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Network topology and cavity confinement-controlled 
diastereoselectivity in cyclopropanation reactions catalyzed by 
porphyrin-based MOFs 

Konstantin Epp, a Bart Bueken, b Benjamin J. Hofmann, c Mirza Cokoja, a Dirk De Vos b and Roland A. 
Fischer *a 

In this work, we show that the stereoselectivity of a reaction can be controlled by directing groups of substrates, by network 

topology and by local cavity confinement of metal-organic framework (MOF) catalysts. We applied the porphyrin-based 

PCN-224(Rh), which contains no stereocenters in the cyclopropanation reaction using ethyl diazoacetate (EDA) as carbene 

source. When styrene and other non-coordinating olefins are used as substrates, high activity, but no diastereoselectivity is 

observed. Interestingly, conversion of 4-amino- and 4-hydroxystyrene substrates occurs with high diastereomeric ratios (dr) 

of up to 23:1 (trans:cis). We attribute this to local pore confinement effects as a result of substrate coordination to 

neighboring Rh-centers, which position the olefin with respect to the active site, causing a break of local symmetry of the 

coordinated substrate. The effect of local pore confinement was improved by using PCN-222(Rh) as catalyst, which is a 

structural analog of PCN-224(Rh) with characteristic Kagomé topology featuring shorter Rh–Rh distances. A remarkable dr 

of 42:1 (trans:cis) was observed for 4-aminostyrene. In this case, the length of the substrate corresponds to the average 

distance between two neighboring Rh centers within the pores of PCN-222(Rh), which drastically boosts the 

diastereoselectivity. This work showcases how diastereomeric control can be achieved by favorable substrate-catalyst 

interactions and thoughtful adjustment of confined reaction space using porphyrin-based MOFs, in which stereocenters are 

inherently absent.

1. Introduction 

Stereoselective catalysis is a key technology due to its 

enormous economic relevance towards the production of 

pharmaceuticals, agrochemicals, fungicides, pheromones, 

flavors and fragrances.1 In stereoselective organometallic 

catalysis, one of the most exploited design principles is the 

‘catalyst control’, i.e. the coordination of catalytically active 

metal centers by chiral ligands to drive stereoselectivity,2 such 

as diamines or diphosphines, as for instance in the well-known 

BINAP,3 or chiral multidentate carboxylates, as is the case with 

the Sharpless epoxidation catalyst.4 The design of 

heterogeneous stereoselective catalysts is, however, more 

intricate. In heterogeneous catalysts, the stereoselectivity 

usually originates from a molecular catalyst immobilized on a 

solid support. The high tuneability of metal-organic frameworks 

(MOFs) as heterogeneous catalysts allows much versatility in 

tailoring and manipulating their structural and chemical 

properties. In the context of stereoselective catalysis, MOF 

design approaches involve either the heterogenization of 

stereoselective molecular catalyst to the MOF linker,5 or using 

linkers6 that themselves act as stereoselective ligands to 

catalytically active metals.7,8  
While the classic ‘catalyst-controlled’ concept for both 

homogeneous and heterogenized molecular catalysts requires 

well-defined stereocenters, very few reports describe the 

stereoselectivity of solid catalyst@host materials, in which 

neither the catalyst nor the host contain such well-defined 

stereocenters. In this case, the induction of stereoselectivity is 

derived from pore confinement effects of the host. While this 

type of stereocontrol is known for soluble, defined 

macromolecular cage compounds and others,9,10 only a handful 

examples using solid/polymeric porous materials such as 

zeolites,11,12 mesoporous silica13,14 or MOFs15–18 are known. 

‘Confinement’ or ‘confinement effects’ are rather broad terms 

and not explicitly specified in literature. Hence, it is not exactly 

clear how the confinement of a host defines the stereochemical 

outcome of a reaction, since the local substrate arrangement 

through its interaction within the host are a multi-component 

problem.19 In many homogeneous catalysis reactions, the 

stereo- or regioselectivity can be influenced by interactions of 

‘directing’ functional groups of the substrate with the catalyst, 
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e.g. via hydrogen-, covalent- or coordinative bonds, or Coulomb 

or Lewis acid−base interactions, which induce a preferential 

conformation or orientation of the substrate at the catalyst.20 

Therefore, it is reasonable to assume that directing effects of 

functional groups attached to substrates may also play a crucial 

role in MOF-based catalysis by coordination to suitable sites 

located within the pores. A thorough understanding of the 

origin of stereocontrol in these cases is of great interest, as the 

insights gained could enable further control over confinement 

effects in MOF-based catalysts. 
As we have been working with metalloporphyrin (MP) MOFs as 

catalysts for the cycloaddition of carbon dioxide to propylene 

oxide to form propylene carbonate,21 we extended their 

application as heterogeneous catalysts to (dia)stereoselective 

reactions. Molecular MPs have been widely studied in 

literature, because of their ability to act as ligands for various 

metals (M = Fe(II,III),22,23 Co(II),24 Rh(III),25–27 Ru(II),28 Ir(III),29 

Os(III)30 and others). Thus, it is not surprising that their 

chemistry and catalytic properties are rich.31,32 To be used in 

stereoselective catalysis, MPs are often functionalized with 

bulky26,33 and/or chiral groups34–36 at the meso-positions of the 

porphyrin backbone in order to induce stereochemical or even 

chiral information and most importantly, to engineer a pocket-

like environment around the catalytically active MP center. On 

the one hand catalytic activities may increase to TOFs > 

100,000 h-1 as demonstrated by Gallo et al. using ‘totem’-

shaped Fe(III)-porphyrins in the cyclopropanation of styrene,33 

while on the other hand synthetic yields of these sophisticated 

MPs are extremely low (often <1%) and purification is necessary 

to isolate the compounds. Moreover, deactivation via 

dimerization may hinder their application in catalysis.  

Motivated by the remarkable catalytic properties of molecular 

MPs and the challenges in their synthesis, stability and 

recyclability, we were interested to investigate how their 

heterogeneous counterparts, namely, MP-MOFs, would 

perform as catalysts. Heterogenization is achieved when MPs 

are built into the structure of the framework as organic linkers, 

as in the Zr-MOFs PCN-222,37 PCN-22438 and MOF-525.39 

Consequently, MP-MOFs can be seen as rigid, self-supported 

heterogeneous catalysts with well-defined, spatially distributed 

MP-sites, which are catalytically active and not susceptible to 

dimerization. Thus, here we investigate for the first time how 

different MP-MOFs phases, PCN-224(Rh) and PCN-222(Rh), 

constructed from the same building blocks, i.e. Zr6 inorganic 

nodes and MP linkers, but with different topologies influence 

the stereoselectivity of a catalytic reaction. The utilization of 

unaltered building units, especially the MP linkers as the 

catalytically active sites, allows direct comparison of the 

catalytic results. Hence, the difference in stereoselectivity can 

be attributed to the different confinement effects of altered 

pore sizes and geometries. 

Since MPs are used in the cyclopropanation of olefins, we 

choose this as a reaction. Cyclopropane motifs are not only 

found in natural products; they are also important synthetic 

targets in pharmaceuticals like antibiotics, in perfume 

compounds and in biomimetic insect repellents.40,41 The specific 

reactivity of the strained three-membered ring system and its 

ability to induce conformational constraints on otherwise 

flexible acyclic chains are key features of this motif.41–43 The 

transition-metal catalyzed cyclopropanation of double bonds 

using diazo compounds as a carbene source is well studied and 

has been recognized as a useful design route for substituted 

cyclopropanes. Since there is a vast number of reports using 

Rh(II,III) catalysts in the CP reaction,25–27, 44,45 we decided to 

start with the Rh(III)-metalated porphyrin, namely [5,10,15,20-

tetrakis(4-methoxycarbonylphenyl)porphyrinato]-Rh(III) 

chloride (Rh(TCPPCO2Me)Cl) as a homogeneous reference 

system in the cyclopropanation of styrene with ethyl 

diazoacetate (EDA) to the corresponding cyclopropanation 

products (trans and cis). Consecutively, we compared these 

results with those obtained on stable heterogeneous MP-based 

PCN-224(Rh) and PCN-222(Rh) catalysts with regard to activity 

and dr. 

 

2 Experimental section 

2.1 Materials and Methods 

All chemicals were purchased from commercial sources and 

used without any purification. Benzoic acid, benzonitrile, 

cyclooctene, 4-nitrostyrene, 4-tert-butylstyrene, ethyl 

diazoacetate (EDA) and 4-hydroxystyrene were purchased from 

Sigma Aldrich, RhCl3 from Precious Metals Online, methyl 4-

formylbenzoate from Merck, pyrrole, styrene, 1-octene, 4-

chlorostyrene, 3,4-dihydro-2H-pyran and N,N-

diethylformamide (DEF) from TCI, propionic acid, and N,N-

dimethylformamide (DMF), N,N-dimethyl-4-aminostyrene from 

abcr, ZrCl4, from Alfa Aesar.  

The Rh linker was synthesized with slight changes to the 

published procedures.46 The Rh-porphyrin ester 

Rh(TCPPCO2Me)Cl was prepared by mixing TCPPCO2Me (168.2 

mg, 0.2 mmol) and RhCl3 (104.2 mg, 0.8 mmol) in benzonitrile 

(5 mL) under stirring at 220 °C for 2 h. Benzonitrile was removed 

under reduced pressure and the residue was dried at 80 °C 

overnight. The resulting Rh(TCPPCO2Me)Cl was hydrolyzed (120 

mg) by refluxing a mixture of THF (6 mL) and MeOH (6 mL), to 

which a solution of KOH (100 mg) in H2O (6 mL) was added 

within 5  h. After the reaction mixture was cooled down to room 

temperature, the organic solvents were removed by rotary 

evaporation. Additional water was added to the residual 

product mixture and acidified with 1M HCl until no further 

precipitation of Rh(TCPPCO2H)Cl was observed. The red product 

was washed with water (3x 50 mL) and dried in vacuum 

overnight. 

Powder X-Ray Diffraction (PXRD)  

Powder X-ray diffraction measurements were performed using 

Bragg-Brentano geometry in a PANalytical Empyrean 

diffractometer equipped with a PANalytical PIXcel 1D detector. 

X-ray Cu Kα radiation (λ1 = 1.5406 Å, λ2 = 1.5444 Å, I2/I1 = 0.5) 

was used for the measurements. Kβ radiation removed with a 

Ni filter. Voltage and intensity were 45 kV and 40 mA, 

respectively. The measurement range was from 5.0° to 70.0° 

(2θ) with a step size of 0.040° (2θ) and an acquisition time of 35 

seconds per step. The measurement was performed at 298 K 

and the sample was rotated on a reflection-transmission 
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spinner during the measurement (0.5 rps). High-throughput 

powder X-ray diffraction patterns were recorded on a STOE 

COMBI P diffractometer (monochromated Cu Kα1 radiation, λ = 

1.54060 Å) equipped with an IP-PSD detector in transmission 

geometry. 

N2-Physisorption (Brunauer–Emmett–Teller, BET)  

Nitrogen physisorption measurements were performed on a 

Micromeritics 3Flex surface analyzer and carried out at 77 K. 

Prior to the measurements, the samples (~100 mg) were 

activated for 12 h at 393 K in vacuum. The specific surface area 

of the materials was calculated using the multipoint BET 

method (Brunauer−Emmett−Teller) applied to the isotherm 

adsorption branch, while taking into account the Rouquerol 

consistency criteria.47 

NMR spectra 
1H and 13C NMR spectra were recorded on a Bruker AMX-300 

spectrometer at 300 MHz and 75 MHz, respectively (16 and 

1024 scans, respectively). 

UV-VIS 

UV-VIS spectroscopy was performed on an Agilent Cary 60 UV-

VIS instrument. 

Material synthesis 

Synthesis of PCN-224. In a Pyrex vial ZrCl4 (30 mg), H2TCPP 

(10 mg) and benzoic acid (400 mg) were ultrasonically dissolved 

in DMF (2 mL). The mixture was heated in an oven at 120 °C for 

24 h. After cooling down to room temperature, purple crystals 

were collected by filtration, washed with DMF (3x 20 mL) and 

acetone (3x 20 mL), and placed in acetone solution for 

additional 24 h to ensure sufficient solvent exchange. The 

powder was separated by centrifugation and activated at 120 °C 

for 24 h in dynamic vacuum. Anal. Calcd. (%) for PCN-224: C, 

42.01; H, 2.45; N, 4.08%. Found: C, 44.51; H, 2.74; N, 3.77%.  

Synthesis of PCN-224(Rh). In a Pyrex vial ZrCl4 (30 mg), 

Rh(TCPPCO2H)Cl (10 mg) and benzoic acid (400 mg) were 

ultrasonically dissolved in DMF (2 mL). The mixture was heated 

in an oven at 120 °C for 24 h. After cooling down to room 

temperature, orange-red crystals were collected by filtration, 

washed with DMF (3x 20 mL) and acetone (3x 20 mL), and 

transferred in acetone solution for 24 h. The powder was 

separated by centrifugation and activated at 120 °C for 24 h in 

dynamic vacuum. Anal. Calcd. (%) for PCN-224(Rh): C, 39.49; H, 

2.16; N, 3.84%; Found: C, 40.20; H, 3.01; N, 3.92%. 

Synthesis of PCN-222. In a Pyrex vial ZrCl4 (70 mg), H2TCPP (50 

mg), and benzoic acid (2.7 g) were ultrasonically dissolved in 

DMF (8 mL). The mixture was heated in an oven at 120 °C for 2 

d. After cooling down to room temperature, violet powder was 

collected by filtration and activated with 1.5 mL 8M HCl in DMF 

at 120 °C for 12 h to remove residual modulator, followed by 

washing with DMF (3x 20 mL) and acetone (3x 20 mL) and 

transferred into acetone solution for 24 h. The powder was 

separated by centrifugation and activated at 120 °C for 24 h in 

dynamic vacuum. Anal. Calcd. (%) for PCN-222: C, 48.27; H, 2.70; 

N, 4.69%. Found: C, 46.36; H, 2.68; N, 5.40%. 

Synthesis of PCN-222(Rh). In a Pyrex vial ZrCl4 (70 mg), 

Rh(TCPP)Cl (50 mg) and benzoic acid (2.7 g) were ultrasonically 

dissolved in DMF (8 mL). The mixture was heated in an oven at 

120 °C for 2 d. After cooling down to room temperature, the 

resulting dark red powder was collected by filtration, washed 

with DMF (6x 20 mL) and acetone (6x 20 mL) and transferred 

into acetone solution for 48 h. During that time, acetone was 

exchanged every 12 hours. The powder was separated by 

centrifugation and activated at 120 °C for 24 h in dynamic 

vacuum. Anal. Calcd (%) for PCN-222(Rh): C, 44.94; H, 2.36; N, 

4.28%; Found: C, 46.90; H, 2.66; N, 4.41%. 

2.2 Synthesis and Characterisation 

PCN-224(Rh) was obtained by solvothermal synthesis. A 

metalated Rh-porphyrin linker46 was synthesized by 

saponification of the Rh(TCPPCO2Me)Cl ester. Metalation was 

confirmed via UV-Vis spectroscopy (see the Electronic 

Supplementary Information (ESI), Figure S1). The obtained 

linker [5,10,15,20-tetrakis(4-

carboxyphenyl)porphyrinato]Rh(III) chloride, ZrCl4 and benzoic 

acid as modulator were mixed in DMF and heated for 1 day at 

120 °C.38. Accordingly, PCN-222(Rh) was synthesized utilizing 

lower Zr : linker ratios and extended reaction tines.38  

 

 
Figure 1. Experimental (exp.) powder X-ray diffraction pattern of PCN-224(Rh, Fe) 
compared to non-metalated exp. PCN-224 and the simulated (sim.) pattern of 
PCN-224(Ni) calculated from a model obtained from single crystal data. 

MP-MOFs were obtained as phase pure microcrystalline 

powders, which was confirmed by powder X-ray diffraction 

(PXRD) (see Figure S2 in the ESI for the PXRD of PCN-222(Rh)). 

Comparison to patterns of parent non-metalated MOFs and to 

the simulated powder pattern reveals that all MP-MOFs are 

isostructural to each other. A type I isotherm and a 

Brunauer−Emmett−Teller (BET) surface area (Sa) of 1400 m2/g 

were found for PCN-224(Rh). This value is lower than, but still in 

the same order of magnitude as for non-metalated PCN-224 (Sa 

= 2147 m2/g). This might indicate slightly incomplete activation 

prior to the measurement, or possibly the presence of 

additional Rh-ions, which would increase the molar weight but 

hardly affect the pore volume (see the ESI for the pore size 

distributions (PSD)).  
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Figure 2. N2-physisorption measurements of PCN-224(Rh, no metal) measured at 

77 K. 

 
Figure 3. N2-physisorption measurements of PCN-222(Rh) measured at 77 K.  

 

The synthesized micro- and mesoporous PCN-222(Rh) sample 

exhibited a surface area of 1912 m2/g (literature Sa of non-

metalated PCN-222 = 2223 m2/g),37 showing an expected 

additional step in the isotherm compared to PCN-222 which 

could be attributed to the large hexagonally shaped 3D 

mesoporous channels (see the ESI for the pore size distribution 

of PCN-222(Rh)). 

2.2 Catalytic tests 

As a test reaction, we selected the cyclopropanation (CP) of 

olefins (see Scheme 1) using ethyl diazoacetate (EDA) as 

carbene source.    

 

 

 

 

 

Scheme 1. Cyclopropanation of styrene using ethyl diazoacetate (EDA) to the 
corresponding diastereomeric cyclopropanation products (trans, cis and their 
corresponding enantiomers (not shown)) under Rh-MOF catalysis. 

 

First, we tested Rh(TCPPCO2Me)Cl as a homogeneous reference 

system. In the catalytic reaction 135 µL EDA (1.1 mmol) was 

diluted in 2 mL CH2Cl2 and added manually via a syringe to a 

solution of 75 µL styrene (0.8 mmol) in 3 mL CH2Cl2 within 

20 min. Further manual introduction of EDA did not lead to full 

conversion. The activity at room temperature (r.t.) under 

stirring in CH2Cl2 is moderate (yield = 20% after 22 h; see Table 

1). Expectedly, there is no diastereoselectivity (1:1), since this 

porphyrin ligand is nearly planar and lacks directing bulky 

groups attached at the meso-position of the porphyrin 

backbone.  

Secondly, we used the heterogeneous counterpart PCN-224(Rh) 

as catalyst under the same reaction conditions as above and 

found a similar yield (29% after 22 h). The selectivity towards 

the cyclopropanation products was decreased due to the 

uncontrolled dimerization of EDA (found by GC-MS and 1H and 
13C NMR analysis); EDA is therfore no longer available for the 

carbene transfer to the olefin. Therefore, the reaction was 

performed using a motorized pump and excess of olefin 

conditions; hereby, 135 µL (1.1 mmol) EDA diluted in 3 mL 

CH2Cl2 was added at a rate of 0.5 mL/h to a suspension of 

catalyst in 2 mL olefin solution. As a result, a conversion of 71% 

styrene and a dr of 1:1 (trans:cis) was observed; formation of 

the coupling side product diethyl fumarate was drastically 

reduced, revealing the crucial dependence of controlled 

introduction of EDA on the yield of the reaction.  

Furthermore, we determined the scope of the reaction, as 

summarized in Table 1. Products of the substituted 4-methyl-, 

4-methoxy-, 4-nitro-, 4-chlorostyrenes were obtained in 

moderate to good yields up to 68% at r.t. after 6 h under stirring 

under air applying excess substrate. Cyclic and terminal olefins 

exhibited yields of 49% (cyclooctene) and 22% (1-octene). In 

addition, 3,4-dihydro-2H-pyran, a sugar-based glycal, which can 

be obtained from biological feedstock which makes it relevant 

in terms of sustainability, showed a moderate yield of 20%.  
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All reactions were carried out at room temperature and stirring (rpm = 500) 

operated under air after 6 h reaction time. Yields are obtained applying an excess 

of substrate: 135 µL (1.1 mmol) EDA diluted in 3 mL CH2Cl2 was added via a 

motorized syringe pump (rate = 0.5 mL/h) to a suspension of catalyst in 2 mL 

substrate. 1Catalyst loading: 0.0033 mmol, 0.4 mol% Rh. 2Manual addition of 

135 µL EDA (1.1 mmol) in 2 mL CH2Cl2 to a solution of 75 µL styrene in 2 mL CH2Cl2 

within 20 min. 3GC-Yield. 4Diastereomeric ratio (trans:cis) of the product. 

Interestingly, a high dr of 23:1 (trans:cis) was observed with 4-

aminostyrene as substrate. Presumably, the amino functionality 

acts as an anchoring ligand to the Rh-porphyrin linkers and/or 

via hydrogen bonding to the Zr-oxo-clusters, as it is indicated by 

infrared spectroscopy (see the ESI, Figures S8 and S9). Such a 

coordination mode is likely to align the substrate in a certain 

position, and sterically orienting the olefin moiety to the Rh-

carbene in a favored fashion. In this sense, the reaction can be 

considered catalyst-controlled, because of the well-defined and 

rigid Rh(Zr)-Rh distances favoring certain olefin orientations. On 

the other hand, the reaction can be viewed as substrate-

controlled, whereby the coordination ability of functional 

groups on the substrates drives the stereoselectivity. In this 

example, the linkers and/or nodes carrying functional groups 

may act as binding sites facilitating substrate-catalyst 

interactions for possible enrichment fixation, and activation of 

substrates, providing special transfer pathways for 

stereoselective chemical transformation.48 Hence, coordination 

of the substrate caused by the pore confinement results in its 

symmetry breaking, with the carbene transfer proceeding no 

longer statistically but favorably towards one diastereomer 

over the other. The high diastereoselectivity thus follows from 

stabilization of an alternative transition state, compared to 

molecular Rh-porphyrins in solution, which naturally lack any 

pore confinement effect or substrate-controlled preferential 

steric orientation in the transition state of the carbene transfer. 

The abovementioned stabilization is also known from cage-

catalyzed reactions leading to unusual reactivity/selectivity 

compared to their bulk counterparts.10,49,50  

Further, we investigated the conversion of 4-hydroxystyrene 

and we found a similarly high dr of 21:1 (trans:cis), which 

supports the idea of the directing group effect of the substrate. 

However, the yield of the corresponding cyclopropane was low 

due to side reactions with propylene glycol, which is present in 

the solution of 4-hydroxystyrene (10 wt%), acting as a 

stabilizer. As a control experiment to test that the 

diastereoselectivity is controlled by coordinating groups 

attached to the styrene, we further investigated N,N-dimethyl-

4-aminostyrene and 4-methoxystyrene. In both substrates, the 

coordination ability is reduced by sterical hindrance the 

absence of H-bonding interactions. In neither case did we 

observe diastereoselective transformations, while the product 

yield for N,N-dimethyl-4-aminostyrene was consistent with 

that of 4-aminostyrene (4-methoxystyrene does not contain a 

stabilizer, hence a direct comparison of yields cannot be made). 

In contrast to other substrate-directed reactions which often 

proceed via an intramolecular pathway, the ascribed reaction 

is intermolecular, since coordination and catalytic reactions do 

proceed at two distinct centers. When we consider the 

coordination of the amino group to a Rh-porphyrin, the Rh-

porphyrin may have two important different functions: (1) 

Coordination acceptor and pre-alignment of non-innocent 

substrate and (2) catalytically active center. This interplay of 

two neighboring Rh-centers may critically influence the 

diastereoselectivity of the reaction. 

 

2.3 Topology-dependent diastereoselectivity 

To investigate the interplay of two neighboring Rh-porphyrins 

as a function of the Rh–Rh distances, we studied PCN-222(Rh), 

which consists out of the same building units as PCN-224(Rh) 

but differs in pore geometry and topology exhibiting small 

trigonal and large hexagonal pores. In contrast to a Rh–Rh 

distance of 13.6 Å found in PCN-224(Rh), PCN-222(Rh) provides 

smaller Rh–Rh distances of 9.7 Å within its smaller trigonal 

micropores. 

Figure 4. Schematic representation of PCN-224(Rh) (left) exhibiting squared 
micropores and PCN-222(Rh) revealing its small trigonal micropores and large 
hexagonal mesopores (right). Black and bold arrows indicate Rh-Rh distances, 
while black arrows represent Zr–Rh distances, respectively. Red arrows highlight 
the most feasible (shortest possible) Rh–Rh distances, which would favor the 
assisted binding of a coordinating substrate molecule. 

4-Aminostyrene has a dimension of 8.1 Å and when we consider 

a bond length of around 2 Å for Rh-carbene,51 a cumulative 

length of ~10 Å is obtained. Hence, the summed distance of 

substrate and carbene matches quite well with the Rh–Rh 

distance of 9.7 Å in PCN-222(Rh). Indeed, reaction of EDA and 

Table 1. Catalytic results for the cyclopropanation of olefins and ethyl diazoacetate (EDA) 

using MP-MOFs as catalyst. 

No. Olefin Catalyst1 

 

Yield3 

[%] 

 dr4 

1 Styrene PCN-224(Rh) 71 1:1 

2 Styrene2 PCN-224(Rh) 29 1:1 

3 Styrene Rh-TCCPOMe 20 1:1 

4 4-Methylstyrene  PCN-224(Rh) 58 1:1 

5 4-Methoxystyrene PCN-224(Rh) 52 1:1 

6 4-Nitrostyrene PCN-224(Rh) 68 1:1 

7 4-Chlorostyrene PCN-224(Rh) 52 1:1 

8 4-Aminostyrene  PCN-224(Rh) 35 23:1 

9 4-Aminostyrene (AS) PCN-222(Rh) 29 42:1 

10 4-Hydroxystyrene PCN-224(Rh) 4 21:1 

11 N,N-Dimethyl-4-AS PCN-224(Rh) 31 1.5:1 

12 N,N-Dimethyl-4-AS PCN-222(Rh) 16 1:1 

13 1-Octene PCN-224(Rh) 22 1:1 

14 Cyclooctene PCN-224(Rh) 49 1:1 

15 3,4-Dihydro-2H-pyran PCN-224(Rh) 20 1:1 

20 Å 

15 Å 

1

32 Å 

1
8
.6

 Å
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4-aminostyrene proceeds with a moderate yield of 29%, but 

with an exceptional dr of 42:1 (trans:cis). The small trigonal pore 

is built from three distinct Rh-centers with identical Rh–Rh 

distances. Thus, in our view, this specific micro environment 

confines the reaction space and makes it more likely that these 

two species will react in very selective manner, leading to 

strongly enhanced diastereoselectivity (see the SI, Figure S7 for 

qualitative graphic illustrations highlighting the possible 

orientations of 4-aminostyrene inside a cavity of PCN-222(Rh)). 

Since the Zr–Rh distances in both MOFs are identical and the 

major differences in the Kagomé structure of PCN-222(Rh) are 

the shorter Rh–Rh distances, we believe that the role of H-

bonding interactions of amino or hydroxy groups with the Zr-

oxo clusters are not that dominant. However, we cannot 

exclude nor quantify the contribution of H-bonding 

interactions. In a conceptually similar study Zhang et al. applied 

Zn-BCTA MOF (BCTA = bis[4-(5-carboxy-2-thienyl)phenyl](4-

carboxyphenyl)amine) as a photocatalyst in the sulfonylation–

cyclization of activated alkenes.52 Interpenetration of the MOF 

allowed closer substrate-redox center contacts, resulting in 

superior efficiency and more importantly, in higher 

diastereoselectivities compared to the homogeneous 

counterpart.52 These results are in line with the obtained 

diastereoselectivities in our work, which also critically depend 

on confinement effects and suitable substrate-catalyst 

distances. 

Conclusions 

We introduced an example of a catalytic process wherein the 

diastereoselectivity crucially depends on specific local 

confinement effects, which can be adjusted by the careful 

choice of an appropriate MOF system. For the first time, 

heterogeneous porphyrin-based metal-organic frameworks 

PCN-222(Rh) and PCN-224(Rh) catalysts were applied in the 

diastereoselective cyclopropanation of styrene and styrene 

derivatives with ethyl diazoacetate. Styrene and substituted 

styrenes were converted with high catalytic activity. 

Interestingly, styrenes carrying coordinating amino and hydroxy 

groups show a high diastereomeric ratio (dr) of up to 23:1 

(trans:cis) under PCN-224(Rh) catalyst, which was attributed to 

their coordination to Rh centers caused by pore confinement 

effects derived from favorable substrate-catalyst interactions. 

The diastereoselectivity is further improved to a dr of 42:1 

(trans:cis) by selecting PCN-222(Rh) catalyst, a structural analog 

of PCN-224 with Kagomé topology, featuring closer Rh–Rh 

distances. These results demonstrate that the 

diastereoselectivity of the cyclopropanation reaction can be 

controlled by (1) the choice of functional groups attached to 

substrates and (2) by structural and topological differences of 

the two MOFs used in this study, i.e. the distances between two 

rhodium centers. The insights obtained in this work may be 

interesting for the development of novel MOFs catalysts, since 

the results showcase possible structure-property relationships 

and more importantly, stress the impact of confined space as a 

critical reaction parameter to obtain stereoselective reaction 

products. 
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