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ABSTRACT: The development of new synthetic methods for B–H bond activation has been an important research area in 
boron cluster chemistry, which may provide opportunities to broaden the application scopes of boron clusters. Herein, we 
present a new reaction strategy for the direct site-selective B–H functionalization of nido-carboranes initiated by photoin-

duced cage activation via a non-covalent cageπ interaction. As a result, the nido-carborane cage radical is generated 
through a single electron transfer from the 3D nido-carborane cage to the 2D photocatalyst upon irradiation of green light. 
The resulting transient nido-carborane cage radical could be directly probed by an advanced time-resolved EPR technique. 
In air, the subsequent transformations of the active nido-carborane cage radical have led to efficient and selective B–N, B–
S, and B–Se couplings in the presence of N-heterocycles, imines, thioethers, thioamides, and selenium ethers. This protocol 
also facilitates both the late-stage modification of drugs and the synthesis of nido-carborane-based drug candidates for 
boron neutron capture therapy (BNCT). 

INTRODUCTION 

The development of a novel reaction mode is a central 
topic in synthetic chemistry as it enables the realization of 
previously unattainable chemical transformations, com-
plements or even supplants conventional synthetic routes, 
and facilitates access to highly complex and valuable mo-
lecular architectures. In comparison to the diverse meth-
ods for functionalization of organoboron molecules,1,2 the 
direct functionalization of boron clusters lags far behind 
and represents considerable challenges due to the unique 
molecular compositions and structures of these clusters. 

Boron clusters, such as closo- and nido-carboranes, are 
three-dimensional (3D) aromatic species with spherical 
molecular geometry and multiple-center, multiple-elec-
tron bonding structures.3,4 Owing to the wide range of ap-
plications in different fields,5 the functionalization of  bo-
ron clusters has garnered tremendous research interest.6-12 
However, these boron clusters possess more than several 
B–H bonds in a similar chemical environment with a high 
bond dissociation energy that is comparable to those of the 
C(sp3)–H bonds.13 These factors collectively complicate the 
selective B–H functionalization of boron clusters with or-
ganic functionalities. In this study, we focused on nido-car-
boranes, the open-cage analogues of closo-carboranes. The 

different synthetic strategies such as nucleophilic substitu-
tion,9 electrophilic substitution,10 oxidative substitution,11 
and metal mediation (Figure 1a),12 have been developed for 
the B–H functionalization of nido-carboranes. However, 
these reaction protocols frequently require the use of metal 
complex, ligand, oxidant, even an elevated temperature to 
access structurally specified nido-carborane derivatives. 
Undoubtedly, the development of practical, versatile, and 
modular approaches to functionalize nido-carboranes is 
highly desirable, yet remains a synthetic challenge. 

Recently, our group discovered a new type of non-covalent 

bond, denoted as a cageπ interaction,14 which is formed 
from the interaction between 3D nido-carborane and a 

two-dimensional (2D) π unit. The cageπ interaction ena-
bles promoting the facile charge transfer (CT) from the 3D 
nido-carborane cage to the 2D aromatic ring, similar to 
those occurred in the conventional electron donor-accep-
tor (EDA) complexes.15 This inspired us to explore the pos-

sible applications of such a non-covalent cageπ interac-
tion in new synthetic methods.  

In this study, to address the challenge in the B–H function-
alization of nido-carboranes, we used the non-covalent 

cageπ interaction to develop a new strategy for realiza-
tion of the efficient and direct B–H functionalization
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Figure 1 (a) Classical B–H functionalization of nido-carboranes. (b) This work: Photoinduced direct B–H functionalization of nido-

carboranes via a SET process through a novel non-covalent cageπ type EDA complex (PC-carborane). The B–H–B bridging 
hydrogen in PC-carborane is omitted for clarity. 

 

of nido-carboranes (Figure 1b). In doing so, we chose the 
widely used the 2D aromatic photocatalyst acridinium per-

chlorate16 in order to create a cageπ type EDA complex 
(PC-carborane, Figure 1b) with the 3D aromatic nido-car-

borane anion. The generation of such a cageπ type EDA 
complex has been experimentally verified by X-ray crystal-
lography in the solid state and spectral techniques in solu-
tion (Figures 2 and 3). Under the irradiation of green light, 
a single electron transfer (SET) process from the boron 
cage to the acridine ring could take place. The resulting 
nido-carborane cage radical could be oxidized by O2 in air 
through a unusual bridging B–H–B hydride transfer (HAT) 
to generate a highly electrophilic nido-carborane cage, 
which then reacts with differing nucleophilic substrates 
such as N-heterocycles, imines, thioethers, thioamides, 
and selenium ethers to construct versatile carborane deriv-
atives containing a B–X (X = N, S, Se) bond. Note that for 
the first time the in situ generated transient nido-car-
borane cage radical has been successfully detected and 
characterized by an advanced time-resolved EPR tech-
nique. The reaction protocol proceeds in a metal-free and 
photocatalytic manner in air with a green light at room 
temperature to give rise to a yield of up to 99%. Moreover, 
the synthetic applications also have been demonstrated in 
several complex settings such as one-step late-stage modi-
fication of drugs and the synthesis of drug candidates for 
boron neutron capture therapy (BNCT).  

 
Figure 2. (a) The single-crystal structure of PC-carborane 
EDA complex. The hydrogen atoms are omitted for clarity. (b) 
The electron paramagnetic resonance (EPR) spectrum of PC-
carborane EDA complex in the crystalline state under light 
irradiation. (c) HOMO and LUMO of PC-carborane EDA 
complex in the excited state. 



 

 
Figure 3. (a) UV/Vis absorption spectra in the crystalline state for PC1 and PC-carborane. (b) PL spectra of PC1 and PC-car-
borane in the crystalline state. (c) PL spectra of PC1 in the presence of different molar ratios of nido-carborane anion in DCM (c 

= 10.0 M). (d) UV/Vis absorption spectra of PC1 and PC-carborane in DCM (c = 1.0 mΜ). 

 

RESULTS AND DISCUSSION 

Design of the reaction system. In recent years, photo-
redox catalysis has emerged as a powerful tool for the de-
velopment of selective functional group-specific coupling 
protocols through the generation of open-shell radical in-
termediates.17 We have explored the photocatalytic reac-
tions for the B–H functionalization of carboranes.8c,18 For 
example, the synthetic strategies through decarboxylation 
coupling8c and hydrogen atom transfer18 have been devel-
oped to generate highly active boron-center carborane rad-
icals, which further react to lead to the B–H functionaliza-
tion. In this study, we still used a photoinduced fashion but 
introduced a new type of non-covalent cage···π interaction 
to develop an innovative reaction mode aiming to achieve 
the straightforward and site-selective B–H functionaliza-
tion of nido-carboranes. Thus 9-mesityl-10-methylacri-
dinium perchlorate (Mes-AcrClO4, PC1), an extensively 
utilized photocatalyst,16 was chosen as it contains an elec-
tron-deficient aromatic acridinium unit, which may meet 

the requirement to establish a cage··· interaction14 with an 
aromatic nido-carborane cage anion.  

Indeed, when mixing nido-carborane and PC1, we obtained 

the expected cage··· type EDA complex in crystalline state 
as shown in Figure 2a by a single crystal structure analysis, 
denoted as PC-carborane EDA complex (Figure 1b). The 
EPR measurement on the crystalline sample showed a clear 
signal under light irradiation (Figure 2b), demonstrating 
the facile SET process from the nido-carborane cage to ac-
ridinium. The theoretical calculations on electronic distri-
butions in the PC-carborane EDA complex in the excited 
state further support the charge transfer from the boron 

cage to the  ring (Figure 2c). Furthermore, a large red-
shift (~ 110 nm) in UV/Vis absorption spectra (Figure 3a) 
and emission quenching (Figure 3b) in PL spectra were ob-
served for the PC-carborane EDA complex in comparison 
to PC1 in the crystalline state. Both are attributed to the 
charge transfer in the EDA complex generated by the 
cage···π interaction. These phenomena also appeared in 
other EDA complexes.15 How does the cage···π type EDA 
complex behave in solution? By titration 

Table 1. Reaction development 

 
(a) 1-1 (0.1 mmol), pyridine (2-1, 0.2 mmol), NH4PF6 (0.1 mmol), 

photocatalyst (5 mol%), DCM (2.0 mL), 3 W green LEDs, air, 
room temperature, 3 h, as the standard conditions. (b) Iso-
lated yields of 3-1. Mes = mesitylene, Cz = carbazole. 

of nido-carborane, the PL spectra of PC1 showed decreas-
ing emission intensity (Figure 3c), reflecting the charge 
transfer between the nido-carborane anion and acridinium. 
In addition, the UV/Vis absorption spectra also demon-
strated an obvious red shift to the green light absorption 
region in contrast to PC1 (Figure 3d) owing to the charge 
transfer in the EDA complex. Thereby the photoinduced 
functionalization of nido-carborane may take place via 
such an EDA complex under green light. 



 

 
Figure 4. (a) The in situ steady-state EPR spectra of acridine radicals in the tracking experiments (MW freq. = 9.82 GHz). (b) The 
transient EPR signal of the nido-carborane cage radical in solution measured by an advanced time-resolved EPR technique (MW 
freq. = 9.33 GHz). (c) The simulated EPR signal of the nido-carborane cage radical. (d) The theoretical calculations of PC-car-
borane EDA complex in solution. (e) The non-covalent interaction (NCI) plot of PC-carborane EDA complex. (f) Deuterium 
labeling experiment. 

 

Reaction development. Based on the above understand-
ing of the new EDA complex (PC-carborane) both in the 
solid state and in solution, we examined the feasibility of a 
photocatalytic strategy for the B–H functionalization of 
nido-carborane by nucleophilic reagents. Firstly, 
(NMe4)(7,8-Ph2-nido-C2B9H10) 1-1 and pyridine 2-1 were 
chosen as the model substrates (Table 1). By screening dif-
ferent photocatalysts, solvents, and additives, we obtained 
the best reaction conditions. Under the irradiation of 3 W 
green LEDs, the reaction of nido-carborane with pyridine 
in the presence of 5 mol% PC1 and NH4PF6 in CH2Cl2 in air 
at room temperature for 3 h afforded the product 3-1 in an 
isolated yield of 92% (entry 1). Note that according to the 
literature,16c a SET process did not occur by using PC1 as a 
photocatalyst under green light as its absorption band is 
located in the UV and blue light regions (Figure S5b). How-
ever, here the UV/Vis spectrum of PC-carborane in solu-
tion presents new absorption in the green light region (Fig-
ure 3d). Thus, the reaction could take place under green 
light but via the PC-carborane EDA complex. Other pho-
tocatalysts including Eosin Y (PC2) and 4CzIPN (PC3) 
were much less reactive (entries 2 and 3). In addition, the 
solvents such as THF, CHCl3, and acetone led to lower 
yields (entries 4 to 6). Different additives instead of 

NH4PF6 were also used (entries 7 and 8), but lower reaction 
yields were observed. No reaction occurred without photo-
catalyst or light, or instead of air by argon (entries 9 to 11). 

Mechanistic studies. Having the established optimal re-
action conditions, we proceeded to undertake a series of 
experiments aimed at gaining a profound understanding 
on the reaction mechanism. Firstly, we set up the following 
experiments to investigate reaction intermediates. If pyri-
dine was not added, only PC-carborane was isolated in a 
90% yield (Figure S6). However, the subsequent addition 
of pyridine to the above reaction system led to the for-
mation of the B–N coupling product, demonstrating that 
PC-carborane could be the intermediate (Figure S6). 
Then, the addition of 2,2,6,6-tetramethylpiperidine-1-oxyl 
(TEMPO) to the reaction system led to the trace product 
(Figure S7), suggesting a radical-involved process. How-
ever, we could not capture the species generated by the 
nido-carborane radical with the TEMPO radical coupling 
or with 1,1-diphenylethylene addition (Figure S7), demon-
strating a delocalized nido-carborane radical. Theoretical 
calculations support that the unpaired electron is distrib-
uted throughout the boron cage rather than being local-
ized on a single boron atom (Figures S8 and S9). 



 

 

Figure 5. Proposed reaction mechanism. The B–H–B bridging hydrogen atom in the PC-carborane EAD complex is omit-
ted for clarity. 

 

Next, the in-situ steady-state EPR technique was utilized 
to detect the radical intermediates involved in the reaction 
system. As a result, the acridine radical was readily cap-
tured and identified by its characteristic anisotropic signal 
with g = 2.0027 (Figure 4a) in comparison with the litera-
ture report.16e However, the nido-carborane radical could 
not be observed in the reaction system, which may be at-
tributed to its short lifetime or quick subsequent conver-
sion. Recently, one of the authors’ team has developed an 
advanced time-resolved EPR technique based on innova-
tive ultrawide single sideband phase-sensitive detection 
(U-PSD), namely U-PSD TREPR, which provides excep-
tional detection sensitivity for radical intermediates in the 
course of reaction.19 This technique enabled us to directly 
probe the transient nido-carborane radical in this study. To 
our delight, a transient EPR spectrum centered at g = 
2.0047 was successfully acquired by integrating 0-5 μs after 
the laser pulse (Figure 4b), which exhibited a broad signal 
(peak to peak linewidth 30G), consistent with a delocalized 
boron cage radical.20 This is further supported by the spec-
trum simulation obtained by DFT calculations (Figure 4c). 
The short lifetime observed for this radical species (~ 2.5 
μs, Figure S12c) demonstrated the transient and active na-
ture of the nido-carborane radical intermediate. To the 
best of our knowledge, this is the first EPR spectrum re-
ported on the nido-carborane cage radical. In contrast, 
other stable closo-boron cage radicals have been well in-
vestigated.20 

On the other hand, the theoretical calculations at the 
ZORA-BLYP-D3(BJ)/TZ2P level also demonstrate the for-
mation of the PC-carborane EDA complex is energetically 
favorable in solution (Figures 4d, S13 and Table S2) on the 

basis of the cage··· interaction where the electrostatic in-
teraction between the whole nido-carborane anion and the 
cationic photocatalyst predominates (Table S1). This is fur-
ther proven by a non-covalent interaction (NCI) plot (Fig-
ure 4e).  

Furthermore, a deuterium labeling experiment was per-
formed by using the deuterated nido-carborane containing 
a bridging B–D–B bond. As a result, product 3-32 was iso-
lated, rather than deuterated 3-32 (Figures 4f and S14). 
Therefore, we deduced that the bridging deuterium is 
firstly oxidized by air as it is more reductive and then re-
placed by the terminal B(9)–H.21 Such a process is driven 
by the subsequent nucleophilic attack from pyridine. Here 
the reduced yield (30% vs 70%) of 3-32 should be attributed 
to the isotope effect.  

Based on above results, we proposed a mechanism as out-
lined in Figure 5. Firstly, the EDA complex (III) is formed 
between the acridine cation (I) and the nido-carborane an-
ion (II). Under the green light irradiation, a SET process 
takes place in the EDA complex (III) to generate the acri-
dine radical (IV) and the nido-carborane cage radical (V). 
In the presence of oxygen in air or hydroperoxy radical, the 
nido-carborane radical (V) undergoes hydrogen atom 
transfer (i.e. the bridging hydride involved HAT), which 
leads to an active electrophilic boron cage (VI). The subse-
quent reaction of intermediate (VI) with a nucleophilic re-
agent gives rise to the functionalized carborane (VII) at the 
B(9) site where is more electron-deficient. The acridine 
radical (IV) can be oxidized by oxygen in air or hydroper-
oxy radical to regenerate the ground-state acridine cation 
(I), thus completing the catalytic cycle.16b 



 

Scheme 1. Substrate Scope for B–N Cross-Coupling. 

 
Reaction scope I. 1 (0.1 mmol), 2 (0.2 mmol), NH4PF6 (0.1 mmol), PC1 (5 mol%), DCM (2.0 mL), 3 W green LEDs, air, room 
temperature, 3 h, as the standard conditions. The B–H–B bridging hydrogen in 3-1 to 3-33 and the hydrogen atoms in crystal 
structures are omitted for clarity. 

 

Reaction Scope. On the basis of the optimized set of con-
ditions (Table 1, entry 1) and the understanding of the re-
action mechanism (Figure 5), we next evaluated the sub-
strate scope of the green light-induced crossing coupling 
between nido-carboranes (1-1 to 1-3) and N-heterocycles 
(Scheme 1). We were pleased to find that plentiful N-het-
erocycles could react with nido-carboranes to provide B–N 
coupled products with good to excellent yields under 
standard conditions. Firstly, we began substrate expansion 
of pyridine compounds containing different substituents, 
as shown in Scheme 1. When the para-position of pyridines 

was substituted by an electron-donating group good to ex-
cellent isolated yields of the target products were obtained 
(3-1 to 3-8). However, the electron-withdrawing groups led 
to moderate yields (i.e. 3-9 and 3-13) owing to the reduced 
nucleophilicity of the pyridine substrates. We also devel-
oped the gram-scale synthesis of 3-1 and obtained the prod-
uct in an isolated yield of 67%, demonstrating the synthetic 
potential of this reaction protocol. In the cases of meta-
substituted pyridines, the products could be isolated in 
good to excellent yields as well (3-14 to 3-17). If the ortho-
position of pyridines was replaced by alkyl or aryl,



 

Scheme 2. Substrate Scope for B–N Cross-Coupling. 

 

Reaction scope II. 1 (0.1 mmol), 4 (0.2 mmol), NH4PF6 (0.1 
mmol), PC1 (5 mol%), DCM (2.0 mL), 3 W green LEDs, air, 
room temperature, 3 h as the standard conditions. The B–H–
B bridging hydrogen in 5-1 to 5-14 and the hydrogen atoms in 
crystal structures are omitted for clarity. 

the yields were poor because of the large steric hindrance. 
If an amino group is localized at ortho-position, the reac-
tions led to moderate yields (3-18 to 3-20). In contrast, both 
para- and meta-substituted pyridines afforded excellent 
yields (3-21 to 3-23). Moreover, diazacyclic compounds 
such as pyrazine and pyrimidine are compatible to give ac-
ceptable yields (3-24 and 3-25). By the change of the sub-
stituents at the carbon sites of the nido-carboranes, com-
parable outcomes were also obtained (3-27 to 3-33). Note 
that the ortho-substituted pyridines by alkynyl groups gave 
rise to moderate yields (3-30 and 3-31), further demonstrat-
ing the impact of steric hindrance. The polycyclic N-heter-
ocycles such as isoquinoline and tetrahydroisoquinoline 
performed well to lead to excellent yields (3-26, 3-27, and 
3-33). 

 

Scheme 3. Substrate Scope for B–S Cross-Coupling. 

 
Reaction scope III. 1 (0.1 mmol), 6 (0.2 mmol), NH4PF6 (0.1 
mmol), PC1 (5 mol%), HFIP (0.1 mL), DCM (2.0 mL), 3 W 
green LEDs, air, room temperature, 12 h. The B–H–B bridging 
hydrogen in 7-1 to 7-20 and the hydrogen atoms in crystal 
structures are omitted for clarity. 

Other N-heterocyclic substrates such as imidazoles were 
also applicable to the reaction under the standard condi-
tions (Scheme 2). When the imidazole was substituted by 
an alkyl or aryl group, the target products were isolated in 
moderate yields (5-1 to 5-7). Similarly, the B–N coupling 
protocol was effective across diverse heterocyclic sub-
strates. For example, 1-methyl triazole (5-8), thiazole (5-9), 



 

Scheme 4. Synthetic applications for construction of carborane-based functionalized molecules. The B–H–B 
bridging hydrogen in 8-1 to 8-8 are omitted for clarity. 

 

 

oxazole (5-10), 1-methyl benzimidazole (5-11), and imidaz-
ole [1,2-a] pyridine (5-12) furnished carborane-based heter-
ocyclic products in moderate to excellent yields. Unexpect-
edly, the imines such as benzophenone imine and 10,11-di-
hydro-5H-dibenzo [a, d][7] annulene-5-imine also reacted 
with nido-carborane under standard conditions to give sat-
isfying yields (5-13 and 5-14). In general, the weak nucleo-
philicity or electron-withdrawing group of the substrates 
reduces reaction yield. 

Encouraged by the above B–N coupling with various N-
heterocyclic substrates, we further explored the B–S cou-
pling under the same photocatalytic system (Scheme 3). By 
slightly adjusting the reaction conditions using DCM and 
HFIP as the mixed solvents, B–S coupled products could be 
generated. Then, the scope of this transformation was ex-
amined. Firstly, different thioethers were tested. Good to 
excellent isolated yields were obtained when alkyl thi-
oethers were used as substrates (7-1 and 7-5). The presence 
of electron-withdrawing functional groups such as furyl, 
phenyl, and alkenyl at the α-position of thioether resulted 
in decreased yields (7-6 to 7-8). In the cases of the mixed 
alkyl and aryl thioethers, the para-substituents in the aryl 
groups have less influence on the yields (7-9 to 7-14). How-
ever, the reaction did not work for diphenyl thioether, 
which should be attributed to the weakened nucleophilic-

ity triggered by phenyl groups. However, diphenyl sele-
nium could be coupled with nido-carborane owing to the 
stronger nucleophilicity of selenium than sulfur (7-15, 
Scheme 3). The further extension to thioamides such as di-
methylthioacetamid (7-16), thiopyrrolidone (7-17), aze-
pane-2-thione (7-18), 4-thiocarbamoyl-morpholine(7-19) 
and thiobenzamide (7-20) was also successful (Scheme 3).  

The above B–N, B–S, and B–Se coupled products were care-
fully characterized by 1H, 11B, and 13C NMR spectra and 
HRMS. The SC-XRD analysis of 3-1, 3-2, 5-14, 7-1, 7-14, and 
7-19 unambiguously confirmed the exclusive site selectivity 
(Schemes 1–3). 

Synthetic applications. Carboranes can be a unique type 
of pharmacophore that binds to a protein through hydro-
phobic interactions, which fully takes advantage of the 
low-polarity nature of B–H bonds.22 The utilization of car-
boranes in medicinal chemistry enables the combination 
of the attributes of a three-dimensional cage scaffold with 
the distinctive characteristic of boron, thereby offering un-
usual and versatile pharmacophores in the realm of drug 
discovery. Numerous research studies have shown that 
carborane-containing drug molecules proved to be more 
effective than those of their organic counterparts.23 On the 
other hand, N-heterocycles are also widely used in drug 
molecules, including antitumor drugs in clinical use. Based 



 

 
Figure 6. The inhibition rates of compound 8-1 on A431 (a) 
and Hep3B cells (b). 

on the advantages of both nido-carboranes and N-hetero-
cycles, we have developed several nido-carborane-based 
drug candidates (8-1 to 8-6) in 80–90% isolated yields 
through the facile late-stage modification of the commer-
cial drugs such as nikethamide, nicotinyl alcohol, tropi-
camide, abiraterone acetate, miconazole, and clotrimazole 
by the current synthetic protocol (Scheme 4a). Com-
pounds 8-1 to 8-4 were further selected for activity tests 
(Figures 6 and S15). In doing so, we chose cisplatin (DDP), 
a broad-spectrum antineoplastic drug as the positive com-
parator, and A431 (epidermal cancer cells) and Hep3B (hu-
man hepatoma cells) cells as the target tumor cells. As a 
result, compound 8-1 showed good antitumor activity on 
both A431 and Hep3B cells (Figure 6), suggesting that nido-
carborane-substituted pharmaceutical molecules may 
have potential for new drug discovery. 

Additionally, boron neutron capture therapy (BNCT)24 is a 
noninvasive but precise cancer treatment. When 10B-con-
taining molecules/drugs are exposed to thermal neutrons 
high-energy particles can be generated which are capable 
of killing cancer cells. Owing to the excellent pharmaco-
logical properties of low toxicity and high boron content, 
boron cluster derivatives hold great potential for the devel-
opment of new BNCT drugs.25 Until now, only one clini-
cally used BNCT drug, mercaptoundecahydro-dodecabo-
rate (BSH),24 was developed based on boron cluster. How-
ever, BSH lacks targeting capability towards cancer cells. 
Generally, cancer cells need a large quantity of amino acids. 
Amino acids are also frequently utilized as a pivotal unit 
for pharmacophores. In this study, two phenylalanine-in-
corporated nido-carborane samples of compounds 8-7 and 

8-8 were designed and synthesized by using the developed 
synthetic methodology (Scheme 4b). Clearly, the current 
reaction protocol could provide facile access to a molecular 
library of BNCT drug candidates. 

 

CONCLUSION 

We have demonstrated a novel strategy for the straightfor-
ward and site-selective B–H functionalization of nido-car-
boranes by facile photoinduced nido-carborane cage acti-
vation. This protocol is the first example to create the nido-
carborane cage radical by means of photoinduced boron 

cage to  charge transfer via a non-covalent cageπ inter-
action. The resulting nido-carborane cage radical initiates 
subsequent HAT to yield highly reactive nido-carborane 
cage. This approach shows generality, robustness, versatil-
ity, and practicality as demonstrated by a wide range of 
substrates of up to 75 examples, high reaction yields of up 
to 99%, exclusive regioselectivity at B(9) site of nido-car-
borane cage, and mild reaction conditions (such as an in-
expensive  photocatalyst of acridinium salt, green light, air 
as oxidant, room temperature, and short reaction time). By 
using this protocol, both nido-carborane-modified drugs 
and BNCT drug candidates can be accessed in one step in 
satisfying yields. Therefore, this study not only enriches 
the methodologies for the functionalization of nido-car-
boranes but also lays the foundation for the facile synthesis 
of carborane-based functional molecules. 
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