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ABSTRACT: We have developed the divergent deaminative borylation and hydrodeamination of primary aromatic amines 
using bis(pinacolato)diboron. These transformations can be switched by the reaction conditions. Mechanistic and computa-
tional studies have suggested that the cleavage of the C–N bond and the formation of C–B bond are unlikely to involve free 
aryl radical intermediates. However, hydrodeamination is shown to proceed via hydrogen atom transfer between the corre-
sponding aryl radical and an ethereal solvent. 

Transformation via aromatic C–N bond cleavage is a 
promising method for synthetic applications, because aryla-
mine moieties are common among synthetic intermediates, 
natural products, and pharmaceuticals. In particular, pri-
mary aromatic amines (Ar–NH2) are readily available indus-
trially from the reduction of the corresponding nitroarenes. 
However, transformations via C–N bond cleavage of Ar–NH2 
remain challenging1 because of the high dissociation energy 
of the C–N bond,2 the poor leaving ability of the NH2 group, 
and the reactive N–H bond.3 Hence, the transformations of 
Ar–NH2 that have been developed typically involve interme-
diates bearing relatively reactive C–N bonds, such as diazo-
nium salts (Ar–N2X),4 pyridinium salts,5 aryl ammonium 
salts (ArNH3X),6 and amide7 derivatives. Levin’s group re-
cently achieved the hydrodeamination of primary amines 
via isodiazene intermediates prepared using an anomeric 
amido reagent.8 Overall, direct C–N bond transformations of 
Ar–NH2, bypassing intermediates such as Ar–N2X and Kat-
ritzky salts, are still challenging, even though directing-
group-assisted ruthenium-catalyzed direct deaminative ar-
ylation of Ar–NH2 was achieved.9 

Recently, we developed the photoinduced deaminative 
borylation of unreactive aromatic amines.10 Zhang and co-
workers later reported activation of the unreactive C–N 
bond of anilines via photoinduced aerobic borylation.11 
However, in these reaction systems, borylation of Ar–NH2 
have not been thoroughly investigated, and hydrodeamina-
tion of Ar–NH2 was not examined. Herein, we report the de-
aminative borylation and hydrodeamination of Ar–NH2 
upon irradiation with visible light,12 in which the reactions 

can be switched by changing the reaction conditions 
(Scheme 1b). Control experiments and density functional 
theory (DFT) calculations were also conducted for mecha-
nistic studies.  

We first investigated a reaction of 4-biphenylamine (1a) 
based on our previous borylation system:10 2.0 equiv of 
bis(pinacolato)diboron (B2pin2), 20 mol% of pyrene, with 
UV irradiation (365 nm) under N2 (Table 1, entry 1). The re-
action in cyclopentyl methyl ether (CPME) afforded  

Scheme 1. Deaminative Transformations of Primary Ar-
omatic Amines 

 



 

Table 1. Optimization for Deaminative Borylation and Hydrodeamination of 1a 

 

 
aDetermined by GC. bIsolated yield is reported in parentheses. cWith molecular sieve 4A. PS: photosensitizer, A: UV (365 nm), B: 

blue LED (427 nm), C: blue LED (456 nm), CPME: cyclopentyl methyl ether, BTF: benzotrifluoride, PS1: [Ir(dF(Me)ppy)2bpy]PF6. 

4-biphenylboronic acid pinacol ester (2a) in 10% yield, to-
gether with biphenyl (3a) in 22% yield (2a:3a = 31:69). 
This result inspired us to explore reaction conditions with 
higher yields and selectivities for products 2a and 3a. First, 
the improvement of the yield and selectivity of the deami-
native borylated product 2a was investigated (Table 1, en-
tries 2–7). In benzotrifluoride (BTF, 0.33 M), 2a was ob-
tained as the major product (2a:3a = 76:24) (entry 2). Sur-
prisingly, the yield of 2a and the selectivity for 2a increased 
in the absence of pyrene (2a:3a = 89:11) (entry 3). Chang-
ing the atmosphere from N2 to air13 was effective, 2a being 
obtained in 55% yield (entry 4).14 The selectivity for 2a was 
improved (2a:3a = 98:2) by changing the light source from 
UV (365 nm) to a blue LED (427 nm) (entry 5). Moreover, a 
higher concentration (0.67 M) gave a 67% yield of 2a (entry 
6). Solvent screening revealed that dimethyl carbonate 
(DMC) gave the best result, affording 2a in 88% yield and 
suppressing the formation of 3a (entry 7 and Table S3). 
Next, we developed the selective hydrodeamination of 1a to 
3a (entries 8–12). Investigation of various ethereal solvents 
under UV irradiation (Table S9) revealed that diglyme was 
the best solvent, affording 3a in 30% yield (entry 8). After 
screening several photosensitizers and light sources (Table 
S10), the combination of [Ir(dF(Me)ppy)2bpy]PF6 (PS1) 
and irradiation at 456 nm was found to improve the selec-
tivity of 3a (entry 9). The addition of molecular sieve 4A im-
proved the yield of 3a (entry 10) and the prolonged reaction 
time and the lower concentration gave 3a in 76% yield with 
high selectivity of 3a (entry 11).15 Furthermore, the absence 
of B2pin2 did not afford 3a at all, indicating the reaction sys-
tem required B2pin2 (entry 12). 

Next, we investigated the deaminative borylation and hy-
drodeamination of various primary aromatic amines 

(Scheme 2). Biphenyl amines 1a–1e containing electron-
donating or electron-withdrawing groups were borylated. 
Cyclopropyl (1f) and trimethylsilyl groups (1g) were toler-
ated in this reaction. The borylation of biphenyl amines 1h–
1j containing F, Cl, or Br atoms also proceeded without loss 
of the halogen atoms. 4-(2-Naphthyl)aniline (1k) was trans-
formed into 2k in 62% yield. 2-Amino fluorene (1l) and 4-
mesityl-aniline (1m) were converted into 2l and 2m in 66% 
and 60% yield, respectively. Biphenyl amines with a methyl 
group (or groups) in the ortho-positions, 1n and 1o, were 
also borylated in moderate yields. Notably, the correspond-
ing N,N-dimethyl amines remained intact under our previ-
ously reported conditions.10 Borylation of aniline 1p with a 
phenyl group at the meta-position was facilitated by use of 
a photosensitizer (9-mesityl-10-methylacridinium tetra-
fluoroborate) to afford 2p in 34% yield. Moreover, 1-naph-
thylamine (1q) and 2-naphthylamine (1r) were trans-
formed into 2q and 2r in 57% and 56% yields, respectively. 
The reaction of 4-(thiophen-2-yl)aniline 1s afforded 2s in 
57% yield. The borylation of anilines 1t and 1u with alkenyl 
and alkynyl groups at the para-position proceeded, giving 
2t and 2u with the unsaturated bonds retained. The reac-
tion system was also applicable to aniline (2v) and anilines 
with an electron-donating or electron–withdrawing group 
at the para-position, 1w and 1x, in diglyme as solvent. The 
borylation of m-anisidine (1y) provided 2y in 59% yield af-
ter treatment with KHF2. 

The substrate scope of hydrodeamination was investi-
gated. The hydrodeamination of aminobiphenyls 1a–1e 
containing an electron-donating group gave 3a–3e Amino-
biphenyls with cyclopropyl or trimethylsilyl substituents 
were also good substrates, giving 3f and 3g in 51% and 40% 

entry X PS (mol%) solvent (M) atmos-
phere 

light 
source 

time 
(h) 

conv. (%) 
of 1aa 

yield (%)a ratio 

      2a 3a 2a:3a 

1 2 pyrene (20) CPME (0.1) N2 (close) A 18 48 10 22   31:69 

2 4 pyrene (20) BTF (0.33) N2 (close) A 18 73 26 8   76:24 

3 4 none BTF (0.33) N2 (close) A 18 74 40 5   89:11 

4 4 none BTF (0.33) air (open) A 18 89 55 6   90:10 

5 4 none BTF (0.33) air (open) B 18 64 54 1   98:   2 

6 4 none BTF (0.67) air (open) B 18 76 67 3   97:   3 

7 4 none DMC (0.67) air (open) B 18 91 88 (83)b <1 >98:<2 

8 2 pyrene (20) diglyme (0.1) N2 (close) A 24 62 10 30   25:75 

9 2 PS1 (5) diglyme (0.1) N2 (close) C 24 88 10 43   19:81 

10c 2 PS1 (5) diglyme (0.1) N2 (close) C 24 93 10 66   13:87 

11c, 2 PS1 (5) diglyme (0.05) N2 (close) C 48 96 8 76 (68)b   10:90 

12c 0 PS1 (5) diglyme (0.05) N2 (close) C 48 <1 <1 <1  - 

 



 

Scheme 2. Substrate Scope of Deaminative Borylation and Hydrodeaminationa 

 

aIsolated yield. bConditions: primary aromatic amine (0.200 mmol), B2pin2 (0.800 mmol, 4.0 equiv), DMC (0.30 mL, 0.67 M), Blue 
LED (427 nm), air (open). cB2pin2 (6.0 equiv), 9-mesityl-10-methylacridinium tetrafluoroborate (0.50 mol%). dB2pin2 (6.0 equiv), 9-
mesityl-10-methylacridinium tetrafluoroborate (2.0 mol%). eDiglyme (0.20 mL, 1.0 M). fGC yield in parentheses. gTreatment with 
KHF2. hConditions: primary aromatic amine (0.200 mmol), B2pin2 (0.400 mmol, 2.0 equiv), diglyme (4.0 mL, 0.050 M), MS4A (40.0 
mg), Blue LED (456 nm), N2 (close). i8 h. jMixture with 3% of 3a.  DMC: dimethyl carbonate. 

yields, respectively. The reaction of aminobiphenyls 1h and 
1i containing a halogen atom proceeded. However, in the 
hydrodeamination of 1i, the further dechlorination was also 
detected. 4-(2-Naphthyl)aniline (1k), aminofluorene (1l), 
and 4-mesitylaniline (1m) were suitable for producing 3k–
3m in moderate yields. Aminobiphenyls bearing methyl 
group(s), 1n and 1o, afforded 3n and 3o in 43% and 43% 
yields, respectively. The reaction of 1p with B2pin2 provided 
biphenyl 3a, albeit in low yield. Moreover, the 1- and 2-
naphthylamines 1q and 1r were converted into naphtha-
lene (3q) in 29% and 40% yields, respectively. 2-Phenylthi-
ophene 3s was obtained in 40% yield from 4-(2-thienyl)ani-
line (1s). Hydrodeamination of anilines with an alkynyl 
group (1u) afforded 3u. Furthermore, aniline (1v) was con-
verted to benzene (3v) in 37% yield. In the case of the tBu-, 
CF3-, and benzyloxy-substituted anilines 1w, 1x, and 1z, 
borylated products 3w, 3x and 3z were also formed. 

A series of experiments was conducted to elucidate the 
reaction mechanisms of deaminative borylation and hydro-
deamination. First, we investigated the relationship be-
tween aromatic C–N bond cleavage and C–B bond formation. 
Borylation in the presence of 2,2,6,6-tetramethylpiperi-
dine-1-oxyl (TEMPO) as a radical-trapping reagent under 
an aerobic atmosphere gave 2a in 44% yield (Scheme 3a), 
whereas the adduct 4 between TEMPO and the aryl radical 
corresponding to 1a was not observed by GC-MS. Moreover, 
the borylation of biphenyl amine 1aa bearing an alkene 
moiety afforded only the borylated product 2aa without 
formation of the cyclic products 5 or 6 derived from the cor-
responding aryl radicals (Scheme 3b). The results suggest 
that the C–N bond cleavage and C–B bond formation pro-
ceed faster than the above radical trapping reactions or are 
unlikely to involve an aryl radical intermediate.  



 

Scheme 3. Control Experiments for Deaminative 
Borylation 

 

We conducted ESR spin-trapping and trapping-reagent 
experiments for reactive oxygen species, namely, the radical 
anion (O2•-) and singlet oxygen (1O2).16 The reaction of the 
O2•--trapping reagent 5,5-dimethyl-1-pyrroline-N-oxide 
(DMPO) with 1a resulted in observation of a signal indicat-
ing a radical species (presumably O2•-) in the ESR spectrum 
(Scheme S1 and Figure S11). A 1O2 trapping experiment was 
conducted using benzyl methyl sulfide (Scheme S2 and Fig-
ure S13), and produced a 10% yield of the corresponding 
sulfoxide, evidently formed by the reaction between the sul-
fide and 1O2.17 These results suggest that deaminative 
borylation involves the generation of O2•- and 1O2.18 

Next, we investigated the reaction mechanism of hydro-
deamination by means of deuterium labelling experiments. 
The hydrodeamination of 1a in THF-d8 afforded 3a-d in 
38% yield (76%D) (Scheme S5). The result indicates that 
hydrodeamination involves hydrogen atom transfer (HAT) 
from an ethereal solvent to an aryl radical. The generation 
of aryl radicals from 1a was supported by the hydrodeami-
nation of 1aa (containing an alkene moiety) which yielded 
the corresponding 5- and 6-memberd cyclic compounds 7 
and 8 (Scheme S6).  

Based on the above experiments and on DFT calculations 
(Figures S29–32), the proposed mechanisms of deamina-
tive borylation and hydrodeamination are shown in Scheme 
4. In the deaminative borylation (Scheme 4a and Figures 
S30–S31), we can consider the following stages: (1) irradia-
tion (427 nm) of the aromatic amine 1 gives the excited 
state 1*;19 (2) 3O2 is excited to 1O2 via energy transfer (ET) 
from 1*; (3) single-electron transfer (SET) from 1* to 1O2 
produces 1•+ and O2•-, computational insight suggesting that 
SET from 1* to 1O2 is more favorable than SET to 3O2 by 10.3 
kcal/mol (Figure S29); (4) deprotonation of 1•+ by O2•- and 
sequential reaction with B2pin2 afford intermediate A via 
the formation of C–B and N–B bonds, with cleavage of the 
B–B bond; (5) cleavage of the C–N bond proceeds after pro-
tonation of A by HOO•, generating 2 and amino borane 
(H2NBpin); and (6) the hydrolysis of H2NBpin affords NH3 
and (pin)BOH20 as byproducts.  

In the hydrodeamination (Scheme 4b and Figure S32), the 
proposed stages are as follows: (7) SET from 1 to Ir(III)* af-
fords 1•+;21 (8) 1•+ provides intermediate A through the sub-
sequent reaction of 1•+ with B2pin2, accompanied by depro-
tonation; (9) A then decomposes into aryl radical B and 
HN(Bpin)2 without the protonation of A; and (10) hydrogen 
atom transfer (HAT) between B and the ethereal solvent af-
fords 3. 

In summary, we have developed a photoinduced diver-
gent deaminative borylation and hydrodeamination of pri-
mary aromatic amines that does not require the use of rela-
tively reactive species such as diazonium salts. These two 
transformations can afford a variety of organoboron and 
deaminated aromatic compounds with various functional 
groups. Mechanistic and computational studies have re-
vealed that cleavage of the C–N bond and the formation of 
C–B bonds in deaminative borylation are unlikely to involve 
aryl free-radical intermediates, but that hydrodeamination 
involves hydrogen atom transfer from an ethereal solvent 
to an aryl radical, which is generated along with the elimi-
nation of aminoborane. We hope that this study presents a 
new approach to the deaminative transformation of pri-
mary aromatic amines. 

Scheme 4. Proposed Reaction Mechanisms 
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