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ABSTRACT: Effective methodologies for efficient preparation of semicarbazones from aldehydes
or ketones via milling and the subsequent regeneration of the parent carbonyls by gaseous nitrogen dioxide
are described under solid-solid and gas-solid reaction conditions, respectively. These methods are fast,
simple and environmentally benign which do not require the use of any auxiliaries such as catalysts
or solid supports in their procedures.
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dioxide, Waste-free.

INTRODUCTION

Protection-deprotection of the functional groups
in organic chemistry is often’ an essential step
in the manipulation of carbonyl functional groups playing
a special role in the organic synthesis, because of their
widespread presence in the structure of drugs,
carbohydrates, etc. Different methodologies have been offered
so far to develop suitable protective groups for
carbonyl compounds. Semicarbazone derivatives are
especially interesting, as they are highly crystalline and
stable. Therefore, these compounds are extensively used
for the isolation, purification and characterization of
aldehydes and ketones [1-3]. Usually, semicarbazone
derivatives are prepared via the reaction of aldehydes or
ketones with semicarbazide in the presence of an acid or

a base as catalyst [1-5]. Many efforts to develop more

environmentally friendly methods for the preparation
of semicarbazones have been recently described.
For example, a lot of studies have been performed in the
recent years to use the advantages of solvent-free routes
to establish greener methods for preparation of carbonyl
derivatives [6, 7]. Among them, grinding of carbonyl
with NaOH [8],
sodium acetate [9], silica gel or basic alumina [10], and

compounds and semicarbazide
activation by microwave irradiation [11-13] are noteworthy.
However, most of these methods suffer from disadvantages
such as the use of solid supports or other auxiliaries,
solvents for the extraction from solid supports, excess of
reagents, low yields of the desired products, and laborious
and time consuming recycling of the solid supports [6, 8-13].
Therefore, development of simple, efficient and fast
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procedures, which operate under solvent-free and mild
conditions, and avoids the use of any solid supports
or other auxiliaries is a very engaging research effort.

Moreover, the application of ball-milling technique
in various important organic transformations has been
developed in the recent years [14-20]. On the basis of our
previous results [14-18] and to overcome the aforementioned
problems and facilitate product formation, we decided
to examine the feasibility of the application of ball-milling
technique in the waste-free quantitative synthesis of
semicarbazones. Herein, we wish to report a superior
green, facile, and clean synthesis of diverse semicarbazones
from aldehydes or ketones using a quantitative, wasteless
and stoichiometric solid-solid or solid-liquid reactions
through ball-milling technique.

On the other hand, the regeneration of carbonyl
compounds from their nitrogen derivatives is an important
step in many organic transformations. Therefore,
deprotection of some of these nitrogen derivatives such as
oximes has received considerable attention in the recent
years [17, 21-22]. In contrast to the oximes, little attention
has been paid to the conversion of semicarbazones to their
parent carbonyl compounds and the number of effective
methods for this reaction remains quite limited. However;
most of the reported procedures used for this purpose
require the use of solid supports or other auxiliaries,
solvents for the extraction from solid supports, high temperature,
long reaction time, expensive and not readily available
reagents, and tedious work-up procedures [21-33].

Consequently, there is a demand for the development
of protocols using readily available reagents which
operate under extremely .mild reaction conditions.
In continuation of our studies on the development of
solvent-free quantitative deprotection methods [17, 34],
we also wish to report a simple, rapid and efficient
method for recovery of carbonyl compounds from their
corresponding semicarbazones.

EXPERIMENTAL SECTION

All chemicals were purchased from Merck, Aldrich or
Fluka and used as received except for benzaldehyde,
which a fresh distilled sample was used. The ball-mill
was a Retsch MM 200 swing mill with a 10 mL stainless
steel double-walled beaker with fittings for circulating
liquids for heating or cooling. Two stainless steel balls

with 12 mm diameter were used. Ball-milling
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was performed at 20-25 Hz frequency usually at room
temperature (without circulating liquid the temperature
did not rise above 30 °C). Melting points were measured
by using the capillary tube method with an electro thermal 9200
Analytical TLC
was carried out using Merck 0.2 mm silica gel 60 F-254

apparatus and are uncorrected.
Al-plates. Infrared (IR) spectra were recorded on a
Perkin-Elmer 1720-X FT-IR spectrometer using KBr
pellets. "H NMR (500 MHz) and C NMR (125 MHz)
spectra were obtained using a Bruker DRX-500
AVANCE spectrometer. All NMR spectra were determined
in CDCl; at ambient temperature. GC chromatograms
were recorded on a Perkin-Elmer 8420 gas chromatograph
using a capillary column. All of the products were well
characterized by comparison of their physical constants,
IR or NMR spectral data with those reported in literature.

General Procedure for the Preparation of Semicarbazones (3)

A clean and dry 10-mL stainless steel ball-milling
vessel equipped with 2 stainless steel balls was charged
with- 1.0 mmol of an aldehyde or a ketone and 1.0 mmol
of semicarbazide. HCl. The vessel was closed and
the milling started at the given temperature in Table 1.
After each 10 min, the progress of the reaction
was monitored by TLC. The milling cycle was repeated,
if necessary, until the reaction was completed. The obtained
solid was treated with 2.0 mL of 5% aq. NaHCO;,
filtered, and dried to afford the desired products, which
in most cases were essentially pure semicarbazones. Further
purification was achieved by recrystallization from
96% ethanol, if necessary.

General Procedure for the Regeneration of Carbonyl
Compounds (1) from Semicarbazones (3)

In a typical experiment, semicarbazone (1.0 mmol)
was placed in a 100 mL round-bottom flask. The flask
was evacuated and filled with 2.2 mmol of 0.6 bar
NO,/N,O;4 (g). After the required time, hexane (3-10 mL)
was added and the organic layer was washed with 0.01 M
aq. HC1 (3-10 mL) and dried over anhydrous Na,SO,.
Evaporation of the solvent under reduced pressure gave
the carbonyl compound which was pure in most cases.

RESULTS AND DISCUSSION
At first place, It was found that the solvent-free
reaction of 1.0 mmol of p-chlorobenzaldehyde (1a) with
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Scheme 1: Solvent-free ball-milling preparation of semicarbazones.

1.0 mmol of semicarbazide.HCl (2) proceeds as a model
reaction simply by ball-milling the reaction mixture for
45 min at room temperature. The Condensation reaction
afforded the
in quantitative yield (Table 1). Other milling times (5, 10,

corresponding  semicarbazone  (3a)
30, and 60 min) were also investigated and the reaction
was monitored by TLC. It was found that some unreacted
p-chlorobenzaldehyde remains in the reaction mixture
by milling times less than 45 min. The p-chlorobenzaldehyde
semicarbazone was obtained in solid form after treating
the obtained reaction mass with an aqueous solution of
NaHCOgj in all cases studied. (Scheme 1).

The process in its entirety involves a simple charging
of the appropriate aldehyde or ketone (1) and
semicarbazide. HC1 (2) into a 10 mL stainless steel
chamber and subsequent ball-milling at specified
temperature and time given in Table 1. None acidic
or basic excess of semicarbazide
is required. Compatible with the fact that the solid-solid

reactions in a simple commercial ball-mill. proceeds

catalyst and

more effective than in a mortar using-a pestle [14-17],
we also found that the ulternative grinding of the
1.0 mmol of 4-chlorobenzaldehyde (1a) and 1.0 mmol of
semicarbazide.HCI (2) in a mortar was not complete even
after 1 h.

By adopting . the

method,  various

semicarbazones were prepared in quantitative yields

above

by milling of stoichiometric amounts of an appropriate
aldehyde with semicarbazide.HCl at room temperature
for the given time (Table 1, 1a-1s). As it is shown in
Table 1, ketones (Entries 1t-12”) generally require higher
temperatures than aldehydes for complete conversion.
For example, acetophenone (1t), benzil (1x), cyclohexanone
(ly) and (+)-carvone (1z’) react quantitatively to their
corresponding semicarbazones at 65-90 °C after 30-45 min
of milling.

The method is superior to other introduced methods [7-13]
as it produces in most cases quantitative yields of

the desired products with no waste, or any need of tedious
purification procedures. The sustainability of this
environmentally friendly technique is compared to some
previous techniques in Table 2 for some semicarbazones.

Difference in the ~required conditions for
transformation of aldehydes and ketones to their
semicarbazones can serve as a plateform for protecting
aldehydes in the presence of a ketone functional group.
In order to show this chemoselectivity, we performed
two competitive reactions. As shown in the Scheme 2,
when a 1:1 mixture of p-hydroxy- or p-nitrobenzaldehyde
and p-hydroxy- or p-nitroacetophenone was allowed to
react with 1.0 eq semicarbazide.HCI at room temperature
for 45 min, the aldehydes in turn were transformed
quantitatively to their corresponding semicarbazones,
whereas the ketones remain 100% unreacted.

In continuation of our previous studies on the
usefullness of gaseous NO/N,O, on oxidation and
oxidative deprotection reactions [17, 35], we observed
that on exposing the semicarbazone products with
NO,/N,O, gas (4) at room temperature, a very rapid
exothermic reaction takes place. Subsequent hydrolysis
(treatment of the reaction mixture with water) afforded
the desired carbonyl compounds in almost quantitative
yields (Scheme 3). To find the optimal reaction
conditions, p-chlorobenzaldehyde semicarbazone (3a)
was used as a model substrate and effect of different
amounts of NO,/N,O, gas and temperature on its
oxidative cleavage to p-chlorobenzaldehyde was studied.
By introducing NO,/N,O, gas to an evacuated flask
including solid p-chlorobenzaldehyde semicarbazone,
the solid became liquid immediately and its colour turned
to brown. Further investigations revealed that just a minute
is enough for the complete conversion of the model
compound at room temperature when at least two
equivalent of gaseous NO,/N,O, was used. No further
oxidation of p-chlorobenzaldehyde to the corresponding
carboxylic acid was observed.
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Table 1: Condensation of aldehydes and ketones with semicarbazide. HCI under solvent-free conditions.

f Substrate R1 R2 Temp. (°C) Time (min) Conversion® (%) 3 Mp (°C) (refs) [3, 36—39]\
la p-CIC¢H4 H 25 45 100 228-230 (231)
1b CeHs H 25 30 100 222-224 (224)
lc p-NO,CeHy H 25 45 100 218-220 (221)
1d 0-NO,C¢H, H 25 45 100 252-254 (256)
le m-NO,CeH,4 H 25 45 100 241-244 (246)
1f p-BrCqHy H 25 45 100 226-228 (228)
1g Furyl H 25 15 100 200-202 (203)
1h 2-thienyl H 25 20 100 218-220 (223-224)
li p-MeC¢Ha H 25 30 100 231 (234)
1j p-OHCeH, H 25 45 100 220-221 (223)
1k 0-OHCeHy H 25 45 100 228-230 (226-230)
11 p-MeOCqH, H 25 45 100 206-208 (209)
Im 0-MeOC¢Hy H 25 45 100 211-214 (215)
In p-N(Me),Ce¢Hy H 25 30 100 218-220 (221)
lo Vanillin 25 75 100 236-238 (238)
1p PhCH=CH H 25 30 100 210-213 (215)
1q CH;CH=CH H 25 45 100 196-199 (199)
Ir CH(Me), H 25 45 100 122-124 (126)
Is CH;(CH,)s H 25 45 100 98-100 (101)
1t Ce¢Hs Me 75-80 30 100 195-198 (199)
Tu p-NO,C¢H, Me 65-70 40 100 226-227 (222-224)
1v p-OHCeH, Me 80-90 50 100 196-198 (198)
1w m-OHC¢H, Me 80-90 45 100 192-194 (195)
1x CeHs OCCgHs 80-90 30 100 242-244 (244)
ly Cyclohexanone 65-70 45 100 163-165 (167)
1z CH;(CH,)4 Me 65-70 35 100 124-126 (127)

\_ 1z (+)-Carvone 80-90 30 100 159-162 (163) J

¢ Isolated yields were generally 2-3 % less than the reported conversion. All of the products are well known materials and
characterized by comparison of their IR, NMR spectral data or physical constants with those reported in the literature.

Table 2: Comparison of the present method with some others previously reported.

/ Compound Conditions Yield (%) Ref. \
3b pestle and mortar, silica gel, 10 min 97 8
3b pestle and mortar, basic alumina, 80 C, 5 min 85 10
3b microwave irradiation, 1.5 min 85 11
3b NaOAc, MeOH 78 41
3b ball-milling, 25 C, 30 min 100 present work
3t pestle and mortar, silica gel, 10 min 92 8
3t pestle and mortar, Basic alumina, 80 C, 20 min 52 10
\_ 3t ball-milling, 75 °C, 30 min 100 present work )
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Scheme 2: Chemoselective protection of aldehydes in the presence of ketones.
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Scheme 3: Deprotection of semicarbazones by gaseous nitrogen dioxide.

To obtain the parent carbonyl compounds, different
semicarbazones were reacted with NO,/N,O,4 gas at room
temperature. For some aldehydes, e.g. benzaldehyde,
some overoxidation to the corresponding carboxylic acid
was observed at room temperature, but this can be avoided
if the reaction is carried out at lower temperature.
The reactivity of various aldehyde semicarbazones were
investigated in different temperatures and the optimized
results have been summarized in Table 3.

The effectiveness of this environmentally. friendly
technique is compared to some previous techniques for
the examples of 3p, 3t, and 3y in Table 4. While 1p
was regenerated from its semicarbazone in quantitative
yield using gaseous NO, at 0 °C in just 1 min, other
methods are much more complicated, less atom-
economic, and ‘afford lower yields under severe
conditions and longer reaction times.

As evident from Table 3, the reaction is completely
general. Semicarbazones of aromatic aldehydes and
ketones as well as aliphatic and o,B-unsaturated
aldehydes
corresponding carbonyl compounds in quantitative yields
within  very short Interestingly,
the a,B-unsaturated compounds such as cinnamaldehyde
semicarbazone (3p) and crotonaldehyde semicarbazone (3q)

reacted smoothly to regenerate the

reaction  time.
underwent chemoselective oxidation in quantitative

yields without affecting the C=C bond. However,
the reaction conditions utilized in this study are not suitable

for deprotection ~.of semicarbazones 3j-31 bearing
hydroxy or methoxy group on their aromatic ring.
These  semicarbazones produced a mixture of the
corresponding aldehyde, carboxylic acid, and some
unidentified compounds (persumabely nitrated products).
All attempts to improve selectivity and yield of these
aldehydes failed.

CONCLUSIONS

In conclusion, alternative methodologies for both
quantitative protection of carbonyl compounds as
semicarbazone derivatives and their regeneration have
been established. Attractive features of these methods
include the general application, avoiding the need for any
solid support, auxiliaries, and solvent, high efficiency,
and simple work up, together with mildness of
the reactions and chemoselectivity. In addition, by
development of large scale ball mills, the protection of
carbonyl compounds may gain industrial application,
where the absence of solvents and the low costs of the
method may lead to substantial environmental and
financial advantages. On the other hand, the suggested
deprotection method is of special interest as it is very
simple, very fast, and does not need any solid support or
calalyst and regenerates carbonyls mostly in quantitative
yields in a short time. The regenerated aldehydes mostly
were not overoxidized to the carboxylic acids under
reaction conditions.
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Table 3: Deprotection of semicarbazones under solvent-free conditions.

/ Substrate R1 R2 Temp. (°C) Time (min.) Conversion® (%) \
3a p-CICeH,4 H 25 1 100
3b CeHs H 0 1 100
3c p-NO,CsH, H 0 3 100
3d 0-NO,CeHy4 H 0 1 100
3e m-NO,CeH,4 H -5 1 100
3i p-MeCeH, H 0 1 100
3j p-OHCH, H -10 1.5 78
3k 0-OHCH., H -10 1.5 60
31 p-MeOC¢Hy H -10 1.5 50
3n p-Me,NCeH,y H 0 1 100
3p PhCH=CH H 0 1 100
3q CH,CH=CH H 0 1 100
3r CH(Me), H 0 2 100
3s CH;(CH,)s H 25 2 100
3t Ph Me 0 1 100
3u p-NO,CsH, Me 25 5 100
3y Cyclohexanone 0 1 100
\ 3z (+)-Carvone 25 2 100 /

¢ Isolated yields were generally 2-3 % less than the reported conversion. All of the products are well known materials and
characterized by comparison of their AR, NMR spectral data or physical constants with those reported in the literature.

Table 4: Comparison of the present method with some others previously reported.

/ Compound Conditions Yield (%) Ref. \
3p H¢PMoyV;04 in refluxing acetic acid, 5 min. 93 21
3p (CTA),S,0g5 in acetonitrile at reflux 88 22
3 hexamethylenetetramine-bromine (HMTAB) and N- 30 23
P bromosuccinimide (NBS), 25 °C,
3p NO; gas, 0 C, 1 min. 100 present work
3t MoO; or KBrOs, in refluxing CH;CN-H,O 90 40
3t NO, gas, 0 °C, 1 min. 100 Present work
3y He¢PMoyV30, in refluxing acetic acid, 35 min. 97 21
\_ 3y NO, gas, 0 °C, 1 min. 100 present work )
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