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A concise series of aldehydes and ketones were reacted in a condensation reaction with 4-
phenylthiosemicarbazide in order to assess the relative influence of the steric and electronic effects in 
the control of this reaction. While steric effects had a modest impact, electronic effects and in 
particular the mesomeric donating effect delivered by a phenyl ring produced a strong passivating 
influence on the reactivity of these aldones. Additionally, the cyclopropyl substituent totally 
passivated the reaction via the interfering factor of its inherent sigma-aromaticity. When reacted with 
cyclopropyl-phenylketone, under our standard conditions, 4-phenylthiosemicarbazide gave in 82%, an 
original 1, 4-dihydrotetrazine via a double consecutive self-condensation. 
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INTRODUCTION 
 
Aldone is a generic term introduced in organic chemistry 
by the US chemist Hendrikson to qualify aldehydes and 
ketones by a common name (Pine et al., 1982). Indeed, 
aldehydes and ketones are characterized in essence by a 
community of properties they exhibit and reactions they 
undergo, and their presence in essential oils 
(Amoussatou et al., 2012) very often has a leading 
influence on their therapeutic indications. Among this line, 
it has been long established that aldones react with 
characteristic reagents to  yield  crystalline  derivatives  of  
 

definite melting point, among which are oximes, 
hydrazones, semicarbazones, and thiosemicarbazones. 
These derivatives are often used for identification of 
aldones. 

Thiosemicarbazones are endowed with a variety of 
important chemical and pharmacological activities among 
which for the latter we can cite the anti-tumoral (Cocco et 
al., 2006; Hu et al., 2006; Wang et al., 2007; Xia et al., 
2008; Richardson et al.,2009; Wiecek et al., 2010; Da 
Sylva  et  al.,  2010),  antimalarial  (Mallari  et   al.,   2009; 
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De Oliviera et al., 2008), anticonvulsant (Aggarwal et al., 
2008), antibacterial (Umamatheswari and Kabilan, 2011; 
Halve et al., 2008), antifungus (Loncle et al., 2004; 
Pandeya et al., 1999), antiviral (Pandeya et al., 1999; 
Teitz et al., 1994), antitrypanosomal (Du et al., 2002; Fujii 
et al., 2005; Glinma et al., 2012, 2011; Greenbaum et al., 
2004; Mallari et al., 2008), anti-inflammatory ones (Cocco 
et al., 2006), analgesic (Cocco et al., 2006; Xia et al., 
2008) and potential inhibitors of many enzymes (Singh 
and Kumar, 2006; Xu et al., 2008; Hassanien et al., 
2008). While the thiosemicarbazone general template 
has been established as a useful pharmacophore for over 
50 years and a plethora of papers published on 
pharmacological probes using this peculiar structural 
moiety, very few fundamental studies have been reported 
regarding the synthesis of these target molecules. 
Indeed, it is generally considered that access to 
thiosemicarbazones is not considered as an 
overwhelming task for the trained synthetic organic 
chemist. A recent study, however, drew attention to some 
drawbacks encountered upon synthesis of 
thiosemicarbazone derivatives of diketones and benzile 
in particular. Along this line, in this paper, we examined 
the behaviour of a concise series of simple 
monocarbonylated compounds in their condensation 
reaction with 4-phenylthiosemicarbazide to examine the 
relative impact of both steric and electronic effects upon 
the reactivity of these ketones (Scheme 1). 
 
 
EXPERIMENTAL PROCEDURE 

 
Melting points were determined using an electrothermal melting 
point apparatus and are uncorrected. IR spectra were recorded on 

a Perkin-Elmer 457 spectrometer using KBr pellets. Wave numbers 
are expressed in cm

-1
.  

1
H- and 

13
C-NMR spectrum was recorded at 

ambient temperature on a Brucker Avance 400MHz spectrometer. 
Compounds were dissolved in CDCl3 and chemical shifts are 
expressed in the δ scale with TMS as internal standard. Thin layer 
chromatography analyses were performed on Merck TLC plates 
(silica gel, 60 F 254, E. Merck, Darmstadt, ref. 5735). All reported 
compounds were routinely checked in two standard solvents, that 

is, acetone/toluene/cyclohexane (solvent A, 5:2:3, v/v/v) and 
chloroform/methanol (solvent B, 90/10, v/v). Reverse-phase thin 
layer chromatography conditions were: HPTLC plates RP-18 F-254 
S (Merk), methanol: water (75/25, v/v). All compounds reported 
were found homogenous under such TLC and HPLC conditions. All 
reagents were purchased from Aldrich. All solvents were of the 
ACS. Reagent grade (Aldrich).   
 
 
Synthesis of 1-(4-nitrophenyl) ethylidene)-4-
phenylthiosemicarbazide    

 
To a room temperature solution of 4-nitroacetophenone (1.65 g, 10 
mmol) and 4-phenylthiosemicarbazide (1.67 g, 10 mmol) in 50 ml of 
methanol were added in sequence 500 mg of freshly redistilled 
aniline and 500 µL of concentrated hydrochloric acid. The solution 
turning gradually to a slurry was magnetically stirred and refluxed 
for 3 h, rapidly cooled in an ice bath, and filtered on a Büchner 

funnel to give 3.10 g (99% yield) of TLC-pure vacuum-dried yellow 
crystals.  Mp: 196  to198°C  (unaffected   by   recrystallization   from 

 
 
 
 
methanol), 

1
H-NMR (CDCl3) δ(ppm): 9.35 (s, 1H, NH), 8.92 (s,1H,  

NH), 8.27-7.27 (m, 9H, ArH), 2.41 (s, 3H, CH3) , 
13

C-NMR (CDCl3) 
δ(ppm) : 177.13, 148.99, 145.05, 143.82, 138.23, 129.60, 128.21, 
127.81, 127.20, 125.00, 124.61, 14.44 
 
 
Synthesis of 1.4-dihydro-N

3
, N

6
-diphenyl-1, 2, 4, 5-tetrazine-3-6-

diamine 
 
A solution of 4-phenylthiosemicarbazide in 25 mL of glacial acetic 
acid containing 300 ml of concentrated hydrochloric acid was stirred 
and refluxed for 240 h, diluted with 100 ml of ice water to give a 
precipitate of the title compound in 82% yield after recrystallization 

from ethanol. 
13

C-NMR (DMSO-d6) δ (ppm): 155, 63(C-3, C-6), 
141.17 (aromatic ipso carbon), 128.95 (aromatic meta carbon), 
122.93 (aromatic para carbon), 117.35 (aromatic ortho carbon). 
 

 
RESULTS AND DISCUSSION 
 

Recent work in our group has evidenced the usefulness 
of nucleophilic catalysis in this reaction.  Indeed, the use 
of anilinium chloride as catalyst allows for obtaining high 
yield of thiosemicarbazone in mild conditions of 
temperature and short reaction time. For example, 
reaction of 4’-nitroacetophenone with 4-
phenylthiosemicarbazide can be performed with 99% 
yield in 3 h at the reflux temperature of methanol (65°C). 
Using these standard reaction conditions, we have 
reacted different ketones with increasing steric and 
electronic effects as shown in the Table 1. It should be 
pointed out that applying this standard conditions on 
simple substrates such as benzaldehyde, cyclohexanone, 
4-methoxybenzaldehyde, 2-tetralone quantitative yields 
of 4-phenylthiosemicarbazone were obtained. 

As a general rule, the syntheses presented in the Table 
1 proceeded as we anticipated. The yields reported 
concern final compounds purified and recrystallised from 
ethanol.  All compounds behaved as expected and gave 
satisfactory yields, with exception for the cyclopropyl 
phenyl ketone substrate (Table 1). In this isolated case, 
the starting ketone and thiosemicarbazide were indeed 
recovered unchanged. Various attempts varying solvent, 
temperature and catalysis were carried out without 
success. After 10 days reaction, however, a nice white 
crystalline compound of low Rf in this layer 
chromatography was isolated by simple filtration and 
recrystallized from ethanol to give a pure (TLC, NMR) 
material with a 82% yield. In the assignment of the 
structure of this compound, the use of 

13
C-NMR was 

particularly decisive. In particular, the absence of C=S 
resonance was initially puzzling.   However, this led to the 
conclusion that the obtained material resulted from a 
desulfurization process (Scheme 2). 

Another interesting feature was the absence of 
characteristic cyclopropanic carbon signals.  Moreover 
the simplicity of the imprint of aromatic carbons was also 
very diagnostic to us as it indicated that the resulting 
compound was necessarily endowed with a high degree 
of  central  symmetry.  The   final   establishment   of   the  
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Formation of the pilot moleculeScheme 1:

 
 

Scheme 1. Formation of the pilot molecule. 

 
 
 

Table 1. Synthesis of some 4-phenylthiosemicarbazones. 

 

Compound R
1
 R

2
 Time (h) Temperature (°C) Yield (%) 

2 CH3 t-C4H9 3 65 85 

3 CH3 C6H5 3 65 78 

4 Cyclo-C3H5 C6H5 240 65 0 

5 Cyclo-C6H11 C6H5 3 65 76 

6 C6H5 C6H5 3 65 72 

7 t-C4H9 C6H5 3 65 71 
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1,4-dihydro-N3,N6-diphenyl-1,2,4,5-tetrazine-3,6-diamine

C14H14N6
Exact Mass: 266,13

Mol. Wt.: 266,3
m/e: 266,13 (100,0%), 267,13 (17,5%), 268,13 (1,4%)

C, 63.14; H, 5.30; N, 31.56

Scheme 2:

 
 
Scheme 2. 1,4-dihydro-N

3
, N

6 
–diphenyl-1,2,4,5-tetrazine-3,6-dismine. C14H14N6: Exact 

mass, 266.13; Mol wt, 266.3; m/e, 266.13(100.0%), 267.13(17.5%), 268.13(1.4%). C, 
63.14; H, 5.30; N, 31.56. 
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structure was accomplished based on a mechanistic 
hypothesis. We anticipated that the complete 
desulfurization was due to a reciprocal consecutive 
double self-condensation between the hydrazinic 
nucleophilic nitrogen and the 3-thiocarbonyl moiety. The 
paucity of aromatic carbon resonances, which reflects the 
high degree of symmetry of the inner template, could be 
rationalized by an auto-condensation process resulting in 
a central 1, 4-dihydrotetrazine heterocycle with a C2 
symmetry axis.  Simulation of the 

13
C–NMR spectrum 

gave to our pleasure a spectrum in complete accord with 
the experimental spectrum in DMSO-d6. 

At this level of the discussion, we remain now with two 
major key questions: firstly, what is the reason of the 
inerty of the cyclopropanic substrate?  Secondly, what is 
the driving force behind the cyclothiodehydration process 
undergone by 4-phenylthiosemicarbazide to yield 
ultimately a 1, 4-dihydrotetrazine heterocycle?  

In Table 1, we have implemented in the R1 column the 
substituents according to their steric effect as ranked in 
accord with Taft’s equation. We can see conclusively that 
the steric effect has a modest impact on the yield as 
when going from methyl to tertio-butyl, this change is 
accompanied with a loss of yield of only 7%. However, 
substituting t-butyl by phenyl (see R2 column) produces 
an equal loss of yield 7%. This means that the 
mesomeric donating effect of the phenyl group has 
clearly a passivating effect. Introduction of a 4’-nitro 
substituent in acetophenone leads a boost of the yield of 
21%. As expected, the 4’-nitro substituent will indeed 
obviously decrease the overall mesomeric donating effect 
produced by the 4-nitrophenyl moiety. Consequently, 
while we can rationalize Table 1 in terms of steric (R1) 
and electronic pi-aromaticity (R2) effects, the behaviour of 
the cyclopropanic term remains apparently controlled by 
an elusive additional extra effect. 

A thorough literature search revealed an attractive 
hypothesis. In the 1980’s, von Schleyer et al. introduced 
the new concept of sigma-aromaticity (Li et al., 2005). In 
this regard, cyclopropane and adamantane are sigma-
aromatic and cyclobutane and cubane are sigma anti-
aromatic. Consequently, sigma-aromaticity of 
cyclopropane may tentatively add an additional increment 
of passivating effect for the ketones, which possibly 
explains the complete inertness of the cyclopropanic 
term. As all alkyl and alicyclic substituents are endowed 
with hyperconjuguation properties, we can exclude this 
electronic feature as a dominating factor in the behavior 
of the cyclopropanic term. 

This heterocyclic structure with such high nitrogen 
content, resulting from the spontaneous acid-catalyzed 
self-condensation of 4’-phenylthiosemicarbazide is quite 
uncommon in organic chemistry. This assembly of two 
guanidinium moieties interlaced with a C2-symmetry axis 
is a 1,4-dihydrotetrazine heterocycle which possesses an 
exceptional stability toward atmospheric  oxygen 
oxidation.  This  is  due  most  likely  to  the  fact  that  the  

 
 
 
 
reaction is carried out in acidic conditions as reflected by 
the M.2H++ ion observed in mass spectrometry for the 
resulting material. As the cyclization is accompanied by 
release of two molecules of hydrogen sulfide, this means 
that this bimolecular condensation is entropy-driven and 
leads to the kinetic product. 
 
 
Conclusion 
 
We have established that the reaction of condensation of 
aldones with a thiosemiocarbazone derivative is 
catalysed optimally using anilinium chloride. While steric 
effects had a modest impact, electronic effects and in 
particular the mesomeric donating effect delivered by a 
phenyl ring produced a strong passivating influence on 
the reactivity of these aldones. Additionally, the 
cyclopropyl substituent totally passivated the reaction via 
the interfering factor of its inherent sigma-aromaticity. 
When reacted with cyclopropyl-phenylketone, under our 
standard conditions, 4-phenylthiosemicarbazide gave in 
82% an original 1,4-dihydrotetrazine via a double 
consecutive self-condensation. Further work is now under 
progress to corroborate this aspect.  Conclusively, we 
can state that our pilot reaction is controlled by steric 
effects and more importantly by electronic effects. 
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