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1785

P. Mathiaparanam, L.T. Wong* and B.H. Thomas; Drug Toxicology Division, Bureau

of Drug Research, Health Protection Branch, Ottawa, Ontario K1A OL 2, Canada.

Summary
A synthesis of l—MC-acetylhydrazine by acetylation of hydrazine using 1-

lZ“C-ethyl acetate and a catalytic amount of activated alumina is described.
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Introduction

Acetylhydrazine, a toxic metabolite of Isoniazid, has been implicated in the
serious hepatitis that occasionally follows the use of the drug in the treatment of
tuberculosis (1). In vitro studies with rat and human liver microsomes have
indicated that acetylhydrazine is oxidized by a microsomal cytochrome P-450
enzyme to produce a reactive acylating agent that acylates the hepatic macro-
molecules (2). Also, it has been postulated that such acylation of hepatic
macromolecules by acetylhydrazine may produce, directly or indirectly, antigenic
substances that result in an allergic reaction directed at the liver (3). In our work
on the toxicity of Isoniazid, we required a pure sample of radiolabelled (MC)
acetylhydrazine to study the metabolic events initiating Isoniazid-induced liver
injury, and herein, we wish to report a simple, one-step synthesis of l-MC—

acetylhydrazine.
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Discussion

A search of the literature indicated that acetylhydrazine has been prepared
either by acetylation of a suitably protected hydrazine derivative, followed by
subsequent removal of the protecting group (4); or by controlled monoacetylation
of hydrazine itself (5,6,7,).

Acetylation of a protected hydrazine (e.q., tertiary butyl carbazate) re-
quired acetic anhydride as the acylating agent and gave acetic acid as a by-product
(cf. equation l) thus leading to a loss of half the radioactivity if this procedure is
adapted for the radiochemical synthesis. Substantial loss of radioactivity coupled
with an extra reaction required to remove the protecting group makes this method
not viable for the synthesis of l—lac-acetylhydrazine.

(CH3C0)20 + H NNHCOZC(CH3)3-) CH

CONHNHCOZC( CH3)3 + CH,COOH (1)

2 3 3

Several procedures have been reported for the preparation of acetyl-
hydrazine by controlled acetylation of hydrazine. The most common method of
preparation seems to be the reaction of hydrazine hydrate with an ester (usually
methyl ar ethyl) of acetic acid under reflux (5). This reaction requires at least 18
hours for completion; however, it has been reported that the use of anhydrous
hydrazine at ambient temperature reduces the reaction time to less than 3 hours
(6). This transacetylation reaction involving hydrazine hydrate has been adapted
for the synthesis of labelled acetylhydrazine (4) and the acetylhydrazine so formed
was isolated as the fumarate salt and purified by recrystallization. This procedure
in our hands gave unsatisfactory results; the isolated product was contaminated
with substantial amounts of hydrazine fumarate as evidenced by nmr and tlc.

Another procedure reported for the controlled acetylation of hydrazine

invalves the condensation of acetic acid with hydrazine hydrate at low temper
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atures under azeotropic conditions using activated alumina.as a catalyst (7). This
reaction, usually completed in 2 to 12 hours giving 80-39% vyield of acetyl-
hydrazine, requires a Dean-Stark set-up which could be cumbersoime for microscale
reactions.

Inspired by the remarkable catalytic activity of alumina towards acyl-
hydrazine formation and the ready availability of l-MC-ethyl acetate, we under-
took a study of the reaction of hydrazine hydrate z;nd ethyl acetate in the presence
of alumina (ef. equation 2) under a variety of conditions. Absolute ethanol was
used as a solvent and the reaction was carried out both at room temperature and
under reflux with varying amounts of hydrazine hydrate and ethyl acetate. The
progress of the reaction was monitored by gc analysis (8) of the p-chloro-
benzaldehyde acetylhydrazone and p-chlorobenzaldehyde azine formed with p-
chlorobenzaldehyde. We found that the reaction at room temperature with slight
excess (10%) of ethyl acetate gave more than 98% yield of acetylhydrazine (by qc
analysis) after 7 days. Also, it was observed that the reaction carried out under
reflux proceeded rapidly in the initial stages to a maximum of 65-75% completion
within 2 days (cf. Table I) but that prolonged heating led to the decomposition of
the acetylhydrazine formed. On the other hand, the reaction at room temperature

progressed steadily to 98% completion over 7 days withless than 1% diacetylhydrazine

AIZO3
CH3C02C2H5 + HZNNHZHZO _— CH3CONHNH

Abs.C2H50H

, + CyHsOH (2)
formed during this period. Accordingly, the reaction of hydrazine hydrate with a
slight excess (10%) of ethyl acetate and activated alumina at room temperature
14

was adapted for the synthesis of 1-*"C-acetylhydrazine.

Labelled acetylhydrazine was obtained in 85% isolated yield with more than

98% purity assessed by a tle-liquid scintillation counting method. This simple, one-
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step synthesis also has an additional advantage in that it involves minimal handling
of radioactive compounds and requires only a simple set-up (a sealed Reacti-vial
and a stirrer) and an equally simple work-up (filtration and evaporation under

reduced pressure) to obtain the product in better than 98% purity.

Experimental
IR spectra were recorded with a Beckman 620 MX computing infrared
spectrophotometer. NMR spectra were obtained with a Bruker WP-80 spectro-
meter, using tetramethylsilane as an interpal standard. Mass spectra were
recorded with a Hewlett Packard 5985A GC-MS data system. l-lac-ethyl acetate
(4.9 mCi/mM) was purchased from Pathfinder L_abs. Inc., St. Louis, MO 6314l.
Activated alumina (Baker Reagent Grade) was heated at 1209 for 2 hours and

cooled in a desiccator.

Reaction of Ethyl Acetate with Hydrazine Hydrate-Temperature Study

Ethyi acetate (1.76g, 20 mmales) and hydrazine hydrate (1.0 g, 20mmoles) in
absolute ethanol (6 ml) were stirred at room temperature with activated alumina
(0.5 g). The progress of the reaction was monitored by gc analysis of the p-
chlorobenzaldehyde acetylhydrazine and p-chlorobenzaldehyde azine.

In a separate study, the abave experiment was repeated under reflux. The

results are summarized in the Table below.

Table I: Percentage Yield of Acetylhydrazine with Time.

Temperature 3 hr 24 hr 48 hr

Room temp 19 70 80

Reflux{80°) 43 64 68
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A better yield of acetylhydrazine was obtained by reaction at room temperature.

Reaction of Ethyl Acetate with Hydrazine Hydrate-Concentration Study

Ethyl acetate (176 mg, 2.0 mmoles) and hydrazine hydrate (100 mg, 2.0
mmoles) in absolute ethanol (400 pl) were stirred with activated alumina (100 mg)
at room temperature for several days. The reaction was monitored by gc as
described before.

In anather study, the above experiment was repeated with 10% excess ethyl
acetate (184 mg, 2.2 mmoles).

Gc analyses of the reaction mixtures from two runs indicated that after 7
days at room temperature, 92 and 96% of acetylhydrazine were formed
respectively. The reaction mixture was filtered through a sintered glass funnel to
remove alumina and the residue washed with more absolute ethanoi. The combined
filtrate and washings were evaporated to dryness under reduced pressure, The
white solid obtained was dissolved in chloroform and the resulting solution
evaporated to dryness (to remove traces of occluded solvent). Isolated yield of the
product is 125 mg (85%) and 140 mg (95%) respectively.

m.p. 62-4° (lit. 67° (9)); IR (DMSQ) C=0 1675 cm™t

;s NMR (CDC13) §1.97
(s,3H), 4.17 (br.s, 2H), and 7.71 (br.s, 1H); MS (solid probe) m/z 74, 43 and 42 with

base peak at 43 (m/z 116 indicated trace amount of diacetylhydrazine present).

Preparation of 1-14C—Acmlhydrazine

l-MC-Ethyl acetate (2 mCi; 4,9 mCi/mM) was diluted with ethyl acetate to

give 2.1 mmoles with a specific activity of 0.95 mCi/mM. This was stirred at room
temperature with hydrazine hydrate (100 mg, 2.0 mmoles), activated alumina (100

mg) and absolute ethanol (400 ul) in a sealed Reacti-vial. After 7 days, the
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reaction mixture was worked-up as described before. The yield of the product was

125 mg (85%). Specific activity was 0.85 mCi/mmole*.

Estimation of the Purity of l-lAC—Acetllhydrazine

A small amount of the product was dissolved in methanol (3 ml) and the
methanolic solution (50 ul) was incubated for 1 hr at 37° with p-chloro-

benzaldehyde (50 ul, 150 mg/5 ml methanol). Thin layer chromatography of the p-

1

chlorobenzaldehyde 1- AC-acetylhydrazone on silica gel using ethyl acetate:

acetic acid (70:30) as eluent, followed by liquid scintillation counting of the dried

silica gel plate in 0.5 cm segments, indicated that the product was more than 98%

pure.

* This specific activity is about 10% lower than that of the diluted starting

laC-ethyl acetate and the reason for the discrepancy is not known. The

14

specific activity of the undiluted =~ C-ethyl acetate (4.9 mCi/mM) was from

the supplier and was not confirmed.
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