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Communication

Cu-Catalyzed Arylation of 1-Acyl-1H-1,2,3-Benzotriazoles via
C-N Activation
Wenying Zhang, Yangyang Wang, Xiangru Jia, Zhen@uri and Ying Fu*

Gansu International Scientific and Technologicaberation Base of Water-retention Chemical Funetidhaterials,
College of Chemistry and Chemical Engineering, N@est Normal University, Lanzhou 730070, P. R. @hin

* Phone and Fax: +86-931-7971989; E-mail: clintam@d. 26.com, fu_yingmail@126.com

Abstract. An efficient coppe-catalyzedarylation reaction of -acy-1H-1,2,2-benzotriazoles with diaryliodonium sa
via C-N activation is explored. The reaction is docted regioselectively to form 1-aryH11,2,3-benzotriazoles i
MeCN at 80°C in the presence of cesium carbonate. 29 exanapkegiven with the product yield of up to 84%. The
probable reaction mechanism is proposed.
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1. Introduction 1,2,3-benzotriazole under solvent-free conditions

Nit aini het | bunitScheme 1bif8!
Iitrogen-containing — heterocycles —aré = SUbUNItS e 15 their versatile character, commercial

found in numerous natural products and in many qijapility, environmental-friendly behavior and
biologically active phgrmaceutlca{&.Nl-Modlfleq _enormous  potential in C-C and C-heteroatom
benzotriazoles are important nitrogen-containingoupling, diaryliodonium salts have afforded effiai
heterocyclic compounds, many of which posseggylation of diverse nucleophiles, in particular
biological and pharmacological activify’’ They can heteroatom nucleophiléd! In 1998, Beletskaya and
be used as anti-inflammatory, anti-tumor, antieoworkers reported six examples of Pd(Il) and Gu(ll
depressant, anti-fungal, anti-malarial and oth&alts co-catalyzed 1-arylation reaction dfi-1,2,3-
drugs®® as well as has broad applications in finbenzotriazoles with diaryliodonium salts to prepare
chemical8” and materials scienéd Although aryl-1H-1,2,3-benzotriazold®’ Lately, they found
copper catalyzed Ullmann-type C-N bond formatiothat Pd/AI203 could catalyze this reaction
reaction is an important, straightforward anguccessfull’”l Kang research grolifl also used
inexpensive approach to synthesize nitrogef-u(@cac)2 as an efficient catalyst to accomplish N-
containing heterocycles, it has some disadvantagégylation of benzotriazole with diaryliodoniums
For example, the reaction usually requires sevefgcheme 1c).

conditions of temperature higher than 2a) excess ¥ h;'j
nucleophiles, longer reaction time, the strong &ase @[le“ v %ﬁs Qnﬁ@
and a stoichiometric amount of copper activafor. o NN
Therefore a highly efficient, mild C-N bond b) o L cun complex Q
construction method has been paid much attention by @[N,jN * O on SRR N:@
chemists. N

Arylation reaction is an important way for the 9 N il e Q /@
modification of H-1,2,3-benzotriazoles to prepare 1- @EJN Torcuacad Y\ N
aryl-1H-1,2,3-benzotriazoles, which has found wide & This work o
applications not only in synthetic organic chenyistr Ner . , S
but also in biological® medicine™ material8® and N @('\(jxﬂ.@ Q
other aspects. The new C-N bond formation method OLN”N R .
from 1H-1,2,3-benzotriazoles was focused on the use :
of various arylating reagents. Aryl halides were th_>cnéme 1 Methods for the synthesis of 1-aryil,2,3-
first arylating reagents reported in the preparatd benzotriazoles
l-aryl-1H-1,2,3-benzotriazoles (Scheme EE%}.” In With our continuous investigation on high efficient
2017, Hashem Sharghi and coworkers usetylation reaction using diaryliodonium salts as
phenylboronic acid as an arylating reagent to aghiearylating reagents, we report herein copper-cagalyz
Cu(ll)-catalyzed N1-phenylation reaction ofH4 regioselective arylation reaction of 1-acy#1,2,3-
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benzotriazoles with diaryliodonium salts via C-Nndicate that copper has better catalytic actitfitsn
activation to form l-arylHi-1,2,3-benzotriazoles, palladium in this reaction. Treatment bd with 2a
which involves tandem amide C-N bond cleavagingsing potassium carbonate as a base and copper
and a new C-N bond formation (Scheme 1d). powder as a catalyst in GEIN affords only 63%
yield of 3aa (entry 8). In the absence of any catalyst
or base, trace of the aimed product was observed
(entries 9 and 10). The effect of solvents on this
. " : . ._feaction was also examined. When the reaction was
The reaction condltlon_s were first optimized usméonducted in N-methylpyrrolidone (NMP). in 1,2-
dinhenyiodonilm tetrafluoroboratezs) as model dcfloroethane (OCE) and in dimethyl suifoxide
pheny (DMSO0), an inferior3aa yield of 46%, 74% and 52%

substrates and the results are listed in Tableith 8/ than in acetonitrile was obtained, respectivelytries
0, i ’
mol% of commercial copper powder ascatalyst and JS-13). The reaction temperature is also sensitve

cesium carbonate as a base, the reaction EEIS transformation. When the reaction temperature
conducted in acetonitrile at 8 for 24 hours and the : )
a was decreased from 8C to 50°C, the product yield

gg?gi%(gdoﬁnl _gg;n€i361’éﬁ{@egiogﬁﬁ?ﬁz&? V(\)’? SNZyvas declined dramatically from 82% to 54% even if
arylation product was observed..When usingas pfo'f)”ged the reactiol time to 36 hours (entry .14)'
the reaction catalyst, good yield of the desiremtipct S'm”a”g/' \(vhen the reaction temperature was arisen
3aa of 77% was obtained (entry 2). So we deducetabtlpo o(l: (m ? sefé()ad E\Ube,’[ only 76%; Qf. y|el?_ Waj
e . o obtained (entry : nitrogen-containing ligan
that Cu(l) may be benificial for this catalytic otian A\IZ,N2’-diisopropyloxalo-hydrazide ligand which was

and Cu(l) halides (halide=ClI, Br and I) were used d to be efficient in Cu-catalvzed C-N i
catalysts and medium to good yields (60%, 63% amgove g € efmcient In Lu-catalyzec coupling
eactioff® was added into this reaction to improve

75%, respectively) were achieved (entries 3-5), ) o
However, when using ﬁhe product yield, but it did not work (entry 16\Ve

also tried to increase the amount of the catalyst a
Table 1. Optimization of reaction conditiorfs. the alkali to make the yield better, but it was 84#l
N 83%, respectively and did not change significantly
|

“C—CH;, " '
N ©/ \© Cu 8 mole /© (entries 17 and 18).
N BED Cs,CO03(2 eq) N
N 4 N=N
2a 3aa

2. Results and discussion

CH3CN, 80°C
la

2. Results and discussion

Entry Catalyst Base Solvent Yield (%)
; Cf;é) g;ggz g:zgs 33 With th_e optimized reaction conditions established,
3 cucl CsCOs CH.CN 60 we examined the substrate scope of 1-atift]2,3-
4 CuBr CsCOs CH,CN 63 Table 2. Scope of 1-acyl#-1,2,3-benzotriazoles.
5 Cul CsCO;, CH;CN 75
6 Pd(OAc) CsCO;, CH:CN 36 . P . _
7 PdC} CsCO, CH,CN 44 @LN\N R ©/ \© Cu (8 moi%) Rx/\QNQ
8 Cu K.CO; CH,CN 63 A~ oF, o e -
9 - CsCGO; CH;CN trace L 2 3aa-ga
10 Cu - CHCN trace e o
11 Cu CsCO; NMP 46 R=CH; QL @ \QL @ \QL @
12 Cu CsCO; DCE 74 - - -
13 Cu CCO,  DMSO 52 3aa, 83%  3ba, 74% 3ca, 77%
14° Cu CsCO;, CH:CN 54 .
15° Cu CsCO;, CH;CN 76 :
16 Cu CsCOy/L  CHLCN 82 oQNQ,N@ Q[N@
17 Cu CsCO; CH:CN 84 NN NN
18 Cu CsCO;, CH;CN 83 3da, 73% 3ea, 65%
& Reaction conditionsta (0.2 mol),2a (0.4 mol), Cu (8 mol %), NN

CsCO; (2 eq), solvent (3 mL) at 86C for 24 hours. Yield is @f”@ R=CH;CH,, 3fa=3aa, 43%

isolated yield. L = R N*-diisopropyloxalohydrazide. R=n-GHo, n.r.
®The reaction is conducted at %D for 36 hours. R=PhCH, 3ga=3aa, 38%
“The reactiom temperature is 1. R=Ph. n.r

4 The amount of Cu powder is 15 mol%.
€ The dosage of GEQ;is 3 equivalents. R=1-naphthylpn.r.

. . % Reaction conditionsl (0.2 mmol),2a (0.4 mmol), Cu
palladium compounds_ as catalysts_ m_s'gead of COPR8"mol%), CsCO5 (2 eq) in 3 mL of solvent at 8T for 24
powder, the product yield showed significant deseeay, |sojated yields given.n.r. is no reaction.

to 36% and 44%, respectively (entries 6 and 7)s&he




benzotriazoles in the reaction wita. The results are diphenyliodonium tetrafluoroborate, a variety of
summarized in Table 2. It is found that this remtti symmetric and unsymmetric diaryliodonium salts as
can tolerate a variety of substituents on the bemzearylating reagents dfa were explored in this reaction.
ring of benzotriazoles. Reactions of substrdte The results are listed in Table 3. In comparisothwi
containing an electron-donating (e.g., methyl) dBF;, when TfO was used as an anion of
electron-withdrawing (e.g., nitro and chloro) greupdiphenyliodonium salts, the vyield of the product
worked well to deliver the corresponding productdecreased to 72%; whereasRiS an anion instead of
3ba-3ea in 64%-77% yields. The effect of acylBF,, no reaction was occurred3ap and 3ac).
groups on the reaction is significant. Acetyl grouplowever, when la was treated with di(4-(tert-
(R=CHs) led to good product yield of this reactionbutylphenyl)iodonium hexafluorophosphate, 72% of
With the carbon atom number of chain acyl grouproduct yield was obtaine@®dd). These results show
increasing, the product yield decreased drasticalilgat the reactivity of diaryliodonium salts is reld
from 43% of 3fa to no reaction with valeyl group not only to the structure of aryl groups, but dsthe
(R=n-GHy). The steric hindrance of acyl groups idype of anions. Symmetric diaryliodonium salts
also a key factor in this reaction. When R was Penzcontaining electron-donating groups (e.g., methyl,
group, the yield was 38%; however, when R watert-butyl and methoxyl) attached to the benzeng ri
phenyl and 1-naphthyl, no corresponding productdforded corresponding arylation products with good
were obtained. yield ranging from 72% to 78%3#&d-3af). However,
electron-withdrawing groups of Br and £fonnected

to the benzene ring of symmetric diaryliodoniuntssal
led to reduced product yields of 69% and 54%,
respectively 8ag and 3ah). For the reactions of
unsymmetric diaryliodonium salts witha, to our
delight, good selectivity with synthetically useful
yield were obtained. Both electron-donating and
electron-withdrawing substituents were tolerated

Table3 Scope of diaryliodonium salfs.

<
X
NOOR
N=N

3ab-ao

Y

c CHs
Cu (8 mol%)
Cs,C0(2 eq)

o *O/ D
SNSRI

Wl

R*=R=H; X=OTf, RP=R’=4-t-Bu: R*=R*=4-Me; under the reaction conditions and moderate yiefds o
3ab=3aa, 72% X=PF,, 3ad, X=BFs; 3ae 73% 43%-67%_ were achievecBaQ-3an). Diaryliodonium
R=R’=H: X=PF;: 7204 Q @ salt containing a heterocyclic aryl was also exauhin
3ac, n.r. (N = The reaction of phenyl(2-thienyl)iodonium triflate
@ QN OB RP=Re=3.CFy W|_th la proceeded s_moothly to yleld_43% of 1-_(2-
. oo I_;;N,Rs o NI 3ah’ th|e(;1yl)t-é,2,)3-benzotr|azole deacylation arylation
=R’=4-Br; o) roduct Bao).

R=R’=4-CHO;  X=OTf; 3ag, 54% P To better understand the substitution effect of
X=BF,; 3af, 78% 69% @ different functional groups, competitive reactions
Q @ Q N:N,N@C' were carried out (Scheme 2A). Whikmwas allowed

_N ocHs 2 S to react simultaneously with (4-
e Ro= %4_ R__H' R?"4'CI’ methylphenyl)phenyliodonium triflate2q) and (4-
R’=H, R=2-Me; cH o',X-BF' X=OTt, f’ak' bromophenyl)phenyliodonium triflate 2¢), 1-(p-
X=BF;; 3ai, 669 3 .3_3’f ;70/‘{; >4% tolyl)-1H-1,2,3-benzotriazole 36g) and 1-(4-
@ a=at, 650 QNQ bromophenyl)-H-1,2,3-benzotriazole 3ag) were
I ,N@er QLN @ N=N oFs isolated in 62% and 31% vyields, respectively. This
X N NEN R*=H, R’=3-CF;; indicates that an electron-donating group on the
R*=H, R°=4-Br; R?=H, R=2-Cl: X=BF,; 3an=3ah, diaryliodonium salts reacted more easily than an
X=0Tf, 3al=3ag,  y_pr . 35m 430 electron-withdrawing grouf®?" It may be the
579% 500

Phenyl(2-thienyl)iodonium

S
N triflate; 3a0, 4398

#Reaction conditionsla (0.2 mmol),2 (0.4 mmol), Cu
(8 mol%), CsCO;(2 eq) in 3 mL of acetonitrile at 8t
for 24 h. Isolated yield is given. n.r. is no réaict

b 3aa was obtained in trace amount or not more than
10% yield.

Inspired by the successful Cu-catalyzed arylation
of l-acyl-H-1,2,3-benzotriazoles with



o
+ Arl
I ° Y CHa
_ N Cs,CH N
HyC CHs N=y & N N
) ArgIX
N q Cu (8 mol %) 3aq, 62% 22 B la
©: N . C5C03 (2 eq) * cue cu
N /©/l\©\ CHCN, 80°C f\&
TIO
1a —< :%
o NQN/N Br
29

Br Ar Csx+ C
- +
3ag, 31% /N S) e}
= i
B Sx\ HEC . /N/Cu -Ar

HsC N CHs /@ 3aa N=N
\ N
N

— C
N=N

! N Cu (8 mol %)
i . - 3ba, 34% . .
©/BF\© oo CsC03(2 eq) Scheme 4. Probable reaction mechanism.

N
)X\ CH.CN, 80°C  CI
- ¢ ,\\‘ - /©
— N
N N o
N—N

3ca, 57%

A
CsCO;s CO,+ CsOAC

3. Conclusion
Scheme 2. Competition experiments.
In summary, we have developed a one-pot
reason that in situ formation of electron-deficiangl approach to the synthesis of 1-arylbenzotriazoles b
Cu(Il) intermediate is the key step and electrimh-r Cu-catalyzed reaction of 1-acyH11,2,3-
aryl groups can stabilize this intermediate. Anothéenzotriazoles with diaryliodonium salts via C-N
competitive ~ reaction  of  diphenyliodoniumactivation. The method tolerates diverse functional
tetrafluoroborate wittib andlc afforded3ba and3ca groups and is a feasible and alternative arylation
in 34% and 57% yields, respectively (Scheme 2Bmethod. The major advantages of this method
Thus, the presence of an electron-withdrawing groupcludes: cheap and commercial easily available
on the benzene ring of benzotriazoles favored th@pper powder catalysis, wide substrate scope, mild
reaction than an electron-donating group. The cauggaction conditions and good step-economy.
is attributed to the increase of acidcity of NH whe
bearing an electron-withdrawing group on .
benzotriazoles. 4. Experimental
In order to further study the mechanism, we
conducted control experiments (Scheme 3). TheA catalyst (8  mol%), 1-acylH-1,2,3-
results show that the reaction is carried out upan  P€nzotriazoles (0.2 mmol), &20; (0.4 mmol),
step tandem reactions of N-deacylation to generdiryliodonium salts (0.4 mmol) and acetonitrileQ(3
1H-1,2,3-benzotriazole in 96% yield and then NML) were sequentially added into a 25 mL round-

arylation to deliver3aa in 89% yield under one-pot Pottom flask, and the mixture was stirred in a
preheated oil bath at 8 for 24 hours. Then the

conditions. i -
Sy cumo resulting mixture was cooled to r.t. and the salven
3 u (8 mol %, .
w N _CsCO@ed H was removed in vacuum. The crude product was
@EN’/N T @[g“ purified by column chromatography on silica gelhwit

) N Cu (8 mol %) ethyl acetate/petroleum ether (1:10 vol) as annglue
@ @EN”N + @??@ o QN/@ to give the desired 1-arylHt1,2,3-benzotriazoles.

24h, 89 % N=N

Scheme 3. Control experiments. Acknowledgements
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6. The products of this method contain 1,2,3-batezile building block. They may have
some bioactivities and can be used as pharmackcaicdidates.

Therefore we wish this work could be published orDdganomet. ChemYour favorable
consideration about this manuscript would be higlggreciated.
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