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FLUOROUS NANOTHERAPEUTICS
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Fluorescent Cyanine Dye J-Aggregates in the Fluorous Phase
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SHORTWAVE INFRARED DIAGNOSTICS

@9?&‘& Optical imaging is a safe, cost-effective imaging modality, which can be readily
o & shortwave infrared e - ’"o multiplexed or engineered to have a turn-on response. Despite these advantages,
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Figure adapied from Mol imaging 2003, 2, 50

potential of this region has been showcased using carbon nanotubes and quantum
dots. Our group is developing non-toxic, small molecule fluorophores for this
region.



A. The orthogonality of the fluorous phase

OMe
FRFFRF FsC "\ O/ CFs RFRFFRF F o
F30 F Br
Aqueous phase oS o, W SOSANAN AT

. Tt F OMe FF FFFFFFFF
Orgar;.lc.ghase » small molecule HFE-7300 (Novec) HFE-7700 (Novec) Perfluorooctylbromide (PFOB)
ipids | metabol/.tes o) ﬂ/ﬁ{‘t$b FSC
» hydrophobic * nucleotides CF, NV

i
pockets \;;—’ | « amino acids F
L / »saccharides F
FEFE R T

Trifluorotoluene Perfluorodecalin (PFD) Perfluoromethylcyclohexane
9 (PFMC)

Fluorous phase/é:) EHRRFHK SEHRERCE

* no endogenous
biomolecules

FF

Targeting Ligand:
antibody, peptide,
peptidomimetic

v microarray assembly

Lipd Mislaper— o v’ antibiofouling coatings

Liquid .
Perﬂu:)(ll':larbon v Oxygen de“Very
Core
I v' ultrasound and magnetic resonance imaging diagnostics
ayload:

gadolinium, drug

v" in vivo force measurements

FIGURE 1. A schematic representation of a multifunctional
liquid perfluorocarbon nanoemulsion. The liquid perfluoro-
carbon core is surrounded by a lipid monolayer which can be
functionalized with targeting ligands and other payload.
Additionally, drugs can be dissolved in the lipid layer or car-
ried in the particle interior.



A. Comparing hydrogen and fluorine nuclei
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B. Comparing carbon bound to hydrogen vs. fluorine
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C. Comparing hydrocarbons and perfluorocarbons
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Figure 4. Protein-observed "°F NMR (PrOF NMR). This method uses the
incorporation of fluorinated amino acids to monitor protein conformation
changes in the presence of small-molecule fragments for drug discovery.
Proteins with trifluoromethylated tryptophan residues have been used in
these types of studies.””
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FIGURE 1. A schematic representation of a multifunctional
liquid perfluorocarbon nanoemulsion. The liquid perfluoro-
carbon core is surrounded by a lipid monolayer which can be
functionalized with targeting ligands and other payload.
Additionally, drugs can be dissolved in the lipid layer or car-
ried in the particle interior.
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FIGURE 2. (a) '°F image (4.7 T) of a single slice through a
clot in vitro treated with fibrin-targeted crown ether emulsion.
High signal is observed at the clot surface due to bound
fluorinated nanoparticles. (b) 'H image (4.7 T) of the same
slice showing the anatomy of the clot with significant back-
ground 'H signal. (c) False color overlay of '°F signal onto 'H
image clearly localizing '°F signal to clot surface. (Reprinted
with permission from Morawski et al.%%)

signal in '°F images (b, c, e) enables unambi
(Reprinted with permission from Partlow et al.*

PFC Labels Labeled

Cells
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FIGURE 6. ‘‘Lipid streaming” into the plasma membrane. A
high power image of a cell surface (see inset) shows a bound
rhodamine-labeled nanoparticle (red) with adjacent lipid mix-
ing into the plasma membrane of a cell transiently expressing a
green cytoplasmic marker. The cellular features that can be
observed are the nucleus (dark circular region), cell cytoplasm
(green), and plasma membrane (directly adjacent to cell cyto-
plasm, only small portion is labeled with red lipid from nano-
particle). (Reprinted with permission from Crowder et al.%)

FIGURE 5. Localization of labeled cells after in situ injection. (a) To determine the utility for cell tracking stem/progenitor cells
labeled with either PFOB (green) or CE ( red), nanoparticles were locally injected into mouse thigh skeletal muscle. (b—d) At 11.7 T,
spectral discrimination permits imaging the fluorine signal attributable to ~1 x 106 PFOB-loaded (b) or CE-loaded cells (c) indi-
vidually, which when overlaid onto a conventional 'H image of the site (d) reveals PFOB and CE labeled cells localized to the left
and right leg, respectively (dashed line indicates 3 x 3 cm? field of view for '°F images). (e, f) Similarly, at 1.5 T, '°F image of
~4 x 106 CE-loaded cells () locates to the mouse thigh in a 'H image of the mouse cross section (f). The absence of background
uous localization of perfluorocarbon-containing cells at both 11.7 T and 1.5 T.



A. The orthogonality of the fluorous phase B. Previous work on fluorous fluorophores, "fluorofluorophores”
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A. The orthogonality of the fluorous phase
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B. Previous work on fluorous fluorophores, "fluorofluorophores”
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v' The wt% F is minimally altered to implement a 100 nm shift
v The tags surround the chromophore when placed in fluorous
solvent to maximize fluorous solubility
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A General Approach to Biocompatible Branched Fluorous Tags for
Increased Solubility in Perfluorocarbon Solvents
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Impact of Fluorous Tags on Photophysical Properties
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Impact of Fluorous Solvent on Photophysical Properties 2 1 1 - ron
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Impact of Fluorous Tags and Fluorous Solvent on Photostability
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Fluorescent Perfluorocarbon Nanoemulsions
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Force Measurements in Multicellular Aggregates and Zebrafish Tissues
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