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A vanety of nitroimidazoles, mostly 1,2-disubstituted-5-nitroderivatives were examined for i sitro activity against E.
histolytica and in early hepatic infection of mfected golden hamsters. Many preparations carried a functionalised N atom at
position 2. In wvivo activity was found widely among 1-alkyl-5-nitroimidazoles carrying a substituted imidazolidinone (1) or
imidazole (2). Out of these derjvatives, I-methyl-sulphonyl-3-(1-methyl-5-nitro-2-imidazolyl)-2-imidazolidinone (1a; C 10213-
Go) was found to be the best and to be superior to marketed nitroimidazoles against hepatic and caecal infections of E.
histolyticain the golden hamster and 7. foetus infections in mice, and has been developed as a drug for treatment of amoebiasis,
giardiasis and trichomoniasis.

5- mtr01m1dazoles We initiated our work in this area  imidazoles

3-(1-methy!-5-nitro-2-imidazolyl)-2-imidazolidinone  found to be uninteresting as antiamoebic agents!?
(1a) (C 10213- Go) as a potent and well-tolerated
antiamoebic-antitrichomonal agent?*. The title
investigation is an off-shoot of our comprehensxve
work in this area.

.o

Chemistry

and the remaining were prepared by standard
ON‘[ /L--N

1 Contribution No. 656 from CIBA-GEIGY Research Centre. shown to be S:=nitro-4-amino derivatives®.
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Nitroimidazoles have a wide spectrum of literature’ on such compounds and was followed by
chemotherapeutic properties'. Metronidazole, 142- synthesis of derivatives carrying other heteroatoms,
hydroxyethyl)-2-methyl-5-nitroimidazole (23a), heral- e.g. oxygen and sulphur at position-2. Many other 5-
ded a new era in the treatment of amoebiasis, being  nitroimidazole derivatives having carbon substituents
quite active against the invasive forms of the disease, also at position-2 were synthesised and evaluated, the
both intestinal and hepatic, and spurred an enormous  exercise being specially assisted by findings of facile
amount of chemical and biological work in the class of acylation of l-methyl-° and 1,2-dimethyl-5-nitro-
1011 A number of 4-nitroimidazoles
in 1972 and this involved the synthesis and evaluation  became objects of our study in connection with
of nearly 400 nitroimidazole derivatives and delineation of structure-activity relations. A limited
culminated in the development of 1- methylsulphonyl- number of 2-nitroimidazoles were also prepared but

The synthesis of most of the new compounds
mentioned in this paper has been already re-
ported®® ~11:13 25 A few are known in the literature

N=S0,C methods. 1-Substituted-5-nitroimidazoles (1-16) bon-

ded to a nitrogen atom at position-2 are catalogued in

Tables 1-16, while two 2-imino-5-nitroimidazolines

13 (17) are listed in Table 17. Tables 18 and 19 are
concerned with 1-methyl-5-nitro-2-imidazolyloxy

. derivatives (18 and 19) and Table 20 deals with some 2-
Our initial efforts, guided by reports of antiathoebic  mercapto compounds (20). Table 21 incorporates a few
properties for niridazole® and the high antiamoebic mono and dinitro alkylimidazoles (21). Tables 22-34
activity of 1-acetyl-3(1-methyl-5-nitro-2-imidazolyl)-  describe 1-substituted-5-nitroimidazoles (22-34) hav-
2-imidazolidinone (1, R=COCH;)° in experimental inga C—C bond at position-2 (or rarely an H atom),
models, were directed towards elaboration of various  Table 23, in particular, incorporating a few clinically
representatives of 1. Subsequently, these were studied drugs like metronidazole, tinidazole etc. These
expanded to embrace nitroimidazole derivatives were prepared for comparative evaluation. Table 35
carrying variously functionalised nitrogen atom at lists four preparations belonging to the group of I-
position-2, in view of relatively fewer reports in the methyl-5-nitro-4-substituted imidazoles (35), two of
: them bemg isomers of active compounds. Tables 36-38

tPart XVILL: Indian J Chem, 22B (1983) 157. . SA few synthesxsed and tested by Winkleman etal.” have been
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Table

1

Compd

1a
ib
1c
1d
- le
If
1g

1i

1j

1k
1
Im
In
1o
1p
1q
Ir

R=Me for 1a to le and 1g to Ir; and R =CH,CH,0OMe for If.

R

A | NZ . 1,3,13
OZN—[' NJ——I !
_ o
R

N N,—,‘Ft1
¥

1
R,

SO,Me

SO,Et

SO, Me

SO,NMe,
SO,NEt,

SO,Me

CONHMe
CONHEt
CONHCH,Ph
CONMe,

CONEt,
CO(1-piperidinyl) -
CO(4-morpholinyl)
COOEt

'CSNHMe -
 CSNHEt

CSNH-cyclohexyl
1-methyl-5-nitro-
imidazolyl

Antiamoebic activity

In vitro

1
100
10
0.1
0.1
100
0.1
0.1
0.1
0.1
0.1
100
10
10
0.1
10
100
10

In vivo
(hepatic)
+ 4+ +

++
++4++
+++
o+
++

+ 4+ +
+
++ +
+ 4+ ++
++++
+

++
++

R,=H for 1a, b and 1d to 1q; and R, =Me for ¢ and Ir .

Table 2*

2b
2

2d

2e
2f
2
2h
2i

2

2k
21
2m

0,

Ry
2

N

e

15

Antiamoebic activity

Et

Me

Et
H
H

SMe

SO,Me H

H NO,
Me NO,
H H

*2a-g. i and m as HNO, salts.
R =Me for 2a to 2I; and CH,CH,0OMe for 2m.

In vitro

1

100
100
100

10
10
!
10
1
10
10
10
100

In vivo
(hepatic)

IR

++++

++ 4+

+
+++
++
++++
++
++
+
+ 44+
++++

Table 3
, lN /N_
%WLNJ—N
h‘/l'e

3

Compd R, Antiamoebic activity

In vivo
(hepatic)
3a 100 FRR
3b 100 —

3c 10 +++
3d _ +
3e

In vitro

. R=R,;=Hfor3a, b; R=NO,; R, =H for 3c; and R =R, = Me for

3d, e

" Table 4

15
N Xey
./~
O,N N)—.N._Zl
o Me
4

Compd Y Antiamoebic activity

In vitro In vivo
'(hepatic)
CH 10 ++
4b CH 100 +++
4c N 10 — .

X=Z=CH for 4a; and X=Z =N fordband 4¢

Table 5
15

N 2 R

OZN—‘E- I /“—“I"j@i
2
Me

%

§.

Compd R Antiamoebic activity

In vivo
(hepatic)

In vitro

Sa 10
Sb - . 10

' 10
Sd 0.1
Se 10
5f 10
Sg NO, 0.1

*Benztetrahydro
X =CH for 5a-c; and X=N for 5d-g
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o 18
- OZN—[' ,?ﬂ-oé-R
. Me

Table 18
Compd R Antiamaebic act ivity
' in_vitro | in_vivo
(hepatic)
18a H 200 -
18b OCH,Ph 200 R
8¢ ~0)-N-co-cHel <1 -
L 2
Me -
NI
we | ~(0y-o—lJwo, i "
M
Me
. . |
18¢ LN 1 .
H
T Me
18g N 0.1 . -
' |
Ac
18h \ S0,Me 10 -
Me

In vivo activity against early hepatic infections of E.
histolytica

A perusal of Tables 1-43 reveals that there is little
correlation between in vitro and in vivo activities. Thus
20g with a MIC value of '0.01 y/ml and several
preparations with a MIC value of 0.1 y/ml, e.g. 5d, 11j,
12b etc. were inactive at screening doses, while some
compounds which were less inhibitory in vitro, e.g. 2b,
2e, 2m (MIC 100 y/ml) had potent in vivo activity.
Absorption and/or metabolism undoubtedly are some
of the responsible'factors. ,

It is evident from Tables 1-17 that'among I-
substituted-5-nitroimidazoles, carrying a N atom’ at
position-2, in wvivo activity is largely restricted to
imidazolidinones (Table 1), imidazoles (Table 2) and

348
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pyrazoles (Table 3), to a lesser extent to other azoles
and benzazoles especially triazole (Table 4) and the
pyrrolidino derivative 10a (Table 10). Itis seen to some
extent for oxazolidinones (Table 6) and bicyclic
sulphamides (Table 9). Thiazolidones (Table 6),
triazolidinediones (Table 7) and monocyclic sul-
phamides (Table 8) related to la were inactive.
Most.  derivatives of 2-amino-1-methyl-5-nitro-
imidazole, such as alkyl and aryl derivatives(Table 11),
amides and ureas (Table 12), schiff bases (Table 13),
amidines (Tables 14 and 15) and guanidines (Table 16)
were inactive or marginally active, 11d and 110 being
exceptions. Dichloracetylimino-1,3-dimethyl-5-nitro-
imidazoline (17a; Table 17) with low in vitro activity
was inactive in vivo. Three compounds, 18e (Table 18)
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18-

4 W
. ~ Al i .
Table 19 O,N ' 0—.—- Q CH=R
' ,
o _ Me '

Antlamoebic activity

in_vitro in vivo
(hepatic)

0

=N NHCOCONH2

Table 20 Table 21

%N"Hﬁ‘ n R

(O)p,

n Antiamoebic activity Antiamoebic activity

In vitro In wivo In vitro . In o
. (hepatic)

(hepatic)
. 21a H 4-NO, 300

10 - 2lb Me 4-NO,
21c Et 4-NO, 300
21d Me 5-NO, - 1
2le Et 5-NO,
21f NO, 4-NO, 100
21g NO, 4NO, 200
21h Me 10

—CH, —(3-pyridyl) 21i Me 10

(HC 21j Me 10

—CH, —(4-pyridyl) ) - 21k Me

—CH, —(l-methyl- 21 Me

S-nitro-2-imidazolyl) 2Im C¢HCO

~(CH,),-thiamor- 2in CO.thienyl!

pholine-1,1-dioxide-4-yl . (9]

2-CO,Me.CgH, ~ 0 :

4-NO, —CH, — 0 i
200 4NHAC.CH, g and 19b and 19d (Table 19) representing 2-oxy-S-

2

Me
Me
Me
Et
CH,Ph
CH,Ph
—CH, —(2-pyridyl)

CONOCO NN —

N -

(=]

4-NHAc.C4H, — N . .

20p  2,4-di(NO,).C,H, ‘nitroimidazoles had moderate ix vivo activity, while 2-
mercapto derivatives or their sulphoxides or sulphones

" (Table 20) were inactive. Noteworthy is the fact that

R=Hfor20a,b; R = CH ,CHOH for 20c; and R = Me for 20d to 20p ; . ) W ‘ 4
: : dichloracetamide 18¢, a nitroimidazole derivative of

349
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the known amoebicide, diloxanide3® was bereft of in
Table 22 wivo activity against-hepatic infection, even though in
h lN ‘vitro potency was marked (Tabie 18).
O N\~ Ry ~ Among simple 4 or 3- nitroimidazoles carrying an
(';H‘E.R extra nitro group or one or two methyl groups (Table
21) as expected and reported', the known 5-
2 *nltrmmldazoles (21i) and (21j) had a high degree of
Compd R R, Antiamoebic activity Iactlvny Surprisingly, 21K, the 4-nitro isomer of 21i
' 'was also moderately active (ED; oo 100 mg/kg x 2p.0.).
In vitro In vivo ‘In the case of compounds derived mostly by
(hepatic) \mampulanon of position-1, with a H atom or a methyl
22a CO,H Me 100 - igroup 4t position-2, moderate to high activity was
226 2-CN.C;H, ~ H 10 ++ ;observed only for the known drugs. 23a-23d,
22 2{CONH,).C¢H, H o .corresponding to metronidazole, secnidazole, orni-
22d 2-CN.C¢H, i Me 10 \d ) ", id bl ivelv (Tables 22 and 23
e 2{CONH,).C.H., Me 100 azole and tinidazole respective y (Tables 22 an ).
2f 2{CO,EN.C.H; H — .Nimorazole (23e) was weakly active and afforded 507
22 2{CO,Et.C.H, Me — cure at 80 mg/kg x 2 p.o. It is to be noted particularly
Table 23 1,18
N ’ -
11
02N 'i' /'LRZ
CH2(':H—F\'1
R
23
, Compd R R, R, Antiamoebic activity
In vitro In vivo
) ) (hepatic) _
23a OH H Me 10 + +-
23b  OH Me Me 10 4+
23¢ OH CH,ClI Me 10 ++++
23d H SO,Et Me 10 +++ +
2}e H 4-morpholinyl H 10 . +
23f H OEt Et —
(4-methyl)
23g H CH(OH)Ph Me 100 +
23h H —C—Ph Me 100 +
i
NOH
23 H CO,H Me —
23§ H CH(CI)Ph Me 10 —
23k H CONHPh Me 100 —
231 H CONHN =CMe, Me 100 *
23m H CH(OACc)Ph Me 100 —
23n H OCONH.C,H,.CO,Et (4) Me 10 —
230 H 1-imidazolyl ; Me 10 —
23p ‘H  2-methyl-(I-imidazolyl) Me 10 —
23q OH —CH,—(l- pyrrolldmyl) (HC]) Me 10 —
23r OH —CH,(iI-morpholinyl) | Me —
. methochloride ;
23s H S-nitro-l-phthalimido ! H — —
- 23t H 3-azabicyclo Me 10 —
) [3,2,2]-2-nonyl (HCl)
23u H 4-imino-1,4-dihydro- Me I —
, 1-pyridyt (HCl)
23v H 2(2-hydroxyethyl)- Me —
1-piperidinyl
350
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%able 24 © -~ Table2s

. I-IN I
' 02N NJh CHZOR
Me

8
8

PR 2
- 1
(WD
. OZN ?J—;HZR
) Me

25
24
Antiamoebic activity

Antiamoebic activity In vitro In vivo

(hepatic)

In vitro In vivo

(hepatic) 4-diethylcarbamoyl- *

1-piperazinyl (HCl)

- —80,C¢H,.Br(4) 3-azabicyclo [3,2,2]
—CONHCOCl, nonyl (3)
—CONHCH,CO,Et ‘ 1,4-dihydro-4-imino-
- CONHCH,.C1,(2,6) . ' pyridy! (I)
—CONH.C4H;Me,(2,6) 1-imidazolyl
—CONH.C,H,.NO«2) . CONHCH;

| —E_-P 18
Table 26 ON N/LCH':"X
!

Me

Antiamoebic activity

in_vitro in vivo
(hepatic)

NNHCSNH, 100
NNHCSNHMe 100

NNHCOCONH, : - 10

—1
N—N H 10
¥
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, 18
, i |
Table 27 N, e cH=cH-R
' |
Me
Compd R Antiamoaebic activity
in_yitro | _in vivo
(hepdtfc)
N
27a —Q@ 1 -
Me
27b —N 1 -
—LszL-NHAC
27¢ _@ 1 *
27d OXN N-Ac 100 -
N—-N \—
27e —'ﬁ;@ (OR| -
| i 1o
274 A 01 -
|
Ac
27g . ’ 10

Table 28

Compd

28a
28b
28¢
28d

9
il
—R
e
Me X
28
R X
C¢H; (o]
4-CLC(H, o
4-NO,.C(H, o
2-thienyl 0

T — . . . .
able 28—Contd Antiamoebic activity

Compd R . X
In vitro In vivo
(hepatic)
28¢ CyH; NOH 1 -
281  CeH; NNHC¢H, 10 -
28g 4-CL.CiH, NOH 0.1 —
28h  4-NO,.C(H, NOH 0.1 —
Antiamoebic activity 28i  NHCGH, O 100 —
28j NHCH,-CK4) (0] — —
In vitro In vivo 28k NHCH,NO,4) O 100 -
(hepatic) 281 CO,Et . (o] 10 -
100 — 28m  CO(l-methyl- O —
10 — 5-nitro-2-
10 — imidazolyl)
10 —

352




s

.

Y TR

NAGARAJAN et al.: NITROIMIDAZOLES
Table 29-° o : 1 '
FN -
ON N s
R R2 X
29
Compd R R, R, R, X Antiamoebic activity
In vitro In vivo
H (hepatic)
29a Me H H  2-thienyl <O_H 10 +
29b CH,CH,0H H H CiH; <OI;I_] 10 . ++
20c Me H H C4H, o 1 —
29d ‘Me H H 4-NO,C4H,— 0 100 —
29e CH,CH,0- H H 4-NO,C¢H, O 10 . —
- COC4H,.NO, (9 .
! } ' 29f CH,CH,0H H H 4-NO,C(H, O 100 . —
’ 29¢ CH,CH,COCH;, H H ' 4-NO,C¢H, (0] 100 —
29h Me H H 4-CICH, O 10 - —
29i Me H  H  2-thieny O 100 —
29j CH,CH,0-CO - H H  2-thieny! (0] 10 —
thienyl (2) :
29k Me Br H C¢H; (6] ++
291 Me Br H 4-NO,C(H, ; O 100 —
29m  CH,CH;OH Br H 4-NO,C¢H, v [0} 10 —
290 Me H H 3,4,5(OMe), - (6] 1 —
N C¢H,
29p Me Br  H 2-thienyl O —
# 29q Me Cl Cl CiH; O 10 +
’ . 29r CH,CH,0H Cl Cl 4-NO,C4H, (@] 10 —
29s Me H H C(H; NOH 10 —
29t Me H H 4-NO,C(H, NOH 1 —
29u Me H H  2-thienyt NOH 10 +
Table 30 n
~N
o l Ny 3 f)COR1
2 ,;‘J H=C—-R 1
) R |
30
Compd R R, Antiamoebic activity
In vitro In vivo
(hepatic)
30a Me CoHj; + —
30b Me 4-NO,.C,H, 1 —
30c CH,CH,0 - 4-NO,.C.H, 10 —
"~ CO.C,H,.NO, (4 v
30d Me 4-CIC(H, 10 —
) 30e CH,CH,0 - 4-CL.C,H, 10 —
) CO.C¢H,ClI (4) : .
30f CH,CH,0Ac 4-NO,.C(H, 100 —
30g Me - 3,4,5(Me0); ~C.H, 0 —
30h Me : 2-thienyl - 10 —
30i CH,CH,0-CO 2-thienyl 10 —
thienyl (2) :
305 CH,CH,0Ac 2-thienyl 10 —_ -
30k Me 4-thiazolyl 100 -—

353
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Table 31 ‘
\ E— CF!R
QN /L—C—COR
.?._1
Compd R R, R, Antiamoebic activity -
In vitro " In vivo
1 (hepatic)
31a " Me OEt CiHs B ] —
31b Me OEt 4-NO;Ce¢H, 100 +
31c Me NH, 4-NO,C,H, 10 —
31d Me 4-morpholino 4-NO;C.H, 100 —
3ie Me 4-morpho- 4-NO,C.H, 100 ++
‘ linylamino
31f CH,CH,OH OH 4-NO,C¢H, 10 —
3ig Me OEt 2-thienyl 10 —
, ' u
Table 32 1 Table 33
— : N S N
COR N (CHZ) L [\_"| —r‘ Hy
J—C O N
HX
: H R
32 ( X =CtorBr) T HCI
= 33
Compd R n Antiamoebic activity . Compd R R, Antiamoebic activity
In vitro In vivo \In vitro In vivo
(hepa}ic) \ (hepatic)
. » 33a Me C¢H; 1 + ..
32a CeHs 1 10 — 33b Me 4-NO,.C¢H, 10 —
32b Ce¢Hs 2 10 — T 33 Me 4—Cl..C6H'4 10 —
32 4NO,CH, ' 2 10 — 3 Me - 2-thienyl 1 —
324 2-thienyl 2 10 - 33e  CH,CH,OH 4-NO,.CcH, 100 +
Table 34 n
35.
Compd R R, X bAmiamoebic activity
In vitro In vivo
(hepatic)
34a ‘Me 4-NO,.C¢H, NH 10 +
34b . Me 4-NO,.C¢H, 0 10 —
34c* Me 4-NO, C¢H, ' N-Me 0.1 —
34d* Me 4.NO,.C¢Hs . N-Ph - 0.1 —
34e Me 2-thienyl ' 0 10 —
1341 CH,CH,0H 4-NO,.C¢H, . (6] {7 +
*or isomer
354

P e TN




.h“

NAGARAIJAN et al.: NITROIMIDAZOLES

Table 35 R N
, I
0O-N NJ
2 |

CH,
Compd R Antiamoebic Activity
in vitro in vivo
(hepatic)
3%a Me 10 4+
35b cl ' ' 200 -
35¢c 1 200 ++
—NB,N--S_OzMg
O 35d -— /iN 10 +eed
'OZN N
Table 36 | 1
Ry
R
Compd | R - Ry [ Antiamoebic Activity
# ‘ in_ vitro | "in_vivo
_ (hepatic)
, .--OH ‘
36a. | | H - -
0"
,o'OH
36b [,SJ Me 100 -
00 -

D 36¢ @j’ Me 10 -
- ~7"~OH
36d | @‘@ Me | 100 | -

36e | OZN—Q Me 10

36¢ @ ‘ Me 100 -

L

that 22a, a metabolite! of metronidazole is inactive analogue of ronidazole!, was very potent, but unlike
against hepatic infections up to 100 mg/kg x 2 p.o. ronidazole had only marginal antibacterial activity. It

1-Substituted-5-nitroimidazoles carrying diverse  wasalso unstable. The imidazole derivative, 25d (Table
carbon substituents at position-2 were inactive with a 25), 29b and 29k (Table 29) were the other exceptions.
few exceptions (Tables 23-34) 24b (Table 24), an  25disahomologue of 2a, a highly active amoebicide. It
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Table 37 QN-——N Table 38 QN N - :
[I N ﬂ—HRz [l 7 /”—'Me
PN
- CHyC -R, CHsz CHR
R OH
38
37
. Compd R Antiamoebic activity
Compd R R, R, Antiamoebic activity
' > In vitro In vivo
In vitro In viU'O (hepatic)
(hepatic) . 38a  l-pyrrolidinyl (maleate) — —
37a OH H . Me 1 * 38b l-piperidinyl (maleate) 100 —
37 OH Me " Me 200 + ; 38¢  3-methyl-1-piperidinyl 100 —
37c OH CH,CI ~Me 100 — (maleate)
37d H SOEt  : Me 100 + 384 4-methyl-1-piperazinyl —
37e H I‘morpholino | H 1 + ' (maleate)
(HCY 38¢  4-morpholinyl (maleate) —
38f  methochloride of above — Q;
) .
N NO 2 ’
| U ) RZ
Table 39 Til 1
R
Compd R R Antiamoebic activity
in vitro in_vivo
_ (hepatic)
3%a | Me Me 100 | -
39b Me . Ci - -
39¢ H CI'-IZCHZNH‘2 100 -
39d Me _ CHZCH(NH'Z)COOH - (‘j
39¢ | Me ~NH(CH - -
( 2)2 NEt 2
39 | Me —NH(CH2)3N: ) -
39g | Me - S@ 100 -
N H2
3%h | Me —S 100
COOEY i
39i Me '—Nﬂ -

356
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Table 3%(Contd)

1
€

Compq R Ry » ' Antiamaebic activity
‘ in_vitro in vivo
v I - - (hepatic)
' - Cl ‘ ' ‘ R
- 39j Me | —OICI -
‘ Cl
3
3%k | Me —N_‘N. : 100 -
D 391 | Me -—N’&NH | 100 -
. :
. )OL
39m | Me —N” “NAc _ 100 -
L .
39n | M ,(l)L | " 300 |
n e -} , -
' : 0
- Al ()
«l ’ 3o Me NI Nl | 100 -
En : ~ Me
)9\ _
33p | Me -N" 0 . 100 - -
LJ
39q | Me -Nﬁs | - 00 | -
- o,
' N
39r Me —5<0O | . _ 1
»3?95 | Me ——IC>=NH (HCI) -
_ ‘ N
39t Me -0 (?_) -
’ N\ -
39u | Me —0— ON ' " 100 -
i S "
39y | H Me - 10 -
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" Table 40

Bicyclic nitkoiinidazole‘s
Compd| | Structure Antiamoebic
) activity
linvitro | in vivo
. (hepatic)
: N 22
40a OZNI;)\x X=NMe n=1 1 -
i / ' i
L (CHYR . |
40b X=NMe n=2 100 | +
40c X=9 ‘ n=1 -
40d X= 502; n=1 —
40e R=C6H5‘ 10 -
LOf . R:A—N02C6H4 10 -
40g C R=4-Cl:CgH, 10 -
40h , R=2 Thienyl 1 ~
. 0 25 :
. R -y
40i ; [:"'z i IL) R=CO,Me. Ry=H 100 | -
u : Me ' '
AO] R:COzgf; R1 =H -
40k R=CO,H); Ry=H -
401 R=H;  Ry=CO,Et 0 [ -
22
Cl !
40m X 10 —_
. NPNTNH ‘
ONT

is interesting to note that the ‘carbon-bound’ pyrazole
34c (Table 34) is inactive in vizo, while a ‘nitrogen-
bound’ pyrazole 3a(Table 3)is highly active. Curiously
their in vitro activities arefin the reverse order. The
inactivity of nitroimidazolyl heterocycles (Tables 33
and 34) are in striking contrast to the properties of 1-
methyl-2-(thiadi‘azolyl)-5‘-nitroimidazole (C.L.
648551), '

Three out of four I-methyl-5-nitroimidazoles
carrying substituents at position-4 rather than 2 were
active in vivo also (Table 35). Compounds 35¢ and 35d
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_are respectively analogues of faand 2a. I-Substituted-

4-nitroimidazoles carrying a H atom or a methyl
sgbstituént at position-2 (Tables 36-38) or a variety of
substituents at position-5 (Table 39) are inactive or
m:arginally active (e.g. 37a-37e, isomers of clinically
useful antiamoebic antitrichomonal drugs). Of the
twelve bicyclic systems tested, which incorporate a 5-
nitroimidazole (Table 40), only one (40b), showed weak
activity, while a single example (40m) of a bicyclic
system having a 4-nitroimidazole residue, was
unjinteresting. Of .10 examples of 1-methylsulphonyl

s K
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imidazolidinone carrying .diverse substituents at
position-3 (analogues of 1a) and three of- 1-substituted
imidazoles (analogues of 2a), eight were .inactive in
vitro and four in vivo. Only compound 42b had some

Table 41— 13

. :
N\n,N S0,CH,

0

4

Compd R Antiamobic activity
In vitro In vivo
(hepatic)
41a  S-nitro-2-pyridyl —
41b - 4-nitrophenyl —
41c  2-benzthiazolyl —
41d  2-benzoxazolyl —
4le  2-carbomethoxy- —
4-nitrophenyl i
41f  2-nitrophenyl —
41lg  2-aminophenyl — —
41h  5-nitro-2-thiazolyl —
41i  3-chloro-6-pyridazinyl —
41 CONH, —

Table 43 - Miscellaneous

measure of activity in early hepatic infections. Other
derivatives of imidazolidinone including 43f, a
metabolite  of . 1a, included in Table 43 were
uninteresting. :

We can now consider very briefly structure-activity
relationships in the groups of active compounds.

+Among the 3<(nitroimidazolyl)-2-imidazolidinones

(Table1), the substituent at position-1 could be widely
varied with retention of activity. Thus this substituent
can be the methylsulphonyl (1a), methylcarbamoyl

Table 42— 5
N
/=
R-—-N I
42
" Compd R Antiamoebic activity
In vitro In vivo
(hepatic)
42a  5-nitro-2-thiazolyl 100 —
42b  3-chloro-6-pyridazinyl 1 + +
42c  S-nitro-2-pyridyl ’ 1 —

Imidazoles, Imidazolidinones

Structure Antiamoebic activity
Compd R]—-N\'(lNI,—-R R R in_vitro in_vivo
0 1 (hepatic)
43a SOZMe' .H -
43b CSNHMe H 1 +
43c CONMez H 100
43d SOZNMe2 H 10
43f | SO,Me CONHMe -
43 SO, Me 19 -
° 2 A NHAC
Me
N 16
| 1
43h [';’L @ -
Me HCl
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Table 44—1In vivo activity against caecal amoebiasis and
T. foetus infections
mg/kg x 4 p.o. (% cure)

Compd Caecal amoebiasis T. foetus
la 30 (100) 15 (100)
1c 40 (85) 15 (100)
1g . ‘ 30 (100)
1j _ 30(80) - 30 (100)
1k 30 (95) 10 (100)
1o 40 (75). 10 (100)
1p 15 (160)
2a .40 (100) 20 (100)
2 40 (90)

2 40 (60)
" 3a 40 (100)
6a ‘ 100 (100)
6c ‘ 100 (100)
64 160 (100)
21 40 (100)
21j ’ 100 (0)
21k 120 (100)
23a 40 (15) 40 (100)
23b 4 40 (85) 30 (70)
23¢ : 30 (90) 20 (0)
234 40 (40) 30 (100)
. 23e 40 (30) 100 (0)
25d (100y (75)°
39 . 160 (0)

(1g), dimethylcarbamoyl (j), methylthiocarbamoyl
(1o) or a dimethylsulphamoyl (1d) group. In general,
extension of a carbon chain in an active compound,
e.g. by replacing a methy! with ethyl (1a—1b, 1d—1Ie,

‘1g—1h, 16—~1p) or methoxyethyl (1a—1f) results in

diminished activity. However, compound 1k is an
exception. Introduction of a methy! group in the
imidazolidinone ring leaves the activity untouched
(1c). The S-nitro-4-substituted imidazole (35¢) (Table
35), an isomer of Ia is moderately active, while 1-
methyl-4-nitroimidazole carrying the imidazolidinone

residue at position-5 (39n; Table 39) is inactive at the -

screening dose. Replacement of the substituted N
atom at position-1 in the imidazolidinone moiety of 1a
by O(as in 6d and 6e) increases the antiamoebic activity
to some degree. Nitroimidazole derivatives of
triazolidinediones (Table 7), monocyclic sulphamides
(Table 8) and imides (Table 10; 10s-10u) lack
antiamoebic activity. Of the two active bicyclic
sulphamide derivatives 9a and 9b, the latter with one
more CH, group is less active. Compound (41h), a
nitrothiazole analogue of la and a derivative of
niridazole is inactive at screening doses, despite the
‘isosteric’ change involved (N—S).

Compounds resulting from attachment of a

~ nitrogenous aromatic heterocycle at position-2 of 1-
substituted-5-nitroimidazoles through a N atom have.

generally good activity against early hepatic infection.
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“3N atoms) and-tetrazole (4¢; 4 N atoms), maximum

" imidazolyl) imidazoles (Table 2). The high antiamoebic

~ persists when the lipophilicity is increased by addition

* attenuation of activity (2d, 2f, 2kh; 2i, 2j).

In a series, where this heterocycle is varied from -
pyrrole (4a 1 N atom) through imidazole (Table 2; 2N
‘atoms), pyrazole (Table 3; 2N atoms) to triazole (4b;

‘activity i§ reached with compounds involving
imidazole or pyrazole, the order of activities being 2a
‘=3a>4b> 4e > 4c (see Tables 2-4). Titration of 2a and
3a shows the former to be superior (ED, ¢, 25 mg x 2
for 2a vs 45 mg x 2 for 3a). Some activity persists with
benzazole derivatives also, ¢f. 5¢ and Sg (Table 5).
Interestingly, good activity is ‘seen to be widely
prevalent in the group of 141-substituted-5-nitro-2-

activity obtained for the prototype 2a of this series

of up to two CH, groups (as two methyl groups or one
ethyl) to the imidazole moiety (compounds 2b, 2¢, 2e,
2g) or CH,OMe group to the methyl group of the @\
nitroimidazole (2m). High activity is seen also for the y
bis (nitroimidazole), (2I). However, addition of further
methy! or methylene or mercapto groups results in

Shifting of the imidazole residue in 2a from position-
2 to 4 affords the highly active isomer 35d (Table 35),
which is still inferior (ED,,, 45 mgx?2) to 2a. But
interchange of groups at positions-4 and 5 as in 35d
and 3%k (Table 39) leaves the compound inactive at the
dose at which it was tested. Interestingly, the
interposition of CH, group between the nitroimid-
azole and imidazole groups in 2a affords a compound
(25¢) with good activity, while a derivative of
metronidazole (232) with imidazole or 2-methyl-
imidazole replacing the OH" group (compounds 230,
23p; Table 23) are inactive. Among three 1-heteryl
imidazoles tested (Table 42), only the pyridazine
derivative, 42¢ had some measure of interest.

Among the pyrazoles (Table 3), the high activity of @ >
3z is diminished or lost by adding substituents like o
‘nitro and/or methyl groups to the pyrazole nucleus.
~ Aclass of -substituted-5-nitroimidazoles carrying a
cyclic secondary amine function at position-2 (Table.
10) was studied fairly extensively after the early
observation of good activity for the pyrrolidine
derivative 16a. However, all the analogues presented in
Table 10 obtained by systematic changes of the riné
size or substituent at position-1 failed to give a better in
vivo amoebicide. Indeed activity proved to be very
specific for 10a. The des-nitro derlvatlve 43h of 10a
was not even active in vitro.

Activity against caecal infection

A number of compounds listed in Tables 1-3 which
showed very high degree of activity against early
hepatic infection were examined in the caecal infection
model and were all found to be curative, with small
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differences in potency (Table 44). Of the five
compoundschosen from Table 1, C 10213-Go (1a) was
found to have an edge over others. 1a was also superior
to the imidazole (2) and pyrazole (3) derivatives. The
metronidazole (23a) group of drugs listed in Table 23
showed varying degrees of efficacy, the most potent of
them, ornidazole (23¢) being less active than la. 1-
Methyl-4-nitroimidazole (21k) again presented a
pleasant surprise by showing 100%, cure at 120 mg/kg
p.0.x4. It would thus appear that nitroimidazoles
active against hepatic infections in hamsters are
consistently effective against caecal infections as well.

Antitrichomonal activity

Active antiamoebic compounds of general structure
(1) showed 100%; efficacy at doses of 10-30 mg/kgp.o.,
asalso imidazole 2a (Table 44). Among the compounds

-of general structure (6), 6d with moderate antiamoebic -

activity in hepatic infections provided 100% cure in the
T. foetusmodel at 100 mg/kg p.o. x 4. The thiazolidone
(6a) and the pyrrolidone (6¢) though inactive against
hepatic amoebic infection at 45 mg x 2/kg p.o., again

- provided full cure at 100 mg/kg x 4in T foetus infected .

mice. Among the metronidazole group of compounds

“(23a-23e), ornidazole at- 20 mg/kgx4 p.o. and

nimorazole at 100 mg/kg x 4 p.o. were ineffective while

" the other three were less active than la. 1- -Methyl-5-

nitroimidazole (21i) was fully curative at 100 mg/kg

'po x4, while the 1,2-dimethyl analogue. (21j),

dunetrldazole was inactive. Members 37a-e of the

.1somerlc 4-nitro series were uniformly inactive even at

120 mg, as also the imidazole (39k) at 100 mg.
Compound 25d, a homologue of 2a had moderate in
vivo antitrichomonal activity; but 35¢, and more SO,
35d, which are respectively position isomers of 1a and
2a and which showed moderate and very good activity

' agamst hepatic amoebiasis, were inactive against T.

foetus at 100 mg/kg x4 p.o., thus indicating that
dissociation of these two activities is possible in
nitroimidazoles.

Conclusions

Among the various_highly active new nitroimid-
azoles synthesised in our laboratories, we have chosen
the methylsulphonylxmldazohdmone 1a for further

development on the basis of considerations such as -

tolerability3®-3! stability and ease of synthesis. We
have carried out extensive studies on 1a in comparison
with marketed. nitroimidazoles such as 23a-e in the
following models:

() Golden hamsters, Mesocricetus auratus, infected
in the liver or caecum or both with trophozoites of E.
histolytica®?33, (i) albino mice, Mus musculus,
infected in the caecum with trophozoites of E.
histolytica™*; (iii) mice infected subcutaneously with 7'

Jfoetus or various strains of T vaginalis®>; and (iv) mice
infected with a résistant strain of 7. vaginalis®®.

In all these models, 1a was shown to have distinct
advantages. 1a was also found to be superior to
metronidazole against a variety of anaerobes3’.
Pharmacokinetic and metabolic studies®® have been
carried out on Ia, in animals and humans, using
unlabelled as well as '*C labelled (at position-2 of the
nitroimidazole) substance?®. Clinical tolerability and
efficacy in patients suffering from amoebiasis or
trichomoniasis have been established?.
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