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Abstract---A novel mtramolccular oxldative cychzatmn of the 3.4-diammophenyl thlourca (3) to the 5.6- 
disminobcnzthiarole (4) is reported. This conversion can be brought about by Pd C in prcscncc of 
atmospheric oxygen in acid solution. It is hkclp that the quinone-Imine (5) IS an Intermcdlate In rhih 
transformation. Surprisingly. catalytic reduction (Pd,X. H,) ofthe 4-ammo-3-nitrophcnyl thwurca (2) ,ga\c 
both 3 and 4. A ratlonal ‘one-pot’ reduction-ouidatlon sequence (won;acld. fcrrlc chloride) I\ dchcrlbcd for 
the preparation of this and other such 5.6-dlaminobsnzthlazoles from the correspondins 4-amlno-% 
nitrophenyl thioureas. 

In an earlier paper’ we had described the reaction of 2- 
nitro-p-phcnylencdiaminc (I ) with methyl isothio- 

cyanatc the amine n~ettr to the nitro group selectively 

rcactcd to product the thiourca (2). As part of a 
routine synthetic proprammc. we planned to reduce 
this nitro-aniline (2) to an orrho-diaminc and cychze it 

to a bcnzimidazolc. Howcvcr. the reduction led to an 

uncxpectcd product. WC present below cvidencc to 
prove that this is the result of an intramolecular 
oxidatlve cyclization. The possible mechanism of this 

reaction is also discussed. 

Catalytic reduction of the nitroaniline (2) in neutral 

solution was slow; after reduction. evaporation of the 

solvent arid crystallization pave the base (3) in about 
30 “,, yield. TIC (EtOAc. silica or alumina plates) 

indicated the prcscnce of a diffcrent product in the 
mother Ilquor; this could bc isolated as its 
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hqdrochloridc (4 .HCI). On the other hand. catalytic 

reduction of the nitroanilinc (2) in acid solution gave 

exclusively (4 .HCI). Iron:HC‘I reduction of ths 
nitroanilinc (2) gave a mixture of 3 and 4. The 

proportion of3dccreascd and that of4 mcrcased as the 
reaction time was lengthrncd; after 16 hr at 9V.4 \vas 

formed almost cxclusivcly. The propertics of 3 and 4 
arc hstcd in Table I. 

From the above data. it is obvious that 3 is the 

normal, expected reduction product of the nitroamlinc 
(2)-(Mol. wt. 196; 3 aromatic protons of a typical 

1.2.4-trisubstituted bcnzenc). On the other hand.4 has 
a mol. wt. which is two units Icss than that of 3: of the 
two protons thus missing, one is an aromatic proton. 

The two remaining aromatlc protons arc not coupled 
to each other. The structure of4 thus follows uniqucl! 

from this evidence. 
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Table I. PropertIes of 3 and 4 

Compound 2 

B&Se Hydrochloride 

Compound 2 

B-0 Eydrochloride 

m.p. 162-164~ 240° 191-195’ 527-330’ (d) 

maa spec. 
@*I 196 194 

%I NM: 3 Ar-H 3 Al--B; 

(aromatic 
2 k-H; both 

region) 
@=O-d6) Ebz:;&,+ - sharp sing- 

tic of 1,2, lets. (D20) 
4-trlsubsti- 
tuted 
benzene 
(D20) 

The UV absorption maxima of 3 and 4 are given in 
Table 2. As expected. the two pairs of spectra arc 
widely different. 

Mecl~crrtism. We postulate that under neutral 
conditions, in presence ofcatalyst, an oxidation/reduc- 
tion equilibrium is set up between 3 and the quinone 
iminc 5. Protonation of the imine leads to a rapid. 
irreversible cyclization. with the ideally placed S atom 
acting as the nucleophile. A subsequent prototropic 
shift results in the formation of the benzthiazole (4). 
On this basis, it is also easy to understand the time- 
dependence of the 3j4 ratio during Fe/HCI reduction 
of the nitroanilinc (2). The oxidation in this instance 
must be mediated through Fe”+. 

tritluoracetlc acid and N-carbethoxy-S-mcthyl- 
pseudothiourea. In each case. ‘H NMR and mass 
spectra of the product confirmed the assigned 
structure. 

Two other thioureas (7 and 8) have also been 
converted to the corresponding benzthiazoles (9 and 
10). The procedure employed was a “one-pot” 

A deliberate oxidativc-cyclization of 3 to 4 would 
then be needed as proof of our hypothesis. This we 

7 : R = n-C,+Hg 
= 

have now achieved as follows. The thiourca (3) was i:R = Ph-CH2 

dissolved in ethanol containing acid. and stirred in the 
presence of atmospheric oxygen with the same Pd:C 
catalyst. This resulted in the smooth conversion of3 to 
4 in about 50”,, yield. Omission of the catalyst alone 
from the above reactlon system resulted only in the 
formation of (3 .HCI). The same transformation could 
also bc brought about in the same yield by means of 
ferric chloride in presence of hydrochloric acid. 

The fact that the benzthiazole (4) still retained the 
1.2-diamino system was confirmed by cyclization with 
appropriate reagents to the imldazo [4.5-f ]- 
benzthiazoles (6). Thus 6a. 6h and 6c were 
respcrctlvcly produced by reaction with formic acid. 

Q:R = n-Cqllg - 

m:R = Ph-CH2 

I !l I x ,,.276 (10,300) 
I 

x ,ms308.5 (8,600) 

&=*319 (9,000) 

Wavelengths in nm; E values in brackets. 
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reduction-oxidation sequence, where first the nitro 
group was reduced by iron/acid, and then the mixture 

of open-chain and cyclizcd products was directly 
oxidized with ferric chloride, to yield exclusively the 
benzthiazole. The UV spectra of 9 and IO were 
virtually superposable on that of 4. In the ‘H NMR 
spectrum of IO, the two singlet protons of the 
benzthiazole were submerged under the phenyl 
protons; they could however. bc seen downfield in the 
tricyclic compound (I I ) obtained by condensation 
with diacctyl. 

So far. to our knowledge, there has been only one 
report of the preparation ofa 5,6-diaminobenzthiazole 
by a long and tedious route.’ 

IXt’ERIMEhl’AL 

M.ps are uncorrectcul. ’ H K MR spectra were recorded on a 
Vanan A-60 Instrument; chemical shifts arc expressed m 0 
values (ppm) TMS was the internal standard when the 
solvent was DMSO-d,? or trifluoracetic acid (TFA). Mass 

spectra were determmed on a Varlan Mat C‘H 7 Instrument at 
70eV utihzmg direct Insertion. 

C‘utcr/!.ric wducfrorl o/ the nirroanrltw (2). Compound 2 
(1Sg)in MeOH (5Oml)wasshaken with H, at I atm pressure 
in an Ente apparatus at 29” in presence of IO”,, Pd:‘C catalyst 
(0.78). The absorption of H2 was very slow. After 3 hr. the 
soln was filtered. fresh catalyst (0.7~) added and the 
hydrogenation rc-started. After about 20 hr. the catalyst was 
filterlul oll’and the liltratc c~aporated to dryness 111 rt~~. The 
reslduc was dls\olved in aqueous acid and the non-basic 
material (starting material) removed. The soln was basified 
and extracted repeatedly with EtOAc. The extract was dncd 
(Na>SO,) and the solvent removed. The residue was 
crystallized from McOH-EtOAc to give 3 (0.4g), m.p. 
162 164”. (Found. C. 49.17; H. 6.40: N. 28.45. C,HIIN,S 
requires: c‘. 48.97; H. 6.17; N. 28.56”,,). NMR (DMSO-d,): 

2.92 (d. J = 4: M.e NH):4.25(br. 2 NH2):6 2 -6.75 (3 Ar H); 
6.95 (q. NH). 8.95 (s. NH). The mother liquor from the above 
crystalliratlon was evaporated to dryness, the reslduc 
dissolved m MeOH and converted to the hydrochloride with 
alcohohc HCI. The hydrochloride was recrystallized from 
water-lqopropanol to iive 4 .HCI (0.3 g). m.p. 327 -330” (d). 
(Found: C. 36.29: H. 4.69: N. 20.94. C.H,,,N,S. 2 HCI .., . 
requlrcs c‘. 35.97: H. 4.53: N. 20.98”,,) NMR (DLO. no 

Internal btandard): 3.30 (s, Me); 7.20 (s. Ar -H): 7.75 
(s. Ar H). The free base (4)obtained from this wascrystallized 
from MeOH EtO.Ac. m.p. 191 195 

Compound 3 obtalned above was converted to the 
hydrochlorldc and crystallized from water Isopropanol. m.p. 
240” (d).after shrinkingat IgO- 1X5”. NMR (DzO.no~nternal 
standard): 3.20 (s. Me): 7.20-7.70 (8 line multiplct. typical of 
l.2.4-trisubstltuted benzcnc). 

Comxniotr o/ 3 IO 4. (I) Compound 3 (O.‘l g) m EtOH 
( IOmI) contalnln? cthanollc HCI (4 drops) was treated with 
IO”,, I’d <‘catal!st (aplnchlandstlrrcdat roomtempfor IX hr 
in prcscnce ofatmosphcrlc Oz. .4 httlc water was then added. 
harmed and filtered. The filtrate was concentrated 111 WWO. 
treated with lsopropanol and again evaporated. The solid was 
crystall17cd from Hater-rhopropanol (most of the water was 
removed) to gwe the dlhydrochlorlde of the benzthiazole 
(4. HC‘I) (Wmg). m.p. and mlxed m.p. with the previous 
sample. 312-326‘ fd). 

(III Compound 3 (0.2g) tn EtOH (IOml) was warmed 
slightly. trcatcd with a few drops of cone HCI. followed by a 

soln of I-‘eCI,~ (0.1 g) in EtOH. and stlrred at room temp for 
2 hr .Thc EtOH was then evaporated. the residue dissolved in 
water. basified with NaHCO, and extracted with EtOAc. The 
extract wnsdrled (Na,SO,)and the solvent removed 1~ redo. 
The rcsldual \olid was converted to the hvdrochloridc in 
EtOH soln and cr>sralllred from water-lsopropanol 

(concentrated to remove most of the water) to give the 
dihydrochloride ol’the bcnzthiazole (4). m.p. and mixed m.p. 
324-328 (d) (90 me). 

(I) 5,~L)iaminc~2-m4fh~~/crmi~~~~b~~~~~/~io~olc~ (4). A rmxture of 
Fcpowder(30g).water(200ml)andconcHCI(5ml)~asstirred 

and heated to 60”. The nitroamlmc 2 (2Og) was added to this 

and the mixture stirred and heated at 80-85” for I6 hr. The 
mixture was cooled. basificd with Na,CO, (log in 25ml 
water) and filtered (hyflo supercel). The solid was extracted 

with bollmg MeOH twice. Tic of the McOH extract showed 
that It was substantially pure product. The combined extract 

was concentrated in ww~. the residue converted to the 
hvdrochloride and crystallized from water isopropanol to 
give 5.6-dlamlno-2-methylamlnobenzthiazolc dihydro- 

chloride (7.5g), m.p. 325-329” (d). The compound v+as 
Identical (mixed m.p.. spectra) with that previously obtamcd. 

(ii) 2-f1-But~/amino-5.6-dru~n~,,ohr,t_rlrrcl-olr (9). 2-Nitro-p- 
phenylcncdiamme (15.3g) and n-butyl isothlocyanatc 

(I 1.5~) were mlxcd in McOH solution. stirred and rclluxed 
for 3 hr. After coohng. the solid was filtered washed with 

MeOH and recrystallized from MeOH to glvc 7 f I5 OF). m.p. 
196-199”.(Fou~d:C.49.58:H.6.27;N.21~0.C,,H,.N,O,S 
reauires: C. 49.25: H. 6.01; N. 20.89”.,). 

kc powder (4.5 g) m water ( I20 ml) and cone HCI (0.6 ml) 
was stirred and heated to 80”. The above 7 (3.0 g) was added m 

portions over 45mln. The mixture was further stirred and 
heated for 3 hr. It was then cooled. basified with Na,CO, and 
filtered through hyflo. The rcslduc was extracted thrice with 
boiling McOH. The combined extract was evaporated it1 

cocuo. The aqueous filtrate above was extracted twice with 

EtOAc and the extract evaporated. The tuo residues wcrc 
combined. TIC at this stage showed two spots (cycllzed and 

uncyclized). The whole was dissolved I” EtOH. treated with a 
few drops ofconc HCI. and then with a soln of FcCI, (1.5 g) in 

EtOH. The mixture was left at room tcmp for f hr. It was then 
evaporated iu ~YKUO. the residue treated with natcr, basdicd 
with NaHCO, and filtered through hyflo. The filtrate was 

extracted twice with EtOAc. The solid was extracted twice 
with bokng MeOH. the solvent evaporated and the residue 
extracted with EtOAc. The combined EtOAc extract5 wcrc 

dried (Na,SO,) and evaporated. I‘he reslduc nab pashed 
through a short column ofalumina m CHCI, holn The cluatc 

was evaporated in rawo and the residue was crystalhzcd first 

from isopropanol-water and then agaln from water to glvc 2- 
n-butvl-amino-5.6-dlamlnoben/thlazolc monohldrate as 
colou~lcss needles (0.7g). m.p Y2 97”. (Found: C_ 52 16: Il. 
7.35: N. 21.66 C, ,H,,N,S.H,O rcoulres: c‘. 51.95: H. 7.14; 
N.22.03”,,). MS:i’36iiil ‘). NtiR (C’DCI, t DMSO-d,).0.9 

(I. Me): I.1 -1.8 (m. ZCH,): 3.3 (1. CH,): 6.83 (s. Ar-H): 6.W 
(s. Ar-H ). 

(Iii) 2-Be~l~~~lu,,l,,lo-5.6-~~i~~~~~t~~b~~i~r/~i~~~~~/~ (IO). The 

thiourca (8)wasprcparcd by refluulnga methanollcsoln of2- 
nltro-/I-phenylcncdlamlnc (15g) and bcn~~l I~othmcyanatc 

(I 5 9) for I hr and rccr\~talll~lng the product 1?5g) from 

EtOAc-hexanc: m.p. IYS IYX (Found: C‘. 56.(K): H. 4.95. N. 

lX.58.C,~H,,l\j,O~Srcquires:C.55.62:H.467:K. 18.54”,,). 
MS: 302 (M’). 

A suspcns~on of’ 1.e powder (40~) in \katcr ( IWml) and 

McOH (6((K) ml) contaming cone HCI (IO ml) has stirred and 
heated to 80 85”. To this was added the above 8 (Log) in 
portlons. The mixture was stlrrcd and heated for 24hr (tic 
after 4 hr showed 3tarting material to be present). The hot 

soln was then filtered through hyflo and the rcslduc washed 
with hot MeOH. The combined filtrate was cooled. treated 
with a soln of FeCI, (6g) in MeOH (2Oml) and left at room 
temp for fhr. The roln was then concentrated IU IWWO. 
dissolved in water and basdied with NaHCO,,. The mlxturc 
was filtered through hyflo. and the solid extracted thrice with 
boiling MeOH. The MeOH extract WB~ evaporated and the 
reslduat sohd crystallized from MeOH water to glvc IO 
(8.5g)mp I84 IX9”(d~(Found:C.62.49.lt.5.48:K.2037). 
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C,,H,,K,S requrres: C.62.21: H. 5.22; N. 20.73”,,). MS: 270 

(M’). 

(i) 2-Merh~lomino-SH-imida;o[4,5-f : hen;rhiuxAe (6a). A 
soln of 4 .HCI (1.3 g) in water (20 ml) was treated with cone 
HCI (I 5 ml) and formic acid (4 ml) and refluxcd for 2 hr. The 
soln was cooled and basilied with ammoma. The solid was 
filtered. washed wrth water and crystallized from 
MeOH-water to give 6a (0.5g). m.p. 301-308”. (Found: C. 
53.18: H. 4.30: N. 27.25. C,H,N,S reauires: C. 52.94: H. 3.95; 
N. 27.44’,,). MS: 204 (M +‘). NMR (DMSO-d,): 3.00 (s, Me); 
7.62. 7.88, 8.15 (3 Ar-H singlets). 

(ii) 2-Mrth~/amino-6-trifl~u,romer/~~~-5H-~midu~~~ [4.5-f I 
hrrrcfhia:ole (6b). A soln of 4 .HCI (2.0 g) in 5N HCI (I 5 ml) 
and trifluoracetic acid (4 ml) was heated at 100” for 4 hr and 
cooled. The hydrochlorrdc of the product that separated vvas 
filtered and washed with isopropanol. It was converted to the 
base with ammonia and crystalhzed from EtOH-water to 
eivc 6b (l.Oe). m.n. 335-337” Id). (Found: C. 44.14: H. 2.88: 
N. 20.72. Cr,,H;FJN,S rcquiresi C. 44.12: H, 2.59; N. 
20.59”,,). MS: 272 (M’). NMR (DMSO-d,): 3.03 (s, Me); 
7.67 and 8.03 (Ar-H, singlets). 

(iii) 2-1Merh!/amlnc~SH-i,nida-o [4.5-f] hencthrucole 6- 
ctrrbumic acid et/~!/ esfer (6c). N-Carbethoxy-S-methyI- 
psudothrourea was prepared from S-methylpseudothiourea 
sulfate (2.8 g) and ethyl chloroformate (2. I6 g) as described 
before.” The dihydrochloridc of4 (2.6 g) in water (IO ml) was 

then added. followed by a soln of sodium acetate trihydrate 
(2.8g) m water (7ml). The mrxture was stirred and refluxed 
for 1: hr. then cooled and the solid filtered and washed with 
water to’ give 6e (1.4g). m.p. >350”. (Found: C, 49.34; H, 
4.74; N. 23.78. Cr2HIJNS02S requires: C, 49.48; H, 4,50; N, 
24.05”,,). MS: 291 (M’. 2”,,); 245 (M’ - 46. IOO”,,). NMR 
(TFA): 1.55 (t. Me); 3.45 (s. Me): 4.63 (q, CHI); 8.05, 8.22 
(2 Ar-H; singlets). 

(iv) 2-Bet~-_~/umino-6.7-dime~h~/rhiu;o/o [4.5-g: qurncxu- 
uhne (II). A soln of IO (2.7g) in MeOH was treated with 
diacetyl(O.86 g) and refluxed for 2 hr. After evaporatron of the 
MeOH, the residue was extracted with hot EtOAc and the 
product crystallized from MeOH-isopropanol to grvc II 
(I.Og). m.p. 260 265”. (Found: C, 66.96; H. 5.53; N. 17.42. 
C, ,H,,N,S requires: C. 67.48: H. 5.03; N. 17.49”,,). MS: 320 
(M’). NYR (DMSO-d,): 2.6 (s. 2 Me); 4.75 (s, CH,); 7.4 
(5 Ar-H): 7.82. 8.19 (2 Ar-H. singlets). 
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