **

ju03khm

NAME

EXPNO

PROCNO

** Acquisition Parameters **

BFL

300.1300000 MHz

2H

LOCNUC
NS
o1

1853.43 Hz

2930
3001318534 MHz

PULPROG

SFOL

MeOD

SOLVENT

17.9519 ppm
#* Processing Parameters

LB

0.30 Hz
138.785 degree

PHCO
PHCL

7.745 degree

jesBaul

(ppm)
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180568
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Lzev'ay
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0000°6t
9E8Z 6¥
£295'61
6058'67 ——
S9T6'TS ——
ozaves—

2998'6L ——

¥€20'68 ——

¥85.°66 ——

S8Ye'9zT ——
voTo' 22T~

TL2L9ET ——

9208'8vT ——

988 TST ——
1188'25T ——

9Te5'85T ——

13C CQMBPA

*** Current Data Parameters ***

juo3khm

NAME
EXPNO

PROCNO

% Acquisition Parameters ***

BF1

75.4677490 MHz

2H
219
7924.11 Hz

LOCNUC
NS
oL

29pg30
754756731 MHz

PULPROG
SFO1

MeOD
238.2968 ppm

SOLVENT
sw

*** Processing Parameters **

LB

1.00 Hz
-63.527 degree

PHCO

-21.157 degree

PHC1

(ppm)
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8 358 8 3 B 88388 &
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*** Current Data Parameters ***
NAME khm0506
EXPNO . 3
PROCNO  : 1
*** Acquisition Parameters ***
BF1 500.1300000 MHz
LOCNUC 2H
NS . 2
o1 308851 Hz
PULPROG 2930
SFOL 5001330885 MHz
SOLVENT DMSO
sw 206557 ppm
*** Processing Parameters ***
LB . 0.30 Hz
PHCO 189.935 degree
PHC1 -3.434 degree
I
3 2 o a @ alle 2
g i N 3 & g3 &
£ 3 S & & 25 b1
S S S < MG 5
R s e e e P s s e e e e 2 e e AP S s e s
100 96 92 88 84 80 76 72 68 64 60 56 52 48 44 40 36 32 28 24 20 16 12 08 04
(ppm)
@ 0w~ @
2 EE 88 @ @ annogten ¥
8 8 3 e 8 g §pae8ige ¥
2 8 & Sk 8 3 885586833 §
3 o s @ ] guroBOHS o
K 4 8 S8 5 N 28888888 &
13C AMX500 TAMBA
*** Current Data Parameters ***
NAME khm0506
EXPNO . 4
PROCNO  : 1
*** Acquisition Parameters ***
BF1 1257577890 MHz
LOCNUC 2H
NS 501
[o18 1320457 Hz
PULPROG 20pg30
SFO1 1257709936 MHz
SOLVENT DMSO
sw 2387675 ppm
*** Processing Parameters ***
LB 1.00 Hz
PHCO 260.302 degree
PHC1 -20.640 degree
0000 0ttt e
175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 0 8 80 75 70 65 60 30 15 10

(ppm)
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8 52§98 3 REERE RN bR
1H AMX500 BODIPY FL Y 32 S9d 5 N meaNRIANKE3nY
Ty T [ HHEEED
** Current Data Parameters **
NAME khm040~1
EXPNO . 5
PROCNO 1
** Acquisition Parameters ***
INSTRUM av500
LOCNUC 2H
NS : 8
NUCLEUS : off
01 : 3088.51 Hz
PULPROG : 2930
SFO1 : 5001330885 MHz
SOLVENT MeOD
sw : 20.6557 ppm
™ : 32768
** Processing Parameters ***
LB : 030 Hz
**1D NMR Plot Parameters ***
NUCLEUS : off
_ JJ )
2 8l |& 8 8 (283
E 3 |8 8 IISIRE| b
L e e A e A
10.0 .0 7.0 6.0 i 2.0 0.0
(ppm)
13C AMX500 BODIPY-FL 4 £ ] § 83588 38128318 8 2 88
A a3 8 R B&48a8S g 8 @
5 R S 9 99494 9999998 3 & 59
\ A N i O R R
*** Current Data Parameters ***
NAME . khm080~1
EXPNO . 5
PROCNO  : 1
% Acquisition Parameters ***
BF1 1257577890 MHz
LOCNUC 2H
NS . 19177
01 . 1320457 Hz
PULPROG 20pg30
SFO1 1257709936 MHz
SOLVENT MeOD
sw . 2387675 ppm
*** Processing Parameters **
LB . 1.00 Hz
PHCO : 309.975 degree
PHC1 : 26.453 degree
\
| |
| |
o {
‘ L el l ‘ o b
220 210 200 | 190 | 180 | 170 | 160 | 150 | 140 | 130 | 120 | 1io ' 160 | 80 ' 80 70 0 S0 4o 3020 10 6o
(ppm)
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NH(Boc)

1H AMX500 BODMBA

——7.4175
7.0014
6.9926

A
_ﬁ .

** Current Data Parameters **

6.3194
6.3118
——6.2046
——4.8758
3.3163
3.3138
3.3100
3.3075
3.3037
3.2621
3.2507
3.2381
3.2318
3.2167
3.2003
3.1461
3.1335
3.1209
2.6204
2.6053
2.5901
2.5069
2.2724
——1.4290

** Current Data Parameters **

NAME
EXPNO
PROCNO

khm040~1
2
1

** Acquisition Parameters **

INSTRUM
LOCNUC
NS
NUCLEUS
01

PULPROG :

SFO1
SOLVENT
sw

10

avs00
2H
140
off
13204.57 Hz
29pg30
125.7709936 MHz
MeOD
238.7675 ppm
65536

** Processing Parameters **

LB

1.00 Hz

**1D NMR Plot Parameters ***
NUCLEUS

off

NAME khm040~1
EXPNO 1
PROCNO 1
** Acquisition Parameters ***
INSTRUM avs00
LOCNUC 2H
NS 8
NUCLEUS off
o1 308851 Hz
PULPROG : 2930
SFO1 500.1330885 MHz
SOLVENT MeOD
sw 20.6557 ppm
™ 32768
** Processing Parameters ***
LB 030 Hz
**1D NMR Plot Parameters ***
NUCLEUS off
T N (@ o
2 3| (8 =
2 ~ = )
£ @ hd ~
=) =) -
e L L T S A B A o I e
10.0 7.0
~ ~o =) wd O © © o
@ © & = R R - o TNNOTODON© M N
© ~ < @ NG d N~ YO o @ NRANYONTDAON o © o
= N0 ~ nw ©~ M0 @ © AINONODAAID T~ o~
< o I} O @ 1w od~ < ) NOHO0OY RO~ «Q
~ ©own < o« oM N NN [=2] (=] DDV O O OO < -
= o = Ad oA oo =) o IIITITITITONN o o
13C AMX500 BODMBA
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1H AMX500 BODART

*** Current Data Parameters ***

NAME
EXPNO

khm080-~1

PROCNO

*x Acqisition Parameters *+

2H

LOCNUC

off
3088.51 Hz

NUCLEUS :

01

2530
500.1330885 MHz

PULPROG :
SFO1L

MeOD

SOLVENT :
sw
10
TE

206557 ppm

32768

2954 K

4% Processing Parameters +*

LB

0.30 Hz

500.1300110 MHz

*** 1D NMR Plot Parameters ***

NUCLEUS :

off

leabayup

10

9.0

)

(ppm)

856902

vEEOvE
£L5TvE
L6Trz
voveve
z6v5sz
zzossz
seta'sz
8560'92
OEET 0
L81Z08
vzsroe
8692 TE
96T TE
z6tEZE
osEr'SE
6098 mm)|

18Y6'8G ——

285250 ——

£T60°69 —
0TOE 0L ——

zzLTZe ——

1588768 ——

68,9201 —
SEEV'SOT ——

BLEGLTT ——
v9SETEZT ——

ToEL ST ——

60TL'SPT

£L27'8ST ——
8YSZTOT —

618T°0LT ——

TS8E'SLT ——

13C AMX500 BODART

*** Current Data Parameters **

NAME
EXPNO

khm080-~1

1
“** Acquisition Parameters “*

PROCNO
BF1

: 125.7577890 MHz

LOCNUC
NS
01

401
13204.57 Hz

2gpg30
: 125.7709936 MHz

PULPROG :
SFO1

MeOD
2387675 ppm

SOLVENT
sw

= Processing Parameters **

1.00 Hz
302.465 degree

PHCO
PHC1

37.181 degree

g nl LN o
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*** Current Data Parameters ***
NAME khm0506
EXPNO . 1
PROCNO  : 1
% Acquisition Parameters ***
BF1 500.1300000 MHz
LOCNUC 2H
NS : 8
o1 3088.51 Hz
PULPROG : 230
SFOL 500.1330885 MHz
SOLVENT DMSO
sw 206557 ppm
*** Processing Parameters **
LB 0.30 Hz
PHCO 187.264 degree
PHCL -6.068 degree
| J
E S PRI q 9 . N
H g g Er & & jé g
= N S < o 4 k]
""T60 96 | 92 ' 88 84 8o 76 72 68 64 60 56 52 | 48 a4 | 40 36 32 28 24 20 16 12 ' o8 | o0a
(ppm)
£ g 8 § 28 8 3 SR - goganzesyenzg o
- B B e - ) - ~ © ITITOMOMHOOONN <
I A \ \ o | e
** Current Data Parameters **
NAME khm030~1
EXPNO . 6
PROCNO 1
** Acquisition Parameters **
BF1L 125.7577890 MHz
LOCNUC 2H
NS 23125
o1 1320457 Hz
PULPROG 20pg30
SFO1 1257709936 MHz
SOLVENT DMSO
sw 238.7675 ppm
*** Processing Parameters **
LB 1.00 Hz
PHCO 212.858 degree
PHC1 34.181 degree
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
(ppm)
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T e
** Current Data Parameters **
NAME khm040~1
EXPNO . 3
PROCNO 1
** Acquisition Parameters ***
INSTRUM avs00
LOCNUC 2H
NS : 8
NUCLEUS off
o1 3088.51 Hz
PULPROG : 2930
SFO1 500.1330885 MHz
SOLVENT MeOD
sw 20.6557 ppm
™ 32768
** Processing Parameters ***
LB 0.30 Hz
**1D NMR Plot Parameters ***
NUCLEUS off
— M J
©
> 3 8 3 &8
H 3 |S 8 3|3
S| |o - o o
16.0 9.‘0 8‘.0 ‘ 7‘.0 6.‘0 ‘ 2‘.0 1.0 0.‘0
g &3 B2 83 $ £3339S8EE3 § 25 B3
g e I I B O 8R8{SS88Y K IY¥ 89
5 8B g8 87 § N 39999%¥%¥ 8 g Id
I NN N i S N O R
13C AMX500 BODALKYNE
** Current Data Parameters **
NAME khm040~1
EXPNO . 4
PROCNO 1
** Acquisition Parameters ***
INSTRUM av500
LOCNUC 2H
NS 176
NUCLEUS off
o1 13204.57 Hz
PULPROG : 2gpg30
SFO1 125.7709936 MHz
SOLVENT MeOD
sw 238.7675 ppm
™ 65536
** Processing Parameters ***
LB 1.00 Hz
**1D NMR Plot Parameters ***
NUCLEUS off
00100 0L 00000000000 00000t 0t 0 M
180 160 140 120 100 80 60 40 20
(ppm)

Page 185 of 219



8.1901
8.1737

©
=3
I
)
5 oo

kit i

81258
8.1132
8.1094
7.7489
7.7451

<
N
Q
- &
N

7.2685
7.0542
7.0492

1)
jie]
1)
> S
N

7.0302
6.9571
6.9533

1H AMX500 TAMAZ

*** Current Data Parameters ***

NAME khm290~1
EXPNO 3
PROCNO 1

*** Acquisition Parameters ***
LOCNUC 2H

NS 32
NUCLEUS : off

o1 3088.51 Hz
PULPROG : 2930
SFO1 500.1330885 MHz
SOLVENT : MeOD

sw 20.6557 ppm
T 32768

TE 2951 K
*** Processing Parameters ***
LB 0.30 Hz
SF 500.1300010 MHz

*** 1D NMR Plot Parameters ***

NUCLEUS :

off

e

89

4.8946

J

~

36111
35998
35872
35191
35078
3.4964
33363
33338
3.3300
33275
33237
3.3060

=

Lo

Integrall

N
L s N 0

10.0

13C AMX500 TAMAZ

11.8945

37155

i
o
~
o

L
I
s

*** Current Data Parameters ***

NAME khm290~1
EXPNO 4
PROCNO 1

*** Acquisition Parameters ***
LOCNUC 2H

NS 20315
NUCLEUS : off

o1 13204.57 Hz
PULPROG : 2gpg30
SFO1 125.7709936 MHz
SOLVENT : MeOD

sw 238.7675 ppm
TD 65536

TE 2952 K
*** Processing Parameters ***
LB 1.00 Hz
SF 125.7576130 MHz

*** 1D NMR Plot Parameters ***

NUCLEUS :

off

159.1196
158.7844
136.2445
132.7174
131.1725
129.6495
129.4891

115.0747
115.0091

(ppm)

97.3153

9
@
rel
=}
0

Q
rel
<
=i
=

—51.3320
49.5101
49.3425
49.1676
49.0000
48.8324
48.6575
48.4899
40.8308
40.7142

!

(ppm)
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1H AMX500 BODAZ

——7.3695
6.9737
6.9661
3.3502
3.3529
3.3138
3.3100
3.3075
3.2304
3.2243
3.2001
2.6355
2.6191
2.6040
2.4968

v
v

6.3105
6.3017
——6.1744
4.8178
3.3667
3.3617

*** Current Data Parameters ***

NAME . khm070~1
EXPNO . 1
PROCNO  : 1

% Acquisition Parameters ***

BF1 : 500.1300000 MHz
LOCNUC 2H

NS . 2

01 . 3088.51 Hz
PULPROG : 230

SFOL : 500.1330885 MHz
SOLVENT : MeOD

sw . 206557 ppm
*** Processing Parameters **

LB . 0.30 Hz
PHCO : 157.676 degree
PHC1 : 4,691 degree

g @ o 0o | o
g 218 AL B
£ &3 G183
< | MRl
L e L 0 A B s e e L B e e e s e B
100 96 92 88 84 80 44 40 36 32 28 24 20 16 12 08 04 00
o o o a4 © v o o
8 g8 3 g3 83 ¢ 8 rguogYwang @ o g
& 38 8 g8 2 &5 38 RE8R8IRans a a8
& &9 & 28 5 & 8 8 355885888 e} 38
< da I’ 6 9 8 o N Shadonoyon < @ o
5 R S a8 § 4§ d.d 5999998968 & 39
13C AMX500 BODAZ
*** Current Data Parameters ***
NAME . khm070~1
EXPNO . 2
PROCNO  : 1
% Acquisition Parameters ***
BF1 1257577890 MHz
LOCNUC 2H
NS : 115
01 . 1320457 Hz
PULPROG : 2gpg30
SFO1 1257709936 MHz
SOLVENT MeOD
sw . 2387675 ppm
*** Processing Parameters **
LB . 1.00 Hz
PHCO : 313.212 degree
PHC1 : 17.314 degree
ool N j L[ | " — sk
A A A A R M s s e A Anasaaaas M sant tanad
190 180 170 160 150 140 130 120 110 100 % 80 70 60 50 40 30 20 10
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1H AMX500 CHLOBOD3

*** Current Data Parameters ***

khm120~1

NAME
EXPNO

PROCNO

% Acquisition Parameters ***

BF1

500.1300000 MHz

2H

LOCNUC
NS
oL

308851 Hz

2030
500.1330885 MHz

PULPROG
SFO1

MeOD
206557 ppm

SOLVENT
sw

*** Processing Parameters **

LB

0.30 Hz
155.223 degree

PHCO

Ll

6.401 degree

PHC1

9TL0°€

—

oL6v'E

—~—

96802

2oL

s 3

S€0L'T

~
—]

18629

]
=

11202

— [

T«

TT6VY

1821

— 8%l

96v6'0

|

89.6'0

[o
— ©

—_59460T ¢

| —

0886'0

I~

|_——«<

8696'0

—._ 86960

| ——
~

9£56'0
T900'T

—~ 20T
l——~

8266'0

8660

|l ——

8v00'T
0000'T

—~ Q00T [+

resbaw|

(ppm)

8€80'TT

669TTT \_
6/9T'ET —
2eL8'YT ——

8900°8T ——

S955'52

6v18'66 ——

£262°TT ——
5290°8TT —
€8/6'T2T ——
29.8'v2T
v956'vZT SU
1465521 %
VETTZ2T
ovLv'62T

6620°86T ——

86T ——
086507 —
8652607 ——
9860°7ST ——

12652'85T ——
0988 T9T ——

8968'7LT ——

J

13C AMX500 CHLOBOD3

*** Current Data Parameters ***

khm120~1

NAME
EXPNO

PROCNO
% Acquisition Parameters ***

1257577890 MHz

BF1

2H
201

1320457 Hz

LOCNUC
NS
oL

2gpg30
1257709936 MHz

PULPROG
SFO1

MeOD
238.7675 ppm

SOLVENT
sw

*** Processing Parameters **

1.00 Hz
323.253 degree

LB

PHCO

4414 degree

PHC1

Ao \.J\MML A0t L iu\‘\ 1AW D 1

L TR TR

20

40

60

70

180 170 160 150 140 130 120 110 100 90

190

(ppm)
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1H AMX500 Alpha Benzoxy Artem

*** Current Data Parameters ***

khm190~1

NAME
EXPNO

PROCNO

** Acquisition Parameters ***

BF1

500.1300000 MHz

2H

LOCNUC
NS
oL

308851 Hz

2030
500.1330885 MHz

PULPROG
SFO1

[ehlelk}
206557 ppm

SOLVENT
sw

*** Processing Parameters **

LB

0.30 Hz
155.200 degree

PHCO

-0.012 degree

PHC1

——
£LT0'T

¥2T0'T

veITe

00002

resbaw|

(ppm)

25T6'2T ——

[ e —
000L'LL

TSS6'LL
rzonos
S192'26 ——

0£6T'86 —

S00T'S0T ——

¥656'82T ——

8596'EET —

0226'59T ——

13C AMX500 Alpha Benzoxy Artem

*** Current Data Parameters ***

khm190~1

NAME
EXPNO

PROCNO

% Acquisition Parameters ***

BF1

1257577890 MHz

2H
51

1320457 Hz

LOCNUC
NS
oL

2gpg30
125.7709936 MHz

PULPROG
SFO1

[ehlelk}
238.7675 ppm

SOLVENT
sw

*** Processing Parameters **

LB

1.00 Hz
293,549 degree

PHCO

51.731 degree

PHC1

110

120

130

140

150

160

170

180

150

(ppm)
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1H AMX500 Beta Allyl DCA
*** Current Data Parameters ***
NAME : khm050~1
EXPNO : 1
PROCNO : 1
*** Acquisition Parameters ***
LOCNUC : 2H
NS : 8
NUCLEUS : off
o1 : 3088.51 Hz
PULPROG : 2930
SFO1 : 500.1330885 MHz
SOLVENT : CDCI3
sw : 20.6557 ppm
T : 32768
TE : 295.8 K
*** Processing Parameters ***
LB : 0.30 Hz
SF :500.1300140 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
_ . o
[
g Q 813 3 b} :‘j 8
= b} 8|2 3 8|S 8
S| S S| |« oo <
L S L B B B B L S B B B S B B L B L L L SR
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
(ppm)
g g g g 3 8 CI- 3
5 g 3 gk 8 g 8 e
13C AMX500 Beta-Allyl Deoxocarbaartemisinin 3 T ‘S T T T T T T
*** Current Data Parameters ***
NAME . yge0722
EXPNO . 7
PROCNO 1
*** Acquisition Parameters ***
BF1 1257577890 MHz
LOCNUC 2H
NS : 303
01 . 1320457 Hz
PULPROG : 2gpg30
SFO1 1257709936 MHz
SOLVENT : CDCi3
sw . 238.7675 ppm
*** Processing Parameters **
LB . 1.00 Hz
PHCO : 298.009 degree
PHC1 : 32,055 degree
| o ol Wil Ul i ”lum il
TR R T T T TR R T TR TR TR TR T T TR TR T
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1H AMX500 Beta DeoxocarbaArt COOH

*** Current Data Parameters ***

khm240~1

NAME
EXPNO

PROCNO

% Acquisition Parameters **

BF1

500.1300000 MHz

2H

LOCNUC
NS
oL

308851 Hz

09008

98926

v

6120'6

vreee

2198°0

0000'T

[o
S

12

16

20

2030
500.1330885 MHz

PULPROG
SFO1

[ehlelk}
206557 ppm

SOLVENT
sw

*** Processing Parameters **

LB

0.30 Hz
265.195 degree

PHCO

13.662 degree

PHC1

feibaw|

(ppm)

96.2°€T ——

2166'62 —=
Tsevoe—

£€00'SE ——
06T5'98 —=

£60T'LE
YIST'8E 7

852y vy ——

£Y0L'25 ——

8188 TL ——

981518 ——

289106 ——

12T6'80T ——

S2eL'SLT——

13C AMXS500 Beta DeoxoCarbaArtemisinin

*** Current Data Parameters ***

khm250~1

NAME
EXPNO

PROCNO

** Acquisition Parameters ***

BF1

1257577890 MHz

2H
19774
1320457 Hz

LOCNUC
NS
oL

29pg30
1257709936 MHz

PULPROG :
SFO1

[ehlek}
2387675 ppm

SOLVENT
sw

*** Processing Parameters **

LB

1.00 Hz
300.971 degree

PHCO

37.740 degree

PHC1

150 140

160

170

(ppm)
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1H AMX500 DCA COUM
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*** Current Data Parameters ***
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300.1300000 MHz
2H
8

185343 Hz

2030

300.1318534 MHz
[ehlelk}

17.9519 ppm

*** Processing Parameters **
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*** Current Data Parameters ***
NAME apldskg2
EXPNO . 2
PROCNO  : 1
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*** Processing Parameters **
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*** Current Data Parameters ***
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% Acquisition Parameters ***
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*** Processing Parameters **
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*** Current Data Parameters ***
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** Acquisition Parameters ***
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*** Processing Parameters **
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*** Current Data Parameters ***
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*** Acquisition Parameters ***
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*** Current Data Parameters **
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*** Acquisition Parameters **
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*** Processing Parameters ***
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NAME
EXPNO

ag0608~1

PROCNO
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*** Current Data Parameters ***
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*** Processing Parameters ***

0.30 Hz

500.1300140 MHz
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*** Current Data Parameters ***
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*** Processing Parameters ***

LB
SF

1.00 Hz
125.7577060 MHz
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*** Current Data Parameters ***
NAME ju22khm
EXPNO : 1
PROCNO : 1
*** Acquisition Parameters ***
LOCNUC : 2H
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NUCLEUS : off
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PULPROG : 2930
SFO1 300.1318534 MHz
SOLVENT : CDCI3
sw : 17.9519 ppm
T : 32768
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*** Processing Parameters ***
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*** 1D NMR Plot Parameters ***
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*** Current Data Parameters ***
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*** Acquisition Parameters ***
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*** Processing Parameters ***
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*** 1D NMR Plot Parameters ***
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Appendix 3

A.3 NCI 60 mean graph data —

A3.1 Chloroquine diphosphate parent molecule

Gl., Mean Graph for Compound 14050
NC?Eancer Screen Current Data

Average GI50 over all cell lines is 2.47E-5

Cell Panel Cell Line Log Gl al, Log TGI TGl
Leukemia CCRF-GEM 47 40 1
HL-60(TB) 49 n 45 3
K-562 49 i | 4.5 =3
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A3.2  Chloroquine probe (48 a) vs Chloroquine remaining NCI 60 comparision data —
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A3.3  Artesunate parent molecule

Gl Mean Graph for Compound 712571

NCT Cancer Screen Current Data, December 2010
AverageGl,_. over all cell lines is 4.7E-6

50
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Fig. 42 — Mean graph data for parent molecule Artesunate (A3.3) and Comparision of

Mean graph data of Probe 51 vs Artesunate (A3.4)
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Appendix 4

A.4 LCMS data of compounds showing purity profile for Biotesting submission — All

compounds submitted for bio-testing listed in this appendix have purity of 96% as observed

on LCMS.
N
HNNn ~
A
~
Cl N
29a, n=1

mAU_(x1,000)

J254nm,4nm (1.00)
1.25 N

] |
1.00 - {
0.75 4 |

| | \

1 | \
0.50 - | \

] A
0.25 - / \

1 ] \\
0.00 4 / — |

0.0 2.5 5.0 75 10.0 125 15.0 17.5 min

Event#: 1 MS(E+) Ret. Time : 16.880 -> 16.893 - 16.840 <->16.913 Scan# : 5065 -> 5069
- 5053 <-> 5075

Inten.(x100,000)

3.
278.126
2.
1.
oot i i ‘MMM S SN S—
100 200 300 400 500 600 700 800 900 1000 1100 1200 m/z

N
HNNn ~
X
P
Cl N
29b, n=2

mAU (x1,000)
4.0—{254nm,4nm (1.00) B

] [\

] |
3.0 \

] {
2.077 ‘ |

] [

] ||
1.0 |

] ||
0.0 e

T T T T 7 T T T T 7 T T T T 7 T T T T 7 T : T T T T T T T 7 T T
0.0 25 5.0 7.5 10.0 12.5 15.0 min

Event#: 1 MS(E+) Ret. Time : 10.060 Scan# : 3019

Inten.(x1,000,000)

3_&: 306.1471

20°

1_&? 242.2635

0.0 ———r—"— T — T T U T 1 — T 1 T
250 500 750 1000 1250 1500 1750 miz

Page 202 of 219



HN{\*HN\)LN/\/N
A\ H o Lo
o N/ 36a, n=1 o)
i en)
1.25
1.00
0.75
0.50
0.25
0.00 —
oo 25 T T Tsb T T T Tas T T T T T T T s T T Tse T T Ty T T Thn

Event#: 1 MS(E+) Ret. Time : 8.460 ->8.473 - 8.333 <->8.753 Scan# : 2539 ->
2543 - 2501 <-> 2627

Intefx1,000,000)

56 579.218

2. 290.112

0-;“ AR NN NN VA R

100 200 300 400 500 600 700 800 900 1000 1100 1200 m/z

\U_(x100)
8.0 —254nm,anm

1.00)
70
6.0 |
50 4 Il
40% \‘
304 i
203 [
I
0.0 3— ~ |

10 4
0.0 25 50 75 100 125 T T b T T T ds T T T

Event#: 1 MS(E+) Ret. Time : 8.720 -> 8.733 - 8.553 <->8.980 Scan# : 2617 -> 2621 -
2567 <-> 2695

Intefx1,000,000)

2.6

1 607.262

1.d 304.132
0.r\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\

100 200 300 400 500 600 700 800 900 1000 1100 1200 m/z

Page 203 of 219



o o
HN/\/N\)LH'(’\/O\/);\H
X
cl N® 42 0”0 rlq’
mAU
+{Z5anm,4nm (1.00)
300 4
250 3
200 3
10 ]
100 3
50 J
LE
0.0 ' ' 2‘5 5‘0 7‘5 10‘0 12‘5 15.0 17‘5 ‘mm
Event#: 1 MS(E+) Ret. Time : 8.860 -> 8.873 - 8.833 <->8.893
Inten.  (x10,000)
35?
30; 667.2646
25%
20—;
15
10—;
053
00 ; ; ; ; ; ; ; ;
100 200 300 400 500 600 700 800 900 mwz
|
N\
Sy NN
HN n |
N (o] O
o N 48b, n=2 0
A k)
] u
150 3 “
s
I
o \\‘
050 ‘ |
0z 3 ‘
. 7\ S
ol . Py 1 ol l Py o
Event#: 1 MS(E+) Ret. Time:9.213 -> 9.227 - 9.200 <-> 9.247
Inten.(x100,000)
i 282.6382
2.5+
: 157.7379 5647879
00— — — ‘L\ ; ‘ — ‘
100 200 300 400 500 600 700 800 900 m/z

Page 204 of 219



o Cl

H
NN,!\' B
H | N
AN ~
~
'}' 0" "0 494, n=1
mAU(x1,000)
1254nm,4nm (1.00) |
3.0 ‘
] ‘
2.0 ‘
] /|
1.04 \‘
s — e — s :
0.0 25 5.0 75 10.0 125 15.0 175 min

Event#: 1 MS(E+) Ret. Time : 8.980 -> 8.993 - 8.800 <->9.187

Inten.(x1,000,000)
1.5

451.1458

T T T T T
500 600 700 800 900 m/z

Cl

-2

mAU(x1,000)
254nm,4nm (1.00)

3.0 I

2.04 Il

1.0 [

001 — —

Event#: 1 MS(E+) Ret. Time :9.720 ->9.733 - 9.687 <-> 9.753

Inten.(x100,000)

479.1779

0.01— T T T T T T T T
100 200 300 400 500 600 700 800 900 miz

Page 205 of 219



|;|§

NAU_(x1,000)
2.5 ~{25anm,anm (1.00)

2

204 I
15 ‘\
[

0.5 |

004 Y N

o L e T e T s mm

Event#: 1 MS(E+) Ret. Time : 8.533 ->8.547 - 8.413 <->8.773

Inten.(x10,000,000)
25

1.004 390.167

0.75

0.504

0.25+

1 273.123
0.00-+— — b —— : —— —— —

T T T T T 1
600 700 800 900 1000 1100 1200 m/z

T
100 200 300 400 500

H:

N\
(o]
o

AU (x1,000)

_[254nm,4nm (1.00)
2.0 -
15
10 —
05 —
0.0 —

T 1 T T T T
0.0 25 5.0 75 10.0 125 15.0 17.5 20.0 min

Event#: 1 MS(E+) Ret. Time :12.423 ->12.437 - 12.230 <-> 12.757

Inten.(x10,000,000)

157 478.2179

1.04

0.5
1 273018804
1 4802226 .

0.0 +———+— — — ——— — — — — ‘
200 300 400 500 600 700 800 900 1000 1100 1200  miz

Page 206 of 219



MAU _ (x100,
5,

Cl

254nm,4nm (1.00)

4.0

3.0

= n
=} =} o
I W A N |

o
o

o
o
N
5

Event#: 1 MS(E+) Ret. Time :12.240 -> 12.253 - 12.107 <-> 12.447

Inten. (x1,000,000)

1.004
624.2342
0.75
0.50
0.25
0.00 +— — —— —— —— —
250 500 750 1000 1250 1500 1750 m/z
H H
(o]
56
mAU_ (x100)
25;25/“””‘4!”” 1.00) .
] I\
20 ‘\
1
1 ‘ ‘
1.0 ||
1 R
05 “
] M o\ ]
ooiﬁ -
0.0 T 2‘5 5‘0 7‘5 10.0 ' 12‘5 T 15'0 T 17‘5 T i

Event#: 1 MS(E+) Ret. Time : 16.593 -> 16.607 - 16.407 <-> 16.707

Inten.(x100,000)

5.0
407 441.165

3.0

Page 207 of 219



175 3

150

100

050 3

303
25 4
20 ]
10 ]

05 3

0.0

2.5+

MS(E+) Ret. Time : 8.200 -> 8.213 - 8.153 <-> 8.280

) N_
NS
H
o NN
H )
57
MAU  (x1,000)
3254nm,4nm (1.00) |
I
I
i
[
|
|
\
Il
0.0 ' ' ' ' 2‘5 ' ' ' ' 5‘0 ' ' ' ' 7‘5 ' ' ' ' 10‘0 ' ' ' ' 12‘5 15‘0 17‘5 ‘mm
MS(E+) Ret. Time : 16.193 -> 16.207 - 15.940 <-> 16.553
Inten. (x100,000)
7.5‘7
424.168
775388
0.0 —— — — — — — ;
250 500 750 1000 1250 1500 1750 m/z
C
HN/\/N//
S
~
Cl N
58
AU (x100)
EZE/HHH/\HHV 1.00) ~
\/' “‘
3 / \
125 3 ‘ \“
075 /‘ \
| ‘/ \
0.25 E . //_’V/ N .
000 41— -— N
0.0 ' ' ' ' 2‘5 ' ' ' ' 56 ' ' ' 7‘5 ' ' ' ' 10‘0 ' " " " 12‘5 15‘0 17‘5 min

Page 208 of 219



Inten. (x100,000)
3.0

] 288.111
2.0+
1.0-]
0.0+ — A — — — — — — — — ——
100 200 300 400 500 600 700 800 900 1000 1100 1200 m/z
o
H/\\\
\I?I 0o
59
mAU (x1,000)
2.0-{254nm,4nm (1.00) |
] I
] “
1.5
] [l
1.04 “
|
[
0.5 [
1 |
00—+ ‘
0.0 25 50 75 10.0 125 150 175 min
MS(E+) Ret. Time: 11.753 -> 11.767 - 11.600 <->11.840
Inten. (x1,000,000)
2.54
2.04 285.069
1.54
1.04
0.5+
T E S— L S — L — SR
100 200 300 400 500 600 700 800 900 1000 1100 1200 m/z
(o]
N/\/N3
H
\I}I 0o
60
mAU  (x1,000)
1254nm,4nm (1.00)
20 1 ‘»‘
15 ‘
‘\
10—: I
I
05 I
1 |
0.0 ‘ I
o0 T T2k T T T s T T T T T T T T T T Ty T T T s T T T T s "min

Page 209 of 219



MS(E+) Ret. Time : 12.087 -> 12.100 - 11.960 <->12.120

Inten. (x1,000,000)
1.25-

1.00] 316.130
0.75
0.507

0.25

] || 650.720  807.793
0.00——— — s

T T T — T T T
250 500 750 1000 1250 1500 1750 m/z

AU_(x100)
2.5 —254nm,anm (1.00)

20 I

‘\
1.0 |

054

003 fr

——— ——— ——— T — T —— — ——— ———
0.0 25 5.0 75 10.0 125 15.0 175 min

MS(E+) Ret. Time : 16.293 -> 16.307 - 16.120 <-> 16.367

Inten. (x100,000)

757 478.192

5.0-]

2.5

190.080

0.0 — U — — —
250 500 750 1000 1250 1500 1750 miz

Page 210 of 219



mAU_(x100)

4.0 —{254nm,4nm (1.00)
3.0
2.0 -

1.0 -

00—~

MS(E+) Ret.

Inten. (x100,000)

T 1
10.0 15.0

Time : 16.567 -> 16.580 - 16.413 <-> 16.660

4.04
1 509.203
3.05

2.0

1.0
] 221.?94 ‘

0.0+——"—— e ‘
250

Cl

mAU_(x1,000)

J254nm,4nm (1.00)

125
1.00
075
050

025

0.00 4———

MS(E+) Ret. Time

Inten. (x1,000,000)

T
10.0 15.0

:10.267 -> 10.280 - 10.027

4.0
1 260.081

3.0

2.0

1.0

0.0 — — — — —
100 200 300 400 500 600

700 800

m/z

T T T 7 T T T
900 1000 1100 1200

Page 211 of 219



H ~
HN/\/\/N//
X
~
Cl N
63b
2.0 LT;Z\gzlnn(vﬁr?r?v)(l.OO)
15 \
1.0 —: E\
] “\\
R - /TN
1 N e //’ x,‘/\__,_,ﬂv_,—/
o0 1 o
0.0 Ty 50 75 Y S Ty T s T Tk T e
MS(E+) Ret. Time : 4.353 -> 4.367 - 4.313 <-> 4.413
Inten. (x10,000)
5.0; 288.094
25|
0.0 — A — — — — — — — — — —
100 200 300 400 500 600 700 800 900 1000 1100 1200 m/z
=
=
HN/\/\/N//
S
~
Cl N
64b
mAU_(x1,000)
1.75 Z5anm,4nm (1.00) :
150 I\
125 4
100 \‘ \
075 “ ‘
050 “
025 | x“
0.00
0. 2‘5 5‘0 7'5 ' 10‘0 ' ' 12’5 15‘0 17Y5 ‘mm
Event#: 1 MS(E+) Ret. Time 15.213 -> 15.227 - 14.893 <-> 15.253
Inten. (x1,000,000)
1 298.102
5.0
2.5
0.0 — - — — — — — — — — —
100 200 300 400 500 600 700 800 900 1000 1100 1200 m/z

Page 212 of 219



Event#: 1 MS(E+) Ret. Time:17.533->17.547 - 17.253<->17.613

)
(o]
(o)
(o]
(o)
AU_(x1,000)
{254nm,4nm (1.00)
1 I
100 “‘
0757: 0
71 |
4 {
050 [ |
|
0.25 ||
7 i
] R j |
000 4/ A
00 25 50 75 "o 0 Tk T T Tash 175 min
Event#: 1 MS(E+) Ret. Time : 15.393 -> 15.407 - 15.140 <-> 15.500
Inten.(x100,000)
7.5+ 873.3507
5.0
2.5
] 242.2871
0.0 +————9— — — — — — — ‘
250 500 750 1000 1250 1500 1750 m/z
(o]
\
o0
(o)
(o]
(o)
mAU (x100)
4254nm,4nm (1.00) |
] ‘J\s“‘
5.0+ [
4 “ |
‘ |
2.5+ |
B
0.0 —~
oo a2k’ so s T a0 Tads 0T s Cads T i

Page 213 of 219



Inten.(x1,000,000)

2.471542.2662

715.3186

0.0 [l ‘ [l T ‘ T
250 500

‘ T
750

1000

1250

1500

T T T T ‘ T T T T

1750 m/z

AU_(x1,000)
40 izﬁAHHYﬂHHY 1.00)
35
304
25
20 3
15
10 3

05 o

00 3/~

““““““““““““““““““““““““““““““““““““““““““““““““““““““““

Event#: 1 MS(E+) Ret. Time: 9.760 -> 9.773 - 9.400

Inten.(x10,000,000)

431.1459
2.0+

10

0.0-

T T T
250 500

! I
1500

——
1750 m/z

AU_(x100)
2.25 —{254nm,4nm (1.00)

200 3
175 4
150 3
125 4
100 3
075 3 ‘
050 3 ‘

0.25

A N ]

|
)
I
EE

000 34— I

—
10.0

15.0 175 min

Page 214 of 219



Event#: 1 MS(E+) Ret. Time : 14.367 ->14.380 - 14.033 <->14.400 Scan# : 4311 ->4315-
4211<->4321

Inten.(x1,000,000)

75] 341.1476
5.0
2.5
242%804
oo
250 500 750 1000 1250 1500 1750 m/z

AU_(x100)
254nm,anm

T.00)
35
3.0 |
25 \‘
203 | ‘
154 |
|

1.0 4 ‘

3 |

05

00 44—

T T T T T T T
0.0 25 5.0 75 10.0 125 15.0 175 min

Event#: 1 MS(E+) Ret. Time : 12.913 -> 12.927 - 12.893 <-> 12.947 Scan# : 3875 -> 3879
- 3869 <-> 3885

Inten.(x100,000)

3.0 499.1634
2.0
1.0
1 472.1488
0.0 — —
250 500 750 1000 1250 1500 1750 m/z

Page 215 of 219



mAU_(x100)
anm

225 —25 n,4nm (1.00)
200
175 3
150 3
125 3
100 3
075 3 ‘
R

025 4

|
|
" I

000 3 I\

0.0 25 5.0

Event#: 1 MS(E+) Ret. Time : 14.367 -> 14.380 - 14.033 <-> 14.400 Scan# : 4311 -> 4315

-4211 <-> 4321

Ipten.(xl,OO0,000)

75 341.1476
5.0
2.5
242.%804
0.0 ————— — — — — — — ‘
250 500 750 1000 1250 1500 1750 m/z
" |
60 4 “
50 -
|
40 3 | ‘
20 4 I
E [
| ‘ ‘
E I
b g 58 g 128 158 g

Event#: 1 MS(E+) Ret. Time :12.193 ->12.207 - 11.940 <-> 12.460 Scan# : 3659 -> 3663

- 3583 <-> 3739

Inten.(x1,000,000)

2.01
] 281.1229 581.2437
1.57
1.0
0.57
o,o"‘|‘ — — — — — — ‘
250 500 750 1000 1250 1500 1750 m/z

Page 216 of 219



(x10,000,000)

2.0 HLTIC
15
1.0 H

0.5

0.0

R R R —
0.0 25

Event#: 1 MS(E+)
- 4243 <-> 4577

T T B B e e L R e S B}
5.0 75 10.0 125 15.0 175

Ret. Time : 14.520 -> 14.533 - 14.140 <-> 15.253 Scan# : 4357 -> 4361

Inten.  (x1,000,000)

] 349.133
75 o
50
25

1 291.1347 }

] 675.279
0.0 “‘m\‘w‘ . sf“ — — — S

250 500 750 1000 1250 1500 1750 mz
|
NQ
mAUYx1,000)

1.5{Extract-190nm,4nm (1.00)

10

0.5]

0.6—\

T [ — s e e e T e e e e R [ — T ™
0.0 25 5.0 7.5 10.0 125 15.0 175 min
Event#: 1 MS(E+) Ret. Time : 14.947 Scan# : 4485

Inten. (x1,000,000)

150" 2422
125
1.00 5
0_75‘: 598.316
0.50—5
0.25
0.00 3 L — T — T T T T T
250 500 750 1000 1250 1500 1750 mz

Page 217 of 219



mAX100)

1214nm,4nm (1.00)
2.5
0.6
| [l ‘ [l [l ‘ [l [l ‘ \ | [l ‘ [l [l ‘ [l [l ‘ [l [l | ‘ [l [l [l -‘
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 min
Event#: 1 MS(E+) Ret. Time : 16.327 Scan# : 4899
Inten. (x1,000,000)
i 242.284
L5i
1.0
643.348
0.5
0.0- |
: — T T T 1 — 1 T — 1 T — T 1
250 500 750 1000 1250 1500 1750 miz

(x10,000,000)

H:

JSTIC
1L:TIC
J2:TIC
1.0

05|

0.04=%

0.0 25

Event#: 1 MS(E+) Ret. Time : 14.933 -> 14.947 - 14.660 <-> 15.287

en. (x1,000,000)

5.0 364.190

4.0

3.0

2.0

1.0

b b b b e 3

564.752 \

727.371

0.0

T T
500

T T
750 1000

T T
1250

T T
1500

T T T T T T
1750 mz

Page 218 of 219



105
mA(k100)
1214nm,4nm (1.00)
2.5
0.6
‘ [ \ \ ‘ [ \ [ ‘ [ [ ‘ [ \ \ ‘ \ \ [ ‘ [ [ ‘ [ \ [ ‘ \ \ [ ‘
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5 min

Event#: 1 MS(E+) Ret. Time : 14.767

Inten. (x1,000,000)

417200
3.0
209 aa008
] 811.425
1.0
377218
0.0 S S -—
250 500 750 1000 1250 1500 1750 mz

Page 219 of 219



