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Abstract In this study, cyanations or azidations of imines were per-
formed by using hydroxy(dimethyl)-A*-sulfanecarbonitrile or azido(di-
methyl)-A%-sulfanol, respectively, prepared in situ by treatment of po-
tassium cyanide or sodium azide with a dimethyl sulfoxide-nitric acid
combination. Furthermore, a one-pot preparation of 5-substituted 1H-
tetrazole derivatives was carried out by using this reagent combination
in the presence of an aldehyde, hydroxylamine hydrochloride, and sodi-
um azide under mild conditions.
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Nucleophilic addition of a cyanide or azide anion to an
imine leads to the formation of an a-amino nitrile or an a-
amino azide, respectively; these are two important and
useful structural classes in organic synthesis. o-Amino ni-
triles have a wide range of applications and can be classi-
fied as cyclic or conventional o-amino nitriles.! They are
useful precursors for the preparation of biologically active
o-amino acids, heterocycles, and natural products, due to
the efficient transformation of the nitrile functional group
into an amide, amine, carboxylic acid, or carbonyl group.?
The a-amino nitrile moiety is found in scaffolds of various
biologically active molecules and natural compounds, such
as cyanocycline (isolated from the culture broth of Strepto-
myces flavogriseus) and saframycin A (isolated from the cul-
ture broth of S. lavendulae), which have antitumor and anti-
biotic activities; phthalascidin 650, a synthetic analogue of
ecteinascidin 743 (extracted from marine tunicate Ectein-
ascidia turbinata); and girgensohnine, a cyanogenic piperi-
dine, found in Girgensohnia oppositiflora.3

The Strecker reaction provides an efficient approach to
the synthesis of a-amino nitriles; this multicomponent re-
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action involves the treatment of an aldehyde or ketone with
an amine and an alkali-metal cyanide. The reaction pro-
ceeds by nucleophilic addition of the cyanide ion onto an
imine, and is catalyzed by a range of Lewis acids or bases.*®
Over the past decade, various homogeneous and heteroge-
neous catalytic systems have been developed for use with a
variety of cyanide sources;!? these include sulfated tung-
state,” aluminoborate molecular sieves,'®< chitosan,?® xan-
than sulfuric acid,?® neodymium metal-organic frame-
works,? titanium cluster,®® a cobalt complex,® alumina-sup-
ported tungstosilicic acid,'® a bifunctional Lewis acid-Lewis
base,!! a biphasic solvent system,'? lithium tetrafluorobo-
rate, 3@ MCM-41 3> and CuFe,0,/chitosan.>Recently, Baghery
et al. reported Fe;0,@SiO,@urea and Fe;0,@Si0,@urethane
catalysts for one-pot Strecker synthesis of a-amino ni-
triles.3d

Organic azides are also useful intermediates for the syn-
thesis of imines (through rearrangement), N-heterocycles
(triazoles and tetrazoles), or amines (through reduction).
Nucleophilic substitutions of alcohols,' alkyl halides,!4, or
imines!® by azide provide simple and straightforward ap-
proaches to alkyl azides. C-H bond azidation, C-C bond azi-
dation,'® and oxyazidation and diazidation of styrenes'” are
other approaches that have been used. The use of phase-
transfer catalysis with modified clays,'® poly(4-vinylpyri-
dine)-supported sodium azide,' or an acidic ionic liquid'3
have also been reported. Sharma and Hartwig'®® and Zhu
and co-workers'® independently developed facile C-H
bond azidations with Fe or Mn salts. However, impediments
such as the insolubility of inorganic azides in organic sol-
vents, the use of expensive or unstable catalysts, and con-
tamination arising from the use of a phase-transfer catalyst
limits the general application of some of these methods.
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Scheme 1

5-Substituted 1H-tetrazoles are among the most useful
N-heterocyclic compounds, possessing various biological
properties such as antihypertensive, antiinflammatory, an-
tibiotic, antiallergenic, antifungal,'® anticonvulsant, and
anti-HIV activities.?® Furthermore, tetrazole derivatives
have a wide range of applications in agriculture, photogra-
phy,?! and industry?> and in coordination chemistry as
strong ligands.?? In materials science, they have a role in the
production of explosives and propellants.?

A direct route for the preparation of 5-substituted 1H-
tetrazoles, initially developed by Hantzsch and Vagt, in-
volves a [3+2] cycloaddition of azide ion onto nitriles.?>
However, this method can suffer from complex workup
procedures, high reaction temperatures, and the use of tox-
ic solvents. Thus, efforts continue to be made to find alter-
native methods. Among recent developments have been the
use of Pd-SMTU@boehmite (SMTU = S-methyliso-
thiourea),® Ni(OH), nanoparticles,?” choline azide,?® MCM-
41@AMPD@Zn (AMPD = 2-amino-2-methylpropane-1,3-di-
ol),*® and Sm@I-MSN (I-MSN = large-pore mesoporous silica
nanoparticles),3® or Cu-MOF nanocatalysts.3! De Luca et al.
used a DMF-2,4,6-trichloro-1,3,5-triazine complex for the
efficient transformation of oximes into nitriles under mild
conditions.3?

We have developed a straightforward, metal-free, repro-
ducible, and reliable method for the efficient preparation of
o-amino nitriles and a-amino azides by using hydroxy(di-
methyl)-A*-sulfanecarbonitrile or azido(dimethyl)-A*-sulfa-
nol, respectively, formed by treatment of a DMSO-HNO;
mixture with KCN or with NaNs. In addition, a one-pot
preparation of 5-substituted 1H-tetrazoles from aldehydes
can be carried out by using azidodimethyl-A*-sulfanol.

The reaction of DMSO with HNO; gives the adduct 1,
with a melting point of about 40 °C.33 By adding a salt such
as potassium cyanide or sodium azide, the intermediate cy-
anosulfhydrin 2 and azidosulfhydrin 3 are produced, re-
spectively, in equilibrium with the cyanosulfoxide 4 or the
azidosulfoxide 5 (Scheme 1). However, at the pH of the mix-
ture, the equilibrium is very much in favor of the former
pair of products. To prove this, the equilibrium was shifted

Isolated and characterized

toward the latter pair of products by adding CH;CN to pre-
cipitate potassium or sodium nitrate from the mixture.

To isolate and characterize compounds 2 and 3, in two
separate experiments, DMSO-HNO; intermediate 1 was
treated with KCN or NaNs. The resultant mixture was then
poured into cold CH;CN to precipitate KNO; or NaNOs,
which was subsequently removed by filtration. The solvent
was removed and the crude product 2 or 3 was isolated, and
immediately subjected to FTIR and 'H NMR analysis. How-
ever, the FTIR and 'H NMR results suggested that structures
6 (X = CN, N;) (Figure 1) might also be possible for com-
pounds 2 and 3, respectively. It worth noting that the bond-
dissociation energy for the S-N bond is relatively low (D",qq
= 467 * 24 kJ-mol'), which supports the possibility of
structures 6.

OH
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Figure 1

The optimization of the DMSO-HNO; ratio and the tem-
perature was investigated by using the reaction of benzal-
dehyde, aniline, KCN, and DMSO-HNO; as a model reaction.
Initially, we examined the effects of the ratio of DMSO to ni-
tric acid and we found that the best choice was a 14:1 molar
ratio. Increasing the amount of HNO; reduced the yield, pre-
sumably due to a lower pH. Changing the amount of DMSO
had no significant effect (see Supporting Information; Table
S1). Carrying out the reaction at 40 °C afforded the highest
yield, whereas higher temperatures (80 °C or reflux condi-
tions; Table S1, entries 4-6) did not improve the yield. Con-
sequently, subsequent investigations were performed at 40
°C in the presence of DMSO-HNO; in a 14:1 molar ratio.

Compound 2 was then used in the preparation of a se-
ries of a-amino nitriles (Table 1), and compound 3 was used
to prepare a-amino azides (Table 2). High to excellent yields
were achieved for all substrates in short reaction times. Ar-
omatic aldehydes bearing electron-donating or electron-
withdrawing groups reacted equally effectively.
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Table 1 One-Pot Preparation of a-Amino Nitriles by Using DMSO-
HNO; in the Presence of KCN3*

DMSO + HNOg (1)20min, 40 °C NC>_A
r
14 mmol 1 mmol (2) KCN (1.2 mmol), 20 min, H,0, 40 °C Ar'—NH 7o
a-j

() ArCHO (0.05 mmol), AR'NH, G
(0.05 mmol), DMSO (1.0 mL), 40 °C, 0.6-3 h ¢-amino nitrile

Entry  Ar' Ar? Time (h) Product Yield (%)
1 Ph Ph 1 7a 90
2 4-MeOCH, Ph 0.6 7b 94
3 4-0,NCeH, Ph 1.5 7c 92
4 cinnamyl Ph 2 7d 76
5 cinnamyl Bn 2.5 7e 70
6 Cy Ph 3 7* 84
7 Cy Bn 3 79 80
8 3-pyridyl Ph 1.5 7h 94
9 2-CICeH, Bn 1 7i 95

10 4-CIGGH, Bn 1.5 7j 95

Table 2 One-Pot Preparation of a-Amino Azides by Using a Mixture of
DMSO and HNO; in the Presence of NaN;**

N3
DMSO + HNOg (1) 20 min, 40 °C A
14mmol 1 mmol (2) NaN3 (10 mmol), 20 min, HxO, 40 °C Ar—NH g,
(3) ArCHO (0.05 mmol), ArNH»
(0.05 mmol), DMSO (1.0 mL), 40 °C, 3-8 h

o-amino nitrile

Entry  Ar' Ar? Time (h)  Product Yield (%)
1 Ph Ph 5 8a 91
2 4-MeOCgH, Ph 4 8b 96
3 4-0,NGeH, Ph 5 8c 92
4 cinnamyl Ph 6 8d 75
5 cinnamyl Bn 7 8e 70
6 Cy Ph 8 8f 85
7 Cy Bn 8 8g 80
8 3-pyridyl Ph 4 8h 94
9 2-CICH, Bn 3.5 8i 96

10 4-CICH, Bn 3 8j 94

One prominent advantage of the present method was
the one-pot preparation of 5-substituted 1H-tetrazole de-
rivatives by using aldehydes as starting materials rather
than nitriles. Efficient transformation of aldehydes was ob-
served in the presence of DMSO-HNO;, NH,OH-HCl, and
NaN;, and high to excellent yields of the corresponding
tetrazoles 9a-j were obtained for all aldehydes (Table 3).

The method is limited to compounds that are not acid
sensitive; no product was obtained for compounds such as
furfural. However, it is worth noting that cinnamaldehyde

Table3 One-Pot Preparation of 5-Substituted 1H-Tetrazoles by Using a
Mixture of DMSO and HNO; in the Presence of NH,OH-HCl and NaN,*

(1) 20 min, 40 °C

) N\N
(2) NaN3(10 mmol), 20 min, H,0, 40 °C Ar—</ K‘

14 mmol 1 mmol (3) ArCHO (0.05 mmol), NH,OH-HCI N
(0.05 mmol), DMSO (1 mL),

DMSO + HNOg

9a-j
5-substituted 1H-tetrazole

40°C,3-6h
Entry Ar Time (h) Product Yield (%)
1 Ph 4.5 9a 94
2 4-MeOCH, 4 9b 97
3 4-0,NCgH, 3 9c 95
4 4-MeCH, 5 9d 79
5 3-0,NCgH,4 3.5 9e 95
6 2-naphthyl 6 of 85
7 4-CICH, 3 9g 95
8 2-chloropyridin-4-yl 3 9h 95
9 4-HOC¢H,4 4 9i 89
10 4-H,NCeH, 3.5 9 92

afforded moderate-to-satisfactory yields of compounds 7d,
7e, 8d, 8e, and 9d.

Based on our observations and in accordance with re-
ports in the literature,'®3213 a plausible mechanism can be
proposed for the one-pot preparation of a-amino nitriles,
o-amino azides, and 5-substituted 1H-tetrazoles using hy-
droxy(dimethyl)-A*-sulfanecarbonitrile and azido(dimeth-
yl)-A%-sulfanol (Scheme 2). First, the interaction of DMSO
with HNO; provides intermediate 1.33 Cyanide or azide ion
then adds to 1 to gives intermediate 2 or 3, respectively. In
the next step, a-amino nitrile 7 or azide 8 is formed in the
presence of HCN or HN; generated from intermediate 2 or
3, respectively. DMSO is also regenerated to reenter the
next cycle. Scheme 2 also shows a proposed mechanism for
the preparation of the tetrazole. An oxime formed by the re-
action of the aldehyde with NH,OH-HCl under the acidic
conditions might undergo a [3+2] cycloaddition with hy-
drazoic acid to form intermediate II. Finally, the tetrazole is
formed by elimination of water from intermediate II. To
support this mechanism, intermediates 2 and 3 were isolat-
ed and characterized. Furthermore, two control experi-
ments were conducted to gain more insight into the pro-
posed mechanism. The reaction of aniline and benzalde-
hyde with KCN (or NaN;) and the reaction of benzaldehyde,
NH,OH-HCl, and sodium azide were conducted in DMSO
alone at 40 °C for one hour (for the preparation of 7a) or for
five hours (for the preparation of 8a and 9a). No 7a was de-
tectable in the first experiment, and only traces of 8a or 9a
were observed in the second control experiment. These re-
sults confirm the vital role of HNO; and the importance of
intermediates 2 and 3.
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Scheme 2 Proposed mechanism for one-pot preparation of a-amino nitrile, a-amino azides, and 5-substituted 1H-tetrazoles by using hydroxy(dimeth-

yl)-A%-sulfanecarbonitrile (2) or azido(dimethyl)-A*-sulfanol (3)

Further evidence for the proposed mechanism was ob-
tained from the evolution of the pH of the reaction mixture
with time. The pH of the reaction mixture of benzaldehyde,
aniline, and KCN in the presence of DMSO- HNO; was mon-
itored every ten minutes. It would be expected, based on
the proposed mechanism, that HNO; would be consumed
during the reaction, along with the production of interme-
diate 1, followed by 2 or 3. The observed results were com-
pletely in agreement with this expectation and the pro-
posed mechanism, as the pH increased linearly with time
(Supporting Information; Figure S1), reaching a pH of 6.0 at
the end of the reaction.

In summary, we have developed a convenient and mild
protocol for efficient cyanation or azidation with short re-
action times by using a DMSO-HNO; combination in the
presence of a cyanide or azide salt. Moreover, a one-pot
preparation of 5-substituted 1H-tetrazoles was accom-
plished by using this reagent combination in the presence
of an aldehyde and NH,OH-HCI. These processes constitute
reliable and attractive methods for cyanation and azidation
and for the one-pot preparation of 5-substituted 1H-tetra-
zoles.
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(34) Phenyl(phenylamino)acetonitrile (7a) and N-[Azido(phe-
nyl)methyl]aniline (8a); Typical Procedure
CAUTION: Due to the formation of HN; during the preparation
of a-amino azides, the reactions should be performed in a well-
ventilated fume hood and behind a blast shield. Cyanides
present a serious risk of poisoning by inhalation, skin contact,

or swallowing. A 14:1 mixture of DMSO and HNO; (5 mL) was
stirred for 20 min at 40 °C. Then, KCN or NaN; (1 mmol), PhCHO
(1 mmol), PhNH,, (1 mmol), and H,0 (2 mL) were simultane-
ously added to the mixture. Upon completion of reaction (TLC),
the mixture was neutralized with 01. M aq NaOH and extracted
with CH,Cl, (2 x 20 mL). The solvent was removed, and the
crude product was purified by chromatography.

7a White solid; yield: 9.3 mg (90%); mp 74-76 °C. 'TH NMR (250
MHz, CDCl;): 6 = 4.07 (brs, 1 H, N-H), 5.48 (s, 1 H, C-H), 6.77-
6.80 (m, 2 H, Ar-H), 6.92 (t, ] = 7.50 Hz, 1 H, Ar-H), 7.22-7.28
(m, 2 H, Ar-H), 7.46 (d, ] = 7.50 Hz, 3 H, Ar-H), 7.55-7.59 (m, 2
H, Ar-H). 3C NMR (62.9 MHz, CDCl;): & = 50.1, 114.1, 118.1,
120.2, 127.3, 129.3, 129.5, 133.9, 144.7. Anal. Calcd for
Ci4HN,: €, 80.74; H, 5.81; N, 13.45. Found: C, 80.67; H, 5.71; N,
13.47.

8a White solid; yield: 10.2 mg (91%); mp 82 °C. '"H NMR (250
MHz, CDCl5): 8 =4.03 (d, ] = 5.00 Hz, 1 H, N-H), 5.44 (d, ] = 5.00
Hz, 1 H, C-H), 6.77-6.88 (m, 2 H, Ar-H), 6.92 (d,] = 7.00 Hz, 1 H,
Ar-H), 7.25-7.27 (m, 2 H, Ar-H), 7.29 (d, ] = 7.00 Hz, 3 H, Ar-H),
7.45-7.61 (m, 2 H, Ar-H). '3*C NMR (62.9 MHz, CDCl;): & = 62.3,
114.6,120.5, 125.3,129.2, 130.0, 131.0, 146.1, 146.6. MS: m/z =
224 [M*]. Anal. Calcd for C3H;,N4: C, 69.62; H, 5.39; N, 24.98.
Found: C, 69.66; H, 5.33; N, 25.07.

(35) 5-Substituted 1H-Tetrazoles 9a-j; General Procedure
CAUTION: Due to the formation of HN; during the preparation
of 5-substituted 1H-tetrazoles, the reactions should be per-
formed in a well-ventilated fume hood and behind a blast
shield. A 14:1 mixture of DMSO and HNO; (5 mL) was stirred for
20 min at 40 °C. PhCHO (1.0 mmol), NH,0H-HCI (1.2 mmol), and
H,O (2 mL) were added, the mixture was stirred for 20 min at
40 °C, and NaNj; (1.2 mmol) was added. Upon completion of
reaction (TLC), the mixture was neutralized with 0.1 M aq
NaOH and extracted with CH,Cl, (2 x 20 mL). The solvent was
removed, and the crude product was purified by chromatogra-
phy. 5-Phenyl-1H-tetrazole (9a) White solid; yield: 6.8 mg
(94%); mp 214-215 °C (Lit.” 214-215 °C). 'TH NMR (250 MHz,
DMSO-dg): & = 3.38 (s, 1 H), 7.59-7.61 (m, 3 H), 8.02-8.06 (m, 2
H). 3C NMR (62.9 MHz, DMSO-dg): & = 121.1, 126.8, 129.9,
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