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Abstract: Two new arylene diamines compounds have been synthesized via palladium-catalyzed reaction of
1,4-phenylenediamine with two aromatic dibromides. This one-pot reaction was based on using the catalyzed
system resulting from Pd / BINAP, Pd / di-t-butylphosphinobiphenyl, Pd / P(t-Bu) , Pd / 1,3-bis(2,6-3

diisopropylphenyl)imidazolium chloride. MS, H-NMR and FT-IR spectroscopy, as well as elemental analysis 1

accomplished characterization of aryl diamines. All arylene diamines were obtained in good to excellent yields.
Specially, because of aromatic structure, these diamines may be considered as potential monomers in the
synthesis of several types of heat stable polymers, such as polyamides and polyimides.
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INTRODUCTION Aromatic diamines are valuable building blocks for

The study of heat-resistant polymers covers at polyamides, polyimides and polyureas [11]. Therefore,
present one of the most rapidly developing fields of these can be used to produce desired alterations in the
polymer chemistry [1-4]. This is due not only to the great chemical nature of macromolecular chains [12]. Much
practical importance of this subject, but also to the fact research in recent years has focused on the design and
that the realization of the synthesis of heat resistant synthesis of novel diamines in order to obtain suitable
polymers involves the most fundamental aspects of polymers. One of the popular approaches to achieve this
polymer chemistry, the study  of  the  relationship goal is the introduction of flexible linkages such as an
between   the     properties       of      a     polymer   and  its ether moiety [13] and / or methylene spacers in the core
structure.  Aromatic   rings   systems  possess  the structure of the diamines [14]. These linkages increase the
highest  bond  strengths due to resonance stabilization degree of freedom by reducing the segmental rotational
and so they form the basis of almost all-heat-resistant barrier and inhibit close chain packing.
polymers. Polymer chains based on aromatic rings are In continuation of our work on synthesis of new
desirable not only because of the high primary bond monomers and polymers, in the present paper we report
strengths, but also because their rigid (stiff) polymer the synthesis of two potential new aromatic diamine
chains offer increased resistance to deformation and monomers. Their synthesis was based on the one-pot
thermal softening [5]. Therefore, investigations have been reaction of 1,4-phenylenediamine with aromatic
focused on the synthesis of some   aromatic   difunctional dibromides in the presence of the catalyzed system
monomers,  to  reach  heat-resistant  polymers,  with new resulting from Pd / BINAP, Pd / di-t-
structure and properties. In previous works, a variety of butylphosphinobiphenyl, Pd / P(t-Bu) , Pd / 1,3-bis(2,6-
heat-resistant polymers containing polyamides [6], diisopropylphenyl)imidazolium chloride.
polyesters [7], poly(aryl imino sulfone)s [8, 9] and The synthesis of N-unsubstituted anilines generally
polyether ketones [10] have been prepared using these requires nitration of an aromatic material followed by
monomers. reduction  of  the  resulted  nitro  group. This route is not

the preparation of high-performance polymers including
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Scheme 1: Synthesis of arylene diamines 6a,b.

Fig. 1: Complex ligands of the catalyst applied in the Buchwald-Hartwig reaction (1: BINAP; 2: Di-t-
butylphosphinobiphenyl; 3: P(t-Bu) ; 4: 1,3-Bis(2,6-diisopropylphenyl)imidazolium chloride).3

desirable on a large scale because of the unsafe nature of base  and  in  the presence of Pd (dba) (0.1 mol%) and
the nitration reaction. Palladium- and nikel-catalyzed 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl    (BINAP)
aminations of aromatic halides and triflates, pioneered by (0.3 mol%) 160°C (1) (Figure 1) as  a   ligand   (Scheme1)
Buchwald [15] and Hartwig [16], provide not only an di-t-butylphosphinobiphenyl, tri.-tert.butyl phosphine
efficient route to substituted anilines but also a safer [P(t-Bu) ], 1,3-bis(2,6-diisopropylphenyl)imidazolium
route to N-unsubstituted anilines when using chloride.
benzophenone imine as an ammonia equivalent [17].
Arylene diamines can generally be prepared by the same MATERIALS AND METHODS
synthetic procedures used for the manufacture of aryl
monoamines, such as the reduction of the dinitro Materials and reagents were obtained from different
compounds or nitroanilines and occasionally the commercial sources and used without any further
reduction of aminoazo compounds. purification.

To extend the utility of the thermally stable materials
it has been a long desired goal to synthesize diamines, Measurements: Melting points of purified compounds
which afford soluble and processable polymers without were determined on a Büchi melting point apparatus at a
too much sacrificing thermal stability. In this way, the heating rate of no greater than 1°C/min and are
synthetic route for the synthesis of new diamines is uncorrected. FT-IR spectra were recorded on a Nicolet 320
shown in Scheme 1. FT-IR spectrometer. Elemental analyses were performed

Nitrations have been successfully  eliminated by on a Perkin-Elmer Model 2400 CHN analyzer. H-NMR
using palladium - catalyzed aminations  of  various spectra were recorded using Bruker AMX250 Hz
aromatic dibromides with different arylene diamines spectrometer in DMSO-d  at 293K. Mass spectra were
compounds. The aminations of 1,4-phenylenediamine measured on a Fisons Trio 2000 under electron impact or
using sodium tert-butoxide (NaOt-Bu) (2.8 mol%) as a field desorption conditions.
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Experimental 160 °C oil bath and stirred for 24 h. The reaction mixture
Synthesis of arylene diamines (6a and b) (Scheme 1): was allowed to cool to room temperature and
Method (a): An oven-dried resealable Schlenk flask was subsequently poured into cold water, filtered through
evacuated and backfilled with argon. The flask was celite and dried. The obtained dried precipitate was stirred
charged with tris(dibenzylideneacetone)dipalladium(0) for few minutes in chloroform, filtered, washed with
Pd (dba) (36.6 mg, 0.04 mmol, 4 mol%), BINAP (74.8 mg, methanol and dried. The crude material was recrystallized2 3

0.12 mmol, 12 mol%) and NaO-t-Bu (1.076 g, 11.2 mmol). from tetrahydrofuran / chloroform to afford arylene
The flask was  evacuated,  backfilled  with  argon  and diamines (6a and b) as pure crystals.
then capped with a rubber septum. Dimethylacetamide
(DMAc)  (6-8    mL), arylene    bromides   (4.0    mmol), Method (d): In a dry box, arylene dibromides (1.0 mmol),
1,4-phenylenediamine (865 mg, 8.0 mmol) and additional 1,4-phenylenediamine (216 mg, 2.0 mmol), Pd(dba)  or
DMAc (2 mL) were added through the septum. The flask Pd(OAc) (0.02 mmol, 4.0 mol%), 1,3-bis(2,6-
was fitted with a reflux condenser and the mixture was diisopropylphenyl)imidazolium chloride) (12.0 mg, 0.06
heated to 160°C with stirring for 24 h. The resulting mmol, 6.0 mol%) and sodium tert-butoxide (270.0 mg, 2.8
solution was allowed to slowly cool to room temperature mmol) were weighed directly into a screw cap vial. A stir
and subsequently poured into cold water, filtered through bar was added followed by 2.0-3.0 mL of
celite and dried. The obtained dried precipitate was stirred dimethylacetamide   (DMAc).   The  vial  was  removed
for few minutes in chloroform, filtered, washed with from the dry box, evacuated  and  flushed  with  argon.
methanol and dried. The crude material was recrystallized The mixture was stirred as rapidly as possible with a
from tetrahydrofuran / chloroform to afford arylene magnetic stirring plate at 160 °C with stirring  for  24  h.
diamines (6a and b) as pure crystals. The reaction was monitored by thin-layer chromatography

Method (b): An oven-dried resealable Schlenk  flask  was temperature and subsequently poured into cold water,
evacuated and backfilled  with  argon.  The  flask  was filtered through celite and dried. The obtained dried
charged with Pd(OAc)  (4.4  mg,  0.02  mmol,  2.0  mol%), precipitate was stirred for few minutes in chloroform,2

di-t-butylphosphinobiphenyl (12.0 mg, 0.04 mmol, 4.0 filtered, washed with methanol and dried. The crude
mol%) and NaOt-Bu (270.0 mg, 2.8 mmol). The flask was material was recrystallized from tetrahydrofuran /
evacuated and backfilled with argon and then capped with chloroform to afford arylene diamines (6a and b) as pure
a rubber septum. Dimethylacetamide (DMAc) (2 mL), crystals.
arylene  bromides   (1.0   mmol),  1,4-phenylenediamine
(216 mg, 2.0 mmol) and additional DMAc (2 mL) were N,N-Bis(4-aminophenyl)biphenyl-4,4'-diamine(6a): Yield:
added through the septum. The flask was fitted with a
reflux condenser and the mixture was heated to 160°C with
stirring for 24 h. The resulting solution was allowed to
slowly cold to room temperature and subsequently
poured into cold water, filtered through celite and dried.
The obtained dried precipitate was stirred for few minutes
in chloroform, filtered, washed with methanol and dried.
The crude material was recrystallized from tetrahydrofuran
/ chloroform to afford arylene diamines (6a and b) as pure
crystals.

Method (c):  Under an atmosphere of argon
dimethylacetamide (DMAc) (3 mL), KOt-Bu (336.0 mg, 3.0
mmol), arylene bromides (1.0 mmol) and 1,4-
phenylenediamine (216 mg, 2.0 mmol) were added in turn
to a Schlenk tube charged with Pd (dba)  (18.3 mg, 0.022 3

mmol), P(t-Bu)  (25.5 mg, 0.06 mmol, 6.0 mol%) and a3

magnetic stirring bar. The Schlenk tube was placed in a

2

2

or GC. The reaction mixture was allowed to cool to room

(Scheme 1). Mp: 230 °C. H-NMR (250 MHz, DMSO-d ,1
6

293K):  = 9.77 (s, 2H, 2NH); 8.12 (d, 2H); 7.56 (s, 4H); 7.37
(t, 2H); 7.07 (s, 4H); 6.90 (t, 2H); 6.56 (d, 2H); 4.79 (s, 4H,
2NH ). MS(m/z): 366.00 (molecular peak); FT-IR (KBr2

pellet):  NH  and NH at 3400 cm ; C-H aromatic at 30242
1

cm and C-N at 1318 cm ; Anal.Calcd for (C H N )1 1
24 22 4

(366.47): C, 78.66; H, 6.05; N, 15.29; Found: C, 78.29; H,
5.77; N, 14.99.

N,N-bis(4-aminophenyl)biphenyl ether-4,4'-diamine (6b):
Yield: (Scheme 1). Mp: 170°C. FT-IR (KBr pellet):  NH2

and NH at 3395 cm  as broad peak; C-H aromatic at 30241

cm  and C-N at 1300 cm  (Figure 2); H-NMR (250 MHz,1 1  1

DMSO-d , 293K):  = 9.75 (s, 2H, 2NH); 7.90 (s, 2H); 7.756

(s, 2H); 7.40 (m, 2H); 6.97 (s, 4H); 6.85 (t, 4H); 6.53 (d, 2H);
4.73 (s, 4H, 2NH ) (Figure 3). MS(m/z): 382.00 (molecular2

peak); Anal.Calcd for (C H N O) (382.47): C, 75.37; H,24 22 4

5.80; N, 14.65; Found: C, 74.89; H, 5.36; N, 14.17.
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Fig. 2: FT-IR Spectra of arylene diamines 6a,b.

Fig. 3: H-NMR (250 MHz) Spectrum of 6b recorded in DMSO-d  at 293K.1
6

RESULTS AND DISCUSSION dibromobiphenyl (5) with 1,4-phenylenediamine aromatic

The accepted mechanism  of the Pd-catalyzed as a ligand (Scheme 1).c

amination involves oxidative addition of the aromatic
halides to a palladium (0) species to form an arylene The Influences of  the  Ligand  on  Condensation
palladium (0) halide. By inductive effect or by resonance, Process: To test which  ligand  would  be  the  most
this step should be favoured for an arylene bromide suitable   for  the   condensation   process  to  form
substituted with an electron withdrawing group in the arylene  diamines,  The  amination  of 4,4'-
ortho-or para-position. To investigate the potential of the dibromobiphenyl and bis(4-bromophenyl)ether with 1,4-
amination reaction for a condensation process, N,N-Bis phenylenediamine was attempted in dimethylacetamide
(4-aminophenyl)biphenyl-4,4'-diamine (6a) was
synthesized by a palladium-catalyzed amination of 4,4'-

amine using NaOt-Bu as a base and BINAP (1) (Figure 1)

(DMAc) using different ligands from 1 to 4 (Figure 1)
(Scheme 1).
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The synthesis of two new arylene diamines performance polymers, for example polyamides and
compounds was accomplished using the methodology polyimides. The influences of the ligand on condensation
shown in Scheme I. For this purpose, palladium-catalyzed process have been studied during the reaction course.
system resulting from Pd / BINAP, Pd / di-t- Moreover, we study the polymerization reaction of these
butylphosphinobiphenyl, Pd/P(t-Bu) , Pd/1,3-bis(2,6- two diamines with various aromatic diacides and the3

diisopropylphenyl)imidazolium chloride was used for the results will be sent for publication in future.
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