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Abstract: The nucleophilic addition of 2,4-dithiobiurete, 1- and 1,4-substituted 2,4-

dithiobiuretes (2 a-e) with benzoylacetylene (1) has been studied. 2-(Benzoylmethyl)-4-

(R1-imino)-6-(R2-imino)dihydro-4H-1,3,5-dithiazinium perchlorates (3 a-e) are obtained

in glacial acetic acid (AcOH) in the presence of equimolar quantities of HClO4. The

reaction of benzoylacetylene with 1,5-diphenyl-2,4-dithiobiurete in either of MeOH,

C6H6, or MeCN solvents proceeds non-selectively to give a mixture of products such as

2-(benzoylmethyl)-4,6-di(phenylimino)dihydro-4H-1,3,5-dithiazine (5), 2-(benzoylmethyl)-

4-( -benzoylvinyl)thio-3-phenyl-6-(phenylimino)-3,6-dihydro-2H-1,3,5-thiadiazine (8), 2-

(benzoylmethyl)-1,3-diphenylhexahydro-1,3,5-triazine-4,6-dithione (7) and N-( -benzoylvinyl)-

N-phenylthioureas (6).
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1 Introduction

It is known that the reaction of phenylisocyanodichloride with 1-aryl-2,4-dithiobiuretes

in boiling benzene gives 5-aryl-4-phenylimino-1,3,5-triazines [1], whereas reaction with

1,3,5-trisubstituted 2,4-dithiobiuretes under analogous conditions produces substituted
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1,3,5-dithiazines [2]. The reaction of 1-alkyl (or aryl)-2,4-dithiobiuretes with aldehydes

and ketones in the presence of HCl [3], or ethylchloroformiate [4] leads to the formation of

hexahydro-4,6-dithioxo-1,3,5-triazines, whereas the reaction of 1-aroyl-2-bromoacetylenes

with 2,4-dithiobiurete in benzene or acetic acid (AcOH) forms 2-acylmethylene-4,6-diimi-

no-5,6-dihydro-1,3,5-dithiazinium hydrobromides [5]. The present work researches the re-

actions of activated acetylenes with sulfur- and nitrogen-containing polyfunctional, poly-

dentate nucleophiles as a potentially convenient method for the synthesis of diverse sulfur-

and nitrogen-containing heterocyclic compounds.

2 Results and Discussion

Earlier we reported that the interaction of benzoylacetylene with 2,4-dithiobiurete in

MeOH and MeCN is accompanied by elimination of a sulfur atom from the molecule of

nucleophilic reagent, leading to the formation of bis(¯-benzoylvinyl)sul¯de [6].

In the present study we ¯nd that benzoylacetylene (1) reacts with 2,4-dithiobiurete

(2a), 1-methyl-2,4-dithiobiurete (2b), 1-phenyl-2,4-dithiobiurete (2c), 1-methyl-5-phenyl-

2,4-dithiobiurete (2d), and 1,5-diphenyl-2,4-dithiobiurete (2e) in glacial AcOH at 20ºC

in the presence of an equimolar amount of HClO4 to give 2-(benzoylmethyl)-4-(R1-imino)-

6-(R2-imino)dihydro-4H-1,3,5-dithiazinium perchlorates (3 a-e) in high yields (Scheme 1).

Scheme 1

The reaction most likely proceeds via the formation of an intermediate ketovinylsul¯de
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(A) resulting from mercapto group addition to electrophilic ¯-carbon atom of the polar-

ized triple bond on the initial benzoylacetylene (1). Attack of the second sulfur atom on

the conjugated C=C bond in the intermediate (A) is accompanied by an intramolecular

cyclization leading to 1,3,5-dithiazinium salts (3 a-e).

The structures of compounds (3 a-e) are veri¯ed by elemental analysis and IR, 1H,

and 13C NMR spectroscopies (see Experimental). In the IR spectra of compounds (3

a-e), there are absorption bands (1680{1690 cm¡1) corresponding to a non-conjugated

carbonyl group; the NH group stretching vibrations are observed as a set of bands at

3020{3450 cm¡1. The 1H NMR spectra of compounds (3 a-e) contain a characteristic

A2X-spin system pattern for the CH2CH fragment protons. The methylene group protons

in the ®-position with respect to the C=O group give rise to a doublet between 3.86{

4.07 ppm (3JAX = 6.8 Hz). The methyne proton signal is a triplet with chemical shifts

ranging between 5.45{5.69 ppm. An unambiguous assignment of NH group proton signals

is rather di±cult due to a probable existence of prototypical tautomerism between the

exocyclic and ring nitrogen atoms. Assignments of chemical shifts in the 13C NMR spectra

are based on the spectra of the initial 2,4-dithiobiuretes and literature data. The up¯eld

shift of the CH carbon resonance may be explained by the e®ect of two neighboring sulfur

atoms.

Substituted 1,3,5-dithiazines (3 a-e) are crystalline or powdery compounds melting

with decomposition and are stable only as the corresponding salts. Treatment of the salts

(3 b, 3 c) with a 0.1 N NaOH solution in DMSO in order to obtain free bases, led to the

isolation of bis(¯-bezoylvinyl)sul¯de (4), the corresponding 2,4-dithiobiuretes (2 b, 2 c),

and an unidenti¯ed compound, which displays a distinct absorption band at 2130{2150

cm¡1 the IR spectrum.

The formation of bis(¯-benzoylvinyl)sul¯de (4) is likely to follow a mechanism pre-

sented on Scheme 2.

Scheme 2

Upon reaction with base, the 1,3,5-dithiazine ring in salts (3 b, 3 c) opens to form
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a cyclic transition complex (B) in which the C-S bond of the thioamide fragment is

readily cleaved to give the vinylthiol (C). The latter in turn attacks the electron-de¯cient

¯-carbon in the intermediate (E), producing the bis(¯-benzoylvinyl)sul¯de (4) and the

corresponding 2,4-dithiobiuretes (2 b, 2 c). The unidenti¯ed reaction product seems to

be the carbodiimide derivative (D).

The distinct instability of the free bases of 1,3,5-dithiazines may be explained in

terms of the structure of 2,4-dithiobiurete as a composition of ambident particles prone

to electron delocalization. In this case, the 1,3,5-dithiazinium perchlorates (3 a-e) can

be represented as a set of resonance structures (F-I), i:e:, as a conjugated cation (J) with

the positive charge delocalized over the ring atoms and exocyclic nitrogen atoms.

When deprotonated by base, the 1,3,5-dithiazine ring coplanerity is disturbed, the

heterocyclic ring becomes stressed, and as a result, breaks down.

These results are consistent with the data reported in [1], in which the correspond-

ing 1,3,5-dithiazines were isolated only as salts. When treated with ethanol, these salts

readily undergo isomerization to 1,3,5-triazines. In addition, the above authors [2] have

reported the preparation of stable 1,3,5-dithiazine bases from the reaction of phenyliso-

cyanodichloride with 1,3,5-trisubstituted 2,4-dithiobiuretes.

We have found that, in contrast to perchlorates (3 b) and (3 c), the 2-(benzoylmethyl)-

4,6-di(phenylimino)dihydro-4H-1,3,5-dithiazinium perchlorate (3 e) has a stable dithi-

azine ring and can be transformed to the free base, 2-(benzoylmethyl)-4,6-di(phenylimino)

dihydro-4H-1,3,5-dithiazine (5) in quantitative yield upon treatment with 0.1 N NaOH

in DMSO (Scheme 3).

In order to clarify the factors responsible for the structure and stability of the prod-

ucts formed when benzoylacetylene (1) reacts with 2,4-dithiobiuretes, (2) we have inves-

tigated in detail the reaction of benzoylacetylene (1) with 1,5-diphenyl-2,4-dithiobiurete

(2e) using di®erent solvents (AcOH, MeOH, benzene, acetonitrile) temperatures (0ºC
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and 20ºC), and reagent ratios ((1) : (2e) = 1:1 and 2:1). The reaction occurs non-

selectively to give a mixture of products: 2-(benzoylmethyl)-4,6-di(phenylimino)dihydro-

4H-1,3,5-dithiazine (5), N-(¯-benzoylvinyl)-N-phenylthioureas (6), 2-(benzoylmethyl)-

1,3-diphenylhexahydro-1,3,5-triazine-4,6-dithione (7), and 2-(benzoylmethyl)-4-(¯-

benzoylvinyl)thio-3-phenyl-6-(phenylimino)-3,6-dihydro-2H-1,3,5-thiadiazine (8) (Scheme

3). Reaction progress was monitored by thin layer chromatography on \Silufol" plates

using a 3 : 1 benzene/ether mixture as the eluent, and the reaction was determined to

be complete upon the disappearance of benzoylacetylene spot from the reaction mixture.

Compounds (5), (6), (7), (8) were isolated in the pure form by fractional crystallization.

In each case the relative product composition was evaluated by the integration of the
1H NMR spectrum of the mixture and by comparison with the spectrum of individual

compound.

In the 1H NMR spectra of compounds (5) and (7), the CH2CH-group proton signals

are a doublet and triplet, characteristic of A2X spin system. In compound (8), the

methyne carbon atom is chiral, and the adjacent methyl group protons are prochiral.

The observed splitting pattern is an AB quartet (JAB = 18 Hz), each part of which is

split by the vicinal methyne proton, SSCC.

Scheme 3

The reaction of benzoylacetylene (1) with 1,5-diphenyl-2,4-dithiobiurete (2e) in AcOH
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at 20ºC leads to the corresponding 1,3,5-dithiazine (5) and 1,3,5-triazine (7) with a

signi¯cant predominance of compound (5); the (5):(7) ratio is approximately 5 : 1 by
1H NMR. In benzene and acetonitrile at 20ºC, a mixture of 1,3,5-triazine (7), 1,3,5-

thiadiazine (8), and benzoylvinylthiourea (6) is formed in the ratio (7):(8):(6) º 2 : 2 :1.

It should be noted that when the reaction is carried out at a (1) : (2e) ratio of 2:1 the

absolute yield of 1,3,5-thiadiazine (8) increases. In MeOH at 0ºC the reaction mixture

contains compounds (5), (7), and (8) in the 1 : 1 : 1 ratio and a small amount ( ¹ 5 %)

of (6).

When 1,3,5-dithiazine (5) is re°uxed in benzene for an hour, the compound is al-

most completely transformed to the substituted thiourea (6). Similar treatment of 1,3,5-

dithiazine (5) in boiling AcOH results in an increased content of 1,3,5-triazine (7) ( ¹ 30%

compared to ¹ 15{17% in the reaction undertaken in AcOH at 20ºC).

The results suggest the following conclusions. The presence of electron withdrawing

carbonyl group in benzoylacetylene (1) facilitates the formation of an electrophilic centre

on the ¯-carbon of the acetylenic group, which is susceptible to attack of the nucleophilic

sulfur atom. In our opinion, independent of the reaction conditions and the solvent em-

ployed, the ¯rst step of the reaction involves the formation of intermediate (A) (Schemes

1, 3). Further reactions follow di®erent competing pathways depending upon the ex-

perimental conditions and the nature of substituent on the nitrogen atoms of the initial

2,4-dithiobiuretes (2) (Scheme 3).

When the second sulfur atom attacks the ¯-carbon atom of S-acylvinyl adduct (A),

the formation of the carbanion (K) is additionally stabilized by the proton present in the

reaction mixture (HClO4, AcOH, MeOH), leading to the predominant formation of the

1,3,5-dithiazine heterocycle (3, 5). In aprotic solvents (C6H6, MeCN), however, further

reaction is dependent upon the spatial arrangement of the isothiobiurete fragment [in-

termediates (L) or (M)]. Due to the fact that the lone pair of electrons on the nitrogen

atom and the ¼-electron system of unsaturated bond are in close proximity, intramolec-

ular nucleophilic rearrangement occurs. In the case of intermediate (L), the reaction is

accompanied by the loss of phenylisocyanate (identi¯ed by TLC, Rf 0.94) and the for-

mation of N-(¯-benzoylvinyl)-N-phenylthiourea (6). The intermediate (M) rearranges

to form an intermediate N-benzoylvinyl derivative (N), which is transformed to the sta-

ble 1,3,5-triazine (7) as the result of double nucleophilic attack by the second terminal

nitrogen atom on the unsaturated bond.

Another reaction product, 2-(benzoylmethyl)-4-(¯-benzoylvinyl)thio-3-phenyl-6-

(phenylimino)-3,6-dihydro-2H-1,3,5-thiadiazine (8), is probably formed as a result of in-

tramolecular cyclization of the intermediate S,S-di(¯-benzoylvinyl)-2,4-isodithiobiurete

(O). In previous work, we have isolated an analogous intermediate product [6].

Among 1,3,5-dithiazine (5), 1,3,5-triazine (7), and 1,3,5-thiadiazine (8) derivatives

synthesized in this work, compounds containing a 1,3,5-dithiazine ring are the most unsta-

ble in our opinion. As shown experimentally, these compounds are prone to ring opening,

perhaps due to the electrostatic repulsion of large-size sulfur atoms at the methyne car-

bon atom or to the recyclization to the more stable 1,3,5-triazine (7) and 1,3,5-thiadizine
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(8). With 2,4-dithiobiurete (2 a) [6] and its mono-substituted analogs (2 b, c; R2 =

H), the presence of one more proton at the terminal nitrogen atom results in the forma-

tion of a transition complex (B) and leads to sulfur atom elimination forming (thiocar-

bamoyl)carbodiimides (D) and/or (thiocarbamoyl)isothiocyanates [7] (Scheme 2).

3 Experimental

IR spectra were recorded on an IFS-25 Fourier spectrometer (KBr pellets). 1H and 13C

NMR spectra were recorded on a Bruker-DPX 400 instrument (400.13 MHz 1H; 100.61

MHz 13C) using DMSO-d6 as the solvent.

Mono- and disubstituted 2,4-dithiobiuretes (2 b-e) were synthesized using techniques

described earlier [8, 9].

2-(Benzoylmethyl)-4-(R1-imino)-6-(R2-imino)dihydro-4H-1,3,5-dithiazinium

perchlorates (3 a-e):

General procedure. To a suspension of the corresponding 2,4-dithiobiurete (2 a-e)

(10 mmol) in 20 ml of glacial acetic acid, a solution of benzoylacetylene (1) (10 mmol)

and 2 ml of 40 % perchloric acid (HClO4) in 10 ml of glacial acetic acid was added while

stirring. The reaction mixture was stirred for 3 h at 20ºC. The resulting oily, yellow

solution was poured into a 100 ml of dry diethylether, stirred for 1 h, and the precipitate

was ¯ltered o®, washed with ether, and dried in vacuum. Analytical grade samples were

recrystallized from glacial acetic acid.

2-(Benzoylmethyl)-4,6-di(imino)dihydro-4H-1,3,5-dithiazinium perchlorate

(3 a): m.p. 200{202ºC, yield 90 %. - IR: º = 3200{3450 (NH, N+H), 1680 (C=O),

1500{1600 (C=C, C=N), 1060{1100 (ClO¡
4 ). - 1H NMR: ± = 3.88 (2H, d, 3J = 6.8 Hz,

CH2), 5.47 (1H, t, 3J = 6.8 Hz, CH), 7.52{7.98 (5H, m, Ph), 9.85 (2H, br.s., 2 NH=),

9.97 (2H, br.s., N+H2). - 13C NMR: ± = 38.23 (CH), 45.50 (CH2), 128.53, 129.12, 134.28,

135.66 (Ph), 169.58 (C(4); C(6)), 195.46 (C=O). - C11H12ClN3O5S2: calcd. C 36.11, H

3.28, N 11.49, S 17.51, Cl 9.71; found C 35.95, H 3.21, N 11.23, S 17.15, Cl 9.36.

2-(Benzoylmethyl)-4-imino-6-(methylimino)dihydro-4H-1,3,5-dithiazinium

perchlorate (3 b): m.p. 196{198ºC, yield 82 %. - IR: º = 3195{3380 (NH, N+H), 1690

(C=O), 1520{1580 (C=C, C=N), 1050{1100 (ClO¡
4 ). - 1H NMR: ± = 3.06 (3H, s, CH3),

3.86 (2H, d, 2J = 18.5 Hz, 3J = 7.0 Hz, CH2), 5.45 (1H, t, 3J 7.0 Hz, CH), 7.51{7.99

(5H, m, Ph), 10.00 (2H, d, NH2), 10.36 (1H, br.s., N+H). - 13C NMR: ± = 29.82 (CH3),

38.42 (CH), 45.18 (CH2), 128.23, 128.86, 134.00, 135.40 (Ph), 165.56, 169.42 (C(4); C(6)),

195.14 (C=O). - C12H14ClN3O5S2: calcd. C 37.94, H 3.69, N 11.07, S 16.86, Cl 9.35;

found C 37.62, H 3.66, N 10.94, S 16.68, Cl 9.24.

2-(Benzoylmethyl)-4-imino-6-(phenylimino)dihydro-4H-1,3,5-dithiazinium

perchlorate (3 c): m.p. 96{98ºC, yield 85 %. - IR: º = 3100{3300 (NH, N+H), 1680
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(C=O), 1490{1570 (C=C, C=N), 1050{1100 (ClO¡
4 ). - 1H NMR: ± = 3.98 (2H, d, 3J =

6.8. Hz, CH2), 5.60 (1H, t, 3J = 6.8 Hz, CH), 7.28{8.02 (10H, m, 2 Ph), 10.35 (2H, d,

N+H2), 11.95 (1H, br.s., NH). - 13C NMR: ± = 38.59 (CH), 45.26 (CH2), 123.41, 126.87,

128.40, 128.92, 129.13, 134.10, 135.54, 137.03 (2 Ph), 164.07, 170.39 (C(4); C(6)), 195.34

(C=O). - C17H16ClN3O5S2: calcd. C 46.21, H 3.62, N 9.51, S 14.50, Cl 8.04; found C

46.47, H 3.94, N 9.78, S 14.92, Cl 8.35.

2-(Benzoylmethyl)-4-(methylimino)-6-(phenylimino)dihydro-4H-1,3,5-dithia-

zinium perchlorate (3 d): m.p. 96{97ºC, yield 96 %. - IR: º = 3150{3380 (NH,

N+H), 1690 (C=O), 1500{1550 (C=C, C=N), 1070{1130 (ClO¡
4 ). - 1H NMR: ± = 3.04

(3H, s, CH3), 3.98 (2H, d, 3J = 6.9 Hz, CH2), 5.60 (1H, t, 3J = 6.9 Hz, CH), 7.32{8.03

(10H, m, 2 Ph), 10.78 (1H, s, N+H), 12.10 (1H, s, NH). - 13C NMR: ± = 30.34 (CH3),

38.65 (CH), 45.12 (CH2), 122.91, 126.91, 128.23, 128.76, 128.91, 133.94, 135.38, 136.47

(2 Ph), 164.46, 166.32 (C(4); C(6)), 195.16 (C=O). - C18H18ClN3O5S2: calcd. C 47.42, H

3.95, N 9.22, S 14.05, Cl 7.79; found C 47.32, H 4.22, N 9.08, S 14.11, Cl 7.64.

2-(Benzoylmethyl)-4,6-di(phenylimino)dihydro-4H-1,3,5-dithiazinium per-

chlorate (3 e): m.p. 165{168ºC, yield 92 %. - IR: º = 3020{3280 (NH, N+H), 1690

(C=O), 1450{1560 (C=C, C=N), 1050{1120 (ClO¡
4 ). - 1H NMR: ± = 4.07 (2H, d, 3J =

6.9 Hz, CH2), 5.69 (1H, t, 3J = 6.9 Hz, CH), 7.29{8.05 (15H, m, 3 Ph), 12.24 (2H, br.s.,

N+H2). - 13C NMR: ± = 39.02 (CH), 45.61 (CH2), 124.48, 127.67, 128.68, 129.18, 129.27,

134.37, 135.81, 136.72 (3Ph), 165.80 (C(4); C(6)), 195.67 (C=O). ¡ C23H20ClN3O5S2:

calcd. C 53.33, H 3.86, N 8.12, S 12.37, Cl 6.86; found C 53.69, H 3.76, N 8.39, S 12.36,

Cl 7.07.

Reaction of 1,3,5-dithiazinium perchlorates (3 b, c) with sodium hydroxide.

2-(Benzoylmethyl)-4-imino-6-(methylimino)dihydro-4H-1,3,5-dithiazinium perchlorate (3

b) (0.38 g) was dissolved in 5 ml of DMSO and cooled to 10ºC. Next, 30 ml of 0.1 N

aqueous NaOH was added, and the solution was stirred for 1 h. The reaction mixture

was poured into 50 ml of cold water; the precipitate was ¯ltered o®, washed with water,

and dried in vacuum, yielding 0.13 g (88 %) of bis(¯-benzoylvinyl)sul¯de (4). m.p. 142{

143ºC (from MeOH), E,Z-isomer (m.p. 143{144ºC [10]). - C18H14O2S: calcd. C 73.46,

H 4.76, S 10.88; found C 73.24, H 4.56, S 10.62.

The ¯ltrate was neutralized with 0.1 N HCl to a pH of 6.5{7.0; the precipitate was

¯ltered o®, washed with water, and dried in vacuum, yielding 0.12 g of a dark-yellow

powder, which was then stirred with 5 ml of methanol for 0.5 h at 20ºC. The insoluble

portion was ¯ltered o® and recrystallized from MeOH to give 0.06 g (81 %) of 1-methyl-

2,4-dithiobiurete (2 b), m.p. 156ºC (m.p. 157ºC [8]).

The methanol solution was slowly evaporated dryness, the residue was ground in

petroleum ether (fraction with b.p., 40{60ºC) to give 0.05 g of the unidenti¯ed compound

(D) (Scheme 2), m.p. 96{98ºC.

Analogously, from 0.44 g perchlorate (3 c) 0.09 g (62 %) of sul¯de (4) and 0.07 g (70
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%) of 1-phenyl-2,4-dithiobiurete (2 c) were obtained,m.p. 178{180ºC (m.p. 180ºC [8]).

2-(Benzoylmethyl)-4,6-di(phenylimino)dihydro-4H-1,3,5-dithiazine (5). To a

solution of 1.33 g (2.5 mmol) of perchlorate (3 e) in 5 ml of DMSO 26 ml of 1N NaOH

was added while stirring and cooling to 10ºC. The reaction mixture was stirred for 1 h

the precipitate was ¯ltered o®, washed with water, and dried in vacuum over CaCl2 to

give 1.05 g (98 %) of 1,3,5-dithiazine (5) as a white powder. m.p. 164{166ºC. - IR: º

= 3120 (NH), 1682 (C=O), 1445{1566 (C=C, C=N). - 1H NMR: ± = 4.08 (2H, d, 3J =

6.8 Hz, CH2), 5.69 (1H, t, 3J = 6.8 Hz, CH), 7.25 - 7.95 (15H, m, 3 Ph), 12.82 (1H, s,

NH). - 13C NMR: ± = 38.40 (CH), 45.32 (CH2), 123.27, 124.18, 127.11, 128.32, 128.76,

133.96, 135.38, 136.33 (3Ph), 165.51 (C(4); C(6)), 195.27 (C=O). ¡ C23H19N3OS2: calcd.

C 66.16, H 4.59, N 10.06, S 15.36; found C 66.08, H 4.35, N 9.98, S 15.44.

N-(¯-Benzoylvinyl)-N’-phenylthioureas (6). 0.42 g (1 mmol) of 1,3,5-dithiazine (5)

was re°uxed in 10 ml of benzene for 1 h; the solution was cooled to and kept at 20ºC

for 8 h. The precipitate was ¯ltered o®, washed with a small amount of cold benzene,

and dried in vacuum to give 0.24 g (86 %) of compound (6) as light white needles. m.p.

171{172ºC (from benzene). IR: º = 3100, 3170 (NH, NHPh), 1640 (C=O), 1540 (C=C).

- 1H NMR: ± = 6.51 (1H, d, J®¯ = 8.5 Hz, cis-izomer, COCH=), 8.29 (1H, q, HN ¡ CH=),

7.24{8.00 (10H, m, 2 Ph), 11.50 (1H, s, NHPh), 12.33 (1H, d, NH-CH=). - 13C NMR:

± = 98.80 (CO-CH=), 143.36 (N-CH=), 179.20 (C=S), 190.82 (C=O), 123.97, 127.66,

128.66, 128.71, 128.78, 133.82, 138.34 (2Ph). - C16H14N2OS: calcd. C 68.06, H 5.00, N

9.92, S 11.36; found C 68.25, H 4.81, N 9.95, S 11.68.

2-(Benzoylmethyl)-1,3-diphenylhexahydro-1,3,5-triazine-4,6-dithione (7). To

a solution of 0.54 (4.2 mmol) benzoylacetylene (1) in 20 ml of MeOH, cooled to 0ºC, 1.2

g (4.2 mmol) of 1,5-diphenyl-2,4-dithiobiurete (2 e) is added upon stirring, the mixture

is stirred for 1 h, cooled to -8ºC and allowed to stand at this temperature for 24 h.

The precipitate is ¯ltered o®, washed on a ¯lter with a small amount of cold MeOH and

dried in vacuum to give 0.56 g (32 %) of substituted 1,3,5-triazine (7) as a white powder,

m.p. 200{201ºC (from DMSO). IR: º = 3120 (NH), 1680 (C=O), 1440{1510 (C=C),

1210 (C=S). - 1H NMR: ± = 4.04 (2H, d, 3J = 5.6 Hz, CH2), 5.84 (1H, t, 3J = 5.6

Hz, CH), 7.44{7.91 (15H, m, 3 Ph), 12.24 (1H, s, NH). - 13C NMR: ± = 42.07 (CH2),

75.79 (CH), 128.42, 128.60, 128.79, 129.08, 129.68, 134.20, 141.91 (3Ph), 174.47 (2 C=S),

195.40 (C=O). - C23H19N3OS2: calcd. C 66.16, H 4.59, N 10.06, S 15.36; found C 66.28,

H 4.35, N 10.18, S 15.02.

After isolation of compound (7), the mother liquor was evaporated to 1/3 volume in

air at 20ºC. To the solution, 10 ml of benzene was added, stirred, and allowed to stand

at 5{8ºC for 24 h. The precipitate was ¯ltered o®, washed with 2 ml of cold benzene,

and dried in vacuum to give 0.34 g (30%) of 1,3,5-thiadiazine (8) as a yellow powder.

m.p. 157{158ºC (see below).

After separation of compound (8), the mother liquor was evaporated to a consistency
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of viscous oil in air and ground in petroleum ether (fraction b.p. 40{60ºC); the residue

was ¯ltered o®, dissolved in 5 ml of DMSO, and placed into 20 ml of water. The precipitate

was ¯ltered o®, washed with water, and dried in vacuum under CaCl2, yielding 0.51 g

(29 %) of 1,3,5-dithiazine (5).

2-(Benzoylmethyl)-4-(¯-benzoylvinyl)thio-3-phenyl-6-(phenylimino)-3,6-

dihydro-2H-1,3,5-thiadiazine (8). To a solution of 0.65 g (5 mmol) of benzoylacety-

lene (1) in 20 ml of benzene, 0.72 g (2.5.mmol) of 1,5-diphenyl-2,4-dithiobiurete (2 e) was

slowly added while stirring and cooling to 5{8ºC. After stirring for 2 h, the precipitate

was ¯ltered o® and dried in vacuum. In this way 0.72 g (53 %) of 1,3,5-thiadiazine (8),

a light-yellow powder, was obtained. m.p. 156{158ºC. IR: º = 1680 (CO-CH2), 1652

(COCH=), 1493{1592 (C=C, C=N). - 1H NMR: ± = 3.58 (1H, d.d., 2J = 18.0 Hz, 3J =

10.1 Hz, CH2), 4.04 (1H, d.d., 2J = 18.0 Hz, 3J = 3.6 Hz, CH2), 5.84 (1H, d.d., 3J = 10.1

Hz, 3J = 3.6 Hz, CH), 5.88 (1H, d, J®¯ = 13.8 Hz, trans-izomer, COCH=), 7.05{7.90

(20H, m, 4 Ph), 9.46 (1H, d, J®¯ = 13.8 Hz, SCH=). - 13C NMR: ± = 41.94 (CH2), 65.81

(CH), 118.57 (COCH=), 124.69, 127.99, 128.05, 128.21, 128.74, 129.11, 131.85, 133.84,

135.91, 137.17, 138.97, 141.02 (4 Ph), 145.88 (SCH=), 158.12 (C=N), 168.81 (C=NPh),

190.55 (COCH=), 195.57 (COCH2). - C32H25N3O2S2: calcd. C 70.18, H 4.60, N 7.67, S

11.71; found C 69.98, H 4.63, N 7.45, S 11.34.

Reaction of benzoylacetylene (1) with 1,5-diphenyl 2,4-dithiobiurete (2 e):

Method A. To a solution of 0.65 g (5 mmol) of benzoylacetylene (1) in 20 ml of glacial

AcOH, 1.43 g (5 mmol) of 1,5-diphenyl-2,4-dithiobiurete (2 e) was added in one step

while stirring, and the mixture was stirred for 1 h at 20ºC. The precipitate was ¯ltered

o®, washed with ether, and dried in vacuum, yielding 1.34 g (64 %) of 1,3,5-dithiazine (5)

as colorless crystals (m.p. 165{166ºC). The residue (a viscous mass) was washed thrice

with ether, decanting in portions of 50 ml each and subjected to grinding in petroleum

ether (fraction with b.p. 40{60ºC) until a powdery light-yellow precipitate formed. The

latter was dissolved in 5 ml of DMSO at 40{45ºC, and the solution was allowed to stand

at 20ºC for 3 h. The precipitate was ¯ltered o®, washed with water, and dried in vacuum

over CaCl2 to give 0.32 g (15 %) of 1,3,5-triazine (7) as a white powder, m.p. 199{201ºC.

Method B. To a suspension of 1.43 g (5 mmol) of 1,5-diphenyl-2,4-dithiobiurete (2 e) in

20 ml of benzene, a solution of 0.65 g (5 mmol) of benzoylacetylene (1) in 10 ml of benzene

was added while stirring. The mixture was stirred for 2 h and allowed to stand still at 20

ºC. The precipitate was ¯ltered o®, washed with a small amount of cold benzene, and

dried in vacuum to give 0.43 g (32 %) of 1,3,5-thiadiazine (8), as a yellow powder (m.p.

157{158ºC).

The mother liquor was evaporated to 1/2 volume at 20ºC and kept at 5{8ºC for 5

h; the precipitate was ¯ltered o®, washed with a small amount of cold benzene, and dried

in vacuum to give 0.24 g (17 %) of N-(¯-benzoylvilyl)-N-phenylthiourea (6), as white

needles (m.p. 170{172ºC).
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After the isolation of products (8) and (6), the mother liquor was treated as described

in Method A to give 0.71 g (34 %) of 1,3,5-triazine (7) (m.p. 198{200ºC).

Method C. The reaction and isolation of individual compounds were carried out in a

manner analogous to that described in Method B using MeCN as the solvent, yielding

0.44 g (33 %) of 1,3,5-thiadiazine (8), 0.21 g (15 %) of the thiourea detivative (6), and

0.67 g (32 %) of 1,3,5-triazine (7).

References

[1] P.P. Pathe and M.G. Paranjpe: \A New Synthesis of 5-Aryl-2,3-dihydro-2,6-
dimercapto-4-phenylimino-1,3,5-triazines", Indian J. Chem., Vol. 20B, (1981), pp.
824{825.

[2] P.P. Pathe and M.G. Paranjpe: \Preparation of 5-Aryl-4-Arylimino-6-Benzylimino-
2-Phenylimino-1,3,5-Dithiazine", J. Indian Chem. Soc., Vol. 61, (1984), pp. 149{150.

[3] A.E.S. Fairfull and D.A. Peak: \Dithiobiurets. Part II. Some Cyclic Derivatives",
J. Chem. Soc., Vol. 3, (1955), pp. 803{808.

[4] M.S. Chande and N.P. Shetgiri: \Reaction of Ethylchloroformate with 1-Alkyl/Aryl-
2,4-dithiobiurets in Presence of Ketohes", J. Indian Chem. Soc., Vol. 67, (1990), pp.
849{852.

[5] A.S. Nakhmanovich, T.E. Glotova, T.N. Komarova, V.A. Lopyrev: \A New Route
of Synthesis of Substituted 5,6-Dihydro-1,3,5-dithiazinium hydrobromides by the
Reaction of 1-Acyl-2-bromoacetylenes with Dithiobiurete", Khim. Geterotsikl. Soed.,
No. 3, (1998), pp. 417{418 (Rus).

[6] A.S. Nakhmanovich, T.E. Glotova, G.G. Skvortsova: \On the Reaction of
Dithiobiuret with ®-Acetylenic Ketones", Izv. Akad. Nauk. Ser. Khim., No. 2, (1985),
pp. 113{116 (Rus).

[7] J. Goerdeler and R. Losch: \Darstellung und Reaktionen von (Thiocarbamoyl)
carbodiimiden", Chem. Ber.-Recl., Vol. 113, (1980), pp. 79{89.

[8] C.P. Joshua and V.P. Rajan: \Reaction of Isothiocyanates with Thiourea and
Amidinothioureas: Formation of S-(N-Substituted thiocarbamyl)isothioureas and
1-Alkyl(or aryl)-4-imino(or arylimino)-6-iminohexahydro-1,3,5-triazine-2-thiones",
Aust. J. Chem., Vol. 29, (1976), pp. 415{425.

[9] C.P. Joshua, E. Prasannan, S.K. Thomas: \Reaction of Isothiocyanates with
Thiourea { a Correction", Aust. J. Chem., Vol. 34, (1981), pp. 917{921.

[10] A.S. Nakhmanovich, T.E. Glotova, T.N. Komarova, G.G. Skvortsova, M.V. Sigalov,
V.B. Modonov: \On the Reaction of Thiobenzamide with ®-Acetylenic Ketones",
Zh. Org. Khim., Vol. 19, (1983), pp. 1428{1431 (Rus).

http://www.ingentaconnect.com/content/external-references?article=/0019-4522^281984^2961L.149[aid=5111953]
http://www.ingentaconnect.com/content/external-references?article=/0019-4522^281990^2967L.849[aid=5111955]
http://www.ingentaconnect.com/content/external-references?article=/0009-2940^281980^29113L.79[aid=5111958]
http://www.ingentaconnect.com/content/external-references?article=/0004-9425^281976^2929L.415[aid=5111959]
http://www.ingentaconnect.com/content/external-references?article=/0004-9425^281981^2934L.917[aid=5111960]
http://www.ingentaconnect.com/content/external-references?article=/0514-7492^281983^2919L.1428[aid=5111961]
http://www.ingentaconnect.com/content/external-references?article=/0019-4522^281990^2967L.849[aid=5111955]

