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N-(3-Chloro-2-benzo[b Jthienocarbonyl)-N'-monosubstituted thioureas, when irradiated with 
a high-pressure mercury discharge lamp through a pyrex or quartz filter, give the corresponding 
benzothienothiazine derivatives in lower yields than the analogous N',N'-disubstituted thioureas. 
The reactivity lowering of the N'-monosubstituted thioureas is ascribed to the intramolecular 
hydrogen bond C=O ... H-N due to which these compounds in their ground states exist in the 
six-membered cyclic conformation unfavourable for the cyc\ization. The photolysis of N'-phenyl­
thiourea results - due to a stronger hydrogen bond - in splitting of the molecule to give 3-chloro­
benzo[bJthiophene-2-carboxamide and phenyl isothiocyanate. 

In our previous papers we dealt with the photocyclizations of N-(3-chloro-2-benzo[b]­
thienocarbonyl)-N',N'-disubstituted thioureas 1 and O-alkyl N-{3-chloro-2-benzo[b]­
thienocarbonyl)monothiocarbamates2 giving high yields of the respective benzo­
thienothiazine derivatives. The present paper deals with the above-mentioned 
photocyclization of N-(3-chloro-2-benzo[b Jthienocarbonyl)-N'-monosubstituted 
thioureas (H, Table I) prepared by the reaction of 2-isothiocyanatocarbonyl-3-
-chlorobenzo[b Jthiophene (I) with primary amines (Scheme 1). We have found 
that the irradiation of thioureas II with a high-pressure mercury discharge lamp 
through a pyrex or quartz filter gives benzothienothiazine derivatives III (Table II) 
in the yields of 35 - 51 %. The structure of the compounds synthetized was confirmed 
by spectral methods (Tables III and IV). The IR spectra of the thioureas II contain 
the absorption bands of the valence vibrations v(N-H) in the region of 3 380 to 
3 220 cm -1. The 1 H NM R spectra show the singlets of two NH protons (b about 
10 and 10'40) as well as the expected signals of protons of the benzo[ b Jthiophene 
nucleus and amine residues. The 13C NMR spectrum exhibits typical singlets of 
thiocarbonyl carbon atoms at [) 178 and those of carbonyl carbon atoms in the 
region of [) 160. The benzothienothiazine derivatives III show the IR spectral absorp­
tion bands of the valence vibrations v( C= 0) in the region of 1 600 -1 610 cm - 1 

(IlIa, IIlb, HId, IlIe) which are shifted - as compared with those of the thioureas 
- towards lower wavenumbers due to the conjugation of carbonyl group with 
endocyclic C=N bond. The presence of absorption bands of carbonyl groups at 
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1657 and 1650 cm- 1 in compounds Ille and IlIj, respectively, is probably con­
nected with these compounds being present in their tautomeric imino forms with 
exocyclic C=N bond3. The IH NMR spectra of the cyclization products only 
exhibit a single signal of the NH proton in the region of J 9-11. The 13C NMR 
spectra exhibit - instead of the signal of thiocarbonyl carbon atom - a signal of the 
carbon atom of C=N double bond in the region of J 156-162 and also a signal 
of carbonyl group at J 163-164. The mass spectrum of compound IlIa also agrees 
with the structure of benzothienothiazine, the main direction of splitting of the 
molecular ion corresponding to the splitting off of the fragment NCNHC2 Hs. 

SCHEMB 1 

CI OciS<::::'C-NHR 

~ I I ~H 
5 C/ 

II o 
/II 118 

In formulae 11,111: a, R = C1H,; b, R = cyclohexyl; c, R = CH 2CH2C6Hs; 

d, R=CH2CH=CHz; e, R= CHZC6Hs 

The yields of benzothienothiazines II are lower than those of the photocyclizations 
of N',N'-disubstituted thioureas1 which reach 50-80%. We have found that, at the 
same conditions of irradiation of N',N'-disubstituted thioureas (A.max 307 - 313 nm), 
the reaction time is 1-1·5 h, whereas the N'-monosubstituted thioureas II (.ltmax 

305-311 nm) are cyclized more slowly. The reaction time is 9-21 h, when irradiated 
through quartz, and it is increased to the double with application of the pyrex filter. 
The photolysis of thioureas II produces (regardless of the filter used: pyrex or quartz) 
besides the main product III a complex mixture of side products whose substantial 
component is of poylmeric nature. The low yield of benzothienothiazine and forma­
tion of the side products by its subsequent photolysis are not likely, because the 
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irradiation of e.g. the isolated product lIla through quartz causes no change even 
after 5 h photolysis. Tl:esc results show that the reactivity differences are caused 
by dillerent sterical structure of the N'-monosubstituted thiourcas II. It is known4 

that conrormation of starting compounds can affect the course of photochemical 
reactions. In our case it is presumed that the N'-monosubstituted thioureas - in 
their ground states - are predominantly present in the IlA conformation (un­
favourable for the cyclization) due to firm intramolecular hydrogen bond between 
the carbonyl oxygen atom and hydrogen atom of the primary amine residue of thio­
amide group. On the other hand, the N' ,N'-disubstituted thioureas cannot form 
~uch a hydrogen bond and, therefore, their favourable IlB conformation is more 
likely than with the N'-monosubstituted thioureas, which can explain their different 
reactivities. The presumption of the preference of unfavourable IlA conformation 
in the ground state of N'-monosubstituted thoiureas was confirmed by comparison 
of I R spectrum of N-(3-chloro-2-tenzo[b ]thienocarbony1)-N'-ethyIthiourea (Ila) 
with those of medel substances, viz. N-(3-chloro-2-benzo[b ]thienocarbonyl)-N',N'­
-dic(1:yIthiourca (1 V) and N-(3-chloro-2-benzo[b ]thienocarbonyl)-N'-ethyl-S-methyl­
isothiourea (V) which only contain in their molecules amide and thioamide NH 
groups, respectively. Compound I V shows the absorption band v(N-H)rree at 
3 360 cm - 1, whereas the vibrations of bonded NH group are not observed. Com­
pound V only shows the vibrations v(N-H)bonded at 3 178 cm -1, no absorption band 

TAllIE I 

N -(3-Chloro-2-benzo[b lthienocarbonyl)-N'-monosubstituted thioureas (II) 

Molecular formula M.p., DC Yield Calculated/found 
Compound (Mr ) (solvent) % 

%C %H %N 

lIa C12HllCIN20S2 145-147 80 48·23 3·71 9'37 
(298'8) (ethanol) 48'38 3-85 9'47 

nil C16H17ClNzOSz 135-136 63 54'45 4'86 7'93 
(352'9) (acetone) 54'62 5·01 7·82 

lIe CisH1SCINzOSz 158-160 78 57'66 4·03 7·47 
(375'0) (acetone) 57'81 3·95 7·70 

lId C13H 11 CIN20SZ 117-118 70 50'23 3'57 9'02 
(310'8) (ethanol) 50'30 3'48 8'90 

lIe C17H13CINzOSz 179-180 88 56'57 3'36 7'76 
(360'9) (ethanol) 56'61 3·49 7'77 

III C16HI1CIN20S2 156-157 87 55'41 3·20 8'08 
(346'8) (ethanol) 55'63 2·99 8·11 
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of free NH group being present, which indicates the existence of compound V in the 
six-membered cyclic conformation. Similarly, in the spectrum of thiourea IIa there 
is the absorption band of free NH group at 3 370 cm -1 besides a band at 3 254 cm- 1 

which was assigned to the bonded NH group. The intensity ratio of these bands 
is independent of concentration, and no further band of free NH group is observed 
at low concentrations, which facts confirm the presumption that the N'-mono­
substituted thioureas in their ground states form six-membered cyclic conformation 
IIa which is fixed by the intramolecular hydrogen bond C=O ... H-N and is un­
favourable for the cyclization. The given assignment of the N--H vibrations also 
agrees with the fact that the position of the absorption bands v(N-H)rree of the 
thioureas II does not change on substituting the aliphatic amine residue for an 
aromatic one (Table III), whereas the position of the v(N-H)bonded band is dis­
tinctly affected by such substitution. In the case of N-(3-chloro-2-benzo[b ]thieno­
carbonyl)-N'-phenylthiourea (IIi), the delocalization of free electron pair from 
nitrogen atom of the phenylamine residue into the aromatic ring causes an acidity 
increase of the respective proton. The shift of the absorption band v(N-H)bonded 
to lower wavenumber (3210 cm -1), observed with this compound, indicates 
a stronger intramolecular hydrogen bond as compared with the other thioureas 

TABLE II 

2-Substituted 4H-benzo[b Jthieno[2,3-eJ-1.3-thiazin-4-ones (Ill) 

Molecular Irradiation Calculated/found 
Compound formula M.p.,oC Yield time 

(Mr) % h %C %H %N 

IlIa C12HION20S2 266-268 51 14 54'92 3-84 10'68 
(262-4) 54'81 3-99 10'90 

IIIb C16H16N20S2 238-240 47 21 60'73 5·10 8'85 
(316'4) 60'59 5·18 8·71 

IlIe ClsH14N20S2 284-286 46 12 63-88 4·17 8'27 
(338'4) 63'99 4·20 8'47 

IIId C13Hl0N20S2 238-241 37 9 56'91 3'67 10'21 
(274'4) (decomposition) 57'03 3'55 10'35 

IlIe C16H12N20S2 246-248 35 12 62'94 3'73 8'64 
(324'4) 62-83 3-91 8'80 

IIII C16HI0N20S2 290-292 17 a 61'90 3-25 9'03 
(310'4) 61'72 3'34 9'21 

.. Compound IIlI was prepared by action of NaOH on thiourea III in dimethyl sulphoxide. 
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studied. In accordance therewith, the 1 H NMR spectrum of compound II! shows 
a down-field shift by more than 2 ppm of the NH proton signal (Table III). The 
dJferent character of compound Il! (Amax 311 nm) - as compared with the other 
thioureas investigated - makes itself felt also in reactivity. Its irradiation through 
the pyrex filter gives no benzothienothiazine derivative but gives two other products, 
viz. 3-chlorobenzo[b ]thiophene-2-carboxamide (VI) and phenyl isothiocyanate 
(VIl) (Scheme 2). The structure of amide VI was confirmed by independent synthesis 

CI 

hll O::iC-NH, + CsHsNCS 

II 
VI 0 

VII 

OoCs'-I I W-NHCsHs 

~ ..... N 
5 C 

IIf 

II 
IIlf 

o 

SCHEME 2 

starting from 3-chlorobenzo[b ]thiophene-2-carboxylic acid chloride and ammonia, 
whereas the phenyl isothiocyanate was identified by converting it into N,N'-di­
phenylthiourea (VIII) by the reaction with aniline. Recently, the reaction was des­
cribed5 between 3-chlorobenzo[b ]thiophene-2-carboxamide and phenyl isothio­
cyanate in the presence of sodium hydroxide in dimethyl sulphoxide to give the 
sodium salt of thiourea II! whose heating at 80°C gave 2-phenylaminobenzothieno­
thiazine III! in the yield of 53%. We tried to realize this reaction by direct action 
of NaOH on the thiourea II! and obtained the benzothienothiazine Ill! in the yield 
of 17%. Application of this method to or action of lithium or sodium hydride on the 
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other thioureas studied (in the medium of dimethyl sulphoxide or dimethylform­
amide) produced complex mixtures of products which could not be identified. 

EXPERIMENTAL 

The infrared absorption spectra were measured with a Specord IR-75 (Zeiss Jena) spectrophoto­
meter in chloroform (I1a-I1f, V, VIII) or in KBr discs (IIIa-I1If, VI), the wavenumber values 
being given in cm -1. When studying the hydrogen bonds of compounds I1a, I1f, IV, and V 
we used tetrachloroethylene. The measurements were carried out in a cell of adjustable length 
(0'05,0,1, and 0'5 cm) with the concentrations of 0'006-0'27 moll- 1, the maximum absorption 
being 70-80%. The wavenumbers and intensities of bands are average values of three measure­
ments each (accuracy ±2 cm- 1). The 1H and 13C NMR spectra were measured in deuterio­
chloroform (I1a-I1f) or hexadeuteriodimethyl sulphoxide (lIla-III!, V, VI) using a Tesla 
BS 487A (80 MHz) and a Tesla BS 567 (23·15 MHz) apparatus, respectively, with tetramethyl­
silane as the internal standard. The chemical shifts are given in c5 values. The UV spectra were 
measured with a Perkin-Elmer 402 apparatus in ethanol at the concentration of 1. 10-4 moll- 1; 
positions of the absorption maxima (J.) are given in nm, the values of molar absorption coeffi-

TABLE III 

Spectral properties of N-(3-chloro-2-benzo[bjthienocarbonyl)-N'-monosubstituted thioureas (II) 

IR, cm- 1 UV, ; .. aax 1H NMR, c5 13CNMR,c5 
Compound 

NHCS C=O N-H nm (log e) C6 H4 NH C=O C=S 

207 (3-35) 
I1a 1506 1649 3250 251 (3'30) 7'52 9'93 159'84 178'82 

3380 305 (3'30) 7-92 10'38 

207 (3-08) 
lIb 1506 1649 3260 250 (3'07) 7-47 9'87 159'91 177'23 

3380 306 (3'08) 7-85 10'35 

208 (3'43) 
lie 1 510 1650 3260 251 (3'29) 7'50 10'06 159'96 178'40 

3380 306 (3'30) 7-85 10'40 

208 (3'03) 
Ild 1510 1653 3256 250 (2'97) 7'52 10'06 160'33 178'72 

3383 306 (2'98) 7'82 10'40 

209 (3'39) 
lle 1510 1650 3260 251 (3'28) 7'50 10'00 159'86 178'70 

3380 306 (3'27) 7-82 10'65 

210 (3'47) 
I1f 1495 1650 3220 258 (3'31) 7'50 10'07 160·18 177·13 

3376 311 (3-44) 7'97 12'22 
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cients (log e) in m2 mol- I. The mass spectrum of compound IlIa was recorded with an LKB 
7000 apparatus at the ionisation energy of 70 eV. 3-Chloro-2-isothiocyanatocarbonylbenzo[bl­
thiophene (1)1 and N-(3-chloro-2-benzo[blthienocarbonyl)-N',N'-diethylthiourea (IV)I were 
prepared by known methods. 

N-(3-Chloro-2-benzo[ b lthienocarbony 1)-N' -monosubstituted Thioureas (lIa- IIf) 

The respective primary amine (12 mmol) was added drop by drop to a solution of 3 g (11'8 mmol) 
isothiocyanate I in 230 ml cyclohexane with stirring. The separated solid was collected by suction 
after 1 h standing. The product was dried and recrystallized from a suitable solvent (Tables I 
and III). 

2-Substituted 4H-Benzo[blthieno[2,3-el-l,3-thiazin-4-ones (IIIa- IIIe) 

A solution of 3 mmol thiourea II in 250 ml acetone was irradiated with a mercury discharge lamp 
(TQ 150 Original Hanau) through quartz filter in an immersed apparature equipped with 

TABLE IV 

Spectral properties of 2-substituted 4H-benzo[ b lthieno[2,3-e ]-1 ,3-thiazin-4-ones (III) 

JR, cm- 1 IHNMR,a I3C NMRb , 0 
Compound 

C=N C=O C6 H4 NH C=O C=N 

7·75 
alIla 1 570 1 606 8'02 9·10 164·14 161'34 

8'30 

7·75 
IIIb 1540 1605 8·05 9·17 164'52 160'71 

8'32 

7·75 
Ilk 1540 I 675 8'05 9'48 163'84 161'49 

8'30 

7'75 
IIId I 580 1609 8'02 9'55 164'37 162'05 

8'32 

7·75 
IIIe 1 580 1610 8'02 9'85 164'52 162·13 

8'32 

7-75 
IIIf 1 583 1650 8'00 11'32 162'95 156'83 

8'30 

a Mass spectrum: m/z (%): 262 (41); 192 (100); 164 (38); b the values of o(C=O) and o(C=N) 
chemical shifts can be mutually interchanged. 
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a magnetic stirrer and the quartz-jacketed discharge lamp cooled with water for a period of 
9-21 h. During the photolysis course and 15 min before its beginning, the reaction mixture was 
bubbled with nitrogen gas. A precipitate was deposited on the quartz jacket of the discharge 
lamp during the reaction. Therefore, after every 3 h the photolysis was interrupted and the 
precipitate was removed. When the starting compound was consumed (detection by TLC), the 
reaction mixture was filtered to obtain the first portion of the product, and acetone was evaporated 
from the mother liquor. The semisolid evaporation residue was dissolved in 50 ml chloroform, 
concentrated to a volume of 10-15 ml, and left to stand overnight in a refrigerator. The sepa­
rated precipitate of product III was collected by filtration, the filtrate was concentrated to 
a volume of 5 ml and submitted to chromatography on 100 g silica gel (100-240 J,Lm) with 
benzene-acetone (7: 1) as the eluent to give the last portion of the product. The individual 
product portions were combined and recrystallized from ethanol (Tables II and IV). 

Photolysis of N-(3-Chloro-2-benzo[ b ]thienocarbonyl)-N'-phenylthiourea (III) 

A solution of 1 g (2'9 mmol) thiourea III was irradiated through the pyrex filter at the same 
conditions as above for 3 h. Acetone was evaporated, and the semisolid residue was perfectly 
mixed with 50 ml hexane, filtered, and the filtrate, containing phenyl isothiocyanate, was treated 
with 0·28 g (0'28 ml, 3 mmol) aniline. After standing one day, the reaction mixture deposited 
0'21 g (32%) N,N'-diphenylthiourea (VIII), m.p. 153-154°C (ethanol-water), ref.6 gives m.p. 
155°C. IR: 3350 (N-H free), 3 140 (N-H bonded), 1470 (NHCS). The above hexane-insoluble 
portion was dissolved in 10 ml chloroform and submitted to chromatography on 60 g silica gel 
(100-250 J,Lm) with benzene-acetone (5 : 2) as the eluent to give 0'37 g (60%) 3-chlorobenzo[b]­
thiophene-2-carboxamide (VI),m.p. 231-23~oC (ethanol). For C9 H9 CINOS (211'6) calculated: 
51'08% C, 2'84% H, 6'62% N; found: 51'22% C. 3'01% H, 6'53% N. IR: I 615 (C=O). IH NMR: 
7-62-8'35 (m,C6 H4 ). 13CNMR: 118'68 (s), 122-34 (s), 125-47 (s), 122'93 (d), 127'11 (d), 
132'63 (d), 135'99 (d), and 136'52 (s) (the benzo[b]thiophene skeleton), 161·45 (s, C=O). The 
compound was identical with the authentic sample 7 prepared by amonolysis of 3-chlorobenzo[b]­
thiophene-2-carbonyl chloride8 . 

2-Pheny lamino-4H -benzo[b ]thieno[2, 3-e ]-1, 3-thiazin-4-one (IIII) 

A solution of 1 g (2'9 mmol) thiourea III in 25 ml absolute dimethyl sulphoxide was treated 
with 0·12 g (3 mmol) powdered sodium hydroxide, heated to 80°C, and stirred at this tempera­
ture 4 h. After cooling, the reaction mixture was poured onto 400 ml ice water, the precipitated 
solid was collected by suction and recrystallized from ethanol. 

N-(3-Chloro-2-benzo[b ]thienocarbonyl)-N' -ethyl-S-methylisothiourea (V) 

A suspen~ion of 0'09 g sodium hydride (3'9 mmol) in 10 ml absolute dimethylformamide was 
treated with 0'89 g (3 mmol) thiourea IIa and stirred until the reaction mixture was clear. Then 
0·45 g (0'3 ml, 3'2 mmol) methyl iodide was added, and the mixture was stirred 90 min. The 
reaction mixture was poured onto 200 ml ice water and left to stand in a refrigerator overnight. 
The separated solid was collected by suction, washed with water, and recrystallized from ethanol 
to give 0·74 g (80%) product, m.p. 129-130°C. IR: 3 170 (N-H), 1 560 and 1 570 (C=N-C= 
=0). 1 H NMR: 1-43 (t, J = 7 Hz, 3 H, CH3-C). 2'73 (s. 3 H, CH3-S), 3'66 (q, J = 7 Hz, 
2 H, CH2 ), 7·70 and 8'10 (m, m, 4 H, C6 H4 ). 13C NMR: 13'34 (q) and 13'71 (q) (CH3-C 
and CH3-S), 38'50 (t, CH2-N). 167·26 (s) and 170'97 (s) (C=N-C=O). 

The authors are indebted to Dr M. Richter. Department of Biology and Chemistry, Piidagog;sche 
Hochschule "N. K. Krupskaya", Halle. G.D.R .• for valuable suggestions concerning the cyc/ization 
of the thiourea IIf. 
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