
[CONTRIBUTION FROM THE RESEARCH LABORATORY OF E. BILHUBER, h c . ]  

MALOALKYLTETRAZOLE AND AMINOALKYLTETRAZOLE 
DERIVATITIES 

EDWARD K. HARVILLl, ROBERT M. HERBST: AND ELIZBBETI-I G. SCHREIKERS 

Received May 68, 1968 

A previous communication from this laboratory described the preparation of 
a series of 1-alkyl-5-allrylaminotetrazoles (l), a group of compounds charac- 
terized by a more or less profound central nervous stimulatory action (2) but 
which failed to exhibit the respiratory stimulation essential to true analeptic 
agents. Earlier work with 1,5-dialkyltetrazoles (3, 4) had led to several com- 
pounds with pronounced analeptic action whose usefulness was, however, limited 
by a lack of water-solubility. To explore the possibility of producing water- 
soluble compounds by the introduction of a salt-forming group the preparation 
of a number of 1 ,&disubstituted tetrazoles was undertaken in which an alkylated 
amino group was introduced in the alpha position of an alkyl substituent a t  
position 5 of the tetrazole nucleus. 

The preparation of lf5-disubstituted tetrazoles can be accomplished easily by 
treating the imide chlorides of N-substituted amides with hydrazoic acid under 
anhydrous conditions (3). The direct application of this procedure to  the syn- 
thesis of tetraaoles with a substituted amino group on the alpha carbon atom of 
the 5-alkyl substituent would require as intermediates the N-substituted amides 
of a series of alpha amino acids. Much more attractive was the possibility of 
synthesizing a group of 5-haloalkyltetrazoles which would permit the prepara- 
tion of a variety of mono- and di-alkylamino derivatives from a single inter- 
mediate. 

The literature failed to reveal descriptions of any tetrazole derivatives with a 
halogen-substituted alkyl group in the 5 position, although von Braun and 
Rudolph (5) have described a 1-methyl-5-p-bromomethylphenyltetrazole which 
they obtained by bromination of 1-methyl-5-p-tolyltetrasole. Bromination 
studies of 1,5-disubstituted tetrazoles with an alkyl group in position 5 have 
not been reported. The formation of an a-dichloro-imino chloride by treatment 
of the lactam of eaminocaproic acid with phosphorus pentachloride at  elevated 
temperature has been claimed (6). Treatment of this compound with sodium 
azide led, apparently, to a chlorine-substituted pentamethylenetetrazole from 
which the chlorine was removed by reduction. 
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As intermediates for the synthesis of a group of 5-haloalkyltetrasoles a number 
of N-substituted a- and p-haloacid amides was prepared by interaction of various 
a- and p-haloacid chlorides with different primary amines. In  general, when 
primary aronratic amines were employed best results were obtained by addition 
of the haloacid chloride to  a benzene solution or suspension of an equimolar 
amount of the amine followed by heating the mixture under reflux until the 
reaction was complete as evidenced by the cessation of hydrogen chloride evolu- 
tion. When pyridine or an excess of the amine was used to  take up the hydrogen 
chloride formed in the reaction, it was frequently difficult to separate the am- 
monium salt from the amide except by prolonged periods of digestion with 
water. In  Table I are listed the N-substituted haloacid amides prepared in the 
course of this work. It should be pointed out that many of these compounds are 
irritants, some of which cause painful cracking of the skin and smelling of the 
hands. Even minute amounts of dust such as might result from grinding small 
samples for melting-point determinations sufficed in Some instances to  cause 
annoying irritation of the nasal passages and a burning sensation of the eyelids. 

The N-substituted haloacid amides were converted into the corresponding 
I-substituted 5-haloalkyltetrazoles by treatment successively with phosphorus 
pentachloride and hydrazoic acid in benzene solution (3, 7). It had been indi- 
cated by von Braun and coworkers that the imide chlorides formed from the 
anilides of aliphatic acids were quite unstable (8, 9) and that they could be 
isolated only when derived from anilides in which the aromatic residue con- 
tained an ortho substituent as, for instance, the o-toluidides, o-chloranilides, and 
o-bromoanilides (10). It was suggested that the rearrangement and self-con- 
densation of the imide chlorides was inhibited by steric hindrance attributed to 
the ortho substituent. It might be concluded from von Braun’s work that only 
the imide chlorides derived from N-substituted benzamides are stable; that 
those derived from anilides are stable only when the proximity of other ring 
substituents exerts a stabilizing effect. Although we have not attempted to  
isolate the imide chlorides in any instance, it has been our observation that 
these intermediates, even when formed from anilides, are sufficiently stable in 
benzene solution or suspension to  permit their preparation and use in synthetic 
procedures. The results of our experiments also indicate that the halogen of 
the imide chloride linkage is very much more reactive than the halogen at- 
tached to  the alpha or beta carbon of the acyl group. In  no instance were there 
any indications of interaction between hydrazoic acid and the alpha or beta 
halogen. All of the haloalkyltetrazoles prepared during the course of this work 
are listed in Table 11. Most of the compounds were irritants and care should 
be exercised when handling them to avoid contact with the skin. 
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The 5-haloalkyltetrazole derivatives exhibited the characteristic behavior of 
alkyl halides in their reactions and permitted the preparation of a variety of 
substituted tetrazole derivatives of hitherto unknown types. It has been possible 
by interaction with potassium phthalimide to  form the anticipated phthalimido 
derivatives (I) which could in turn be hydrolyzed to  the corresponding primary 
amines (11). With potassium acetate acetoxy derivatives (111) were formed 
easily. The latter could be hydrolyzed without difficulty to the corresponding 
alcohols (IV) and acetic acid. When the substituent in the 5 position was a 
chloromethyl group, tetrazoles with a primary alcohol group in that position 
resulted from this sequence of reactions. If the 5 substituent was a 1-haloethyl 
group, secondary alcohols were formed and the latter could be oxidized to  
tetrazolyl methyl ketones (V). Interaction of the chloroalkyltetrazoles with 
p-nitrophenol in alkaline medium led to  the anticipated p-nitrophenoxymethyl 
derivatives. By interaction with various primary and secondary amines the 
haloalkyltetrazoles were readily converted into a variety of secondary and 
tertiary aminoalkyltetrazoles (VI). An interesting seqcence of reactions took 
place when 1-cyclohexyl-5-chloromethyltetrazole was heated with 2-methyl- 
amino-6-methyl-5-heptene. Apparently the initial reaction involved alkylation 
of the secondary amino group. When the resulting tertiary amine (VII) hydro- 
chloride was heated in aqueous acid solution, hydration of the unsaturated 
linkage in the aliphatic substituent occurred with the formation of an amino 
alcohol (VIII). This behavior is completely analogous to the hydration of 
2-methylamino-6-methyl-5-heptene in aqueous acid solution with the formation 
of 2-methylamino-6-hydroxy-6-methylheptane (27). 

With 5-aminotetrazole derivatives typical exothermic reactions took place 
on heating (1) with the formation of tetrazolylaminoalkyltetrazole derivatives 
(IX). A typical dehydrohalogenation reaction was also observed with the 
formation of a 5-isobutenyl tetrazole derivative (XI) when 1-phenyl-Z-(l-bromo- 
2-methylpropy1)tetrazole (X) was heated with a number of different secondary 
amines. The dehydrohalogenation was due in part t o  the reactivity of the 
hydrogen on an adjacent tertiary carbon atom since neither the 5-(1-haloethyl)- 
nor the 5-(2-haloethyl)-tetra~ole derivatives were observed to  undergo de- 
hydrohalogenation under similar conditions. 

Particular emphasis was placed upon the preparation of compounds of the 
type shown in formula VI in view of the probable water-solubility of salts of 
products of this general structure (11). In  Tables 111-VI are listed the com- 
pounds of this type prepared during the course of this work. The general action 
of most of these compounds upon intraperitoneal administration to albino rats 
has been described (12). The effects ranged from almost purely depressant to 
purely stimulatory while a mixed stimulatory and depressant action was re- 
ported in many instances. An attempt to  associate ultraviolet absorption spectra 
and resonance effects with pharmacological activity in this group has been 
made (13), but insufficient data are given in the published results to  permit a 
critical evaluation of the conclusions. 
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EXPERIMENTAL" ' 
N-SUBSTITUTED HALOACID AMIDES 

The haloacid atnides were prepared by standard procedures involving the interaction of 
primary amines and haloacid chlorides. Details for the preparation of several new com- 
pounds will illustrate the techniques employed. Physical constants for all the haloacid 
amides and analytical data for the new compounds are recorded in Table I. Most of these 
compounds are irritants and should be handled with suitable precautions. 

J-Chloroacetyla7ninophenan~hrene. (Method A )  h solution of 11.5 g. (0.06 mole) of 3-amino- 
phenanthrene (28, 29) and 5.1 g. (0.06 mole) of pyridine in 125 ml. of benzene was treated 
with 7.3 g. (0.06 mole) of chloroacetyl chloride. The mixture was stirred continuously until 
the heat of reaction was dissipated after which an equal volume of water was added and the 
benzene was removed under diminished pressure. The insoluble amide was filtered from the 
water layer and recrystallized twice from a mixture of toluene and heptane. 

Liquid haloacid amides were purified by distillation under diminished pressure of the 
residue remaining upon evaporation of the benzene solution. 
N-Cyclohexyl-a-chloropropionamide. (Method B )  a-Chloropropionyl chloride (102 g., 

0.8 mole) was added dropwise with stirring and cooling to  a solution of 158 g. (1.6 moles) of 
cyclohexylamine in 1 1. of benzene. After completion of the reaction the mixture was diluted 
with water and the benzene was removed by distillation under reduced pressure. The water- 
insoluble amide was recrystallized from aqueous methanol. 

m-Nitro-p-chloropropionanilide. (Method 6) m-Nitroaniline (145 g., 1.05 moles) was 
suspended in a solution of 150 g. (1.18 moles) of &chloropropionyl chloride in 1 1. of benzene 
and boiled under reflux until hydrogen chloride evolution ceased. The solvent was then 
removed under diminished pressure. The residual material, which solidified on cooling and 
scratching, was recrystallized twice from 70% methanol. 

In  similar reactions involving chloroacetyl chloride and a-bromopropionyl bromide 
these reagents should be added slowly to  the solution or suspension of the amine in 
benzene. 

5-HALOALKYLTETRAZOLES6 

In general the preparation of the 1-substituted 5-haloalkyltetrazoles involved the treat- 
ment of the appropriate N-substituted haloacid amide first r\..ith phosphorus pentachloride 
and then with hydrazoic acid in benzene as a diluent. The preparation of several compounds 
of this type is described to  provide typical examples of the procedures employed. All the 
haloalkyltetrazoles are listed in Table I1 together with analytical data, physical constants, 
and other pertinent data. The haloallryltetrazoles are irritants and should be handled with 
proper precautions t o  avoid contact with the skin or mucous membranes. 

4 Micro-analyses were done on all compounds by Mr. William Saschek. 
E. Melting points were determined in open capillary tubes; temperatures are corrected. 
6 In  view of the toxicity of hydrazoic acid all operations involving this substance should 

be carried out in a good hood with suitable precautions to  avoid inhalation of the vapors. 
Solutions of hydrazoic acid in benzene can be made conveniently by adding concentrated 
sulfuric acid slowly t o  a cooled and well stirred mixture of equal weights of sodium azide 
and water under a layer of benzene. The concentration of the benzene-hydrazoic acid solu- 
tion is dependent on the amount of sodium azide and the volume of benzene. After separa- 
tion of the benzene layer and dr.ying over sodium sulfate the hydrazoic acid concentration 
is determined by titration with standard sodium hydroxide solution using phenolphthalein 
as indicator. 
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I-Phenyl-5-chloroniethyltetru~ole. Phosphorus pentachloride (72 g., 0.35 mole) was added 
in portions with stirring and cooling to  a suspension of 56 g. (0.33 mole) of chloroacetanilide 
i n  500 ml. of dry benzene. The initially vigorous reaction, accompanied by hydrogen chloride 
evolution, was complete in 45 minutes after which about one-half of the solvent was evap- 
orated under diminished pressure on a warm (50") water-bath. A solntion of 23 g. (0.53 mole) 
of hydrazoic acid in 350 ml. of benzene was then added in portions v i th  cooliiig and stir- 
ring. The mixture was allowed to  stand overnight after which it was heated slowly to  reflux 
temperature sild maintained there for three hours or until evolution of hydrogen chloride 
was comp!ete. The solvent was then removed under reduced pressure. The residue was 
treated with about 500 g. of ice and after the ice had melted the aqueous suspension was 
boiled under reflux for half an hour. The product was extracted from the cooled suspension 
with benzene and the extract was dried over sodium sulfate before the solvent was evap- 
orated under diminished pressure. The residue solidified on cooling and was recrystallized 
twice from methanol. 

I'-a-NuphthyZ-6-chZoromet~2/l~etru%oZe. A suspension of 81 g. (0.37 mole) of chloroacet-p- 
naphthalide in 11. of benzene mas treated with 80 g. (0.38 mole) of phosphorus pentachloride 
added portionwise with stirring. No heat was evolved on mixing the reactants and hydrogen 
chloride ma6 evolved only slowly as the reactants gradually dissolved. When a clear solu- 
tion had formed, the hydrogen chloride was expelled by warming the reaction mixture 
gently under diminished pressure. The reaction with hydrazoic acid followed the procedure 
of the preceding example. 

l-p-NilrophenyZ-5-(l-bromoethyl)tetrazole, To a solution of 130 g. (0.48 mole) of p-nitro- 
a-bromopropionanilide in 1 1. of benzene 100 g, (0.48 mole) of phosphorus pentachloride waa 
added portionwise with stirring. Complete interaction was achieved only after stirring and 
gently warming the mixture for four hours when a clear solution resulted. The reaction 
with hydrazoic acid was done as in the preceding examples. 

1 -m-217itrophenyl-5-(R-chloroethyl)tetrazole. A suspension of 75 g. (0.33 mole) of m-nitro- 
8-chloropropionanilide in 1 1. of benzene was treated with 69 g. (0.33 mole) of phosphorus 
peatachloride added in several portions with vigorous stirring. The reactants dissolved 
rapidly t o  form a clear solution. Without removing hydrogen chloride a solution of 16 g. 
(0.37 mole) of hydrazoic acid in 200 ml. of benzene was added after which the reaction m.s 
completed as previously described. 

REACTIOXS OF THE HALOALKYLTETRAZOLES 

1-Phenyl-5-phthaliinidomet~yltetrazole. A mixture of 25 g. of 1-phenyl-5-chloromethyl- 
tetrazole and 25 g. of potassium phthalimide in 250 ml. of xylene was boiled under reflux 
for six hours. The phthalimido derivative crystallized from the clear, hot, filtered xylene 
solution. By recrystallization from toluene the product mas obtained as small, coarse 
prisms, m.p. 142-144", yield 33 g. 

Anal. Calc'd for ClaHtlNsO2: N,  22.9. Found: N,  23.2. 
l-PhenyE-6-aminomethy~~e~~uzoZe hydrochloride. 1-Phenyl-5-phthalimidomethyltetrazole 

(28 g.) was hydrolyzed in boiling 4S% hydrobromic acid solution. Phthalic acid separated 
from the hydrolysate on cooling and was removed. The clear solution was evaporated to  
dryness, the residue was treated with aqueous sodium hydroxide, and the base was ex- 
tracted with benzene. The base remained as a liquid on evaporation of the benzene and 
was converted into the hydrochloride in a 99% isopropyl alcohol solution with dry hydrogen 
chloride. The hydrochloride separated as the monohydrate on crystallization from 95% iso- 
propyl alcohol, m.p. 211-212" with decomposition, yield 12.5 g. 

Anal. Calc'd for C8HloOlNs.HzO: HzO, 7.8. Found: ELO, 7.6. 
Calc'd for C8H10C1Nb: K ,  33.2. Found: IT, 33.1. 

l-Cyclohes~Z-5-phthalimidoinethyZteirazole. A mixture of 30 g. of 1-cy-clohexyl-5-chloro- 
methyltetrazole and 30 g. of potassium phthalimide in 350 ml. of xylene was boiled under 
reflux for three hours. The reaction appeared to  be quite rapid during the early stages and 
much of the material dissolved. The hot suspension was filtered to  remove potassium ohlo- 
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ride and the product separated from the filtrate on cooling. After several recrystallizations 
from xylene a pure product was obtained, yield 36.5 g., m.p. 174.5-175.5". 

Anal. Calc'd for CleHl7N6O2: N,  22.5. Found: Y,  22.6. 
1 -Cyclohexyl-5-aminomethyltetrazoEe. A suspension of 8 g. of 1-cyclohexyl-5-phthalimido- 

methyltetrazole in 100 ml. of 48% hydrobromic acid was boiled under reflux for four hours. 
Phthalic acid was filtered from the cooled reaction mixture after which the solution was 
evaporated to  dryness. The residue of hydrobromide was crystallized from 99% isopropyl 
alcohol. Yield 5.5 g., m.p. 244" with decomposition. 

Anal. Calc'd for C8HleBrN6: N,  26.7. Found: N,  26.1. 
The liquid base liberated from the hydrobromide was converted into the hydrochloride 

in 99% isopropyl alcohol with dry hydrogen chloride. The hydrochloride was recrystallized 
from 99% isopropyl alcohol, map. 231" with decomposition. 

Anal. Calc'd for CsHi&lNs: N,  32.3. Found: N, 32.3. 
i-C~clohexyl-5-acetox~methyltetrazole. A mixture of 25 g. of 1-cyclohexyl-5-chlorome- 

thyltetrazole and 15 g. of potassium acetate was boiled under reflux for two hours in 100 ml. 
of glacial acetic acid. The solution was evaporated t o  dryness under diminished pressure 
and the residue was suspended in water and neutralized with sodium bicarbonate. The 
crude ester was extracted from the aqueous suspension with benzene and the benzene solu- 
tion was again evaporated t o  dryness. The residue crystallized on cooling and was recrys- 
tallized first from heptane-ethyl acetate and then from ether-petroleum ether from which 
i t  separated as massive prisms, m.p. 48-49", yield 17 g. 

Anal. Calc'd for C10H16Nd02: N ,  25.0. Found: N, 25.1. 
i-Cyclohe~yl-5-hydroxymethyltetrazoZe. A suspension of 11 g. of 1-cyclohexyl-5-acetoxy- 

methyltetraxole in 150 ml. of 10% sodium hydroxide solution was boiled under reflux for 
five hours. The resulting solution was evaporated to  about one-third of its volume when 
the alcohol crystallized on cooling. The alcohol was recrystallized from ether, yield 4 g., 
m.p. 100-100.5". 

Anal. Calc'd for C8HlaNL): N,  30.8. Found: N, 30.8. 
1-Cyclohexyl-5-p-nitrophenoxymethyltetruzoZe, p-Nitrophenol (13.9 9.) and 20 g. of l-cy- 

clohexyl-5-chloromethyltetrazole were added to  2.3 g. of sodium in 100 ml. of absolute 
methanol. The solution was heated under reflux for six hours during which a copious precipi- 
ta te  formed. After cooling and diluting with two volumes of water the insoluble product 
was separated and recrystallized first from methanol and then from toluene. Yield 7 g., 
m.p. 154-155"; (7 g. of the chloromethyltetrazole was also recovered). 

Anal. Calc'd for C1JI17K\;508: N,  23.1. Found N, 23.0. 
2-Phenyl-6-(i-hydroxyethyZ)tetrazoZe. A mixture of 41 g ,  of l-phenyl-5-(l-chloroethyl)- 

tetrazole and 25 g. of fused sodium acetate in 100 ml. of ethanol was boiled under reflux for 
eight hours. The reaction mixture was evaporated to  dryness under reduced pressure, the 
residue was suspended in water, and the crude acetoxy derivative was extracted with ether. 
On evaporation of the dried ether solution the acetoxy derivative remained as a viscous 
liquid that  could not be induced to  crystallize. Saponification of 20 g. of the crude acetoxy 
derivative with 10% aqueous sodium hydroxide liberated the alcohol which was extracted 
from the hydrolysate with benzene. Evaporation of the benzene extract left a solid that  was 
crystallized first from a 99% isopropyl alcohol-heptane mixture, then from xylene, and 
finally from an ethyl acetate-heptane mixture. Yield 10.5 g., m.p. 108-109". 

Anal. Calc'd for CsHloNdO: N, 29.5. Found: N, 29.5, 29.8. 
I-m-Nitrophenyl-5-acetoxymethyltetrazole. A mixture of 23 g. of 1-m-nitrophenyl-5-chloro- 

methyltetrazole and 10 g. of potassium acetate in 50 ml. of glacial acetic acid was heated 
under reflux for five hours. After evaporation of the solvent under diminished pressure, the 
residual material was suspended in water and the product extracted with benzene. The 
benzene extract was washed first with sodium bicarbonate solution and then with water and 
evaporated t o  dryness. The solid residue was recrystallized twice from toluene. Yield 16 g., 
m.p. 86.5-87.5'. 

Anal. Calc'd for C ~ O H ~ N ~ O ~ :  N, 26.6. Found: N, 26.8. 



1608 E. K. FIBARVILL, X. &I. HERBST, AND E. G .  SCHREINER 

l-~n-Nitrophenyl-6-hydroxymethyltet~azole. A solution of 15 g. of l-m-nitrophenyl-5-ace- 
toxymethyltetrazole in 200 ml. of methanol and 20 ml. of concentrated hydrochloric acid 
was boiled under reflux for three hours after which about one-half of the solvent was evap- 
orated. On chilling the product separated as dense prisms that  could be recrystallized from 
water. Yield 10.5 g., m.p. 164-155". 

Anal. Calc'd for C8H7iY6O~: N,  31.7. Found: N, 31.5. 
1 -m--4n~lnophenyl-6-hydroxynzethyltetrazole. Hydrogenation of 10 g. of l-m-nitrophenyl- 

5-hydroxymethyltetrazole was carried out in glacial acetic acid solution in the presence of 
Adams' platinum oxide catalyst a t  an initial hydrogen pressure of 50 p s i .  After complete 
reduction of the nitro group the acetic acid solution was evaporated t o  dryness, the residue 
taken up in dilute hydrochloric acid, and the base liberated and taken up in ether. The 
ethereal solution, after drying, was treated with dry hydrogen chloride and the precipitated 
hydrochloride was twice recrystallized from 99% isopropyl alcohol. Yield of hydrochloride 
4.5 g . ,  m.p. 231-232' with decomposition. 

Anal. Calc'd for CsWloC1N5Q: C, 42.2; H, 4.4; N, 30.8. 

l - C y c Z o h e z y Z - 6 - ( l - u c e ~ o z ~ e ~ ~ ~ l ) ~ e ~ r u z o ~ e .  A mixture of 25 g. of l-cyclohexyl-5-(l-bromo- 
ethy1)letzazole and 10 g. of fused sodium acetabe in 100 ml. of glacial acetic acid was boiled 
under reflux for five hour8. A copious precipitate gradually separated from the hot, initially 
clear solution. The solvent was removed under diminished pressure and the residue was 
suspended in water, neutralized with sodium bicarbonate solution, and the product taken 
up in benzene. After removal of the solvent from the benzene extract the residual material 
was cryatallized firfit from ether, then from ether-petroleum ether, and finally from heptane. 
Yield 15 g . ,  m.p. 54-57". 

Found: C, 42.0; H, 4.4; Ti, 30.4. 

Bnal. Calc'd for ClllI18NiOs: N, 23.5. Pound: N, 23.7. 
2 -CycZohezyl-6- ( I  -hydroxyethyZ) Let) azo/@. A solution of 13 g. of 1 -cyclohexyl-5- (1 -ace- 

toxyethy1)tetrazole in a mixture of 100 ml. of methanol, 15 ml. of water, and 6 g. of sodium 
hydroxide was boiled under reflux for 2.5 hours. The clear solution was evaporated t o  dry- 
ness under diminished pressure, the residze suspended in water and the insoluble product 
extracted with benzene. After evaporation of the benzene, the product was crystallized 
from ether-petroleum ether. Yield 5 g., m.p. 91-92.5". 

Anal. Calc'd for CsWlaNiQ: N, 28.6. Found: N, 28.5. 
I-Cyclohexyl-6-acetyZte~raxole. l-Cyc~lohexyl-5-(l-hydroxyethyl)tetraz~le (5 g.) was oxi- 

dized in aqueous solution with potassium dichromate and sulfuric acid. The product waa 
extracted from the reaction mixture v i th  ether and crystallized from ether by addition of 
petroleum ether. Yield 3 g., m.p. 71-72". 

Found: C, 55.8; I€,  7.5; N, 29.0. 
Anal. Calc'd for CsE-I14NpQ: C, 55.7; H. 7.3; N, 28.9. 

l-Cyclohex:yl-6-(I'-cyclohexyltetraxolyl-6'-aminomethzJole. A mixture of 8.4 g. of 
l-cyclohexyl-5-aniinotetrazole (1) and 10 g. of l-cyclohexyl-5-chloromethyl tetrazole was 
heated in an oil-bath a t  150-160". The mixture melted partially and then resolidified. Heat- 
ing was continued for an hour after apparent interaction ceased. The crude hydrochloride 
was recrystallized twice from 70% isopropyl alcohol. Yield 9 g., m.p. 251" with decom- 
position. 

Anal. Calc'd {or C15HsoC1Na: C, 49.0; €3, 7.1; N, 34.3. 

The base q-as liberated from a small quantity of the hydrochloride and treated with 

A7m.l. Calc'd for Cs&TjoNloS: N, 30.0. Found: N, 30.3. 
l - ~ y c l o f ~ e x y ~ - 6 - ( l ' - e t h y T l e t r a x o / 2 J I - 6 ' - a ~ n ~ n o m ~ t h y ~ ) t e ~ r ~ ~ o ~ e .  An intimate mixture of 5.7 g. 

of l-ethyl-5-aminotetrazo~e (1) and 10 g. of l-cpclohexyl-5-chloroniethyltetrazole was 
heated a t  150" in an oil-bath. Just below this temperature a homogeneous melt was formed 
followed by an exothermic reaction during which the mixture solidified again. Heating was 
continued for half an hoar after the exothermic reaction subsided. The crude hydrochloride 

Found: C, 48.7; E, 7.2; N, 34.4. 

phenyl isothioeyanate to  form the phenvlthiourea derivative, m.p. 162-163'. 
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mas recrystallized first from 50% isopropyl alcohol and then from 70% isopropyl alcohol 
from vhich i t  separated as colorless needles, m.p. 234" with decomposition, yield 7.5 g.  

Anal .  Calc'd for C~&OClNs: K, 40.2. Found: N, 40.3. 
The base was liberated from a small quantity of the hydrochloride and treated with 

A n a l .  Calc'd for CI~HUNIOS: N,  34.0. Found: N, 33.9. 
2-P~~enyl- j - isobutenyl te trazole .  A solution of 14 g. of l-phenyl-5-(1-bromo-2-methyl- 

propy1)tetrazole and 20 ml. of piperidine in 100 ml. of benzene was boiled under reflux 
for five hours. After removal of the solvent under diminished pressure, the residua  vas 
shaken thoroughly with water and the insoluble solid filtered off and air-dried. After 
two recrystallizations from benzene-petroleum ether 4.5 g. of product was obtained as 
needles, m.p. 65-66'. The product behaved ~3 an unsaturated compound and decolorized 
aqueous potassium permanganate solution. 

phenyl isothioeyanate to form the phenylthiourea derivative, m.p. 164165". 

A n a l .  Calc'd for C I ~ H I ~ N ~ :  N, 28.0. Found: h-, 27.9, 28.0. 
The same product was also formed when l-phenyl-5-(l-bromo-2-methy!propyl) tetra- 

Bole was heated with dibutylamine and with 2-dlyiaminoheptane in benzene solution. 
Catalytic hydrogenation of the compound converted i t  into I-phenyl-6-isobutyltetra- 

zole, m.p. 55-56", which proved to  be identical with a sample prepared by an independent 
method of synthesis (3). 

5-ALKPLABIINOALKYLTETRAZOLEB 

A large number of tetrazole derivatives substituted in the 1 position with alkyl or aryl 
groups and in the 5 position with a variety of secondary and tertiary alkylaminoalkyl 
groups was prepared. dlthough these compounds were all prepared by the same type of 
reaction, the interaction of an alkyl halide with a primary or a secondary amine, the con- 
ditions for this reaction were subject t o  variation in specific instances. A number of spe- 
cific examples have been selected and described in detail to  illustrate the techniques em- 
ployed. Analytical data, physical constants, and other pertinent data for all the amines, 
their hydrochlorides, and other derivatives are collected in Tables 111-VI. 

Z-MethyZ-6-diethylaminomethyltetruzole. A solution of 18 g. of 1-methyl-5-chloromethyl- 
tetrazole and 30 ml. of diethylamine in 300 ml. of benzene was boiled under reflux for four 
hours. Benzene and unreacted amine rvere removed by distillation after the addition of an 
equal volume of water. The aqueous solution was made strongly alkaline with sodium hy- 
droxide and evaporated t o  a small volume to  remove excess diethylamine. The product 
was extracted ironi the aqueous suspension with ether, dried over potassium carbonate, 
and distilled under diminished pressure. 

2-Cyclohexyl-6-dimethylaminomethyltetrazole. A solution of 20 g. of l-cyclohexyl-5- 
chloromethyltetrazole in I50 ml. of benzene was boiled gently under reflux for six hours 
while a slow stream of dimethylamine was passed into the solution continuously. On com- 
pletion of the reaction an equal volume of water was added and benzene and unreacted 
amine were removed by distillation. The aqueous solution was made distinctly acid to  
Congo Red with hydrochloric acid and decolorized with charcoal. The base was liberated 
from the clear solution, taken up in ether, and dried over potassium carbonate. On evapo- 
ration of the solvent the residual base solidified and could be recrystallized from heptane. 

I-Cyclohexyl-5-cyclohexylaminomethyltetrazole. A mixture of 20 g. of l-cyclohexyl-5- 
chloromethyltetrazole, 39 g. of cyclohexylamine, and 9.5 g.  of sodium bicarbonate was 
heated to  120-125" and maintained a t  that  temperature for three hours. Frothing during 
the heating period was probably due to  carbon dioxide evolution. The reaction mixture 
was dissolved in an aqueous citric acid solution and filtered to  remove insoluble material. 
The filtrate was made alkaline and steam-distilled to  remove unreacted cyclohexylamine. 
On cooling the non-volatile, insoluble product solidified and was recrystallized from hep- 
tane. On treatment of the base with acetic anhydride an acetyl derivative was formed; 
with phenyl isothiocyanate a phenylthiourea derivative was formed. 
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l-Cyclohezyl-6-[iV-?nethyl-N-B-(6-hgd~oxy-6-niethylheptzjl)amino~nethyl]tet~a~ole. An inti- 
mate mixture of 20 g. of 1-cyclohexyl-5-chloromethyltetrazole and 45 g. of 2-methylamino- 
6-methyl-5-heptene was heated slowly to  160" and kept a t  this temperature for four hours. 
Unreacted amine was removed by steam-distillation after suspending the reaction mix- 
ture in water. The aqueous suspension was acidified with hydrochloric acid and decolor- 
ized with charcoal. Apparently, during this process the unsaturated linkage in the heptene 
chain was hydrated ( 2 7 ) .  The clear solution was then made alkaline with sodium hydrox- 
ide and again steem-distilled. On cooling the base separated as a viscous, insoluble liquid 
that gradually solidified on standing a t  room temperature and could be recrystallized 
from benzene-petroleum ether. 

l-Phenyl-6-(l-piperidylmethyl)tetrazole. -4 solution of 15 g. of I-phenyl-5-chloromethyl- 
tetrazole and 20 ml. of piperidine in 200 ml. of benzene mas boiled under reflux for five 
hours. After addition of an equal volume of water and 6 g. of sodi.c?m hydroxide the mix- 
ture was distilled to  remove benzene and unreacted piperidine. The product was insoluble 
in the aqueous, alkaline medium and solidified on cooling the mixture. The base was re- 
crystallized from anhydrous ether. 

1-m-Aminophenyl-5-diethylaminomethyltetrazoZe. A solution of 13.8 g. of l-m-nitrophenyl- 
5-diethylaminomethyltetrazole, prepared from 1-m-nitrophenyl-5-chloromethyltetrazole 
and diethylamine in isopropyl alcohol solution, in 150 ml. of glacial acetic acid was shaken 
with hydrogen at an initial pressure of 50 p.s.i. in the presence of 0.1 g. of Adams' platinum 
oxide catalyst. The calculated amount of hydrogen for the reduction of the nitro group 
was taken up in about 40 minutes. After removal of the catalyst the solution was evapo- 
rated to  dryness under diminished pressure and the residue was dissolved in 100 ml. of 10% 
hydrochloric acid. The aqueous, acid solution was filtered t o  remove a trace of insoluble 
material and then made alkaline w-ith aqueous ammonia. The base precipitated as a brown- 
ish, granular material which was decolorized by treatment with charcoal in aqueous acid 
solution, reprecipitated with aqueous ammonia, and recrystallized from acetone-petro- 
leum ether. 

SUMMARY 

1. A procedure has been developed for the preparation of tetrazole derivatives 
substituted in the 5 position with haloalkyl groups. A series of such compounds 
is described with various substituents in the 1 position and chloromethyl, 
1-bromoethyl, 1-chloroethyl, 2-chloroethyl, and 1-bromo-2-methylpropyl groups 
in the 5 position. 

2. The behavior of the haloalkyltetrazole derivatives has been studied in 
reactions involving replacement of the halogen by the phthalimido, acetoxy, 
hydroxy, phenoxy, and amino groups. Tetrazole derivatives with side chain 
functions as primary, secondary, and tertiary amines; primary and secondary 
alcohols; ketones; ethers; and esters have been described. Tetrazole derivatives 
with unsaturated side chains have also been formed by dehydrohalogenation of 
the haloalkyl compounds. 

3. An extensive series of secondary and tertiary aminoalkyl tetrazoles has 
been prepared for study of the pharmacological properties of these structures. 

ORANGE, XEW JERSET 

REFERENCES 
(1) HERBST, ROBERTS, AND HARVILL, J .  Org. Chem., 18, 139 (1951). 
(2) Gsoss AND FEATHERSTONE, J .  Pharnacol. Ezptl. Therap., 38, 353 (1946). 



1616 E. H. HARVILL, R. M. RERBST, AND E. Q. SCHREINER 

(3) HARVILL, HERBST, SCHREINER, AND ROBERTS, J .  org .  Chem., 16, 662 (1950). 
(4) GROSS AND FEATHERSTONE, J. Pharmacol. Exptl. Therap., 87, 299 (1946). 
( 5 )  VON BRAUS AND IZvnoLPIi, Ber., 74, 264 (1941). 
(6) BRITISH PATENT 350,782; Chem. Abstr., 26, 5311 (1932). 
(7) HARVILL AND HERBST, U. S. Patent 2,470,084 (May 17, 1949); Chem. Abstr., 43, 79710 

(8) VON BRAUN, JOSTES, AND hfthm, Ann., 463, 113 (1927). 
(1949). 

(9) VON BRAUN, JOSTES, AYD HEYsfoNS, Be?., 60, 92, (1927). 
(10) VON BRAUN AND SILBERMANN, Ber., 63, 498 (1930). 
(11) RARVILL AND HERBST, U. S. Patent 2,470,085. 
(12) GROSS AND FEATHERSTONE, J. Pharmacol. Exptl. Therap., 92, 323 (1948). 
(13) SCHUELER, WLVCI, FEATHERSTONE, AND GHOSB, J. Pharmacol. Expll .  Therap., 97, 

(14) BISCHOFF, Ber., 30, 2315 (1897). 
(15) TIQERSTEDT, Ber., 26, 2919 (1892). 
(16) MEYER, Ber., 8, 1153 (1875). 
(17) TommAsI, Bull. SOC. chim., [2] 20, 19 (1873). 
(18) DEUTSCH, J. prakt. Chem., [2] 78, 350 (1907). 
(19) JACOBS AND HEIDELBERGER, J .  Biol. Chem., 21, 145 (1915). 
(20) JOHNSON AND WALBRIDGE, J. Am. Chem. Soc., 26, 485 (1903). 
(21) JACOBS AND HEIDELBERGER, J .  Biol. Chem., 20, 685 (1915). 
(22) JOHNSON AND CRAMER, J .  Am. Chem. Soc., 26, 491 (1903). 
(23) BISCHOFF, Ber., 31, 3236 (1898). 
(24) BISCHOFF AND !ALDEN, Ann., 279, 45 (1894). 
(25) MAYER, VAN ZUTPHEN, AND PHILIPPS, Ber., 60, 858 (1927). 
(26) ECKENROTH AND DOKNER, Ber., 23, 3287 (1890). 
(27) GIVENS AND HERBST, U. S. Patent 2,457,656 (Dec. 28, 1948); Chem. Abstr., 43, 3029" 

266 (1949). 

(1949). 
(28) MOBETTIG AND VLN DE KAMP, J. Am. Chem. Soc., Sa, 3704 (1930). 
(29) BACHMANN AND BOATNER, J .  Am. Chem. SOC., 68, 2097 (1936). 


