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Reactions of o,B-unsaturated acyl isothiocyanates with primary and secondary amines were
studied. Thioureas formed from the weakly basic secondary amines easily underwent cycliza-
tion in hot benzene to yield 2,6-disubstituted 5,6-dihydro-4H-1,3-thiazin-4-ones. Their struc-
ture was proved by IR, 'H-NMR and mass spectral methods.

The synthesis of a 1,3-thiazine system from o,B-unsaturated carboxylic acids and
thioureas has been published in several papers! . Our preceding papers’+® dealt
with reactions of o,B-unsaturated acyl isothiocyanates with alkali metal hydrosulfides
under formation of 6-substituted 2-thioxo-4-oxoperhydro-1,3-thiazines.

This paper concerns the reactions of the above-mentioned isothiocyanates with
amines; the thioureas formed in this way were supposed to cyclize under formation
of derivatives of 1,3-thiazine. As found, primary and basic secondary amines gave
thioureas, which did not cyclize when heated in organic solvents. We did not succeed
even in an alkaline medium, in which the formation of an ambident ion and thereby
an enhancement of nucleophility of sulfur were anticipated (Scheme 1).

Less basic aromatic secondary amines easily reacted with ao,B-unsaturated acyl
isothiocyanates and furnished 2-amino-6-substituted 5,6-dihydro-4H-1,3-thiazin-
-4-ones. To study this reaction 4-substituted-3-phenylpropenyl isothiocyanates
and 3-(2-fury1)propeny1 isothiocyanate were reacted with diphenylamine, phenyl-
methylamine or phenylcyclohexylamine. Diphenylamine and phenylcyclohexylamine
afforded with those isothiocyanates in benzene either under reflux, or at room tem-
perature directly the respective thiazines. The more basic phenylmethylamine re-
required for cyclization a several hour’s heating in benzene. The substituted thi-
oureas thus formed could be isolated (Scheme 2, Table I).

The structure of the synthesized products was inferred on the basis of spectral
'H-NMR and mass ) evidence (Table II). The infrared spectra showed intense
absorption bands of carbonyl groups v(C=0) in the 1660 cm~! region and broad
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Synthesis of 2-Amino-6-substituted 5,6-Dihydro-4 H-1,3-thiazin-4-ones
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2960 Dzurilla, Kristian, Kutschy :

thioamide bands v(N=C=S) in the 1480—1508 cm~' range. The 'H-NMR
spectra displayed instead of trans-ethylenic protons two multiplets of —CH,—CH—
protons of an ABX system at 4-47—4-72 ppm (8 scale, CH) and 2:78—2:95 (CH,).
Mass spectra of XX111, XX VIII and XXX revealed little intense peaks of molecular
ions, the m[z values of which were in line with molecular weights of the proposed
structures. The principal fragmentation pathways of molecular radical ions are given
in Scheme 3.

EXPERIMENTAL

3-Phenylpropenoyl isothiocyanate® (1), 3-(2-furyl)propenoyl isothiocyanate!® (I1), 3-(4-methyl-
phenyl)propenoyl isothiocyanate'! (X VII), 3-(4-methoxyphenyl)propenoyl isothiocyanate'!

TABLE I
Survey of the Synthesized 2,6-Disubstituted 5,6-Dihydro-4 H-1,3-thiazin-4-ones

o . Calculated/Found
Com- RI/RZ Formula M.p., °C Yield _

pound (m.w.) (solvent) % % C %H %N

XXII  C4Hy C,3H,5N,08 187188 75 7372 506 781
CgHjs (358:5) (ethanol) 73-90 527 775
XXIV  CH,CgH, C,3H,oN,0S 175—176 81 7416 541 752
CeHs (372:5) (ethanol) 7432 564 759
XXV CH30C¢H, C,3H;oN,0,8 159—161 82 701 519 721
CeH, (388-5) (ethanol) 7137 543 733
XXVI  BrCgH,  C,,H,,BrN,08 180—182 73 6042 392 64l
CeHs (437-4) (ethanol) 60-69 4-01 648
XXVII  O,NCgH, C,,H;,N;0,S 175—177 69 6549 425 1041
CgHy (403-5) (ethanol) 6579 439 10-58
XXVII C,H;0  CyoH,¢N,0,8 157—159 69 6894 462 804
Ce¢H; (348-4) (ethanol) 69-16 482 823
XXIX  CgHy C,,H 4N, 08 184186 72 7249 664 168
CeHy, (364:5) (ethanol) 7264 673 781
XXX C4H;0  CyoH,,N,0,8 161—163 56 6776 625 790
CgH, (354-5) (ethanol-water) 67-89 618 772
XXXI  Cg4Hg C,,H,4N,08 140—142 84 6889 544 945
CH; (296-4) (tetrachloromethane) 6905 556 951
XXXII CgH;0  C,4H,,N,0,8 132134 80 6291 493 978
CH,4 (286°4) (ethanol-water) 62:98 508 984
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(XVIII), 3-(4-bromophenyl)propenoy! isothiocyanate!! (XIX), 3-(4-nitrophenyl)propenoyl
isothiocyanate!! (XX), N-methyl-N’-3-phenylpropenoylthiourea® 2 (/17), N-methyl-N’-3-(2-furyl)-
propenoylthiourea'? (I¥), N,N-diethyl-N’-3-phenylpropenoylthiourea® (¥II), N,N-diethyl-
—N'-3-(2-1'u1'yl)prop(-:noyllhiourealJ (VIII), N-phenyl-N’-3-phenylpropenoylthiourea® (JX), N-
-phenyl-N’-3-(2-furyl)propenoylthiourea’ 2 (X), N-benzyl-N’-3-phenylpropenoylthiourea'? (X7),
N-benzyl-N’-3’-2-furyl)propenoylthiourea'  (XII), 1-(N-3-phenylpropenoyl)thiocarbamoyl-pipe-
ridine'® (XIII), 1-(N-3-(2-furyl)propenoyl)thiocarbamoylpiperidine!® (XI¥), 1-(N-3-phenyl-
propf:noyl)thiocarba\moy]morphc.linel3 (XV), 1-(N-3-(2-furyl)propenoyl)thiocarbamoylmorpho-
line'3 (XVI), were prepared according to the cited references.

N,N-Disubstituted N’-Acylthioureas V, VI, XXI, XXII

A stirred and cooled solution of acyl isothiocyanate (16 mM) in benzene (20 ml) was saturated
with gaseous dimethylamine, or alternatively phenylmethylamine (16 mm) was added. The

TaBLE 11
Spectral Properties of 2,6-Disubstituted 5,6-Dihydro-4 H-1,3-thiazin-4-ones

4 p—
Com- —I-lircm o F-NMR, ppm Mass spectra
. (5
pound ,NCS) W(C=0) &(CHy) &(CHp &CH)  o(Ark) ™M/ relint.CO
XXHI 1490 1663 — 278 452 728 358.(19), 169 91)
168 (59), 131 (99)
104 (31)
XXIv 1483 1662 228 288 452 723 -
XXv 1480 166l 375 295 45l 731 —
XXvI 1484 1665  — 290 452 735 -
XXvi 140 1670  — 285 467 732 -
XXVII 1480 1660  — 294 472 630737 348(1), 169 (100),
168 (56), 121 (58),
94 (28)
XXIX* 1480 1655 — 287 442 730
XXX° 1485 1655 — 291 455 623—735 354(9), 175(45),
174 (51), 121 (96),
94 (60)
XXXI 1504 1660 35S 282 447 727 -

XXXxI 1 508 1658 352 2:95 4-58 6-23—7-40 —

“ Contains 2 multiplets §(CH,) 1-40 and 6(CH) 515 of cyclohexyl.
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respective thioureas, which separated immediately were filtered off, washed with light petroleum
dried and crystallized from an appropriate solvent.

N,N-Dimethyl-N’-3-phenylpropenoylthiourea (V): yield 56%, m.p. 115—116°C (ethanol-water).
For C;,H; 4N, 0S (234-3) calculated: 61:51% C, 6:02% H, 11:96% N; found: 60-97%; C, 6:19% H,
12:13% N. IR spectrum (CHCl3): v(NH) 3400 cm ™!, ¥(C=0) 1696 cm ™!, w(C=C) 1632 cm ™!,
W(NHCS) 1560 cm ™!, y(CH=CH) 980 cm~!. "H-NMR spectrum (CDCly): 10-23 (s, —NH—),
770 and 683 (dd, —CH=CH—, J g = 16 Hz), 743 (m, C4H;), 3-45 and 3-21 (s, CH,).

N,N-Dimethyl-N’-3-(2-furyl)propenoylthiourea (VI): yield 44%, m.p. 138—140°C (ethanol-wa-
ter). For C;oH,N,0,S (224'1) calculated: 53:59% C, 5:39% H, 12:50% N; found: 53-41% C,
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Synthesis of 2-Amino-6-substituted 5,6-Dihydro-4 H-1,3-thiazin-4-ones 2963

5-43% H, 12:56%; N. IR spectrum (CHCI;): v(NH) 3402 cm ™!, W(C=0) 1696 cm ™}, v(C=C)
1632cm™?, w(NHCS) 1566 cm ™!, y(CH=CH) 972 cm~'. 'H-NMR spectrum (CDCl;): 10-10
(s, —NH—), 742 and 661 (dd, —CH=CH—, J,5 = 16 Hz), 3-42 and 318 (ss, CH;).

N-Phenyl-N-methyl-N’-3-phenylpropenoylthiourea (XXI): yield 91%, m.p. 129—130°C (metha-
nol-water). For C;,H,; ¢N,0S (296:4) calculated: 69-56%; C, 5-43% H, 9-45% N; found: 69-53%; C,
5:32% H, 9-56% N. IR spectrum (CHCly): »(NH) 3400 cm ™, W(C=0) 1678 cm ™!, »(C=C)
1632cm™%, w(NHCS) 1503 cm™!, »(CH=CH) 980cm™'. 'H-NMR spectrum (CDCl,).
844 (ss, —NH—), 7-53 and 7-00 (dd, —CH=CH—, J 5 = 16 Hz), 736 (m, Cg)s, 371 (s, CH,).

N-Phenyl-N-methyl-N’-3-(2-furyl)propenoylthiourea (XXII): yield 75%, m.p. 118—120°C
(methanol-water). For C,sH,4N,0,S (2864) calculated: 62:91% C, 4:93% H, 9-78% N; found:
62:81% C, 5:08% H, 9-88% N. IR spectrum (CHCl,): ¥(NH) 3400 cm ™!, W(C=0) 1673 cm™*,
¥(C=C) 1629 cm ™ *, y(NHCS) 1496 cm ™!, (CH=CH) 969 cm ~*. ' H-NMR spectrum (CDCl,):
8:13 (s, —NH), 7-31 (m, C4H;s and doublet of proton —CH=CH), 6:75 (d, —~CH=CH—, J,5 =
= 16 Hz), 3-69 (s, CH;).

2,6-Disubstituted 5,6-Dihydro-4 H-1,3-thiazin-4-ones X XII1[—XXXII

a) Acyl isothiocyanate (5 mmol) dissolved in benzene (10 ml) was dropwise added to a stirred
solution of diphenylamine or phenylcyclohexylamine (5 mmol) in benzene (10 ml). After a 1 h-re-
flux the solution was cooled and the separated precipitate suction-filtered, washed with light
petroleum, dried and crystallized from a suitable solvent (Table I, derivatives XXIII—XXX),

b) N,N-Disubstituted thiourea XX/, XXII (5 mmol) in benzene (20 ml) was refluxed for 3 h.
The precipitate which separated from the cooled solution was suction-filtered, washed with
light petroleum, dried and crystallized from a suitable solvent (Table I, derivatives XXX/, XX XII).

Spectral Measurements

The IR spectra of chloroform solutions were measured with a UR-20 (Zeiss, Jena) spectrophoto-
meter, the "H-NMR spectra of deuteriochloroform solutions were recorded with a Tesla BS 487
A apparatus operating at 80 Hz (tetramethylsilane internal reference) and the mass spectra
were taken with an AEI MS 902 S (Manchester) instrument using a direct inlet system at 70 eV
and 140°C (XXII1, XXVIII) and 120°C (XXX) ionization chamber temperature, respectively.

Our thanks are due to Dr J. Lesko, Laboratory of mass spectrometry, Slovak Institute of Techno-
logy, Bratislava, for mass spectra measurement.
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