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The synthesis and structures of deuterium-
labeled 5-substituted 1H-tetrazoles'

Hong Zhao*

The synthesis and crystal structures of deuterium-labeled 5-substituted 1H-tetrazoles, 5-[*Hslphenyl-1H-tetrazole (l), 5-
[*H,]tolyl-1H-tetrazole (Il), and 5-[>H,]benzyl-1H-tetrazole (Ill) are reported. All syntheses were carried out using simple,

facile steps and the products were obtained in high yields.
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Introduction

In 2001, Demko and Sharpless’™ and Himo et al.>® reported a
safe, convenient, and environmentally friendly procedure for
the synthesis of a variety of 5-substituted 1H-tetrazoles in
water. The 1H-tetrazoles are prepared by addition of azide to
nitriles in water with Zn salts as Lewis acid catalysts. The role of
Zn in this reaction is unclear.” '° Since then our group has used
other Lewis acids and solvents and tried different methods (e.g.
hydrothermal conditions) in an attempt to find more con-
venient methods for the synthesis of 5-substituted 1H-
tetrazoles. The tetrazole group acts as a metabolically stable
surrogate for a carboxylic acid group in medicinal chemistry'"
and as a ligand in coordination chemistry.® Because of the
variety of applications for tetrazoles in many fields of science,
research into tetrazoles is expanding rapidly. To our knowl-
edge, however, studies on deuterium-labeled 5-substituted 1H-
tetrazoles are rare, which is surprising since such materials can
potentially mimic the useful properties found in both organic
and inorganic compounds. In this context and as part of an
ongoing program in our laboratory to explore the medicinal
and physical properties of tetrazole coordination compounds,
we report the synthesis of three deuterium-labeled 5-sub-
stituted 1H-tetrazoles.

Results and discussion

Although the synthesis of many 5-substituted-1H-tetrazoles has
been reported, the preparations of 5-[’Hslphenyl-1H-tetrazole
(1), 5-[>H]tolyl-1H-tetrazole (), and 5-[*H,]benzyl-1H-tetrazole
() have not been described previously. The synthesis of 5-
[*Hslphenyl-1H-tetrazole () is shown in Scheme 1. [*Hg]Toluene
was treated with cerium (IV) ammonium nitrate to yield
[?Hglbenzaldehyde.' Then reaction with iodine in aqueous
ammonia gave [*Hslbenzonitrile.’”® Reaction with NaN; and
NH4Cl in N,N-dimethylformamide (DMF) yielded 5-[*Hslphenyl-
1H-tetrazole (1).'* The structure of I was confirmed by a single-
crystal X-ray diffraction study. As shown in Figure 1, the phenyl
and tetrazole rings exist in the same plan with a dihedral angle
of 1.92 (0.28)°.
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Scheme 1.

The synthesis of 5-[*H,ltolyl-1H-tetrazole (Il) is shown in
Scheme 2. The procedure used for Il is similar to that for I,
using 1,4-?Hiclxylene instead of [?Hgltoluene. The crystal
structure of Il (Figure 2) shows that the phenyl and tetrazole
rings exist in the same plan with a dihedral angle of 2.90 (0.19)°
similar to 1.

Finally, the synthesis of 5-[*H;lbenzyl-1H-tetrazole (Ill) is
shown in Scheme 3. [*HglToluene was treated with N-
Bromosuccinimide in CCl, to yield [*H;]benzyl bromide. Reaction
with NaCN then gave 2-[*H,lphenylacetonitrile, which was

]
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Figure 1. The crystal structure of I. This figure is available in color online at
www.interscience.wiley.com/journal/jlcr.
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Figure 2. The crystal structure of Il. This figure is available in color online at
www.interscience.wiley.com/journal/jlcr.

heated under reflux with NaNs; and NH4Cl in water to generate
5-[2H,]benzyl-1H-tetrazole (Ill). The crystal structure of Ill (Figure
3) shows that the dihedral angle between the phenyl and
tetrazole rings is 71.82 (0.11)° as a result of the additional
methylene connection.

Figure 3. The crystal structure of Ill. This figure is available in color online at
www.interscience.wiley.com/journal/jlcr.

In conclusion, three per-deutereated tetrazoles have been
successfully synthesized and characterized and their solid state
structures determined. This work will provide an insight into the
application of tetrazoles as high-energy materials with potential
uses in nuclear chemistry and medicine.

Experimental
General

[®HglToluene and 1,4-[*H;clxylene were obtained from Sigma-
Aldrich Chemicals. All other reagents were also commercially
available. 'H, '3C NMR spectra were acquired on a Bruker
300 MHz spectrometer. Elemental analyses for carbon, hydro-
gen, and nitrogen were performed on a Perkin-ElImer 240C
elemental analyzer. IR spectra were obtained with KBr pellets in
the 4000-400cm ™' region, using a VECTOR22 spectrophot-
ometer. Electrospray ionization-mass spectrometry analysis was
carried out on an LCQ ADVANTAG MAX mass spectrometer. The
crystal structures were determined by Rigacu SCX mini
diffractionmeter. Melting points were measured with XT-4
thermometer.
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Preparation and analysis of (1)

To [®Hgltoluene (2.5g, 25 mmol) in 3.5M HNOs (50 mL) was
added Ce(NH,)»(NO3), (54.8g 100mmol) in 3.5M HNO;
(200 mL). After 2.5 h at 80 °C, the solution was cooled to room
temperature, extracted with chloroform (3 x 50mL), and the
combined organic layers were washed with water until pH~ 7.
The orange extract was dried (MgSO,;) and the solvent
removed under vacuum. The resulting red residue was distilled
to give [2H6]benzaldehyde (269, 91%). lodine (12.57g,
49.5 mmol) was added to a stirring solution of [*H¢]benzalde-
hyde (4.56 g, 40 mmol) in agueous ammonia (350 mL of a 28%
solution) and tetrahydrofuran (45mL) at room temperature.
The dark solution became colorless after being stirred for 1h,
an indication that the reaction was complete. The reaction
mixture was quenched with aqueous Na,S,05; (50 mL of 20%
solution) and then extracted with chloroform (3 x 50 mL). The
combined organic layers were washed with water, dried
(MgSO,), and the solvent removed under vacuum to give
[Hslbenzonitrile (4.01g, 90%), which was used without
purification. A mixture of [Hslbenzonitrile (2.16 g, 20 mmol),
NaNs (1.43g, 22 mmol), and NH,CI (1.177 g, 22 mmol) in DMF
(15mL) was heated at 120°C for 20h then cooled and the
solvent removed under vacuum. The residue was poured into
water (20mL) to give the crude product. 5-[*Hs]Phenyl-1H-
tetrazole (l) was obtained (2.85g, 94.7%) after recrystallization
from ethanol (95%). m.p.: 222-225°C. Anal. calcd. for C;HD5N,:
[%] C, 55.61; H, 7.33; N, 37.06; Found: [%] C, 55.42; H, 7.93; N,
36.65; IR (KBr, cm™'): 3447.5(br, w), 3016.4(m), 2918.5(w),
2707.8(m), 2617.8(m), 2483.1(w), 1870.8(br, w), 1584.4(s),
1550.0(s), 1401.9(m), 1330.4(s), 1138.9(s), 1105.2(s), 1083.9(m),
1052..6(s), 984.7(s), 773.8(w), 543.6(s), 445.4(s); dc (300 MHz;
CDCls) 123.7 (C-5), 126.4 (C-3 and C-7), 128.6(C-4 and C-6),
130.7 (C-2), 155.9 (Ar-C-1); m/z (-ve ion electrospray) [M-H]™
C,DsNy4 required 150.09, found 150.22.

Preparation and analysis of (l)

To 1,4-[*H;0] xylene (2.34 g, 20 mmol) in 3.5 M HNO; (50 mL) was
added dropwise Ce(NH,4),(NOs), (44.23g, 80 mmol) in 3.5M
HNOs (100 mL). After 1.5h at 80°C, workup and purification as
described for [*Hglbenzaldehyde gave 4-[*Hslmethylbenzalde-
hyde, which was treated by the same procedure as [*Hg]ben-
zaldehyde to yield 4-[°H,Jmethylbenzonitrile, The nitrile was
then reacted with NaN; and NH,Cl in DMF to give 5-[*H,]tolyl-
1H-tetrazole (Il) (2.1g, 64.2% based on [*Hs]1,4-xylene). m.p.:
109-112°C. Anal. calcd. for CgHD;N,: [%] C, 57.46; H, 9.03; N,
33.51; Found: [%] C, 57.20; H, 9.33; N, 33.47; IR (KBr, cm™"):

3447.4br, w), 3023.4(w), 2933.4(w), 2830(w), 2739.2(m),
2592.2(m), 2512.7(m), 1889.5(br, w), 1591.1(s), 1563.3(m),
1405.6(s), 1363.9(s), 1255.6(w), 1189.8(w), 1136.5(s), 1084.2(m),
1056.1(s), 983.9(s), 655.6(s), 442.1(s); oc (300MHz CDCls)

19.16(Ar-CDs), 120.7 (C-2), 126.3 (C-3 and C-7), 129.3(C-4 and
C-6), 141.8 (C-5), 155.5 (Ar-C-1); m/z (-ve ion electrospray ) [M-
H]™ CgD;N4 required 166.23, found 166.22.

Preparation and analysis of (lll)

To [Hgltoluene (20g, 200 mmol) in CCl, (350mL) was added
NBS (35.6g, 200mmol) and benzoyl peroxide (0.2g). The
mixture was heated at 90°C for 2h then cooled and filtered.
The filtrate was concentrated to 40 mL and [*H]benzyl bromide
(29.49, 82.5%) collected by filtration and dried. A mixture of

[?H,lbenzyl bromide (17.68g, 100mmol), NaCN (7.35g,
150 mmol), and tetrabutylammonium bromide (0.4 g) in water
(30mL) was then heated under reflux at 120°C for 8h, 2-
[?H,lphenylacetonitrile (10.1g, 80.1%) was collected from the
dark solution by steam distillation. 5-[*H,]benzyl-1H-tetrazole
() was obtained following the method described for Il
The crystals that formed were collected by filtration and
recrystallized from 95% ethanol in 91.3% yield. m.p.
256-258°C. Anal. calcd. for CgHD;N,4: [%] C, 57.46; H, 9.03; N,
33.51; Found: [%] C, 57.12; H, 9.24; N, 33.64; IR (KBr, cm™):

2950.3(br, m), 2861.4(m), 2775.9(m), 2701.7(m), 2596.5(m),
2271.8(m), 1801.2(br, w), 1530.0(s), 1427.6(s), 1380.7(m),
1365.5(w), 1340.8(w), 1251.8(s), 1241.3(s), 1167.6(w), 1109.0(m),

1075.6(s), 1057.6(s), 1039.1(w), 999.8(s), 900.9 (s), 820.9(m),
577.1(m), 538.0(s), 423.2(s); dc (300 MHz; CDCls) 28.87 (Ar-CD,),
134.9 (C-3), 128.2 (C-4 and C-8), 127.9 (C-5 and C-7), 126.6 (C-6),
155.8 (C-1); m/z (-ve ion electrospray ) [M-H]™ CgD;N,4 required
166.23, found 166.29.

X-ray crystallography

Data collection: CrystalClear (Rigaku, 2005); cell refinement:
CrystalClear (Rigaku, 2005); data reduction: CrystalClear (Rigaku,
2005); program(s) used to solve structure: SHELXS97 (Sheldrick,
1997); program(s) used to refine structure: SHELXL97 (Sheldrick,
1997); molecular graphics: Bruker SHELXTL (Sheldrick, 1999);
Software used to prepare material for publication: Bruker
SHELXTL (Sheldrick, 1999).

Crystal data for 1

M,=151.19; orthorhombic; Ama2;, a=9.81(2), b=15.26(4),
c=4544(100A; V=680Q3)A% Z=4; Dcyeq=1476Mg.m 3
R1=0.0552; wR,=0.1281; T=293K; 1 =0.096mm ™ '; §=1.127.

Crystal data for 2

M,=167.23; orthorhombic; Pbcm; a=4.5376(9), b=17.715(4),
c=97712)A; V=7854(3)A% Z=4; D.ca=1414Mgm 3

R1=0.0769; wR,=0.1555; T=293K; 1=0.089mm™"; S=1.096.

Crystal data for 3

M,=167.23; monoclinicc P2,/c; a=8620(13), b=9.906(14),
€=9.500(13)A; f=91.493); V=811(2)A3%; Z=4; Dcyeq = 1370 Mg.m 3,
Ry =0.0497; wR,=0.1223; T=293K; x=0.087 mm~'; S=0.994.

Acknowledgement

This research was supported by a Start-up Grant of Prof. Xiong
Ren-Gen from Southeast University.

REFERENCES

[1] Z. P. Demko, K. B. Sharpless, J. Org. Chem. 2001, 66, 7945-7950.

[2] Z. P. Demko, K. B. Sharpless, Org. Lett. 2001, 3, 4091-4094.

[3] Z.P. Demko, K. B. Sharpless, Angew. Chem. 2002, 114, 2214-2217.
Z. P. Demko, K. B. Sharpless, Angew. Chem. Int. Ed. 2002, 41,
2110-2113.

J. Label Compd. Radiopharm 2008, 51 293-296

Copyright © 2008 John Wiley & Sons, Ltd.

www jlcr.org




Journal of

Radiopharmaceuticals
|

Z. P. Demko, K. B. Sharpless, Angew. Chem. 2002, 114,
2217-2220.Z. P. Demko, K. B. Sharpless, Angew. Chem. Int. Ed.
2002, 41, 2113-2116.

F. Himo, Z. P. Demko, L. Noodleman, K. B. Sharpless, J. Am. Chem.
Soc. 2002, 724, 12210-12216.

F. Himo, Z. P. Demko, L. Noodleman, K. B. Sharpless, J. Am. Chem.
Soc. 2003, 125, 9983-9987.

R. G. Xiong, X. Xue, H. Zhao, X. Z. You, B. F. Abrahams, Z. Xue,
Angew. Chem. Int. Ed. 2002, 41, 3800-3803.

H. Zhao, Z. R. Qu, H. Y. Ye, R. G. Xiong, Chem. Soc. Rev. 2008, 37,
84-100.

[14]

H. Zhao et al.

Q. Ye, Y. M. Song, G. X. Wang, K. Chen, D. W. Fu, P. W. H. Chan, J. S.
Zhu, S. D. Huang, R. G. Xiong. J. Am Chem. Soc. 2006, 128,
6554-6555.

Y. Z. Tang, G. X. Wang, Q. Ye, R. G. Xiong, R. X. Yuan, Cryst. Growth
Des. 2007, 7, 2382-2386.

H. Singh, A. S. Chawla, V. K. Kapoor, D. Paul, R. K. Malhotra, Prog.
Med. Chem. 1980, 17, 151-183.

L. Syper, Tetrahedron Lett. 1966, 37, 4493-4498.

S. Talukdar, J. L. Hsu, T. C. Chou, J. M. Fang, Tetrahedron Lett. 2001,
42, 1103-1105.

X. H. Wei, B. J. He, Y. Z. Chen, Appl. Chem. Ind. 2005, 34, 117-118.

www.jlcr.org

Copyright © 2008 John Wiley & Sons, Ltd.

J. Label Compd. Radiopharm 2008, 51 293-296



