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Abstract—Activation parameters for the hindered rotation in some
dimethylamino substituted azoles are reported and the effects of
various ring systems and substituents on the barrier are discussed.
Possible errors in AH# and AS#* are investigated.

BARRIERS to internal rotation around the carbon-nitrogen
bond in amides, thioamides, amidines and similar classes
of compounds have been extensively studied.! Less
attention has been given to the corresponding barriers in
aromatic amino compounds. MacKenzie and MacNicol?
have estimated the free energy of activation at 133 °K
(AG1f,) for the barrier to internal rotation of the dimethyl-
amino group in N,N-dimethylaniline to be 5:1 (+-1-0)
keal mol=1. Substitution in the para position of the
benzene ring with an electron-withdrawing substituent
raises the barrier. The para-nitroso compound was
shown to have a barrier of 8:6kcal mol=' (AG#s).

These barriers are considerably lower than those found
in amides and thioamides, which are generally greater
than 15 kcal mol™*. A few papers have been published
in which heteroaromatic compounds are considered.
Katritzky and Tiddy® have measured the barriers to
dimethylamino group rotation in 4-dimethylamino-
pyrimidine and nitro substituted 2-dimethylamino-
pyridines and found barriers (AGf;) of 10-5 to 11-3
keal mol~'. 2-Dimethylaminopyridine without further
substituents has a barrier? of 7-6 kcal mol™ (AGf;,). In
spite of the fact that the barriers for these compounds
have been measured in different solvents, it is safe to
conclude that aza substitution in the N,N-dimethylaniline
and 2-dimethylaminopyridine rings may increase the
barriers significantly. Relatively high rotational barriers
have been found in some compounds of biological
importance. For 1,7,7-trimethylcytosine a barrier to
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rotation of the dimethylamino group of 14-8 kcal mol~!
(AGys) has been reported.” The high barrier in this
compound can be attributed to the amide character
shown by the resonance structures above. Dimethyl-
amino derivatives of adenosine,’ adenine” and cytidine®
have C—N rotational barriers of 134 (AG%,), 153
(AG},) and 15-5 kcal mol™! (AGS;). The aim of the
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present investigation is to extend the studies of dimethyl-
amino group rotation to five-membered heterocyclic
amines. Various 5-substituted 2-dimethylamino-1,3,4-
oxa- and -thiadiazoles (1, 2), 5-dimethylamino-1,2,4-
thiadiazole (3) and -1,2,3,4-thiatriazole (4) were chosen
for the present study and the barriers to internal rotation
of the dimethylamino group were determined using the
variable temperature NMR technique.
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Description of the Methods

The NMR spectra were recorded using a Varian A-60
or A-60A spectrometer with a V-6040 temperature
controller. The sweep rate was in all cases 0-2 Hz s~
and the level of the radiofrequency field was sufficiently
low to avoid saturation phenomena.

The temperatures were obtained from the temperature-
dependent shift between the methylene and hydroxyl
protons in a mixture of HCl, CD;OH and CH,Cl,
sealed in a capillary and placed in the centre of the
sample tube. The capillary was recalibrated immediately
before or after each measurement against the Varian
methanol sample, which had been previously calibrated
against a copper-constantan thermocouple. The tem-
peratures are believed to be correct within 41°.

The same solvent mixture, pyridine-d;/CD,Cl,, 2:1
(v/v), was used in all measurements. Limited solubility
at low temperatures, especially of the nitro compounds,
did not allow CDCl; or other more frequently used
solvents to be used in this work. Deuterated solvents
were necessary mainly to avoid overlapping of the
solvent signals with the signals from the temperature
capillary. Compounds 1b, 2a, 3 and 4 were studied by
the complete lineshape method! using the McConnell
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eqn.* The barriers for these compounds were, for the
purpose of comparison, also determined at the coales-
cence temperature (7,) using Eqn. (1)® and the Eyring
eqn.’® to give Eqn. (2)

1 _
k N
T T
+__~° [o. e
AGp* = 31353 (9 972 + log 5%) (2)

where dv, is the linewidth at half height at 7,. The
barriers for the remaining compounds were determined
at T, using Eqn. (2). The low coalescence temperatures
associated with these compounds prevented complete
lineshape analysis.

The lineshapes of the dimethylamino signalsin1b, 2a, 3
and 4 were studied at 10 to 14 different temperatures in
an interval of 35 to 40 degrees. Three spectra were auto-
matically digitized at each temperature and transferred
to a punched tape. The mean lifetimes T were calculated
by a computer program that minimizes the sum of the
squared deviations at given frequencies by the STEPIT
procedure.it

The transverse relaxation time 7, was calculated at
each temperature by Eqn. (3).2 Identical relaxation
times were assumed for the two sites. This assumption
is reasonable as the NMR spectrum below the coales-
cence temperature in each case showed a symmetrical
doublet.

1
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In Egn. (3), the linewidth of the dimethylamino signal,
W, was determined at the fast exchange limit. AWy
is the difference between the linewidth of the TMS signal
at the actual temperature and at the fast exchange limit.
Below the coalescence temperature, the chemical shift
(ov) between the dimethylamino signals was determined
directly from the observed lineshape by the STEPIT
procedure. Atand above T, 6v was obtained by extrapo-
lation to higher temperatures on a plot of dv below
coalescence versus the temperature. The T, and d»

T,

valres thus determined were used as input data. Errors
due to uncertainties in these parameters will be discussed
later in this paper. AH* and AS* for the rotation process
were calculated by plotting log (1/27 . T) versus 1/T
according to the Eyring eqn.’® formulated as (4)

| I —AH*loge AS*loge [ ky
83 7= Rr " R _Tley

“

assuming that the transmission coefficient is unity.

RESULTS

Barriers to internal rotation of the dimethylamino
group in compounds 1a to 1g, 2a to 2g, 3 and 4, deter-
mined at the coalescence temperature, are summarised
in Table 1. The results of the complete lineshape studies
are given in Table 2 and the corresponding Eyring plots
are shown in Fig. 1. Comparing Tables 1 and 2 it is
satisfactory to note that the AGy * values obtained from
the approximate Eqn. (1) are almost identical with those
obtained from the complete lineshape analysis.

The activation enthalpies and the AGH, values in
Table 1 were calculated from the free energies of activa-
tion at the coalescence temperature and the activation
entropies given in Table 2, using Eqn. (5). The entropy
of activation is assumed to be the same for all compounds
in each series.

AG* = AH* — TAS* 5)

Possible Errors in the Activation Parameters

The entropies of activation obtained in this work
(Table 2) are all significantly negative, which is unex-
pected and difficult to rationalise. Deviations from
AS* =~ 0 for a simple rotation process have often been
viewed with scepticism and it has been argued that they
may result from experimental errors.1:> If not accounted
for, instrumental and other sources of line broadening
introduce errors which give too high rate constants at
slow exchange and too low at fast exchange and conse-
quently too negative entropies. In Table 2 it can be seen

TaBLE 1. RESULTS OF BARRIER MEASUREMENTS USING EoQNs. (1) AND (2). SOLVENT: PYRIDINE-d;/CD,Cl, 2:1¢

Compound v, (Hz) T, (K) AGTcqt (kcal mol—1) AGH, (kcal mol-1)° AH 7 (kcal mol1)°
(1a) 11-0 2052 10-5 84
(1b) 13-4 201-7 10-2 81
(1c) 182 187-6 95 7-4
(1d) 15-5 1865 : 9-5 74
(1e) <154 <77 <82 <61
(1f) <154 <77 <82 <61
(1g) <154 <7-7% <82 <61
(2a) 19-2 224-9 11-1 9-1
(2b) 20-7 214-1 10-6 86
(2¢) 25-4 203-0 10-0 80
(2d) 222 196-2 9-8 78
(2e) 28-8 159-0 82 62
(2f) 330 158-1 81 61
(2g) <154 <7-5% <79 <59
3) 20-7 2330 11-6 10-5
“) 16-8 2484 12-3 10-5

2 Calculated from an assumed 6v, value of 20-0 Hz.
? Calculated from an assumed v, value of 35-0 Hz.
¢ Calculated using activation entropies from Table 2.

4 At temperatures below ~ 175 °K it was sometimes necessary to add a few drops more CD,Cl, to prevent the solvent from

crystallising.
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TABLE 2. THERMODYNAMIC PARAMETERS FROM
TOTAL LINESHAPE ANALYSIS

AGy,*
Compound AH # (kcal mol-?) AS* (e.n) (kcal mol-")
(1b) 81403 —10-7 + 1-5 10-3
(2a) 92 4+ 01 —10:2 + 06 11-5
(3) 10-5 4 0-1 —53 405 11-7
) 10-5 £ 0-1 —9:0 + 04 127

E 3 '/.1 @ P @ P Bl 5 b
Fic. 1. Eyring plots for compounds 1b, 2a, 3 and 4.

that the statistical limits of the errors in AH* and AS*
obtained from the Eyring plots are quite small. It has,
however, been noted that uncertainties in the determina-
tion of T, and d» may introduce systematic errors in the
activation parameters which are larger than random
errors. Drakenberg ef al.1® have calculated error limits,
including systematic errors, to be 4-0-6 kcal mol~! for
AH#* and +2-3 e.u. for AS*, assuming errors of 4+0-01 s
in T, and £-0:2 Hz in ». Errors in E, and AS* aslarge
as 1-4 to 2'1 kcal mol~! and 5 to 7-5 e.u., respectively,
arising from neglect of temperature dependence of T, at
constant field homogeneity (constant TMS linewidth)
have been reported.** In the latter work it was shown
theoretically that the uncertainty of the rate constant
introduced by an error in the input linewidth [¢f. Eqn.
(3)}is highly dependent on the magnitude of the chemical
shift, a smaller shift giving a larger uncertainty.

Considering these calculations we found it necessary
to evaluate the effect of possible systematic errors on the
activation parameters in the present case. Compound 4
was chosen for this study.

The way T, was calculated [Eqn. (3)] assumes that the
temperature dependence of the linewidth of the dimethyl-
amino signals without exchange and that of the TMS
signal is the same in the actual temperature interval. As
indicated in the paper by Shoup er al.1* this may not be
true. Experimental difficulties at the low temperatures re-
quired in the present case prevented a direct observation
of the linewidths of the signals in question at the slow
exchange limit. To investigate the effect on the activation
parameters of a difference in the temperature dependence
between the linewidth of the dimethylamino signal(s) and
that of the TMS signal, the following procedure was
adopted. The difference in the linewidth of the dimethyl-
amino signal(s) between the slow and fast exchange limits
was assumed to be 0-2 Hz larger than the corresponding
difference in the TMS linewidth. The values for the TMS
linewidth at low and high temperature were taken to be
0-70 (estimated) and 0-35 Hz (observed), respectively.
Corrections to the linewidth of the dimethylamino
signal(s) at each temperature were then obtained from a

linear interpolation between the estimated value at the
slow exchange limit (0-95 Hz) and the observed one at the
fast exchange limit (0-40 Hz). This procedure gives
corrections to T, in the range 0-06 to 0-12s. Activation
parameters were calculated using the corrected T, values,
and the result is given in Table 3, calculation 1.

TABLE 3. RESULTS OF CALCULATIONS I TO V

Cale. AH#* (kcalmol™!) AS#* (en.) AG#* (kcal mol-Y)
I 10-7 £ 0-1 —82 £+ 04 127
11 109 + 01 —-73£05 127
il 10-6 4- 0-1 —88 £+ 05 12-8
v 10:6 4 01 —88 £ 04 12-8
\% 1112 £ 01 —64 + 04 12-8

To account for possible systematic errors arising from
a combination of errors in 7, and dv, uncertainties of
+0-1s and +0-4 s Hz, respectively, in these parameters
were assumed. No errors in dv were taken into account
below coalescence since in this temperature region, d»
can be determined from the observed lineshape. Above
the coalescence temperature, different combinations of
dv, T, and 7 may result in almost identical calculated
lineshapes. The error in d» at and above coalescence was
estimated from different possible slopes of the dv versus
temperature plot described earlier. Activation parameters
were calculated using the following combinations of 7,
and dv: T, (max), 6» (max); T, (max), év (min); T,
(min), v (max); and 7, (min), é» (min). The combina-
tion of errors giving maximum deviation in AH* from
the original calculation (Table 2) was taken to account
for possible systematic errors in the activation parameters
due to error propagation in T, and dv. This procedure
has been previously used by Stilbs.’® The calculation
described above is denoted Il in Table 3.

Errors due to non-Lorentzian lineshapes may influence
the determination of the rate constants. These errors
are thought to be unimportant if the low intensity por-
tions of the spectra are ignored. To evaluate what
effect this type of error may have on the activation
parameters in the present case, these were recalculated
from spectra where all parts with <5% of maximum
intensity were excluded. This calculation is denoted Il1
in Table 3.

Uncertainties in the activation parameters arising from
inaccurate temperature measurement were also investi-
gated. Two calculations (IV and V) were made to study
the possible magnitude of such errors. In calculation IV
each temperature in the original calculation was assumed
to be 1°C too low and a correction of +1°C was made to
all temperatures. In calculation V corrections of +1°C
at —50°C and —1°C at 0°C were made (—50° to 0°C is
approximately the interval in which the lineshape was
studied). Correction to temperatures between these
limits was obtained from a linear interpolation between
the two extremes. Calculation IV accounts for errors due
to a parallel shift in the temperature calibration curve,
while calculation V gives errors arising from an inaccu-
rate slope of the calibration curve. The results are
summarised in Table 3.

Discussion of Calculations I to V

An assumed error in the temperature dependence of 7,
leading to corrections in the range 0-06 to 0-12 s intro-
duces an error of 0-2 kcal mol~! in AH* and 0-8 e.u. in
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AS#* (Table 3, calculation I). These values are signifi-
cantly smaller than those calculated by Drakenberg et
al.13 from an assumed error in T, of the same magnitude.
They found values of 0-8 kcal mol~ for AH* and 2-8 e.u.
for AS*. (The shift, d», and the magnitude of the tem-
perature interval considered are almost the same in the
two cases.) More striking are the large errors reported by
Shoup ef al™* from a similar calculation, as mentioned
above. In the latter work a non-linear interpolation
between linewidths at slow and fast exchange was used.
When calculation I was repeated, however, using a
similar non-linear interpolation, the same result as in the
linear case was obtained. The large errors calculated
by Shoup et al. are, as indicated by theoretical calcula-
tions, probably due to the presence of small shifts
(6» = 3-4 to 8:6 Hz).

A comparison between the linewidth of the dimethyl-
amino signal of compound 2e (a compound similar to 4)
and that of the TMS signal in the temperature interval
—50° to 0°C, where the contribution of exchange is
small (7, for compound 2e is —114°C) shows a slowly
increasing difference Wy cop,,—Wrye With lower tem-
peratures. The differences at —50° and 0°C were 0-15
and 0-05 Hz, respectively. Considering the results of
calculation I, this indicates that the use of the TMS line-
width according to Eqn. (3) introduces no serious errors
in the present case.

A combination of errors in 7, and dv (calculation II)
gives errors of 0-4 kcal mol~tin AH* and 1-7 e.u. in AS*.
Including random errors from Table 2 we obtain esti-
mated total errors limits of +0-5 kcal mol—! and +2-1
e.u. in AH* and AS*, respectively.

The activation parameters obtained from calculation
I11 are very close to the original ones. This indicates
that the assumption of Lorentzian line shape is valid in
the present case.

The most important single source of errors is, accord-
ing to the calculations, inaccuracies in temperature
measurements. From Table 3 it can be concluded that
only small errors are introduced by a parallel shift of the
temperature calibration curve (calculation IV). Non-
parallel shifts may, however, introduce more serious
errors in the activation parameters (calculation V).

From calculations I and II and the discussion given
above it is obvious that the negative entropies obtained
in this work can hardly be explained by systematic
errors in the lineshape parameters 7, and d», unless very
drastic and, it is believed, unrealistic errors are assumed.
Adding the errors obtained from the worst possible
inaccuracies considered for the temperature measure-
ments (calculation V) we get total error limits of 4-4-7
e.u. for AS* and +1-2 kcal mol~! for AH*. The former
value may account for about half of the experimental
entropy of activation, but considering the extreme
assumptions leading to this value it can not be concluded
that experimental errors alone are responsible for the
deviations from the expected AS* & 0 observed in the
present work. It should be noted that negative entropies
of the same magnitude as found in this work have been
reported in a number of papers concerning the hindered
rotation of a dimethylamino group.®-17-18

To investigate further the accuracy of the thermody-
namic parameters obtained in this work, they will be
compared to the corresponding values obtained from
spin-echo measurements in progress in our laboratories.

3

The possibilities of a non-negligible coupling between the
methyl protons in the dimethylamino group and its effect
on the activation parameters will also be subjected to a
separate investigation.

Calculationsll and V show that absolute values of AH*
and AS* obtained from lineshape studies should be used
with caution. The systematic errors introduced should,
however, be approximately equal for the compounds
studied in this work and we may therefore be able to
discuss differences in the activation parameters with a
high degree of reliability. It should also be noted that
the free energy of activation, AG*, is largely unaffected
by the investigated errors (Table 3).

Discussion of the Barriers

1,3,4-Oxadiazoles (1) and -thiadiazoles (2). The barriers
to dimethylamino group rotation in the 1,3,4-thiadiazole
compounds are 0-4 to 0-7 kcal mol~' higher than the
corresponding barriers in the 1,3,4-oxadiazole series, if
AH#* is considered. The corresponding values for AGk,
are 0-3 to 0-6 kcal mol~! (Table 1). Since steric interac-
tions are negligible in these compounds, the difference in
barrier heights reflects a difference in bonding interaction
between the dimethylamino group and the heterocyclic
ring systems.

In comparisons of physical and chemical properties of
oxygen and sulphur heterocycles, the concept of valence
shell expansion on sulphur by the use of 3d-orbitals has
often been used, as reviewed by Salmond.!® In the thio-
phene series, experimental evidence for contributions of
resonance structures like

) — 0
\S «— \S @
© =]

has been reported.’® There is still a great deal of con-
troversy, however, about the importance of such
structures. (CNDO? and ab initio®* molecular orbital
calculations indicate that 3d-orbital participation may be
of minor importance in thiophene.) Structures similar
to those shown for thiophene can be written for the com-
pounds in series 1 and 2

N=N

AN

The small but significant differences in barriers be-
tween corresponding compounds in series 1 and 2 may
then be rationalised if we assume that the structure
shown above has some importance when Y = S, taking
into account the possibility of the sulphur atom par-
ticipating with its 3d-orbitals. When Y = O such
valence-shell expansion is not possible. The sulphur
heterocycle then has an extra possibility for stabilising
(delocalising) negative charge donated by the dimethyl-
amino group which may more than outweigh the greater
electronegativity of the oxygen atom compared to sul-
phur. This will accordingly lead to an energetically more
favourable initial state of the rotation process compared
to the transition state in the 1,3,4-thiadiazole compounds
than in the 1,3,4-oxadiazoles and thus to a higher barrier
in the former compounds. As mentioned in the intro-
duction, MacKenzie and MacNicol have estimated the
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barrier to rotation of the dimethylamino group in N,N-
dimethylaniline to be 5-1 kcal mol™* (AGf;). They also
obtained a value of 7-9kcal mol=* for p-nitro-N,N-
dimethylaniline.2 The free energy of activation at 133 °K
for the nitro-substituted 1,3,4-oxadiazole (1a) is 98 kcal
mol~! and the values for the nitro-substituted and 5-
unsubstituted 1,3,4-thiadiazoles are 106 (2a) and 76
kcal mol~! (2e), respectively. A comparison of these
values is not straightforward since they were determined
from measurements in different solvents. Considering
the quite large differences in the barrier values between
the aniline derivatives and compounds 1a, 2a and 2e it
should, in spite of this restriction, be safe to conclude
that the bonding interaction between the dimethyl-
amino group and the ring, as it shows up in the height of
the barriers, is significantly stronger in the two hetero-
cyclic systems (1 and 2) than in the corresponding
N,N-dimethylanilines. The barrier heights in compounds
2a and 2e are somewhat smaller than the values found
for the corresponding 2-dimethylaminopyridines. 2-
Dimethylaminopyridine itself has a barrier (AH¥) of
7-6 kcal mol—1,2 while in 2e the corresponding value is
62 kcal mol—1;  5-nitro-2-dimethylaminopyridine® and
compound 2a have barriers (AH*) of 105 and 9-1 kcal
mol1, respectively. The influence of the nitro group on
the barriers is identical in the two systems. In both
cases an increase of the barrier by 2-9 kcal mol™* is
observed.

To study the influence of the para-substituent on the
barriers in para-substituted aniline derivatives, Mac-
Kenzie and MacNicol plotted the barrier values,
given as AGJ;,, against the Hammett o—-values.* The
straight line obtained is reproduced in Fig. 2, line C.
This figure also shows corresponding plots representing
the 1,3,4-oxadiazoles and -thiadiazoles in lines B and A,
respectively. The values used are summarised in Table 4.
Excellent linear correlations were obtained in all cases.
The correlation coefficients are 0-993, 0-981 and 1-000
(0-9999) for lines A, B and C, respectively. Lines A and
C have almost the same slopes, 2:32 and 2-29, respec-

A GT33(kc<11/mol) A
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FIG. 2. Hammett correlations. Barriers (AGfy;) vs. o0 -
values.

TABLE 4. BARRIER VALUES AND C ~ VALUES USED

N FiG. 2
AGHs®

Compound (kcal mol—*) oP
(1a) 9-8 1-270
(1b) 9-5 1-0
(1c) 8-8 0-678
(1d) 8-8 0-55
(2a) 10-6 1-270
(2b) 10-0 1-0
(2¢) 9-4 0-678
2d) 9-2 0-55
(2¢) 7-6 00

@ Calculated from Table 1 and 2.
® Values from Ref. 22.

tively, showing a marked and largely identical influence
of the substituents on the barriers in the 1,3,4-thiadiazole
series (2) and in the N,N-dimethylanilines. This indicates
that the electron relaying properties of the 1,3,4-thia-
diazole ring and the benzene ring are very similar, at
least when ‘para’ positions are considered.

The slope of line B representing the 1,3,4-oxadiazoles
is somewhat smaller, 1-53. It is interesting to note that
using the linear relationship between AGH,; and o~ in
Fig. 2, the S-unsubstituted 1,3,4-oxadiazole (le) is
predicted to have a slightly higher barrier than the
corresponding 1,3,4-thiadiazole (2e). Considering the
small number of experimental barriers used to establish
the correlation, it is doubtful if the slight difference in
slopes between lines A and B is significant. Unfortu-
nately a very low coalescence temperature (<154 °K)
prevented the experimental determination of the barrier
in compound le.

1,2,4-Thiadiazole (3) and 1,2,3,4-thiatriazole (4). Com-
pound 3 is iso~m-electronic and analogous in the positions
of the nitrogen atoms to 4-dimethylaminopyrimidine.
The barriers for these two compounds are very similar:
for AG§;, the values are 11-6 and 11-7 kecal mol™ and for
AH* 10-5 and 10-7 kcal mol~!, respectively.® This
similarity gives an example of the remarkable analogies
between sulphur heterocycles and the corresponding
compounds in which sulphur is replaced by a HC=CH
unit.’

5-Dimethylamino-1,2,3,4-thiatriazole (4) can be con-
sidered a ring aza substituted [,3,4-thiadiazole (2e) or
1,2,4-thiadiazole (3). Aza substitution in compound 2e
raises the barrier (AH*) by 4-3 kcal mol= (3-4 kcal
mol~* if AGS, is considered), but no (AH¥) or at
Jeast a much smaller (AGS,) effect on the barrier is
found when substitution is made in the 1,2,4-thiadiazole
nucleus (Table 1). This difference may be qualitatively
understood on the basis of the electronegativity difference
between nitrogen and carbon, which gives the former a
greater ability than the latter to stabilise a negative
charge. No high probability resonance structures can be
written for the 1,2,4-system 3 with a negative charge on
the carbon atom to be substituted by nitrogen. This
should make the 1,2,4-thiadiazole barrier insensitive to
substitution in this position compared to a compound
in which the resonance theory description places a
significant negative charge on the atom in question, as is
the case in 2¢. The resonance structures below may also
be used to rationalize the higher barrier of the 1,2,4-
thiadiazole compound 3 compared to the isomeric
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N—N N=N
Ul — L
(2e)

S}
HC—N o HC=]
//\S):N< — 9]\{\5 §I<

(6]

1,3,4-thiadiazole compounds (2e). In the former case
the charge donated from the dimethylamino group is
distributed over two pyridine-type nitrogens and on the
basis of electronegativity this situation is more stabilised
than when the charge is distributed over one pyridine
nitrogen atom and one carbon atom as in (2e).

EXPERIMENTAL

The 1-acyl-4,4-dimethylsemicarbazides, -thiosemicarbazides, 4,4-
dimethylsemicarbazones and -thiosemicarbazones used in the
preparations described below were obtained from 4,4-dimethyl-
semicarbazide** and -thiosemicarbazide*® and the appropriate
anhydride, formic acid (1-acyl compounds) or aldehyde [(thio)-
semicarbazones].

2- Dimethylamino-5-nitro-1,3 ,4-oxadiazole (1a). 2-Dimethylamino-
1,3,4-oxadiazole (1-13 g,0-010 mol), (vide infra) was added dropwise
with stirring and cooling (0 to 5°C) to a mixture of sulphuric acid
(3ml) and fuming nitric acid (0-5ml). The resulting mixture
was kept at 0 to 5°C over night and then poured onto ice. Extrac-
tion of the water solution with chloroform and evaporation of
the chloroform layer gave the desired product.

2-Dimethylamino-5-cyano-1,3 ,4-oxadiazole (1b). Titanium tetra-
chloride (7-75 ml) in carbon tetrachloride (20 ml) was added drop-
wise with stirring and cooling (0 to 5°C) to 150 ml of dry tetra-
hydrofuran (THF). 2-Dimethylamino-5-carbamoyl-1,3,4-oxadi-
azole (6:0 g, 0-038 mol), prepared from compound 1c¢ (vide infra)
and ammonia, was then added in portions. Finally, triethylamine
(20-2 ml) in dry THF (25 ml) was added dropwise during one hour
and the resulting mixture was stirred for another six hours. After
the addition of water (50 ml), the water solution was extracted
with chloroform, the chloroform layer was evaporated and the
solid residue was extracted with several portions of boiling petro-
leumether (40 to 60°C). The product precipitated from this solution
after cooling.

2-Dimethylamino-5-ethoxycarbonyl-1,3 ,4-oxadiazole (1c). To a
suspension of ethyl glyoxalate 4,4-dimethylsemicarbazone (4 g,
0-021 mol) and anhydrous sodium acetate (7-0g) in acetic acid
(20 ml), bromine (1-7 ml, 0-021 mol) was added dropwise during
2 h. The temperature was kept below +40°C. The reaction mixture
was stirred for 45 min water (40 ml) was added and the water
solution was extracted with chloroform. Evaporation of the
chioroform layer gave a solid residue (the hydrobromide of 1¢)
which was dissolved in water and neutralised with KHCO,.
Extraction with chloroform and evaporation of the chloroform
solution gave Ic.

2-Dimethylamino-5-trifluoromethyl-1,3 ,4-oxadiazole (1d). A mixture
of 1-trifluoroacetyl-4,4-dimethylsemicarbazide (8 g, 0-040 mol)
and phosphorous oxychloride (60 ml) was refluxed for 1 h. After
cooling to room temperature, the reaction mixture was added
dropwise to ice/water with stirring. The resulting water solution
was made alkaline with NaOH and left at +5°C over night.
Precipitated salts were removed by filtration and washed with
chloroform. The water solution was extracted with chloroform
and the combined chloroform solutions were evaporated to yield
a yellow oil which was distilled in vacuum.

2-Dimethylamino-1,3,4-oxadiazole (1e) was prepared by the same
procedure as that described for the synthesis of compound 1d,
from 1-formyl-4,4-dimethylsemicarbazide (10 g, 0-076 mol) and
phosphorous oxychloride (75 ml).

2-Dimethylamino-5-phenyl-1,3 ,4-oxadiazole (1f). This compound
was prepared according to Najer et al.;** m.p. 83 to 83-5°C,
(Lit. m.p. 84 to 85°C.)

2-Dimethylamino-5-methyl-1,3 4-oxadiazole (1g) was prepared by
the same method as compounds 1d and 1e, from 1-acetyl-4,4-
dimethylsemicarbazide (4:0 g, 0-028 mol) and phosphorous oxy-
chloride (50 ml).

2-Dimethylamino-5-nitro-1,3 ,4-thiadiazole (2a). 2-Dimethylamino-
1,3,4-thiadiazole (1-3 g, 0-01 mol) (vide infra) was dissolved in
conc. sulphuric acid (3 ml). Fuming nitric acid (3 ml) was added
and the mixture was heated on a water bath for 30 min. After
cooling to room temperature the reaction mixture was poured onto
ice-water.

2-Dimethylamino-5-cyano-1,3 ,4-thiadiazole (2b) was prepared by
the same procedure as that described for 1b, from 2-dimethyl-
amino-5-carbamoyl-1,3,4-thiadiazole (1-25 g, 0-073 mol) obtained
from 2c (vide infra) and ammonia.

2-Dimethylamino-5-ethoxycarbamoyl-1,3,4-thiadiazole (2¢). Ethyl
glyoxalate 4,4-dimethylthiosemicarbazone (4-2g, 0-02 mol) was
dissolved in acetic acid (50 ml), and ferric chloride hexahydrate
(8 g) in water (25ml) was added with stirring. The reaction
mixture was left at room temperature for 20 h and then extracted
with ether. Evaporation of the ether solution gave the desired
product.

2-Dimethylamino-5-trifluoromethyl-1,3 4-thiadiazole (2d) was pre-
pared according to the procedure described by Lalezari and Shargi®”’
from 4,4-dimethylthiosemicarbazide trifluoroacetic anhydride.

2-Dimethylamino-1,3,4-thiadiazole (2¢). 1-Formyl-4,4-dimethyl-
thiosemicarbazide (7-35 g, 0-050 mol) was suspended in chloroform
and an excess of acetyl chloride was added. The reaction mixture
became warm and was left with stirring until it had returned to
room temperature. It was then refluxed for 1 h. After removal of
the solvent and the excess of acetyl chloride the residue was
dissolved in the minimum amount of water and the solution was
made alkaline with conc. NaOH. Extraction with chloroform and
evaporation of the chloroform layer gave an oily residue which was
distilled in vacuum. 3-4g (53%) of 2-dimethylamino-1,3,4-
thiadiazole was obtained at 78 to 80°C (0-2 mm). [Lit.*® b.p.
93 to 94°C (0-4 mm).1.

2-Dimethylamino-5-phenyl-1,3 d-thiadiazole (2f). 1-Benzylidene-
4,4-dimethylthiosemicarbazide (62 g, 0-030 mol) was suspended
in water (200 ml). The suspension was heated to 85°C and ferric

TABLE 5. EXPERIMENTAL DATA FOR NEW COMPOUNDS

Calculated (%) Found (%) Solvent for Yield

Compound B.p. or m.p. (°C) C H N S C H N S recrystallisation (0A)
(1a) 82 to 83-5 304 3-83 354 308 3-93 35-1 toluene/ligroin 27
(1b) 45-5 to 465 43-5 4-38 406 437 4-80 39-8 petroleum ether 67
(1¢) 45 to 46 45-4 5-99 227 45-4 6-06 22-8 ligroin 49
(1d) 47 to 48 (12 mm Hg) 332 334 232 339 4-01 23-0 40
(le) 73 to 74 (1-5 mm Hg) 425 6-24 372 422 6-66 365 64
(1g) 69 (1-2 mm Hg) 47-2 7-14 331 469 719 326 72
(2a) 140 to 141 27-5 3:35 32:3 18-2 27-6 347 322 184  ethanol 65
(2b) 57 to 57-5 389 392 36:3 20-8 39-2 4-21 36'3 20-9  petroleum ether 63
(2¢) 70 to 71 41-8 5-51 209 15-9 41-0 529 209 16:0  ligroin 43
(2d) 50-5 to 52 30-5 3-07 21-3 16-3 309 3-63 21-5 16:2  petroleum ether 57
(2g) 86 to 87 (0-8 mm Hg) 419 6-34 29-3 22-4 419 671 287 227 43
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chloride hexahydrate (24-3 g) was added in one portion. Half
an hour later the mixture was filtered warm. After cooling, the
hydrochloride of 2f separated; it was collected and dissolved in
2°5 M NaOH and heated on a water bath for half an hour. The
desired product precipitated from this solution after cooling. A
yield of 3-0g (402() was obtained, with m.p. 97 to 98°C after
recrystallization from petroleum ether-benzene or petroleum
ether-chloroform. (Lit.2* m.p. 98°C.)

2-Dimethylamino-5-methyl-1,3,4-thiadiazole (2g). 4,4-Dimethyl-
thiosemicarbazide (11-9 g, 0-10 mol) was mixed with acetic acid
anhydride (30-6 g, 0-30 mol). After one h an excess of acetyl
chloride was added to the resulting crystalline mass. After stirring
the mixture for one h the solution was evaporated. The oily
residue was dissolved in water and the water solution was made
alkaline with 2-5 M NaOH. Extraction several times with ether
and evaporation of the ether layer gave a yellow oil which was
distilled in vacuum.

5-Dimethylamino-1,2,4-thiadiazole (3) was prepared from 5-
chloro-1,2,4-thiadiazole®® and dimethylamine in ethanol as
described by Goerdeler;** m.p. 41-5 to 43°C. (Lit. 43°C.)

5-Dimethylamino-1,2,3 ,4-thiatriazole (4) was prepared according
to Lieber;®* m.p. 49 to 50°C. (Lit. 51°C.)

The experimental data for the new compounds are given in
Table 5.
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