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ABSTRACT
Facile and efficient,large scale synthesis of Nardril (Phenelzine sulfate) (5) can be prepared by alternative method from Phenethylamine (1) and
3, 3-pentamethylene oxaziridine (2) in the presence of acid catalyst. The main advantage of this method is low cost, easy work up and gave high
yield of product. This method is very favorable for large scale synthesis of nardril in pharmaceutical industries.
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INTRODUCTION
Monoamine oxidase (MAO, EC 1.4.3.4) is an enzyme that oxidizes many monoamines, including important neurotransmitter amines, such as
noradrenaline (NA), dopamine, and 5-hydroxytryptamine (5-HT) [1]. Numerous MAO inhibitors have been synthesized and evaluated, and some
of them have proven to be useful for treatment of psychiatric disorders such as depression, panic disorder, and social phobia [2,3]. Phenelzine, a
non-selective MAO inhibitor that inhibits both the A and Bisozymes of MAO, has been used clinically for such purposes for many years [4].

Figure 1: Structure of Phenelzine sulfate

Scheme 1
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Phenelzine and its salts are an irreversible and nonselective and monoamine oxidase inhibitors (MAOI) of the hydrazine chemical class which is
used as an antidepressant and anxiolytic. From the last few decades several methods have been reported in the literature for the preparation of
phenelzine sulfate (Figure 1). One of the reported synthesis [5] of phenelzine proceeds in overall 77% yield starting from phenethyl bromide
with 75% hydrazine hydrate as shown in Scheme 1.
In a related procedure [6], an alternative preparation of phenelzineinvolves the reaction between phenethyl; chloride and hydrazine hydrate in
ethanol followed by its salt formation using sulphuric acid (Scheme 2).

Scheme 2

Another literature method [7] involved Boc protection of hydrazine to form the di Bochydrazide which on reaction with phenethyl bromide in
presence of sodium hydride followed by deprotection of Boc with HCl affords Phenelzine in good yield (Scheme 3).

Scheme 3
MATERIAL AND METHODS
Melting points are uncorrected and were determined on a Buchi Melting Point apparatus. 1H-NMR spectra were obtained in CDCl3 using TMS
as internal standard on Brucker spectrometer at 300 MHz. Mass spectra were recorded on Shimadzu LCMS-QP8000, LCMS and AB-4000 Qtrap LC-MS/MS. The reaction was monitored by TLC on silica gel plates.
Preparation of N-cyclohexylidene-N’-phenethyl hydrazine (3)
To a suspension of Phenethyl amine (337.5 g, 1.5 mol) in toluene (3400 ml) 3,3-pentamethylene oxaziridine (oxaziridine content: 4 m/m %,
5000 ml, l. [delta] moles) are added in about 5 min, at a temperature of 90ºC. The reaction mixture was allowed to react at the same temperature
for 30 min, Distilled solvent completely from reaction mixture. Product: 403.7 g (84%) of Oily residue.
Preparation of phenethyl hydrazine (4)
A solution of N-cyclohexylidene-N’-phenethyl hydrazine (3) (403.7 g, 1.26 mol) in 20 % hydrochloric acid (2500 ml) was stirred at an elevated
temperature, washed with toluene to remove the impurities, then pH of the solution is adjusted to 8.0 with potassium carbonate solution and
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extracted with Isopropyl ether. From the obtained product with Isopropyl ether, Solvent was distilled of completely. Product: 267.7 g (87 %) of
Oily residue.
Preparation of phenethyl hydrazine sulfate salt (phenelzine sulfate) 5
A solution of phenethyl hydrazine (4) (403.7 g, 1.26 mol) in isopropyl alcohol (2500 ml) is stirred at an 0-5ºC, added sulfuric acid in Isopropyl
alcohol, stir for ½ h, Added n-Heptane to the solution and obtained solid product was filtered & washed with Isopropyl alcohol. Yellowish White
solid, m.p. 164-166ºC; 1H-NMR (CDCl3): 7.25-7.34 (m, 5H), 3.32-3.37 (t, 2H), 2.93-2.98 (t, 2H); Mass (ES): m/z= 137.22.
RESULT AND DISCUSSION
However, most of the phenelzine synthetic procedures are suffer from several disadvantages from a commercial production stand point such as
(a) cost effectiveness, (b) difficulty in handling the 2-halo ethyl benzenes on a large scale which requires precaution to avoid exposure to
moisture, (c) isolation (drying operations) of intermediates and the work-up procedures which lead to increased cycle time and hence increase in
the manufacturing cost. To overcome the above difficulties a novel method is required which can be useful for the preparation of phenelzine in
large scale.
As illustrated in scheme 4, the reaction of Phenethylamine (1)with 3,3-pentamethylene oxaziridine (2)in toluene at 90ºC for 30 min led to the in
situ formation of N-cyclohexylidene-N’-phenethyl hydrazine (3)intermediate under catalyst free condition. Then,to this reaction mixturewas
added 20% hydrochloric acid and stirred for 1-2 h and neutralize the reaction mixture with potassium carbonate solution and extracted with
Isopropyl ether. Processing the reaction mixture leads to the isolation of phenethyl hydrazine (4). Furthermore solution of phenethyl hydrazine
was stirred with sulfuric acid at 0ºC-5ºC for 30 min gave final compound phenethyl hydrazine sulfate salt (phenelzine sulfate) (5). Structure of
this product was assigned on the basis of its spectral properties -IR, NMR and Mass spectra (for details, please see the Experimental Section).

Scheme 4

Based on the above succefull results, various green and organic solvents are screened for the formation 2 from 1. However in this all solvents
toluene at 90ºC for 30 min was found to be the best method giving 2 in quality and yield (≥ 84%) (Table 1: Entry 1).
Table 1: Effect of solvents for formation of 2 from 1

Entry

Solvent

Temperature oC

Time
(min)

5a (%)

1

Toluene

90

30

84

2

Glycerol

100

30

70

3

PEG-600

100

30

72

4

Ethylene
glycol

100

30

70

5

Water

100

30

61

6

Methanol

70

30

63

7

Ethanol

70

30

65

8

DMF

90

30

68

9

THF

90

30

68

10

Acetonitrile

70

30

66

11

1,4 dioxane

80

30

71
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CONCLUSION

In summary, a practical and new synthetic have been developed for the synthesis of Nardril (Phenelzine sulfate) in toluene. The main advantage
of this synthetic method is low cost, less reaction time, easy workup and isolation of product is simple with high yield.
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