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ABSTRACT

Since the reaction of l-aliyl-Se-aminotsetragoles with alkyl haliles
and alkyl bengenesulfonates had been shown to lead to 1,L-dialkyleSe
Ludnotetrasolines (1,2) s study of the alkylation of Leaminowl,2,le
triasocles was uncertaken,

When J3,5=dimethyl=l-amino-1,2,i~trizssole was treated with bensyl-
chloride a product resulted which appeared to be a quaternary chlorids,
This quaternary chloride when trsated with potassium hydroxide gave
an axine base which would fora a hydrochloride isomsric with the
quaternary chloride, Treatment cf the base obtained from ths guaternary
chloride leacds to a sacond quaternary ehloride. The reactions described
sbove may be summariged by the following schemes

NN X Cyq 3 4CLH
| | C HymORLL KGH(aq,) ,)}'/ Ao
CH,J«\" fally = ¢ nﬂ ClN, =" .. NN, Hob
' | R e
i, HoCHgCl
Caliglg C1Hg;ClN,
-5

Whan 3,5~diphenyleleaminoel,2,li=triasole was treated with bensyl
chloride a quaternary chloride was obtained that appearsd to be similar
in nature to the chloride obtained from 3,S«dimethylei-amino=l,2,l~
triasole and bensyl ehlorice, Treatment of the diphenyl quaternary
chloride with base gave an oil from which a pure procuct ecould not be
isclated.
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Hathylation of 3,5«dimethylei=amino=l, 2, ~triazole and 3,5-cie
pheryleli=amino~1,2,L-triazole with methyl bensencsulfonate was
atterpted; howevar, the procucts which ware obtained wore not charactere
1sed,

During the course of this investigation a sensitivity to ene or
more of the eompounds bsing handlad forcad a csssation of further work
with Leaminoel,2,li~triazoles,

Because of this sonsitivity, the direction of the problem was
altared to include the arallylation of lecycloallyleS-aminotetrasocles
with the intention of proparing potentially microbiclogically active,
l-cycloalkyl=li~aralkyleS-inxinotetrazoline hydrochlorides,

A saries of lecycloalkylel-aralkyleSeiminotetrasoline hydrochlorices
was prepared by treatment of lecyclohaxyle and lecyclohexylmethyleSe
azinotetrascle with benzyl chloride, pechlorobsnayl echloride, c=chloroe
bensgyl chloride, 2,4~dichlorobangyl ehloride, 3,=dichlorobensyl
chloride, p-nitrobanzyl chlorice, menitrobengyl chlorice, betaephenyle
ethy) broxide and gamms-phernylpropyl bromide, These compounds were
charscterised by formation of phenylthioursas by reaction of the free
bass with phenyl fsothiocyanate and, in some instances, by the isolation
of the free iminotetrasolinge as a crystalline solid, The structure of
the corpouncs was established by the analogy of the method of preparation
with that described for the preparation of compounds of known structure
and by comparison of thalr infra-red spectra with spectra of similar
corpounds of known structure (2).
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FCREWORD

R ————

The original intent of this work was to study the alkylation of
Leamino=1,2,l~trriazoles, however, during the course of this investi-
gation the author developed a sensitivity to one or more of the
compounds being used, This sensitivity manifested itself in the form
of skin eruptions and made further work on this problem impossible,
Part I of this thesis is concerned with the results of the investi-
gation obtained up to the time of the development of the sensitivity,

8ince work on L-smino-l,2,li~-triaszocles was imposasible, the object
of the problem was changed to include a study of the alkylation of
l-cycloalkyl=5-aminotetrazoles with benzyl chloride, ring substituted
benxyl chlorides, beta-phenylethyl bromide and gamma-phenylpropyl
bromide. The results of this investigation are contained in Part II
of this thesis,



PART I



INTRODUCTION

Recent studies of the structure of the products resulting from
the alkylation of le-glkyl=S-aminotetrasoles with alkyl halides and
alkyl benzenesulfonates (1,2) have shown that alkylation of a nitrogen
ator of the tetrazole ring occurs in preference to the expected
alkylation of the amino nitrogen.

NHg iﬁiﬂ JHX

! I
Rl XY 4 R e BN \T-n-

N=——mm=N N s N

A report on the methylation of 2emethyl-S-aminotetrasole has been
made (3) in which the authors showsd that the product was not 2-methyl-
S-methylaminotetrasole and proposed that the product was a meso-ionic
coxpound 1,3~dimethyleS~iminotetrasole, In view of these findings a
study of the alkylation of other amino substituted heterocyoclie systems
in which the hetereoyclic ring contains mitrogen would be of interest,
The preparation of L-amino-l,2,itriasoles which have a substituent
on the amino group, hes been accomplished only in the case of 3,5-di-
phenylel~phenylamino=l,2,li~triasole and compounds of this type with a
substituent in the bensene ring of the phenyl group (4,5,6). The
synthesis was accomplished by heating a mixture of dibenyhydrazidyl
dichloride (CqHsCClmN-NeCClCgHs) with phenylhydrasine, This method
of synthesis does not appear to be readily applicable to the



preparation of L-alkylamino-l,2,h-triazoles with alkyl groups in the
three and five positions, Thus an investigation into the possibility
of the introduction of an alkyl substituent onto the amino group of
L-amino=l,2,li~triagzoles also appears to be atiractive,

Studies of the alkylation of L-sminoel,2,i-triazoles have been
reported in only two instances. Ruhemann et al, (7,8) had treated
L~smino-1,2,~triazole and 3, hyl=leanino=1,2,l-triasole with
methyl iodide and obtained products which they described as methiodides
but did not further characterise. At the time of their studies, L-amino-
1,2,4~triasoles were thought to be dihydro-1,2,4,5-tetrasines so that
most of their oconclusions were of little value,

The purpose of this work is to investigate the alkylationm of
L-aminoel,2,l«triazoles, In addition to those reasons already stated,
l=amino=l,2,l~triazoles were selected for study because they are
relatively easy to prepare (9) and are usually quite stabls compounds.
Both the methylation and bengylation of 3,5-dimethyle and 3,5«diphenyle
L-aminotriasole are described in this work., Development of a sensitivity
to the compounds handled during the course of this work halted the
investigation before the cbjective had been reached; however, some
eonclusions as to the nature of this alkylation could be realiged from

the work that had been done,



DISCUSSION

When a mixture of 3,5~dimethylel~amino-l,2,li-triazole and benzyl
chloride was heated at about 125° C. an exothermiec reaction began which
first caused the formation of a homogeneocus melt then solidification
of the melt. Purification of this bensylation produst by recrystallisa-
tion gave a somewhat hygroscopic white crystalline compound. This
product was very soluble in water and in hot alcohol dut insoluble in
other common organic solvents, FElemental analysis indicated that mono-
benzylation had occurred to give a product with an empirical formula
of C;,H;sClNg which, for discussion purposes, has been designated
compound A.

The dissolution of compound A in 2N aqueous potassium hydroxide
gave a yellow solution which upon heating on a steam bath for about
one hour gave a yellow oil, Upon cooling the o0il solidified to a
mass of yellow crystels that, after purification by reorystallisation,
gave a colorless crystalline product melting at 153-154°C. The same
product was obtained if the basic solution was allowed to stand for
one day at room temperature. This product was soluble in chlorofornm,
hot wmter and hot alcohol, Elemental analysis showed that the product
had an empirical formula of C,,H, N, and that it differed from
compound A by loss of the elements of hydrogen chloride, This product
has been designated compound B,

Treatment of an alcoholic solution of compound B with hydrochlorie
acid cansed the formation of a solid material which melted at 228-22906.



This product was soluble in water and hot alcohol but insoluble in
other common organic solvents, The product, designated compound C,
has an empirical formula C,,H,,ClNg as shown from elemental analysis,
Thus the formula corresponds to the addition of hydrogen chloride to
compound B and shows that compound C is isomeric with eompound A,

Addition of base to a solution of eompound C in water caused the
immediate formation of a powdery precipitate ol compound B, Thie
behavior indicated that compound C is actually the hydrochloride of
compound B,

When compound B was mixed with benszyl chloride and heated to about
125°C, an exothermio reastion took place., At the begimning of the
resction a homogensous melt developed but as the reaction proceeded
the melt slowly solidified. After purification by recrystallization
8 very hygroscopic colorless solid was obtained which melted at 171~
172°C. The material was very soluble in water and alcohol but quite
insoluble in other organie solvents., From the results of an elemental
analysis it was deduced that the compound resulted from the introe
duction of a second bensyl group into sorpound B and that the compound
had an empirical formula of C,,Hy,ClN,. This compound has been desig-
nated compound D,

Treateent of compound D wiith aqueous potassium hydroxide gave a
yellow solution, After heating the solution on a steam bath for ene
hour an orangs oil separated. The oil did not crystallisze and did not
appear to be soluble in agueous hydrochloric asid, Development of a
sensitivity forced a halt to further attempts to purify and characterise
this product.



The bengylation of 3,5-dimethylel-aminoel,2,l-triasole and the
subsequent reactions of this product may be illustrated by the follow-

ing schenms:
HC1 Cy3H;5C1N,
—X , c.
i ©
j I CeHsClaCl KOH(ag.) KOH R.P. 228-229°C
! . B N Cells=CHaCl
NH, m.p. 194=195°C,  m.p. 153-154%
Ccﬂeik | . oo,
m.p. 197-198°C. RELL: 2

m.p. 171-172%.

Heating a mixture of 3,S~-diphenylei-amine-1,2,l~triasocle and
benxyl chloride to about 125°C, initiated an exothermic resction,

From this reaction a colorless solid material was isolated that decom-
posed when heated to 202-204°C. Analysis of this product indicated
that monobenzylation had ocourred,

Treatment of the diphenyl moncbensylation product with agqueous
potassiur hydroxide gave a yellow solution, After heating the solution
on a stean bath for about one hour a red oil had separatedi, Wwhem
attempts were made to purify this product only tarry material was
obtained,

The benzylation of 3,5-diphenyl-leamino-l1,2,;~trissole appears
to produce a compound snalogous ¢0 compound A. In the treatment of
the benzxylation product with bass the reaction appears to be similar
to the reaction of the monobenzylated 3,5-dimethyl ecompound with base,
at least in the first stages, in that a ysllow solution, vhich produces



an oily product upon heating or after a long psriod at room tempera=-
ture, forms in both cases, The difficulty encountered in isolating
& pure product could them ocour eitner because of the instability of
the diphenyl product or because the reaction took a different course
during a later stags.

Methylation of 3,5-dimethyle and 3,5~diphenyleh-amino-1,2,L-triazole
by heating with methyl bengsenesulfonate led to an exothermic reaction
as in the bensgylation. With 3,5-dimethylel-amino-l,2,L-triazole a
erystalline product was isolated which exhibited the correct analysis
for a bensenesulfonic &cid salt of a methylated 3 ;S-dinethyl-h-qmi.no-
1,2,4-triasole, With 3,5-diphenylei-amino=l1,2,l~triasole, however, only
a glassy material that would not crystallize could be isolated,

Heating methylated 3,5~dimethylele-amino~l,2,l-triasole with 2N
potassium hydroxide did not appear to cause any reaction but when the
base strength was increased to LN a yellow color developed and a small
amount of precipitate formed. The behavior of the precipitate upon
heating indicated that it might be an organic salt,

With the hops of synthesising an authentic sample of 3,S5-dimethyle
U-dimethylamine-1,2,4~triazols, 3,5-dimethyl-L-amino-1,2,l~triasole
was treated with a mixture of formic acid and formaldehyde according
to the Eschweiler-Clarke procedure (10)., The product obtained from
this treatment could nmot be orystallized either as a free base or as
a hydrochloride. Although this method of reductive alkylation is
generally applicable to the preparation of dimethylated amines, it has
been reported to be unsuccsssful in instances where the amino group is



influenced by a strongly electronegative group (10) or where the amine
reacts with formaldehyde to give an unreactive condensation product (11),

The infra-red absorption spectra of 3,5-dimethyl-l-amino-l,2,L=
triasole, compound A, compound B, compound C and eompound D wers
obtained in order to aid in the characterization of these compounds,
Inspection of these spectra, shown in Figure 1, reveals appreciable
differences in the location of the bands exhibited by thess compounds,
Although these differences may be indicative of profound structural
differences, it must be recalled that three of the compounds probably
involve lonic structures which could camse spectral cifferences while
still retaining considerable structural similarity. Examination of
the individual spectra, however, allows some conclusions to be drawm
as to the nature of the structures of the compounds,

The spectrum of compound A shows two notable features which give
sone insight as to the structure of this compound, Absorption bands
at 3.16, 3.26 and 6.08 p nay be attributed to the presence of a primary
amine function (12) while the absence of any sbsorption at 3.75-L.0 p
indicates the absence of an amine hyrrochloride structure (13), Thus,
one may conclude that compound A is probebly a quaternary chloride and
not a hydrochloride,

Compound B shows a singla absorption band at 3.15 p and no absorp-
tion near 6,1 p, indicating that it has a secondary amine function
and not a primary arino group,.

The strong absorption bands at 4.0 p and at 5.61 p exhibited in

the spectrum of compound C clsarly demonstrate that compound C is an



Figure 1, Infra-red Spectra

1. 3,5-Dimethyl-l=amino=1,2,l-trissole
2, Compound A |

3. Compound B

" I Compound C

5, Compound D
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amine hydrochloride (13). This coupled with the fact that compound C
is formed by additlon of hydrochloric acid to the free base B and that
compound B 1s rapidly regenerated when compound C is treated with cold
aqueous potassium hydroxdde solution, shows that compound C is simply
the hydrochloride of compound B,

The most notable feature of the spectrum of compound D is its
lack of absorption in the four micron region which indicates that this
compound 18 not an amine hydrochloride, There is also a marked
similarity in the spectrum of compound D and that of compound A in the
region beyond 8 p. This may be taken a8 indicative of a similar ring
structure eince the reglon of the infra-red spectrum at wavelangths
longer than 8 p is associated with vibrations of the skeletal structure
a8 a whole.

Attempts were made to remove the benzyl group from compound A and
from compound B by catalytic hydrogenolysis using the procedure
described by Birkhofer (14), Compound B resisted all attempts at
catalytic debenzylation while compound A took up the theoretical amount
of hydrogen in six hours under the sams conditions. The debenzylation
of compound A gave a strong odor of toluene in the reaction bottle but
the product igsolated from the resction mixture did not give a sharp
melting point aftsr several recrystallizations, The development of a
sensitivity to the compounds handled in this work halted further
attempts to purify this material,

In the Seaminotetrazole earies Garbrecht and Herbst (15,16) have
reported that & bengyl group attached to the one position of the



tetrazole ring can be removed in a few hours by catalytic hydroe
genolysis acoording to the procedure given by Birkhofer while a benzyl
group attached to the amino group can be removed only after long
treatment, 1f at all., This behavior may bs analogous to the situation
with compound A and compound B in that the benzyl group may be attached
%0 a heterocyclic ring nitrogen atom in compound A and attached to an
amino group nitrogen atom in compound B, tus accounting for the
relatively easy removal of the bengyl group from compound A and the
lack of reactivity of compound B,

Treatment of L-amino-l,2,i-triazolss with nitrous acid has been
reported to remove the amino group with the resulting formation of a
1,2,4=triasole and nitrous oxide according to the following reaction
schene (17,18,19,20)%

N—=—~NR Ne——e—N
CH,—! /g-CH ¢ HNOg e——b CH»E !!-CH + N0 + Hg0
Ny 3 2 3 Ny 2
iy i

In the hope of obtaining a similar reaction at the primary amino group,
corpound A was treated with nitrous acid, A vigorocus evolution of a
colorless gas occurred but in an attempt to isolate the organic product
only an oil that darkened upon heating was obtained. Atterpts to
purify the product wers halted because of the development of a sensitivity
40 some of thsse compounds. Treatment of compound B with nitrous acid
in a like manner resulted in the formation of a blue color but no gas
svolution was cbserved.



It was thought that the reaction of compound A with nitrous acid
might establish the structure of compound A, since if the bengyl group
of compound A were located on a nitrogen atom of a 1,2,L-triasole ring
the product of this reaction should be 3,5-dimethylel,2,l~triaszole with
a bensyl substituent in either the one or four position, The reaction
does serve as a qualitative test for a primary, secondary, or tertiary
anino group since a primary amino group would evolve nitrous oxide, a
secondary amino group should form & Nenitroso derivative that would be
colored, while a tertiary amino group would not react with nitrous acid.
As & qualitative test the reaction shows that compound A has a primary
amino group and that compound B has a secondary amino group,

From the reactions and infrae-spectrum of compound A one may cone
clude that the material is a quaternary chloride with a primary amino
group and probably contains a bensyl group attached to a nitrogen atom
of a heterocyclic ring. These facts may be explained by structures
of the type I and II,

N—e—N=CHg=CoH,

I - -
cn,-g ¢ C-ci, NS ¢l
|
Ny CHy=CHs NH,
1 I

A compound of the type shown in I, arising from benzylation of the
h=position of the triazole ring, presents a situation similar to that
arising when unsym, disubstituted hydragzines are treated with an
alkylating agent to give a hydrazinium salt. In the benzylation of



N-benzyl-N-phenyllyycrazine with benzyl chloride N,N-dibengyl-N~phenyle
hydraginium chloride has been shown to arise (21). A structure of

the type shown in IT, arising from benrylation of the l-position of
the triazole ring, would be expected to be stabilized by virture of
the hybrid arising from resonance contributions of forms, II, IIT and
IV, of the cations,

L

ﬁ—-—}l:-cn,csm5 N—e—N-CHg=CoHj N—=—N~CHg=CHs
- J: -
Cls=C_5=Cta Clia=C, &, O-CHs CHy=G_ 4 4O~
| | ' |
NHg NH, NH,
II IIT Iv

The infra-red spectrum and properties of compound B indicate that
this material is a heterocyclic compound with a secondary amine function,
From a consideration of the reactions which structures of the type I
and ITI are likely to undergo upon treatment with base, two structures
for ecompound B can be visualized as arising from the reactions illus-
trated in the following schemes:



Ne—=—N
i cn,,-c\lI _C=Cr; la
CH
N———N
- v
C1
cn,-c\; _C=Cly
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1 CHy=C_  (=CHy == CH,=C -CH, b

>H O /
CeHg=CHy “NTg N—
VI VII
+
N—=—N-CHyCeHs _ ﬁ—--—n--cn.-cen8
o 5
CHg=C_ C=CH, = CHs=C / -
\?/ \?) “on
Ny - NHg
c1
IT VIII
/CH‘CBHS
ln—-—x-cn,c,n, N——
cn,-«l. GeCHy = Cliy=C ~CH,
\ 0 \N—-—H//C
RH_ -
NHg
2
x X

In schems la the product would be 3,5-dimethyl-l=-benzylamino-l,2,l-
triazole and eould result from the migration of the benzyl group in a
manner somewhat simllar to that of a Stevens rearrangement or from
elimination of the benzyl group as a bensyl carbonium ion followed by



attack of the amino nitrogen by the benzyl carbonium ion, Tals product
would also serve to erplain the difficulty encountered in attempts to
remove the bengyl group by hydrogenolysis,

Either schems 1b or scheme 2 would leed to the same product l-bengyl-
3,6=dimethylel,h=cdihydro=1,2,L,5-tetrazine which could be in tautomeric
equilibrium with other dihydro-l,2,L,5-tetrazins structures

/N 7\ Vo

CHy=C /-cn, e cn,-c\ /c-cn, — lc-cn,
CHaCoHs CHyColls CHaColls
X XI 11

In scheme 1b compound A is converted by base into the lvdxfazidine VI
vhich could then cyclize as shown, while in scheme 2{ the hydrazidine
IX, which coﬁld arise from a pssudo base such as VIII, 1s cyclized to
give the same procuct as that resulting from schems 1lb,

Of the two prodﬁotl which would result from the above schemes
3,5-dimethyl=i=benzylamino-1,2, =triasole seems more probable since
compound B is a colorless solid that is stable towsrds heat while the
dihydro-1,2,k,5-tetrasines are reported to be yellow solids that
rearrange to L~amino-l,2,i-triszoles upon heating (22), The behavior
of compound D could also be explained since the benzylation of
3,5~dimsthyl-l-bengylamino-l,2,l-triazole mght be expected to give
a product similar to compound A,
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N—-N N——N -
| CeHg=CHgCl | I cal
Tt t————ly
caa-c\x _C=CH, cn_,.-c>; _C=CHy
\ ~
}NCH'CGHG CGHE.CH.‘NH CH.ceﬂs
v XIII

This would lead to a quaternary chloride and would account for the
similarities in the spectra of compound A and eompound D.

Since Leamino=l,2,li~triasoles have been reported to condenss with
aldehydes and ketones to give a hydrasone-like product (23,2L), it was
felt that this might offer an opportunity to synthesise 3,5-dimethyl-
Li=bensylamino-l,2,l~triasole through catalytic hydrogenation of the
condensation product of benseldehyde and 3,5-dimethyle-l~amino-1,2,L«

triagole.
city [ CH,
N C NeC N=C
CoHCHO \ \
| wewny 2eTeC0 L | CNeNeGHCGHs —Bp | NeNH-CHgCeH,
N=C Ne C\ Ne G\

When bengzaldehyds and 3,5-dimethyl-l-amino-l,2,h-triazols were heated
together a yellow oil was the only product isolated. Condensation

of anisaldehyde with 3,5-dimethyl-l-amino~l,2,l-trissole also gave a
yellow oil, but salicylaldehyde and 3,5~dimethylel-amino~l,2,li-triagole
condensed to produce a small amount of a crystalline product,
Hydrogenation of the benzaldehyde condensation procuct resulted in a
rapid initial upteke of hydrogen which quickly slowed but did not stop
after 1 mole of hydrogen had been taken up, Stopping the reaction
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after absorption of various percentages of the calculated hydrogen
uptake gave only an unstable oil and eome 3,5~dimethylel-aminoe
1,2,4~triazole,

The condensation of bensaldehyde with 3,5-diphenylel-amino-
1,2,i=triazols gave an cily product; however, L-amino-l,2,l~triasocle
and bensaldehyde condensed rapidly to give a solid product, Whem the
condensation product of bensaldehyde and Lwamino-l,2,li=triascle was
subjected to the same hydrogenation concditions as the econdemsation
product of benzaldehyde and 3,5-dimethylel~amino=~l,2,i-triazole no
reaction occurred. Increasing the temperature and amount ¢f catalyst
also falled to induce a reaction,
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EXPERIMENTAL
Preparation of 3,5-Disubstituted L~Amino-l,2,4=Triazoles

The preparation of 3,5-dimethylel-amino-l,2,li-triazole and 3,5-di-
phenyl=l~amino~1,2, ~triazole was accomplished by the method reported
by Garrison and Herbst (9). Interaction of dibenzoyl hydrazine and

hydrazine gave the diphenyl compound while the dimethyl compound was
synthesized from acetic acid and hycrasine,

-Di ~h~amino~1,2,-triagole

A mixture of 24 g, (0,10 mole) of dibensoyl hydrasins, prepared
asoording to Hatt (25), and 11.8 g. (0.20 mole) of an 85% hydrasine
hydrate solution was sealed in a Pyrex combustion tube, The tube was
hested to 185°C, and maintained at that temperature for two days,
After opening the tube a white solid material was obtained that gradually
darkened upon stanxiing. The contents of the tube were dissolved in
boiling ethanol and digested with Norite. Filtration and cooling
produced 12,7 g. (SL% based on the dibensoyl hydrasine) of lusterous
white platelets of 3,5-diphenylel-amino-1,2,L-triasole melting at
261-262%C, |

Two preparations were carried cut as described above with the
sudstitution of anhydrous hydrasine for the 85% hydrasine hydrate
solution, In both instances excessive pressures wers developed in the
sealed tubes as noted upen opening the tubes, A very strong odor of
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amonia was also noted upon opening the tubes., The yields of 3,5-
diphenylej=amino-1,2,,=triazole from these runs were L3% and L8%,

345-Dimsthyl~l-amino~l,2, ~triasole
A round-bottomed flask was charged with 2,0 g. (L moles) of glacial

acetic acid and cooled in an ice bath, With contimued cooling, 355 g.
(6 moles) of an 85¢ hydrazine hydrate solution was added dropwise at a
rate which kept the temperature of the reaction mixture below 50°¢.
After complete addition of the hydrasine solution the flask was fitted
for distillation and slowly heated on an oil bath to 225°C, The
temperature was then maintained at this level for six hours. During
the heating pariod the courss of the reaction was followed by measuring
the water and hydrazine which was distilled from the reaction vessel,
At the end of the heating period the flask contained a colorless liquid
which crystallized upon cooling, Recrystallization of the product
from isopropyl aleochcl gave a crop of thick prisms, Concentration of
the mother liquor to about half its former volume gave a second crop
of thick prisms, The total yield of 3,5«dimethylel-amino~l,2,i~triazole
melting at 197-198°C, was 159 g. (71% based on the acetic acid),

A small amount of 3,5-dimethy’ -heamino-l,2,4«triazole was dissolved
in 25 ml, of ethanol and acldified with econcentrated hydrochloric acid
solution, Addition of 25 ml, of ether caused the slow formation of
fine needle-like crystals. Recrystallisation from 50% isopropyl ether-
ethanol gave needles of 3,5-dimethyl-l-amino-l,2,l~triazole hydro=-
chloride melting at 228-229°C. (19).
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Alkylation of 3,5-Disubstituted L~Amino-l,2,uy-Triazoles

Both 3,5~diphenyl= and 3,5-dimethyl-l-amino=l,2,li~triaszole were
methylated and benzylated by simply heating a mixture of the L~aminoe
1,2, ~triazole with bengyl chloride or methyl benzenesulfonate, An
exothermic reaction occurred after which the product was purified by
recrystalligation,

Methylation of 3,5-diphemyl-l~-amino-1,2,i-triazole
A mixture consisting of 9,4l g. (0.04 mole) of 3,5-diphenyley=

amino-1,2,L-triazole and 7.25 g. (0.042 mole) of methyl bensenesulfonate
was heated on an oil bath., When the temperature of the mixture reached
about 70°G. » an exothermic reaction began which raised the temperature
to 120°C, and caused the formation of a homogensous liquid. After the
reaction had subsided somewhat, the mixture was maintained at 110°C,

for 15 mimites, The reaction mixture was dissolved in boiling isopropyl
alcohol and upon cooling a yellow viscous oil separated, Several
atterpts to erystallise the oily material by dissolving in hot isopropyl
alcohol and subsequent cooling gave only the same viscous oil, The

oil was then allowed to stand in a vacuum desiccator over phosphorus
pentoxide for three weeks but at the end of that period the product

had only thickened slightly. It was not examined further,

Methylation of lel~anino=1,2,4=triazole
A mixture of 5,60 g. (0.05 mole) of 3,5-dimethyl-lL-amino=1,2,l=
triagole and 8,94 g. (0,052 mole) of methyl benzenesulfonate was slowly
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heated on an oil bath, As the teumperature of the mixturse reached
50°. a vigorous exothermic resction began wirich caused the temperature
of the mixture to reach 125°C, During the course of the reaction the
mixture became a homogeneous yellow liquid, After the exothermic
reaction had subsided the contents of the reaction vessel were main-
tained at 90°C, for 15 mimites, Digestion of the materisl with a
small amount of boiling lsopropyl alcohol produced a white powdery
precipitate. Recrystalligation from 90%f isopropyl alcohol pro;:iuced
a fine white precipitate, DIrylng the precipitate for five days in a
vacuum desiccator over phosphorous pentoxide followed by eight hours
drying in an oven at 130°C, gave 11,2 g, (79% yield based on 3,5-di~
methyl=l-amino-1,2,i-triagole and assuming a 1¢1 reaction ratio) of a
product melting at 189-190°C, '

Analysis: Calculated for C,,H;¢N 0;8% C, L6.5%3 H, 5.7%3
N, 19.7%; 8, 11.0%.

Founds C, L6.5%3 H, 5.8%3 X, 19.7%3 8, 11.C%.

Bengylation of 3,5-dimethylel-amino~l,2, k=-triazole

A mixture of 11.2 g. (0.10 mole) of 3,5-dimethylel~amino-1,2,4~
triagole and 14.0 g. (0.11 mole) of benxyl chloride was slowly heated
on an oil bath, As the temperature reached 105°C, a homogeneous melt
formed and at 125°C. an exothermic reaction began which carried the
temperature to 180°C, During the courss of the exothermic reaction
the melt gradually solidified, The product was kept at 140°C, for
half an hour after the reaction mixture began to cool., The solid
product was dissolved in hot isopropyl alcohol and upon cooling a fine
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white precipitate formed. From a second recrystallization from isopropyl
alcohol small platelets were obtained that were dried in a vacuunm
desicoator and in an oven at 110°C. The yield of compound A was 19.5 g.
(82% based upon 3,5-dimethyl-L-amino-1,2,4~triazole and a 1:1 reaction
ratio), melting at 194-195°C,

Analysis: Calculated for C,,H,sClNg1 C, 55.3%; H, 6.37;

Founds C, 55.9%3 H, 6.3% Cl, 1L.7%; N. 23.0%.
In four repetitions of the above procedure the yleld of compound A
was found to range from 80% to 90%.

Reaction of Monoalkylated Products with Base

Treatment of methylated 3,5-dimethyl=l-amino-l,2 Letriazole with base

A solution containing 5.7 g. (0,02 mole) of the procduct of the
reaction of 3,5~dimethyl-l-amino=1,2,4~triagole with methyl bengzene-
sulfonate in 50 ml. of 2N potassium hydroxide solution was heated on a
steanm bath for one hour, No evidence of reaction was observed after
the solution was cooled, so 5.6 g. (0.10 mole) of mﬁsaim hydroxide
was dissolved in the solution and the solution again heated on a stean
bath., After about 15 mirmutes a bright yellow color developed which
gradually faded., The color had almust complately disappeared after
one hour of heating, when the solution was removed and cooled, A
small amount of powdery precipitate which had formed upon cooling was
removed and recrystallised from isopropyl alcohol containing sbout 35%
isopropyl ether. This product did not melt when heated to 275°C. and
chared slightly when heated in a direct flame,
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Treatment of bensylated 3,5-diphenylel-amino-l,2,l-triasole with base

A solution consisting of 7.2L4 g. (0.020 mole) of the product result-

ing from treatmeat of 3,5-diphenylel-amino=l,2,i-triasole with bensyl
chloride, 1,7 g. (0.03 mols) of potassium hydroxide and 50 ml, of water
was gently warmed on & steam bath, After a few mimtes the solution
Surned bright yellow and after one hour a dark red eil had separated,
The solution was then cooled and the cil extracted with chlorofora.
Gradual addition of isopropyl ether to the hot chleoroform extracts
until a faint turbidity was observed followed by slow cooling of the
solution again ceused separation of a red oil, The oil was separated
from the solvent and heated with bensene, This treatment resulted in
the formation of a black tar.

In a second reaction using the above procedure the chloroform
solution of the red o0il was treated with dry hydrogen chlerids,
A yollow-orangs semi~solid material precipitated and was separated,
The resmulting product was extracted with dilute hydrochlorie acid but
neutraliszation of the acid extracts falled to give an unsoluble product.

Treatment of benzylated 3,5-dimethyl-l-amino-1,2,i-triasole with base
Dissolving 19.0 g. (0.08 mole) of compound A, the product of the

reaction of 3,5-dimethylel-amino-l,2,i-trinzole with benzyl chloride,

in 100 ml, of 2 N potassium hydroxide solution gave a colorless soluntion
which slowly turned yellow upon standing. Gentle heating of the solu-
tion on a stean bath for about one hour cgussd the formation of a white
precipitate and a yellow-orange oil, Upon cooling, the oil crystallised
to a mass of pale yellow crystals. If the alkaline solution was not



23

heated on a steam bath, but allowed to stand at room temperature for
one day ths same pale yellow precipitate was formed., The solid material
was removed by filtration and thoroughly washed with water, Purifi-
cation of the crude product by recrystallisation first from water, then
from isopropyl alcohol containing 20% isopropyl ether gave 13.0 g.

(80% based on the assumption that the elements of hydrogen chloride
were eliminated by this treatment) of fine, colorlsss needles melting
at 153-15,°C, This compound was designated compound B,

Analysiss Calculated for C,,H,Ne¢ C, 65.3%; H, 7.0%;
N, 27.7%4.

Foundt C, 65.6%3 H, 7.1%; N, 27.8%.

A small portion of the base, compound B, was dissolved in ethanol
then acidified with concentrated hydrochloric acid, Addition of a
small amount of ether initiated the formation of fine needle~like
erystals, Reorystalliszation of this product from isopropyl alcohol
oontd.ning 207 isopropyl ether gave a compound, designated compound C,
melting at 227-228°C,

Analysiss Calculated for C,,H,,ClN s C, 55.3% H, 6.3%;
C1, 1L.9%; N, 23.5%.

Founds C, 55.0%3 H, 6.3%; C1, 15,053 N, 23.L%.

When a small portion of compound C was dissolved in water and made
alkaline with potassium hydroxide solution, a powdery solid was obtained.
Recrystallisation of the solid material from water gave fine needles
of the base, compound B, melting at 153-154°C. No depression in the
melting point was observed when this product was mixed with an authentic

sample of compound B,



24

Benzylation of Compound B

A mixture of 7.1l g. (0.030 mole) of the base, compound B,
obtained by bemzylation of 3,5-cimethylel-amino-l,2,i-triazole, and
5.06 g. (0,040 mole) of benzyl chloride was slowly heated on an oil
bath, A homogsneous melt formed when the temparature of the reaction
mixture reached 115°C. and when the temperature reached 125°C, an
exothermic reaction began that raised the temperaturs to 145°c, The
temperature of the melt was then slowly raised to 170°C. and held there
for ons hour, Upon cooling the melt crystallized and was dissolved
in boiling isopropyl alcohol, The pale orange solution was digested
with Norite and filtered tims giving an almost colorless solution,
Addition of isopropyl ether until the sclution contained about 5C% ether
initiated the growth of fine crystals, The product was removed and
recrystallised from a 50% isoprcpyl alcohol-isopropyl ether solution
glving 8.4 g. (772 based upon compound B and the assumption that the
reaction ratio was 1lil) of very fine, colorless needles melting at
171-172°C. This product was designated as compound D.

Analysist Calculated for C,aHga,ClN t C, 65.8%3 H, 6.4%;
¢l1, 10.8%; N, 17.0%.

Founds C, 65.6%3 4, 6.7%; C1, 10.9%3 N, 16.8%.
Reaction of Compound I with Rase

The addition of 6.6 g. (0,020 mole) of compound D to 50 ml, of 2 N
potassium hydroxide solution gave a yellow solution which slowly became
turbid, Heating on a steam bath for one hour resulted in the separation
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of a yellow oil, The mixture was diluted with 150 ml, of water,

cooled and extracted with chloroform, Evaporation of the chloroform
left an oily residue which was dissolved in isopropyl alcohol and
acidified with concentrated hydrochloric acid solution, The addition

of ether to the alcoholic solution did not canuse the formation of any
precipitate, Removal of the solvents left a dark red oil which was
digested with benszene for one hour then allowed to stand, with occasional
stirring, for three days, At the end of this treatment some color was
observed in the bensene but the o0il did not appear to have changed.

Hydrogenolysis of Bengylated Products

Attenpts to remove the benzyl group from the bensylated products
ware carried out in the mamer recommended by Birkofer (1L) for
catalytic dsbengylation, The reaction was carried out in a low pressure
apparstus using palladium as a catalyst and either aloohol or acetic

acid as the solvent,

Attempted debenzylation of compound B
A Parr bottle was charged with 4.3 g. (0.02 mole) of the base

obtained from the preduct of the reaction of 3,5-dimethyle-l~aminoe
1,2,4~triasole and bensyl chloride, compound B, 2,5 ml, of 12 N hydro-
chloric acid solution, S5 g. of 5% palladium on charcoal and 160 ml, of
90X ethanel. The contents of the flask were put under & hydrogen
pressure of L5 p.s.i. and shaken for 25 hours. During the last ten
hours of shaking the bottls was heated to 65°C. and held at that
temperature., At the end of this period no pressure drop had been
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observed (the theoretical pressure drop was 2 1lbs.), 8o the hydrogen
W released, No odor of toluene could be detected in the bottle,
After removal of the catalyst and addition of 100 ml, of ether to the
alcoholic solution a precipitate of the kwdrochlbridc of compound B,
compound C, was obtained, Treatment of this hydrochloride with aqueous
potassiunm hydroxide gave the starting material, compound B,

Other attenpts to debenzylate compound B were made using the
procedure described above but with either ommission of the hydrochloric
acid or with the use of glacial acetic acid as the solvent, In no
instance was any pressure drop observed or any toluene odor detected,
The only product isolated was the starting material or its hydrochloridas,

A check of the activity of the 5% palladium on charcoal catalyst
was made by hydrogenelysis of a 0,020 mole sample of l-bensyl-S-acetyle-
amdnotetrasole, This compound gave the calculated pressure drop in
20 mimutes and upon opening the bottle a very strong odor of toluene
was detected.

Debengylation of compound A

A Parr bottle was charged with 11.9 g. (0.050 mole) of the product
of the reaction of 3,5-dimethyl-i-amino-1,2,l=triasole and benzyl
chloride, compound A} 5 g. of 5% palladium on charcoal and 100 ml,. of
95% ethanol, Shaking under an initial hydrogen pressure of 47.0 p.s.i.
at 66°C, for six hours resulted in a pressure drop of 3.8 1bs, (calonlated
drops 4.0 1lbs,)., Upon opening of the bottle a strong odor of toluens
ws detected. The solution was concentrated to ebout 50 ml. then
acidiffied with concemtrated hydrochloric acid, Addition of a small
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amount of ether induced the formation of a powdery white precipitate,
The precipitate melted over a range of 25° beginning at 19o°c. and
after four reorystallizations from 507 isopropyl alcohol-isopropyl
ether a melting range of 216-225°C, was observed.

Condensation of L~=amino«l,2,l~triasoles with Aldehydes

The condensation of aromatic aldehydes with L-amino-1,2,.-triascles
wms conducted according to the procedures describsd by Ruhemann and
Marriman (23) and by Bulow and Weber (24), Condensation was effected
by heating equimolar amounts of the aldehyde and the 4-amino-1,2,h=
triazole in an ethanclic solution containing a catalytic amount of
piperidine or acetic acid,

Methylation was attempted by the reaction of 3,5-dimethyleli-amino-
1,2,i-triazole with formic acid and formaldehyde according to the
Eschweiler-Clarke method (10)., The reaction appeared to proceed some~
what slower than is normal and no erystalline product could be isolated.
Condensation of aromstis aldehydse with othyl-l-amino=1,2 Lo

30

A mixture of about 0.2 g. of 3,5-dimethyl-l-amino-1,2,l~triasole
and gbout 0.2 ml, of salicylaldehyde was dissolved in ethanol and 2
drops of piperidine added, The solution turned pale yellow upon gentle
warming on a steam bath, After adding emough water to dilute to 50%
ethanol the solution was allowed to stand for one day, At the end of
this time a feathery white precipitate had formed, The precipitate
was recrystallised 507 aquesous ethanol and gave a product melting at
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189-190°C, (23). Using the procedurs Jubt described with the sube
stitution of 2 drops of acetic acid for the piperidins the same product
was obtained, _

Attempts were made to condense benzaldehyde and anisaldehyde with
3,5=dimethyl~4~amino~l,2,,~triasole using the above procedure, with
both acetic acid and piperidine catalyst. In all instances a yellow
color was observed but no crystalline procduct was obtained,

The use of this procedure with 3,5~diphenyl-l-amino-1,2,4=triagole
and bensaldehyde also failed to give any solid product.

Condensation of benzald e with L~amino-l,2, U=triazole

A mixture of 16.8 g. (0.20 mole) of L-amino-l,2,L-triazols and
21.2 g. (0,20 mole) of benzaldehyde was dissolved in 75 ml, of ethanol
and five drops of piperidine added to ths solution, The solution was
heated gently on a steam bath for one hour and then cooled. A mess of
fNuffy white crystals had formed and this product was recrystalliged
from ethanol., The yield of product, previcusly described as N-bemsylidene-
Lheamino-1,2,k-triazole (23), melting at 171-172°C. was 26.7 g. (768%).
Reaction of ~dimethyl=l~amino-l,2,k=triazole with formic acid~

0 )

To 22,4 g. (0.2 mole) of 3,5~dimethyl=l~amino-1,2,L~triazole,
51.0 g. (1 mole) of 90f formic acid was slowly added with cooling,
After addition of 37.6 g. (O.LL mole) of a 35% aqueous formaldehyde
solution the mixture was heated on a steam bath for 30 hours. During
the early part of the heating period evolution of a gas was observed
but as heating was continued the evolution becams unnoticeable, At the
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end of the heating period 100 ml, of 3 N hydrochloric acid was added
to the reaction mixture and heating contimied for five howrs,.
Evaporation of the excess liquids under reduced pressure gave a ysllow
viscous oil, The oil was readily taken up in isopropyl alcchol but
addition of ether caused the separation of the oil, After standing
under bensene for several days the oil appeared to be unchanged,
Hydrogenation of Bensaldshyde~)-Amino-l,2,Li~
Triazole Mixtures

A mixture of bensaldehyde and 3,S-dimethylel-amino-l,2,i~triaszole,
vwhich had been heated together, was subjscted to hydrogenation using
platimum oxide catalyst. The mixture took up hydrogen but the reaction
did not appear to involve a one mole addition, The only products
isolated were starting material and unstable oils,

Hydrogenation of bensaldehyde-3,5-dimethyl-l-smino-1,2 L-triaxsle

A mixture of 5.6 g. (0.05 mole) of 3,5-dimethylel-amino-1,2,L-
triasole and 5.3 g. (0.050 mole) of benmaldehyde was heated together
on a steam bath until a thick oil had been produced, This product was
transferred to a Parr bottls along with 100 i1, of 95% ethanol and 0,2

g. of platimm oxide., The bottle was put under a hydrogen pressure

of L7.5 p.s.i, and shaking begun, After 30 mimites a drop of 2,0 lbs,
had occurred (4.0 1bs, theoretical), after seven hours a 4.0 1lb, drop
was observed and after sleven hours a five 1b,. drop was noted, The
bottle was opened at this time and no odor of ammonia or toluene noted.
Removal of the catalyst and evaporation of most of the ethanol under
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reduced pressure gave a yellow oil, The oil was taken uwp in chloro-
form and was regenerated by evaporation of the chloroform. During
these steps the oil darkened considerably until a very dark red tar
was left,

In other runs using the sams technique as sbove the reaction was
stopped after various percentages of the theoretical hydrogen drop had
ocourred, When the reaction wes stopped before 125% of the theoretical
drop had been observed a red il similar to that described above was
obtained along with variocus amounts of starting material., The per cent
of ltarti.ng material isolated after various percentages of the
theorstical pressure drop may be summarizsd as followst 60% dropee
95% of the starting material, 75% drop=-50f of the starting material,
100f drop--15% of the starting material.

Attapted hydrogenation of the benzaldehyds L-amino-1,2,li-triasole

condensation uct

A Parr bottle wvas charged with 17.2 g. (0.10 mole) of the conden=
sation product of benzaldehyde with Leamino-l,2,li-triazols, 150 ml, of
ethanol and 0,2 g. of platimmm oxide. The bottle was put under an
initial hydrogen pressure of 47.2 p.8.i. and ahaken for 15 hours,
During this time the temperaturs was held at 66°C, and after five hours,
shaking was stopped and an additional 0.2 g. of platimum oxide added
to the mixturs, No pressure drop was observed during this 15 hour
treatment. The bottle was opened and the contents filtered while hot,
Cooling the filtrate gave a crop of fluffy white erystals of the
starting material melting at 170-171°C. Concentration of the filtrate
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to about 50 ml, gave a second crop of starting material. The total
amount of starting material isolated was 15.9 g. (96% of the original
starting material),
Reaction of Nitrous Acid with 3,5-Dimethyl-l-aminc- .
1,2,4-triazole and Its Bengzylation Products
Reaction of 3,5-cimetiyleh-amino-1,2,li=triazole with mtrous acid

A solution of 7,4 g. (0,050 mole) of 3,5=dimsthyl~l~amino=1,2,L-
triazole hydrochloride cissolved 4n SO ml, of water was cooled in an

ice bath, A solution of 3.8 g, (0,055 mole) of sodium nitrite in abeut
15 ml, of water was then slowly added to the cold triazole solution,

A vigorous evolution of a colorless gas occurred upon mixing the two
solutions, After complete sddition of the sodiua mitrite the resulting
mixture was allowed to come to room temperaturs, then slowly warmed

on a steam hath, Evapocation of the liquid under reduced pressure left
a residus of white crystals, By heating on a steam bath under reduced
pressure 3.9 g. of 3,5-dimethyll,2,l-triazole melting st 140-111°C,
(19) was collected by sublimation (81% yleld based on 3,5-dimethylele
amino-l ,2,1;-1’.1‘112019) .

Reaction of Cormpound A with nitrous acid

A solution of 5.95 g. (0,025 mole) of the product of the reaction
of 3,5-dimethyl-l-amino-1,2,4=triasole with benzyl chloride, compound A,
and 2.5 ml, of 12 N hydrochloric acid (0,03 moles) in 2,5 ml, of water
was cooled in an ice bath, Addition, in small portions, of a solution
containing 1.9 g. (0.0275 mole) of sodium nitrite dissolved in 10 ml, of
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water produced a vigorous evolution of a colorless gas., The rsaction
mixture was allowsd to come to room temperature them gently warmed on

& stean bath for half an hour, At this point the solution had taken

on a pale yellow color. The solution was cooled and 1.9 g. (0.034 mole)
of potassium hyciroxide was added, A yellow oil separated and was
extracted with chloroform, Bubbling hydrogen chlorids through the
chloroform extracts resulted in the formation of a brown-orangs pre-
cipitate. The solid was removed by filtration and dissolved in ethanol,
Addition of ether gave only a dark yellow oil,

Reaction of compound C with nitrous acid

A small sarple of compound C dissolved in water and cooled in an
ice bath was treated with a sodium nitrite solution, No evolution of
gas was detected and the solution turned blue, Standing for several
hours at rcom temperature cansed the precipitatlon of a dark blue solid
matorial.

Infra-red Absorption Spectra

The infra-red absorption spectra of 3,S5~dimethyl-l~amino=l,2,l-
triazols, compournri A, compound B, compound C and compound D were
obtained using a Perkin-Zlmer DIoublebeam Recording Spectrophotometer,
Model 21, 411 sarples were run as oil mlls, The spectra are repro=
duced in Figure 1 on page 8.



PART IT
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INTRODUCTION

Recently interest in ring substituted iminotetrasolines has
developed cdue to their microbiological activity. A study by Reutner,
Peters and Elslager (26) has revealed that many iminotetrasoline hydro-
chlorides wers active against a rather wide range of bacteria as well
as several cultures of fungi and protasca. A detailed report of the
effect of structure on the antitrichomonal activity was also presented
in this paper,

A series of l-alkylel-aralkyle5-iminotetrasoline hydrochlorides
of the type shown in I were tested in vitro against Trichomenas fostus
by Reutner et al.

NH .HC1

I
c.n,-(cn.)y-lic/ c\xi:-(cn.),cn,

VE

I
It was found that trichomonacidal activity reached a maximam wvhen y = 1

and x » 7, that 4s, when one substituent was benzyl and the other
substituent n-octyl, Further tests revealed that substituents in the
phenyl ring of the bensyl group had an effect on the activity, with a
meximum being reached when a para chlore substituent was present in
the phenyl ring, Thus the greatest activity of all the compounds
tested was found in len-octyl-l-p-chlorobensyl-S-iminvtetrasoline
hydrochloride. 8ince these results show that the activity of
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S-iminotetrasoline hydrochlorides is greatly dependent upon the nature
of an alkyl substituent and upon a substituted benzyl group further
changes in the alkyl substituent would be of interest.

The purpose of this study is to prepare a series of S-iminotetra-
soline hydrochlorides contaiming a eycloalkyl group and an aralkyl
substituent., In this work the cycloalkyl group is the cyclohexyl and
cyclohexylmethyl group while the aralkyl substituents are the bensyl,
substituted benzyl, beta-phenylethyl and gamma-phenylpropyl groups.
The structure of the compounds is based on the analogy of the methods
of synthesis employed with those described for the preparation of
compounds of nown structure and is further established by comparison
of their infra-red absorption spectra with speoctra of similar strustures

reported by Percival (27).
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DISCUSSION

The preparation of 1,i~disubstituted Seiminotetrasolines may be
sccorplished by alkylation of l-substituted S-aminotetrasoles with
elther alkyl halides or alkyl bensenssulfonates (1,2,28,29), In
earlier work (28,29) the product of this reaction was thought to be
l-alkyleS~alkylaminotetrasole, Recent investigations (1,2) have showm
that the product resulting from the alkylation of a l-aliyl-S-amino-
tetrascle is a 1,l-dialkyl-S-iminotetrasoline,

Percival and Herbst (1) have elucidated the structure of the
alkylation products of l-alkyl-S-aminotetrazoles in the following
manner, By introduction of the group R by alkylation of l-R!eS-amino-
tetrascle a product was obtained which was identical with the product
obtained when the group R' was introduced by alkylation of lelieSe

ninototrmlo._
RN ——C-NHg RteN——ColN +HX Rd—ﬁ-ﬂﬂ'
I A Sl R AT & S Ay |
gt N N
Hg=Pd

(when R » benzyl)

R'-n—f-mx,

My
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These results could be realised only if the product of alkylatien
contained substituents situated in equivalent positions, that is, the
1 and 4 position of ths tetrasole mucleus, Additional evidence was
offered by the catalytic hydrogenolysis to remove the bensyl group
from a manber of l-alkylel-bengyl~-S-iminotetrazolines prepared either
by alkylation of l-benzyle-5-aminotetrasole or by bensylation of a
l-alkyl-S-sminotetraszole, In every instance l-alkyl-S-axinotetrasoles
were obtained from the debengylation reaction, a result which eould
arise only if the substituents are located in the one and four posi-
tions of the tetrasole ring. Thus the reaction of an alkyl halids
with a l-alkyl-S-aminotetrascls may be represented by ths following
scuations

NHg NH oHX

|
R-N" c\u ¢ RX ——s R-§7 c\lli-R'
FE )] )L—li

The S-iminotetrasolins hydrochlorides described in this work were
prepared by alkylation of lecyclohexyle and lecyclohexylmethyleS-amino-
tetrasole by the method desoribed by Harbst (30), The groups introduced
by alkylation were the benzyl, p-chlorobengyl,o-chlorobensyl,2,l«~di=
chlorobensyl, 3,L~dichlorobenryl, p-nitrobensyl, menitrobensyl, beta=
pherylethyl and gamma-phenylpropyl. Of the group of iminotetrasoline
hydrochlorides prepared only l-cyclohexyl-l-bensyl-S-iminotetrasoline
hydroclloride had been describod bafore {29), In the wame paper is a
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report of the preparation of l-cyclohexyl-l-beta-phenylethyl-5=imino=
tetrageling hydrobromide.

In the preparation of the iminotetragsoline hydrochlorides the
1-alkyl-5-aninotetrasole wes mixed with the appropriate alkyl halide
and heated on an oil bath at 130-1L5°C. for three to eight hours.
The use of sbout a 50% excess of the alkyl halide facilitated the
formation of a homogeneous melt during the early part of the heating
period and probably increased the ylelds., After the heating period
excess alkyl halide was removed by steam distillation and the resicual
product separated from any unreacted l-alkyl-S-aminotetrazole by
conversion of the iminotetrasoline hydrochloride to the fres base and
removal of the free base by extraction with ether, Finally the imino~
tetrasoline was again converted into the hydrechloride and further
purified by recrystallisation.

During the extraction of the free base with ether it was found
that good separation of the iminotetrasoline was somewhat difficult te
accomplish, Apparently the iminoteirasoline hydrochlorides, which are
not very soluble in water, do not react very rapidly with the aqueous
base to liberate the free iminotetrasoline, Besides this the free
iminotetrasoline forms a very viscous oil that coats the unreacted
hydrochloride thus making liberation of free base even more difficult.
In order to extract the iminotetrasoline with ether the mixture mst
be shaken for a long period of time, Addition of a few milliliters
of aleohol to the extraction mixture will make separation more rapid
but this appears to increase the water content of the ether extracts,
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The free bases which were liberated from the hydrochlorides were
pale ysllow, viscous oils in most instances. In the case of five imino-
tetrasolines which had cyoclohexylmethyl substituents the oils could be
orystallised to give low melting, colorless solids. The free bases
formed hydrochlorides in either aquecus or alcoholic solutions and were
readily oondensed with phenyl isothiocyanate to give phenylthioureas.
This behavior is in direct contrast with the properties of l-alkylSe
alkylaminotetrasoles (1) which do not condense with phenyl isothiocyanate.

The l-cyclohexyl~ and le~cyclohexylmethyl-5-aminotetrasole used in
this work were prepared by a method similar to that used by Garbrecht
and Herbst (31) and may be represented by the following schemes

’lma
BrCN HN /c\
=N

All of the steps were carried ocut successively in the same flask without
isolation of any of the intermediate prcducts., In carrying out the
reaction, amine hydrobromide is formed in the first step along with the
eyanamide but addition of an equimolar amount of sodium hydroxide allows
all of the amine to be converted into the desired cyanamide, The final
step in the reaction as shown in schems 1 was carried out by addition of
& sodium aside solution to the reaction mixture followed by hydrochloric
acid in order to dilponlé with the necessity of preparing and handling
separately solutions of hydrasoiec acid, Presumably the reaction of
hydrasoic acid with a cyanamide leads to an intermediate guanyl aszide
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which cyclises upon heating. This intermediate could conceivadbly

ayclise in either of tw ways to give a l~alkyl-S-aminotetrascle or a
Seslkylaminotetrasole, however, in all instances reported the only product
cdbtained was a l-alkyleS-aminotetrasole} even when the substituent groups,
R, were of quite different electronegativity, such as methyl and para-
nitrophenyl (31).

1-Cyclohexyl=5S-aminotetrazole had been described before (29) but in
order to further charssterise the hitherto unknewm legyclohexylmethyle-Se
aminotetrasole a small amount was eonverted into lecyclohexylmethyl-Se
acstylaminotetrasocle by heating with acetic anhydride,

The cyclohexylmethylamine used to synthesise l-cyclohexylmethyleSe
sxinotetrasole was prepared by means of a Schmidt reaction from cyclo-
hexylacetic acid. A solution of one mole of carboxylic acid in nine
moles of sulfuric acid was employed and the hydrosoic aecid was added in
the form of a 17 bensens solution. Although the seale of tle reaction
ws somevhat larger than is wsually enoountered (32) no serious diffi-
culties were met with, 7The reaction was strongly exothermie dut the
Semperature could easily be held below 50°C. by eontrol of the rate of
addition of the hydrasoic acid or by use of a cooling bath, In more
recent applications of the Schmidt reaction on a small scale (32) solid
sodiun aside was added to the reaction mixture but, in the present case,
the use of a bensene solution of hydrazoioc acid made possible easier
control of the reaction temperature. Isolation of the amine was
faocilitated by the formation of an insoluble amine salt, probably the
acid sulfate, upon dilution of the sulfuric acid with water, Removal of
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this insoluble material made the neutralisation of the large amount of
sulfuric acid unnecessary in order to isoclate the free amine, This
procedure appears to offer a good method for the preparation of aliphatioc
smines in those instances where the corresponding carboxylic acid is
availsble.

The infra-red absorption spectra of a mumber of the iminoctetrasolines
and their hydrochlorides were obtained in order to distinguish these
ocompounds from ether alkylation products which could arise, Examination
of these spectra revealed several notadble features, The iminotetrasoline
hydrochlorides show very strong absorption at about 5.95 p and a notable
lack of absorption at 2.9 « 3.2 g and at 3,7 = L.4 nj the regions usually
associated with N-H vibrations and amine hydrochlorides, respectively.

In the spectra of the free bases the dominant features are the abserption
band at 3.0 p and the strong band at 6.5 m.

A study of the infra-red spectra of a series of tetrasoles consiste
ing of Sealkylaminotetrasoles, S-dialkylaminotetrasoles, lealkyl-S-aminoe
tetrasoles, l-alkyleS-alkylaminotetrasoles, l-alkyl-S-alkylaminctetrasole
hydrochlorides and 1,4=dislkyle-5-iminotetrasoline hydrochlorides by
Peroival (27) revealed several absorption bands which can serve to dige
tinguish one from the others. For instance, l=-alkyl-5-alkylamino-tetrasole
hydrochlorides can easily be distinguished from 1,Li~dialkyleS-iminotetra~
soline hydrochlorides by the strong and rather broad sbsorption band at
4.0 « 4.4 p which appears in the spectra of l-alkyl-S-alkylaminotetrasole
hydrochlorides.



The lecycloalkyl-i~aralkyl«S-iminotetrasoline hydrochlerides pre-
pared in this work show spectra very similar to those of the 1,4-dialkyl-
S-iminotetrasoline hydrochlorides reported by Percival (27). Their lack
of absorption at 3.7 - L.4 p indicates that they are not l-cycloalkyl~Se
aralkylaminotetrasole hydrochlorides, even though there are many simi-
larities to the spectra of l-alkyl-S-alkylaminotetrasole hydrochlorides
reproduced by Percival, From an inspection of possidle structures of
the hydrochlorides such as those shoun in I and II one might expect some
similarity in the infra-red absorption spectra.

' + +
R \I/ i H \E/ "
R-l'l/ \il-a a” n-lll/ \llt-a' a”
N ssmsmn N VE 1§
I 84

Both of these compounds would exist as resonance hybrids as a result of
guanidinium ion type resonance as showm in III, IV, V and VI,

R A oA A oA
!! * /é (‘} L#
RA” MR = RNZ MR @ RN” DR e—e BN MR
— N==N =N N==N
1 w v VI

The infra-red spectra of the free 1,i-disubstituted-S«iminotetra-
solines have several characteristic features which serve to distinguish
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them from the l-alkyl-S-alkylaminotetragzoles, The most prominent of
these features is a strong band at 6,03 p in the iminotetrasolines while
the l-alkyl-5-alkylaminotetrazoles exhibit no absorption at 6,03 p but
have & strong band at 6.28 yu.

Some work on the infra-red absorption spectra of a number of tetra~
goles has been reported (27,33,3L) and attempts made to associate certain
structures with specific absorption bands, When one examines these
asgignments soms uncertainty becomss apparent, In the studies reported
by Lisber et al. (33) absorption in the six micron region shown by S-amino-
tetrazole was attributed to the amino group but in the same paper absorp-
tion at 5.95 to 6.02 p present in the spectra of guanidines was attributed
to the imino group. Murphy and Picard (34) have examined the spectra of
1,~dimethyl=5-iminotetrazole and have assigned the band at 6.0 n to the
axo-imino group, A suggestion has been made by Pereival t&t the absorp-
tion band at 6.0 g may be due to structures such as VII while the band
often found in tetrazoles at 6.3 p could arise from structures like VIII.

N N
!\ [
" N ) c\n
| | | |
H — N e
I VI

In some awinotetrasoles often written as VIII, resonance forms invelving
strustures such as VII may be written with charge separation and thus
impart imino charaster to the molecule, The bands at 6.0 p and 6.3 p

may then give a measure of the relative contribution of each resonance fornm,
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Henry, Finnegan and Lieber (2) have alkylated a series of l-alkyle
S-aminotetrasoles and reported that the major products wers 1,l-dialkyle
SQMmtotruolino hydrochlorides, however, they reported the isclation
of a small amount of a second product which they describe as a mesoionic
eempound, 1,3-dialkyl-S-iminotetrasole IX,

NH NH
N |
c

C
Sy sl
B ———— N=R ReN ——L
I X

This typs of compound has been reported to resalt from the alkylation of
2-alkyl-S-aminotetrasoles (3). The structure assigned to the compound
was based on data obtained from X«ray diffraction studies and its chemical
properties; however, the chemical evidence offered could also be explained
on the basis of a 1,2-dialkyleS~iminotetrasoline X, In the alkylations
conducted in this work mo by-product was found in either the tetrasolines
or their condensation products with phemyl isothiocyanste.



EXPERIMENTAL

Preparation of Cyclohexylmethylamine
Cyslohexylmethylamine was preparsd from cyclohexylacetic acid by

moans of & Schmidt reaction. The procedure was devised from the data
reported in studies by Oesterlein (35) and by Schuerch and Huntress (36).

A S5 1., flask was fitted with a reflux condenser, alcohol thermomster,
stirrer and 500 ml, dropping funnel and sst up over a cold wter bath
which oculd be elevated in order to control the temperature of the con~
tents of the flask, The flask was charged with 213 g. (1.5 moles) of
cyclohexylacetic acid (b.p. 139-140°C,/17 mm,), 2500 ml, of bensene and
715 m1, (13.5 moles) of concentrated sulfuric acid., From the dropping
funnel, 475 ml, of a benzens solution of hydrasoic acid containing 17.0 g.
of hydrasoic acid per 100 ml, of solution (1,8 moles of hydrascic acid)
was a’ded to the reaction mixture with vigorous stirring at a rate of
about 3 ml, per mimite., An exothermic reaction took place but the
temperature of the reaction mixture was kept between L2° and 48°C, by
sdjustment of the water bath, After complete addition of the hydrasoie
acid solution the reastion mixture was held between L2° and 18°C, for
one hour by gentle warming on a steam bath,

The contents of the flask were cocled in an ice bath and the sulfuric
acid layer separated from the bengene layer. Dropping the sulfurie acid
solution into & 4 1. beaker filled with crushed ice resulted in the
formation of a dense white precipitate, The precipitated sxine salt was
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filtered rapidly with suction, pressed as dry as possible and immediately
transferred to a L 1. beaker. After mixing the solid with 1 1, of water
the mixture was made alkaline by the addition of about 600 g. of potassium
hydroxide in the form of a 50% solution., This treatment caused the
separation of a pale yellow amine layer which was separated from the
aqueous residues by steam distillation, The emine was separated from the
water of the distillate by extraction with ether and the etherial solue
tion dried over potassium carbonate, From the ether extracts there was
obtained, by distillation, 131 g. of cyclohexylmethylamine, b.p., 152«
163°C. at stmospheric pressure, nD.. 1.4632 (37). The yield based on
eyclohaxylacetic acid was 65%.

A small portion of the sulfuric acid filtrate, from which the
amine salt separated, was made alkaline by the addition of 50% potassium
hydroxide, Steam distillation followed by extraction of the distillate
with sther failed to reveal any appreciable amount of amine,

l-Alkyl~S-Aminotetrasoles

Preparation of l-cyclohexyle and lecyclohexylmsthyl-Se-aminotetra-
goles vas accomplished by a method similar to that reported by Garbrecht
and Herbst (31), '

1-Cyclohexylmethyle tetrazole

A solution of 113 g. (1 mole) of cyclohaxylmethylamine in 800 ml.
of ethanol was cooled to about 4°C. in an ice bath, A solutiom of 106 g
(1 mols) of eyanogen bromide dissolved im LOO ml, of 508 ethenol was
added dropwise, with stirring, at such a rate that the temperature of
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the reaction mixture remained between 8° and 10°C, With the temperature
of the reaction mixture still maintained at 8° to 10°C,, 4O g. (1 molse)
of sodium hydroxide dissolved in 200 ml, of water was slowly added, The
reaction mixture was then treated with 81 g. (125 moles) of sodium azide
dissolved in 250 ml, of water followed by dropwise addition of 210 ml,
of 6 N hydrochlorie acid (1.25 moles), Addition of the hydrochlorie acid
was adjusted so that the temperature of the reastion did not rise above
12°C. After addition of the hydrochlorie acid solution the reastion
mixture was refluxed gently for three hours, At the beginning of the
reflux period a white precipitate began to form and after half am hour
of heating precipitation appeared to stop, The flask wws cooled after
refluxing and the product removed by filtration, This gave 15 g. of
fluffy white nesdles of lecyclohexylmethyl-S-aminotetrasole (80% yileld
based on cyclohexylmethylamins) melting at 250-251°C,

Am.‘.ly'il.' Calculated for CgH,Ngt C, 53.0%3 H, 8.3%) N, 38.6%.

Founds C, 52.9%3 H, 8,3%; N, 38.8%.

An acetyl derivative was prepared by gently refluxing 1 g. of
l=cyclohexylmethyl-5~aminotetragscle with 2 ml, of acetic anhydride for
sbout 15 mimtes, The resulting l-cyclohexylmethyleS-acetylaminotetra~
sole was recrystallised from 50% ethanol giving a product melting at
129-130°C.

Amlyd.l.’ Calculated for C, H,4N;0¢ C, 53,8%; H, 7.7%5 N, 31.L%.

Founds C, 53.7%3 H, 7.6%; N, 31.L%.

*
Analyses were done by MicroeTech, Laboratories, Skokie, Illinois,
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Preparation of lecyclohexyl-S-aminotetrasole in the same manner as

that used for the preparation of lecyclohexylmethyl-S-aminotetrasole
gave a 62% yleld of a product melting at 217-218°C, (29).

1,4=Disubstituted S<Iminotetrasoline Hydrochlorides

These eompounds were prepared socording to the method given by
Herbst (30). The appropriate l-slkyl-S-aminotetrasole was mixed with an
alkyl halide and heated on an oil bath at 130-145°C, After a short
period of heating a viscous selution was formed which slowly solidified,
Heating was then contimed for from two to six hours after the melt had
completely solidified, The crude material was dissolved im & hot alcohol-
wmter mixture and subjected to steam distillation in order to remove
unreacted alkyl halide., The residual product was made alkaline and the
free iminotetrasoline extracted from the basic solution with ether,
Evaporation of the ether extracts left the crude iminotetrasoline which
was dissolved in agquecus alecohol and converted to the hydrochloride by
the addition of hydrochloric acid. This product was then recrystallised
from aqueous ethanol, Alkylating agents used were substituted bensyl
chlorides, bota-phenylethyl bromide and gamma-phenylpropyl bromide.,
Examples of the nothod of preparation ars givea in the following
preparations of lecyclohexylel=p~chlorobengyl=S-iminotetrazoline hydro-
chloride and l-cyelohexylmethyl=l-beta-phenylethyl=5-iminotetrasoline
hydrochloride,
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1-Cyclohexylelepechlorobengyleb-iminotetrasoline chloride
A mixture of 8.4 g. (0.050 mole) of l-cyclohexyl-S-aminotetrasole

and 12,1 g, (0,075 mole) of p~chlorobensyl chloride was heated on an
oil bath at 140°C, After heating for about half an hour a homogeneous
melt formed which slowly solidified over a period of about half an hour,
Heating was contimied for two hours after the melt had become completely
solid, The so0lid material was removed by dissolving in about 200 ml,

of boiling 50% aqueous ethanol, The alooholic solution was diluted
with mter and subjected to steam distillation. After the distillate
cams over clear, the residue was made alkaline by addition of 4.0 g.
(0.10 mole) of scdium hydroxide. The alkaline solution was shaken
vigorously for approximately half an hour then extracted with ether,

In order to remove all of the free iminotetrasoline three portions of
ether were used and in each case the mixture was shaken for about 20
mimites, Evaporation of the ether extracts left a yellow o4l which was
taken up in 50 ml, of ethanol, A pale yellow precipitate was procduced
upon acidification of the solution with concentrated hydrochloric acid.
An additional 50 ml, of ethanol and 100 ml. of weter was added to the
mixture and the precipitate dissolved by heating. Digestion with Norits,
filtration and subsegquent cooling produced a crop of colorless needle-
like orystals, Reorystallisation of this product from 50% aqueous iso-
propyl alcohol gave 11.6 g. (70% yleld based on the aminotetrasole) of
pure colorloﬁ crystals of l-cyclohexyl-l~pechlorobensyleS«iminotetra-
soline hydrochloride melting at 229-230°C. with accompanying decompo-
sition,
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1-Cyclohexylmethyl-L~beta-phenyletiyleS-iminotetrazoline hydrochloride

A mixture of 9.1 g. (0,050 mole) of l-cyclohexylmethyl-S~aminoe
tetrasole and 13.9 g. (0,075 mole) of beta-phenylethyl bromide was
heated in an oil bath at 145°C, The mixture gradually formed a homo-
geneous melt that slowly solidified over a period of about one hour,
Heating was continued for six hours after the melt had completely
solidified. The product was dissolved in hot 50% ethanol then diluted
with watsr and subjected to steam distillation, Whan the distillate
began to come over clear the residue was made basic by addition of 4.0 z.
(0.10 mols) of sodium hydroxide, The alkaline solution was shaken
vigorously for half an hour then extracted with three portions of ether
which were also shaken for about half an hour, Upon evaporation of the
ether extracts a brownish oil remained which was dissolved in 50 ml, of
ethanol and converted into the hydrochloride by addition of com entrated
hydrochloriec acid along with 50 ml. of water. The cmde hydrochlorida
was dissolved by heating with an additional 100 ml, of water and then
digested with Norite, After filtration and cooling a fine colorless
precipitate formed., A second recrystalligation from 20% aqueous isopropyl
aloochol gave 10,3 g. (67% based on the aminotetrasole) of l-cyclohayle
methylei~beta~phenylethyl~S-iminotstrasoline hydrochloride melting at
234-235°C, with decomposition,

A1l of the iminotetrazoline hydrochlorides ware prepared in the same
mamner and are listed in Tables I and II along with descriptive data.
Analytical data are listed in Tebles III and IV,



TAHLE I

1-CYCLOHEX YL =L ~ARALK YL =5+ IMINOTETRAZOLINE HYDROCHLORIDES

NH

C

(cyclo )ceuxx"'n -~ \N-R

*HC1

50

M

Reerystallised From

R ur.%.* Tield
Percent
Bensyl 230 72 S0% isopropyl aleohol
p~Chlorobensgyl 229-230 70 50% iscpropyl alcchol
o~Chlorobenxy) 222.223 Sk 50% isopropyl aleohol
2,Li~Dichlorobensyl 235-236 L9 60% isopropyl alcohol
3,4=Dichlorcbensyl 219220 58 60% isoprepyl alechol
p-Eitrobensyl 2l3-2)2 Sk T0% isopropyl alechol
n=N{tirobenxyl 217-218 64 70% isopropyl alebhol
beta~Phenyl 220-221 53 - 25% 4sopropyl alsohol
famma-Phenylpropyl 2224223 5L 25% {sopropyl aleohol
5 -

All compounds melted with accompanying decomposition.



TABLE IT

1-CYCLOHEX YLMETHYL »l~ARALK YL =5« IMINOTETRAZOLINE HYDROCHLORIDES

*HC1
(cyclo)CeHy,CHgsN-" “N-R
—
R u.r.%.* Yield Reerystallised From
‘ Percent
Bengyl 217-218 61 50% iscpropyl aloohol
p~Chlorobensyl 210-211 70 50% isoprepyl alechol
o-Chlorobensyl 234235 58 50% isopropyl aloochol
2,L4~Dichlorobenzyl 220 66 60% isopropyl aleohol
3,4-Dichlorobensyl 216 73 70% isopropyl aloohol
p-Nitrobenzyl 232 T 80% isopropyl alcohol
m-Nitrobensyl 218-219 65 60% isopropyl aleohol
betasPhenylathyl 23L-235 67 20% 4sopropyl alcohol
femma-Phenylpropyl — 240-2l1 69 20% isopropyl aleohol
B

411 compounds melted with accompanying decomposition,
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Derivatives With Phenyl Isothiocyanate

All of the iminotetrazolines were characteriszed as phenylthioureas
by treatment of the free base with phenyl isothiocyanate, The prepara~
tion of the phenylthiourea derived from lecyclohexyleh~p~chlorobenzyl-
S5-iminotetragoline is typical of the method used.

Phenylthiourea derived from 1—gy_olohq1-§_-__p:cl__ﬂ.orobeg_zx1-§-imd.notemo

£0

About 1 g, of lecyclohexyl=l~p=chlorobengyl=5«iminotetrazoline
hydrochloride was shaken vigorously with 5 ml, of 2 N sodiunm hydroxide
solution. The resulting iminotetrasoline was extracted with ether and
the ether extracts dried over sodium sulfate., After removal of the dry-
ing agent the ether was evaporated on a warm water bath, A viscous oil
remained which was treated with approximately 0.5 g. of phenyl isothioe
cyanate and heated on a steam bath for from 5 to 10 mimtes. The yellow
oil so obtained was crystalliszed by stirring with S ml, of hexane,
Recrystallisation from isopropyl alcohol gave a& colorless product melting
at 153.5 to 154°C,

All phenylthioureas were prepared in the same manner and eould be
reorystallised from either isopropyl alcohol or heptane., Melting points
and analytical results are given in Tables V and VI,

1-Cyclohexylmethylel-aralkyl-S«iminotetrazolines

The free bases were prepared by nsutralisation of their hydroe
chlorides, The procedure used may be illustrated by the preparation of
l-cyclohexylmethylel~p-chlorobenzyl«S~iminotetrazoline, About 1 g. of
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l-cyclohexylmethyl=l-p=chlorobenzyl«5~iminotetrazoline hydrochloride
was shaken vigorously with 5 ml., of 2 N sodium hydroxide solution then
extracted with ether, The ether extracts were dried over sodium sulfate
and then the ether evaporated by means of a warn water bath, A viscous
pale yellow oil resulted which solldified upon cooling in an ice bath.
Dissolving the crude solld in hot cyclohexane followed by very slow
ecooling gave colorless needles of lecyclohexylmethylel~p~chlorobenzyl=
S-iminotetrasoline melting at 82-83°C,

Attempts were made to prepare the free bases from all of the hyxro-
chlorides, however, only five of the compounds gave solid products, The
solid compounds isolated are listed in Table VII along with their melte
ing points and enalytical results,

Infra-red Absorption Spectra

Infra-red sbsorption spectra were obtained for a series of imino-
tetrazoline hydrochlorides and the corresponding free bases using a
Perkin-Elmer Doublebeam Recording 8Spectrophotometer, Model 21. All
compounds were run in oil mulls with the concentration of solid great
enough to give strong adsorption in the six micron region. The spectra
are reproduced in Figures 2 to 16 of the Appendix,
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SUITIARY

The reaction of 3,5-dimethyl-l~aminoel,2,l~triazole with benzyl
chloride was shown to lead to a quaternary chloride which contains
8 primary amino group.

The quaternary chloride has been shown to react with aqueous potassium
hydroxide to give an organic base that forms a hydrochloride isomeric
with the quaternary chloride, Treatment of the base with bensyl
chloride results in the formation of a second quaternary chloride,

A series of l-cycloalkylel-aralkyl-5-iminotetrazoline hydrochlorides
has been prepared by the aralkylation of l-cycloalkyl-Seaminotetrazoles,
The compounds were characterized by formation of phenylthioureas by
reaction with phenyl isothiocyanate, The structure of these compouncs
was oafabliahad by comparison of their infra-red spectra with the
spectra of known structures and by analogy of the method of synthesis
with that described for ths preparation of compounds of known structurs,
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