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[TonydyeHue 2,5-anapun(reTepun)TeTpasonos NyTem
peakuu LMKAM3aumm

N=N
H N,*CI i N /=N
WO G
. R
H N=N
i: Pyridine, 0 °C, 40-50% N \N/N o N3 . < N
R: H, Me, MeO, OH, Cl, Br, NO, g \© " @ _, @/H,’ \ \v
R1 /RZ // R2
R1

Shawali A.S., Fahmi A.A., Eweiss N.F. Azo coupling of
benzenesulfonylhydrazones of heterocyclic aldehydes // J. Heterocycl.

Chem. 1979. V. 16(1). Pp. 123-128. DOI: 10.1002/jhet.5570160123 I: MeOCH,CH,OH, Na, reflux, 6-48%
R4: Me, OMe, CI, Br, CN

R,: Me, OMe, CI

NH N=N Hong S., Baldwin J. Cycloadditions—XIX. Kinetics of the thermal
SO i : N/ decomposition of 2,5-diaryltetrazoles // Tetrahedron. 1968. V. 24(10). Pp.
NH, * @ — @N’ \ DA 3787-3794. DOI: 10.1016/s0040-4020(01)92586-4
HCI “R

i K2003, DMSO, rt

ii I, KI, rt, 51-82%

R: Alk, OAlk, SAlk, Ph, CN, etc.
Ramanathan M., Wang Y., Liu S. One-Pot Reactions for Synthesis of 2,5-
Substituted Tetrazoles from Aryldiazonium Salts and Amidines // Organic
Letters. 2015. V. 17(23). Pp. 5886-5889. DOI: 10.1021/acs.orglett.5b03068
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[TonydyeHue 2,5-anapun(reTepun)TeTpasonos NyTem
apuanpoBaHmna NH-He3ameleHHOro TeTpa3oa

, \ N’ B/ \ Bn/
= n &
R1 R1

i: NIS, K,CO3 1,4-dioxane, rt, 5 min, 70-98%
R4: H, Alk, Ar, OAIk, OH, Hal, NO,
Ro: H, Alk, Ar, OAIk, Hal, CHO, NO,, BPin, etc.

Zhang H., Tian L., Li Q., Zheng H., Dai Y., Li J., Liu G., Zhu L.-L., Wang Y.
N2-site-selective cross-couplings of tetrazoles with indoles // Org. Biomol.
Chem. 2025. V. 23(31), Pp. 7270-7274. DOI: 10.1039/D50B00914F.

N, N=
vy e T -0
ORI
X L TiO" \\/
R1 R1

i: MeOH, MeONa, -78°C, 3h

Ry: Cl, Br, CN
Pat. WO 2003029210A2 Ne US0231294W; Cosford N.D., Roppe J., Chen C.,
Smith N., Reger T. Heteroaryl substituted tetrazole modulators of
metabotropic glutamate receptor-5: zayavl. 01.10.2002; opubl. 10.04.2003.
119 p.

i: MeCN, Selectfluor, rt, 82%

Xie L., Qu J., Peng S., Liu K., Wang Z., Ding M., Wang Y., Cao Z., He W.
Selectfluor-mediated regioselective nucleophilic functionalization of N-
heterocycles under metal- and base-free conditions // Green Chem. 2018. V.
20(3). Pp. 760-764. DOI: 10.1039/c7gc03106h.
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[TonydyeHue 2,5-anapun(reTepun)TeTpasonos NyTem
apuanpoBaHmna NH-He3ameleHHOro TeTpa3oa

HN-N BF4 =N

N B | N
ooty - oG
R “R R Re

1 2

i:Cul, K,CO3 DMF, rt, 2-4h, 53-77%
Rs: H, Cl, OMe
R,: H, CI, Br, NO,

Zhou T., Chen Z. Hypervalent iodine in synthesis 87: The synthesis of 2,5-
diaryl-2H-tetrazoles // Journal of Chemical Research. 2004. V. 2004(6). Pp.
404-405. DOI:10.3184/0308234041423655

~N —
H N\ N AcO. ; i N ,N\N

, 1— N
ool o

i: Cu(OAc),, TMG, THF, 50°C, 87%

Fedorov A.Y., Finet J. N-Phenylation of azole derivatives by triphenylbismuth
derivatives/cupric acetate // Tetrahedron Letters. 1999. V. 40(14). Pp. 2747—-
2748. DOI: 10.1016/s0040-4039(99)00287-7

HN-N, oH N=N
N _B - N—!
|X/ PR X R,
R1 R2 R1

i- Cu,0 (5 mol.%), O,, DMSO, 100°C, 4h, 53-77%
Ry H, Cl, Br, NO,, OMe
R,: H, Alk, OMe, NH,, OH, CI, Br, NO,, CHO, CO,Me, etc.

Li Y., Gao L., Han F. Efficient synthesis of 2,5-disubstituted tetrazoles via the
Cu20-catalyzed aerobic oxidative direct cross-coupling of N—H free tetrazoles
with boronic acids // Chem. Commun. 2012. V. 48(21). Pp. 2719-2721. DOI:
10.1039/c2cc17894j

Liu C., Li Y., Ding J., Dong D., Han F. The Development of Copper-Catalyzed
Aerobic Oxidative Coupling of H-Tetrazoles with Boronic Acids and an Insight
into the Reaction Mechanism // Chem. Eur. J. 2014. V. 20(8). Pp. 2373-2381.
DOI: 10.1002/chem.201302857.
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ApunnposaHne 5-peHnn-1H-tetpasona B aMTepaType

@__M Froduct and lsolated yield
B el
2 =\ =\
N
HN. N pioNN o
¥ N= b=
m\> puur‘"\‘} 1%
w W=\ Fpl=="..
550 B _Fh
Et A
proy"~ me
3
HN, N,
poly=N, oy
9:2 BE%
| 2 o
HN, _N pro—N, _p %

A oditions: 1.0 &g, beteroarene + 2.0 eg, p-wlyiboronke scid + 1.0 eq. pyradine + 1.5 eq. anhydrows Cu(OAc) + 44 moleculsr
sieves in methylene chloride. The spectral data For the new compoands are in accord with the struchares assigned,

b1 of pyridine or wethylamine as base gives similar yields,

CPyridine, triethylaming, N-methyimarpholing and 1.8-diazablcyclo[5. 4. 0jundecanes were used as base. Pyridime gives e best
yickl. Regivechemistry was determined by nlle expesiments.

dive equivalenss of pyridine gave 24% yield.

HN’N OH N=N
, .B i N
ARk s e

i- Cu,0 (5 mol.%), O,, DMSO, 100°C, 95%

(Cu'+0y) or Cu"

Tetrazole + DMSO
0]
TB(OH), H,0 H,0

B(OHh% Cu'T,D .. ArB(OH),
Tetrazole + O, —7 (vi) (it)

N Cu'TD [Cu'"T,D*ArB(OH),]
N:: N-Ar =~ (v) (i)
RSN TB(OH),
3 Cu'TyAnD Cu'T(ArD

T = tetrazole anion Cu'T,D

Possible Cu"'T,(Ar) intermediates:
A
0 N T N, X r
n=N CUHN’N“ NNy )\N’C”“N’

/J*N'N N™™R N -’R//LN "N )*‘N'N

R

IN1 (favorable) IN2 (unfavorable) IN3 (unfavorable)
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ApnanpoBaHMe 1 retapuanposanme 5-oexnn-(1H)-
TeTpas3osa npu Katanmse Cu20 npum 100°C

N
HN-N, fN HN-N N=
N OH N= N 4 oH N —Het
SN B. . N By T
Ar”" “OH Het
2a, 4a-d
1 a,b 1
i o) ]
i: DMSO, Cu,0 (5 Mon.%), 100 °C I: DMSO, Cuz0 (5 mon.%), 100 °C

_N N=N
O o0 iaée
o ” oy s ©* ©* s 5
0 3b (74%
3a (64%) (74%) 5a (87%%) 5b (32 %) c (0%) 5d (0%)

a - O, instead air
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[eTapuamposanme 5-¢eHnn-(1H)-tetpasona npu
KaTanmse Cu(OAc)2 npu 80°C

HN-N, N=N
~ /N + ?H [ ~ ,N‘Het
N

B<
Het”  ~OH

1 4a, 4d, 8a-b 5a, 5d, 9a-b

i: MeCN/EtOH (20/1), Cu(OAc),H,0 (1 akB), EtsN (1.2 aks), O, 4A MS, 80 °C

O N0 NG R

(19%2) 5d (12%) (15 %) 9b (15%)

a - pyridine instead Et3N



FETEPOUUKIIBI

" BUOMEOVUWNHDBI

Noewn ana nanbHenwen paboTbl

[JanbHeiillee CHUKeHME B o [So)

x. H KzC0; (1.1 equiv) X. M
TemnepaTypbl peakuuu T“h : H@—a;mh _ T .H_@
c”' Ft

CH,Cly, 11, O balloon

Applicable fo 5-Alkyitelrazoles
(X = Alkyl, Thioalkyl, Halogen, Carbanyd, Aryl)

Ncnonb3osaHue Het-BMIDA SLOW-RELEASE CROSS-COUPLING
KoHuenuma megneHHoOro M?N% mild ag. base [
—B-0\_"0 ——B(OH 77
BbicBOOOXAEHUA / 7\0 S al 7/ and[[ 78(0H), [ 7/
air-stable MIDA boronate unstable boronic acid
NUcnonb3oBaHme Het-BDan O
N1
B.
YN
H
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Cnacunbo 3a BHMMaHue!




