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Alkyl Derivatives of 3-Amino-5-(2-furyl)-1,2,4-triazole

Part III. A Spectrochemical Study of the Tautomerism

EVA AKERBLOM and MARTIN SANDBERG

Research Division, AB Pharmacia, Uppsala, Sweden

Tautomerism in alkylated 3-amino-5-(2-furyl)-1,2,4-triazoles has
been studied using infrared and ultraviolet spectroscopy. It was found
that the compounds existed in the amino form both in the crystalline
state and in polar and nonpolar solvents. In 3-alkylamino- and
3-dialkylamino-5-(2-furyl)-1,2,4-triazole, there are three possible
positions for the ring hydrogen atom. The IR-spectra of these com-
pounds showed that in the crystalline state, the 2H-3-alkylamino-
and the 2H-3-dialkylamino-5-(2-furyl)-1,2,4-triazole, respectively,
were the most probable tautomers. This tautomeric form of the
dialkylamino compound was also preponderant in chloroform solu-
tion. The low solubility of the alkylamino compound did not permit
any determination of the tautomerism in this solvent. In tetra-
hydrofuran solution two or all three tautomeric forms were evident.
The UV-spectra indicated that there was also a mixture of tauto-
meric forms in ethanol and water.

In N-heterocyclic amines, tautomerism is possible between the amino
and the imino form.' In the earlier literature, many N-heterocyclic amines
were assigned the imino form in order to explain their chemical behaviour."®
Later, it was shown by physical methods that this assumption was incorrect
and that the amino form is the most probable.t~® In this paper is presented
a study of the tautomerism in alkylated 3-amino-1,2,4-triazoles. A number
of alkylated aminotriazoles which could theoretically exist in tautomeric
forms were synthesized.*

N—NH — N—N = HN—N — N—NH —3 HN-—NH
RJ'\N/)—NHR,‘— RJ'\NJ—NHR,' R-’\\N/'LNHR1' R—lNJ=~R1 - R—k\N)=NR1
H H

3-Alkylamino-1,2,4-triazole may exist in five tautomeric forms. Besides
the amino-imino tautomerism, the hydrogen of the triazole ring has three
possible positions.

* Part 1. Acta Chem. Scand. 19 (1965) 1135.
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Substitution of the hydrogen atom of the triazole ring limits the number
of possible tautomeric forms and gives compounds, which exhibit only amino-
imino tautomerism. In 3-dialkylamino-1,2,4-triazoles the amino structure is
fixed but there are three possible positions for the hydrogen atom of the
triazole ring.

To study the tautomerism of these compounds, their UV- and IR-spectra
were examined and compared. Further comparisons were made with spectra
of alkylated 3-amino-1,2,4-triazoles and 3-imino-1,2,4-triazolines, which are
incapable of tauiomerism.

RING ALKYLATED 3-AMINO-1,2,4-TRIAZOLES

In 1-, 2-, and 4-alkylated 3-amino-5-(2-furyl)-1,2,4-triazole the ring hy-
drogen atom is replaced by an alkyl group. 1- and 4- a,lkyl compounds (I and II)
may exist in an amino or an imino form, while the 2-alkylderivative (III)
may exist in one amino and two imino forms.

)
N—N N—NH
U—'\\/‘l—rmz )=NH
0 N
Ia
N—N N—NH
L1 o, = (]
. N NHa (oj—k,l(ENH
Ia R Ib R
N— N—NR HN—NR
U——'\ /L—NHZ U—‘\ )=NH = Q—'\\NJ:NH
Ma b mMe

Infrared spectra. The TR-spectra of compounds I and IIT in chloroform
solution show bands at about 3480 cm™ and 3395 cm™ due to the NH,
asymmetrical and symmetrical stretching, respectively,and a band at 1620 cm™
which can be assigned to the NH, deformation mode 1% (Figs. 1la and b).
The presence of these bands strongly suggests that compounds I and III
exist in the amino form in chloroform. A comparison with the spectrum of the
2,4-dimethyl-5-(2-furyl)-3-imino-1,2,4-triazoline, which can only exist in the
imino form, further supports the existence of the amino form. This compound
has a single band at 3347 cm™ due to the NH-stretching vibration of the
imino group (Fig. 1c). Unfortunately substance II is not soluble enough in
chloroform to give a satisfactory spectrum and therefore cannot be compared
with compounds I and ITI.

The existence of the amino form in chloroform solution does not eliminate
the possibility of the existence of other tautomeric forms in the solid state.
Differences in the spectra of aminoheterocycles recorded in solution and in
solid state have been reported %7, but mostly only the solution spectra have
been interpreted.

Acta Chem. Scand. 19 (1965) No. 5
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Fig. 1. IR absorption in CHCI; solution. \/
a. 38-Amino-5-(2-furyl)-1-methyl-1,2,4-tri-
azole (I). b. 3-Amino-5-(2-furyl)-2-methyl-
1,2,4-triazole (III). c. 2,4-Dimethyl-5-(2-
furyl)-3-imino-1,2,4-triazoline. oy B AN
3400 2000 cm™! 1000 650

In Fig. 2, spectra of alkyltriazoles in the solid state are presented. No
characteristic NH,-frequencies are observed in the 3400 cm™ region and the
1620 cm~ band in chloroform solution is shifted to about 1640 cm™ in solid
state. This may indicate the existence of the imino form of the substances
I, I1, and III in the solid state. However, the differences can also be explained
by strong intermolecular hydrogen bond interaction of the amino group in
the solid state. It has been shown that the NH, bending vibration is shifted
to higher frequencies when the amino group participates in hydrogen
bonding.2,13

To investigate further, which of the two forms that is the most plausible,
IR-spectra of the deuterated compounds were recorded. They exhibit absorp-
tion bands from ND-vibrations in the 2300—2500 cm™ region and the band
at 1640 cm™ in the undeuterated compounds disappears. The imino band
at 1630 cm™ of 2,4-dimethyl-5-(2-furyl)-3-imino-1,2,4-triazoline is unaffected
by deuteravion (Figs. 2g and h). This shows that the band at 1640 cm™ in
the undeuterated alkyltriazoles is due to an internal deformation of an amino
group.

Ultraviolet spectra. Further evidence was adduced from the UV-absorption
spectra of the three monoalkyltriazoles (I, II, and IIT) and of some of their
derivatives (Table 1). Compounds I, IT, and III exhibit an absorption maximum

Acta Chem. Scand. 19 (1965) No. 5
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Fig. 2. IR absorption in KBr phase. a. 3-Amino-5-(2-furyl)-1-methyl-1,2,4-triazole (I).

b. Do. deuterated. ¢. 3-Amino-5-(2-furyl)-2-methyl-1,2,4-triazole (III). d. Do. deuterated.

e. 3-Amino-5-(2-furyl)-4-methyl-1,2,4-triazole (II). f. Do. deuterated. g. 2,4-Dimethyl-
5-(2-furv])-3-imino-1.2_4.triazoline h Na denteratad (in ONCL. solntion)
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Table 1. The UV absorption spectra in ethanol and 0.01 M hydrochloric acid.

R, R, R, Jmax (Nnm) g X 107®*  Amax (nm) e X 1078
(in EtOH) (in 0.01 M HCl)
N—N R
L0 g
Eo]—J\NJ—N\R,
1
CH, CH, CH, 272 14.6 269 14.5
CH, H CH, 280 14.8 265 15.3
C,H, H C,H, 280 14.1 266 14.8
H H CH, 274 12.8 263 15.0
H H CH,CH,OH 273 12.6 264 13.6
llia
N—N R
| | M
on'—”\N/)_N\Rz
u
H CH, CH, 268 12.8 272 16.9
H H CH, 264 16.5 270 16.56
H CH, CH,Ph 265 15.1 270 16.7
fa
N Ry
| LN~
0 \N)—N\R2
YL
H H CH, 252% 9.5 284 14.1
278 11.1

* A shoulder.

in chloroform solution at 264—278 nm, whereas 2,4-dimethyl-5-(2-furyl)-
3-imino-1,2,4-triazoline absorbs at 301 nm (Fig. 3). The appreciable wave-
length shift of the latter band and its low molecular extinction value dismisses
the possibility that this band is due to a bathochromic shift of the absorption
at 264—278 nm. 3-Dimethylamino-5-(2-furyl)-4-methyl-1,2,4-triazole, which
cannot exist in an imino form, has an absorption band at 272 nm. The similarity
between this latter spectrum and the spectra of the tautomeric ring alkylated
aminotriazoles (Fig. 3 and Table 1) and the difference between the spectra
of the latter and the imino compound favours an amino structure for the ring
alkylated aminotriazoles.

Acta Chem. Scand. 19 (1965) No. 5
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0

Fig. 3. UV absorption in chloroform solu-
tion. 3-Amino-1-methyl-5-(2-furyl)-
1,2,4-triazole (I). «-.e-c-s 3-Amino-2-
methyl-5-(2-furyl)-1,2,4-triazole (IIT), — - -
3-Amino-4-methyl-5-(2-furyl)-1,2,4-triazole
(II). —memem 2,4-Dimethyl-5-(2-furyl)-3-
imino-1,2,4-triazoline.

250 ' Z:)OO nm 350

The UV-spectra of the monoalkyltriazoles (I, II, and ITI) were practically
unchanged when recorded in chloroform, ethanol, and 0.01 M sodium hydroxide
showing that there are not tautomeric displacements when the solvent is
changed.

Thus the IR- and UV-examination show that the compounds I, II, and
IIT exist in the amino form in the crystalline state and in polar and nonpolar
solvents.

AMINO ALKYLATED 1,2,4-TRIAZOLES

The ring hydrogen atom of 3-alkylamino- and 3-dialkylamino-5(2-furyl)-
1,2,4-triazole (IX and X) may be situated at either of the three nitrogen
atoms thus giving three tautomeric forms (IXa, b, ¢ and Xa, b, c¢). Besides
these tautomeric forms, the 3-alkylamino-derivative (IX) may also exist
in two imino forms (IXd, e).

N—NH
U—J'\N/J—NHR — U—'\ /LNHR [_J—‘\ J——NHR

0

IXa Xb h IXc

. HN—NH

L_/]—k/ENR ~ QL’\\N/ENR

Xd IXe

N—NH R = 7 NN R — HN—N g

@——k//l—n = ULy == 1 Ly
0 ) NT SR, 0 N R,

Xa x M Xc

Ultraviolet spectra. The UV-spectra of IX and X recorded in water, ethanol,
tetrahydrofuran, and ether exhibit a very broad absorption band around
240—270 nm (Figs. 4 and 5) with no distinet peak although several shoulders
are visible. The broad absorptlon band may indicate the presence of several
tautomeric forms of IX and X in these solvents. The UV-spectrum of IX and
X recorded in cyclohexane shows a more definite band with a maximum at

Acta Chem. Scand. 19 (1965) No. 5
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Fig. 4. UV absorption of 5-(2-furyl)-3-methylamino-1,2,4-triazole (1X) in tetra-
hydrofuran, —:=.=.— ethanol, = = -~ - water, - .. .... ether solution.
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Fig. 5. UV absorption of 3-dimethylamino-5-(2-furyl)-1,2,4-triazole (X) in
tetrahydrofuran, —.—.—— ethanol, ——-—-- water, ««.ec... ether, ===
cyclohexane solution.

250 nm indicating that in this solvent one of the tautomers is preponderant.
However, owing to the low solubility of IX in cyclohexane it was necessary
to use a saturated solution and a 10 cm cell. The concentration of this solution
is unknown and therefore the curve is not drawn in Fig. 5.

The UV-spectra of IX and X recorded in nonpolar solvents show an
absorption band at 300 nm (Figs. 4 and 5). A comparison with the spectrum
of 2,4-dimethyl-3-imino-5-(2-furyl)-1,2,4-triazoline (Fig. 3) would suggest
the presence of an imino tautomeric form of IX and X. However, it is evident
that X cannot exist in an imino form. Substance IX may exist in an imino
form but it is unlikely that this substance behaves differently from the other
aminotriazoles examined and that the shoulder at 300 nm in the UV-spectrum
of IX is not due to the presence of an imino tautomer.

In polar solvents the long wavelength band at 300 nm of IX and X is
shifted to shorter wavelength and is partially concealed by the high intensity

Acta Chem. Scand. 19 (1965) No. 5
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absorption band. This strong hypsochromic shift in polar solvents is charac-
teristic of a n — x* transition.!* The intensity of such a band is reported to
be very low and molar absorption coefficients between 10 and 1500 are re-
ported.’41¢ However, it is expected that n» - #* bands of five-membered ring
heterocyclic molecules should be relatively strong.!” This has not yet been
confirmed, since such bands have not been observed in the spectra of the few
five-membered ring heterocycles so far examined. It was assumed that the
n - n* bands were masked by the more intensive # — z* bands in these
spectra.

The intensity of the long wavelength band of IX and X (é¢max 2000—
4000) (Figs. 4 and 5) is higher than expected for n - z* transitions. However,
the solvent effects observed, the long wavelength absorption and the relatively
strong n - n* band associated with five-membered ring heterocycles support
the assumption that the long wavelength band of IX and X is due to a n - n*
transition.

Intra- and intermolecular hydrogen bonding may influence the electronic
spectra.!®* An examination of the degree of association of 3-methylamino-
and 3-dimethylamino-5-(2-furyl)-1,2,4-triazole (IX and X) in nonpolar solvents
was therefore carried out. Fig. 6 shows the spectrum in the 3000—4000 cm™
region of substance X recorded in carbon tetrachloride at different concentra-
tions. The sharp peak at 3460 cm™ is due to a free NH-stretching band and
the bands at about 3100 cm™ are due to hydrogen bonded NH-stretching.
The solution spectra show that the association increases with rising concentra-
tion thus indicating intermolecular hydrogen bonding. At concentrations
4 X 10* M the bands at 3100 cm™ have almost disappeared and substance
X is mainly in an unassociated state. Consequently at the low concentrations
(6 X 1078 M) used when recording the UV-spectra, the association may be
negligible. Owing to the low solubility of triazole IX in carbon tetrachloride
it was not possible to make any measurements in this solvent but it is expected
to behave similarly to the triazole X.

o !
b w
30 | 4
5 ! 4
S
=z 50 i
)
n 1
0 = i
= i
<70 i
@ i
-
i [ Fig. 6. NH-stretching absorption bands of
3-dimethylamino-5-(2-furyl)-1,2,4-triazole
90 ] (X) in carbon tetrachloride.
em-! 10 X 10 M, —--- 2 X 10 M,
v PP 0.4 x 107 M.
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The high intensity band in the UV-spectra of alkylated 3-amino-5-(2-furyl)-
1,2,4-triazole derivatives (Figs. 3, 4, and 5) is most likely due to a # —» =n*
transition.l® Alkyl substitution of a ring-nitrogen atom is expected to give
a bathochromic shift of the absorption band.!®?! The ring-alkylated triazoles
V, VI, and VII (Table 1) were thus found to absorb at longer wavelengths than
alkylamino- and dialkylamino-5-(2-furyl)-1,2,4-triazole IX and X (Figs.
4 and 5). Further the ringalkylated furyltriazoles V and VII, in which the
furan ring is in linear conjugation with the two double bonds in the triazole
ring, absorb at longer wavelengths than the furyltriazoles VI in which there
is a cross conjugation between the rings (Table 1). Such differences have
been reported for other arylheterocycles which may exist as linear and cross
conjugated structures.1®,20

The broad absorption band appearing in the UV-spectra of 3-methylamino-
and 3-dimethylamino-5-(2-furyl)-1,2,4-triazole IX and X seems to consist
of several bands. Consequently it is not possible from the UV-data to decide
which of the tautomeric amino forms of substances IX and X are predominant
in the different solvents. The broad absorption band only shows that several
tautomers of IX and X exist in the solvents examined with the exception of
cyclohexane for which one tautomeric form probably preponderates. Small
shifts of the high intensity band in the spectra observed in different solvents
may be due both to displacements in the tautomeric equilibrium and to
solvent effects.

Spectra of IX and X recorded in alkali and acid solution have distinct
peaks (Table 2). In the anionic form of a triazole derivative the charge is not
fixed to a particular nitrogen atom but is distributed over the triazole ring,
thus accounting for the distinct absorption band. The spectra recorded in acid
solution have their absorption maxima in the same region as the spectra of
ring alkylated triazoles (Table 1). No information about the tautomeric
equilibrium could be adduced from spectra recorded in acid and alkali solution.

Infrared spectra. An IR-spectroscopic examination was performed to gain
further understanding of the tautomeric equilibria in alkylamino- and dialkyl-
aminotriazoles IX and X.

A study of the IR-spectra of the ring-alkylated triazole derivatives (Figs. 1,
2, and 7d—f) shows that linear and cross conjugation between the furan and

Table 2. The UV absorption spectra of 3-alkylamino- and 3-dialkylamino-5-(2-furyl)-
1,2,4-triazole IX and X in acidic and basic solution.

Substituents of Amax (nM) & X 107 Amaz (nm) g X 1072

the amino group (in 0.01 M NaOH) (in 0.01 M HC1)

R R,
H H 271 13.8 265 16.6
H CH 274 11.5 268 15.3
H C,H, 274 12.3 268 16.6
H C;H, 275 13.2 269 18.3
H C,H, 275 12.8 268 16.5
CH, CH, 277 11.6 270 15.7
C,H, C.H, 278 9.3 271 14.6

Acta Chem. Scand. 19 (1965) No.'5 ’ 12
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triazole ring give different ring vibration bands in the 1500—1650 cm™
region. Substances V and VII with a linear conjugation give one band at
1550—1600 cm™, while substance VI with a cross conjugation have two
bands between 1580 and 1650 cm™,

R3
|
N—N —N- —N
(Ve U—NL'()—RS’R‘ i
~
0 f'l Rp 0 Ry 0 [ \Rz
R3
Y i il

The IR-spectra of 3-alkyl- and 3-dialkylaminotriazoles IX and X, recorded
in the solid state (Figs. 7a and b), exhibit two absorption bands at 1600—
1640 cm™!, which may be assigned to ring vibration bands of a cross conjugated
triazole derivative. Consequently the tautomeric forms IXa and Xa, respec-
tively, with a hydrogen atom in 2-position are most probably the main tauto-
mers present in the crystalline state.

The strong absorption bands at 2500— 3250 cm™2, due to hydrogen bonded
NH-stretching show that the triazole compounds IX and X are associated
in solid state. This phenomenon has been reported for 1,2,4-triazole and other
heterocycles as imidazole, pyrazole and tetrazole compounds both in solid
state and in nonpolar solvents.22-24

The IR-spectrum of 3-dialkylamino-5-(2-furyl)-1,2,4-triazole X recorded
in a 2 9, chloroform solution (Fig. 7c) exhibits two bands at 1600—1640 cm™
identical with the ring vibration bands observed in the solid state (Fig. 7b).
This also shows that in chloroform solution Xa is the most probable tautomeric
form. Moreover, the IR-spectrum shows strong absorption bands at 2500—
3200 cm™ due to hydrogen bonded NH-stretching and only a little peak at
3440 cm™ due to a free NH-stretching indicating that most of substance X
is associated in chloroform solution. This agrees with the results obtained in
carbon tetrachloride solution as presented in Fig. 6. Unfortunately, 3-alkyl-
amino-5-(2-furyl)-1,2,4-triazole (IX) is not soluble enough in chloroform to
give a satisfactory spectrum.

Finally, a study of the IR-spectra of IX and X was made in tetrahydrofuran
solution. In these spectra a band appeared at 1560—1570 cm™ in addition
to the two bands at 1600—1640 cm™ (Figs. 8a—c). The new band is most
likely due to a ring vibration band of a linear conjugated triazole ring. This
may indicate the presence of one or both of the tautomers IXb, IXc and
Xb, Xe, respectively, in equilibrium with the tautomeric forms IXa and Xa,
respectively. Spectra of some linear conjugated triazole derivatives (Figs.
8d—f) are presented for comparison.

An IR-examniation in more polar solvents such as ethanol and water is
not practicable, since these solvents exhibit strong absorption in 1500—
1700 cm™ region.

The UV- and IR-spectra have been recorded for methyl, ethyl, and propyl
derivatives of IX and X. The spectra of the higher alkyl homologues show
the same features as the methyl derivative and hence a similar distribution

Acta Chem. Scand. 19 (1965) No. 5
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Fig. 7. IR absorption in KBr phase. a. 5-(2-Furyl)-3-methylamino-1,2,4-triazole (IX).
b. 3-Dimethylamino-5-(2-furyl)-1,2,4-triazole (X). c. Do. (in chloroform solution). d. 5-(2-
Furyl)-2-methyl-3-methylamino-1,2,4-triazole (VI). e. 5-(2-Furyl)-4-methyl-3-methyl-
amino-1,2,4-triazole (V). f. 3-Dimethylamino-5-(2-furyl)-4-methyl-1,2,4-triazole (V).

of tautomers may be inferred for all of them. Therefore only the spectra of the
methyl derivatives have been published.

The IR-data show that 3-alkylamino- and 3-dialkylamino-5-(2-furyl)-
1,2,4-triazole (IX and X) exist in the solid state mainly in the tautomeric

Acta Chem. Scand. 19 (1965) No. 5
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Fig. 8. IR absorption in tetrahydrofuran solution. a. 5-(2-Furyl)-3-methylamino-1,2,4-
triazole (IX). b. 3-Ethylamino-5-(2-furyl)-1,2,4-triazole (IX). ¢. 3-Dimethylamino-5-
(2-furyl)-1,2,4-triazole (X). d. 5-(2-Furyl)-2-methyl-3-methylamino-1,2,4-triazole (VI).
e. 3-Amino-5-(2-furyl)-1-methyl-1,2,4-triazole (I). f. 3-Dimethylamino-5-(2-furyl)-4-
methyl-1,2,4-triazole (V). ‘

forms IXa and Xa, respectively, with the hydrogen atom in 2-position. In
chloroform solution, substance X likewise exists in the tautomeric form (Xa).
Owing to the low solubility of substance IX it is not possible to obtain a satis-
factory spectrum in this solvent. The tautomeric forms IXa and Xa are
probably stabilized by the strong intermolecular association within the
solutes.?® In a more polar solvent such as tetrahydrofuran, substances IX and
X exist in several tautomeric amino forms.

When comparing the results of the IR- and UV-examination of IX and X,
it is important to bear in mind the large difference in the concentration of
the solutions used. In the IR-examination, the concentrations used are a
thousandfold of the concentrations used in the UV-examination. In a nonpolar
solvent, the intermolecular association in the solute is shown to increase with
rising concentration. It is found that at the low concentrations used in the UV-
measurements, the triazole molecules are unassociated, while when recording
IR-spectra the molecules are almost completely associated. Intermolecular
association may stabilize one tautomeric form and consequently the tauto-
meric equilibrium may be displaced by changing the concentration.?® The

Acta Chem. Scand. 19 (1965) No. 5
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UV-spectra of IX and X in ether solution suggest the presence of more than
one tautomeric form, while the IR-spectrum of X in chloroform indicates the
presence of only one tautomeric form. This difference may be explained by
a displacement of the tautomeric equilibrium, caused by the association.

In polar solvents, the solvent molecules form hydrogen bonds with the
solute. This may cause displacement of the tautomeric equilibrium of IX
and X by stabilizing other tautomeric forms than those present in nonpolar
solvents. The IR- and UV-examinations are in concordance with these predic-
tions. Further, in polar solvents a change of the concentration is not expected
to cause any significant displacement of the tautomeric equilibrium. The
results of the ITR- and UV-examinations of IX and X in tetrahydrofuran
suggest in both cases the presence of more than one tautomeric form.

EXPERIMENTAL

The infrared spectra are recorded on a Unicam SP. 100 infrared spectrophotometer
with sodium chloride optics. Solid state spectra are not quantitatively recorded. In some
cases, the measurements were made with nujol suspensions to obviate possible recrystalli-
sation effects which may be introduced during the preparation of KBr discs. 2 9, chloro-
form solutions are used for the solution spectra with a liquid cell thickness of 0.238 mm.
The tetrahydrofuran solutions were 1—2 9,, depending on the solubilities of the sub-
stances.

The ultraviolet spectra are measured with & Unicam SP. 700 recording spectrophoto-

. meter. 1 cm quartz cells are used and the concentration of the solutions was 5 X 10-* M.
All spectra published here are referred to a linear wavelength scale,

Acknowledgements. The authors are deeply indebted to Professor Arne Fredga for
his kind interest in this work.

REFERENCES

=

. Tschitschibabin, A. E., Konowalowa, R. A. and Konowalowa, A. A. Ber. 54 (1921)
814.

. Tschitschibabin, A. E. Ber. 57 (1924) 1168, 2093.

Steck, E. and Ewing, G. W. J. Am. Chem. Soc. 70 (1948) 3397.

. Angyal, S. J. and Angyal, C. L. J. Chem. Soc. 1952 1461.

. Goulden, J. D. S. J. Chem. Soc. 1952 2939.

. Angyal, C. L. and Werner, R. L. J. Chem. Soc. 1952 2911.

. Brown, D. J., Hoerger, E. and Mason, S. F. J. Chem. Soc. 1955 4035.

. Murphy, B. D. and Picard, J. P. J. Org. Chem. 19 (1954) 1807.

. Vinokurov, V. G., Troitskaya, V. 8. and Granberg, J. J. Zh. Obshch. Khim. 34 (1964)

654.

10. Bellamy, L. J. and Williams, R. L. Spectrochim. Acta 9 (1957) 341.

11. Katritzky, A. R. and Jones, R. A.J. Chem. Soc. 1959 3674.

12. '_l;léor(l)'x)p;%g, H. W., Nicholson, D. L. and Short, L. N. Discussions Faraday Soc. 9
(195

13. Venkata Ramiah, K. and Puranik, P. G. J. Mol. Spectry. 7 (1961) 89.

14. Jaffe, H. H. and Orchin, M. Theory and Applications of Ultraviolet Spectroscopy,
John Wiley and Sons, New York 1962, p. 186.

15. Murrell, J. N. The Theory of the Electronic Spectra of Organic Molecules, Methuen
and Co., London 1963, p. 183.

16. Mc Connell, H. J. Chem. Phys. 20 (1952) 700.

17. Katritzky, A. R. Physical Methods in Heterocyclic Chemistry, Vol. II, Academic

Press, New York 1963, p. 60.

©OIDUR WD

Acta Chem. Scand. 19 (1965) No. 5



1204 AKERBLOM AND SANDBERG

18.
19.
20.
21.
22,
23.
24.
25.
26.

Hadzi, D. Hydrogen Bonding, Symposium on hydrogen bonding, Ljubljana 1957,
Pergamon Press, London 1957, pp. 217, 259.

Atkinson, M. R., Parkes, E. A. and Polya, J. B. J. Chem. Soc. 1954 4256.

Elpern, B. and Nachod, F. C. J. Am. Chem. Soc. 72 (1950) 3379.

Lieber, E., Rao, C. N. R. and Chao, T. S. Spectrochim. Acta 10 (1958) 250.

Brealey, G. J. and Kasha, M. J. Am. Chem. Soc. 77 (1955) 4462.

Otting, W. Chem. Ber. 89 (1956) 2887.

Anderson, D. M. W., Duncan, J. L. and Rossotti, F. J. C. J. Chem. Soc. 1961 140.
Zimmermann, H. Z. Electrochem. 63 (1959) 608.

Katritzky, A. R. Advan. Hetercyclic Chem. 1 (1963) 318.

Received March 19, 1965.

Acta Chem. Scand. 19 (1965) No. 5



