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The crystal structure of three derivatives of 2,4-dimethoxy-

1,3,5-triazine are described. In 4-(4,6-dimethoxy-1,3,5-triazin-

2-yl)morpholine, C9H14N4O3, the morpholine moiety adopts a

chair conformation, and the dimethoxytriazine molecule

adopts a butter¯y conformation with respect to the two

methoxy groups. In 3-(4,6-dimethoxy-1,3,5-triazin-2-yloxy)-2-

methylphenol, C12H13N3O4, the dimethoxytriazine moiety

adopts a propeller conformation with respect to the methoxy

groups, and the molecules form dimers held together by OÐ

H� � �N hydrogen bonds. 4-(4,6-Dimethoxy-1,3,5-triazin-2-yl-

oxy)phenyl phenyl ketone, C18H15N3O4, crystallizes with two

crystallographically independent molecules in the asymmetric

unit. The two molecules adopt different conformations with

respect to the geometric relations between the phenyl ketone

and triazine moieties.

Comment

The title compounds, viz. 4-(4,6-dimethoxy-1,3,5-triazin-2-

yl)morpholine, (I), 3-(4,6-dimethoxy-1,3,5-triazin-2-yloxy)-2-

methylphenol, (II), and 4-(4,6-dimethoxy-1,3,5-triazin-2-yl-

oxy)phenyl phenyl ketone, (III), have been prepared and

studied in order to examine their potential ability to undergo

methyl rearrangement in the solid or liquid state (Kaftory &

Handelsman-Benory, 1994; Handelsman-Benory et al., 2000;

Greenberg et al., 2001; Kaftory et al., 2001; Kaftory, 2002). We

investigate here the structures of the three compounds, none

of which undergo solid-state rearrangement.

The 4,6-dimethoxy-1,3,5-triazine moiety is common to the

three compounds. Comparison of the external-ring bond

angles at the two methoxy groups (Table 1) shows that they

are strongly affected by the bulky methyl group, so that the

bond angle at the same side as the methyl group is larger by

5±8� than the bond angle at the opposite side. A similar steric

effect is also observed at the external-ring bond angle at atom

C1 in each of the three structures, where the substituents are

larger groups than methyl (Table 1). These two bond angles

are practically equal when the substituent is morpholine [i.e. in

(I)], because the molecule has a pseudo-mirror symmetry

(Fig. 1), but the difference between the angles is�7.7� in (III).

The molecules in (I) are packed in pairs that consist of two

molecules related by an inversion center. Translation of pairs

of molecules along the a axis forms columns, with each of the

columns surrounded by four neighboring columns.

Molecules of (II) (Fig. 2) are packed as dimers formed

via OÐH� � �N hydrogen bonds [O4� � �N1 = 3.028 (2) AÊ and

O4ÐH4O� � �N1 = 172�; Fig. 3]. The phenyl ring is almost

perpendicular to the triazine moiety [C1ÐO3ÐC6Ð

C11 = ÿ98.1 (2)�]. The molecules of (II) are packed in such a

way that the triazine planes of two neighboring molecules and

the phenyl planes of two neighboring molecules are arranged

face-to-face.

Compound (III) crystallizes with two crystallographically

non-equivalent molecules that adopt completely different
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Figure 2
The molecular structure of (II). Displacement ellipsoids for non-H atoms
are drawn at the 50% probability level and H atoms are shown as circles
of arbitrary radii.

Figure 1
The molecular structure of (I). Displacement ellipsoids for non-H atoms
are drawn at the 50% probability level and H atoms are shown as circles
of arbitrary radii.
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conformations (Figs. 4 and 5); molecule A is rod-shaped, while

molecule B is folded. Relevant torsion angles are given in

Table 2. The molecules are stacked along the a axis.

The morpholine moiety in (I) adopts a chair conformation,

and the triazine moiety adopts a butter¯y conformation with

respect to the two methoxy groups, as was found in 2-(40-
nitroanilino)-4,6-dimethoxy-1,3,5-triazine (Taycher et al.,

2001). The same moiety in (II) and (III) adopts a propeller

conformation. The torsion angles are given in Table 2.

Experimental

Compound (I) was prepared according to the procedure described by

Kunishima and co-workers (Kunishima, Kaeachi, Iwasaki et al., 1999;

Kunishima, Kaeachi, Morita et al., 1999). Crystals suitable for X-ray

diffraction were grown from a methanol solution. For the preparation

of compound (II), a solution (10 mmol) of sodium hydroxide (0.2 g,

5 mmol) in methanol was heated to 313 K. A solution of 2,20-
(2-methyl-1,3-phenylenedioxy)bis(4,6-dichloro-1,3,5-triazine) (0.84 g,

2 mmol) in tetrahydrofuran (10 ml) was added and the resulting

mixture was re¯uxed at 353 K for 1.5 h. The mixture was diluted with

water (20 ml), and the solution was treated with ether (15 ml) in

order to extract the product. The solution was dried over MgSO4 and

the resulting mixture was allowed to stand for 2 h. The ether extract

was ®ltered and concentrated to dryness in vacuo, and the product

was obtained in 96% yield. Crystals suitable for X-ray diffraction

were grown from a solution (1:1) of ethyl acetate and methanol.

Compound (III) was prepared according to the procedure described

by Yonehara et al. (1994). Crystals suitable for X-ray diffraction were

grown from a mixture (1:1) of methanol and methylene chloride.

Compound (I)

Crystal data

C9H14N4O3

Mr = 226.24
Monoclinic, P21=n
a = 10.244 (2) AÊ

b = 9.208 (3) AÊ

c = 11.615 (3) AÊ

� = 99.70 (3)�

V = 1079.9 (5) AÊ 3

Z = 4

Dx = 1.391 Mg mÿ3

Mo K� radiation
Cell parameters from 2944

re¯ections
� = 2.5±25.0�

� = 0.11 mmÿ1

T = 293 (2) K
Needle, colorless
0.33 � 0.15 � 0.12 mm

Figure 5
The molecular structure of (III) (molecule B). Displacement ellipsoids
for non-H atoms are drawn at the 50% probability level and H atoms are
shown as circles of arbitrary radii.

Figure 4
The molecular structure of (III) (molecule A). Displacement ellipsoids
for non-H atoms are drawn at the 50% probability level and H atoms are
shown as circles of arbitrary radii.

Figure 3
The structure of dimers of (II). Displacement ellipsoids for non-H atoms
are drawn at the 50% probability level and H atoms are shown as circles
of arbitrary radii. [Symmetry code: (i) 1ÿ x, 1ÿ y, 1ÿ z.]



Data collection

Nonius KappaCCD diffractometer
' scans
2944 measured re¯ections
1799 independent re¯ections
883 re¯ections with I > 2�(I )

Rint = 0.060
�max = 25.0�

h = ÿ12! 11
k = ÿ9! 10
l = ÿ13! 13

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.063
wR(F 2) = 0.159
S = 0.98
1799 re¯ections
147 parameters

H-atom parameters constrained
w = 1/[�2(F 2

o) + (0.0596P)2]
where P = (F 2

o + 2F 2
c )/3

(�/�)max = 0.001
��max = 0.16 e AÊ ÿ3

��min = ÿ0.15 e AÊ ÿ3

Compound (II)

Crystal data

C12H13N3O4

Mr = 263.25
Triclinic, P1
a = 7.386 (2) AÊ

b = 9.718 (2) AÊ

c = 9.868 (2) AÊ

� = 108.73 (2)�

� = 93.36 (2)�

 = 109.67 (2)�

V = 620.5 (3) AÊ 3

Z = 2
Dx = 1.409 Mg mÿ3

Mo K� radiation
Cell parameters from 2195

re¯ections
� = 2.2±25.1�

� = 0.11 mmÿ1

T = 293 (2) K
Plate, colorless
0.45 � 0.30 � 0.12 mm

Data collection

Nonius KappaCCD diffractometer
' scans
2195 measured re¯ections
2195 independent re¯ections
1496 re¯ections with I > 2�(I )

�max = 25.1�

h = 0! 8
k = ÿ11! 10
l = ÿ11! 11

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.042
wR(F 2) = 0.129
S = 1.03
2195 re¯ections
180 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(F 2
o) + (0.0796P)2]

where P = (F 2
o + 2F 2

c )/3
(�/�)max = 0.033
��max = 0.20 e AÊ ÿ3

��min = ÿ0.18 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.147 (19)

Compound (III)

Crystal data

C18H15N3O4

Mr = 337.33
Monoclinic, C2=c
a = 32.610 (6) AÊ

b = 13.757 (3) AÊ

c = 15.904 (3) AÊ

� = 111.56 (2)�

V = 6636 (2) AÊ 3

Z = 16

Dx = 1.351 Mg mÿ3

Mo K� radiation
Cell parameters from 11 206

re¯ections
� = 1.3±25.1�

� = 0.10 mmÿ1

T = 293 (2) K
Prism, colorless
0.60 � 0.30 � 0.27 mm

Data collection

Nonius KappaCCD diffractometer
' scans
11 206 measured re¯ections
5860 independent re¯ections
3022 re¯ections with I > 2�(I )

Rint = 0.028
�max = 25.1�

h = ÿ38! 38
k = ÿ16! 15
l = ÿ18! 18

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.039
wR(F 2) = 0.100
S = 0.85
5860 re¯ections
456 parameters
H-atom parameters constrained

w = 1/[�2(F 2
o) + (0.0566P)2]

where P = (F 2
o + 2F 2

c )/3
(�/�)max = 0.001
��max = 0.17 e AÊ ÿ3

��min = ÿ0.14 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0043 (3)

H atoms were located from difference Fourier maps. The position

of the hydroxy H atom in (II) was re®ned freely. All other H atoms

were constrained to ride on their parent atoms.

For all compounds, data collection: COLLECT (Nonius, 1998); cell

re®nement: DENZO±SMN (Otwinowski & Minor, 1997); data

reduction: DENZO±SMN; structure solution: SHELXS97 (Sheldrick,

1997); structure re®nement: SHELXL97 (Sheldrick, 1997); molecular

graphics: ORTEP-3 for Windows (Farrugia, 1997).

This research was supported by the Technion Fund for the

Promotion of Research at the Technion.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: AV1155). Services for accessing these data are
described at the back of the journal.
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Table 1
Comparison of selected bond angles (�).

(I) (II) (IIIA) (IIIB)

O1ÐC2ÐN3 113.3 (3) 113.8 (2) 113.7 (2) 113.0 (2)
O2ÐC3ÐN3 113.7 (3) 119.7 (2) 119.4 (2) 120.1 (2)
O1ÐC2ÐN2 118.7 (3) 119.1 (2) 119.1 (2) 119.5 (2)
O2ÐC3ÐN1 118.1 (3) 112.8 (2) 113.0 (2) 112.3 (2)
N2ÐC1ÐC4 117.6 (3) 111.8 (2) 118.8 (2) 112.0 (2)
N1ÐC1ÐC4 117.8 (3) 120.5 (2) ± ±
N2ÐC1ÐO3 ± ± 118.8 (2) 112.0 (2)
N1ÐC1ÐO3 ± ± 112.6 (2) 119.7 (2)

Table 2
Comparison of selected torsion angles (�).

(I) (II) (IIIA) (IIIB)

N2ÐC2ÐO1ÐC4 ÿ2.3 (4) 175.7 (2) 3.8 (2) ÿ4.7 (2)
N1ÐC3ÐO2ÐC5 ÿ2.7 (5) 1.0 (2) ÿ176.5 (2) 178.5 (2)
N1ÐC1ÐN4ÐC9 0.3 (5) ± ± ±
(N1ÐC1ÐO3ÐC6) ± 3.5 (2) 169.6 (2) ÿ0.9 (3)
C1ÐO3ÐC6ÐC11 ± ÿ98.1 (2) 140.5 (2) 59.4 (3)


