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Abstract

An effective methodology for the quantitative preparation of phenylhydrazones and 2.4-
dinitrophenylhydrazones from aldehydes and ketones is described. The method is
environmentally friendly and easy to handle, while requires short reaction times and
solventless conditions.

Introduction

Derivatization of carbonyl compounds as phenylhydrazones, 2, 4-dinitrophenylhydrazones,
etc. is of great interest to organic chemists. This is not only because the products are readily
prepared and highly stable, but also they serve for protection, purification, and
characterization of carbonyls, as well as for functional group transformations. The most
common method for the preparation of hydrazone derivatives is the reaction of aldehydes or
ketones with hydrazone derivatives in the presence of a basic or an acidic catalyst."” Some
modification of these methods are also known.>*

Ball milling is a mechanochemical technique, which is widely applied to the grinding of
minerals into fine particles and the preparation and modification of inorganic solids.” Its use
in synthetic organic chemistry is relatively scarce, but attains more importance during the
past decade. Kaupp et al. have discovered the usefulness of Ball-milling in synthetical
organic chemistry, which have been the subject of some papers and reviews.” Some recent
examples include solvent-free Knoevenagel condensation,” protection of diols and
diamines,7b functionalization of fullerenes,7C reductive benzylation of malononitrile,7d
preparation of phosphorus ylides,’® and Heck-type cross-coupling reactions’".

In continuation of our earlier works on the application of ball-milling in organic synthesis, we
now wish to report a facile, environmentally friendly and clean synthesis of
phenylhydrazones, and 2,4-dinitrophenylhydrazones from carbonyl compounds in a ball-mill.

Results and Discussion

Solvent-free reaction of 1 eq of an aldehyde or a ketone (1) and 1 eq of phenylhydrazine in a
ball-mill proceeds just as a one-step condensation to afford the corresponding
phenylhydrazone (3) in 100% yield (Scheme 1).
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Scheme 1 Ball-milling solvent-free preparation of phenylhydrazones
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Various phenylhydrazones have been prepared by milling of the corresponding carbonyls
(1a-q) with phenylhydrazine (2) at the suitable temperature for the given time (Table 1). Not
only no acidic or basic catalyst, but also no excess phenylhydrazine is required. The method
is superior, as it produces in most cases 100% yield products with no waste, or any need of
further purification. Mps and spectral data of the crude reaction products correlate well with
the literature values.

As it is shown in Table 1, Ketones (1m-1q) generally require higher temperatures than
aldehydes. For example, acetophenone (Inm) and benzil (1q) reacts quantitatively to their
corresponding phenylhydrazone at 65-70 °C and 85-90 °C, respectively. Some ketones like
anthraquinone (1r), benzophenone (1s) or 4-fluorobenzophenone (1t) remain unreacted, even
at elevated temperatures. This is probably due to steric hindrance in these ketones

Table 1 Condensation of aldehydes and ketones with phenylhydrazine (2) giving

phenylhydrazones (3) under solvent-free conditions

Entry Carbonyl Mp (Lit.) (°C) Temp. Time  Yield
0 (min.) (%)
1 R1=H, R2= p-OHPh (1a) 174-176 (178) .t 10 100
2 R1=H, R2= p-CIPh (1b) 124-126 (127) r.t 10 100
3 R1=H, R2= p-BrPh (1¢) 112-114 (113) .t 10 100
4 R1=H, R2= p-CNPh (1d) 149-150 r.t 10 100
5 R1=H, R2= 0-NO,Ph (1e) 154-156 (156) .t 10 100
6 R1=H, R2= m-NO,Ph (1f) 120-122 (121) .t 10 100
7 R1=H, R2= p-NO,Ph (1g) 156-158 (159) .t 10 100
8 R1=H, R2= p-MePh (1h) 90-92 r.t 10 100
9 R1=H, R2= p-N(Me),Ph (1i) 142-144 (148) .t 10 100
10 R1=H, R2= 0-OMePh (1j) 86-88 (88-90) r.t 10 100
11 R1=H, R2= p-OMePh (1k) 128-130 (132)  45-50 10 100
12 R1=H, R2=(Me),CH (11) oil r.t 10 100
13 R1=Me, R2= 0-NO,Ph (1m) oil 90-95 60 72
14 R1=Me, R2= Ph (1n) 100-102 (105)  65-70 15 100
15 R1=Me, R2= p-NO,Ph (10) 132-134 (132)  65-70 30 100
16 R1=Me, R2= CH;3(CH,)4(1p) 204-206 (207)  65-70 15 100
17 benzil(1q) 234-236 (235)  85-90 30 100
18 Anthraquinone (1r) - 50-96 60 N.R
19 Benzophenone (1s) - 45-96 60 N.R
20 4-Fluorobenzophenone (1t) - 45-96 60 N.R

Not only phenylhydrazones, but also 2,4-dinitrophenylhydrazones were prepared in a similar
procedure using the ball-mill (Scheme 2). For example, p-chlorobenzaldehyd-2,4-
dinitrophenylhydrazone (5b) was prepared by 10 min ball-milling of a mixture of 1 eq of p-
chlorobenzaldehyd (1b) and 1 eq of 2,4-dinitrophenylhydrazine (4) at 60-70 °C.
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Scheme 2 Ball-milling solvent-free preparation of 2,4-dinitrophenylhydrazones

Table 2 Condensation of aldehydes and ketones with 2,4-dinitrophenylhydrazine (4) giving
2,4-dinitrophenylhydrazones(S) under solvent free conditions

Entry Carbonyl Mp (Lit.) (°C) Temp. (°C) Time Yield
(min.) (%)
1 1a 278-280 (280) 60-70 10 100
2 1b 260-262 (265) 60-70 10 100
3 1c 242-244 60-70 10 100
4 1d 280 60-70 10 100
5 le 260-262 (265) 60-70 20 100
6 1f 289-290 (292) 60-70 20 100
7 1g 316-318 (320) 60-70 20 100
8 1h 198-200 60-70 10 100
9 1i 320-322 (325) 60-70 10 100
10 1j 248-250 (253) 60-70 10 100
11 1k 250-252 (254) 60-70 10 100
12 11 182-184 (187) 60-70 10 100
13 1m - 85-90 60 81
14 1n 246-248 (250) 80-85 40 100
15 1o - 85 60 58
16 1p 90-92 (89) 75-80 15 100
17 1q - 96 60 68
18 1r - 45-96 60 79
19 1s - 45-96 60 -
20 1t - 45-96 60 -

Generally, the reaction of carbonyls (1a-t) with 4 at room temperature does not yield the
corresponding  2.4-dinitrophenylhydrazones quantitatively, but raising the reaction
temperature completed the reaction, often in few minutes (Table 2).

Experimental
All the products were identified by comparison of their spectral data and/or melting point
with those reported in literatures. *!

General procedure for the preparation of phenylhydrazones and 2,4-dinitrophenylhydrazones

A clean and dry ball-milling vessel equipped with 2 stainless steel balls was filled with 1 mmol of an
aldehyde or a ketone and 1 mmol of phenyl- or 2,4-dinitrophenylhydrazine. The vessel was closed and
the milling started at the given temperature in Table 1 or 2, at a speed of 40 Hz. After 10 min, the



progress of the reaction was tested by TLC. This milling cycle was repeated, if necessary, until the
reaction was complete. Further purification was recrystalization from 96% ethanol, if necessary.

Conclusion

Phenylhydrazone and 2,4-dinitrophenylhydrazone derivatives of aldehydes and ketones were
prepared in a solventless method using a ball-mill. The procedure is very simple, efficient and
environmentally friendly as it does not use any auxiliary or solvent.
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