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Fused 5-heterotetrazole ring systems are synthesized in high yield via intramolecular [2 + 3] cycloadditions of organic azides and heteroatom-
substituted nitriles. Cyanates, thiocyanates, and cyanamides are all competent dipolarophiles for this reaction. A variety of scaffolds are

tolerated when the new enclosed ring is five- or six-membered.

Tetrazoles are an increasingly popular functiondlipften

tetrazoles viantramolecular [2+ 3] cycloaddition for cases

used as metabolically stable surrogates for a carboxylic acidwhere the nitrile is bound to a carbon (Scheme % )8

group? as precursors to a variety of nitrogen-containing

heterocycle$,and as convenient lipophilic spacers in phar- _

maceutical$.A facile, modular route to substituted tetrazoles
would be very useful; however, to date only a few highly

activated nitriles are known to undergo this cycloaddition

in anintermolecular fashion with organic azide®f course,

when azide and nitrile moieties are in the same molecule,
rates of cycloaddition can be greatly enhanced; several groups
have reported the efficient synthesis of polycyclic fused
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Metal azides are much more activated toward+23]
cycloaddition with nitriles; indeed, a common route to
5-functionalized H-tetrazoles is via the intermolecular
addition of metal azides to nitriles, thiocyanates, cyanates,
and cyanamideSWe and others have shown that nitriles
attached to heteroatoms react with sodium azide to form the
corresponding H-tetrazoles at lower temperatures than
carbon-bound nitriles (relative rates of reaction of various
nitriles and azides are illustrated in Scheme 2).

Given these precedents, we were not surprised to find that
nitriles attached to heteroatoms are also highly competent
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a(a) Reference 7d; (b) reference 7d; (c) reference 7b; (d) ref-
erence 5a; (e) reference 6g.Racetonide, R= —CH(OH)CHOH.

partners forintramolecular cycloaddition reactions with
organic azides. To the best of our knowledge, this report
describes the first examples of the synthesis of 1,5-fused
tetrazoles via an intramolecular [2 3] cycloaddition
wherein the pendant nitrile component is attached to a
heteroatom (Scheme 1,Z O, S, N).

The resulting fused tetrazolo ring systems are known, and
the most common route to these compounds is via the
imidoyl azide, which spontaneously cyclizes to the tetrazole.
Imidoyl azides are typically formed by nucleophilic attack
of azide anion on an imidoyl chloridea related species (see
Scheme 3Y,or by nitrosation of an imidoyl hydraziné.A
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less common route begins with the 5-heterosubstitutéd 1
tetrazole from which the fused bicyclic ring system is
subsequently formeth.
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The range of the azidonitrile species (Scheme 1) which
participate in these intramolecular {2 3] cycloadditions is
quite broad. The tetrazoles formed can be fused to five- or
six-membered ring systems which can be either saturated or
unsaturated, and the heteroatom, (Scheme 1, Z), can be
nitrogen, oxygen, or sulfur. The [2 3] reaction itself is
highly reliable; therefore where the reported yields are
moderate, product decomposition is the suspected cause. Also
noteworthy is the better synthetic access to the precursors
than for the analogues with all-carbon tethetso carbon-
carbono-bonds are replaced by two carbemeteroatom
o-bonds, with the latter generally being easier to mafsee
Supporting Information for details).

Simple heating of the azido cyanamides in solution at
130-140 °C usually provides pure tetrazole. Azid\gN-
disubstituted cyanamides {RCN) of various geometries (cf.

1, 3, 5) are excellent substrates 90% vyields, Table 1).

Table 1. Intramolecular Cycloadditions of Azidocyanamides
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However, their N-H analogues (cf.27 and 29) yield
predominantly side products, involving the “apparent”
displacement of cyanamide (Scheme 4). Strain introduced
by transring fusion between the scaffold and the enclosed
ring can affect reaction times and vyields, for example, the
rate of formation o is approximately 15 times that &fat
130°C; in addition, the higher temperature necessary in the
formation of8 significantly increases the amount of decom-
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W. J. Org. Chem1976 41(17), 2860-2864.
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(12) Kolb, H. C.; Finn, M. G.; Sharpless, K. Bngew. Chem.,
2001 40(11), 2004-2021.
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s the increased difficulty of the thiocyanate aniop2Sdis-

Scheme 4 placement step fot9 vs 13. _ . .
( When using cyanates as the dipolarophile-(RCN), their
i 140°C n relative instability toward various undesired aclohse-
——=N N\ N\ N3 . R
Q/)N_NEN DVF 11/ N catalyzed processes limits the value of the present strategy
( Wt ( A N for the synthesis of 5-oxotetrazoles. For example, we have
27 n=1 28 n=1 been unable to achieve intramolecular tetrazole formation
29 n=2 30 n=2

from in situ generated alkyl cyanates, themselves extremely
unstable’® For example, when 2-azidoethanol and 3-azi-

- El thdrawi bsii . dopropanol were treated with bromocyanogen, only decom-
position. Electron-withdrawing substituents on nitrogen, position products were observed. However, for several

V\{hilg.increasing the rate of reaction bY _activating the nitrile, reasons, including a more facile cycloaddition step, 2-azido-
significantly decrease the thermal stability of the product (see and 2-azidomethylphenols provide good substrates for this

10, vide supra). : .
’ . . transformation (see Table 3)-Aryl cyanamides proved to
When the “nitrile” enters as a thiocyanate (see Table 2, ( H-Aryl cy P

- ] ] Table 3. Intramolecular Cycloaddition of More Activated
Table 2. Intramolecular Cycloaddition of Azidothiocyanates
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Q (I <N 70% One important factor limiting the stability of fused tetrazole
Ny oM N N products is the substituent attached to the 5-position, with

its well-known effects on the ringchain equilibrium be-
tween the open chain, azido form and the closed, tetrazolo
form (see Scheme 3}.In the case of 5-aryloxytetrazoles,
where oxygen acts as a strowgwithdrawing group, the
equilibrium has been shown to lie predominately to the side
of the open chain, azido forAi.While there is no direct
evidence that this isomer contributes directly to the instability
of the tetrazole (presumably initiated by loss o Nhere is
a strong correlation. Although a potential source of instability,
these azido tautomers offer a synthetic benefit when they
Sre captured as triazoles via cycloaddition with acetyléhes.
In summary, we have shown that heteroatom-substituted
(13) (a) Jenseni, K. A.; Holm, Acta Chem. Scand.964 18(3), 826 nitriI.e.s (cygnates, thiocyanate_s', and cyanamides) readily
828. (b) Jenseni, K. A.; Due, M.; Holm, Acta Chem. Scand965 19(2), participate in a [2+ 3] cycloaddition reaction with pendant

438-442. For synthesis of this class of compounds via an alternate method, 57jdes yielding various five- and six-membered heterocyclic
see reference 9. '

R—SCN), the reaction temperatures necessary for nucleo-
philic displacement by the thiocyanate anion are in the same
range as the temperatures required for cyclization (ca. 110
°C vs ca. 13C0°C), so the two steps can often be performed
in tandem with little or no effect on the overall yield. We
have found that formation of the [5,5] and [6,5] ring systems
is quite favorable under these conditions, while the [7,5] ring
systems are not accessible under the same conditions (se
14, 16, 18). The lower overall yield oR0 is attributable to
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Supporting Information Available: Detailed experi- material is available free of charge via the Internet at
mental procedures and spectral data for all compounds,http://pubs.acs.org.
including those not explicitly described in the text but
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