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ABSTRACT

2,4-Diamino-5-(3,4,5-trimethoxybenzyl)pyrimidine known as trimethoprim was

activated by in-situ silylation and used as an activated diamine in the syn-

thesis of aromatic polyamides and polyimides . The reactions of silylated tri-
methoprim with terephthaloyl chloride and isophthaloyl chloride for prepara-

tion of polyamides were investigated . Polyimides were also prepared by

reaction of silylated trimethoprim with pyromellitic dianhydride and 3,3',4,4'-
benzophenonetetracarboxylic dianhydride . All polymers were characterized

by conventional methods including IR and NMR spectroscopies . Thermal
stability and thermal behaviour of polymers were studied using simultaneous

thermal gravimetry and differential scanning calorimetry methods. The
resulting polymers showed good thermal stability of Tt o between 280 and

335 °C ; glass transition temperature (Ty ) of around 200 °C was observed for

polyimides, but no glass transitions were detected for polyamides. The

obtained polymers showed excellent solubility in common organic solvents.

The inherent viscosities were in the range of 0 .338--0 .432 (dig) which
indicated suitable molecular weights.
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INTRODUCTION

Aromatic polyamides and polyimides are thermally

stable polymers that generally exhibit excellent mech-
anical strength and stability. Due to the increased

performance characteristics demanded on polymers in
various fields including the aerospace, automobile,

and microelectronic industries, the use of these

aromatic polymers is growing steadily.

However, one of the drawbacks to the employ-
ment of these polymers is the difficulty in processing

due to their insoluble nature in organic solvents in
addition to their high melting temperatures or high

glass transition temperatures [1] . Therefore, some
significant synthetic efforts, in the area of high-

temperature resistant polymers, have been focused
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on improving their processability and solubility
through the design and synthesis of new monomers.

Most approaches to obtain soluble and therm-
ally-stable polymers have involved the following
structural modifications : (1) the introduction of a
large polar or non-polar substituent along the polymer
backbone; (2) the incorporation of flexible or kinked
linkages in the backbone and (3) the disruption of
symmetry and regularity of the repeating unit through
copolymerization . Although most soluble polymers
have been prepared by combinations of the structural
modificatons listed above, it does appear that a flexi-
ble or kinked linkage is a necessary prerequisite for
solubility [2].

Aromatic polyamides are generally prepared by
solution polycondensation in polar organic solvents,
usually from diamines and diacid chlorides.

Aromatic polyimides are conventionally pre-
pared by reaction of a diamine and a dianhydride in
polar solvent to provide a poly(amic acid) that, on
subsequent heating, loses water and forms a poly-
imide .

Therefore, diamines are important monomers in
the synthesis of polyamides and polyimides . Aro-
matic diamines are less basic and less nucleophilic
than aliphatic diamines, therefore, their reactivities
are very low in some cases, mainly when there are
electron-withdrawing groups connected to the rings or
electronegative atoms are present in the rings.

In such cases, activation of diamine makes it
possible to synthesize high molecular weight poly-
mers . Silylation of diamine is an efficient method for
this purpose . It was first introduced for preparation of
aliphatic amides in 1983 [3] . Then, this method was
applied for synthesis of aromatic poly(amic acids),
polyimides, and polyamides [4—8].

Recently there has been increasing interest in
the activation of the diamine component by in-situ
addition of trimethylchlorosilane (TMSCI) to the
diamine solutions [9—10].

The present article deals with activation of 2,4-
diamino-5-(3,4,5-trimethoxybenzyl)pyrimidine which
is called trimethoprim, by in-situ silylation and
reaction of this compound with aromatic acid
chlorides and aromatic dianhydrides for synthesis of

polyamides and polyimides.

EXPERIMENTAL

Materials
Pyromellitic dianhydride (PMDA) and 3,3',4,4'-
benzophenonetetracarboxylic dianhydride (BTDA)
were purchased from Aldrich Chemical Co. and were
dried in a vaccum oven at 110 °C for 5 h . Trimetho-
prim (99 .5% purity, molecular weight of 290 .32, mp
199 °C) was obtained from Rouz-Darou Pharmaceu-
tical, Iran. Co . and used as received. Terephthaloyl
chloride (TPC), isophthaloyl chloride (IPC), TMSCI,
LiC1, dimethylacetamide (DMAc), 1-methyl-2-
pyrrolidone (NMP), pyridine, and acetic anhydride
were purchased from Merck Co. TMSCI was twice
distilled under nitrogen . LiCI was dried for 10 h at
100 °C and DMAc and NMP were stirred overnight
under nitrogen at 40—50 °C over calcium hydride
before vaccum distillation.

Instruments
Infra-red measurements were performed on a Bruker-
IFS 48 FTIR spectrometer. The 1 H NMR spectra were
recorded on a Varian FT—80A . Differential scanning
calorimetry (DSC) and thermogravimetric analysis
(TG) were recorded on a Stanton Redcraft STA-780.
Inherent viscosities were measured by using an
Ubbelohde viscometer.

Polyamide Synthesis
The synthesis of polyamide was carried out typically
as follows : A 100-mL, two-necked, round-bottomed
flask equipped with a magnetic stirrer, nitrogen gas
inlet tube, and a calcium chloride drying tube was
charged with 0 .53g of LiC1 and 10 mL of dry NMP.
The mixture was stirred at room temperature . Then 5
mmol of trimethoprim (TMP) was added and the
mixture was stirred until all solids were dissolved.
After that, the solution was cooled to -5 °C and 2
mmol of TMSC1 was slowly added . The temperature
was raised to room temperature and the solution was
stirred for 15 min to assure the formation of silylated
diamine . The solution was once again cooled to
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-5 °C and 5 mmol of diacid chloride (TPC or IPC) in
5 mL of NMP was rapidly added . The reaction
mixture was stirred for 0.5 h at that temperature, and
it was then heated to room temperature and stirred for
24 h . The polymer was precipitated by pouring the
flask content into water, it was filtered, washed with
hot water and methanol, and finally it was dried
overnight under vaccum at 120 °C . Yields of over
75% were obtained.

Polyimide Synthesis
A typical procedure for the preparation of poly(amic
acid) was as follows : A I00-mL, two-necked, round-
bottomed flask equipped with a magnetic stirrer,
nitrogen gas inlet tube, and a calcium chloride drying
tube was charged with 0 .53 g of LiCI and 15 mL of
dry NMP . The mixture was stirred at room tempera-
ture . Then 5 mmol of TMP was added and the
mixture was stirred until all solids were dissolved.
The solution was once again cooled to -5 'C and
2 mmol of TMSC1 was slowly added. The tempera-
ture was raised to room temperature and the solution
was stirred for 15 min . Then the solution was once
more cooled to -5 'C and 5 mmol of dianhydride
(PMDA or BTDA) was rapidly added . The reaction
mixture was stirred for 0 .5 h at this temperature, after
that it was heated to room temperature and stirred for
24 h . Poly(amic acid) was precipitated by pouring the
flask content into water, it was then filtered, washed
with hot water and methanol, and dried overnight
under vaccum at 30 °C . Yields over 80% were
obtained . Chemical cyclization was applied for
conversion of poly(amic acid) to polyimide : Into a
100-mL, two-necked, round-bottomed flask equipped
with a magnetic stirrer, nitrogen gas inlet tube, and a
reflux condenser was placed 1 .0 g of poly(amic acid)
and 5 mL of dry DMAc . The mixture was stirred until
all solids were dissolved. Then 5 mL of acetic
anhydride and 2 .5 mL of pyridine were added . The
mixture was stirred for 0 .5 h and then slowly heated
to 140 'C and held for 6 h at the same temperature.
After that, the mixture was cooled and poured into
water, it was then filtered, washed with hot water and
methanol, and dried overnight under vaccum at
120 °C . Yields over 90% were obtained .

RESULTS AND DISCUSSION

Presence of a large pendant group, such as 3,4,5-
trimethoxybenzyl, and incorporation of kinked
linkage (meta linkage) in trimethoprim structure
increase the solubility of derived polyamides and
polyimides . But, presence of electronegative atoms in
the heterocyclic ring and steric hindrance resulting
from bulky pendant group with meta linkage will
intensify it, and will reduce the basicity and nucleo-
philicity of trimethoprim strongly (Scheme I).

NH2

Scheme I

Therefore activation of trimethoprim by in-situ
silylation was considered . The following two-step
nucleophilic addition-elimination mechanism has
been proposed for the acyl substitution of an acid
chloride with an N-silylated amine (Scheme II).

NH—Ar
0

A~C—O —Pe Ar'—C—NH—Ar + Me3SiCl
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Scheme II

In the first step, because of the strong affinity of
silicon for oxygen, the carbonyl oxygen of the acid
chloride is attracted to the silicon atom in the amine
derivative which in turn facilitates the nucleophilic
attack of the nitrogen atom of the N-silylated amine
on the carbonyl carbon . In the second step, the
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elimination of chloride ion from the tetrahedral
intermediate is enhanced by the presence of the 13-
silicon through the a-a effect, affording rapidly the
amide product along with trimethylsilyl chloride.

Polycondensation reactions of . the activated
trimethoprim with diacid chlorides and dianhydrides
led to the synthesis of polyamides and polyimides
(Scheme III).

Table 1 summarizes the results of polymer-
ization which includes reactants, structures, and
inherent viscosities of the obtained polymers.

FTIR Spectra of polyamides (1 and II) were
almost similar and showed the presence of amide
bands at about 3325 (N—H), and 1685 (C"O) cm-'.

'H NMR Spectra of polyamides (in DMSO-d6)
were almost similar : S 2 .55 s(2H, benzylic) ; 3 .53,
3 .64, 3 .73 s(9H, aromatic OCH3) ; 6.30 s(2H, arom-
atic of TMP) ; 6 .60 s(IH, C6-H of TMP) ; 7.6—8 .5
m(4H, aromatic of IPC); 10 .95 s(2H, amide).

FTIR Spectra of polyimides (III and IV)
showed the presence of imide bands at about 1785
and 1735 (C =0 stretching), 1380 (C—N), and 725
(CD bending) cm''.

For polyimide III the 'H NMR spectrum

showed : S 2 .55 s(2H, benzylic); 3 .53, 3 .64, 3 .73 s(9H,
aromatic OCH3) ; 6 .30 s(2H, aromatic of TMP) ; 6.60
s( I H, C6-H of TMP); 8 .30 s(2H, aromatic of PMDA).

'H NMR Spectrum of polyimide IV was similar
to polyimide III but showed 8 8 .10—8 .30 m(6H, arom-
atic) for benzophenone ring instead of 2H, aromatic
of PMDA ring. Structures of poly(amic acids) related
to polymers III and IV were confirmed by IR and
NMR spectroscopies.

Thermal properties of polymers were studied
by recording DSC traces . For polyamides DSC curves
showed two consecutive endothermic and exothermic
peaks. The first due to softening point of polymer
chain around 300 °C and the latter related to decomp-
osition of polyamides chain around 350 °C were
observed.

For polyim ides no transition due to softening or
melting was observed . Second order transition related
to glass transition was observed around 200 °C and
exothermic peak due to decomposition of polymer
chain was observed about 360—400 °C corresponding
to the weight loss in the TG curve.

TGA Curves were obtained for polymers in air
at a heating rate of 10 °C/min . Table 2 describes the
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Table 7 . Reactants, structures and properties of the polymers.

Sample Reactants Structure

	

' Inherent viscosity°
_ (dUg)
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(a) Measured at a concenlratian or 0 .5 WdL In OMF at 30 'C.

temperature for zero, 10%, and maximum weight
losses for a given polymer as calculated from TGA
curves .

Maximum decomposition temperature, T,„a,
was derived from the DTG curves . It characterizes the
decomposition of the main polymer chain . The

Table 2. To, T1 s and T.

Polymer T0CC) T 10 ('C) T,,, k{°C)
I 265 290 335
II 235 260 295
III 300 335 365
IV 250 320 400

To: mieal dammpoettion lemperat-e; T1s temperature or 10% weight loss:

T, ,: madmum decOmpoatton temperature .

temperature for 10% gravimetric loss, T 1 0, is an
important criterion for evaluating the thermal stability
from TGA data.

Comparison of data in Table 2 shows that
polyamide I is more stable than polyamide II which is
related topara linkage in polymer I as compared with
meta linkage in polymer IL

Thermal stability of polyimide III is higher than
polyimide IV . Presence of carbonyl group in the
benzophenone ring reduces the rigidity and thermal
stability of polyimide IV.

According to the obtained result from solution
viscosities which is a measure of moderate-high poly-
mer molecular weights, it is noteworthy that all
polymers show excellent solubility in some organic
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solvents such as : DMF, DMAc, NMP, DMSO and m-
cresol.

CONCLUSION

Trimethoprim which is not an active diamine was
activated by in-situ silylation. Reaction of silylated
trimethoprim with diacid chlorides and dianhydrides
is an easy and convenient method for the synthesis of
high molecular weight polyamides and polyimides.

Polycondensation proceeds under neutral
conditions with elimination of Me3 SiCl and affords
polymers with higher molecular weights relative to
those obtained from free trimethoprim.

Furthermore, use of Me3SiCl ensures that small
amount of water in the reaction solution will not
destroy the moisture-sensitive acid chloride or
dianhydride. This important advantage is attributed to
the high tendency of Me 3 SiCl in reaction with water.

In another point of view, the presence of large
substituent and incorporation of kinked linkage in the
polymer backbone would cause excellent solubility of
the obtained polymers in various organic solvents.
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