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InTrRODUCTION

In 1951, Lieber, Patinkin and Tao
reported that 5-nitraminotetrazole
(I) is a dibasic acid in which k, is
as strong as the strong inorganic
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acids and k, has the value 9 x 1077
(pK,==6.1). This rather surprising
value of k, for structure I could sat-
isfactorily be accounted for on the
basis that the hydrogen of the nitra-
mino-group is the strong acid proton
and that its removal results in a very
large increase in resonance stabiliza-
tion (I—IT) of the anion (II) with
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respect to the free acid (I). Con-
firmation for this hypothesis was ob-
tained by Lieber, Sherman and
Patinkin (1951) by a study of the
ultraviolet absorption spectra of 1
and its salts. Further confirmation
for the idea that symmetry and res-
onance considerations were impor-
tant factors in the dissociation guo-
tients of nitrogen heterocycles was
shown by the very strong acidity of
S-azidotetrazole (111) and the great-
Iy reduced value of k, exhibited by
3-methyl-5-nitramino-1, 2, 4-triazole
(IV) in which the symmetry of the
tetrazole ring has been destroyed by
the insertion of a carbon atom for
a nitrogen atom in position-3 (Lieb-
er, Patinkin and Tao, 1951). The
second proton in IV was too weak
to be determined potentiometrically.
Accordingly, the report by Herbst
and Garbrecht (1953) that 5-aceta-
midotetrazole (V) had an apparent
dissociation quotient of 4.5 pK,
units, involving an inerease of only
1.5 pK, units over that of 5-amino-
tetrazole (VI) (Lieber, Patinkin and
Tao, 1951) was of considerable in-
terest. Structure V, by the removal
of a proton from the 5-acetamido
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side chain should exhibit the large
inerease 1 resonance stabilization of
its anion (VII) with respect to the
free acid (V) as that exhibited by
structure 1I. However, Herbst and
Garbrecht (1953) could not potenti-
ometrically detect the second proton
in aqueous media; they predicted
that it might be possible to deteet
the second proton in non-aqueous
media. In view of the conflict of
ideas expressed by the above inves-
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tigations it was decided to investigate
the acidic behavior of 5-acetamido-
tetrazole (V) in both aqueous and
nonaqueous media. This communi-
cation reports the results of that
study. Subsequent to the submis-
sion of this communication (Janu-
ary 16, 1958) there has appeared
a brief mnote by Maher and Yohe
(1958 ; submitted February 3, 1958)
confirming some of the data in the
present paper.

MATERIALS AND MuTHODS

The required 5-acetamidotetrazole
was prepared by two independent
procedures both of which led to iden-
tical products. The sequence of re-
actions is outlined later.

Following the procedure of Herbst
and Garbrecht (1953) the benzyla-
tion of H-aminotetrazole (VI) led
to the formation of a mixture of
d-benzylaminotetrazole (VIIL) and

I-benzyl-5-aminotetrazole (1X). The
desired I1X was scparated from the
mixture by extraction with aqueous
sodium hydroxide; the insoluble por-
tion after reerystallization from 509
aqueous isopropyl aleohol gave 1X
melting at 190-192°,  Acetylation of
IX Ted to the isolation of 1-benzyl-5-
acetamidotetrazole (X) which on
catalytic debenzylation by means of
hydrogen (50 p.s.i. and room tem-
perature) in the presence of palladi-
um on charcoal gave DH-acetamido-
tetrazole (V) melting at 268° (Anal-
vsis: C,H,N,O: Caleulated: N,55.1.
IFound : N, 55.6). The direct acetyl-
ation of 5-aminotetrazole (VI) was
carried by the procedure of Thiele
and Ingle (1895), yielding a product
melting at 265-266° (Analysis:
C,H.N,O: Calculated: N, 55.1.
Found: N, 55.1). No depression of
the melting point was found on mix-
ing the specimens of 5H-acetamido-
tetrazole prepared by the two differ-
ent procedures. The 1-benzyl-5-aceta-
midotetrazole (X) prepared in this
investigation had a melting point of
108-110° in agreement with that re-
ported by Herbst and Garbrecht
{1953).

The potentiometric aqueous titra-
tions were carried out using calomel
and glass electrodes with a photovolt
direct reading pH meter and 0.1086
N KOH as titrant. The potentio-
metric nonaqueous titrations were
carried out in both dimethylforma-
mide and 95-100% ethylenediamine,
respectively. The apparatus con-
sisted of calomel-antimony electrodes
and Beckman model H2 pH meter.
Sodium methoxide (0.1170 N) in
benzene-methanol mixture was used
as titrant. In general, the proce-
dures described by IFritz (1952)
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were followed. However, it was
found mecessary to shield all elec-
trode leads In order to obtain re-
producible readings.

ResvLnTs

IMigure 1 summarizes the potentio-
metrie titrations in agueous medium
for 1-benzyl-3-acetamidotetrazole
(X) and 5-acctamido-tetrazole (V),
respectively.  The wvalues of pI,
taken from the pH at the half neu-
tralization point are summarized be-
Tow:

5-Acetamidotetrazole
1-Benzyl-5-acetamidotetrazole

TFigures 2 and 3 summarize the re-
sults of the potentiometric titrations
condueted with 5-acetamidotetrazole
(V) in dimethylformamide and
ethylene diamine, respectively. Tt
will be noted (Fig. 2) that a very
weal: potential break is obtained for
the second proton at the expected

stoichiometry when the titration 1s
carried out in dimethylformamide,
while a much steeper potential break
is obtained (Kig. 3) in cthylenedia-
mine as solvent.

Discussion

The present investigation has con-
firmed the weak monobasic proper-
ties of D-acetamidotetrazole (V) as
reported by Herbst and Garbrecht
(1953) and the inability to detect
potentiometrically the second proton

pKa

Herbst and
Garbrecht (1953)
4.5¢
8.61

This research

4.49
8.49

in aqueous medium. In extension
of this work it has now been demon-
strated that 5-acetamidotetrazole
does display dibasic acid properties
in nonaqueous media. The impor-
tant point of discussion involves the
question as to what structural fac-
tors in J-acetamidotetrazole are re-
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Fre. 1-—Potentiometric titrations in aqueous medium: dashed
line, 1-benzyl-5-acetamidotetrazole; solid line, 5-acetamidotetrazole.
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Fic. 2—Potentiometric titration of 5-acetamidotetrazole in dimethylformamide
solvent. Upward pointing arrow indicates potential break at second proton.
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sponsible for its decreased acidity.

The various factors which markedly W ‘O\C/ Gl
affect acid and base strength have ll |
been recently described by Brown, N N
MeDaniel and Hafliger (1955). Of /S N/
. . . N C
these factors hydrogen bonding re- I ‘
sulting from internal chelation has N N
been shown to be of considerable im-
portance (Brown, et al., 1955). It XL
is suggested that the chelated strue- -
tures XI and XII, requiring both l
of the acidic protons, stabilize the Nt N Ci3

molecule and hence reduce the tend- / \ / ’ \ /
ency of the protons, either at the N ©
equivalent positions 1 or 4, to dis- N\I
sociate. Badger (1957) has shown ]
that quinoline-8-carboxylic acid is a H
much weaker acid than any of the XTI
jsomeric quinoline carboxylic acids

and has explained this as due to in- s
tramolecular hydrogen bonding sta-

bilizing the undissociated compound

as shown by structure XIII. A

The symmetry and equivalency of c H
structures XI and XII, in which the / \ 7
acidie protons are at positions 1 and 0 0
4 should be noted. The structure XIII.
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Fra. 3.—Potentiometric titration of 5-acetamidotetrazole in
ethylenediamine as solvent.
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usually given in the literature for
d-aminotetrazole is VI (for example,
see Herbst and Garbrecht, 1953) al-
though considerable evidenece cxists
that the completely symmetrical
tetrazoline (dihydrotetrazole) form
(XIV)

I
1

more adequately explains the prop-
erties of that substance (Henry,
Finnegan and Lieber, 1954). Struc-
ture XIV may also be described as
guanidine which has been tied in the
rear by an azo-linkage (indicated
by the dotted lines) which exerting
a powerful electron-withdrawing ef-
fect converts guanidine from a very
strong base (equivalent to potassium
hydroxide) to an acid. It is for this
reason that the extremely weak effect
of the acetyl group in the 5-amino
side chain (XV)

requires explanation; the strong in-
ductive effects (pulling in opposite
directions) should markedly decrease
the electron densities at positions 1
and 4. The stabilization implied by
the equivalent structures (XI and
XII) must, accordingly, be a very
important factor in reducing the
inductive effects of the azo-backbone

and acelyl-group of structure XV.
In addition, the structure XI (or
XI1) proposed for 5-acetamidotetra-
zole produces an anion (resulting
from the dissociation of the proton
at either positions 1 or 4) that is
capable of considerable resonance
stabilization, as shown by structures
XVI to XVIII.

% H
-
O — | w4
V4
\
===
e
=)
3
AN
L=0Q
I?/ :v: E
\,_ ./ K
—_=
{ |
A\
=q
o B
>

i N q
N/--\C/ \C/C 3
n
~

N——r-o~N

(Additional resonance forms are pos-
sible but are not shown). This hy-
pothesis aceounts for the ability to
detect readily the first proton by
agueous or nonaqueous titrations.
‘While the second proton cannot
be detected in aqueous medium, the
present investigation has shown that
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it can be readily demonstrated in
non-aqueous media. A considerable
body of evidence exists (Brown, et
al., 1955; Pritz, 1954; Deal and
Wyld, 1955) that the relative
strengths of two acids can vary with
the solvent, presumably by modify-
ing the electrical character and ap-
parent inductive effeet of groups.
This investigation has thus demon-
strated this effect for H-acetamido-
tetrazole and has shown that under
suitable environmental conditions
the second proton (for example at
position-4 of structure XVI) can
dissociate and be detected.

Tt will be noted from Figure 1 that
the introduction of a benzyl substitu-
ent in position-1 of 5-acetamidotetra-
zole (structure I1X) markedly re-
duces the acidic properties of the
compound. 1-Benzyl-5-acetamidotet-
razole may be represented by strue-
ture XIX.

C4HgOH,

N2 N CH
N/ \c/ o ’
b

g
XIX.

The benzyl radical is an eclectron-
donating group and accordingly in-
creases the electron density at the
nitrogen atom in position-4 (actually
the increased electron density is dif-
fused throughout the entire ring
structure but wounld be expected to
have greater electron densities at the
clectronegative atoms). This factor
alone would bhe insufficient to account
for the very large decrease in acid
strength., IHowever, a combination

of this factor plus the stabilization
afforded the remaining proton (at
position-4 in structure XIX) offers
a satisfying explanation for this de-
crease in acid strength of 1-benzyl-
5-acetamidotetrazole.

SUMMARY

Unequivocal syntheses for 1-
benzyl-5-acetamidotetrazole and 5-
acetamidotetrazole were carried out
and the comparative dissociation
quotients determined by potentio-
metric titration in aqueous medinm.
The weak monobasic acid properties
of these substances were confirmed.
Potentiometric titrations in nonaque-
ous media have demonstrated that
F-acetamidotetrazole 1s a dibasic acid
in these media, the second dissociat-
ing proton being readily detected by
this means. A theory to account for
these observations is presented and
discussed.
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