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Zn?* is involved in a number of biological processes and its wide-ranging roles at the subcellular level,

especially in specific organelles, have not yet been fully established due to a lack of tools to image it

effectively. We report a new and efficient modular double ‘click” approach towards a range of sub-cellular

localised probes for mobile zinc. Through this methodology, endoplasmic reticulum, mitochondria and
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Introduction

Zinc, as the second most abundant d-block metal in the
human body, plays an extremely important role in a wide
range of biological processes, such as brain function and
pathology,"? immune function,>* gene transcription,”® and
mammalian reproduction.” Due to this, problems with zinc
homeostasis are associated with many diseases, including
Alzheimer’s disease,® prostate cancer,”’® type 2 diabetes,""
and ischemic stroke.'> Though most of the zinc is in bound
forms, there exist mobile pools of zinc that play a critical role
in a range of cellular processes and its biological trafficking
and control is performed by a complex array of transporter
proteins.’®'* Variation in these tightly regulated mobile zinc
levels adversely affects a number of cellular processes. For
example, it is known that the dysregulation of zinc transpor-
ters or zinc deficiency in the endoplasmic reticulum (ER)
causes ER stress and this activates the unfolded protein
response (UPR).">" In addition, Zn** is closely associated
with the mitochondrial respiratory chain and this organelle is
also involved in intracellular Zn** transportation and
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lysosome localised probes were successfully prepared which show good fluorescence responses to
mobile Zn>* in vitro and in cellulo whilst a non-targeting probe was synthesized as a control. The meth-
odology appears to have wide-utility for the generation of sub-cellular localised probes by incorporating
specific organelle targeting vectors for mobile Zn?* imaging.

storage.'®2° The influx of hydrogen peroxide also results in a

rapid release of Zn®>" that accumulates in the lysosome,
causing lysosomal membrane permeabilization (LMP)*' indu-
cing hippocampal neuronal death, which is related to various
neurodegenerative diseases.®* Therefore, a comprehensive
understanding of the distribution, uptake and trafficking of
mobile Zn>" in biological systems, especially at the sub-cellular
level is essential for the development of a fundamental under-
standing of its role in the array of biological processes it is
associated with.

Small molecule fluorescent probes have many advantages
as tools to image mobile zinc such as their high sensitivity and
selectivity, low toxicity, and good photophysical properties.
Consequently they have been widely used to investigate bio-
logical events involving mobile zinc.>*">” However, a failure to
control the probes’ sub-cellular location limits their utility
somewhat. In the last decade, there have been extensive efforts
in the development of probes to detect mobile zinc in specific
cellular space, such as the extracellular plasma
membrane,*®*' mitochondria,**"** lysosome,***° ER***" and
the Golgi apparatus.*>*® Whilst some success has been
achieved through adventitious localisation, probe localisation
in specific organelles through the inclusion of targeting
vectors has proven to be the most effective and reliable strat-
egy. For example, the triphenylphosphonium salt (TPP)****%>
has been demonstrated to target the mitochondria effectively,
whilst basic ethylenediamine®® or morpholine***°*® groups
have been used to target lysosomal space. Whilst this strategy
has not been as widely explored in ER-localized fluorescent
Zn*" probes a number of recent reports have appeared in
which the methyl sulfonamide group has been used as a tar-
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Fig. 1 The ‘top to bottom’ methodology originally reported.>*>?

geting unit to visualize hydrogen peroxide,”” methylglyoxal,*®
hypochlorite’® and hydrogen sulfide®® in the ER.

Previously we have reported a modular ‘click’ synthetic
methodology to produce an array of fluorescent probes for
imaging of zinc at specific cellular targets (see Fig. 1),°"°>
whilst others have also used ‘click’ methodology to good effect
in naphthalimide-based probes.”*** However, this method-
ology, based on a ‘top to bottom’ double click process can be
hampered somewhat by the final synthetic step, which can be
a slow, moderately low yielding reaction and can also lead to
the unwanted formation of an aniline by-product that is
difficult to remove. This is unattractive if the targeting unit is
either expensive or requires complex multi-step synthesis.
Therefore, we sought to develop an alternative approach to
ameliorate these issues and were attracted by a modular strat-
egy involving a ‘bottom to top’ double click reaction method-
ology, which would have the advantage that high value orga-
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nelle targeting vectors could be introduced in the last synthetic
step, which is generally fast and high yielding.

Results and discussion
Synthesis and characterisation

The precursors 1,°> 2,°° 4,°” 5°' 6°' were all synthesized
according to reported procedures. The conversion of azide 1,
to alkyne 3 (Scheme 1), was performed in a one-pot reaction
because the intermediate formed after the ‘click’ reaction
could not be readily extracted from the aqueous layer. It
proved expedient to simply follow this step by the direct
addition of propargylamine to the reaction mixture to give 3 in
a moderate yield. With alkyne 3 and the range of different
organelle targeting azides 4-6 in hand, the top ‘click’ reactions
were performed successfully in moderate to good yields to
produce the different organelle targeting probes 7-9. As a
control, the non-targeting probe 10 (R* = Et) was also prepared
as reported in 93% yield.”® All products were satisfactorily
characterized by "H, *C NMR and IR spectroscopies as well as
high-resolution mass spectrometry (see ESI).

Photophysical properties

Fluorescence titrations of the different probes with Zn>" were
undertaken to show their Zn>* response. As shown in Fig. 2,
addition of Zn>" results in the fluorescence intensity of probe
7 increasing gradually, until a maximal 10-fold increase was
observed; a similar response was observed in the other three
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Scheme 1 a) The new ‘bottom to top’ modular synthetic route towards the sub-cellular targeting Zn®* probes; (b) the structures of ER probe (7),

mitochondria probe (8), lysosome probe (9) and non-targeting probe (10).
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Fig. 2 (a) The fluorescence response of 7 (50 pM) to different equivalents of ZnCl,; (b) the pH profile of 7 (50 uM, black dots) and its complex with
1 equivalent Zn* (red dots); (c) metal ion selectivity of 7. Average normalized fluorescence intensities for 7 (50 uM) (black bars), after addition of 5
equivalents of various cations (red bars), followed by addition of 1 equivalent ZnCl, (blue bars). (For all tests, the solution is 0.01 mM HEPES buffer
with 1% DMSO, pH = 7.4 except pH profile, Aex = 346 NM, dem = 414 nm, slit width: 5/2.5 nm.)

probes (shown in Fig. S5-S7, ESIf). The Job’s plots of the
probes (Fig. S8-S11, ESIf) revealed the expected 1:1 binding
stoichiometry with Zn>". Dissociation constants, Ky, were eval-
uated from non-linear curve fitting analysis (Fig. S12-515,
ESIT) of the data obtained from the fluorescence titrations of
different concentration probes in a competitive system with
EGTA (ethylene glycol-bis(f-aminoethyl ether)-N,N,N',N'-tetra-
acetic acid) and the results given in Table S1.1 The best fitting
for all probes was observed at 0.01 pM and Kq4 values were
determined to be 2.83 + 0.11 nM for 7, 3.44 + 0.22 nM for 8,
3.68 + 0.26 nM for 9 and 3.24 + 0.20 nM for 10, which are con-
sistent and comparable to reported values for this chelate.?*>°
The detection limit was calculated based on the fluorescence
titration data through the method reported®>®! and was deter-
mined to be 48 pM for 7, 99 pM for 8, 51 pM for 9 and 47 pM
for 10.

The fluorescence quantum yield was measured using
anthracene as a standard (& = 0.27 in ethanol) and linear plots
of probes 7-10 and their complexes with one equivalent of
Zn>" are shown (Fig. S20-S23, ESI). The calculated quantum
yields are listed (Table S2, ESIf) and shows that the targeting
units reduce the probes’ quantum yields significantly, com-
pared to that of 10, with no targeting unit, presumably due to
the increased access to non-radiative pathways that are avail-
able in the larger molecular structures.

The pH-dependent fluorescence response was measured to
show that all probes have fluorescence responses to Zn>" in
the biologically relevant pH range. As shown in Fig. 2b, probe
7 shows a good switch on response to Zn>" over a wide pH
range 3.0-10.0, the same results were broadly observed for
probes 8-10 (Fig. S24-S26, ESIt), as expected due to the identi-
cal metal-chelating motif. The fluorescence intensity of all
probes increased in an acidic environment, however, com-
pared to the other three probes, 7 and its complex were signifi-
cantly brighter. Sessler et al. explained this behaviour based
on a PET mechanism,*® however Veale and Gunnlaugasson
have previously suggested that this is unlikely because the PET
quenching from groups connected via the imide moiety is nor-
mally prevented.®” It therefore seems more likely that the
differences in emission observed at different pH values are

This journal is © The Royal Society of Chemistry 2019

due to the presence of different species formed by the protona-
tion of the tertiary amine or by the deprotonation of co-
ordinated water. Given the range of pH observed in different
organelles and the cytoplasm (i.e. the pH is about 7.2 in ER
and cytoplasm, 8 in the mitochondria and around 5 in the
lysosome), all probes should display a response to mobile Zn>*
in cellulo. By integrating the intensity of the fluorescence emis-
sion spectra against pH (Fig. S27-S30, ESIf) for different
probes their apparent pK, values were determined through
non-linear curve fitting (eqn (S4), ESIT).

The selectivity of probes 7-10 was investigated in the pres-
ence of a range of other biologically relevant cations. From
Fig. 2c and Fig. S31-S33 (ESI}), it can be seen that all probes
display similar behaviour, which is to be expected given they
contain the same metal binding motif. The fluorescence did
not show an obvious increase after addition of 5 equivalents of
other cations, except for the stereoelectronic isostere Cd*",
which is not concerning since it is not a biologically relevant
analyte. Subsequent addition of 1 equivalent of Zn>" resulted
in recovery of a fluorescence response for most cations,
however for Co*', Cu®*" and Ni*" fluorescence was still
quenched, but as they essentially exist in bound forms in
biology, rather than the free cations tested here, this should
not be problematical. Therefore, the results above
suggest that all probes should have a selective response to
mobile Zn>" in celluo.

NMR titration of 10 with Zn>*

In order to study the binding behaviour between 10 and Zn*",
a 'H NMR titration with different equivalents Zn>* was per-
formed (see Fig. S34, ESIf). From Fig. 3 and Fig. S35
(see ESIf), it can be seen that protons H., are largely
unaffected, while Hy,, Hy and H;; have significant
downfield shifts after binding with Zn*', this indicates that
the ligand N,N-di-(2-picolyl)ethylenediamine (DPEN) and
the triazole are involved in metal binding. This result is con-
sistent with the behaviour observed by single crystal X-ray diffr-
action in related structures®®! as well as recent DFT
calculations.>

Org. Biomol. Chem., 2019, 17, 10013-10019 | 10015
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Fig. 3 The aromatic region of the *H NMR spectra of probe 10 (5 mM)
with different equivalents of ZnCl, in CDzOD.

DFT calculations

In addition to the 'H NMR titration, DFT calculations were
also undertaken to study the association between probes and
Zn>". The optimised structures of the complexes of 7-10 with 1
equivalent Zn>" (Fig. S36-S39, ESIf) also show the nitrogen
atoms in the triazoles adjacent to the DPEN ligand are
involved in binding with Zn>', in addition to those of the
DPEN ligands.

TDDFT studies were also undertaken to understand the
excitation and emission profiles of probes 7-10. The results of
calculated absorption energy from ground state S, to the
excited state S;, and the emission energy were in agreement
with the experimental data (Tables S3-S6, ESIf). There was
also nearly no difference among the different probes, showing
that the targeting groups have negligible effects on the Zn>*
association and photophysical properties, other than quantum
yields, which is consistent with the experimental data above.

In keeping with our previous reports,>>®® the S;-S, electron
density transition (Fig. S40-S43, ESIt) of all probes is mainly
localised on the naphthalimide moiety and the vicinal triazole,
and there is only a slight decrease of electron density on the
triazole when it is involved in complex formation and the oscil-
lator strength is not significantly affected. Therefore, the
enhancement of emissive behaviour of the complexes should
be related to a reduced decay through nonradiative pathways
after complexation with Zn>". The stabilisation of the complex
hinders large amplitude vibrations in the vicinity of the fluoro-
phore hampering the access to nonradiative mechanisms and
increasing the quantum yield of emission. The restriction of
intramolecular rotations can also hinder the access to low
energy conical intersections associated with ultrafast decay to
the ground state. The role of these mechanisms in contrast to
PET has recently been highlighted in the literature.®®%”

Subcellular localisation studies

As probes 7-10 show excellent photophysical properties
in vitro, we assessed their suitability for imaging Zn** in
cellulo. Firstly, the innate toxicity of all probes was measured

10016 | Org. Biomol. Chem., 2019, 17, 1001310019
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Probe 7 ER-Tracker Red Merge Scatter Plot

Probe 8 Mito-Tracker Red Merge Scatter Plot

Probe 9
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Fig. 4 The colocalization images of Hela cells incubated with 7-9
(20 uM, GFP filter: lex = 470/30 nm, Aem = 530/50 nm) and commercial
organelle tracker red dyes (RFP filter: iex = 530/40 nm, Aem = 605/
55 nm). (Scale bars = 20 pm.)

through an alamarBlue cell viability assay. After 24 hours’
incubation with probes 7-10, the HeLa cells’ viability
(Fig. S44-S47, ESIt) did not show an obvious decrease with
increasing probe concentration from 0 to 50 pM, indicating
that the probes have no toxicity to cells.

Co-localisation experiments were undertaken to confirm
the probes’ subcellular targeting ability. HeLa cells were co-
incubated with probes and organelle tracking dyes, as shown
in Fig. 4, probe 7 has an excellent co-localisation with ER-
tracker red with a Pearson’s correlation coefficient of 0.88, and
its dispersion in the ER and other organelles (Fig. S48, ESIf)
compares well with recent reports.*® Probes 8 and 9 also dis-
played good co-localisation with Mito-tracker red and Lyso-
tracker red (Pearson’s coefficients of 0.93 and 0.86 respectively,
see Fig. 4 and Fig. S49, S50, ESIT). In contrast, control probe
10, which has no targeting group, was widely distributed in all
three organelles (Fig. S51, ESIf). Therefore, we can conclude
that probes 7-9, which incorporate different organelle target-
ing groups, have the expected organelle localisation ability.

Zn** fluorescence response in cells

As all probes displayed organelle targeting behaviour, their
fluorescence response to increased levels of cellular Zn>* was
measured. As shown in Fig. 5a, the fluorescence of probe 7 in the
ER can be observed, and after the addition of zinc pyrithione, a
membrane permeable zinc source, the fluorescence intensity
increased considerably. However, the addition of N,N,N',N-tetra-
kis(2-pyridinylmethyl)-1,2-ethanediamine (TPEN), a strong chela-
tor of mobile Zn**, caused almost complete quenching of the
fluorescence. Similar results were obtained for probe 8-10
(Fig. S52-S54, ESIY), indicating that all probes display a clear fluo-
rescence response to mobile Zn** in cells and the fluorescence
intensity read from the cells for each probe is shown in Fig. 5b.

This journal is © The Royal Society of Chemistry 2019
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Fig. 5 (a) Fluorescence microscopy images of Hela cells treated with 7
(20 pM), 7 (20 pM) with zinc pyrithione (100 pM), and 7 (20 pM) with TPEN
(100 pM) (scale bars = 20 pm); (b) the fluorescence intensity (F) of probes
in Hela cells with zinc pyrithione (red bars) or TPEN (blue bars) relative to
the intensity of the probe alone (Fq, black bars, normalised to 1).

Conclusions

In conclusion, we have developed a new modular ‘bottom to
top’ click approach to synthesize subcellular localised probes
by incorporating organelle targeting vectors in the last step
click reaction, which is an effective and efficient method to
prepare an array of different organelle targeting Zn>* probes.
Three probes 7-9 have been successfully prepared through this
approach, and have been proven to localise in the ER, mito-
chondria and lysosome, and all display a good fluorescence
response to Zn>" in vitro and in cellulo. We believe that these
probes have significant potential to be applied in the imaging
of mobile Zn>" related biological processes in these organelles
and that through this method, other sub-cellular targeting
mobile Zn** probes can be developed to satisfy the imaging
demands of other specific cellular locations.

Experimental

6-(4-((Bis( pyridin-2-ylmethyl Jamino)methyl}-1H-1,2,3-triazol-1-yl)-
2-(prop-2-yn-1-yl)-1H-benzo[delisoquinoline-1,3(2H)-dione (3)

Under a nitrogen atmosphere, azide 1 (120 mg, 0.500 mmol),
alkyne 2 (119 mg, 0.500 mmol), and tetrakis(acetonitrile)
copper(i) hexafluorophosphate (55.9 mg, 0.150 mmol), were
added to a mixture of 1-methyl-2-pyrrolidinone (NMP, 2.0 mL)
and EtOH (2.0 mL). The flask was covered with aluminium foil

This journal is © The Royal Society of Chemistry 2019
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and the mixture was stirred at room temperature for 24 h, after
the starting materials were consumed, the propargylamide
(45.0 pL, 0.700 mmol) was added and the mixture was stirred
at room temperature for 16 hours. After the reaction was com-
plete, saturated EDTA in 17% NH;-H,O (50.0 mL) was added and
the precipitate was collected by filtration, washed with water
(30.0 mL). The crude product was purified by column chromato-
graphy on silica gel (eluent CH,Cl,: MeOH = 20:1) to give 3
(131 mg, 51%) as a brown oil. '"H NMR (400 MHz, CDCl;) &
8.79-8.73 (m, 2H), 8.57 (d, 2H, J = 4.2), 8.32 (dd, 1H, J = 8.6, 0.9),
8.17 (s, 1H), 7.88-7.82 (m, 2H), 7.72-7.66 (m, 2H), 7.63-7.57 (m,
2H), 7.21-7.15 (m, 2H), 5.00 (d, 2H, J = 2.4), 4.09 (s, 2H), 3.97 (s,
4H), 2.23 (t, 1H, J = 2.4). "*C NMR (101 MHz, CDCl;) § 163.0,
162.5, 159.0, 149.3, 145.1, 138.8, 136.8, 135.8, 132.7, 131.2, 130.3,
129.3, 128.7, 126.6, 125.8, 123.6, 123.5, 122.7, 122.4, 78.3, 71.0,
59.9, 48.6, 29.8. IR: (Vma/cm™ ') 1744, 1707, 1665, 1581, 1483,
1378, 1232, 1040, 845, 782, 754. HR-NSI MS (m/z) [M + Na]" caled
for C3oH,3N,0,Na 536.1805, found 536.1796.

General procedure of top click reaction

Under an atmosphere of nitrogen, alkyne 3 (51.4 mg,
0.100 mmol) and azide 4-6 (0.100 mmol) were dissolved in the
mixture of NMP (1.0 mL) and EtOH (1.0 mL), tetrakis(aceto-
nitrile)copper(i) hexafluorophosphate (7.5 mg, 0.020 mmol)
was added. The mixture was stirred at room temperature for
24 hours. After the reaction had finished, saturated EDTA in
17% NH;3-H,O (10.0 mL) was poured into the mixture and the
precipitate that formed was collected by filtration, and washed
with water (30.0 mL). The crude product was purified by flash
chromatography on silica gel (eluent: CH,Cl,/MeOH 20:1) to
give product 7-9 as brown solids.

N-(2-(1-((6-(4-((Bis( pyridin-2-ylmethyl Jamino)methyl)-1H-1,2,3-
triazol-1-yl)-1,3-dioxo-1H-benzo[ delisoquinolin-2(3H)-yl)
methyl)-1H-1,2,3-triazol-4-yl)ethyl)-4-
methylbenzenesulfonamide (7)

(67.1 mg, 89%, M.p. 103-107 °C). "H NMR (400 MHz, CDCl;) §
8.72-8.67 (m, 2H), 8.55 (d, 2H, J = 4.1), 8.28 (d, 1H, J = 7.8),
8.17 (s, 1H), 7.85-7.78 (m, 2H), 7.72-7.65 (m, 5H), 7.63-7.59
(m, 2H), 7.29 (d, 2H, J = 8.0), 7.21-7.15 (m, 2H), 5.50 (s, 2H),
5.18-5.09 (m, 1H), 4.45-4.38 (m, 2H), 4.08 (s, 2H), 3.96 (s, 4H),
3.51-3.45 (m, 2H), 2.41 (s, 3H). >C NMR (101 MHz, CDCl;) §
163.4, 162.9, 159.1, 149.2, 145.0, 143.8, 143.2, 138.5, 136.9,
136.8, 132.5, 131.1, 130.1, 129.9, 129.0, 128.6, 127.1, 126.3,
125.8, 124.9, 123.6, 123.5, 123.3, 122.6, 122.4, 59.9, 50.3, 48.6,
42.7, 35.4, 21.6. IR: (vmad/em™') 3073, 1704, 1662, 1589,
1432, 1329, 1233, 1157, 1041, 996, 786, 660. HR-NSI MS (m/z)
[M + H]' caled for C30H36N110,S 754.2667, found 754.2662.

(4-(1-((6-(4-((Bis( pyridin-2-ylmethyl)amino)methyl )-1H-1,2,3-
triazol-1-yl)-1,3-dioxo-1H-benzo[ delisoquinolin-2(3H)-yl)
methyl)-1H-1,2,3-triazol-4-yl)butyl)triphenylphosphonium
tetrafluoroborate (8)

(130 mg, 68%, M.p. 131-135 °C). 'H NMR (400 MHz, CDCl;)
5 8.58-8.50 (m, 2H), 8.47 (d, 2H, J = 4.3), 8.22 (s, 1H), 8.17 (d,
1H, J = 8.5), 7.78-7.74 (m, 2H), 7.72-7.57 (m, 20H), 7.15-7.07

Org. Biomol. Chem., 2019, 17, 10013-10019 | 10017
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(m, 2H), 5.34 (s, 2H), 4.34 (t, 2H, J = 6.3), 4.01 (s, 2H), 3.90 (s,
4H), 3.35-3.24 (m, 2H), 2.17-2.04 (m, 2H), 1.62-1.49 (m, 2H).
3C NMR (101 MHz, CDCl;) 6 163.3, 162.7, 159.0, 149.0, 145.1,
143.3, 138.4, 136.7, 135.1 (d, J = 2.8), 133.4 (d, J = 10.0), 132.3,
131.0, 130.5 (d, J = 12.6), 129.9, 129.0, 128.4, 126.3, 125.8,
123.6, 123.5, 123.4, 123.3, 122.6, 122.2, 117.8 (d, J = 85.8), 59.8,
53.5, 48.6, 35.5, 29.9 (d, J = 17.3), 21.1 (d, J = 53.5), 19.2. *'P
NMR (162 MHz, CDCl;) § 23.91. '°F NMR (377 MHz, CDCl;) §
—151.75. IR: (Umax/cm ™) 3067, 1738, 1585, 1436, 1366, 1232,
1112, 1037, 785, 689. HR-NSI MS (m/z) [M — BF,]" caled for
Cs,H46N100,P 873.3537, found 873.3544.

2-(1-((6-(4-((Bis( pyridin-2-ylmethyl)Jamino)methyl)-1H-1,2,3-
triazol-1-yl)-1,3-dioxo-1H-benzo[delisoquinolin-2(3H)-yl )methyl )-
1H-1,2,3-triazol-4-yl)-N-(2-(dimethylamino)ethyl Jacetamide (9)

(92.4 mg, 90%, M.p. 113-117 °C). "H NMR (400 MHz, CDCl;) 6
8.71-7.64 (m, 2H), 8.53 (d, 2H, J = 4.7), 8.26 (d, 1H, J = 8.6),
8.17 (s, 1H), 7.86 (s, 1H), 7.83-7.76 (m, 2H), 7.70-7.63 (m, 2H),
7.59 (d, 2H, J = 7.8), 7.18-7.12 (m, 2H), 6.70-6.58 (bs, 1H), 5.52
(s, 2H), 5.00 (s, 2H), 4.06 (s, 2H), 3.94 (s, 4H), 3.32-3.23 (m,
2H), 2.34 (t, 2H, J = 6.1), 2.13 (s, 6H). >’C NMR (101 MHz,
CDCl3) 6 165.1, 163.3, 162.8, 159.0, 149.2, 145.0, 143.6, 138.5,
136.6, 132.4, 131.0, 130.0, 129.1, 128.5, 126.3, 125.7, 125.1,
123.4 (overlapping signals), 122.6, 122.2, 59.8, 57.4, 52.9, 48.5,
45.0, 37.2, 35.4. IR: (vma/em™') 3128, 1610, 1551, 1473, 1428,
1366, 1231, 1038, 810, 782. HR-NSI MS (m/z) [M + H]" calced for
C36H3,N;,0; 685.3106, found 685.3104.

6-(4-((Bis( pyridin-2-ylmethyl Jamino)methyl)-1H-1,2,3-triazol-1-
yl)-2-ethyl-1H-benzo[delisoquinoline-1,3(2H)-dione (10)

Under a nitrogen atmosphere, 4-azido-N-ethyl-1,8-naphthali-
mide S5 (0.160 g, 0.62 mmol) and alkyne 2 (0.150 g,
0.62 mmol) were dissolved in a mixture of NMP (6.2 mL) and
EtOH (6.2 mL). To this mixture tetrakis(acetonitrile)copper(i)
hexafluorophosphate (45.0 mg, 0.12 mmol) was added and
stirred at room temperature for 24 hours. After the reaction
was complete, saturated EDTA in 17% NH;3-H,O (20.0 mL) was
poured into the mixture and the precipitate that formed was
collected by filtration, then washed with water (30.0 mL). This
crude product was purified by flash chromatography (eluent:
DCM/MeOH 20: 1) to give 10 (0.290 g, 93%, M.p. 93-97 °C) as
a brown solid. "H NMR (400 MHz, CDCl;) & 8.67-8.60 (m, 2H),
8.48 (dd, 2H, J = 4.9, 0.8), 8.19 (dd, 1H, J = 8.6, 1.0), 8.11 (s,
1H), 7.78-7.71 (m, 2H), 7.65-7.58 (m, 2H), 7.54 (d, 2H, J = 7.8),
7.13-7.07 (m, 2H), 4.20 (q, 2H, J = 7.1), 4.01 (s, 2H), 3.89 (s,
4H), 1.29 (t, 3H, J = 7.1). ">C NMR (101 MHz, CDCl;) § 163.4,
162.9, 158.9, 149.1, 144.9, 138.2, 136.6, 132.0, 130.6, 129.5,
128.9, 128.5, 126.3, 125.7, 125.5, 123.7, 123.4, 122.9, 122.2,
59.8, 48.4, 35.7, 13.3. IR: (vma/em™ ') 3196, 1703, 1611, 1551,
1473, 1427, 1365, 1230, 1119, 1037, 950, 726. HR-NSI MS (m/z)
[M + H]" caled for C,oH,6N;0, 504.2142, found 504.2134.
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