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ABSTRACT: First-row transition-metal complexes often show a propensity for forming reactive radical species, such as 

superoxide complexes (M–O2•) generated by the binding of O2 to the metal, or free alkyl-radicals formed via M–C homolysis. 

Such radicals are important intermediates in reactions catalyzed by synthetic metal complexes and metalloenzymes, but their 

high reactivity can lead to undesired side reactions such as quenching by solvent, oxygen, or other radicals. In this work, we 

show that confinement of a CoII porphyrin complex in a large porphyrin-walled M8L6 nanocage allows for the taming of radical 

reactivity to enable clean oxidative alkylation of the cobalt center with tetraalkyltin reagents via an unexpected process 

mediated by O2 and light, which usually promote homolytic decomposition of porphyrin-supported CoIII–alkyl bonds. Indeed, 

analogous CoIII–alkyl complexes in free solution degrade too quickly under the alkylating conditions to enable their clean 

formation. The nanocage also acts as a size-selective barrier for alkylating agents, allowing CoIII–alkyl formation using SnMe4 

and SnEt4 but not SnBu4. Likewise, Co–C homolysis is facilitated by the persist radical reagent TEMPO but not by a bulky 

derivative of TEMPO. These results show that nanoconfinement is a promising strategy for guiding radical-based 

organometallic reactivity under otherwise prohibitive conditions. 

Introduction. 

Radicals centered on light p-block elements (e.g., C, N, O) 

are among the most reactive species known in chemistry 

owing to the typically low kinetic barriers and favorable 

thermodynamics for engaging the unpaired electron in 

bonding.1 Usefully, such radicals can be generated and/or 

captured by transition metal complexes, especially those 

involving first-row metals,2 thereby enabling powerful 

catalytic methods3 that include C–H oxidations4 and C–C 

cross-coupling reactions.5 However, the indiscriminate 

reactivity of radicals limits these methodologies, often 

leading to low selectivities and restricting suitable reaction 

conditions or substrates.6 Thus, it would be desirable to 

develop new methods for controlling the reactivity of 

radical intermediates generated by transition metal 

complexes. 

A number of metalloenzymes overcome the challenges of 

radical-based chemistry by guiding the reactivity of radical 

intermediates in confined active sites.7 Many oxygenases 

precisely control the substrate binding and radical rebound 

steps of M=O mediated H-atom abstraction processes,8 and 

certain B12-dependent enzymes utilize Co–C bond 

homolysis to release an adenosyl radical that effects 1,2-

rearrangements of bound substrates before reassembly of 

the initial Co–C bond.9 Molecular nanocages10 and other 

nanoporous structures11 feature cavities that might 

similarly be used to guide reactivity between radicals and 

Scheme 1. Radical reactivity in a porphyrin nanocube. 
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metal complexes, but few examples have been reported12 

even though stabilizing radicals13 and other reactive 

species14 or otherwise guiding reactivity15 in porous 

materials is well precedented. In one notable study, de 

Bruin and Reek increased the TONs of cyclopropanations 

and intramolecular CH activations by confining a cobalt-

porphyrin catalyst in a large nanocube (1) comprising six 

porphyrin walls bound together by eight (bipy)3Fe2+ 

vertices that are connected to the porphyrins via imine 

linkages (Scheme 1A).12d These connections are dynamic 

enough to allow uptake of a [(4-py)4porphyrin]CoII guest 

(TPyPCoII), providing a way to isolate this catalyst inside the 

cube to stabilize radical-carbene ligands against 

detrimental radical dimerizations.12d,16 This example 

exclusively involves metal-bound radicals, in contrast to the 

fully organic radical intermediates generated by H-atom 

abstraction or M–C homolysis. The ability of artificial 

porous materials to guide the reactivity of free alkyl radicals 

may, however, be responsible for the improved selectivity 

of C–H halogenations in a metal-organic framework 

reported by Li and Zhou, though we can only speculate since 

no mechanistic details were examined.17  

Given the scarcity of studies involving main-group 

radicals and transition metals in nanoporous structures, we 

became interested in identifying a system in which 

metal/radical reactivity could be examined in a confined 

space, focusing on stoichiometric reactivity to complement 

the aforementioned catalytic studies. Porphyrin-supported 

CoIIIR complexes (R = alkyl) can undergo thermally or 

photolytically induced Co–C homolysis,2c so CoIIIR 

derivatives of de Bruin’s and Reek’s encapsulated cobalt-

porphyrin complex were targeted as precursors that are 

susceptible to generating free alkyl radicals (R•) in a well-

defined nanopore. However, the cubic cage is not stable to 

typical conditions for forming CoIIIR complexes, 

necessitating identification of other methods for forming 

CoIII–C bonds.  Serendipitously, we discovered a new 

process for 1 e– oxidative alkylation of CoII porphyrin 

complexes with tetraalkyltin reagents using light and O2 as 

promoters (Scheme 1B), conditions which usually 

destabilize Co–alkyl bonds.18 Indeed, alkylation of 

unencapsulated cobalt porphyrins was less effective using 

these conditions due to degradation of the products back to 

the CoII state. Additionally, the cage acts as a size-selective 

barrier for alkylating the encapsulated CoII site with SnR4 

and for controlling the reactivity between the CoIII–R 

complexes and persistent radicals such as O2 and 

derivatives of TEMPO. 

 

 

Results and Discussion. 

Alkylation of an encapsulated Co porphyrin complex. 

The cubic cage 1 presents a challenge to alkylation of the 

encapsulated (TPyP)Co complex via common methods for 

preparing cobalt alkyl complexes. For example, the redox-

active (bipy)3Fe2+ linkers prevent selective reduction of CoII 

to CoI, ruling out oxidative addition of alkyl halides to CoI as 

a route to prepare CoIIIR complexes.19 Additionally, 1 is only 

soluble in solvents (e.g., DMF, MeCN) that are incompatible 

with alkyl anion reagents (e.g., Li–alkyl, XMg–alkyl) that are 

often used to form CoIIIR complexes via metathesis with 

CoIIIX starting materials.20 Therefore, we targeted alkylation 

of encapsulated (TPyP)CoIIICl complexes using alkyltin 

reagents (SnR4) that are minimally nucleophilic but which 

have been reported to participate in metathesis with 

CoIII–Cl to form Co–C bonds and R3SnCl.21 

Encapsulation of (TPyP)CoIIICl was attempted using the 

reported conditions for uptake of (TPyP)CoII into the cubic 

cage.12d A stoichiometric amount of (TPyP)CoIIICl was 

suspended in a DMF solution of the cube and heated at 70 

°C for 36 h under N2. However, the 1H NMR spectrum of the 

product (Figures 1A and S1) lacks the upfield shifted pyridyl 

and pyrrolic CH resonances reported for other diamagnetic 

porphyrin complexes bound in the cubic cage.12d Instead, 

the spectrum matched that reported for the complex of 

(TPyP)CoII in the cube, suggesting reduction of the CoIIICl 

complex during encapsulation. Likewise, only the CoII state 

of the host-guest complex was observed by ESI-HRMS 

(Figure S30), and EPR spectroscopy showed a l.s. CoII signal 

matching that reported for (TPyP)CoII@1 (Figure S34).12d 

Lastly, (TPyP)CoII@1 was intentionally prepared and 

exhibited 1H NMR characterization data matching that of 

the product of our attempts at encapsulating (TPyP)CoIIICl 

(Figures 1A,B). It is unclear exactly how the (TPyP)CoIIICl 

complex is reduced upon encapsulation, but it is 

conceivable that the 16+ charge of the cube and the 

coordination of the pyridyl groups of the TPyP ligand to the 

Zn centers of the cube raise the CoIII/II reduction potential, 

destabilizing the CoIII state. 

 

 
Figure 1. Truncated 1H NMR spectra of (A) (TPyP)CoII@1 formed 

from (TPyP)CoIIICl and 1; (B) (TPyP)CoII@1 formed from 

(TPyP)CoII and 1; and (C) (TPyP)CoIIIMe@1 with signals of the 

TPyP  CH positions, the 3-positions of the pyridyl groups, and the 

methyl ligand indicated. All spectra were recorded in CD3CN at 25 

°C on a 500 MHz instrument.  
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Fortuitously, we attempted to methylate the 

encapsulated cobalt complex with SnMe4 prior to realizing 

the expected CoIIICl state had been reduced to CoII, which 

surprisingly still led to formation of the desired CoIII–Me 

complex. The methyl ligand was identified by the 

appearance of a signal at –7.17 ppm in the 1H NMR spectrum 

of the product (Figures 1C, S2, and S3), and signals of the 

pyridyl and pyrrolic CH positions of the TPyP ligand were 

respectively seen at 5.28 and 6.21 ppm (Figures 1C, S2, and 

S3), consistent with binding of a diamagnetic porphyrin 

complex in the cube. The DOSY separated 1H NMR spectrum 

revealed another resonance at 2.33 ppm (Figure 2) that had 

been hidden by the water residual signal. This resonance 

corresponds to the 2-position CH bonds of the TPyP pyridyl 

groups, filling in all the expected resonances of the 

encapsulated (TPyP)CoIIIMe complex. ESI-HRMS confirmed   

 

 
Figure 2. DOSY 1H NMR spectrum of (TPyP)CoIIIMe@1 in CD3CN at 

25 °C. The DOSY-separated 1D spectrum is displayed on top and 

the corresponding 2D spectrum is shown below with the diffusion 

coefficient and calculated hydrodynamic radius indicated.  

 

the identity of this host-guest complex (Figures 3 and S31), 

showing that the CoIII–Me bond survives even in the gas 

phase, suggesting it is stabilized in the cube since we were 

unable to observe related monomeric CoIIIMe complexes by 

HRMS under analogous conditions.  

Notably, methylation of the encapsulated CoII complex 

occurred most effectively in solutions exposed to air and 

light. Since porphyrin-supported CoIIIMe complexes are 

usually degraded under such conditions,18 the alkylation 

had first been attempted anaerobically with shielding from 

light, but only a trace of the CoIIIMe product was observed 

by 1H NMR spectroscopy after 48 h in the presence of 50 

equiv of SnMe4 (Figure 4A). Mild heating (40 °C) or 

exposure to light led to minimal improvements in  

 

 
Figure 4. 1H NMR spectra of CD3CN solutions of (TPyP)CoII@1 and 

SnMe4 (50 equiv) after 48 h under the following reaction 

conditions: (A) 23 °C free from air and light; (B) 40 °C free from air 

and light; (C) 40 °C exposed to light and free from air; (D) 40 °C 

exposed to air and free from light; (E) 23 °C exposed to air and 

light; (F) 40 °C exposed to air and light.  

 

Figure 3. ESI(+)-HRMS characterization of [(TPyP)CoIIIMe@1]•16NTf2. Signals were observed for the host-guest complex with 2–10 NTf2
− 

anions remaining associated. The inset displays peaks observed for [(TPyP)CoIIIMe@1•6NTf]10+ and [(TPyP)CoIIIMe@1•5NTf]11+ 

compared with calculated isotope patterns for this complex with different solvent molecules associated or CH3 dissociated.  
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conversion in the absence of air (Figures 4B,C), while 

exposure of the reaction mixtures to air in the absence of 

light resulted in considerably greater formation of the 

CoIIIMe product (Figure 4D). However, formation of the 

CoIIIMe product was most efficient in the presence of both 

light and air, reaching nearly complete conversion after 48 

h when heating to 40 °C was also applied (Figure 4F). These 

optimized conditions are remarkable since it has long been 

recognized that porphyrin-supported CoIIIMe complexes 

undergo photolytic Co–C homolysis, which in the presence 

of O2 leads to irreversible decomposition via formation of 

unstable CoIIIOOMe complexes.18 It is likely that the cage 

promotes rapid recombination of CoII and •CH3 

intermediates after homolysis,22 inhibiting reaction of the 

methyl radical with O2 (vide infra).18a Similar effects are 

believed to protect methylcobalamin cofactors from 

homolytic degradation,7c and have also been noted in 

sterically hindered supramolecular complexes of CoIIIMe 

porphyrins with cyclodextrins.23 

 

Influence of nanoconfinement on alkylation of CoII. 

The role of the cubic cage in enabling formation of a CoIIIMe 

complex was confirmed in control experiments using 

monomeric complexes of tetraphenylporphyrin (TPP) and 

tetrakis(N-Me-4-pyridinium)porphyrin (TPyMeP). An 

attempt at methylation of (TPP)CoII with SnMe4 at 40 °C in 

CDCl3 (Scheme 2A) was entirely unsuccessful in the 

presence of air and light (see Figure S16 for monitoring). 

For comparison, reaction of (TPP)CoIIICl with SnMe4 at 25 °C 

in CDCl3 in the presence of air and light led to the 

appearance of a 1H NMR signal at –4.54 ppm (Figure S15), 

as reported by Kitano,21 with a maximum conversion to 

(TPP)CoIIIMe of ~77 % reached after 2 h, followed by nearly 

complete decomposition to the CoII state of the complex 

after 19 h (Scheme 2B). Thus, (TPP)CoIIIMe is unstable 

under these conditions but persists long enough that it 

should have been observable if the reaction of (TPP)CoII and 

SnMe4 was effective at forming a Co–C bond. Since 

chloroform is an effective trap for alkyl radicals, it is 

conceivable that the failure to form (TPP)CoIIIMe from  

 

Scheme 2. Conditions for synthesis and decomposition 

of simple CoIIIMe porphyrin complexes. 

 

(TPP)CoII is because the CDCl3 solvent intercepts a free •CH3 

intermediate prior to its capture by CoII. 

Experiments with [(TPyMeP)CoII]4+ in CD3CN provided 

more direct comparisons with the reactivity of 

(TPyP)CoII@1. Alkylation conditions similar to those used 

for the host-guest complex were effective at partial 

conversion of [(TPyMeP)CoII]4+ into [(TPyMeP)CoIIIMe]4+ 

(Scheme 2C). However, only ~59 % formation of the methyl 

complex was reached after 9 h before complete 

decomposition back to the initial CoII state over 100 h 

(Figures 5 and S17). When heat was also employed (40 °C), 

the concentration of methylated Co centers peaked around 

1.5 h and degraded within 23 h (Figure S18). Since 

[(TPyMeP)CoIIIMe]4+ was not formed cleanly using SnMe4, 

the identity of this CoIIIMe complex was confirmed by 

independent synthesis using Me3O+ to alkylate the reduced 

complex [(TPyMeP)CoI]3+ (see Supporting Information).24    

 

Figure 5. 1H NMR monitoring of the reaction of (TPyMeP)CoII with 

excess SnMe4 (50 equiv) in CD3CN in the presence of air and 

ambient light at 23 °C.  In the earliest spectrum (0.15 h), red 

squares mark signals of (TPyMeP)CoII and blue dots mark signals 

of the (TPyMeP)CoIIICH3 product. In subsequent spectra, solid blue 

arrows indicate the growth and disappearance of signals of the 

CoIIICH3 complex, and hollow red arrows mark opposite changes to 

the signals of the CoII state. Green arrows mark a resonance that 

grows in at 3.28 ppm that is attributed to formation of MeOH as a 

product of the decomposition of (TPyMeP)CoIIICH3.  

 

 

The above results reveal that activation of SnMe4 by light 

and O2 to form CoIIIMe products does not require 

confinement of the initial CoII complex, but that the cube 

does appear to be necessary to stabilize the product enough 

to enable full conversion under these conditions. However, 

the mechanism of alkylation remains an open question. The 

involvement of light, O2, and porphyrins suggests that 

singlet O2 might be generated as an intermediate that 

activates SnMe4. Insertion of O2 into a weak Sn–C bond 

could form MeOOSnMe3 which could oxidize CoII to a CoIIIOR 

complex that might undergo metathesis with additional 
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SnMe4. However, the partial formation of CoIIIMe inside the 

cube even on samples shielded from light (Figure 4D) 

suggests that an alternative, non-photolytic pathway must 

also be available. Likewise, the failure to form any 

(TPP)CoIIIMe from (TPP)CoII and SnMe4 in CDCl3 suggests 

that free •CH3 may be involved as part of the alkylation 

mechanism. Some organotin compounds readily form 

radicals,25 but SnMe4 was found to be stable in the absence 

of cobalt porphyrins, showing no decomposition by 1H NMR 

spectroscopy when monitored for 8 days in CD3CN in the 

presence of O2 and light (Figures S22, S23), indicating that 

the cobalt complex is necessary for activating the organotin 

reagent. Cobalt(II) porphyrins are known to reversibly bind 

O2 to form CoIII superoxo complexes that can activate weak 

covalent bonds,26 and such reactivity might be enhanced by 

light.27 Thus, it is highly plausible that a CoIII–O2• 

intermediate is involved in activating SnMe4, representing a 

new example of radical reactivity in a nanoconfined 

environment. However, aside from the signals of the cobalt 

complexes and cube, only broad new 1H NMR resonances 

appeared when monitoring the methylation reactions in the 

cube (Figure S3), preventing identification of any tin 

byproducts. Thus, it is difficult to conjecture with any 

confidence about the subsequent steps that lead to CoIIIMe 

formation, and we caution that our mechanistic 

interpretations are speculative, especially since more than 

one pathway may be operative. 

The influence of encapsulation on the reactivity of the 

(TPyP)CoII guest was further probed by comparing the 

efficiency of alkylation using tetralkyltins of varying sizes 

(SnMe4, SnEt4, SnBu4). The irregularly shaped apertures of 

the M8L6 cube can be approximated as 10.5 x 5.5 Å ovals 

(measured between the van der Waals surfaces of the walls) 

and have been shown to exclude large catalytic substrates 

from entering the cage,12b-d,15b suggesting that bulkier SnR4 

reagents may be ineffective at alkylating the confined CoII 

site. Thus, the formation of a CoIIIEt complex was targeted 

using SnEt4 (Scheme 3), leading to formation of the 

encapsulated ethyl complex with similar conversion (~ 80 

%) as attained for methylation using SnMe4 (≥ 90 %).  New 

signals were observed at –6.19 ppm (multiplet) and –7.68 

ppm (triplet, J = 7.7 Hz; Figure S5) for the CH2 and CH3 

positions of the ethyl ligand inside the cage, and resonances 

of the TPyP ligand also appeared between 5 and 6.5 ppm, as 

expected for a bound diamagnetic (TPyP)CoIIIEt complex.  

 

Scheme 3. Comparison of alkylation of (TPyP)CoII@1 

using tetraalkyltin reagents of varying sizes. 

 

The identity of (TPyP)CoIIIEt@1 was also confirmed by ESI-

HRMS (Figure S32), though note that the host-guest 

complex was not fully isolated since the low volatility of 

SnEt4 (181˚C) prevents easy removal by evaporation. In 

contrast to the smaller tetraalkyltins, SnBu4 was not 

effective at alkylating (TPyP)CoII@1 (Scheme 3) even after 

several days of heating in the presence of air and light 

(Figure S21). Presumably, SnBu4 is too large to enter the 

apertures of the cage or it cannot take on necessary 

conformations for reaction with the cobalt center in the 

confined environment. 

 

Stability and Reactivity of (TPyP)CoIIIMe@Cube. 

Experiments were performed to further probe the influence 

of the cubic cage on the reactivity of the encapsulated 

CoIIIMe complex. Samples of isolated (TPyP)CoIIIMe@1 

show no decomposition after seven days in the solid state 

when stored under N2 at 25 °C in the absence of light (Figure 

S3), but decomposition occurs readily upon exposure to air 

and ambient light. When first attempting to isolate samples 

of (TPyP)CoIIIMe@1, the host-guest complex was 

precipitated from the CD3CN reaction solution using Et2O 

and collected by vacuum filtration under air. After 1 h under 

air, the 1H NMR spectrum of the resulting product revealed 

nearly complete decomposition of the CoIIIMe complex, as 

evident from the disappearance of its CH3 resonance. 

Though decomposition of the methyl complex has proven 

consistent under these conditions, it has not been possible 

to confidently identify the resulting cobalt products, in part 

because varying NMR features have been seen for the 

decomposition products of different samples. 

The sensitivity of the encapsulated CoIIIMe complex to air 

in the solid state is surprising given the aerobic conditions 

needed to efficiently form the methyl complex and the 

persistence of (TPyP)CoIIIMe@1 for several days under 

these reaction conditions (Figure S19). However, since 

experiments to form (TPyP)CoIIIMe@1 employed a large 

excess of SnMe4, it was not clear if the CoIIIMe complex was 

entirely stable under the reaction conditions or was simply 

being formed more quickly than it degrades. Thus, the 

stability of isolated (TPyP)CoIIIMe@1 in CD3CN solution 

was probed under air vs. N2 with and without exposure to 

light. When shielded from light, (TPyP)CoIIIMe@1 is quite 

stable, showing negligible degradation to (TPyP)CoII@1 

over 24 days (Figure S26) even in the presence of oxygen 

(Figure S27). (TPyP)CoIIIMe@1 is much less stable when 

exposed to light, as expected for a photosensitive complex. 

The CoIIIMe complex degrades completely to the CoII state 

after 10 days of exposure to ambient laboratory lighting 

under an N2 atmosphere (Figure S28), and air accelerates 

the photodecomposition, resulting in complete conversion 

to the CoII state after 48 h (Figure S29). The 5-fold faster 

decomposition under air is consistent with known 

reactivity of (porphyrin)CoIIIR complexes, for which O2 can 

act as an alkyl radical scavenger after photolytic Co–C 

cleavage, thereby preventing cobalt-alkyl recombination. 

https://doi.org/10.26434/chemrxiv-2023-s7fqx ORCID: https://orcid.org/0000-0003-0035-4565 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2023-s7fqx
https://orcid.org/0000-0003-0035-4565
https://creativecommons.org/licenses/by-nc-nd/4.0/


 

However, the relatively long lifetime of (TPyP)CoIIIMe@1 

even under air and light suggests that encapsulation of the 

methyl complex may promote faster radical recombination, 

limiting the ability of O2 to intercept the released methyl 

radical.  

To further examine how encapsulation influences CoIIIMe 

reactivity, samples of (TPyP)CoIIIMe@1 were treated with 

TEMPO (1.5 equiv) in CD3CN.  Even in the absence of air or 

light, TEMPO reacts with the encapsulated CoIIIMe complex 

to form TEMPO-Me (Scheme 4), which was easily identified 

by 1H NMR spectroscopy (Figure S24).28 Concomitant 

conversion of  (TPyP)CoIIIMe@1 to (TPyP)CoII@1 was also 

evident, reaching full conversion to the CoII state after 30 h. 

Thus, reaction of the encapsulated methyl complex with 

TEMPO occurs more readily even in the absence of light 

than reaction with O2 in the presence of light. This 

observation suggests that TEMPO can enter the cage to 

directly abstract the methyl group from cobalt without a 

separate Co–C homolysis step occurring first.  

 

Scheme 4. Steric influences on the reaction of TEMPO 

derivatives with (TPyP)CoIIIMe@1.  

 

 

To test whether TEMPO must directly access the CoIIIMe 

site to abstract the methyl group, a bulky derivative of 

TEMPO (XL-TEMPO, Scheme 4) featuring a m-terphenyl 

substituent was prepared and screened for its reactivity 

with (TPyP)CoIIIMe@1. The bulky TEMPO was prepared by 

amide condensation between 4-amino-TEMPO and 1,3-

bis(3,5-dimethylphenyl)benzoic acid (see Supporting 

Information), and characterization of XL-TEMPO by NMR, 

FTIR, and EPR spectroscopy as well as ESI-HRMS (Figures 

S6, S7, S33, S35, and S37) confirmed the expected identity 

of this TEMPO derivative. Molecular mechanics calculations 

provided a structure with dimensions (15.7 x 13.5 x 8.4 Å, 

Figure S36) that are too large to pass through the apertures 

of the cube, thus providing a way to test the role of sterics 

on the reactivity of (TPyP)CoIIIMe@1. The 1H NMR 

spectrum of (TPyP)CoIIIMe@1 remains unchanged after 96 

h in CD3CN solution containing 25 equiv of XL-TEMPO, and 

no new signals corresponding to XL-TEMPO-Me were 

observed (Figure S25). These observations confirm that the 

cube can provide steric control over the reactivity of the 

bound CoIIIMe complex, consistent with catalytic studies 

reported by Reek and de Bruin showing size-selective 

access of substrates to cobalt or manganese active sites 

confined in the cube.12b-d,15b  

 

Summary and Conclusions 

In summary, encapsulation of (TPyP)CoII in a large self-

assembled nanocage enabled the discovery of a new 

method for forming cobalt-alkyl complexes directly from 

the CoII state of the porphyrin complex, thus complementing 

previous alkylation methods that require initial oxidation 

or reduction of cobalt to its CoIII or CoI states prior to 

respective treatment with nucleophilic or electrophilic 

alkyl-transfer reagents.  Interestingly, the newly discovered 

alkylation methodology uses light and O2 to promote the 

reaction between SnR4 and cobalt, which is surprising since 

these conditions usually cause decomposition of CoIII–alkyl 

complexes supported by porphyrin ligands. Indeed, the 

stabilizing effects of encapsulation appear to be essential 

for formation of the alkyl complexes. Free porphyrin 

complexes did not undergo complete cobalt-alkyl formation 

under analogous conditions, though partial conversion 

could be obtained in a sufficiently unreactive solvent.  

The role of encapsulation in controlling the reactivity of 

the (TPyP)Co guest was confirmed by experiments 

examining the efficiency of alkylation using different SnR4 

reagents or the stability of the resulting CoIIIMe complex 

under various conditions. Together, these experiments 

indicate that the cube can prevent access of bulky reagents 

(e.g., SnBu4, XL-TEMPO) to the cobalt center and that 

encapsulation also stabilizes the cobalt-alkyl complex by 

promoting radical recombination under conditions that 

stimulate Co–C homolysis. This latter feature is key to the 

clean formation of the confined alkyl complexes in the 

presence of air and light, suggesting that porous structures 

show considerable promise for controlling the reactivity 

between transition metals and free radicals to enable new 

chemistry that is not possible in free solution.   
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