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INTERACTION BETWEEN
2,4,6-TRIAMINO-1,3,5-TRIAZINE
AND ALKYL ESTERS OF PHOSPHONIC
AND PHOSPHORUS ACIDS

K. TROEV and R. TSEVI

Institute of Polymers, Bulgarian Academy of Sciences 1113 Sofia, BULGARIA
(Received 11 August, 1996; In final form 23 January, 1998)

2,4,6-triamino-1,3,5-triazinealkylammonium alkyl- phosphonates -{C3HgNgR}*" OP(O)(X)
(OR) (X=H, CHj; R=CH;; C;Hs) and 24,6-triamino-1,3,5-triazineammonium dimethy!
phosphate were synthesized (X=OCH3; R=CH3). When R=CH3 these salts decompose evolv-
ing carbene “CH,” and convert into the corresponding ammonium salts
{C3H;Ng}"OP(O)(X)(OR). It has been established that when X=0CHj and R=CH; alky-
lammonium salts quantitatively convert into the corresponding ammonium salts. It has been
assumed that the low basicity of the amino groups of the monoalkylated melamine is the rea-
son to obtain only monoalkylated products.

Keywords: dialkyl phosphonates; alkyldialkyl phosphonates; trialkyl phosphates; triazine;
alkylation

INTRODUCTION

The present paper represents a continuation of our investigation on the
interaction between amines with esters of phosphonic (1-4) and phospho-
rus (5) acids. Our interest in melamine in based on the fact that melamine
and its derivatives are important compounds having various biological
activity (6,7). It has been shown that when melamine reacts with dialkyl
phosphonates taken in manifold excess the result is a monoalkylated prod-
uct(8).

This paper reports on the synthesis of alkylammonium salts of melamine
and alkyl esters of phosphonic and dialkyl esters of phosphorus acids as
well as their decomposition to the corresonding ammonium salts.
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EXPERIMENTAL PART

Starting materials: dimethyl phosphonate, diethyl phosphonate, dimethyl-
methyl phosphonate, trimethyl phosphate (Fluka) were distilled under vac-
uum; 2,4,6-triamino-1,3,5-triazine (melamine) used as obtained from
Fluka.

The numerical assignments of the reaction products are shown in
scheme 1.

R
N o
EHZ Eﬂz OP(ORY0)X NH3 OP(ORKO)X
/N 7 A
N \N N N N N
HaN-C NH2 + b (RORP(0)X ~—3» HaN-C NH; R-CH3 HaN-C NH;
2Hy \//C- 2 + b(RORP(O). 2 \//c-z_" - \//c
2 CHp N
1 3 4
22 X = H; R=CH3 3aX=H; R=CH3
2b X =H; R=CaHg 3b X =H; R=CaHg 48 X =H; R=CH3;
2¢ X =CH3; R=CH3 3¢ X = CH3; R=CH3 4c X = CHjy ; R=CH3
2d X = OCHjy; R=CH3 3¢ X =0CH3; R=CH3 4d X= OCH3 ; R=CH3
SCHEME 1

Mono-2,4,6-triamino-1,3,5-triazinemethylammonium monomethyl
phosphonate — 3a and mono-2,4,6-triamino-1,3,5-triazineammonium
monomethyl phosphonate — 4a

1. 9 g (0.015 mol) 2,4,6-triamino-1,3,5-triazine and 24.8 g (0.225 mol)
dimethyl phosphonate were mixed in a two neck flask equipped with a
stirrer and reflux condensor. The reaction proceeded at 100°C for 100 hrs.
Then the mixture was filtered. The solid phase was washed several times
with diethy! ether and dried at 30°C. The product is a mixture of 3a
(42.4%)*and 3d (57.6%)*. Yield 3.4 g, 96%. 'H NMR (250 MHz)
(DMSO0) 6=3.33 ppm, d, 3I(POCH)=11.7 Hz, POCH3, 3H; 3.31 ppm, s,
N-CH;, 3H; 6.56 ppm, d, 1J(PH)=614.5 Hz, PH, 1H ; 7.4]1 pmm, s, NH,,
2H; 8.18 ppm, s, NH,, 4H. *'p NMR (DMSO) $=4.79 ppm, dq,
1J(PH)=588.9 Hz, 3J(POCH)= 11.9 Hz; 13C NMR (DMSO) §=32.3 ppm,
N-CHj; 50.1 ppm, POCHj3; 157.4 and 163.4 ppm; C,, C4 and Cgcarbon
atoms of 2,4,6-triamino-1,3,5-triazine.
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Mono-2,4,6-triamino-1,3,5-triazineethylammonium monoethy!
phosphonate — 3b

1.9 g (0.015 mol) 2,4,6-triamino-1,3,5-triazine and 31.07g (0.225 mol)
diethyl phosphonate were mixed in a two neck flask equipped with a stir-
rer and reflux condensor. The reaction proceeded at 100°C for 80 hrs.
Then the mixture was filtered. The solid phase was washed several times
with diethyl ether and dried at 30°C. Yield 29 g, 73%. 'H NMR (250
MHz) (DMSO) 0&=1.11 ppm, t, 3J(HH)=4.9 Hz, POCH,CH; and
NCH,CHj3, 6H; 3.71-3.80 ppm, m, POCH,CHj; and NCH,CH3, 4H; 3.81-
4.02 ppm (b.s), NH,, 6H; 6.58 ppm, d, 1J(PH)=589.0 Hz, PH, 1H; 3p
NMR (DMSO) 8=4.78 ppm, dt, 1J(PH)=597.7 Hz; '3C NMR (DMSO)
8=16.0 ppm, NCH,CH,. 18.4 ppm, POCH,CH3; 63.2 ppm, POCH,CHj3;
45.2 ppm NCH,CHj; 155.4 and 161.4 ppm C,, C4 and Cg4 carbon atoms of
2,4,6-triamino-1,3,5-triazine.

Mono-2,4,6-triamino-1,3,5-triazinemethylammonium
methyl-monomethylphosphonate-3c and mono-2,4,6-triamino-
1,3,5-triazineammonium monomethylphosphonate — 4a

1.9 ¢ (0.015 mol) 2,4,6-triamino-1,3,5-triazine and 27.9 g (0.225 mol)
dimethylmethyl phosphonate were mixed in a two neck flask equipped
with a stirrer and reflux condensor. The reaction proceeded at 100°C for
80 hrs. Then the mixture was filtered. The solid phase was washed several
times with diethyl ether and dried at 30°C. The product is a mixture of 3¢
(39%)* and 4c (61%)*. Yield 3.5 g, 91%. 'H NMR (250 MHz) (DMSO)
6=096 ppm, d, 2J(POCH)=159 Hz, P-CH3, 3H; 3.31 ppm, d
3J(POCH)=10.4 Hz, 3H, P-OCHj3; 3.35 ppm, s, N-CH,, 3H; 7.38 ppm, s,
NH,, 2H; 8.24 ppm, s, NH,, 4H. *'P{!H} NMR (DMSO) 8=28.9 ppm,
13C NMR (DMSO) 8=13.9 ppm, P-CHj; 35,4 ppm, N-CH3; 51.5 P-OCH3;
153.4 and 160.4 ppm; C,, C4 and Cq carbon atoms of 2,4,6-triamino-1,
3,5-triazine.

Mono-2,4,6-triamino-1,3,5-triazinemethylammonium
dimethylphosphate — 4d

1.9 g (0.015 mol) 2,4,6-triamino-1,3,5-triazine and 31.5 g (0.225 mol) tri-
methyl phosphate were mixed in a two neck flask equipped with a stirrer
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and reflux condensor. The reaction proceeded at 100°C for 100 hrs. The
mixture homogenizes after 54 hrs of heating. After being treated with die-
thyl ether the mixture forms two phases soluble and insolble in diethyl
ether. Then the products were dried at 30°C. The insoluble product in die-
thyl ether is mono-2,4,6-triamino-1,3,5-triazinemethylammonium dime-
thyl phosphate-4d. 'H NMR (250 MHz) (DMSO) 8=3.49 ppm, d,
3J(POCH)=10.9 Hz, P-OCH3, 6H; 4.204.45 pmm, m (b.s), NH,, 7H;
3p{lH} NMR (DMSO) 8=2.89 ppm, '*C NMR (DMSO) §=55.7
P-OCH3; 153.4 and 165.4 ppm; C,, C4 and C¢ carbon atoms of 2,4,6-tri-
amino-1,3,5-triazine.

RESULTS AND DISCUSSION

The existence of a partial positive charge of a-carbon atoms from alkyloxy
groups of alkyl esters of phosphonic and phosphorous acids and the exper-
imentally found fact that the nucleophilic nitrogen atom from amino com-
pounds prefers to attack this electrophilic center (1) determine the
possibility an interaction between 2.4,6-triamino-1,3,5-triazine 1 and
dialky! esters of phosphonic and phosphorous acids 2 (Scheme 1). Two
phases — solid insoluble in diethyl ether and liquid soluble in diethyl ether
were isolated after treating with diethy] ether the reaction mixture obtained
by the interaction between dimethyl phosphonate 2a and 24,6-tri-
amino-1,3,5-triazine 1, in excess of dimethyl phosphonate. A signal at
6=3.31 ppm, singlet, appears in 'H-NMR spectrum of the solid phase. It
can be assigned to N*-CHj; group formed as a result from the alkylation of
melamine by dimethyl phosphonate. The salt structure of 3a has been
proved by 3lp NMR spectrum (Fig. 1). The chemical shift for the phos-
phorous atom is doublet of quartets at 8=4.79 ppm with a spin-spin inter-
action constant 3J(POC)=11.91 Hz characteristic for P-OCH3 protons.
That doubtlessly means that phosphorous atom is bound only to single
OCH3 group and with 1J(PH)=585.4 Hz typical of a phosphorus atom
bound to a negatively charged oxygen atom (2). The negative charge of the
oxygen atom determines the shift: (i) of the signal for P-OCHj; protons in
'H NMR spectrum to a stronger field from 3.41ppm for dimethyl phos-
phonate to 3.33 ppm for product 3a; (ii) of the signal for P-OCH; for the
carbon atoms in 3C NMR spectrum from 51.07 ppm for dimethyl phos-
phonate to 50.1 ppm for 3a. This salt represents 2.4,6-triamino-1,3,5-tri-
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azine methylammonium monomethyl phosphonate 3a. The ratio between
the integral intensities for P-OCH3 and N*CH3 protons in alkylated mela-
mine should be 1:1. 'H NMR spectral data show that the ratio is 1:0.57,
i.e. the integral intensity for N*CHj is rather lower than the theoretical.
That means salt 3a is unstable and decomposes under the reaction condi-
tions to salt 4a. This result confirms our finding that methylammonium
salts of phosphonic(4) and phosphorus (5) acids are unstable and decom-
pose to the corresponding salts by a carbene “CH,” cleavage reaction.
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FIGURE 1 3P NMR spectrum of 2,4,6-triamino-1,3,5-thazinemethyl ammonium monome-
thyl phosphonate

When 2,4,6-triamino-1,3,5-triazine was reacted with diethyl phospho-
nate the isolated product was mono-2,4,6-triamino-1,3,5-triazineethylam-
monjum monoethylphosphonate 3b. The chemical shift for the
phosphorous atom is doublet of triplets at 8=4.25 ppm. The results
obtained demonstrate that the salt 3b is stable under the reaction condi-
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tions and does not change. It has been established that these salts evolve
ethylene undergoing Hofmann elimination at temperatures higher than
140°C (3).

It has been established that the reaction of melamine with methyl
dimethylphosphonate or with trimethyl phosphate also result in
monoalkylated products 3¢ and 4d. The structure of the products has been
proved by 'H 13C and 3'P NMR spectroscopy. In both cases the signal for
P-OCHj; protons in product 3¢ (3.31 ppm) and 4d (3.49 ppm) is shifted to
a stronger field if compared to dimethyl methylphosphonate (3.76 ppm)
and trimethyl phosphate (3.69 ppm). This fact proves the salt structure of
both products. It should be pointed out that only in the case of trimethyl
phosphate the product at the first stage of the reaction 3d quantitatively
converts into the 4d. The explanation might be in the fact that only at reac-
tions between 2,4,6-triamino-1,3,5-triazine and trimethyl phosphate the
reaction mixture homogenizes after heating for 54 hours. This favours the
transformation of alkylammonium salts into ammonium salts since in
solution the positive charge of nitrogen atom has greater influence upon
the mobility of hydrogen atoms of the methyl group, bound to the nitrogen
atom, than in the case when the alkylammonium salts are solid. In solid
state alkylammonium salts exist as ion pairs and the influence of the posi-
tive charge upon the mobility of hydrogen atoms of the methyl group,
bound to the nitrogen atom, will be smaller as the positive charge will be
balanceed by the negative one. In solution they can exist as free ions. Then
a proton can be cleaved from monoalkyphosphonate or dialkylphospho-
nate anion, leading to the formation of an unstable alkylammonium salt
which decomposes to carbene and amine (4).

To obtain only monoalkylated products is an unexpected result from the
reaction between 2,4,6-triamino-1,3,5-triazine and dialkyl esters of phos-
phonic acid and trialkyl esters of phosphorus acid in manifold excess of
the esters since there are three primary amino groups in 2,4,6-tri-
amino-1,3,5-triazine. This could be explained by the influence of the
alkylated amino group upon the basicity of remaining amino groups of the
melamine. W. Feldmann (9) has found that when melamine reacts with
phosphorous acid in molar ratio 1:2 only one molecule of phosphorus acid
is strongly bound to melamine. The second molecule is easily eliminated
under the influence of water, ethanol or melamine even at room tempera-
ture. The results are well illustrated by K,;=1.26.10-9 and K,,=1.58.10-
14 (10) values for melamine. Obviously, the second amino group is a
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much weaker base in comparison with the first one. Therefore melamine
forms a weak bond with the second molecule of the acid. The higher acid-
ity of monoalkylated esters (R=CHj3; C;Hs) of phosphonic acid than that
of phosphorus acid (Table I) is obviously not sufficient enough for the for-
mation of stable dialkylated products.

TABLE I pK values for the phosphorus-containing compounds discussed in this paper

Compound pK Compound pK;
HP(O) (OH), 1.42%;15° OP(OH), 197349 12¢
HP(O) (OCH;)OH 0.812 OP(OCH5),0H 1.29¢;0.76°
HP(0)(OC,H5)OH 0.9°

*Reference 11.
bReference 12.
‘Reference 13.
Reference 14.
‘Reference 15.

The achieved results show that the reaction between melamine and
dialkyl esters of phosphonic acid and trialkyl esters of phosphorus acid is
realized only by one amino group from melamine. The existence of a posi-
tive charge of nitrogen atom from the monoalkylated product determines
the lowered basicity of the remaining melamine amino groups which does
not allow the formation of stable di- and trialkylated products.
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