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Abstract—Metronidazole and related 5-nitroimidazoles undergo reduction of their nitro group appar-
ently to produce such reactive species as S-hydroxylaminoimidazoles. To define the role of these species
we have sought ways to prepare them by the catalytic reduction of metronidazole, dimetridazole and
flunidazole. Although their respective 5-hydroxylaminoimidazoles were too unstable to be isolated
directly, their O, N-diacetyl derivatives were isolable. Of these, the diacetyl derivative of the hydroxyl-
amine derived from dimetridazole, O, N-diacetyl-1,2-dimethyl-5-hydroxylaminoimidazole (DiacDMH),
was used for further study. DiacDMH was converted to its monoacetyl derivative, N-acetyl-1,2-dimethyl-
5-hydroxylaminoimidazole (AcDMH), by enzymatic deacylation. Both DiacDMH and AcDMH were
examined for bactericidal activity against such strains as Bacterioides fragilis, Clostridium perfringens,
and Escherichi coli strain SR58, which are known to be sensitive to dimetridazole, as well as a variety
of other bacteria. No bactericidal activity was detected, even in the presence of deacetylating enzymes.
As the 5-hydroxylaminoimidazole itself could not be shown to form in these bacterial incubations, it
remains uncertain whether or not the hydroxylamino functionality of a 5-nitroimidazole has bactericidal

activity.

Although metronidazole and related 5-nitroimi-
dazole drugs have therapeutic value in the treatment
of infections with protozoa and anaerobic bacteria
[1], few details are known about how these drugs
work. The drugs appear to be activated by reduction
of the nitro group, suggesting that one or more
compounds with a lower oxidation state, such as
those exemplified in Fig. 1, are the ultimate
mediators of biological activity. Of these possibly
active species, V (the 6-electron reduction product)
can now be excluded as a reactive form of the 5-
nitroimidazole drugs. Thus, 5-amino-1-B-hydroxy-
ethyl-2-methylimidazole (V, R,;= CH,CH,0OH,
R, = CH;), although formed during the biological
reduction of metronidazole [2], is a relatively stable
compound which lacks both bactericidal [2] and
mutagenic [3] activities. In the search for the bac-
tericidal form of the S-nitroimidazole drugs, atten-
tion must therefore turn to such species as the radical
anion (II), and the nitroso (III) and hydroxylamino
(IV) functionalities, whose oxidation states are
between those of the nitro (I) and amino func-
tionalities (V).

The hydroxylaminoimidazole (IV) merits par-
ticular consideration by analogy to the role of
phenylhydroxylamine in the mechanism of toxicity
of nitrobenzene [4-6], and because of recent studies
implicating this functionality in the activity of the
5-nitroimidazoles themselves [7, 8]. Unfortunately,
however, the biological properties of such a pos-
tulated toxic intermediate suggest that it would be
highly reactive and therefore difficult, if not impos-
sible, to isolate. Thus, there seems to be no report
in the literature of either the detection or the char-
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acterization of any 5-hydroxylaminoimidazole. On
the other hand, 5-cyano-4-hydroxylamino-1-methyl-
imidazole, prepared by reduction of the analogous
4-nitro compound, is found to be stable [9], pre-
sumably because of the electron-withdrawing cyano
group. Unfortunately, the biological activity of this
compound has not been reported. As a rule,
however, the 4-nitroimidazoles do not have the bio-
logical characteristics that make the 5-nitroimi-
dazoles therapeutically useful [1].

More closely related biologically to the S-nitro-
imidazoles are the 2-nitroimidazoles. A few 2-
hydroxylaminoimidazoles, including one formed by
reduction of misonidazole, have been reported and
found to be unstable in aqueous solution, particularly
at neutral or basic pH [10, 11]. Such instability sug-
gests that a hydroxylamine formed from a 5-nitro-
imidazole is also likely to be too unstable to isolate.
Indeed we have not been able to isolate such a
compound using a number of methods. We have
therefore prepared the O, N-diacetyl derivatives (V1)
of the 5-hydroxylaminoimidazoles (IV) by reducing
metronidazole, dimetridazole and flunidazole in the
presence of acetic anhydride. In this paper we
describe this synthesis, as well as our attempts to
remove the acetyl group(s) in order to convert these
relatively stable derivatives to their possibly active
free hydroxylamines.

If the hydroxylamine (IV) is the active form of the
5-nitroimidazoles, then S-nitroimidazoles might be
considered pro-drugs which are activated by nitro-
reductase in the target organism. In this context, the
acetyl derivatives mentioned above might also be
considered pro-drugs which merely reach the active
form of a 5-nitroimidazole by another pathway. Find-
ing another pathway to the active form may prove to
be a means to complement the range of antimicrobial
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Fig. 1. Reduction of the nitro group in 5-nitroimidazoles (I) to the radical anion (II), and the nitroso

(ITI) and hydroxylamino (IV) functionalities, which may be responsible for biological activity. The

amine (V) can now be excluded as the bactericidal form of the 5-nitroimidazole drugs [2]. Also shown
are the diacetyl (VI) and monoacetyl (VII) derivatives of the hydroxylamino functionality.

activity of the 5-nitroimidazoles. Thus, for example,
organisms that lack nitroreductase activity, and
consequently are resistant to the 5-nitroimidazoles
per se, may nevertheless be susceptible to pro-drugs
that are converted to the activated form by another
pathway.

EXPERIMENTAL PROCEDURE

Materials

To  prepare  O,N-diacetyl-1,2-dimethyl-5-
hydroxylaminoimidazole (DiacDMH*, VI, R;=
R, =CH;), a suspension of 1.0g (7 mmoles) of
dimetridazole (I, R, = R, = CHj,a gift from May &
Baker, Dagenham, England) and 0.60 g of 5% Pt/
CaCOj; (Aldrich Chemical Co., fresh bottle) in 50 mi
acetic anhydride was hydrogenated (10 psi, 20°) in a
Parr shaker for 1hr. Approximately 0.451 of H,
(STP, 20 mmoles) was consumed. Filtration of the
resulting mixture, followed by evaporation of the
solvent, afforded a golden green-brown residue.
This material was dissolved in 20 ml of hot benzene,
filtered while hot, concentrated to 10 ml, and then
allowed to cool slowly to room temperature. The
solid was isolated by filtration and washed with cold
benzene and ether, yielding 0.48 ¢ (2.2 mmoles,
32%) of waxy, colorless microscopic needles with
melting point 134-134.5° (sublimation at T > 120°).

'H NMR (80 MHz, CDCl;): §2.14, 2.26, 2.30 (3s,
9H, Acetyl and Me), 3.36 (s, 3H, N-Me), 7.25 (br.s,

* Abbreviations: ADM, 1,2-dimethyl-5-aminoimida-
zole; AcDMH, N-acetyl-1,2-dimethyl-5-hydroxylamino-
imidazole;  DiacDMH, O, N-diacetyl-1,2-dimethyl-5-
hydroxylaminoimidazole; TriacFLH, O,O’,N-triacetyl-1-
B - hydroxyethyl - 2 - p - fluorophenyl - 5 - hydroxyl -
aminoimidazole; and TriacMNH, O,O’, N-triacetyl-
1-f-hydroxy-ethyl-2-methyl-5-hydroxylaminoimidazole.

1H, ring H). Upon addition of D,0, the signal at 8
7.25 disappeared after 1 hr and was replaced by a
DOH peak at 6 1.60. MS (FAB (+)ion): m/e 212
(MH*, 1=100), 170 (MH*-ketene, I =45). UV
(H,0): Apax 214 nm. IR (neat): 1780 (strong, ester
C=0 stretch), 1690 (strong, amide C=O0 stretch),
3250, 3190, 2990, 2970, 1640, 1370, 1330, 1280,
1200 cm™ 1.,

To further characterize the above product, 2 mg
(~10 umoles) was dissolved in 200 ul absolute etha-
nol in a smalil test tube, to which 2mg 10% Pd-C
(Aldrich Chemical Co., fresh bottle) was added. The
test tube was placed in a Parr shaker bottle and
treated with hydrogen at 50 psi for 1 hr. Under these
conditions there was ~20% conversion to only one
new product, as judged by reverse-phase HPLC
under the standard conditions (retention time,
10.0 min; UV A,,, 215nm). Mass spectral analysis
(FAB (+)ion) of this product showed a molecular
weight of 153. The ultraviolet absorbance and
molecular weight of this product were identical to
those of authentic N-acetyl-5-amino-1,2-dimethyl-
imidazole, which had been prepared by treating the
known hydrochloride salt of 5-amino-1,2-di-
methylimidazole with acetic anhydride [2]. The new
product and the authentic sample also had identical
retention times by reverse-phase HPLC when
injected either separately or together.

A similar procedure was used to prepare the acetyl
derivatives of the hydroxylamines formed by
reduction of metronidazole (I, R; = CH,CH,OH,
R, = CH3, a gift from Searle Laboratories, Chicago,
IL) and flunidazole (I, R, = CH,CH,OH, R; = p-F-
C¢Hy, a gift from Merck Sharpe & Dohme Research
Laboratories, Rahway, NJ). With these compounds,
however, the triacetyl derivatives, O,0’, N-triacetyl-
1- - hydroxyethyl - 2 - methyl - 5 - hydroxylamino-
imidazole (TriacMNH) and O, O’ N-triacetyl-1-f3-
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hydroxyethyl-2-p - fluorophenyl - 5 - hydroxylamino-
imidazole (TriacFLH), were formed; these com-
pounds failed to crystallize, and so were purified by
preparative reverse-phase liquid chromatography
(retention times of 17.1 and 22.0min respect-
ively) using their ultraviolet absorbance for de-
tection. The yields of these compounds were 30-
40%.

For TriacFLH, 'H NMR (80 MHz, CDCly): &
1.93,2.18,2.30 (3s, 9H, Acetyl), 4.20 {br.s, 4H, N—
CH,CH,0Ac), 7.14 (dist’d. t,J ~ 9 Hz, 2H, phenyl
H’s), 7.38 (d of d, ] = 5.2, 8.8 Hz, 2H, phenyl H’s).
IR (neat}: 1750 (ester C==0 stretch, sh.1780), 1700
{br., amide C==0 stretch), 3260, 3200, 2980, 1640,
1540, 1370, 1230, 1200, 1150, 850 cm ™! .UV (EtOH):
Amax 256 nm. MS (NH; DCI): m/e 364 (MH™).

For TriacMNH, 'H NMR (80 MHz, CDCl3): &
2.03, 2.14, 2.27 (3s, 9H, Acetyl), 2.36 (s, 3H, Me),
4.0-4.3 (m, 4H, N—CH,CH,0Ac). UV (EtOH):
Amax 214 nm. MS (FAB (+)ion): m/e 284 (MH*, I =
100), 242 (MH*-ketone, I = 70).

The ring proton was not observed in NMR spectra
of either triacetyl derivative, because the small iso-
lated samples (<1 mg) were not completely dry [2].

The monoacetyl derivative, N-acetyl-1,2-di-
methyl-5-hydroxylaminoimidazole (AcDMH, VII,
R;=R;= CH3) was prepared from DiacDMH as
follows: 6.0mg (30 umoles) of DiacDMH was
treated with 2 units (approximately 0.2 mg protein)
of acetylesterase (EC 3.1.1.6, Sigma Chemical Co.,
St. Louis, MO), in 2.0 ml of 0.1 M KPO, buffer, pH
7.0. During a 2-hr incubation period the ahsorhance
maximum at 216 nm was replaced by one at 266 nm.
This material was partially purified by reverse-phase
liquid chromatography (ret. time, 2.5 min}, but still
contained some salts, presumably buffer and

(NH,),SO, from the enzyme preparation. '‘H NMR
(ROMHz D, n\ & 2. 15 341 (D¢ M ar\oﬂﬂ TV

A\OV iYaRd, L1 (Lny U, avhiyi, TiE

Me) 3.19 (s 3H N- Me) 4,81 (s, 2H, DOH) ng
proton was not observed (see NMR for similar com-

nanndsy IV /BT O VA nm £~ 101 TR
Pvuuuc; UY g I‘.max LoV, € AUV, AN

(solid, with phosphate salts): 1680 cm™! (v. broad,
amide C== 0 stretch).

For mass spectral analysis, N-acetyl-O-propionyl-
1,2-dimethyl-5-hydroxylaminoimidazole was pre-
pared by dissolving a sample in propionic anhydride,
concentrating it by rotary evapor ation, and then
dissolving the resulting material in approximately
1 ml of methanol. When subjected to reverse-phase
preparative liquid chromatography, the mixture
yielded a compound (retention time, 12.5 min} with
Amax = 216 nm, which by mass spectral analysis (fast
atom bombardment, positive ion) showed m/e 226
{MH"*, I =100), 170 (MH*-methylketene, I = 55).
Methods

High pressure liquid chromatography using a C-
18 reverse-phase analytical column (Supelco, Inc.,
Bellefonte, PA, Cat. No. 5-8294) was performed on
either a Hewlett~Packard (Palo Alto, CA) 1082B
liquid chromatograph equipped with a 1040A diode-
array UV spectrophotometric detector, or a Waters
Associates (Milford, MA) high-pressure liquid chro-

matograph system with UV absorbance detector
{model 440). Data were recorded and areas under

the curve computed by a Hewlett—Packard 52398B
LC Terminal. Unless otherwise noted, compounds
were eluted (1.5 mi/min) by means of a solvent pro-
gram that began isocratically with 5% methanol in
0.1 M phosphate buffer at pH 7.4 for 3 min and then
increased linearly to 50% methanol during 20 min.

Preparative reverse-phase liquid chromatography, at
a flow rate of 6.0 ml/min with the same solvent
program, was carried out with a Supelco C-18 semi-
preparative reverse-phase HPLC column (Supelco
Cat. No. 5-8368).

Ultraviolet-visible spectra were recorded using a
Hewlett-Packard model 8451A diode-array spec-
trophotometer. Infrared spectra were recorded on a
Perkin-Elmer model 854 IR spectrophotometer, ‘H
NMR spectra on a Varian CFT20 Fourier-transform
NMR spectrometer, and mass spectra with a VG
Analytical ZAB-SE mass spectrometer.

The Escherichi coli SR58 DNA repair mutant,
UvrB~ RecA ™, which is susceptible to metronidazote
[2, 12}, was propagated in brain-heart infusion sup-
plemented broth (Scott Laboratories, Fiskville, RI).
The susceptibility of this strain to DiacDMH and
AcDMH under various conditions was tested in
0.1 M KPO, buffer at pH 7.4, a medium which
enabled us to monitor the presence of the test com-
pounds by ultraviolet absorbance. For these experi-
ments, bacteria were harvested from their growth
media by centrifugation (10,000g for 20min),
washed once in .1 M KPO, buffer, and resuspended
in this medium to maintain their original cell density
(~108 cfu/ml), Bacterial viability was quantified
using appropriate solid growth media.

To screen for bacteriostatic activity against poten-
tial pathogens, the minimal inhibitory concentrations
(MIC) of DiacDMH were determined for the ten

bacterial strains that are included in Bactrol Disk Set
A (Difco Lahoratories, Detroit, M), as well ag for

{Difco Laboratories, Detroit, MI), as well as for
Bacterioides fragilis, Clostrtdtum perfringens, and E.
coli strains AB1157 (wild type) and SR58 (a DNA

ramais mnfant cancifive tn metranidazala 121y Tha
I.C‘Pa‘l AITUILGHIIL OALIIOINEY L LU LN U ViU ALUVIW ll"}} R IX%

MIC for each strain was determined in a brain—
heart infusion medium (BBL, Cockeysvﬂle MD)

PRSP Y S Srvaies o toevrivy

wutauuug lU #g/lll} 310111 aud ., J psj !lll ‘\' itdliiaig
K,. After it was autoclaved, this medium was sup-
plemented w1th ﬁltered (0.45 pgm Millex, Millipore
Corp., Bedford, MA) solutions of cysteme HCland
dithxothreitol to make final concentrations of 0.5 and
0.3 mg/ml respectively. DiacDMH was diluted in 2-
fold increments in muiltiwell plates {Falcon No.
3047), which were alsc inoculated with approxi-
mately 10° cfu/ml Duplicate determinations were
made for each bacterial strain; incubations at 37°
were conducted both anaerobically (BBL Gaspak jar
and BBL generator envelopes BBL Microbiology

Systems, Cockeysville, MD) and aerobicaily.

RESULTS

Properties of DiacDMH

The 5-hydroxylaminoimidazole functionality is
one possible mediator of activity of the S-nitro-
imidazole drugs. Not surprisingly, such a species has
not been isolated, although 5-nitroimidazoles have
been reduced using a variety of methods. We found,
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however, that reducing dimetridazole, metronid-
azole, or flunidazole with either zinc or hydrogen
using a Pt/CaCOj catalyst, in the presence of acetic
anhydride, enabled the acetylated form of the
hydroxylamine to be isolated. These fully acetylated
hydroxylamine derivatives were quite stable when
stored in a dry atmosphere. In neutral or slightly
acidic aqueous solutions, however, they hydrolyzed
slowly to yield, within 2-3 days, compounds which
have not yet been completely characterized. The
mass spectroscopic analysis of these breakdown

wmziem A b e mcsrmvras  xzran mmsioindoed sl sl Tl A
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acetic acid and the addition of two molecules of H,O.
In slightly basic solution, on the other hand, the
acetyl derivatives decomposed within a few minutes,
yielding products whose NMR spectra indicate
hydrolysis of the imidazole ring.

In the NMR spectrum of DiacDMH (VI, Ry =
R, = CH3), the chemical shift of the ring proton at
C-4, 6 7.25, was between that of dimetridazole (8
7.50) and that of 3-amino-1,2-dimethylimidazole
(ADM, 86.64) [2], a result consistent with a nitrogen
functionality of intermediate oxidation state. As with
ADM, the ring proton of DiacDMH is rapidly ex-
changed with D,0.

As noted above, the N—O bond of DiacDMH
seems to be very labile. It was, therefore, not sur-
prising that only one product was formed under mild
reducing conditions (see Experimental Procedure).
That such a product was identical by mass
spectroscopy, UV, and reverse-phase HPLC to
authentic N-acetyl-5-amino-1,2-dimethylimidazole
further supports our structural assignment.

We selected DiacDMH for most studies because
it is both easier to prepare and is not susceptible to
acetylation of the side chain at N-1 of the imidazole
ring. Results with derivatives of dimetridazole should
be similar to those with the comparable metro-
nidazole derivatives, as the potencies of metro-
nidazole and dimetridazole are similar generally [13]
and specifically for E. coli SR58 (see Fig. 2). Diac-
DMH itself had no bactericidal activity at con-
centrations up to 2.5mM (420 zg/ml) under con-
ditions where both dimetridazole and metronidazole
were active (Fig. 2). We confirmed that DiacDMH
remained at its initial concentration during this
experiment by periodically analyzing filtered aliquots
of the incubation medium by HPLC. (DiacDMH
had a retention time in the reverse-phase system
of 9.5min). The MIC of DiacDMH for strains of
bacteria in the Bactrol Disk Set A (E. cloacae, E.
coli, K. pneumoniae, P. vulgaris, P. aeruginosa, S.
typhimurium, S. marcescens, S. aureus, S. epid-
ermidis, S. pyogenes), E. coli AB1157 {wild type),
B. fragilis, and C. perfringens were also found to
be greater than 2.5 mM. Under similar incubation
conditions, dimetridazole had an MIC for B. fragilis,
C. perfringens, and E. coli SR58 of approximately
<0.005, 0.01, and 0.1 mM respectively. Of course,
DiacDMH may fail to show bactericidal activity sim-
ply because itis unable to cross bacterial membranes.
However, passage across cell membranes should not
be a problem for this compound, which is less polar
than the S-nitroimidazole itself or its amino func-
tionality, both of which pass across bacterial cell
membranes [2].

|
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Fig. 2. Effects of DiacDMH, metronidazole and di-
metridazole on the viability (S, cfu/ml) of E. coli strain
SR358. Cultures in 0.1 M phosphate buffer (pH 7.4) were
incubated at 37° with either no additions (A), 0.5 mM
DiacDMH ((3), 2.5 mM DiacDMH (Oj, 0.5 mM metron-
idazole (©), or 0.5mM dimetridazole (V). Incubation
was either aerobic (closed symbols) or anaerobic (open
symbols).

Preparation of AcDMH

Attempts were made to remove the acetyl groups
from DiacDMH by both enzymic and non-enzymic
methods. When treated with acetylesterase,
DiacDMH yielded a product which was separated in
impure form from the reaction mixture by pre-
parative reverse-phase liquid chromatography (LC).
Structural assignment of this compound indicated
that the O-acetyl moiety had been removed, resulting
in AcDMH (VII, R, = R, = CHj;). IR spectroscopy
indicated that the sole remaining acetyl group was
in an amide rather than ester linkage. The NMR
spectrum was also compatible with this structure.
The ring proton at C-4 was not observed, which, as
noted above with respect to similar derivatives, was
attributed to the rapid exchange of the proton in this
position.

Confirmation of the structure of AcDMH was also
aided by its conversion to N-acetyl-O-propionyl-1,2-
dimethyl-5-hydroxylaminoimidazole by treatment
with propionic anhydride. Mass spectral analysis of
this compound (fast atom bombardment [+] ion)
showed a molecular ion at m/e226 (MH*), and a
peak at m/e 170 (I = 55) corresponding to the loss
of methylketene, which is comparable to the loss of
ketene that had been observed with DiacDMH, and
is, therefore, consistent with a labile propionate ester
lin}l:age in one compound and a labile acetate in the
other.
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The shift in UV absorbance maximum from 216
to 266 nm when DiacDMH was hydrolyzed to yield
AcDMH is also noteworthy, as it suggests that the
imidazole ring and the hydroxylamino group were
better conjugated in a derivative with one rather
than two acetyl groups. In comparison, 2-hydroxyl-
amino-1-methylimidazole shows an absorbance
maximum in aqueous solution at 230-240 nm [11].

Properties of AcDMH

To maximize the possibility of detecting any bac-
tericidal activity of AcDMH, this monoacetyl deriva-
tive was formed from DiacDMH and tested against
the SR58 mutant strain of E. coli. For this exper-
iment, 3.0 mg (15 umoles) DiacDMH and one unit
of acetylesterase in 1 ml of 0.1 M phosphate buffer,
pH 7.0, were used as described above (see
Materials), and the resulting solution, containing
AcDMH, was incubated aerobically at 37° together
with 10 ul of a thick suspension of E. coli strain SR58
(~108cfu/ml final concentration) for a period of
4 hr. At intervals, aliquots of the incubation mixture
were withdrawn, either to determine bacterial
viability or to monitor AcDMH by ultraviolet
absorbance. To obtain ultraviolet spectra the aliquot
was first filtered to remove bacteria and then diluted
1:40 in water. Under these conditions, the spectra
indicated that more than 80% of AcDMH remained
at 4 hr, and there was no loss of bacterial viability.

Hydrolysis of DiacDMH

Aryl acyl amidase from Fusarium species (EC
3.5.1.13, Sigma Chemical Co.) proved capable of
hydrolyzing DiacDMH. Thus, in a 1.0-ml mixture
that contained 0.1 M KPO, buffer at pH 7.0 and one
unit of aryl acyl amidase, incubation at 37° resulted
in the loss of more than 90% of 2.0 mM DiacDMH
in 1hr (as monitored by reverse-phase LC). Of the
products that formed, one appeared to be AcDMH
(in a yield of <10%).

To determine whether the hydrolysis of DiacDMH
by this enzyme yielded any products that were bac-
tericidal, DiacDMH (4.0 mM) was incubated aero-
bically at 37° with E. coli SR58 (~108 cfu/ml) and
1 unit of aryl acyl amidase in 1.0 ml of KPO, buffer,
pH 7.4; no bactericidal activity was observed.

DISCUSSION

Our experiments have shown that 5-nitroimidazole
drugs (I, Fig. 1) can be partially reduced in the
presence of acetic anhydride to yield stable com-
pounds with a hydroxylamino functionality (VI). As
these compounds are almost certainly derived
directly from 5-hydroxylaminoimidazoles (IV), there
must be at least transient formation of the 4-electron
reduction species. It seems reasonable, therefore,
that this species also forms during the biological
reduction of the 5-nitroimidazoles, making it a likely
candidate for the active form of these drugs.
Although, under certain conditions, there occurs an
average of 4-electron reduction of the nitroimi-
dazoles [14, 15], it is not justified to conclude that
the hydroxylamine is actually formed biologically.
Reduction of 5-nitroimidazoles is a complex process

[2, 16] in which overall stoichiometry may be mis-
leading. The uptake of electrons helps to define
the product only in cases where there is a clean
conversion of one compound to another. In our
synthesis of DiacDMH, for example, three equiv-
alents of hydrogen were taken up to make a product
that requires only two equivalents, but the yield of
DiacDMH was only 35%.

Both the N-acetylhydroxylamine (AcDMH, VII)
and O,N-diacetylhydroxylamine (DiacDMH, VI)
derivatives of dimetridazole are reasonably stable
under biological conditions and neither has detect-
able bactericidal activity. It is unclear, however,
whether the hydroxylamine itself has any bactericidal
activity, as we were uncertain as to whether this
compound was liberated from either of the acetyl
derivatives. It remains possible, therefore, that the
bactericidal activity of a 5-nitroimidazole can be
attributed to the hydroxylamine (IV). Indeed, we
cannot exclude the possibility that compounds such
as DiacDMH and AcDMH would be potent pro-
drugs for any pathogens with appropriate deacylases.
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