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ABSTRACT: Reactive solvents were obtained from reac-
tions of acetone with formaldehyde. They were used for the
dissolution of some heterocyclic compounds. When the dis-
solution of the obtained compounds was not possible, the
structures of these compounds were modified to increase
their solubility. The oligomers cured at 80–120°C in the

presence of an acidic catalyst. © 2003 Wiley Periodicals, Inc.
J Appl Polym Sci 90: 3390–3401, 2003
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INTRODUCTION

The presence of 1,3,5-triazine rings in molecules fur-
nishes polymers containing melamine with improved
chemical and thermal stability as well as good electri-
cal properties.1 Despite this advantage, very little data
can be found for applications of melamine in the prep-
aration of polymers other than the classic melamine–
formaldehyde resins. The reason might be the lack of
efficient organic solvents that allow reactions involv-
ing this monomer to be carried out. Recently, Wirpsza
and coworkers2,3 developed a new group of so-called
reactive solvents (RSs) of melamine capable of dissolv-
ing melamine, mainly by reacting with it. Dissolved
melamine is built into the structure of the solvent, and

this yields a thick, resinous liquid. Solutions of mel-
amine can then be cured with acidic or basic catalysts
to obtain new melamine-based polymeric materials
with interesting properties. These new melamine-
based polymers can be used to prepare highly water-
resistant adhesives and thermostable foams.4

The effective RSs of melamine include hydroxy-
methyl derivatives of aliphatic compounds with
strongly electronegative groups capable of activating
the COH link in the � position with respect to these
groups.

The RSs are prepared in a basic medium by the
reaction of an excess of formaldehyde with the afore-
mentioned �-COH group

(1)

where Y stands for a strongly electronegative group

such as
P
CAO,ONO2,
P

Hence, the RSs are hydroxy

methyl derivatives of ketones, aldehydes, and ali-
phatic nitro compounds containing oxymethylene
bridges.2 The solubility, or rather liquefiability, of mel-

amine increases with an increasing number of hy-
droxymethyl groups in the RSs.3,5

The solvents decompose when heated to about
105°C (regardless of the kind of starting solvent), and
this yields free formaldehyde formed by the decom-
position of semiacetal groups:3

(2)
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This is advantageous from the point of view of mel-
amine dissolution because liberated formaldehyde re-
acts with it to yield N-(hydroxymethyl) groups, which
can further react with the solvent:3

(3)

Water is formed during the condensation of hydroxy-
methyl groups of melamine with hydroxyl groups of
an RS, and melamine is built into the structure of the
RS:3,5

(4)

During further heating, water evaporates from the
system. The addition of extra water to the system
improves the solubility of melamine. Hence, water
acts in two ways: it physically dissolves melamine and
facilitates the decomposition of semiacetal groups and
the reaction of liberated formaldehyde with mel-
amine.3

We expected that a similar method could be applied
to the preparation of polymeric materials from hetero-
cyclic compounds other than melamine but also con-
tainingONHO groups. Among these compounds are
isocyanuric acid (IA), barbituric acid (BA), uric acid
(UA), melam, melem, melamine isocyanurate (MI),
adenine, and guanine:
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Attempts have been made by colleagues in our labora-
tory5 to apply some of the aforementioned compounds
to the preparation of new polymeric materials with an
RS obtained from cyclohexanone and acetone. We, how-
ever, were successful in preparing new polymers from
melamine only, following the known procedures.3 We
had no success with other heterocyclic compounds.

In this work, we examine some possible ways of
avoiding the difficulties encountered before, and we
try to explain the reasons why the desired products
have not been formed or have had limited stability.

EXPERIMENTAL

Syntheses

Synthesis of the RSs

The RSs from acetone and formaldehyde were ob-
tained as described in ref. 3. Products were obtained in
which the molar ratio of acetone to formaldehyde was
1:1, 1:4, or 1:8.

Preparation of melam, melem, and MI

The compounds were obtained with the procedures
described in refs. 6–8. The products were identified by
their elemental analysis.

Elem. Anal. Calcd. for melam: C, 30.64%; N, 65.55%;
H, 3.83%. Found: C, 30.31%; N, 65.92%; H, 3.26%. Elem.
Anal. Calcd. for melem: C, 33.03%; N, 64.22%; H, 2.75%.
Found: C, 32.91%; N, 64.34%; H, 2.28%. Elem. Anal.
Calcd. for MI: C, 28.24%; N, 49.41%; H, 3.53%. Found: C,
27.95%; N, 49.05%; H, 3.41%.

Synthesis of the hydroxymethyl derivatives of the
heterocyclic compounds

Into a three-necked, 250-cm3, round-bottom flask
equipped with a reflux condenser, a thermometer, and
a stirrer, 0.05 mol of a heterocyclic compound (melem,
MI, UA, adenine, or guanine) and an appropriate
amount of formalin (36%) were added. The content of
the flask was heated at the boiling point (ca. 96°C)
until the heterocyclic compound dissolved and then
for another 30 min. The reaction mixture was cooled to
room temperature, and if a precipitate was formed, it
was filtered off, washed with water, and dried out at
less than 40°C. Otherwise, water was distilled off un-
der reduced pressure (1.5–2.1 kPa; temperature of
boiling mixture � 50°C) to obtain a solid or semisolid
resin.

The amount of formalin was adjusted so that the
formaldehyde content was stoichiometric with respect
to the amount of ONHO groups in the heterocyclic

TABLE I
Highest Solubility of Heterocyclic Compounds in RS 8-HMA

Heterocyclic
compound

Solubility
(g/100 g of

RS introduced)
Loss weight of RS
on heating (wt %)

Solubility
(g/100 g of

RS left)
Concentration of

heterocycle (wt %)

Time of
dissolution

(min) Appearance

IA 62.3 17.1 75.2 42.9 12 Clear
BA 53.5 15.2 63.1 38.7 10 Slightly opaque
UA 3.5 23.9 4.6 4.4 10 Slightly opaque
Melem �1 24.8 �1.3 — No solubility –
Melam �20 25.0 �26.6 21.0 No solubility Opaque
MI 9.5 30.0 13.6 12.0 10 Slightly opaque
Adenine 62.3 22.1 80.0 44.4 10 Clear
Guanine 0.0 32.0 – – No solubility –

TABLE II
Highest Solubility of Heterocyclic Compounds in RS 8-HMA Containing 30 g of Water per 100 g of RS

Heterocyclic
compound

Solubility of heterocycle Loss of mass of the
system during
dissolution of

heterocycle
(wt %)

Concentration
of heterocycle

(wt %)

Time of
dissolution

(min) Appearance

g/100 g of
starting

RS � H2O

g/100 g of
final

RS � H2O

IA 55.1 90.2 38.9 47.4 15 Slightly opaque
BA 86.0 97.1 11.4 49.3 8 Clear
UA 40.9 52.4 22.0 34.4 15 Clear
Melem � 1 � 1 — – – No solubility
Melam 100 133.3 25.0 – 10 Clear
MI 7.8 11.7 43.8 10.5 15 Clear
Adenine 35 44.9 22.1 31.0 10 Initially clear, but precipitate

appeared after a while
Guanine – – 32.4 – – No solubility
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compound. Attempts with larger amounts of formalin
were made when the stoichiometric amount was in-
sufficient to dissolve the compound.

Dissolution of the heterocyclic compounds in the
RSs

The solubility of the heterocyclic compounds in the
RSs at 95–100°C was determined as described in ref. 3.
It consisted of the gradual or immediate introduction
of the heterocyclic compounds directly into the RSs
(Table I). Alternatively, 20–30 wt % water-diluted RSs
were added (Table II).

Analysis of the products

The amount of unstable formaldehyde present in the
form of N- and O-(hydroxymethyl) groups in the prod-
ucts of the reaction of UA or adenine with formaldehyde
was determined iodometrically.9 A procedure analogous
to that used in determining the N- and O-hydroxy-
methyl derivatives of melamine and UA was used.10,11

1H-NMR spectra of the hydroxymethylation products
and the mixtures of RSs with gradually dissolving het-
erocyclic compounds were recorded on a BS587A 80-
MHz spectrometer (Tesla, Brno, Czechoslovakia) in an
acetone-d6 or deuterated dimethyl sulfoxide (DMSO-d6)
solution.

Attempted curing of the polymer solutions

To a solution usually containing the largest possible
amount of a dissolved heterocyclic compound dis-
solved in 2 g of an RS, hydrochloric acid (36%; 1–6 wt
% with respect to the solvent) was added, and the
mixture was stirred with a glass rod at 100°C until the

mixture gelled (the resin lost its fluidity and tended to
detach from the rod). Attempts to cure the resins
placed on glass platelets were also made via heating at
80–140°C for 30 min to 11 h.

RESULTS AND DISCUSSION

Dissolution of the heterocyclic compounds

The dissolution experiments involving RSs were carried
out with compounds I–VIII. The compounds were
hardly soluble in organic solvents and contained
ONHO and/or ONH2 groups in their structure. The
presence of groups similar to those in melamine sug-
gested a similar mechanism of dissolution of the com-
pounds in the RSs. The first RS tested was that obtained
by the reaction of 1 mol of acetone with 8 mol of form-
aldehyde (8-HMA) at 40°C. This was the best solvent for
melamine.3 The results of the experiments are presented
in Tables I and II. The best solubility in the solvent was
found for IA and BA. The solubility of melam was im-
proved 5 times after 30% water was added to the RS.
Here, use was made of the earlier observation that mel-
amine solubility considerably increased when the RS
was diluted with water.3 The solubility of melam seems
similar to that of melamine, just as their structures are
similar. In the case of UA, the addition of water caused
the solubility to increase over 10 times, and the solubility
of BA increased 1.5 times. However, the solubility of
adenine decreased (Table II). The dissolution procedure
was carried out until a clear solution was obtained.

In summary, the data indicate that melam, BA, and
IA were quite soluble in the RSs, whereas the other
compounds were poorly (UA) or very poorly soluble
(MI, melem, adenine, and guanine) even after water
was introduced into the solvents.

TABLE III
Conditions of Synthesis of N-(Hydroxymethyl) Derivatives of Some Heterocyclic

Compounds in Reaction with Formalin

Heterocyclic
compound

CH2O/heterocycle
molar ratio

Reaction conditions

Remark Product appearance
Temperature

(°C) Time (h)

Melem 6–45 95 48 No reaction —
UA 4 85 48 No reaction —

6 95 0.75 Dissolved, and soon precipitate
dropped down

White powder

7 85 0.1 Dissolved semisolid resin: %
CH2Ofound � 52.3, %
CH2Ocalcd � 55.4

IM 9 95 48 No reaction —
10 95 3 Dissolved during 2.5 h, then

solution slowly became
opaque and gels

—

15 95 0.75 Dissolved Semisolid resin dissolved in
RS containing 14 wt %
H2O
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Modification of the structures of the heterocyclic
compounds for improved solubility in the RSs

Attempts were made to improve the solubility of UA,
MI, melem, adenine, and guanine in the RSs according

to the following reasoning. If the dissolution takes
place according to reactions (4) and (5),

(5)

then the very short time of dissolution determined by
the poor stability of the RSs at the applied tempera-
tures (10–20 min) is insufficient for N-hydroxymethyl
derivatives to be formed. Hence, the compound does
not dissolve. To verify this, one should first obtain the
derivative in question and then introduce it into the
RSs and check whether or not it builds into the solvent
structure. A stoichiometric amount of formaldehyde
was used with respect to allONHO groups in a given
compound. When this amount was insufficient to dis-
solve the compound, an excess of formaldehyde was
used.

It was found that neither a stoichiometric excess nor
a large excess of formaldehyde was sufficient to obtain
N-hydroxymethyl derivatives of melem even after
prolonged reaction times (48 h; Table III). The other
hard-to-dissolve compounds, that is, UA and MI, re-
acted with formaldehyde to form the derivatives in
question. At molar ratios of UA to formaldehyde in
the range of 1:4 to 1:6, an N,N�,N�,N�-tetrakis(hy-
droxymethyl) derivative of UA was formed11 that was
poorly soluble in a medium containing an RS (it con-
sisted of 12.5 g of the derivative per 100 g of the RS
containing 30 wt % water). Only a formaldehyde con-

centration as high as 7 mol/mol of UA provided a
product soluble in formalin. The product had the form
of a semisolid resin that was quite soluble in the RS.
MI behaved in a similar manner. It did not dissolve in
formalin unless the molar excess of formaldehyde be-
came about 10-fold. Then, MI slowly dissolved but
soon gelled. Only a 15-fold excess of formaldehyde
yielded a product that was sufficiently soluble in the
RS as long as 14–15% moisture was still left in the
compound after the water was distilled off.

The behavior of adenine was different. It dissolved
in formalin at 95°C in a few minutes, but then a white
solid precipitated from the solution. The solid also
formed at a higher molar ratio of formaldehyde to
adenine (8:1 or 10:1). The solid did not dissolve during
further heating (for 2 days). Hence, the stepwise pro-
cedure failed as a method of obtaining higher deriva-
tives of adenine.

The reaction of adenine with formaldehyde was
followed chemically (by the measurement of the
amount of weakly bonded formaldehyde) and by 1H-
NMR analysis of the products. From the formalde-
hyde contents, it follows that the solid precipitate
obtained at a molar ratio of adenine to formaldehyde

Figure 1 1H-NMR spectrum of adenine (with D2O–D2SO4 as a solvent).
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of 1:4 was a monosubstituted hydroxymethyl deriva-
tive (%CH2Ocalcd. � 18.2, %CH2Ofound � 19.5). Unfor-
tunately, the derivative was poorly soluble in solvents,
including deuterated ones, such as DMSO-d6. Hence,
its spectrum was made in heavy water containing
some D2SO4. In the spectrum of adenine in the same
solvent (Fig. 1), no signals from amino protons could
be seen, unlike its spectrum in DMSO-d6 (cf. ref. 12),

but two signals of CHA groups could be seen at 8.9
and 9.7 ppm. The same signals were present in the
spectrum of the hydroxymethyl derivative of adenine
(Fig. 2) in addition to signals due to methylene pro-
tons at N-hydroxymethyl groupings, at 5.1 ppm (due
to N6OCH2OOH, compound IX) and 5.5 ppm (due to
N9OCH2OOH, compound X),13 suggesting that two
monohydroxymethyl derivatives were present:

The ratio of the two derivatives was 1:1, as follows from
the intensity ratios of the signals at 5.1 and 5.5 ppm.
Signals at 6.1 ppm from methylene protons in poly-
(methylene glycol) HOO(CH2OO)nOOH and at 2.2
ppm fromOCH3 protons in acetone were also present in
the spectrum. The latter was used to precipitate hy-
droxymethyl derivatives of adenine. The formation of
N-(hydroxymethyl)adenines was confirmed by an IR
spectrum (Fig. 3), in which a strong signal from associ-
ated hydroxyl groups appeared in the range of 3250–
3500 cm�1 and bands due to deformational vibrations of
OOH groups at 1068 and 1218 cm�1 appeared that were
absent in the spectrum of pure adenine.14

The excessive heating of hydroxymethyl derivatives
of adenine for many hours with over a 10-fold excess
of formaldehyde did not lead to the dissolution of
these compounds. This helps us to understand the
types of reactions taking place during the dissolution
of adenine in an RS. First, an equimolar mixture of
monohydroxymethyl derivatives was formed that dis-
solved in the RS. Then, upon heating, the solvent
released formaldehyde, which left the system without
reacting with the derivatives. The composition of the
solvent thus changed, and the derivatives finally pre-
cipitated from it. This was seen particularly well when
the solution was poured onto a glass plate and ex-

Figure 2 1H-NMR spectrum of the product of the hydroxymethylation of adenine (with D2O–D2SO4 as a solvent).
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posed to 120°C for several hours. Consequently, the
resulting coating had poor water resistance.

Attempts at preparing higher hydroxymethyl deriva-
tives of adenine became positive only after the applica-
tion of a 15-fold molar excess of formaldehyde. Solutions
were then obtained that, after water was distilled off,
were transparent or slightly opaque. This procedure,
however (i.e., a large excess of formaldehyde with re-
spect to adenine), excluded the possibility of applying
the RS route to the preparation of polymeric materials.
The content of adenine would then be too small to pro-
vide the material with any sensible properties.

Curing of solutions of the heterocyclic compounds
in the RSs

Solutions of the heterocyclic compounds in the RSs
were cured with hydrochloric acid similarly to mel-

amine solutions.5 To solution of the heterocyclic com-
pounds, 1–6 wt % concentrated (36 wt %) hydrochlo-
ric acid was introduced (with respect to the amount of
the RSs). The samples of the solutions were poured
onto acetone-washed glass plates and cured at 80–
140°C (Table IV). The solutions used in the curing
experiments were those containing the highest
amounts of dissolved heterocycles or containing 100 g
of their hydroxymethyl derivatives in 100 g of an RS.

Solutions of IA were incurable with hydrochloric
acid, even at temperatures as high as 100 –140°C
and with 3 wt % HCl with respect to RS. The reason
was the instability of the N-hydroxymethyl group-
ings in IA,15 which decomposed at elevated tem-
peratures with the restoration of the imide
structure:

(6)

Solutions of melam in the RSs cured under these con-
ditions very well. The coatings of the best quality were
obtained with this compound. The curing of solutions
of N-hydroxymethyl derivatives of UA and MI in the
RS prepared from 1 mol of acetone and 8 mol of
formaldehyde yielded highly blistered coatings. The
reason might be a too large amount of formaldehyde

present in the RS in the form of O-hydroxymethyl
groups that did not react with N-hydroxymethyl de-
rivatives of heterocycles but decomposed at high tem-
peratures, releasing gaseous formaldehyde. If this rea-
soning is correct, the use of an RS prepared with a
smaller excess of formaldehyde should improve the
quality of the coatings. Indeed, the solutions obtained

Figure 3 IR spectrum of the product of the hydroxymethylation of adenine.
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by the dissolution of 100 g of the N-hydroxymethyl
derivative of UA or MI in a solvent in which the molar
ratio of acetone to formaldehyde was 1:4 (4-HMA)
yielded, after being heated at 100–110°C for 3–5 h with
3–4 wt % HCl, well cured clear coatings free of blisters
(Table IV).

Further experiments were carried out with BA and
N-hydroxymethyl derivatives of UA and MI. The effects
of the following parameters were tested on the visual
quality of the coatings: the type of RS, the catalyst (HCl)
content (1–6 wt %), the curing temperature (80–120°C),
and the time (2–24 h). The results obtained with N-
hydroxymethyl derivatives of UA dissolved in 4-HMA
(Table V) can be summarized as follows:

• It was undesirable to cure solutions above 100°C;
not fully cured coatings were then obtained, even
after a long exposure time (up to 6 h).

• Increasing the temperature to 120°C reduced the
curing time to about 3 h, but the coatings were
blistered.

• With 4 wt % HCl and at 100–110°C, we obtained
well cured coatings, but they were slightly blis-
tered, particularly in thick layers.

• Reasonable coatings could be obtained with an RS
prepared with an acetone/formaldehyde molar
ratio of 1:1 (MHMA), 4 wt % catalyst, a curing
temperature of 95–100°C, and a curing time of
3–6 h.

Even better surface coatings were obtained by the
curing of solutions of N-hydroxymethyl derivatives of
MI in 4-HMA. With 4 wt % HCl with respect to the RS

and a curing temperature of 100–110°C for 4 h, we
obtained well cured coatings not containing blisters.

With BA as the coating base, the best results were
obtained with MHMA as the RS and with solutions
containing less than the highest amount of UA, that is,
50 g/100 g of RS. The best curing conditions were
95°C, 5 wt % HCl, and 6 h of heating (Table V). More
details on the preparation and properties of the coat-
ings obtained with this method involving RSs will be
reported in another publication.

Analysis of the process of the dissolution of the
heterocyclic compounds in the RSs and the curing
of the solutions

The mechanism of the dissolution or more strictly the
dissolution of the heterocyclic compounds was ana-
lyzed in detail for BA, melam, and N-hydroxymethyl
derivatives of UA. In the 1H-NMR spectrum of BA
[Fig. 4(a)], two signals were present: at 11.0 ppm from
protons of imide groups and at 3.4 ppm from protons
of methylene groups. In solutions of the same acid in
an RS, the intensity of the signal at 11.0 decreased, and
a new signal appeared at 5.1 ppm [Fig. 4(b,c)]. This
suggests that the dissolution of BA took place mostly
via the reaction of imide groups with formaldehyde
coming from the RS.16

The instability of hydroxymethyl links in BA that
decomposed according to eq. (6) was the reason why
upon heating at high temperatures, the cured compo-
sitions lost formaldehyde. However, C-hydroxy-
methyl derivatives formed in small quantities (a de-
crease in the intensity of the signal at 3.4 ppm in the

TABLE IV
Preliminary Results of the Coating Formation

Hetero-
cyclic

compound

Acetone/CH20
molar ratio in

RS
Water

(g/100 g of RS)

Solubility of
heterocyclic
compound
(g/100 g of

RS)

Amount of
aqueous HCl

(wt %)

Curing conditions

Coating
appearance

Temperature
(°C)

Time
(h)

70 1 120 0.5 Uncured
IA 1:8 — 70 3 105 2.0 White powder

precipitated
70 3 140 2.0 White powder

precipitated
– 65 1 120 0.5 Cured,

blistered
UA 1:8 30 75 3 105 2.0 Uncured

30 75 3 140 2.0 Cured,
blistered

Melam 1:8 30 150 2 120 0.5 Cured, no
blisters

HMUA 1:4 30 125 4 100 5.0 Cured, no
blisters

HMMI 1:4 – 100 3 110 3.0 Cured

HMUA � product of the reaction of 1 mol of UA with 7 mol of CH2O;
HMMI � product of the reaction of 1 mol of MI with 15 mol of CH2O.
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1H-NMR spectrum was observed) were probably re-
sponsible for the curing reactions:

(7)

(8)

The blistering was caused by formaldehyde evolving
from the system when the viscosity of the polymer
solution increased.

In the 1H-NMR spectrum of melam, just one signal
was present [Fig. 5(a)] due to all the protons of

O
P
NH groups. The signal was reduced in the spectrum

of the product of its reaction with formaldehyde, and
signals appeared at 5.1 [ON(CH2OH)2] and at 4.7 ppm

O
P
NHOCH2OH).16,17 Similar signals were present in

the spectrum of melamine in an RS [Fig. 5(b)].
The mechanism of the dissolution of these two (as

well as other) heterocyclic compounds was similar.
First, N-hydroxymethyl derivatives were formed
that later reacted with C-hydroxymethyl groups of
the RS. Thus, the heterocycles were built into the
structure of the RS. When the N-hydroxymethyl

TABLE V
Coatings from Heterocyclic Compounds and RSs

Compound Type of RS

Solubility of
heterocyclic
compound

(g/100 g of RS)

Amount of
aqueous HCl

(wt %)

Curing conditions

Coating appearance
Temperature

(°C)
Time

(h)

HMUA 4-HMA 100 2 80 6 Not fully cured
100 �2 Not fully cured
120 �3 Cured, blistered

2 100 2 Not fully cured
120 �3 Cured, blistered

2 120 3 Cured, slightly blistered
4 100 6 Cured, blistered
4 110 3 Cured, slightly blistered

MHMA 100 4 85 5.5 Not fully cured, slightly blistered
4 90 3 Not fully cured, slightly blistered
4 95 3 Not fully cured, slightly blistered
6 95 6 Not fully cured, slightly blistered
4 105 2 Not fully cured, slightly blistered
4 110 8 Cured, blistered
5 95 16 Not fully cured
5 100 6.6 Not fully cured

HMMI 4-HMA 100 4 85 5.5 Not fully cured, no blisters
4 90 3 Not fully cured, no blisters
4 95 7 Cured
4 100 4 Cured, no blisters
4 110 4 Cured, no blisters
5 100 4 Cured, no blisters
5 110 4 Cured, no blisters

BA 4-HMA 75 2 80 4 Not fully cured,
100 �2 Not fully cured, blistered

2 100 2 Not fully cured,
120 �3 Cured, heavily blistered

4 80 7.5 Not fully cured, blistered
6 85 4.5 Not fully cured, blistered
6 120 2 Not fully cured, blistered

MHMA 50 5 95 6 Cured, no blisters

30% water with respect to the total mass of used. HMUA � product of the reaction of 1 mol of UA with 7 mol of CH2O;
HMMI � the product of the reaction of 1 mol of MI with 15 mol of CH2O.
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Figure 4 1H-NMR spectra of (a) BA and (b,c) mixtures obtained by the dissolution of BA in RS 8-HMA at 105°C for 2 and
10 min, respectively.

PREPARATION OF NEW POLYMERS 3399



groups were thermally unstable and decomposed at
an elevated temperature (100°C) to unblockONHO
groups, the heterocycle dropped back into the solu-
tion (e.g., for the curing of an IA solution: in the
1H-NMR spectrum of the decomposition product, a
signal at 12 ppm appeared due to the imide protons
of IA).

If, however, during the heating of a heterocycle in
the RS, no N-hydroxymethyl derivatives were formed
because of, for example, a too short exposure time
limited by solvent stability, dissolution did not take
place, just as for melem. The only way to overcome
this problem and build the heterocycle into the struc-
ture of the RS was to prepare the N-hydroxymethyl
derivative of the compound beforehand (by its reac-
tion with formaldehyde) and then dissolve the deriv-
ative in the RS. This was the case for UA. In the
1H-NMR spectrum of the product of the reaction of 1
mol of UA with 7 mol of formaldehyde, three signals
were present:10 at 5.65 ppm from hydroxyl protons,

at 5.15 ppm from methylene protons in the

O
P
NHOCH2OH groupings, and at 4.65 ppm from

methylene protons in the OOOCH2OOH groupings.
The spectrum clearly indicated that with a formal-

dehyde excess with respect to reactive O
P
NH groups,

semiacetal groups were present that easily decom-
posed at elevated temperatures, releasing formalde-
hyde.

For the dissolution of such a compound, we did not
have to use a solvent that also contained semiacetal
groups. To dissolve hydroxymethyl derivatives of het-
erocyclic compounds, it was sufficient to use a solvent
containing less formaldehyde, such as 4-HMA or
MHMA.

CONCLUSIONS

Heterocyclic compounds containing nitrogen atoms
dissolved in RSs of melamine as long as they had at

Figure 5 1H-NMR spectra of (a) melam and (b) a mixture obtained by the dissolution of melam in RS 8-HMA for 10 min at
105°C.
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least one �NH group. The dissolution proceeded by
the reaction of formaldehyde released from the sol-
vent with �NH groups to form N-hydroxymethyl
groups.

Polymers were e formed from the solutions of het-
erocycles in RSs by the condensation of the N-hy-
droxymethyl groups with hydroxyl groups present in
the RSs. In some cases, the poor stability of N-hy-
droxymethyl groups at elevated temperatures led to
the restoration of the heterocycles without the forma-
tion of polymeric structures. The stability depended
on the acidic character of the �NH groups. The more
acidic the groups were, the lower the stability was of
the N-hydroxymethyl derivative. This observation
may help to discriminate between nitrogen-containing
heterocyclic compounds capable of forming new poly-
meric materials.

Sometimes, the formation of N-hydroxymethyl de-
rivatives in reactions with RSs was too slow with
respect to the decomposition rate of the solvents ac-
companied by formaldehyde release out of the system.
Then, the only way of preparing a polymer-forming
material was to synthesize an N-hydroxymethyl de-
rivative beforehand in a direct reaction of heterocycle
with formaldehyde (formalin) and a subsequent reac-
tion of the derivative with an RS, preferably obtained
with a small excess of formaldehyde.

The lack of solubility of a heterocycle or the insol-
ubility of its N-hydroxymethyl derivatives in formalin

made the preparation of polymers from that com-
pound impossible.
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