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2,4,6-triamino-1,3,5-triazine (melamine ) was first prepared in 1834 by Liebig. It has already been used for
several decades for the production of melamine-formaldehyde resins and has therefore gained industrial
importance. Particularly, during the last years new possibilities for the cross-linking of melamine have been
developed to replace harmful formaldehyde. The synthesis of epoxy modified melamine derivatives is one
possibility for this purpose. 2-Diallylamino-4,6-bis(dimethylamino)-1,3,5-triazine was chosen as difunctional starting material, whereat solubility in organic solvents is enhanced by the use of the N-alkylated
product. Epoxidations of the allyl functionalities were carried out using several common epoxidation
agents. Partially, conversion took place forming mainly by-products like substituted hydroxyl amines and
hydroxy triazine derivatives. Nevertheless, epoxidation of double bonds took place forming different epoxy
containing structures, which may be useful starting materials for further conversions.

1 Introduction

First, epoxidation was tested using TBHP. Because of the high selectivity and safety it is often applied in organic oxidations, activated by catalysts
like MoO3 [8,9]. Attempts to epoxidize 1 were carried out in different organic solvents under reflux conditions. TBHP dissolved in water was used
as well as anhydrous TBHP in decane (Table 1). Reactions were carried
out with and without the addition of catalyst MoO3 3 and monitored by
electrospray ionisation-mass spectrometry (ESI-MS). Even after reaction
times of more than 48 hours no conversion of 1 was detected. Thus, TBHP
seems to be an inappropriate epoxidation agent for this purpose.

Justus von Liebig first prepared 2,4,6-triamino-1,3,5-triazine (melamine)
in 1834 by heating a mixture of potassium thiocyanate and ammonium
chloride [1]. Since the development of melamine-formaldehyde (MF)
resins in the 1930s [2], melamine has gained more and more industrial
importance. Particularly, during the last years the use of formaldehyde
for MF resins was of public interest, as the world health organization
(WHO) classified formaldehyde 2006 as suspected carcinogen [3]. Thus,
new possibilities for the cross-linking of melamine have been developed
to replace formaldehyde. Nevertheless, until now no serious method has
been found. An appropriate method to avoid formaldehyde, is the synthesis of melamine derivatives bearing functional groups that can be crosslinked, for example vinyl groups [4] or epoxides. Pedroso et al. [5] already described the preparation of epoxy-modified melamine derivatives
using melamine and epichlorohydrin. Thereby only the production of
prepolymers was possible. Another approach for the synthesis of epoxides is the epoxidation of double bonds. Applicable starting materials
for that purpose are allylmelamines, which are already known since 1948
[6]. By the reaction of cyanuric chloride with various amines, allyl substituted melamine derivatives bearing different functionalities are accessible. Recently, the polymerization of allylmelamines was investigated
[7]. Epoxidation of these derivatives may lead to monomers that can be
cross-linked by polyaddition forming new polymers. The aim of the presented work is the epoxidation of 2-diallylamino-4,6-bis(dimethylamino)1,3,5-triazine (1) using different epoxidation agents. On the one hand
this starting material was chosen because it may lead to difunctional epoxides. Furthermore, the solubility in common organic solvents is increased
using N-alkylated compounds. Established epoxidation agents like mchloroperoxybenzoic acid (mCPBA), tert-butyl hydroperoxide (TBHP),
hydrogen peroxide (H2 O2 ), and sodium hypochlorite in combination with
different catalysts were tested. Some reagents turned out to be too weak
epoxidation agents, whereas others led to oxidation at which mainly byproducts were formed, that will be presented in this paper.

Table 1: Solvent systems used to epoxidize 1 using TBHP with and without addition of MoO3 as catalyst
Entry
1
1
2
2
3
3
4
4
1

TBHP
in water
in water
in water
in water
in water
in water
in decane
in decane

Solvent
tetrahydrofuran
tetrahydrofuran
toluene
toluene
chloroform
chloroform
chloroform
chloroform

Catalyst
no
yes
no
yes
no
yes
no
yes

Result 1
-

±= positive or negative conversion of starting material

Figure 1: By-products formed in the epoxidation of 1 using mCPBA:
2-hydroxy-4-diallylamino-6-dimethylamino-1,3,5-triazine
(4), 2-hydroxy-4-allylglycidylamino-6-dimethylamino-1,3,5triazine (5)

2 Results and Discussion

Epoxidation agents showing higher activities are peracids, like mCPBA.
Prileschajew employed such compounds already 1909 in epoxidation reactions [10] and they are still used today. Therefore, 1 was reacted in
dichloromethane at a temperature of 0 ◦ C by stepwise addition of mCPBA.
Analyses using ESI-MS showed signals probably referring to 2, 1, and byproducts generated by hydrolysis of dimethylamino groups (4, 5). Conversion could not be advanced by further addition of peracid.

The epoxidation of 1 using different epoxidation agents was studied, whereat next to the synthesis of 2-allylglycidylamino-4,6bis(dimethylamino)-1,3,5-triazine (2) especially the preparation of 2diglycidylamino-4,6-bis(dimethylamino)-1,3,5-triazine (3) was desired.
Scheme 1:

The oil obtained after workup of the reaction mixture contained next to 1
about 76% mono oxidized product, analyzed by high-pressure liquid chromatrography (HPLC-MS). However, NMR measurements showed that the
formed product does not contain epoxy functionalities. The only change
compared to the spectrum of 1 is the occurrence of two unequal signals of
dimethylamino groups at 2.87 and 3.11 ppm (Figure 2).
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Table 3: Solvent systems used to epoxidize 1 using TBHP with and without addition of MoO3 as catalyst
Entry
1
2
3
4
5
6
7
8
9
10
11
Figure 2: 1 H-NMR spectrum of mono oxidized product. CDCl3 was
used as solvent and internal standard. The signal at 3.06 ppm
refers to unreacted starting material
Thus, oxidation occurred on a dimethylamino functionality leading
to the formation of an amine oxide. The generation of amine oxides using mCPBA is well known [11,12], as well as the Meisenheimer rearrangement that can be performed using such compounds,
whereas substituted hydroxylamines are formed [12,13]. Therefore, the
formation of two different structures is possible (Scheme 2). Reaction may stop after generation of 2-dimethylamineoxide-4-diallylamino6-dimethylamino-1,3,5-triazine (6) or a further rearrangement to 2diallylamino-4-dimethylamino-6-(dimethylamino)oxy-1,3,5-triazine (7)
occurs. Additional 2D NMR correlation experiments indicate the formation of 7, as no coupling between the protons of the oxidized dimethylamino group and the quaternary carbon atom of the triazine ring system
was detected.

1
2
2

Solvent
chloroform
chloroform
chloroform
tetrahydrofuran
tetrahydrofuran
tetrahydrofuran
H2 O2
acetonitrile
acetonitrile
acetonitrile
dimethylformamide

Temperature
r.t.1
40◦ C
61◦ C
40◦ C
66◦ C
r.t.1
60◦ C
40◦ C
82◦ C
r.t.1
r.t.1

NaHCO3
no
+
+
+

2

Result 3
+
-

r. t.= room temperature
±= addition/ no addition of NaHCO3
±= positive or negative conversion of starting material

Hydrogen peroxide is able to add on nitriles under light basic conditions
forming peroxycarboximidic acids [17], which are stronger epoxidation
agents than pure hydrogen peroxide.

Scheme 3:

An additional catalyst like MoO3 should not be necessary. Therefore,
further experiments were done without catalyst using various amounts of
hydrogen peroxide and NaHCO3 . It was found, that conversion is higher
when no extra catalyst is used and small doses of base are applied. Furthermore, several additions of small portions of peroxide and base led to
better results, whereas beside 2 also 3 is formed.

Scheme 2:

Table 4: Attempts to epoxidize 1 using H2 O2 and acetonitrile
Entry
H2 O2
NaHCO3
Result 1
1
2x 10 eq.
1 x 0.25 eq.
+
2
2x 10 eq.
1 x 0.25 eq.
+
3
3x 10 eq.
1 x 0.25 eq.
+
4
2x 5 eq.
1 x 0.25 eq.
+
5
3x 10eq.
3 x 0.25 eq.
+
6
10 eq. + 2x 5 eq.
3 x 0.25 eq.
+

Table 2: Attempts to epoxidize 1 using H2 O2 , FeCl3 , H2 pydic, and
pyrrolidine
Entry
Solvent
Result1
1
isopropyl alcohol
1 ±= positive or negative conversion of starting material
2
dichloromethane
3
dimethylformamide
4
acetonitrile
The product obtained after workup was analyzed using HPLC-MS and
1 ±= positive or negative conversion of starting material
contains next to 2 and 3 also by-products like 7. Differentiation between
these products was done by comparing the fragmentations of the mass sigUsing mCPBA the generation of amine oxides is the preferred reacnals. However, the main components of the obtained solid are by-products
tion. Therefore, the application of hydrogen peroxide as epoxidation agent
like 5 and 8, which were isolated using column chromatography. The genwas tested. As an experiment indicated, hydrogen peroxide alone is not
eration of epoxy functionalities was confirmed by NMR analyses (Figure
able to epoxidize the double bond, but it may be activated using differ4). Furthermore, the mechanism via peroxycarboximidic acids was apent catalysts. One possibility to activate peroxides is the use of FeCl3 in
proved, as acetamide was isolated from the reaction residue. Epoxidation
combination with pyridine-2,6-dicarboxylic acid (H2 pydic) and pyrroliwas successful, but the requested structures 2 and 3 were only formed in
dine [14,15]. Attempts to epoxidize 1 using this system were carried out
minor amounts. Basically, hydrolysis of dimethylamino groups occurred
at room temperature using different solvents (Table 2). Reactions were
forming 4,5, and 8.
monitored by ESI-MS, but even after reactions times of 24 hours only the
unchanged starting material was detected.
Another method for the activation of hydrogen peroxide is the application of MoO3 as catalyst [16]. So, 1 was reacted with hydrogen peroxide
and MoO3 in various solvents at different temperatures. Additionally, a
few attempts were done using sodium hydrogen carbonate (NaHCO3 ) as
promoter (Table 3). Except one experiment, all attempts did not lead to the
formation of epoxy groups. Even using an excess of hydrogen peroxide
no conversion took place. Only experiment 10 led to an oxidation of the
Figure 3: By-product formed in the reaction of 1 with H2 O2 in acetonistarting material. As just this particular combination of solvent and catatrile. 2-hydroxy-4-diglycidylamino-6-dimethylamino-1,3,5lysts is active, it is supposed that reaction follows the mechanism shown in
triazine (8)
Scheme 3.
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General procedure for TBHP
0.50 g (1.9 mmol) 1 and if used 1 mg (0.01 mmol) MoO3 are dissolved
in a three-necked round-bottom flask in 15 mL solvent. 1.0 mL (7.6 mmol)
TBHP in water (70%) or alternatively 1.4 mL (7.6 mmol) TBHP in decane
(5.5 M) are added, whereupon the mixture is heated to reflux for at least
48 hours.

Epoxidation using mCPBA
In a three-necked round-bottom flask 0.50 g (1.9 mmol) 1 are dissolved
in 3 mL dichloromethane and cooled to 0◦ C. Afterwards 0.66 g (3.8 mmol)
mCPBA dissolved in 3 mL dichloromethane are added. Additionally, two
equal portions of mCPBA are added in intervals of 3 hours. After a reaction
time of 24 hours the mixture is neutralized using sodium hydroxide. The
organic phase is washed three times with water, yielding 0.38 g of a yellow oil, containing 76% (HPLC-MS) of 7. ESI-MS (MeCN/H2 O = 1:1):
m/z = 279.1 [7+H]+; 1 H-NMR (300 MHz, CDCl3 , 30 ◦ C): δ = 5.83-5.76
(m, 2H, -CH=CH2 ), 5.14-5.09 (m, 4H, -CH=CH2 ), 4.17 (s, 4H, >N-CH2 Figure 4: 1 H-NMR spectrum of 5. CDCl3 was used as solvent and inter- ), 3.11 (s, 6H, >N-CH3), 2.87 (s, 6H, -O-N-CH3 ) ppm; 13 C-NMR (75
nal standard.
MHz, CDCl3 , 30 ◦ C): δ = 171.7 (>C-O-N<), 166.7 (>C-N<), 166.2
(>C-N-allyl), 135.0 (>N-CH2 -), 116.6 (-CH=CH2 ), 48.60 (-O-N-CH3 ),
A further attempt to epoxidize 1 was done using Jacobsen catalyst (Fig- 48.17 (>N-CH -), 36.38 (>N-CH ) ppm
2
3
ure 5) [18,19]. Due to the high selectivity, this manganese based complex
is often used in organic synthesis. As oxidant, usually bleach (aqueous
General procedure for H2 O2 and FeCl3
sodium hypochlorite) is applied in combination with 4-phenylpyridine-NIn a three-necked round-bottom flask 25.8 mg (0.1 mmol) FeCl3 x6H2 O,
oxide as co-oxidant in a two-phase system of dichloromethane and water 16.0 mg (0.1 mmol) pyridine-2,6-dicarboxylic acid and 16 µL (0.2 mmol)
[20].
pyrrolidine are dissolved in 20 mL solvent. After stirring the mixture for
20 minutes, 0.50 g (1.9 mmol) 1 dissolved in 2 mL solvent are added,
followed by the addition of 0.78 mL (7.6 mmol) H2 O2 (30% in water).
General procedure for H2 O2 , with and without MoO3
0.50 g (1.9 mmol) 1, eventually 1 mg (0.1 mmol) MoO3 and 0.04 g (0.5
mmol) NaHCO3 are dissolved in a three-necked round-bottom flask in 10
mL solvent. After 2.0 mL (19.1 mmol) H2 O2 (30% in water) are added
dropwise, the reactions mixture is heated to the corresponding temperature. Additional amounts of peroxide and base are added in intervals of
1-2 hours.

Figure 5: Jacobsen catalyst (9) used for oxidation

Epoxidation using H2 O2 and acetonitrile (attempt 6)
Attempt 6 is done using the sixfold amount, to obtain enough product
for different purification steps. Excess of peroxide is neutralized by adding
MnCO3 , whereas insoluble MnO2 is formed. After filtration, the organic
phase is washed three times with water whereupon 0.60 g of a white solid
is obtained. Further purification is done by column chromatography (silica
gel 60, chloroform:methanol = 10:1) whereby three products are isolated.
Fraction 1: 31 mg white solid of 4, mp: 130-135 ◦ C; ESI-MS (MeCN/H2 O
= 1:1): m/z = 236.5 [4+H]+; 1 H-NMR (200 MHz, DMSO-d6, 30 ◦ C): δ
= 10.28 (s, 1H, -OH), 5.87-5.70 (m, 2H, -CH=CH2 ), 5.19-5.09 (m, 4H,
-CH=CH2 ), 4.07 (s, 4H, >N-CH2 -), 3.01 (s, 6H, N-CH3 ) ppm

3 Conclusion
Epoxy modified melamine derivatives are interesting starting materials for
the production of new polymers. In this project the synthesis of such
compounds via epoxidation of an allylmelamine using various epoxidation
agents was investigated. TBHP and bleach in combination with Jacobsen
catalyst turned out to be unsuitable for this purpose. In contrast, the use
of mCPBA induced oxidation, but not the formation of epoxides. Presumably, substituted hydroxyl amines were generated after Meisenheimer
rearrangement of the developed amine oxides. Furthermore, hydrogen peroxide was tested in combination with different catalysts. The application
of MoO3 and FeCl3 as catalysts was not successful. Epoxidation only
occurred using a basic acetonitrile medium, whereat peroxycarboximidic
acid is formed, that represents a stronger epoxidation agent. This reaction mechanism was confirmed by the analysis of acetamide, a side product only formed via this mechanism. Though epoxidation occurred, as
affirmed by NMR analyses, mainly by-products formed by hydrolysis of
dimethylamino groups could be isolated.

Fraction 2: 0.14 g white solid mainly containing 5; mp: 184-185 ◦ C;
ESI-MS (MeCN/H2 O = 1:1): m/z =252.2 [5+H]+; 1 H-NMR (500 MHz,
CDCl3 , 30 ◦ C): δ = 5.79-5.71 (m, 1H, -CH=CH2 ), 5.29-5.26 (m, 2H, CH=CH2 ), 4.57-4.58 (m, 1H, CH oxirane), 4.00-3.98 (m, 2H, >N-CH2
allyl), 3.95-3.92 (m, 1H, CH2 oxirane), 3.78-3.65 (m, 1H, CH2 oxirane), 3.69-3.65 (m, 1H, >N-CH2 -oxirane), 3.30-3.28 (m, 1H, >N-CH2 oxirane), 3.12 (s, 6H, N-CH3 ) ppm; 13 C-NMR (50 MHz, CDCl3 , 30 ◦ C):
δ = 165.6, 159.0, 156.8, 131.1, 119.5, 64.20, 57.39, 46.80, 46.55, 37.41,
37.03 ppm; IR (KBr) ν = 3365, 3238, 2971, 2927, 2872, 1675, 1601,
1561, 1517, 1462, 1393, 1285, 1140, 786 cm-1; elemental analysis for
C11 H17 N5 O2 (%): C 51.27, H 6.78, N 27.15, O 12.55 (found), C 52.58,
H 6.82, N 27.87, O 12.73 (calculated)

4 Experimental
All chemicals were of p.a. quality and used without further purification.
Allylmelamine 1 was prepared by the reaction of cyanuric chloride with
dimethylamine and diallylamine [6]. Melting points were measured using
a Leica Galen III microscope with a Kofler melting point unit. ESI-MS
analyses were done using a Thermo Finnigan LCQ Deca XPplus in positive ion mode. HPLC measurements were performed on a Thermo Electron Corporation Finnigan Surveyor MS Pump Plus, Autosampler Plus,
PDA Plus Detector with Thermo Finnigan LCQ DECA XPplus mass detection. 1H, 13C, and 2D correlation NMR experiments were measured
on a Bruker Avance DRX 200 MHz, a Bruker Avance III 300 MHz and
a Bruker Avance DRX 500 MHz spectrometer using standard pulse sequences as provided by the manufacturer. FT-IR measurements were done
using a Perkin Elmer Paragon 1000 PC FT-IR spectrometer and elemental
analysis was done on a Thermo Scientific Flash EA 1112 CHNS-O Analyzer.

Fraction 3: 99 mg white solid mainly containing 8, mp: 139-142 ◦ C;
ESI-MS (MeCN/H2 O = 1:1): m/z = 268,2 [8+H]+; 1 H-NMR (200 MHz,
CDCl3 , 30 ◦ C): δ = 4.66-4.58 (m, 1H), 4.01-3.74 (m, 4H), 3.51-3.20 (m,
2H), 3.21 (s, 3H), 3.16 (s, 3H), 2.85 (m, 1H), 2.61-2.58 (m, 1H) ppm; 13 CNMR (50 MHz, CDCl3 , 30 ◦ C): δ = 165.7, 159.3, 156.8, 116.9, 64.29,
64.17, 57.71, 57.61, 49.90, 49.63, 48.43, 46.23, 44.82, 37.44, 37.04 ppm;
IR (KBr) ν = 3381, 3247, 2966, 2931, 1676, 1605, 1567, 1519, 1463,
1402, 1288, 1141, 1061, 786 cm-1; elemental analysis for C11 H17 N5 O3
(%): C 48.22, H 6.51, N 26.74, O 16.63 (found), C 49.43, H 6.41, N 26.20,
O 17.96 (calculated)
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Acetamide: 0.14 g white solid, mp: 78-79 ◦ C, 1 H-NMR (200 MHz,
DMSO-d6, 30 ◦ C): δ = 7.25 (s, 1H, -NH), 6.64 (s, 1H, -NH), 1.76 (s, 3H, CH3 ) ppm; IR (KBr) ν =3347, 3187, 2807, 2353, 2320, 1660, 1393, 1348,
1149, 1044, 1001, 873, 825 cm-1

[6] W. Pearlman, C. K. Banks, J. Am. Chem. Soc. 70 (1948) 3726-3728.
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[8] W.-C- Cheng, W.-H. Fung, C.-M. Che, J. Mol. Cat. A: Chem. 113 (1996)
311-319.

Jacobsen epoxidation
At first a bleach solution is prepared by mixing 8.4 mL (12.5 mmol)
sodium hypochlorite solution (10%) and 16.8 mL (0.05 M) of an aqueous
disodium hydrogen phosphate solution. pH value is brought to 11.3 by addition of sodium hydroxide. A three-necked round-bottom flask is charged
with 0.50 g (1.9 mmol) 1 dissolved in 2 ml dichloromethane, 0.13 g (0.8
mmol) 4-phenylpyridine-N-oxide and 0.08 g (0.1 mmol) 9 under an argon
atmosphere. The mixture is cooled to 0 ◦ C and 10.4 mL of the bleach
solution are added over a period of 30 minutes. Stirring is continued for 5
hours. Afterwards, dichloromethane and water are added and the organic
layer is washed two times with water. The black residue is further worked
up using column chromatography (silica gel 60, chloroform:methanol =
30:1). However, neither product nor starting material was detected using
ESI-MS and NMR.
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[2] W. Hentrich, R. Köhler, DE647303 (1935).
[3] World Health Organization, Monogr. Eval. Carcinog. Risks Hum. 88 (2006).

[18] E. N. Jacobsen, W. Zhang, A. R. Muci, J. R. Ecker, L. Deng, J. Am. Chem. Soc.
113 (1991) 7063-7064

[4] M. Irrgeher, H. Schmidt, K. Bretterbauer, H. Gabriel, C. Schwarzinger, Monatsh.
Chem. 142 (2011) 849-854.

[19] M. Palucki, G. J. McCormick, E. N. Jacobsen, Tetrahedron Lett. 36 (1995)
5457-5460

[5] L. M. Pedroso, M. M. Castro, P. Simoes, A. Portugal, Polymer 46 (2005) 17661774.

[20] L. F. Tietze, T. Eicher, U. Diedrichsen, A. Speicher, Reactions and Syntheses in
the Organic Chemistry Labortatory (2007) 199-209

8

JUnQ 2, 1, Articles, 5-8

