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N-(1H)-Tetrazole sulfoximines are readily available by addition of sodium azide to the corresponding
ZnBr,. The use of these N-(1H)-tetrazoles as intermediates in the synthesis of other

N-cyano derivatives in the presence of
N-heterocyclic sulfoximines is demonstrated.

Tetrazoles are appealing ligands in coordination chemistry Encouraged by the intense research activity in the tetrazole
and important compounds in pharmaceutical and material field and in pursuit of our continuing interest in sulfoximine
scienced.Moreover, H-tetrazoles proved valuable for the chemistry?1° we envisioned the combination of these at-

preparation of substituted tetrazoles and other nitrogen-
containing heterocyclésThe most direct and convenient
route to 5-substituted-H)-tetrazoles is the [ 3]-cycload-
dition between a nitrile and an azidevarious synthetic

approaches have been developed for this transformation.

Most of them rely on the in situ generation of highly toxic
and explosive hydrazoic acid through activation of the azid
by expensive and toxic metalstrong Lewis acid&or amine
salts® Recently, Sharpless reported an efficient and safe
procedure for the synthesis of tetrazoles using stoichiometric
amounts of nontoxic ZnBrin water’:8
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tractive functional groups by the synthesis ¢i-fetrazole
sulfoximinesl (Figure 1). Here, we report the synthesis of
various N-cyano sulfoximine® and their conversion into
tetrazole derivatives.
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Figure 1. Target compound4 and their precursorg.

The most common approach toward sulfoximines consists
of the direct imination of sulfoxides with a suitable nitrogen
source!! Unfortunately, all attempts to perform such trans-
formations with cyanogen amine were unsuccessful, and
sulfoximines of type2 remained inaccessible by this route.
In contrast, diversely substitut&tcyano sulfiliminest could
easily be prepared from the corresponding sulfi@eby
imination with cyanogen amine in combination with
PhI(OAc) (Scheme 1}? The reaction proceeded smoothly

Scheme 1
NCNH, _.CN m-CPBA
. PhI(OAC), 'Ns' K,COs O\\S/E\l N
~O~pp T > 1-9~n2 -9~
R™77R? chenoc R \ R? EtoH, it R \ R?
aR'= Ph, R%= Me 93% 86%
b R'= p-NO,(CeH,), R>=Me  85% 63%
¢ R'= p-MeO(CgHy), R?%=Me 959 78%
d ;{11= Ig—Nellquh, ’\RAZ= Me 82% 76%
e =bn, = Me 0o, 0,
f R'=2-Py, R?= Me 980/° 620/0
g R'=Ph, R2= CH,-CI 7% 82%
97% 81%
O NH  BrCN, DMAP O, N-CN
\// [E—— W/
R"S~R2  CHLCly 1t R1-S~Re
5 2
h R'= 0-MeO(CgH,), R%= Me 85%
i R'=Ph, R%= s-Bu 74%

at 0°C even in the absence of a metal catalySubsequent
oxidation of sulfilimines4 with m-CPBA and KCO; in
ethanol gave the desired sulfoximirzs moderate to good
yields (63-86%).

Following an alternative sequenc@h and 2i were
synthesized fronNH-sulfoximines5 by N-cyanation with
BrCN.* As demonstrated later, this approach permits the
synthesis of optically active products from enantiophke
sulfoximines.
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E. G.; Ellis, D.; Closier, M. D.Tetrahedron Lett1979 20, 3781. (c)
Hutchins, M. G. K.; Swern, DTetrahedron Lett1981, 22, 4599. (d) Zhu,
Y.; Rogers, R. B.; Huang, J. X. US Patent 20050228027 A1, 2005.
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(acac) (10 mol %) in combination with PE+O or PhI(OAc), the reaction
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Next, the [3+ 2]-cycloaddition reaction betwedcyano
phenyl methyl sulfoximineZa) and sodium azide to form
the correspondingN-(1H)-tetrazole sulfoximinela was
studied (Table 1). Due to the poor water solubility 2%,

Table 1. N-(1H)-Tetrazole Sulfoximinela?

NN,
0 N-CN NaN; (1.2 equiv), o N’“\N'N
N/ catalyst N\ H
©/ S~CH, H,0-MeOH, 4:1 ©/ S~CH,
24 h
2a 1a
catalyst yield
entry (mol %) T (°C) (%)
1 - 120 -
2 — 160 nd¢
3 aq sat NH4C1 (excess)? 120 decomp
4 MesNH-HCI (20) 120 decomp
5 Cul (20) 120 15—-35
6 ZnBr; (120) 120 84 (82)°

a8 Reaction conditions: sulfoximin2a (1 equiv), NaN (1.2 equiv), and
catalyst in HO—MeOH 4:1 (0.4 M) in a sealed pressure tub&ield after
column chromatography.An inseparable 1:1 mixture of tetrazala and
NH-sulfoximine was obtained.Used as solvent instead of,@. € Yield
after trituration with EsO—pentane 1:1.

the addition of methanol ()0—MeOH 4:1) was required to
improve its dispersion. Consequently, the reactions were
performed in sealed glass pressure tubes.

Initially, the cycloaddition was carried out in the absence
of a catalyst at 120C. At this temperature, no reaction
occurred after 24 h, and in order to obtain the desired
tetrazole sulfoximin€la, it was necessary to overheat the
mixture to 160°C. Unfortunately, under those conditions,
an inseparable 1:1 mixture of the desired tetrazole and the
corresponding\NH-sulfoximine resulted (Table 1, entry 2).
In the presence of amino salts such asNté-HCI (20 mol
%) or an aqueous solution of N8I, N-cyano sulfoximine
2a decomposed (entries 3 and 4).

To avoid the cleavage of th&l-cyano group or the
decomposition of the sulfoximine, various metal salts were
tested as catalyst8.Finally, the most suitable method for
the synthesis oN-(1H)-tetrazole sulfoximine4 was found
to be the addition of sodium azide in the presence of a
stoichiometric amount of ZnBr Thus, whenN-cyano
sulfoximine2a was treated with a 1:1 mixture of Naldnd
ZnBr, (1.2 equiv), tetrazole sulfoximinka was obtained in
84% yield (Table 2, entry 7). Due to the highly crystalline
nature of H-tetrazoles, a simple trituration with a 1:1
mixture of EtO—pentane permitted pure tetrazole sulfox-
imine lato be obtained in high yield (82%).

To determine the generality of this transformation, other
N-cyano sulfoximine2b—i were applied as substrates (Table

(14) (a) Stoss, P.; Satzinger, Getrahedron Lett1973 14, 267. For
the synthesis and application Nfcyano sulfoximines as insecticides, see
ref 12d.

(15) The AlMe; mediated cycloaddition betweeta and NaN in dry
toluene or THF at room temperature did not proceed.
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Table 2. Synthesis ofN-(1H)-Tetrazole Sulfoximines

NaN; (1.2 equiv), /E‘N
R i N
O\\S/E\l CN ZnBr; (1.2 equiv) O\\ /',\‘ N’
R1/ \Rz H20'M€OH,4:1, R1/S\R2
120°C, 24 h
entry  sulfoximine tetrazole yield (%)°
-N
N-N
e N
1 2b O\‘S/N H 1b 68
o
O,N
-N
N~
Nty
2 2c : S\CHa 1c 83
MeO
-N
N .
N
O N™™N
3 2h 5. H th g6
o
OMe
-N
N-N
oy
5 2e @\8\ N H 1e 87
S~CH,
N3 A~=N
6 o [T — N1 90°
_N S N\N
-N
N .
I N
QNN
-N
N~
AN
8 2i s H 1i 68

aReaction conditions: sulfoximin2 (1 equiv), NaN (1.2 equiv), and
ZnBr; (1.2 equiv) in HO—MeOH 4:1 (0.4 M) at 120C in a sealed pressure
tube.? Yield after trituration with E4O—pentane 1:1¢ Yield after acidifica-
tion and filtration.d Yield after purification by column chromatography.

2). All reactions proceeded to completion in less than 24 h,
and tetrazole sulfoximine$ were isolated in moderate to
good vyields (6587%). The purification involved either
acidification followed by simple filtration or extraction and
subsequent trituration with ED—pentane mixture¥ In
general, electronic and steric modifications had no significant
effect on the reactivity of th&l-cyano sulfoximine. The best
results were obtained with nitrilexc, 2h, and2e containing

2, 3, and 5, respectively). In contrast, cycloaddition of
2-pyridyl sulfoximine2f did not give the desired tetrazole.
Not surprisingly,1f was obtained by displacement of the
sulfoximidoyl group at the pyridine core with NaN90%,
entry 7). The IR absorption of the azido grouplifiwas
weak, indicating the presence of the more stable ring-closed
isomer, tetrazolo[1,5¢]pyridine Y’

Next, the value of theH-tetrazole sulfoximines as inter-
mediates for the synthesis df-substituted tetrazoles and
otherN-heterocyclic sulfoximines was demonstrated (Scheme
2).

Initial attempts to preparl-benzyl substituted tetrazoles
6 and/or7 by reaction oflawith benzyl azide or the in situ
formed organic azide (generated from Nahhd BnBr)
failed 18 Therefore, the alkylation ofH-tetrazolelain the
presence of bases, which can provide badth 4nd N-alkyl
substituted tetrazoles, was studiédlhe use of BN in
combination with a catalytic amount of DMAP in acetone
at room temperature gave a 1.1:1 mixture offthbenzylated
regioisomers$ and7 (67%)2° In contrast, with EfN alone,
an inverse regioselectivity favoring the alkylation at N(1)
was observed, leading to tetrazokand7 in 32 and 59%
yields, respectively.

The preparation of other five-membered heterocycles was
studied next. In particular, we were interested in the well-
established reaction of tetrazoles with anhydrides, which is
of great importance for the synthesis of unsymmetrically
substituted 1,3,4-oxadiazoles. Here, the reaction laf 1
tetrazolela with highly reactive trifluoroacetic anhydride
proceeded smoothly in acetonitrile at room temperature,
leading afte 2 h to thecorresponding oxadiazokin 81%
yield.

On the other hand, treatment b& with acetic anhydride
under typical thermal conditioAg120 °C, 16 h) gave a
complex product mixture, and the desired oxadiaZoleas
only obtained in a low yield (31%). Application of micro-
wave irradiation (200 W, 120C), however, led to an
excellent result in this reactioi, and after only 2 h,
oxadiazole9 was cleanly obtained in 70% yield.

(16) In the case of tetrazole sulfoximite, which was highly insoluble
in water, the low K, of the tetrazole allowed complete precipitation by
simple acidification. For the other tetrazoléds this precipitation was
inefficient, and most of the ones shown in Table 2 were obtained after
trituration.
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(b) Klump, S. P.; Shechter, H.etrahedron Lett2002 43, 8421.

(18) For a recent example of cycloadditions of acylcyanides with aliphatic
azides, see: Demko, Z. P.; Sharpless, KABgew. Chem., Int. EQ002
41, 2113.

(19) The structures of isomefsand7 were assigned based on thit
and13C NMR spectra. Characteristically, the benzylic protons of tNe 2
benzylated tetrazoles resonate at lower field than those of the corresponding
1N-benzylated isomers.

(20) For the first example of using microwave irradiation in the
preparation of 1,3,4-oxadiazoles from tetrazoles, see: Lukyanov, S. M.;
Bliznets, I. V.; Shorshnev, S. V.; Aleksandrov, G. G.; Stepanov, A. E.;
Vasil'ev, A. A. Tetrahedron2006 62, 1849.

(21) Sulfoximine §)-5a was prepared following literature procedures:
(a) Fusco, R.; Tenconi, Ehim. Ind. (Milan)1965 47, 61. (b) Johnson, C.

R.; Schroeck, C. WJ. Am. Chem. So0d.973 95, 7418. For an improved
protocol, see: (c) Brandt, J.; Gais,Hl. Tetrahedron: Asymmetr§997,

electron-rich substituents at sulfur (83, 86, and 87%; entries 8, 909.
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Scheme 2
N
_N N-
N=N S-CF,4
 N=Bn (CF4C0),0 o NJl\O>
O\\ A N (1.5 equiv) \\S//
>
S~CH, N, MeCN, tt, 2 h “CHy
N 81%
Bn-Br (1.5 equiv), o N N 8
6 (32%) Et;N (1.5 equiv) \VZ H
N acetone, rt “CHs 1 N
N7\ TN
N (CH4CO),0 Py »-CHs
O N N 1a 15 i O N (0]
Y. | osewy Q)
S~ch, B MeCN, MW, tt, 2 h

7 (59%)

70%

Finally, the stereospecificity of the Zn-mediated {2

3]-cycloaddition leading toN-tetrazole sulfoximines was

studied (Scheme 3).
For this purpose, sulfoximineS[-5a21%? with >99% ee
was converted into9)-2a by N-cyanation with BrCN:3

Subsequent reaction df2a under standard conditions with

NaN; affordedN-tetrazole sulfoximine§)-1a. Unfortunately,

all attempts to determine its enantiomer ratio by chiral HPLC

or GC techniques remained unsuccessful. Treatmer§of (

lawith trifluoroacetic anhydride at room temperature gave

1,3,4-oxadiazole)-8 in 83% yield (corresponding to 61%
over three steps from sulfoximirs). Finally, the enantiomer

ratio determination of9)-8 revealed that the entire reaction

sequence had proceeded without loss of enantioptfrity.

Scheme 3
O  NH  BrCN, DMAP O _N-CN
\Y/2 e N/
S~CH, CHCla. 1t S~CH,
89%
(S)-5a (S)-2a
>99% ee NaNg, ZnBrj,
82% | H,O-MeOH,
120°C,8h
-N
_N N7
N
B \>’CF3 PE N
0 N—~0 QNN
\W; (CF3C0)0 Y H
S< - S\CH
©/ CHy MeCN, rt ©/ s
(9)-8 83% (S)-1a
99% ee
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In summary, varioudN-cyano sulfoximines have been
synthesized from readily available sulfides and cyanogen
amine in two synthetic steps or by direct cyanation of the
corresponding\NH-sulfoximines. A [3+ 2]-cycloaddition
reaction of theN-cyano sulfoximines with Nai using
inexpensive and nontoxic ZnBm H,O—MeOH mixtures
at 120°C led to tetrazole sulfoximines. The reaction is
stereospecific, constituting an easy access to novel enan-
tiopure sulfoximines from the corresponding optically active
N-cyano derivatives. Finally, the transformation of these
compounds intoN-benzylated tetrazole and 5-substituted
1,3,4-oxadiazole sulfoximines has been accomplished.
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(22) The enantiomeric excess &-+{5awas determined by HPLC using
a chiral column: Chiralcel OJ; heptan®rOH= 85:15; 0.5 mL/min; 254
nm; &r(R) = 36.9 min, k(S) = 48.9 min.
(23) Since this and the subsequent transformations do not involve the
stereogenic center, we assume retention of configuration at sulfur.
(24) The enantiomeric excess @){8 was determined by HPLC using
a chiral column: Chiralcel OJ; heptan®rOH= 90:10; 0.7 mL/min; 254
nm; &r(R) = 89.8 min, k(S) = 101.4 min.
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