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Abstract.  We demonstrate that the modification of anthracene with B¬N Lewis pairs at their 

periphery serves as a highly effective tool to modify the electronic structure with important 

ramifications on the generation and reactivity towards singlet oxygen. A series of BN-fused 

dipyridylanthracene with Me groups in different positions of the pyridyl ring have been prepared 

via directed electrophilic borylation. The steric and electronic effects of the substituents on the 

structural features and electronic properties of the isomeric borane-functionalized products have 

been investigated in detail, aided by experimental tools and computational studies. We find that 

BDPA-2Me with Me groups adjacent to the pyridyl N has the longest B-N distance and shows 

overall less structural distortions, whereas BDPA-5Me with the Me group close to the anthracene 

backbone experiences severe distortions that are reflected in the buckling of the anthracene 
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framework and dislocation of the boron atoms from the planes of the phenyl rings they are attached 

to. The substitution pattern has also a dramatic effect on the self-sensitized reactivity of the acenes 

toward O2 and the thermal release of singlet oxygen from the respective endoperoxides. Kinetic 

analyses reveal that BDPA-2Me very rapidly reacts with O2, whereas BDPA-5Me is converted 

only very slowly to its endoperoxide. However, the latter serves as an effective singlet oxygen 

sensitizer as demonstrated in the preferential formation of the endoperoxide of dimethylanthracene 

in a competition experiment. These results demonstrate that even relatively small changes in the 

substitution of the pyridyl ring of BN-fused dipyridylanthracenes change the steric and electronic 

structure, resulting in dramatically different reactivity patterns. Our findings provide important 

guidelines for the design of highly effective sensitizers for singlet oxygen on one hand and the 

realization of materials that readily form endoperoxides in a self-sensitized manner and then 

thermally release singlet oxygen on demand on the other hand. 

 

Introduction 

The incorporation of heteroatoms presents a promising approach to judiciously alter the optical 

and electronic properties of organic π-conjugated materials.1 By embedding electron-deficient 

boron atoms or replacing C-C for isoelectronic B-N units in particular, desirable properties such 

as acceptor character due to lower lying LUMO orbitals, red-shifted absorptions and emissions 

reaching into the near-IR, thermally activated delayed fluorescence (TADF), and enhanced charge 

carrier mobilities can be realized.2  In a conceptually different approach the electronic structure of 

conjugated organic materials can also be modulated by B¬N Lewis pair functionalization at their 

periphery. In this case, Lewis acid-base interactions result in the formation of tetra- rather than 

tricoordinate borane groups. Such an approach offers intriguing opportunities due to (i) the ensuing 
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planarization of the molecular skeleton that results in enhanced extension of p-conjugation and 

improved rigidity favoring radiative over non-radiative decay; (ii) the increased electron-deficient 

character due to lower LUMO levels upon attachment of the borane Lewis acid groups; (iii) the 

potential for stimuli-responsive “smart” materials and molecular switches enabled by the 

reversibility of the Lewis pair formation.3 

Several methods are available for the attachment of B¬N Lewis pairs including lithiation-

borylation sequences, transition metal-catalyzed C-H borylation,4 hydroboration of vinyl-

functionalized derivatives,5 or Lewis base-directed electrophilic borylation6. Taking advantage of 

these diverse synthetic routes, researchers have functionalized various N-heterocyclic-substituted 

conjugated organic materials with boron in an effort at developing new luminescent materials for 

OLEDs and imaging applications, electron transporting and acceptor materials for transistors and 

organic solar cells (OSCs), as well as photochromic and pH-switchable materials.3d, 3e, 6b, 7 

We have recently embarked on an effort to explore the effects of the Lewis pair functionalization 

on larger p-conjugated scaffolds based on polycyclic aromatic hydrocarbons (PAHs). PAHs are 

attracting enormous research interest because of their desirable optical and electronic properties 

with applications ranging from organic electronics (OLEDs, OPVs, OFETs, singlet fission) to 

chemical sensors, catalysis and bioimaging.8 They also serve important roles as models and 

building blocks for the bottom-up synthesis of larger conjugated carbon materials1c, 9 and as 

components of supramolecular materials via Diels-Alder and photocyclization chemistries.10 In 

addition, the ability of certain PAHs to reversibly form endoperoxides11 can be exploited to deliver 

singlet oxygen for applications in photodynamic therapy,12 in sensing,13 lithography,14 fluorescent 

anti-counterfeiting15, and switches16. 





 5 

As part of our continuing efforts to better understand the effects of borane functionalization on the 

structural features and electronic properties, in this work we have investigated four isomeric 

derivatives of BN-fused dipyridylanthracene with Me groups in different positions of the pyridyl 

ring. We find that the steric and electronic effects have a significant influence on the B¬N bond 

strength, the extent of distortion, and the structural dynamics in this system. In addition, we 

demonstrate that different substituents dramatically affect the photophysical and electrochemical 

properties, as well as the self-sensitized reactivity of the acenes toward oxygen and the subsequent 

thermal release of singlet oxygen from the respective endoperoxides. 

 

Result and Discussion 

To examine the effects of different substituents on the B-N bond lengths, structural distortions and 

electronic properties of BN-fused dipyridylanthracene we first conducted DFT calculations on four 

isomeric derivatives with Me groups in different positions of the pyridyl rings, as well as the parent 

non-methylated species BDPA (Figure 2). We anticipated the methyl groups in derivatives BDPA-

3Me and BDPA-4Me to have no significant steric influence, but to differ in terms of the electronic 

effects as 4-methylpyridine is expected to be a relatively stronger Lewis base. In contrast, the 

methyl groups in BDPA-2Me are expected to exert front strain that disfavors B¬N Lewis pair 

formation, whereas steric strain in BDPA-5Me would be derived from interference of the methyl 

groups with the adjacent anthracene backbone protons in the 4 and 8-positions. We determined 

previously that the cis-isomer of BDPA-2Me, in which the pyridyl nitrogens point in the same 

direction and the boron atoms are dislocated from the anthracene backbone toward the same side, 

is significantly lower in energy than its trans-isomer.22 Indeed, the same is true for all the other 
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The effects on the electronic structure were assessed by examining the HOMO-LUMO 

energy levels (Figure 4). The electron-donating effect of the Me groups raises the HOMO and 

LUMO levels relative to the parent molecule BDPA. The LUMOs are very similar in energy, 

except for that the methyl groups in ortho-position to N (BDPA-2Me) raise the energy. Larger 

differences are found in the HOMO energies. Again, the methyl groups in ortho-position to N in 

BDPA-2Me lead to a significant elevation of the HOMO energy level. The methyl group in ortho-

position to the anthracene moiety lowers the HOMO energy level and, consequently, the HOMO-

LUMO gap is the largest for BDPA-5Me (2.42 eV). The increased HOMO-LUMO gap for BDPA-

5Me is likely related to the severe structural distortions discussed earlier that limit p-conjugation. 

 

 

Figure 4. Comparison of HOMO and LUMO energies of BN-anthracenes 

The BN-fused systems BDPA-3Me, BDPA-4Me and BDPA-5Me were synthesized using a 

similar procedure to that previously reported for compound BDPA-2Me (Scheme 1). The 

dipyridylanthracene precursors DPA-3Me, DPA-4Me, and DPA-5Me were obtained in 86%, 72%, 

and 77% yield by Suzuki-Miyaura coupling of 9,10-bis(pinacolboryl)anthracene with the 

respective brominated methylpyridine derivative. For DPA-3Me a 2.1:1 mixture of isomers and 

for DPA-4Me a 2.7:1 mixture of isomers with the pyridyl groups in a trans or cis-arrangement 

was found, whereas the dipyridylanthracene DPA-5Me was obtained as a single isomer, 
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presumably the sterically more favorable trans-derivative. Lewis base-directed electrophilic 

aromatic borylation with BCl3 and AlCl3 in the presence of 2,6-di-tert-butylpyridine (DBP)7g, 24 

and subsequent treatment with diethylzinc gave BDPA-3Me in 12%, BDPA-4Me in 42%, and 

BDPA-5Me in 31% yield. The products were isolated by recrystallization from CH2Cl2/hexanes 

and fully characterized by multinuclear NMR and high-resolution MALDI-TOF MS. The 11B 

NMR signals at -0.3 ppm (BDPA-3Me), -0.6 ppm (BDPA-4Me) and -0.7 ppm (BDPA-5Me) are 

slightly shifted upfield compared with that of BDPA-2Me (2.8 ppm), consistent with a stronger 

B¬N interaction. The 1H NMR data are in good agreement with the proposed structures and all 

the protons could be assigned by H,H-COSY and H,H-NOESY 2D NMR analyses (Supp. 

Information). 

 

  

Scheme 1. Synthesis of BN-Fused 9,10-Dipyridylanthracenes. 

Single crystals of BDPA-4Me and BDPA-5Me were grown from CH2Cl2/hexanes mixture at -20 

ºC. The molecular structures are depicted in Figure 5 and the structural data summarized in Table 

S2. Compared with BDPA-2Me,22 the B-N distances for BDPA-4Me and BDPA-5Me are 

significantly shorter, ranging from 1.628(8)–1.635(8) Å for BDPA-4Me and 1.637(2)–1.642(2) Å 

for BDPA-5Me (cf. BDPA-2Me 1.671(4)–1.685(3) Å), as expected for a stronger Lewis acid-base 

interaction. The molecular structures of BDPA-4Me and BDPA-5Me further confirm the 
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predicted buckled anthracene backbone with interplanar angles between the outer benzene rings 

of e = 17.4° for BDPA-4Me and e = 20.7° for BDPA-5Me. They are slightly smaller than that of 

BDPA-2Me (e = 21.5°), which may suggest less distortion. However, an increased strain is evident 

from the dislocation of the boron atom from the plane of the anthracene backbone. The Cent1-C1,5-

B angles of b = 168.8, 170.5° for BDPA-4Me and b = 168.0, 168.8° for BDPA-5Me reveal much 

more pronounced distortions than for BDPA-2Me (b = 173.6, 174.8°). The steric effects of the 5-

Me groups in BDPA-5Me also lead to the largest interplanar angle between anthracene and pyridyl 

(41.6 and 43.5°). Overall, these observations are consistent with the results of the DFT calculations, 

which suggested that shorter B-N distances result in enhanced steric strain and the presence of the 

Me group in 5-position in the most severe distortions. 

 

 

Figure 5. Ball-and-stick illustrations of the X-ray structures of a) BDPA-4Me and b) BDPA-5Me. 

 

The crystal structures confirm the formation of the cis-isomer with the pyridyl groups positioned 

on the same side relative to the anthracene backbone. However, our prior studies revealed that, 

while the trans-isomer is higher in energy, it may be involved as an intermediate in the 
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interconversion of the cis-isomer, a process that can be monitored by the chemical exchange of the 

inequivalent ethyl substituents on boron. To further investigate this aspect, we performed VT 1H 

NMR experiments that provide the free energy barrier to interconversion of the ethyl groups 

(Figures S2). From the coalescence temperatures the barrier was determined to ∆G≠ = 68.5 ± 0.7 

kJ mol−1 for BDPA-2Me, 60.8 ± 0.6 kJ mol−1 for BDPA-3Me, and 61.9 ± 0.7 kJ mol−1 for BDPA-

4Me (Table S3), whereas for BDPA-5Me the barrier proved to be too high to observe any 

isomerization. Thus, despite the shorter B-N distances, the smallest energy barriers are found for 

BDPA-3Me and BDPA-4Me, and this indicates that the reorientation (rotation) of the pyridyl 

group is rate determining rather than the B-N bond cleavage. 

Formation of the B¬N Lewis pairs results in strong bathochromic shifts of the absorption 

and emission bands relative to those of the 9,10-dipyridylanthracene precursors. The BN-fused 

species are obtained as red crystalline solids that display a very intense orange emission in solution. 

A comparison of the absorption and emission spectra in CH2Cl2 is displayed in Figure 6 and the 

photophysical properties are summarized in Table 2. The longer wavelength absorption maxima 

for BDPA-3Me (555 nm) and BDPA-4Me (554 nm) in comparison to BDPA-2Me (538 nm) and 

BDPA-5Me (535 nm) are consistent with our DFT data, which showed that the relatively larger 

HOMO-LUMO energy gap for BDPA-2Me is due primarily to an increase in the LUMO energy. 

The larger HOMO-LUMO energy gap for BDPA-5Me is owing to a lower HOMO energy level. 

The quantum yields are consistently very high, despite the relatively low energy of the emission, 

with the largest value determined for BDPA-4Me (60%), closely followed by BDPA-5Me (55%), 

BDPA-2Me (53%), and BDPA-3Me (43%). The fluorescence lifetimes are very similar to one 

another, in the range of 10.2 to 11.5 ns, and significantly longer than for the non-borylated 
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precursors. These data are consistent with relatively small non-radiative decay constants (knr) due 

to the more rigid molecular framework. 

 

 

Figure 6. a) UV-vis absorption and b) emission spectra in CH2Cl2 solution. 

Table 2. Comparison of photophysical data of BN-functionalized anthracenes and their ligand precursors  

Compound labs [a] 

[nm] 

labs, TDDFT 

[nm] 

lFl [b] 

[nm] 

tFl 
[c] 

[ns] 

FFl [d] kr / knr 
 [e] 

[107 s-1] 

DPA-2Me22
 393, 372, 354, 259 359 428 6.0 (c2 = 1.64) 0.77 12.8 / 3.8 

DPA-3Me 393, 372, 354, 259 361 427 5.9 (c2 = 1.46) 0.59 10.0 / 6.9 

DPA-4Me 393, 372, 354, 259 359 428 6.1 (c2 = 1.42) 0.64 10.5 / 5.9 

DPA-5Me 392, 372, 354, 258 355 419, 

397 
6.9 (c2 = 1.42) 0.60 8.7 / 5.8 

BDPA-2Me22 538, 298, 293 523 620 11.1 (c2 = 1.54) 0.53 4.8 / 4.2 

BDPA-3Me 555, 528 (sh), 295 532 622 10.2 (c2 = 1.53) 0.43 4.2 / 5.6 

BDPA-4Me 554, 525 (sh), 298 533 621 10.9 (c2 = 2.33)[f] 0.60 5.5 / 3.7 

BDPA-5Me 535, 297 512 612 11.5 (c2 = 1.50) 0.55 4.8 / 3.9 
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[a] In CH2Cl2 solution. [b] Excited at 372 nm (DPA-2Me, DPA-3Me, DPA-4Me and DPA-5Me), 538 nm 

(BDPA-2Me), 528 nm (BDPA-3Me), 525 nm (BDPA-4Me), 535 nm (BDPA-5Me); [c] excited with a 

nanoLED at 388 nm (ligands), or 450 nm (borylated species); [d] absolute quantum yield determined using 

an integrating sphere; [e] radiative (kr) and non-radiative (knr) decay rate constants are calculated using the 

equations kr = F / τ, knr = (1 – F) / τ; [f] for double-exponential fit: τFl = 1.3 ns (3%), 11.1 ns (97%) (c2 = 

1.62). 

 

Cyclic (CV) and square wave voltammetry (SWV) data acquired in THF containing 0.1 M 

Bu4N[PF6] show two consecutive reversible reduction processes (Figure S3). As predicted by the 

DFT calculations, the first reduction occurs slightly more readily for BDPA-3Me (Ered = −1.77 V 

vs. Fc+/0), BDPA-4Me (Ered = −1.77 V) and BDPA-5Me (Ered = −1.81 V) in comparison with 

BDPA-2Me (Ered = −1.87 V) (Table 3). Of note is that the second reduction occurs at a much more 

negative potential for BDPA-5Me in comparison to the other isomers, resulting in an unusually 

large redox splitting of DE = 0.38 V. Considering that the LUMO orbitals show a quinoidal p-

delocalization between the anthracene and pyridyl groups, this may be due to steric constraints 

that hinder the planarization of the pyridyl and anthracene groups in BDPA-5Me. Oxidative scans 

performed in CH2Cl2 containing 0.1 M Bu4N[PF6] show irreversible waves with peak potentials 

of Epa = 0.40 V (BDPA-2Me), 0.39 V (BDPA-3Me), 0.42 V (BDPA-4Me), and 0.48 V (BDPA-

5Me) (Figure S3). The derived electrochemical HOMO–LUMO gaps range from 2.16 eV (BDPA-

3Me) to 2.29 eV (BDPA-5Me), in excellent agreement with the trends in the optical gaps deduced 

from the UV-vis absorption spectra. 
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Table 3. Electrochemical data of BN-functionalized anthracenes and comparison of HOMO-LUMO gaps 

with results from DFT calculations and UV-vis absorption spectroscopy 

Compound Eox
CV [a] 

[V] 

Ered
CV [b] 

[V] 

HOMO[c] 

[eV] 

LUMO[c] 

[eV] 

Eg
CV [c] 

[eV] 

Eg
DFT[d]

 

[eV] 

Eg,
opt [e] 

[eV] 

BDPA-2Me22 0.40 -1.87, -2.07 -5.20 -2.93 2.27 2.34 2.30 

BDPA-3Me 0.39 -1.77, -2.02 -5.19 -3.03 2.16 2.30 2.23 

BDPA-4Me 0.42 -1.77, -2.00 -5.22 -3.03 2.19 2.31 2.24 

BDPA-5Me 0.48 -1.81, -2.19 -5.28 -2.99 2.29 2.42 2.32 

[a] Recorded using 0.1M Bu4N[PF6] in CH2Cl2, Eox = Epa;  [b] recorded using 0.1M Bu4N[PF6] in THF, Ered 

= 0.5 (Epc + Epa); [c] determined from CV data using the equations ELUMO = -(4.8 + Ered) and EHOMO = -(4.8 

+ Eox); [d] from DFT calculations at the rb3lyp/6-31g(d) level of theory; [e] estimated from absorption 

maxima in CH2Cl2 solution. 

 

Beyond the superior emissive properties, an intriguing characteristic of anthracenes is their ability 

to take up and release singlet oxygen via the reversible formation of endoperoxides. This behavior 

in not only of key importance to cancer treatment via photodynamic therapy,12-13 but has also been 

exploited in materials science, for instance, in photolithography,14 fluorescent anti-counterfeiting15, 

and the development of molecular switches16. Typically, an external sensitizer is added to promote 

the conversion of triplet to singlet oxygen, which in turn reacts with the acene to yield the 

respective endoperoxides. In a very recent study Linker demonstrated that this is also the case for 

dipyridylanthracenes which are converted to the endoperoxides by sensitization with 

tetraphenylporphyrin.25 While spontaneous self-sensitized reaction of higher acenes (e.g. 

pentacene) with oxygen is frequently encountered, relative few examples of anthracene derivatives 

are known that display efficient self-sensitized endoperoxide formation with visible light, most 

notably systems in which the phenyl groups in 9,10-diphenylanthracene are fused to the anthracene 

backbone via O, S, C=O, or aryl bridges that results in planarized structures and red-shifted 
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absorptions.26 We found that the BN-functionalized anthracenes rapidly react with O2 in the 

presence of visible light to selectively form the corresponding endoperoxide BPO-2Me, BPO-

3Me, BPO-4Me, and BPO-5Me (Figure 7). The endoperoxides were fully characterized by 

multinuclear NMR and high-resolution MALDI-TOF MS (SI). 

   

Figure 7. Self-sensitized formation of endoperoxides and photographs under ambient light and 

UV-irradiation illustrating color changes for the reversible conversion of BDPA-5Me to its 

endoperoxide BPO-5Me. 

 

To explore differences in reactivity, solutions of the acenes in oxygen-saturated CH2Cl2 (1 × 10−5 

M) were irradiated with a Xe lamp at room temperature (Figure 8a, see SI for details). The kinetic 

data reveal a strong influence of substituent effects on the reactivity as BDPA-5Me with the Me 

groups in close proximity to the anthracene backbone reacts almost an order of magnitude more 

slowly than the other derivatives to give the corresponding endoperoxide BPO-5Me. In the case 

of diarylanthracenes, zwitterionic intermediates consisting of a C-9 attached peroxo anion and 

C10-centered carbocation have been proposed, and a correlation between the HOMO energy of 

diarylanthrancenes with their reactivity towards O2 has been postulated.27 According to our 

calculations the HOMO level decreases slightly in the order of BDPA-2Me > BDPA-3Me  » 

BDPA-4Me > BDPA-5Me (Figure 4), which is consistent with their relative reactivity except for 
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that BDPA-2Me reacts at a similar rate as BDPA-3Me and BDPA-4Me. However, the much lower 

rate for BDPA-5Me suggests that steric factors play a major role, most likely by preventing further 

planarization of the pyridyl group and the anthracene backbone, which is necessary to stabilize the 

proposed carbocation intermediate27 in the peroxo intermediate for BDPA-5Me (Figure 8a). On 

the other hand, the fact that the rate for BDPA-2Me is similar to that of BDPA-3Me and BDPA-

4Me suggests that the effect of the steric pressure of the Me group in 2-position and the ensuing 

weakening of the B¬N interaction is less significant as it does not affect the ability of the pyridyl 

group to adopt a position that is coplanar with the anthracene backbone. 

 

Figure 8. a) Pseudo first-order kinetics and structures of proposed intermediates for the reaction 

of BN-functionalized anthracenes with oxygen upon photoirradiation with a Xe lamp in CH2Cl2 

solution (BDPA-2Me: k = 1.8 ´ 10-3 s-1, BDPA-3Me: k = 2.4 ´ 10-3 s-1, BDPA-4Me: 2.0 ´ 10-3 s-

1, BDPA-5Me: 2.2 ´ 10-4 s-1). b) Kinetics for the thermolysis of the endoperoxides at 100 ºC and 

structures of proposed intermediates; Aend: final absorption intensity of BDPA, At: absorption 

intensity of BDPA at a given time (BPO-2Me: k = 1.2 ´ 10-4 s-1, BPO-3Me: 2.9 ´ 10-5 s-1, BPO-

4Me: 7.6 ´ 10-6 s-1, BPO-5Me: 7.5 ´ 10-7 s-1). 
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Another appealing aspect of diarylanthracene endoperoxides is their ability to thermally revert to 

the parent acenes with generation of singlet oxygen that can be delivered on demand.11b, 11c This 

process is believed to proceed through a diradical intermediate generated upon initial cleavage of 

one of the C-O bonds.27 Indeed, when heated to 100 ºC in toluene, the BPOs gradually revert back 

to the parent acenes (Figure 8b). The rate of cyclo-reversion for BPO-2Me is by far the highest, 

almost an order of magnitude higher than that of BPO-3Me and more than two orders of magnitude 

higher than that of BPO-5Me. This suggests a relatively lower kinetic barrier for BPO-2Me and 

is in good agreement with the calculated C-O and O-O bond distances for the BPOs which increase 

in the order of BPO-5Me < BPO-4Me » BPO-3Me < BPO-2Me (Table S11). While not directly 

correlated, our results are also consistent with a comparison of the relative stability of the BN-

anthracenes and their endoperoxides, where the regeneration of BDPA-5Me from its endoperoxide 

BPO-5Me is energetically least favorable (Table 4). BDPA-2Me is highest in energy among the 

acenes, presumably due to the weaker B¬N interaction (B-N 1.690 Å), but the formation of its 

endoperoxide BPO-2Me is predicted to be relatively even less favorable (B-N 1.727, 1.745 Å). 

The elongated B-N bond distances for BPO-2Me and expected more facile bond dissociation could 

also be an indication that generation of a tricoordinate borane plays a role in promoting the release 

of oxygen from BPO-2Me. Indeed, the rate of cyclo-reversion for BPO-2Me (t1/2 = 105 mins) is 

higher than that reported for diphenylanthracene (t1/2 = 121 mins) and, interestingly, the parent 

non-borylated di-o-pyridylanthracene was reported to only release O2 at a temperature of 135 ºC 

at which other side reactions occur.25, 27a In a recent study, Linker and coworkers proposed that N-

methylation of di(o-pyridyl)anthracene triggers very rapid O2 release by interaction of the cationic 

methylpyridinium group with the peroxo bridge.28 Although a direct interaction between the Lewis 

acidic boron center generated upon B-N cleavage and the peroxo bridge is sterically not feasible, 
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it is conceivable that the borane interacts with a lone pair on the peroxo group after the initial C-

O bond cleavage.   

Table 4. Relative computed energies for isomeric BN-anthracenes and their endoperoxides[a] 

  DEBDPA 
[b]

 

(kJ/mol)  

DEBPO 
[c] 

(kJ/mol) 

D(EBPO –EBDPA) 

(kJ/mol) 

BDPA-2Me +77.8 +99.4 +21.6 

BDPA-3Me +5.9 +28.1 +22.2 

BDPA-4Me  º 0  º 0  º 0 

BDPA-5Me +52.6 +40.0 -12.6 

[a] Optimized at rb3lyp/6-31g(d) level of theory. [b] Comparison of total energy relative to 

sterically unhindered 4-methylated acene. [c] Comparison of total energy relative to sterically 

unhindered 4-methylated acene endoperoxide. 

 

The results described above indicate that while compound BDPA-2Me reacts similarly fast as 

BDPA-3Me and BDPA-4Me with O2 under photoirradiation it thermally releases singlet O2 more 

readily. On the other, BDPA-5Me sluggishly reacts with O2 and only very slowly releases singlet 

O2. This suggests that by simply varying the substitution pattern on the pyridyl moiety either a 

material (BDPA-2Me) that can be used for delivery of singlet oxygen on demand or a material 

(BDPA-5Me) that acts as a singlet oxygen sensitizer for oxygenation of other compounds can be 

achieved. To test the ability of the BN-fused dipyridylanthracenes to act as a singlet oxygen 

sensitizer and promote oxygenation of other substrates we performed competition experiments 

with 9,10-dimethylanthracene (DMA) as a singlet oxygen acceptor. Indeed, all the compounds 

promote oxygenation of DMA as evidenced by a decrease in the characteristic absorptions between 

300 to 400 nm. However, whereas BDPA-2Me, BDPA-3Me and BDPA-4Me undergo preferential 

self-sensitized oxygenation and the oxygenation of DMA occurs at a relatively lower rate (Figure 

S7), BDPA-5Me leads to preferential conversion of DMA into its endoperoxide. The oxidation of 
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verified by variable temperature NMR spectroscopy and the barrier to the structural inversion 

correlated to the hindered rotation of the pyridyl group relative to the anthracene backbone. The 

substitution pattern also influences the HOMO and LUMO energy levels as evidenced by 

electrochemical, UV-Vis and fluorescence spectroscopy measurements. The most dramatic effect 

of the substitution pattern is seen in the reactivity toward oxygen to give the respective 

endoperoxides and their cyclo-reversion with release of singlet oxygen. BDPA-2Me, BDPA-3Me 

and BDPA-4Me rapidly react with O2 under photoirradiation, whereas the rate for BDPA-5Me is 

one order of magnitude lower. The difference in reactivity is attributed to kinetic factors where the 

Me groups in 5-position prevent effective planarization and therefore limit carbocation 

stabilization of the generally accepted zwitterionic intermediate in the oxygenation reaction. The 

substitution pattern also has a dramatic effect on the rate of thermal release of singlet oxygen from 

the endoperoxides with almost an order of magnitude difference in reactivity between each 

compound, BDPA-5Me < BDPA-4Me < BDPA-3Me < BDPA-2Me. We speculate that the much 

higher rate of cyclo-reversion for BDPA-2Me may relate to the weaker B¬N dative bond and 

possibly an involvement of the borane Lewis acid sites in stabilizing the radical intermediate. 

 The demonstrated ability to alter the reactivity of the BN-anthracenes through relatively 

minor structural modifications has important ramifications in respect to potential applications as 

singlet oxygen sensitizers and on-demand delivery of singlet oxygen from the respective 

endoperoxides. With respect to singlet oxygen sensitization it is desirable to avoid self-sensitized 

reactivity with formation of endoperoxides. Our studies clearly indicate that further enhanced bulk 

in 5-position will be beneficial in this respect. A lower reactivity towards oxygen is also beneficial 

for applications in organic electronics and fluorescent imaging. Conversely, a high propensity for 

self-sensitized endoperoxide formation and subsequent cyclo-reversion is of interest for on-
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demand delivery of singlet O2. In this respect, the favorable reactivity of BDPA-2Me suggests that 

further weakening of the B-N bond, possibly even a fully ring-opened “frustrated” Lewis pair 

structure, could provide superior singlet oxygen release properties and might also result in unusual 

reactivity toward other substrates. 
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