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A new method involving rapid flow of ligand solutions through a cartridge loaded with crystalline sodium diethylzinc
hydride and subsequent isolation of three Zn–hydroxyquinoline complexes is described. The rapid-flow approach
allowed the pyrophoric starting material to be used outside of the glovebox atmosphere and enabled fast mixing with
ligand solutions for zinc complexation in seconds. The identity of all complexes was established by proton (1H) and
carbon (13C) nuclear magnetic resonance (NMR) spectroscopy and single crystal X-ray diffraction.
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Disodium bis(hydridodiethylzincate), Na2(HZnEt2)2 (1), was
synthesized by Lennartson and coworkers by a reaction
between sodium and diethylzinc [1]. The μ3-hydride in the final
product is derived from the β-elimination that results in the
partial decomposition of ZnEt2. While 1 reacts violently with
water and air, little else is known about its reactivity. The
structure of this compound suggests its potential use as a source
of zinc and/or as a base (Figure 1). Lennartson et al. proposed
that 1 could be used as a precursor to novel zinc complexes, but
to our knowledge, such reactions have not been demonstrated
thus far.
Complexes of Zn2+ ion with chelating ligands derived from

8-hydroxyquinoline are used as fluorophores for electrolumi-
nescent (EL) devices and as catalysts for ring-opening polymer-
izations (ROPs) [2]. The synthesis of these materials is often
accomplished using common zinc salts such as Zn(OAc)2, but
reactions that start with Zn(t-Bu)2 and ZnEt2 are also known
[3–5]. Tuning the properties of fluorophore or catalyst is accom-
plished via ligand modification [4, 6]. Although current syn-
thetic methods are simple and straightforward, new synthetic
approaches that offer faster reactivities, as well as potential access
to new complexes, could advance and accelerate the discovery of
more efficient fluorophores and catalysts.
We and others have recently demonstrated the effectiveness

of flow-chemistry approaches to inorganic reactions [7, 8].
Nevertheless, the application of flow-chemistry techniques to the
synthesis of transition metal complexes remains rather limited.
Taking into account the high reactivity of 1, we hypothesized that
the reaction of ligand solutions with this precursor could quickly
produce the desired zinc hydroxyquinolinates. Moreover, such
syntheses could be performed outside of a glovebox by using our
flow chemistry approach. To test this hypothesis, we carried out in-
flow reactions between 1 and 8-hydroxyquinoline, 2-methyl-8-
hydroxyquinoline, and 2,7-dimethyl-8-hydroxyquinoline, which
led to new zinc complexes 2, 3, and 4, respectively (Scheme 1).
It has been demonstrated that flowing precursor solutions

through packed beds of solid reactants provide rapid mixing and
enhanced surface contact, which accelerates the reaction. Others
have utilized flow-based systems in order to gain access to species
that cannot be made in flasks due to their high reactivity or short
lifetimes [9, 10].
We envisioned that the reactivity of 1 may be more easily

controlled in a cartridge or packed bed, where the ligand solution

can be quicklymixedwith the zinc source, filtered, and flowed into
collection vials while any gas produced from the reaction can be
vented through a needle. From our experience with flow chemistry
and packed-bed reactors [7, 8], we have conceived a new way to
utilize the solid air/moisture-sensitive zinc source outside of the
glovebox (Figure 2). To this effect, we constructed a cartridge from
two Luer adaptable three-way stopcocks (Aldrich), two Wizard®
mini columns (Promega Corp.) to filter and keep the solids within
the cartridge during synthesis, and a 2-cm section of perfluoroal-
koxy (PFA) tubing (dimensions can be altered if a scale-up is
needed). The cartridges were loaded with the pyrophoric starting
material within a glovebox, sealed, and removed to perform the
reactions. Solutions of the ligands in tetrahydrofuran (THF) were
passed through the cartridge from the top down (see Video 1 in
Supporting Information). The solid zinc source was readily con-
sumed yielding bright yellow to orange solutions at the outlet.
Isolation of the product under inert conditions was achieved by
connecting the outlet of the cartridge to 7 mL glass vials with
silicone septa using a short piece of PFA tubing and a needle. A
nitrogen gas line was connected to the collection vial along with a
small needle to relieve any pressurewithin the system. The product
solutions, diluted to various concentrations, were used to grow
single crystals by slow evaporation or by diffusion of a precipitat-
ing solvent.
The crystal structures of complexes 2–4 were determined by

single-crystal X-ray diffraction. The crystal structure analysis

Figure 1. Molecular structure of 1, highlighting potential reactive
sites

Scheme 1. General scheme for the reaction of 1 with 8-hydroxyquino-
lines to produce 2–4
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confirmed the formation of zinc 8-hydroxyquinolinates. Inter-
estingly, reactions with different ligands resulted in structur-
ally different zinc complexes. Complex 2 with unsubstituted
8-hydroxyquinolinate contains octahedrally coordinated Zn2+

ion, while complexes 3 and 4 with mono- and bis-methylated
8-hydroxyquinolinates, respectively, contain Zn2+ ions in tet-
rahedral coordination. Moreover, one of the ethyl ligands of
precursor 1 is preserved in the structure of product 3, thus,

suggesting that the rate of the precursor's reactivity differs
depending on the ligand used in the flow reactor.
The reaction between 1 and 8-hydroxyquinoline results in the

deprotonation of the ligand and the formation of complex 2
(Figure 3). Its structure includes two Zn2+ ions, each chelated
by three 8-hydroxyquinolinate ligands, which provide the octa-
hedral coordination environment. The two tris-chelated Zn units
are bridged into a tetranuclear complex by two THF-coordi-
nated Na+ ions. Besides being coordinated by a THF molecule,
each Na+ ion also binds to four O atoms of the 8-hydroxyqui-
nolinate ligands, two from each Zn2+ ion. This binding results
in a square-pyramidal coordination around each Na+ ion, with
the O atom of THF residing in the equatorial plane. The core of
the cluster can be viewed as two ZnNa2O4 defective-cubane
units that share the Na2O2 face. The two halves of the complex
are related by an inversion operation that appears in the center
of the Na2O2 face. It appears that the bridging of two tris-
chelated Zn2+ ions by Na+ ions provides electroneutrality,
which might facilitate the crystallization of 2 from the THF
solution. We note that other heterobimetallics containing alkali
metal ions have been previously reported, showing great poten-
tial as catalysts [11]. Examination of the photophysical proper-
ties revealed a λmax of 523 nm and a fluorescence quantum
yield of 5.2 % in the solid state (S.I. Table S1) suggesting
potential for application of 2 in new EL devices or materials.
The flow reaction of 2-methyl-8-hydroxyquinoline with 1 also

leads to a tetranuclear complex with two Zn2+ and two Na+ ions.
In contrast to 2, however, each Zn2+ andNa+ ion is chelated by one
2-methyl-8-hydroxyquinolinate ligand (Figure 4). Each O atom of
the ligand coordinated to a Na+ ion acts as a bridge toward one of
the Zn2+ ion, while the O atom of the ligand coordinated to a Zn2+

ion acts as a bridge toward both Na+ ions. The tetrahedral coordi-
nation environment of the Zn2+ ion is completed by one ethyl
group, while coordination of a THF molecule results in each Na+

ion being five-coordinate. Calculation of the Addison parameter
(τ) [12] resulted in a value of 0.24, indicating square-pyramidal

Figure 2. Crystalline compound 1 prior to loading into the cartridge (a),
a loaded and sealed cartridge (b), and the scheme of the flow reactor (c)

Figure 3. Crystal structure of 2 (50% probability ellipsoids, hydrogen
atoms and interstitial THF molecules omitted for clarity). Selected bond
lengths (Å) and angles (°): Na1–O1: 2.278(3), Na1–O2: 2.298(3),
Na1–O3: 2.414(3), Na1–O4: 2.349(3), Zn1–O1: 2.063(3), Zn1–O2:
2.104(2), Zn1–O3: 2.058(2), Zn1–N1: 2.190(3), Zn1–N2: 2.168(3),
Zn1–N3: 2.242(3); O3–Zn1–O1: 97.2(1), O3–Zn1–O2: 87.19(9),
O3–Zn1–N2: 158.6(1), O2–Zn1–N2: 78.1(1), O1–Na1–O2: 113.6(1),
O1–Na1–O4: 96.0(1), O2–Na1–O4: 92.6(1)

Figure 4. Crystal structure of 3 (50% probability ellipsoids, hydrogen
atoms omitted for clarity). Selected bond lengths (Å) and angles (°):
Zn1–O2: 1.982(1), Zn1–C1: 1.984(2), Zn1–O1: 2.043(1), Zn1–N1: 2.098(1);
C1–Zn1–N1: 126.39(6), O2–Zn1–N1: 102.05(5), O2–Zn1–O1: 90.03(5),
O2–Zn1–C1: 118.92(6), C1–Zn1–N1: 127.41(6), O1–Zn1–N1: 81.63(5),
O2–Na1–O3: 117.90(5), O2–Na1–N2: 69.16(5), O3–Na1–N2: 96.86(5),
O2–Na1–O1: 71.58(4), O2–Na1–O1: 71.58(4), O3–Na1–O1: 110.81(5),
N2–Na1–O1: 139.27(5)
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coordination around each Na+ ion. Others have synthesized zinc
complexes with a coordinated ethyl group in order to elucidate
catalysis for ROPs of lactides [13, 14]. This ethyl group in our
complex is highly reactive and may also be useful for post-syn-
thetic modification, allowing for the addition of other functional
moieties in the structure.
The change from the octahedral coordination of the Zn2+ ion

in 2 to the tetrahedral coordination in 3 might be partially
attributed to the steric effect of the methyl substituent on the
2-methyl-8-hydroxyquinolinate ligand in complex 3. To probe
the steric effects further, we performed a flow reaction between
2,7-dimethyl-8-hydroxyquinoline and 1. This reaction resulted
in simple mononuclear complex 4, in which the Zn2+ ion is
tetrahedrally coordinated by two chelating 2,7-dimethyl-8-
hydroxyquinolinates (Figure 5). Thus, the steric effects are
indeed important in dictating the resulting structures of Zn
complexes with ligands derived from 8-hydroxyquinoline. The
bulkier ligand in 4 also prevented additional coordination of
Na+ ion(s). The tetrahedral structure of 4 is highly distorted,
with a large deviation of the bond angles at the Zn2+ center from
the ideal tetrahedral values.

Conclusions

A new rapid-flow method for reacting air-sensitive solid zinc
sources with ligand solutions has been presented. Complex

formation and collection are achieved in seconds. Two new
NaZnQn complexes and one ZnQn complex have been identified
which may be useful supramolecular building blocks or starting
materials, catalysts of ring-opening polymerization of lactide, and
components of EL devices. Further efforts are underway to fully
characterize and elucidate the photophysical and catalytic proper-
ties of these new complexes. This work demonstrates that car-
tridges of air sensitive materials can be used in flow to realize
rapid synthesis of novel complexes outside of a glovebox. While
we recognize that the next generation of this effort will be to
create an end-to-end process whereby use of a glovebox is
avoided entirely, the flow chemistry tools necessary to synthesize
zincate 1 are yet to be realized and represent a future challenge.
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