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Synthesis and Crystal Structure of the Hydrogen Bonded Molecular

Self-complex of N-(2,2-Diacetylvinyl)-o-phenylenediamine

CHRISTER SVENSSON, INGVAR YMEN and BARUCH YOM-TOV

Inorganic Chemistry, Chemical Center, University of Lund, P.O. Box 740, S-220 07 Lund 7, Sweden

The yellow title compound (C,,H,,N,O,) crystal-
lizes with four molecules in a monoclinic unit cell
with dimensions a=10.259(2) A, b=10.988(3) A,
c=10.896(2) A, f=114.17(1)°. The space group is
P2,/c. The structure was solved by direct methods
and refined by the method of least-squares. The final
R=0.036 for 1738 observed reflections. The tauto-
mer in the crystal is the enamine stabilized by a
short intramolecular NH---O hydrogen bond as
part of a six-membered ring. The N---O distance
is 2.596(3) A. The azomethino pentane-2,4-dione
part is approximately planar, and the molecules

form pairs where these parts are overlapped with
interplanar distances of 3.45 A. This self-complex
is further strengthened by weak intermolecular
hydrogen bonds between the amino groups and
carbony! oxygens.

During the last decade much interest has been
focused on the electrocatalytical properties of
macrocyclic planar MN, chelates of cobalt and
iron, e.q. phtalocyanins and cobalt dibenzotetra-
azaannulene.! The latter substance has good cata-
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lytical properties but since it is difficult to synthesize
in large quantities the electrocatalytical activity of
other chelates of Co and Fe has been investigated.?

Attempts to condense 1,2-bis(3-azomethinopen-
tane-2,4-dione)benzene (2) with 1,2-diaminobenzene
did not lead to the anticipated tetraaza macrocycle
(3) but to the title compound (I). This compound
has some interesting properties. It was shown to
be versatile both in chelating with cations,® as a
terdentate ligand, as well as undergoing reactions
in aqueous acid solution.* The structure determina-
tion of (I) which is the subject of this paper was
performed to throw light on these properties and
to study the tautomerism of an azomethino-g-
diketone. )

The composition of the equilibrium mixture of
the keto-enol tautomerism in p-diketones is de-
pendent i.a. on the substituents present in the mole-
cules. Thus for example acetylacetone exists to
80 9% in the intramolecularly OH:--O bonded enol
form while the exchange of one methyl for a carbeth-
oxy group results in an equilibrium composition
of just 7.5 % enol form.> The ketimine —enamine
tautomerism was found long ago® to be shifted
toward the enamine and similarly the amide—
iminol tautomeric equilibrium is normally displaced
toward the amide form.” In these compounds the
C—N bonds have a considerable double bond
character nevertheless, and for N---O hydrogen
bonds, which are operative, there is a general
preference for NH---O bonds. In the system reported
here several tautomers are feasible. Four of them are
shown (1a—d) of which Ib—d have possibilities of
forming intramolecular N--O or O---O hydrogen
bonds as part of a six-membered ring.

EXPERIMENTAL

Synthesis. A mixture of 1,2-bis(3-azomethino-
pentane-2,4-dione)-benzene (2)® (3.3 g, 0.010 mol)
and 1,2-diaminobenzene (1.2 g, 0.011 mol) in 60— 70
ml toluene was refluxed for 20 — 25 mins. The yellow
hot solution was then filtered. Yellow crystals
started crystallizing from the filtrate in a few minutes.
After standing for 24 h at room temperature they
were filtered off. The title compound (1) was ob-
tained practically pure in 90 % (3.9 g, 0.018 mol)
yield,m.p.170 — 171 °C. Anal. Calc.forC, ,H, ,N,0,:
C, 66.03; H, 6.46; N, 12.83; O, 14.66 %,. Found: C,
659; H, 6.49; N, 12.75; O, 14.89%. 'H NMR
(DMSO-dg): 6 240 [d, 6,(-CH,)], 5.00 [s, 2, (-NH,)],
7.33 [m, 4, (benzene)], 8.33 [d, I, J=6 Hz, (-N==

CH-)], 1247 [d, 1, J=6 Hz, (NH---O)]. MS: m/e
218 159, 119 1009 (M — acetylacetonyl).

X-Ray study. The lustrous crystals of the title
compound are platelets with (100) as the principal
face. A crystal with approximate dimensions 0.19 x
0.31x0.38 mm?® was mounted on a glass fibre.
Integrated intensity measurements were made on
a computer-controlled Enraf-Nonius CAD4 dif-
fractometer using Ni-filtered CuKa radiation. All
reflections within a quarter sphere of reciprocal
space with radius (sin 6/4) < 0.61 A~!, were sampled
by the w—20 scan technique with Aw=09°+0.3°
tan 0. The maximum time spent on a reflection was
90 s, resulting in a counting statistics precision
about 3 9. Thre~ standard reflections were re-
measured every other hour. No significant variation
in intensity as a function of exposure time was
detected. From the observed data the following
systematic absences were derived: h0! for | odd and
0kO for k odd. Two strong reflections of type hOl,
501 and 403, could be shown to originate from the
Renninger effect by later remeasurement at varying
azimuthal angles. The remaining 2140 independent
reflections were corrected for Lorentz, polarization
and absorption effects. The transmission factors
were in the range 0.80 to 0.88. At the later stages of
structure refinement an isotropic extinction cor-
rection® was applied, resulting in g=0.49(8) x 10°.
Only one percent of the structure amplitudes were
corrected by more than one percent, with a maxi-
mum correction of 10 % for F(211).

Determination and refinement of the structure.
The structure was solved using the MULTAN
program.'® After refinement of all the heavy atom
positions, an electron density difference maprevealed
the hydrogen atoms. In the final refinement cycles,
all carbon, nitrogen and oxygen atoms were assigned
anisotropic temperature factors and the hydrogen
atoms isotropic temperature factors. A total of 202
parameters were refined, with 1738 observed struc-
ture amplitudes having I,,>30(I,). The weights
used in the least-squares calculations were derived
from  w; ' =02(Fy)+(0.01|Fy|)?+0.1, where
o(Fobs) is the standard deviation due to counting
statistics. The resulting agreement indicators are
R=0.036, R,=0.041 and S=1.19.

The final atomic position coordinates and iso-
tropic temperature factor coefficients are given in
Table 1. The final anisotropic temperature factor
coefficients for carbon, nitrogen and oxygen and
the magnitudes of the 1738 observed and calculated
structure factors are available on request.

CRYSTAL DATA

N-(2,2-diacetylvinyl)-o-phenylenediamine ~ C,,-
H,,N,0,, M=218.25 g mol~!; m.p. 444 K, mono-
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Tuble 1. Atomic position coordinates and isotropic thermal parameters. The B, of atoms O(1) to C(12)
were derived from the final anisotropic temperature factor coefficients.

Atom x y z B (A%
o(1) 0.48127(16) 0.20339(12) 0.31323(14) 5.2(1)
0(2) 0.26753(14) —0.09679(10) 0.36790(12) 4.1(1)
N(1) 0.22874(15) 0.02855(12) 0.55185(14) 3.1(1)
N(2) 0.21690(19) —0.17700(14) 0.69113(17) 3.9(1)
c) 0.30250(17) 0.11254(14) 0.52053(16) 2.8(1)
CQ2) 0.35108(17) 0.10369(14) 0.41907(15) 2.7(1)
C@3) 0.43368(17) 0.20500(14) 0.39986(16) 3.0(1)
C4) 0.46223(24) 0.31662(17) 0.48679(21) 3.8(1)
C(5) 0.32068(17) —0.00680(14) 0.33762(16) 29(1)
C(6) 0.35137(35) —0.01579(22) 0.21441(24) 5.2(1)
C(7) 0.17624(17) 0.03921(14) 0.65329(16) 29(1)
C(8) 0.17466(17) —0.06685(15) 0.72466(17) 3.1(1)
C(9) 0.12412(20) —0.05684(18) 0.82520(18) 3.8(1)
C(10) 0.07661(20) 0.05301(19) 0.85263(19) 4.1(1)
C(11) 0.07837(20) 0.15666(18) 0.78159(20) 4.0(1)
C(12) 0.12775(19) 0.14880(16) 0.68094(18) 3.4(1)
H(N1) 0216921) ~0.0413(19) 0.5060(21) 5.2(5)
H(N21) 0.2923(24) —0.1743(19) 0.670521) 53(5)
H(N22) 02194(22) ~0.2404(21) 0.7458(22) 5.7(5)
H(C1) 0.3253(17) 0.1865(15) 0.5756(16) 3.2(4)
H(C4) 0.3762(25) 0.3662(20) 0.4648(22) 5.7(6)
H(C4) 0.4955(24) 0.2985(21) 0.5815(25) 6.2(6)
H(C4) 0.5366(25) 0.3652(22) 0.4756(24) 6.7(6)
H(C6) 0.3147(30) —0.0866(27) 0.1717(28) 8.7(8)
H(C6) 0.3096(27) 0.0538(24) 0.1562(26) 7.2(7)
H(C6) 0.4559(33) 0.0000(28) 0.2358(30) 10.009)
H(C9) 0.1248(20) —0.1295(18) 0.8747(19) 4.5(4)
H(C10) 0.0405(21) 0.0584(18) 0.9226(21) 5.5(5)
H(C11) 0.0455(19) 0.2331(18) 0.8004(18) 4.3(4)
H(C12) 0.1243(19) 0.2200(17) 0.6265(18) 3.9(4)

clinic, P2,/c, a=10.259(1) A, b=10.988(3) A, c=
10.896(1) A, f=114.17(1)°, V=1120.5 A3, D .=
1.294 g cm™3, Z=4, F(000)=464, y(CuKa)=7.39
cm™ L

DISCUSSION

Molecular dimensions. The bond distances and
angles are given in Fig. 1. which also shows the
atomic numbering used here. The aromatic ring is
planar and it is distorted towards C,, symmetry
with the twofold axis along the line C(11)—C(8)—
N(2). Assuming that the geometrical effects of the
substituents on the bond angles and bond lengths
of the benzene ring are additive,'* one can conclude
that the amino group N(2)H, causes most of the
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ring distortions. The nitrogen atoms deviate slightly
[N(1), 0.011(2) A; N(2), 0.062(2) A] from the plane
of the benzene ring, ¢f. the torsion angles in Table 2.
In 1,2-diaminobenzenes the two nitrogen lone pairs
are oriented on opposite sides of the aromatic ring
plane to maximize the n-interaction.!?'3 The
N(2)H, group has the same conformation as the
amino groups of 1,2-diaminobenzene!3 with one
NH bond approximately coplanar with the ring,
and the C—N bond is short, 1.384(2) A. The N(1)
configuration is trigonal planar: the lone pair has
been donated to the N(1)—C(1)—C(2) bonds and
there is little n-donation to the aromatic ring. The
C(7)—N(1) bond is long, 1.419(2) A, and furthermore
the plane of the phenyl ring is rotated 36.4(2)° out
of the plane of the rest of the molecule.
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Fig. 1. Bond distances and angles with esd’s in parentheses. The atomic numbering used is also shown. The
N —H distances are 0.89 to 0.91 A with esd 0.02 to 0.03 A. The C—H distances are between 0.96(2) and

1.01(3) A except one C(6)—H(C6) which is 0.91(2) A.

Domenicano and Vaciago'* have pointed out
a relation in e.g. diphenylaminotriphenylmethane
between C(ring)— N torsion angle and distorsions
of the endocyclic bond angles: The benzene ring
with a C —N torsion of 12.4° is distorted in a manner
very similar to that seen in 1 at N(2), but the other
ring with a 74.6° torsion angle shows only small
bond angle distortions. The observed C(7)—N(1)
torsion in the present compound supports the view
that the N(2)H, group is responsible for the major
part of the ring distortions.

Both the bonds N(1)—C(1) and C(1)—C(2) have
a high degree of double bond character, the bond
lengths being 1.324(2) and 1.390(2) A, respectively.
The non-aromatic part of the molecule approxi-
mates to a plane, except for the acetyl group
C(6)—C(5)— O(2) which forms an angle of 9.2(2)°
to that plane. The non-coplanar orientation of the
acetyl group is probably due to the hydrogen bonds
accepted by O(2) (vide infra).

Table 2. Torsion angles.

Atoms Angle (°)

N(2)—C(8)— C(7)— N(1) —-29(3)
C(8)—C(7)—N(1)—-C(1) —145.0(2)
C(7)—N(1)—-C(1)—-C(2) —178.3(2)
N()-C(1)-C(2)—C(3) —178.9(2)
N(1)—-C(1)-C(2) - C(5) —-0.2(3)
C(1)—-C(2)—-C(3)—C(4) -1.2(3)
C(1)—C(2)—C(3)—-0(1) 179.3(2)
C(1)—C(2)—C(5)—C(6) 171.2Q2)
C(1)—C(2)—C(5)—0(2) —8.4(2)

The approximate planarity of the molecule causes
crowding shown by the distorsions of the bond
angles at the C(2), C(3) and C(5) atoms. Thus for
example the C{methyl)—C—O angles are 117.5°

Table 3. Geometry of the hydrogen bonding.

(a) intramolecular

N(1)--0(2) (A) 2.593(2)
N(1)— H(N1) 0.902)
H(N1)-O(2) 1.88(2)
N(1)—H(N1)---0(2) (°) 135(2)
C(1)— N(1)~H(N1) 114.5(1.3)
C(5)-O(2)--*H(N1) 104.5(7)
(b) within a molecular pair

N@Q)---0(1) (A) 3.130(2)
N(2)—H(N21) 0.89(2)
H(N21)---0(1) 2.28(2)
N(2)—H(N21)---O(1) (°) 160(2)
C(8)— N(2)— H(N21) 1159(1.4)
C(3)—O(1)---H(N21) 131.0(6)
(c) between pairs

N@Q)--0(2) (A) 3.056(2)
N(2)—H(N22) 091(3)
H(N22)---O(2) 2.16(3)
N(2)—H(N22)--0(2) () 167(2)
C(8)—N(2)— H(N22) 115.1(1.4)
C(5)-0(2)---H(N22) 120.8(6)
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Fig. 2. Overlap diagram of the molecular complex.

while it is normally the angle opposite to the C—O
double bond that is less than 120°. The two methyl
groups have the same conformation with one of
the CH bonds eclipsed with the adjacent carbonyl
group.

Intramolecular hydrogen bond. The asymmetric
intramolecular hydrogen bond N(1)—H:--O has
an N---O distance of 2.593(2) A with the geometry
shown in Table 3. The slight rotation of the acetyl
oxygen out of the plane of the other atoms in the
chelate ring is probably necessary to avoid excessive
repulsion. This is a very short hydrogen bond for

a neutral molecule, comparable to eg. those in
nitromalonamide ' of 2.580(3) and 2.589(5) A.
Molecular complex. In the crystal the molecules
are arranged in pairs around inversion centres. The
approximately planar non-aromatic parts of the
molecules overlap as shown in Fig. 2. with an inter-
planar spacing of 3.45 A, and the shortest contact,
C(3):-O(2),is 3.296(2) A. Double bonds are arranged
alternatingly in the two planes making n-n* electron
transfer feasible. This self-complex is further
stabilized by two weak hydrogen bonds N—H---O
of 3.130(2) A involving the amino groups and the

Fig. 3. Stereoscopic view of the molecular packing perpendicular to the ab-plane, and with the unit cell

outlined.
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O(1) atoms. The interplanar spacing is rather long
considering the small relative translations in the
overlap diagram so the charge transfer interaction
is small. The yellow, though intense, colour is
another indication of this.

Packing of molecular pairs. The dimeric complexes
are arranged in layers, one unit cell thick, parallel
to the be-plane. Each pair is connected to the four
surrounding units (see Fig. 3) by four hydrogen
bonds amino group —carbonyl oxygen O(2) (see
Table 3). Thus O(2) accepts one intramolecular
and one intermolecular hydrogen bond. Most of the
short nonbonded interactions are also within the
layer. The weak intermolecular forces in the a
direction are consistent with the observed crystal
morphology.

Acknowledgement. We are indebted to Dr. R.
Larsson for valuable discussions.

REFERENCES

1. Bohm, H. J. Power Sources 1 (1976/77) 177.
2. Johansson, L. Y., Larsson, R. and Yom-Tov,
B. In preparation.
3. Svensson, C.and Ymén, L. Cryst. Struct. Commun.
10 (1981) 423.
4. Svensson, C. and Timby, L. Cryst. Struct.
Commun. 10 (1981) 429.
. Conant, J. B. and Thompson, A. F., Jr. J. Am.
Chem. Soc. 54 (1932) 4039.
6. von Auwers, K. and Susemihl, W. Chem. Ber.
63 (1930) 1072.
7. Elguero, J., Marzin, C., Katritzky, A. R. and
Linda, P. Adv. Heterocycl. Chem. (1976). Suppl.

w

1.

8. Wolf, L. and Jéger, E-G. Z. Anorg. Allg. Chem.
346 (1966) 76.

9. Zachariasen, W. H. Acta Crystallogr. 23 (1967)
558.

10. Germain, G., Main, P. and Woolfson, M. M.
Acta Crystallogr. A 27 (1971) 368.

11. Norrestam, R. and Schepper, L. Acta Chem.
Scand. A 35 (1981) 91.

12. Hehre, W. J., Radom, L. and Pople, J. A. J.
Am. Chem. Soc. 94 (1972) 1496; Krueger, P. J.
Can. J. Chem. 45 (1967) 2135.

13. Stdlhandske, C. Cryst. Struct. Commun. 10
(1981) 1081.

14. Domenicano, A. and Vaciago, A. Acta Crystal-
logr. B 35 (1979) 1382.

15. Simonsen, O. and Thorup, N. Acta Crystallogr.
B 35 (1979) 432.

Received September 22, 1981.

Acta Chem. Scand. B 36 (1982) No. 2



