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SUMMARY

Reaction of cyanoferrocene with trimethylsilyl azide and aluminum chloride
in refluxing o-dichlorobenzene gave ferrocenyltetrazole as the sole organometallic
product. Other aryl nitriles react with silyl azides without added aluminum chloride
to give tetrazole, 3,5-diaryl-1,2,4-triazole, and 3,6-diaryl-1,2,4,5-tetrazine. Mechanisms
for these transformations are proposed.

Silyl azides have been reported to react with acetylenes!, olefins?, and al-
dehydes®. We have found reaction of silyl azides with aryl nitriles smoothly gives
mixtures of tetrazoles (I), 3,5-diaryl-1,2,4-triazoles (II), and 2,5-diaryl-1,2,4,5-tetra-
zines (II1), according to Scheme 1. Table 1 gives product disiributions from typical
reactions. The nitrileimine intermediate (IV) has been invoked in the decomposition
of tetrazoles previously®.
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As mixtures of products more easily obtainable via other routes are prdduced,
thisisnota synthetically useful procedure. However, when a mixture of cyanoferrocene,
trimethylsilyl azide, and aluminum chloride was heated at reflux in o-dichloroben-
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TABLE 1

REACTION OF NITRILES WITH SHLYL AZIDES

No. Nitrile® Silyl Other Solvent Reaction Yields® (%)
azide reactant® time (h
at reflux) () (In) (II1)

1 CcH,CN  (3.3) Me,SiN; None 16 26° 144
2 CeH.CN (33) Ph,Si(N;), AICI,(2)  None 20 s5ee 10T
3 CsH.,CN (3) Ph,Si(N,), None 8 43S
4 CH.CN (3)  Me,Si(N,), None 20 3657

@CN (1) Me,SiN, None 48 77 154
6 ety Me;SiNj; 0-CgH,Cl, 48 109 Trace™!

CN

7 Fe (0.8) Me,SiN, AICI;(0.8) o-CcHCl, 16 75
8 CH;CN (1) Me,SiN, AICI5(1) None 20 6

¢ Number in parentheses is molar ratio relative to silyl azide. ®* Melting points and elemental analyses for reported
compounds were in good accord with literature values. © Ref. 11. 9 Ref. 12. ® Yield assuming both azide groups

are

utilized. / Ref. 13. ¢ Ref. 14. * Ref. 15. i Ref. 16. 7 Oxidized tetrazine (V) was isolated.

zene, a 75% yield of ferrocenyltetrazole, (I, Ar=7n-C;H, Fe-n-CsHs) was obtained
without production of triazole or tetrazine.

Ferrocenyltetrazole, previously unreported in the literature, crystallizes as
shiny golden leaflets, m.p. 264-265°, and exhibits characteristic tetrazole bands® in
the infrared at 1260 (w) and 1049 (s)cm ™ !. It is sparingly soluble in hot water and may
readily converted to a sodium salt by treatment with sodium hydroxide. Alkylation
of this salt with methyl iodide affords, as expected®, two N-methyl derivatives. The
major product is assigned the structure 2-methyl-5-ferrocenyltetrazole, (VI), on the
basis of its higher melting point. greater yield®, and absence of an infrared band” in
the region 1100-1000 cm ~ . The minor product, which absorbs in the 1100-1000cm ™!
region, is assumed to be 1-methyl-5-ferrocenyltetrazole, (VII).

==N. C=N C=N. C=N.
@ ( \NH NaOH \N_ CH;1 I \N—CH3 - @l \N
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The effect of aluminum chloride, without which no ferrocenyltetrazole is

&t s~
formed, is unclear, but we favor an interpretation in which a polarized R—C=N-AICl;
intermediate, analogous to that of a Houben—-Hoesch reaction’, suffers attack by a

1,3-dipole, trimethylsilyl azide. In support of this, it may be noted that when solutions
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of aluminum chloride and ferrocenyl nitrile in o-dichlorobenzene are mixed, a
heterogenous mixture results which is redissolved when silyl azide is added. Also,
acetonitrile, which does not react with sodium azide unless heated with ammonium

+
chloride ina pressure vessel®, or first converted to a nitrilium salt CH;C=N-CH,CH,?,
reacts with the silyl azide/aluminum chloride reagent to produce 5-methyltetrazoie
in a yield of 6%/. This yield could undoubtedly be increased by the use of a pressure
vessel to increase the reaction temperature. Further studies exploring the scope and
applicability of metal azides as azide transfer agents are in progress in these laborato-
ries.

EXPERIMENTAL

Reaction of diphenyldiazidosilane with benzonirrile and aluminum chloride (No. 2)

A 50 ml flask was charged with 10.3 g (100 mmoles) of benzonitrile and 8.3 g
(63 mmoles) of aluminum chloride, causing an exotherm and formation of white solids.
The mixture was cooled to 20°, treated with 8.3 g (31 mmoles) of diphenyldiazidosilane,
and heated at reflux for 20 h, during which time it slowly darkened. The cooled mix-
ture, a brown glass, was hydrolysed with 50 ml of water (heating required). The
mixture was filtered, and the residue washed with 50 ml of water, then extracted with
250 mi of ether. The remaining residue was taken up in 2 N NaOH, filtered, and
precipitated by addition of HCl to give 3.5 g of 5-phenyltetrazole, m.p. 213-215°. The
ether extract was dried (CaCl,), filtered, and evaporated to dryness. Trituration with
25 ml of ether and filtration afforded an additional 1.5 g of tetrazole. The triturate
was evaporated, taken up in NaOH, precipitated with HCI, filtered, and evaporated,
to give 3.5 g of sticky solids. Repeated trituration of these solids with benzene gave 1.4 g
of 3,5-diphenyl-1,2 4-triazole. m.p. 192° (benzene insoluble) and (Ph,SiO),, (benzene
soluble). Material insoluble in NaOH (reddish-brown) was shown by IR spectroscopy
to be impure (Ph,SiO),, possibly contaminated with traces of tetrazine (V) (bright red).

5-Ferrocenyltetrazole (No. 7)

A mixture of cyanoferrocene!? (25 mmoles), trimethylsilyl azide*® (30 mmoles),
and AICl; (26 mmoles) was heated at reflux in o-dichlorobenzene for 16 h. The mixture
was poured into water, stirred 1 h, filtered, and the residue extracted with 400 ml of
hot n-heptane. The residue, taken up in hot ethanol, was concentrated to 100 mlL
Crystallization at —70° afforded 4.8 g (75%) of ferrocenyltetrazole as blood-red
crystals. An analytical sample (from ethanol/water), shiny golden leaflets, had m.p.
264-265° (dec.). (Found: C, 51.76; H, 3.93; N, 22.21. C,,H,  N.Fe caled.: C, 52.00;
H, 3.97; N, 22.05%;.) IR (nujol muli): 2610 (broad), 1610 (s), 1260 (w), 1049 (s), 881 (w),
and 752 (w) em ™ 1. Evaporation of the heptane extracts afforded a recovery of 0.4 g
(7.5%;) of cyanoferrocene.

The sodium salt was prepared by dropwise addition of 10 ml of 5 N NaOH to
a slurry of 0.51 g (2 mmoles) of 5-ferrocenyltretrazole in 20 ml of ethanol. Evaporation
allorded a yellow residue, which after extraction into methanol, filtration, concentra-
tion, and precipitation by addition of benzene, gave 0.45 g (82%) of sodio-5-ferrocenyl-
tetrazole, golden microcrystals, m.p. above 300°, darkens at 270°. IR (nujol mull);
1574 (s). 1418 (s), 1320 (m), 1166 (s), and 1141 (s) cm L.
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Methyl-5-ferrocenyltetrazoles

An ethanol solution of 2 mmoles of the sodium salt from above was heated
at reflux with 5 ml of methyl iodide for 15 min, then evaporated to dryness. Addition
of heptane to a hot benzene extract of the crude material, filtration, and cooling to 5°
overnight afforded 0.19 g (362}) of 2-methyl-5-ferrocenyltetrazole, orange rhombs
m.p. 150-151.5°. (Found : C, 53.51; H, 4.39; N, 21.00. C,,H ;N Fe calcd.: C, 53.76;
H, 4.51; N, 20.90%4.) IR (nujol mull): 1580 (s), 1473 (s), 1382 (w), 1134 (m), 884 (m),
750(w),and 711 (m) cm™ 1. Further concentration and cooling of the benzene/heptane
solution gave 0.08 g (15%) of 1-methyl-5-ferrocenyltetrazole, orange crystals m.p.
115.5-117°. (Found: C, 53.49; H, 4.50; N, 21.087/.) IR (nujol muil): 1575 (s), 1327 (w),
1070 (m), 887 (m), 764 (m), and 715 (m) cm™*.
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