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0-057, —0-058, —0-026, 0-027 A from the best
least-squares tetraaza plane are observed for N(1),
N(2), N(3) and N(5), with the pyridine ring making
an angle of 21-7° to this plane. Both amide H atoms
are directed inside the macrocycle and are hydrogen
bonded to the adjacent amine N atoms. The hexa-
hydropyrimidine ring is in a chair conformation with
equatorial N(1)—C(5) and N(2)—C(17) bonds. It is
roughly perpendicular to the monocyclic plane
defined above, as shown by the angle of 79-9°
between the N(1), N(2), N(3), N(5) and C(1), C(2),
C(3), C(4), N(1), N(2) least-squares planes. The lone
pairs of the N(1) and N(2) atoms point inside the
cavity of the macroring. The whole structure adopts
a pseudo-C; symmetry with a pseudo-mirror plane
passing through atoms N(4), C(10), C(1) and C(4).
This configuration is rather rigid and is maintained
in solution as evidenced by 'H and >*C NMR spec-
troscopy. We can conclude that the existence of a
well defined cavity is largely due to the rigidification
introduced by the C(1) bridge between N(1) and
N(2) compared to the more flexible compound (2),
and to hydrogen bonding between amide protons
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and amine N atoms. Compound (1) is well designed
for complexation studies of metal ions inside the
cavity.

We are indebted to Dr Anne Renault for helpful
discussions and skillful assistance.

References

DuUTASTA, J. P., GELLON, G., LEUCHTER, C. & PIERRE, J. L. (1988).
J. Org. Chem. 53, 1817-1819.

Enraf-Nonius (1977). Structure Determination Package, version
RSX11M. Enraf-Nonius, Delft, The Netherlands.

International Tables for X-ray Crystallography (1974). Vol. IV.
Table 2.2B. Birmingham: Kynoch Press. (Present distributor:
Kluwer Academic Publishers, Dordrecht.)

Jounson, C. K. (1976). ORTEPIL. Report ORNL-5138. Oak
Ridge National Laboratory, Tennessee, USA.

LEHN, J. M. (1988). Angew. Chem. Int. Ed. Engl. 27, 89-112.

Main, P., HuLL, S. E., LESSINGER, L., GERMAIN, G., DECLERCQ,
J.-P. & WooLFsoN, M. M. (1977). MULTANTI. A System of
Computer Programs for the Automatic Solution of Crystal
Structures from X-ray Diffraction Data. Univs. of York,
England, and Louvain, Belgium.

MELSON, G. A. (1979). Coordination Chemisiry of Macrocyclic
Compounds. New York: Plenum.

Structure of a 1,2,3,5-Tetrazin-4-one
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School of Pharmaceutical Sciences, Showa University, 1-5-8 Hatanodai, Shinagawa-ku, Tokyo 142, Japan
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Abstract.  6-Amino-2-phenyl-1,2,3,5-tetrazin-4-one,
CgsH,N;O, M,=189-2, monoclinic, P2,/n, a=
12-880 (1), b5=9-427(1), c=7166(1) A B
100-95 (1)°, V=28542(2) A, Z=4, D,
14471 Mgm™3,  A(Cu Ka;)=1-54050 A, u=
0-899 mm~!, F000)=392, T=293K, final R=
0-054 for 1206 observed reflexions. The six-
membered tetrazine ring is planar indicating exten-
sive electron delocalization. There are two inter-
molecular hydrogen bonds: N(8)---N(5) 3-041 (4) and
N(8)O(7) 2-883 (4) A.

Introduction. 1,2,3,5-Tetrazines, of which few deriva-
tives have been reported (Baydar, Boyd, Lindley &
Walton, 1985; Butler, Cunningham, McArdle &
O’Halloran, 1988), are the rarest studied class of the
three possible tetrazine ring systems (Neunhoeffer,
1984). Recently, we obtained a 1,2,3,5-tetrazine
(6-amino-2-phenyl-1,2,3,5-tetrazin-4-one) (I) from
photoreaction of (E,Z)-1,3-dicyano-2-phenyltriazene
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(IT). The present paper describes details of the struc-
ture analysis of this novel heterocyclic compound
having a 1,3-dipolar azimine moiety.

0

N N-CN N
Ph=N- N Phor{E N jNHZ
=4 Y \NZSNH,
NH2 i
CN
(D (1 ()

Experimental. Compound (II) was prepared by oxi-
dation of 4,5-diamino-2-phenyl-1,2,3-triazole (I1I)
(Thiele & Schleussner, 1897) using Pb(OAc), in
CH,Cl,. A solution of (II) in CH;OH (hygroscopic)
was irradiated by a medium-pressure mercury lamp
for 7-5 min to give the compound (I). Recrystalli-
zation from C,Hs;OH gave colourless prisms having
m.p. 530-532 K. The combustion analysis was con-
sistent with the structure for this compound.
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Table 1. Fractional atomic coordinates and equivalent
isotropic thermal parameters

B.,=(1/3)Z.2,B;a*a*a.a,

x y z B.(AY»
N(1) 09190 (1) 03362 (2) 01320(3) - 285(7)
NQ2) 09990 (1) 04115 (2) 02182 (3) 2:47 (6)
N@) 10963 (2) 03752 (2) 02717 (4) 307 (7)
C(4) 11192 (2) 02324 (3) 02340 (4) 295 (9)
N(S) 110425 (1) 0-1451 (2) 01451 (3) 2:84 (7)
C(6) 09470 (2) 01992 (3) 00944 (4) 252 (8)
o7 12110 (1) 01945 (2) 02855 (4) 4:55 (8)
N(@®) 08676 (2) 01215 (3) 00027 (4) 323 (8)
) 09733 (2) 05591 (3) 02577 (4) 284 (8)
€(10) 08692 (3) 06023 (3) 02138 (5) 385 (10)
c) 0-8463 (3) 07427 (4) 02524 (6) 471 (12)
c(12) 09266 (4) 08335 (4) 03317 (6) 478 (13)
C(13) 110289 (3) 07877 (4) 03725 (5) 447 (12)
C(14) 10545 (3) 0-6485 (3) 0-3368 (5) 361 (10)

Table 2. Bond lengths (A) and angles (°)

N(1)—N(@) 11306 (3) N@2)—C(©) 1-470 (4)
NQN@) 1:285 (4) C(9)—C(10) 1:380 (5)
NG)—C(4) 1416 (4) c10—C(l) 1395 (6)
C(4)—N(5) 1:349 (4) c(1y—C(12) 1379 (6)
N(5—C(6) 1317 (4) C(12)—C(13) 1365 (7)
C(6)—N(1) 1382 (4) C(13)—C(14) 1389 (5)
C4)—0(7) 1223 (4) C(14—C(O) 1379 (5)
C(6)—N(8) 11326 (4)
N(I)-N@-N@) 12932 N(5)—C(6)—N(8) 1209 (2)
NQNGC@) 1149 (2) N(1)—C(6)—N(8) 1140 (2)
NGC@—N@E) 1207 (2) CO-C0—C(1l) 1179 (3)
C4—NE)—C(6)  1170(2) C(10—CA1—C(12) 1200 (4)
NG—C@E—N(1) 1250 (2) C(11)—C(12)—C(13) 1206 (3)
CN(D)—NQ2) 1128 (2) C(12—C(13)—C(14) 1208 (3)
N(-NQ@—C@O) 1147 (2) C(13}—C(14—CO) 1177 (3)
NG-NQ2—C(O) 1158 (2) C(14—CO—C(10) 1227 (3)
NG—C@#—O0() 1163 (2) N(2)—C(9)—C(10) 187 (3)
NG—C@—Oo(n  1229(3) NQ)—C(9)—C(14) 1185 (3)

Intensity data collected from a crystal of dimen-
sions 0-30 x 0-15 x 0-50 mm. D,, not measured.
Rigaku AFCS four-circle diffractometer used with
6-26 scan method, scan width (1-3 + 0-41 tan#)° and
scan speed 16° min~'. Lattice parameters obtained
from least-squares analysis of 20 reflexions with 26
values ranging from 56 to 61°. Out of 1517 reflexions
scanned within index range h:—14—14, k:0—10,
08 up to (sind)/A=<0-56 A~! including 120
equivalent reflexions (R, =0-018), 1271 unique
reflexions classified as observed. Three standard
reflexions measured every 120 reflexions. Intensities
corrected for Lorentz and polarization factors, but
absorption correction not applied. Structure solved
using program package SAPI85 (Yao, Zheng, Qian,
Han, Gu & Fan, 1985) version of MULTANS0
(Main, Fiske, Hull, Lessinger, Germain, Declercq &
Woolfson, 1980). The refinement was carried out by
the full-matrix least-squares method with anisotropic
temperature factors for non-H atoms. Function
minimized  Iw[|(|F,)*—(F)? with w=1/
[0 %(F,) + 0-02(F,)%], o(F,) determined from counting
statistics. All H atoms were located from the
difference map. Their initial thermal parameters were

A 1,2,3,5-TETRAZIN-4-ONE

set at the equivalent isotropic thermal parameter of
the bonded atoms. Final discrepancy indices R =
0-054, wR = 0-073, S = 2-590 for 1206 reflexions with
F> o(F). Max. 4/0 <0-08 in the final least-squares
cycle. Final difference Fourier map showed no resid-
uals greater than 0-38 e A~3. All calculations per-
formed using a PANAFACOM computer with
RCRYSTAN (Rigaku Corporation, Tokyo, Japan)
X-ray analysis program system. The atomic scat-
tering factors were those from International Tables
Sfor X-ray Crystallography (1974).

Discussion. Final atomic parameters for this mol-
ecule are listed in Table 1.* The bond lengths and

* Lists of structure amplitudes, anisotropic thermal parameters,
least-squares planes with deviations and H-atom coordinates have
been deposited with the British Library Document Supply Centre
as Supplementary Publication No. SUP 52244 (12 pp.). Copies
may be obtained through The Executive Secretary, International
Union of Crystallography, 5 Abbey Square, Chester CH1 2HU,
England.

Fig. 1. ORTEP drawing (Johnson, 1965). Thermal ellipsoids are
drawn at the 50% probability level while hydrogen isotropic
thermal parameters are represented by spheres of arbitrary size.

Fig. 2. The crystal structure. Symmetry oPerations for the mol-
ecule are: () x— 1, , z; (i) —x +3, y+3, —z+3% (i) —x+2,
y+1, —z+ (v x+3, —p+}z+3



YAMAGUCHI, OHSAWA,

angles are listed in Table 2. Fig. 1 shows the ORTEP
drawing (Johnson, 1965) of the molecule with atomic
labeling. Fig. 2 presents the crystal structure.

The tetrazinone ring is almost planar, with maxi-
mum displacement out of the least-squares plane of
—0-010 (5) A for N(I) and N(3). This planarity and
the endocyclic bond distances indicate an extensive
delocalization of electron density which also extends
over N(8) and O(7). The N(2)—N(3), N(5)—C(6)
and C(4)—O(7) distances, 1-285(4), 1-317 (4) and
1-223 (4) A, respectively, indicate the contribution of
canonical form (I) shown in the Introduction. The
N(2)—N(1)—C(6) angle of 112-8 (2)° inclinable to
sp> hybridization also indicates the localization of an
electron (negative charge) on the N(1) position.
However, the delocalizability of the electron density
in this ring is higher than that found in 4-dimethyl-
amino-1-phenyl-1,2,3,5-tetrazin-6-one (Lindley,
Walton, Baydar & Boyd, 1985) because of its poor
planarity [maximum displacement out of the least-
squares plane of —0-070 (6) A} and contribution of
the canonical form [1-278 (4), 1-312 (6), 1-213 (6) A,
respectively, for corresponding double-bond lengths
in the tetrazinone ring].

Though the C(9)—N(2) distance of 1-470 (4) A
indicates a single-bond linkage between sp”-hy-
bridized C and N atoms, the dihedral angle between
the heterocyclic and phenyl-ring planes is small
[4-2 (2)°]. This indicates the attractive interactions at
H(10)---N(1) and H(14)--N(3) [H(10) and H(14) are
connected to C(10) and C(14), respectively], whose
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short contacts are 2-34 (2) and 2-35(3) A, respec-
tively (Taylor & Kennard, 1982).

In the crystal structure of this compound the
hydrogen bonds N(8)--N(5) [3-:041 (4) A] and N(8)-
O(7) [2-883 (4) A] are observed.
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Structure of Tetramethyl (2R,3R,11R,12R)-a-Benzyl-1,4,7,10,13,16-hexaoxa-
cyclooctadecane-2,3,11,12-tetraf(2S)-carboxamidoacetate]
(an 18-Crown-6 Derivative)

By P. SINGH, M. L. MiLES AND S. DAvIS
Department of Chemistry, North Carolina State University, Raleigh, North Carolina 27695-8204, USA

(Received 12 December 1988; accepted 9 May 1989)

Abstract. CsgHggN,O,5, M, = 1085-18, monoclinic,
P2, a=9-750 (3), b = 21-389 53?), c=13999 (5 A, B
=9322(3)°, V=215Q)A°, Z=2, D,=
124 gem ™3, A(Mo Ka) =0-71096 A, u =09 cm™,
F000) = 1152, T =295 K, R =0-050 for 3903 unique
reflections. The 18-crown-6 moiety of the molecule
has approximate C, symmetry, the pseudo twofold
axis passing through the midpoints of the C—C
bonds containing the side chains. The six
O—C—C—O segments have the conformations
g*g a, ag*a, ag a, ag*a, ag”g"* and ag”a. The
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two gga conformations have caused unusual bending
in the crown ring resulting in intramolecular inter
side-chain hydrogen bonding. One of these hydrogen
bonds covers the top face of the crown and the other
covers the bottom face. Molecules along the a axis
form a polymeric chain via a pair of N—H--O
hydrogen bonds.

Introduction. Macrocyclic polyethers, also known as
‘crown’ ethers owing to the appearance of their
molecular models, have the remarkable property of
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