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Recently the synthesis of certain derivatives of 1-alkyl-5-aminotetrazole (1)
and of l-aryl-5-dialkylaminomethyltetrazole (2) has been described. The com-
pounds in these groups appeared to be, respectively, central nervous stimulants
(3) and substances showing rather a mixed stimulatory and depressant effect (4)
upon the central nervous system. In both instances a rather high degree of
potency was achieved, an observation which made it desirable to study the effect
of other modes of attachment of the amino group upon the pharmacological
action of the tetrazole derivatives.

In an earlier communication (5) the preparation of a number of 1,5-disubsti-
tuted tetrazoles was described. When administered in dibutyl succinate solution,
the simpler compounds of this type, such as 1-phenyl-5-methyltetrazole and the
isomeric 1-methyl-3-phenyltetrazole, exhibited a moderate degree of activity as
central nervous stimulants (6), although this effect rapidly disappeared as the
size of the alkyl groups was increased. In view of the possibility of enhancing
the water-solubility of the resulting compounds, it appeared desirable to attempt
the synthesis of a number of aminophenyl substituted tetrazole derivatives. A
moderate degree of water-solubility could be anticipated for salts of compounds
of this type.

The simplest approach to the synthesis of aminophenyltetrazoles seemed to
reside in the reduction of the corresponding nitro compounds. A search of the
literature revealed that only few nitrophenyltetrazole derivatives had been
described and that still fewer, actually seven, aminophenyltetrazoles were known.
Furthermore, most of the known aminophenyltetrazoles were derivatives of the
relatively difficultly accessible 2,5-diphenyltetrazole. Wedekind (7) had pre-
pared 2-phenyl-5-p-nitrophenyltetrazole by heating N-phenyl-N’-guanyl-C-
(p-nitrophenyl)-formazan with nitric acid. Reduction of the nitro compound
led to 2-phenyl-5-p-aminophenyltetrazole. The isomeric 2-aminophenyl-5-phenyl-
tetrazoles were prepared by Ponzio and Macciotta (8) by treatment of the
nitrophenylhydrazones of phenylnitroformaldehyde with hydrazine hydrate in
alcoholic solution followed by reduction of the nitro derivatives. A number of
isomeric 1- and 5-nitrophenyltetrazoles have been prepared by direct nitration
of the appropriate phenyltetrazole (9, 10, 11) or by treatment of nitrobenzamid-
razones with nitrous acid (12). In several instances (11) the corresponding
aminophenyltetrazoles were prepared by reduction of the nitro compound. By
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the interaction of phenyl-p-nitrophenyldichloromethane and silver azide
Schroeter (13) prepared a compound later shown to be 1-phenyl-5-nitrophenyl-
tetrazole (14).

An interesting synthesis of disubstituted tetrazoles involving the condensation
of aromatic diazonium salts with acyl hydrazines was described by Dimroth and
de Montmollin (14). An initial condensation of the reactants to form diazo-
hydrazides was followed by conversion of the latter into tetrazole derivatives by
treatment with aqueous alkali. The reaction seemed to be rather widely applicable
since a variety of diazonium salts were employed as examples and the acyl
hydrazines could be derived either from aliphatic or aromatic acids. Among the
compounds so prepared were l-p-nitrophenyl-5-methyltetrazole and 1-p-nitro-
phenyl-5-phenyltetrazole.

More recently von Braun and Rudolph (15) described a particularly convenient
method for the preparation of 1,5-disubstituted tetrazoles which involved the
interaction of imide chlorides with hydrazoic acid. A variety of isomeric phenyl-
nitrophenyl- and bisnitrophenyl-tetrazoles were prepared by these authors as

, PCl; , HN; | ”

RNHCOR' — RN=CR/' — N N
& N

reference compounds for a study of the nitration of 1,5-diphenyltetrazole. It
should be observed that von Braun and Rudolph applied this synthesis only to
amides in which R’ or both R and R’ represented aromatic groups. Other pro-
cedures for the synthesis of 1,5-disubstituted tetrazoles have been summarized
by Benson (16).

It has been shown in this laboratory that von Braun’s procedure is much more
widely applicable than had been indicated. The method is not limited to amides
in which R’ is aromatic, but can be applied to amides where either R or R’ is
aromatic while the other substituent is aliphatic. In fact, by careful adjustment
of the conditions for the first step in the reaction the synthesis can be applied
to purely aliphatic amides where both R and R’ represent alkyl groups (5). The
method has now been extended to the preparation of several series of isomeric
1-nitrophenyl-5-alkyltetrazoles and 1l-alkyl-5-nitrophenyltetrazoles in which
either substituent, R or R’, may be an alkyl group while the other substituent
is a nitrophenyl group. Imide chlorides were prepared by treatment of the
appropriate N-alkyl nitrobenzamides or acyl nitroanilines with phosphorus
pentachloride in dry benzene and conversion of these, without isolation, into the
desired alkylnitrophenyltetrazoles by treatment with a benzene solution of
hydrazoic acid. The positions of the alkyl group and the nitrophenyl group in
the formulas may be reversed to give the isomeric series of compounds. We can
confirm the observation of von Braun and Rudolph that the orientation of the
nitro group (o0, m, or p) does not appear to effect the yield of tetrazole.

The corresponding aminophenyltetrazoles could be readily prepared by cata-
Iytic hydrogenation of the appropriate nitro compounds at a hydrogen pressure
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of two to three atmospheres in the presence of Adams’ platinum oxide catalyst.
There was no evidence of destruction of the tetrazole ring during the hydrogena-
tion of the nitro compounds comparable to that observed by Roblin, et al.,

_L\ NHCOAlk  pcy N\N=CAlk  HN,
NO, \ ——> NO; ! —
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(17) during the reduction of 5-p-nitrobenzenesulfonamidotetrazole. In all cases
the reduction proceeded smoothly and rapidly. The isolation of several o-amino-
phenyl derivatives proved to be difficult due to the formation of small amounts
of highly pigmented by-products from which they could be separated only with
inordinately large losses of the desired products. The aminophenyltetrazoles
were further characterized by preparation of their hydrochlorides and acetyl
derivatives.

Pharmacological investigations of the alkylaminophenyltetrazoles have been
reported elsewhere (18). It is interesting to note that the p-aminophenyl deriva-
tives do not appear to be characterized by any outstanding gross pharmacological
effects while the m-aminophenyl compounds are moderately effective as sedative
agents. The 1-m-aminophenyl-5-alkyltetrazoles seem to be more active than the
isomeric 1-alkyl-5-m-aminophenyltetrazoles. In both series the potency increased
as the size of the alkyl group was increased; generally, the normal chain com-
pounds were more active than the branched chain compounds of the same
molecular weight.

EXPERIMENTAL*

Nitrophenylamides. The nitrophenylamides were prepared by standard procedures such
as the interaction of the nitrobenzoyl chlorides® with various aliphatic primary amines in
the presence either of an excess of amine or of pyridine depending upon the availability of
the amine. Nitro substituted anilides were prepared from the nitroanilines by interaction
with aliphatic acid anhydrides or acid chlorides. The products were purified by crystalliza-
tion from the solvents indicated in Table I and in two instances after distillation under
reduced pressure as noted. A number of the nitrophenylamides prepared as intermediates
had not been previously described in the literature. These are listed in Table I together with
their physical constants and analytical data.

1,5-Alkylnitrophenyltetrazoles. All the alkylnitrophenyltetrazoles were prepared by
essentially the same procedure for which the synthesis of 1.m-nitrophenyl-5-isopropyltetra-
zole may serve as an example. The apparatus and technique employed in the synthesis of
tetrazoles from N-substituted amides has been described in detail in an earlier paper (5).

4 Microanalyses on all compounds were carried out by Mr. William Saschek.

§ 9-Nitrobenzoyl chloride was prepared by treatment of o-nitrobenzoic acid with thionyl
chloride and was used as a crude product after removal of the excess thionyl chloride under
reduced pressure. Although the meta and para isomers can be distilled without difficulty,
o-nitrobenzoyl chloride decomposes violently at elevated temperatures (19).
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To a suspension of 52 g. (0.25 mole) of m-nitroisobutyranilide in 500 ml. of dry benzene
52 g. (0.25 mole) of phosphorus pentachloride was added portionwise during 20~30 minutes
with continuous, vigorous stirring. The mixture was stirred for 30 minutes at room tempera-
ture after complete addition of the phosphorus pentachloride, or until a clear, homogeneous
solution formed after which dry air was drawn through the reaction mixture for a half-hour
to remove most of the hydrogen chloride. (In several instances both the amide and the imide
chloride were insoluble in benzene at room temperature. Warming the reaction mixture to
not above 50° hastened interaction in these cases.) The solution (or suspension) of the imide
chloride was then treated with 200 ml. of a 7.5% solution of hydrazoic acid in benzene®
added portionwise with continuous stirring during 15 minutes. Stirring was continued at
room temperature for two hours during which a solid precipitated. The reaction mixture
was then slowly warmed to the boiling point and maintained at reflux temperature for two
hours. The solid disappeared during the heating period. The solvent was then removed under
diminished pressure and the residue was treated with 200 ml. of water. After the careful
addition of 200 ml. of concentrated hydrochloric acid, the mixture was boiled under reflux
for two hours in order to destroy any unreacted amide which would interfere with the sub-
sequent purification of the product. The tetrazole melted in the boiling, aqueous suspension
but solidified on chilling after which it was filtered by suction and washed thoroughly with
water. The crude product was crystallized first from 709, aqueous methanol and then from
999, isopropyl alecohol from which it separated as very pale yellow needles, m.p. 115°; yield
51 g., 87%,.

In the preparation of tetrazoles from N-alkylnitrobenzamides it was frequently ad-
vantageous to reflux the crude product with aqueous sodium hydroxide rather than with
aqueous acid to hydrolyze the unreacted amide.

All of the alkylnitrophenyltetrazoles exhibited a pale yellow color even after careful
purification. Their physical properties together with pertinent analytical data are recorded
in Table II.

1,6-Alkylaminophenyltetrazoles. This group of compounds was prepared by the catalytic
hydrogenation of the corresponding nitrophenyltetrazoles. The preparation of 1-m-amino-
phenyl-5-isopropyltetrazole is described as an example of the reduction of a nitrophenyl-
tetrazole.

To a solution of 11.7 g. (0.05 mole) of 1-m-nitrophenyl-5-isopropyltetrazole in 100 ml. of
glacial acetic acid, 0.1 g. of Adams’ platinum oxide catalyst was added. Reduction was
carried out in a Burgess-Parr low pressure hydrogenation apparatus at an initial pressure
of 50 1bs./sq. in., and was complete in about 40 minutes. After removal of the catalyst, the
solution was evaporated to dryness under reduced pressure on a water-bath. The residual
material was taken up in 200 ml. of hot water containing about 5 ml. of concentrated hydro-
chloric acid, boiled for a few minutes, chilled, and filtered to remove a small amount of
insoluble material. The clear filtrate was made distinetly alkaline to litmus by addition of
concentrated aqueous ammonia and again thoroughly chilled before filtering off the pre-
cipitated product and washing the latter with cold water. The crude base was recrystallized
first from 75% methanol and then from 999, isopropy! aleohol from which it separated as
colorless needles, m.p. 103-103.5°. The yield was 9.2 g. (90%).

In some instances the nitrophenyltetrazoles, especially when the alkyl groups were small,
were not completely soluble in glacial acetic acid at room temperature. In such instances
the solid was pulverized and suspended in glacial acetic acid together with the catalyst.
Reduction proceeded smoothly and the solid dissolved rapidly as hydrogenation progressed.
This technique was also successful in the preparation of larger amounts of the aminophenyl-
tetrazoles in the limited volume of solvent that could be used in the hydrogenation ap-
paratus. The reduction of 0.2-0.25 mole of the nitrophenyltetrazoles could be conveniently

& Solutions of hydrazoic acid in benzene can be prepared conveniently by the method of
von Braun (20). Because of its toxic character reactions involving hydrazoic acid should be
carried out in a good hood.
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handled in this manner but required refilling of the hydrogen reservoir during the hydro-
genation.

The aminophenyltetrazoles were usually accompanied by small amounts of colored by-
products that could be removed easily by adsorption on charcoal during the recrystalliza-
tion. Occasionally the colored by-products appeared to be present in larger amount and
persisted even after several treatments with charcoal. The speed with which reduction was
completed seemed to influence the amount of colored materials since they were bothersome
only when reduction had been slow. Generally the colored impurities could be removed by
boiling an aqueous acid solution of the aminophenyltetrazole for a few minutes with a few
granules of zinc.

The aminophenyltetrazoles prepared in this manner are listed in Table III where their
melting points, solvents used for recrystallization and analytical data are also recorded.

Hydrochlorides of the aminophenyltetrazoles were prepared by treating solutions of the
bases in absolute isopropy! alcohol with a slight excess of concentrated hydrochlorie acid.
In most instances the hydrochlorides erystallized from this solvent, but when they failed
to do so the addition of ether usually sufficed to induce crystallization of the salt.

Acetyl derivatives were prepared by boiling the bases with acetic anhydride. Generally
acetylation was complete within a few minutes, but a few bases required prolonged boiling
with acetic anhydride for complete acetylation.

Melting points and analytical data for the hydrochlorides and acetyl derivatives are
recorded in Table IV.

SUMMARY

1. A series of N-alkylnitrobenzamides and acyl nitroanilines has been prepared
to serve as intermediates for the synthesis of a group of tetrazole derivatives.

2. The von Braun tetrazole synthesis has been extended to include the prepara-
tion of a variety of 1,5-alkyl-nitrophenyltetrazoles from N-alkyl nitrobenzamides
and acyl nitroanilines.

3. A group of 1,5-alkyl-aminophenyltetrazoles has been prepared by the
catalytic hydrogenation of the corresponding nitrophenyltetrazoles. Hydro-
chlorides and acetyl derivatives of the new aminophenyltetrazoles are described.

4. In the compounds under consideration the nitro group was more susceptible
to hydrogenation than the tetrazole ring. No evidence of rupture of the tetrazole
ring was observed during hydrogenation.

5. The aminophenyltetrazoles have been subjected to pharmacological testing
and a brief statement of their action is included.

OraNGE, NEwW JERSEY

REFERENCES

(1) Hersst, RosERTS, AND HARvVILL, J. Org. Chem., 16, 139 (1951).

(2) HarvirL anp Hersst, U. S. Patent 2,470,085,

(3) Gross AND FEATHERSTONE, J. Pharmacol. Exptl. Therap., 88, 353 (1046).
(4) Gross aAND FEATHERSTONE, J. Pharmacol. Exptl. Therap., 92, 323 (1948).
(5) HarviLL, HERBST, SCHREINER, AND ROBERTS, J. Org. Chem., 15, 662 (1950).
(6) Gross AND FEATHERSTONE, J. Pharmacol. Exptl. Therap., 87, 299 (1950).
(7) WepEERIND, Ber., 31, 473, 942 (1898).

(8) Ponzio aND Macciorra, Gazz. chim. ttal., 44 11, 63 (1914).

(9) LossEN anp StaTIUus, Ann., 298, 91 (1897).
(10) Lossex axp CoLmaN, Ann., 298, 107 (1897).
(11) Frxunp AND PARADIES, Ber., 34, 3110 (1901).



NITRO- AND AMINO-PHENYLTETRAZOLES 271

(12) PINNER, Ann., 298, 1 (1897).

(13) SCHROETER, Ber., 42, 3356 (1909).

(14) DiMrOTH AND DE MONTMOLLIN, Ber., 43, 2004 (1910).

(15) von BrauN axD RupovrrH, Ber., 74, 264 (1941).

(16) Bexson, Chem. Revs., 41, 1 (1947).

(17) RoBriN, WiLLiaMs, WINNER, anD ENcLisH, J. Am. Chem. Soc., 62, 2002 (1940).

(18) Gross AND FEATHERSTONE, J. Pharmacol. Exptl. Therap., 92, 330 (1948).

(19) Cook aND WaITMORE, Chem. Eng. News, 23, 2394 (1945); BonNER aND HUrD, J. Am.
Chem. Soc., 68, 344 (1946); May aND BaxgER, Ltp., Chemistry & Industry, 89
(1946).

(20) voN Brauw, et al., Ann., 480, 100 (1931).



