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Abstract—Oxidation of | - phenylcarbamoylimidazolidine - 2 - thione gives 2,356 - tetrahydro -

2 - pheny-

limidazo(1.2-d] - (1.2.4) - thisdiazole - 3 - one which undergoes addition reactions with heterocumulenes leading to
various heteropentalenes. Oxsdation of 1 - phenylthiocarbamoylimidazolidine - 2 - thione yields 1 - (benzothiazol - 2
- yl) - imidazolidine - 2 - thione, also obtained by acid catalysed decomposition of 3,4 - ethano - 2,3.4,5 - tetrahydro -
2.5 - bispbenylimino - 1.6,6aS"™ - trithia - 3.4 - diazapentalene. A similar acid catalysed decomposition 10 a

benzothiazole occurs with 2,345 - tetrahydro -
tetraazapentalene - 2.5 - dithione.

The imidazodithiazole 1, originally obtained by oxidation
of disodium ethylenebisdithiocarbamate' and sub-
sequently synthesised from the S-benzylthio and S-
phenacyl derivatives of ethylene thiourea (2 - im-
idazolidinethione),® reacts at room temperature with
phenyl isothiocyanate to give the trithiadiazapentalene 2.
Under similar conditions, the dithiazole 3 gives a product
formulated as the thiatetra - azapentalene - 2.5 - dithione
&. The structure of the analogous 2,5 - dione, obtained
by treating 3 with phenyl isocyanate, has been confirmed
by X-ray crystallography’ as has the structure of com-
pound 2.*

These reactions of bicyclic compounds 1 and 3 suggest
the intervention of related intermediates, for example §
(A =S, B=NPh) or § (A =NPh, B=S5) and analogous
compounds of type 6. Such intermediates should be
accessible by oxidation of suitable derivatives of 2 -
imidazolidinethione and hexahydropyrimidine - 2 -
thione. Thus, in attempting to find more direct routes lo
heteropentalenes of type 2. we examined the oxidation of
1 - carbamoy! - and | - thiocarbamoylimidazolidine - 2 -
thiones.

1 - Phenylcarbamoylimidazolidine - 2 - thione 7, on
treatment with bromine, readily gave the desired product
8 and, as expected, this compound underwent a variety
of addition reactions with heterocumulenes, summarised
in Scheme 1. Attempts to isolate the 1:1 addition product
of 8 with phenyl isothiocyanate were unsuccessful. With
one mole of the heterocumulene, heteropentalene 2 was
obtained in 45% yield. We infer that the first-formed
adduct is unstable and breaks down with liberation of
phenyl isocyanate.

The heteropentalene 11 also shows evidence of in-
stability, although it was isolated in pure form. Infrared
and NMR data indicate that this adduct partially dis-
sociates in solution: not surprisingly, it reacts rapidly
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Scheme 1.

with phenyl isothiocyanate to give heteropentalene 2 in
high yield.

These results support our previously expressed view’
that the cthano bridge causes strain in imidazolidine-
based heteropentalenes (e.g. 11) with a (presumed) linear
N-S-N system and that this strain is relieved when the
longer linear S-S-S system is present (as in 2).

Unstable solid adducts were also formed when the
thiadiazole 8 was treated with carbon disulphide and with
sulpbur dioxide. The carbon disulphide adduct decom-
posed in warm ethanol to give the dithiazole 1.
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Bicyclic compounds 8 (A=NMe, B=S)and § (A=
NMe, B = 0) were obtained by bromine oxidation of 1 -
methylthiocarbamoylimidazolidine - 2 - thione and 1 -
methyicarbamoylimidazolidine - 2 - thione. The addition
reactions of these analogues of compound 8 have not
been studied in detail but, with phenyl isothiocyanate,
both compounds were converted 1o heteropentalene 2.

Oxidation of 1 - phenylthiocarbamoylimidazolidine - 2
- thione with bromine gave a product of rhe required
composition but its properties were not those expected
of either the thiadiazok § (A = NPh, B = §) or the dithi-
azole $ (A =S, B = NPh). In particular, it was unreactive
towards phenyl isothiocyanate. Interestingly, this
oroduct proved to be identical with a2 compound obtained
from heteropentalene 2, in earlier studies, by treatment
with acids and subsequently prepared in better yield by
heating the heteropentalene in acetic acid.

Heteropentalene 4 is converted 1o the benzothiazole
derivative 13 under acidic conditions. This became clear
when, in the course of attempts to obtain crystals suit-
able for study by X-ray crystallography, compound 4
was recrystallised from boiling acetic acid. The structure
which emerged was that of the benzothiazole 13 The
exact mechanism of formation of the benzothiazole is
not known but it seems clear that, under acidic con-
ditions, the sulphur atom of one of the pheny! isothiocy-
anate residues in 4 becomes electrophilic in character
and attacks the adjacent benzene ring.

By analogy. we formulate the acid catalysed de-
composition product of heteropentalene 2, which is
also the oxidation product of | phenyl-
thiocarbamoylimidazolidine - 2 - thione, as the ben-
zothiazole 12. This structure is consistent with the spec-
troscopic data and explains the lack of reactivity towards
phenyl isothiocyanate, which is in marked contrast to the
behaviour of the bicyclic compounds of type §.

The structural work on compound 13 will be fully
described elsewhere but Fig. | gives some of the derived
bondiengths and bond angies. The central part of the
molecule is almost planar; it is of interest that the
sulphur atom of the benzothiazole system takes up the
position adjacent 1o the thione sulphur atom, and that the

two sulphur atoms (presumably oppositely charged) have
a separation of 2.925 A, which corresponds to the Hug-
gins “constant energy” distance.’ Similar separations
have been found in isothiathiophthens and related sys-
tems.* and in some 4 - thiazoline derivatives.”

Selected bond lengthe (A)

a 2.925(1) d 1.409(2)

b 1,495(2) o 1.759(2)

¢ LY £ 1.201(2)

Selected bord argles (&)

ab 85.35(4) de 126.7(1)

be 123.9( 1) o 80.00 {4)

od 125.4(1) of 114.5¢ 1)
Fig. 1,



Novel heteropentalenes

EXPERIMENTAL

1-Phenylcarbamoylimidazolidine-2-thione (T

Prepared by D’Angeli's method? this compound formed
colourless needies, m.p. 202 (it® .ap. 202-203%). The same
product was oblained quantitatively when imidazolidine - 2 -
thione (10.2 g} was heated with phenylisocyanate (11.9g) for 3h
3t 150 v, (Nujol) 1686cm™'; A,,, (EOH) 208, 255 am (e
10,800, 18,300); & (CDCly) 3.38 (2H,1); 4.36 (2H,1); 7.10-7.60
(SH, m); M* mje 221, (Found: C, 34.0; H, 5.0; N, 19.2. Cak. for
C..H;.N,OS: C, 5‘3. R. 50: N. ‘9%)

1-Methylcarbamoylimidazolidine-2-thione

The product obtained by heating imidazolidine - 2 - thione
{10.2 g) and methyl isocyanate (5.7 g) under reflux for 2 h crysial-
lised from methanol in colourless prisms (124 8), m.p. 229-230%;
Yoes 1680 Cm ' Ay, (EIOR) 207, 237, 284 nm (e 8200, 14,100,
16200); & (d,MeOH) 284 (3H.5):3.64 QH, 1): 414 QH, ), M°
mie 159. (Found: C, 37.45: H. 5.8: N, 26.1. C{H¢N,08 requires C.
377.H.5.7. N, 26.4%).

1-Methylthiocarbamoylimidazolidine-2-thione

Prepared by D'Angeli's method® this compound formed
colourless prisms from aqueous ethanol, m.p. 200-201° (iit.* mp.
202-203°). M° mie 175,

2356 - Tetrahydro - 2 - pheaylimidazo{}.24d} - (1.2.4) - thiadi-
azole - 3 - one (8)

Bromine, diluted with g little chloroform, was added gradually
to a stirred suspension of | - phenylcarbamoylimidazolidine - 2 -
thione (5g) in dry ethanol (100ml) until a permanent yellow
colouration was observed. The colourless crystals 6.7g)
obtained by washing the precipitated product with ethanol and
then with ether proved to be the analytically pure hydrobromide
of the title compound, m.p. 195-196"; »,.,, (KBr disc) 1720cm *;
Apaz (MeGH) 255 nm (¢ 9.600); M* m/e 219. (Found: C, 399 H,
3.35. N, 140. C;gHyN,OS-HBr requires C. 40.0; H, 33; N,
14.0%).

The corresponding base, obtained by treating the hydro-
bromide with saturated aqueous sodium hydrogencarbonate,
crystallised from methylene chloride-hexane in fine colourless
needles, m.p. 172-173° . (Nujoli 1710¢m ' An,, (MeOH)
250 am (e 16.900); 8 (CDC)y) 3.92 (2H.1); 4.38 (2H. 1); 7.20-7.50
(SH.m): M~ mie 219. (Found: C. 54.7. H, 42: N, 192
C1oHyN, 08 requires C, 548. H, 4.1 N, 19.2%).

2356 - Tetrahydro - 2 - methylimidazo{l.2 - 4] - (12.4) -
thiadiazole - 3 - thione (5, A =NMe, B=S)

Prepared in 80% yield by the method used for the foregoing
imidazothiadiazole, this product crystallised from chloroform-
hexane in colourless prisms, m.p. 160-161°; A, (E1OH) 240 nm
{€ 10,600); 5 (CDCLY 3.1 (3H, 52 382 2H, 0: 436 QH. 1. M* mle
173, (Found: C, 34.4; H, 4.3: N, 24.0. CH,N,$S, requires C, 4.7,
H. 405 N, 24.3%).

Treatment of this imidazothiadiazole with an excess of phenyl
isothiocyanate in methylene chloride for 2 b at room temperature
gave the heteropentalene 2 in 86% yield.

2356 - Tetrahydro . 2 - methylimidazo{)) - d] - (1,2.4) -
thiadiazole - 3 - one (8, A = NMe, B=0

The hydrobromide of this product, obtained in quantitative
vield by oxidation of | - methykarbamoylimidazolidine - 2 -
thione with bromine in ethanol as described above, formed
colourless prisms, m.p. 181-182°; 4., 1724cm ' A, (MeOH)
225, 254 nm (e 5300, 6800); M°~HBr, mie 157 (Found: C, 25.2: H,
35N, 17.7. CH,N,O8 - HBr requires C, 25.2; H. 3.4; N, 17.65%).
The corresponding base was not oblained in analytically pure
condition but was converted, with phenyl isothiocyanate, to the
heteropentalene 2 in 68% yield.

Reactions of 213,56 - Tetrakydro - 7 - phenylimidazo[12 - d] -
(12,4} - thiadiazole - 3 - one (8)

(a} With pheny! isothiocyanate. An excess of phenyl isothio-
cyanate (3.5g) was added gradually 10 a stirred solution of the
imidazothiadiazole (2g) in methylene chloride (150 mi). Stirring

U8

was continved after completion of the addition for 2h. The
residue left after evaporation of solvent was triturated with light
petroleum (b.p. 60-80") and the solid product crystallised from
benzene-dight petroleum yielding bright yellow needles (3.33).
m.p. 162-163°, identical with an authentic sample of heteropen-
talene 2 {lit. m.p.? 163%). The same product was oblained in 45%
yield when only one equivalent of phenyl isothiocyanate was
added.

(b) With benzoyl isothiocyanate. Treatment of the im-
wlazothiadiazole (2 g} with benzoy! isothiocyanate (48) in warm
methylence chioride gave analytically pure 2.5 - bisbenzoylimino -
34 - cthano - 2345 - tetrahydro - 1662 S™ - tnithia - 34 -
diazapentalene 9 as yellow crystals (3.4 g). m.p. 184-185° (Found:
C, $3.3; H. 3.5; N. 13.0. C,yHN,O:S, requires C, 535, H. 3.3,
N, 13.15%).

(¢) With ethoxycarbonyl isothiocyanate. The product, 34 -
ethano - 2.5 - bisethoxycarbonylimino - 2,345 - tetrahydro -
1.6.6a S - trithia - 3.4 - diazapentalene 18 was obtained in 85%
yield as a yellow crystalline powder, m.p. 157-158* (Found: C.
36.6: H, 40 N, 152 C,,H,NO,S, requires C, 36.5: H, 39 N,
15.5%).

{d) With carbon disulphide. An excess of carbon disulphide
was added to a solution of the imidazothiadiazod in chioroform.
The pale yellow adduct, m.p. 94-96°, which slowly separated,
was unstable in solution. When warmed in ethano! it afforded 56
- dihydroimidazof2,} - ¢} - (12.4) - dithiazole - 3 - thione I,
ientical with an authentic specimen. The unstable adduct was
regencrated when the imidazodithiazole - 3 - thione was treated
with phenyl isocyanate.

() With sulphur dioxide. When sulphur dioxide was passed
through 2 solution of the imidazothiadiazole in methylene
chionde, & colourless solid separated but attempts 1o purify this
presumed 1:] adduct. m.p. ca. 163° (decomp.), were not suc-
cessful.

(f) With phenyl isocyanate. To a stirred suspension of the
imidazothiadiazole (28} in dry tetrahydrofuran (150 ml) phenyl
isocyanate (1.1g) was added all a1 once. The mixture became
clear and then deposited a colouriess solid which was collected
after 1 h and washed with ether to give colourless needles (2g) of
3.4 - ethano - 2,345 - tetrahydro - 1.6, - diphenyl - 6a S' - thia -
1346 - tetraazapentalene - 2.5 - dione 11, m.p. 163-164°; v,
(Nujol) 1690-1720cm '; vy, (CHCly) 1705 and 2250 cen™'. (C=0
and N=C=Q bonds}; NMR signal duc to undissociated product
11: § (CDCl;) 4.52 (s), signals due to the imidazothiadiazole 8. §
{CDClL) 3.9 (1) and 4.39 (1): the integral values indicate ca. 33%
dissociation (Found: C, 60.3; H, 44. N, 167 C,H.NO,S
requires C. 60.4; H, 4.1; N, 16.6%).

This adduct reacted rapidly with an excess of phenyl isothio-
cyanate in methylene chloride to give heteropentalene 2 in 68%
yield.

| - {Benzothiazol - 2 - yl} - imidazolidine - 2 - thione (12)

Bromine, diluted with chioroform, was added gradually to a
stirred suspension of | - phenyithiocarbamoylimidazolidine - 2 -
thione™ (5g) in dry cthanot (100 ml) until a yellow colouration
persisted. Stirring was continued for | h and the white precipitate
was then collected, washed with a little ethanol, and treated with
aqueous sodium hydrogencarbonate. Recrystallisation from
hexane-methylene chioride gave the title compound as colourless
needles (4.1g), m.p. 225-227°; A, (EtOH) 225. 263, 288, 303 am
{€ 17.500, 15,800, 17.500,22,100): 8 {CDC1;) 3.86 (2H, 1):4.66 QH  1);
6.50 {1H, NH). 7.25-7.81 (4H. m}; M* m/e 235 (Found: C, 509. K,
38, N, 17.8. C,HyN,S, requires C, SL.1; H, 3.8; N, 17.9%).

When heteropentalene 2 was heated in acetic acid at 100° for
5 min., the same product was obtained.

1 - {Benzothiazol - 2 - v} - hexahydropyrimidine - 2 - thione (13)

A solution of heteropentalene 4 (0.5g) in acetic acid (40ml)
was boiled until the volume has been reduced to 10ml. The
benzothiazole (0.1 8) slowly separated from the cooled solution;
m.p. 206-208; M* m/e 249 5 (CDCl, and d,-DMS0) 2.12 2H. mk:
3,33 (2H.1); 4.41 (2H.1); 7.23-7.83 (4H, 2d and 21). 9.50 (I H, NH)
(Found: C. 53.3; H. 4.6; N, 16.75-C,,H,;N,$S; requires C, 53.0: H,
4.4 N, 16.9%).
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