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ABSTRACT

A method for the C-H activation of aryl triazene compounds followed by intramolecular amination is described. It involves the use of a catalytic
amount of Pd(OAc)2 that efficiently effects the cyclization to provide 1-aryl-1H-benzotriazoles at moderate temperature.

Recent advances in cross-coupling reactions using tran-
sition metal catalysis provide effective methods for C-N
bond formation.1 Among them, C-H activation and

functionalization afford a simple and powerful tool for
an atom economical process. Notable progress has been
made using predominantly Ru,2 Rh,3 Pd,4 Ag,5 and Cu6

based systems. Herein, we report a new approach to the

Figure 1. Examples of some biologically active 1-aryl-1H-
benzotriazoles.
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synthesis of substituted 1-aryl-1H-benzotriazoles7 via Pd-
catalyzed intramolecular C-H amination of triazene moi-
eties. This method features the use of Pd(OAc)2 that
successfully effects C-H activation followed by C-N
cross-coupling to afford the cyclized products at moderate
temperatures.
1H-Benzotriazoles are among the most important

classes of heterocycles in biological andmedicinal sciences.
For example, 1H-benzotriazoles are structural motifs of
many compounds that possess antibacterial, anticancer,
antidepressant, antifungal, and antimalarial activities

(Figure 1).8 They are also useful synthons in some versions
of the Graebe-Ullmann reaction,9 especially in the synth-
esis of pyridoacridine,10 carboline,11 and tetraazapental-
enes.12 1H-Benzotriazoles also serve as synthetic auxili-
aries in amidoalkylation, insertion, and imidoylation that
have been used for the synthesis of heterocyclic
compounds.10,11a,13 Development of newer methods for
the construction of the functionalized 1H-benzotriazoles is
thus important in synthetic organic chemistry.
First, the reaction conditions were optimized using

(phenylimino)-2-phenylhydrazine 1a as a model substrate
with different Pd sources, solvents, and bases at varied
temperature (Table 1). The reaction occurred to afford the
desired 1-aryl-1H-benzotrizole 2a in 36% yield when the
substratewas stirredwith 10mol%Pd(OAc)2 inDMSOat

Table 1. Optimization of Reaction Conditions

entry Pd source base solvent yield (%)a,b

1 Pd(OAc)2 Cs2CO3 DMSO 36

2 PdCl2 Cs2CO3 DMSO 30

3 PdCl2(PPh3)2 Cs2CO3 DMSO 15

4 Pd(OAc)2 Cs2CO3 DMF 65(80c)

5 Pd(OAc)2 Cs2CO3 DMF 23d

6 Pd(OAc)2 Cs2CO3 xylene n.d.

7 Pd(OAc)2 Cs2CO3 chlorobenzene n.d.

8 Pd(OAc)2 Cs2CO3 1,4-dioxane 3

9 Pd(OAc)2 Na2CO3 DMF 12

10 Pd(OAc)2 K2CO3 DMF 72

11 Pd(OAc)2 KOH DMF 5

12 Pd(OAc)2 K3PO4 DMF 25

13 Pd(OAc)2 KOtBu DMF n.d.

14 Pd(OAc)2 Cs2CO3 DMF 55e

15 Pd(OAc)2 Cs2CO3 DMF 32f

16 - Cs2CO3 DMF n.d.

a (Phenylimino)-2-phenylhydrazine 1a (1 mmol), Pd source (10 mol
%), and base (2 mmol) were stirred at 110 �C in solvent (1 mL) under an
oxygen balloon. b Isolated yield. cWith MS 4 Å (100 mg). dPd(OAc)2
(5 mol %) used. e1.5 equiv of Cs2CO3 was used

fReaction temperature =
100 �C. n.d. = not detected.

Figure 2. ORTEP diagram of 5,6-dimethyl-1-(3,4-
dimethylphenyl)-1H-benzo[d][1,2,3]triazole 2m. H-Atoms are
omitted for clarity.14

Scheme 1. Proposed Catalytic Cycle
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110 �C under an oxygen balloon. The catalytic activity of
thePd sourceswere compared, andPd(OAc)2was found to

be superior to PdCl2 and PdCl2(PPh3)2. Replacing the

solvent from DMSO to DMF gave 2a in 65% yield. The

yield of 2a was further increased to 80% when a 4 Å

molecular sieve was added as an additive. In contrast,

solvents such as xylene, chlorobenzene, and 1,4-dioxane

gave inferior results. The reaction was effective with

Cs2CO3,K2CO3,K3PO4,KOH,andNa2CO3, andCs2CO3

yielded the best results. No product was obtained using

KOtBu as the base. Lowering of the reaction temperature

Table 2. Cyclization of (Phenylimino)-2-phenylhydrazines with Various Substituents on the Aryl Ringsa

aReaction conditions: substrate 1a-s (1mmol), Pd(OAc)2 (10mol%),Cs2CO3 (2mmol), andMS4 Å (100mg)were stirred inDMF (1mL) at 110 �C
under an O2 balloon.

b Isolated yield. c Single isomer. n.d. = not detected.

(14) Recrystallization of 2m in CH2Cl2 gave single crystals whose
X-ray data were collected on a Bruker SMART APEX equipped with a
CCD area detector using Mo KR radiation in the scan range
1.47�-28.02�: C16H17N3, Mw = 251.3304, orthorhombic; Pbca; a =
13.2943(7) Å, b=7.4099(4) Å, c=27.6216(14) Å; R=90�, β=90�, γ
=90�;V=2721.0(2) Å3;Z=8;Dcalcd= 1.227mgm-3;T=296(2) K;
Scan range 1.47� < θ < 28.02�; crystal dimension 0.44 � 0.36 � 0.26
mm3; 3161 reflns, 1810 unique reflections (I>2σ(I));R1 = 0.0497; wR2

= 0.1191; GOF (on F2) = 0.995.
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(100 �C)or the amount of the catalyst (5mol%)or the base

(1.5 equiv) gave 2a in <55% yield. Control experiments

confirmed that no product was obtained in the absence of

the palladium source. In summary, the optimal conditions

in DMF include Pd(OAc)2 (10 mol %) and Cs2CO3 (2

equiv) at 110 �C for 25 h under an oxygen balloon.
Next, the scope of the protocol was studied for the

substrates having substituents on the aryl rings (Table 2).
(Phenylimino)-2-phenylhydrazines 1b, 1e-g, and 1i hav-
ing two 3-NO2, 4-Cl, 4-Et, and 4-Me substituents pro-
ceeded in the C-H amination to afford the benzotriazoles
2b and 2c-e in 70-85% yield. In contrast, the substrates
1c-d and 1h with two 4-COMe, 4-CO2Et, and 4-OMe
groups showed no cyclization and the starting materials
were recovered, whereas (phenylimino)-2-phenylhydra-
zines 1j-s having Cl, Me, and Et substituents readily

underwent cyclization to give the corresponding benzo-
triazoles 2f-n in 55-88% yield. Recrystallization of 2m in
CH2Cl2 gave single crystalswhose structurewas confirmed
by X-ray analysis (Figure 2). The substrates 1e and 1lwith
a Br group provided the debrominated products 2a and 2f

exclusively.4a These results suggest that the cyclization is
controlled by both steric and electronic factors on the aryl
rings.
Finally, to reveal the regioselectivity, the reactions of the

unsymmetrical substrates 1t-u were studied (Table 3).
Both of the substrates underwent cyclization to provide a
2:1 mixture of the regioisomers 2o and 2p in 75% yield. In
both of the substrates, the cyclization occurred preferen-
tially on the nonsubstituted aryl ring. These results suggest
that the isomerization of triazenes can occur easily under
the conditions used in this system.
The proposed catalytic cycle is shown inScheme 1.4aThe

substrates 1a-l may undergo coordination with Pd(II) to
give intermediate a that could lead to the formation of b in
the presence of base. The latter may undergo C-H activa-
tion to give the six-membered palladacycle c that could
afford the target 1-aryl-1H-benzotriazole and Pd(0). The
reduced Pd could be oxidized in the presence of oxygen to
complete the catalytic cycle.
In summary, a novel protocol for the synthesis of 1-aryl-

1H-benzotriazole is developed via C-H activation fol-
lowed by intramolecular amination employing a Pd(II)
catalyst under relatively milder conditions. Further study
to understand the precise mechanism as well as to expand
the range of substrates is currently underway in our
laboratory.
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Table 3. Cyclization of Unsymmetrical (Phenylimino)-2-
phenylhydrazinesa

aReaction conditions: substrate 1t-u (1 mmol), Pd(OAc)2 (10 mol
%), Cs2CO3 (2mmol), andMS4 Å (100mg)were stirred inDMF (1mL)
at 110 �C under an O2 balloon.

bRegioisomeric ratio was determined by
400 MHz 1H NMR of the crude reaction mixture. c Isolated yield.


