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(57) Abstract: The present invention relates to novel donor-acceptor fluoranthenes of the general formula I which can be used po-
tentially in developing fluorescent probes, and a process of preparing said novel compounds. More particularly, the present inven -
tion relates to amine or alkoxy group as donor and nitrile group as an acceptor attached to the fluoranthene skeleton, processes for
preparing the said compounds and their uses as fluorescent probes in chemical and biological sciences such as cell imaging applica-
tions, diagnostics, fluorescent tags and other useful applications. The compounds are prepared by reacting 2H-pyran-2-ones in isol-
ated or rigid conformations with cyclic ketones containing methylene carbonyl moiety in the presence of a base in an organic
solvent.
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SUBSTITUTED FLUORANTHENE-7-CARBONITRILES AS FLUORESCENT DYES
FOR CELL IMAGING APPLICATIONS

FIELD OF THE INVENTION

The present invention relates to novel donor-acceptor fluoranthenes of the general formula I
which can be used -potentially in developing fluorescent probes, and a process of preparing
said novel compounds. More particularly, the present invention relates to amine or alkoxy
group as donor and nitrile group as an acceptor attached to the fluoranthene skeleton,
processes for preparing the said compounds and their uses as fluorescent probes in chemical
and biological sciences such as cell imaging applications, diagnostics, fluorescent tags and

other useful applications.

The present invention more particularly relates to a compound of formula I:

. I
Wherein R, R2, R?, R*, R’ , R R7 R®are independently selected from the groups consisting

of hydrogen, unsubstituted or substituted alkyl, unsubstituted or substituted alkenyl,
unsubstituted or substituted alkoxyl, unsubstituted or substituted aryl, unsubstituted or
substituted cycloaryl, unsubstituted or substituted cycloalkyl, unsubstituted or substituted
heteroaryl, unsubstituted or substituted alkylthio, unsubstituted or substituted amino,
unsubstituted or substituted acylamino, unsubstituted or substituted arylamino, unsubstituted
or substituted acylthio, unsubstituted or substituted acyl, unsubstitutéq or substituted aroyl,
unsubstituted or substituted acyloxy, unsubstituted or substituted thidamido, halogens,

nitriles, esters, hydroxy, mercapto, carbontrifluoride, nitro;
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Wherein X is a donor group consisting of unsubstituted or substituted amino, unsubstituted
or substituted alkoxyl, unsubstituted or substituted alkylthio group. Wherein CN is a nitrile,

an acceptor group.
BACKGROUND OF THE INVENTION

The formation of cytoplasmic lipid droplets is a normal cellular process and found in almost
all cells under physiological or pathological conditions. Number and size of lipid droplets
vary from one cell type to another. Lipid droplets have two major compartments: neutral
lipids, such triacylglycerides, diacylglycerol and cholesterol esters, and a surrounding
phospholipid monolayer, which contains free cholesterol and proteins. Lipid droplets have
been considered as a “great balls of fat”. But in recent yearsb lipid droplets regarded as
complex subcellular organelles in adiposites of fat tissues (Walther et al. Annu. Rev.
Biochem. 2012, 81, 687-714). ‘An imbalance between energy intake and expenditure
accumulation of the cytoplasmic lipid droplets occurs in a variety of pathologiqal conditions

and have been recognized as metabolic syndromes, such as obesity and diabetes.

In order to study lipid accumulation in living cells fluorescence imaging plays an important
role in imaging of lipid regulation. Several imaging technologies on the basis of fluorescence
are available to cell biologists. Lipid droplets form functionally .and morbhol_ogically diverse
subpopulations, no single marker protein exists that would stain the entire LDs. Therefore, the
only reliable way to visualize lipid droplets in a living cell is by staining the LDs with
lipophilic dyes. Small molecule organic fluorescent dyes with a variety of emission
characteristics play a pivotal role in biological and material sciences. In biological
perspective, these fluorescent dyes are being used as probes for imaging of specific
intracellular organelles in living cells to understand intracellular events and elucidating
various biological phenomena in cell biology a"nd:drug discovery. Commercially available,
mainly two class dyes, Nile Red (Greenspan et‘ al. J. Lipid Res. -:51985, 26, 781) and BODIPY
derivatives (Spandl et al. Traffic 2009, 10, 1579; Chang, Y-T. et al. WO 2012/118444) have
been used for this purpose. Fluorescent probes fluorescein, BODIPY, rhodamine and cyanine
are representative skeletons popularly used for various biosensors, discovery of novel

fluorescent probes remains highly challenging.
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Significance of lipid droplet markers in the area of kinetoplastid biology

In fungi and Kinetoplastid protozoans including Leishmania, ergosterol is the major storage
| lipid, and synthesized via type-2 fatty acid biosynthesis pathway. The biosynthesis pathway
being unique to these organisms are thus targets by some of the major antifungal and anti-
trypanosomal agents, such as ketoconazole, triclosan, miltefosine, amphotericin B. Studies
have shown that Lysophospholipid analogues (LPAs) like edelfosine, ilmofosine and
miltefosine interact with various sub-cellular structures and enzymes especially those
associated with cellular membranes thus interfering with metabolism of membrane lipids. It
has been reported that Leishmania infection induces lipid droplet accumulation in infected
macrophages where Bodipy 493/503 has been used to visualize lipid droplet accumulation. L.
donovani parasites, when undergoing stress tend to alter lipid metabolism and deposit more
lipids in these lipid reservoirs. The size and number of LDs can be monitored using
fluorescent markers. Recent findings linking LDs to the regulation and execution of immune
responses in the context of host-pathogen interactions have been reviewed by Hector Alex
Saka and Raphael Valdivia.

Markers can be used to visualize and quantify lipid droplets especially to study the effect of
agents that interfere with lipid metabolism in kinetoplastid parasites like Leishmania and

Trypanbsoma.

Commercially available lipid markers:

Commercially available common lipid markers are BODIPY, Nile Red, LipidTOX Red,
LipidTOX Green, LipidTOX deep red, Monodansylpentane. The most widely used Nile Red
dye has wide spectral occupancy and cannot be used with ranges of FITC, TRITC, Texas Red.
BODIPY 493/503 is a FITC range dye with greater affinity to Lipid droplets and smaller
fluorescent” spectral footprint than Nile Red. A new lipid marker LD540 is a near red
BODIPY family dye with excellent specificity but not available commercially (Thiele C. WO
2011/018184) Lipid TOX dyes from Invitrogen are FITC compétible but very expensive
(~200 times that of BODIPY 493/503). 1,6-Diphenyl-1,3,5-hexatrine (DPH) is only
fluorescent in hydrophobic environment used for LD visualization with fluorescence
microscopy but has not been very useful since it shares its excitation and emission properties

with 4°,6’-diamino-2-phenylindole (DAPI) and Hoechst stains.
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In the present Invention novel donor-acceptor fluoranthenes have been prepared and

‘investigated as fluorescent marker for staining neutral lipid droplets. Examples of some of

these derivatives are mentioned here.

Synthesis of fluoranthene scaffolds:

Fluoranthene contain a rigid biphenyl structure locked into a coplanar arrangement by the
presence of a fused benzene moiety. Few synthetic mgthodologies are available for the
synthesis of fluoranthene derivatives, which mainly include the cycloaddition reaction of
cyclopentadienone derivatives and alkynes or alkenes(Marcinow et al J. Org. Chem. 2002, 67,
3537; Viala et al J. Org. Chem. 2002, 4185; Wehmeier et al Chem. Eur. J. 2001, 7,
2197),Suzuki-Heck reaction of 1-bromonaphthalene and 2:bromophenyl boronic acid
(Wegner et al J. Org. Chem. 2003, 68, 883), reaction involving two triple bonds in 1,8-
bis(phenylethynyl)-naphthalene undg:r thermal or photochemical conditions(Wu et al J. Am.
Chem. Soc. 2006, 128, 6870) or in the presence of metal catalysts such as RhCl;-Aliquat 336,
1,4-palladium migration from 2-iodo-1-phenylnaphthalene(Campo et al J.- Am. Chem. Soc.
2003, 125, 11506), reaction of propargylic alcohol bearing a fluorene moiety with diphenyl
phosphine oxide(Onodera et al Org. Lett. 2005, 7, 4029) or benzoannulation reactions of O-
oxoketene dithioacetals with various Grignard reagents(Jana et al Org. Lett. 2008, 10, 4795)

or Pd-catalyzed electrocyclic reaction of a substituted acenaphthene.

The present invention. relates to a highly rapid novel synthesis of a new series of donor-

acceptor fluoranthene systems.

- OBJECTS OF THE INVENTION

Main -object of the present invention is to provide novel donor-acceptor fluoranthenes,
having the general formula I. 4
Another object of the invention is to provide a process for the preparation of the novel donor-
acceptor fluoranthene compounds having the general formula I. .

Further object of the invention is to provide the compounds having the general formula I
which are useful in preparing fluorescent dyes. for cell imaging applications and other useful

biological applications such as developing diagnostic kits.
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SUMMARY OF THE INVENTION

Accordingly, the present invention provides a novel Donor-acceptor fluoranthenes having

general formula I, and derivatives thereof

wherein R', Rz, R} , R“, R’ , R6, R7, R® are independently selected from the groups comprising
hydrogén, unsubstituted or substituted alkyl, unsubstituted or sgbstituted alkenyl,
unsubstituted or substituted alkoxyl, unsubstituted or substituted aryl unsubstituted or
substituted cycloaryl, unsubstituted or substituted cycloalkyl, unsubstituted or substituted
heteroaryl, unsubstituted or substituted alkylthio, unsubstituted or substituted amino,
unsubstituted or substituted acylamino, unsubstituted or substituted arylamino, unsubstituted
or substituted acylthio, unsubstituted or substituted acyl, unsubstituted or substitu}ted' aroyl,
unsubstituted or substituted acyloxy, unsubstituted or subsfituted thioamido, halogens,

nitriles, esters, hydroxy, mercapto, carbontrifluoride, nitro;

wherein the word "substituted" means substitution with a group selected from halogen(s),
nitrile(s), ester(s), hydroxy(s), alkoxy(s), mercapto(s), carbontrifluoride(s), nitro(s), amino

group(s) or C;- to Cyo-units;

wherein X is a donor group comprising unsubstituted or substituted amine group,

unsubstituted or substituted alkoxyl group, unsubstituted or substituted alkylthio group;
wherein CN is a nitrile, an acceptor group.
In an embodiment of the present invention, the unsubstituted or Substituted amine group is

selected from amino, pyrrolidine, piperidine, methyl amine, .ethyl amine, propyl amine,

dimethylamine, N-alkylalkanolamine, N,N-dialkanolamine and pegylatedamine.
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In another embodiment of the present invenﬁon, the representative compounds include; -
i.  8-(dimethylamino)-1 O-isopropylﬂuofanthene-7-carbonitrile;
ii.  10-Phenyl-8-(pyrrolidin-1-yl)fluoranthene-7-carbonitrile;
iii.  10-(4-Methoxyphenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile;
iv.  8«(piperidin-1-yl)-10-(thiophen-2-yl)fluoranthene-7-carbonitrile;
v.  10-(benzo[d][1 ,3]dioxol-5-yl)-8-(piperidin—1 -yl)fluoranthene-7-carbonitrile;
vi.  8-(piperidin-1-yl)-10-(3,4,5-trimethoxyphenyl)fluorarithene-7-carbonitrile;
vii.  10-(4-nitrophenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile;
viii.  10-(4-hydroxyphenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile;
ix.  10-(3,4-dihydroxyphenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile;
X.  8-(piperidin-1-y1)-10-(3,4,5 -trihydrsoxyphenyl)ﬂuoranthene-7-carbonitrile;
xi.  10-(4-aminophenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile;
xii.  8-(bis(2-hydroxyethyl)amino)-10-phenylfluoranthene-7-carbonitrile;
xiii.  8-((2-hydroxyethyl)(methyl)amino)-10-(4-methoxyphenyl)fluoranthene-7-
carbonitrile;
xiv.  8-((2-hydroxyethyl)(methyl)amino)-10-(4-methoxyphenyl)fluoranthene-7-
carbonitrile; ' |
xv.  8-((2-bromoethyl)(methyl)amino)-10-(4-methoxyphenyl)fluoranthene-7-

carbonitrile,

In another embodiment of the present invention, process for preparing donor-acceptor

fluoranthene compounds of general formula I comprising the steps of ;

o)
x Y
R~ CN R3 . R®
| - XU
R2™~0O7 O R? R7
RS RS
S-1 S-2

(1) reacting a compound having general formula S-1 with a compound having
general formula S-2 in an organic solvent in the presence of a base at a
temperature ranging between -78°C to 100°C for a period ranging between 1

minute to 24 hr to obtain a reaction mixture wherein,
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‘R', R%, R, R* R, R®, R’, R® are independently selected from the groups
comprising hydrogen, unsubstituted or substituted alkyl, unsubstituted or
substituted alkenyl, unsubstituted or substituted alkbxyl, unsubstituted or
substituted aryl, unsubstituted or substituted cycloaryl, unsubstituted or
substituted cycloalkyl, unsubstituted or substituted heteroaryl, unsubstituted or
substituted alkylthio, unsubstituted or substituted amino, unsubstituted or
substituted acylamino, unsubstituted or substituted- arylamino, unsubstituted or |
substituted acylthio, unsubstituted or substituted acyl, unsubstituted or substituted
aroyl, unsubstituted or substituted acyloxy, unsubstituted or substituted thioamido,

halogens, nitriles, esters, hydroxy, mercapto, carbontrifluoride, nitro;

wherein the word "substituted" means substitution®with a group selected from
halogen(s),  nitrile(s), ester(s), hydroxy(s), alkoxy(s), mercapto(s),
carbontrifluoride(s), nitro(s), amino group(s) or C- to Cyo-units; »
wherein X is a donor gfoup comprising unsubstituted or substituted amine,

unsubstituted or substituted alkoxyl, unsubstituted or-substituted ‘alkylthio group;

(i) isolating and purifying the compound of general formula I from the reaction

mixture.

In still an embodiment of the present invention, the organic solvent is selected from the

group comprising DMF, THF, DMSO, DCM and isopropanol.

In yet another embodiment of the present invention, the base is selected from the group
comprising KOH, NaOH, NaH, KH, K,CO3 and Cs;CO3

In one another embodiment of the present invention, use of donor-acceptor fluoranthenes
having the general formula I alone or in combination with other fluorescent compounds

and derivatives thereof for fluorescence-based cell imaging;
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wherein R', R?, R}, R*, R®, R, R, R® are independently selected from the groups
comprising hydrogen, unsubstituted or substituted alkyl, unsubstituted or substituted
alkenyl, unsubstituted or substituted alkoxyl, unsubstituted or substituted aryl unsubstituted
or substituted cycloaryl, unsubstituted or substituted cycloalkyl, unsubstituted or
substituted heteroaryl, unsubstituted or substituted alkylthio, unsubstituted or substituted
amino, unsubstituted or substituted acylamino, unsubstituted or substituted arylamino,
unsubstituted or substituted acylthio, unsubstituted or substituted acyl, unsubstituted or
substituted aroyl, unsubstituted or substituted acyloxy, unsubstituted or substituted
thioamido, halogens, nitriles, esters, hydroxy, mercapto, carbontrifluoride, nitro;wherein
the word "substituted" means substitution with a group selected from halogen(s), nitrile(s),
ester(s), hydroxy(s), alkoxy(s), mercapto(s), carbontrifluoride(s), nitro(s), amino group(s).

or Ci- to Cyo-units;

wherein X is a donor group comprisingunsubstituted or substituted amine, unsubstituted or

substituted alkoxyl, unsubstituted or substituted alkylthio group;

wherein CN is an acceptor group.

In still yet another embodiment of the present invention, 'said fluorescence-based cell

imaging or analysis is either a monocolor or a multi-color imaging or analysis.

" In another embodiment of the present invention, a method for fluorescence-based imaging

or analysis of cells and/or cellular components, comprising the following steps:

i) staining cellular components with a donor-acceptor fluoranthenes having the general

formula I, and derivatives thereof
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wherein R1, R2, R3, R4, R5, R6, R7, R8 are independently selected from the groups
comprising of hydrogen, unsubstituted or substituted alkyl, unsubstituted or
substituted: alkenyl, unsubstituted or substituted alkoxyl, unsubstituted or substituted
aryl unsubstituted or substituted cycloaryl, unsubstituted or substituted cycloalkyl,
unsubstituted or substituted heteroaryl, unsubstituted or substituted alkylthio,
unsubstituted or substituted amino, unsubstituted or substituted acylamino,
unsubstituted or substituted arylamino, unsubstituted or substituted acylthio,
unsubstituted or substituted acyl, unsubstituted or substituted aroyl, unsubstituted or
substituted:acyloxy, unsubstituted or substitﬁted thioamido, halogens, nitriles, esters,

hydroxy, mercapto, carbontrifluoride, nitro;

wherein the word "substituted" means substitution of the moiety with a group
selected from one or more halogen(s), nitrile(s), ester(s), hydroxy(s), alkoxy(s),

mercapto(s), carbontrifluoride(s), nitro(s), amino group(s) or C1- to C20-units;

wherein X is a donor group comprising of unsubstituted or substituted amino,

unsubstituted or substituted alkoxyl, unsubstituted or substituted alkylthio group;
wherein CN is an acceptor group;

ii) exciting the fluoranthene dye of step i) with laser light in the wave length range from 405
nm to 665 nm;

iii) detecting the light emitted in step (ii);

iv) optionally, generating images with the emission data obtained in step iii);

v) optionally performing an analysis with the data obtained in step iii) or the images

obtained in step iv).
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In one another ' embodiment of the present invention, the cellular components stained with the

fluoranthene dye of formula I in step i) are lipid droplets.

In still one another embodiment of the present invention, 1, 2 or 3 other excitable fluorescent

dye(s) are used, resulting in 2-color, 3-color or 4-color imaging.

In yet another embodiment of the present invention, living or fixed cells are subjected to said -

fluorescence-based imaging or analysis of cells and/or cellular components.

In still another embodiment of the present invention, a confocal laser scanning microscope, a
spinning disc microscope, a two-photon microscope, a conventional epifluorescence
microscope, a structured illumination microscope, or a single plane illumination microscope

1s used.

Even furthermore embodiment of the present invention relates to the compounds are prepared
by reacting 2H-pyran-2-ones in isolated or rigid conformations with cyclic ketones containing

methylene carbonyl moiety in the presence of a base in an organic solvent.

BRIEF DESCRIPTION OF THE DRAWINGS

-

The present invention may be more clearly understood by reference to the following‘
Table/Figures:

Table 1 represents the photophysical properties of the compdunds of the invention.

Table 2 represents the solvatochromic properties of compound 8.

Figure 1 illustrates the reaction sequence resulting in the preparation of various fluoranthene
derivatives. .

Figure 2 illustrates absorption, excitation and emission spectra of compound 1 in Water.

Figure 3 illustrates absorption, excitation and emission spectra of compound 2 in Water.

Figure 4 illustrates absorption, excitation and emission spectra of compound 3 in Water..

Figure 5 illustrates absorption, excitation and emission spectra of compound 4 in Water.
Figure 6 illustrates absorption, excitation and emission spectra of compound § in Water.
Figure 7 illustrates absorption, excitation and emission spectra of compound 6 in Water.

Figure 8 illustrates absorption, excitation and emission spectra of compound 8 in Water.

10
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Figure 9 illustrates absorption, excitation and emission spectra of compound 9 in Water.
Figure 10 illustrates absorption, excitation and emission spectra of compound 10 in Water.
Figure 11 illustrates absorption, excitation and emission spectra of compound 11 in Water.
Figure 12 illustrates absorption, excitation and emission spectra of compound 12 in Water.
Figure 13 illustrates absorption, excitation and emission spectra‘ of compound 13 in Water.
Figure 14 illustrates absorption, excitation and emission spectra of compound 14 in Water.
Figure 15 illustrates absorption, excitation and emission spectra of compound 15 in Water.
Figure 16 Solvatochromism spectra of compound 8 in solvent of varying polarity.

Figure 17 illustrates excitation spectra of compound 8 with BODIPY and Nile Red dyes in
water

Figure 18 illustrates emission spectra of compound 8 with BODIPY and Nile Red dyes in
water. ‘ |

Figure 19 illustrates L. donovani promastigotes stained with 300nM Nile Red in PBS for 10
min. in room temperature.

Figure 20 illustrates L. donovani promastigotes stained with 100nM compound 8 in PBS for
2h in room temperature. |

Figure 21 illustrates dual staining of L. donovani promastigotes with Nile Red and compound
8.

Figure 22 illustrates 3T3-L1 pre-adipocytes stained with 300nM Nile Red for 10 min at 37°C
/5% CO; in medium (DMEM).

- Figure 23 illustrates 3T3-L1 pre-adipocytes were stained with 100nm of compound 8 for 20
min. at 37°C / 5% CO; in medium (DMEM) on confocal dishes and directly analyzed by
confocal microscopy.

Figure 24 illustrates dual staining of 3T3-L1 pre-adipocytes with Nile Red and compound 8.
Figure 25 illustrates dual staining of 3T3-L1 pre-adipocytes with Hoeschst and compound 8.
Figure 26 shows cell viability assessment of compound 8 in 3T3-L1 pre-adipocytes.

Figure 27 shows cell viability assessment of compound 8 in L. donovani promastigotes.

ABBREVIATIONS

LD: Lipid Droplets

BODIPY: Boron-dipyrromethene
FITC Fluorescein isothiocyanate

DPH 1,6-Diphenyl-1,3,5-hexatrine

11
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DAPI » 4’,6’-diamino-2-phenylindole

PBS Phosphate buffered saline

DMEM Dulbecco's Modified Eagle's Medium
TRITC Tetramethylrhodamine isothiocyanate
DIC Differential Interference Contrast

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to novel donor-acceptor fluoranthenes of the general formula I
which can be used potentially in developing fluorescent probes, and a process of preparing
said novel compounds. More particularly, the present invention relates to amine or alkoxy
group as donor and nitrile group as an acceptor attached to the fluoranthene skeleton,
processes for preparing the said compouhds and their uses as fluorescent probes in chemical
and biological sciences such as cell imaging applications, diagnostics, fluorescent tags and

other useful applications.

The term 'fluorescent probe’ refers to a fluorophore, which may be used to localize within a

specific region of a biological specimen or to respond to a specific analyte/substance.

The term 'fluorescent tag' refers to a fluorescent molecule that is attached chemically to aid in

the labeling and detection of a biomolecule such as a protein, antibody, or amino acid.

The present invention more particularly relates to a compound of formula I:

. I
-(a) wherein R', R% R? RY R’, R®, R, R® are independently selected from the groups

consisting of hydrogen, unsubstituted or substituted alkyl, unsubstituted or substituted

alkenyl, unsubstituted or substituted alkoxyl, unsubstituted or substituted aryl unsubstituted
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or substituted cycloaryl, unsubstituted or substituted cycloalkyl, unsubstituted or substituted
heteroaryl, unsubstituted or substituted alkylthio, unsubstituted or substituted amino,
unsubstituted or substituted acylamino, unsubstituted or substituted arylamino, unsubstituted
or substituted acylthio, unsubstituted or substituted acyl, unsubstituted or substituted aroyl,
unsubstituted or substituted acyloxy, unsubstituted or substituted thioamido, halogens,
nifriles, esters, hydroxy, mercapto, carbontrifluoride, nitro; |

(b) wherein X is a donor group consisting of unsubstituted or substituted amino,

unsubstituted or substituted alkoxyl, unsubstituted or substituted alkylthio group

(c) wherein the word "substituted" means substitution with one or more halogen(s), nitrile(s),
ester(s), hydroxy(s), alkoxy(s), mercapto(s), carbontrifluoride(s), nitro(s), amino group(s) or

C;- to Cyp-units.
In another embodiment of the invention wherein the representative compounds comprising;

i. 8-(Dimethylamino)-10-isopropylfluoranthene-7-carbonitrile (1).
ii. 10-Phenyl-8-(pyrrolidin-1-yl)fluoranthene-7-carbonitrile ;(2).
ii1. 10-(4-Methoxyphenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile (3).
iv. 8-(Piperidin-1-yl)-10-(thiophen-2-yl)fluoranthene-7-carbonitrile (4).
v. 10-(Benzo[d][1,3]dioxol-5-y1)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile (5).
vi. 8-(Piperidin-1-yl)-10-(3,4,5-trimethoxypheny!)fluoranthene-7-carbonitrile (6).
Vii. 10-(4-Nitrophenyl)-8-(piperidin¥1-yl)ﬂuoranthene-7-carbonitrile .
viii. 10-(4-Hydroxyphenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile (8).
ix. 10-(3,4-Dihydroxyphenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile (9).
x. 8-(Piperidin-1-yl)-10-(3,4,5-trihydroxyphenyl)fluoranthene-7-carbonitrile (10).
xi. 10-(4-Aminophenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile (11).
xii. 8-(Bis(2-hydroxyethyl)amino)-10-phenylfluoranthene-7-carbonitrile (12).
xiii. 8-((2-Hydroxyethyl)(methyl)amino)-10-(4-methoxyphenyl)fluoranthene-7-carbonitrile
(13)
xiv. 8-((2-Hydroxyethyl)(methyl)amino)-10-(4-methoxyphenyl)fluoranthene-7-
carbonitrile (14)
xv. 8-((2-Bromoethyl)(methyl)amino)-10-(4-methoxyphenyl)fluoranthene-7-carbonitrile

(15)

13
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Accordingly the present invention provides a process for the preparation of novel donor-
acceptor fluoranthene of the general formula I as shown in drawing accompanying the

specification represents a preferred embodiment of this process:

0
R? xCN R3 ‘ R
| - XL
R2” 07 O R? R?
’ RS RS®
S-1 S-2

a. reacting a compound having general formula S-1 with a compound having general
formula S-2 to furnish a compound having the general formula I
wherein R‘, R2, Rj, R4, RS, R6, R7, R® are independently selected from the groups
consisting of hydrogen, unsubstituted or substituted alkyl, unsubstituted or substituted
alkenyl, unsubstituted or substituted élkoxyl, unsubstituted or substituted aryl,
unsubstituted or substituted cycloaryl, unsubstituted or substituted cycloalkyl,
unsubstituted or substituted heteroaryl, unsubstituted or substituted alkylthio,
unsubstituted or substituted amino, unsubstituted :or substituted acylamino,
unsubstituted or substituted arylamino, unsubstituted or substituted acylthio,
unsubstituted or substituted acyl, unsubstituted or substituted aroyl, unsubstituted or
substituted acyloxy, unsubstituted or (substituted thioamido, halogens, nitriles, esters,
hydroxy, mercapto, carbontrifluoride, nitro; '
Wherein X is a donor group consisting of unsubstituted or substituted amino,

unsubstituted or substituted alkoxyl, unsubstituted or substituted alkylthio group

b. wherein, reaction may proceeds in a common organic solvent particularly DMF, THF,
DMSO, DCM, isopropanol in the presence of a base partichlarly KOH, NaOH, NaH,
KH, K,COs3, Cs;CO; at a temperature ranging between -78°C to 100°C for a period
ranging between 1 minute to 24 hr.,

c. wherein, isolating the compound of general formula I from the reaction mixture and

purifying by chromatographic techniques;

14
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“d. The starting material of the general formula S-1 and S-2 are known and the compound
of the general formula S-1 has been prepared by :the .reaction of methyl 2-
cyano/methoxycarbonyl-3,  3-di  (methylsulfanyl) acrylate with substituted
acetophenones under alkaline conditions in dry DMSO in high yields.

Accordingly the present invention is to provide the compounds having the general formula I
which are useful in preparing fluorescent probes for cell imaging applications and other useful

biological applications such as developing diagnostic Kits.

Synthesis:
EXAMPLES:
Following examples are given by way of illustration and should not construe the scope of the

present invention.

General procedure for the synthesis of compounds (Example’1-7, 12, 14, 15): Synthesis of
fluoranthenes dyes with an amine donor and a nitrile acceptor substituents is an independent
reaction of methyl 2-cyano-3,3-bis(dimethylsulfanyl)acrylate with various ketone were
carried out to ‘afford 6-aryl-3-cyano-4-methylsulfanyl-2 H-pyran-2-ones in good ,yields. A
good leaving methylsulfanyl group was replaced with én amine to fumish 6-aryl-2-ox0-4-
(amin-1-yl)-2 H-pyran-3-carbonitriles in good yields. Further stirring an equimolar mixture of
6-aryl-2-oxo0-4-(amin-1-yl)-2H-pyran-3-carbonitriles and 2H-acenaphthylen-1-one in the
presence of NaH in dry THF for 10-20 min. at 25-27°C yielded 10-alkyl/aryl 8-(amin-1-

yDfluoranthene-7-carbonitrile in good yields.

General procedure for the synthesis of compounds (Example 8-10): Compound 10-(4-
methoxyphenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile . (Example 3) or 10-
(benzo[d][1,3]dioxol-5-yl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile '(Example 5) or 8-
(piperidin-1-y1)-10-(3,4,5-trimethoxyphenyl)fluoranthene-7-carbonitrile - (Example 6) (1
mmol, Jequiv.) was dissolved in dry CH>Cl, (10 ml) and BBr3 (2 equiv. or 4 equiv. or 6 equiv.
respectively) was added to the solution at -78°C. The reaction mixture was stirred for 50 min
at -78°C and then 10-15 hours at room temperature. After completion, the reaction mixture
was quenched with ice-cooled wéter and neutralized with 10% HCI. The reaction mixture was

then extracted with CHZClz/ and the organic layer separated, washed with brine, dried over

15
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anhydrous Na,SO,, and concentrated. The residue was purified by silica gel column
chromatography using methanol in chloroform as the eluent to afford good yields of 10-(4-
hydroxyphenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile ~ (Example 8) or 10-(3,4-
dihydroxyphenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile (Example 9) or 8-(piperidin-
1-yD)-10-(3,4,5-trihydroxyphenyl)fluoranthene-7-carbonitrile (Example 10) respectively.

General procedure for the synthesis of compounds (Example 11): 10-(4-nitrophenyl)-8-
(piperidin-l-yl)ﬂuoranthene-7-carbonitrile (431 mg, 1 mmol, 1 equiv.) in isopropanol (5 mL)
was reflux at 80°C for 1 hr. with Sw/HCI. The progress of the reaction was monitored by TLC
and on completion solvent was evaporated and the reaction mixture was poured onto crushed
ice with vigorous stirring and finally neutralized with dilute sodium bicarbonate solution. The
precipitate obtained was filtered and purified on a silica gel column with 5% methanol in

chloroform as the eluent to afford 318 mg (79%) as a yellow solid. -

EXAMPLE-1
8-(Dimethylamino)-10-isopropylfluoranthene-7-carbonitrile (1)
\
N-—

g oN
ao

A mixture of 4-(dimethylamino)-6-isopropyl-2-oxo-2H-pyran-3-carbonitrile - (206 mg, 1
mel, 1" equiv.), acenaphthylen-1(2H)-one (168 mg, 1 mmol, 1 equiv.), _and NaH(60%
dispersion 1n oil, 60 mg, 1.5 mmol, 1.5 equiv.) in dry THF (5 mL) was stiqed at 25°C for 15
min. The progress of the reaction was moni,tored by TLC and on completion s,olvent was
évaporated and the reaction mixture was poured onto crushed ice with vigorous stirring and
finally neutralized with 10% HCl. The precipitate obtained was filtered and purified on a
silica gel cqlumn with 2% ethyl acetate in hexane as the eluent to afford 250 mg (80%) as a
yellow solid; R = 0.51 (n-hexane/ethyl acetate, 9:‘1? v/v); mp (n-hexane/ethyl acetate) 208-
210 °C; MS (ESI) 313 [M + H'}; '"H NMR (300 MHz, CDCl;) D0= 1.46 (d, J= 6.8 Hz, 6H,
2CH3), 3.14 (s, 6H, 2CH3), 3.80-3.95 (m, 1H, CH), 6.86 (s, 1H, ArH), 7.57-7.74 (m, 2H,
ArH), 7.81 (d, /= 8.2 Hz 1H, ArH), 7.88-7.99 (m, 2H, ArH), 8.65 (d, J= 7.1 Hz, 1H, VArH)
ppm.

16
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EXAMPLE-2
10-Phenyl-8-(pyrrolidin-1-yl)fluoranthene-7-carbonitrile (2)

(o
=05
‘ _
LI
A mixture of 2-oxo-6-phenyl-4-(pyrrolidin-1-yl)-2H-pyran-3-carbonitrile (266 mg, 1 mmol, 1
equiv.), acenaphthylen-1(2H)-one (168 mg, 1 mmol, 1 equiv.), and NaH (60% dispersion in
oil, 60 mg, 1.5 mmol, 1.5 equiv) in dry THF (5 mL) was stirred at 27°C for 12 min. The
progress of the reaction was monitored by TLC and on completion solvent was evaporated
and the reaction mixture was poured onto crushed ice with vigorous stirring and finally
neutralized with 10% HCI. The precipitate obtained was filtered and purified on a silica gel
column with 2% ethyl acetate in hexane as the eluent to afford 305 mg (82%) as a yellow
solid; Ry = 0.48 (n-hexane/ethy! acetate, 9:1, v/v); mp (n-hexane/ethyl acetate) 188-190 °C;
MS (ESI) 373[M + H']; '"H NMR (300 MHz, CDCl3): §=2.00-2.11 (m, 4H, 2CH,), 3.71-3.83
(m, 4H, 2CH,), 6.52 (s, 1H, ArH), 6.98 (d, /= 7.0 Hz, 1H, ArH),.7.32'(t, /= 7.7 Hz, 1H, ArH),
7.50-7.59 (m, 5H, ArH), 7.65-7.75 (m, 2H, ArH), 7.90 (d, J= 8.1 Hz, 1H, ArH), 8.73 (d, J=
7.1 Hz, 1H, ArH). |

EXAMPLE-3
10-(4-Methoxyphenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile (3)

()

MeO O O CN
(D

00

A mixture of 6-(4-methoxyphenyl)-2-oxo-4-(piperidin-1-yl)—2H-pyran-3-carbonitrile (310
mg, 1 mmol, 1 equiv.), acenaphthylen-1(2H)-one (168 mg, 1 mmol, 1 equiv.), and NaH(60%
dispersion in oil, 60 mg, 1.5 mmol, 1.5 equiv.) in dry THF (5 mL) was stirred at 25°C for 15
min. The progress of the reaction was monitored by TLC and on completion solvent was

evaporated and the reaction mixture was poured onto crushed ice with vigorous stirring and
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finally neutralized with 10% HCI. The precipitate obtained was filtered and puriﬁed‘ on a
silica gel column with 3% ethyl acetate in hexane as the eluent to afford 352 mg (84%) as a
yellow solid; R¢ = 0.49 (n—héxane/ethyl acetate, 9:1, v/v); mp (n-hexane/ethyl acetate) 242-
244 °C; MS (ESI) 417 [M + H']; '"H NMR (300 MHz, CDCl3) 00= 1.59-1.68 (m, 2H, CH,),
1.82-1.92 (m, 4H, 2CH>), 3.22-3.33 (m, 4H, 2CH,), 3.94 (s, 3H, CH3), 6.82 (s, 1H, ArH), 7.08
(d, J= 8.4 Hz, 2H, ArH), 7.20-7.31 (m, 1H, ArH), 7.25 (t, J= 7.6 Hz, 1H, ArH), 7.52 (4, J=
8.4 Hz, 2H, ArH), 7.67-7.80 (m, 2H, ArH), 7.92 (d, J= 8.1 Hz, 1H, ArH), 8.66 (d, /= 7.1 Hz, |
1H, ArH) ppm. ‘

EXAMPLE-4 .
8-(Piperidin-1-yl)-10-(thiophen-2-yl)fluoranthene-7-carbonitrile (4)

A mixture of 2-oxo-4-(piperidin-1-yl)-6-(thiophen-2-yl)-2 H-pyran-3-carbonitrile (286 mg, 1
mmol, 1 equiv.), acenaphthylen-1(2H)-one (168 mg, 1 mmol, 1 equiv.), and NaH(60%
dispersion in oil, 60 mg, 1.5 mmol, 1.5 equiv.) in dry THF (5 mL) was stirred 27°C for 15
min. The progress of the reaction was monitored by TLC and on completion solvent was
evaporated and the reaction mixture was poured onto crushed ice wi;th vigorous stirring and
finally neutralized with 10% HCI. The precipitate obtained was filtered and purified on a
silica gel column with 2% ethyl acetate in hexane as the eluent to afford 305 mg (78%) as a
yellow solid; Rr = 0.53 (n-hexane/ethyl acetate, 9:1, v/v); mp (n-hexane/eghyl acetate) 246-
248 °C; MS (ESI) 393 [M + H']; 'TH NMR (300 MHz, CDCl;) O0= 1.60-1.70 (m, 2H, CH),
1.80-1.91 .(m, 4H, 2CH,), 3.24-3.32 (m, 4H, 2CH,), 6.94 (s, 1H, ArH), 7.20-7.27 (m, 2H,
ArH), 7.34-7.40 (m, 1H, ArH), 7.41-7.47 (m, 1H, ArH), 7.50-7.55 (m, 1H, ArH), 7.69-7.83 .
(m, 2H, ArH), 7.94 (d, J= 8.2 Hz, 1H), 8.67 (d, J= 7.1 Hz, 1H, ArH) ppm.

EXAMPLE-5 _ _
10-(Benzo[d][1,3]dioxol-5-y1)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile (5)
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L2

A mixture of 6-(benzo[d][1,3]dioxol-5-yl)-2-0x0-4-(piperidin-1-yl)-2 H-pyran-3-carbonitrile

o
L

(324 mg, 1 mmol, 1 equiv.), acenaphthylen-1(2H)-one (168 mg, 1 mmol, 1 equiv.), and
NaH(60% dispersion in oil, 60 mg, 1.5 mmol, 1.5 equiv.) in dry THF (5 mL) was stirred at
25°C for 12 min. The progress of the reaction was monitored by TLC and on completion
solvent was evaporated and the reaction mixture was poured onto crushed ice with vigorous
stirring and finally neutralized with 10% HCl. The precipitate obtained- was filtered and
purified on a silica gel column with 3% ethyl acetate in hexane as the eluent to afford 318 mg
(74%) as a yellow solid; Ry = 0.48 (n-hexane/ethyl acetate, 9:1, v/v); mp (n-hexane/ethyl
acetate) 244-246 °C; MS (ESI) 431 [M + H']; '"H NMR (300 MHz, CDCl;) O0O= 1.62-1.68
- (m, 2H, CH,), 1.83-1.88 (m, 4H, 2CH,), 3.23-3.32 (m, 4H, 2CH,), 6.10 (s, 2H, CH,), 6.81 (s,
1H, ArH), 6.97-7.10 (m, 1H, ArH), 7.26-7.35 (m, 2H, ArH), 7.68-7.78 (m, 1H, ArH), 7.42 (4,
J= 7.6 Hz, 1H, ArH), 7.66-7.81 (m, 2H, ArH), 7.93 (d., J=8.1 Hz, 1H, ArH), 8.67 (d, J= 7.1
Hz, 1H, ArH) ppm. '

EXAMPLE-6- _
8-(Piperidin-1-y1)-10-(3,4,5-trimethoxyphenyl)fluoranthene-7-carbonitrile (6)

MeQ o @ |
MeO Q g CcN
e

A mixture of 2-oxo-4-(piperidin-l-yl)-6-(3,4,5-trimeth_oxyphenyl)-2H:pyra_n-3_jcarbonitrile
(370 mg, I mmol, 1 equiv.), acenaphthylen—1(2H)-one (168 mg, 1 mmol, 1 equiv._), and
NaH(60% dispersion in oil, 60 mg, 1.5 mmol, 1.5 equiv.) in dry THF (5 mL) was stirred at
25°C for 10 min. The progress of the reaction was monitored by TLC and on completion

solvent was evaporated and the reaction mixture was poured onto crushed ice with vigorous
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stirring and finally ‘neutralized with 10% HCI. The precipitate obtained was filtered and
purified on a silica gel column with 5% ethyl acetate in heXane as the eluent to afford 348 mg
(73%) as a yellow solid; Ry = 0.43 (n-hexane/ethyl acetate, 9:1, v/v); mp (n-hexane/ethyl
acetate) 240-245 °C; MS (ESI) 477 [M + H']; 'TH NMR (300 MHz, CDCl3) O0= 1.62-167
(m, 2H, CH;), 1.84-188 (m, 4H, 2CHy), 3.25-3.32 (m, 4H, 2CH2), 3.88 (s, 6H, 2CH3), 3.99 (s,
3H, CH3), 6.79 (s, 1H, ArH), 6.86 (s, 1H, ArH), 7.14 (t, /= 7.6 Hz, 1H, ArH), 7.68-7.78 (m,
2H, ArH), 7.94 (d, J= 8.1 Hz, 1H, ArH), 8.67 (d, /= 7.0 Hz, 1H, ArH) ppm.

EXAMPLE-7
10-(4-Nitrophenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile (7).

on S Son
[N\
L2

A mixture of 6-(4+nitrophenyl)-2-oxo-4-(piperidin-1'-yl)-2H-pyran—3-carbbnitrile (325 mg,
Immol, leq.), acenaphthylen-1(2H)-one (168 mg, 1 mmol, 1 equiv.), and NaH(60%
dispersion in oil, 60 mg, 1.5 mmol, 1.5 equiv.) in dry THF (5 mL) was stirred at 25°C for 15
min. The progréssl of the reaction was monitored by TLC and on completion solvent was
evaporated and the reaction mixture was poured onto crushed ice with vigorous stirring and
finally neutralized with 10% HCIL. The precipitate obtained was filtered and purified on a
silica gel column with 2% ethyl acetate in hexane as the eluent to afford 348 mg (81%) as an
orange solid; R¢ = 0.53 (n-hexane/ethyl acetate, 9:1, v/v); mp (n-hexane/ethyl acetate) >250
°C; MS (ESI) 432 [M + H']; '"H NMR (300 MHz, CDCI;). 00=1.62-1.73 (m, 2H, CH,), 1.80-
1.93 (m, 4H, 2CH,), 3.30 (t, J= 5.3 Hz, 4H, 2CH,), 6.80 (s, 1H, ArH), 7.06 (d, J= 7.1 Hz,
ArH), 7.39 (t, J= 7.7 Hz, 1H, ArH), 7.71-7.84 (rﬁ, 4H, ArH), 8:00 (d, /= 8.2 Hz, 1H, 'ArH),
8.43 (d, J= 8.6 Hz, 2H, ArH), 8.70 (d, /= 7.1 Hz, 1H, ArH) ppm.

EXAMPLE-8 ‘ » _ .
10-(4-hydroxyphenyl)-8-(piperidin-1 -yl)ﬂuoranthene-7-carbbnitrile ®)
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()
HOCN

e

10-(4-Methoxyphenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrilte  (416mg, 1 mmol,
lequiv.) was dissolved in dry CH;Cl; (10 ml) and BBr; (192 .0JL, 2 mmol, 2 equiv.) was
added to the solution at -78°C. The reaction mixture was stirred for 50 min at -78°C and then
10 hours at 25°C. After completion, the reacﬁon mixture was quenched with ice-cooled water
and neutralized with 10% HCL. The reaction mixture was then extracted with CH,Cl, and the
organic layer separated, washed with brine, dried over anhydrous Na,SQO,, and concentrated.
The residue was purified by silica gel column chromatography using 1% methanol in
chloroform as the eluent to afford 312mg (78%) as .yellow solid; R = 0.59
(chloroform/methanol, 9:1, v/v); mp (chloroform/methanol) >250 °C; MS (ESI) 403 M +
H']; '"H NMR (300 MHz, CDCl3) O0= 1.62-1.68 (m, 2H, CHy), 1.79-1.91 (m, 4H, 2CH,),
3.23-3.31 (m, 4H, 2CH>), 5.10 (s, 1H, OH), 6.82 (s, 1H ArH), 7.02 (d, J= 8.5 Hz, 2H, ArH),
7.20-7.24 (m, 1H, ArH), 7.39 (t, J= 8.1 Hz, 1H, ArH), 7.47 (d, J= 8.5 Hz, 2H, ArH), 7.70-
7.79 (m, 2H, ArH), 7.93 (d, J= 8.2 Hz, 1H, ArH), 8.66 (d, J= 7.2 Hz, 1H, ArH) ppm.

EXAMPLE-9
10-(3,4-dihydroxyphenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile (9)

SO

10-(benzo[d][1,3]dioxol-5-yl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile (430mg, 1 mmol,
lequiv.) was dissolved in dry CH,Cl, (10 ml) and BBr; (384 OL, 4 mmol, 4 equiv.) was
added to the solution at -78°C. The reaction mixture was stirred for 50 min at -78°C and then

12 hours at 25°C. After completion, the reaction mixture was quenched with ice-cooled water
and neutralized with 10% HCI. The reaction mixture was then extracted with CH,Cl, and the

organic layer separated, washed with brine, dried over anhydrous Na,SOs, and concentrated.
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The residue was purified by silica gel column chromatography using 1% methanol in
chloroform as the eluent to afford 297mg (72%) yield as 'yellow solid; Ry = 0.51
(chloroform/methanol, 9:1, v/v); mp (chloroform/methanol) 244-246 °C; MS (ESI) 419 [M +
H']; '"H NMR (300 MHz, DMSO-d¢) 0 0= 1.59-164 (m, 2H, CH,), 1.74-1.78 (m, 4H, 2CH,),
3.24-3.27 (m, 4H, 2CH,), 6.85 (m, 4H, ArH), 7.40 (d, /= 6.9 Hz, 1H, ArH), 7.56 (t, J= 7.6 Hz,
1H, ArH), 7.85 (t, J= 7.7 Hz, 1H, ArH), 7.93 (d, /= 8.1 Hz, 1H, ArH), 8.11 (d, J= 8.2 Hz, 1H,
ArH), 8.53 (d, /= 7.1 Hz, 1H, ArH), 9.23 (s, 1H, -OH),'9.29 (s, 1H, OH) ppm. '

EXAMPLE-10 }
8-(Piperidin-1-y1)-10-(3,4,5 -trihydroxyphenyl)fluoranthene-7-carbonitrile (10)

HO ‘ @

HO- O Q oN - \
Compound 8-(piperidin-1-y1)-10-(3 ,4,5-trimethoxyphenyl)ﬂuoranthene-7-carbonitrjle
(476mg, 1 mmol,leq.) was dissolved in dry CH,Cl, (10 ml) and BBr3; (57600L, 6 mmol, 6
equiv) was added to the solution at -78°C. The reaction mixture was stirred for 50 min at -
78°C and then 15 hours at 25°C. After completion, the reaction mixture was quenched with
ice-cooled water and neutralized with 10% HCI. The reaction mixture was then extracted with
CH,Cl; and the organic layer separated, washed with brine, dried over anhydrous Na;SQOj, and
concentrated. The residue was purified by silica gel column chromatography using 5%
methanol in chloroform as the eluent to afford 292 mg (69%) as yellow solid; Ry = 0.47
(chloroform/methanol, 9:1, v/v); mp (chloroform/methanol) 238-240 °C; MS (ESI) 435 [M +
H'); '"H NMR (300 MHz, DMSO-d%) 00= 1.58-1.78 (m, 2H, CH),), 1.74-1.78 (m, 4H, 2CHy),
3.23-3.27 (m, 4H, 2CH,), 6.53 (s, 2H, ArH), 6.87 (s, 1H, ArH), 7.45-7.51 (m, 1H, ArH), 7.58
(t, J= 7.3 Hz, 1H, ArH), 7.85 (t, J= 7.5 Hz, 1H, ArH), 7.94 (d, J= 8.0 Hz, 1H, ArH), 8.12 (d,
J=17.7 Hz, 1H, ArH), 8.47 (s, 1H, -OH) 8.52 (d, J= 6.9 Hz, 1H, ArH), 9.16 (s, 2H, -20H)
ppm..

EXAMPLE-11 ,
10-(4-Aminopheny!)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile (11)
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H N 9 CN
g

10-(4-nitrophenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile (431 mg, 1 mmol, | equiv.)
in isopropanol (5 mL) was reflux at 80°C for 1 hr. with Sn/HCL. The progress of the reaction
was monitored by TLC and on completion solvent was evaporated and the reaction mixture
was poured onto crushed ice with vigorous stirring and finally neutralized with dilute sodium
bicarbonate solution. The precipitate obtained was filtered and purified on a silica gel column
with 5% methanol in chloroform as the eluent to afford 318 mg (79%) as a yellow solid; Ry =
0.51 (chloroform/methanol, 9:1, v/v); mp (chloroform/methanol) 232-234 °C; MS (ESI) 402
[M + H']; 'H NMR (300 MHz, DMSO-d¢) OD= 1.51-1.58 (m, 2H, CH,), 1.67-1.71(m, 4H,
2CHy), 3.14-3.21 (m, 4H, 2CHy), 5.42 (s, 2H, NHy), 6.69 (d, J= 8.4 Hz, 2H, ArH), 6.80 (s,
1H, ArH), 7.27 (d, J= 8.3 Hz, 2H, ArH), 7.38-7.53 (m, 2H, ArH), 7.77 (1, J= 7.7 Hz, 1H,
ArH), 7.86 (d, /= 7.9 Hz, 1H, ArH), 8.03 (d, J= 8.1 Hz, 1H, ArH), 8.45 (d, /= 7.1 Hz, 1H,
ArH) ppm.

EXAMPLE-12
8-(Bis(2-hydroxyethyl)amino)-10-phenylfluoranthene-7-carbonitrile (12)
HO |

NIOH .

Sada
A mixture of 4-(bis(2-hydroxyethyl)amino)—2-oxo-6-phenyl-2H—pyran-3-carbonitrile (300 mg,
1 mmol, 1 equiv.), 2H-acenaphthylen-1-one (168 mg, 1 mmol, 1 equiv.), and NaH (60%
dispersion in oil, 60 mg, 1.5 mmol, 1.5 equiv.) in dry DMF (5 mL) was stirred at 22°C for 12
min. The progress of the reaction was monitored by TLC and on completion solvent was

evaporated and the reaction mixture was poured onto crushed ice with vigorous stirring and

finally neutralized with 10% HCI. The precipitate obtained was filtered and purified on a
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silica gel column using 5% methanol in chloroform as the eluent to afford 276 mg (68%) as
yellow solid; Ry = 0.48 (chloroform/methanol, 9:1, v/v); mp (chloroform/methanol) 110-112
°C; MS (ESI) 407 [M + H']; '"H NMR (300 MHz, DMSO-dg): 6= 3.53-3.71 (m, 8H, 4CH,),
4.68 (t, J= 4.9 Hz, 2H, OH), 6.92 (s, l1H, ArH), 7.00 (d, J= 7.1 Hz, 1H, ArH), 7.39 (t, = 7.7
Hz, 1H, ArH), 7.53 (s, SH, ArH), 7.71-7.92 (m, 2H, ArH), 8.01 (d, /= 8.1 Hz, 1H, ArH), 8.50
(d, /= 8.1 Hz, 1H, ArH). ' | '

EXAMPLE-13
10-(4-(Heptyloxy)pheny!)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile (13)

()
N N Q O oN
| (>
L
A mixture of 10-(4-hydroxyphenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile (402 mg,
Immol, leq.), 1-bromoheptane (178 mg, 1 mmol, 1 equiv.), and NaH(60% dispersion in oil,
60 mg, 1.5 mmol, 1.5 equiv.) in DMF (5 mL) was stirred at 25°C for 1 hr. The progress of the
reaction was monitored by TLC and on completion solvent was evaporated and the reaction
mixture was poured onto crushed ice with vigorous stirring and finally neutralized with 10%
HCI. The precipitate obtained was filtered and purified on a silica gel column with 2% ethyl
acetate in hexane as the eluent to afford 390 mg (78%) as yellow solid; Ry = 0.59 (n-
hexane/ethyl acetate, 9:1, v/v); mp (n-hexane/ethyl acetate) >250 °C; MS (ESI) 501 [M + H'];
'H NMR (400 MHz, CDCl3) 00=0.92 (t, J= 6.1 Hz, 3H, CHs), 1.24-1.62 (m, 10H, 5CH,),
1.84-1.87 (m, 6H, 3CH,), 3.27 (t, J= 4.9 Hz,4H, 2CH,), 4.07 (t, J= 6.5 Hz, 2H, CH,), 6.82 (s,
1H, ArH), 7.1(d, J= 8.4 Hz, >2H, ArH), 7.23-7.26 (fh, 1H, ArH), 7.38(t, J= 7.6 Hz, 1H, ArH),
7.67-7.78(m, 2H, ArH), 7.92 (d, J= 8.1 Hz, 1H, ArH), 8.7 (d, J= 7.1 Hz, 1H, ArH) ppm.

EXAMPLE-14 _ L
8-((2-Hydroxyéth_yl)(methyl)amino)- 10-(4-methoxyphenyl)fluoranthene-7-carbonitrile (14)
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A mixture of 4-((2-hydroxyethyl)(methyl)amino)-6-(4-metho>§jrphenyl)-2-oxo-2H-pyran-3-
carbonitrile (300 mg, 1 mmol, 1 equiv.), acenaphthylen-1(2H)-one (168 mg, 1 mmol, 1
equiv.), and NaH(60% dispersion in oil, 60 mg, 1.5 mmol, 1.5. equiv.) in dry DMF (5 mL)
was stirred at 25°C for 20 min. The progress of the reaction was monitored by TLC and on
completion solvent was evaporated and the reaction mixture was:poured onto crushed ice with
vigorous stirring and finally neutralized with 10% HCI. The precipitate obtained was filtered
and purified on a silica gel column with 5% ethyl acetate in hexane as the eluent to-afford 280
mg (68%) as a yellow solid; Ry = 0.45 (n-hexane/ethyl acetate, 9:1, v/v); mp (n-hexane/ethyl
acetate) 242-244 °C; MS (ESI) 407 [M + H'); 'H NMR (400 MHz, CDCl3) O0= 3.09 (s, 3H,
CH3), 3.55 (t, J= 5.7 Hz, 2H, CH,),3.92-4.01(m, 5H, CH,, OCH3), 6.90 (s, 1H, ArH), 7.03-
7.11 (m, 2H, ArH), 7.22-7.28 (m, 2H. ArH), 7.39 (t, /= 7.6 Hz,i1H, ArH), 7.49-7.55 (m, 2H,
_ArH), 7.69-7.78 (m, 2H, ArH), 7.94 (d, /= 8.1 Hz, 1H, ArH), 8.66 (d, /= 7.0 Hz, 1H, ArH)
ppm. '

EXAMPLE-15 y o S |
8-((2-Bromoethyl)(methyl)amino)f10-(4-metho_xyphényl)ﬂuoranihene-7-carbonitrile (15) -

B
\N_/_."

A mixture of 8-((2-hydroxyethyl)(methyl)amino)-10-(4-methoxyphenyl)fluoranthene-7- '
carbonitrile (406 mg, 1 mmol, 1 equiv.) and POBr3 (339 mg, 1.2 mmol) was refluxed in
presence of Cs,CO; in dry toluene for 1-3h. The progress of the reaction was monitored by
TLC and after completion; the excess toluene was removed under vacuum. Crude product was
purified by silica gel column chromatography using 2% ethyl acetate in hexane as the eluent

to afford 335 mg (71%) as a yellow solid; R = 0.56 (n-hexane/ethyl acetate, 9:1, v/v); mp (n-
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hexane/ethyl acetate) 242-244 °C; MS (ESI) 469 [M + H']; 'H NMR (400 MHzi, CDCly) 6=
3.13 (s, 3H, CH3), 3.66-3.72 (m, 2h, CH,), 3.87 (t, J= 7.4 Hz, 2H, CHy), 3.94 (s, 3H, CHs),
6.83 (s, 1H, ArH), 7.06-7.11(m, 2H, ArH), 7.22-7.27 (m, 1H. ArH), 7.38-7.43 (m, 1H, ArH),
7.49-7.55 (m, 2H, ArH), 7.69-7.78(m, 2H, ArH), 7.94 (d, J= 8.0 Hz, 1H, ArH), 8.68 (d, /= 7.0

Hz, 1H, ArH).

Photophysical studies of the compounds of general formula I

The photophysical properties of all the synthesized compounds 1-15 were examined
by UV-vis and fluorescence techniques (Figure 2-15). Table 1 showed the Oy of their UV,
excitation and fluorescence spectral data along with stoke’s shift. These compounds produced

- different color emissions depending upon the nature and position of electron donor-acceptor

substituents and chromophores attached on fluoranthene scaffolds (Table 1).

Table 1. Photophysical properties of fluoranthene (Examples 1-15) in 0.2% DMSO in

PCT/IN2014/000156

Water.
compound  Opay; abs O max, ex Dmax; em Ass (nm)°  Emission Color®
~ (nm)* (nm) (nm) |

1 330 330, 434 554 224 Y

2 - 332 330,432 550 218 Y
3 328 335, 437 552° 220 Yo
4 340 338,455 sss 213 Y
5 327 330, 435 552 225 Y

6 332 332, 432 545 213 Y

8 330 332,435 550 220 Y
9 336 332, 435 548 212 Y
10 333 335, 437 550 217 Y
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11 336 337,438 550 214

Y
12 335 330,442 547 212 Y
13 332 335,432 542 210 Y
14 342 | 338,440 552 210 Y
15 338 332,435 548 210 . Y

*Longest wavelength absorption maximum in 0.2% DMSO in Water, °Fluorescence
emission maximum at 405 nm excitation in 0.2% DMSO in Water, °Stokes shift in

nm, YEmission colour in 0.2% DMSO in water. Y = Yellow, NF = No fluorescence.

Solvatochromism: Due to the difference in the dipole moments of the donor-acceptor
molecules in the ground and excited states and their stabilization by polar or non-polar solvent
molecules through various noncovalent interactions like hydrogen bonding, solvation or
dipole-dipole interactions, novel donor-acceptor fluoranthenes exhibit = solvatochromic
behaviour as shown in Figure 16. The absorption and PL spectra of compound 8 were

examined using solvents of varying polarity as depicted in Table 2.

Table 2. Photophysical analysis of compound 8 in various solvents.

solvents Amax;abs (M) Amax:em (NM) Stoke’s
Shift (cm™)
Cyclohexane 331 527 ' 11230
Toluene 332 530 - 11250
Dioxane 332 540 » 11600
Dichloromethane 331 545 - 11860
Water 330 550 11940
Ethanol 330 - 548 12050
Methanol 331 554 12160
Acetonitrile 330 | 569 12730
DMF | 332 S sy 12690

DMSO 333 580 12790
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Excitation and emission spectra of compound 8 with Nile Red and BODIPY dyes.

Excitation and emission spectra of compound 8 were examined with commercially available
lipid droplet probes (Nile Red and BODIPY) in 0.2 % DMSQO in water as shown in dréwing
accompanying the specification (Figure 17 and Figure 18). An excitation maximum of
" compound 8 was observed at 332 nm and 435 nm. Excitation maxima of BODIPY and Nile
Red were observed at 493 and 597 nm respectively while emission maxima of these
fluorescent probes were 550, 503 and 657 nm respectively. On comparison of Ex/Em range of
these dyes with compound 8, novel fluoranthene dye showed different emission window and
high stokes shift compare to the commercially available BODIPY and Nile Red dyes and

therefore, it can be used in multicolor live cell imaging without background noise.

entry )\«max; abs Mmax; ex Amax; em Stokes Shifts

(nm) (nm) (nm) (nm)

Compound 8 330,430 | 332,435 550 220

BODIPY 491 493 503 12

Nile Red 585 597 | 657 - 72
Dyes " Ex/Em max Application
Nile Red 485/525-636  Staining of neutral lipi.d
Lipid TOX Red 577/609 , Neutral lipid staining in HCS
Lipid TOX Green 495/505 - Neutral lipid staining in HCS
Liptd TOX deep red 637/655 Neutral lipid staining in HCS
BODIPY 493/503 LD staining |
Monodansylpentane  405/480 Neutral Lipid droplet Staining

compound 8 405/550 Neutral LD staining

Biological Evaluation:
Cell Culture of 3T3-L1 Preadipocytes
3T3-L1 pre-adipocyte cells were obtained earlier from American Type Culture Collection,

Manassas, VA, Cat. No. CL-173 and maintained in the tissue and cell culture facility at

CDRI, Lucknow. 3T3-L1 pre-adipocytes were cultured in DMEM with 10% heat-inactivated
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FBS at 37°C. After reaching 70% confluence, cells were seeded two days before stérting
experiments. Leishmania donovani (strain MHOM/IN/80/Dd8) promastigotes were cultured
as described previously (Nayak, R. C.; Sahasrabuddhe, A. A.; Bajpai, V. K.; Gupta, C. M.;
Mol. Biochem. Parasitol. 2005, 143;-152.). Briefly, cells were cultured in Dulbecco’s
Modified Eagles Medium (DMEM) with phenol red, L-glutamine and 4.8g/L D-glucose
supplemented with 10% heat inactivated FBS and sodium pyruvate. Cell were checked for
their health periodically and maintained in standard tissue culture flasks. After réaching an

approximate density of 10%cells/ml they were prepared for incubation.
Cell Culture of Leishmania donovani:

Leishmania donovani (strain MHOM/IN/80/Dd8) cells were obtained from Dr Sahasrabudhe,
Molecular and Structural Biology division of the CDRI, Lucknow. These cells were cultured
in Dulbecco’s Modified Eagles Medium (DMEM) with phenol rred, L-glutamine and 4'.8g/L
D-glucose supplemented with 10% heat inactivated FBS and sodium pyruvate. Cells were
checked for their health periodically and maintained in standard tissue culture flasks. After
reaching an approximate density of 10°, they were prepared for incubation. 3T3-L1 pre-
adipocytes were cultured in DMEM with 10% heat-inactivated ‘FBS at 37°C. After reaching

70% confluence, cells were seeded and cultured for 2 days in confocal dishes beforev

commencing experiments.

Confocal Microscopy:

L. donovani cells, briefly after harvesting, were incubated with 100nM compound 8 for 1 hour
(empirically determined) at room temperature. Afterwards, they were washed once in PBS
(1x) and further incubated with either 300 nM Nile Red for 10 minutes. Cells were then
adhered to poly-L-lysine coated cdverslips and immediately processed for microscopic
examination. 3T3-L1 pre-adipocytes adhered to confocal microscopic dishes were incubated
with the dyes in media for 30 min. (empirically determined) at 37°C. They were washed and
stained with Hoechst 33342 (Invitrogen) for 10 min. at room temperature before analyzing
directly under the confocal microscope LSM 510 META (Carl Zeiss, Jena, Germany).
Objective used was a Plan Apochromat 60X or a 40x Ph/DIC objective.
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Analysis:

The images saved ‘from the microscope were analyzed with the LSM Image Examiner

software (Carl Zeiss).

Fluorescence staining in Leishmania promastigotes with Nile Red:

L. donovani promastigotes stained with 300nM Nile Red in PBS for 10 min. at room
temperature. Lipid droplets are indicated by distinct red spots scattered throughout the cell as
indicated by arrows in Figure 19. Cells were imaged with a 63x Plan Apochromat Qil DIC 1.4
NA objective. Imaging experiments were performed at Excitation wavelength at 514 nm with

Emission filter of 575nm Long Pass.

Fluorescence staining in Leishmania promastlgotes with compound 8:

L. donovani promastigotes stained with 100nM compound ‘8 in PBS tor 2h at room
temperature. Lipid droplets are indicated by orange spots as indicated by arrows in Figure 20
scattered throughout the cell. Bar indicates 5um. Imaging experiments were -perfofmed at

Excitation wavelength at 405 nm with Emission filter of 530nm Long Pass.

Dual staining of Leishmania promastigotes with Nile Red and compound 8.

Figure 16 represents Dual staining of L. donovani promastigotes with Nile Red and compound
8. Cells were first incubated with compound 8 for 2h, then stained with Nile Red for 15 min at
room temperature. Bars indicate Spm. Imaging experiments were performed at Excitation
wavelength at 514 nm for Nile Red and 405 nm for compound ‘8. Staining pattern is similar

with Nile Red and compound 8 as indicated by arrows in Figure 21.

Fluorescence staining in 3T3-L1 pre-adipocytes with Nile Red:

3T3-L1 pre-adipocytes stained with 300nM Nile Red for 10 min. at 37°C/5%CQ; in medium -
(DMEM). Cells were imaged with a 63x PlanApochromat Oil DIC 1.4 NA objective. Lipid
droplets are distinctly stained as red dots throughout the cytoplasm as shown in Figure 22.
Imaging ‘expetr/iments were performed at Excitation ‘wavelength at 514 nm with Emission filter

of 575nm Long Pass. Bars indicate Sum.
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Fluorescence staining in 3T3-L1 pre-adipocytes with compound 8:

3T3-L1 pre-adipocytes were stained with 100nm of compound 8 for 20 min. at 37°C/5%CO,
in medium (DMEM) on confocal dishes‘and directly analyzed by confocal microscopy. Lipid
droplets are distinctly stained as orange dots throughouf the cytoplasm as shown in Figure 23.
Imaging experiments wefe performed at Excitation wavelength at 405 nm with Emission filter

of 505-550 nm. Bars indicate Sum.

Dual staining of 3T3-L1 pre-adipocytes with Nile Red and compound 8.

Figure 24 represents Dual staining of 3T3-L1 pre-adipocytes with Nile Red and compoun\d 8.
Cells were first incubated with compound 8 for 2h, then stained with Nile Red for 15 min at
room temperature. Bars indicate Spm. Imaging experiments were performed at Excitation
wavelength at 514 nm for Nile Red and 405 nm for compound 8. Staining pattern is similar

with Nile Red.

Dual staining of 3T3-L1 pre-adipocytes with Hoechst 33342 and compound 8. )

Figure 25 represents Dual staining of 3T3-L1 pre-adipocytes with Hoechst 33342 and
compound 8. Cells were first incubated with compound 8 for 2h, then stained with Hoechst
33342 for 10 min at room temperature. Bérs indicate Sum. Imaging experiments were

performed at Excitation wavelength at 405 nm for Hoechst 33342 and compound 8.

Toxicity Assessment in 3T3-L1 pre-adipocytes and L. donovani promastigotes. 3T3-L1
cells were seeded a day before experiment in confocal coverglass bottom dishes (105
cells/dish). Afterwards, cells were treated with compound 8 at concentrations of 1uM,
500nM, 250nM and 100nM for 24hrs before staining with SYTOX® Green (SOOnM) for
15min. Samples were analyzed under the confocal microscope. Cells that had taken up the
stain were counted in a random population of >500 cells and were considered dead. Viability
from these concentrations of the ﬂudrophore was compared with vehicular control (DMSO).
Figure 26 represents cell viability assessment of compound 8 in 3T3-L1 pre-adipocytes. |

L. donovani promastigotes were incubated with the compound 8 at different working
concentrations (50nM, 100nM, 500nM and 1uM) for the required incubation period of 3 hrs.
Toxicity was determined by the resazurin asvsay (PrestoBlue® Cell Viability Reagent), as
described previously (Fernandez-Checa, J. C.; Biochem. Biophys. Res. Commun. 2003, 304,

471.). Resazurin is a blue non-fluorescent dye that is reduced to highly fluorescent resorufin
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Llpon activity of mitochondrial enzymes in healthy cells. After incubation with the dye a 10%
solution of PrestoBlue was added to the cells (106 cells/ml) and allowed fo incubate further for
2 hrs away from light. Fluorescence was measured with a TECAN M1000 monochromator
based microplate reader. Figure 27 represents cell viability assessment of compound 8 in L.

donovani promastigotes.
Results:

Staining pattern with compound 8 in 3T3-L1 pre-adipocytes and Leishmania promastigotes
étrongly suggested localization in lipid droplets similar to Nile Red staining (known to target
lipid droplets) To confirm this observation, dual staining experiments were also performed
which clearly showed co-localization of the Nile Red and compound 8 within LDs. No
labeling was found in nucleus and other organelles. In summary, a new class of live cell
permeant, solvatochfomic bioprobes compound 8 was identified, which exhibited strong and
'selective staining of intracellular lipid droplets in in vitro live 3T3-L1 pre-adipocytes, and‘in
parasitic protozoa Leishmania donovani promastigotes. The live cell imaging studies clearly
demonstrated that dye 8 isa speciﬁc and non-toxic lipid molecular bioprobe for ﬁmantiﬁcation
of lipid droplets with high brightness at a low concentration of 100 nM without background
noise and is better than Nile red. Cell viability experimeﬁts revealed that Compound 8 showed
no cytotoxicity in 3T3-L1 preadipocytes up to a concentration .of 10M, where 93.5% cells
were viable and in Leishmaniadonovani 99% of the cells were viable. Dye 8 exhibited clearly
distinct PL from the commercially available BODIPY and Nile Red dyes and it may be used
as a fluorescent probe alone or in combination with other fluorophores for multi-color

imaging applications.
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We claim;

1. Donor-acceptor fluoranthenes having general formula I, and derivatives thereof;

wherein R, R%, R?, R, R®, R®, R, R® are independently selected from the groups comprising
hydrbgen, unsubstituted or substituted alkyl, unsubstituted or substituted alkenyl,
unsubstituted or substitufed alkoxyl, unsubstituted or substituted aryl unsubstituted or
substituted cycloaryl, unsubstituted or substituted cycloalkyl, unsubstituted or substituted
heteroaryl, unsubstituted or substituted alkylthio, unsubstituted or substituted amino,
unsubstituted or substituted acylamino, unsubstituted or substituted arylamino, unsubstituted
or substituted acylthio, unsubstituted or substituted acyl, unsubstituted or substituted aroyl,
unsubstituted or substituted acyloxy, unsubstituted or subsfituted thioamido, halogens,

nitriles, esters, hydroxy, mercapto, carbontrifluoride, nitro;

wherein the word "substituted" means substitution with a group selected from halogen(s),
nitrile(s), ester(s), hydroxy(s), alkoxy(s), mercapto(s), carbontrifluoride(s), nitro(s), amino

group(s) or C;- to Cyp-units;

wherein X is a donor group comprising unsubstituted or substituted amine group,

unsubstituted or substituted alkoxyl group, unsubstituted or substituted alkylthio group;
wherein CN is a nitrile, an acceptor group.
2. The compound as claimed in claim 1, wherein the unsubstituted or substituted amine group

is selected from amino, pyrrolidine, piperidine, methyl amine, ethyl amine, propyl amine,

dimethylamine, N-alkylalkanolamine, N,N-dialkanolamine andpegylatedamine.

3. The compound as claimed in claim 1, wherein the representative compounds include;
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i, 8-(dimethylamino)-10-isopropylfluoranthene-7-carbonitrile;
ii.  10-Phenyl-8-(pyrrolidin-1-yl)fluoranthene-7-carbonitrile;
iii.  10-(4-Methoxyphenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile;
iv. | 8-(piperidin-1-yl)-10-(thiophen-2-yl)fluoranthene-7-carbonitrile;
v.  10-(benzo[d][1,3]dioxol-5-yl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile;
vi.  8-(piperidin-1-yl)-10-(3,4,5-trimethoxyphenyl)fluoranthene-7-carbonitrile;
vii. 1 O-(4-niirophenyl)-8-(piperidin- 1-yDfluoranthene-7-carbonitrile;
viii.  10-(4-hydroxyphenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile;
ix.  10-(3,4-dihydroxyphenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile;
X.  8-(piperidin-1-yl)-10-(3,4,5-trihydrsoxyphenyl)fluoranthene-7-carbonitrile;
xi.  10-(4-aminophenyl)-8-(piperidin-1-yl)fluoranthene-7-carbonitrile;
xii.  8-(bis(2-hydroxyethyl)amino)-10-phenylfluoranthene-7-carbonitrile;
xiii.  8-((2-hydroxyethyl)(methyl)amino)-10-(4-methoxyphenyl)fluoranthene-7-
carbonitrile; .
xiv.  8-((2hydroxyethyl)(methyl)amino)-1 0-(4-methoxyphenyl)ﬂuoranthene-7—
carbonitrile;
xv.  8-((2:bromoethyl)(methyl)amino)-10-(4-methoxyphenyl)fluoranthene-7-

carbonitrile.

4. A process for preparing donor-acceptor fluoranthene compounds of general formula I

comprising the steps of ;

X

)

R._ A CN R3 .
| +

RZ" ~0” O R*

S$-1 S-2

(i) reacting a compound having general formula S-1 with a compound having
general formula S-2 in an organic solvent in the presence of a base at a
temperature ranging between -78°C to 100°C for a period ranging between 1

minute to 24 hr to obtain a reaction mixture wherein,
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R, R%L R% RY R’ R® R, R® are _independently selected from the groups
comprising hydrogen, unsubstituted or substituted alkyl, unsubstituted or
substituted alkenyl, unsubstituted or substituted alkoxyl, unsubstituted or
substituted aryl, unsubstituted or substituted cycloaryl, unsubstituted or
substituted cycloalkyl, unsubstituted or substituted heteroaryl, unsubstituted or |
substituted alkylthio, unsubstituted or substituté‘d -amino, unsubstituted or
substituted acylamino, unsubstituted or substituted arylamino, unsubstituted or
substituted acylthio, unsubstituted or substituted acyl, unsubstituted or substituted
aroyl, unsubstituted or substituted acyloxy, unsubstituted or substituted thioamido,

halogens, nitriles, esters, hydroxy, mercapto, carbonttifluoride, nitro; -

wherein the word "substituted" means substitution with a group selected from
halogen(s),  nitrile(s), ester(s), hydroxy(s),, alkoxy(s),  mercapto(s),
carbontrifluoride(s), nitro(s), amino group(s) or C;- to Cyo-units;

wherein X is a donor group compﬁsing unsubstituted or substituted amine,

unsubstituted or substituted alkoxyl, unsubstituted or’substituted alkylthio group;

(i1) isoléting and purifying the compound of general formula I from the reaction

mixture.

S. The process as claimed in claim 4, wherein the organic solvent is selected from the group

comprising DMF, THF, DMSO, DCM and isopropanol.

6. The process as claimed in claim 4, wherein the base is selected from the group comprising

KOH, NaOH,-NaH, KH, K,CO3 and Cs,COs3

7. Use of donor-acceptor fluoranthenes having the general formula I alone or in combination
with other fluorescent compounds and derivatives thereof for fluorescence-based .cell

imaging;
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wherein R, R?, R}, RY, »RS‘, R®, R7, R? are independently selected from the groups
comprising hydrogen, unsubstituted or substituted alkyl, unsubstituted or substituted
alkenyl, unsubstituted or substituted alkoxyl, unsubstituted or substituted aryl unsubstituted
or substituted cycloaryl, unsubstituted or substituted cycloalkyl, unsubstituted or
substituted heteroaryl, unsubstituted or substituted alkylthio, unsubstituted or substituted
amino, unsubstituted or substituted acylamino, unsubstituted or substituted aryla_.mino,
unsubstituted or substituted acylthio, unsubstitﬁted or substituted acyl, unsubstituted or
substituted aroyl, unsubstituted or subétituted acyloxy, unsubstituted or substituted
thioamido, halogens, nitriles, esters, hydroxy, mercapto, carbontrifluoride, nitro;wherein
the word "substituted" means substitution with a group selected from halogen(s), nitrile(s),
ester(s), hydroxy(s), alkoxy(s), mercapto(s), carbontrifluoride(s), nitro(s), amino group(s)

or C;- to Cyp-units;

wherein X is a donor group comprisingunsubstituted or substituted amine, unsubstituted or

substituted alkoxyl, unsubstituted or substituted alkylthio group;
wherein CN is an acceptor group.

The use of a donor-acceptor fluoranthenes according to claim 7, wherein said fluorescence-

based cell imaging or analysis is either a monocolor or a multi-color imaging or analysis.

A method for fluorescence-based imaging or analysis of cells and/or cellular components,

comprising the following steps:

i) staining cellular components with a donor-acceptor fluoranthenes having the general

formula I, and derivatives thereof
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R’ CN
S
Y Y
W
S
RE
R RS®
I
wherein R1, R2, R3, R4, R5, R6, R7, R8 are independently selected from the groups
comprising of hydrogen, unsubstituted or substituted alkyl, unsubstituted or
substituted alkenyl, unsubstituted or substituted alkoxyl,ﬁnsubstituted or substituted
aryl unsubstituted or substituted cycloaryl, unsubstituted or substituted cycloalkyl,
unsubstituted or substituted heteroaryl, unsubstituted or substituted alkylthio,
unsubstituted or substituted amino, unsubstituted or substituted acylamino,
unsubstituted or substituted arylamino, unsubstituted or substituted acylthio,
unsubstituted or substituted acyl, unsubstituted or substituted aroyl, unsubstituted or
substituted acyloxy, unsubstituted or substituted thioamido, halogens, nitriles, esters,

hydrbxy, mercapto, carbontrifluoride, nitro;

wherein the word "substituted" means substitution of the moiety with a group
selected from one or more halogen(s), nitrile(s), ester(s), hydroxy(s), alkoxy(s),

mercapto(s), carbontrifluoride(s), nitro(s), amino group(s) or C1- to C20-units;

wherein X is a donor group comprising of unsubstituted or substituted amino,

unsubstituted or substituted alkoxyl, unsubstituted or substituted alkylthio group;
wherein CN is an acceptor group;

ii) exciting the fluoranthene dye of step i) with laser light in the wave length range from 405
nm to 665 nm;

iii) detecting the light emitted in step (ii);

iv) optionally, generating images with the emission data obtained in step iii);

v) optionally performing an analysis with the data obtained in step iii) or the images ’

obtained in step iv).
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The method according to claim 9, wherein the cellular components stained with the

fluoranthene dye of formula I in step i) are lipid droplets.

The method according to any one of claims 9-10, wherein 1, 2 or 3 other excitable

fluorescent dye(s) are used, resulting in 2-color, 3-color or 4-color imaging.

The method according to anyone of claims 9-11, wherein living or fixed cells are subjected

to said fluorescence-based imaging or analysis of cells and/or cellular components.

The method according to any one of claims 9-12, wherein a confocal laser scanning -
microscope, a spinning dis¢ microscope, a two-photon microscope, a conventional
epifluorescence microscope, a structured illumination microscope, or a single plane

illumination microscope is used.

38



WO 2014/147642 PCT/IN2014/000156
1/9

R?” ~O” O R*

Figure 1

E) T T =)l §
= e EX 1 ~ 3
%’ o FL 4] T %
ﬁ r-0.8 g.
£ b pl
; =3
b - 0.6 g
g \ 8
s @ 0.4 S
3 ‘ :
3 02 3
k- - -
[ E
5 \“‘4’ @
E -0.0 f
Q T T T [
= 300 350 400 450 500 550 600 650 700 £

Wavelength (nm)

Figure 2
—=~ D LINNN AN Bamiau | T L T T Y -4
& 1.04 —uv2] L1 §
> e EX 52 é
5 1 e FL 28 T g
§ 0.8 - -0.8 @
£ 1 1 n
X 0.6 0.6 &
a0 69
z :
S 0.4+ \\\ L0.4 §
@ ]
P} A S o
< < . 5
B 0.2- \-o 22
8 R
m w—_
£ 0.04 ~- - poo <
=] AN AN S S S L AN S A S S )
< 300 350 400 450 500 550 600 €50 700 £

Wavelength (nm)

Figure 3



PCT/IN2014/000156

WO 2014/147642

2/9

Normalized Fluorescence Intensity {(au)

a ®w @w T o o
-~ <@ [~ [~ o o
] L A F A A

T

-

300 350 400 450 560 550 600 650 700

T hd ¥ v L LA ¥ v
e @ @ T N ©
- (-1 (-] (-] o (-]

(ne) Qysusu) X3 pue ‘sqy pazijeusoN

Wavelength {(nm)

Figure 4

Normalized Fluorescence intensity-{au)
@ @ = o o

1 0 0 0 0 0.
L " A 1 A A )] A 1

s

300 350 400 450 500 550 600 650 700

p—r

E-

T LA (NN AN MR ARNCH L A MNNNAE {
S < @ < o o
- o (-] o o [

{ne) AJisusiyy "x3 pue "sqy PeZIjEULION

Wavelength {(hm)

Figure §

Normalized Fluorescence Intensity {au)
e = e ¥ 9~ @

- =] o o o (=]
-1

i i 'Y n I
= > v
/

YV -5

e EX <5
s Pl <8
NS ST Su S

300 350 400 450 500 550 600 650 700

T

(ne) Aususiu| "x3 pue 'sqy pazijeuLion

Wavelength (nm)

Figure 6



WO 2014/147642

3/9

0.6

0.04

Normalized Abs. and Ex. intensity (au)

Wavelength (nm)

Figure 7

UV -§

e
=3

Wavelength {nm)

Figure 8

— |
c —h
@ o

—
o
@

LA
o
'S

o o
~ EN
FPREE N S |
TR
e
XY

— . ——r —
300 350 400 450 500 550 600 650 700

e
¥

s

B [
8 —EX -8
& e FL .8

0n

[~ =
z \

» q
w

g \

ﬁ, y 1
P \

< A

3

E ;

[+]

2

LA v 1 M \J B v 1 ¥ .
300 350 400 450 500 650 €00 ©50 700

0.

o
(ne) Kjsueiu) 20usdSAION|J POZ||BUION

g e -
& @ o
{ne) fisuajuj 22uassaI0N|y PIZHBULION

=2
FS

1.0 ' _

0.84 \
H

05- /

0.4 4

f

flog

]
£3
A
&
1 H
+
\ :
3
3
¥
v
i
13

it0.0

i

/
0.2 4/ )
/N

Normalized Abs. and Ex. Intensity (au)

0.6

L SN N S S S g S S M S Jus S e Ss B
300 350 400 450 500 550 600 650 700
Wavelength (nm)

Figure 9

{ne) Lisuaju] 92UaI8IION}Y PAZYHEULION

PCT/IN2014/000156



WO 2014/147642

Normalized Abs. and Ex. intensity {(au)

Normalized Abs. and Ex. Intensity {au)

Normalized Abs. and Ex. Intensity {au)

4/9

E) T L) L) ¥ L ) A Uv 1r z

—UV -10
1.0+ wgx-0 |[ 19 §
weem FL <10 8
.84 0.8 B
0.8 g
, \ m
0.6- \ 0.6 &
¥ 3
03
8
0.4+ \ L 0.4 5
(23
[ 3
\ 3
0.2- N 0.2 &
4 @
\ g
0.0 koo 5
E

e

300 350 400 450 500 550 60O 650 700
Wavelength (nm)

Figure 10

(ne) AQisuayu] 92ussSAION]4 POZIEULION

300 350 400 450 500 550 600 650 700
) Wavelength (nm)

Figure 11
T T 7 T T T T T T b4
0 —uv12)lqp 8
e EX -12 g
1 v FLA28 T S
8 +-0.8 2
+ Tz
5 -1
6+ f -0.8 %
1]
Loa
44 ‘l\ +0.4 3
N
2- \ 0.2 7
- o
\ | ]
04 oo <
Y T Ty L At § T ¥ ng [-]
300 350 400 450 500 6550 600 €50 700 £

Wavelength (nm})

Figure 12

PCT/IN2014/000156



WO 2014/147642 PCT/IN2014/000156
5/9

? T T T T T T T T T °z '

—Uv-13) 40 ©
& 104 —ex a3 1.0 3
%‘ 4 e FL 13 ;_-’-
§ 084 0.8 &
E ]
> [~
3 0.6 0.6 3
©v 0
s [1]
® 0.4 0.4 S
@ o
a } o
g g
T 0.24 0.2 3
N \ H
2 \ i,
E 0.0- - ~ foo<
© Y T T T Y T Y T [N
z 300 350 400 450 500 550 600 650 700 £

Wavelength (nm)

Figure 13
- Y L4 =
& —Uuv-14 °
- EX-14 1.0 3
%’ e FL ]} ?ﬁ-'-
§ -0.8 -4
£ B
¥ 0.6 g
k-] o
[~ [+]
" foa4 8
B a
2 ‘ o
° \ 0.2 B
N g
= 3 . £
: Nl 1T
[*] Ty T T T T=—""""7 ]
z 300 350 400 450 500 550 600 €50 700 £
- Wavelength (nm)
Figure 14
A3

- T T T T T Y LI o st v g -4
K —UV-5EL 46 2
2 i—EX-153, §
£ —FL 5] %
§ {108 g_
E ¥ pu}
N 3

% fhos 8
) b @
= H [2]
© ilos @
v H . 3
38 1 3
k-] +50.2 &
5 AN
= . & 3
E \\ iloo <
o T T T T ™7 T ®
2 300 350 400 450 500 550 600 650 700 £

Wavelength (nm)

Figure 15



WO 2014/147642

Normalized Fluorescence intensity (au).

Normalized Fluorescence Intensity (au)

Normalized E_xcitation Intensity (au)

1.04

0.8 4

6/9

Toluene
= Dioxane
~DCM
~m Buffor
s Ethanol
Methanol
- ACN
e OMF
i DMSO

2 ~ Cyclohexane

0.4+
4
0.2 4
0.0 4
3 A L] I L v ¥ L]
450 500 550 800 650
Wavelength (nm)
Figure 16
33;2 nm 493 nm 597 nm
1.04 d
1
0.8 1
0.6 4
0.4+
0.2 4
0.0 -
300 350 400 450 500 550 600 650 700
Wavelength (nm)
Figure 17
1.0 £ BODIPY
] ~ Gompound 8
0.8
0.6
0.4
0.2
0.0 _
450 500 650 600 660 700 750

Wavelength (nm)

Figure 18

PCT/IN2014/000156



WO 2014/147642 PCT/IN2014/000156
7/9

Staining with Nile Red : Overlay
X

Figure 19

Staining with compound 8

Figure 20

Staining with compound 8 Staining with Nile Red
.
Y

|
|
3 A
|
i

»

Figure 21



WO 2014/147642 PCT/IN2014/000156
8/9

Staining with Nile Red

[R—
HAum

Figure 22

Figure-23

Staining with compound 8 Stainig with Nile Red Overlay

i
5um

Figure-24



WO 2014/147642 PCT/IN2014/000156
9/9

Staining with Hoechst

Figure-25

100 4

804
g §
£ 601
3
> 404

204

1E
o \
100pM - 250nM ] §00nM 1pM.
Concentration '
1

Figure 26

Celi Viability (%)

ve 100nM 260nM 500nM
Concentration

Figure 27



INTERNATIONAL SEARCH REPORT

International application No

PCT/IN2014/000156
A. CLASSIFICATION OF SUBJECT MATTER
INV. C07C255/58 C07C255/59 C07D405/10 C07D409/10 C07D295/155
GOIN1/30 GOIN33/92

ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Co7C CO7D GOIN

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, CHEM ABS Data, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X ATUL GOEL ET AL: "Synthesis, 1,2,4-9,
Electrochemical and Optical Properties of 11-13

Stable Yellow Fluorescent Fluoranthenes",

THE JOURNAL OF ORGANIC CHEMISTRY,

vol. 75, no. 11, 6 May 2010 (2010-05-06),

pages 3656-3662, XP055130639,

ISSN: 0022-3263, DOI: 10.1021/j0100420x

A the whole document 3,10

X HAROLD W. MOORE ET AL: "Chemistry of 1
azido quinones. Cyanophenols from
4-alkynyl-3-azido-1,2-benzoquinones",

THE JOURNAL OF ORGANIC CHEMISTRY,

vol. 52, no. 12, 1 June 1987 (1987-06-01),
pages 2530-2537, XP055130635,

ISSN: 0022-3263, DOI: 10.1021/j000388a034
compound 35

_/__

D See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : i i . " .
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

22 July 2014

Date of mailing of the international search report

28/07/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Mooren, Nicolai

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/IN2014/000156

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

X,P

Yoshiharu Nakano ET AL: "Fluorescence
Properties of Polycyanoanilines
Synthesized from Elektrophilic Ethylenes
and Malononitrile Derivatives",

Journal of Photoscience,

1 January 2000 (2000-01-01), pages
193-198, XP055130650,

Retrieved from the Internet:
URL:http://img.kisti.re.kr/soc_img/society
//ksph/ELJPAU/1999/v6n4/EL1JPAU_1999 v6nd 1
93.pdf#view=FitH&tooThar=18&statusbar=08mes
sages=0&scrollbar=1

[retrieved on 2014-07-21]

compound 3h

LISTENBERGER L L AND BROWN D A:
"Fluorescent detection of Tipid droplets
and associated proteins",

CURRENT PROTOCOLS IN CELL BIOLOGY, JOHN
WILEY & SONS, INC, US,

vol. supplement 35,

1 June 2007 (2007-06-01), pages
24.2.1-24.2.11, XP002547574,

ISSN: 1934-2500, DOI:
10.1002/0471143030.CB2402535

[retrieved on 2007-06-01]

the whole document

ATUL GOEL ET AL: "New Fluoranthene
FLUN-550 as a Fluorescent Probe for
Selective Staining and Quantification of
Intracellular Lipid Droplets"”,

ORGANIC LETTERS,

vol. 16, no. 3,

10 January 2014 (2014-01-10), pages
756-759, XP055130632,

ISSN: 1523-7060, DOI: 10.1021/01403470d
the whole document

1,2

1-13

1-13

Form PCT/ISA/210 (col

ntinuation of second sheet) (April 2005)

page 2 of 2




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - wo-search-report
	Page 50 - wo-search-report

