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N-Alkoxycarbonyl-N’-(2-thiazolyl)thioureas were reacted with some oxidants, such
as bromine, benzoyl peroxide, hypobromous acid and N-bromosuccinimide, to afford 2-
alkoxycarbonylimino-thiazolo[3,2-b]thiadiazolines (X). Furthermore, from the reaction
mixtures of N-ethoxycarbonyl-N’-(2-thiazolyl)thiourea (12) with bromine in chloroform,
N-ethoxycarbonylimino-thiazolo[3,2-b]thiadiazoline hydrobromide monohydrate (14) was
obtained, which was easily dehydrobrominated to form 2-ethoxycarbonylimino-thiazolo-
[3,2-b]thiadiazoline (13) by treatment with large quantities of water. This paper describes
particularly in detail about the structures of 13 and 14,

There are several reports*~® concerning the oxidation reaction of amidinylthioureas
and B-imino-thioamides. However, the studies on the oxidation of the thioureas containing
a heterocyclic moiety have not been appeared. In the previous paper,” we reported the
reaction of alkoxycarbonylthioureas (1) with bromine to afford sulfur and five other products
(2, 8,4, 5 and 6). This paper describes the oxidation of some N-(2-thiazolyl)thioureas which
are structurally regarded as a kind of amidinylthiourea. '
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In the reaction of N-ethyl-N'-(2-thiazolyl)thiourea (7) with equimolecular quantities
of bromine in chloroform, only N-ethyl-N’-(5-bromothiazol-2-yljthiourea (8) was isolated.
Furthermore, this product was converted oxidatively to N-ethyl-N’-(5-bromothiazol-2-yl)urea
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[r Bra | J\—N ' S| (9), which was obtained by the addition
/K\IHCNHEt By SJ\ NH(llNHEt reaction - of '2-am1no-5-bromoth1azole
(10) to ethyl isocyanate (11), by treat-

7 8 ment with hydrogen peroxide.
H,0,— AcOH N-Ethoxycarbonyl-N'-(2-thiazolyl)
thioureal® (12) was reacted with bro-
mine in acetic acid, and the reaction

)L j\L t 0=C=NEt— E‘ ji (,? solution was neutralized with ammonia
Br” 8" “NH: NHCNHEt water to give 2-ethoxycarbonylimino-
10 11 9 thiazolo[3,2-b]thiadiazoline (13). When

Chart 1 12 was treated with bromine in chloro-

form, the resulting solid was recry-
stallized to afford 2-ethoxycarbonylimino-thiazolo[3,2-b]thiadiazoline hydrobromide mono-
hydrate (14). The structures of 13 and 14 are discussed in detail in this paper. The
molecular formula of 13 was expressed as C;H,0,N;S, by the elemental analysis and the
mass spectrum: M+=229, and the 1nfrared (IR) spectrum showed a strong peak at 1580
¢m-1, but no absorption band appeared in the range of 1800 to 1600 cmt. The nuclear
magnetlc resonance (NMR) spectrum consisted of a triplet at 6 1.29 due to three methyl

.
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protons (J="7.0 Hz), a quartet at ¢ 4.27 due to two methylene protons (J=7.0Hz) and a
pair of doublets at 6 7.55 and 8.18 correspondlng to two ring protons (J=4.8 Hz). In the
dltraviolet (UV) spectrum, the absorption maximum at 308 my. shifted to 295 my on the
addition of hydrochloric acid. These data suggested that the structure of 13 may be one

10) M. Nagano, J. Tobitsuka, T. Matsui, and K. Oyamada, Chem. Pharm. Bull. (Tokyo), 20, 2618 (1972).
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of the eight structures which comprise four sulfide types (13, 15, 16 and 17) and four thio-
carbonyl types (18, 19, 20 and 21) To confirm the structure of 18 as belonging to either of

sulfide type -
. N—
’E*N =N- COREL, DL NCNAOEE ”\")\\I/ “C=N~-CO.Et, U‘—J\N =C——N-CO.Et
i3 k 15 16 17
‘ thlocarbon)l fype S
N—N—CO.Et N 0—C—OEt N N’ \ﬂ——OEt
: o Lo
ks N Theon, G A
18 19 S 20

these two types, 13 was allowed to hydrolize in the presence of a base and an acid. The
compound (13) was treated with sodium ethoxide in ethyl alcohol or 1n.sodium hydroxide
to afford sulfur, 12, N-(2-thiazolyl)thiourea (22) and 2-cyanaminothiazole (23). These products
were confirmed on the basis of the elemental analyses and spectral data. Among these reac-
tion products, 22 was also obtained in a good yield by treatment of 12 with 1~ sodium hydrox1de
under the same reaction conditions as those mentioned above. The formation of 12 in the
reaction of 13 with a base suggests that 18 has a certain oxidative power. The compound
(13) was reacted with equimolecular amounts of phenylhydrazine to give 12 in 939, yield.

A solution of 13 in acetone containing 1~ hydrochloric acid was refluxed for 2 hr to afford
sulfur, 12, 22, N-ethoxycarbonyl-N'-(2-thiazolyljurea (24), 2-aminothiazole (25) and N-2-
thiazolylurea (26). ‘Among these products, 25 or 26 was obtained in a good yield by the hydro-
lysis of 12 or 23 with 1~ hydrochloric acid, respectively, under the same reaction conditions
as those in the case of 13. These experiments make it clear that 13 doesn’t correspond to
a thiocarbonyl type, but to a sulfide type. In order to determine the structure of 13 corres-
ponding to one of the four structures (13, 15, 16 and 17), the chemical shifts and the coupling
constants of the two ring protons of 13 were compared with those of the two ring protons of
other model compounds, namely thiazolo[8,2-a]-s-triazine-4-thio-2-one (27; 6 8.10 and 7.30,
Jap=>5.0Hz),19 12 (6 7.62 and 7.10, J,5=3.6 Hz), 3-ethyl-2-iminothiazoline (28; J,3=5.0 Hz)1»
and 2-(ethylamino)thiazole (29; J,;=3.6 Hz).1» The high resolution techmque for the mass

)k , Ha
N / I-
8. 18 /& C=N—CO.Et 8. 10 /J\ 7.62 /”\
/ /‘ \I Hs \‘HCNHCOzEt
7.55 13 7.30 27 I/‘O
Jap=4.8Hz JaB=5.0Hz JAB= 3.6Hz
H_ .
AIN_Et HAI_N
Hp S/kNH Hp SJ\NHEt
28 : 29

JaB=5.0Hz Jap=3.6Hz

'spectrﬁm ‘of 18 shows that the peaks at mfe 229 (C,H,0,N,S,, mol.wt.,obs.=228.993, mol.
wt.,calc.=228.998), mfe 185 (C;H,ON,S,, mol.wt.,0bs.=184.972, mol.wt.,calc.=184.972),

11) J. Drucy, J. Helv. Chim. Acta, 24E, 226 (1941).
12) I.A. Kaye and C.L. Parris, J. Org, Chem., 17, 731 (1952).
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mle 184 (C;H,ON,S,, mol.wt.,0bs.=183.964, mol. wt.,calc.=183.964), m/e 157 (C,H,N,S,,
mol.wt.,obs.=156.977, mol.wt.,calc.=156.977), m/e 152 (C;H,ON,S, mol.wt.,obs.=151.990,
mol.wt.,calc.=151.992), mfe 142 (C,H,N,S, mol.wt.,obs.=141.964, mol.wt.,calc.==141.966),
mfe 130 (C3H,N,S,, mol.wt.,0bs.=129.966, mol.wt.,calc.=129.966), m/e 125 (C,H,N,S, mol.
wt.,0bs.=125.005;, mol.wt.,calc.=125.005), mfe 115 (CZHNS,, mol.wt.,0obs.=114.951, mol.
wt.,calc.=114.955) and mfe 104 (C,H,NS,, mol.wt.,0bs.=103.967, mol.wt.,calc.=103.963)
correspond to the fragments of the structures in Fig. 1. From these facts, the most suitable
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Fig. 1. Mass Spectrum of 2-Ethoxycarbonylimino-thiazolo[3,2-b]thiadiazoline (13)

structure representing 13 would be 2-ethoxycarbonylimino-thiazolo[3,2-b]thiadiazoline. The
compound (13) was also easily prepared by using other oxidants, such as hypobromous acid
(HBrO), N-bromosuccinimide (NBS) and benzoyl peroxide, instead bromine. However,
in the reaction of 12 with hydrogen peroxide (H,O,), 18 could not be obtained, but only 24
was isolated in a good yield. The yields of 18 in the reaction of 12 with various oxidants
are summarized in Table I.

TasLe I. Yields of 2-Ethoxycarbonylimino-thiazolo[3,2-b]jthiadiazoline
(13) in the Reaction of 12 with some Oxidants :

Oxid.

reagents Solvents » : Yield (%)
Br, AcOH 65(%)
Br, : CHCl, ‘ 90(%)
HBro CHCl, 83(%)
NBS EtOH 79(%)
BPO dichloroethane 88(%)

H,0,(30%) AcOH not isolated
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but 13 was recovered unchanged. Fur- F N—S S

thermore, the. IR spectrum of N-etho- C':N COEt ( )i

Xycarbonyl-N’-(2-thiazolyl)thiourea hy-. YN /L /t J\OEt

drobromide monohydrate (30), which 13 : 32 ‘

was obtained by treatment of 12 with HzOHHB r—H,0 nonbonded resonance
) © structure -

489, hydrobromic acid, was different
from that of 14. From these facts,

the compound (14) was regarded as the T )
hydrobromide of 13, namely 2-etho- [TA /kN ~co.Et | O
xycarbonylimino-thiazolo[3,2-b]thiadia- Hp,-

zoline hydrobromide monohydrate. It 14

is very interesting that the IR ab-

sorption band of the carbonyl bond of 18 appears at 1580 cm~1 and that of 14, which is
formed by the protonation of 18, appears in a normal absorption range (1680 cm—1). If the
structure of 13 has a nonbonded resonance structure (32) in a fairly high extent, the difference
between the IR spectrum of 18 and that of 14 could be reasonably explained.

Some other N—alkoxycarbonyLN’ (2-thiazolyl)thioureas were allowed to react with bro-
mine under same reaction conditions as those in the case of 12 to give the corresponding thia-
zolothiadiazoline’ derivatives in good yields. The yields of 2-alkoxycarbonylimino-thiazolo-
[3,2-b]thiadiazolines (X) are summarized in Table II.

TaBLE I1. Yields of 2-Alkoxycarbonylimino-thiozolo-
[3,2-b]thiadiazolines (X)

R

L : er-S ?1)

Compd.” = s* C=NCOR: o
No. . - Re mp (°C) Yield (%)

L.Rm‘ R, ) R;
34 H H " Me 167—168 _ 91
13 H H Et 165—166 )
36 H H n-Pr 139—141 93
38 H H iso-Pr 156—158 ‘ 91
40 H H t-Bu 120—122 92
42 H  H .- iso-Bu - 125—126 - 93
4 H  Me Et 181—183. 91
46 H Et Et o 175177 92
48 H #Pr Et 172—174 - 91
50 H #Bu Et . 168—170 92
52 H Br  Et 194196 , 88
54 Me H Et 187 87
56 Ph H Et 210—212 67

0]

N—$ o _
58 @TJ\ £=N—COE: 205207 87
SN
Experimental®

Synthesis” of N-Ethyl-N’- (2-th1azoly1)thxourea 7 _The mixtures of 2-aminothiazole (25; 30.0 g) and
ethyl isothiocyanate (22.5 g) in AcOEt (200 ml) were refluxed for 2 days, and the precipitated crystals were

13) Al meltmg points were uncorrected. NMR spectra were obtained in the speciﬁed solvents on a Varian
A-60 spectrometer with tetramethyl silane as an mternal standard. Mass spectra were determined
on a JEOL-JMS-OISG spectrometer,
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collected on a glass filter and recrystallized from benzene to give 25.0 g of N-ethyl-N’-(2-thiazolyl)thiourea
(7), colorless needles, mp 136—137°. Anal. Calcd. for CgHNS,: C, 38.50; H, 4.80; N, 22.45; S, 34.20.
Found: C, 38.10; H, 4.71; N, 22.10; S, 34.11. IR »¥ cm-1: 3160 and 3120 (ODNH). NMR (DMSO-d;)
é (J=Hz): 1.08 (3H, t, J=17.0), 5.23 for two methylene protons (-NH-CH,-CHj, d, q, J,=5.0, J,=17.0),
7.06 (1H, d, J=3.8), 7.40 (1H, d, J=3.8), ca. 0.44 (2H, broad).

Reaction of N-Ethyl-N’-(2-thiazolyl)thiourea (7) with Bromine To a solution of 7 (5.6 g) in CHCl,
{450 ml), bromine (5.1 g) in CHCl; (50 ml) was added dropwise at room temperature, and then the reaction
solution was stirred for 1 hr at room temperature followed by refluxing for 1 hr. After removal of CHCl,,
the residue was poured into ice water and neutralized with ammonia water. The precipitate was recrystal-
lized from benzene to afford 3.5 g of N-ethyl-N’-(5- -bromothiazole-2-yl)thiourea (8) as colorless needles, mp
162——163" Anal. Caled. for CgHgN,S,Br: C, 27.07; H, 3.02; N, 15.78; S, 24.09; Br, 30.02. - Found: C, 27.22;
H, 2.96; N, 15.60; S, 24.36; Br, 30 11. IR v?,’,‘;jx‘" cm~1: 3330 and 3220 ONH). NMR (DMSO-dg) 6 (J=Hz):
1.12 (3H t J=17.0), 8.51 for two methylene protons (-NH-CH,-CH,;, d, q, J,=4.5, J,=7.0), 7.46 (1H, s),
ca. 8.43 (1H, broad), ca. 11.52 (1H, broad). '

Oxidation of N-Ethyl-N’-(5-bromothiazol- 2-yl)th10urea (8) with Hydrogen Peroxides To a solution
of 8 (0.27 g) in AcOH (20 ml), 30% H,0, (10 ml) was added dropwise at a range of 5 to 10°, and the reaction
mixture was poured into ice water (150 ml), and the precipitate was collected on a glass filter and dried to
be recrystallized from AcOEt to afford 0.12 g fo N-ethyl-N’-(5-bromothiazol-2-yljurea (9), colorless needles,
mp 197—199° (decomp.). Aual. Calcd. for CgHON SBr: C, 28.81; H, 3.22; N, 16.79; S, 12.81; Br, 31.94.
Found: C, 28.86; H, 3.26; N, 16.42; S, 12.67; Br, 32.13. IR »}i cm~*: 3230, 3165 and 3110 ()NH). NMR
(DMSO-dg) 6 (J=Hz): 1.10 (3H, t, /=7.0,) 3.16 for two methylene protons (-NH-CH,~CH,, d, q, J,=4.5,
J.=17.0), 7.32 (1H, s), ca. 6.46 (1H, broad), ca. 10.54 (1H, broad).

Synthesis of N-Ethyl-N’-(5-bromothiazol-2-yl)urea (9) The mixtures of 2-amlno 5-bromothiazole
{10: 1.70 g) and ethyl isocyanate (11: 1.0 g) in acetone (50 ml) were refluxed for four days, and after removal
of acetone, the resulting residue was eluted with AcOEt-benzene on silica gel to give 1.04 g of N-ethyl-N'-
{b-bromothiazol-2-yl)urea (9). ' ’

~ Reaction of N-Ethoxycarbonyl-N’-(2-thiazolyl)thiourea (12) with Bromine——a) To a solution of 12
{2.31 g) in acetic acid (30 ml), bromine (1.68 g) in acetic acid (10 ml) was added dropwise at 10°, and the
reaction solution was stirred for 1 hr at room temperature and subsequently poured into ice water (500
ml). After the aqueous solution was neutralized with ammonia water, the resulting solid was recrystallized
from ethy! alcohol to afford 1.50 g of 2-ethoxycarbonyl-thiazolo[3,2-b]thiazoline (13), colorless needles,
168—169°(decomp.). Anal. Calcd. for C,H,0,N,S,: C, 36.69; H, 3.08; N, 18.34; 5,27.92. Found: C, 36.29;
H, 3.01; N, 18.41; S, 28.03. UV AE%¥ my. (¢): 308 (17000). ,

b) To a solution of 12 (2.31 g) in CHCl; (250 ml), bromine (1.68 g) was added at room temperature,
and the reaction mixture were stirred for 1 hr at room temperature followed by refluxing for 1 hr. After
removal of CHCl,, the resulting solid was recrystallized from EtOH to give 1.58 g of 2-ethoxycarbonylimino-
thiazolo[3,2-b]thiadiazoline hydrobromide monohydrate (14), colorless prisms, mp 137—139° (decomp.).
Anal. Calcd. for C,H,,O4N,S,Br: C, 25.61; H, 3.07; N, 12.80; S, 19.53; Br, 24.34. Found: C, 25.73; H,
3.20; N, 12.80; S, 19.69; Br, 24.74.

Reactlon of 2-Ethoxycarbonyl-thiazolo[3,2-b]thiadiazoline (13) with Sodium Ethoxide——To a solution
of 2.31 g of 13 in 50 ml of EtOH, ethanolic sodium ethoxide, which was prepared from Na (0.3 g) and EtOH
(50 ml), was added under ice cooling, and the reaction mixture was stirred for 4 hr at room temperature, and
after removal of EtOH under reduced pressure, the residue was poured into ice water (100 ml) and neutralized
with 1~ HCl, The reaction products were extracted with CHCl; (200 ml), and the CHCl; layer was washed
with H,O, dried over anhyd. Na,SO,, and after removal of drying agent and solvent, the residue was eluted
with AcOEt-benzene on silica gel to afford 0.12 g of sulfur, 1.2 g of 12, 0.1 g of 22 and 0.5 g of 23. N-(2-
Thiazolyl)thiourea (22), colorless needles from AcOEt, mp 186—188°. Anal. Calcd. for C,H;N,S,: C, 30.19;
H, 3.17; N, 26.41; S, 40.23. Found: C, 30.37; H, 3.21; N, 26.18; S, 40.15. Mass Spectrum: M+=159.
IR ¥ cm-1: 3350, 3270, 3170 and 1608 (ONH and -NH,). NMR (DMSO-d) ¢ (J=Hz): 7.14 (1H, d,
J=4.0), 7.46 (1H, 4, J=4.0), ca. 8.76 (2H, broad), ca. 10.60 (1H, broad). 2-Cyanaminothiazole (13), color-
less needles from AcOEt-benzene, mp 146—148° (decomp.). Anal. Caled. for C;HN,S: C, 38.40; H, 2.42;
N, 33.60; S, 25.58. Found: C, 38.26; H, 2.67; N, 32.24; S, 25.13. IR »3¥' cm~t: 31.00 (ONH). NMR
(DMSO-dg) 6 (J=Hz): 6.78 (1H, d, J=4.0), 7.24 (1H, d, J=4.0), ca. 13.30 (1H, broad). UV A7 my (e):
230 (2300), 284 (13400).

Reaction of 2-Ethoxycarbonyl-thiazolo[3,2-b]thiadiazoline (13) with Sodium Hydrox:de A suspension
of 2.29 g of 13 in 50 ml of 1N NaOH solution was stirred for 4 hr at room temperature followed by neutraliz-
ing with 1~ HCI, and the reaction mixtures were extracted with CHCl;. The CHCI; layer was washed with
H,0 and dried over anhyd. Na,SO,, and after removal of drying agent and solvent, the residue was chromato-
graphed on silica gel (AcOEt-benzene) to afford 0.08 g of sulfur, 0.11 g of 12, 0.93 g of 22 and 0.42 g of 23.

Reaction of 1-Ethoxycarbonyl-3-(2-thiazolyl)thiourea (12) with Sodium Hydroxide A suspension
of 12 (2.31 g) in 1~ NaOH solution (50 ml) was stirred for 4 hr at room temperature and neutralized with’
1~ HCl. The precipitate was collected on a glass filter followed by washing with H,O to give 1.47 g of 22,
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Reaction of 2-Ethoxycarbonyl-thiazolo[3,2-b]thiadiazoline (13) with Phenylhydrazine After a mixture
of 13 (2.29 g) and phenylhydrazine (1.10 g) in EtOH (100 ml) was stirred for 3 hr, EtOH was evaporated
under reduced pressure, and the residual solid was washed with ethyl ether to afford.2.15 g of 12.

Reaction of 2-Ethoxycarbonylimino-thiazolo[3,2-p]thiazoline (13) with Hydrochloric Acid——A: suspen-
sion of 2.29 g of 13 in 60 ml of 1~ HCI solution was refluxed for 3 hr and neutralized with sodium carbonate,,
and H,O was evaporated under reduced pressure. The resulting residue was chromatographed on silica gel
(AcOEt-benzene) to afford 0.14 g of sulfur, 0.735 g of 12, 0.123 g of N-ethoxycarbonyl-N’-(2-thiazolyl)urea.
(24),9 0.136 g of 22, 0.257 g of 2-aminothiazole (25) and 0.375 g of 26. N-(2-Thiazolyl)urea (26), colorless.
needles from AcOEt, mp 203° (decomp.). Awnal. Calcd. for C,H,ON,S: C, 33.57; H, 3.52; N, 29.37; S, 22.36.
Found: C, 33.28; H, 3.55; N, 28.96; S, 22.33. IR »Yu cm—1: 3490, 3320, 3260 and 3180 (DNH and -NH,),
1720 ()C=0). NMR (DMSO-d,) 6 (J=Hz): ca. 6.36 (2H, broad), 7.04 (1H, d, J=4.0), ca. 7.36 (1H, d, J=
4.0), ca. 10.40 (1H, broad). 4

Reaction of N-Ethoxycarbonyl-N’ (2—th1azolyl)th10urea (12) with Hydrochloric Acid A suspension
of 0.23 g of 12 in 20 m! of 1~ HCI solution was refluxed for 3 hr and neutralized with Na,COg, and H,O was.
evaporated under reduced pressure. The residue was dried and chromatographed on silica gel (benzene—
AcOEt) to afford 0.10 g of sulfur and 0.04 g of Sulfur 2-aminothiazole (25).

Reaction of 2-Cyanaminothiazole (23) with Hydrochloric Acid A suspension of 0.125 g of 23 in 10 ml
of 1~ HCl solution was refluxed for 8 hr and neutralized with Na,COs, and H,O was evaporated under reduced
pressure. The residue was drled and chromatogra,phed on silica gel (AcOEt) to afford 0.123 g of N-(2-thia-
zolyl)urea (26).

Reaction of N-Ethoxycarbonyl-N’-(2-thiazolyl)thiourea (12) with Hypobromous Acid (HBrO) To ay
solution of 2.31 g of 12 in CHCl; (300 ml), HBrO-H,O, which was prepared from HgO (yellow, 3.0 g) and
39% Bry,-H,0 (3.0 g), was added dropwise under ice cooling and further, the reaction solution was stirred
for 1 hr at same temperature. After removal of CHCI; under reduced pressure below 20°, the resulting re-
sidue was poured into H,O (200 ml) and the precipitate was collected on a glass filter and dried in a vacuum
to afford 1.80 g of 2- ethoxycarbonyhrmno thiazolo[3,2-b]thiadiazoline (13).

Reaction of N-Ethoxycarbonyl-N’-(2-thiazolyl)thiourea (12) with Benzoyl Peroxide (BPO)——To a solu~
tion of 2.31 g of 12 in dichloroethane (200 ml), 2.90 g of BPO was added under ice cooling, and the reaction
solution was stirred for 3 hr at room temperature, and after removal of solvent, the resulting residue was
washed with ether and benzene to give 2.06 g of 2-ethoxycarbonyliminothiazolo[3,2-b]thiadiazoline (13).

Reaction of N-Ethoxycarbonyl-N’-(2-thiazolyl)thiourea (12) with N-Bromosuccinimide (NBS) To a.
solution of 2.31 g of 12'in EtOH (100 ml), 2.14 g of NBS was added under ice cooling, and after removal of
EtOH under reduced pressure, the residue was washed with ether and dissolved in CHCl; (200 ml). The
CHCI, layer was washed with H,O and dried over anhyd. Na,SO,, and CHCIl; was removed to afford 1.83 g
of 2-ethoxycarbonylimino- thlazolof 3,2-b]thiadiazoline (13).

Reaction of N-Ethoxycarbonyl-N’-(2-thiazolyl)thiourea (12) with Hydrogen Peroxide (H,0,) To a
solution of 2.31 g of 12 in AcOH (50 ml), 30% H,0, (10 ml) was added dropwise at a range of 10 to 15°, and
the reaction mixture was poured into ice water (200 ml) and neutralized followed by extracting with CHCI,
{200 ml). - The CHCI, layer was washed with H,O and dried over anhyd. Na,SO,, and after removal of dry-
ing agent and solvent, the resulting solid was recrystallized to afford 1.63 g of N- e‘choxycarbonyl -N’-(2-
thiazolyljurea (24).

Synthesis of N-Ethoxycarbonyl-N'-(2- thxazolyl)thlourea Hydrobromide Monohydrate (30) A mixture
of 2.31 g of N-ethoxycarbonyl-N’-(2-thiazolyl)thiourea (12) and 5 ml of 489, HBr-H,O in acetone (5 ml)
was stirred for 2 hr at room temperature, and after removal of acetone and H,O under reduced pressure at 20°,.
the resulting residue was recrystallized from EtOH-benzene to give N-ethoxycarbonyl-N’-(2-thiazolyl)-
thiourea hydrobromide monohydrate (30), prisms, mp 139—140° (decomp.), 2.8 g. Anal. Calcd. for
C,H,,0,N,S,Br: C, 25.45; H, 3.66; N, 12.72; S, 19.41; Br, 24.19. Found: C, 25.63; H, 3.75; N, 12.68; S,
19.58; Br, 24.23. IR pNu cm‘lz 3380 and 1625 for absorption bands of a latticewater, 3140 (DNH), 1738
and 1280 (3C(0)-O-). 1.65 g of 30 was suspended in 100 ml of H,O, and the suspension was stirred for
1 hr at room temperature, and the deposited crystals were collected on a glass filter and dried in a vacuum
to afford 1.06 g of 12,

Synthesis of 2- Ethoxycarbonyhmmo-thlazolo[3 2-p]thiadiazoline Hydrobromide Monohydrate (14)
The mixture of 2.29 g of 2-ethoxycarbonyliminof3,2-blthiadiazoline (13) and 5 ml of 48%, HBr-H,O in acetone
(100 ml) was stirred for 1 hr at room temperature, and after removal of acetone and H,O, the resulting
residue was recrystallized from EtOH to afford 2.88 g of 2-ethoxycarbonylimino-thiazolo[3,2-b]thiadiazoline
hydrobromide monohydrate*. *2.38 g of 14 was suspended in 100 ml of H,0O, and stirred for 1 hr, and an
insoluble solid was collected on a glass filter and washed with H,O and dried to give 2.08 g of 13.

Reaction of 2-Ethoxycarbonylimino-thiazolo[3,2-b]thiadiazoline (13) with Hypobromous Acid (HBrQ)——
To a solution of 2.29 g of 13 in CHCI; (300 ml) HBrO-H,O, which was prepared from HgO (yellow, 3.0 g)
and 3%, Br,-H,O (3.0 g), was added dropwise under ice cooling and the mixture was stirred for 1 hr. After

14) M. Nagano, T. Matsui, J. Tobitsuka, and K. Oyamada, Chem. Pharm. Bull. (Tokyo), 21, 74 (1973).
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removal of CHCl; under reduced pressure at 20°, the resulting residue was recrystalhzed from EtOH to give
1.82 g of 13.

General Method for the Reaction. of N-Alkoxycarbonyl-N’-(2-thlazolyl)thloureas (A) with Bromine
To a solution of N-alkoxycarbonyl-N’~(2-thiazolyl)thioureas (A; 0.01 mole) in CHCl; (250 ml), bromine (0.0105
mole) in CHCl, (50 ml) was added dropwise at room temperature, and the reaction mixture was stirred for
1 hr at room temperature followed by refluxing for 1 hr. ~ After removal of solvent, the resulting solid was
washed with water until the pH value of the washings became to 6. The neutral substances were recrystal-
lized from a suitable solvent to give 2-alkoxycarbonylimino-thiazolo[3,2-b]thiadiazolines (X).

Reaction of N-Methoxycarbonyl-N’-(2-thiazolyl)thiourea (33) with Bromine 2.17 g of 33 was réacted
with 1.70 g of bromine in CHCl; (300 ml) by the general method to afford 1.95 g of 2-methoxycarbonylimino-
thiazolo[3,2-b]thiazoline (34), colorless needles from AcOEt, mp 167—168° (decomp.). Aual. Caled. for
C.H,0,N,S,: C, 33.48; H, 2.34; N, 19.52; S, 29.79. Found: C, 33.79; H, 2.50; N, 19.29; S, 29.74. - IR »33"
cm~1: 1585, 1292 (-C(O)~0-). UV AE%E my (g): 252 (3000), 308 (22400).' NMR (DMSO-dg) 8 (J=Hz):-3.02
(3H, s), 7.56 (1H, d, /=4.8), 8.19 (1H, d, J=4.8). o :

‘Reaction of N-n-Prppoxycarbonyl-N’-(2-thiazolyl)thiourea (35) with Bromme 2.45 g of 35 was reacted
with 1.70 g of bromine in CHCl; (300 ml) by the general method to afford 2.30 g of 2-n-propoxycarbonyl-
imino-thiazolo[3,2-b]thiadiazoline - (36), colorless needles from benzene, mp 139—141° (decomp.). Anal.
Caled. for C;H,O,N,S,: C, 39.49; H, 3.73; N, 17.27; S, 26.36. Found: C, 39.43; H, 3.72; N, 17.29; S, 26.37:
IR pYuet cm-1: 1588 and 1288 (-C(O)-O-). UV AE% my (g): 251 (3000), 308 (23000). - NMR [(CD,),CO}

é (J=Hz): 0.98 (3H, t, J=6.5), 1.68 (2H, t, q; fl=]2=6 5) 4.23 (2H, t, J=6.5), 7.52 (1H, d, J=4.8), 8.10
(1H, d, J=4.8). ‘ : o

Reaction of N-iso-Propoxycarbonyl-N’- -(2- thlazolyl) thiourea (37) with Bromine 2.45 g of 37 was
reacted with 1.70 g of bromine in CHCI, (300 ml) by the general method to give 2.24 g of 2-iso-propoxy-
carbonylimino-thiazolo[3,2-b]thiadiazoline (38), -colorless needles from benzene, mp 156—158° (decomp.).
Awnal. Caled. for C;H,O,N,S,: C, 39.49; H; 3.73; N, 17.27; S, 26.36. Found: C, 39.42; H, 3.91; N, 17.12;
S, 26.11.. IR »¥4t cm~t: 1580 and 1300 (-C(0)-0-). UV AZ2F myu (¢): 251 (2900), 308 (23000).- NMR
[(CD,),CO] 6 (J=Hz): 1.32 (6H, d, J=6.6), 5.08 (1H, q, q, J,=]»,=6.6), 7.48 (1H, d, /=4.8), 8.05-(1H, d,
J=4.8).

Reaction of N-n-Butoxycarbonyl-N’ (2-thiazolyl)thiourea (39) with Bromine 2.59 g of 39 was reacted
with 1.70 g of bromine by the general method to give 2.36 g of 2-n-butoxycarbonylimino-thiazolo[3,2-b]-
thiadiazoline (40), colorless needles from isopropyl ether, mp 120—122.° Awnal. Calcd. for C,H,;,0,N,S,:
C, 42.00; H, 4.31; N, 16.33; S, 24.92. Found: C, 41.68; H, 4.19; N, 16.43; S, 25.15. IR »I3' cm~1: 1580
and 1290 (-C(0)-0-). UV AE%E my (¢): 252 (2900), 308 (22900). NMR (CDCl,) 6 (J=Hz): 0.96 (3H, t, J=
6.5), 1.12—2.22 (4H, m), 4.35 (2H, t, J=6.5), 7.18 (1H, d, J=4.8), 7.72 (1H, d, J=4.8).

Reaction of N-iso-Butoxycarbonyl-N’-(2-thiazolyl)thiourea (41) with Bromine 2.59 g of 41 was reacted
with 1.70 g of bromine in CHCI; (300 ml) to give 2.40 g of 2-iso-butoxycarbonylimino-thiazolof3,2-b]thia-
diazoline (42), pale yellow needles from isopropylether, mp 125—126°. Anal. Caled. for C,H,;;0,N,S,: C, 42.00;
H, 4.31; N, 16.33; S, 24.92. Found: C, 41.82; H, 4.54; N, 16.14; S, 24.73. IR »55' cm-1: 1590 and 1290
(-C(0)-0-). UV A2 my (s): 251 (2900), 308 (22400). NMR [(CD,),CO] 6 (J=Hz): 0.99 (6H, d, J=6.5),
2.09 (1H, q, q, t, J,=J,=J;=6.5), 4.07 (2H, 4, J=86.5), 7.53 (1H, d, J=4.5), 8.09 (1H, d, J=4.5).

Reaction of N-Ethoxycarbonyl-N’-(5-methylthiazol-2-yl)thiourea (43) with Bromine 2.45g of 43
was reacted with 1.70 g of bromine in CHCl, (300 ml) to give 2.22 g of 2-ethoxycarbonylimino-5-methyl-
thiazolo[8,2-blthiadiazoline (44), colorless needles from benzene, mp 181—183° (decomp.). Anal. Calcd.
for C;H,0,N,S,: C, 39.49; H, 3.73; N, 17.27; S, 26.36. Found: C, 39.91; H, 3.66; N, 17.27; S, 26.32. IR
puol em—1: 1592 and 1270 (-C(0)-O-). UV AEQE my (¢): 251 (3300), 312 (22600). NMR (DMF) 6 (J=Hz):
1.32 (83H, t, /=17.0), 2.55 (3H, d, J=2.0), 4.31 (2H, q, J=17.0), 1.98 (1H, q, J=2.0).

Reaction of N-Ethoxycarbonyl-N’-(5-ethylthiazol-2-yl)thiourea (45) with Bromine 2.59 g of 45 was
reacted with 1.70 g of bromine in CHCl, (300 ml) by the general method to afford 2.37 g of 2-ethoxycarbonyl-
imino-5-ethyl-thiazolo[3,2-b]thiadiazoline (46), colorless needles from benzene, mp 175-—177° (decomp.).
Anal. Caled. for CoH,;,0,N;S,: C, 42.00; H, 4.31; N, 16.33; S, 24.92. TFound: C, 41.92; H, 4.58; N, 16.38;
S, 24.90. IR Nt cm~1: 1590 and 1280 (~C(0)-O-). UV AZ%H mu (¢): 251 (3300), 312.3 (23000). NMR
(CDCly) 6 (J=Hz): 1.15 (3H, t, J=7.0), 1.18 (3H, t, /=7.0), 2.84 (2H, q,d, J,=17.0, J,=2.0), 4.38 (2H, q,
J=17.0), .35 (1H, t, /=2.0).

Reaction of N-Ethoxycarbonyl-N’-(5-n-prepylthiazol-2-yl)thiourea (47) with Bromine 2.73 g of 47
was reacted with 1.70 g of bromine in CHCl; (300 ml) to give 2.46 g of 2-ethoxycarbonylimino-5-%-propyl-
thiazolo[3,2-blthiadiazoline (48), colorless needles from benzene, mp 172—174°. Anal. Caled. for CyoH,,~
O,N;S,: C, 44.26; H, 4.83; N, 15.49; S, 23.63. Found: C, 44.62; H, 4.81; N, 15.67; S, 23.53. IR »* cm-1:
1590 and 1285 (-C(0)-0O-). UV AECH my (¢): 251 (3500), 312.3 (23900). NMR (CDCl,) 6 (J=Hz): 1.03
(8H, t, J=17.0), 1.38 (8H, t, J=7.0), 1.75 2H, q, t, J,=J,=7.0), 2.78 (2H, t, d, J,=7.0, J,=1.0), 4.39 (2H,
q, /=1.0), 7.35 (1H, t, J=1.0).

Reaction of N-Ethoxycarbonyl-N’-(5-n-butylthiazel-2-yl)thiourea (49) with Bromine 2.87 g of 49
was reacted with 1.70 g of bromine in CHCl; (300 ml) by the general method to give 2.62 g of 2-ethoxycar-
bonylimino-5-%-butyl-thiazolo[3,2-b]thiadiazoline (50), colorless plates from benzene-n-hexane, mp 168—
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170°.  Anal. Caled. for C,,H,;0,N,S,: C, 46.29; H, 5.30; N, 14.73; S, 22.47. Found: C, 45.86; H, 5.40;
N, 14.78; S, 22.55. IR v cm~—1: 1590 ()C=0). UV AE% my (¢): 251 (4200), 314 (23400). NMR (CDCl,)
6 (J=Hz): 0.97 (3H, t, /=6.0), 1.38 (3H, t, J=7.0), 1.11—2.02 (4H, m), 2.80 (2H, t, d, J,=7.0, J,=1.0),
4.39 (2H, q, J=7.0), 7.33 (1H, t, J=1.0). . S

Reaction of N-Ethoxycarbonyl-N’-(5-bromothiazol-2-yl)thiourea (51) with Bromine 3.10 g of 51
was reacted with 1.70 g of bromine in CHCI; (300 ml) by the general method to give 2.72 g of 2-ethoxycarbo-
nylimino-5-bromo-thiazolo[3,2-b]thiadiazoline (52), colorless needles from acetone, mp 194—196°. Anal.
Calcd. for C;HgO,N,;S,Br: C, 27.28; H, 1.96; N, 13.64; S, 20.81; Br, 25.93. Found: C, 27.29; H, 1.81; N,
13.81; S, 20.64; Br, 25.70. IR »}%" cm~1: 1582 and 1275 (-C(0)-0-). UV AE% my (¢): 250 (4000), 316
(24700). NMR (CDClL,) 6 (J=Hz): 1.40 (3H, t, J=1.0), 4.42 (2H, q, J=1.0), 7.64 (1H, s). o

Reaction - of N-Ethoxycarbonyl-N’-(4-methylthiazol-2-yl)thiourea (53) with Bromine 2.45 g of 53
was reacted with 1.70 g of bromine in CHCI, (300 ml) by the general method to give 2.15 g of 2-ethoxycar-
bonyl-6-methyl-thiazolo[3,2-b]thiadiazoline (54), colorless needles from benzene, mp 187° (decomp.). Aunal.
Caled. for CgHO,N,S,: C, 39.49; H, 3.73; N, 17.27; S, 26.36. Found: C, 39.45; H, 3.86; N, 17.18; S, 26.13.
IR v em~1: 1590 and 1285 (-C(0)-0-). UV AE% my, (s): 254 (2500), 311 (22400). NMR (CDCl,) § (J=
Hz): 1.39 (3H, t, /=17.0), 2.48 (3H, d, J=1.0), 4.39 (2H, q, J=7.0), 6.69 (1H, ¢, J=1.0)..
.- Reaction of N-Ethoxycarbonyl-N’-(4-phenylthiazol-2-yl)thiourea -(55) with Bromine——3.07 g of 55
was. reacted with 1;70 g of bromine in CHCI; (300 ml) by the general method to afford 2.04 g of 2-ethoxy-
carbonyl-6-phenyl-thiazolo[3,2-b]thiadiazoline (56), colorless needles from AcOEt, mp 210—212° (decomp.).
Anal. Caled. for C;sH,;,0,N,S,: C, 51.15; H, 3.63; N, 18.77; S, 20.96. Found: C, 51.05; H, 3.51; N, 13.77;
S,20.93. IR »3k* cm~t: 1580 and 1300 (-C(0)-0-). UV A my (e): 258 (10200), 316 (20300).
. Reaction of N-Ethoxycarbonyl-N’-(2-benzothiazolyl)thiourea (57) with Bromine———3.87 g of 57 was
reacted with 1.70 g of bromine by the general method to give 2.44 g of 2-ethoxycarbonylimino-benzothiazolo-
[8,2-blthiadiazoline (58), colorless plates from acetone, mp 205—207° (decomp.). Anal. Calcd. for C,;HyO,
N;S,: C, 47.32; H, 3.25; N, 15.05; S, 22.92. Found: C, 46.72; H, 2.87; N, 14.94; S, 22.52. IR pNuet cm-1;
1590 and 1285 (-C(0)-0). UV AZ% mu (s): 252 (7000, sh.), 261.5 (12500), 280 (3600, sh,). 290 (5100, sh.), 322
(26900). NMR (CDCly) 6 (J=Hz): 1.42 (38H, t, /=7.0), 4.43 (2H, q, J==7.0), 7.24--8.02 (4H, m). :
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