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Seyed Javad Ahmadi®, Morteza Hosseinpour® and Sodeh Sadjadi®*

“Nuclear Science and Technology Research Institute, Nuclear fuel cycle school, End of North Karegar Ave, PO Box 1439951113,
Tehran, Iran; ®Department of Energy Engineering, Sharif University of Technology, Azadi Ave, PO Box 113658639
Tehran, Iran

(Received 3 March 2011, final version received 1 November 2011)

The synthesis of diamino triphenyl methanes from aniline and aromatic aldehydes was conducted in near critical
water and supercritical water. The reaction parameters, such as temperature, density, and reaction time, have
been studied. Significant acceleration of the condensation reaction of aniline and aromatic aldehydes can be
achieved by using high temperature water, especially near the critical point, in the absence of any acid catalysts. It
has been demonstrated that high temperature water act effectively in the place of conventional acid catalysts.
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Introduction

Triphenyl methane is a very important class of
organic compound with a wide range of applications.
Some derivatives of triphenyl methane exhibit biolo-
gical properties such as antifungal, Host—guest chem-
istry, material science, and high performance
polymers are the areas in which these compounds
are used as precursors (/).

Considering the influence of chemicals on the
environment, investigating environment-friendly ap-
proaches to chemical processes seems to be of high
necessity. Substituting organic solvents by environ-
mental fluids such as water can decrease the toxicity
and the risk management of chemical processes. Super-
critical fluids have many environmental and technolo-
gical advantages, and much attention has been drawn
to organic syntheses in supercritical fluids (2).

The advantage of water is that it is abundant,
cheap, non-toxic, and neither combustible nor ex-
plosive. Under supercritical conditions, supercritical
water (SCW) behaves very differently from water at
ambient temperatures. It is “organiclike” because of
the decrease in its dielectric constant, and miscible

with gases and many organic substances, thereby
overcoming mass transfer limitations which could
occur across phase boundaries. SCW can also act as a
catalyst in acid based catalyzed reactions or as a
reagent in hydrolysis reactions. There are a number of
cases in which, water plays three different roles at the
same time: as a solvent, as a reactant, and as a
catalyst (3).

In this paper we attempted to conduct noncata-
lytic condensation of aniline with various aromatic
aldehydes using near critical water (NCW) and
supercritical water (SCW). It will be shown that
high reaction rate and high yield are possible using
NCW and SCW as an alternative, environmentally
benign solvent (Scheme 1).

Experimental

Experiments were conducted with stainless steel high
pressure resistant reactor whose internal volume was
5 cm’. One side of the tube served as a thermocouple
well for measuring the reactor temperature, and the
other side was sealed. In the experiments, the reactor
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Scheme 1. Condensation of aromatic aldehydes with aniline
in near critical water.

was charged with a 1:2 molar ratio of aldehydes and
aniline and certain amount of water. The amount of
water ranged from 0.3 to 2 g, corresponding to a
solution density range of 0.06-0.40 g/cm’. To main-
tain the safety margin, the 5 cm® stainless steel
autoclave was loaded by only 3 cm? of the solution.
The air in the reactor was replaced with nitrogen via
successive purging, and the reactor was sealed. The
reactor was heated to 100—400 °C. Reaction times did
not include the time taken to heat the contents. After
the desired reaction time had elapsed, the reactor was
rapidly quenched in water bath and the products were
extracted with dichloromethane. All compounds were
known and their physical and spectroscopic data were
compared with those of authentic samples and found
to be identical (Z, 4).

2.1. Physical and spectral data for selected compounds
4,4’-Diaminotriphenylmethane (1b): mp: 130-131 °C
(lit.[4] mp: 126); FT-IR (KBr) 3456, 3356(NH,),
3021(=CH), 2821(CH),1621(C=C) cm~'; 'H
NMR (300 MHz, CDCls, o, ppm) 3.6 (brs, 4H),
5.34 (s, 1 H), 6.46,6.81 (AB system, 8H), 7.06—7.24 (m,
4H); MS: m/z 274 [M "], 197, 180, 165, 93, 58, 43.
4,4’-Diamino-4"'-nitrotriphenylmethane (1d): mp: 84—
85 °C (lit.[4] mp: 83-84); FT-IR (KBr) 3440, 3356
(NH,), 3100( =CH), 2792(CH), 1622(C =C), 1344
1450(NO,) ecm ~'; '"H NMR (300 MHz, CDCls, 8,
ppm) 3.6 (brs, 4H), 5.39 (s, 1H), 6.43, 6.81(AB
system, 8H), 7.32, 8.08 (AB system); MS: m/z 319
M™*], 292, 197, 180, 93, 65.
4,4’-Diamino-4"’-methoxytriphenylmethane (1e): mp:
125-126 °C (lit.[4] mp: 126-127); FT-IR (KBr)
3412, 3336 (NH,), 3021(=CH), 2958(CH),
1608(C =C), 1026(C-0) ecm~'; 'H NMR (300
MHz, CDCls, 3, ppm) 3.5 (brs, 4H), 3.74(s, 3H),
5.34 (s, 1H), 6.43, 6.83 (AB system, 8H), 6.81, 7.03
(AB system, 4H); MS: m/z 304 [M*], 197, 167, 149,
70, 57.

3. Results and discussion

Organic and inorganic reactions in H>O below 100 °C
form an important part of chemical reactions. Ki-

netics and mechanisms of these reactions are the areas
which are widely studied in chemistry. In high
temperature water (e.g. below about 300 °C), pre-
parative organic syntheses have been investigated
recently, and a large number of examples are
presented in this regard (5—9); however, few research
works have been reported on the use of NCW and
SCW (e.g. above 350 °C) for such “organic synthetic
reactions” (10,11), although SCW has been used
mainly for “breakdown” of organic reactants such
as destruction of waste and toxic organic compounds
(12—14). Therefore, the present work has been under-
taken to explore the further possibility of performing
organic synthesis in SCW.

The most important factor for the high rates
obtained in SCW may be the change in the nature of
hydrogen bonding of H,O. Recent neutron diffrac-
tion data demonstrate that the hydrogen bonding is
still present in SCW (15); however, the cooperative
nature of the hydrogen bonding network disappears,
and only dimers and monomers are predominant
species (/6—18). Large fluctuations of the structure
near the critical point might allow further breakdown
of monomers, leading to the evolution of protons
from SCW medium itself (/9-27). If the proton
cannot escape, the local proton concentration would
be high and might have a significant influence on
reactivities in SCW region, especially in the near-
critical region. Hence, we expect that acid-catalyzed
organic syntheses can proceed under a SCW atmo-
sphere even in the absence of any acid catalysts. In
this paper, we first conduct a noncatalytic condensa-
tion of aniline with 4-chlorobenzaldehyde in NCW
and SCW, which is well-known to be catalyzed by
strong acids in conventional solutions (/). These
reactions successfully afforded the desired product
(3a) in high yield. Then a series of experiments was
performed to optimize the model reaction conditions.

Table 1 shows the temperature dependence of the
yield of product. As shown in Table 1, the yield of
product increased with increasing temperature, espe-
cially near the critical temperature, while the yield
decreased markedly above the critical temperature.
Therefore, the temperature of 350 °C was chosen for
all further reactions.

Table 1. Yield of 3a at different temperatures after 3 min.

Entry Temperature (°C) Yield (%)
1 100 53
2 200 75
3 350 98
4 400 87
5 350 98
6 350 93




Table 2. Yield of 3a at different water densities.

Water density®
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Table 3. Condensation of aromatic aldehydes with aniline
in near critical water.

Entry (+0.01 gecm %)  Pressure (MPa)  Yield (%)° Entry X Yield (%)™
1 0.06 13.3 83 A l 98
2 0.16 20.6 89 B H 93
3 0.20 21.9 91 C Br 96
4 0.30 23.7 94 D NO, 94
5 0.40 24.1 98 E OMe 89

*The water density was defined as the mass of water (g) in the vessel

(em®) to+0.01 gem 3.

PReaction conditions: temperature = 350 °C; reaction time = 3 min.

The best reaction time has been found to be 3 min
at 350 °C and a further increase in time did not lead
to a substantial improvement in yield.

In near critical conditions (e.g. 350 °C), increased
density has been shown to increase the product yields
of products (Table 2). Considering the experimental
results, a general mechanism for the condensation
reaction in SCW is postulated as Scheme 2. The
condensation reactions proceed through two steps:
the first step is the equilibrium between aldehyde and
protons which leads to the formation of carbocation
on carbonyl group in aqueous solution. With increas-
ing water density, this equilibrium probably shifts to
the carbonium ion side through the contribution of
solvating power for ionic species and proton concen-
tration (22). The carbonium ion undergoes electro-
philic attack with 1 mol of aniline and forms an
intermediate (I). The second step of the reaction is the
dehydration of intermediate, thereby producing the
carbonium ion. The carbonium ion makes further

X

“Reaction conditions: temperature = 350 °C; reaction time = 3 min.

electrophilic attack with another mol of aniline,
which leads to the formation of diamino triphenyl
methane.

The effect of various substituents on the aromatic
aldehydes on the reaction yield were tested at the
optimized condition with aniline (Table 3). The
aromatic aldehyde with electron-withdrawing groups
showed higher reactivity than the electron-donating
group.

Several catalysts have been reported for the con-
densation of aniline with aromatic aldehydes which
include aqueous mineral acids as a homogeneous
catalyst such as dry HCI (23), perfluorinated sulfonic
acid resin and H3;POy [1]. These catalysts have their
own disadvantages and drawbacks. They generate
many problems such as pollution, care of handling,
safety, corrosion, and tedious workup procedures.
Strong solid acids are suitable for replacement of
liquid acids to decrease these disadvantages (24).

Heteropolyacids (HPAs) as supported or in bulk
form, are very interesting solid acid catalysts, can
act as green and ecofriendly catalysts. Being stronger
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Scheme 2. Mechanism for the formation of diamino triphenyl methane.
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Table 4. Comparison of our results with results obtained by other groups with some heterogeneous acid catalyst for the

synthesis of 3b.

Catalyst (0.5 g) Condition Yield (%) Time (min) Solvent References
Al-MCM-41 refluxing 19 480 toluene (1)
H3;PW;,049-nH,0 refluxing 85 480 toluene (1)
H3;PMo0,,04,-nH,O refluxing 78 480 toluene (1)
H4SiW,049-nH,O refluxing 72 480 toluene (1)
HM refluxing 23 480 toluene (1)
HB refluxing 19 480 toluene @)
HY refluxing 16 480 toluene (1)
HZSM-5 refluxing 14 480 toluene (1)
20 wt.% HPW/MCM-41 refluxing 66 480 toluene @)
30 wt.% HPW/MCM-41 refluxing 55 480 toluene (1)
Aniline hydrochloride Microwave 91 3 Solvent-free 4
Without catalyst heating 93 3 water —
acids, they generally exhibit higher catalyst activities References

than conventional catalysts such as mineral acids,
ion exchange resins, mixed oxides, zeolites, etc. (25).

Recently, Ajaikumar et al. (/) reported that the
bulk heteropoly acids and supported heteropoly acids
showed better catalytic activity than the other mate-
rials for the synthesis of the industrially important
diamino triphenyl methanes.

Table 4 compares our results (time, yield, and
reaction conditions) with results obtained by Ajaiku-
mar et al. (/) for the synthesis of 3b. As can be seen,
our method is simpler, more efficient, and uses no
toxic solvents or catalyst.

In Table 4 a comparison with of the same reaction
with other paper under non-conventional energy
source (i.e. microwave), using aniline hydrochloride
as catalyst in solvent-free conditions is also included,
in this paper the synthesis of 3b was carried out in the
same time (3 min) and with very similar yield (91%)
but for other derivatives the yields were lower
(67-90%) in this conditions (4).

4. Conclusion

The present results demonstrate that high-tempera-
ture water itself shows its real ability as an acid for
remarkably accelerating reactions. This research has
delivered a promising alternative approach compared
to conventional methods and there is no need for
environmentally less benign organic solvents or any
additional catalyst or reagents.
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