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M odification of benzotriazoles with iodonium salts [diphenyl-
and (E)-styrylphenyliodonium tosylates| occurs at the NI-
position in the presence of K,CO; as a base and Cul as a
catalyst in CH,Cl,, whereasin the presence of stoichiometric
amount of [Cu,(TMEDA),(OH),]CI, complex regioselective
N2-modification proceeds. Two new Cu' complexes based on
benzotriazoles were synthesized and their crystal structures
were determined by X-ray powder diffraction analysis.
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N-Modified benzotriazoles (BTAS) are of interest for their broad
synthetic use! and high biological and pharmacological activity.?
In contrary, 2-N-substituted benzotriazoles are known as UV-
protectors and organic electronic materials.® Classical methods for
the synthesis of N-modified BTAs are typically multistage. The
key stage for N-arylated BTAs synthesis includes the cyclization of
o-amino-N-arylanilines in the course of diazotation.* Alternatively,
they are accessed by chemoselective addition of organoazidesto
benzynes.> Syntheses of N2-arylated BTAs are based on decom-
position of C,N-diaryl tetrazoles,3@-6 2-(o-azidophenyl)diazenyl-
arenes’@® or on reductive cyclization of 2-(o-nitrophenyl)-
diazenylarenes with thiourea,"© Sml,,"® zn,"©M and via P"/P¥=0
catalyst recycling in the presence of PhSiMe,.”@

Traditional methods of cyclization leading to N-arylated BTAS
can be implemented using transition metal catalysis. For example,
NZl-arylated BTAs can be obtained by catalytic cyclization of
various ortho-halogenated 1,3-diaryltriazenes or from resin-linked
o-(arylamino)benzotriazenes in the presence of copper® or
palladium catalysts, %@ or by Pd-catalyzed CH-activation of
diaryltriazenes.1® N2-Arylated BTAs can be synthesized by
copper(I)-catalyzed oxidative cyclization of o-aminodiphenyl-
diazenes!® or o-hal odiphenyldiazenes with azide group in the
presence of Cul.2®) Modern approaches to N2-arylated BTAs are
based on CH-activation of diaryldiazenes and relative compounds
catalyzed by palladium(i1)3@® and rhodium(1r).22 However, the
complexity of multistage processes are the main disadvantage of
the reported cyclization reactions.

The direct arylation of BTAs with iodonium salts occurring
either as nucleophilic substitution!3@-®) or via the aryne mechanism
is practically unselective.13© N1-Vinylated BTAS can be obtained
by condensation of the corresponding N-derivatives of BTAS
possessing active methylene groups with carbonyl compounds
using Wittig,**® Peterson,'® or Horner—Wadsworth—-Emmons*#©
reactions.

In view of N and N2 regioselectivitty and procedure convi-
nience, transition metal-catalyzed amination reaction of aryl-
(vinyl)halides with BTAs seems most challenging.’® The absence
of regioselectivity giving mixtures of N- and N2-isomers'®
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under harsh reaction conditions is reported. Other sourcel” shows
formation of practically single N'-isomers,'” but also under drastic
conditions. The same trend is observed in the vinylation of BTAS.
Two N-vinylation protocol s are described: the one with formation
of mixture of by-products and N-vinyl isomers'®@ and the other
with regioselective N1-vinylation.18(b)

Earlier we have investigated the regioselective arylation of
ambident azoles of high NH-acidity with iodonium salts.’® In the
present work, we propose two protocols for both regioselective
N and N2-modifications of benzotriazoles with iodonium salts
(see ref. 20) under mild conditions in the presence of copper
compounds. In the course of careful optimization with broad
variation of arylation agents, bases, additives and solvents, we
have found that regioselective N-arylation and vinylation of
benzotriazoles with diphenyl- or (E)-styryl(phenyl)iodonium
salts (Scheme 1) readily occurs in CH,CI, with K,CO5 as the
base in the presence of Cul as catayst at room temperature
(Table 1, entries 1-4)." On the contrary, in the presence of 0.5 mol
of [Cuy,(TMEDA),(OH),|Cl, (for the structure, see ref. 21)
serving as both the base and complexing additive, with the
iodonium salts and Cul being introduced within 15 min after
the additive, mostly the N2-modification took place (see Table 1,
entries 5-8).* However, if the iodonium salt and Cul were added
after one hour following the additive, predominantly N1-isomers
were formed though in very low yields. The same results were
obtained when pure complexes 4a or 4b isolated from reaction

T General procedure for the synthesis of N'-modified benzotriazoles
2a—d. Copper(1) iodide (0.05 mmol) in CH,Cl, (30 ml) was added to a
mixture of substrate 1a or 1b (0.5 mmol), anhydrous K,COj3; (0.55 mmol)
and diphenyl- or (E)-styrylphenyliodonium tosylate (0.55 mmol) under argon
after 5-6 min of stirring. The resulting mixture was stirred under argon for
12 h at room temperature and then filtered. The filtrate was dried (MgSO,)
and purified by flash chromatography through basic alumina (eluent
CH,Cl,). The eluate was evaporated and the main product wasisolated by
preparative chromatography on Merck silica gel plates (UV-254) using
ethyl acetaten-hexane (1:6) as asolvent system. In thelarge scale (5 mmol)
experiments, the main products were isolated and purified by crystallization
from EtOH.
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Scheme 1 Reagents and conditions: i, K,CO3, 5% Cul, CH,Cl,, ~20°C,
12 h; iii, 50% [Cu,(TMEDA),(OH),]Cl,, 5% Cul, CH,Cl,, ~20°C, 12 h.

Table 1 N-modification of benzotriazoles 1la,b with iodonium salts
[RAIPN]*[TsO]~.2

RZin Products ..
Sub- . ) Yield? 2:3
Entry strate ;)aldtonlum Co-reagent W (%) ratice
1 la Ph K,CO4 2a 3a 65 15:1
2 la  PhCH=CH K,CO, 2b 3b 77 18:1
3 b  Ph K,CO3 2c 3¢ 69 20:1
4 b  PhCH=CH K,CO, 2d 3d 58 19:1
5 la  Ph [Cu(TMEDA),(OH),ICl, 2a 3a 59 1:16
6 la  PhCH=CH [Cu,(TMEDA),(OH),ICl, 2b 3b 62 1:18
7 1b Ph [Cu(TMEDA),(OH),|Cl, 2c 3c 67 1:20
8 b PhCH=CH [Cu,(TMEDA),(OH),|Cl, 2d 3d 61 1:19

aConditions: 5% Cul, CH,Cl,, ~20°C, 12 h, argon. Plsolated total yield
after column chromatography. °NMR data.

mixture were used as substrates in the absence of reagent and
catalyst.

We suppose thet initialy the [Cu,(TMEDA),(OH),]Cl, additive
reacts with substrates 1 to form complexes with BTAs anions
involved as p-ligand bonded via N*- and N3-atoms. Such complexes
were earlier suggested to be involved in corrosion protection of
Cu-surface in the presence BTA? (Figure 1). Due to such amanner
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Figure 1 The expected structures of kinetically controlled benzotriazole
complexes.
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* General procedure for the synthesis of N2-modified benzotriazoles
3a—d. Copper(1) iodide (0.05 mmol) in CH,Cl, (30 ml) was added to a
mixture of substrate 1a or 1b (0.5 mmol), [Cu,(TMEDA),(OH),]Cl,
(0.25 mmol) and diaryl- or (E)-styrylphenyliodoniun salt (0.55 mmol)
in CH,CI, (30 ml)after 15 min of stirring. The mixture was stirred for
12 h under argon atmosphere at room temperature, then treated with
10% aqueous NH5 and extracted several times with CH,Cl,. The extract
was dried (MgSO,) and purified by flash chromatography through basic
alumina (eluent CH,Cl,). The el uate was evaporated and the main product
isolated by preparative chromatography on Merck silicagel plates (UV-254)
using ethyl acetate—n-hexane (1:6) as a solvent system. In the experiment
of 1 mmol scale, the main product was isolated and purified by crystal-
lization from EtOH.

Cita)

Figure 3 Molecular structure of complex CyHgiCl,N6Cus 4b.

of binding, N2-atom of BTA becomes available for reaction with
iodonium salts. Probably, these complexes are kinetically controlled
species that are further transformed to thermodynamically
controlled complexes such as 4a (Figure 2) and 4b (Figure 3)8T

§ Complexes 4a,b. [Cu,(TMEDA),(OH),]Cl, powder (0.01 mmol) was
added to a solution of 1a or 1b-H,O (2 umol) in CH,CI, (30 ml). After
10 min of stirring, the mixture was filtered and the filtrate was kept in a
refrigerator overnight. The blue microcrystals were collected, washed with
THF and CH,CI, and dried in vacuo.

' Crystal data for 4a: C4H45CI,N16Cu; (M = 966.45), monoclinic, space
group P2,/n, at 295 K: a = 15.7709(14), b = 12.2614(12) and c =
= 11.3651(11) A, 8 = 108.627(17)°, V = 2082.6(4) A3, Z = 2, dy. =
= 1541 g cmr®, u(CuKar) = 3.354 mmr?, Ry/R,/Rey, = 0.0343/0.0446/
0.0149.

Crystal data for 4b: CyHgCloN1Cusz (M = 1078.64), monoclinic,
space group P2;/c at 295 K: a = 12.7381(12), b = 11.9853(11) and
¢ =17.3467(15) A, B = 108.223(17)°, V = 2515.5(4) A3, Z = 2, gy =
=1.424 g cm, u(CuKa) = 2.835 mm™, Ry/R,p/Rey, = 0.0435/0.0602/
0.0399.

CCDC 1563239 and 1563250 contain the supplementary crystallographic
data for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via http://www.ccdc.cam.ac.uk.
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which are similar to the previously obtained,?3 but proved to be
inert in reactions of thistype.

In summary, a herein developed convenient method allows
one to perform direct regioselective modification of BTAs with
various iodonium salts at either N or N2 sites under mild con-
ditions. The regioselectivity is believed to result from differences
in coordination between copper complexes used.

Thiswork was supported by the Russian Ministry of Education
and Science (grant no. RFMEFI61616X0069). High resolution
mass spectrawere recorded in the Department of Structural Studies
of N. D. Zelinsky Institute of Organic Chemistry RAS, Moscow.

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2018.05.019.

References

1 (a) A. R. Katritzky, X. Lan, J. Z. Yang and O. V. Denisko, Chem. Rev.,
1998, 98, 409; (b) A. R. Katritzky and S. Rachval, Chem. Rev., 2010, 110,
1564; (c) A. R. Katritzky and S. Rachval, Chem. Rev., 2011, 111, 7063;
(d) C. D. Hall and S. S. Panda, Adv. Heterocycl. Chem., 2016, 119, 1.

2 (a) I. Briguglio, S. Piras, P. Colona, E. Gavini, G. Nieddu and A. Carta,
Eur. J. Med. Chem., 2015, 97, 612; (b) S. S. Mishra, C. S. Sharma,
H. P. Singh, N. Kumar and L. S. Chauhan, Int. J. Pharm. Technol.
Biotechnol., 2015, 2 (2), 10.

3 (a) R. M. Claramunt, D. S. Maria, E. Pinilla, M. R. Torres and J. Elguero,
Molecules, 2007, 12, 2201; (b) N. Khatun, A. Modi, W. Ali and B. K. Patel,
J. Org. Chem,, 2015, 80, 9662.

4 (a) M. Schopff, Chem. Ber., 1890, 23, 1839; (b) C. Graebe and F. Ullmann,
Liebigs Ann. Chem., 1896, 291, 16.

5 (a) F. Zhang and J. E. Moses, Org. Lett., 2009, 11, 1587; (b) A. V. Gann,
J- W. Amoroso, V. J. Einck, W. P. Rice, J. J. Chambers and N. A. Schnarr,
Org. Lett., 2014, 16, 2003; (¢) D. Chang, D. Zhu and L. Shi, J. Org.
Chem., 2015, 80, 5928; (d) Q. Chen, H. Yu, Z. Xu, L. Lin, X. Jiang
and R. Wang, J. Org. Chem., 2015, 80, 6890; (€) |. Alimi, R. Remy and
C. G. Bochet, Eur. J. Org. Chem., 2017, 82, 3197.

6 P. G. Houghton, D. F. Pipe and C. W. Rees, J. Chem. Soc., Perkin Trans. 1,
1985, 1471.

7 (a) J. H. Hall, J. Org. Chem.,, 1968, 33, 2954; (b) W. Fischer, K. Fritzsche,
W. Wolf and L. Bore, Patent WO 2002024668 A1, 2002; (c) S. Tanimoto
and T. Kamano, Synthesis, 1986, 647; (d) B. H. Kim, S. K. Kim, Y. S. Lege,
Y. M. Jun, W. B. Baik and B. M. Lee, Tetrahedron Lett., 1997, 38, 8303;
(e) G.-B. Liu, H.-Y. Zhao, H.-J. Yang, X. Geo, M.-K. Li and T. Thiemann,
Adv. Synth. Catal., 2007, 349, 1637; (f) J. Dong, B. Jin and P. Sun,
Org. Lett., 2014, 16, 4540; (g) T. V. Nykaza, T. S. Harrison, A. Ghrosh,
R. A. Putnik and A. T. Radosevich, J. Am. Chem. Soc., 2017, 139, 6839.

8 (a) C. Mukhopadhyay, P. K. Tapaswi and R. J. Butcher, J. Org. Biomoal.
Chem., 2010, 8, 4720; (b) Q.-L. Liu, D.-D. Wen, C.-C. Hang, Q.-L. Li and
Y.-M. Zhu, Helv. Chim. Acta, 2010, 93, 1350.

9 (a) V. Zimmermann and S. Brése, J. Comb. Chem., 2007, 9, 1114;
(b) J. Zhou, J. He, B. Wang, W. Yang and H. Ren, J. Am. Chem. Soc.,
2011, 133, 6868; (c) K. Takagi, M. Al-Amin, N. Hoshiya, J. Wouters,
H. Sugimoto, Y. Shiro, H. Fukuda, S. Shuto and M. Arisawa, J. Org.
Chem., 2014, 79, 6366.

10 R.K.Kumar,M.A.Ali and T. Punniyamurthy, Org. Lett., 2011, 13, 2102.

11 (a) J. Jo, H.Y. Lee, W. Liu, A. Olasz, C.-H. Chen and D. Lee, J. Am.
Chem. Soc., 2012, 134, 16000; (b) X. Shang, S. Zhao, W. Chen, C. Chen
and H. Qui, Chem. Eur. J., 2014, 20, 1825.

12 (a) T. Ryu, J. Min, W. Choi, W. H. Jeon and P. H. Lee, Org. Lett., 2014,
16, 2810; (b) J. Li, H. Zhou, J. Zhang, H. Yang and G. Jiang, Chem.
Commun., 2016, 52, 9589.

13 (a) S. Riedmiller and B. J. Nachtsheim, Synlett, 2015, 26, 651;
(b) T. Bihari, B. Bahinszki, Z. Gonda, S. Kovécs, Z. Novék and A. Stirling,
J. Org. Chem,, 2016, 81, 5417; (c) Z. Liu and R. C. Larock, J. Org.
Chem., 2006, 71, 3198.

14 (a) A. R. Katritzky, S. Rachval, K. C. Caster, F. Mahni, K. W. Law and
O. Rubio, J. Chem. Soc., Perkin Trans. 1, 1987, 781; (b) A. R. Katritzky,
R. J. Offerman, P. Cabildo and M. Soleiman, Recl. Trav. Chim. Pay-Bas,
1988, 107, 641; (c) H. Qian and X. Huang, Synth. Commun., 2000, 30,
1413.

15 (a) S.V.Ley and A. W. Thomas, Angew. Chem. Int. Ed., 2003, 42, 5400;
(b) I. P. Beletskayaand A. V. Cheprakov, Coord. Chem. Rev., 2004, 248,
2337; (c) |. P. Beletskayaand A. V. Cheprakov, Organometallics, 2012,
31, 7753; (d) M. Fafianés-Mastral, Synthesis, 2017, 49, 1905.

16 (a) S. Ueda, M. Su and S. L. Buchwald, Angew. Chem. Int. Ed., 2011,
50, 8944; (b) Y. Liu, W. Yan, Y. Chen, J. L. Petersen and X. Shi, Org.
Lett., 2008, 10, 5389; (c) H.-G. Lee, J-E. Won, M.-J. Kim, S.-E. Park,
K.-J. Jung, B. R. Kim, S.-G. Lee and Y.-J. Yoon, Org. Chem., 2009, 74,
5675.

17 (a) W. Chen, Y. Zhang, L. Zhu, J. Lan, R. Xieand J. You, J. Am. Chem.
Soc., 2007, 129, 13879; (b) Z.-L. Xu, H.-X. Li, Z.-G. Ren, W.-Y. Du,
W.-C. Xu and J-P. Lang, Tetrahedron, 2011, 67, 5282; (c) C. Mukhopadhyay
and P. K. Tapaswi, Synth. Commun., 2012, 42, 2217; (d) E. Nagaradija,
F. Chevallier, T. Roisnet, V. Dorcet, Y. S. Halauko, O. A. Ivashkevich,
V. E. Matulisand F. Mongin, Org. Biomol. Chem., 2014, 12, 1475.

18 (a) M. Taillefer, A. Ouali, B. Renard and J.-F. Spindler, Chem. Eur. J.,
2006, 12, 5301; (b) M. S. Kabir, M. Lorenz, O. A. Namjoshi and J. M. Cook,
Org. Lett., 2010, 12, 464.

19 (a)l. P. Beletskaya, D. V. Davydov and M. Moreno-Mafias, Tetrahedron
Lett., 1998, 39, 5617; (b) |. P. Beletskaya, D. V. Davydov and M. Moreno-
Mafies, Tetrahedron Lett., 1998, 39, 5621; () D. V. Davydov, |. P. Beletskaya,
B. B. Semenov and Y. |. Smushkevich, Tetrahedron Lett., 2002, 43, 6217,
(d) I. P. Beletskaya, D. V. Davydov and M. S. Gorovoy, Tetrahedron
Lett., 2002, 43, 6221.

20 A. Yoshimura and V. V. Zhdankin, Chem. Rev., 2016, 116, 3328 and
references cited therein.

21 D. V. Albov, D. V. Davydov and V. V. Chernyshev, Acta Crystallogr.,
2004, E60, m1193.

22 M. Finsgar and I. MiloSev, Corros. ci., 2010, 52, 2737.

23 E. A. Goreshnik, D. Schollmeyer and M. G. Mys'kiv, Z. Anorg. Allg.
Chem., 2005, 631, 835.

Received: 21st November 2017; Com. 17/5413

- 289 —



