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Table 1. Atom coordinates and temperature factors

(A?) for (1) and (2)
x y z U*

(0]

N 0-1507 (1) 0-3182 (1) 0-1029 (1) 0-054 (1)
C(2) 0-1967 (1) 0-4299 (2) 0-1390 (1) 0-046 (1)
N@3) 0-2815 (1) 0-5076 (2) 0-1109 (1) 0-050 (1)
C(4) 0-2590 (1) 0-6038 (2) 0-0591 (1) 0-048 (1)
S(5) 0-1187 (1) 0-6514 (1) 00232 (1) 0-057 (1)
C(6) 0-1306 (2) 0-7947 (2) —0-0427 (1) 0-082 (1)
N 0-1686 (1) 0-4661 (1) 0-2103 (1) 0-049 (1)
C(8) 0-0933 (2) 0-3781 (2) 02516 (1) 0-060 (1)
c9 02045 (1) 0-6001 (2) 0-2472 (1) 0-054 (1)
C(10) 0-1845 (2) 0-2767 (2) 0-0350 (1) 0062 (1)
N(11) 0-2060 (2) 0-2284 (2) -0-0231 (1) 0093 (1)
S(12) 0-3681 (1) 0-6949 (1) 00220 (1) 0-071 (1)
C(13) 0-4915 (2) 06233 (3) 0-0814 (1) 0-086 (1)
C(81) -0-0231 (1) 0-4401 (2) 0-2524 (1) 0-050 (1)
C(82) —0-0853 (2) 04924 (2) 0-1839 (1) 0062 (1)
C(83) —0-1945 (2) 0-5426 (2) 0-1840 (1) 0072 (1)
C(84) —0-2426 (2) 0-5409 (2) 0-2535 (2) 0-078 (1)
C(85) -0-1812 (2) 0-4913 (2) 0-3225 (1) 0075 (1)
C(86) —0-0726 (2) 0-4410 (2) 0-3220 (1) 0-062 (1)
Ccon 03232 (1) 0-6041 (2) 0-2918 (1) 0-052 (1)
C(92) 03920 (2) 0-7155 (2) 02829 (1) 0-075 (1)
C(93) 0-4983 (2) 0-7281 (3) 0-3273 (2) 0-097 (1)
C(94) 05363 (2) 06283 (3) 0-3804 (2) 0-099 (1)
C(95) 0-4697 (2) 0-5171 (3) 0-3900 (2) o110 (1)
C(96) 0-3629 (2) 0-5038 (2) 0-3462 (1) 0-084 (1)
2)

N(1I) 10338 (1) 0-9095 (1) 0-1943 (1) 0-035(1)
Q) 10973 (2) 10073 (1) 0-2726 (2) 0-032 (1)
N(@3) 1-2397 (1) 1:0017 (1) 0-3485 (1) 0037 (1)
(o] 13187 (2) 09033 (1) 0-3642 (2) 0-031 (1)
S(5) 1-2944 (1) 0-7727 (1) 0-4471 (1) 0-041 (1)
C(6) 1-1507 (2) 0-8101 (2) 0-5082 (2) 0052 (1)
N7 1:0274 (2) 11063 (1) 0-2809 (2) 0044 (1)
N(8) 1-4345 (1) 09041 (1) 0-3296 (1) 0033 (1)
c9) 1-5464 (2) 08101 (2) 0-3603 (2) 0-044 (1)
C(10) 16593 (2) 0-8587 (2) 0-3061 (2) 0-057 (1)
c((1n 1-5795 (2) 09510 (2) 0:1986 (2) 0-057 (1)
C(12) 1-4679 (2) 1-0031 (1) 02517 (2) 0-041 (1)
N(13) 0-8985 (1) 0-9182 (1) 00975 (1) 0-036 (1)
o4 0-8396 (1) 0-8233 (1) 0-0444 (1) 0-054 (1)
0o(15) 0-8326 (1) 1-0129 (1) 0-0562 (1) 0055 (1)

* Equivalent isotropic U defined as one third of the trace of the orthogo-
nalized U, tensor.

—NO, and especially a better electron donor
—NC,Hg, with the consequence that structures
having a double bond between C(2) and N(3) and a
single bond between N(3) and C(4) are enhanced
relative to (1). The large out-of-plane twist about
N(@B3)—C(4) in (2) is in the range found for other

s
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Table 2. Bond lengths (A) for (1) and (2)
1)
N(1)—C(2) 11315 (2) N(1)—C(10) 1327 (3)
CQ2)—N(@) 1-385 (2) C(2—N(7) 1-340 (2)
N@3)y—C@) 1-275 (2) C(4)—S(5) 1-752 (2)
C@)y—S(12) 1745 (2) S(5)—C(6) 1-788 (2)
N(7)—C(8) 1-471 (2) N(7—C(9) 1-467 (2)
C(8—C(81) 1-:505 (3) C(9)—C1) 1-505 (2)
C(10)—N(11) 1-145 (3) S(12)—C(13) 1796 (2)
C(81)—C(82) 1-381 (2) C(81)—C(86) 1-382 (3)
C(82)—C(83) 1382 (3) C(83)—C(84) 1372 (3)
C(84)—C(85) 1-376 (3) C(85)—C(86) 1-375 3)
C(91)—C(92) 1-365 (3) C(91)—C(96) 1-370 (3)
C(92)—C(93) 1-383 (3) C(93—C(%%) 1-348 (4)
C(94)—C(95) 1-350 (4) C(95)—C(96) 1-384 (3)
2
N()—C(@2) 1371 (2) N(1)—N(13) 1333 (2)
C@2)—N(@3) 1324 (2) C(2)—N(7) 11332 (2)
N@3)>—C4) 1-331 (2) C(4—S(5) 1-762 (2)
C(4)—N(8) 1307 2) S(5)—C(6) 1-789 (3)
N(@8)—C9) 1477 (2) N@)—C(12) 1-478 (2)
C(9)—C(10) 1-511 (3) C(10y—C(11) 1-507 (3)
C(11)—C(12) 1507 (3) N(13)—0(14) 1-244 (2)
N(13—0(15) 1242 (2)
sterically hindered push-pull systems (Gilardi,

Flippen-Anderson & George, 1989).

H atoms H(7a) and H(7b) in (2) were refined with
N--H and H--H distances constrained to 0-96 and
1663 A. The distance O(15)-+-H(7a) 1987 (13) A
indicates a hydrogen bond, with bond angle at H(7a)
120-0 (8)°.

The Nicolet R3m/E crystallographic system was
purchased with an instrument grant to Brown
University from the National Science Foundation
(CHE-8206423).
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Abstract. (I)  4-Methyl-6-phenyl-1,2,3-triazine,
CioHoN;, M,=171-2, monoclinic, P2,/c, a=
10-684 (1), b=13755(1), c=6074(1)A, B=

0108-2701/90/112177-05$03.00

103-28 (1)°, U=2868-8(2)A%>, Z=4, D,=
1-309 Mg m~3, u =0-667 mm ™!, F(000) =360, final
R =0-055 for 909 reflexions. (II) 4-Phenylcyclohexa-

© 1990 International Union of Crystallography
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CioHoNs, Ci3H3N;, CioHyN;0, CsH;N;O AND CgH,\ N,

Table 1. Details of data collection and structure refinement

(0] (In
Data collection

0] av )

055 x 0-30 x 0-55 0-30 x 0-20 x 0-40 0-45 x 0:55 x 0-15

20; 56-60 25; 53-56 20; 58-61

16:0 80 16:0

0-56 0-46 0-56
—=13-13 0-10 -15-15

0-12 0-13 0-9

0-8 0-7 0-6

3; 150; <30 3; 150; <30 3; 150; <30

1792 702 1316

1527 670 1083

1341 623 955

0-031 — 0-038

134 — 121

hOl: h+1%2n h00: h = 2n hOL h= 2n

h0O0: h = 2n 0k0: k = 2n H0O: h# 2n

0k0: k = 2n 00 = 2n 0kO: k = 2n

00 I+ 2n

0-050 0-057 0-058

0-062 0-050 0054

1-206 2:629 1-789

0-20 024 0-38

0-63/-0-32 0-68/—0-31 0-51/—0-40

* G =Iw{ll(EI)’ - (EYIFAN. — N}

Crystal size (mm) 0-50 x 0-45 x 0-25 040 x 0-30 x 0-55

Cell-parameter determination: 20; 59-61 20; 58-60
No. of reflexions; 8 range (°)

Scan speed (° min~") 16:0 16:0

Max. (sing)/a (A" 0-56 0-56

Range of 4 =11-11 0-12

k 0-15 0-10
0-6 0-22

Standard reflexions: No.; interval; 3; 150; < 30 3;150; <30 -
intensity variation (%)

No. of reflexions 1549 1945
independent 1293 1633
F>30(F) 909 1386

Merging R for equivalent 0-036 —
reflexions 140 -

Systematic absences hOL |+ 2n Okl: I # 2n

0KO: k = 2n hOL: h#2n

00k I+ 2n hKO: k # 2n
h0O0: h = 2n
0kO: k # 2n
007 [ # 2n

Refinement

R 0-055 0047

wR 0-060 0-050

G* 1-534 1-679

(A )aux 015 0-20

AP/ Bpin (€ A7) 0-41/-0-22 0-40/—0-26

[d[1,2,3]triazine, C;3H;3N;, M,=211-3, ortho-

rhombic, Pcab, a=11224(1), b=9-817(2), c=
19939 () A, U=21971(3)A3, Z=8, D,=
1277 Mg m~3, p =0:629 mm ™', F(000) = 896, final
R=0-047 for 1386 reflexions. (III) 4-Methyl-6-
phenyl-1,2 3-triazine 2-oxide, C,(H;N;O, M,=
1872, monoclinic, P2,/n, a=11-486(2), b=
10-897 (1), ¢=7235)A, B=10069(2)°, U=
8899 (3) A% Z=4, D,=1397Mgm™3, pu=
0-788 mm ™!, F(000) = 392, final R =0-050 for 1341
reflexions. (IV) 4,6-Dimethyl-1,2,3-triazine 2-oxide,
CsH;N;0, M, =125-1, orthorhombic, P2,2,2,, a=
8932(1), b=11743(1), c=6073(D)A, U=
6371 () A3 Z=4, D.=1305Mgm=3, pu=
0-812 mm ™!, F000) =264, final R=0-057 for 623
reflexions. (V) 4,5,6-Trimethyl-1,2,3-triazin-2-imine,

CsHoNs, M,=138-1, monoclinic, P2,/a, a=
14211 (1), 5=8477(1), c¢=619()A, B=
100-79 (1)°, U=732501) A3, Z =4, D, =

1253 Mg m™>, p = 0-687 mm ™!, F(000) = 296, final
R=10-058 for 955 reflexions. A(Cu Ka;) =1-5405 A
and T=293K for all five determinations. Of the
N-=N distances in the N(2)-substituted 1,2,3-triazines
({II), AV) and (V), the largest differences are
observed for (V) (0-039 and 0-035A longer than
those found in unsubstituted 1,2,3-triazine). Larger
N(1)>—N(2)—N(3) angles of 126-1 (1) (III), 126:3 (2)
(IV) and 124-4(3)° (V) than 122-:3(2) (I) and
121-8 (1)° (II) are observed. The bond distances in
the N(2)-oxides (N —O7) and N(2)-imine
(N*—NH") are 1-247 (2) (1II), 1-251 (4) (IV) and
1-286 (5) A (V), respectively. The torsion angles
between the triazine rings and their phenyl rings are
17-1 (3) (I), 44-2 (3) (AT) and 7-4 (3)° (II).

Introduction. 1,2,3-Triazines, one of the basic
azabenzenes, which are the least studied class when
compared with the other two possible triazine ring
systems, have attracted considerable interest
(Neunhoeffer, 1978). In the course of our work on
the chemistry of 1,2,3-triazines, various derivatives
have been synthesized including unsubstituted 1,2,3-
triazine (Ohsawa, Arai, Ohnishi & Igeta, 1981;
Ohsawa, Kaihoh, Itoh, Okada, Kawabata,
Yamaguchi & Igeta, 1988). Five 1,2,3-triazine deriva-
tives including an N(2)-imine (Ohsawa, Arai,
Ohnishi, Itoh, Yamaguchi, Kaihoh, Kawabata &
Igeta, 1988) and N(2)-oxides (Ohsawa, Arai,
Ohnishi, Kaihoh, Yamaguchi, Igeta & litaka, 1986)
were subjected to X-ray crystallographic analysis, in
order to investigate structural properties of the 1,2,3-
triazine ring system.

Ry

Ry / Ry
N L
N
N
!
(I) R,=Me, R,=H, R;=Ph
(I) Ri—R,=(CH,),, R;=Ph
(II) Ry=Me, R,=H, Ry=Ph, X=0"

(V) R,=R;=Me, R,=H, X=0"
(V) Ri=R,=R,=Me, X=NH"

Experimental. Preparation and physical properties of
@), (1), (IV) and (V) are given by Ohsawa et al.
(1981, 1986), Ohsawa, Arai et al. (1988) and Ohsawa,
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Kaihoh er al. (1988). (II) was obtained by N-
amination of the corresponding aminopyrazole and
successive oxidation, using identical procedures as
described in the above reports. Details of data collec-
tion and refinement are listed in Table 1. Intensity
data were collected with a Rigaku AFCS diffractom-
eter; graphite-monochromated Cu Ka, radiation;
0-26 scan method; (1-3 +0-41tanf)° scan width;
intensities were corrected for Lorentz and polari-
zation factors, absorption correction was not
applied. Structures were solved using program pack-
age SAPIR5 (Yao, Zheng, Qian, Han, Gu & Fan,
1985) version of MULTAN80 (Main, Fiske, Hull,
Lessinger, Germain, Declercq & Woolfson, 1980).
Refinement was carried out by the full-matrix least-
squares method with anisotropic thermal parameters
for non-H atoms; the function minimized was
Swll(F)’ - (EDIF  with w= 1[o*(E) +
0-02(F,)’], o(F,) was determined from counting sta-
tistics; all H atoms were located from the difference
maps and theoretical calculations, the initial thermal
parameters were set at the equivalent isotropic
thermal parameters of the bonded atoms. All cal-
culations were performed using a PANAFACOM
computer with the RCRYSTAN (Rigaku Corpora-
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tion, 1985) X-ray analysis program system. Atomic
scattering factors were those from International
Tables for X-ray Crystallography (1974).

Discussion. Final atomic parameters for compounds
(I)«(V) are listed in Table 2. Selected bond lengths
and angles are listed in Table 3. Fig. 1 shows
ORTEP drawings (Johnson, 1965) of molecules
(D~(V), Fig. 2 gives the crystal structures.* In (I), the
bond lengths and angles of the triazine ring are
consistent with those found in unsubstituted 1,2,3-
triazine (Yamaguchi, Ohsawa, Arai, Ohnishi, Igeta &
litaka, 1983). The N-~N and N-=C bond lengths are
close to the respective lengths in 1,2,3-triazine
[1:313 (4) and 1322 (4) A for N-=N, 1-339 (5) and
1-344 (5) A for N-C). The consistency in these bond
lengths is also found in (II). However, differences in
the NN lengths are found in (III), (IV) and (V).

* Lists of structure amplitudes, H-atom parameters, further
bond lengths and angles, anisotropic thermal parameters, and
deviations of atoms from the least-squares planes have been
deposited with the British Library Document Supply Centre as
Supplementary Publication No. SUP 53020 (20 pp.). Copies may
be obtained through The Technical Editor, International Union of
Crystallography, 5 Abbey Square, Chester CH1 2HU, England.

Fig. 1. ORTEP drawings of compounds (I) to (V).
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The largest lengthening, by 0-039 and 0-035 A from
that found in the N-free 1,2,3-triazines, is observed in
(V). It can be seen that the N(1)—N(2)—N(3) angles
for (IIT), (IV) and (V) are large compared with those
for I) and (II). N(2)—N@3)—C@4) and C(6)—
N(I)—N(2) angles have the opposite tendency in
compliance with the change in the N(1)—N(2)—N(3)
angle. These differences between the N-free and
N-oxide or N-imine compounds possibly point to an
effect of back donation by the negative oxygen or

C10H9N3’ C13H13N3, C10H9N30, C5H7N3O AND C6H10N4

nitrogen system as observed in pyridine N-oxides
(Comprehensive Heterocyclic Chemistry, 1984). The
N(2)-oxides N*—O ™) and N(2)-imine N*—NH )
bond distances indicate that the contribution of the
double-bond character to these bonds is greater than
that found in pyridine N-oxides [1-33 and 1-37 A
(Ulku, Huddle & Morrow, 1971)]. The triazine rings
are planar within experimental error for each com-
pound, indicating extensive electron delocalization in
the rings. The torsion angles between the triazine and

asing

Fig. 2. Projections of the structures of compounds (I) to (V).
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Table 2. Atomic coordinates and equivalent isotropic
thermal parameters (A?)

x y z Bt
(U]
N(1) 0-3613 (2) 0-6204 (1) 0-8219 (3) 513(8)
N(2) 0-2402 (2) 0-6209 (2) 0-8369 (4) 5-98 (9)
N(3) 0-1432 (2) 0-6238 (2) 0-6558 (4) 5-50 (8)
c@4 0-1686 (2) 0-6284 (2) 0-4505 (4) 4-40 (8)
C(5) 0-2930 (2) 0-6292 (2) 0-4248 (4) 423 (8)
C(6) 0-3902 (2) 0-6240 (2) 0-6168 (4) 377 (1)
c( 0-0542 (3) 0-6311 (4) 0-2561 (6) 6-53 (14)
C(8) 0-5290 (2) 0-6215 (2) 0-6197 (4) 372(0)
[o(()] 0-5734 (2) 0-6496 (2) 0-4311 (5) 4-61 (9)
C(10) 0-7037 (2) 0-6503 (2) 0-4393 (6) 5-41 (10)
C(1n) 0-7907 (3) 06215 (2) 0-6318 (6) 5-40 (10)
C(12) 0-7476 (3) 0-5912 (2) 0-8174 (6) 5-34(10)
C(13) 06173 (2) 05912 (2) 0-8120 (5) 4-63 (9)
an
N(1) 0-5572 (1) 0-3719 (1) 0-3948 (1) 443 (5)
N@2) 0-4894 (1) 0-3171 (1) 0-4421 (1) 509 (5)
NQ3) 0-5236 (1) 0-3127 (1) 0-5057 (1) 4-59 (5)
C4) 0-6297 (1) 0-3654 (1) 0-5233 (1) 3-55(5)
C(5) 0-7044 (1) 0-4256 (1) 04770 (1) 3214
C(6) 0-6640 (1) 04249 (1) 0-4110 (1) 342 (5)
C(7) 0-6584 (2) 0-3570 (2) 0-5965 (1) 4:39 (6)
C(8) 0-7871 (2) 0-3930 (2) 0-6115 (1) 4-81(7)
C(9) 0-8224 (2) 0-5199 (2) 0-5730 (1) 477(7)
C(10) 0-8204 (2) 0-4896 (2) 0-4984 (1) 4-18 (6)
C(11) 0-7307 (1) 0-4856 (2) 0-3542 (1) 371 (5
C(12) 0-8488 (2) 0-4511 (2) 0-3425 (1) 502 (7)
C(13) 0-9095 (2) 0-5104 (3) 0-2898 (1) 630 (9)
C(14) 0-8546 (2) 0-6035 (3) 0-2490 (1) 637 (9)
C(15) 0-7370 (2) 06377 (2) 0-2597 (1) 5-58 (8)
C(16) 06755 (2) 0-5781 (2) 0-3119 (1) 4-36 (6)
(I
N(I) 0-6561 (1) 0-0127 (1) 0-3679 (2) 374 (4)
N@2) 0-7307 (1) 0-1029 (1) 0-4329 (2) 382 (4
N(@3) 0-7059 (1) 0-2231 (1) 04263 (2) 3-83 (4)
C@4) 0-5955 (1) 0-2530 (1) 0-3445 (2) 3-454)
C(5) 0-5116 (1) 0-1665 (1) 0-2716 (2) 3-44 (4)
C(6) 0-5459 (1) 0-0450 (1) 0-2864 (2) 3-06 (4)
c 0-5710 (2) 0-3870 (1) 0-3372 (4) 4-84 (6)
C(8) 0-4676 (1) -0:0599 (1) 0-2166 (2) 314 4)
(o] 0-3474 (1) —0:0424 (1) 0-1483 (2) 4-08 (5)
C(10) 0-2751 (1) —0-1411 2) 0-0858 (3) 4-68 (5)
cQn 0-3211 (2) —0-2584 (1) 0-0911 (2) 4-43 (5)
C(12) 0-4400 (2) —0-2764 (1) 0-1553 (2) 4-46 (5)
C(13) 0-5134 (1) —0-1780 (1) 0-2183 (2) 3-87 (4)
0(14) 0-8333 (1) 00729 (1) 0-5082 (2) 5-62 (4)
av)
N(I) 0-6507 (3) —0-0369 (2) 0-0547 (6) 505 (M
N(2) 0-5626 (3) 0-0442 (2) —0-0254 (6) 5-16 (8)
N(@3) 0-4803 (3) 0-0379 (2) —0-2081 (5) 490 (7)
C4) 0-4881 (3) —0-0601 (2) —0-3187 (6) 4-48 (8)
C(5) 0-5751 (4) —0-1494 (2) —0-2495 (6) 4-55 (8)
C(6) 0-6547 (4) —0-1343 (2) —0-0595 (6) 4-50 (8)
c(n 0-3924 (6) = 00657 (5) —0-5190 (8) 662 (13)
C(8) 0-7520 (6) —0-2244 (4) 00374 (11) 690 (16)
0(9) 0-5561 (4) 0-1357 (2) 0-0799 (6) 7-62 (10)
™
N(I) 0-8863 (2) 0-7174 (3) 0-0115 (4) 399 (9)
NQ) 09273 (1) 0-6323 (3) 0-1890 (4) 3-46 (8)
N(3) 1-0232 (1) 0-6134 (3) 0-2556 (4) 3-52(8)
) 1-0798 (2) 0-6809 (4) 01333 (5) 342 (9)
C(5) 1-0447 (2) 0-7684 (4) —0-0543 (5) 3-61 (10)
C(6) 0-9463 (2) 0-7829 (4) —0-1043 (5) 3-74 (10)
C() 1-1840 (2) 0-6511 (6) 0-2143 (9) 5-13 (14)
C®) 1-1101 (4) 0-8421 (7) —0-1909 (9) 5-81(17)
c9) 0-8948 (4) 0-8757 (6) —0-2983 (8) 5-69 (16)

1B = i%. %, B a*a*a, a,.

phenyl rings in (I), (II) and (I1I) are 17-1 (3), 44-2 (3)
and 7-4 (3)°, respectively. The largest value, in (II), is
ascribed to the steric hindrance resulting from the
C(5)-substituted methylene moiety. In the crystals of
(1), (I) and (III) there are no hydrogen bonds and
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Table 3. Bond lengths (A) and angles (°) in the triazine

rings
o an (I av) (02
N(1)—N() 1317(4) 13293 1330Q) 1327(4) 1352(4)
N(Q2)—N(3) 1-327(3)  1324(3) 13402 1334(5) 1357 (4)
NG)»—C(4) 13373)  1345(3) 1337Q2) 1334(5) 1333(5
C@—C(5) 1373 (4)  1382(3) 1380(2) 1370(5) 1389 (5)
C(5—C(6) 1374(3)  1391(3) 1380(3) 1368(6) 1:380 (5
C(6)—N(1) 1351 @) 1345(3) 1341(Q) 1338(5) 1334(5)
N()—-N@)—N@) 1223 (2) 1218(1) 1261(1) 1263(Q2) 1244 (3)
NQ)—N(3)—C(4) 19-1(2)  1194(1) 1156(1) 1160(2) 1170(2)
NG)—C(@4)—C(5) 1210(2)  1219(2) 1226(1) 1222(3) 1229(3)
C(4)—C(5)—C(6) N77Q) 1156 171 NG 1513)
C(5—C(6)—N(1) N97(2) 121111 1212()  1223(3) 1244 (3)
C(6)—N(1)—N(2) 1199(2)  1199(1) 117:0(1) 1159(3) 1158 (2)

no intermolecular distances are significantly shorter
than the sums of the respective van der Waals radii.
Short contacts of C(5)-OO9)—x+1,y—13, —z—13)
3-432 (5) and H(5)--O(9) 2-49 (4) A in (IV) suggest
attractive C—H---O interactions (Robin & Kennard,
1982). The hydrogen bond N(3)--N(10)(—x + 2, —y
+1, —z+1) was observed in (V) [N(3)--N(10)
3-275 (4), N(3)--H(10) 2-32 (2) A].
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