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The application of perfluoroalkylated cyclic imines in azido-
Ugi reactions was studied. It was shown that the reaction al-
lows access to five-, six- and seven-membered perfluoroalk-
ylated cyclic amines connected to a tetrazole ring. The scope
and limitations of this approach are discussed. When benzyl

isocyanide was used in the azido-Ugi reaction, it was shown
that the tetrazole products could easily be debenzylated by
catalytic hydrogenation to form 1H-tetrazoles in excellent
yields.

Introduction

The chemistry of organofluorine compounds is a rapidly
developing area due to the importance of these substances
for pharmaceutical applications and materials science.[!)
The replacement of hydrogen by fluorine significantly
changes the physicochemical and metabolic properties of
the molecules. The conformational behaviour!?! of the mo-
lecules is also significantly influenced, and this can be ex-
ploited in the design of new drugs. Some fluorine-contain-
ing drugs are presented in Figure 1. Fluorinated amines and
amino acids are very important in modern medicinal chem-

HsC

istry. Such fragments have improved metabolic stability and
lower basicity. CF5-substituted amines are only a little more
basic than anilines. The resulting increased ability to pen-
etrate the blood-brain barrier makes such amines in ex-
tremely high demand for drug discovery.[®!

Recently, we prepared cyclic imines bearing CF; and
C,Fs groups and started to investigate their chemical ap-
plications.’®) We supposed that a-polyfluoroalkylated cyclic
imines would be a suitable starting point for azido-Ugi re-
actions for the incorporation into target tetrazole deriva-
tives of saturated nitrogen heterocycles bearing polyfluoro-
alkyl moieties.

CHj;

0 OH OH
(0]
HsC” \/\( H — FE\ |
Ph
CF3 Fh Cl
Prozac® Lipitor® F 5-fluorouracil
H F H3C
N O F
b NH, O
o N ~ )—CF
Cl z N =IN, Y 3
CF,4 v K//\Nr \/{ N N-N
CF
Sustiva® Januvia® ) H2NO2S Celebrex®

Figure 1. Some examples of fluorine-containing drugs.
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Tetrazoles are a very important class of heterocycles that
are widely used in medicinal chemistry,[®] materials chemis-
try,l”l organometallic and coordination chemistry,!® and or-
ganocatalysis.”) The biological activities of compounds
containing tetrazole rings are usually attributed to the pos-
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Figure 2. Applications of tetrazole derivatives in medicine and organocatalysis.

sibility of this moiety to mimic a carboxyl group!'” or a cis-
amide bond.['"! A lot of drugs and drug candidates contain
this fragment, and some of them are presented in Figure 2.
Recently, some fluorine-containing tetrazoles were shown
to be very effective against CNS disorders and also as im-
aging agents.[!?]

Moreover, the interest in tetrazoles has increased due to
the successful development of organocatalysis and the
broad applications of proline-derived tetrazoles in this field
(Figure 2). Recently, some examples of the use of organoca-
talysis for the preparation of fluorinated molecules,!'* and
also of the application of fluorinated organocatalysts, have
appeared in the literature.'¥ These data clearly show that
rapid progress is being made in this chemistry, especially in
field of asymmetric synthesis.

Isocyanide-based multicomponent reactions are effective
methods for the synthesis of complex molecules.['>] The re-
placement of carboxylic acids (used in the classical Ugi re-
action) with hydrazoic acids!'®! opens up a direct route to
various 1,5-substituted tetrazoles. With this in mind, we de-
cided to work on a straightforward route to perfluoroalk-
ylated cyclic imines bearing tetrazole rings using an azido-
Ugi reaction.

Such compounds could be very interesting new organo-
catalysts with reduced basicity and reduced nucleophilicity
of the amine nitrogen. It is known that the incorporation
of a trifluoromethyl group in the o position to an amine
functionality changes the basicity dramatically. For exam-
ple, 2,2,2-trifluoroethylamine is five orders of magnitude
less basic than ethylamine (pK, 5.7 and 10.7, respectively,
in water). Recently, Mykhailiuk et al. demonstrated an even
higher difference for o-trifluoromethylated morpholine
compared to the parent molecule (ApK, = —5.9 in water).[']
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As a result, iminium intermediates formed in organocata-
lytic reactions can be expected to have enhanced electro-
philicities, which would lead to more efficient reactions and
shorter reaction times (if the intermediate participates in
the rate-determining step).

Results and Discussion

We started our investigation by studying the influence of
the imine component on the reaction. It is well known that
there are significant differences in the conformations of
nitrogen heterocycles. For instance, compared to a piperid-
ine ring, a pyrrolidine is flatter and more rigid, whereas an
azepane is quite a flexible molecular fragment. The starting
perfluoroalkylated cyclic imines could be easily prepared
from commercially available materials.*! TMSN; (TMS =
trimethylsilyl) in methanol was used in all experiments as a
convenient source of HNj.

Cyclic imines la—e, with various ring sizes and bearing a
perfluoroalkyl group (i.e., CF; or C,Fs), were used in
azido-Ugi reactions with benzyl isocyanide (2a; Scheme 1).
We found that perfluoroalkylated imines 1a—e reacted with
benzyl isocyanide 2a in azido-Ugi reactions to give the cor-
responding tetrazoles (i.e., 3a—e; Table 1). 2-CF; pyrroline
1a was converted into the corresponding tetrazole (i.e., 3a)
in 54% yield. Similarly, the reactions with 2-CFs-substi-
tuted tetrahydropyridine 1c¢ and tetrahydroazepine le gave
the desired products (i.e., 3¢ and 3e) in 80 and 50% yields,
respectively. Thus, six-membered ring 2-CF;-imine 1lc¢
showed a better reactivity than five- and seven-membered
ring imines 1a and le.

Eur. J. Org. Chem. 0000, 0-0
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Scheme 1. TMSN;s-modified Ugi reaction with perfluoroalkyl
cyclic imines, and formation of 4a as a by-product.

Table 1. Azido-Ugi reaction with perfluoroalkylated imines.

Entry Ry n Imine Product Yield [%]
1 CF; 1 la 3a 54

2 C,Fs 1 1b 3b 5lal

3 CF; 2 1lc 3c 80

4 C,Fs 2 1d 3d 221al

5 CF; 3 le 3e 50

[a] The major isolated product was 4a.

Previously, we observed that 2-C,Fs-substituted cyclic
imines 1b,d were much less reactive than trifluoromethyl-
ated derivatives la,c,e, due to the very high steric demand
of the C,F5 group.! This rule also applies to the azido-Ugi
reaction. For 2-C,Fs-pyrroline 1b, the desired Ugi tetrazole
(i.e., 3b) was formed in trace amounts, in spite of our nu-
merous attempts to improve the yield. Only a 5% yield of
target compound 3b was isolated, and the major by-product
was N-benzyltetrazole (4a), which was isolated in 75% yield
(Scheme 1). The desired reaction with C,Fs-piperidine 1d
proceeded more quickly to give 22% of tetrazole 3d, but
again the major product was 4a, which was isolated in 67 %
yield.

Then we investigated the influence of the isocyanide
component on the reaction with CFs-tetrahydropyridine 1c¢
(Scheme 2). We demonstrated that a wide variety of iso-
nitriles 2a—j reacted with imine 1c to give CF;-substituted
piperidinyl tetrazoles 3¢ and 3f-n in high isolated yields
(Table 2). Tetrazole surrogates of dipeptides containing 2-
trifluoromethylated pipecolinic acid were isolated as pairs
of diastereomers when natural amino-acid-derived iso-
cyanides 2f-g,j were used.

,N‘N'Rz
fj . Rne MeoH !
FoC” N TMSN, N
F:C N
1c 2a-i 3c, 3f-n

Scheme 2. Variation of the isocyanide component in the reaction
with 1c.

Finally, tetrazoles with different ring sizes that had been
prepared by the Ugi reaction (i.e., 3a,c,e) were debenzylated
(Scheme 3) in the presence of a catalytic amount of palla-
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Table 2. Influence of the isocyanide component on the reaction
with imine lc.

Entry R, Isonitrile Product Yield, %
1 Bn 2a 3c 80
2 Bu 2b 3f 58
3 CH,COOEt 2¢ 3g 62
4 allyl 2d 3h 80
5 Bu 2e 3i 81
6 EtOOCW 2f 3 [a] 67
[a]
7 MeOOC 2g 3k 67
8 EtOOC & 2h 3l 84
9 2i 3m 77
| N
N
H
Q 3n™ 60

10 \@5\({ 2j
0

[a] A mixture of two diastereomers was isolated in a 1:1 ratio.

dium (10% on carbon) and hydrogen (1 atm.) in methanol.
In all cases, almost quantitative yields were achieved. After
filtration of the catalyst and evaporation of the solvent, no
further purification of the products was required. The struc-
tures of products Sa—c resemble the structures of tetrazole-
proline analogues with perfluoroalkyl substituents in the o
position. Our approach opens up a short and efficient route
to such molecules.

-Bn N-NH
NN | PdiC,H, N 5
MeOH N
FC N FsC H
3a,n=1 S5a,n=1,87%
3c,n=2 5b, n =2, 96%
3e,n=3 5¢c,n=3,92%

Scheme 3. Synthesis of N-unsubstituted tetrazoles 5.

Conclusions

Perfluoroalkylated cyclic imines were used as substrates
for the azido-Ugi reaction. The influence of imine and iso-
cyanide components on the reaction was investigated to
indicate lower activity of C,Fs-substituted imines. The reac-
tion gives tetrazoles connected to pyrrolidine, piperidine, or
azepane rings bearing a perfluoroalkyl group in generally
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good yields. New 1H-5-cyclic amino tetrazoles bearing a
CF; group were synthesized by azido-Ugi reaction and sub-
sequent debenzylation.

Experimental Section

General Remarks: One-dimensional NMR spectra (‘H, '°F, and
13C) were obtained with Jeol ECX-400, Bruker VRX-400, or
Bruker AM-300 spectrometers. Chemical shifts are reported in
parts per million (ppm) downfield from TMS. Deuterated solvent
peaks were used as internal references: CDCl; at 7.27 and
77.00 ppm, [Dg]DMSO at 2.50 and 39.50 ppm, MeOD at 3.31 and
49.00 ppm. Chemical shifts for 'F NMR spectroscopic data are
referenced to CFCl; (0.0) or PhCF; (-63.90). High-resolution mass
spectra (HRMS) were recorded using a Bruker Daltonics (Micro-
TOF-Q) instrument. Electrospray ionization (ESI) mass spectra
(MS) were obtained from methanol or acetonitrile solution. TLC
was carried out on precoated silica plates (Merck 60F,s4) with UV
light visualization. Flash chromatography was performed using MP
Silica 60 (320-630 mesh). All reagents were purchased from Aldrich
unless otherwise stated. Starting cyclic imines were prepared by
published methods.™¥ Isonitrile 2j was synthesized by a literature
method.['3K]

General Procedure for the Ugi Reaction: The appropriate imine
(I mmol) was dissolved in dry MeOH (2 mL). The isocyanide
(1.1 mmol) and TMSN3; (1.1 mmol) were added, and the solution
was stirred for several days (TLC control) at room temperature.
When the product was a solid, it was purified by filtration and
washing with cold methanol. When the product was soluble in
methanol, the reaction solvent was evaporated, and the product
was purified by column chromatography (hexane/ethyl acetate or
dichloromethane).

1-Benzyl-5-|2-(trifluoromethyl)pyrrolidin-2-yl]-1 H-tetrazole (3a):
Yield 54%, white solid, m.p. 76-77 °C. '"H NMR (CDCl,): 6 =
1.67-1.73 (m, 1 H), 1.88-1.97 (m, 1 H), 2.45-2.62 (m, 2 H, CH,-
Cgy), 2.72 (br. s, 1 H, NH), 2.77-2.85 (m, 1 H, CH,-N), 3.13-3.21
(m, 1 H, CH,-N), 5.73 and 5.89 (2 d, Jyu = 15.07 Hz, 2 H, CH,-
Ar), 7.23-7.36 (m, 5 H, Ar) ppm. 3C NMR (CDCl5): § = 25.2,
34.1 (CH,-C,), 47.2 (CH,-N), 52.5 (CH,-Ar), 66.9 (q, Jcr =
289 Hz, Cy), 125.5 (q, Jcr = 283.9 Hz, CF3), 127.2 (Ar), 128.6
(Ar), 128.9 (Ar), 134.2 (C,, Ar), 153.5 (C,, tet) ppm. F NMR
(CDCly): 6 = -76.9 (CF5) ppm. IR: ¥ = 3370 (NH) cm!. HRMS
(ESI): caled. for Ci3H sFsNs [M + H] 298.1274; found 298.1272.

1-Benzyl-5-|2-(pentafluoroethyl)pyrrolidin-2-yl]-1 H-tetrazole  (3b):
Yield 5%, white solid, m.p. 50-51 °C. '"H NMR (CDCl;): 6 = 1.58—
1.68 (m, 1 H), 1.87-1.97 (m, 1 H), 2.49-2.56 (m, 1 H, CH,-C,),
2.62-2.76 (m, 2 H, CH,-Cq and CH,-N), 2.89 (br. s, 1 H, NH),
3.10-3.15 (m, 1 H, CH,-N), 5.67 and 5.87 (2 d, Jyyu = 15.07 Hz,
2 H, CH»-Ar), 7.32-7.38 (m, 3 H, Ar), 7.22-7.24 (m, 2 H, Ar). 13C
NMR (CDCly): 6 = 25.0, 34.2 (CH,-Cy), 46.9 (CH,-N), 52.5 (t,
Jer = 3.1 Hz, CH,-Ar), 66.4 (t, Jo r = 23.8 Hz, Cy), 114.4 (tq, Jc F
= 260.6, Jcr = 35.8Hz, CF,), 118.6 (qt, Jcr = 287.7, Jcr =
36.1 Hz, CF3), 127.6 (Ar), 128.6 (Ar), 128.8 (Ar), 134.0 (Cg, Ar),
153.6 (Cg, tet) ppm. ’F NMR (CDCl,): § = -79.3 (s, 3 F, CF5),
—-118.4 and -120.1 (2 d, Jgr = 272.0 Hz, 2 F, CF,). IR: ¥ = 3360
(NH) cm!. HRMS (ESI): caled. for C4H;sFsNs [M + H]
348.1242; found 348.1233.

2-(1-Benzyl-1 H-tetrazol-5-yl)-2-(trifluoromethyl)piperidine 3e):
Yield 80%, white solid, m.p. 80-81 °C. 'H NMR (CDCly): § =
1.24-1.55 (m, 3 H), 1.75-1.96 (m, 4 H), 2.78-2.83 (m, 1 H, CH,-N),
2.91-2.97 (m, 1 H, CH»-N), 5.85 and 6.06 (2 d, Jyu = 14.72 Hz, 2
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H, CH,-Ar), 7.33-7.43 (m, 5 H, Ar). 3C NMR (CDCls): 6 = 19.8,
25.5,28.9 (CH,-C,), 42.3 (CH,-N), 53.0 (CH»-Ar), 61.7 (q, JcF =
27.5Hz, Cy), 124.9 (q, Jc ¢ = 284.3 Hz, CF3), 127.6 (Ar), 128.6
(Ar), 128.7 (Ar), 133.9 (C,, Ar), 150.5 (C,, tet) ppm. 'F NMR
(CDCly): 6 = -79.2 (CF;) ppm. IR: v = 3310 (NH) cm .
C4H6F3Ns (311.31): caled. C 54.01, H 5.18, N 22.50; found C
54.10, H 5.15, N 22.53.

2-(1-Benzyl-1 H-tetrazol-5-yl)-2-(pentafluoroethyl)piperidine  (3d):
Yield 22%, yellowish solid, m.p. 80-81 °C. 'H NMR (CDCls): 6 =
1.25-1.46 (m, 3 H), 1.74-1.98 (m, 4 H), 2.76-2.79 (m, 1 H, CH,-N),
2.89-2.92 (m, 1 H, CH,-N), 5.80 and 6.02 (2 d, Jyu = 14.85 Hz, 2
H, CH»-Ar), 7.32-7.37 (m, 5 H, Ar). 3C NMR (CDCls): 6 = 19.7,
25.1,28.8 (q, Jcr = 1.8 Hz, CH»-Cy), 42.1 (CH»-N), 53.0 (dd, Jc
=59, Jor = 1.5Hz, CHy-Ar), 61.6 (t, Jor = 20.7 Hz, Cy), 114.5
(tq, Jor = 263.5, Jcr = 36.2 Hz, CF,), 118.6 (qt, Jcr = 287.6,
Jor = 36.2 Hz, CF;), 128.4 (Ar), 128.5 (Ar), 128.7 (Ar), 133.7 (C,,
Ar), 150.5 (q, Jcr = 2.6 Hz, C,, tet) ppm. 'F NMR (CDCl;): 6 =
784 (s, 3 F, CF;), -120.9 and -122.9 (2 d, Jgr = 2754 Hz, 2 F,
CF,). IR: v = 3300 (NH) cm!. HRMS (ESI): calcd. for
CysHy,FsNs [M + H] 384.1218; found 384.1201.

2-(1-Benzyl-1H-tetrazol-5-yl)-2-(trifluoromethyl)azepane (3e): Yield
50%, white solid, m.p. 100-102 °C. 'H NMR (CDCly): 6 = 1.27-
1.42 (m, 2 H), 1.45-1.63 (m, 3 H), 1.67-1.77 (m, 1 H), 2.02 (br. s,
1 H, NH), 2.41-2.55 (m, 2 H), 2.68-2.75 (m, 1 H, CH,-N), 2.81—
2.86 (m, 1 H, CH,-N), 5.92 and 5.98 (2 d, Jun = 15.26 Hz, 2 H,
CH,-Ar), 7.18-7.20 (m, 2 H, Ar), 7.33-7.38 (m, 3 H, Ar). 13C
NMR (CDCly): 6 = 22.9, 29.4, 32.7, 33.8, 43.7 (CH,-N), 53.1 (CH,-
Ar), 65.1 (q. Jor = 264 Hz, C,), 125.9 (q. Joy = 287.3 Hz, CF3),
127.2 (Ar), 128.4 (Ar), 128.9 (Ar), 134.5 (C,. Ar), 153.6 (C,, tet)
ppm. '°F NMR (CDCly): 6 = -77.6 (CF5) ppm. IR: ¥ = 3315 (NH)
em!. C;sH,gF5N5 (325.33): caled. C 55.38, H 5.58, N 21.53; found
C 55.40, H 5.62, N 21.58.

2-(1-tert-Butyl-1 H-tetrazol-5-yl)-2-(trifluoromethyl)piperidine  (3f):
Yield 58%, white solid, m.p. 149-150 °C. 'H NMR (CDCls): § =
1.42-1.60 (m, 3 H), 1.84 (br. s, 10 H, NH and 3 CHs), 1.92-1.99
(m, 2 H), 2.38-2.45 (m, 1 H, CH,-C), 2.92-2.98 (m, 1 H, CH>-N),
3.03-3.09 (m, 1 H, CH,-N) ppm. '3C NMR (CDCls): = 20.1,
25.1, 31.2 (CH»-Cy), 31.4 (CHj), 42.61 (CH,-N), 63.0 (q, JoF =
26.9 Hz, Cy), 67.5 (Cy), 124.9 (q, Jc r = 285.6 Hz, CF3), 151.9 (C,,
tet) ppm. '’F NMR (CDCl;): § = -75.8 (CF3) ppm. IR: ¥ = 3291
(NH) em™'. C; H sF3N5 (277.29): caled. C 47.65, H 6.54, N 25.26;
found C 47.68, H 6.64, N 25.11.

Ethyl {5-[2-(Trifluoromethyl)piperidin-2-yl]-1 H-tetrazol-1-yl}acetate
(3g): Yield 62%, white solid, m.p. 95-96 °C. 'H NMR (CDCl;): 6
= 1.26 (t, Jyy = 7.17Hz, 3 H, CH;), 1.32-1.40 (m, 1 H), 1.49-
1.53 (m, 1 H), 1.59-1.91 (m, 4 H), 2.20-2.29 (m, 1 H, CH,-C,),
2.90-2.96 (m, 2 H, CH,-N), 4.24 (q, Jun = 7.17Hz, 2 H, CH>-
CHs), 5.53 and 5.78 (2 d, Juyu = 17.15Hz, 2 H, CH,-Ar). 13C
NMR (CDCls): 6 = 13.9 (CHs), 19.6, 25.4, 28.5 (CH,-C,), 41.9 (C-
5), 49.9 (CH,-Ar), 61.4 (q, Jor = 27.8 Hz, Cy), 62.3 (CH,-CHj),
124.6 (q, Jor = 284.7 Hz, CF3), 150.7 (Cg, tet), 165.8 (CO) ppm.
1F NMR (CDCls): § = -79.4 (CF3) ppm. IR: ¥ = 3291 (NH), 1759
(CO) ecm™!. C;H4F5N50, (307.27): caled. C 43.00, H 5.25, N
22.79; found C 43.03, H 5.44, N 22.54.

2-(1-Allyl-1 H-tetrazol-5-yl)-2-(trifluoromethyl)piperidine (3h): Yield
80 %, white solid, m.p. 72-73 °C. '"H NMR (CDCls): 6 = 1.33-1.44
(m, 1 H), 1.52-1.64 (m, 2 H), 1.75-1.93 (m, 3 H), 2.16-2.25 (m, 1
H, CH,-C,), 2.91-2.95 (m, 1 H, CH»-N), 2.99-3.05 (m, 1 H, CH,-
N), 5.31-5.37 (m, 3 H, CH,=CH and CH>-Ar), 5.47-5.52 (m, 1 H,
CH,=CH), 6.01-6.11 (m, 1 H, CH,=CH) ppm. '3C NMR (CDCl;):
0 =198, 25.5, 28.8 (CH,-C,), 42.3 (CH»-N), 51.9 (CH,-Ar), 61.6
(@, Jep = 27.81Hz, Cy), 120.2 (CH,=CH), 124.7 (q, JcFr =

Eur. J. Org. Chem. 0000, 0-0
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284.3 Hz, CF3), 130.8 (CH,=CH), 150.0 (C,, tet) ppm. '°F NMR
(CDCly): 6 = -79.6 (CF3) ppm. IR: ¥ = 3294 (NH) cm™.
CoH4F5N5 (261.25): caled. C 45.97, H 5.40, N 26.81; found C
45.75, H 5.48, N 26.77.

2-(1-Butyl-1 H-tetrazol-5-yl)-2-(trifluoromethyl)piperidine (3i): Yield
81%, white solid, m.p. 53-54 °C. '"H NMR (CDCls): 6 = 0.96 (t,
Jun = 734 Hz, 3 H, CH3), 1.32-2.03 (m, 10 H), 2.13-2.27 (m, 1
H, CH,-C,), 2.87-2.92 (m, 1 H, CH,-N), 3.02-3.07 (m, 1 H, CH-
N), 4.61-4.80 (m, 2 H, CH>-Ar) ppm. *C NMR (CDCl;): 6 = 13.4
(CH3), 19.8, 19.9, 25.4, 28.8, 31.3 (CH,-C,), 42.1 (CH,-N), 49.4
(CH,-Ar), 61.5 (q, JoF = 27.5Hz, Cy), 124.7 (q, J = 284.3 Hz,
CF3), 150.0 (C,, tet) ppm. YF NMR (CDCL): 6 = -79.6 (CF3)
ppm. IR: ¥ = 3311 (NH) cm'. C;;HgF;N5 (277.29): calcd. C
47.65, H 6.54, N 25.26; found C 47.78, H 6.62, N 25.21.

Ethyl 4-Methyl-2-{5-[2-(trifluoromethyl)piperidin-2-yl]-1 H-tetrazol-
1-yl}pentanoate (3j): Mixture of diastereomers, ratio 1:1, yield 67 %,
white solid, m.p. 77-78 °C. 'H NMR (CDCls): 6 = 0.83-0.93 (m,
12 H, 2 CH;-CH), 1.10 and 1.18 (t, 6 H, Jyu = 7.13 Hz, CH;-
CH,), 1.26-1.61 (m, 8 H), 1.74-1.84 (m, 6 H), 2.00-2.31 (m, 6 H),
2.82-3.00 (m, 4 H, CH,-N), 4.03-4.17 (m, 4 H, CH,-CHs3), 6.17
(dd, 1 H, Jyu = 8,49 Hz; Jyu = 6.14 Hz, CH-Ar) and 6.29 (t,
1 H, Jyu = 7.45 Hz, CH-Ar). 3C NMR (CDCly): § = 13.6 (CH3),
13.9 (CH3), 19.5, 19.7 (CH3), 21.7 (CH3), 21.9, 22.2, 22.4, 24.9,
25.0, 25.2, 25.3, 28.7 (CH»-C,), 28.8 (CH,-C,), 41.3, 41.5, 42.0
(CH»-N), 42.1 (CH»-N), 60.5 (CH-Ar), 60.7 (CH-Ar), 61.3 and
61.5 (q, Jer = 27.5 Hz, C4-CF;), 61.9 (CH,-CH3), 62.0 (CH,-
CHj3), 124.6 (q, JoF = 284.3 Hz, CF;), 150.6 (Cg, tet), 150.7 (C,,
tet), 168.6 (CO), 168.8 (CO). ’F NMR (CDCl5): 6§ = -78.6, ~79.0
(CF3) ppm. IR: ¥ = 3275 (NH), 1758 (CO) cm™!. C;5H,4F3N50,
(363.38): caled. C 49.44, H 6.66, N 19.20; found C 49.44, H 6.60,
N 19.20.

Methyl  3-methyl-2-{5-[2-(trifluoromethyl)piperidin-2-yl|-1 H-tetra-
zol-1-yl}butanoate (3k): Mixture of diastereomers, ratio 1:1, yield
67%, white solid, m.p. 79-80 °C. 'H NMR (CDCls): § = 0.86 and
0.97 (d, 6 H, Jyu = 6.79 Hz, CH3), 1.02 and 1.05 (d, 6 H, Jyu =
6.79 Hz, CH3), 1.22-1.54 (m, 6 H), 1.69-2.12 (m, 8 H), 2.67-2.97
(m, 6 H), 3.60 and 3.66 (s, 6 H, CH5-COO), 5.83 (d, 1 H, Jyu =
7.67 Hz, CH-Ar) and 6.06 (d, 1 H, Jy i = 8.11 Hz, CH-Ar) ppm.
13C NMR (CDCls): 6 = 18.8 (CH3), 19.1 (CH3), 19.5, 19.6, 19.8
(CH;), 20.5 (CH;), 25.2, 25.3, 28.7 (CH,-C,), 28.7 (CH,-C,), 31.7
(CH), 41.9 (CH,-N), 41.9 (CH,-N), 52.3, 52.4 (CH3-COO), 61.4
and 61.5 (q, Jcr = 27.4 Hz and Jcr = 27.8 Hz, C), 67.3 (CH-
Ar), 67.4 (CH-Ar), 124.5, 124.5 (q, Jcr = 284.3 Hz, CF;), 150.6
(Cg, tet), 151.1 (C,, tet), 168.1 (CO), 168.6 (CO) ppm. ’F NMR
(CDCly): 0 = -78.8, =79.1 (CF3) ppm. IR: ¥ = 3271 (NH), 1753
(CO) ecm™!. C3HyF35N50, (335.33): caled. C 46.56, H 6.01, N
20.89; found C 46.53, H 5.97, N 20.78.

Ethyl 3-{5-|2-(Trifluoromethyl)piperidin-2-yl|-1 H-tetrazol-1-yl}-
propanoate (31): Yield 84 %, yellow oil. '"H NMR (CDCl;): 6 = 1.19
(t, Jun = 7.17 Hz, 3 H, CH3), 1.29-1.57 (m, 3 H), 1.74-1.86 (m, 3
H), 2.13-2.22 (m, 1 H), 2.81-3.10 (m, 4 H), 4.10 (q, Ju.u = 7.17 Hz,
2 H, CH,-CH3), 4.86-4.93 (m, 2 H), 5.01-5.08 (m, 2 H) ppm. 13C
NMR (CDCly): 0 = 13.9 (CHy3), 19.6, 25.2, 28.6, 33.3, 41.9 (CH,-
N), 45.1 (CH,-Ar), 61.0 (CH,-CHs), 61.4 (q, Jcr = 27.8 Hz, Cy),
124.6 (q, Jcor = 284.3 Hz, CF3), 150.3 (Cg, tet), 170.0 (CO) ppm.
F NMR (CDCls): § = -79.5 (CF3) ppm. IR: ¥ = 3317 (NH), 1737
(CO) em™!. Cj,H 3F3Ns0, (321.30): caled. C 44.86, H 5.65, N
21.80; found C 44.83, H 5.50, N 22.01.

3-(2-{5-|2-(Trifluoromethyl)piperidin-2-yl]-1 H-tetrazol-1-yl} ethyl)-
1H-indole (3m): Yield 77 %, yellow solid, m.p. 108-110 °C. 'H
NMR (CDCly): 0 = 1.25-1.55 (m, 3 H), 1.68 (br. s, 1 H, NH), 1.77—
1.90 (m, 3 H), 2.65-2.72 (m, 1 H), 2.84-2.92 (m, 1 H), 3.44-3.51
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(m, 1 H), 3.55-3.63 (m, 1 H), 4.89-4.96 (m, 1 H), 5.15-5.23 (m, 1
H), 7.04-7.05 (m, 1 H, Ar), 7.15-7.27 (m, 2 H, Ar), 7.38-7.40 (m,
1 H, Ar), 7.65-7.67 (m, 1 H, Ar), 8.41 (br., 1 H, NH) ppm. '3C
NMR (CDCly): 0 = 19.5, 25.1, 25.5, 28.7, 41.5 (CH»-N), 50.1 (CH,-
Ar), 614 (q. Joy = 27.5 Hz, Cy), 110.6 (Cq, Ar), 111.4 (Ar), 118.0
(A1), 119.4 (Ar), 121.9 (Ar), 122.8 (A1), 124.7 (q, Jey = 284.7 Hz,
CF3), 126.9 (Cy, Ar), 1362 (Cy. Ar), 150.4 (C,, tet) ppm. 'F NMR
(CDCly): 6 = -79.2 (CF3) ppm. IR: ¥ = 3329 (NH), 3400 (br., NH)
em-!. C7H oF3Ng (364.37): caled. C 56.04, H 5.26, N 23.06; found
C 56.14, H 5.36, N 23.00.

2-{1-[1-(4-Methyl-2,6,7-trioxabicyclo[2.2.2]oct-1-yl)ethyl]-1 H-tetra-
zol-5-yl}-2-(trifluoromethyl)piperidine  (3n): Mixture of dia-
stereomers, ratio 1:1, yield 60%, white solid, m.p. 193-195 °C. 'H
NMR (CDCl;): ¢ = 0.80, 0.81 (s, 6 H, CH;-Cq), 1.35-1.66 (m,
12 H), 1.72-2.05 (m, 6 H), 2.55-2.79 (m, 4 H, CH>-N and CH,-C,),
2.89-2.94, 3.05-3.08, (m, 2 H, CH»-N), 3.87-3.93 (m, 12 H, 3 CH.),
5.28 (q, | H, Jgug = 7.00 Hz, CH-CH3;) and 5.86 (q, 1 H, Juu =
6.83 Hz, CH-CH3) ppm. 3C NMR (CDCl): 6 = 14.1, 14.1 (CHs-
CH), 15.8 (CH;-Cy), 19.8, 20.0, 24.7, 25.7, 29.3, 28.5 (CH,-C,),
30.7, 30.7 (Cy), 41.5, 42.0 (CH»-N), 59.1, 59.2 (CH-CH3), 61.5 (q,
Jer = 27.1 Hz, C-CF3), 72.7, 72.7 (CH»-0), 107.3, 107.6 (C),
124.8, 1249 (q, Jcr = 284.7 Hz, Jcr = 284.3 Hz, CF;), 152.1,
151.2 (C,, tet) ppm. '"F NMR (CDCl;): 6 = -78.7, -78.8 (CF3)
ppm. IR: ¥ = 3310 (NH) cm . C,sH,,F;NsO5 (377.36): calcd. C
47.74, H 5.88, N 18.56; found C 47.89, H 5.73, N 18.44.

1-Benzyl-1H-tetrazole (4a): White solid, m.p. 59 °C. '"H NMR
(CDClL): 0 = 5.6 (s, 2 H, CH»), 7.27-7.33 (m, 2 H, Ar), 7.39-7.42
(m, 3 H, Ar), 8.54 (s, 1 H, Ar) ppm. Spectroscopic data are in
agreement with those in the literature.['®]

General Procedure for Debenzylation: A solution of the appropriate
tetrazole (1 mmol) in abs. MeOH (10 mL) was treated with palla-
dium (10% on carbon) and placed under hydrogen (1 atm.). The
mixture was stirred at room temperature for a few hours (TLC
control). The mixture was filtered through Celite, which was then
washed with methanol, and the filtrate was concentrated to give
the product as a white solid.

5-[2-(Trifluoromethyl)pyrrolidin-2-yl]-1 H-tetrazole (5a): Yield 87 %,
white solid, m.p. 152-154 °C (decomp.). '"H NMR ([Dg]DMSO): §
=1.65-1.77 (m, 1 H), 1.81-1.94 (m, 1 H), 2.53-2.31 (m, 2 H, CH,-
Cy), 2.93-3.05 (m, 2 H, CH»-N), 6.63 (br. s, NH,") ppm. '*C NMR
(CDCly): 6 = 24.9, 33.0 (CH,-C,), 46.8 (CH»-N), 65.0 (q, Jcr =
28.5 Hz, C-CF3), 125.9 (q, Jor = 283.2 Hz, CF3), 157.7 (C,, tet)
ppm. "’F NMR (CDCl,): 6 = -76.9 (CF3) ppm. IR: ¥ = (b) 3400
(NH) cm™'. HRMS (ESI): caled. for CsHgNsF5 [M + H] 208.0805;
found 208.0806.

2-(1H-Tetrazol-5-yl)-2-(trifluoromethyl)piperidine (5b): Yield 96%,
white solid, m.p. 228-230 °C (decomp.). 'H NMR ([Dg]DMSO): §
=1.04-1.16 (m, 1 H), 1.38-1.44 (m, 2 H), 1.68-1.76 (m, 1 H), 1.84—
1.91 (m, 1 H, CH,-Cy), 2.34-2.41 (m, 1 H, CH,-C), 2.51-2.57 (m,
1 H, CH»-N), 2.91-2.94 (m, 1 H, CH,-C,), 5.37 (br. s, NH,") ppm.
13C NMR ([Dg]DMSO): d = 19.3, 23.5, 26.9 (CH,-C,), 41.3 (CH»-
N), 59.6 (q, Jor = 27.5 Hz, Cy), 124.8 (q, Jc r = 284.0 Hz, CF3),
154.9 (C,, tet) ppm. ?F NMR (CDCl;): § = -79.2 (CF;) ppm. IR:
¥ = 3425 (b, NH) cm™!. HRMS (ESI): caled. for C;H oNsF5 [M +
H] 222.0961; found 222.0959.

2-(1H-Tetrazol-5-yl)-2-(trifluoromethyl)azepane (5¢): Yield 92%,
white solid, m.p. 148-150 °C (decomp.). '"H NMR ([Dg]DMSO): §
=1.07-1.17 (m, 1 H), 1.32-1.41 (m, 2 H), 1.53-1.77 (m, 3 H), 2.18-
2.24 (m, 1 H, CH»-Cy), 2.47-2.53 (m, 1 H, CH»-C,), 2.79-2.91 (m,
2 H, CH,-N) ppm. 3C NMR ([D¢]DMSO): § = 22.4, 29.2, 32.0,
32.5,42.9 (CH»-N), 62.6 (q, Jcr = 26.3 Hz, C4-CF3), 126.3 (q, Jc ¢
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= 288.0 Hz, CF3), 157.8 (C,, tet) ppm. '°F NMR (CDCLy): 6 =
~77.8 (CF3) ppm. IR: v = 3352 (NH) cm . HRMS (ESI): calcd.
for CgH»NsF3 [M + H] 236.1118; found 236.1111.

Supporting Information (see footnote on the first page of this arti-
cle): Copies of the 'H NMR, '3C NMR and '’F NMR of com-
pounds 3a-n and 5a-c.
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tetrazole products could easily be debenzyl-
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