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ABSTRACT

A new method for synthesizing the tetrazole derivatives from secondary amines through cyanation/tetrazolation
has been developed. Trichloroacetonitrile is used as the cyano source to synthesize N-nitrile instead of highly toxic
and expensive cyanogen bromide. In this protocol, the reaction of secondary amines with various substituents
proceed smoothly, and the desired tetrazole derivatives are obtained directly in fair to high yields without isolation

of intermediate cyanamides.
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Table 1. Five-membered nitrogen containing
heterocycles!®
N N N N, NN
0S| Ly | Ly L] O L N
N N H H N
, 1H-1,24 | 2H-1.23 | 1H-1,2,3
Imidazole | Pyrazole | riazole | -Triazole | -Triazole | Tetrazole
N
content | 41.5 41.5 60.8 60.8 60.8 79.8
(%)
HOF'
(kJ/mol) 129.5 | 177.4 | 192.7 | 255.5 | 271.7 | 320.0

'HOF : heat of formation
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Scheme 1. Typical synthesizing method for tetrazole
derivatives
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PHoR B 59 HENE AEAS 2S5 9
Stk WA E-S DSC, FT-IR, 'H-NMR % BC-NMR =
4 ol LA
H ) N=N
N._ i)MeCN, rt,24 h CN NaN; ZnCl, T
R1 R2 —> '1‘ N N\ NH
* i) NaOt-Am' R’ "Ry | H,0,80°C, N
CNCCl;  DME% t, 1h 24h R7R,
'NaO#-AM : sodium tert-amylate, DME : dimethoxyethane
Scheme 2. A new synthetic route to tetrazole
derivatives using trichloroacetonitrile
2. & ¥
2.1 Alek & 77|24
2 Ado]  AR8E  A]%F  trichloroacetonitrile,

dimethoxyethane(DME), sodium fert-amylate(NaOz-AM),
zinc chloride piperidine, pyrrolidine, 4-methylpiperidine,
morpholine, piperazine< TCI(Tokyo Chemical Industry
Co., LTD) A}ollA A3FATE.  Sodium  azide,
diethylamine, zinc bromide:= Sigma-Aldrich A}ollA]
shgn.

NMR 492 Varian-Mercury 400 spectrometerS ©]-§-
ate] CDCL; %! DMSO-ds &1 kel 'H % “C NMR
spectras AT IR 4] Perkin ElmerA} Frontier
£ ol gele] KBr pellets® WEo] S4asr) w3
2 E3] 2%+ Differential Scanning Calorimeter(TA
Instruments Company, Model: Q20)2 AF&-3}o] &5 4
% 10 C/min Z7A F73}5th GC-MSE Agilent
Technologies 7890A(Agilent J&W GC column 30 m X
0.250 mm x 0.25 uL)yS AFE-3F3IT)

2.2 HEZIE stetE2e =
2.2.1 Cyanamide®| LEr ol ghAfdt
o]z o}l 3}5HE 4.0 mmolS 7AZF3t acetonitrile 1

mLol| =<1 3 trichloroacetonitrile 4.2 mmol& 3 0]
A7bete), vl E Tan Aol 24 AJZE wigk 7k
¢t 533t} Dimethoxyethane 10 mLZ 79t 5353 7+
&S =9]3, sodium fert-amylate 8.0 mmolS il Tf
Al 1 AR wRkske), 1 5 28 sodium bicarbonate
TE2d 10 mLE Y3l ethyl acetate® F= T 7Y &

ER=

ul

Ay

AgR HEBRE FEA Az

E‘&
o
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QlHbx o] BhA HHH

2.2.2 HEE}EL

34w A A cyanamide 3}3HE(4 mmol)S sodium
azide 4.8 mmol¥} zinc chloride 4 mmol¥} ¥4 &
mLol| Yol 59l F bath 2% 80 TollA 24 A3+ EHP
S} A2 batholl WHS-87]5 Wi A3 ¥, 3N HCl 2
mLE Z47}—s}01 pH 122 g2l 93 batholl A 30 &
mL)E A% = 7

2.3.1. 82 b‘dl 2k¢l(Scheme 3)
1) 2,2,2-Trichloro-1-(piperidin-1-yl)ethan-1-imine (2)
GC-MS(ED): m/z calculated for C;H;CLLN, [M]" 228,
found 228(GC method: 70 C to 230 C, ramp 10 T
/min, hold for 2 mins).

2) Piperidine-1-carbonitrile (3)
GC-MS(EI): nv/z calculated for CsHoN, [M]" 110,
found 110. 'H NMR(400 MHz, CDCly) & 1.52-1.68(m,
6H), 3.18-3.22(m, 4H).

2.3.2 HEzZIE slgEel 24
1) 1-(1H-Tetrazol-5-yl)piperidine (4)

Yield 0.51 g, 84%, ivory solid, m.p. 185 C. IR(KBr):
3450, 2989, 2942, 2859, 1624, 1448, 1412, 1304, 1227,
1053, 916, 738 cm'. 'H NMR(400 MHz, DMSO-ds) §
1.6 (s, 6H), 3.4(s, 4H), 15.0(br, s, 1H) ppm. “C NMR
(100 MHz, DMSO-ds) § 23.8, 24.8, 48.2, 159.9 ppm.

2) 5-(Pyrrolidin-1-yl)-1H-tetrazole (5)

Yield 0.40 g, 72%, ivory solid, m.p. 224 T. IR(KBr):
3425, 2985, 2937, 2490, 1634, 1459, 1422, 1362, 1151,
1050, 958, 736, 528 cm’. 'H NMR(400 MHz, DMSO-dy)
§ 1.9(s, 6H), 3.4(s, 6H), 14.8(br, s, 1H) ppm. *C NMR
(100 MHz, DMSO-dg) 6 25.5, 48.7, 157.2 ppm.

3) 4-Methyl-1-(1H-tetrazol-5-yl)piperidine (6)

Yield 042 g, 62%, ivory solid, m.p. 173 C. IR(KBr):
3419, 2979, 2930, 1605, 1457, 1392, 1319, 1200, 1157,
909, 743 cm’. 'H NMR(400 MHz, DMSO-ds) § 0.92(d,
J = 8 Hz, 3H), 1.10 - 1.20(m, 2H), 1.54 - 1.58 (m,
1H), 1.66(d, J = 16 Hz, 2H), 2.95(t, J = 12 Hz, 2H),
3.80(d, J = 16 Hz, 2H), 14.73(br, s, 1H). *C NMR(100
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MHz, DMSO-ds) 6 22.1, 30.2, 33.0, 47.7, 160.0 ppm.

4) 4-(1H-Tetrazol-5-yl)morpholine (7)

Yield 042 g, 68%, dark brown solid, m.p. 163 T.
IR(KBr): 3440, 2993, 2869 1662, 1455, 1364, 1151,
1115, 927, 738, 562 cm’. 'H NMR(400 MHz, DMSO-ds)
§ 3.4(m, 4H), 3.7(m, 4H), 15.0(br, s, 1H) ppm. “C
NMR(100 MHz, DMSO-ds) § 47.4, 65.7, 160.4 ppm.

5) N,N-Diethyl-1H-tetrazol-5-amine (8)

Yield 0.41 g, 72%, dark brown solid, m.p. 118 T.
IR(KBr): 3447, 2984, 2934, 2830, 2711, 1633, 1454,
1404, 1384, 1361, 1325, 1194, 1038, 733, 673 cm™. 'H
NMR(400 MHz, DMSO-d¢) & 1.1(t, J = 7.1 Hz, 6H),
34(q, J = 7.1 Hz, 4H), 14.7(s, 1H). *C NMR(100 MHz,
DMSO-de) § 13.1, 43.8, 158.3 ppm.

6) 1,4-Di(1H-tetrazol-5-yl)piperazine (9)

Yield 0.82 g, 92%, ivory solid, mp. 193 T (dec.).
IR(KBr): 3419, 2996, 2808, 2358, 1607, 1447, 1392,
1362, 1302, 1155, 1053, 943, 738 cm'. 'H NMR(400
MHz, DMSO-d¢) § 3.5(s, 8H) ppm. “C NMR(100 MHz,
DMSO-de) & 46.4, 160.3 ppm.
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A o]z} o}l 0 2 EE] cyanamide=2] WHS
ZQ1517] #1380 scheme 37 o] AFH s
t}. Piperidine 19 &WEHZ A3, 1
A% GC-MSE F3l whE
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Table 2. Optimization of tetrazole derivative 4 formation

N=N
CN . o Ng_NH
lll NaNj3 (1.2 equiv.), [M] cat. (1 equiv.) Y
Q Sovent, Temp., 24h @
3 4
=25 25 = TE
- e=2 . =SR]
Entl’y Z—HSDH H (C) ST 'I | (%)
1 | ZnBr, H,O 25 acid (excess) -
2 | ZnBr; | H,O/iPrOH | reflux | acid (excess) | 34
3 | ZnBr, | H,O/iPrOH | reflux | base (excess) | 23
4 | ZnBr, | H;O/iPrOH | reflux | acid-base-acid | 52
5 | ZnCl, HO 80 acid (excess) | 45
6 | ZnCl, H,O 80 | acid (pH 1-2) | 84
e Adstd 2AS vgoR B WS A
g3l T HERE FEA @S APsan
(Scheme 4). WA, 11g]d o]z} ojHlE& FUEHR A}
gstol Wee shgld, K4 el ol o7
ae) obyl SgEE HENE FEA| 49 55 742
84%, 72%°] =& TEE P4 T UMTE T S

[AR=%

A+ 4-methylpiperidine
X%¥ morpholine 3}FEE T
A 747} 62%, 68%°] &R Udhs HE
FEAQ 6, 72 WIS H|aE 5}3“30
ol 2 AFHAHBAEE
72%). 4-(1H-Tetrazol-5-yl)morpholine 73} N,N-diethyl- lH
-tetrazol-5-amine 8] -9, WRE &viQl Eo F =k
7] wiiel] mhA Wk ] @Al AR AE
| HEHE *3”“ ofztet= A diilel 718
(ethyl acetate)®2 F3 EZAA AHES A
Ack F A9 OPJ piperazine> Th WHE
Z7 A w9 =S FE(92%) 2 1,4-di(1H-tetrazol-5-y1)
BAES 5 F s, ole 144

] oA AA3I} Z
o]Foi7)7] wjiteletal FZ¥ ). Piperazine $}3E<]
ZZHAQ] cyanamide 33 /] A9, Wby 2L2E 80 T2
FoIA 24 AIZE S-S ) 2709] cyano” |2 A $HE
cyanamide 3}3EZ &4 O] A3ske Qo)

7 3ol vg A7} ol
olb 4hz A7}
e
g}

diethylamine <} A]

=
=

o=

piperazine 9 A

(1H-tetrazol-5-yl)piperazine 9°] =2

& AT HEDRE frRAe) e B
H .

_N. i) MeCN. rt, 24 h CN NaN3(1.2equ'|v.), N=N
R , T ,‘\l ZnCly (1 equiv.) Ny NH
+ ii) NaOt-Am R{" R, H.0 80°C \N(

CNCCI (2 equiv.) 2%, ’ /
3 ME, rt, 1 h 24h R
(1.1 equiv.)
N=N
N:N N=N N& NH
NYNH Nﬁ/NH 1‘/
O O Q
4 X 62"/
84% 72% °
N=N
N< NH
NN M
NYNH N,N:NNH [ ]
NS
N 1‘/ N
N7 "NH
o \
7 8 N=N
0, 0, 9
68% 72% 92%
Scheme 4. Scope of Substrates
4. 4 B
2 AFAM e bdsta He gk o R theksk o]
zb oyl FRtEEFE HEHE FEAY FHE T
Pk, ko A Whgol] ARgakE Aok

trichloroacetonitrile = U] A g+ © 2 4]
Fao] golalMrh ek FHA

cyanogen bromideE
FHdol A

al

AR i}
2l cyanamide 3}5HEC] AAl #4 glo] HEZDE &
CAE b= AT ¢ 7] Wil Wk Aol 7F
b Fgo] H2 o] vk webA Py
S AMgEte] HESE FEAE 23stn e At
g FAY F71EH ERh=e] FA F8stA A&
g Rolgt padn) =3 HEZE A 248 2
+ HEDM 3I3HES Hup ohsty yHEeh wo=
st RS gk FA ROkl E F83HA A
|4 Flolg} 7]ojgitt.
= 7|

= S A= T4 dGd wArAA AR
FAP=E )
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