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The thermally initiated transformation of esters and nitriles of 2-(3-acylselenoureido)benzoic and
2-(3-acylselenoureido)thiophene-3-carboxylic acids under heating without solvent to the tempera-
ture ca. 300°C was studied. The thermal behaviour was studied by methods of the thermal analysis.
It was found that selenoureas in ester series afford isoselenoureas at the temperature lower than their
melting points. This change occurs in the solid state as an exothermic process. The next exothermic
change starts by the following increase in temperature. Two molecules of isoselenoureas eliminate
one hydrogen molecule by air oxygen action. The oxidation is connected with Se—Se bond forma-
tion and diselenides are formed. Nitriles undergo a transformation to di(2-pyrimidyl)diselenides in
the course of several steps in melt in the presence of air oxygen.

The thermally initiated transformation of esters
and nitriles of 2-(3-acylselenoureido)benzoic and 2-
(3-acylselenoureido)thiophene-3-carboxylic acids I—
XVIII under heating without solvent to the tempera-
ture ca. 300°C was studied [1]. The title compounds
I—VI (ester series) [2] and XII—XVIII (nitrile se-
ries) [3] were synthesized by an addition of correspond-
ing aminoesters or aminonitriles to benzoyl or pivaloyl
isoselenocyanates in an acetone solution (Scheme 1).
Acylisoselenocyanates were prepared in situ by the re-
action of acyl chlorides with potassium selenocyanate
in anhydrous acetone solutions [4].

The isomerization was observed [2] during the syn-
thesis of compounds I— VI (ester series) (Scheme 2).
The products of this isomerization are isoselenoureas
VII—XII. The isomerization proceeds either by UV ir-
radiation (340—400 nm), or in case of benzoyl deriva-
tives, by treatment with acetic acid. On the other
hand, the acid action in the pivaloyl set inhibited this
isomerization and evoked the retroisomerization re-
action of isoselenourea. The cyano analogues XIIT—
XVIII do not yield the isomerization product.

Compounds I—X VIII show nondestruction changes
in the presence of air oxygen during the measure-
ments of melting point. These changes were observed
as new types of crystals formations after the sample
melted. In the case of selenoureas of the ester series,
the changes were observed also before the melting tem-
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perature as a change of crystal structure in the solid
state.

The goal of the presented work is the study
of thermal behaviour of esters and nitriles of 2-(3-
acylselenoureido)benzoic and -thiophene-3-carboxylic
acids I—VI and XIII—XVIII and esters of 2-(3-
acylisoselenoureido)benzoic and -thiophene-3-carbo-
xylic acids VII—XII by the methods of thermal anal-
ysis.

EXPERIMENTAL

Melting points were measured on Boetius Rapido
PHMK 79/2106 (Wigetechnik) instrument. The pu-
rity of compounds was tested by elemental analysis
on an instrument 1102 (Erba), and by determinations
of selenium on spectrometer ICP AES 7500 (Unicam).

The thermal behaviour of compounds was followed
with Derivatograph OD-102 (MOM, Budapest). The
analyses were provided in about 100 mg samples in
a platinum crucible without lid in a stationary at-
mosphere of the furnace, as a standard material pre-
glowed a-Al;O3 was used. The measurements were
carried out at 600°C, TG 100 mg, DTG 1/10, and
DTA 1/5. The heating rate was 6°C min~!.

FTIR spectra were taken on a spectrometer Gene-
sis (Unicam) in potassium bromide pellets. NMR spec-
tra were measured on a Bruker Avance DRX-500 spec-
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Scheme 2

trometer. The 3C and 'H spectra were referenced to
tetramethylsilane used as an internal standard or to
the solvent signals of CDCl3 and of residual CHCl3
at § = 77.00 3C and 7.27 'H, respectively. Spectral
width: 9000 Hz for 'H and 27500 Hz for 13C.

Starting compounds /— VI were prepared as in the
previous papers (2, 3], acylisoselenoureas VII—XII ac-
cording to [1, 2] and nitriles XJII—X VIII according to
[3].
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Compounds XIX—XXIV

Acylselenoureas I— VI (0.5 mmol) or acylisosele-
noureas VII—XII (0.5 mmol) were heated on a micro-
scope slide. The slide was placed on the hot-stage of
a melting point apparatus. The samples I—VI were
heated at temperature of the second exothermic peak
on DTA curve (fR, % 5°C) for 10—15 min. The melt-
ing temperature of compounds VII—XII (exothermic
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peak on DTA curve) is identical to that of the com-
pounds [—VI.

During examination the change and new crystals
formation was observed. After cooling to room tem-
perature the crude products XIX—XXIV were sus-
pended in chloroform. The extract was repeatedly fil-
tered with silica gel and evaporated.

Ethyl 2-{[(Benzoylimino)(2-{ (benzoylimino)[2-
(ethozycarbonyl)anilino/methyl} diselenanyl)methyl|-
amino }benzoate (XIX), yield = 0.3 g (81 %), m.p.
= 199—207°C (decomp.). For C34H30N406562 (M,—
= 748.5) wi(calc.): 54.55 % C, 4.04 % H, 9.39 % N,
21.08 % Se; wi(found): 53.98 % C, 4.12 % H, 9.16
% N, 20.86 % Se. FTIR spectrum (KBr), #/cm™!:
3282, 3179 (NH), 1711, 1245 (COOC), 1655 (NCO),
1625 (C=N). 'H NMR spectrum (CDCl3), 6: 1.41 (t,
6H, 2 x OCH,CHs, J = 7.0 Hz), 4.18 (q, 4H, 2 x
OCH,CHgs, J = 7.0 Hz), 7.17—8.32 (m, 18H, Harom),
10.86 (s, 2H, 2 x NH). 13C NMR spectrum (CDCl3),
é: 14.34 (CH3, OCHzCHa), 61.28 (CH2, OCHQCH:;),
114.28 (C, CCOOCH,CH3), 118.42 (CH), 119.04
(CH), 122.25 (CH), 128.32 (CH), 128.42 (2 x CH),
129.67 (2 x CH), 131.06 (CH), 136.18 (C), 145.26
(C—Se), 146.28 (C), 169.46 (C=0, COOCH,CHj,),
183.02 (C=0, COCsHg).

Ethyl 2-{[(Benzoylimino)(2-{ (benzoylimino)[3-
(ethozycarbonyl)-4,5,6,7-tetrahydrobenzo[l Jthiophen-
2-yllamino]methyl} diselenanyl)methyljamino } -
4,5,6,7-tetrahydrobenzo[1]thiophene-3-carbozylate
(XX), yield = 0.35 g (81 %), m.p. = 237—242°C (de-
comp.). For C33H33N4 Oesteg (Mr = 8688) w.(calc‘):
52.53% C, 4.41 % H, 6.45 % N, 18.18 % Se; w; (found):
51.96 % C, 4.37 % H, 6.51 % N, 18.45 % Se. FTIR
spectrum (KBr), #/cm™1: 3271, 3108 (NH), 1728, 1253
(CO0CQC), 1658 (NCO), 1625 (C=N). 'H NMR spec-
trum (CDClg), 4: 1.45 (t, 6H, 2 x OCH,CH;, J= 7.0
Hz), 1.78—2.85 (m, 16H, 2 x C4Hjg), 4.43 (q, 4H, 2 x
OCH,CHgs, J = 7.0 Hz), 7.82—8.37 (m, 10H, H.rom),
10.86 (s, 2H, 2 x NH). }¥C NMR spectrum (CDCl3),
§: 14.25 (CHs, OCH,CHj), 22.65 (CH,), 22.87 (CHa),
24.48 (CH;), 27.12 (CH;), 63.84 (CH,, OCH,CHj,3),
118.32 (C, CCOOCH,CHj;), 128.28 (2 x CH), 128.96
(C), 131.05 (2 x CH), 131.85 (C), 132.15 (CH), 147.15
(C), 150.84 (C—Se), 166.29 (C=0, COOCH,CHs;),
181.23 (C=0, COCsHg).

Ethyl 2-{[(Benzoylimino)(2-{(benzoylimino)[3-
(ethozycarbonyl)-4,5-dimethyl-2-thienylamino]methyl}
diselenanyl)methylJamino }-4,5-dimethyl-3-thiophe-
necarbozylate (XXI), yield = 0.3 g (73 %), m.p. =
226—230°C (decomp.). For Cg4H34N4OeSgSe2 (Mr
= 816.7) w(calc.): 50.00 % C, 4.20 % H, 6.86
% N, 19.34 % Se; wi(found): 50.28 % C, 4.17 %
H, 6.87 % N, 19.86 % Se. FTIR spectrum (KBr),
7/em™!: 3298, 3135 (NH), 1721, 1236 (COOC), 1658
(NCO), 1631 (C=N). 'H NMR spectrum (CDCl3),
0: 118 (t, 6H, 2 x OCH,CH3, J = 7.0 Hz),
2.12 (s, 6H, 2 x CHs, C-4—thiophene), 2.38 (s,
6H, 2 x CHj, C-5—thiophene), 3.96 (q, 4H, 2
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x OCH,CH3, J = 7.0 Hz), 7.65—8.46 (m, 10H,
Harom), 11.15 (s, 2H, 2 x NH). 3C NMR spec-
trum (CDCl3), 6: 12.62 (CH3, C-4—thiophene), 14.25
(CH3, OCH,CH;), 14.89 (CHjz, C-5—thiophene),
64.12 (CH,, OCH,CH3s), 118.60 (C, CCOOCH,CHjs),
126.14 (C, C-4—thiophene), 128.68 (2 x CH), 129.10
(C, C-5—thiophene), 131.07 (2 x CH), 132.74 (CH),
136.29 (C), 147.56 (C, C-2—thiophene), 151.12 (C—
Se), 168.24 (C=0, COOCH,CHs), 179.29 (C=O0,
COCs5Hg).

Ethyl 2-{[[(2,2-Dimethylpropanoyl)imino](2-{[(2,2-
dimethylpropanoyl)imino][2- (ethozycarbonyl)anilino]-
methyl}diselenanyl)methylJamino }benzoate (XXII),
yield = 0.25 g (71 %), m.p. = 209—212°C (decomp.).
For C30H3sN4OgSes (M, = 708.6) wi(calc.): 50.58 %
C, 541 % H, 7.91 % N, 22.29 % Se; w;(found): 51.12
% C, 5.36 % H, 8.06 % N, 21.96 % Se. FTIR spec-
trum (KBr), #/cm™!: 3316, 3124 (NH), 1722, 1250
(CO0C), 1661 (NCO), 1623 (C=N). 'H NMR spec-
trum (CDCl3), 6: 1.22 (s, 18H, 2 x C(CHj)s), 1.42
(t, 6H, 2 x OCH,CH;, J = 7.0 Hz), 4.51 (q, 4H, 2 x
OCH,CHs, J = 7.0 Hz), 7.14—7.52 (m, 8H, Harom),
9.65 (s, 2H, 2 x NH). 13C NMR spectrum (CDCl3),
61 14.13 (CHg, OCHzCH3), 27.56 (C, C(CH3)3), 41.32
(CH3, C(CHs)s), 60.60 (CHz, OCH,CHj3), 113.84
(C, CCOOCH,CHs), 118.56 (CH), 119.14 (CH),
123.15 (CH), 127.88 (CH), 136.22 (C), 148.52 (C),
151.63 (C—Se), 168.59 (C=0, COOCH,CH3;), 189.67
(C=0, COC(CHs)3).

Ethyl 2-{[[(2,2-Dimethylpropanoyl)imino](2-{[(2,2-
dimethylpropanoyl)imino][3-(ethozycarbonyl)-4,5,6,7-
tetrahydrobenzo[1]thiophen-2-yljamino/methyl} dise-
lenanyl)methylJamino }-4,5,6, 7-tetrahydrobenzo[1]-
thiophene-3-carbozylate (XXIII), yield = 0.3 g (73 %),
m.p. = 227—233°C (decomp.). For 034H46N40652-
Ses (M, = 828.8) wi(calc.): 49.27 % C, 5.59 % H,
6.76 % N, 19.05 % Se; w;(found): 49.07 % C, 5.42
% H, 6.30 % N, 19.12 % Se. FTIR spectrum (KBr),
p/cm™1: 3243, 3183 (NH), 1716, 1246 (COOC), 1664
(NCO), 1625 (C=N). 'H NMR spectrum (CDCls),
&: 1.21 (s, 18H, 2 x C(CHz)s), 141 (t, 6H, 2 x
OCH,CHs, J = 7.0 Hz), 1.76—2.59 (m, 16H, 2 x
C4H3), 4.40 (q, 4H, 2 x OCHzCHg, J=17.0 HZ), 11.57
(s, 2H, 2 x NH). ¥*C NMR spectrum (CDCl3), 4:
14.47 (CH3, OCH,CH3), 22.66 (CH,), 23.02 (CHa),
24.82 (CH,), 26.15 (CH;), 27.61 (CH3, C(CHjs)s),
42.15 (C, C(CHgs)s), 60.48 (CHz, OCH,CH3), 114.02
(C, CCOOCH,CHs), 128.02 (C), 132.66 (C), 147.26
(C), 147.53 (C—Se), 166.12 (C=0, COOCH,CH3),

Ethyl 2-{[[(2,2-Dimethylpropanoyl)imino](2-{[(2,2-
dimethylpropanoyl)imino][3-(ethozycarbonyl)-4,5-di-
methyl-2-thienylamino]methyl } diselenanyl)methyl/-
amino }-4,5-dimethyl-3-thiophenecarbozrylate (XXIV'),
yield = 0.25 g (64 %), m.p. = 218—226°C (de-
comp.). For C30H45N406S2Ses (M; = 776.7) w;(calc.):
46.39 % C, 545 % H, 721 % N, 20.33 % Se;
w; (found): 46.49 % C, 5.37 % H, 7.36 % N, 20.13 % Se.
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FTIR spectrum (KBr), 7/cm~!: 3314, 3092
(NH), 1728, 1252 (COOC), 1658 (NCO), 1625
(C=N). 'H NMR spectrum (CDCl;), &: 1.22 (s,
18H, C(CHj)s), 1.43 (t, 6H, 2 x OCH,CHs, J =
7.0 Hz), 2.15 (s, 6H, 2 x CHjz, C-4—thiophene),
2.39 (s, 6H, 2 x CHj, C-5—thiophene), 4.36 (q,
4H, 2 x OCH,CHjs, J = 7.0 Hz), 11.02 (s, 2H,
2 x NH). 3C NMR spectrum (CDCl;), 4: 12.85
(CHs, C-4—thiophene), 14.66 (CH3, OCH:CHj;),
15.03 (CHz, C-5—thiophene), 27.60 (CHz, C(CHs)s),
42.29 (C, C(CHs)s), 60.50 (CH,, OCH,CHs), 114.78
(C, CCOOCH,CH3), 129.62 (C, C-4—thiophene),
133.18 (C, C-5—thiophene), 146.56 (C, C-2—thiophe-
ne), 146.94 (C—Se), 164.82 (C=0, COOCH,CHj;),
191.06 (C=0, COC(CH3;)3).

Compounds XXV—XXX

Acylselenoureas XIII—XVIII (0.5 mmol) were
heated on a microscope slide. The slide was placed
on the hot-stage of a melting point apparatus. The
samples XIII—XVIII were heated at temperature of
the exothermic peak on DTA curve (88, + 5°C) for
10—15 min.

During examination the change and new crystals
formation was observed. After cooling to room tem-
perature the crude products XXV—XXX were sus-
pended in chloroform. The extract was repeatedly fil-
tered with silica gel and evaporated.

N-[2-{2-[4- (Benzoylamino)quinazolin-2-yl/diselen-
anyl}-4-quinazolinyl/benzamide (XXV), yield = 0.2 g
(61 %), m.p. = 191—196°C (decomp.). For C3gHaoNp-
0,5e; (M = 654.4) wi(calc.): 55.06 % C, 3.08 % H,
12.84 % N, 24.13 % Se; wi(found): 50.28 % C, 3.42
% H, 12.85 % N, 23.96 % Se. FTIR spectrum (KBr),
7/cm™!: 1729 (C=0). 'H NMR spectrum (CDCl3),
0: 7.56—8.78 (m, 18H, Harom), 9.56 (s, 2H, 2 x NH).
13C NMR spectrum (CDCl3), 6: 123.26 (CH), 126.28
(CH), 126.68 (CH), 126.72 (CH), 127.82 (CH), 129.84
(CH), 129.96 (CH), 130.16 (CH), 131.12 (CH), 138.62
(C), 141.82 (C) 143.12 (C), 150.20 (C—Se), 162.18
(C), 169.24 (C=0).

N-[2-{2-[4-(Benzoylamino)-5,6,7,8-tetrahydrobenzo-
[4,5]thieno/2,3-d[pyrimidin-2-yl]diselenanyl}-5,6,7,8-
tetrahydrobenzo[4,5]thieno[2,3-d[pyrimidin-4-yljbenz-
amide (XXVI), yield = 0.3 g (77 %), m.p. = 232—
236°C (decomp.). For C34H23N60252862 (M,- = 7747)
wi(calc.): 52.71 % C, 3.64 % H, 10.85 % N, 20.39 %
Se; wi(found): 52.53 % C, 3.41 % H, 10.45 % N, 20.18
% Se. FTIR spectrum (KBr), 7/cm™!: 1738 (C=0).
'H NMR spectrum (CDCl3), 6: 1.45—2.58 (m, 16H, 2
x C4Hg), 7.56—7.94 (m, 10H, Harom), 9.16 (s, 2H, 2
x NH). *C NMR spectrum (CDCl3), é: 22.54 (CHy),
22.79 (CHy), 23.96 (CH,), 24.58 (CHy), 127.24 (2 x
CH), 128.05 (2 x CH), 129.15 (C), 131.26 (C), 132.38
(CH), 135.14 (C), 146.16 (C), 149.36 (C), 151.26 (C—
Se), 163.18 (C), 168.24 (C=0).
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N-[2-{2-[4-(Benzoylamino)-5,6-dimethylthieno-
[2,3-d[pyrimidin-2-yl]diselenanyl}-5,6-dimethylthieno-
[2,3-d]pyrimidin-4-yljbenzamide (XX VII), yield = 0.2
g (55 %), m.p. = 214—219°C (decomp.). For CgoHas-
Ng03S2Ses (M, = 722.6) w;(calc.): 49.86 % C, 3.35 %
H, 11.63 % N, 21.85 % Se; w;(found): 50.06 % C, 3.41
% H, 11.78 % N, 21.42 % Se. FTIR spectrum (KBr),
7/cm~!: 1736 (C=0). 'H NMR spectrum (CDCls),
§: 2.32 (s, 6H, 2 x CHjz, C-4—thiophene), 2.54 (s,
6H, 2 x CHs, C-5—thiophene), 7.12—7.84 (m, 10H,
Harom), 9.14 (s, 2H, 2 x NH). ¥C NMR spectrum
(CDCly), &: 12.62 (CH3, C-4—thiophene), 14.37 (CHj,
C-5—thiophene), 126.93 (C, C-4—thiophene), 127.89
(2 x CH), 129.26 (C, C-5—thiophene), 130.16 (2 X
CH), 131.64 (CH), 134.26 (C), 136.18 (C), 144.95 (C,
C-2—thiophene), 150.89 (C—Se), 164.12 (C), 169.26
(C=0).

N-[2-(2-{4-[(2,2- Dimethylpropanoyl)amino/-2-
quinazolinyl}diselenanyl)-4-quinazolinyl/-2,2-di-
methylpropanamide (XXVIII), yield = 0.2 g (65 %),
m.p. = 190—193°C (decomp.). For CosH23NgO2Ses
(M, = 614.5) wi(calc.): 50.82 % C, 4.59 % H, 13.68 %
N, 25.70 % Se; w;(found): 50.58 % C, 4.41 % H, 13.19
% N, 25.29 % Se. FTIR spectrum (KBr), #/cm™!:
1736 (C=0). 'H NMR spectrum (CDCls), d: 1.12
(s, 18H, 2 x C(CHs)3), 7.16—7.96 (m, 8H, Harom),
9.54 (s, 2H, 2 x NH). 3C NMR spectrum (CDCl3),
§: 27.60 (C, C(CHs)s), 42.22 (CH,, C(CHa)s), 118.82
(CH), 119.24 (CH), 123.60 (CH), 128.05 (CH), 136.16
(C), 146.24 (C), 149.27 (C—Se), 161.18 (C), 168.59
(C=0).

N-[2-(2-{4-[(2,2-Dimethylpropanoyl)amino]-
5,6,7,8-tetrahydrobenzo[4,5]thienof2,3-d/pyrimidin-
2-yl}diselenanyl)-5,6,7,8-tetrahydrobenzo[4,5]thieno-
[2,3-d]pyrimidin-4-yl]-2,2-dimethylpropanamide
(XXIX), yield = 0.3 g (81 %), m.p. = 233—238°C (de-
comp.). For CgoH35Nsozszsez (M,- = 734.7) ’UJ,(C&IC.):
49.04 % C, 434 % H, 11.44 % N, 21.94 % Se;
wi(found): 49.21 % C, 4.54 % H, 11.76 % N, 21.05
% Se. FTIR spectrum (KBr), #/cm™!: 1725 (C=0).
'H NMR spectrum (CDCl3), &: 1.22 (s, 18H, 2 x
C(CHa)s), 1.45—2.56 (m, ¥6H, 2 x C4Hs), 9.16 (s,
2H, 2 x NH). ¥*C NMR. spectrum (CDCl3), &: 22.56
(CH,), 22.68 (CHy), 23.17 (CHa), 24.42 (CH,), 27.60
(CH3, C(CHs)s), 42.21 (C, C(CHs)s), 132.49 (C),
134.74 (C), 147.05 (C), 149.27 (C), 151.32 (C—Se),
164.18 (C), 171.26 (C=0).

N-[2-(2-{4-[(2,2-Dimethylpropanoyl)amino/-5,6-
dimethylthieno[2,3-d[pyrimidin-2-yl} diselenanyl)-5,6-
dimethylthieno[2,3-d[pyrimidin-4-yl/-2,2-dimethyl-
propanamide (XXX), yield = 0.2 g (65 %), m.p. =
220—224°C (decomp.). For CQGH32N60252862 (Mr =
682.6) wi(calc.): 45.75 % C, 4.73 % H, 12.31 % N,
23.13 % Se; wx(found): 45.39 % C, 4.36 % H, 12.21 %
N, 22.94 % Se. FTIR, spectrum (KBr), #/cm~*: 1725
(C=N). 'H NMR spectrum (CDCl3), é: 1.22 (s, 18H,
C(CHs)3), 2.32 (s, 6H, 2 x CHjz, C-4—thiophene),
2.53 (s, 6H, 2 x CHs, C-5—thiophene), 9.18 (s, 2H, 2
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Table 1. Temperature Values of Exothermic GE2 and Endothermic 0§".’2 Peaks of Compounds I—XII and XIX—XXIV and their

Melting Points

Compounds 6% /°C oM /ec M.p./°C 6F/°C 6M/°C M.p.*/°C
I, XIX 89 110 107—110 152 207 195—207
VII, XIX - 110 107—110 152 207 195—207
I, XX 152 173 172—174 194 242 237—242
VIII, XX - 173 173—174 194 242 237—242
I, XXI1 163 174 173—175 185 230 226—230
IX, XXI & 174 175—178 185 230 226—230
1V, XX1I 89 111 109—112 158 212 209—212
X, XX1I - 111 110—112 158 212 209—212
V, XXIII 144 154 153—155 181 233 227—233
XI, XX1II - 154 156 181 233 227—233
VI, XXIV 150 185 183—186 196 226 218—226
XII, XX1V - 185 185—187 196 226 218—226

*Decomposition.

x NH). 13C NMR spectrum (CDCl3), é: 12.60 (CHs,
C-4—thiophene), 14.39 (CHs, C-5—thiophene), 27.60
(CH;s, C(CHj)3), 42.20 (C, C(CH3)3), 129.94 (C, C-
4—thiophene), 131.85 (C, C-5—thiophene), 148.16
(C, C-2—thiophene), 149.64 (C), 151.05 (C—Se),
164.27 (C), 170.02 (C=0).

DISCUSSION

Esters of 2-(3-acylselenoureido)benzoic and -thio-
phene-3-carboxylic acids I—VI, the same as esters
of 2-(3-acylisoselenoureido)benzoic and -thiophene-3-
carboxylic acids VII—XII were prepared following pa-
per [2] (Schemes 1 and 2).

We have observed the identical melting points for
the corresponding pairs of compounds during melt-
ing point measurements of the compounds /— VI and
their isomers VII—XII. We have also found that
changes proceeded at temperature lower than their
melting point in the “solid state” in the case of I—
VI. These changes of crystalline structure proceeded
without melting of starting crystals. The compounds
VII—XII did not exhibit these changes. Both types
of compounds (I—VI and VI[—XII) exhibited fur-
ther changes when temperature raised beyond melting
point. This macroscopic observation was very interest-
ing for us and we have studied these changes by the
thermal analysis method.

Thermal analyses of compounds I— VI showed two
exothermic 8% and two endothermic ™ peaks on DTA
curve. On the other hand, acylisoselenoureas VII—XII
exhibited only endothermic peaks (first pair of peaks
I—VI) and the second peak was the same as in the
compounds J—VI (Table 1 and Fig. 1).

We assume that the exothermic process (6F peaks
on DTA curve of I—VI) is connected with the isomer-
ization of the starting selenoureas I— VI and with a
reorganization of the crystalline sample. The charac-
ter of TG and DTG curves supports this assumption.
The shape of both curves is in the above-mentioned
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Fig. 1. TG, DTG, and DTA curves of compounds, I, VII, and
XIX.

range without changes of mass and isomerization pro-
ceeds in the solid sample without melting. We have
suggested that the isomerization of acylselenoureas
I—VI to acylisoselenoureas VII—XII in the “solid
state” proceeded for the reason of favourable crys-
tal structure arrangement. The interatomic distance of
two molecules on the structure fragment CONH—SeC
(0.31 nm) was found for compounds V by X-ray anal-

Chem. Papers 54 (1) 28—35 (2000)



ACYLSELENOUREIDO DERIVATIVES OF ACIDS

A
Vi — VI—XII
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o COOEt
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I, VII, XIX A Ph 1V, X, XXII A tert-Bu
I, vill, XX B Ph V, XI, XXIII B tert-Bu
I, IX, XXI (© Ph VI, XII, XXIV C tert-Bu

Scheme 3

Table 2. Temperature Values of Exothermic 0{3_2 and Endothermic 0{"}2 Peaks of Compounds XIII—XVIII and XXV—XXX and

their Melting Points

Compounds 6E/°C 6M/°C M.p./°C 6% /°C 6M/°C M.p.*/°C
XIII, XXV - 154 153—155 162 195 191—196
XIV, XXVI - 202 201—204 221 236 232—236
XV, XXVII - 114 112—115 165 219 214—219
XVI, XXVII - 147 146—148 159 190 190—193
XVII, XXIX — 179 178—180 201 236 233—238
XVII, XXX = 163 163—165 177 224 220—224

*) Decomposition

ysis [2]. It is possible to presume that the prolongation
of corresponding bonds was caused (for the reason of
vibration raising) by the heating (energy supply). The
following step is intermolecular transfer of hydrogen
from nitrogen atom of acylamino group to selenium
of the second molecule. The mentioned presumption
is also distinctly apparent from the ORTEP picture
of compound V [2]. The endothermic peak 8 on the
DTA curve corresponds to the melting point.

The second pair of peaks is identical for both
types of compounds (I—VI and VII—XII) because
only acylisoselenoureas VI[—XII are presented in the
reaction mixture. The acylselenoureas I— VI lead to
acylisoselenoureas VI[—XII by heating at temper-
ature lower than their melting point as mentioned
above. Further temperature increase (melting point)
leads to an exothermic action (5 peaks on DTA
curve). The macroscopic changes were also observed
on the hot-stage microscope. The melts of compounds
VII—XII solidified at temperature corresponding to
the values of 85 on DTA curve. We have suggested
the diselenides XIX—XXIV formation (Scheme 3) be-
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cause one hydrogen molecule is eliminated. This as-
sumption is supported by a mass decrease on the TG
curve corresponding to the hydrogen atom. The hy-
drogen is oxidized to water by air oxygen action. The
endothermic peak 3 on the DTA curve corresponding
to the melting point is connected with decomposition
of diselenides XIX—XXIV.

TLC, C, H, N, Se elemental analysis, FTIR, 'H
and '3C NMR spectra showed products VI[—XII to
be identical with acylisoselenoureas [2].

The C, H, N, Se elemental analysis, FTIR, 'H and
13C NMR spectra supported the identification of dise-
lenides XIX—XXIV. In the FTIR spectra NHCSe and
NHCO vibrational bands were not observed but the
NCO and C=N bands were found. The one type of
NH proton was found at § ~ 10. The chemical shift of
C—Se was downfield (§ ~ 150).

The thermal analyses of compounds XII[—XVIII
showed that during temperature raising in all cases
a change was found. However, changes were not ob-
served for temperature lower than their melting point.
Characteristic records of DTA, DTG, and TG curves
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Scheme 4

(Table 2, Fig. 2) showed no changes for this tempera-
ture.

Changes were not observed also in hot-stage mi-
croscope. The first change was found accompanied
by an endothermic peak M on the DTA curve. This
change corresponded to the temperature of melting
point. Further temperature increase led to an exother-
mic action (exothermic peak 85 on the DTA curve).
This exothermic action is connected with a mass de-
crease (TG and DTG curves). The change of the
mass corresponds to half hydrogen molecule. We sug-
gest that starting acylselenoureas XIII—X VIII dimer-
ized to di(2-pyrimidylselenides) XX V—XXX (Scheme
4). The hydrogen is eliminated and oxidized to wa-
ter by air oxygen action. The next temperature rais-
ing corresponds to endothermic peak on the DTA
curve. The temperature corresponding to endother-
mic peak is the melting point of compounds XXV—
XXX.

We have suggested that the cycloaddition of acyl-
amino group to carbon of the cyano group is the
first reaction step. During this reaction the pyrimi-
dine skeleton was formed. The mentioned presumption
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is supported by the finding that 3-alkylselenoureido-
benzonitriles and 3-acylselenoureidobenzonitriles un-
dergo the thermally initiated cyclization to corre-
sponding quinazoline derivatives [5]. The next temper-
ature increase was followed by 4-R-aminoquinazoline
system formation (the Dimroth rearrangement) [5].
We have suggested that the mentioned sequence may
be used for thermally initiated transformation of pre-
sented nitriles XIII—XVIII. The product of Dimroth
rearrangement undergoes the oxidation by air under
Se—Se bond formation. Intermediates in Scheme 4
(cycloaddition product and product of Dimroth rear-
rangement) were not observed.

The structures of diselenides XXV—XXX were
supported by elemental analysis, FTIR, 'H and !3C
NMR spectroscopy. In the FTIR spectra correspond-
ing CN and NHCSe bands were not found. On the
other hand, very intensive band was observed at about
1730 cm~! and was assigned to the carbonyl group.
In the 'H NMR spectra one type of protons was ob-
served at the chemical shift § ~ 9 (assignment NH).
The chemical shift of carbon atom C—Se (d = 150) is
lower than that of C=Se (§ ~ 180).
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Fig. 2. TG, DTG, and DTA curves of compounds XV and
XXVII.
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