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Encapsulation of the vanadium substituted Keggin
polyoxometalates [α-PVW11O40]

4− and
[α-PV2W10O40]

5− in HKUST-1†

José C. Orozco,a Damola T. Shuaib,a LaSalle Swenson,a Ying-Pin Chen,b

Yu-Sheng Chenb and M. Ishaque Khan *a

Two POM@MOF hybrid materials composed of a copper-based metal–organic framework (MOF)

[Cu3(C9H3O6)2(H2O)3]n (HKUST-1) encapsulating vanadium-substituted Keggin polyoxometalates (POM),

[α-PVW11O40]
4− (PVW11) and [α-PV2W10O40]

5− (PV2W10), were prepared and characterized.

PVW11@HKUST-1 and PV2W10@HKUST-1 were synthesized hydrothermally by self-assembly of HKUST-1

in the presence of the preformed POMs, [α-PVW11O40]
4− and [α-PV2W10O40]

5−, respectively. The two

POM@MOF composites were characterized by X-ray diffraction, TGA, BET surface area analysis and FT-IR

and Raman spectroscopy. The electronic structure of the POM@MOF materials and their respective con-

stituents is surveyed using solid state UV-vis reflectance spectroscopy. The UV-vis spectra order the oxi-

dizing strength of the POM constituents ([α-PV2W10O40]
5− > [α-PVW11O40]

4−) and reveal the distinct elec-

tronic structure of the POM@MOF materials obtained by synthetic encapsulation of mono- and di-

vanadium substituted Keggin polyoxotungstates in HKUST-1.

1. Introduction

Polyoxometalates (POMs) are transition metal–oxide clusters
composed of (mainly) V, Mo, or W cations bridged by oxide
ions.1–3 POMs contain (electro)chemically addressable redox
centers and absorb in the near-UV.3–5 As active molecular
species, POMs have been applied in a variety of technical
areas, including catalysis,6,7 photocatalysis,4,8 biomedicine,9

magnetism10 and energy storage and conversion.11–18

Technical applications often require or are enhanced by POM
heterogenation. The non-covalent immobilization of POMs in
the pores of metal–organic framework (MOF) materials (desig-
nated POM@MOF) has received much recent attention as a
POM heterogenation strategy.19,20 This approach supports the
active POM constituent in a nanoporous, high surface area,
crystalline functional matrix. Although host–guest interactions
are always present, as a conceptual starting point, the POM
active center may be considered chemically isolated from the

MOF host, making the POM@MOF motif compatible with a
materials design approach based on the physical and chemical
properties of the separate MOF and POM constituents. An
early example combines the pore structure of a Cu/benzene tri-
carboxylate-based MOF with the catalytic activity of a POM
[H3(PW12O40)] to adsorb and subsequently decompose
dimethyl methylphosphonate (a nerve gas mimic) by acid cata-
lyzed hydrolysis.21 Another early example demonstrated cata-
lytic size selectivity for the acid hydrolysis of a series of
esters.22 (Photo)catalytic,20,22,23,28 (photo)electrocatalytic,29,30

and energy storage and conversion23,31 applications are lively
current research areas. Synergistic effects of activity and stabi-
lity are also observed.19–27

The Keggin structure polyoxoanion, (XM12O40)
−δ (M = MoVI

or WVI) (Fig. 1a and b), has been extensively investigated in
homogeneous and heterogeneous (photo)oxidative
catalysis6,32,33 and has received much recent attention as a
supported (photo)electrocatalytic center, including
POM@MOF examples.23,29 Both the Mo and W analogues can
support VV substitution to form vanadium-substituted molyb-
dates and tungstates [(XVnM12−nO40)

−δ (M = Mo, W; n = 1, 2,
3)]. The vanadium addenda have greater oxidizing strength
than either the Mo or W addenda.32,34,35 Vanadium-substi-
tuted POM are active in a variety of oxidation processes23,36–53

and have also been evaluated as electrocatalysts.54 POM@MOF
materials containing Keggin structure POMs have been
reported,25–27 including vanadium-substituted molybdates
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crystallographic data in CIF or other electronic format see DOI: https://doi.org/
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(XVnMo12−nO40)
−δ.20,23,24,55 The MOF HKUST-1 (also known as

MOF-199) is composed of dicopper(II) metal centers joined by
benzene-1,3,5-tricarboxylate linkers (Fig. 1c and d). HKUST-1
contains a 3D porous (9 × 9 Å) network; and cavities (d ∼

1.1 nm) are present at the intersection of pores.56,57 HKUST-1
is a redox-active material,54,58 contains a near-UV (ca. 375 nm)
ligand-to-metal charge-transfer band, and has been investi-
gated as the active component of faradaic supercapacitors.58

The HKUST structure has been synthesized using a variety of
transition metals (e.g., Mo2+, Fe2+, Cr2+, Ni2+, Zn2+),59–63 and
mixed metal analogues have also been reported. A number of
POM@HKUST-1 examples have been reported,23,25–27 includ-
ing, concurrent with the preparation of this manuscript, a
POM@HKUST-1 incorporating the vanadium mono-substi-
tuted phosphotungstate Keggin anion, [α-PV1W11O40]

5−

(PVW11) (designated PVW11@HKUST-1 (1) herein).24 In this
work, we report the synthesis of 1 using tetramethyl
ammonium chloride (TMACl) in place of tetramethyl
ammonium hydroxide (TMAOH), which we also use to encap-
sulate the vanadium di-substituted phosphotungstate Keggin
anion, [α-PV2W10O40]

5− (PV2W10), in HKUST-1 to form
PV2W10@HKUST-1 (2). POM@MOF materials containing
vanadium-substituted Keggin structure molybdates and tung-
states (XVnM12−nO40)

−δ (M = Mo, W) have demonstrated cata-
lytic oxidative activity on a variety of substrates, including
2-chloroethyl ethyl sulfide,64 cyclohexene,65 thiols,66 alco-
hols,67 and ascorbic acid (electrocatalytic).68 Therefore oxi-
dative catalysis is a prospective application of 1 and 2. We also
use UV-vis reflectance spectroscopy to show that the electronic
structures of 1 and 2 appear composite of their constituents.

2. Experimental

Infrared spectra (1% KBr pellet) were recorded using a Thermo
Nicolet NEXUS 470 spectrometer and evaluated using OMNIC
and Origin 9.1 software. Thermogravimetric analysis was per-
formed on a Mettler Toledo SDTA/TGA 851e thermogravimetric
analyzer (TGA) in an inert atmosphere (Ar, 50 mL min−1) with
a heating rate of 5 °C min−1 in the temperature range of
25–800 °C. The resulting TGA curves were processed using
Mettler Toledo’s STARe v10.0 software and Origin 9.1 software.
Raman spectra were recorded using a Renishaw inVia™ con-
focal Raman Microscope (solid sample, λe = 514 nm) equipped
with a CCD camera detector. The spectra were processed using
Renishaw’s Wire3.4 software and Origin 9.1 software.
Elemental analyses were performed by the University of
Illinois (Urbana-Champaign) Microanalysis Laboratory and
Robertson Microlit Laboratories (Ledgewood, NJ). Sample
degassing, surface area measurements, and N2 adsorption/de-
sorption isotherms were measured using a Quantachrome
Instruments NOVA 2200e surface area analyzer. Reflectance
spectra of powdered samples of 1 and 2 were obtained using
an Ocean Optics HR4000 spectrometer controlled by Ocean
Optics Spectra Suite Spectrometer Operating Software and an
in-house constructed dark chamber fitted with a UV–Vis–NIR
light source (Mikropack, DH-2000-BAL). Reflectance was
measured against a Labsphere certified reflectance standard
(USRS-99-010) and is reported as a pseudo-absorbance
obtained by subtracting the reflectance (R) from unity. Single
crystal X-ray data were collected using synchrotron radiation (λ
= 0.41328 Å) at Advanced Photon Source (APS), Argonne
National Laboratory (ANL). Crystals suitable for X-ray diffrac-
tion were mounted on a glass fiber and transferred to a Huber
three-circle diffractometer equipped with a PILATUS3 X 2M
detector. The collected diffraction frames were integrated
using SAINT V8.40B and scaled with a multi-scan absorption
correction.69,70 Crystals of compounds 1 and 2 were kept in a
nitrogen atmosphere at 100 K during data collection. Using
Olex2, the structures were solved with the ShelXT structure
solution program71 with intrinsic phasing method and refined
by full-matrix least-squares on F2 with the ShelXL refinement
package.72 All non-hydrogen atoms were refined
anisotropically.73,74 The crystal data, data collection and refine-
ment parameters are summarized in Table 1. Crystallographic
data are available free of charge from the Cambridge
Crystallographic Data Centre under CCDC 2249036 and
2249037.†

Synthesis of vanadium-substituted phosphotungstates

All reagents were obtained from commercial sources and used
without further purification. We synthesized potassium salts
of the vanadium-substituted Keggin anions [α-PVW11O40]

4−

PVW11 and [α-PV2W10O40]
5− PV2W10. K4[α-PVW11O40]·2H2O was

synthesized by reacting K7PW11O39 with sodium metavanadate
according to a reported procedure75,76 and the purity of the
product was confirmed by Fourier transform infrared (FT-IR)

Fig. 1 Polyhedral representations of the Keggin structure polyoxoa-
nions (a) [α-PVW11O40]

4− and (b) [α-PV2W10O40]
5−. Tungsten-centered

octahedra are represented in yellow and the orange octahedra depict
vanadium substitution. The tetrahedral coordination of the centrally
located phosphorous heteroatom is shown in blue. (c) Ball-and-stick
representation of the dicopper(II) tetracarboxylate building block of the
MOF HKUST-1. (d) HKUST-1 framework viewed along the [100] direction.
The d ∼ 1 nm channels intersect to form pores (d ∼ 1.1 nm) connected
by a 3D network.54 Color code: V orange; W yellow; P indigo; Cu blue; C
black; and O red.
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spectroscopy. 1,2-K5[α-PV2W10O40] was prepared using a
reported procedure.77

Synthesis of POM@MOF materials

Synthesis of PVW11@HKUST-1 (1). K4[α-PVW11O40]·2H2O
(0.1 mmol, 294 mg), Cu(NO3)2·3H2O (2.5 mmol, 604 mg), 1,3,5-
benzenetricarboxylic acid (C6H3(CO2H)3, 2.0 mmol, 420 mg),
and (CH3)4NCl (1.0 mmol, 110 mg) were combined in a Teflon
lined Parr reaction vessel. 10 mL of deionized water was added
to the vessel and the vessel was transferred to a temperature
programmed furnace and heated at 2 °C min−1 to 200 °C, held
for 15 h at 200 °C, cooled at a programmed rate of 0.1 °C
min−1 to 100 °C, held for 4 h at 100 °C, and then allowed to
cool to room temperature. The resulting product was washed
with boiling water several times until the filtrate became clear,
washed with N,N-dimethylformamide (DMF) several times to
remove light blue amorphous impurities, and finally washed
with acetone three times. The bluish-green octahedra-shaped
crystals were separated mechanically from tiny blue needle
block crystals of [Cu2(C9O6H3)(OH)(H2O)]n·2nH2O – which
competes with the formation of HKUST-1.78,79 The final
product was stored in a desiccator at room temperature. The
pure bluish-green crystalline solid was used for further charac-
terization. Yield ca. 150 mg (26% based on K4[α-PVW11O40]).
Elemental analysis calcd (%) for C80H178Cu12N2O152PVW11

(5746.34): C 14.86, H 2.77, N 0.43, Cu 11.79, V 0.79; found C
15.72, H 2.01, N 0.8, Cu 12.1, V 0.82. PV2W10@HKUST-1 (2)
was prepared by the above procedure using preformed 1,2-

K5[α-PV2W10O40]·3H2O (0.1 mmol, 286 mg) in place of
K4[α-PVW11O40]·2H2O. Green octahedral crystals were
obtained. Yield ca. 150 mg, (27% based on 1,2-
K5[α-PV2W10O40]). Elemental analysis calcd (%) for
C80H179Cu12N2O154PV2W10 (5646.44): C 15.09, H 2.83, N 0.44,
Cu 11.98, V 1.6, found C 15.93, H 2.54, N 0.76, Cu 13.44, V 0.9.

3. Results and discussion

The Keggin structure anion (XM12O40)
−σ contains twelve octa-

hedrally-coordinated addenda atoms. Its structure may be con-
sidered as four M3O13 groups linked through corner-sharing
(Fig. 1a and b). Each M-centered octahedra within an M3O13

group shares an edge with each of the remaining two octahe-
dra. A heteroatom (X), located at the center of the structure is
tetrahedrally coordinated to a shared μ3-oxygen of each M3O13

group. The synthetic procedure forming PV2W10 locates the sub-
stituted vanadium cations as corner-sharing neighbors in separ-
ate M3O13 groups (Fig. 1b). Watras and Teplyakov benchmarked
this arrangement using FTIR spectroscopy,80 and we apply that
procedure here, vide infra. One approach to obtain POM@MOF
materials, sometimes referred to as synthetic encapsulation, is to
synthesize the MOF in the presence of pre-formed POM with the
intention of encapsulating the POM as the MOF forms. A
number of Keggin@HKUST-1 materials, where the Keggin anion
is encapsulated in the large pores (d ∼ 1.1 nm) of HKUST-1, have
been obtained by this approach.20,23 Here we obtain

Table 1 X-ray crystal data for compounds 1 and 2

Compound 1 (CCDC 2249036) 2 (CCDC 2249037)

Empirical formula C80H98Cu12N2O112PVW11 C80H99Cu12N2O114PV2W10
Formula weight 5746.34 5646.44
Temperature/K 100(2) 100(2)
Crystal system Cubic Cubic
Space group Fm3̄m Fm3̄m
a/Å 26.2682(12) 26.2682(12)
b/Å 26.2682(12) 26.2682(12)
c/Å 26.2682(12) 26.2682(12)
α/° 90 90
β/° 90 90
γ/° 90 90
Volume/Å3 18 126(2) 18 126(2)
Z 4 4
ρcalc g cm−3 2.106 2.069
μ/mm−1 2.037 1.895
F(000) 10 752 10 616
Crystal size/mm3 0.1 × 0.05 × 0.05 0.1 × 0.05 × 0.05
Radiation, λ (synchrotron) 0.41328 0.41328
2Θ range for data collection/° 1.802 to 27.792 1.802 to 27.792
Completeness to theta 99.9% 99.9%
Index ranges −30 ≤ h ≤ 30, −30 ≤ k ≤ 30, −30 ≤ l ≤ 30 −30 ≤ h ≤ 30, −30 ≤ k ≤ 30, −30 ≤ l ≤ 30
Reflections collected 99 252 87 447
Independent reflections 812 [Rint = 0.1620, Rsigma = 0.0299] 812 [Rint = 0.1194, Rsigma = 0.0312]
Data/restraints/parameters 812/9/73 812/15/77
Goodness-of-fit on F2 1.098 1.172
Final R indexes [I ≥ 2σ (I)] R1 = 0.0486, wR2 = 0.1416 R1 = 0.0597, wR2 = 0.1709
Final R indexes [all data] R1 = 0.0601, wR2 = 0.1594 R1 = 0.0691, wR2 = 0.1911
Largest diff. peak/hole/e Å−3 1.585/−1.612 1.189/−1.651

R1 = ∑|Fo| − |Fc|/∑|Fo|. wR2 = [∑[w(Fo
2 − Fc

2)2]/∑[w(Fo
2)2]]1/2.
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PVW11@HKUST-1 and PV2W10@HKUST-1 by synthetic encapsu-
lation using TMACl in place of TMAOH, the usual reagent associ-
ated with Keggin@MOF structures by synthetic encapsulation.
While we could obtain PVW11@HKUST-1 using TMAOH, we
could not obtain PV2W10@HKUST-1. We found that both
POM@MOF structures could be obtained using TMACl.

Structure

Single crystal X-ray diffraction analysis of 1 and 2 (crystallo-
graphic data is shown in Table 1) shows that respective Keggin
anions are encapsulated in the large pores of HKUST-1.
Structural features of 1 are shown in Fig. 2 (see ESI† for
additional crystallographic data). Positional disorder of mono-
vanadium and di-vanadium substitution was revealed, which
is a common feature of α-Keggin type POMs.25 The tetra-
methylammonium C4H12N

+ (TMA) and H3O
+ provide charge

balance to the Keggin anion species [α-PVW11O40]
4− and

[α-PV2W10O40]
5− in compounds 1 and 2. The tetramethyl-

ammonium (TMA) cations, C4H13N
+ (N1S–C1S), were assigned

to have full occupancy in the composites 1 and 2, accounting
for the two units of positive charge. This assignment is con-
sistent with a previous report of the presence of TMA cations
for charge compensation in POM@MOFs composed of
HKUST-1 containing POM ([SiMo12O40]

4−, [PW12O40]
3−, and

[PMo6W6O40]
4−).27 The remaining charge balance is provided

by hydronium ions, 2 and 3 units, respectively, in 1 and 2. The
possible positions to assign H3O

+ were on O1w, O2w or O3w
(Fig. 2a and S1;† see ESI† for further discussion).

TGA and BET surface area

Thermogravimetric analysis shows that 1 and 2 are stable to
ca. 250 °C, in line with the reported 240 °C stability of

HKUST-1 56 (Fig. S6†). The Brunauer–Emmett–Teller (BET)
surface area of HKUST-1 (674 m2 g−1, Fig. S7†) is near the first
reported value (692 m2 g−1).56 The BET surface areas of 1

(145 m2 g−1) and 2 (261 m2 g−1) are consistent with the
reduction of HKUST-1 surface area expected upon POM
encapsulation.

IR spectroscopy

The FTIR and Raman spectra of 1 and 2 contain bands consist-
ent with POM@MOF formation. In FTIR spectra, the PVW11

and PV2W10 species can be identified by characteristic features
in the ca. 1025–1125 cm−1 region, where PVW11 and PV2W10

exhibit two and three bands, respectively.80 These identifying
bands are present in the PVW11 and PV2W10 spectra and the
respective spectra of 1 and 2 (Fig. 3 and S4†). The strong
WvOt band appearing in PVW11 and PV2W10 (980 and
962 cm−1) appears blue shifted in the spectra of 1 and 2 (986
and 974 cm−1). A band associated with edge-sharing oxygen
(W–Oc–W) appearing in PVW11 and PV2W10 (794 and
789 cm−1), splits into two distinct bands in 1 (824 and
797 cm−1) and 2 (820 and 796 cm−1). The Raman spectrum of
HKUST-1 (Fig. 4 and S5†) contains a strong band around
1010 cm−1 associated with ν(CvC) modes of benzene; and
strong bands associated with out-of-plane ring (C–H) bending
vibrations (825 cm−1) and out-of-plane ring bending
(740 cm−1); bands below 600 cm−1 are associated with the
Cu(II) species.81 In the Raman spectra of PVW11 and PV2W10

(Fig. S5†) strong bands associated with the symmetric and
asymmetric stretch of the terminal oxygen atom (WvOt)
appear around 1000 cm−1; weaker bands associated with brid-
ging oxygen atoms are present below 950 cm−1. The Raman
spectra of 1 (Fig. 4) and 2 (Fig. S5†) appear composite of their

Fig. 2 (a) A structural fragment of PVW11@HKUST-1. The vanadium and
tungsten atoms occupy the same crystallographic site in each
[PVW11O40]

4− anion, with occupancies of 0.08 and 0.92, respectively. (b)
Structure of PVW11@HKUST-1 viewed along the [100] direction.
Positional disorder of encapsulated Keggin anions is not depicted.
Selected bond lengths [Å] and angles [°]: 1; W1–O3 1.890(4), W1–O2
1.681(13), W1–O4 2.478(14), Cu1–Cu14 2.639(4), Cu1–O1 1.948(6), Cu1–
O1 W 2.187(15), P1–O4 1.52(3); O3–W1–O3 86.8(5), O3–W1–O3 155.7
(8), O3–W1–O3 88.2(6), O3–W1–O4 92.8(5), O2–W1–O3 102.1(4), O2–
W1–O4 159.3(5), O1–Cu1–Cu1 84.61(19), O1–Cu1–O1 90.2(4), O1–
Cu1–O11 87.4(4), O1–Cu1–O11 103.2(4), O4–P1–O4 109.471(2). 41/2 −

X, 1 − Y, 1/2 − Z (see ESI†).

Fig. 3 FTIR spectra of 1 and its constituents HKUST-1 and the mono-
vanadium substituted Keggin POM K4[α-PVW11O40] in the
2000–400 cm−1 range. Prominent bands in the FTIR spectrum of 1

(cm−1): 1651 (s), 1591 (m), 1483 (m), 1448 (s), 1417 (m, sh), 1375 (s), 1281
(w), 1109 (w), 1080 (w), 986 (w), 947 (w), 897 (w), 824 (s), 797 (m), 756
(s), 729 (s), 669 (w), 596 (w), 496 (w), 478 (w, sh).
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separate POM and MOF constituents with the exception of a
weak feature around 950 cm−1 that cannot be directly attribu-
ted to either constituent. The band appearing around
900 cm−1 in the spectra of PVW11 and PV2W10 is associated
with bridging oxygen atoms and exhibits a distinct blue-shift
in the spectra of 1 and 2.82,83

UV-vis reflectance spectroscopy

Each M-centered coordination sphere of the Keggin structure
anion contains a terminal oxygen atom. Metal–oxygen (M–Ot)
orbital overlap supports ligand-to-metal charge transfer
(LMCT) from occupied orbitals formally delocalized on the
peripheral oxo ligands (HOMO) to unoccupied d-metal orbitals
(LUMO), which are also delocalized at room temperature.34

Keggin structure anions typically exhibit reversible redox
activity and absorption initiating in the UV (MoVI and WVI).
Vanadium substitution has been shown to modify the relative
energy of the LUMO (DFT)34 and it is well-established that the
ease of reduction of POM addenda follows the order VIV > MoVI

> WVI.3,5,29 Solid-state UV-vis reflectance spectroscopy is a con-
venient method to survey electronic structure while minimiz-
ing solvent effects. Reflectance spectra covering the UV, visible,
and a portion of the near-IR range of K4PVW11O40,
K5PV2W10O40, HKUST-1, 1 and 2 are plotted as pseudo-absor-
bances (1 − R) in Fig. 5. We can attribute the initial portion of
the broad high energy band observed in the spectra of
K4PVW11O40 and K5PV2W10O40 to LMCT originating at the
vanadium-substituted octahedra. Both bands initiate in the
visible range (K4PVW11O40 ∼ 525 nm; K5PV2W10O40 ∼ 600 nm)
and remain well-separated until each plateau. LMCT bands
correlate to reduction potentials, implying that the
K5PV2W10O40 species, which contains corner-shared
vanadium-centered octahedra, is easier to reduce than
K4PVW11O40, that is, that it is a stronger oxidizing agent. The
HKUST-1 spectrum contains UV and visible bands originating

in d–d (vis), π–π* (initial UV), and LMCT (shoulder at 375 nm)
transitions.81,84 The POM@MOF spectra appear roughly addi-
tive of their respective constituents by comparison. This is
apparent in the broad feature initiating in the IR and in the
onset regions of the high energy bands associated with the
POM constituents, which remain well-separated in 1 and 2.
Thus the UV-vis spectra are consistent with the composite
nature of the POM@MOF materials. The retention of the high
energy band offsets of the constituents K4PVW11O40 and
K5PV2W10O40 in the POM@MOF materials 1 and 2 supports
the materials design potential of the POM@MOF motif, and
prospective applications in oxidative catalytic applications,
including electro- and photo-oxidative processes.

4. Conclusions

We have demonstrated the synthetic encapsulation of the
mono-and di-vanadium substituted Keggin structure POMs
[α-PVW11O40]

4− and [α-PV2W10O40]
5− in the MOF HKUST-1 to

form the POM@MOF materials PVW11@HKUST-1 and
PV2W10@HKUST-1, respectively. The hydrothermal synthetic
encapsulation procedure uses tetramethylammonium chloride.
An electronic structure survey of the POM@MOF materials and
their respective constituents using UV-vis reflectance spectroscopy
shows that the POM@MOF composite materials have distinct
electronic structures that reflect the oxidizing strength of their
respective POM constituents ([α-PV2W10O40]

5− > [α-PVW11O40]
4−).

Data availability

The data supporting this article have been included as part of
the ESI.†

Fig. 4 Raman spectra of 1 and its constituents HKUST-1 and the
mono-vanadium substituted Keggin POM K4[α-PVW11O40] in the
100–1200 cm−1 range.

Fig. 5 UV–Vis–NIR (220–1100 nm) reflectance spectra of 1, 2 and
HKUST-1 (top panel) and K4PVW11O40 and K5PV2W10O40 (bottom panel).
A reflectance fraction (R) was obtained by comparison to a reflectance
standard and pseudo absorption spectra were derived by subtracting R

from unity (plotted).
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Crystallographic data for the compounds 1–2 has been de-
posited at the CCDC under 2249036 (compound 1) and
2249037 (compound 2).†
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