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Step-growth polymerization of guanamines
with unsaturated aldehydes

A. Sebenik*, U. Osredkar, and M. Zigon
Boris Kidri¢ Institute of Chemistry, Ljubljana, Yugoslavia

Summary

In acid medium and at temperatures from 50 to 100°C the resins from
three different guanamines and three different unsaturated aldehydes were
synthesized. The products were red coloured resins, which were soluble in
organic solvents and were able to cure with hexamethylenetetramine to
form hard and almost insoluble products. Using a combination of NMR and
GPC methods it was possible to predict the course and the mechanism of
the reactions. The rates of the reactions depend on the reaction
conditions and on the type of the monomer.

Introduction

In a series of works we have reported on the reactions of
unsaturated aldehydes with different monomers (1-7). A special case was
the reaction of melamine with unsaturated aldehydes. Melamine is namely
almost  insoluble in organic solvents and only when proper conditions
were used to dissolve melamine, its conversion was very high (8-9).

In this work the reactions between guanamines and unsaturated
aldehydes were investigated. The guanamines are well soluble in organic
solvents and with unsaturated aldehydes react intensively to form high
viscous red coloured resins. As guanamines (G) caprinoguanamine (CG),
benzoguanamine (BG) and acetoguanamine (AG) and as unsaturated aldehydes
(A), acrolein (AC), crotonaldehyde (CR) and cinnamaldehyde (CA) in
organic solvents qnd acigj media were used. For characterization of the
reaction products “H and ““C NMR spectroscopy and GPC chromatography were
used.

Experimental

Materials: CG (2,6-diamino-4-nonyl-1,3,5-triazine), BG (2,6-diamino-
4-phenyl-1,3,5-triazine) and AG (2,6-diamino-4-methyl-1,3,5-triazine)were
products of SKW, while the unsaturated aldehydes were products of Merck.
The guanamines were used as received, while the aldehydes were destilled
before use.

Syntheses: The syntheses were performed in a glass vessel equipped
with a magnetic stirrer. The guanamines were first dissolved in the
selected solvent, then aldehydes and catalyst were added, the mixture
mixed and heated to the temperature of reaction. The reaction time varied
according to the type of the monomers and to the quantity of phosphoric
acid used as catalyst. The molar ratio between guanamines and unsaturated
aldehydes was in all cases 1:2, while the molar ratios of the phosphoric
acid to monomer varied from 0.01 to 0.1. The detailed experimental data
are given in Table 1.

*To whom offprint requests should be sent
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The spectra for lH and 130 NMR spectroscopy were taken on a VARIAN
VXR 300 supraconducting spectrometer, using 90° pulse width for both
proton and carbon spectra. The pulse delay was 2 s. The 2D COSY spectra
were recorded at the same conditions. Attached proton test (APT) was
recorded at J = 7.5 ms. All spectra were quoted on TMS as internal
standard, while chloroform d, was used as solvent. The molecular weights
of the_;esins were measure& by GPC using a UV detector at wavelength
2.54;§O m. The pore sizes of the Ultra-Styragel columns were 1 and
5.10 "m. THF was used as solvent. The columns were calibrated by
polystyrene standards and by the guanamines and unsaturated aldehydes
used in the work.

Results and discussion

The guanamines are four-functional and compared to melamine differ
in the substituent on position 4. The resins from guanamines are more
flexible compared to resins from melamine. Due to good solubility of the
guanamines the reactions with aldehydes are easy to control.

The APT of the resins shows that the
signals between 14 and 24 ppm belong to
-CH, groups of bonded or unbonded CG, BG
or AG. 411 the -CH, signals are oriented
to the negative 3ide. To the negative
side as well are oriented the signals of
the -CH- groups of the bonded aldehydes,
while the signals of the -CHZ- groups of
the substituted guanamines“are oriented
to the positive side.

In the COSY proton-proton spectra
the interactions between neighbouring
protons can be seen as out of diagonal
signals (Fig.l). With reaction time some
signals disappear and new are formed.
leu First disappear the signals for monomers,

F1(PPM) later the signals for -CHO and -CHOH
0. groups and the signals for the double
ol ° bonds of oligomers.Finally the signals for
a_

NH R
~NH-CH-CH ~EH-NH- groups belonging to
higher moaecular products are formed. 0On

N the basis of these and literature data,
51 chemical shifts for different oligomers
44 *\\. . appearing in the reactions between
34 ) guanamines and unsaturated aldehydes were
2. v N predicted  (6,10-12).  The  observed
14 e chemical shifts for different oligomers
ol N are given in Table 2. All similar

—r—— T oligomers, regardless of the used
09 876543210 monomers, have chemical shifts in the
F2(PPM) same regions. The type of the substituent

in the guanamine influences only the

Figure 1. COSY proton-proton precise location of the signals in the
spectrum of the product of given region. Thus, the region between
caprinoguanamine and acrolein 177 and 180 ppm is characteristic for the
triazine ring 1in which the carbon 1is
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Table 2

Chemical shifts of carbons in the compounds appearing in the reaction
between substituted guanamines and unsaturated aldehydes

Chemical shifts (ppm)

carbon proton
g 1 170-172
NN 2,3 166-168
NH’C%(C‘NH\
5 Ry
14-39 0.9-2.0
=-Ca H 128-137 6.8-7.7
;L.Z,ﬁ 24-25 0.7-0.9
=-C
F=-Chs 1 65-72 5.3-5.6
Ry=-Ch-Ci=i-R 2 130-135 5.5-6.5
OH 3 145-155 5.5-6.5
2 3 1 40-50 3.0-3.6
Rf-i"-mffm 2 32-36
3 200-205 9.4-9.8
L2 3 1 65-70 5.3-5.6
Ry N (H- Chg H- - 2 25-35 1.2
oR 3 30-40
R=-H,-CHy,~Cg Hg
substituted by different -R
groups and the region between
6 A 164 and 167 for the triazine in
H, which the carbon is substituted
N’C~y R by -NH2 or -NH-groups Chemical
&b+ buon-cro
N"""NHy shiftsfor groups -NH-&‘H-CH CH=-NH-
/ \ formed in the reaction b%tween
2”2 NHy -NH., groups of the guanamines
Cn, ana‘2 the double bonds or the

OH

]
Ri,&Nac-NH'CH*CHz-CHO ,C\N¢C-NH-OH CH=CH-R

SN N

ot
q“z 'LC’E NHz
} fC-NH—Q'i CH CH NH-g 'C\
RN 3
GAG

Rj»~CHy,-CqHig - CgHg
R=-H,-CHy, -CgHg

aldehyde groups of the
aldehydes, are in the region
between 30 and 50 ppm. Actually,
this is the first step of the

reaction between the two
monomers. The quantity of the
particular oligomers is

influenced by the type of the
monomers used in the reaction.
In the scheme the formation of
the oligomers is shown.

In Table 3 the molecular
weights of the reaction products
are given. The molecular weights
depend on the type of solvent,
on the quantity of catalyst and
on the reaction conditions. The
increasing quantity of catalyst,
higher temperature and longer
time of reaction increase the
molecular weights. In the GPC
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chromatograms several areas of molecular weights can be seen: the area of
monomers and the area of molecular weights from 200 to 600, belonging to
products of the type GA, AGA or GAG. From the low content of free -CHO
and -CH=CH-groups observed in the spectra it can be concluded that the
GAG type is prevailing. The area of molecular weights from 600 to 800
A A G
belongs to products of the type GAGA, AGA or GAG. The type GAG must be
NH R
prevailing since the signal for the structure -NH-bH-CHZ-bH-NH— in the
spectra is the most intensive. The area of 800 to” 1500 belongs to
products of five to ten monomer units and the last area to products of
higher molecular weights.

The kinetics of the reactions was followed by measuring the
molecular weights in dependence of reaction time. The samples were taken
from the reaction vessel in regular time intervals, then cooled and
dissolved in THF. In Fig. 2 an example of this dependence for the
reaction between caprinoguanamine and crotonaldehyde is given.

]

o N w ~ ~
i i LY i o

CONCENTRATION { mol /1)
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o

] T T T

2 3 4
REACTION TIME ( h)

Figure 2. The dependence of MWD on reaction time: l=caprinoguanamine,
—crotonaldehyde, 3=-MW 400, 4-MW 700, 5=MW 1000, 6=-MW 2200, 7-MW 6500

The kinetic equation for the first step of the reaction is the
following:

%{ﬂl: k,[a] (6] (1)

ded_\ (alle] &, (oAl [4] kLol [6] ()
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where A and G are the corresponding aldehyde and guanamine respectively.
In the f1rstapprox1mat10n it can be assumed that for the early stage of
the reaction k, = k”, and [GA] > [GAG]. By time differertiation of expe-
rimental valueg for “ A, G and GA the values for k, and k were
calculated. In Table 4 the rate constants for thé reactloﬁ? between

different guanamines and unsaturated aldehydes are given.

Table 4
The rate constants of the reaction between guanamines and unsaturated
aldehydes

Molar Rate constant
ratio /1/mol.sek/
1, 2
Caprinoguanamine:acrolein: H3P04 1:2:0.02 3.2 . 10 2.3 . 10
Caprinoguanamine:crotonaldehyde: HsP0, 1:2:0.05 4.9 . 104 4.0. 107%
Benzoguanamine:crotonaldehyde: H3PU4 1:2:0.05 3.0. 10-4 2.2 . 10'4
4 -4

Acetoguanamine:crotonaldehyde: H3P04 1:2:0.05 3.5 .10 3.1.10

By comparing the rate constants with reaction conditions it can be
concluded that the rate of resins formation depends on the type of the
monomers, on the reaction conditions, and on the type of solvent. The best
solvents are toluene and DMF, which both are good solvents for the resins
as well. Between the unsaturated aldehydes acrolein is the most and
cinnamaldehyde the less reactive.

The resins were crosslinked by heating them for three hours at 135°C
and by the addition of hexamethylenetetramine. In both cases the
crosslinked resins were more than 85 % unsoluble in organic solvents. The
behaviour at crosslinking indicates that the products of reaction between
guanamines and unsaturated aldehydes belong to termosetting resins.

Acknowledgements

The authors are grateful to the Research Community of Slovenia for
supporting the work.

References
1. A.3ebenik, U.Osredkar, Angew.Makromol.Chem., 113, 71 (1983).

2. A.3ebenik, U.Osredkar, Ind.Eng.Chem.Prod.Research Dev. 23, 363 (1984).
3. A.3ebenik, U.Osredkar, I.VizoviSek, Angew.Makromol.Chem. 131, 203
(1985).
4. M.Zigon, A.Sebenik, U.Osredkar, I.Vizovisek, Angew.Makromol.Chem.
148, 127 (1987).
5. M.Opresnik, A.Sebenik, M.Zigon, U.Osredkar, Angew.Makromol.Chem.,
160, 155 (1988)}.
6. “‘Eébenlk U.Osredkar, Eur.Polym.J. 24/9, 863 (1988).
7. M.Zigon, A.3ebenik, U.Osredkar, J.Macromol.Sci.Chem. A25/8, 935 (1988).
8. A.Sebenik, U.0sredkar, M.Lesar, to be published.
9. Gesellschaft flUr Chem.Industrie, Basel, German Patent, 671742 (1939)
10. J.R.Ebdon, B.J.Hunt, W.T.5.0 Rourke, J.Parkin, Brit.Polym. J. 20,
327 (1988).
11. M.Dawbarn, J.R.Ebdon, S.J.Hewitt, J.E.B.Hunt, I.E.Williams, A.R.
Westwood, Polymer, 19, 1309 (1978).

12. B.Tomita, H.Ono, J.Polym.Sci., Polym.Chem.Ed. 17, 3205 (1979).

Accepted July 8, 1989 c



