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Summary. Reaction of 2-benzylidene-1-benzocyclanones 1 with dithiocarbamic acid afforded open-
chain addition products 2A-4B. Dehydration of the adducts yielded tricyclic 1,3-thiazine-2-
thiones 5 and 6. Treatment of I with thiourea under acid conditions gave tricyclic 2-amino-1,3-thiazines
7-9. IR and 'H NMR spectroscopic investigations showed 7-9 to exist predominantly in the amino
tautomeric form both in the solid state and in solution.

Keywords. Benzo[6,7]cyclohepta[1,2-d][1,3]thiazines; Benzo[4,5]cyclopenta[1,2-d][1,3]thiazines;
Naphto[1,2-d][1,3]thiazines.

Die Umsetzung von 2-Benzyliden-benzocyclanonen mit Dithiocarbaminséure und Thioharnstoff

Zusammenfassung. Die Reaktionen der 2-Benzyliden-1-benzocyclanone 1 mit Dithiocarbaminsdure
liefern kettenformige Additionsprodukte 2A—4B. Die Dehydratisierung der Additionsprodukte fiihrt
zu tricyklischen 1,3-Thiazin-2-thionen 5 und 6. Durch Behandlung von 1 mit Thioharnstoff unter
sauren Bedingungen wurden tricyclische 2-Amino-1,3-Thiazine 7-9 gebildet. IR- und 'H-NMR-
spektroskopische Untersuchungen zeigten, dass 7-9 sowohl in Substanz als auch in Ldésungen
iiberwiegend in der amino-tautomeren Form existieren.

Introduction

The acid-catalyzed reaction of a,f-unsaturated carbonyls with dithiocarbamic acid
and thiourea is a versatile route for synthesis of 1,3-thiazines [1-5]. As a
continuation of our earlier studies on the reaction of dithiocarbamic acid with
chalcones [6] and 2-arylidenecyclohexanones [ 7-8], as well as N-substituted dithio-
carbamic acids with 2-arylidenecyclohexanones [9], we report here the results of
acid-catalyzed reactions of 2-benzylidene-1-benzocyclanones 1-3 with dithio-
carbamic acid and thiourea. These reactions afforded tricyclic 1,3-thiazine derivatives
5-9, among which 6, 7, and 9 were found to be the first representatives of two new
condensed tricyclic 1,3-thiazine ring systems.

Discussion

Reaction of 2-benzylidene-1-benzocyclanones 1 with dithiocarbamic acid was
carried out treating compounds 1a—c with ammonium dithiocarbamate in strongly
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acid aqueous acetone solution at —5°C (Method A). Under such conditions,
formation of the open-chain adducts 2A, 3A and 4A was observed (cf. Formulae).
"HNMR investigation (cf. experimental part) of the crude products showed
formation of only one of the two possible diastereomers in each case.
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Appearance of the ¥(NH,) and w(C=0) signals in their IR spectra gave un-
ambiguous evidence of the progress of the reactions and the open chain structure
of the products as well. This was also confirmed by the 'H NMR spectra, which
showed a doublet for the benzyl protons (H-C(4)) of the side chains as a proof of the
addition reactions (cf. Table 1). The NH, protons appear as two separate signals,
indicating the open chain structure of the adducts and restricted rotation of the
dithiocarbamate moieties in solution.

Changing the amount of hydrochloric acid used in the reactions gave crude
products of different composition. Using approximately an equivalent amount of
hydrochloric acid compared to ammonium dithiocarbamate (Method B), 1a yielded
adduct 2A containing some unreacted starting material 1a. If less hydrochloric acid
was used (a quarter of an equivalent compared to ammonium dithiocarbamate,
Method C), however, the reaction did not proceed. Analysis (TLC and 'H NMR)
of the crude product showed only presence of 1a.

Reactions of 1b and 1c¢ carried out under conditions of Method B or Method C
led to formation of mixtures of the corresponding isomeric adducts 3A, 3B, and 4A,
4B, respectively. In the *H NMR spectra of the crude products additional benzyl
doublets (3B: 6 =5.74 ppm, *J, 4, = 5.05 Hz; 4B: § =5.70 ppm, 3J, 4, = 9.50 Hz)
appeared besides those ones observed for pure 3A (6 = 5.91 ppm, *J, ,, = 3.65 Hz)
and 4A (6 = 5.58 ppm, *J, 4, = 7.30 Hz). Pure 3B and 4B were obtained by fractional
crystallization of the respective mixtures obtained with Methods B or C.
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The IR and "H NMR spectra of 3B and 4B showed similar features to those of
2A-4A. Thus, two chiral centers developed in the reactions, making formation of
two diastereomeric adducts possible. Since 1a afforded only one of the diastereomeric
adducts under all conditions investigated, its structure was determined by X-ray
diffraction. X-ray analysis of 2A showed that the two chiral centers have the same
configuration according the C.I.P. rules [10]. Such a stereochemistry is the result
of a cis addition of dithiocarbamic acid to the «,f-unsaturated system, which was
also the case when 2-arylidenecyclohexanones were reacted with dithiocarbamic
acid under conditions of Method C [7].

Analysis of the 'THNMR spectra (Table 1) of the diastereoisomers 3 and 4
showed all compounds to have the bulky (dithiocarbamoyl)benzyl group in the
preferred equatorial position. Based on the *J, ,, values only 3A (J = 3.65 Hz) seems
to have only one preferred conformation around the C(4)-C(4a) axis. Thus,
comparison of the 'H NMR spectroscopic parameters of the respective diastereomers
could not clarify the relative configurations.

Adducts 3 and 4 were converted into the corresponding 1,3-thiazine-2-
thiones 5 and 6 by treatment with p-toluenesulfonic acid or trifluoroacetic acid in
benzene solution. Similar treatment of 2A, however, caused decomposition of the
compound.

The structures of § and 6 were established by IR and 'H NMR methods. In their
IR spectra (C=C) bands appear instead of the w(C=0) of compounds 3 and 4. In
the 'H NMR spectra the H-C(4) signals appear as singlets, proving the position of
the newly formed double bond.

Besides the well documented pharmacological interest of 1,3-thiazine-2-(thi)ones
[11,12], 5 and 6 could also serve as model compounds for the investigation of
tautomeric interconversions of some related 2-amino-1,3-thiazines, which is not a
question without contradictions in the literature [13, 14].

Reaction of 1-3 with thiourea was performed in boiling ethanol solution using
hydrochloric acid as catalyst. Under such conditions the tricyclic 2-amino-1,3-
thiazines 7-9 were obtained after liberation of the bases from their hydrochloride
salts (cf. Formulae). In their IR spectra recorded in KBr v, ((NH,) (3475-3450 cm ~ ')
and v,(NH,) (3280-3270 cm ~ ') signals appear (cf. experimental part). Similarly, in
the spectra taken in CHCI; solution signals of v, (NH,) (3500-3485cm ™) and
v(NH,) (3395-3380cm ™ !) can be seen in this region. These characteristics are in
accordance with the predominant amino tautomer of the compounds both in the
solid state and in solution [15].

In an earlier study on the tautomeric structure of some 2-phenyl-4-aryl-3,4,5,6-
tetrahydrobenzo[ h] quinazolines by NMR spectroscopy, 6(H-C(10)) values were
found to be decisive characteristics concerning the two possible tautomers of the
compounds [16]. In the '"HNMR spectra of 7-9 (cf. experimental part), the
characteristic downfield shift of the separated protons H-C(9), H-C(10), and H-C(11)
of compounds 7 (6 =7.6-7.5ppm), 8 (6 =7.9-7.7ppm), and 9 (6 =7.7-7.5 ppm),
respectively, can also be explained by the magnetic anisotropy and conjugation
effect of the C=N double bond in the 1,2-position [16,17]. Thus, the '"H NMR
spectra of 7-9 also prove predominant existence of the amino tautomer for the
compounds in solution.

According to the latest C.A. files and the recent edition of C.A. Ring System
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Handbood [ 18], compounds 6, 7, and 9 were found to be the first representatives of
two new condensed tricyclic 1,3-thiazine ring systems.

Experimental Part

Melting points were determined on a Boetius apparatus and are uncorrected. IR spectra were taken
with a Specord 75 IR spectrophotometer. ‘H NMR spectra were recorded with Perkin-Elmer R-12
(60 MHz), Bruker WP 80 SY (80 MHz), and Bruker WP 200 SY (200 MHz) spectrometers. In all NMR
measurements tetramethylsilane (TMS) was used as internal standard. Elemental analyses were
performed inhouse, at the Central Résearch Laboratory, University Medical School, Pécs, and at the
Department of Organic Chemistry, E6tvdés Lorand University, Budapest.

The 2-benzylidene-1-benzocyclanones 1-3 were prepared according to the literature [19]. Their
configuration (E) was deduced from IR and *H NMR investigations [20].

The progress of the reactions, as well as the purity of the compounds synthesized, was checked by
TLC performed on Kieselgel GF 254 plates (Merck) using benzene and/or benzene:ethanol =4:1 as
eluant.

The isomeric composition of the reaction products was determined by *H NMR spectroscopy
(60 MHz), based on investigation of the well separated signals of H-C(4).

General procedure for the addition of dithiocarbamic acid to 2-benzylidenebenzocyclanones 1-3

To a solution of 0.175 mol of the ammonium salt of dithiocarbamic acid [21] dissolved in 150 ml of
50%; methanol (cooled to —5°C), 40ml (Method A), 25 ml (Method B), or 6.5 mi (Method C) of 6.5 N
hydrochloric acid (cooled to —35°C) was added dropwise with stirring. Cooling and stirring was
continued, and 0.015 mol of unsaturated ketone 1-3 in 250 ml acetone (cooled to —5°C) was added
to the reaction mixture. After stirring at this temperature for 4 h, the precipitate formed was filtered
off, washed free of acid with water, dried, and crystallized from benzene/petroleum ether to give
colorless crystals.

2-(a-(thiocarbamoylthio )benzyl )-indan-1-one (2A)

Yield: 74% (Method A), m.p. 134-137°C. IR (KBr): v = 3385, 3245cm ! (NH,), 3130cm ! (NH,),
1675cm™! (C=0). C,,H,sNOS, (313.44). Caled. C 65.14, H 4.82, S 20.46; found C 64.87, H 4.85,
S 20.40.

2-(a-(thiocarbamoylthio )benzyl )-1-tetralone (3A)

Yield: 78% (Method A), m.p. 157-160 °C (benzene). IR (KBr): v = 3380, 3290cm ~* (NH,), 3195¢cm !
(NH,), 1665cm ™! (C=0). C;5H,,NOS, (327.47). Caled. C 66.02, H 5.23, S 19.58; found C 65.84,
H 5.47,519.31.

2-(a-(thiocarbamoylthio )benzyl)-1-tetralone (3B)

Yield: 69% (Method C), m.p. 175-178 °C (benzene). IR (KBr): v = 3380, 3290cm ~* (NH,), 3195¢cm ™!
(NH,), 1665cm ™! (C=0). C,gH,,NOS, (327.47). Caled. C 66.02, H 5.23, S 19.58; found C 65.87,
H 5.55, S 19.40.

2-(a-(thiocarbamoylthio )benzyl )-1-benzosuberone (4A)

Yield: 76%; (Method A), m.p. 179-181°C. IR (KBr): v= 3375, 3250cm™* (NH,), 3165¢cm ™! (NH,),
1680cm ™! (C=0). C,,H,,NOS, (341.50). Caled. C 66.83, H 5.61, S 18.78; found C 66.64, H 5.57, §
18.57.
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2-(a-( thiocarbamoylthio )benzyl )-1-benzosuberone (4B)

Yield: 67% (Method C), m.p. 187-189°C. IR (KBr): v = 3375, 3250cm ' (NH,), 3165cm ™" (NH,),
1680cm ™! (C=0). C,,H,,NOS, (341.50), Calcd. C 66.83, H 5.61, S 18.78; found C 66.71, H 5.34,
S 18.64.

General procedure for dehydration of compounds 2—4

To the suspension of compounds 2—4 (0.03mol) in 50ml of dry benzene a catalytic amount of
p-toluenesulfonic acid (Method A) or 56 drops of trifluoroacetic acid (Method B) was added and the
reaction mixture was refluxed for 1-3h. Then the clear solution obtained was cooled to room
temperature, washed free of acid with distilled water, dried (Na,SO,), and concentrated. The pale
yellow solid was purified by column chromatography (Kieselgel 60, eluant: benzene) and recrystallized
from methanol.

4-Phenyl-14,5,6-tetrahydro-2H-naphto[ 1,2-d ] [ 1,3 Jthiazin-2-thione (5)

Yield: 895 (Method B), m.p. 186—188 °C. IR (KBr): v=3125cm ™! (NH), 2945cm ™" (CH,), 1655¢cm ™!
(C=C). 'H NMR (80 MHz, CDCl;): 6 = 9.2 (bs, 1H, NH), 7.4-7.2 (m, 9H, ArH), 4.66 (s, IH, H-C (4)),
2.9-2.1 (m, 4H, H-C (5), H-C (6)). C;sH sNS, (309.45). Calcd. C 69.86, H 4.89, S 20.72; found C 69.67,
H 4.73, S 20.58.

4-Phenyl-1,4,6,7-tetrahydro-2H,5H-benzo[ 6,7 Jcyclohepta[ 1,2-d ][ 1,3 Jthiazin-2-thione (6)

Yield: 87% (Method B), m.p. 211-214°C. IR (KBr): v = 3115cm ! (NH), 2940 cm ! (CH,), 1645 cm ™!
(C=C). "H-NMR (80 MHz, CDCl,): 8 = 8.9 (bs, 1H, NH), 7.5-7.2 (m, 9H, ArH), 4.66 (s, |H, H-C (4)),
2.7-1.5 (m, 4H, H-C (5), H-C (6), H-C (7)). C;,H, NS, (323.48). Calcd. C 70.55, H 5.30, S 19.82; found
C 70.32, H 5.54, S 19.67.

General Procedure for acid-catalyzed reaction of thiourea with 2-benzylidene-1-benzocyclanones la—c

A suspension of compounds 1a—c (5 mmol), thiourea (10.0 mmol), ethanol (20.0 ml), and concentrated
hydrochloric acid (4.0 ml) was refluxed for 24 h. Then the reaction mixture was cooled to 0 °C, diluted
with an equal volume of water, and alkalized with 10%, aqueous ammonia. The mixture was extracted
with CHCI; (3 x 50 ml), the combined organic extract was washed free of base with water, dried
(Na,SO,), and evaporated. The residue was crystallized from methanol to yield pale yellow (7) or
colorless crystals (8, 9).

2-Amino-4-phenyl-4,5-dihydrobenzo[ 4,5 [cyclopental 1,2-d ][ 1,3 Jthiazine (7)

Yield: 64%, m.p. 165-168°C. IR (KBr): v= 3450, 3280cm™! (NH,), 2900cm ! (CH,), 1635cm ™!
(C=N). IR (CHCl,): v =3495cm ! (v,,NH,) 3380cm ! (v,NH,). 'H-NMR (80 MHz, CDCl,): 6 =
7.6-7.5 (m, 1H, H-C (9)), 7.4-7.2 (m, 8H, ArH), 5.22 (s, 1H, H-C (4)), 5.1 (bs, 2H, NH,), 2.30 (s, 2H,
H-C (5)). C,,H,,N,S (278.38). Calcd. C 75.35, H 5.07, N 10.06; found C 75.29, H 5.24, N 9.94,

2-Amino-4-phenyl-5,6-dihydro-4 H-naphtof 1,2-d ][ 1,3 Jthiazine (8)

Yield: 762, m.p. 135—137°C (134-135°C [4]). IR (KBr): v = 3475, 3275 cm ~ ! (NH,), 2905 cm ' (CH,),
1625cm ™! (C=N). IR (CHCl;): v=3500cm ™! (v,, NH,), 3395cm ™' (v, NH,). 'H-NMR (80 MHz,
CDCl;): 6 =7.9-7.7 (m, 1H, H-C (10)), 7.4-7.0 (m, 8H, ArH), 4.8 (bs, 2H, NH,) 4.57 (s, 1H, H-C (4)),
3.0-2.8 (m, 2H, H-C (6)), 2.5-2.3 {m, 2H, H-C (5)).
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2-Amino-4-phenyl-6,7-dihydro-4H 5H-benzo[ 6,7 Jcycloheptaf 1,2-d ][ 1,3 Jthiazine (9)

Yield: 72%, m.p. 144-146°C. IR (KBr): v=23470, 3270cm ™! (NH,), 2905cm ! (CH,), 1635cm ™!
(C=N). IR (CHCL): v=3485cm™" (v,, NH,), 3380cm~! (v,NH,). '"H-NMR (80 MHz, CDCl,):
6 =7.7-7.5 (m, 1H, H-C (11)), 7.4-7.1 (m, 8H, ArH), 4.67 (s, LH, H-C (4)), 4.4 (bs, 2H, NI,), 2.8-2.5
(m, 2H, H-C (7)), 2.2-1.8 (m, 4H, H-C (5), H-C (6)). C,oH,sN,S (306.43). Calcd. C 74.47, H 5.92,
N 9.14; found C 74.29, H 5.84, N 9.05.
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