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Abstract Porous catalysts have garnered substantial interest as potential platforms for
group-transfer catalysis due to the ability to site-isolate catalysts and to non-covalently colocalize substrates in proximity to reactive intermediates. In contrast to soluble molecular
catalysts, the limited synthetic toolbox available to prepare porous catalysts presents a
formidable challenge to controlling the primary coordination sphere of lattice-confined
catalysts and thus modulating the electronic structures of reactive catalyst intermediates.
Here, we utilize Sonogashira cross-coupling chemistry to prepare a family of porous
metallopolymers, in which the primary coordination sphere of Ru2 sites is systematically
varied. The newly synthesized materials are characterized by IR, elemental analysis, gas
sorption, powder X-ray diffraction, thermogravimetric analysis, X-ray absorption
spectroscopy, and diffuse-reflectance UV-vis-NIR spectroscopy. The resulting porous
materials are catalysts for nitrene-transfer chemistry and the chemoselectivty for allylic
amination of olefin aziridination can be tuned by modulating the primary coordination
sphere of the catalyst sites. The demonstration of metallopolymerization as a rational
synthetic strategy allows to translate ligand-modulated chemoselectivity to porous
catalysts, which represents a new opportunity to tailor the functionality of heterogeneous
analogues of molecular complexes.

Introduction Synthesis of crystalline metal-organic frameworks (MOFs) is predicated on
reversible metal–ligand (M–L) bond-forming chemistry which simultaneously assembles
the porous network and establishes the primary coordination sphere of the lattice-confined
transition metal ions.1 The necessity for reversible M–L bond formation to achieving
material crystallinity limits the diversity of ligands that can be utilized to generate
potential catalyst MOFs. Pyridyl-, carboxylate-, and azolate-derived ligands ¾ all of which
are fairly weak-field ligands with low-pKa conjugate acids ¾ are ubiquitous in the
chemistry of MOFs. In contrast, strongly basic donors, such as amido, amidinate, and
alkoxide ligands ¾ common ligands in molecular transition metal catalysts ¾ are rarely, if
ever, encountered in the coordination chemistry of MOFs (Figure 1a).2, 3 In addition,
because the traditional synthetic logic of MOF chemistry is based on retrosynthetic
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disconnection of the M–L bonds, completely new synthetic conditions are required each
time a new primary coordination sphere is sought.4-7

Figure 1. (a) The pKa values (in DMSO) of a series of selective functional groups coordinating with metal ions
through deprotonation are summarized here (the pKa values of carboxylic acid, amide, and amidine refer to
that of benzoic acid and benzamide, and benzamidine, respectively). (b) There is only one case of porous
MOFs generated by solvothermal synthesis based on dimeric Ru. This work demonstrates
metallopolymerization as a synthetic strategy that allows to prepare a family of porous catalysts based on Ru2
and to atomistically control its primary coordination sphere from a wide array of ligand scaffolds.

Porous organic materials,8, 9 such as crystalline covalent-organic frameworks (COFs),10-12
amorphous porous organic polymers (POPs),13-17 and organic cage compounds18, 19 are
comprised of exclusively organic components connected via covalent bonds. A diverse set
of reactions, including imine and boronic ester condensations,20, 21 nitrile
cyclotrimerizations,22 nucleophilic aromatic substitutions,23 C–C and C–N cross-coupling
reactions,24-26 and Huisgen cycloadditions27 have been applied to the synthesis of porous
organic materials. We were attracted to the potential to utilize the polymerization
strategies pioneered in POPs, in combination with pre-formed metallomonomers
containing the specific metal coordination site of interest, to generate new porous
materials in which the primary coordination sphere of site-isolated catalysts could be
systematically tuned. Because the envisioned synthetic logic is based on retrosynthetic
disconnection of covalent bonds within the organic linkers, and not on the M–L bonds, we
speculated that this synthetic approach would 1) provide access to families of catalyst
materials in which the primary coordination sphere of the catalyst sites could be
systematically tuned, and 2) would enable the synthesis of these materials28, 29 via a
common synthetic protocol.
The ability to utilize systematic ligand perturbation to control the chemoselectivity of
substrate functionalization reactions is a hallmark of molecular catalyst design. For
example, the selection between allylic C–H amination and aziridination products during
Ru2-catalyzed nitrene-transfer reactions intimately depends on the primary ligand set that
supports the Ru2 catalyst.30 Porous metal-organic frameworks (MOFs), comprised of metal
nodes and organic linking elements, have been advanced as platforms to achieve
intermolecular group-transfer catalysis by non-covalently co-localizing substrates in
proximity to lattice-bound reactive intermediates.31-33 In contrast to soluble molecular
catalysts, in which the primary coordination sphere can be easily modified, efforts to
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evaluate the potential of MOF catalysts as platforms for chemoselective group transfer
catalysis, such as C–H amination, are hampered by the current inability to rationally control
the primary coordination sphere of catalyst sites, and thus the electronic structure of
catalyst-supported reactive intermediates, confined within the extended lattice of porous
catalyst materials.
Here we report the synthesis of a family of porous polymer materials featuring Ru2 sites
supported by a diverse family of bridging ligands, including carboxylate, amidate, 2hydroxypyridinate, and 2-aminopyridinate. The materials are readily accessed by
Sonogashira cross-coupling chemistry between preformed molecular Ru2 monomers
decorated with aryl iodide functionality and polyalkynes. Consistent with the irreversible
Sonogashira reactions utilized to generate these materials,34 the new Ru2-based porous
polymers are amorphous. These new porous materials are competent nitrene transfer
catalysts in both intra- and intermolecular C–H amination. Importantly, in the context of
intramolecular nitrene transfer in olefinic substrates, the selectivity for allylic amination
and olefin aziridination displays ligand-dependent selectivity that mirrors analogous
soluble molecular catalysts. We anticipate that the synthetic strategy described herein,
which provides access to porous materials that combine the site isolation of catalyst sites
characteristic of MOF chemistry with the atomistic control over the primary coordination
sphere of transition metal ions that is central to controlling catalyst activity in molecular
catalysis, will provide new opportunities to develop porous catalysts for chemoselective
group-transfer chemistry.
Results
Synthesis of molecular complexes. A family of molecular Ru2[II,III] complexes bearing
iodinated bridging ligands were prepared by thermally promoted ligand exchange with
Ru2(OAc)4Cl (Figure 2). Exchange reactions were carried out with 4-iodobenzoic acid (4-IHOBz), 4-iodobenzamide (4-I-H2NBz), 2-hydroxy-4-iodopyridine (4-I-hp), 2-hydroxy-5iodopyridine (5-I-hp), and 2-amino-4-iodopyridine (4-I-ap), to provide Ru2(4-I-OBz)4Cl,
Ru2(4-I-HNBz)4Cl, Ru2(4-I-hp)4Cl, Ru2(5-I-hp)4Cl, and Ru2(4-I-ap)4Cl, respectively. In each
case, ligand substitution reactions were followed by electrospray ionization mass
spectrometry (ESI-MS; negative mode), which provided a value of m/z that corresponded
to the mass of [Ru2L4Cl2]–. Structurally, these Ru2[II,III] complexes are comprised of a
binuclear core supported by four bridging ligands; charge balance of the Ru2[II,III] mixedvalent core is achieved with an axially bound chloride ligand (see, for example, the
structure of Ru2(4-I-HNBz)4Cl derived from single-crystal X-ray diffraction, Figure S1 and
Table S1). The electronic absorption spectrum of the iodinated Ru2 complexes are wellmatched to the spectral data for non-iodinated analogues (Figure S2). In addition, the 1H
NMR spectrum of Ru2(4-I-OBz)4Cl (Figure S3) displays similar paramagnetically shifted
signals as Ru2(OBz)4Cl.31 Ru2(4-I-hp)4Cl, Ru2(5-I-hp)4Cl, and Ru2(4-I-ap)4Cl do not display
1H NMR signals when measured in DMSO at 295 K. In addition to the family of Ru [II,III]
2
complexes, tetra-amidinate-bridged Ru2[III,III] complex Ru2(4-I-bam)4Cl2 (4-I-bam = 4iodobenzamidinate) was prepared by analogous synthetic chemistry.
The formation of Ru–Cl–Ru chains in the solid-state structures of Ru2L4Cl complexes
typically leads to poor solubility in many organic solvents (see for example the structure of
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Ru2(4-I-HNBz)4Cl, Figure S1 and Table S1). To increase the solubility of these complexes,
we replaced the axially bound chloride ligand with tetrafluoroborate by treatment with
silver tetrafluoroborate. The anion exchange process was monitored by IR spectroscopy,
which showed the characteristic broad B–F stretch of BF4⁻ at 1050 cm-1 (Figure S4), and
elemental analysis. Single crystal X-ray diffraction analysis of Ru2(HNBz)4BF4 (Figure S5
and Table S2) reveals the two axial positions of the Ru2 unit are occupied by a water and a
THF ligand, respectively. The electronic absorption spectra and 1H NMR spectra of the
tetrafluoroborate complexes are similar to those of the related chloride complexes (Figures
S2, S6, and S7).
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Figure 2. Five Ru2L4BF4 complexes were prepared by a two-step procedure of ligand substitution and anion
exchange. These complexes feature carboxylate (L = 4-I-OBz), amidate (L = 4-I-HNBz), 2-oxypyridinate (L = 4I-hp or 5-I-hp), and 2-aminopyridinate (L = 4-I-ap) as the primary coordination spheres, respectively.
Table 1. The Ru2-based polymeric materials were synthesized from Sonogashira cross-coupling reaction
between Ru2 molecular complexes and alkyne-based linkers of A, B, and C. The surface areas of these
materials were probed by N2 adsorption isotherm at 77 K. BET (Langmuir) surface area values (m2/g) are
listed as below for the obtained polymeric materials.

BET (Langmuir) / m2/g

Ru2(4-I-OBz)4BF4
[A4/3(Ru2OBz)]n
Nonporous

Ru2(4-I-HNBz)4BF4
--

Ru2(4-I-hp)4BF4

Ru2(5-I-hp)4BF4

[A4/3(Ru24-hp)]n

[A4/3(Ru25-hp)]n

499 (782)

329 (516)

Ru2(4-I-ap)4BF4
--

A
[B4/3(Ru2OBz)]n

[B4/3(Ru2HNBz)]n

[B4/3(Ru24-hp)]n

[B4/3(Ru25-hp)]n

[B4/3(Ru2ap)]n

392 (616)

260 (409)

644 ± 11 (1012 ± 18)

575 (902)

457 (718)

[C(Ru2OBz)]n

[C(Ru2HNBz)]n

[C(Ru24-hp)]n

[C(Ru25-hp)]n

353 (554)

491 (773)

601 (943)

696 (1093)

B

--

C
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Synthesis of Ru2-based polymers. A mixture of Ru2(4-I-hp)4BF4 and 1,3,5triethynylbenzene (A) in 1 : 1 N,N-dimethylformamide (DMF) and diisopropylamine (DIPA)
was heated at 80 °C for 24 hours under an N2 atmosphere (Table 1 and details in Table S3).
The harvested orange material, i.e. [A4/3(Ru24-hp)]n, did not dissolve in any common
solvents, such as dimethyl sulfoxide (DMSO), methanol (MeOH), and tetrahydrofuran
(THF). Soxhlet extraction using MeOH was carried out to ensure complete removal of any
unincorporated monomer units. The obtained solid did not display an IR feature of alkyne
C–H stretching at 3288 cm-1 (Figure S8a) and showed trace amount of iodine from
elemental analysis, consistent with a high degree of polymerization via Sonogashira cross
coupling.
The developed polymerization chemistry is modular; both the polyalkyne and the Ru2
monomer can be easily replaced by different reaction partners. In addition to tris-alkyne A,
we have carried out polymerization reactions with 1,3,5-tris(4-ethynylphenyl)benzene (B),
an extended version of A, and tetra(4-ethnylphenyl)methane (C), which features a
tetrahedrally disposed array of terminal alkynes (Table 1). In addition to polymerization
with Ru2(4-I-hp)4BF4, we have carried out metallopolymerization reactions with each of
the iodinated Ru2 complexes described above. Polymerization of Ru2(4-I-bam)4Cl2 with
tris-alkyne B provided access to [B4/3(Ru2bam)]n. In each case, insoluble materials were
obtained and IR analysis (Figure S8) indicated a high degree of polymerization.
Based on powder X-ray diffraction (PXRD) analysis, all of the prepared materials are
amorphous (PXRD data for the five polymers prepared from linker B are collected in Figure
S9), which is consistent with previous reports that Sonogashira cross-coupling reactions
provide access to amorphous POPs.27, 35 Thermogravimetric analysis (TGA) revealed this
family of materials is thermally stable to above 200 °C (Figure S10). For example,
[B4/3(Ru24-hp)]n is stable up to 250 °C after which temperature continuous weight loss is
observed (Figure S10c).
Gas sorption. N2 adsorption isotherms were collected at 77 K for each of the Ru2-based
polymers in order to evaluate the porosity of these materials; data is collected in Table 1,
Figure S11, and Figure S12. Each material was pre-activated at 150 °C under reduced
pressure (<10 μbar) for 16 h. With the exception of [A4/3(Ru2OBz)], each of the polymers
reported here displays permanent porosity, with Brunauer–Emmett–Teller (BET) surface
areas from 260 – 696 m2/g. These surface areas are similar to those reported with POPs
derived from Sonogashira reactions.35
Both synthetic conditions utilized to prepare the polymeric materials and activation
protocol are important to achieving high surface areas. Initial attempts towards [A4/3(Ru25hp)] utilized Ru (5-I-hp) Cl, which is poorly soluble in the reaction medium, as the
n
2
4
metallomonomor. The resulting material was found to be non-porous. In contrast,
polymerization of the more soluble tetrafluoroborate complex Ru2(5-I-hp)4BF4 provided
[A4/3(Ru25-hp)]n, which displayed a BET surface area of 329 m2/g (Langmuir surface area of
526 m2/g). With respect to activation, Soxhlet extraction with MeOH was found to be
critical. For example, comparison of the N2 uptake of a sample of [A4/3(Ru24-hp)]n obtained
directly from synthesis to that of [A4/3(Ru24-hp)]n extracted by MeOH for 48 h is shown in
Figure S11g. A significant increase of N2 uptake capacity was observed from 114 cm3/g
(P/P0 = 0.3) of the unextracted sample to 175 cm3/g (P/P0 = 0.3) of the extracted sample,
5

which corresponds to BET surface areas of 389 m2/g (Langmuir surface area at 462 m2/g)
and 499 m2/g (Langmuir surface area at 782 m2/g), respectively.
For a given Ru2 unit, increasing the alkyne linker length (from A to B) or moving from trisalkyne A to tetra-alkyne C enhanced the surface area of the resulting polymer. For example,
in the case of Ru2(4-I-OBz)4BF4, [B4/3(Ru2OBz)]n and [C(Ru2OBz)]n exhibited BET surface
areas of 392 and 352 m2/g, respectively, while [A4/3(Ru2OBz)]n was determined to be
nonporous. A similar trend was observed with metallopolymers based on both Ru2(4-Ihp)4BF4 and Ru2(5-I-hp)4BF4 (Table 1). To evaluate the reproducibility of the described
synthetic method, three batches of [B4/3(Ru24-hp)]n were prepared from independent
reactions and were characterized by gas sorption (Figure S11d). The BET surface areas
determined for these samples were 641 m2/g, 627 m2/g, and 666 m2/g, respectively, with
the average value of 644 ± 11 m2/g, which validated the reproducibility of the synthetic
protocol.
X-ray absorption spectroscopy. To interrogate the valence and the local coordination
geometry of the Ru sites embedded in these amorphous porous materials, we have pursued
X-ray absorption spectroscopy (XAS) experiments. For reference, we have also collected
XAS data for the iodinated molecular Ru2 complexes prior to polymerization. X-ray
absorption near edge structure (XANES) provides a sensitive probe of the oxidation state of
Ru2 complexes,31, 36 and collected data suggests that the Ru2 units in materials of
[C(Ru2OBz)]n, [C(Ru2HNBz)]n, [C(Ru24-hp)]n, and [C(Ru25-hp)]n retain the Ru2[II,III] structure of
the molecular precursors (Figure S13). Extended X-ray fine structure (EXAFS) EXAFS data
collected for this family of materials indicates that the local coordination geometry of
polymerized Ru2 sites is unchanged as compared with the relevant molecular precursors
(data and analyses are collected in Figure S14 and Table S4). For example, the EXAFS data
(Ru K-edge, Table S4) collected for [C(Ru2HNBz)]n indicates the presence of a
pentacoordinate Ru environment comprised of two Ru–N distances at 1.99(1) Å, two Ru–O
distance at 2.07(1) Å, and one Ru–Ru distance at 2.32(1) Å, which is consistent with the
molecular structure of Ru2(HNBz)4BF4 determined by single-crystal X-ray diffraction and
EXAFS analysis.
Electronic structure. Evans method measurement of Ru2(4-I-OBz)4BF4 reveals its
magnetic moment as 4.06 μB, which corresponds to three unpaired electrons.37 This result
is consistent with a quartet ground-state electronic configuration (i.e. σ2π4δ2(π*δ*)3) owing
to the near degeneracy of the π* and δ* orbitals. This electronic configuration has been
reported for [Ru2L4]+ complexes with L = OBz, HNBz, hp, and ap in which the ligands are
not iodinated.38, 39 Ru2(4-I-bam)4Cl2 exhibits a triplet ground state (S = 1; electronic
configuration of σ2π4δ2π*2).40
The electronic absorption spectra of Ru2 complexes has been the subject of extensive
investigations.38 The near IR (NIR) region of these spectra frequently contains absorbances
attributable to δ(Ru2) → δ*(Ru2) transitions. Experimentally, a weak NIR band (1136 nm
for Ru2(4-I-OBz)4Cl, 990 nm for Ru2(4-I-HNBz)4Cl, 980 nm for Ru2(4-I-ap)4Cl, 960 nm for
Ru2(4-I-hp)4Cl, 880 nm for Ru2(5-I-hp)4Cl) is observed (Figures 3a), which is assigned as
the transition of δ(Ru2) → δ*(Ru2). The spectra of Ru2(OAc)4Cl (1133 nm) and Ru2(4-IOBz)4Cl (1136 nm) display vibronic x,y-polarized component of the δ → δ* transition
(based on a 1450 cm-1 ν(COO) vibration), instead of two electronic excited states.41-43 When
6

changing the primary coordination sphere from O,O-donor carboxylate (L = 4-I-OBz) to
N,O- or N,N-donor ligands (L = 4-I-HNBz, 4-I-hp, 5-I-hp, and 4-I-ap), the δ → δ* transition
energy increases which manifests as a blue-shift of the NIR peaks. In these molecular
complexes, the peak between 464 – 528 nm has been assigned as as π (Ru–E, Ru2) →
π*(Ru2).38 Ru2(4-I-bam)4Cl2 does not display any NIR absorption features.
To evaluate the relationship between the electronic structures of Ru2 metallomonomers
and polymer-confined Ru2 sites, diffuse-reflectance UV-vis-NIR spectra were collected on
the family of Ru2-based polymers prepared from tris-alkyne B (Figures 3b). The collected
spectra of the polymeric materials all display a strong absorption peak centered at 275 nm
due to ligand-based π → π* transitions. Relatively weak NIR absorbances are observed for
each polymer material: [B4/3(Ru24-hp)]n (1035 nm), [B4/3(Ru2HNBz)]n (980 nm), and
[B4/3(Ru2ap)] n (945 nm). The broadness of the NIR absorbances of [B4/3(Ru2OBz)]n and
[B4/3(Ru25-hp)]n prevent absolute assignment of the absorbance maxima of these materials,
however, based on the peaks shapes of these materials and the absorbances determined for
[B4/3(Ru24-hp)]n, [B4/3(Ru2HNBz)]n, and [B4/3(Ru2ap)]n, the energies of the NIR absorbances of
these materials appear to mirror the relative ligand-dependent energies observed in the
metallomonomores.

Figure 3. (a) Diffuse-reflectance UV-vis-NIR spectra were collected on the molecular complexes of
Ru2(OAc)4Cl (—), Ru2(4-I-OBz)4Cl (—), Ru2(4-I-HNBz)4Cl (—), Ru2(4-I-hp)4Cl (—), Ru2(4-I-HNBz)4Cl (—), and
Ru2(4-I-ap)4Cl (—). (b) Diffuse-reflectance UV-vis-NIR spectra were collected on the polymeric materials of
[B4/3(Ru2OBz)]n (—), [B4/3(Ru2HNBz)]n (—), [B4/3(Ru24-hp)]n (—), [B4/3(Ru25-hp)]n (—), and [B4/3(Ru2ap)]n (—). The
absorbance spectra were normalized to the highest peaks between 200 and 300 nm. The insert spectra were
normalized to the highest peaks between 800 and 1400 nm.

Amination catalysis. Intramolecular C–H amination. Molecular Ru2[II,III] catalysts have
previously been applied to nitrene-transfer catalysis using iminoiodinane reagents as
nitrene sources.44 As illustrated in Table 2, the reactive Ru2 nitrenoids invoked as
intermediates in these reactions can participate in both allylic amination (i.e. conversion of
1 to 2) and olefin aziridination (i.e. conversion of 1 to 3). Du Bois and co-workers have
demonstrated that the primary coordination sphere of Ru2 has a profound impact on the
7

selectivity of nitrene transfer chemistry: When Ru2(OAc)4Cl is used as the catalyst for
intramolecular nitrene transfer in 1, a 1:3 ratio of 2 and 3 are obtained; when Ru2(hp)4Cl is
used as the ligand for a Ru2 catalyst, an 8:1 ratio of 2 and 3 are obtained.44
Each of the molecular Ru2[II,III] metallomonomers utilized in this study is a competent
catalyst for intramolecular nitrene transfer. The catalyst-dependent product ratios (2 vs. 3)
are reported in Table 2 and confirm the impact of the primary coordination sphere on the
selectivity for allylic amination versus olefin aziridination. We have evaluated our family of
porous Ru2[II,III] polymers for intramolecular nitrene transfer with olefinic substrate 1 in
order to evaluate the impact of primary coordination sphere of polymer-supported Ru2
sites on nitrene-transfer chemoselectivity. Each of the polymers developed here is a
competent catalyst for the illustrated nitrene transfer reaction (details in Table S5). The
reactions catalysed by 3.7 mol% molecular complexes completed in 16 h according to the
disappearance of PhI(OAc)2 from 1H NMR. The reaction catalysed by polymeric materials
were loaded with 10.0 mol% and extended from 16 h to 24 h. The ratio of 2:3 were
observed to be independent from the reaction time. The sequence of 2 : 3 ratio from the
polymeric materials displays as [B4/3(Ru24-hp)]n > [B4/3(Ru25-hp)]n ≈ [B4/3(Ru2ap)]n >
[B4/3(Ru2HNBz)]n > [B4/3(Ru2OBz)] n (Entry 6 to Entry 10, Table 2). The observed sequence of
product ratio from homogeneous molecular catalysts is Ru2(4-I-hp)4BF4 > Ru2(4-I-ap)4BF4
> Ru2(5-I-hp)4BF4 > Ru2(4-I-HNBz)4BF4 > Ru2(4-I-OBz)4BF4 (Entry 1 to Entry 5, Table 2).
These data demonstrate that the ligand-dependent chemoselectivity observed with soluble
molecular catalysts has been translated to the solid state. The similarity of the selectivity
trends between molecular and polymer catalysts indicates that chemoselectivity derives
primarily from the electronic structure of the catalyst and is not substantially impacted by
confinement of the substrate within the porous catalyst material. 45
Table 2. Intramolecular amination reaction catalysed by molecular complexes and Ru2-based polymeric
materials.a

Entry

Catalyst

2:3

Entry

Catalyst

2:3

1
2
3
4
5

Ru2(4-I-OBz)4BF4
Ru2(4-I-HNBz)4BF4
Ru2(4-I-hp)4BF4
Ru2(5-I-hp)4BF4
Ru2(4-I-ap)4BF4

0.7:1
1.4:1
9.3:1
2.0:1
4.6:1

6
7
8
9
10

[B4/3(Ru2OBz)]n
[B4/3(Ru2HNBz)]n
[B4/3(Ru24-hp)]n
[B4/3(Ru25-hp)]n
[B4/3(Ru2ap)]n

1.1:1b
1.3:1
4.3:1
3.2:1
3.1:1

Reactions were typically performed at 40 °C using 1.4 equiv. PhI(OAc)2 with 3.7 mol% molecular Ru2
complexes for 16 h or 10.0 mol% Ru2-based polymeric catalysts for 24 h. Product ratios was calculated by
integrals of GC spectra. b The data was collected with 30.0 mol% loading of [B4/3(Ru2OBz]]n, given that the
reaction catalysed by 10.0 mol% loading only provided <2 % of conversion.
a

Discussion The functionalization of C–H bonds by reactive M–L multiply bonded
intermediates proceeds on a mechanistic continuum between concerted asynchronous
insertion46, 47 and stepwise radical abstraction / radical recombination chemistry.48, 49
Controlling the electronic structure of the relevant reactive intermediates can provide a
tool to influence the chemoselectivity of group transfer reactions. In the specific context of
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nitrene-transfer catalysis, substantial progress has been achieved in controlling the
chemoselectivity of nitrene transfer chemistry by tuning the primary ligand sphere of
transition metal catalysts. MOFs have been advanced as a tool to address some of the
pressing synthetic challenges in C–H amination chemistry ¾ for example, realization of
general platforms for selective intermolecular C–H amination ¾ in that they provide a
platform to non-covalently co-localize substrate in proximity to reactive intermediates.
MOFs are often envisioned as platforms to heterogenize molecular catalysts – the
coordination sphere of lattice-confined metal sites is well-defined, fairly uniform
structurally, and easily characterized – however systematic variation of the primary ligand
sphere of lattice-bound metal ions is in many cases not possible. In order to enable
systematic investigation of potential porous catalysts as a function of the transition metal
ligands, we have endeavored to develop synthetic tools to provide access to families of
porous materials with site-isolated catalysts in which the donor atoms that support the
transition metal sites could be systematically tuned.
We recognized that the challenge in accessing broad ligand families is due to the reliance
on retrosynthetic disconnection of the M–L bonds in typical syntheses of these materials:
The methods that are regularly employed to generate crystalline porous MOFs rely of
reversible M–L bond-forming chemical reactions. The resulting lattice-confined transition
metal sites are largely supported by weak-field ligands that engender high-spin electronic
configurations. A fundamental challenge in utilizing MOF scaffolds as platforms to
accomplish chemoselective group-transfer catalysis is developing synthetic chemistry that
allows the atomistic control over the primary ligand sphere that is characteristic of
molecular catalysis.
To circumvent the challenge of generating porous materials that are based on strongly
basic ligands, which do not readily participate in reversible M–L bond formation, we have
developed a synthetic approach predicated on retrosynthetic disconnection of covalent
bonds in the organic linker. Here, we demonstrate that Sonogashira cross-coupling of
metallomonomers with polyalkynes provides access to families of porous materials. The
extent of polymerization is high (established by IR spectroscopy) and the resulting
materials are permanently porous (established by N2 uptake experiments). XAS
measurements confirm that the valence (by XANES) and local coordination geometry (by
EXAFS) are maintained during polymerization. This family of materials features identical
structural elements but vary in the donor atom presented to the Ru2 complexes that are
housed within the porous architectures. Because the same bond disconnection is utilized to
prepare the entire family of porous materials, a single set of reaction conditions provide
ready access to a family of materials.
Each of the porous Ru2[II,III]-based materials that we have prepared is competent as a
nitrene-transfer catalyst. When challenged with a substrate that presents the possibility to
undergo either allylic C–H amination or olefin aziridination, the chemoselectivity of the
polymer-catalyzed nitrene transfer is sensitive to the primary coordination sphere of the
Ru2 site: increasingly strong donor ligands provide greater selectivity for allylic amination
as compared with weaker donor ligands. The trends in chemoselectivity observed for the
porous polymer materials mirrors that observed with molecular catalysts featuring an
analogous set of supporting ligands. This set of experiments demonstrates that the
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developed Sonogashira coupling strategy for polymerization of metallomonomers provides
a platform to translate the chemoselectivity of molecular catalysts to porous materials
platforms. Preliminary experiments have confirmed that intermolecular C–H amination is
possible in the developed materials.
Conclusions
Based on the modular synthetic methods that underlie the burgeoning field of MOF
chemistry, these materials have been advanced as platforms to rationally heterogenize
available homogeneous catalysts. In this context, a large set of reactions have been
demonstrated using available porous catalyst materials. In contrast to soluble molecular
catalysts, synthetic limitations that are intrinsic to the synthesis of crystalline MOFs –
namely the requirement that M–L bond-forming chemistry be reversible – prevent access
to broad classes of potential catalyst materials in which the primary ligand sphere is
comprised of donors that do not participate in reversible M–L bonding. Here, we
demonstrate that atomistic control of the primary ligand sphere of lattice-confined
catalysts can be achieved by polymerization of pre-formed metallomonomers. The
resulting amorphous, permanently porous materials are competent catalysts for nitrenetransfer chemistry, and display ligand-dependent chemoselectivity that is analogous to
homogenous counterparts. We anticipate that the developed polymerization strategy will
expand the suite of porous catalyst materials that can be evaluated and provide additional
opportunities to achieve chemoselective C–H functionalization chemistry in intermolecular
contexts.
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