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Abstract. The resonance structures of allyl-(5-pyridin-Z43,4]-thiadiazol-2-yl)-amine
have been determined by means of'its (100 MHz, 500 MHz)*C- and**N-NMR
spectra and B3LYP/6-31G* computations. The tautacnegjuilibrium of this compound
has been observed in the-NMR spectra (100 MHz).
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Introduction

1,3,4-Thiadiazoles bearing an amino group at thet©th can exist in different tautomeric forms
(Figure 1). The tautomeric equilibrium is influedcky the exocyclic N6 and C5 substituents on the
1,3,4-thiadiazole ring [1, 2]. 2-Amino-[1,3,4]-tli@zole exists in the amino form in solution and in
the solid state. The same tautomer is the main fornd-alkoxy derivatives. In the case of a
2-hydrazino substituent the hydrogen atom also aspa&t the exocyclic N6 nitrogen atom, but in the
sulfonamido group the tautomeric equilibrium shifsvards the imino form (type, Figure 1). It
therefore appeared of interest to examine the maeric equilibrium of (5-pyridin-2-yl-[1,3,4]
thiadiazol-2-yl)-amine derivatives bearing allykda(3-phenylallyl)- substituents (compountisnd
2, respectively). Earlier 100 MHH-NMR studies in the solution of 1-acyl-(aroyl-)(@-phenylallyl)-
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thiosemicarbazides [3] and *N(3-phenylallyl)-thiocarbamyllamidrazones [4] aselwas of the
products obtained of the result of the acid cytimaof the linear compounds [5,6] confirmed vasou
tautomeric structures for the above mentioned camg@e and the transformation products. Allyll} (
and 3-phenylallyl-(5-pyridin-2-yl-[1,3,4]thiadiaz@-yl)-amine @) [6, 7], another product of the acid
cyclization of the linear N[ allyl-(3-phenylallyl)-thiocarbamyl]-amidrazoneompounds, turned out
to be suitable to study the tautomeric transforomesti

Figure 1. Tautomersa andb of allyl- (1) and 3-phenylallyl-(5-pyridin-2-ylI- [1,3,4]thia-
diazol-2-yl)-amine 2), with atom numbering.
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On account of the allyl- and pyridyl- substituentsthe molecule, the exo- and endocyclic
nitrogen atoms of 1,3,4-thiadiazole and pyridinggsi may appear as amino-, pyrrole- or pyridine-
type nitrogens. Consequently, allyld)(and 3-phenylallyl-(5-pyridin-2-yl-[1,3,4]thiadiak2-yl)-
amine @) can existaa a’, b b’, ¢’, aga’o, tautomers (Figures 1-3).

Figure 2. Tautomers’, b’ andc’ of allyl- (1) and 3-phenylallyl-(5-pyridine-2-yl-[1,3,4]-
thiadiazol-2-yl)-amineZ), with atom numbering.
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Previous 100 MHZH-NMR investigations of 2-amino-1,3,4-thiadiazolerigatives have shown
the tautomeric equilibrium in solution between kllyand 3-phenylallyl-(5-pyridin-2-yl-
[1,3,4]thiadiazol-2-yl)-amine 1@ 23 l1la’ 2a’), 3H-(allyl-(3-phenylallyl)-(5-pyridin-2-yl-[1,3,}
thiadiazol-2-ylidene)-aminelp 2b, 1b’ 2b’) and 4H-(allyl-(3-phenylallyl)-(5-pyridin-2-yl-[B,4]-
thiadiazol-2-ylidene)-aminel€’ 2c’) (Figures 1, 2) [6-9]. The intensities of the signarove the
interconversion between these tautomeric formsoAting to the XRD data only one tautomer (type
a) is present in the crystals of both compouh@hnd2 [10]. In the solid state thexo-amino forma is
stabilized by different H bonds, and the differenaethe total energy between tautomeendb are
equal to —35.6 and —34.3 kJ/mol f@rand 2, respectively, according to DFT level of theory
calculations [10].

Figure 3. The resonance structur@sy, a’ a’o, A Ag, A’ A’ o, A() A(l) o, A(I)’ A(l)' o of
allyl-(1) and 3-phenylallyl-(5-pyridin—2—yl)-[1,3,4]thiadial-2-yl)-amine 2).
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The calculated®N-, *H- chemical shifts and theN-, *H-, *3C- signals of the respectiva\N-, *H-
and ®C-NMR spectra suggest changes in the electron gurafiion of the exo - and endocyclic
nitrogen atoms of the 1,3,4-thiadiazole and pyedimgs. The aim of the present paper was to
describe the electronic structure of the nitrogeyma of tautometa in the range of the chemical
shifts of the NH group proton from 8.665 ppm to3R32pm.

Structural studies of 2-amino-[1,3,4]-thiadiazoidatives have been performed in order to know
the properties of the compounds with the markeadtieity. The N6 and/or 5- substituted-2-amino-
[1,3,4]-thiadiazoles, depending on the nature bistuents, display varied pharmacological actgti
and structural studies of new interesting [1,3M&diazole derivatives with different medical
applications may improve our understanding of tineade of action. Thus, they have shown potent
activity against leukemia, melanoma and lung camia. They are also known to be carbonic
anhydrase inhibitors and some of them possess yotlmacterial, anesthetic, antidepressant and
anxiolytic activity [11-21] 2-Amino-[1,3,4]-thiadiazoles are also found in avnelass of herbicides
with a broad spectrum of activity [22], that agt inhibition of the enzyme imidazoleglycerol
phosphate dehydrase. They are also useful as moriosibitors [23].

Results and Discussion

The calculated chemical shifts of thel nitrogen atoms for typa andb tautomers of allyl-{) and
3-phenylallyl-(5-pyridin-2-yl-[1,3,4]-thiadiazol-2})-amine @) occur in different ranges: from about —
309 ppm to about —23 ppm for the tygpeautomer and from about -225 ppm to about -80 pmmhfe
b one (Table 1, Figure 4) [10]. The amino N6 atorstisngly shielded il (about —308 ppm) but i&
the shielding decreases by a few ppm (to about pp@4).The shielding constants for the N3 and N10
atom in the 1,3,4-thiadiazole and pyridine ringspectively, are almost equal, whereas the N4 atom
is much less shielded [10].

Table 1L Calculated®N- and*H-NMR chemical shifts [ppm] of typea andb tautomers

Compound N H
la 2a -309 - -23
la N6 -131.57 H14 8.125
N3 -77.78
2a N10 -86.0 H6 7.5
N6 -133.98
1b 2b -225 - -80

In the'H-NMR spectra the N6 nitrogen atom bd appears as an amine — typepyridine — type
A, pyrrole — typeA (1) (Figures 1-3, 5, 6). The 5.81 ppm value of thenaital shift for the proton of
NH group ofl recorded in CDGlsolution at 500.16 MHz [10] is in agreement witle resonances of
the amino protons. The signal of the N6 nitrogesmain the>N-NMR spectrum appears at —308.58
ppm [10] and supports the amino — type nitrogen.
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Figure 4. The linear regression of shielding constanfppm] versus chemical shifts
[ppm] for 1a and2a.
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Figure 5. The resonance structur@s\, of allyl-(1) and 3-phenylallyl-(5-pyridin—2—yl)-
[1,3,4]thiadiazol-2-yl)-amine2)
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Figure 6. The resonance structurgd) A(l) o of allyl-(1) and 3-phenylallyl-(5-pyridin—
2-yl)-[1,3,4]thiadiazol-2-yl)-amine2j

The differences in the coupling constadslsHgg) 17.6 Hz,J(HsH7c) 18.8Hz,J(HgHqa) 10.6Hz
J(HgH7p) 11.2Hz (100MHz) [8] and thEC-NMR signals of C9 allyl substituent at 117.99 pi&8 at
132.80 ppm and C7 at 49.28 ppm [10] support thetnegly charged pyridine — type nitrogen atom
and positively charged allyl cation. The couplingnstantsJ(HsHgg) 17.6 Hz,J(HsHga) 10.6 Hz,
J(HgHgB) 17.3 HZ,J(HgHgA) 10.9 Hz (100 MHZ) [8] and(HgBHgA) 1.2 Hz (500 MHZ) confirm the
reversed electron demand of the 2p orbitals opth&line - type nitrogen and carbon atoms N6 C7 of
1. The exocyclic nitrogen atom, the pyridine — tymepccupied with eight electrons. The coupling
constants)(HgHog) 17.1 Hz,J(HogHs) 17.1 Hz,J(HsHga) 10.1 Hz,J(HgaHs) 10.1 Hz,J(HogHoa) 1.0
Hz (500 MHz) [10] point to the lack of the differes in the spin states of electrons of 2p orbaéls
pyridine - type nitrogen N6 and C7 atomslothe exocyclic nitrogen atom N6 is surrounded bxege
electrons. The calculated chemical shift of N6 481.57 ppm (Table 1) [10] supports pyridine — type
nitrogen. The magnitude of the coupling($l;Hg) = J(HgH7) = 5.6 Hz (500 MHz) forl confirms a
pyrrole — type nitrogen atom N&(l) and the possible transformation of sg sp.

The calculated signal of H14 at 8.125 ppm (Tablead)well as théH-'H coupling constants
J(H12H14) 1.0 Hz,J(H11H14) 0.5 Hz [10] of structura confirm the absence of charges on the pyridine
ring.

In the™®™N-NMR spectrum ofla tautomer, the chemical shift of N10 at — 80.01 (6] supports
the pyrrole — type nitrogen atom of the pyridyl stitnent. The calculated chemical shift of N3 at —
77.78 ppm (Table 1) [10] confirm a pyridine — typi&ogen atom of tautomeéra and the lack of the
differences in the spin states of electrons of @gtals of N3 C2. ThéH -**C HMQC correlation
spectra show a correlation signal between H1438Bppm and C15 at 149.7 ppm. The above data
prove the existence of the diradical resonancetstresay Ao A(l)o @'o Ao A(l)' o (Figures 3, 5 - 7)
and the lack of the charges over the pyridine gBdithiadiazole rings.
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Figure 7. The resonance structures of the pyridyl substitue
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In the 2D*H-*C HMBC spectra the cross — peak between H14 andaE84150 ppm and 119.7
ppm supports structuresA A(l) (Figures 3, 5 - 7). The pyridyl H14 proton of theadical resonance
structuresag Ao A(l)o @0 A’o A(l)’ o is more intensly deshielded by about 0.2 ppm latien to the
structurea A A(l). The spectroscopic data support the conjugatiathefaromaticr electrons of the
pyridyl substituent with ther electrons of the C = N double bond of the 1,3jadiazole ring in
solution.

The signals of the NH group protons and the pyrisiybstituent in théH-NMR spectra (100
MHz) support thea A and diradical resonance structueds\’, a’o A’y (Figures 1-3, 5, 7). In the-
NMR spectra 11, (Tables 2, 4) the H14 signals at 8.245 ppm — 8dpth and 8.237 ppm — 8.137
ppm support the resonance structuees A’y <« a', A’ & ag A'lp anda’s A’z « a; A’y
respectively. The H14 signals at 8.242 ppm — 8{d/&# and 8.237 ppm — 8.148 ppm (spectra 4, 2, 3,
Tables 3, 4) confirm the resonance struct@'@sA’; «» a1 A’'1 > agA'gpanda’'s A’z a1 A’ &

a'o A'p, respectively. The H14 signals at 8.232 ppm —38dpim and 8.223 ppm — 8.143 ppm (spectra
1, 5, Tables 3, 4) point to the resonance strustireA’, <> a'1 A'1 > a'gA'pandas Ay o a'1A’ 1

a'o Ao, respectively. The H14 signals at 8.228 ppm —8d@n (spectrum 6, Tables 3, 4) indicate the
resonance structures A, <> ag Ay > a’'s A'1.

The H14 signals at 8.174 ppm — 8.023 ppm, 8.174 p@®010 ppm and 8.135 ppm — 7.998 ppm
(spectra 4 1,, 1;, Tables 2, 4) support the resonance structaited’ s <> a’'s A's, @'y A’y a's A's
anda’'s A's « a's A’g «> @'y A’7, respectivelyThe H14 signals at 8.077 ppm — 7.974 ppm (spectrum
5, Tables 3, 4) confirm the resonance structargd’s < a’s A’ < a’'z A’7. (Figures 7, 8).
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Figure 8. The resonance structures of the pyridyl substitue
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The H13 signals at 7.967 ppm — 7.869 ppm, 7.954 pph859 ppm and 7.935 ppm — 7.837 ppm
(spectra 4 1, 1;, Tables 2, 5) support the resonance structayég <> a'; A’z a A a3 A’z — a’s
A's > aAandas A4« as A's — a A, respectively. The H13 signals at 7.859 ppm —& 68,
7.854 ppm — 7.681 ppm (spectrall, Tables 2, 5) and 7.852 ppm — 7.683 ppm ( specttuiables
3, 5) point to the resonance structuagsA’'s <> a'3 A’z <> a g A'g, a3 A3 asA'sanda’s A’z
a4, A’y o ay Ay, respectively. The H13 signals at 7.852 ppm —& §m, 7.847 ppm — 7.674 ppm
(spectra 6, 1 — 3, Tables 3, 5) and 7.838 ppm 467@pm, (spectrum 5, Tables 3, 5) confirm the
resonance structuress A’z <> a'4 A'y, @'3 Az & a's Als & a4 A's and as A's & a'y Ay
respectively.



Int. J. Mol. Sci. 2006 7 139
Table 2 The'H-NMR chemical shift$ [ppm] from TMS of1.

Spectrum

No H7 H8 H9 Pyridin-2-yl

(Solvent)

1; 3.922 -4.061|5.772 — 6.148|5.104 — 5.399| 8.637 —8.562 1H H11

(DMSO) 2Hm 1IH m 2Hm 8.135-7.988 1H H13 H14
7.935-7.837 1H H12 H13
7.503 -7.336 1H H14 H12

1 3.988 — 4.086|5.809 — 6.187|5.133 — 5.435| 8.665-8.589 1H H11

(DMSO) 2Hm 1IH m 2Hm 8.174 -8.010 1H H13 H14
7.954 -7.859 1H H12 H13
7517 -7.381 1H H14 H12

1; 4.003 -4.086|5.782 — 6.160|5.191 — 5.482|8.606 —8.530 1H H11

(CDCl) 2Hm IH m 2Hm 8.245 -8.145 1H H13 H14
7.859 -7.688 1H H12 H13
7.349 —7.212 1H H14 H12

1 4.003 -4.086|5.782 — 6.160|5.191 — 5.482|8.601 —8.525 1H H11

(CDCly) 2Hm IHmM 2Hm 8.237-8.137 1H H13 H14
7.854 -7.681 1H H12 H13
7.342 —7.205 1H H14 H12

15 (DMSO |4.069 — 3.988|5.804 — 6.180(5.143 — 5.431{8.662 — 8.586 1.07H H11

- D,O) 25HmM 1.14H m 2.21Hm |8.174 -8.023 1H H13 H14
7.967 —7.869 1.42H H12 H13
7.532 -7.395 1.21H H14 H12

The H12 signals at 7.532 ppm — 7.395 ppm, 7.517 pph881 ppm and 7.503 ppm — 7.336 ppm
(spectra 4 1, 1;, Tables 2, 6) confirm the resonance structagels <« a; Ay < a's A'g <> a'o A'p,
a;A;o a1 Ao asgAgeo agApanda; Ay« ays Ay o ag Ay, respectively. The H12
signals at 7.349 ppm — 7.212 ppm and 7.342 ppn2057pm (spectragll,, Tables 2, 6) support the
resonance structures, A’y — a2 A’ < ag Ajanda’ys A’y < a’; A'1 > a’g Ao, respectively. The
H12 signals at 7.397 ppm — 7.143 ppm (spectrumab|eE 3, 6) support the resonance structures
a/A;eoa Ao aA,oa Ao asAs« az A’z The H12 signals at 7.341 ppm — 7.204
ppm, 7.336 ppm — 7.200 ppm and 7.331 ppm — 7.1985 (spectra 4, 1, 2, 6, 3, Tables 3, 6) support
the resonance structurag A’y a, Ao a1 A, a2 Ao asAs— agApanda1 Ay« a’s
A’s, respectively.
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Table 3 The'H-NMR chemical shift$ [ppm] from TMS ofl.
Spectrum
No H7 H8 H9 Pyridin — 2- yl
(Solvent)
1 4.079-3.999 |6.101-5.778 [{5.458 -5.196 |8.594 —8.519 1H H11
(CDCl) 2H 1H 2H 8.232-8.143 1H H13 H14
7.847 - 7.674 1H H12 H13
7.336 — 7.200 1H H14 H12
2 4.083 -4.003 |6.106-5.782 [5.463 —-5.196 [8.580 —8.537 1H H11
(CDCly) 2H 1H 2H 8.237 —-8.148 1H H13 H14
7.847 - 7.674 1H H12 H13
7.336 — 7.200 1H H14 H12
3 4.088 -4.003 |6.111-5.787 |5.477—-5.182 (8.598 - 8.537 1H H11
(CDCly) 2H 1H 2H 8.237 —-8.148 1H H13 H14
7.847 - 7.674 1H H12 H13
7.331-7.195 1H H14 H12
4 4.088 - 4.003 |6.111-5.787 [5.482-5.186 |8.603 —8.528 1H H11
(CDCl) 2H 1H 2H 8.242 - 8.152 1H H13 H14
7.852 -7.683 1H H12 H13
7.341 -7.204 1H H14 H12
5 4.088 -4.008 |6.101-5.778 [5.468 -5.177 |8.589 —8.514 1H H11
(CDCl) 2H 1H 2H 8.387 —8.345 1H H11
8.223-8.143 1H H13 H14
8.077 -7.974 1H H13 H14
7.838—-7.646 2H H12 H13
7.397 —7.143 2H H14 H12
6 4.083 -4.003 |6.106-5.782 [5.482—-5.196 [8.598 —8.523 1H H11
(CDCly) 2H 1H 2H 8.228 —8.138 1H H13 H14
7.852 -7.678 1H H12 H13
7.336 —7.200 1H H14 H12

The signals of H11 at 8.665 ppm — 8.589 ppm an@28pgpm — 8.586 ppm (spectra 1g, Tables
2, 7) point to the resonance structusg®\, <> a's A’y — a7 A7 o> aAandas Ay asAg— a A,
respectively. The signals of H11 at 8.637 ppm -63.ppm (spectrum;]l Tables 2, 7) support the

resonance structureg Az < as As < a’s A'g. The signals of H11 at 8.606 ppm — 8.530 ppm and

8.601 ppm — 8.525 ppm (spectrall, Tables 2, 7) point to the resonance structargd’; < a’y A’
—agA'g—aAandas Ag— a'3A’3+> a A, respectively

The signals of H11 at 8.603 ppm — 8.528 ppm, 8598 — 8.537 ppm and 8.598 ppm — 8.523

ppm (spectra 4, 3, 6, Tables 3, 7) confirm themasoe structurea’'s A’y <> as A's > a A as A's
— agA'g+— aA anda’s A's — a’ A’, respectively. The signals of H11 at 8.594 ppm548 ppm,
8.589 ppm - 8.514 ppm and 8.580 ppm — 8.537 ppet{spl, 5, 2, Tables 3, 7) indicate HigA's



Int. J. Mol. Sci. 2006 7 141

— a3Azeo apgAgazAze a A andas A3 as A's — a'g A'g — a A, respectively. The
signals of H11 at 8.387 ppm — 8.345 ppm (spectrymables 3, 7) point to the resonance structures

a,AieoarAr,eo a AL

Table 4 The'H-NMR chemical shift$ [ppm] from TMS of1.

Spectrum No Pyridin — 2- yl

(Solvent) H 14 — of the structures H 14, H 13 |H 13- of the structures
13 (CDCh) a'/A'1o asA’ e a Ao 8.245-8.145 |a1A’1 e aA’,

1, (CDCl) a'3A'3 > aA’ 8.237 —8.137 |aA, > a'3A’;

4 (CDCBh) aA o aAiapgAy 8.242 -8.152 |ajAi—a A1 aA

2, 3 (CDC}) azA';eo aiA’1 o agAy 8.237 —8.148 |aAr, «— a'A’

1 (CDCk) a'A s aA Lo aAly 8.232-8.143 |a';A'z3 > a'A

5 (CDCh) Ay a1A 1 A’ 8.223-8.143 |ajAs > a'3A’ 3 aA’

6 (CDCbk) A o aAs o aA' 8.228 - 8.138 |aAr, — Az a'3 A3
15(DMSO-D,0O) [a'4A' 4 <> a'sA’s 8.174 —8.023 |asA4<> a'3A’'3

1, (DMSO) a A 4o asAs 8.174 -8.010 |asAs<> a'sA’s

1, (DMSO) A'sA' 5> a'6A’g > a'7A 7 8.135—-7.998 |a'sA's«< a'3A’3

5 (CDCb) a'gA'g > a'gA’'g > a'7A'y 8.077-7.974 |a'3A’3> asA'5+> a4A’,

The signals of H14 at 7.532 ppm — 7.395 ppm, 7@&dm — 7.381 ppm and 7.503 ppm — 7.336

ppm (spectragll, 1;, Tables 2, 6) confirm the resonance structage®; <> a'1 A'1 > a A, ap Ay <
az3Azo aAanda, A, & a4 A’y — a A, respectively. The signals of H14 at 7.349 ppm2127
ppm and 7.342 ppm — 7.205 ppm (specyd,1Tables 2, 6) support the resonance structaires.’ 3
— a A anda’y A’y < a’ A’, respectively. The signals of H14 at 7.397 ppm143 ppm ( spectrum
5, Tables 3, 6) confirm the resonance structared’; «> a'3 A3 a4, A4 asAs— asAge

a'y A’7. The signals of H14 at 7.341 ppm — 7.204 ppm, & 38m — 7.200 ppm and 7.331 ppm —

7.195 ppm (spectra 4, 1, 2, 6, 3, Tables 3, 6)icarthe resonance structurag A’y — a A, a, A'4
—a A oasAsanda’sA's— a A« as A'g respectively.

The signals of H13 at 8.245 ppm — 8.145 ppm arBBppm — 8.137 ppm (spectrg 14, Tables
2, 4) point to thea’ys A'; « a’, A’y anda; A, <« a’z A’z resonance structures, respectively.

signals of H13 at 8.242 ppm — 8.152 ppm, 8.237 ppf148 ppm and 8.232 ppm — 8.143 ppm

(spectra 4, 2, 3, 1, Tables 3, 4) confirm themasce structurem A;j > a1 A1 a A a A« a
A’ anda’; A’z < a’ A’, respectively.

The signals of H13 at 8.228 ppm — 8.138 ppm an@3@bm — 8.143 ppm (spectra 6, 5, Tables 3,

4) confirm the resonance structurgsA,; <« a; Ay < a's A'zandas Ay < a'3 A'z3 « a A,

respectively. The signals of H13 at 8.174 ppm 28.,0pm, 8.174 ppm — 8.010 ppm and 8.135 ppm —

7.988 ppm (spectraglly, 1;, Tables 2, 4) support the resonance structyés, «— a's A'3, a4 Ay
a's A'sanda’s A's « a’z A’s, respectively. The signals of H13 at 8.077 ppm97Z ppm (spectrum
5, Tables 3, 4) indicate the resonance struciigel’ s <> a's A's > a4 A4
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Table 5. The'H-NMR chemical shift$ [ppm] from TMS of1.

Spectrum No Pyridin — 2- yI

(Solvent) H 13— of the structures H13,H12 H 12— of the structures
13(DMSO-D20) Az a'sA’z > aA 7.967 — 7.869 asAs > atA > a'gA’g— aA
1,(DMSO) a'sA’3e asA’s > aA 7.954 -7.859 |a'sA'g— a'7A’'7
1,(DMSO) a A4 asA's > aA 7.935-7.837 |a/A'7— asA’s
13(CDCl) a'sA's a'3A’3 > a'0A’g 7.859-7.688 |a/A'7+— a1A’1< aA
14(CDCl) asA’3 > a'sA’g 7.854 —-7.681 |ajA; < aA’; <« aA’
4(CDCl) asA'z—a Ay aA’y [7.852-7.683 |aAr > @A’ aA
6(CDC|3) a'sAl3 e asA', 7.852 —7.678 A, > a'lA',

1 - 3(CDC}) asA'z— asA's— aA'y [7.847- 7.674 |a' A1 aLA
5(CDCb) a'sA's > a'sA'y 7.838—7.646 |a'sA'g«—> a'1A’1 > a'3A’'3

Table 6. The'H-NMR chemical shift$ [ppm] from TMS of1.

Spectrum No Pyridin — 2-yl

(Solvent) H 12 — of the structures H12,H14 H 14— of the structures

15 (DMSO-D20) BA; — aAs o ag Ag « 7.532 — 7.395 A - a'/A1 o aA
a'oA’o

12 (DMSO) a’7A’ 7 & a’1A1 1 & a’eA’ 6 > 7.517 —7.381 azAz > 8.13A’ 3> aA
a'oA’o

1, (DMSO) a'7A 7 a4A' 4 a'0A'g 7.503 — 7.336| ayA, > a'4A’ 4 — aA

13 (CDCl) a'4A’ 4 aLA ) — alAy 7.349 —7.212|a'3A’3 > a'A’

1, (CDCl) a' A s a1A'1— a'A'g 7.342 — 7.205|a’ /A’ 4 < a'A’

5 (CDCb) a/A'7 & a4Ay o aLA, «|7.397-7.143|a'1A’1 > a'3A'3 > A A'4 <
aA 1 asA's e a’3A’3 asA's > asA'g a7 A7

4 (CDCb) a A 4o aA e aiAlg 7.341 — 7.204| a’4A’ 4 < aA

1,2,6 (CDC)) [a',A' ;< a'sA's«> a'oA'g 7.336 — 7.200[a’ A’ 4 <> @'A’ <> a'sA’s5

3 (CDCb) a1A'1— a'sA’s 7.331-7.195|a'sA’5 <> a’A’ <> a'6A'g

The H12 signals at 7.967 ppm — 7.869 ppm , 7.954 p¥.859 ppm and 7.935 ppm — 7.837 ppm
(spectra 4 1, 1;, Tables 2, 5) indicate th® As <> a; A1 > a'sA'g«—>a A a'gA'g— a7y A';7anda';

A’z — a’g A’ g resonance structures, respectively.

The H12 signals at 7.859 ppm — 7.688 ppm and 754 — 7.681 ppm (spectrg L, Tables 2, 5)
support the resonance structuaésA’'; <> a’'; A’ « a Aanda; A; < a2, A’z > a’ A’, respectively.
The H12 signals at 7.852 ppm — 7.683 ppm and 762 — 7.678 ppm (spectra 4, 6, Tables 3, 5)
confirm the resonance structum@sA, «> a’» A’; <> a Aanda; A, < a’y A'4, respectively. The H12
signals at 7.847 ppm — 7.674 ppm and 7.838 ppn6467/ppm (spectra 1 — 3, 5, Tables 3, 5) confirm
the resonance structura’s A'; <> a’> A',anda’s A'g <> a’'s A’1 <> a’'s A’ 3, respectively

The calculated chemical shift of N10 at — 86.0 pphRa tautomer (Table 1) [10] point to an
amine — type nitrogen atom.
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Table 7. The'H-NMR chemical shift$ [ppm] from TMS of1.
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Spectrum No Pyridin — 2- yl

(Solvent) H11 structures

1,(DMSO) 8.665 — 8.589 | aAs o @A 4 > a7A 7> A
15(DMSO-D,0) [8.662 — 8.586 |asA4«—> a'sA’g <> aA

1, (DMSO) 8.637 - 8.562 |aAs > ahs > a'6A

13 (CDCl) 8.606 —8.530 |a'/A’'7— a]A’1 a'gA’g— aA
4 (CDCBh) 8.603- 8.528 a',A g asAls— aA

1, (CDCl) 8.601 — 8.525 |a'¢cA’'g«> a'3A’3> aA

3 (CDCh) 8.598 —8.537 |a'sA’s < a'sA’g > aA

6 (CDCb) 8.508 —8.523 |a'sA’s o a'A’

1 (CDCh) 8.594 —8.519 |a'sA’s«— a'3A’z3— a'A’p

5 (CDCb) 8.589-8.514 |a'3A’3— a'A’

2 (CDCb) 8.580 - 8.537 |a'3A’3+> a'sA’5> a'gA’g«> aA
5 (CDCb) 8.387 -8.345 |a'j1A’1 o aLA ;o alAg

The'H- data (100 MHz, 500 MHz)>C- and**N-NMR spectra and the theoretical calculations of
the studied system point to the transformation yfdine — type nitrogen atom to pyrrole — type as
well as to amine — type nitrogen of 1,3,4 — thiadla and pyridine rings, the structues A(l) , ao
Ao A(l)o, @0 Ao A(l) panda’ A’ A(l) ©  (Figures 1-3).

The calculated chemical shift of NH group at 7.5nppf tautomer2a (Table 1) [10] supports 8p
hybridization of N6 as well as the absence of tharges over 1,3,4 thiadiazole ring. The calculated
chemical shift of N6 at — 133.98 ppm of tautor@ar(Table 1) [10] supports pyridine — type nitrogen
atom.

In the*H-NMR spectra ofL. (100 MHz) [7, 8] in the range of the chemical ghiff the proton of
NH group from 8.637 ppm to 7.233 ppm the nitrogtames N3, N4, N10 appear as pyridine — type,
pyrrole — type, amine — type nitrogen while N6 gggine — typeA (Figures 5, 9 - 12). The absence of
the charges over 1,3,4 — thiadiazole ring confinm lack of the transition of electrons of p orlstaf
1S 2C 3N 4N 5C of the 1,3,4 — thiadiazole ring.

The changes concern either the phases of p orbitd8 N4 and N10 nitrogen atoms of 1,3,4 —
thiadiazole and pyridine rings, respectively seedtiucture®\q, Aoq (Figure 11) or the spin states of
electrons of sporbitals, the structure8,, Aga (Figures 9, 10) and support the transformation of
pyridine — type nitrogen atom to pyrrole — typeragen atom in the second case. The simultaneous
changes of the spin states of electrons &fospitals and of the phases of p orbitals of N3N
nitrogen atoms of 1,3,4 — thiadiazole and pyridimgs as well as the absence of the reversed
electron demand cause the transformation of pyidiiirogen atom to amine nitrogen atom, the
structuresAoc Ace (Figure 12). Consequently the structubes Ao, (Figures 9, 10) show the pyrrole —
type nitrogen atoms N3 N4 N10 and the lack of tifferdnces in the phases of p orbitals of 1S 2C 3N
4N 5C 6N 10N 11C - 15C. In the structurks, Aog (Figure 11) the nitrogen atoms N3 N4 N10 are
the pyridine — type but the phases of p orbitalsl®N10 and N4 N10 differ from p orbitals of 1S 2C
4N 5C 6N 11C — 15C and 1S 2C 3N 5C 6N 11C - 15@stoespectively. In the structur@sA’ 5
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andA’g A’oa (Figures 13, 3) the nitrogen atom N10 is pyriding/pe and p orbitals of N10 C11 —
C13 and N10 C11 C13 C14, respectively show no rdiffees in their phases.

The *H-'H long-range coupling constants in the 37.280 HB776 Hz range (spectra 1 — @) 6
(Tables 8, 9) [8], support the coupling of the pra of the pyridyl and -N-CH CH=CH, groupsvia
2p orbitals of C14 C7 of the rigid structur@sA’ ; and sp hybridization of the exocyclic nitrogen
atom N6 (Figure 13). The signals at — 0.033 ppm - 5.78n fjpable 9, spectra 1, 3 — & Bsupport
the transformation of p= sp'.

The differences in the resonances of NH protorharange from 8.637 ppm to 7.233 ppm are
caused by the atomic charge over the pyridine rifgassign the resonance structured @i the
range from 8.637 ppm to 7.233 ppm the chemicatssbifNH group, thé°N-, **C- and'H- signals in
5N-, 13C- and'H-NMR spectra (100 MHz, 500 MHz) dfas well as théH-'H coupling constants of
the pyridyl substituent have been analyzed. Thenasce structures of the pyridine ring are shown on
Figure 8.

In the *C-NMR spectrum ofL the chemical shifts of C11 at 149.31 ppm and C1548t87 ppm
confirm pyridine - type nitrogen atom N10 of theusturesa;A;A(l) 1 a8'1A 1A(l) 1 @'2A A(l)' 2 andas
As A(l) 5, respectively. The chemical shift of C12 at 124ppin supports the pyridine - type nitrogen
atom N10 of the structuremAA(l) 2 a'sA’3A(l) 3 a's A'sA(l) 5. The signal of C14 at 119.87 ppm
points to the structureasAzA(l) s a'4A"4A(l)' 4 asAsA(l) s. The signal of C13 at 136.77 ppm confirms
the structuresA2A(1) 2 a'3A" 3A(1)' 3 asAs A(l) 4 @'sA’ 5A(1)’ s.

Figure 9. The changes of the electron configuration of N4 Nitrogen atoms of allyl-
(5-pyridin-2- yI-[1,3,4] thiadiazol-2-yl)-amine, ¢hstructuredo
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Figure 10. The changes of the electron configuration of Nl® Mitrogen atoms of allyl- (5-
pyridin — 2 — yl - [1,3,4] thiadiazol-2-yl)-aminthe structuré\o,

Figure 11 The changes of the electron configuration of N®Mnd N4 N10 nitrogen atoms
of allyl- (5-pyridin — 2 — yl - [1,3,4] thiadiazet 2 - yl) - amine, the structurégy, Aog
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Figure 12 The changes of the electron configuration of N®nd N4 N10 nitrogen
atoms of allyl- (5-pyridin — 2 — yl - [1,3,4] thld&azol-2-yl)-amine, the structurég Aoce

Figure 13 The resonance rigid structurds, A’, of allyl- (5-pyridin — 2 — yl - [1,3,4]
thiadiazol-2-yl)-amine

The 'H-NMR spectrum 1 (500 MHz) shows the signal of H14 of the strucstaBA’ ;A(l) 1 a’s
A'sA(1) 5 a'6A'6A(l) ¢ at 8.185 ppm. In thiH-*C HMBC and HMQC correlatinon spectra the signal
of H14 at 8.180 ppm exhibits a correlation to C14¥9.7 ppm and C12 at 124.0 ppm, C15 at 149.7
ppm, C5 at 160.0 ppm, respectively and confiaig’ sA(l)' s a'sA’6A(l)’ ¢ Structures. In the 2BH-
13C HMQC spectra the cross — peak between H11 aD&§Bh and C14 at 119.9 ppm as well as the
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correlation signals of H11 at 8.360 ppm to C1418.9 ppm, C15 at 149,7 ppm support structares
ALA() 2 aA1A(l) 1. The chemical shift of N10 ifPN-NMR spectrum ofL at — 74.78 ppm supports
the structures, A2 A()2 a3 A'3A() 3a3 A4 A4 @'s-sA'5-A(l) 5-8

The*H-'H coupling constants J¢kH:3) 8.0 Hz J(HaH14) 8.0 Hz J(H.H13) 8.0 Hz oflatautomer
confirm the positive charge at C13 atom of thecétmesaszAzA(l) 3 a'4sA’ JA(l)’ 4 while the coupling
constants J(3H13) 5.8 Hz J(HiH12) 5.6 Hz J(HsH1j) 1.6 Hz indicate the positive charge at C15 and
the negative one at N10 atoms of pyridine substttoéthe structureasAsA(l) 4 a7 A(I)' 7.

In the*H-NMR (100 MHz) spectrail—4, 1 — 6, the NH group signals in the 8.637 ppm.&18
ppm and 8.387 ppm — 8.138 ppm range confirm thengasce structureBA, 1A’, 1A, 1A, and1A;,
1A4, 1As respectively (Table 10). At 8.077 ppm — 7.646 pgmd at 7.397 ppm — 7.143 pdA’ 4,
1A’; 1A’; and 1A’4, 1A’s 1A’ 1A’; resonance structures arise, respectispectra 1 — 6, &
100MHz, CDC}, Table 11). The signals at 8.594 pg(iliiHgs) 42.432 Hz , 8.584 pprd(H1iHop)
38.400 Hz, 8.528 ppri(H11Hga) 37.280 Hz and 7.998 ppdiHisHgea) 40.064 Hz (spectra 4, 5 Table
8) point to the transition oA’ & A andA’;< A; tautomers as well as to the rapid exchange at the
NH group hydrogen of structure.

Table 8 The'H-NMR chemical shift$ [ppm] from TMS and théH-'H long — range
coupling constants [Hz)f 1

Spectrum
o (ppm J NH
No (CDCly) (ppm)
4 8.528 J(H11Hea) 37.280

8.598 J(H11Hoa) 38.144 0.1H
7.754 J(H12Hga) 38.336 0.43H
8.584 J(H11Hoa) 38.400
7.852 J(H12Hga) 38.912 0.14 H
6.012 J(HgH13) 40.832 | 0.019H
5.895 J(HgH13) 42.368
5.886 J(HgH1s) 39.168
7.974 J(H13Hga) 39.296 0.756 H
7.331 J(H14Hoa) 39.392 | 0.46 H

7.341 J(H14Hga) 40.640
6.008 J(HgH12) 39.872 | 0.071H
5.890 J(HgH13) 41.728
5.839 J(HgH12) 39.936 0.03 H
7.998 J(H1aHga) 40.064
8.152 J(Hi3Hoa) 40.672 0.38 H
7.819 J(HioHgp) 40.832 | 1.356 H
8.223 J(Hi3Hoa) 41.760 0.38 H
7.697 J(H12Hga) 41.984 0.14 H
8.218 J(HisHog) 42.240 | 0.172H
8.594 J(H11Hop) 42.432
8.223 J(HisHog) 43.776 | 0.633 H

OO OGP OUOTONNAERMIOODWLWWWO DRAEO®
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In the *H-NMR spectra 11, (L00MHz, DMSO) [8] the signals at 8.270 ppm (1H8broadened
triplet) and at 8.310 ppm (1.05H, degenerated kewed triplet) (Table 10) correspond to the NH
group proton oftautomerslAs and1A,, respectively. The broaded triplets suggestttiege protons
take part in the intermolecular hydrogen bondse Bhoaded triplet in théH-NMR spectrum 1
indicates the slow exchange of the proton of NHugralue to this fact, the coupling of the protorés H
H7 may be observed and suppbft tautomer. These signals are the averaged onemgeqguence of
the rapid transitions of hydrogen atom betweenetk@cyclic nitrogen atom N6 and N3 N4 ones of
1,3,4-thiadiazole ring, then degenerated broadpktat 8.310 ppm in thtH-NMR spectrum 1 point
to thelA, 1B, 1C, tautomers.. They disappear in (spectrum ) .

Table 9. The'H-NMR chemical shift$ [ppm] from TMS and théH-'H long —
range coupling constants [Haf 1.

Spectrum No. 5 ] NH
(CDCl53)

1 3.999 J(H7pH11) 37.696 0.822 H
3 -0.033 J(HeH11) 38.272 0.099 H
3 5477 J(Hoa Hi3) 40.192 0.26 H
3 5.787 J(HgH14) 43.136

4 5.214 J(HogH14) 43.712 0.24 H
4 5.280 J(HoaH12) 40.224

5 5.266 J(HgaH12) 40.960 09H

5 5.449 J(HoaH13) 39.680

66 3.999 J(HeH12) 40.960 0.183 H
66 4.018 J(HeH11) 38.656 0.19H

In *H-NMR spectrum 5 (100 MHz, CDg)lin the range from 7.397 ppm to 7.143 ppm a signal
with an intensity of 7.5 H is seen (Figure 14, EsbB, 11).

Two of them correspond to the proton of the pyrdiimg of the resonance structuesA’ ;< a’s
Az as Ay asAs—oasgAg—asAy(H14) anda Ao a Ao a,A,oa 1A«
a's A'se a3 A’z (H 12), (Tables 3, 6). The signal with the inteysit 5.5 H correspond to the proton
of NH group of the resonance structut#s, «» 1A’s <1A’s < 1A’; (Table 11). The NH group signal
in the range from 7.397 ppm to 7.265 ppm with thiensity of 4.4H points to the transformation
process oflA’s = 1B; = 1C’, tautomers and supports pyridine — type nitrogematN10, N4, N6
(Figures 1, 2, 8). The signals at 7.331 ppmidbh) 39.392 Hz and 7.341 J(kHys) 40.640 Hz
(0.46H, Table 8. Spectrum 4) support i#€, 1B’, 1C’, tautomers.
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Figure 14. The™H-NMR NH group signal at 7.397 ppm — 7.143 ppm ¢span 5)

I ppm  |integral
| e TH 355.968
7397 | 113280
7.359 | 263.168
7326 | 659.072
7279 | 584448
7265 | 306.176
7233 | 193.152
7218 | 174336
7204 | 94336
7190 | 168576
7157 | 73.984
7143 | 47.104

In *H-NMR spectrum 6 (100 MHz, CDC}) the signals at 7.317 ppm (0.74 H) and 7.256 ppm
(0.34 H) (Table 11) correspond to the proton of tdup of LA’s and 1A’s tautomers. A signal at
7.233 ppm (2H) (the spectras @nd @ 100 MHz, CDC4, Figure 15, Table 11) confirms the
transformation process @A’y = 1B’;, 1A’; = 1C’; tautomers and the amine — type nitrogen atoms
N4, N3 of the 1,3,4—thiadiazole ring.
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Figure 15. TheH-NMR NH group signal at 7.233 ppm (spectsa®)

z ..... _u_-p_mm.... -

Spectrum | ppm integral
No
65 7.233 |1316.352
6 7.233 | 801.792

Table 10 The'H-NMR chemical shifts [ppm] from TMS of the NH group of tautomer

1A
Spectrum No (Solvent) NH Structure

1, (DMSO) 8.637 — 8.562 (0.08 H) 1A 1A
1; (CDChk) 8.606 — 8.530 (0.2 H) 1A 1A,
1, (CDCk) 8.601 — 8.525 (0.05 H)
3 (CDCb) 8.598 — 8.537 (0.23 H)
6 (CDCh) 8.598 — 8.523 (0.1 H)
1 (CDCh) 8.594 — 8.519 (0.38 H)
5 (CDCh) 8.589 — 8.514 (0.637 H)
2 (CDCh) 8.580 — 8.537 (0.08 H)
5 (CDCh) 8.387 — 8.345 (0.705 H) 1A;
1, (DMSO) 8.310 (1.05 H) 1A,
1, (DMSO) 8.270 (1.08 H) 1As
1 (CDCh) 8.232 -8.143 (0.38 H)
2 (CDCh) 8.237 -8.148 (0.1 H)
3 (CDCb) 8.237 — 8.148 (0.18 H)
4 (CDCb) 8.242 — 8.152 ( 0.07 H)
5 (CDCh) 8.223 —8.143 (0.633 H)
6 (CDCh) 8.228 — 8.138 (0.172 H)
1; (CDCk) 8.20 — 8.16 ( 0.009 H)

150
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Table 11.The'H-NMR chemical shifts [ppm] from TMS of the NH group of
tautomerlA’ (in CDCL)

Spectrum No NH Structure

5 8.077 —7.974 (0.756 H,) 1A’
4 7.852 — 7.683 (0.13 H) 1A',
6 7.852 - 7.678 (0.14 H) 1A’
1 7.847 —7.674 (0.43 H)
2 7.847 —7.674 (0.18 H)
3 7.847 —7.674 (0.25 H)
5 7.838 — 7.646 (1.356 H)
1; 7.78 —7.73 (0.505 H)
5 7.397 — 7,143 (5.5H) 1A',
4 7.341 —7.204 (0.46 H) 1A'
1 7.336 — 7.200 (0.9 H) 1A’
2 7.336 — 7.200 (0.43 H) 1A’
6 7.336 — 7.200 (0.522 H)
3 7.331 —7.195 (0.41 H)
65 7.317 (0.74 H) 1A’s
1; 7.29 —7.25 (0.3148 H) 1A'
65 7.256 (0.34 H) 1A’

65, 65 7.233 (2 H) 1A',

Conclusions

The investigation of this specific tautomeric edpribm support higher stabilith, B and high
energy diradicalh’ A’ 5, B’, C’ structures in the solution. The presently studierconversions of the
tautomeric formA’ A’ ; B’ C’' confirm pyridine — type nitrogen atoms for N10 N& and amine —
type for N4 N3 of the pyridine and 1,3,4 — thiadigzrings. The intensities of the signals of the NH
group in the 100 MHZH-NMR spectra in the range from 8.637 ppm to 7.pg& (Tables 10, 11)
confirm the mesomeric resonance structéeB, A’ B’ C’ in solution.

Experimental
General

Compoundl was prepared according to the published methodTg *H-, **C- and**N-NMR
measurements df were taken in CDGland in DMSO - ¢ solutions, respectivelgn a Bruker AM
500 spectrometer, operating at 500.18 MHz for hgdmp 125.76 MHz for carbon and 50.68 MHz for
nitrogen, using standard conditions. The 2D spesftrad-*C HMQC, *H-*C HMBC, *H-'H COSY
(500 MHz) have been recorded in CRQolution according to procedure given in the Bruke
programme library. ThéH-NMR spectra (1 — 6) ofl were measured on a Tesla BS 677 A
spectrometer (100 MHz with T.F.) in CDLIr DMSO solutions at room temperature with TMSkhaes t
internal standard. TheH-NMR spectra 1, 414, 2 — 6, 6 65 (100 MHz) and 1 (500 MHz) have been
recorded in CDGlsolution and the spectra 1, (100 MHz) in DMSO solution [7, 8, 10]. Th#l-
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NMR spectra 14 (100 MHz) [8] have been taken using various cotre¢gion of1 in DMSO or CDC}
solutions:

- in a DMSO solution, the concentrationloAmounts to 1:3 (spectra 1,, respectively);

- in a CDC4 solution, the concentration df amounts to: 10 mg/0.5 mL and 25 mg/0.5 mL

(maximal concentration, spectrall, respectively).

The'H-NMR spectra 1 — 6,585 [7], 17 [10] and % [8] have been recorded in CQ@ind DMSO —
D,O solutions, respectively, without any determimatinf the concentration of. In the *H-NMR
spectra 1 - 6 ol the signals of the protons of allyl, pyridyl substnts as well as of NH group of
1,3,4-thiadiazole have been recorded (Tables 210;711). In thé H-NMR spectra 66¢ of 1 [7] only
the signals of the proton of NH group of the 1,B&diazole have been recorded (Table 11).

The molecular geometries and properties correspgntdi the local minima of the energy were
calculated at the DFT level of the theory with B&LYP density functional and the 6-31G* basis set
[24,25]. The same basis set and functional werel dse the *H-, *C- and *®N-NMR shielding
constants calculations by applying the GIAO CPHREhoés. The atomic charges were taken from the
ESP fit using Breneman model (CHELPG). The GausStmpackage [26] was employed for these
calculations.
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