Accepted Manuscript

Palladium-catalyzed N-Arylation of 1-substituted-1H-tetrazol-5-amines
Andrea M. Nikoli¢, Vladimir Ajdacic, Ilgor M. Opsenica
PII: S0022-328X(18)30840-4

DOI: https://doi.org/10.1016/j.jorganchem.2018.11.007
Reference: JOM 20627

To appearin:  Journal of Organometallic Chemistry

Received Date: 26 September 2018
Revised Date: 24 October 2018
Accepted Date: 2 November 2018

Organo
metallic
hemistry

AN
el

Please cite this article as: A.M. Nikoli¢, V. Ajdaci¢, I.M. Opsenica, Palladium-catalyzed N-Arylation
of 1-substituted-1H-tetrazol-5-amines, Journal of Organometallic Chemistry (2018), doi: https://

doi.org/10.1016/j.jorganchem.2018.11.007.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all

legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.jorganchem.2018.11.007
https://doi.org/10.1016/j.jorganchem.2018.11.007
https://doi.org/10.1016/j.jorganchem.2018.11.007

Palladium-Catalyzed N-Arylation of 1-Substituted-1H-tetrazol-5-amines

Andrea M. Nikolt, Vladimir Ajdaci¢, lgor M. Opsenica*
University of Belgrade — Faculty of Chemistry, POX&1, Studentski trg 16, 11158 Belgrade, Serbia

ABSTRACT: A palladium-catalyzedN-arylation of 1-substitutedH-tetrazol-5-amines has been
described for the first time. The reaction providgesd yields of desired products with broad substra

scope and good functional group tolerance.
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1. Introduction

Nitrogen-heterocyclic scaffolds are one of the namshmon structural motifs in pharmaceuticalss
such 5-aminotetrazole is an important heterocyelaiety of many bioactive compounds (Figure 1).
Substituted 5-aminotetrazoles exhibit versatile Idgiwal activities such as antiallerdic,
antiinflammatory’ antidiabetic} antineoplastit and antibiotic activity. Moreover, 5-aminotetrazoles
provide excellent inhibition against the corrosimmstainless steélnd are used as cholecystokinin B
(CCK-B) receptor antagoni§tand ligands in coordination chemistrRecent studies have described

the use of 5-aminotetrazoles as photoprecursaesastive intermediate.

O OH O HN-N
s N
N~ N
AN H
HN" N

anticorrosion activity antiallergic activity

S HN/N\ N

(0] N HN-\,

HoN— | N/k\N' TN

N N/

r N N
Hico™N o

antibiotic activity CCK-B receptor antagonist

Figure 1. Important molecules containing 5-aminaiaile moiety

Two main synthetic strategies for the synthesibl®fsubstituted 5-aminotetrazoles are reporteden th
literature. The classical approach utilizes thenfation of the tetrazole ring frol-substituted acyclic
precursors (Figure 2}, and converse approach involves N5-amino grouptibmalization of the
previously formed 5-aminotetrazole$®'* Recently, Bollikolla and co-workers developed ocepp
catalyzed double arylation of 5-aminotetrazoletfog synthesis of substituted 1-arylH8-&rylamino)-
tetrazoles>
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Figure 2. Synthetic methods for the preparatioN-afryl 1-substituted-H-tetrazol-5-amines

Palladium-catalyzed arylation of amines has emergedpowerful tool in organic synthesis and
medicinal chemistry®*’ Of particular interest is palladium catalyzed atign of primary amine
derivatives of five- and six-membered heterocyatiompounds, which have been challenging
substrate$®'® As we have recently demonstrated, electrostatip patential of 5-aminotetrazoles
shows that most of the electron density is locatetthe tetrazole ring while the amino group ishe t
blue region. This indicates that amino group isteten deficient and therefore less nucleopHiic.
Herein, we report the first example of a palladicatalyzed N-arylation of 1-substituteth-tetrazol-5-

amines.

2. Results and discussion

In order to optimize the reaction condition, we &egur study by choosing readily available 1-benzyl
1H-tetrazol-5-aminela and bromobenzen2a as the model substrates with catalytic amount of
Pd,(dba) (10 mol % Pd with respect #a) as source of palladium and NaBu (1.2 equiv) as a base,

in toluene at 105 °C. An excess amount of the Siateirazole substrate was used in the reaction in



order to prevent the formation of diarylated pradltsing biaryl phosphane ligand JohnPhos (20 mol
% with respect t@a) the desired produ@a was obtained in 8% isolated yield after 24 h reactime
(Table 1, entry 1). Unfortunately, the reactionhn@Phos was inefficient (Table 1, entry 2). Whems th
reaction was carried out in 1,4-dioxane as solusirig JohnPhos as ligand under the same conditions,
34% of 3a was isolated (Table 1, entry 3). To further imgathe yield, different ligands were
evaluated (Table 1, entries 4-6). With BrettPhod ®@BuXPhos significantly improved vyields were
observed (Table 1, entries 4 and 5). However, d@g# found to be unsuitable for the reaction (Table
1, entry 6). Moreover, shortening the reaction tiimem 24 h to 10 h was proven to be detrimental
(Table 1, entry 7 vs entry 5). Notably, screenirigttee base revealed that,8O; was also very
effective (Table 1, entry 8). On the other handhGT3%s was less effective in this reaction and resulted
in lower yield (Table 1, entry 9).



Table 1. Optimization of the palladium-catalyzed N-arylation reaction conditions®

QL

NH, Br Pdj(dba); (10 mol % Pd),
N/QN N L (20 mol %), base (1.2 equiv) NH
’\“:N/ solvent, 105 °C, Ar ,\\,/Q
N:N
1a 2a 3a
‘ P(t-Bu), ‘ PCy, P Piz & —pph,
MeO ome ' an
O U =
i-Pr
JohnPhos SPhos  BrettPhos: R = Cy, R' = OMe dppf
t-BuXPhos: R = t-Bu, R' =
entry ligand base solvent time (h) yield (%)

1 JohnPhos NaicBu PhMe 24 8

2 SPhos Na©GBu PhMe 24 -
3 JohnPhos NacBu dioxane 24 34
4 BrettPhos Na©Bu dioxane 24 82

5 t-BuXPhos NaOt-Bu dioxane 24 921
6 dppf NaQ@-Bu dioxane 24 18
7 t-BuXPhos Na®Bu dioxane 10 40
8 t-BuXPhos KCOs dioxane 24 90
9 t-BuXPhos CsCO; dioxane 24 79

®Reactions were performed in a flame-dried closegtien tube. Pgdba), (10 mol % Pd), ligand (20 mol %) and base (1.2

equiv) were added to the reaction tube followedhgysolvent. The mixture was stirred under an iaértosphere at room

temperature for 5 min, after whiéa (1.0 equiv) anda (1.2 equiv) were added. The tube was sealed ancthikture was
heated at 105 °C in an oil bath for the indicateattion time®lsolated yield.

With the optimized reaction conditions in hand, exeamined the substrate scope with respect to

arylbromides.



Table 2. Substrate scope for Pd-cataly2earylation of 1-benzyl-i-tetrazol-5-amin&
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®Reactions conditionsta (0.300 mmol, 1.2 equiv® (0.250 mmol, 1.0 equiv), R@lba) (0.012 mmol, 10 mol % Pdj;
BuXPhos (0.050 mmol, 20 mol %), N&Bu (0.300 mmol, 1.2 equiv), 1,4-dioxane (1 mL)51TC, 24 h, Ar.Isolated
yields are showrfReaction performed on 1.0 mmol sc&k,CO; (0.300 mmol, 1.2 equiv) and 1,4-dioxane (3.2 miyev

used. Isolated yields are shown.

As shown in Table 2, a series of arylbromides,udirig those with electron-donating groufoMe)
and others with electron-withdrawing groupslQO,, —-CN, -CO,Me, —-CHO, and-COCH;) were
transformed into the desired products in modeaggobd yields (Table Bb-3g), providing a potential
point for further functionalization of the couplipgoducts. In the cases of substrates with semsitiv



functional groups, KCO; was used as base (Table@&;3g). In addition, with 1-bromo-4-
chlorobenzene and 1-bromo-3-chlorobenzene exceldactivity was observed (Table3h and3i).
Moreover, when sterically demanding 2-bromo-5-abioluene was employed as substrate, the
reaction provided the corresponding prodgjan good yield. The scope of this method was furthe
investigated by utilizing heteroaryl bromides. Tiresent method is also applicable to 3-
bromopyridine and corresponding prod8ctvas obtained in 51% vyield, while there was notieac
with 2-bromothiophene (Table 3k). Notably, the reaction could be scaled up to loirsnale,

yielding 3a in 91% isolated yield.

Next, we examined the substrate scope with respectl-substituted-H-tetrazol-5-amines and
arylboromides. As shown in Table 3, 1-(4-methoxyldriH-tetrazol-5-aminelb reacted smoothly
with  both electron-poor and electron-rich aryl maides and afford the corresponding desired
substituted product8m-3r in moderate to excellent yields (54-95%). In addit 4-((5-amino-H-
tetrazol-1-yl)methyl)benzonitrildc and 1-propyl-H-tetrazol-5-amineld reacted with bromobenzene
2a affording 3s and 3t in moderate yields. Furthermore, 1-pheni-tetrazol-5-aminele was also
reacted witlRa and gave the desired prod@ctin 71% yield.



Table 3. Substrate scope for palladium catalykedrylatiorf
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®Reactions conditionst (0.300 mmol, 1.2 equivR (0.250 mmol, 1.0 equiv), Raba) (0.012 mmol, 10 mol % Pd}
BuXPhos (0.050 mmol, 20 mol %), N&Bu (0.300 mmol, 1.2 equiv), 1,4-dioxane (1 mL)51TC, 24 h, Ar.Isolated
yields are showrfReactions conditionst (0.180 mmol, 1.2 equiv® (0.150 mmol, 1.0 equiv), R@iba) (0.008 mmol, 10
mol % Pd),t-BuXPhos (0.030 mmol, 20 mol %),,80;(0.180 mmol, 1.2 equiv), 1,4-dioxane (1.9 mL), @5 24 h, Ar.

Isolated yields are shown.



The reaction conditions also proved applicableh® toupling reaction of 1-benzyl-1H-tetrazol-5-
aminela with iodobenzend and chlorobenzerg and to a lesser extent to the coupling reactfalao

and phenyl trifluoromethanesulfon&€Scheme 1).

Scheme 1. Reaction of 1-benzyl-1H-tetrazol-5-amida with iodobenzenet, chlorobenzen& and

phenyl trifluoromethanesulfonaée
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Finally, as an expansion of this study, we explaredremoval of benzyl groébin order to obtairN-
phenyl-H-tetrazol-5-amine. Under hydrogen atmosphere (1a&8mjvas converted int@a in almost
quantitative yield, using Pd/C (5 mol % Pd) astalgat (Scheme 2).

Scheme 2. Removal of benzyl group
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3. Conclusions

In conclusion, we have successfully developed diigit palladium-catalyzedN-arylation of 1-
substituted-H-tetrazol-5-amines. The reaction exhibits broadssabe scope and good functional
group compatibility. Considering the generalityistmethodology could be of synthetic utility in the
industry and drug discovery and development process

4. Experimental section
4.1. General Information.



Unless stated otherwise, all solvents and reageate obtained from commercial sources and used
without further purification. Dry-flash chromatogitay was performed on S3Q0.018-0.032 mm).
Melting points were determined on a Boetius PMHIaatus and

are not corrected. IR spectra were recorded on exnid+Scientific Nicolet 6700 FT-IR Diamond
Crystal instrument!H and **C NMR spectra were recorded on a Bruker Ultrashigldnce IlI
spectrometer (at 500 and 125 MHz, respectivelyhguddMSO-@ (unless stated otherwise) as the
solvent. Chemical shifts are expressed in partsrpion (ppm) on the d) scale. Chemical shifts were
calibrated relative to those of the solvent. Alneompounds were analyzed by high resolution tandem
mass spectrometry using LTQ Orbitrap XL (ThermadnhEisScientific Inc., USA) mass spectrometer.
The sample was dissolved in MeCN and it was ingedieectly. lonization was done in positive mode
on heated electrospray ionization (HESI) probe. HR8rameters were: spray voltage 4.7 kV,
vaporizer temperature 60 °C, sheath and auxiliay ftpw 24 and 10 (arbitrary units), respectively,
capillary voltage 49 V, capillary temperature 275 tube lens voltage 80 V, resolution (at m/z 400):
30000.

4.2. Synthesis
Compounds 1-benzylH-tetrazol-5-aminel@)?, 1-propyl-H-tetrazol-5-amineld)® and 1-phenyl-

1H-tetrazol-5-aminel)** were synthesized according to the previously teploprocedures.

1-(4-M ethoxybenzyl)-1H-tetr azol-5-amine (1b).* In a flame-dried flask, CNBr (811 mg, 7.7 mmol, 2
equiv) was dissolved in dry acetonitrile (13 mLO&tC. NaN (2.373 g, 36.5 mmol, 9.5 equiv) was
added at the cooled solution and the resultingumxivas stirred at O °C for 4 h. The precipitats wa
filtered on a Hirsch funnel and the filtrate wasled dropwise to a stirred emulsion of (4-
methoxyphenyl)methanamine (500, 3.8 mmol) in water (4 mL) at O °C. The resultimixture was
stirred at room temperature for 48 h. After thedtinas passed, the solvents were removed under the
reduced pressure. The remaining residue was filtenel washed with water and acetonitrile. The
product was dried under reduced pressure to affgrdmethoxybenzyl)-H-tetrazol-5-amine as a
white crystalline solid (571 mg, 73%); m.p. 183-185 IR (ATR) = 3326, 3162, 3025, 2960, 2840,
1660, 1590, 1512, 1459, 1436, 1307, 1281, 12529,11715, 1088, 1032, 792, 763, 676, 557 cthl
NMR (500 Hz, DMSO-¢): 6 7.21 (d,J = 9.0 Hz, 2H), 6.91 (d] = 9.0 Hz, 2H), 6.79 (s, 2H), 5.26 (s,
2H), 3.72 (s, 3H)"*C{*H} NMR (125 Hz, DMSO-q): § 159.0, 155.3, 129.2, 127.3, 114.1, 55.1, 47.1.
HRMS (HESI/Orbitrap)nwz [M + Na]" Calcd for GH1:NsONa 228.08613; Found 228.08524.



4-((5-Amino-1H-tetr azol-1-yl)methyl)benzonitrile (1c). Following the procedure described fb,
compound 4-((5-amino-1H-tetrazol-1-yl)methyl)benitole (1c) was obtained as a white powder (119
mg, 28%) starting from 283 mg (2.4 mmol) of 4-(aamrethyl)benzonitrile; m.p. 200-202 °C. IR
(ATR) = 3342, 3144, 2763, 2234, 1659, 1638, 15&89] 1482, 1424, 1336, 1269, 1125, 1094, 820,
698, 549 crit. '"H NMR (500 Hz, DMSO-g): § 7.84 (d,J = 8.5 Hz, 2H), 7.36 (d] = 8.5 Hz, 2H), 6.89
(s, 2H), 5.47 (s, 2H)**C{*H} NMR (125 Hz, DMSO-d): & 155.7, 140.9, 132.7, 128.3, 118.5, 110.8,
47.1. HRMS (ESI/Orbitrapyvz: [M + H]" Calcd for GHgNg 201.08887; Found 201.08801.

General procedure A for palladium catalyzed arylation of 1-substituated-1H-tetr azol-5-amines

To a flame-dried reaction tube, Jgba) (11 mg, 0.012 mmol, 10 mol % Pd}BuXPhos (21 mg,
0.050 mmol, 20 mol %) and N&Bu (42 mg, 0.300 mmol, 1.2 equiv) were added fodd by 1,4-
dioxane (1 mL). The mixture was stirred at room genature under an inert atmosphere for 5 min,
after which the aryl-bromide (0.250 mmol, 1.0 equaad amine (0.300 mmol, 1.2 equiv) were added,
the tube was sealed and the mixture was heate@batQ in an oil bath for 24 h. The reaction mixture
was cooled to room temperature and the mixture dilased with EtOAc (30 mL). The mixture was
washed with water (30 mL), brine (30 mL) and thgamric solution was dried over anhydrous MgSO
The mixture was filtered and the solvents were negdaunder the reduced pressure. The crude product

was purified by dry-flash column chromatographySi@..

General procedure B for palladium catalyzed arylation of 1-substituated-1H-tetrazol-5-amines

To a flame-dried reaction tube, fdba) (11 mg, 0.012 mmol, 10 mol % Pd}BuXPhos (21 mg,
0.050 mmol, 20 mol %) andKO; (29 mg, 0.300 mmol, 1.2 equiv) were added folloviogd1,4-
dioxane (3.2 mL). The mixture was stirred at ro@mperature under an inert atmosphere for 5 min,
after which the aryl-bromide (0.250 mmol, 1.0 equand amine (0.300 mmol, 1.2 equiv) were added,
the tube was sealed and the mixture was heate@bat@ in an oil bath for 24 h. The reaction mixture
was cooled to room temperature and the mixture dilagsed with EtOAc (30 mL). The mixture was
washed with water (30 mL), brine (30 mL) and thgamic solution was dried over anhydrous MgSO
The mixture was filtered and the solvents were negdaunder the reduced pressure. The crude product
was purified by dry-flash column chromatographySi@..

1-Benzyl-N-phenyl-1H-tetrazol-5-amine (3a). Following the general procedure A for palladium
catalyzed arylation, compounda was obtained after dry-flash column chromatogragByO;:
Hex/EtOAc = 7/3) as a pale yellow solid (228 mg¥®Xrom 210 mg (1.2 mmol) dfa; m.p. 165-168



°C. IR (ATR) = 3729, 3276, 3209, 3129, 3107, 3a825, 2854, 1615, 1577, 1540, 1498, 1457, 1332,
1104, 748, 716, 692 ch'H NMR (500 Hz, DMSO-g): & 9.46 (s, 1H), 7.65—7.60 (m, 2H), 7.38—7.30
(m, 5H), 7.26-7.22 (m, 2H), 7.02-6.96 (m, 1H), 5(642H)."*C{*H} NMR (125 Hz, DMSO-@): &
152.5, 139.8, 135.2, 129.0, 128.9, 128.1, 127.2,Q,2117.6, 48.2 ppm. HRMS (HESI/Orbitrapjz:

[M + H]" Calcd for G4H14Ns 252.12492; Found 252.12377.

Reaction of 1-benzyl-1H-tetrazol-5-amine 1a and iodobenzene 4:

Following the general procedure A for palladiumatyted arylation, compour®h was obtained after
dry-flash column chromatography (SiGHex/EtOAc = 7/3) as a pale yellow solid (12 m§%§ from

1la (15 mg, 0.086 mmol) and iodobenzehg pL, 0.071 mmol).

Reaction of 1-benzyl-1H-tetrazol-5-amine 1a and chlorobenzene 5:

Following the general procedure A for palladiumatyted arylation, compour®h was obtained after
dry-flash column chromatography (SiHex/EtOAc = 7/3) as a pale yellow solid (9 mg%®1from

1la (15 mg, 0.086 mmol) and chlorobenzé&n@ pL, 0.071 mmol).

Reaction of 1-benzyl-1H-tetrazol-5-amine 1a and phenyl trifluoromethanesulfonate 6:

Following the general procedure A for palladiumatyted arylation, compour®h was obtained after
dry-flash column chromatography (SiHex/EtOAc = 7/3) as a pale yellow solid (5 mg%@8from

1a (15 mg, 0.086 mmol) and phenyl trifluoromethantmadte6 (16 mg, 0.071 mmol).

1-Benzyl-N-(4-methoxyphenyl)-1H-tetr azol-5-amine (3b). Following the general procedure A for
palladium catalyzed arylation, compouBtd was obtained after dry-flash column chromatography
(SiO,: Hex/EtOAc = 7/3) as a pale orange solid ((50 ii$6); 137-139 °C. IR (ATR) = 3317, 3032,
2929, 1634, 1607, 1562, 1512, 1458, 1243, 1033. ¢k NMR (500 Hz, DMSO-g): & 9.26 (s, 1H),
7.54 (d,J = 9.0 Hz, 2H), 7.40-7.35 (m, 2H), 7.34-7.30 (m),1TH27-7.22 (m, 2H), 6.93 (d,= 9.0

Hz, 2H), 5.60 (s, 2H), 3.72 (s, 3HJC{*H} NMR (125 Hz, DMSO-@): § 154.6, 152.8, 135.2, 132.9,
128.8, 128.0, 127.4, 119.5, 114.2, 55.2, 48.0. HRMESI/Orbitrap)m/z. [M + H]" Calcd for
C1sH16Ns0 282.13549; Found 282.13465.

1-Benzyl-N-(4-nitrophenyl)-1H-tetrazol-5-amine (3c). Following the general procedure A for
palladium catalyzed arylation, compou3d was obtained after dry-flash column chromatography
(SiO,: Hex/EtOAC = 6/4) as a pale orange solid (57 ni&o), m.p. 245-246 °C. IR (ATR) = 3277,
3231, 3191, 3112, 3078, 2924, 1625, 1585, 1544516497, 1455, 1335, 1261, 1110, 856, 715-cm
'H NMR (500 Hz, DMSO-g): § 10.30 (s, 1H), 8.30-8.20 (m, 2H), 7.95-7.85 (m),ZH41-7.35 (m,
2H), 7.34-7.31 (m, 1H), 7.29-7.24 (m, 2H), 5.6%¢3). *C{*H} NMR (125 Hz, DMSO-g): § 151.7,



146.0, 141.1, 134.8, 128.9, 128.2, 127.5, 125.7,01148.6. HRMS (HESI/Orbitrapjvz [M + H]"
Calcd for G4H13NeO2 297.10999; Found 297.10881.

4-((1-Benzyl-1H-tetr azol-5-yl)amino)benzonitrile (3d). Following the general procedure B for
palladium catalyzed arylation, compou8d was obtained after dry-flash column chromatography
(SiO,: Hex/EtOAcC = 6/4) as a pale yellow solid (48 m§%9; m.p. 220-222 °C. IR (ATR) = 3270,
3192, 3108, 3065, 2956, 2923, 2227, 1611, 15669,15884, 844 cih. *H NMR (500 Hz, DMSO-g):

5 10.07 (s, 1H), 7.85-7.75 (m, 4H), 7.38-7.35 (m),ZH83-7.29 (m, 1H), 7.26—7.22 (m, 2H), 5.67 (s,
2H). *C{*H} NMR (125 Hz, DMSO-q): & 151.8, 144.0, 134.9, 133.6, 128.9, 128.2, 12714.2,
117.5, 103.4, 48.5. HRMS (HESI/Orbitrapyz [M + H]" Calcd for GsHisNg 277.12017; Found
277.11924.

Methyl 3-((1-benzyl-1H-tetr azol-5-yl)amino)benzoate (3¢). Following the general procedure B for
palladium catalyzed arylation, compoud was obtained after dry-flash column chromatography
(SiO.: Hex/EtOAc = 7/3) as a pale yellow solid (63 m@%8®; m.p. 142-144 °C. IR (ATR) = 3297,
3062, 2959, 2927, 2869, 1723, 1617, 1581, 1537114898, 1234, 1112, 756 €m'H NMR (500 Hz,
DMSO-&): 6 9.77 (s, 1H), 8.30 — 8.25 (m, 1H), 8.00 — 7.951M), 7.61 — 7.57 (m, 1H), 7.52 — 7.47
(m, 1H), 7.39 — 7.35 (m, 2H), 7.33 — 7.30 (m, 1AR7 — 7.24 (m, 2H), 5.66 (s, 2H), 3.86 (s, 3H).
13C{lH} NMR (125 Hz, DMSO-@): 6 166.1, 152.2, 140.2, 135.0, 130.4, 129.5, 12&8.11 127.4,
122.5, 121.9, 118.0, 52.2, 48.2. HRMS (HESI/Orpiyravz. [M + H]* Calcd for GeH1eNsO
310.13040; Found 310.13040.

4-((1-Benzyl-1H-tetr azol-5-yl)amino)benzaldehyde (3f). Following the general procedure B for
palladium catalyzed arylation, compouBfl was obtained after dry-flash column chromatography
(SiO,: Hex/EtOAc = 6/4) as a yellow solid (36 mg, 51%).p. 192-194 °C. IR (ATR) = 3274, 3120,
3063, 2923, 2726, 1698, 1604, 1565, 1539, 13349,1884 cnt. 'H NMR (500 Hz, DMSO-g): &
10.07 (s, 1H), 9.86 (s, 1H), 7.90 @& 9.0 Hz, 2H), 7.84 (d] = 9.0 Hz, 2H), 7.39-7.35 (m, 2H), 7.34—
7.29 (m, 1H), 7.27-7.23 (m, 2H), 5.68 (s, 2EC{*H} NMR (125 Hz, DMSO-¢): § 191.3, 151.9,
145.4, 134.9, 131.2, 130.2, 128.9, 128.2, 127.5,11148.5. HRMS (HESI/Orbitrapjyz [M + H]*
Calcd for GsH14Ns0280.11984; Found 280.11891.

1-(4-((1-Benzyl-1H-tetr azol-5-yl)amino)phenyl)ethan-1-one (3g). Following the general procedure

B for palladium catalyzed arylation, compoun8y was obtained after dry-flash column



chromatography (Si© Hex/EtOAc = 6/4) as a pale yellow solid (41 m§%®; m.p. 222-223 °C. IR
(ATR) = 3278, 3194, 3119, 3061, 1678, 1603, 15638] 1455, 1270, 841 ¢m'H NMR (500 Hz,
DMSO-a): § 9.94 (s, 1H), 7.97 (d} = 9.0 Hz, 2H), 7.77 (d] = 9.0 Hz, 2H), 7.39 — 7.35 (m, 2H), 7.34
—7.30 (m, 1H), 7.27 — 7.23 (m, 2H), 5.68 (s, 2M52 (s, 3H)*C{*H} NMR (125 Hz, DMSO-g): §
196.3, 152.0, 144.1, 135.0, 130.5, 129.9, 128.98.112127.4, 116.7, 48.4, 26.4. HRMS
(HESI/Orbitrap)m/'z: [M + H]™ Calcd for GeH16NsO 294.13549; Found 294.13406.

1-Benzyl-N-(4-chlorophenyl)-1H-tetr azol-5-amine (3h). Following the general procedure A for
palladium catalyzed arylation, compouB8tl was obtained after dry-flash column chromatography
(SiO,: Hex/EtOAc = 7/3) as a dark yellow solid (57 m@%8; m.p. 202-204 °C. IR (ATR) = 3268,
3200, 3121, 3062, 1615, 1571, 1540, 1492, 1331,c829 'H NMR (500 Hz, DMSO-g): § 9.71 (s,
1H), 7.70-7.65 (m, 2H), 7.40-7.38 (m, 2H), 7.374711®, 2H), 7.33-7.30 (m, 1H), 7.27-7.22 (m, 2H),
5.65 (s, 2H).*C{*H} NMR (125 Hz, DMSO-@): & 152.6, 139.2, 135.4, 129.2, 128.5, 127.8, 125.9,
119.6, 48.6. HRMS (HESI/Orbitrapyvz. [M + H]" Calcd for G4H:1sCINs 286.08595; Found
286.08469.

1-benzyl-N-(3-chlor ophenyl)-1H-tetrazol-5-amine (3i). Following the general procedure A for
palladium catalyzed arylation, compouBd was obtained after dry-flash column chromatography
(SiO,: Hex/EtOAc = 7/3) as a yellow solid (42 mg, 58%).p. 173-176 °C. IR (ATR) = 3256, 3189,
3105, 3059, 1618, 1571, 1541, 1477, 1455, 13899,13212, 785, 723 c¢m ‘H NMR (500 Hz,
DMSO-d): 6 9.72 (s, 1H), 7.85-7.80 (m, 1H), 7.57-7.54 (m,,1TH39-7.35 (m, 3H), 7.35-7.30 (m,
1H), 7.26-7.23 (m, 2H), 7.03=7.06 (m, 1H), 5.642(3). *C{*H} NMR (125 Hz, DMSO-g): § 152.1,
141.2, 135.0, 133.4, 130.7, 128.8, 128.1, 127.4,61216.9, 116.1, 48.3. HRMS (HESI/Orbitrapz:

[M + H]" Calcd for G4H13CINs 286.08595; Found 286.08541.

1-Benzyl-N-(4-chlor o-2-methylphenyl)-1H-tetr azol-5-amine (3j). Following the general procedure
A for palladium catalyzed arylation, compouBjdwas obtained after dry-flash column chromatography
(SiO,: Hex/EtOAc = 85/15) as an orange viscous oil (58 @0%); IR (ATR) = 3269, 3031, 2926,
1611, 1492, 1452, 1095, 700 ¢mtH NMR (500 Hz, DMSO-g): & 8.66 (s,1H), 7.46—7.42 (m, 1H),
7.40-7.36 (m, 2H), 7.34-7.31 (m, 1H), 7.30-7.29 {i), 7.26—7.22 (m, 3H), 5.59 (s, 2H), 2.07 (s,
3H). BC{*H} NMR (125 Hz, DMSO-@): 5 153.5, 136.7, 134.8, 133.5, 130.2, 128.8, 12828.2,
127.6, 126.3, 124.7, 48.4, 17.4. HRMS (HESI/Orppitravz. [M + H]" Calcd for GsH1sCINs
300.10160; Found 300.10036.



N-(1-benzyl-1H-tetr azol-5-yl)pyridin-3-amine (3l). Following the general procedure A for palladium
catalyzed arylation, compound@l was obtained after dry-flash column chromatogragByO,:
Hex/EtOAc = 3/7) as a pink solid (32 mg, 51%); mlp6-158 °C. IR (ATR) = 3271, 3198, 3061,
2924, 1620, 1574, 1538 ém'H NMR (500 Hz, DMSO-g): § 9.74 (s, 1H), 8.85-8.80 (m, 1H), 8.25-
8.19 (m, 1H), 8.14-8.10 (m, 1H), 7.40-7.36 (m, 3HR4—7.31 (m, 1H), 7.28-7.25 (m, 2H), 5.65 (s,
2H). *C{*H} NMR (125 Hz, DMSO-¢): § 152.3, 143.0, 139.6, 136.6, 135.0, 128.9, 12827,4,
124.4, 123.8, 48.3. HRMS (HESI/Orbitrapyz [M + H]" Calcd for GsHi3Ng 253.12017; Found
253.11951.

1-(4-M ethoxybenzyl)-N-phenyl-1H-tetr azol-5-amine (3m). Following the general procedure A for
palladium catalyzed arylation, compouBith was obtained after dry-flash column chromatography
(SiO.: Hex/EtOAc = 7/3) as a pale orange solid (67 mg6® m.p. 152-155 °C. IR (ATR) = 3268,
3210, 3112, 3063, 2932, 1615, 1578, 1542, 1438,1P480, 735 cih. *H NMR (500 Hz, DMSO-g):

8 9.42 (s, 1H), 7.65-7.60 (m, 2H), 7.36—7.31 (m,,2H25-7.22 (m, 2H), 7.01-6.97 (m, 1H), 6.94—
6.90 (m, 2H), 5.55 (s, 2H), 3.71 (s, 3HIC{*H} NMR (125 Hz, DMSO-¢): 5 159.1, 152.2, 139.8,
129.2, 129.0, 127.0, 121.9, 117.6, 114.2, 55.18.44RMS (HESI/Orbitrapyz [M + H]" Calcd for
C1sH16Ns0O 282.13549; Found 282.13544.

1-(4-M ethoxybenzyl)-N-(4-methoxyphenyl)-1H-tetr azol-5-amine  (3n). Following the general
procedure A for palladium catalyzed arylation, connpd 3n was obtained after dry-flash column
chromatography (Si© Hex/EtOAc = 6/4) as a pale yellow solid (54 m@%); m.p. 123 — 125 °C. IR
(ATR) = 3286, 2956, 2930, 1612, 1582, 1535, 154821 1249, 1179, 1034 ¢m'H NMR (500 Hz,
DMSO-d): & 9.22 (s, 1H), 7.60—7.50 (m, 2H), 7.25-7.20 (m, ,2695—6.90 (m, 4H), 5.50 (s, 2H),
3.72 (s, 3H), 3.71 (s, 3HFC{*H} NMR (125 Hz, DMSO-q): § 159.0, 154.6, 152.6, 133.0, 129.1,
127.0, 119.5, 114.2, 55.2, 55.1, 47.6. HRMS (HES&ii®ap) m/z. [M + H]" Calcd for GgN1gNsO,
312.14605; Found 312.14465.

1-(4-methoxybenzyl)-N-(4-nitr ophenyl)-1H-tetr azol-5-amine (30). Following the general procedure
A for palladium catalyzed arylation, compounBo was obtained after dry-flash column
chromatography (Si©Hex/EtOAc = 6/4) as a yellow solid (58 mg, 71%)p. 171-173 °C. IR (ATR)
= 3264, 3102, 3072, 2960, 1620, 1583, 1542, 1532911262, 1111, 821 ¢n'H NMR (500 Hz,
DMSO-d;): 4 10.27 (s, 1H), 8.26 (d,= 9.0 Hz, 2H), 7.86 (d] = 9.0 Hz, 2H), 7.25 (d] = 8.5 Hz, 2H),



6.92 (d,J = 8.5 Hz, 2H), 5.60 (s, 2H), 3.71 (s, 3tC{*H} NMR (125 Hz, DMSO-4): 5 159.2, 151.4,
146.0, 141.1, 129.2, 126.6, 125.4, 117.0, 114.2],588.2. HRMS (HESI/Orbitrapivz. [M + Na]'
Calcd for GsH14NgOsNa 349.10251; Found 349.10096.

N-(4-chlor ophenyl)-1-(4-methoxybenzyl)-1H-tetrazol-5-amine  (3p). Following the general
procedure A for palladium catalyzed arylation, connpd 3p was obtained after dry-flash column
chromatography (Si© Hex/EtOAc = 7/3) as an orange solid (52 mg, 668%)p. 198-200 °C. IR
(ATR) = 3265, 3198, 3119, 3060, 1614, 1570, 151901 1458, 1263, 1252, 821 ¢mtH NMR (500
Hz, DMSO-@): 8 9.60 (s, 1H), 7.68 (dl = 9.0 Hz, 2H), 7.39 (d] = 9.0 Hz, 2H), 7.23 (d] = 8.5 Hz,
2H), 6.92 (dJ = 8.5 Hz, 2H), 5.54 (s, 2H), 3.71 (s, 3t°C{*H} NMR (125 Hz, DMSO-@): § 159.1,
152.0, 138.8, 129.2, 128.8, 126.9, 125.5, 119.4,21155.1, 47.8. HRMS (HESI/Orbitrapyz: [M +
Na]" Calcd for GsH14CINsONa 338.07846; Found 338.07687.

N-(3-chlorophenyl)-1-(4-methoxybenzyl)-1H-tetrazol-5-amine  (3q). Following the general
procedure A for palladium catalyzed arylation, comnpd 3q was obtained after dry-flash column
chromatography (Si© Hex/EtOAc = 7/3) as a yellow solid (43 mg, 54%)p 173-174 °C. IR (ATR)
= 3266, 3195, 3116, 3063, 2997, 2927, 1617, 1558011514, 1459, 1310, 1261, 780°trtH NMR
(500 Hz, DMSO-g): 5 9.68 (s, 1H), 7.79 — 7.78 (m, 1H), 7.60 — 7.50 (i), 7.40 — 7.35 (m, 1H),
7.24 (d,J = 8.5 Hz, 2H), 7.05 — 7.00 (m, 1H), 6.92 (= 8.5 Hz, 2H), 5.55 (s, 2H), 3.71 (s, 3H).
3c{'H} NMR (125 Hz, DMSO-@): & 159.1, 151.8, 141.2, 133.4, 130.7, 129.2, 12628,5, 116.9,
116.0, 114.2, 55.1, 47.9. HRMS (HESI/Orbitrap)zz [M + Na]' Calcd for GsH14CINsONa
338.07846; Found 338.07730.

N-(4-chlor o-2-methylphenyl)-1-(4-methoxybenzyl)-1H-tetr azol-5-amine (3r). Following the general
procedure A for palladium catalyzed arylation, couompd 3r was obtained after dry-flash column
chromatography (Si© Hex/EtOAc = 8/2) as a yellow viscous oil (58 mM4,%); IR (ATR) = 3237,
2962, 1612, 1590, 1516, 1488, 1253, 1162, 819.ci NMR (500 Hz, DMSO-g): & 8.61 (s, 1H),
7.47-7.41 (m, 1H), 7.33-7.28 (m, 1H), 7.26—7.20 3i), 6.90—6.95 (m, 2H), 5.50 (s, 2H), 3.72 (s,
3H), 2.09 (s, 3H)*C{'H} NMR (125 Hz, DMSO-@): & 159.1, 153.3, 136.8, 133.3, 130.2, 129.2,
128.4, 126.7, 126.3, 124.6, 114.2, 55.1, 48.0,.14ARMS (HESI/Orbitrapywz [M + H]" Calcd for
C16H17CINsO 330.11216; Found 330.11145.



4-((5-(Phenylamino)-1H-tetr azol-1-yl)methyl)benzonitrile (3s). Following the general procedure B
for palladium catalyzed arylation, compouBslwas obtained after dry-flash column chromatography
(SiO.: Hex/EtOAC = 6/4) as a pale yellow solid (21 m8%9 from 36 mg (0.180 mmol) dic and the
reaction was performed in 1.9 mL of dioxane; mJ2-215 °C. IR (ATR) = 3266, 3208, 3107, 3067,
2928, 2234, 1616, 1577, 1540, 1499, 756'ctH NMR (500 Hz, DMSO-g): & 9.48 (s, 1H), 7.90-7.84
(m, 2H), 7.64-7.61 (m, 2H), 7.41-7.38 (m, 2H), #B82 (m, 2H), 7.01-6.95 (m, 1H), 5.75 (s, 2H).
13C{*H} NMR (125 Hz, DMSO-q): § 152.6, 140.6, 139.6, 132.8, 129.0, 128.2, 12218.5], 117.6,
110.8, 47.8. HRMS (HESI/Orbitrap)¥z [M + H]" Calcd for GsH13Ng 277.12017; Found 277.11983.

N-phenyl-1-propyl-1H-tetrazol-5-amine (3t).?> Following the general procedure A for palladium
catalyzed arylation, compoun@t was obtained after dry-flash column chromatogragByO,:
Hex/EtOAc = 8/2) as a yellow solid (31 mg, 61%); WRTR) = 3288, 3208, 3124, 3055, 2963, 2927,
2874, 1611, 1574, 1532, 1501, 1457, 744, 686.cid NMR (500 Hz, DMSO-g): & 9.21 (s, 1H),
7.65-7.60 (m, 2H), 7.35-7.30 (m, 2H), 7.05-6.95 1), 4.29 (tJ = 7.0 Hz, 2H), 1.80 (sx] = 7.0
Hz, 2H), 0.88 (tJ = 7.0 Hz, 3H).

N,1-diphenyl-1H-tetrazol-5-amine (3u).?® Following the general procedure A for palladiumatyted
arylation, compoun@u was obtained after dry-flash column chromatogra(8i§,: Hex/EtOAc = 9/1)
as a colorless solid (34 mg, 71%) from 39 mg (0.8¢#80l) of 1e; IR (ATR) = 3239, 3195, 3076,
3043, 3000, 1606, 1572, 1532, 1498, 1454, 748,692 'H NMR (500 Hz, CDGJ): & 7.68—7.60 (m,
3H), 7.58—7.50 (m, 4H), 7.38-7.34 (m, 2H), 7.10571® ,1H), 6.34 (s, 1H).

N-phenyl-1H-tetrazol-5-amine (7a).?” In a flame-dried flask3a (23 mg, 0.092 mmol) was dissolved
in deoxygenated methanol (1 mL) and Pd/C (5 md@)®r@mol, 5 mol % Pd) was added. The flask was
closed with a rubber septum and the reaction mexteonnected to a balloon of hydrogen, was stirred
at room temperature for 72 h. The reaction mixiues filtered through a pad of Celite and washed
with EtOAc (25 mL). The solvents were removed urttierreduced pressure to afford the plaas a
colorless solid (15 mg, 99%). IC (ATR) = 3271, 313875, 1629, 1583, 1545, 1498, 1245, 1065, 742
cm®. *H NMR (500 Hz, CDG)): 6 9.76 (s, 1H), 7.55-7.40 (m, 2H), 7.35-7.25 (m,,ZH)5—6.90 (m,
1H).
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Highlights:

» Thefirst palladium-catalyzed N-arylation of 1-substituted-1H-tetrazol-5-amines.
* Thereaction provides good yields of desired products.

* Broad substrate scope and good functional group compatibility.

» This methodology could be of synthetic utility in the industry and drug discovery.



