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Treatment of I-methyl-2-methylsulphonyl-5-nitroimidazole (3) with liquid ammonia gives 2-amino-l-methyl-5-
. nitroimidazole (2). With sodamide and 3, the major product is the sulphone (4). 2 is transformed by isocyanates into ureas (5a-
¢), while with 2-chloroethyl isocyanate, imidazolidinone (6) and aminocoxazolinone (7) are obtained. 2 is less reactive towards
isothiocyanates and gives under forcing conditions, thioureas (8a, b) and guanidines (9a, b). Amides (10a-c) are obtained from 2
by acylation and 10d-g from sulphone (3) by displacement reactions as also sulphamides (11a-c). Cyclic anhydrides and 2 lead
to imides (13-15). 2 is transformed into schiff bases (16a-k), some of them being reduced by sodium borohydride to aralkyl
amines (17a-c). The ethoxymethylene derivative (18) of 2 is transformed into a large number of formamidines (19a-r), (20a-c)
and 21, some of them being further converted into the dichloroacety! derivatives (224-c). Reaction of 18 with sodium
borohydride affords the ethoxymethylamine (23b) and methylamine derivative (23a). The latter is available from 2 along with
dimethylamine (23c) by alkylation with methyl iodide. A less satisfactory route for 23a and 23c is displacement of sulphone
group from 3 by appropriate amine. Analogous displacements on 3 provide the derivatives 23d, e and 24. The product from the
reaction of 3 with sodium azide is the azido derivative (25). The aziridine (27) undergoes iodide-catalysed ring opening to form -
29a and does not rearrange to the imidazoline (28). The amirioethanol derivative (29b) results from 27 by an acid-catalysed

reaction.

The outstanding antiprotozoal activity of 1-
methylsulphonyl-3-[1-methyl-5-nitroimidazol-2-yl]-
2-imidazolidinone (1)'** led to the synthesis of
analogous nitroimidazoles carrying a variety of
azaheterocycles® ™ at position-2. In this context, it
was also of interest to prepare 2-amino-1-methyl-5-
nitroimidazole (2) which was unknown, although an
‘analogous molecule with an extra methyl group at
position-4 had been reported in the literature®. The
present paper describes the synthesis of 2 and a variety
of derivatives, with a view to studying the metabolism
of 1. The exercise additionally brings to light some
interesting aspects of nitroimidazole chemistry.
2-Amino-1-methyl-5-nitroimidazole (2) was pre-
pared by the reaction of 1-methyl-2- methylsulphonyl-
S-nitroimidazole (3)* with liquid ammonia. The use of
sodamide in place of ammonia also afforded 2, but the
major product was 4. The formation of 4 is envisaged
to be initiated by the abstraction of a proton from the
methyl group of 3 by amide ion. The resulting

" carbanion then displaces the methylsulphonyl group in

a second molecule of 3 to afford 4 (Chart1). The
structure of 4 is supported by analytical and spectral

:data (see Expernmental)

Reaction of 2 with isocyanates afforded the ureas (5)
in moderate yields. 2-Chloroethyl isocyanate and 2 in
the presence of triethylamine gave a mixture of
isomeric oxazoline (7) and imidazolidinone (6) which

tContribution No. 647 from CIBA-GEIGY Research Centre.
tPart VH: Indian J Chem, 21B (1982) 949.

arose from the chloroethyl urea as an intermediate. 6
and 7 were readily distinguished from each other by
their spectral data (see Experimental). The presence of a
C =0 band in the IR spectrum of 6 at 1740 cm ~! was

particularly helpful. The identity of 6 was established.

further by comparison with a sample prepared earlier?.

In contrast to the facile reaction with isocyanates, 2
was inert towards isothiocyanates under normial
conditions. Reaction occurred in the présence of
sodium hydride to afford in addition to the expected

thioureas (8), significant amounts of the guanidines (9).-

The formation of9 could be rationalised as shown n
Chart 2. ‘

Reaction of 2 with acid chlorides gave the expected
amides (10a-c). An alternative procedure for the
synthesis of 10, namely displacement of the sulphone
group in 3 by the ion of an appropriate amide was also
used to obtain 10d-g. Similar displacements using p-
fluorobenzenesulphonamide, sulphamide and 1, 1, 3-
tnmethylsulphamlde afforded respectively 11a-c.

‘The ready availability of 10a and- the well-known
antiamoebic properties of diloxanide® (N-dichloro-
acetyl-N-methyl-p-aminophenol) made the synthesis
of 12a desirable objective. An attempt to methylate 10a
using diazomethane led to anomalous but interesting
results which are presented in separate com-

munications”®. Imides (13-15) were synthesised from 2 .

using appropriate cyclic anhydride.

2 Readily formed crystalline schiff bases (16a-k) with :

a variety of aromatic and heterocyclic aldehydes.

989




INDIAN J. CHEM,, VOL. 2i1B, NOVEMBER 1982

—N
ON,H\N'——N N—S0.CH
vs N 273

lNaNH

N
II i

OzN T)_SOZCH HCO s’k
Me

N '
ﬂ ﬂ-—NHCONHR
O_N“ SN
2 1
Me

b
Me

5 [
a = n-Et

b Rz n-Pr

d = n-Bu -

Me 0
i
Liquid NH3 L l N
)—so CH, - '
ON IEJ
NaNH, Me
2

o, N/E_N)—SO C“—J\_lmo

4

Chart

o LI

NH

g

0

Puy
Me

[~

—N ‘ N :

| + RNCS ——m% ll ! — ¥
0, I N,u:-“NHz QN N/L_'tlHuclNHR
2 de ' ' »'w ' S .

“Three of these were reduced by sodlum borohydnde to

giveraralkylamines (17a-¢).” ' :

. Condensation of 2 with' tnethyl orthoformate gave

he "ethoxymethylidérie® ‘dérivative” (18), which upon

.further reaction with a large variety of amines was

““transformed into formamidine (19). Substituted
ethylenediamine and 1, 3-diaminopropanes furnished
upon reaction with 18, products (20a-c), while

dichloroacetic -anhydride to form the dichloro-
acetamides (22a-c) respectively.
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piperazine gave 21. 19g, h and j were treated with
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Chart 2 § a R=HEt

b R=n-Bu

Reduction of 18 with sodium borohydride afforded
the amines 23a and- 23b. 23a Also became available
from 2 along with the dirfiethyl derivative 23¢ by
“alkylation with methyl iodide using sodium hydride.
Displacement of the sulphone group in 3 with mono or
dimethylamine was a much poorer alternative
although this reaction worked better for aromatic or
heteroaromatic amines, 23d and e being obtained
readily with 2-aminobenzimidazole was bis-hetero-
aroylated yielding 24.

Reaction of 3 with sodium azide gave a product,
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which was readily recognised to be the azide (25), the
alternative more attractive product, tetrazole (26) not-
being formed (IR band at 2150 cm ~). 2-Aziridino-1-
methyl-5-nitroimidazole (27) obtained from 3 and
aziridine was deliberately sought to be isomerised to an
imidazoimidazole (28). The use -of sodium iodide in
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acetone led oﬁly to the iodoethylamine (2%a), while
acid-catalysed opening afforded the aminoethanol
(29b) reported by us earlier?. :

Experimental Procedure
2-Amino-1-methyl-5-nitroimidazole (2)—1-Methyl-

2-methylsulphonyl-5-nitroimidazole! (3, 40 g) was-

added in portions to liquid ammonia (500 ml) with
stirring and cooling under dry ice-acetone. The
mixture was stirred overnight regulating the slow
escape of ammonia gas using dry ice-acetoné. Before
all the ammonia had escaped, ice-cold water (50 ml)
was added to the mixture and extracted repeatedly

. with ethyl acetate.- The-organic--extract- was*’drledw

(Na,S0,) and concentrated to a small volume under
reduced pressure to afford 2 as an orange yellow solid
(25g), m.p. 205% M

N, 39.8. C4HgN,O, requires C, 33.8; H, 4.3; N, 39.4%).

(1-Methyl-5-nitroimidazol-2-yl)-[(1-methyl-5-nitro-
imidazol-2-ylymethyl] sulphone (4) and 2—To liquid
ammonia (400 ml) kept under nitrogen atmosphere

- was added with stirring and cooling (dry ice-acetone)
‘sodamide (1.5 g) followed by 3 (6.5 g in

* 142, PMR (CDCL,): 63.77(3H, 5, * . .
N —CH}), 7.84 (1H, s, C-4H) (Found: C, 34.1; H, 4.6;
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tetrahydrofuran (THF, 30 ml). The mixture was stirred
at the reflux temperature of ammonia for 3 hr, ether

temperature. Ammonium chloride (5 g) was added to
the mixture to decompose excess sodamide, the solvent
decanted off and the residue extracted with THF.
Removal of the solvent from the combined extracts
yielded an oily residue (4.4 g) which was
chromatographed over silica gel (75 g). The fraction

‘which “was - recrystallised ™ from "ethyl " acetate-
- chloroform to- afford ‘4 (800:mg), m.p. '156° M* 330
=, (Found: C, 33.0;H, 3.3; N, 25.6.CoH  4NsO6S requires

54.08,4.13(2s, 3H each, 2 x N—CH3), 5.30(SO,CH,,),
7.88, 8.05 (2s, 1H each, 2 x C,-H).

The fractions eluted with 109 methanolic
chloroform yielded 2 which recrystallised from ethyl
sample 205°.
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(150 ml) added and stirred overnight at room -

" eluted with 3% methanolic'chloroform gave a solid”

" C,32.7H, 3., N, 25:5%), PMR (CDCl; + DMSO-dy):

acetate (150 mg), m.p. and m:m.p. with the prev1ous '
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- General procedure for the preparation of ureas(5)—A-
mixture of 2 (0.01 mol) alkyl isocyanate (0.015 mol),
triethylamine (2 mf) and anhydrous dioxane (40 ml)
was boiled under reflux for 18 hr. The solvent was
removed under reduced pressure, the residue treated
with ice-water and the solid filtered off. Recrystal-
lisation from methylene chloride-ether afforded 5 (see
Table 1).

11- Methyl-5-nitroimidazol-2-yl)-2-imidazolidinone
(6) and 2-[N-(1-methyl-5-nitroimidazol-2-yl)jamino-
oxazoline (T)—A mixture .of amine 2 (2.1 g), B-
chloroethyl isocyanate (2 ml), triethylamine (5 mf) and
dry dioxane (50 ml) was heated under reflux for 30 hr.
The solvent was removed under reduced pressure and
the residue treated with. ice’ and saturated aq.
potassium bicarbonate (20 ml). The solid was fiitered
off, washed with water and crystallised from
methylene chloride-ethanol to yield the aminooxazo-
line (7) as yellow. solid, (0.9 g), m.p. 187-89% M ™ 211;
PMR (DMSO-dg): 63.72(3H, s, N—CH,), 3.80 2H, 1,
N—-CH,),4.58(2H, 1,0~CH,)and 7.95(1H, s, C-4H)
(Found: C, 40.1; H, 4.6 N, 32.9. C;HoN;O; requires

C, 39.8; H, 4.3;.N, 33.2%). The aqueous mother liquor
was extracted with CH: >Cl,, the solvent evaporated off
and the residue chromatographed to obtain 6' (0.5

_g), m.p. 203-5°.

General procedure for the preparatlon of thioureas (8)
and guanidines - (9)—To dry dimethylformamide
(DMF, 50 ml) kept under nitrogen atmosphere was
added sodium hydride (50%, 0.05 mol) with stirring
and cooling. A soltition of 2(0.05 mol) was then added
dropwise (during 15 min) at 0° and the mixture stirred
at the same temperature for 2 hr after which a solution
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? Table 1 —Derivatives of 1-Methyl-2-amino-5-nitroimidazole
f "Compd m.p. Crystallised Yield Mol formula ' Analysis (%)
¥ No. (°Q) from %)
# . Calculated Found
é : : . C H N C H N-
! 5a . 210-12d)  CH,Cl,-Et,0 40  C;H,,N;0, 39.43 5.20 3285  39.86 5.36 32.52
{ 5b 212:14d)  CH,Cl,-Et,0 S0 CgH,3N;50, 4229 5.77 3082  42.54 6.05 31.14
5c 196-98(d)  CH,Cl,-Et,0 40  CoH,,N;O, . - 44.80 6.27 2903  44.87 6.46 29.38
¥ 8a 182-84 CH,Cl,-Et,0 25 .C¢HoN;50,S 3349 422 3255 3379 4.54 32.31
i 8b 179-82(d)  EtOH 30  C,H,,N;0,S 36.68 . 4.84 — 37.15 5.10 —
L 9% 238-40(d)  EtOH ‘15 CyH,sNoOy 39.17 4.48 — 39.13 4.70 .
. % 174-76 Toluene-hexane 15 C,3H,sNgO, 42.73 5.24 34.51 42.79 5.51 34.69
: - 10a - 186-88(d) CH,Cl,-Et,0 50 C¢H4CI,N,O, - 28.48 2.39 22.14 28.71 - 264 - 2238
e 10b 217-1%d)  CH,Cl,-Et,0 40  C,,HgCI,N,O, 41.92 2.56 17.78  42.18 2.75 17.68
10c - 22931 . Me,CO 35 C,oHgN,0, 48.58 3.65 2833 48.75 394 . 27.98
: 10d 257(d) "DMF-EtOH 15  C,,H¢N,O, - 45.36 312 24.05 4572 3.42 24.22
S 10e . 191-92 EtOH 15  C,,HCIN,O, . 4707 323 1996  47.03 339 -19:81
10f 234-35 DMF-MeOH +Et,0 14 C,oHoN;O, 48.58 3.65 28.33 47.54 4.00 27.90
10g 223-25 MeOH-EtOAc 19 CyHgNgO, 43.55 3.25 33.86 43.24 3.56 3391
“1la 290-96 - CH,CN-Et,0 20 C,HoN,O,S -~ 4001 302 18.66 3994 287  18.42
“11b 171-72 MeOH-Et,0 13 C,H,N,0,S 2172 319 31.67 2243 - 3.68 30.50
11c 110-12 CH,Cl,-Et,0 15 C,H,;N;0,8 3t.94 498 26.61 31.69 522 . 2633
13 218-20 CH,Cl,-Et,0 60 CgHgN,O, 42.86 3.60 - 24.99 43.28 3.90 24.84
14 205-7 CH,Cl,-Et,0 50 C,,HgN,O, 52.94 2.96 2058 5317 - 322 20.69
B 15 202:4 CH,Cl,-EtOH 30 CoH,oN,O, 45.38 4.23 2352 4556 4.46 23.75
; 16a 197-9 EtOAc 55  C,;H,;oN.O, 57.38 438° 2434  57.68 4.7t . 2419
16b 241-3 EtOAc 40  C,,H,N;O, 48.00 330 25.45 4825 360 2554
: 16¢ 207-9 EtOAc 45  C,,H4CIN,O, 4991 3.43 2117 50.05 3.6l 21.21
, 16d - 223-5 EtOAc .35 C, HoFN,O, 53.22 3.65 22.57 53.50 380 . - 22.18
T ‘16e 192-4 EtOAc 35 C,,H¢CI,N,O, 44.17 2.69 18.73  44.5] 3.00 . 19.06
l 16f 262-4 EtOAc 30 C,3H3Ns0; 54.35 . 4.56 24.38 54.14 . 4.83 24.65
¥ 16g 224-7 . EtOAc 25 C, H,0N.O, 53.66  4.09 2276 53.42 4.20 22.44
: 16h - 236-8 EtOAc .30 C,,HgCIN,O, 4192 2.56 17.78 © 4219 281 - 17.65
k. 16i 1262-4 EtOAc . 35 C,,HgBr;N,O; 32.70 1.99 13.87 32.34 2.07 13.96
{ 16j 196-8 EtOAc < 45  .CoHgN,0,8 4576 . 34l 23.72 46:12 3.68 23.48
! 16k 230-2 EtOAc 40 C,HyNsO, 5194  3.92 3029 52.09 420" 3033
¥ 17a . 152-4 EtOAc 65 C,,H,;N,0, 56.89 5.21 24.13 5698 546  24.08
g 17b 209-11 ©  EtOAc 55 C,,H,,N;0, 4765, 4.00 2526  47.38 433 . 2549
}{' 17¢ 159-61 EtOAc 40 CoHoN,O,S © 45.38 4.23 23.52 45.69 4.58 23.69
! 19a 191-93 CH,CL,-Et,0 70 CgH,;N,0; 48.42 5.87 3138 48.57 5.98 31.72
¥ % 145-47 CH,Cl,-Et,0 73 C,0H,NeO; 47.61 6.39 3332 47.65 6.57 33.37
) ) o 19¢ 218-20 EtOAc 70 CoH [ 4NgO, 42.51 5.55 33.06 42.74 5.93 33.38
B 194 146-48 CH,Cl,-Et,0 60  C,oH,sN¢O, 47.61 639 3332 47.56 6.68  33.08
b 1% 169-71 CH,Cl,-Et,0 70 CgH,3N,0, 45.18 5.48 2928 4518  5.54 29.41 .
5 19f 137-39 CH,C1,-Et,0 75 C,oH,sNsO, 5062 637 29.52 50.69 672  29.78
# 19g - 149-51 EtOAc .66 C 3H,sN50,Cl 50.73 4.58 2276 5094 - 484 - 2254
g 1% 154-56 EtOAc 78 C,,H,,CIN;O, 49.07 4.11 23.85  49.20 434 23.58
i 19 - 168-70 . EtOH . .50 CsH;N;0, - 35.50 4.17 41.41 35.84 4.52 41.80 W)
- 195 ° 203-5  EtOH. . . .70 CeHNsO, . . © 3934 495 3824 .,..39.72 . 525 . 3818 et o -
P 19k ‘103-5 .~ Dioxane-Et,0 - 80 C,H,sN,0, 5713 ~ 553 2563 . S57.14 ...575 .. 25.96 .
i 191 186-88 . Benzene 55 C,oH,;¢NgOs . 42325 5.67 — 4248 585 —
i 19m 159-61 EtOAc-Et,0 - 65  C,6H,0Ng0, 58.52 6.14 25.60 58.61 6.31 .25.90
¥ 190 139-41 EtOAc-E(,0 60  CoH,;N;0, - 4235 513 27.44 4236 5337 . 2738 . -
1% . 176-78 EtOAc-E(,0 60 C,H,,N;0, 4263 562 3552 42.44 569 . 3532
: 19p 122-24 CH,Cl,-Et,0 55 C,H,N;0, 43.07  -465 3589  43.45 4.83 36.08
o - 19q 168-70 EtOAc-Et,0 T80  Cy,H,sNsO, . 46.44  5.85 27.08 4677  6.09 26.80
i 19 120-22 Ei,0 75 CgH,,N;O, 4593 © 530 3348 4623 560 33.28
. 20a- 221-23 EtOAc-Et,0 35 Cu4H30N 00, 4285 . 515 3570 4315 546 3570
i 20b 205-7 EtOAc-Et,0 35 C,sH N0, 4433 | 546 — . 44.03 560 0 —
+ 20¢ 174-76 EtOAc-E(,0 30 C;sHypNyOs 4265 . 525 - 3316 42.54 537 © 33.00
21 312 CH;0H-Et,0 . 30 CisH, N0, 43.07 '4.65" . 35.88 43.42 493 35.33
- : ‘ ’ I ~ Contd
2 i :
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Table 1-—Derivatives of 1-Methyl-2-amino—S-nitroimidazole—Corrtd

Compd mp. Crystallised Yield Mol. formula
No. °C) from (%)

22a 136-38 CH,Cl,-Et,0 30 CxHyClLNLO,

22b 149-51 Et,O 30 Ci4H,;,CI3NsO; |

22Z¢ 138-40 CH,Cl,-Et,O0 25 C,sH,,Cl3N;O,

23a 162 CH,Cl,-E1,0 18 CsHgN,O,

23b - 106 " EtOAc-hexane S C.H,;N,O;.

23¢ 90-92 CH,Cl,-hexane 25 CgHoN,O, -

23d 265-66 DMF-E,0° 5 C,HgNgO,S

23e 235-36 MeOH-Et,0 11 C,oHoN;sO,

24 288-89 DMF-Et,0 5  CysH3NgO,

Analysis (%)
Calculated Found
C - H N C H N
32.67 3.08 23.81 32.78 3.37 23.75
41.55 2.99 17.31 41.49 3.27 17.63
43.03 3.38 16.73 43.34 3.65 16.92
38.46 5.16 35.88 38.76 5.46 36.26
4199 - 6.04 27.99. 41.64 5.90 27.72
42.35 5.92 32.93 4227 6.26 33.10
35.00 3.36 34.99 35.40 3.51 34.36
45.63 345 26.61 45.96 3.69 26.78
47.00 3.42 — 4685 - 3.75 —

added. The mixture was stirred at 0° for 4 hr and at
room temperature for 16 hr. Acetic acid (3 ml) in DMF
(10 ml) was added dropwise, the solvent removed in
vacuo, the residue treated with ice-water, the solid
obtained filtered off and chromatographed over silica
gel. Elution with toluene-hexane (1:1) yielded 9 and
that with toluene-methylene chloride (1: 1) afforded 8
(see Table 1).

General method for the preparation of amides (10)
Method A—To a solution of 2 (0.015 mol) in dry
dioxane (50 ml) was added. with stirring the acid

triethylamine (3 ml). The mixture was heated ‘under

_ reflux for 12 hr, the solvent evaporated off and the

«-residue treated - with:ice .-and aq. -‘potassium
bicarbonate. The solid was filtered off, washed with
ice-cold water, dried and recrystallised. '

physical properties of these amides are recorded in
Table 1.

Method B—To a suspension of sodium hydrrde
(0.05 mol) in DMF (30 ml) was added dropwise with

mol) in DMF (50 ml). The mixture was heated with
strrrmg at 60° for 30 mm cooled and 3(10 2g)in DMF-

.......

’ educed pressure;.
ontaining a- few. drops of .DMF and- the-solution.

N off and recrystailised to afford 10.
the above method are presented in Table 1.

- feacting 3 with sodium salts ot"p ﬂuorobenzenesulpho—

respectively by the m‘ethod—B above.
properties of 11a-c are listed in Table 1.
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of alkyl isothiocyanate (0.055 m) in DMF (10 ml) was -
- mol) and triethylamine (5 ml) in dioxane (80 ml) was

~evaporated in vacuo, the residue treated with ice and

chloride (0.017 mol) in dry dioxane (20 ml) followed by |
. off,-washed 'with water and recrystallised to obtain 16

The amides (10a-c) were prepared by method-A. The |

stirring ‘below 20°, a solution of the aroylamine (0.05.

as heated at 100° for I hr, the solvent removed under
the. residue dissolved i} “water .

dified to pH6:5to-obtain‘d solid which was filtered *
The physical data of the amides (10d-g) prepared by. reflux for 12 hr. The excess of triethyl orthoformate

Sulphamides (11a-c)—These were prepared by

‘namide, sulphamrde‘andl 1, 3- trrmethylsulpha‘mrdef
Physical

General method for the synthesis of imides (13-15)—
A mixture of 2 (0.02 mol), the cyclic anhydride (0.035

heated under reflux for 72-90 hr. The solvent was

aq. potassium bicarbonate - and left. overnight in
refrigerator. The solid was filtered off, washed with
cold water, dried and recrystallised to afford the imide
(see Table 1).

General method for the preparation of schiff bases
(16)—A mixture of 2 (0.03 mol), the aldehyde (0.033
mol), trifluoroacetic acid (0.2 g) and dioxane (75 ml)
was boiled under reflux for 12 hr. The solvent was
removed under reduced pressure, the residue treated
with.ice and aq. potassium carbonate, the solid filtered

(see Table 1).

- General method jor the preparation of 2-
ara!kylamzno 1-methyl-5-nitroimidazole (17)—To a
solution of 16 (0.02 mol) in THF (150 ml) cooled to 0°
was added with stirring sodium borohydride (400 mg)
in porticns during 15 min. The mixture was stirred at
the same temperature and the progress monitored by
TLC (3-4 hr). The solution was acidified with acetic
acid to pH 6 and the solvent removed under reduced
pressure. The residue-was treated with ice-water and
extracted with ethyl acetate. The organic extract was
drred (NaZSO4) the solvent evaporated in vacuo and
the residue’ recrystallrsed to afford 17 (see Table 1).

.Ethyl N-(1-methyl-5-nitroimidazol-2-yl)formamidate
(18)——A mixtiire of 2 (1.4 g), triethyl orthoformate (20
ml) and trifuloroacetic acid (2 drops) was boiled under

was removed under reduced pressure and the residue
crystallised from dry hexane to afford 18 (1.5 g), m.p.
74°, M* 198 (Found: C, 42.4; H, 52; N, 280,
C,H,,N,O; requires C, 42.4; H, 5.1; N, 28.39%).
General method of preparation of amidines (19)—A
solution of 18(0.01 mol) and amine (0.011 mol) in dry
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benzene (75 ml) was heated under reflux for 4 hr, the
solvent evaporated off and the residue crystallised to
obtain 19 (see Table 1).

Similarly were. prepared 20a-c and 21 by reacting 2
mol of 18 with 1 mol of appropriate diamine and
piperazine respectively.

General method for the synthesis of N-dichloroacetyl-
amidines (22)—To a solution of 19 g, h or j(0.01 mol)
in dry methylene chloride (100 ml) was added with
stirring  dichloroacetic anhydride (0.015 mol) in
methylene chloride (10 ml). The mixture was stirred at
room temperature for 3 days after which it was cooled
to 0°, treated with water and stirred at the same

o temperature for 3 hr. The methylene chloride layer was

washed with aq. potassium bicarbonate, dried
(Na,S0O,), the solvent evaporated in vacuo and the
residue chromatographed over silica gel. Elution with
toluene gave a solid which recrystallised to yield-22
(Table 1).

1-Methyl-2-methylamino-5- nmozmzdazole (23a) and
2-ethoxymethylamino-1- methyl S-nitroimidazole
(23b)—To a solution of 185 g) in THF (300 ml) was
added with stirring sodium borohydride (600 mg) and
the mixture stirred for 5 hr at room temperature!
Acetic acid (1.5 ml) was then added and the solvent

removed under reduced pressure at room temperature.

The residue was treated with water, extracted with
ethyl acetate, the organic extract dried (Na,SO,) and
the solvent removed in wvacuo. The residue was

chromatographed over silica gel (50 g) and the product

eluted with chloroform was crystallised from ethyl
acetate-hexane to obtain 23b (0.25 g), m.p. 106°; PMR
(DMSO-d¢+CDCly): 6122 (3H, ¢ J=7 Hz
—CH,CH,), 3.63 (2H, ¢, J=7 Hz, OCH,CH3), 3.77
(3H, s, N—CH3), 497 (2H, d, J=6.5 Hz, HN—-CH,
-0), 7.87(1H, s, C4-H), 7.89 (1H, bs, NH) (Found: C,
41.6; H, 5.9; N, 27.7. C;H,,N, O, requires C, 42.0; H,
6.0; N, 28.0%).

The fractions with 1% methanollc chloroform gave
23a which recrystallised from methylene chloride-ether
(0.7g), m.p. 162%,M™ 156; PMR (DMSO-ds + CDCl,):
63.00 (3H, d, J=5 Hz, NHCH,), 3.67 (3H, s, N
—CH,), 6.67(1H, broad d, /=5 Hz, NH), 7.87(1H, s,
C4-H) (Found: C, 38.8; H, 5.5; N, 36.3. CsHgN,O,
requires C, 38.5; H, 5.2; N, 35.9%).

2-Dimethylamino-1-methyl-5-nitroimidazole (23c)
and l-methyl-2-methylamino-5-nitroimidazole (23a)—
To an ice-cooled suspension of sodium hydride (50%,
3.8 g) in DMF (75 mi) was added.dropwise with stirring
under N,, during 15 min a solution of 2(10 g} in DMF
(50 ml). The solution was stirred at 0-5° for 1 hr and to
this a solution of methyl iodide (11 g) in DMF (25 ml)
was added dropwise at 0° during 10 min. The mixture
was stirred at the same temperature for 4 hr and at

- room temperature for 8 hr. The mixture was acidified

-

to pH 6. by addmg acetic acid and the solvent removed
in vacuo. The residue was treated with ice and aq.

- potassium bicarbonate and extracted with ethyl

acetate. The ethyl acetate extract was dried (Na,SO,),
the solvent evaporated under reduced pressure and the
residue chromatographed over silica gel. The fraction
eluted with chloroform-toluene (1:1) yielded 23c
which recrystallised from methylene chloride-hexane
(3 g), m.p. 90-92% M* 170; PMR (CDCl;): §3.00 [6H,
s, N(CH3),], 3.75(3H, 5, N—CHj3;), 7.78 (1H, s, C,-H)
(Found: C, 42.3; H,6.3; N, 33.1. C4H, (N, O, requires
C, 42.4; H, 5.9, N, 32.9%).

The compound eluted with chloroform-methanol
(90:10) was crystallised from methylene chloride-
hexane to afford 23a(2.3 g); m p. and m.m.p. with the
authentic sample, 162°.

2-Dimethylamino-1-methyl-5-nitroimidazole (23c)—-
To liquid dimethylamine (50 ml) cooled under freezing
mixture was added 3 (10 g) with stirring. The mixture
was stirred at the same temperature for 6 hr and the
excess dimethylamine removed. The residue was
treated with ice-cold water and repeatedly extracted
with ether. The ether extract was dried’(Na,SO,) and
the solvent evaporated under reduced pressure. The
residue was filtered through a column of silica gel using
toluene as the eluent. The solid obtained was
recrystallised from methylene chloride-hexane to yield
23¢ (1 g), m.p. and m.m.p. with an authentic sample
prepared by the previous method, 90-92°.

1-Methyl-2-[(5-methyl-1, 3, 4-thiadiazol-2-yl-
Yamino]-5S-nitroimidazole (23d)—To a suspension of
sodium hydride (50%, 2.4 g) in DMF (50 ml) was added
dropwise under stirring and cooling (5-10%) a solution
of 2-amino-5-methyl-1, 3, 4-thiadiazole (5.8 g) in DMF
(70 ml). After the addition was over, the mixture was
stirred at room temperature for 2 hr after which a
solution of 3 (10.25 g) in DMF (20 ml) was added

dropwise at 15-25° and the mixture stirred at room

temperature for 4 hr. The solvent was removed in

. vacuo, the residue treated with water and extracted

with methylene chloride. Evaporation of the solvent
from the methylene chloride extract gave a gummy
residue, which was chromatographed over silica gel
using chloroform- methanol (97:3) to afford 23d
(Table 1). '
The compounds (23e) and (24) were srmrlarry
prepared. 23e was obtained as a solid without

“chromatography whereas 24 had to, be chromato-.

graphed as above (see Table 1).

- 2-Azido-1-methyl-S-nitroimidazole (25)—To a so-
lution of sodium azide (6.5 g) in water (10.ml) was
added dropwise during 15 min, a solution of 3(10.25 g)
in methylene chloride (100 mif followed by -
benzyltrimethylammonium chloride (1 -g). The
mixture was stirred at room temperature for 8 days.’

995
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The methylene chloride layer was separated, washed
with a stall volume of saturated aq. sodium chloride,
dried (Na,SO,) and the solvent evaporated in vacuo.
The residue was crystallised from ether-hexane to yield
25(2g), m.p. 62-64°%, M ™ 168; IR (CH,Cl,): 2150 cm ~*
(azido); PMR (CDCl,): 63.82 (3H, s, N—CHs), 7.92
(1H, s, C4-H). (Found: C, 28.9; H, 2.7, N, 50.4.
C,H,NO, requires C, 28.6; H, 2.4; N, 50.0%). '
N-(1-Methyl-5-nitroimidazol-2-ylaziridine (2Ty—To

a solution of aziridine (5 ml) in dry methylene chloride

(40 ml) was added under stirring and cooling (0°), a
solution of 3(5 g) in methylene chloride (30 ml) during
10 min and the mixture stirred at the same temperature
for 24 hr. Saturated aq. sodium chloride (10 ml) was
added to. the mixture and stirred for 5 min. The
methylene chloride layer was dried (Na,SO,), the
solvent removed under reduced pressure and the
residue crystallised from methylene chloride-ether to
yield 27 (1.5 g), m.p. 112-14°; PMR (CDCl,): 62.48
[(4H, 5, N(CH,),], 3.97 (3H, 5, N—CH,), 7.78 (1H, s,
C,-H) (Found: C, 43.0; H, 4.8; N, 33.5. C4HgN,O;
requires C, 42.9; H, 4.8; N, 33.3%). '

~ 2-(2-Iodocthylamino)-1-methyl-5-nitroimidazole
(292)-—A mixture of 27 (0.8 g), sodium iodide (600 mg)

and dry acetone (60 ml) was heated at 60° for 20 hr. The

solvent was removed under reduced pressure, the
residue treated with water and extracted with ethyl
acetate. The organic extract was dried (Na,SO,), the
solvent evaporated off and the residue crystallised
from methylene chloride-ether to afford 29a (0.4 g),
m.p. 111-13% M™* 296; PMR (CDCl,): §3.48 (2H, 1, J

=5Hz,1-CH, ), 3.80(3H, s, N—CH,), 4.00 (2H, ¢,

J=5Hz, N—CH,~), 5.20 (1H, bs, NH), 7.93 (1H, s,
C4-H) (Found: C, 24.7; H, 3.3; N, 19.1. C¢H4IN,LO,
requires C, 24.3; H, 3.1; N, 18.9%).

2-(2-Hydroxyethylamino)-1-methyl-5-nitroimidazole
(29b)— A solution of 27 (200 mg) in methylene chloride
(10 ml), containing trifluoroacetic acid (0.4 ml) was
heated under reflux for 14 hr. The solvent was
evaporated off, the residue treated with ice and aq.
potassium bicarbonate and extracted with methylene
chloride. Removal of the solvent yielded a semi-solid
which was filtered through a column of silica gel using
ethylacetate-methylene chloride (1:1) as the eluent.
The product was crystallised from ethyl acetate-ether
to afford 29b (50 mg), m.p. 152-54°, M* 186. (Found:
C, 38.5; H, 5.7; N, 30.45. C4H,(N,O; requires C,
38.71; H, 5.41; N, 30.1%).
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