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Abstract - This review describes the synthesis, the reactivity,
the spectroscopic data and the biological activities of thiazolo-

benzimidazoles.
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I. INTRODUCTION
The interesting biological activities of thiazolobenzimidazoles have stimulatad
the exploitation of the chemistry of this class of compounds and an encrmous number

of papers and patents have appeared in literature.

Three fundamental thiazolobenzimidazole systems have been reported, which snow

different fusion of the sulfur cantaining ring to the edges of benzimidazole moiety.

This article appears to be the first survey of the chemistry and biplogical
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activity of this important group of heterocyclic compounds.
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I1 SYNTHETIC APPROACHES TO THIAZCLOBENZIMIDAZOLES

A. SYNTHESIS OF THIAZOLO([3,2-a]BENZIMIDAZOLES
1. By reaction of 2-mercaptobenzimidazoles with a-halocarbony! compounds.

Thiazelo[3,2-a)benzimidazoles have received intensive study and several synthetic
routes have appeared in literature. The earliest approach to thiazolo[3,2-a]lbenzi-
midazole system was reported irn 1937 by Andersag and Westpha1]. A synthetic route
was described to 3-methylthiazolo[3,2-albenzimidazole, which tnvolved the cyclization
of 2-mercaptobenzimidazole with chloroacetone and sodium in ethyl alcohol.

Later, the same reaction was extended to the preparation of numercus thiazeclo-
[3,2-a]benzimidazoles (3) by condensation of 2-mercaptcbenzimidazoles {1} with
various ae-halocarbony! compound52'24, through formation of acyclic intermediates 2z
which promptly cyclized to 3. The formatiaon of 2,3-dihydro-3-hydroxythiazalae-
[3,2-a]benzimidazole as intermediate in the cyclization process have been also
reported®, Treatment of compounds 3 with alkyl or aryl halidesZ.25:264r a-halocarbo-

xylic acid? gave 9-substituted thiazolo[3,2-a]venzimidazolium salts.
N R S Ny S
SH ) P R! R
§|’ XCHCOR N\r j’ Y ”
. NH NH 0= g N R
| 2 3

X
R

Br, C1, I

alkyl, haloalkyl, phenyl, aryl, Z-naphthyl,
ethylpiperidinyl, PhSCHy, CHpPO{OEt)3

R'= H, alkyl, Ph, PhCHy, PhNHCO, COOH, COGEt, MeCHOH, MeC=NOH
R?= H, Br, 1, Me, OMe at various positions

Similarly, by treatment of Z-mercaptobenzimidazoles (1) with p-R'CgHs COCHBrCHzCOZR
followed by successive cyclization, 3-aryl-2,3-dihydro-3-hydroxythiazolo[3,2-a]-
benzimidazol -2-acet c acid derivatives (4) were preparedZT“zg,which, hy dehydration
in KC1 and dioxane30-31, afforded 3-arylthiazolo[3,2-a]benzimidazol-2-acetic acid

derivatives {5).

NYS CH,COOR NYS CHLCOOR
R N ' ¥ N
C¢H,R=-
o P CeHR'-p
4 5
R = H, C1-Cg alkyl =

R'= H, Cy-Cg alkoxy or aTkyl, CFy, C1, Br
R%= H, C1, NHp, NO2
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2. By reaction of 2-mercaptobenzimidazoles with a-haloacetals.

A strictly related route to thiazelo[3,2-a]benzimidazoles was envisagedf,9,32.334y
using e-haloacetals as starting material. 2-Mercaptobenzimidazoles (1) were
condensed with a-haloacetals to give 2,3-d1hydro-3-hydroxythiazolo[3,2-a]
benzimidazaoles (§) which, by intramolecular dehydration in acidic medium, afforded
thiazolo{3,2-albenzimidazoles {8). In some cases 3233 isolation of acetals of
benzimidazole-2-mercaptocarboxaldehyde {7}, as possible intermediates of the

process, has been reported; 7 underwent cyclization to the same compounds (8},

R ;2 NYS R
1+ XCHCH(OEt), \ [

R
\ / 8
r2 Ny~ SN R
; NH  CH{oEY),
X = C1, Br 7
R = H, Me, Ph
R'= H, Me
RZ= H, Me

3. By reaction of 2-mercaptobenzimidazoles with propargyl halides.

A different kind of approach to thiazolo[3,2-albenzimidazole derivatives involved
the cyclization of 2-mercaptobenzimidazole derivatives (1) with opropargyl
halides 155 3438 | The obtained 2-{2-propynylthiclhenzimidazoles-HBr {9} could te
converted, by heating in Na/EtoH19-3%4-36 4 jp AcUH/Hg(OAc)236, into 3-substituted
thiazolo[3,2-albenzimidazoles (10). The same intermediates 9, heated in (MeZN)3P037
afforded, after 3,3-sigmatropic Claisen rearrangement, a mixture of 2-substituted
thiazolo[3,2-a]benzimidazoles 11 and 12; treatment of 9 with Et3N/EtoH3Bgave
2,3-dihydro-3-methylenethiazolo[3,2-albenzimidazole (13, R=H},

Reaction mechanisms for the cyclization of propargylammonium halide derivatives

were discussed34,
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R N SH R! R N S R R2 N S
§ﬂ/ RC=CCHBY §ﬁ// \\r _R'=H Qﬁ’/ |
NH C=CR R N c

R NH

|—
|w
—_
o

R=H R'=H

R NYS :, LCHR' R N%|/3\//C"”21 R N\Y 51
+

N N N
R SCHR
n iz 13
R = H, Ph
R'= H, Me
RZ= H, C1, Me
R3= H, C1, Me

4. By reaction of 2-mercaptobenzimidazoles with 1,2-dihaloethyl derivatives

The synthetic route which utilizes vicinal dihalidesb:20,:21.2324,2%,39-50 o promote the
cyclization to 2,3-dihydrothiazolo[3,2-a]lbenzimidazoles (158) has been also
exploited. The approach iJs based on the condensation of 1 with dihaloethyl
derivatives in the presence of basic reagents, followed by cyclization of the
obtained 2-(B-haloethylthio)benzimidazoles {14). If ethylene halohydrins were used?!
2-{B-hydroxyethylthic)benzimidazoles {14, X=0K} were obtained as intermediates which,
by reaction with SCClp , gave the correspending chlorcderivatives 14 (x=C1);

further cyclization afforded 15.

R‘ Rl
R
N SH | N S R
R ~§r XCHCHX \Y
NH N-——;:]
R! Rl
1 14 1
X = Cl, Br

R = H, Ph, (un)substituted pyridinyl

R'= H, Me, OMe,

R2= H, Br, €1, CN, COpMe, NHp, NO,, OEt, OMe
R¥= H, CT, CN, COpMe, NHp, NO,, OEt, OMe

R%= H, Br, Me, NOp
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5. By reaction of Z2-mercaptobenzimidazoles with other reagents.

By reaction of Z-mercaptobenzimidazole {1) with F3CN=CF-CF1NC@510r with hexafluoro-
but-2-yne 52 | 2H,3H-2,3-bis{trifluoromethyliminc)thiazolo[3,2-a]benzimidazole {16)

and 2,3-bis(trifluoromethyl)thiazolo[3,2-albenzimidazole (17) were obtained

N\\-I/S\'(NCFZ N\YS | CF,

N —— J

NCF, N CFy
16 17

respectively.

Treatment of 1 with arylhydrazones of ethyl y-bromo-a,B-dioxobutyrate afforded®3
thiazelo[3,2-albenzimidazoles 18, whereas reactien of 1 with 1-bromo-2,3-epoxy-
3-methylbutane gave®2,3-dihydro-3-{1-hydroxyiscpropyl)thiazolo[3,2-ajbenzimidazole
{19) and 3-hydroxy-4,4-dimethylthiazino[3,2-albenzimidazole (20).

b

QO C=N-NHAr
K COOE! COft
e
= 18
1
Me
BrcHrw‘—Me
o

* N
N c~OH OH

7N
Me Me Me Me

Only one example of synthesis which starts from 1-substituted 2-mercaptobenzimidazole was
reported55; the reaction with a-bromeophenylacetic acid gave the Z-phenyl-3-hydroxy-
thiazolo[3,2-albenzimidazol-4-ium salt.

A German group56.57 prepared 3-phenylthiazolo[3,2-a]benzimidazoles {22) by treatment
of 2-mercaptobenzimidazoles (J) with mercury bis{phenylacetylide) and aryl
isocyanates. A mechanism was postulated which involved the formation of a
dithiazepine {21} and the successive transformation in 22 by elimination of

aryl isccyanates.
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N §-—H,
Hg(C=cPh), \>/S\”9“~c Y

N

~ ArN=C=$§

Y n

,C=8 c \F‘s
NH | NAr
| Ph

_Hg

N s N §
.‘Y 'I - ArN=C=8§ Y \ Ph

6. From 1-(B-hydroxyethy1)-Z-mercaptobenzimidazoles.

2,3-Dihydrothiazoloe[3,2-a]lbenzimidazoles (25) were also prepared by cyclization of
the 1-{B-hydroxyethyl)-2-mercaptobenzimidazoles (24)58-60 with socl, or PoCI;.
Compounds 24 can be synthesized by boiling in alcoholic KOH a mixture of
N-{B-hydroxyethyl)-2-aminoanilines (23) with C5258 , by heating a MeOH solution of
2-chloro~T-hydroxyethylbenzimidazoles (26) with thiourea??-60 4y by reduction of
1-acylmethyl-2-mercaptobenzimidazoles (gz) with NaBH460 . The intramolecular

cyclization of 27 with POC13 led to thiazolo{3,2-albenzimidazoles {28)61-63

POCh_ \\r/ |
NHCHCHOH NCWCHOH

23 2 25
Q\"lr
cgié NaBH,
N 1
NYC! NWSH b \\‘I/S , R
R NCHCHOH R NCH,COR' R N~—:]
b
26 27 28

R = H, Me, NO2, NHz, NHAc at position 6 or 7
R'= H, alkyl, phenyl, aryl, 2-naphthyl, 2-thienyl
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7. From 2-acyl- or 2-cyancomethylthiobenzimidazoles.

By a single step reaction of 2-acylmethylthioberzimidazoles (22)64'67with carboxylic
acid anhydrides in the presence of the corresponding sodium salts, 2-acylthiazolo-

[3,2-albenzimidazoles {30) were obtained.

N -SCH,COR! 2 N s COR!
%l’ i —-m» \\I/ | + R'COCH,R
NR N "

29 30

R = COzPh, CO2Et, acyl
R'= Me, Et, Ph
RZ= OH, alkyl

Reaction of cyanomethylthiobenzimidazole (31) with dimethy] acetylenedicarboxy]ates8
gave thiazolo[3,2-a]Jbenzimidazole derivative (32) whichcould be also obtained fram
benzimidazo[1,2-d) [1,2,4]thiadiazo1-3{2H)-one (33)69 . At 90°C with malononitrile,

compeund 33 afforded the imino derivative 34 with elimination of isocyanate.

Ny~ Ny _~S~_CO,Me
\\‘(/ ﬁ MeQ,C C=C CO,Me Y |I

NH CN N

CO,;Me
31 32
ﬁCC&Me
CCOMe
N s
YS CN NY gy
< NCCHCN
N——>nH N—=0
34 33

8. By reaction of p-benzoquinone with Z-aminothiazoles.

A particular method to obtain 6-hydroxythiazolo{3,2-a)benzimidazoles {35) was

described?0-72 by reaction of p-benzoquinone with 2-aminothiazoles in acetic acid.

(8] R N 1 Rt
N, N =

L - LWL — QT

S o H,N S R HO R
35

R = Me, Ph, aryl, 2-naphthyl, 2-thienyl
R'= H, COyEt, Me, Ph
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9. From 1-{2-th1azolyllbenzotriazole.

1-{2-Thiazolyl)benzotriazole {36) gave73‘7490% of thiazolo[3,2-albenzimidazole (37)
on photelysis and 10% on acid catalyzed thermolysis along with noncyclic water
scluble compounds. Compound 37 was obtained by elimination of Ny from the benzo-
triazolyl group and selective ring closure or the nitrogen of the heterocyclic

substituent. The photolysis and the thermolysis were thought to involve different

S
|| ‘N N hv NY ||
—_——
s N \\N N

37

mechanisms.

B. SYNTHESIS OF THIAZOLO|3,2-a|BENZIMIDAZOL-3(2H)-0ONES
1. By reaction of 2-mercaptobenzimidazoles with chloroacetic acid and related compounds.

Condensation of 2-mercaptchenzimidazoles (1) in methanol or ethanol with an
equimolecular amount of chloroacetic acid {or 1ts sodium salt) in the presence of
AcONa afforded (2-benzimidazolyl)ihicacetic acid (38) which, wunder various
cyclization conditions, such as Dowtherm A, Ac,0/Py or dicyclohexylcarbodiimide/Py,
gave thiazolo|3,2-albenzimidazol-3(2#)-ones (3918,14,16,19-21,24,46,48,75-93

The cyclization of 5-substituted 38 led to the formation of two isomers with
the substituent in 6 or 7 position, as established through nmr analysis of the
reactton products 88,89,

The cyclization of derivatives 38, performed in the presence of aromatic aldehydes,
gave'2-banzylidene derivatives in good yie1ds76!81’94. These conspounds have also
been obtained 35-97 by directly refluxing 2-mercaptobenzimidazole 1 with an

equimolecular amount of chloroacetic acid and aromatic aldehydes.

Ny_-S N
= N
3 Y CICH;COOH N R N 1

NH HO—g N—1

1 38 39

R = H, Br, C1, COpMe, COPh, Me, NO,, OMe at various positions
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Similarly, the reaction between 1,2-dihydro-2-mercaptobenzimidazole and chloroacetic

acid afforded?8 9,9a-dihydrothiazolo[3,2-a]benzimidazol-3{2H)-one (40).
H
N\I/SI
N O

40

2-(a-Hydroxyethylidene)thiazolo[3,2-a]Jbenzimidazol-3(2H)-one acetate ester (42} was

prepared?9by refluxing in Acs0 the appropriate {(2-benzimidazolylthiolacetic acid (41),

e e
N 5 CO N S COAc
\\r \[ AcO Y \f
—e
NH HO-=% N—\¢
a1 42

2-Arylhydrazonothiazolo[3,2-a]benzimidazol-3(2H)-ones (43) were synthesized 100-102
in one step by treating 2Z2-mercaptobenzimidazole (l) with arylazochloroacetyl
chloride in an organic solvent, e.g. a mixture of dioxane and benzene, 1n ths
presence of a HC1 acceptor as EtjN.

Under similar experimental conditions, 1 reacted with phenyiiminochloroacety!

chloride to givelC1.103 2-(phenylimino)thiazolo(3,2-a]benzimidazol-3{2H)-one (44).

N s -
i:: \\\I/ \EN NHAr
c N 0

oG

|
=CG
et
/ ,

I_u

Cy

Pong  f
N*CCOC
/
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2. By reaction of 2-mercaptobenzimidazoles with acetylenedicarboxytate.

The reaction between 1 and dimethyl! or diethyl acetylenedicarboxylate in acetic
acid or methanol, which in earliest papers104’]05 was claimed to give the thiazolo-
benzimidazole 45 as unique polycyclic compound, has been successively investigated.
In fact, it has been pointed out!®8:107 that an isomeric compound can also be obtained
to which structure 46 was assigned. Finally, the reactien pathway has been fully
elucidated: 2-mercaptobenzimidazole and dimethyl acetylenedicarboxylate react in wet
or dry acetonitrile to give only 45,while in dry methancl 46 is the only isolated
product. It has been shown that adduct 45 can be converted 08,109 jqtq 46 by refluxing
in dry methancl; this rearrangement is catalyzed by basic impurities (e.g. MeONa),
so it does not occur in methanol containing catalytic amounts of acetic acid.
Structure 45 was confirmed]osby X-ray crystallographic analysis and by its preparation
from 1 via condensation with maleic anhydride followed by successive methylation with

CHgzNp in THF, bromination in AcQH and dehydrobromination in alkaline solutien,

N 8~ CHCOR N 5
T g
' \ CO,R

N—}
O

45

R = Me, Et
3. By reaction of 2Z-mercaptobenzimidazoles with cther bifunctional reagents.

Treatment of 2-mercaptobenzimidazoles (1) with hexaf]uor‘o—],2-epoxypropane”0 cr
with maleic anhydridelc's’”]’”2 gave Z2-substituted thiazelo[3,2-albenzimidazol-
3(2H)-ones 47 and 48 respectively.

N
Nag” S S5 CHCOOH
CF,
N
~0

47 48

When 1 was treated with 2-chlorohydroxamoyl chloride113=114, thiazolo[3,2-a]benzi-
midazol-3-oxime {49} was obtained which, by reaction with MeCND gave the

corresponding O-methylaminocarbonyl derivative.
cl Cl N 5 Me
[ | N me
Me,C—C=NOH
N—
OH
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C. SYNTHESIS OF THIAZOLO([3,4-a]BENZIMIDAZOLES

Dnly few papers concerning the chemistry and the biological activity of thiazola-
[3,4-a]benzimidazoles have appeared. The cyclocondensation of suitable substituted
benzimidazoles (50) with sulfur containing compounds is the most general synthetic
approach.

By reaction of 2-(chloromethyl)benzimidazales (50) with ammonium thiocyanate 1in
methanol 1-1mino-1K,3H-thiazolo[3,4-albenzimidazoles (51) were obtained115-118
which by treatment with conc. HC1 gavel15116:118 10, 3H-thiazo10[3,4-albenzimidazol-1-ones (52).
Compound 51 have been also synthesized by intramolecular cyclization of 2-{thio-

cyanoalkyl)benzimidazolesi19,

R
R N Snet
\r NH,SCN
i NH ’

50

R = H, Me, (un)substituted benzylidene, thienylidene, furfurylidene
#'= H, Me; R%z=H, C1, Me

By cyclization of 1,2-dibenzoylbenzimidazole (53) with PySg, 1,3-diphenylithiazolo-
[3,4-a]benzimidazole {54), a new 10 m-electron heterocycle «containing tetravalent

sulfur, was prepared!20-121

Th Ph
Ny co P,S, N%I/xs
—_——
Nq?o N_”\Ph
Ph
53 54

Ret:ent'ly]22 a novel one pot synthesis of 1H,3H-thiazolo[3,4-a]jbenzimidazoles (56)
has been developed by the authors of the present review, starting from very simple
and easily available precursors. o-Phenylenediamine (53) was made to react with a
variety of carbonyl compounds in an excess of 2-mercaptocarboxylic acids: compounds
56 were obtained 1n good yields. The spectral data ('H-nmr and ms) of the

synthesized compounds were also reported.

NH, Py Tz N\/\S
° 0=C__ + HSCHCOOH —
R N r?
NH,

55 56

R = alkyl, phenyl
R'= H, Me, Et; R2= H, Me
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D. SYNTHESLIS OF THIAZOLO[3,2-c]BENZIMIDAZOLES

Only one example of synthetic approach to thiazolo[3,2-c]benzimidazole system was
reported 123, Cycloaddition of 5-aryl-3-methylimidaze[5,1-bjthiazoles (57) with

d1alkyl acetylenedicarboxylate 1n an aprotic solvent gave a number of products

S7 N\ Me
RO,C

N

including epimeric thiazolo[3,2-c]benrzimidazoles (58}.

S\(\N RC.LC \”/Ph
| RC,CT=CCO,R
L Nl N
ME Ph ROC
ROLC
57 58
R = Me, Et

III REACTIONS OF THIAZOLOBENZIMIDAZOLES

Very tittle data concerning the reactivity of thiazolof3,2-al and {3,4-a]benzimida-

zoltes have been published. On the contrary, numerous reports deal with the chemical

behaviour of thiazolo[3,2-albenzimidazol-3(2H)-ones owing to the mobility of

methylene protons adjacent to the carbonyl group.

In a study on the thiocyanation and bromination of heterocyclic compounds]s, Kano

reperted that thiocyanation of thiazolo[3,2-albenzimidazole derivatives (59) did

not proceed, whereas 2-brome derivatives can be obtained in good yields!3:128by dromine
in CHC13 solution. Bromination of analogous substrates (59) with N-bromosuccinimide

led to 2-brome- and 2,8-dibromothiazolo[3,2-albenzimidazolesd’ .

Compound 59 {RY=R%=H, R=Me) was allowad to react with a cephem derivative to give

thiazolo{3,2-a]benzimidazolium 9-cephem substituted (§9)125.

s o — Me
HzN_<\ 1 i H s '
Rz N ] N ~C s
U i N”j‘T »n
N R N on,

1
R \OMe o
COO-
59
60

R = Me, Ph, p-Cl-, p-BrPh

R'= H, Br

R2= H, Me

Cycleaddition126.127  of 3-methylthiazolo[3,2-albenzimidazole {(61) with dimethy}

acetylenedicarboxylate followed dual courses depending on the polarity of the
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solvent. With am aprotic nen polar solvent, pyrrole(2,]1-b]thiazole {62) was
obtained, while the formation of pyrido[l1,2-a]benzimidazole (63) was observed in an
aprotic polar solvent, The same compound reacted with methyl propiolate in MeCM to
128

give a thiazolo[3,2-a][1,5]benzodiazepine (64): the reaction mechanism involved

a dipolar cycloaddition followed by a ring-enlargement.

COxMe
N
T . g A
+ ||l|| R Y
N Me CCOMe K\‘/
Me
61
62
\HCECCOQMe
CcO:Me
Me N\ 3y COzMe
N
ZC0Me
CO;Me CO,Me
NZACp= CHCOMe

2,3-Dihydrothiazola{3,2-albenzimidazoles {65) by oxidation gave49 S-oxide deriva-
tives, whereas the oxidation of the analogous 3-hydroxy derivative [R=H, R'=0H)
afforded5 thiazolo[3,2-albenzimidazol-3{2H)-gne. Taultomerism of the 2,3-dihydro-
3-hydroxythiazolo[3,2-a]benzimidazoles was also 1nvestigated. Compounds 65 (R=H,
R'=Me, OH)} wunderwent nitrogen acetylation and rearrangement under acetylating

conditionsd.

R = H, Ph, Py
R'= H, Me, OH

The mobility of the protons of the methylene group at positian 2 in the thiazolo-
[3.2-a]benzimidazol1-3(2H}-one derivatives was evidenced by the reaction with

aryldiazonium salts, nitroso compounds and aromatic aldehydes.
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Thus, treatment with ArNo80-82,85.95 an4 Apngx-80,81,85,92,95,129,130 4fforded imino-

66 and diazo derivatives 67 respectively.

NYS\tN-N YSTN—NHN

N—————x\o N—x

66 67

When treated with Grignard reagents!3! 2-arylazothiazolo[3,2-a]benzimidazo1-3(2H)-ones
67 underwent opening of the thiazole ring to give 2-(1-arylazo-2,2-diaryl-2-
hydroxyethylmercaptolbenzimidazoles (68), whereas imino derivatives 66 showed

addition to the carbonyl group in the same experimental conditions.

R = Ph, p-MePh, PhCH,

Compound 67 (R=H) was also reduced with sodium hydrosulfite and the resulting
amine was treated with aryl 1socyanates to give 2-(2-thio-3-arylureidolthiazolo(3,2-a]-

benzimidazol-3(2H)-ones (69)130.

N\YS NHENHAr
I s
N
0

69

The electrochemical reduction?3Z and oxidation!33 of a series of 2-arylazothiazolo-
[3,2-a)benzimidazol-3(2H)-ones were also examined and the obtained products were
isolated and identified.

By refluxing thiazolo[3,2-a]benzimidazol-3(2H}-ones {70} with suitable aromatic
aldehydes 1in Py/dicycliohexylcarbodiimide or in AcOH/AcONa, 2-arylidenethiazolo-
[3,2-a]benzimidazol-3{2H)-ones (71) were obtained8’48’76’75'82’84’86’95’134']38,
Some 2,e-dibromoderivatives were also ;:n"eparedg!Em by addition of bromine to the

exocyclic double bond,
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In a similar way, reaction of 70 (R=H) with acetone in EtCH in the presence of

piperidine gave the corresponding 2-isopropylidene derivative’8.
Ny Nan " 85\ ~CHR
RCHO [
_—
N‘———“\O N————“\O

70 71

R = Phenyl, aryl, heteroaryl

Condensation reaction!39 of 70 {R=H} with 2-nitrobenzaldehyde, followed by reductive

cyclization,afforded quinolino[3,2:5',4']thiazolo[3',2'~a]benzimidazale (72},

N
AV
72

Polarographic reduction’®%and anodic oxidation!330f some 2-arylidenethiazolo[3,2-a]
benzimidazol-3(2H)-ones were also investigated.

Hydrolysis of derivatives 71 both in acidic and alkaline medium afforded
5-arylidene derivatives of 3-{o-aminophenyl)thiazolidine-2,4-dione (1§V9’96 and
a-(2-benzimidazolylthio}-B-arylacrylic acids (74) 94 respectively. Analogoulsy,
compounds 70 treated with HCI gave’8 3-{o-aminophenyl)thiazolidine-2,4-d1one;
2-{2-benzimidazolylthio)succinic acid (75) was obtained 4! from alkaline (NaQH}
treatment of thiazolo([3,2-a]lbenzimidazol-3(2H)-on-2 -acetic acid.

By action of amines on thiazolo[3,2-a]Jbenzimidazol-3(2H)-one (70Q), amides of

{2-benzimidazolylthio)acetic acid (76) were available'®!.

NH OYS\/CHAr Ny S\I//CH Ar
N [0 NH  COOH
73 74
Ny S\I,CHZCOOH Nag,~ S
NH COOCH NH  CONHR

R = alkyl, aryl
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C,yc:‘fc:ccmdensatfanl42 of some 2-arylidenethiazolol3,2-a]benzimidazol~3{2H)-ones (71)
with malononitrile, ethyl cyanoacetate and cyanocacetamide afforded pyrano and

pyrido[2,3:4',5']thiazolo[3,2-albenzimidazole derivatives (77).

O~ X N
NC s//LkN
Ar
X =0, N 7

Grignard reagents added to the exocyclic (=C bond in 2-arylidene derivatives 71 to
givela? the corresponding 2-{a-alkyl) and 2-{a-aryllbenzylthiazolo[3,2-a)benzimida-
zol-3(2H}-onas. Furthermore, compounds 7] reacted with diazomethane'3' to give theE
corresponding a-methyl derivatives.

Mannich bases 78 were prEpared33 in good yields from thiazolal3,2-a]lbenzimidazo!-

3(2H4)-one (70).
N s -R
Y \ECHZN\ Rf

N—3
0

78

R = R'= alkyl, phenyl

By heating with disubstituted formamides and POCl13, 70 gave N,N-disubstituted
aminomethylene derivatives 12143'144 , These compounds could be also obtained by
reaction of 2-ethoxymethylenethiazolo[3,2-albenzimidazol-3{(2H}-one (8D) with
primary amines'45. Succesive reaction of 79 with POCI13 afforded!443-chlorothiazolo-

[3.2-albenzimidazole-2-carboxaldehyde (81).
YSI
N— &
R 0

\ ~R

= R NYSTCHN\RZ R NYs:I jCHO

R N =0 R N cl
/ 7 81

R NYS\ECHOEt =

R N—¢

b=l

a0

= pi- . pe_
R = R'= H, Me; R®= Me, NH,, CHyCH,OH, CH,COOH, Ph, p-NO5Ph
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Merocyanine dyes (82) were prepared by heating, in the presence of a carboxylic
acid anhydride and a tertiary base, thiazolo[3,2-a]benzimidazo1-3(2H)-one
(70)77.146-151 or (2-benzimidazolylthio)acetic acid152 with a quaternary salt of a
five- or six-membered mono or bicyclic hetero-compounds containing a reactive

thioether or vinyl group in aposition.

e N

R’\w X | Z
N !
NS nz; \/CH CHJ=C = /
\[/ 1 . R—(CH=CH)n-'Q / . [ .-
N-——-ﬂo Tt

70 82

LAA &c gz
R = MeS, EtS, PhNH; PhN-; R'= Me, Et; n=0,1,2
residue of imidazole, pyrrole, thiazole, benzimidazole, indole, bemzothiazole,
benzoxazole, quinoline.

n

Sim‘i]ar]y151 70 was condensed with its acetanilidomethylene (n=0) or acetanilido-

allylidene (n=1) derivatives (83) (as guaternary safis) to give dyes 84.

Nage” SR S\,CH ~{er=cH),
= QO — QOO

83 84
ﬁc
R = CH-(CH=CH}N-Ph
n =0,1

Another route to merocyanine derivatives proceeded77’153']57via 2-ethoxymethylene-

thiazolo{3,2-a]benzimidazol-3(2K}-one (80) with 1-methyl substituted nitrogen

heterocycies. Compound 80 was obtained by reaction of 70 with ethyl ortho-
formate 77,136,145,]53"]57_

N $ ~__,CHOEt SN N s —CH=MZ |

\\‘1/ '-\E Me—r\:l 7 : \\l/ \,[CH CH ..‘"’,,

!
N—=, - ey —

80 85

Z = nitrogen containing beterocyclic residue, such as imidazole, thiadiazole, tetrazole, triazole
benzothiazole, pyrazole.
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It was reported147that the condensation reaction between 2-[(1,5,5-trimethyl-4-

methylthio}-3-imidazoiyt-2-ylidene]thiazolo[3,2-a]benzimidazol1-3{2K}-one (86) and
ethiodide of quinaldine or ethiodide of Z-methylbenzothiazole gave the dye 87,

\JN SMe 'l’.z--.“‘ N CH:\S(;"
N 8 Me CH,— / N s Me
T e e Y

" 0

Me N——, Me

86 87

7 = residue of quinoline, berzothiazole.

A1l the above mentioned merocyanine dyes and other correlated compounds are useful
as photographic sensitizers for silver halide emulsions’7»137,146-168

Few data on the reactivity of thitazolo[3,4-albenzimidazoles concerned the 3-imino
derivatives 51; reaction with 1‘sr:»cyemates”-"'rIg and acy]l anhydrides‘17v119afforded
thiazolobenzimidazolylideneureas (88) and thiazolobenzimidazolylideneamides (89)

respectively.

COR® )
| R =R'=H, CI, Me

Rl Nﬁ/\s 1 N\/\S Rj: Ph, p-NOzPh, COCCl3
l\ L\ R4= Me, OEt, Ph
R N—nconHgr2 R N——Nncoge R Me. OEE, Ph, Niph
88

89

A cycloaddition reaction with alkenes and a1kynes12e was reported for 1,3-diphenyl-
thiazolo{3,4-a]benzimidazole (54) containing tetravalent sulfur, which accurred
across the thiocarbonyl ylide dipecle in highly stereoselective and/aor
regiospecific fashions.

The vreaction of 54 with 6,6-diphenylfulvene gave a mixture of regiciscmeric
exo-[4+2] and endo-[4+2] adducts 295121. With tropone and 8,8-dicyancheptafulvene the
the reaction proceeds via a [4+2] cycloaddition to the C4-C5 and Cy-Cy bond of the

addend to afford the exo-adduct 90b and desulfurized compounrd 91 respective1y]2].

Ph Ph
N\ PN \“ N\ \ T —
S Zz
N N~ /
Ph
Ph NC™ “eN
90a-b 9
90a Z = residue of 6,6-diphenylfulvene
90h 7 = residue of tropone
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I¥ SPECTROSCOPY

The first uv, nmr and mass spectra were reported for 2- and 3-methyl and 2- and
3-pheny1thiazo1o[3,2—a]benzimidazoles9. Mass spectral fragmentation patterns wers analyzed
and the structure of 2- or 3-substituted thiazolo[3,2-albenzimidazoles was confirmed
uy169 | ir, nmr57 and mass spectra9’170 of other thiazolo[3,2-albenzimidazales were
successively reported; the spectroscopic data were correlated with the structures
of the examined compounds. Pmr spectra and electron structure of neutral bases and
cations of thiazelo[3,2-albenzimidazole and its methyl derivatives were also
investigated17]. A detailed study dealt with the dependence of chemical shifts from
the concentration of the acid. A satisfactory linear correlation was noted between
chemical shifts and m-electron density.

The crystal structures of 2,8-dibromo-6,7-dimethyl-3-phenylthiazolo[3,2-a]benzimi-
dazole (92) 57 of 9-phenacyl- and 9-{p-methylphenacyl}-3-phenylthiazolo[3,2-a]-
benzimidazole bromides (23)172 were determined by X-ray methods. A1 the compounds
are monoclinic and crystallize im space group P2q7/c; the thiazolobenzimidazole

system is planar.

Br (leZCOR R = Ph, p-MePh
Me N.,Ys Br ":‘\'/5
N‘I N‘l B
Me Ph Ph
92 93

Uv16%and mass spectral?3,1740f 2 3-dihydrothiazélo(3,2-a]lbenzimidazoles have been
reported. M¥ass spectra fragmentation patterns took place via the cpen-chain form;
some unimolecular decompositions were proposed and analyzed. Uv, ir and nmr spectra
of 2,3-dihydro-3-hydroxy-3-{p-chlorophenyl)thiazolo[3,2-a]benzimidazel -2-acetic
acid 94 and its ethyl ester showed that, in the solid state,these compounds exist
in the tricyclic form; in solution at neutral or high pH values the open form 95 1s

present while closed tricyclic structure 94 is the one assumed in acid medium.

N\YS CHCOOR N\\l/ STCHZCOOR
. NH ©
N GH.Clp Negichp
OH
g4 95

R =H, Et
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With ragard to the synthesis of thiazolo[3,2-a]benzimidazol-3{2H)-ones, the regio-

chemistry of the obtained products, wherever two isomeric derivatives are jikely to
be obtained, was established through detailed nmr ana1y51584. The structures of two
possible isomers of 6- or 7-substituted thiazolo[3,2-a]benzimidazol-3{2H)-ones (96)
and (97) have also been deduced on the basis of Euldpml3-induced nmr spectra of

reaction mixture88=89.

lsa ol saa

96 97

R = H, Br, C1, Me, NOp, OMe

TH- and ™C-nmr data of 2-methoxycarbonylmethylenethiazolo[3,2-a)benzimidazol-3(2H)-
one have been reported and discussed 108,

Nmr data of 1H,3H-thiazolo[3,4-a]lbenzimidazoles {98} 1- and/or 3-substituted have been

reported122 . The detection, by GC/MS of some intermediates, supported the proposed

reaction pathway.
R' R?

R = H, Me; RT= H, Me, Et
RZ= alkyl, phenyl

V. BIOLOGICAL ACTIVITY

Bactericidal24,28,45,48,92,175 apq fungicidal 24.28,48,97 activity for several

derivatives 99, 100, 101 and 102 has been reported.

—
o
—
—_
~n
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Compounds 99 exhibit also anthelmintic45, antinflammatery 76 , virucide 42,177
antipyreticdZ, hypotensive50, anoretic50, antiulcerd9and antivirall77activity; some
of them are also anaphylaxix inhibitors42,

Derivatives 100 are wuseful as herbicides!? and their quaternary salts show
hypoglicemic activity30,31 .| Some derivatives 100 are able to inhibit alkaline
phosphatase of Sarcoma 180/TG!78,

Several compounds 101 were tested as plant growth regu1ators]]1, antitrombotics112,
hypotipemics!12and anticonvulsants83,130,

Anthelmintic48 , insecticidal 51, pesticidal 51, anticonvulsant79,86,96,138 pypq-
tensived6 activity for compounds 102 have been observed. In addition, they are able
to inhibit MACG and succinate dehydrogenase138.

Numerous studies have been reported for 2,3-dihydro-3-hydroxy-3-(p-chlorophenyl)-
thiazelo{3,2-a]lbenzimidazol -2 -acetic acid (WY 13876) {103) which shows antitumor
and antimetastatic activity179.180 | Furthermore, it exhibits immuncmodulating

effects!81-183pyut causes enlargement of the thyroid of rats and dogsi84.

Nﬁﬁ/zs CHLCOOH hh§r/S:I:C&COOH

N "
CH,Cl-p N CHCIp
OH

103 104

Another compound largely tested is 3-(p-chlerophenyl)thiazolo[3,2-ajbenzimidazol-
2-acetic acid (WY 18251} (104), obtained by dehydratien of WY 13876. This compound
shows antineoplastic 30,185 | antimetastatic 186,187 | jmmunomodulatory 188-190 304
antinflammatoryl90-19Tactivity. WY 18251, mixed with influenza vaccine and injected
i.m. in mice, potentiated the immune response to the vaccine3l . It is also an
inhibitor of mammalian collagenase!92 and is active on the generation of murine
T cells suppressor 193, Contrarily to WY 13876, it is not thyrotoxicl84, Biological
fate of WY 18251 was also investigated194-195,
With regard to thiazolo[3,4-albenzimidazoles, 1H,3H-1-oxo- and T1-1mino derivatives
(105) showed anthelmintic!1®, rodenticidell5, parassiticide!’5-117and antinflamma-

toryl!15-117properties.

R
1|
R N:hr/J\\g

0, NH, NHCONHR®; R®= Ph, aryl, CC15C0
H, {un)substituted benzylidene, furfurylidene, thienylidene
1= H, C1, Me; R2= H, Me

X
R
R
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