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ABSTRACT: Antisense oligonucleotides are powerful tools
to regulate gene expression in cells and model organisms.
However, a transfection or microinjection is typically needed
for efficient delivery of the antisense agent. We report the
conjugation of multiple HIV TAT peptides to a hairpin-
protected antisense agent through a light-cleavable nucleobase
caging group. This conjugation allows for the facile delivery of
the antisense agent without a transfection reagent, and
photochemical activation offers precise control over gene
expression. The developed approach is highly modular, as
demonstrated by the conjugation of folic acid to the caged
antisense agent. This enabled targeted cell delivery through
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gene silencing

cell-surface folate receptors followed by photochemical triggering of antisense activity. Importantly, the presented strategy
delivers native oligonucleotides after light-activation, devoid of any delivery functionalities or modifications that could otherwise

impair their antisense activity.

B INTRODUCTION

The regulation of gene expression is an important biological
process that occurs in many cellular pathways. The
misregulation of a single gene can be detrimental to a
physiological process, as it can cause a variety of diseases,
ranging from muscular dystrophy' and cancer” to neurological®
and heart diseases."* Several biomolecular tools have been
developed to perturb and study gene expression in a variety of
different cellular pathways, including antisense agents (phos-
phorothioate DNA, peptide nucleic acids, locked nucleic acids,
and others), small interfering RNAs (siRNAs), DNA decoys,
and triplex-forming oligonucleotides.”™” In addition to being
excellent molecular probes, these reagents have the potential to
be highly specific therapeutic agents. However, poor bioavail-
ability and in vivo delivery of the oligonucleotides limit their
applicability.

Cell penetrating peptides (CPPs), short (8—30 amino acid)
synthetic peptides that facilitate cellular uptake of the peptide
and its cargo,® '" have been conjugated to a variety of
biomacromolecules including plasmids,11 oligonucleotides,12
and proteins'® for efficient delivery into mammalian cells.
Different CPPs have been discovered, including heparan
derived CPPs (DPV3 and DPV1047), HIV TAT, penetratin,
K-FGF, Bac7, and others.” Even though the mechanism of
cellular uptake for each CPP has not been fully elucidated, the
two favored models for cell delivery are direct translocation and
endocytosis."* While CPPs can have very diverse sequences,
within a specific class of CPPs sequence similarities and similar
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structural features have been identified (e.g, repeats of
positively charged amino acids).” CPPs can be covalently
attached to their cargo or can be used to form noncovalent
complexes.® Covalently linked CPPs have been shown to
potentially reduce the bioactivity of the cargo, depending on
the CPP, the cargo molecule, and the covalent linker."®> For
example, the conjugation of an HIV TAT peptide to a siRNA
oligonucleotide led to a significant decrease in its gene silencing
ability."® We speculated that this limitation could be completely
prevented through the use of a light-cleavable linker between
the CPP and the cargo oligonucleotide. Importantly, this
approach not only solves delivery and activity issues of
oligonucleotides but also enables the precise spatial and
temporal regulation of oligonucleotide function using light as
a minimally invasive external control element.

Photochemical control of cellular processes can be achieved
through the introduction of caging groups into biologically
active molecules."’">* Caging technology stems from the use of
organic protecting groups to mask biological activity until light
as an external trigger is applied, thereby removing the
protecting group and restoring biological function. Previously,
we and others have introduced caging groups to the
photochemical control of a variety of biological macro-
molecules, including antisense agents,23_27 DNA decoys,28
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triplex-forming DNA,* siRNAs,*** and proteins.>>** How-
ever, all reported reagents need to be either transfected or
injected into cells and organisms.

Building on the developed caging approach, we designed new
caged phosphoramidites containing an alkyne handle, intro-
duced them into synthetic antisense agents, and conjugated
HIV TAT peptides to the nucleobase-caged oligonucleotides in
order to allow for (1) efficient delivery of the antisense agent
into mammalian cells without the need for injection or
transfection and (2) the photochemical release of the native
antisense agent from the CPP and its concomitant activation.
Thus, a propargyl-6-nitroveratryloxymethyl (PNVOM) caging
group was developed and installed on the nucleobase of a
thymidine phosphoramidite. This PNVOM-caged thymidine
was incorporated into antisense agents and conjugated with
azide-containing CPPs in a copper-catalyzed 1,3-dipolar
cycloaddition reaction. The CPP-caged antisense conjugate
was then simply added to the cell culture media in order to be
taken up by the cells (Scheme 1). Due to the presence of the

Scheme 1. Delivery and Light-Activation of Antisense Agents
Containing Caging Groups Conjugated with Cell-
Penetrating Peptides®
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“PNVOM-caged thymidine nucleotides are site-specifically incorpo-
rated into antisense agents and are bioconjugated with azido-CPPs.
The CPP-caged antisense agent conjugates are (1) simply added to the
cell culture media and (2) taken up by mammalian cells but remain
inactive due to the presence of the caging groups. (3) UV irradiation
triggers decaging, cleaving the CPPs from the antisense agent and
inducing sequence-specific mRNA binding. This leads to (4) the
silencing of gene expression either by blocking the ribosome or by
inducing RNase H-mediated mRNA degradation.

caging groups, the antisense agent is unable to hybridize to the
target mRINA and hence is inactive, allowing expression of the
target gene. After a brief UV irradiation, the caging groups,
together with the linked CPPs, are cleaved, activating the
antisense agent and resulting in the silencing of the target gene.

Bl RESULTS AND DISCUSSION

In order to conduct a site-specific DNA conjugation, an azido-
modified HIV TAT peptide and a PNVOM-caged thymidine
phosphoramidite were synthesized. The five-step synthesis of
the phosphoramidite 6 started with the known aldehyde 1,*°
which was prepared from vanillin (Scheme 2). Nitration of 1
with concentrated HNO; gave the corresponding ortho-
nitrobenzaldehyde 2 as a yellow solid in 71% yield. Methylation
of 2 with AlMe; in DCM at 0 °C provided the alcohol 3 in 70%
yield, which was subsequently reacted with methylsulfide in the
presence of benzoyl peroxide to furnish the thiomethylene
derivative 4 in 78% yield. The sulfide 4 was activated in situ
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“DCM: dichloromethane, DMTr: dimethoxytrityl, DBU: 1,8-
diazabicyclo[S5.4.0]Jundec-7-ene, DMF: dimethylformamide, DIPEA:
N,N-diisopropylethylamine.

with sulfuryl chloride at —78 °C as the corresponding
propargyl-6-nitroveratryloxymethyl chloride (PNVOM-CI)
and was directly reacted with DMT-protected thymidine in
the presence of DBU in DMF to obtain PNVOM-caged
thymidine S in 67% yield. Finally, reaction of the caged
nucleoside 5§ with 2-cyanoethyl-N,N-diisopropylchlorophos-
phoramidite delivered the caged thymidine phosphoramidite
6 as a white solid in 90% yield.

Hairpin-protected antisense agents have previously been
shown to be efficient in inhibiting gene expression without the
need for additional backbone modifications.”****° The hairpin
loop structure protects the phosphodiester antisense agents
from intracellular degradation without inhibiting their silencing
activity. Based on previous literature reports,® a GC-rich stem
region of the hairpin structure was designed based on strong
Watson—Crick base pair interactions to generate stable DNA
duplex formation. The hairpin-protected antisense agents
contain no stabilizing chemical modifications (e.%., phosphor-
othioates) that could elicit an immune response”” or increase
nonspecific protein binding.*® PNVOM-caged thymidine
nucleotides were site-specifically incorporated into hairpin-
protected antisense agents using standard DNA synthesis
conditions (Table 1). Two previously reported antisense agent
targets were selected to demonstrate light-activation of TAT-
conjugated antisense agents: Renilla luciferase® as a classical
reporter gene that can be easily assayed, and Eg5* as an
endogenous gene that generates a distinct phenotype when
silenced. PNVOM-caged thymidine nucleotides were strategi-
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Table 1. Sequences of the Hairpin Protected Antisense Agents”

Sequence
A A
GCGCGCG-3” 5’ -CGCGCGCG
CNTRL A A
A CGCGCGCTACAACTCGGTGATGAGT TCTCGGAGGACACGGCGCGCGCy
A Geacace-3 5/ - CGCGCGCG’
Luc-AA A A
A CGCGCGCTACCGTTTCCTTTGTTCTGGACGGCGCGCGCy
A , , A
CLuc-AA 2 GCGCGCG-3 5’ -CGCGCGCG™
a CGCGCGCTACCGTTPTCCTTPpTGTTCPTGGACGGCGCGCGC
Ea5-AA a AGeeoaee-37 5’ —CGCGCGCGAA
g~ 2 CGCGCGCTACCCGAGCTCTCTTATCAACAGCGCGCGCECGC,
A A
CEa5-AA GCGCGCG-3 5’ -CGCGCGCG
g~ 2 CGCGCGCTACCCGAGCPTCTCPTTAPp TCAACAGCGGGCGCGCGL

“pT represents the PNVOM-caged thymidine nucleotide, installed through coupling of the phosphoramidite 6 during solid-phase DNA synthesis.

cally installed throughout the antisense sequence for the two
target genes. Equal distribution of the PNVOM-caged
thymidine within the antisense sequence will ensure that
hybridization to its complementary mRNA is fully inhibited and
that multiple alkyne moieties are available for conjugation. We
have previously shown that the use of three evenly distributed
caging groups throughout 18—19mers is sufficient to prevent
DNA/RNA hybridization.”**!

One of the first transduction proteins discovered was the
HIV TAT trans-activating factor. The protein transduction
domain responsible for cellular delivery was later elucidated to
be the peptide sequence Taty_ . The conjugation of this
HIV TAT CPP to macromolecules has shown efficient cellular
delivery and thus was selected for this study. In order to
conduct a copper-catalyzed [3 + 2] cycloaddition for the
bioconjugation of the HIV TAT peptide to the antisense
agents, 6-azidohexanoic acid was prepared®® and added at the
N-terminus of the CPP during solid-phase peptide synthesis
(GenScript, Inc.). The antisense agents containing three
PNVOM groups were then reacted with the N;—HIV TAT
peptide in an aqueous environment under mild conditions
(Scheme 3).** Addition of a tris(3-hydroxypropyl-
triazolylmethyl)amine (THPTA) ligand showed enhanced
reaction rates and improved water solubility over an
unsuccessfully tested tris(benzyltriazolylmethyl)amine
(TBTA) ligand.“s’46 The HIV TAT conjugated antisense
agents were immediately purified using a NAPS column in
order to minimize potential DNA degradation caused by any
residual copper catalyst.*>*”

Activation of the antisense agent is achieved by photolysis of
the CPP conjugates through a brief UV irradiation at 365 nm.
In order to confirm that the HIV TAT peptide is indeed
photochemically cleaved, thus releasing the native antisense
agent, a S’ radiolabeled caged oligonucleotide-TAT conjugate
was analyzed via gel shift assay (Figure 1) before and after UV
irradiation. First, the gel reveals a complete conversion of the
caged antisense agent (lane 1) to the TAT conjugate (lane 2)
through three [3 + 2] cycloaddition reactions. Upon UV
irradiation (365 nm, 2 min), the HIV TAT peptide is readily
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Scheme 3. Bioconjugation of the PNVOM Caged Antisense
Agent to the Azido-HIV TAT Peptide and Decaging
Reaction of the HIV TAT Conjugated Antisense Agent®
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cleaved resulting in the generation of the free oligonucleotide
(lane 3). These in vitro experiments set the stage for the
photochemical activation of antisense activity in mammalian
cells.

The HIV TAT-conjugated antisense agents were subse-
quently evaluated in mammalian cell culture. Human
embryonic kidney (HEK) 293T cells were treated with the
CNTRL (negative control), Luc-AA (positive control), caged
CLuc-AA, and caged HIV TAT-conjugated CLuc-AA-TAT by
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Figure 1. Gel shift assay of the radiolabeled, caged HIV TAT
conjugated antisense agent before and after UV irradiation. A
substantial gel shift was observed for the conjugated CLuc-AA-TAT
in comparison to CLuc-AA. However, a brief irradiation (2 min, 365
nm) restored the free, noncaged antisense agent. Lane 1: CLuc-AA.
Lane 2: CLuc-AA-TAT —UV. Lane 3: CLuc-AA-TAT +UV. Minimal
CLuc-AA-TAT spillover from lane 2 is most likely causing the small
high molecular weight band in lane 1.

simple addition directly to the cell culture media, in the absence
of any transfection reagent, and incubated overnight. The cells
were either irradiated (2 min, 365 nm) or kept in the dark and
were then cotransfected with the reporter plasmids pGL3 and
pRL-TK, encoding firefly luciferase and Renilla luciferase,
respectively. A double-transfection was performed in order to
normalize reporter gene expression in a dual-luciferase assay
and thus account for cell viability and transfection efliciency.
The scrambled antisense agent (CNTRL) and a noncaged
Renilla luciferase antisense agent (Luc-AA) were also trans-
fected as negative and positive controls, respectively. All
transfections were conducted using X-tremeGENE according
to the manufacturer’s instructions. As expected, the transfected
CNTRL antisense agent did not inhibit luciferase expression,
while transfected Luc-AA reduced Renilla luciferase expression
by 85% relative to the CNTRL antisense agent (Figure 2). The
control antisense agents, CNTRL and Luc-AA, led to little or
no inhibition of luciferase expression when just added to the
cell culture media, confirming that they are not sufficiently
taken up by the cells. Additionally, CLuc-AA induced no
inhibition of luciferase expression in the presence or absence of
UV irradiation. Together, this indicates that the nonconjugated
antisense agents did not enter the cells in the absence of a
transfection agent; thus, no silencing of luciferase expression
was observed. When the CPP conjugate CLuc-AA-TAT was
added to the cell culture media, no inhibition of gene
expression was observed when the cells were kept in the
dark. However, after a brief UV irradiation (2 min, 365 nm),
the caging groups were removed resulting in a 92% inhibition
of Renilla luciferase expression, even exceeding the results
obtained when using a transfection reagent. A dose—response
titration of CLuc-AA-TAT was performed to achieve optimal
inhibition of luciferase expression after UV irradiation (see
Supporting Information (SI) Figure S1). Therefore, the
covalent linkage of the HIV TAT peptide allowed the antisense
agent to enter the cells; however, only after UV irradiation were
the HIV TAT peptide sequences removed through nucleobase
decaging, activating the antisense agent and inducing gene
silencing. These results confirm the ability to deliver light-
activated antisense agents into live cells through the generation
of transduction peptide conjugates at nucleobase-caging groups,
obviating the need for a transfection reagent.
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Figure 2. Light-activation of antisense agents targeting Renilla
luciferase. Antisense agents (CNTRL, Luc-AA, CLuc-AA, and CLuc-
AA-TAT) were simply added to HEK 293T cell culture media or
actively transfected (CNTRL and Luc-AA). Cells were either
irradiated (365 nm, 2 min, 25 W) or kept in the dark. The cells
were expressing firefly and Renilla luciferase from pGL3 and pRL-TK
plasmids, respectively, and a dual-luciferase assay was performed after
48 h. Renilla luciferase expression was normalized to firefly luciferase
expression and the negative control antisense agent (CNTRL) was set
to 100%. All experiments were performed in triplicate, and error bars
represent standard deviations. ** p value < 0.00S.

Light-activation of antisense agents enables precise temporal
control over their activity and thus over the activity of the
specific gene that they are targeting. In order to explore the
ability to regulate the function of the HIV TAT conjugated
antisense agent CLuc-AA-TAT with temporal resolution, it was
added to the cell culture media of HEK 293T cells. After an
overnight incubation, the media was removed and the cells
were transfected with the pGL3 and pRL-TK reporter
constructs followed by UV irradiation after 0, 12, 24, 36, 40,
or 46 h. The scrambled negative control antisense agent
CNTRL and the noncaged positive control antisense agent
Luc-AA were transfected into cells as well. Luciferase
expression was measured after a total incubation period of 48
h. As expected, the CNTRL antisense agent showed no
inhibition of luciferase expression, while Luc-AA inhibited 90%
luciferase function regardless of the duration of irradiation
(Figure 3). Prior to irradiation, CLuc-AA-TAT showed no
inhibition of luciferase expression. Irradiation immediately after
reporter plasmid transfection showed 93% inhibition of
luciferase activity and displayed a steady increase in luciferase
expression for later time points of irradiation. At time points 40
and 46 h, no inhibition of luciferase activity was observed,
presumably due to the short incubation period of the activated
antisense agent before luciferase readout at 48 h and the already
present abundance of luciferase mRNA and protein.

To demonstrate applicability of the developed delivery and
light-activation approach beyond the regulation of reporter
genes, a caged TAT-conjugated antisense agent targeting the
endogenous EgS gene was synthesized and tested in cell
culture. EgS is a member of the kinesin-S family and is an
essential gene involved in the regulation of the cell cycle,
specifically for bipolar spindle formation.*** Inhibition of Eg5
results in the arrest of a multitude of cellular functions
including spindle formation, mitosis, and cell proliferation.‘m’50
Due to its importance in cell czcle regulation and concomitant
therapeutic potential in cancer,”"*” a caged EgS antisense agent
(CEgS-AA, Table 1) was designed based on a literature-
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Figure 3. Temporal activation of luciferase antisense agents. CLuc-AA-
TAT was added directly to cell culture media of HEK 293T cells. After
an overnight incubation, the media was removed and the cells were
transfected with the reporter plasmids pGL3 and pRL-TK, and
selected wells were also transfected with negative and positive control
antisense agents, CNTRL and Luc-AA, respectively. The cells were
irradiated at 0, 12, 24, 36, 40, or 46 h post-transfection (365 nm, 2
min, 25 W), and a dual-luciferase assay was performed after 48 h.
Renilla luciferase expression was normalized to firefly luciferase
expression, and the CNTRL —UV Renilla luciferase expression was
set to 100%. All experiments were performed in triplicate, and error
bars represent standard deviations.

reported sequence*® and covalently labeled with the N;—HIV
TAT peptide, generating CEgS-AA-TAT. The CEgS-AA and
CEgS-AA-TAT antisense agents were added to the cell culture
media of HeLa cells, followed by an overnight incubation and a
brief UV irradiation (365 nm, 2 min). The scrambled
oligonucleotide CNTRL and the noncaged EgS antisense
agent EgS-AA were transfected into HeLa cells as negative and
positive controls, respectively. After 48 h incubation, the cells
were fixed and the actin filaments were stained with FITC-
phalloidin and the nucleus was counterstained with DAPI.
Confocal imaging revealed a binucleated phenotype in cells
transfected with EgS-AA (Figure 4), in agreement with previous
reports that knockdown of EgS arrests HeLa cells in
mitosis.*”>® In contrast, cells transfected with the CNTRL
antisense agent displayed no obvious phenotypic changes. In
agreement with our results discussed above, CEgS-AA directly
added to the media also did not result in a phenotype change
either before or after UV irradiation, confirming the necessity of
a covalently linked HIV TAT transduction peptide for delivery
of the antisense agent. The presence of the CEgS-AA-TAT
antisense agent in the cell culture media did not induce a
change in cell morphology until the three nucleobase-caging
groups were cleaved through UV exposure, activating the Eg5
antisense agent and generating the same binucleated cell
phenotype. The frequency of the binucleated phenotype was
assessed by scoring 100 cells per experiment. Cells transfected
with CNTRL showed no binucleated cells, whereas 40% of cells
transfected with the positive control agent EgS-AA displayed an
EgS5 knockdown phenotype (see SI Figure S2). Only a minimal
number (<3%) of binucleated cells were observed when CEg5-
AA was added directly to the cell culture media in the presence
and absence of subsequent UV light exposure, again indicating
a lack of cellular uptake of a nonbioconjugated caged antisense
agent. When CEgS5-AA-TAT was added to the cell culture
media, a small number of binuclear cells were observed (12%;
some background activity could be the result of conducting the
decaging experiment in the same chamber slide; no leakiness
was observed in the luciferase and qRT PCR experiments
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Figure 4. Light-activated EgS inhibition in HeLa cells. CEgS-AA and
its corresponding HIV TAT peptide conjugate CEgS-AA-TAT were
added to the cell culture media. After an overnight incubation, the cells
were briefly irradiated (365 nm, 2 min) or kept in the dark. Negative
(CNTRL) and positive (EgS—AA) control antisense agents were
transfected into HeLa cells. All cells were subsequently fixed and
stained with FITC—phallodin and DAPI, and imaged using a Zeiss 710
confocal microscope (40X oil objective).
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Figure S. Quantitative RT PCR analysis of EgS gene expression.
CEgS-AA-TAT was added directly to the cell culture media and
incubated overnight at 37 °C and 5% CO,. The media was replaced
and the cells were irradiated (365 nm, 2 min, 25 W). A negative
CNTRL antisense agent and a noncaged EgS antisense agent EgS-AA
were transfected in HeLa cells. After 48 h incubation, RNA was
isolated and subjected to qRT PCR analysis. EgS expression was
normalized to GAPDH expression and the CNTRL was set to 100%.
All experiments were performed in triplicate and error bars represent
standard deviations.

shown in Figures 2, 3, and S), until UV irradiation restored
antisense activity leading to an EgS inhibition phenotype in
37% of observed cells. These results demonstrate, for the first
time, the ability to generate reagents that display facile cellular
uptake followed by photochemical regulation of an endogenous
gene.

Quantitative real-time PCR was performed to confirm that
the observed phenotypic change was indeed the result of EgS
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inhibition. The cell culture experiments were conducted in an
identical fashion as before, but instead of fixing, staining, and
imaging, total RNA was isolated and subjected to qRT PCR.
EgS expression was normalized to GAPDH expression, and the
transfected negative control antisense agent CNTRL was set to
100%. Transfection of the noncaged, positive control EgS
antisense agent EgS-AA into HeLa cells resulted in 60%
inhibition of EgS expression (Figure S). Additionally, no change
in EgS expression was observed in the presence of UV
irradiation. Upon treatment of HeLa cells with CEgS-AA-TAT
without UV irradiation, no inhibition of EgS expression was
detected due to the complete inactivity of the antisense agents
taken up by the cells due to the presence of the nucleobase
caging groups. However, silencing of EgS expression to the
same level as the positive control was observed after exposure
to UV light, in agreement with the luciferase reporter results
and the phenotypic assays shown above. Additionally, the
reduction of EgS mRNA levels indicates that the synthesized
hairpin-modified antisense agents induce gene silencing
through an RNase H-mediated mRNA degradation mechanism,
as expected for unmodified phosphodiester DNA.>>*
Furthermore, EgS visualization by Western blot is in agreement
with the qRT PCR results, as HeLa cells treated with CEgS-AA-
TAT exhibited a 45% inhibition of EgS expression after UV
irradiation (see SI Figure S3). These results confirmed that the
CEgS-AA-TAT conjugate was taken up by cells and that
activation of the antisense agent occurred only after UV
irradiation, allowing temporal control over gene expression.
Moreover, the phenotypic change observed by the EgS-AA
antisense agent is supported by an expression analysis of EgS,
demonstrating the applicability of the developed oligonucleo-
tide delivery and light-activation methodology to any reporter
or endogenous gene.

The mechanism of CPP delivery is still under debate, while
passive diffusion and endocytosis have been proposed as the
two main models.*> Each mode of cellular uptake depends on
several parameters, including CPP concentration, cargo size,
CPP type, and cell type.’**” Several studies have demonstrated
that the HIV TAT CPP undergoes an endocytosis mecha-
nism.**>® A potential drawback of this mechanism is that the
cargo can be trapped within endosomes, thereby limiting its
activity. However, in addition to transduction peptides,
macromolecules can be successfully delivered into cells via
natural vitamin endocytosis pathways, for example through
folate receptors.”® The abundance of folate receptors in certain
cancer cells, while only low levels are present in healthy cells,®!
allows for the selective delivery. For this reason, cancer drugs
such as maytansine and desacetylvinblastine have recently been
conjugated to folate for targeted delivery.”* Additionally, folic
acid has previously been conjugated to an antisense agent
through the 3’ terminus for selective delivery into human
ovarian cancer.®? Thus, we hypothesized that conjugating folic
acid molecules to the NPVOM-caged antisense agents will
allow for selective uptake of the antisense agents into cancer
cells and photoregulation of gene function.

In order to achieve targeted delivery of NPVOM-caged
antisense agents, the folic acid azide 8 was synthesized (Scheme
4). First, 6-azidohexan-1-amine (7) was prepared in 2 steps
from commercially available 1,6-dibromohexane.®> Subsequent
coupling of folic acid with 7 was performed with N,N'-
dicyclohexylcarbodiimide (DCC) and pyridine in DMSO to
deliver the desired azido-folic acid probe 8 in 72% yield.**
Bioconjugations of 8 and CLuc-AA were conducted under the
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Scheme 4. Synthesis of the Azido Folate 8 in Three Steps
from Commercially Available Starting Materials®

\ e~~~ NH, folic acid, DCC
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“DCC: N,N'-dicyclohexylcarbodiimide, DMSO: dimethyl sulfoxide.

same Cu-catalyzed [3 + 2] cycloaddition conditions as
described for the HIV TAT peptide (see Scheme 3), thus
setting the stage for targeted cell delivery and light activation.

The cellular delivery of the folic acid-conjugated antisense
agent was evaluated in mammalian cell culture using the
previously described luciferase assay (see Figure 2). The
conjugated antisense agent, CLuc-AA-FA was added directly to
HeLa cells due to the overexpression of folate receptors in this
cell line.>% As a negative control, CLuc-AA was also directly
added to the cell culture media. As a positive control, Luc-AA
was transfected into HeLa cells using X-tremeGENE according
to the manufacturer’s protocol. As expected, in cells transfected
with Luc-AA, 80% inhibition of Renilla luciferase was detected
regardless of UV irradiation (Figure 6A). In agreement with the
previous assay (see Figure 2), CLuc-AA did not inhibit
luciferase expression in the presence or absence of UV
irradiation due to the lack of a transfection reagent, a CPP or
a small molecule carrier. Addition of the folic acid conjugate
CLuc-AA-FA directly to the cell culture media did not lead to a
decrease in luciferase expression when cells were kept in the
dark, as expected. A brief UV irradiation (2 min, 365 nm)
activated the antisense agent by cleaving the folic acid residues,
resulting in 76% inhibition of Renilla luciferase expression.
Thus, the covalent linkage of the folic acid to the antisense
agent facilitated the direct uptake of the antisense agent into
HeLa cells and only after UV irradiation were the antisense
agents activated to inhibit luciferase expression. Finally, to show
the selectivity of the folic acid conjugate to certain cancer cells,
the above experiment was performed in MCF?7 cells, which lack
folate receptors.”” As a positive control, MCE?7 cells transfected
with Luc-AA displayed 50% inhibition of luciferase expression
(Figure 6B). CLuc-AA added directly to the cell culture media
resulted in no inhibition of luciferase expression regardless of
UV irradiation, in agreement with the previous assays.
Additionally, the folic acid conjugated antisense agent, CLuc-
AA-FA, also showed no inhibition of luciferase expression when
added directly to the cell culture media either before or after
UV irradiation. The lack of gene silencing shown by the folic
acid conjugate confirms the ability to selectively deliver light-
activated antisense agents into cells.

H CONCLUSION

In summary, a new methodology was developed that
simultaneously enables cellular uptake and precise optochem-
ical control of antisense oligonucleotide function in mammalian
tissue culture. This was achieved by developing a new
nucleotide caging group that not only inhibits oligonucleotide
hybridization but also provides a functional handle for the
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Figure 6. Targeted delivery and light-activation of antisense agents.
Antisense agents (CLuc-AA and CLuc-AA-FA) were added directly to
cell culture media of (A) HeLa cells or (B) MCF7 cells, or
alternatively transfected. Cells were either irradiated (2 min, 36S
nm, 25 W) or kept in the dark. Firefly and Renilla luciferase were
expressed from pGL3 and pRL-TK plasmids, respectively, and a dual-
luciferase assay was performed after 48 h. Renilla luciferase expression
was normalized to firefly luciferase expression and the negative control
antisense agent (CLuc-AA—UV) was set to 100%. All experiments
were performed in triplicate, and error bars represent standard
deviations. ** = p value < 0.005.

bioconjugation with cell penetrating peptides (CPPs) and small
molecule carriers. Specifically, [3 + 2] cycloaddition reactions
were used to conjugate N3;—HIV TAT peptides to antisense
agents containing three propargyl-6-nitroveratryloxymethyl
(PNVOM) groups at specific thymidine nucleobases. The
HIV TAT peptide facilitates the delivery of the antisense agent
directly into mammalian cells without the need of any
transfection reagents or injection protocols. The antisense
agent is completely inactive until a brief UV irradiation cleaves
the caging group and thereby the peptide domains from the
oligonucleotide. This photolysis then provides a regular,
nonmodified antisense agent that is fully active and efficiently
and sequence-specifically silences the gene of interest. Since a
nonmodified oligonucleotide is generated through light
activation, this methodology can be directly applied to any
antisense agent type and modification without the need for
newly establishing the gene silencing behavior of the CPP
conjugates. We tested the developed approach in HEK 293T
cells and in HeLa cells targeting two different genes, a
transiently transfected luciferase reporter gene and an
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endogenous gene under control of its native promoter.
Through luciferase and phenotypic assays, as well as
quantitative real-time PCR and Western blot analysis, it was
shown that HIV TAT antisense agent conjugates can be used to
photoregulate gene expression with excellent off — on
switching behavior. The developed methodology displays full
activation of the conjugated antisense agent after UV
irradiation—with comparable or better gene silencing activity
as a commercially available, transfected antisense agent.
Moreover, the direct covalent attachment of a CPP to the
antisense agent alleviates the need for any noncovalent
liposomal CPP formation. We expect that this methodology
is generally applicable to any antisense agent, with any CPP,
and in any cell type. In addition to the direct conjugation of an
HIV TAT peptide, we showed that this approach allows for the
selective targeting of cervical cancer cells via conjugation of
folic acid residues to the caged antisense agent. This will greatly
facilitate the spatiotemporal investigation of gene function, as it
does not require any transfection reagents or other design of
oligonucleotide delivery vehicles. The developed technology
can be easily adapted to any antisense agent or biomolecule
through direct conjugation to a carrier peptide or small
molecule ligand for targeted delivery through a cell surface
receptor (e.g, the sigma receptor®). Additionally, conjugating
other tags to the antisense agent (e.g., fluorophores, peptides,
aptamers, etc.) in conjunction with or without a CPP can be
envisioned in order to visualize cellular trafficking of the
oligonucleotide or for selective delivery to certain cell types.
Two-photon caging groups, such as 3-nitro-2-ethyldibenzofur-
an, modified with alkyne handles could be used for activation
with IR light, allowing for optochemical activation in deeper
tissue and with high spatial resolution.”””"

B METHODS

Synthesis of PNVOM-Caged Antisense Agents. DNA synthesis
was performed using an Applied Biosystems Model 394 automated
DNA/RNA Synthesizer using standard p-cyanoethyl phosphoramidite
chemistry. The caged antisense agents were synthesized using 40 nmol
scale, low volume solid phase supports obtained from Glen Research.
Reagents for automated DNA synthesis were also obtained from Glen
Research. Standard synthesis cycles provided by Applied Biosystems
were used for all normal bases using 2 min coupling times. The
coupling time was increased to 10 min for the positions at which the
caged-T modified phosphoramidites were incorporated. Each synthesis
cycle was monitored by following the release of dimethoxy trityl
(DMT) cations after each deprotection step. No significant loss of
DMT was noted following the addition of the caged-T to the DNA, so
10 min was sufficient to allow maximal coupling of the caged
nucleotides. Yields of caged DNAs were close to theoretical yields
routinely obtained.

Conjugation of the TAT-Azide Peptides and the Folic Acid
Azide to the Antisense Agents. A solution of the PNVOM-caged
antisense agent (2 M) in 0.1 M phosphate buffer was incubated at
RT for 2 h with the azido-HIV TAT peptide (12 uM) or azido-folic
acid (12 pM) in the presence of the tris(3-hydroxypropyl-
triazolylmethyl)amine (THPTA) ligand (0.5 mM), CuSO, (0.1
mM), and sodium ascorbate (5 mM). The reaction mixture was
purified using a NAP S column (GE Healthcare) and concentrated
with a speed vac.

Luciferase Assay of the Cellular Activity of HIV TAT-
Conjugated Antisense Agents. HEK 293T cells were grown at
37 °C, 5% CO, in Dulbecco’s modified Eagle’s medium (Hyclone),
supplemented with 10% Fetal Bovine serum (Hyclone), and 10%
streptomycin/penicillin (MP Biomedicals). Cells were passaged into a
96 well plate (200 L per well, ~ 1 X 10* cells per well) and grown to
~70% confluence within 24 h. Conjugated antisense agents (100 nM)
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were added directly to the cell culture media and incubated overnight
at 37 °C, 5% CO,. The media was removed, and the cells were
transfected with the reporter plasmids, pGL3 (Promega) and pRL-TK
(Promega), and selected wells were also transfected with control
antisense agents using X-tremeGENE siRNA transfection reagent
(Roche). Cells were incubated at 37 °C, 5% CO,, for 4 h, the
transfection medium was removed, and the cells were irradiated for 2
min on a UV transilluminator (365 nm, 25 W). DMEM media was
added, and the cells were incubated at 37 °C, 5% CO,, for 48 h. The
media was removed, and a dualluciferase assay (Promega) was
performed. Renilla luciferase was normalized to firefly luciferase. All
experiments were performed in triplicate, and the error bars represent
the standard deviation in three independent experiments.

Temporal Control of HIV TAT-Conjugated Antisense Agents.
HEK 293T cells were passaged into a 96 well plate (200 uL per well,
~1 X 10* cells per well) and grown to ~70% confluence within 24 h.
Conjugated antisense agents (100 nM) were added directly to the cell
culture media and incubated overnight at 37 °C, 5% CO,. The cells
were transfected with the reporter plasmids, pGL3 and pRL-TK, and
selected wells were also transfected with control antisense agents using
X-tremeGENE siRNA transfection reagent (Roche). Cells were
incubated at 37 °C for 4 h, and the transfection medium was replaced
with DMEM media. The cells were then irradiated 0, 12, 24, 36, 40, or
46 h later (365 nm, 2 min, 25 W). After a total incubation period of 48
h after reporter plasmid transfection at 37 °C, 5% CO,, media was
removed and a dual-luciferase assay (Promega) was performed. Renilla
luciferase was normalized to firefly luciferase. All experiments were
performed in triplicate, and the error bars represent the standard
deviation in three independent experiments.

Phenotypic Assay of Photochemical Eg5 Inhibition. HeLa
cells were grown at 37 °C, 5% CO, in Dulbecco’s modified Eagle’s
medium (Hyclone), supplemented with 10% fetal bovine serum
(Hyclone), and 10% streptomycin/penicillin (MP Biomedicals). Cells
were passaged into 4-well chamber slide (1 mL per well, ~4 X 10* cells
per well) and grown to ~70% confluence within 24 h. Conjugated
antisense agents (100 nM) were added directly to the cell culture
media and incubated overnight at 37 °C, 5% CO,. The media was
removed and the cells were irradiated for 2 min on a UV
transilluminator (365 nm, 25 W). Control antisense agents were
transfected into the cells with X-tremeGENE siRNA reagent (Roche).
DMEM media was added, and the cells were incubated at 37 °C, 5%
CO,, for 48 h. The cells were fixed with formaldehyde (3.75%) and
permeabilized with Triton-X100, strained with Alexa Fluor 488
Phalloidin (ex/em 488 nm/495—630 nm, Invitrogen) and DAPI
(ex/em 405 nm/410—495 nm, Invitrogen). Cells were imaged on a
Zeiss LSM 710 confocal microscope (40X oil objective).

Quantitative RT-PCR. HeLa cells were passaged into 6-well plates
(2 mL per well, ~2 X 10° cells per well) and grown to ~70%
confluence in 24 h. Conjugated antisense agents (100 nM) were added
directly to the cell culture media and incubated overnight at 37 °C and
5% CO,. The media was removed and the cells were irradiated for 2
min on a UV transilluminator (365 nm, 25 W). Control antisense
agents were transfected into the cells with X-tremeGENE siRNA
reagent (Roche). DMEM media was added and the cells were
incubated at 37 °C and 5% CO, for 48 h. RNA was isolated with
TRIZOL reagent (Invitrogen). cDNAs were synthesized with the
iScript cDNA Synthesis kit (Bio-Rad), and quantitative RT PCR was
performed with SsoFast EvaGreen Supermix (Bio-Rad) using an Eg$S
forward primer 5 CAGCTGAAAAGGAAACAGCC, EgS reverse
primer 5 ATGAACAATCCACACCAGCA,*® GAPDH forward
primer S TGCACCACCAACTGCTTAGC, and GAPDH reverse
primer 5’ GGCATGGACTGTGGTCATGAG.”? The threshold cycles
(Ct) of each sample were normalized to the GAPDH housekeeping
gene, and the inhibition of gene silencing is represented as percent of
EgS expression. For each of the triplicates, the data were averaged and
standard deviations were calculated.

Luciferase Assay of the Cellular Activity of Folic Acid
Conjugated Antisense Agents. HeLa cells and MCF7 cells were
grown at 37 °C, 5% CO, in Dulbecco’s modified Eagle’s medium
without folate (Sigma), supplemented with 10% fetal bovine serum
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(Hyclone), and 10% streptomycin/penicillin (MP Biomedicals). Cells
were passaged into a 96 well plate (200 uL per well, ~1 X 10* cells per
well) and grown to ~70% confluence within 24 h. Folate-conjugated
antisense agents (100 nM) were added directly to the cell culture
media and incubated overnight at 37 °C, 5% CO,. The cells were then
transfected with the reporter plasmids, pGL3 and pRL-TK, and
selected wells were also transfected with control antisense agents using
X-tremeGENE siRNA transfection reagent (Roche). Cells were
incubated at 37 °C for 4 h, the media was removed, and the cells
were irradiated for 2 min on a UV transilluminator (365 nm, 25W).
DMEM media was added, and the cells were incubated at 37 °C, 5%
CO, for 48 h. The media was removed, and a dual-luciferase assay
(Promega) was performed. Renilla luciferase was normalized to firefly
luciferase. All experiments were performed in triplicate, and the error
bars represent the standard deviation in three independent experi-
ments.

5-Methoxy-2-nitro-4-(prop-2-yn-1-yloxy)benzaldehyde (2). The
benzaldehyde 1 (3.0 g 157 mmol) was dissolved in ice-cold
concentrated HNO; (30 mL) for 4 h and slowly warmed up to RT
overnight. The reaction mixture was then poured into ice-cold water
(200 mL), and the yellow precipitate was filtered off. The solid was
redissolved in DCM (S0 mL), was washed with saturated aqueous
NaHCO; (20 mL) and with brine (20 mL), and was dried with
anhydrous sodium sulfate. After filtration, the solvent was evaporated
under reduced pressure and the residue was purified by silica gel
chromatography using DCM/hexane (7:3) to deliver the correspond-
ing nitrobenzaldehyde 2 (2.56 g, yield 71%) as a yellow solid. 'H
NMR (300 MHz, CDCL): & = 2.57 (s, 1H), 3.96 (s, 3H), 4.85 (s,
2H), 7.17 (s, 1H), 7.73 (s, 1H), 10.39 (s, 1H). *C NMR (75 MHz,
DMSO0-d6): § = $7.1, 78.5, 80.3, 109.8, 111.0, 126.3, 143.7, 150.0,
153.7, 189.2. HRMS: m/z caled for C;;H;(NOg [M+H]* 236.0553;
found 236.0063.

1-(5-Methoxy-2-nitro-4-(prop-2-yn-1-yloxy)phenyl)ethanol (3).
Trimethylaluminium (12.6 mmol, 2.0 M in hexane) was slowly
added to a solution of the nitrobenzaldehyde 2 (1.9 g, 8.0 mmol) in
DCM (30 mL) and stirred at 0 °C under an argon atmosphere. After 2
h, ice cold water (S mL) was very slowly added to the reaction mixture
in order to quench any unreacted reagent. Then, aqueous NaOH (40
mL, 1 M) was added, and the reaction mixture was stirred for 1 h. The
organic layer was separated and washed with 1 M NaOH (2 X 20 mL)
and brine (20 mL), dried with anhydrous sodium sulfate, and filtered.
The solvent was evaporated under reduced pressure, and the residue
was purified by silica gel chromatography using CHCl;/CH;COCH;
(9:1) to furnish alcohol 3 (2.4 g, yield 70%) as a yellow solid. 'H NMR
(300 MHz, DMSO-d6): 6 = 1.38 (t, ] = 4.5 Hz, 3H), 3.65—3.63 (s,
1H), 391 (s, 3H), 491 (d, ] = 1.2 Hz, 2H), 5.28—5.25 (m, 1H), 5.509
(d, J = 2.1 Hz, 2H), 7.38 (s, 1H), 7.66 (s, 1H). *C NMR (75 MHz,
acetone-d6): & = 24.8, 55.9, 65.0, 77.2, 78.4, 109.6, 110.4, 124.2, 139.3,
145.4, 154.6. HRMS: m/z calcd for C,H;3NOg [M+H]* 274.0686;
found 274.0731.

((1-(5-Methoxy-2-nitro-4-(prop-2-yn-1-yloxy)phenyl)ethoxy)-
methyl)(methyl)sulfane (4). Methyl sulfide (4.7 mL, 63.3 mmol) was
added to a solution of the alcohol 3 (1.6 g, 6.36 mmol) in acetonitrile
(20 mL) and stirred under a nitrogen atmosphere at 0 °C. Benzoyl
peroxide (6.1 g, 25.4 mmol) was added in 4 portions to the reaction
mixture with an interval of 30 min each. After the addition of the last
portion, the mixture was stirred for an additional 3 h. Aqueous NaOH
(100 mL, 1 M) was added, and the mixture was vigorously stirred
overnight. The aqueous layer was extracted with ether (3 X 30 mL),
and the combined ether layers were washed with aqueous NaOH (2 X
20 mL, 1 M) and with brine (20 mL) and dried with anhydrous
sodium sulfate. After filtration, the solvent was evaporated under
reduced pressure, and the residue was purified by silica gel
chromatography using EtOAc/hexane (1:9) to obtain 4 (1.5 g, yield
78%) as a brown solid. 'H NMR (300 MHz, CDCL,): 6 = 1.51 (d, ] =
6.3 Hz, 3H), 2.14 (s, 3H), 2.57 (t, ] = 2.4 Hz, 1H), 3.97 (s, 3H), 4.34
(d, ] = 6.3 Hz, 1H), 4.46 (d, ] = 6.3 Hz, 1H), 4.81 (d, ] = 1.6 Hz, 2H),
5.54 (q, J = 6.3 Hz, 1H), 7.21 (s, 1H), 7.74 (s, 1H). *C NMR (75
MHz, CDCL): § = 14.3, 23.5, 56.6, 57.2, 70.9, 73.5, 772, 77.4, 109.2,
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110.5, 136.0, 140.4, 145.6, 154.5. HRMS: m/z caled for C,,H,,NO4S
[M+Na]* 334.0720; found 334.0789.
1-((2R,4S,5R)-5-((bis(4-Methoxyphenyl)(phenyl)methoxy)methyl)-
4-hydroxytetrahydrofuran-2-yl)-3-((1-(5-methoxy-2-nitro-4-(prop-
2-yn-1-yloxy)phenyl)ethoxy)methyl)-5-methylpyrimidine-2,4-
(1H,3H)-dione (5). Sulfuryl chloride (22 uL, 0.26 mmol) was slowly
added to a solution of the thioether 4 (75 mg, 0.24 mmol) in DCM
(04 mL), and the mixture was stirred at —78 °C under an argon
atmosphere. After 20 min, the solvent was removed under high
vacuum, and the residue was dried for 5 h. The residue was dissolved
in dry DMF (0.5 mL) and added to a solution of the DMT-protected
thymidine” (130 mg, 0.24 mmol) and DBU (107 uL, 0.72 mmol) in
DMF (0.5 mL). The reaction mixture was stirred at under an argon
atmosphere at RT for 12 h and then poured into saturated aqueous
NaHCO; (10 mL). The aqueous layer was extracted with DCM (2 X
10 mL), and the combined organic layers were washed with saturated
aqueous NaHCO; (2 X 10 mL) and with brine (10 mL) and dried
with anhydrous sodium sulfate. After filtration, the solvent was
evaporated under reduced pressure, and the residue was purified by
silica gel chromatography using DCM/acetone (9:1) with 1% TEA to
provide 4 (1.5 g, yield 78%) as a brown solid. 'H NMR (300 MHg,
CDCly): 6 = 1.36 (s, 1.5 H), 1.39 (s, 1.5H), 1.47—1.53 (m, 3H), 2.10—
221 (m, 1.5H), 2.27-2.28 (m, 0.5H), 2.32—2.41 (m, 2H), 2.52 (t, ] =
2.0 Hz, 0.5H), 2.57 (t, J = 2.0 Hz, 0.5H), 3.30—3.48 (m, 2H), 3.78 (s,
6H), 3.96 (s, 3H), 3.99—4.04 (m, 1H), 4.51 (br, 1 H), 4.74 (d, ] = 4.0
Hz, 2 H), 5.26—5.29 (m, 1H), 5.38—5.49 (m, 2H), 6.20 (t, ] = 6.6 Hz,
0.5H), 6.29 (t, ] = 6.3 Hz, 0.5H), 6.82—6.85 (m, 4H), 7.23—7.43 (m,
13 H), 7.67 (s, 0.5H), 7.70 (s, 0.5H). *CNMR (75 MHz, CDCI3): §
= 12.5, 24.1, 41.2, 55.5, 56.7, 56.9, 57.2, 63.6, 702, 722, 72.5, 73.6,
852, 85.5, 86.1, 87.1, 109.4, 109.7, 110.1, 1103, 110.5, 113.5, 127.4,
128.3, 130.2, 134.5, 135.5, 135.6, 136.8, 137.1, 139.7, 140.0, 144.4,
145.4, 150.8, 151.0, 154.0, 154.3, 158.9, 163.3. LRMS: m/z calcd for
C4HyN,0,, [M+Na]* 830.2803; found 830.2953.
(2R,3S,5R)-2-((bis(4-Methoxyphenyl)(phenyl)methoxy)methyl)-5-
(3-((1-(5-methoxy-2-nitro-4-(prop-2-yn-1-yloxy)phenyl)ethoxy)-
methyl)-5-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-
tetrahydrofuran-3-yl (2-cyanoethyl) diisopropylphosphoramidite
(6). DIPEA (43 uL, 0.24 mmol) and 2-cyanoethyl N,N-diisopropyl-
chlorophosphoramidite (28 yL, 0.12 mmol) were added to a solution
of the alcohol § (35 mg, 0.04 mmol) in DCM (1.0 mL), and the
mixture was stirred under an argon atmosphere for 2 h. The TLC
indicated complete consumption of starting material and the solvent
was evaporated under reduced pressure. The residue was purified by
silica gel chromatography using CHCl,/acetone (20:1) with 1% TEA
to furnish the caged phosphoramidite 6 (39 mg, yield 90%) as a white
solid. 'H NMR (300 MHz, CDCL,): § = 1.04 (d, J = 6.6 Hz, 3H),
1.14—1.18 (m, 9 H), 1.30—1.36 (m, 3H), 1.50—1.54 (m, 3H), 2.08—
2.26 (m, 1H), 2.37—2.71 (m, 4H), 3.25—3.66 (m, SH), 3.71—3.89 (m,
7H), 3.93 (s, 3H), 4.07—4.19 (m, 1H), 4.54—4.65 (m, 1H), 4.72—4.77
(m, 2H), 5.23-5.31 (m, 1H), 5.37—5.47 (m, 2H), 6.14—6.29 (m, 1
H), 6.81—6.85 (m, 4H), 7.20~7.50 (m, 11H), 7.65—7.68 (m, 1H). *C
NMR (75 MHz, CDCI3): & = 12.3, 204, 20.5, 23.9, 24.7, 40.1, 43.2,
434, 55.3, 56.5, 56.8, 57.0, 57.1, 57.9, 582, 58.5, 58.8, 63.3, 70.2, 73.6,
73.85, 74.0, 85.2, 86.9, 109.2, 109.5, 109.9, 110.1, 110.2, 110.4, 113.3,
117.5, 117.8, 127.2, 128.0, 1282, 130.1, 134.4, 135.3, 136.6, 136.8,
137.0, 139.6, 139.6, 139.8, 139.9, 140.1, 144.2, 145.2, 150.7, 150.8,
153.8, 154.0, 154.1, 158.7, 163.1. 3'P NMR (121 MHz, CDCI3): § =
148.5, 148.6, 149.0, 149.1.
(S)-2-(4-(((2-amino-4-hydroxypteridin-6-yl)methyl)amino)-
benzamido)-5-((6-azidohexyl)amino)-5-oxopentanoic Acid (8). To
a solution of folic acid (118 mg, 0.26 mmol) in DMSO (2 mL) was
added the known 6-azidohexan-1-amine 7% (38 mg, 0.26 mmol),
DCC (138 mg, 0.67 mmol), and pyridine (0.53 mL). The reaction
mixture was stirred at RT for 2 days. The mixture was then filtered,
and the filtrate was slowly poured into ice-cold Et,0 (45 mL). The
precipitates were collected by centrifugation and washed 3 times by
centrifugation in MeOH:Et,O (3:30 mL). The solvent was removed,
and the precipitate was dried to dryness under vacuum to afford a
yellow solid (106 mg, 72%). The compound was further purified by
reverse phase HPLC (Hewlett-Packard 1100, column Agilent Zorbax
C18, ACN/H,0 0.1% TFA). 'H NMR (400 MHz, DMSO-d6) & 8.63
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(s, 1H),7.94 (d,] = 7.9 Hz, 1H), 7.82 (d, ] = 5.5 Hz, 1H), 7.64 (d, ] =
8.5 Hz, 2H), 6.61 (d, ] = 8.5 Hz, 4H), 447 (s, 2H), 4.34—4.24 (m,
1H), 3.28-3.24 (m, 3H), 3.03—2.98 (m, 2H), 2.26—2.18 (m, 2H),
1.49-143 (m, 2H), 1.37—-1.31 (m, 2H), 1.29—1.17 (m, SH). The
analytical data matched previous report of azido folate with C4 azido
linker.”* LRMS: m/z caled for Cp3Hy N, Os [M+H]": 566.3 found
566.6.
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