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Alrtrwr-Oxidarion of I . phcnyltxrbamoylimidazolidinc . 2 . chionc gives 2.35.6 . IeInbydro . 2 . pbeny- 
limidazo[l&f] . (IL41 - thiadiazole - 3 _ OIX which undc~s addilion reactiom with hc~crccumulcncs kadirtg IO 
various hcltropcntak-ncs. Oxidation of I . p&nylIhiocarbnmoylimizolidine - 2 - t&Gone yields I- (bcazorhiud .2 
. yl) - imidudidinc .2. tin, also otid by acid utatyscd decomposition of 3.4 -et&no - 23.45 - tetrahydro . 
2.S - bispbcnyiimino . 1.6.6s” - ~rithia - 3.4 - diuapcnlrknc. A similar acid utrlysed dccompositioo IO a 
bcnzothiazok occurs with 23.45 . tetnbvdro . 1.6 - dipbcnyl . 3.4 - propano - 6aS’” . ti _ 13.46 . 
~e~raazapca~&nc- 2.5~dithione. 

The imidazodithiatole 1. originally obtained by oxidation 
of disodium ethylenebisdithkcarbamate’ and sub- 
sequently synthesised from the S-bcnzylthio and S- 
phcnacyl derivatives of ethykne thiourea (2 - im- 
idazolidincthione),’ reacts at room temperature with 
phcnyl isothiocyanate to give the trithiadiazapcntakn 2. 
Under similar conditions, the dithiazole 3 gives a product 
formulated as the thiatetra - atapcntalene - 2.5 - dithionc 
4’. The structure of the analogous 2.5 - dione. obtained 
by treating 3 with phcnyl 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 5 
(A = S. B = NPh) or S (A = NPh. B = S) and analogous 
compounds of type 6. Such intermediates should be 
accessiMe by oxidation of suitaMe derivatives of 2 - 
imidazolidinethione and hcxahydropyrimidine -’ 2 . 
thione. Thus. in attempting to find more direct routes to 
heteropcntalenes of type 2. we examined the oxidation of 
I . carbamoyl - and I - thiocarbamoylimidazolidine - 2 - 
thiones. 

I - Phenylcarbamoylimidazolidirk - 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 hcterocumuknes. summarised 
in Scheme I. Attempts to isolate the I:I addition product 
of 8 with phenyl isothiocyanate were unsuccessful. With 
one mole of the hcterocumulcne, heteropcntalene 2 was 
obtained in 45% yield. We infer that tk first-formed 
adduct is unstable and breaks down with liberation of 
phcnyl isocyanatc. 

The hcteropcntalenc I1 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: ~1 surprisingly. it reacts rapidly 
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Scheme I 

with phenyl isothiocyanate to give hcteropentaknc 2 in 
high yield. 

These results support our previously expressed view’ 
that tbc ethano bridge -uses strain in imidazolidine- 
based hetcropcntakncs (e.g. II) with a (presumed) linear 
NSN system and that this strain is relieved when the 
lowr linear S-ss system is present (as in 2). 

Unstabk solid adducts were also formed when tk 
thiodiazok 8 was treated with carbon disulphide and with 
sulpbur dioxide. Tk carbon disulphide adduct dccom- 
posed in warm ethanol to give tk dithiazole I. 
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9 R=Ph 

K) R=EiO 

Bicyclic compounds 5 (A = NMe, I3 = SI and 5 (A = 
NMe, B = 0) were obtained by bromine oxidation of 1 - 
~~yl~~~rnoy~i~l~i~ - 2 - thione and 1 - 
~~yl~r~moylirn~a~i~i~ - 2 - thionc. The addition 
reactions of these analogucs of corn~u~ 8 have not 
been studied in detail but, with phcnyl isothiocyanate, 
both compounds were converted to hcttropcntaknc 2. 

Oxidation of 1 - phenylthiocarbamoylimidazobdinc - 2 
- thione with bromine gave a product of rhe required 
composition but its proper&s were not those expected 
of either the thiadiazok S (A = NPh, B = S) or the dithi- 
azole 5 (A = S, B = NPh). In particular, it was unreactive 
towards phcnyl isothiocyanate. Interestingly, this 
product proved to be identical with a compound obtained 
from heteropcntakne 2, in earlier studies, by treatment 
with acids and subsequently prepared in better yield by 
heating the heteropcntaknc in acetic acid. 

Heteropcntakne 4 is converted to the benzothiazok 
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 recrystalliscd from boiling acetic acid. The structure 
which emerged was that of the bcnzothiazok 13.’ The 
exact mechanism of formation of the bcnzothiaxok is 
not known but it seems clear that, under acidic con- 
ditions, the sulphur atom of one of the phenyl isothiocy- 
anate residues in 4 becomes clectrophilic in character 
and attacks the adjacent benzene ring. 

two sulphur atoms (presumably oppositely chargedI have 
a separation of 2925 A, which corresponds to the Hug- 
gins “constant energy” distance.’ Similar separations 
have been found in ~th~thioph~ns and related sys- 
tems,‘ and in some 4 - thiazoiinc derivatives.’ 

By amdogy, we formulate the acid catalyxd de- 
composition product of heteropentalene 2, which is 
also the oxidation product of I - phcnyl- 
th~ar~moylirn~~i~i~ - 2 - thionc, as the bcn- 
rothiazole 12. This structure is consistent with the spcc- 
troscopic data and explains the lack of reactivity towards 
phcnyl isothiicyanate. which is in marked contrast to the 
bchaviour of the bicyclic compounds of type 5. 

The structural work on compound I3 will bc fully 
described elsewhere but Fig. I gives some of the derived 
bondlengths and bond angles. The central part of the 
mokcuk is almost planar; it is of interest that the 
sulphur atom of the benzothiiole system takes up the 
position adjacent to the thionc sulphur atom, and that the 
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Prepared by D’Anpcli’s method,’ thii compound formed 
colourksr nccdks. m.p. 2@2’ (lit.’ m.p. 202-203’). Tbc same 
product was obtained q~oti~t~ely wbcn irn~~~i~ . 2 f 
thin t 10.2 nt was heated with phenylisocyanatc fl I .9 nl for 3 h 
at lSO( ti_t (Nujol) t666cm“; A& $tOH) 2Ul, 25 nm It 
IO&IO, 18.300); 6 (CDCI,) 3.35 fZH,t); 4.36 (ZH,t); 7.10-?&l 
(SH, ml; M’ IV& 221. Eound: C, S4.0; H, 50; N. 19.2. Calc. for 
C,&,N,OS: C, X3: H. 5.0: N. 19.046). 

I-Meth~lcorbamoylimizo~~~t~2-thiont 

Tbc product obtained by heating imidazolidinc - ? - thion 
(10.2 gl.and methyl isocyanatc (5.7 g) under r&x for 2 h crystal- 
lixd from methanol in colourkss prisms (12.lnl, m.p. 229-ZW; 
v,, l66Ocm ‘: Au, (EtOH1 20?,‘237. ?Unrn-& II&O. 14,100, 
16L?OOl: 6 (d,MrOH) 2.Sd 13H.s):3.6( (2H,tk 4.14 (2H.t); M’ 
m/t tJ9. (Found: C, 37.45: H. 5.8: N, 26.1. C,HIN,OS requires C. 
37.7: H. 5.7; N. 26.4%). 

Prepared by D’Angli’s m&d? this compound formed 
colourkss prisms from aqueous ethanol, m.p. 20@-201’ flit.* m.p. 
2tX?-203°1: M’ m/t 17s. 

2.35.6 - Tctmhydrv . 2 1 phmylimidrrzo]l.Zd] - (12.dl . ihiadi. 
atolf . 3 . one 0) 

Bromine. diluted with a little chloroform, was added gradually 
to a stirred suspension of I . p~nylca~rnoyiirn~zol~i~ - 2 - 
thianc (58) in dry ethanol flOOml) until a permanent yellow 
colouration was observed. T?K cotourkss crystals (6.7~) 
obtained by washing tbc precipitated product with ethanol and 
then with ether proved to be the analytically pure hydro~om~e 
of the title com~u~. m.p. 195-W; v,, (KBr disc) 172Ocm I: 
i,, (McOHl255 nm Ir 9.600); M’ m/r 219. (Found: C. 39.9; H. 
3.35; N, 14.0. ~,~,N,OS.HBr requires C. 40.0: H, 3.3; N, 
14.0%). 

RK corresponding base. obtained by treating the hydro- 
hromidt with saturated aqueous sodium hydrogencarbonate, 
crystalliscd from mcthyknc chloride-hexant in fine colourkts 
needles. m.p. 172-173”: Q.. (N&II 1710cm ‘; A,. (&OH) 
2Xlnm tt 16.9ool; d CCDCI~I 3XVf2H,~3; 4.38 (tH.~t~;~?.2&3.50 
f5H.m); M’ m/t 219. IFound: C. 5d.7: H, 4.2; N. 19.2. 
C&N,OS requires C, 54.8: H, 4.1: N, 19X). 

2.35.6 I Ttimhydm . 2 I m~hylirn~azo[ 1.2 . d] . (1.2.41 I 
th~d~zoit _ 3 _ liant (5, A = NMc, II = S) 

Prepared in 80% yield by the method used for the foregoing 
im~azoth~d~zoie, this product crystallised from ch~roform- 
hcxanc in colourkrt prisms, m.p. lf1@=16l*: A,, (EtOH) 240 nm 
I< 10.6OOl; 6 fCDCl,l 3.1 (3H.s): 3.82 f2H.t); 4.36 (2H. I); M” ndt 
173. (Found: C. 34.4: H, 4.3: N, 24.0. CsHIN& requires C, 34.7: 
H. 4.05: N, 24.3%). 

Treatment of this irn~~th~~zok with an excess of phtnyl 
isothiocyanate in methyknc chloride for 2 h at rmrn temperature 
gave the hcteropcotakm 2 m 86% yield. 

2.3.5.6 . Tefrahydm . 2 . mdhylimidazo(l.2 . d] . (I.2.4) . 
liadkuok . 3 . ant (3. A = NMc. B = 01 

The hydrobromidc of this product. obfaincd in quantitative 
yield by oxidation of I . methykar~moylim~~l~in~ I 2 . 
thionc Gth bromine in ethanol as described ahovc. formed 
colourkss prisms. m.p. 181-18~; r’_. 172dcm ‘: A,, MeOH) 
225, 2S4 nm te 5300.6800): M’-HBr, m/e IS? (Found: C. 25.2: H, 
3.5; N. 17.7. C,H,N,OS,HBr requires C, 25.2; H, 3.4; N, 17.6S%l. 
The corresponding base was not obtained in a~lytically pure 
co~it~n but was converted, with phcnyl isothiocyanatt, IO the 
hctcropcnraknc 2 in 68% yield. 

Rraclions of 2.3.5.6 . Ttimhydm . 2 - phtny~imidaro[l.2 . d] I 
( 12.4) _ rlriadiorole ” 3 - ont (I) 

(al Wirh phtql irorhiocpnart. An cxccss of phcnyl isothio- 
cyanatc (3.Sp) was added gradually to a stirred solution of the 
imidazothiadiarak l2gl in methyknc chloride ~ISOmll. Stnring 

wu continued after compktion of tbc addition for 2 h. The 
residue kft after evaporation of solvent was trituttuf with Ii&f 
ptrukum fb.p. f&W) and the solid product ctystalliud from 
knr.enc-&bt petroleum ykIdisq high yellow ncedks (33p). 
m.p. 362-16Y. identical with an outbcntk sample of hctcropc~ 
taknc 2 flit. m.p.* 1639. Th: same product was obtliaed in 4S% 
y&l when only one equivakaf of pknyl isothiocyanalt was 
added. 

fir) Wirh 6enroyf isor&xyao*atc~ Treatment of the im- 
idazothiidiarok (20) with bcnzoyl isothiocyanrte Id@ in warm 
mtthylenc chloride gave analytically pure 25 . bisbcnzoylimino - 
3.4 . tthano . 2.3.4.5 . tctrahydro - 1.6.60 Sv . trithia - 3.4 . 
diazlpcntaknc 9 as yellow cry&Is (3.411). m.p. l&cllW (Found: 
C, 53.3: H. 3.5: N. 13.0. C,,H,,N,O,S, requires C, 13.5; H. 3.3; 
N. 13.15%). 

(cl With ~ho~y~a~o~y~ ~olh~yan~it. Tltt product, 3.4 . 
cthano . 23 . ~~t~xy~~nylirni~ . 2$,45 * tefrahydro . 
1.6.6a S’v . trithia I 3.4 . diaznocntaknc 10 was obtained in 85% 
yield as a yellow crystaJline &wdcr. m.p. 157-W (Found: C, 
36.6; H. 4.0: Fi, 15.2. C,&i~INIO& requires C. 36.5; H, 3.9; N, 
lS.S%). 

fd) Wtih carbon d~~ph~t. An CXCCIS of carbon disulphide 
was added IO a solution of the irn~t~~d~ in chloroform. 
Tbc pale yellow adduct. m.p. 94-96”. which slowly separated, 
was unstabk in solution. When warmed in ethanol it afforded 5.6 
- dihydroimidazo]2.1 . r] I (1.2.4) . dithiazok - 3 . thionc I, 
identical with an authentic specimen. The unstable adduct was 
regenerated when the imidarodithiazok . 3 . thionr was treated 
with phcnyl isocyanate. 

(t) Wfh rdphur dioxidt. When sulphur dioxide was parsed 
through a solution of tbc irn~~t~~k in mrthykm 
chloride. a colourkss solid separated but attempts to purify this 
presumed I:1 adduct. m.p. co. 163’ (decomp.), were not SK- 
cessful. 

tfl With p&y/ js~yanult. To a stirred suspension of the 
;m~azothiad~zole (28) in dry tet~hydrofu~n (ISOml) phcnyl 
isocyanatc ll.lgt was added ait al ofsct. Tk mixture became 
clear and then deposited a colourkss solid which was colkctcd 
after 1 b and washed with ether to give colourkss nccdks (2 g) of 
3.4 . tthano . 2.3.4,~ - tctrahydro . 1.6. _ diphcnyl - 6a S’v . thia - 
1.3.4.6 . tctraazopcntakne . 25 . dionc It. m.p. 16FW: v,,,,, 
(Nujol) W&l-172Ocm ‘; v,. (CHCI,) 1705 and 22SOcm-‘. GO 
and N=C=O bonds); NMR sigMI due lo undissocia~cd product 
11: 6 fCDCl& 4.52 (sl; signals due to the imidazothiadiazok 1. 6 
lCDCItf 3.9 It) and 4.39 (tl: the inteorpl values indicate ea. 33% 
dissociation (Found: C. 60.3; H, 4.4: N. 16.7. C,,H,,N,O$ 
requires C. 60.4; H, 4.1: N, 16.6%). 

This adduct reacted rapidly with an excess of phcnyl isothio. 
cyanate in mcthylcm chloride to give ~tero~n~knc 2 in 68% 
yield. 

1 . ~3tnzo~hi~~oi - 2 . yf) . irn~arol~~e f 2 - thimtt (121 
Bromine, diluted with chloroform. was added gradually to a 

stirred suspension of 1 - ~nyIth~~rnoyl~~~~i~ . 2 . 
thiu& (Sgl in dry ethanol ( WJmll until a yellow co&ration 
persisted. Stininp was continued for I h and the white precipitate 
was then collected. wasbed with a littk ethanol. and treated with 
aqueous sodium hydrogencarbonate. Recrystallisation from 
hcxanc-methyknc chloride gave tk titk compound as colourkss 
nttdks (4.1 gt, m.p. 225-221”; A,, tEtOH) 22.5.263.288,303 nm 
It 17300. IS.&& 17_r00.22.1001:blCDCt,)3.86~2H, tf:d.MQH, tf; 
6.500flH. NH).?.25-?.8l(dH,m); M’ m/r 235 ifound: C, 50.9; H, 
3.8; N. 17.8. C,,H$J,Sr requires C. S1.i; H. 3.8; N. 17.9%). 

When ktrroprntaknc 2 was heated ia acetic acid at 100’ for 
S min., tk same product was obtained. 

1 - (~zof~xo~. 2 . y/b - ~ah~~py~~~e .2 - r&at (13) 
A solution of hcfcropcntakm 4 (0.5 gl in a&c acid (40 ml) 

was b&d until the volume has been reduced to IOml. The 
betuothiaxok 10.1 nf slowly sc~nratcd from the cookd solution; 
m.p. 2QG?tX: G* &c 249;.& l6DC1, and &.DMSD) 2.12 12H. ml: 
3.33 (2H. tl; 1.41 (2H. tl; 7.23-7.83 fdH. 2d and 20: 9.9 IIH. NH! 
(Found: C. 53.3: H. 4.6; N. 16.‘?5CIItiIIN& requires C. 53.0; H. 
4.4; N. 16.9%). 
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