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Treatment of 1-methyl-2-methylsulphonyl-5-nitroirmidazole (2) with p-hydroxybenzaldehyde gives the aldehyde (3a) which’
is derivatised further to 3b-d. Displacement reactions on 2 with other phenols affords 4a-¢. I-Methyl-2-mercaptoimidazole (5a) -
is condensed with reactive halides to form sulphides Sb-e which are nitrated further.to lead to nitroimidazolés 6a-d among
which 6a and 6d undergo oxidation to form sulphone (7a) and sulphoxide (8) respectively; some nitroimidazolyl sulphideé(6e-h)
are also prepared from 2 by displacement with thiophenol salts. 6f is further oxidised to 7b. 1-Methyl-5-nitroimidazole-2-
methanol (9a) is converted into sulphate esters (9b and 9¢), chloride (9d), urethanes (10a-e) and amines (ila-c). 1-Methyl-5-
nitroimidazole-2-aidehyde (12a) is characterised as the lnydrazones (12b-f) and the vinyl derivatives (13a-f) and (14). Reactions

" of 1-methyl-5- nitroimidazole (15) with ethoxalyl and oxaly! chlorides yield 16a and 19 respectively. 16a is further reacted with
ammoguamdmc to yleld 18. Metronidazole(22a) is transformed into the urethane (22b) and via the chloride (22¢) into the bases
(22d-g). Ornidazole (23a) likewise affords the amines (23b and ¢) while the isomer 24a Jyields 24b-g. Alkylation of the sodium
salts of 4-nitro and 4-nitro-2-methylimidazole with 3-chloro-4-hydroxysulpholane (25). provides the 4-nitro-derivatives-(26a)
and (26b). Reaction of 2-bromo-l-indanol with 2-methyl-4-nitroimidazole does not prov1dc 28, but 30, for whicha mechanism .

1s proposed.

The major part of work on nitroimidazoles which has
been reported in our earlier papers and which resulted
in the discovery and development of the potent
antiprotozoal agent, l-methylsulphonyl-3-(1-methyl-
S-nitro-2-imidazolyl)-2-imidazolidinone (1)* (Code
No. C10213-Go) has been concerned with the

construction of nitroimidazoles with a functionalised

N atom at position-2. In connection with various allied
studies including structure-activity relationship
deductions, we had occasion to prepare a large number
of diverse nitroimidazoles bélonging to the groups
mentioned in the title.’ We describe below their
synthesis under appropriate headings.

1-Methyl-2-oxy(mercapto)-5- nztrozmzda—
zoles—Reaction of the sulphone (2)! with the sodium
salt of p-hydroxybenzaldehyde afforded 3a which was
further derivatised at the C =O terminal as hydrazones
(3b-d). 2 and the sodium salt of the well-known
amoebicide diloxanide? ‘gave 4a in satisfactory yield.
4b was similarly obtained using 3-hydroxpyridine-N-
oxide. 3,6-Dihydroxypyridazine underwent two-fold
condensation to yield 4¢. A byproduct often obtained
in these reactions was identified as 1-methyl-2-
methylsulphonyl-5-(1-methyl-5-nitro-2-imidazolyl-
oxy) imidazole which we had been encountered
earlier',

tContribution No. 652 from CIBA-GEIGY Research Centre.
tPart X1V: Indian J Chem, 21B (1982) 1030.

1078

The 2-mércapto derivatives 5b-5e were prepared by

the reaction of conimercially available 1 -methyl-2-
mercaptmmxdazole (S5a) with a reactive halide.
Nitration of the intermediates S¢ and 54 gave the
corresponding 6b and 6¢. During such a nitration, 5b
was transformed into the sulphone (7a) and Se to the
sulphox1de (8). The sodium salts of p-nitro- and p-
acetamido-thiophenols, methylthiosalicylate and 4-(2-
mercaptoethyl)thiamorpholine-1,1-dioxide displaced
the sulphone group from 2 to afford Ge- h respectlvely
Deliberate oxidation of 6f gave 7b.

Derivatives of 1-methyl-5- nitroimidazole-2-methanol
(92)—9a> was transformed into the sulphonates (9b)
and (9¢) and the urethanes (10a-e) -by reaction with
appropriate sulphonyl chlorides and isocyanates.
These urethanes are analogues of the antibacterial,
rhonidazole*. 9a was also converted into the
corresponding chloride 9d° which was used for
alkylating 4-aminopyridine while 9¢ was reacted with
1-diethylcarbamoylpiperazine and 3-azabicyclo[3.2.2]
nonarne to afford 11a-c respectively.

Derivatives of 1-methyl-5-nitroimidazole-2-carboxal-
dehyde (12a)—12a°> was condensed with various
hydrazides to form the derivatives (12b-f) and with
compounds containing active methyl groups to form
the vinyl derivatives (13a-f). Acetic anhydride used for
the condensation caused acetylation of free NH
groups. 14 resuited from the react1on of 1-acetyl-3-
methylhydantoin with 12a.
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Derivatives of 1-methyl-5-nitroimidazole-2-glyoxalic

with ethoxalyl chloride gave the expected ester 16a.
Two other minor products were also isolated. One was

the bis-nitroimidazole (17a) on the basis of analysis
and spectral data (see Experimental). -17a arises
obviously by condensation of 16a with a second
., molecule of 15(Scheme 1). The genesis of formic acid in
.~ this experiment is not clear. 16a was further
+ transformed to the triazine (18) with aminoguanidine:
. Oxalyl chloride and 15 gave the expected diketone
19 as the major product. Two byproducts were again
encountered in this reaction. One was identified as the

N
N SOLCH, )

;o h —CHCH=N 3
' 2
acid—Treatment of I-methyl-5-nitroimidazole (15)

identified as the formic acid salt of 15, and the other, as-

“
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bis-nitroimidazolylmethanol (20) arising probably
from the precursor 17b (R =H). 17b in turn could have
been formed from 16b (R =H), which might have been
generated from the corresponding chloride, a primary
product of reaction of 15 with oxalyl chloride. The

- second byproduct corresponded to the ester (21) which
was perhaps formed during chromatography by the
interactlon of a susceptible intermediate** with
methanol (Scheme 1). '

**e.g. l-methyl-S-nitroimidazole-2-carboxylic acid chloride is
formed as follows:

N
o]]nﬂ/:\wccole — [ /ﬂ—cocu' €O+ HCI
N S oal QNN
Me

02N )
Me
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L-Substituted alkyl-2-methyl-5-nitroimidazoles—
Reaction of 1-2-hydroxyethyl)-2-methyl-5-nitro-
imidazole (22a) (metronidazole) . with ethyl p-
isocyanobenzoate gave the urethane (22b). Metro-
nidazole was also converted into the chloride 22¢
which was reacted without purification with

appropriate bases to afford aminoethyl derivatives -

(22d-g).

Substitution of the chlorine atom in ornidazole (23a)
by pyrrolidine and N-methylmorpholine yielded 23b
and 23c¢ respectively.

1-Substituted alkyl-2- methyl-4 nitroimidazoles—
Similar reactions of the i 1somer 24aS with various bases
gave 24b-g.

1080
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- Treatment of 4-nitroimidazole and 2-methyl-4-
nitroimidazole with the sulpholane (25) under basic
conditions led to the products 26a and 26b. These were
formulated as the 4-nitro derivatives rather than the 5-
nitro isomers, because of the alkaline reaction

_conditions. Further in the PMR spectra in DMSO-d,

the imidazole protons appeared at very low fields (8.65
ppm in 26a and 8.60ppm in 26b) indicating the
correctness of the structural assignment®. The
products are given frans geometry in view of expected
—OH group in the reaction
(epoxide formation; see Chart 1).

Alkylation of the sodium salt of 2-methyl-4-
nitroimidazole with 2-bromo-1-indanol (27) led to an
unexpected result. The PMR spectrum of the product
in DMSO-dg displayed signals at § 2.55 (3H, s, 2
—Me), 2.75 (1H, dxd, J=17, 6.5 Hz, C—3H), 3.35

" (IH,dxd, J=17, 6.5 Hz, C—3H), 4.58 (1H, quintet, J

=6.5 Hz, changing to a quartet, J=6.5 Hz, on
treatment with D,0, C—2H), 5.6 (1H, d, J=6.5Hz, C
—1H), 5.80(1H, d, J=6.5 Hz, disappearing with D,0O,
OH), 7.1(IH, m,C —7H), 7.30(3H, m, at C-4, C-5, C-6)
and-7.83 (1H, s, C-5'H). The conversion of the quintet
at4.58 ppm to a quartet upon deuteration of the OH at
5.80 identifies it as the «-proton. The multiplicity of
this signal as well as the doublet nature of the second
methine proton at 5.60ppm rule out the expected
structure 28 in favour of 30. The assignments of
various proton signals are consistent with this
proposal. The formation of 30 from 27 must be
mediated by the formation of the epoxide 29 and its
‘subsequent opening by attack at the benzylic carbon
atom.

However, another source of structural ambiguity
had to be considered. The alkaline conditions of the
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.above reaction would almost certainly produce a 4-
nitroimidazole derivative®.
spectrum, the nitroimidazole proton appeared at
~ 07.83 which was at a higher field compared to that
expected for C-5H in similar molecules (=8.2), and
. seemed to correspond to values found for C-4H in 5-

nitroimidazoles. Thus it became obligatory to consider -

structure 31 for the product. The PMR spectrum was
rerun in CDClj; and the imidazole proton appeared at
67.43 giving rise to a Ad (DMSO-d4-CDCl3) of 0.40
ppm?®, which is definitely supportive of structure 30
and rules out 31. It is .obvious that in the PMR

spectrum (in both the solvents), C-5H is being shlelded—'

considerably (~0.5ppm). Depiction of the stereo-
.structure of 30 as 30a places the imidazole proton in

But in the DMSO-dqg

IS
~N
—

Chart 1 L
the shielding region of the phenyl ring current and
rationalises the observation. The signal due to the
methyl protons has a normal chemical. shift as

_required. The trans-geometry is dictated by the

mechanism postulated. The study emphasises the
potential pitfalls in the use of chemical shifts alone in
structure assignments of nitroimidazoles and the
significance of Aéd values in such exercises®

13C NMR data were additionally mvoked in -

'support of structure (30). The compound exhibited
‘'signals at 146.0 (m, C-2'), 140.1, 138.0 (m, C-3a, C-7a),

129.0,127.4,125.3,123.9(C-4, C-5, C-6, C-7)§, 119.1(d
x'd, \Jcg=200.5 Hz, 3Jcy=4.6 Hz, C-5; C-5' signal
was easily recognised by virtue of its large Yo, 79.3
SsAll signals were large doublets (*Jow~165 Hz), split further into‘ ‘
broadened doublets (J 4-8 Hz). Individual assxgnments were not
attempted.

\
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(broad d, C-1), 68.8 (broad d, C-2), 38.5 (1, C-3) and
13.2(g, CHj3). The chemical shift of the proton-bearing
imidazole carbon atom and the multiplicity of its
signal clearly conform to the requirements of structure
30a%. 31 is ruled out since & for its C-4 would be
expected to be around 131 ppm and only a single one
bond coupling would be observed.

Experimental Procedure
4-(1-Methyl-5-nitro-2-imidazolyloxy)benzaldehyde
(32)—To a suspension of NaH (50%, 4.8g) in DMF
(20 ml) was added dropwise under stirring and cooling
(10-15°), a solution of p-hydroxybenzaldehyde (12.2 g)

21B, DECEMBER 1982

in DMF (30ml). After the addition, the reaction
mixture was stirred at room temperature for 1 hr after
which a solution of 2 (20.5g) in DMF (30ml) was
added and the mixture heated for 2hr at 100°. The
solvent was removed under reduced pressure, the
residue treated with water (30 ml) and extracted with
methylene chloride. The methylene chloride -extract
was evaporated in wvacuo and the gummy residue
filtered through silica gel column using chloroform-
methanol (98:2) as a eluent to afford 3a (Table 1).
N-[4-(1-Methyl-5-nitro-2-imidazolyloxy) benzyl-
idene iminoJoxamide (3b)—A mixture of 3a (2.5 g) and
N-aminooxamide (1.05 g) in ethanol (20 ml) was heated

Table 1 —Nitroimidazoles

Compd. Yield

Solvent of m.p. Mol. formula
(%)  crystallisation °C

3a 45  CH,Cl,-E,0 118 C,,HgN,0,
3b 80 DMF-MeOH 299-300(d) C,;H,,N,O;
3¢ 40  MeOH-CH,Cl, 215.7 C,H, N;0,S,
3d 80 CH,Cl,-hexane 182-83 Ci6H,0NgO35
4a 76  Benzene-hexane  150-51 C,;H,,C1,N,0,
4b 20 CH;CN-E,0  182-83 CyHgN,O, '
4c 18  CH,CN-Et,0 185-90 C,;H,oNgOq
6b 15 CH,Cl,-hexane 153 C,0H,oN,O,S ,
6c. HCI 45 MeOH-EtOAc  195-98 C,oH,N,0,S.HCl
6e 15 CH,Cl,-Et,0 106 C,oHgN,O,S
6f 30  CH,Cl,-Et,0 202 C,,H,,N,0;S
6g 60 CH,CN 156-57 C,,H,,N;0,8
6h 12 -do- 155-56 CoH,(N,O,S,
7a ” 43  MeOH 195 C,oH,N;04S
b 90  CH,CI,-MeOH  252(d) C;H,;N,O;S '
8.HCI' 35 MeOH-EtOAc  213-15 C 0H,(N,0,S.HCl
9% 35  CH,Cl,-hexane 60 CeHoN,O5S
9c 35 -do- 213 C,,H,BrN;0,S
10a 95  MecOH 195 CgH,C1,N,O;

© 10b 80  CH,Cl,-hexane 100 C,oH N, O

10c 69 -do- 138 C,,H,,CI,N,O,
10d 55 -do- 108 C 4 H, N0,

_ 10e 45 CH,Cl,-hexane  126-28 "Cy,H,{NsOg

11a. HCl 41 MeOH 275 C,oH,,N;0,.HC}
IIb.HCl 30 CH;OH-EtOAc 248-50 C4H,,N¢O,. HCI
e 38 CH,Cl,-hexane 120 C3H 20N, O,

12b 52 © DMF-Et,0 253(d) CsHNGO,S

12¢ 90  CH,Cl,-hexane 225 C7H,oN¢0,S

124 75  MeOH-Et,0 294(d) C;HgNgO,

12¢ 80 DME-Et,0 298(d) CgH,oNsO5

12f 50 -do- 250(d) CsH,N;0,8,

13a 22 -do- 275(d) CoH,,N;0,

13b 40 -do- 330(d) CoH,oNO3S
13c 21  CH,(Cl,-Et,0 194-95 C,0HoN;0,

13d 25 MeOH 293.94(d) C,¢H,¢N,O;

13e 38 DMF-Et,0 272(d) €3H,0N,0,8
13f 45 -do- 254(d) C,sH,;3N;0;-

14 48 -dg- >300 Cy H | N5O;

16a 36  CH,Cl,-hexane - 57 CsHoN,05

18 30 MeOH >300 C3H,N4O3,

Found (%)

Calc. (%)

C H N C H N
53.44 3.67 17.00 53.38 3.58 17.34
46.99 3.64 2530  46.53 3.99 24.80
4457 294 18.56 44 84 3.07 18.67
55.80 5.85 2441 . 55.82 6.16 24.18
43.47 3.37 1560  44.80 4.00 15.50
45.76 3.41 23.72 45.43 3.55 23.95
39.78 2.78 30.93 39.36 3.30 30.93
48.00 4.02 2239 4845 428 22.61
41.89 3.87 19.55 42.23 3.56 19.24
42.86 2.88 2000 43.13 3.22 20.04
49.31 4.14 19.17 49.30 421 19.29
" 49.15 3.78 14.33 49.52 4.12 14.00
37.50 5.04 17.50-  37.80 5.12 17.73
33.62 1.98 19.61 33.75 2.60 20.17
44.45 373 17.28 . 44.27 3.67 17.64
39.68 3.66 18.44 39.91 4.09 18.01
30.64 3.86 17.87 30.61 3.72 17.92
35.12 2.68 11.17 35.48 2.47 10.83
27.81 204 1622 28.51 2.35 16.57
41.96 4.93 19.58  41.90 5.22 19.88
41.75 2.92 16.23 42.05 3.17 16.41
55.25 5.30 18.41 55.21 5.15 18.64
44.86 3.45 21.80 44.42 3.13 22.37
44.53 4.48 25.97 44.52 4.80 26.12
46.50 698 2329 4683 7.03 23.53
59.07 7.63 21.20 59.06 7.90 21.16
31.58 3.53 36.84 31.83 3.81 37.09
34.71 4.16 34.70 3499 . 444 34.82
35.00 3.36 34.99 35.41 3'81 34.99
40.33 423 3528 . 4042 449 34.98
33.69 2.47 24.56 34.00 2.68 24.26
51.49 4.75 30.03 5110 5.18 30.12
40.82 3.43 28.56 40.90 3.28 28.36
51.94 3.92 30.29 50.92 4.04 30.05
53.77 5.36. 27.44 53.68  5.64 27.54
54.55 3.52 19.58 54.44 3.88 19.73
57.87 4.21 22.50 5762  4.60 22.12
45.05 3.78 23.88 45.10 4.21 24.20
42.29 3.99 18.50  42.56 4.22 18.91
35.45 297 41.34 35.84 3.31 41.55

(Contd))
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Table 1—Nitroimidazoles—(Contd.)

Mol. formula Calc. (%) _ Found (%)

Compd. Yield Solvent of m.p.
(%) crystallisation °C

C H H

C,oHgNgO4 38.97
C.6H,gN,O; 53.03
CoH,,N,0, 48.86
C,oH,3Ns0, . H,0 47.42
C,.H,,;N,0,.HCl 53.41
C,.H,;N50,.HCl 46.56
C..H,:N,O:.2HCI 40.37
(C;H, (N,OQ ' Cl ™ 44.93

19 10 CH,ClL-Et,0 188
22b 65 MeOH-Et,0 190-95
22d 30 EtOAc . 171
22e 35 MeOH-Et,0 153
220.HCl 45 MeOH-EtOAc 243-44
22g HCl 42 IPA-EtOAc 174-75

" 23b.HC! 15 MeOH-EtOAc 220-21
23¢ 40 -do- 236-38

24b. 27 -do- 143-45
Maleate

24¢ 73 -do- 160-62
Maleate’

24d 58 -do- 141-42
Maleate

24e 32 -do- 160-61
Tris-maleate
24f 35
Maleate
24g 26 -do- 144-45
26a 24 DMF-MeOH 255 C,HgN;0;5S
26b 20 DMF-Et;0 282 CgH,,N;0;S
30 - Il MeOH 210-11 C,;H,3N;0,

-do- 175-76

(Ci,H, N0 CL™

C,HN,0;.C4H, 0, 48.64
C,>H,;0N,0;.C.H, O  49.99 6.29
Cy3H,,N03.C,H, O, 5125 6.58

C,,H,,N;0,.3C,H,0, 4564 . 527

C,HsN,0,.C;H,0, 46.63 5.74

4493 6.60
34.01 3.67
36.7 4.25
60.22 5.05

under reflux for 4 hr. The solution on concentrating in

vacuo gave 3b as a crystalline solid. 3b and other.

hydrazones are listed in Table 1.

3-(1-Methyl-5- nztro—zmzdazo/yloxy)
pyridine-N-oxide (4b)—4b was obtained from 2
(20.5 g) and 3-hydroxypyridine-N-oxide (11.1 g) in the
manner described for 3a. The mother liquor of 4b on
evaporation of the solvent in vacuo and chromato-

graphy over silica gel using chloroform-methanol -

(95:5) gave besides some 4b, a byproduct which was
identified as 1-methyl-2-methylsulphonyl-5-(1-methyl-
3-nitroimidazolyloxy)imidazole' (methylene chloride-
ether)(0.7 g), m.p. 218-20% M * 301 (Found: C, 36.2; H,
3.8; N, 22.9; S, 10.6. CoH, | N5sO;S requires C, 35.9; H,
3.7; N, 23.8; S, 10.6%). 4a and 4c were similarly
prepared.

Physical data for 4a-c are présented in Table 1.

1-Methyl-2<(2,4-dinitrophenylmercapto)imidazole
(5b)—To a solution of 5a (5.7 g) in ethanol (20 ml) was
added an- ethanolic solution (20ml) of 2.4-
"dinitrochlorobenzene (10.15 g) and the mixture heated
under reflux for 16-18 hr. The solution was cooled, the
solid filtered and washed with ethyl acetate to give
crude Sb.HCL The base was liberated by heating a
suspension of SB.HCI in methanol with triethylamine
(1 equiv.) for 20-30 min: The solvent was evaporated
off, the residue treated with water and the base
extracted into methylene chloride. Removal of the
solvent in vacuo and crystallisation of the residue from
"methylene chloride-hexane afforded 5b in 707, yield;

m.p. 165° (Found: C, 42.6; H, 3.1, N, 20.1
C,oHgN,O,S requires C, 42.9; H, 2.9; N, 20.0%).
1-Methyl-2-(a-picolylmercapto)imidazole (5¢)—A

~ mixture -of 5a (11.4g) -and 2-chloromethylpyridine

hydrochloride (16.3 g) in- methoxyethanol (95 mi) was
heated under reflux for 16hr. The solvent was
evaporated off, the residue dissolved in water, basified

with ag. sodium . carbonate and extracted with

methylene chloride. The methylene chloride solution
was evaporated in vacuo and the residue filtered
through neutral alumina column using toluene as the
eluent. The eluate was evaporated under reduced
pressure to afford Sc as an oil in 60%; yield. A small
portion was converted into the hydrochloride salt
which recrystallised from methanol-ethyl acetate; m.p.
233°(d) (Found: C, 43.5; H, 5.3; N, 14.9. C,,H,N,S.

. 2HCI requires C, 43.2; H, 4.7; N, 15.1%).

1-Methyl-2{fi-picolylmercapto)imidazole. (5d)—54d

was obtained in 58, yield from 5a and 3- .
chloromethylpyridine hydrochloride in the manner
described for Sc. The hydrochloride salt was .

recrystallised from methanol-ether, m.p. 8§8-90°
(Found: C, 40.1; H, 59; N, 13.8. C,oH,;NsS.
2HCIL.H,0 requires C, 40.6; H, 5.7; N, 14.2%).
1-Methyl-2(y-picolylmercapto)imidazole (5e)—S5e
was obtained as an oil-in 609 yield from 5a and 4-
chloromethylpyridine hydrochloride by the method
described for S¢. A small portion was converted into
the hydrochloride which recrystallised from methanol-
ethyl acetate, m.p. 190° (Found: C, 432; H, 5S.I; N
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15.1. C,¢H,N;S. 2HCI requires C, 43.2; H, 4.7; N,
15.1%).

1-Methyl-5-nitro-2- (2-pyrtdylmethylmercapto)
imidazole (6b)—To 5c (30g) was added dropwise
under stirring, nitric acid (75 ml, d=1.42) keeping the
temperature between 35 and 40°. After the addition,
the temperature of the mixture was slowly increased to
100° and maintained there for 1hr. The reaction
mixture was then cooled at room temperature, ice (50 g)

added and the solution neutralised under cooling with "

50% aq. sodium hydroxide. The solid was filtered off,
washed with ice cold water and recrystallised from
methylene chloride-hexane to afford 6b.
Similarly 6¢ was prepared by nitrating 5d.
Compounds 6b and 6¢ are reported in Table 1.
1-Methyl-5-nitro-2-(4-nitrophenyimercapto)
imidazole (6e)—6e was obtainéd from 2 and p-
nitrothiophenol in the manner described for 3a.
Similarly 6f-t were obtained by the reaction of 2
with appropriate mercapto compounds.
Data for 6e-h are given in Table 1.
2-(2,4-Dinitrophenylsulphonyl)-1-methyl-5-nitro-
imidazole (7a)—To nitric acid (30 ml; d=1.42) was
added portionwise under stirring Sb (l14g), the
temperature of the reaction mixture being kept
between 30 and 35°. After the addition, the reaction
mixture was heated at 100° for 1 hr, H,SO, (5ml)
added dropwise and the heating continued for
additional | hr. The reaction mixture was cooled under
ice; 15-20 g ice were added and the solution neutralised
with 50%; aq. sodium hydroxide. The solid was filtered
off and recrystallised from methanol-methylene
chloride to give 7a (Table 1).
2-(4-Acetamidophenylsulphonyl)-1-methyl-5-nitro-
imidazole (Tb)—To a solution of 6 (2.9¢g) in. DMF
(25 ml) was added dropwise under cooling (10-15°) and
stirring, a solution of m-chloroperbenzoic acid (5.2 g)
in methylene chloride during 30min. The reaction
mixture was stirred at 15-20° for 3-4 hr and then at
room temperature overnight. The mixture was heated
"under reflux for 1 hr, cooled to room temperature and
excess of m-chlorobenzoic acid decomposed with 10%,
aq. sodium bisulphite until a- drop of the reaction
mixture produced no instant purple colour on starch
iodide paper. The solvent was evaporated off, the
residue taken up in methylene chloride, treated with
saturated aq. sodium bicarbonate and stirred for 30
min until free from acid. The insoluble solid was
filtered off, the methylene chloride layer separated
from the filtrate and evaporated in vacuo to get a solid
which was mixed with the above insoluble solid and
recrystallised from methylene chloride containing a
few drops of methanol to afford 7b (Table 1).
1-Methyl-5-nitro-2-(4-pyridylmethyl  mercapto)
imidazole-S-oxide (8) hydrochloride—The sulphoxide

i084

(8) was formed by the action of nitric acid on Se under
the conditions used for 6b and characterised as the
hydrochloride (Table 1).
2-(Methanesulphonyloxymethyl)- l -methyl-5-nitro-
imidazole (9b)—To a mixture of 9a (4.8g) and
tricthylamine (3.3g) in dioxane (40ml) was added

dropwise under stirring and cooling a solution of

methanesulphony! chloride (3.5g) in dioxane (20 ml)
during 1 hr. The reaction mixture was stirred at room

-temperature overnight and then refluxed for 1 hr. The

solvent was evaporated off, the residue triturated with
water and extracted with ethyl acetate. Removal of the
solvent in vacuo and crystallisation of the residue from
methylene chloride-hexane afforded 9b.

Similarly, 9c was prepared from 9a and p-
bromotoluenesulphonyl chloride. Physical properties
of 9b and 9c¢ are reported in Table 1.

2-(2,6-Dichlorophenylcarbamoyloxy)methyl-1-
methyl-5-nitroimidazole (10¢)—To a solution of 9a
(3.05g) in dry dioxane (20ml was added dropwise
under stirrjng and cooling a solution of 2,6-
dichloropheny! isocyanate (3. 8g) in dry dioxane
(20ml). After the addition, ‘the reaction mixture was
stirred at room temperature for 1 hr and then heated
under reflux for 1 hr. The solvent was evaporated off
and the residue crystallised from methylene chloride-
hexane to afford 10c. ) i

Compounds 10a-e are listed in Table 1.

244-Imino-1,4-dihydropyridyl-1-methyl)-1-methyl-5-
nitroimidazole (11a)—A mixture of 1-methyl-2-
chloromethyl-5-nitroimidazole (9d)* hydrochloride
(10.6 g) and 4-aminopyridine (9.4 g) in ethanol (100 ml)
was heated under reflux for 16hr. The solvent was
evaporated in vacuo, the residue triturated with water
and ether, the solid filtered off and crystallised from
methanol to afford 11a hydrochloride (Table 1).

1(1-Methyl-5-nitro-imidazol-2-yl)methyl-4-(diethyl-
carbamoyly piperazine hydrochloride (11b) and 2-{3-(3-
azabicyclo[3,2,2]1nonylmethyl)}-1-methyl-5-nitro-
imidazole (11c)—A mixture of % (18.5g) and
drethylcarbamoylpiperazine (37.6g) in dioxane
(100 ml) was heated under reflux for 20 hr. The solvent
was evaporated off, the residue treated with water and
extracted with ethyl acetate. The ethyl acetate extract
was evaporated in vacuo and the residue converted into
hydrochloride salt, which recrystallised from
methanol-ethyl acetate to afford 11b. Similarly 11¢ was
prepared from 9c¢ and azabicyclo [3,2,2] nonane.
Physical data of 11b and 11c are presented in Table 1.

1-Methyl-5-nitroimidazole-2-carboxaldehyde thio-
semicarbazone (12b)—A solution of 12a (2.3g) in
ethanol (30ml) was mixed with a solution of
thiosemicarbazide (1.4 g) in 10% aq. acetic acid (50 ml)
and the mixture heated under reflux for 4hr. On
leaving the reaction mixture' overnight at room
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temperature, .a crystalline solid separated out, which

was filtered off and recrystalllsed from DMF-ether to

" afford 12b (Table 1).

- Physical data of compounds 12b-d and 12f are listed”

" in Table 1.
N-(2-Oxo-1-imidazolidino)-1-methyl-5-nitroimida-
zole-2-carboxaldehyde-imine (12¢)—A mixture of 12a
(1.6 g) and N- aminorhodanine (1.5 g) in ethariol (90 ml)
was boiled under reflux for 4 hr and left overnight at
room temperature when 12e separated out as a
crystalline solid (Table I).
1-(1-Methyl-5-nitroimidazo-2-yl)-2-(1-acetyli-
. benzimidazol-2-yl)-ethylene (13f)—A mixture of 12a
(3.1g) and 2-methylbenzimidazole (2.6g) in acetic
anhydride (30 ml) was heated under reflux for 8 hr and
- left overnight at room temperature to obtain -13f as
crystalline solid. Compounds 13a-e and 14 were
prepared similarly (Table 1).
Ethyl(1-methyl-5-nitroimidazol-2-yl)glyoxalate
(16a)—To a solution of 15 (12.7 g) and triethylamine
(10.1 g) in dry-acetonitrile (100 ml) was added dropwise
at 0°, ethyl oxalyl chioride (14 g). After the addition;
the reaction mixture was stirred overnight at room
temperature. The insoluble solid was filtered off, the
-~ filtrate evaporated and the gammy residue chromato-
graphed over silica gel. Elution with chloroform gave
16a (Table 1) as a gum which solidified on chilling

under 1ce-salt mixture. Fractions with CHCI;.

—MeOH (98:2) gave 17a (CH,Cl,-ether) (1 g), m.p.
208-10% M 354 and a prominent fragment at m/z 281

(M* —CO,Et); PMR (CDCl;+DMSO-dg): 7.90 -

(2H, s, C-4H and C-4'H), 4.2 (2H, ¢, CO,CH,), 3.95

(6H, s, 2N-Me), 1.33(3H, 1, CH,CHS5); IR (nujol): 3500

(vOH), 1740 cm ! (vC =0) (Found: C, 40.8; H, 4.2; N,

24.3. C5H 4,NgO; requires C, 40.7; H, 4.0; N, 23.8%).

(A similar product has been obtained earlier from the
-reaction of 15 with methoxalyl chloride®).

Further elution with CHCl; — MeOH (95:5) yielded
15 formic acid salt (CH;OH —EtOAc) (0.8g), m.p..
120-22°% M* 127 (Found: C, 34.5; H, 4.0, N, 23.7.
C,HsN;0,.HCO,H requires C, 34.7, H, 4.1; N,.
24.3%).

6-Amino-4,5-dihydro-3-(1-methyl-5S-nitro-imidazol-
2-yl)-4-0x0-1,2,4-triazine (18)—A mixture of 15

'(16.8 g) and aminoguanidine hydrochloride (4.7g) in
ethanol (150 ml) was heated under reflux for 4 hr. The
solvent was removed under reduced pressure, the
gummy residue dissolved in methanol and heated
under reflux with triethylamine (1 equiv.) for 20-30
min. Removal of the solvent and trituration of the
residue with water gave a solid which was warmed with
methanol and filtered off to afford 18 (Table 1).

1,2- Bis(1-methyl-5-nitro-2-imidazolyl)glyoxal (19)—
15 (28 g) was reacted with oxalyl chloride (14 g) in the
manner described for 16. The crude residue obtained

after the removal of solvent was chromatographed ‘

over silica gel using CHCl; —MeOH (97:3) as the
eluent. The products obtained are given below in the

“same order as they were eluted; 19 (see Table 1). -

21 (CH,Cl,-ether), 0.2 g m.p. 110-12° (lit.?° m.p.
108-10°); M * 185, fragments at m/z 154 (M ™ —OMe),
127(MH* —CO,Me). (Found: C, 39.4; H, 4.1; N, 22.9.
Ce¢H,N;0, requires C, 38.9; H, 3.8; N, 22.7%).

20 (CH,Cl,-ether), 0.7g; m.p. 191-93°; M* 282
(Found: C, 37.5; H, 4.0; N, 29.2. C4H,(NO5 requires
C, 383, H, 3.6; N, 298"/)

1-[-(4- Carboethoxyphenylcarbamoyloxy)ethyl] -2-
methyl-5-nitroimidazole (22b)—To a solution of 22a-
(5.13g) in dry dioxane (60 ml) was added dropwise
under stirring a solution of ethyl p-isocyanobenzoate
(5.7g) in dry dioxane (50 ml). After the addition, the
mixture was heated under reflux for 3 hr. Removal of
the solvent and trituration of the residue with dry ether
yielded 22b (Table 1).

1-[2-(1-Imidazolyl)-1-ethyl}-2-methyl-5-nitroimida-

zole (22d)—Thionyl chloride (21.5ml) was added

slowly to a solution of 22a(8.6 2) in chloroform (50 ml)
and ‘the mixture. heated under reflux for 1hr. The
residue (22¢) obtained after the removal of solvent and
flushing with toluene was dissolved in DMF (80 ml),
mixed with imidazole and the mixture heated at 120°
for 20hr. The solvent was removed under reduced
pressure and the residue extracted with ethyl acetate.

‘The ethyl acetate extract was evaporated in vacuo and

the residue crystallised from the same solvent to afford .
22d (Tablel). Compounds 22e-g were similarly
prepared by reacting 22¢ with appropriate bases.
" 1-[2-Hydroxy-3-(N-pyrrolidino)-1-n-propyl]-2-
methyl-S-nitroimidazole ~dihydrochloride (23b)—A
mixture of 23a (3 g) and pyrrolidine (3 g), in ethanol .
(30ml) was heated under reflux for 8 hr. The residue
obtained after the removal of solvent was triturated
with water and extracted with ethyl acetate. The ethyl
acetate extract was evaporated in vacuo, the gum
obtained dissolved in ether and treated with
isopropanolic HCI to obtain 23b as dihydrochloride
salt (Table 1).
1-[2-Hydroxy-3-(N-methyl-N-morpholinium)-1-n-

- propyl]-2-methyl-5-nitroimidazole chloride (23¢)—A
mixture of 23a (2g) and N-methylmorpholine (8 ml) = -

was heated under reflux for 2 hr. The reaction mixture
was cooled, ether was added and the solid was filtered.
off to afford 23¢ (Table 1).
1-(3-Hydroxy-4-sulpholanyl)-4-nitroimidazole
(26a)—It was prepared by the method described for 3a
by heating a mixture of the sodium salt of 4(5)-'
nitroimidazole and 3-chloro-4-hydroxysulpholane in
DMF at 130° for 18 hr. The solution was filtered, the
filtrate evaporated in vacuo and the residue triturated
with MeOH to afford 26a. 26b was prepared similarly
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from 2-methyl-4-nitroimidazole. Data for 26a and 26b
are presented in Table 1.

1-(2-Hydroxy-1 -indanyl)-2-methyl-4-nitroimidazole
(30)—To a suspension of 2-methyl-4-nitroimidazole
(6.35 g) in absolute methanol (35 ml) was added sodium
. methoxide (1.15g Na dissolved in 30ml of absolute
methanol), and the mixture heated under reflux for 30
min. About 30 ml of the solvent was distilled off, DMF
(100 ml) added and the mixture treated at 100° without

using condenser until all the methanol was evaporated

off. A solution of 2-bromo-1-indanol in DMF (100 ml)
was then added and the reaction mixture heated at
130° for 16hr. The solution was filtered from
insolubles, the filtrate evaporated off and the residue
chromatographed over silica gel.
CHCI; —MeOH (98:2) gave 30 (Table 1) with further
fractions giving the starting material.
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