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Abstract: The synthesis of 1-(p-phenythydrazono)-2-(phenylimino)ethane derivatives, unsymmetrically substituted in the para
positions with an electron acceptor (-NO,) and an electron donor (-OMe or ~NMe,), is described, and the corresponding
cobaltous complexes are prepared. X-ray diffraction on a single crystal of the dimethylamino complex has been performed
(space group: PI), showing that the coordination site around the cobalt ion is nearly tetrahedral. The complex itself is
approximately of C, symmetry. The inversion center of the space group transforms one optical isomer into the other. The
hyperpolarizability coefficients (3) of the ligands in their cis and trans forms, and those of the neutral cobaltous complexes,
have been determined in solution by the electric field induced second harmonic (EFISH) technique. The magnitude of the
{8 value obtained for the complex is larger than the value calculated from the tensorial addition of the molecular hyperpolarizability
coefficients of the ligands. The importance of the cation on the nonlinear optical properties of metalloorganic complexes is

outlined.

Introduction

The use of organic molecules for second harmonic generation
(SHG) in nonlinear optics (NLO) is well documented.!* The
NLO properties of standard molecular units may be fairly ac-
curately predicted from the donor/acceptor characteristics of the
substituents and from the nature of the conjugation path linking
these substituents. Only a few studies have been concerned with
metallic coordination complexes.*'2 In most cases, the metallic
moiety is used as an electron donor or electron acceptor subunit.
The redox properties of the metallic moieties are not expected to
lead, in most examples, to exceptional NLO properties as com-
pared to organic electron donors, e.g., phenoxide, dimethylamino,
or electron acceptors such as nitro or cyano. However, there are
two respects in which metallic coordination complexes may yield
original NLO properties. Firstly, coordination complexes have
geometries (tetrahedral, octahedral, square planar) which are
extremely difficult to attain with purely organic molecules.
Secondly, the molecular orbitals of metalloorganic complexes
involve d-orbitals whose symmetry properties are different from
those of the s- and p-orbitals found in standard organic chemistry.
In organic molecules, the charge-transfer band which is the most
efficient for SHG is either uniaxial'~ or, more rarely, planar.!?
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In conventional disubstituted nitroaniline derivatives (symmetry:
C,,), only the term f,,, colinear with the dipole moment is not
negligible (Figure 1).

As an example, an organometallic complex with C, symmetry
may be considered (Figure 1). As a comparison, two independent
molecular units having individual hyperpolarizability coefficients
Bms arranged in a C, symmetry may also be studied.

In the C, symmetry with two unidimensional polarization axes,
the crossed terms Syyz = Bzyy appear. The coefficients may be
related to the uniaxial molecular subunit hyperpolarizability
coefficients (Bys) by the equations!?

Bzzz = 2Buscos’ a

Byyz = Bzyy = 2Bmscos a sin? o

where 2a is the angle between the charge-transfer axes of the two
molecular subunits (Figure 1). In this approach, the two po-
larizable subunits are considered to be completely independent,
and the overall hyperpolarizability coefficients are calculated from
the tensorial sum of the individual hyperpolarizability coefficients.
In this model, no enhancement is expected as compared to the
response of the individual subunits.

In the case where the two molecular subunits are linked by a
transition-metal ion with d-orbitals, five other terms are introduced,
which are interrelated far from the resonance by the equations

Bzxx = Bxxz
Bxyz = Byzx = Bzxy

The presence of the d-orbitals may influence SHG in several
ways. (i) In the C, symmetry, the d—d transitions are symme-
trically allowed (A — A and B — B, z polarization; A — B, x,
y polarization)., These electronic transitions may contribute to
the hyperpolarizability coefficients. (ii) The complexation of an
ion by the two molecular subunits permits interligand and met-
al-to-ligand charge-transfer transitions. (iii) The complexation
may also favor a delocalization between the donor and the acceptor
substituents and therefore enhance the intraligand charge transfer.
In all cases, the use of metal complexes induces the presence of
three-dimensional charge transfers in NLO, which are unusual,
if known, in organic chemistry.

The synthesis of metalloorganic complexes also allows the
formation of optically active molecular units, in which the chirality
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Figure 1. Illustration of one of the geometries found in organometallic chemistry as compared to uniaxial charge-transfer transitions found in organic

chemistry.

Figure 2. The two optical isomers of C, symmetry.
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Figure 3. The ligands synthesized and the corresponding anions formed
in basic media.

Figure 4. The chemical pathway used to synthesize ligands 1 and 2.

is strongly associated with electron delocalization (Figure 2).

This paper describes the synthesis of hydrazone imine glyoxal
derivatives which are highly polarizable bidentate ligands (Figure
3).

In basic media, the corresponding anions salts are formed. They
can be reacted with various metallic salts to give ML, complexes
(L, ligand; M, first-row divalent metallic ions). The X-ray
structure of one of these complexes, Co''(2),, has been determined.
The second-order hyperpolarizability coefficients of the various
ligands and of the cobaltous complexes have been measured by
the electric field induced second harmonic generation (EFISH)
method.'*!$

Synthesis and Characterization of the Ligands. Glyoxal'® is the
key synthon in the chemical pathway leading to ligands 1 and 2
(Figure 4). The synthesis of 1 was previously described,'” al-
though that of 2 was unknown.

The monosubstituted glyoxal derivative is obtained by reacting
p-nitrophenylhydrazine with an excess of glyoxal. The yield of
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Figure 5. The formation of the hemiacetal derivative.
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Figure 6. The cis—trans isomerization in ligands 1 and 2.

Table I. The Cis-Trans Conformation Ratio in Solution for the
Ligands 1 and 2 Determined by 'H NMR*®

solvent 1(D = MeO-) 2 (D = Me;N-)
chloroform 70:30 75:25
dioxane 20:80 15:85
DMSO 0:100 0:100

4Cis-Trans in %.

the unrecrystallized product is approximately 95%. The reaction
of aniline derivatives on glyoxal or glyoxal derivatives is well
documented.'*?! Hydrazine derivatives were chosen instead of
aniline derivatives because these latter, substituted with electron
acceptor substituents, do not lead to the imino derivative but rather
to the corresponding hemiacetals?' (Figure 5).

The condensation of p-dimethylaminoaniline or p-anisidine on
the monoadduct 5 leads, in more than a 40% yield, to the final
products 1 and 2.

The optical absorption spectra of ligands closely related to 1
and 2 were already known. Infrared? and ultraviolet-visible'’-%}
absorption spectra showed that such ligands are in a conforma-
tional cis-trans equilibrium (Figure 6).

Moreover, tautomeric isomers may be formed by proton
transfer; however, such a process is not involved in the case of
the nitro derivatives used in the present study.”
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Figure 7. The optical absorption spectra of ligand 2 in CHCl; (75% cis)
(—) and in dioxane (85% trans) (——).

600 nm

The cis—trans ratio depends on the nature and polarity of the
solvent. 'H NMR studies?* indicate that the coupling constants
between the hydrogen atoms H, and H, of the glyoxal subunit
are 2 and 8 Hz for the cis and trans forms, respectively (Figure
6). The cis form is stabilized by the formation of an internal
hydrogen bond, as evidenced by NMR. Similar studies have been
carried out on ligands 1 and 2 (Table I).

Furthermore, E (Entgegen) and Z (Zusammen) isomers are
expected, depending on the position of the nitrogen lone pairs of
the diimino subunit relative to the hydrogen atoms H, and H,.
In Figure 6, the cis-(Z-E) and trans-(E-E) isomeric forms, which
are probably the most stable, are shown.

The optical absorption spectra of 1 and 2 have been recorded
in chloroform, in which the cis form is predominant and in dioxane
where the trans form is the major isomer. The results for 2 are
shown in Figure 7.

The cis—trans isomerization of 2 leads to a blue shift (25 nm)
of the maximum absorption wavelength. At the same time, the
extinction coefficients are also slightly altered: €, (CHCl;) =
3.5 X 10* dm*mol:cm™ and e,,,(diox) = 4.4 X 104

In basic media, the ionized products have very different spectra
(Figure 8).

In ethanol, the ligands are probably in the trans form. The
neutral form of 2 (e43 = 47 800) is blue-shifted compared to 2-
(es¢s = 55600). No absorption peak is observed in the near-IR
region (700-2000 nm).

Synthesis and Characterization of the Complexes. The com-
plexation properties of ligands of type 1 and 2 were previously
known?® for the unsubstituted derivatives and for the products
substituted with only electron donor groups. No metallic com-
plexes with 1 or 2 were isolated or studied.

The coordination complexes are formed in alcoholic media by
first ionizing the ligand with a strong base (potassium ethoxide)
and then adding the corresponding metallic salts (Cu(CF;S0,),,
Co(AcO),, NiBr,). The complexes which precipitate from the
solution are purified by recrystallization. M%(17), (M = Cull,
Nil, Co™) and Co''(2°), have all been isolated and characterized
(microanalysis, UV-IR spectra).

The optical absorption spectra of Co'!(17), and Co''(2°), are
shown in Figure 9.

The absorption bands in the range 650—-700 nm depend on the
nature of the metallic cation: M(17),, M = Cul! g5 = 2490; M
= Nill g0 (shoulder); M = Col! ¢g9q = 2450. These bands are

(24) McNab, H. J. Chem. Soc., Perkin Trans, I 1980, 10, 2200.
(25) Chiswell, B.; O'Reilly, E. J. Inorg. Chim. Acta 1979, 35, 141,
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Figure 8. The optical absorption spectra of ligand 2 in the neutral (—)
or ionized (—-) forms (solvent: ethanol).
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Figure 9. The UV-visible and near infrared absorption spectra of
Co'l(17), (—) and Co''(27), (—-) in CH,Cl,.

not present in the ligand spectra; they can therefore be assigned
to transitions involving d-metallic orbitals.

The peaks at 1020 nm for Co'l(17), (e = 77) and Co'}(2°), (e
= 74) can be reasonably attributed to d—d transitions.2® These
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Figure 10. The molecular structure of Co'l(27),, obtained by X-ray
diffraction.

Figure 11. The coordination geometry around the cobaltous ion in the
complex Co%(27),. Angles N;ColIN;: N,Njs, 96.3%; N3Ny, 95.9°;
N;N,s, 118.5°% N3gNys, 114.5% NysNys, 115.7°; N3Ny, 117.5°.
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Figure 12. The intraligand bond lengths in Co*}(27),. Theoretical values:
C—I)I&, 1.47; C=N, 1.29; C—C, 1.54; C=C, 1.33; N—N, 1.40; N=N,
1.26 A.

bands are, as expected, dependent on the nature of the metal:
Cull(17),, €330 = 210; Ni'l(17),, €1,0 = 47 and ;550 (shoulder).
No absorption peak is detectable in the region 1400-2000 nm.

The transitions in the region 450550 nm seem to be present
in both the ligands and the complexes; they depend mainly on the
nature of the ligand (Col'(17), €475 = 54200, Co™(27); €535 =
53 800) and slightly on the nature of the metal ion (M(17),, M
= Cull ¢445 = 39700; M = Nill ¢,5, = 46300). (For the afore-
mentioned comparisons, all optical absorption spectra were re-
corded in CH,Cl,.)

Solvatochromic effects (AN = 15 nm) have been observed in
solvents such as chloroform, dioxane, ether, etc. for the transitions
in the regions 450—-550 and 650-700 nm. A quantitative treatment
of the data?’ was, however, unsuccessful due to the overlap of the
various bands.

The structure of Co'(2), was determined by X-ray diffraction
on a single crystal. The space group (PT) is centrosymmetric,
demonstrating the presence of a racemic mixture of the two optical
isomers within the crystal. The cobaltous ion is coordinated by
four nitrogen atoms in a distorted tetrahedral coordination site
(Figure 10).

The Co'=N bond lengths are almost equal (1.96 A). The
intraligand bond angles NCo!IN (96°) are smaller than the in-

(26) The number of d—d bands can be rationalized using Tanabe-Sugano
diagrams. See, for example: Purcell, K. F.; Kotz, J. C. Inorganic Chemistry,
W. B. Saunders: Philadelphia, 1977.

(27) Varma, C. A. G. O,; Groenen, E. J. J. Recl. Trav. Chim. Pays-Bas
1972, 91, 296.
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Table II. The Ground-State Dipole Moments of Ligands 1 and 2
(Solvents CHCl, (Cis Isomer Predominant) and Dioxane (Trans
Isomer Predominant))

& (D)
He 3
1 (D = MeO-) 8§+£2 51
2 (D = Me,N-) 10+ 1 8+ 1

Table ITI. Dipole Moments of the Complexes Co''L, (L = Anion of
the Ligands 1 and 2)

u (D)
dioxane  chloroform  benzene u (D)

Coll(17), (-OMe) 12.3£06 12006 11.4£06 1215
Coll(27), (-NMe,) 14.0+0.7 145 0.8 1415

9Measured at 10 kHz. ®Calculated from p = v2pu..

terligand bond angles (115°-118°). The coordination site of the
metal ion is very close to a C, symmetry (Figure 11).

The values of the intraligand bond lengths (Figure 12) show
a delocalization of the double bonds, as all are found to be in-
termediate between single and double bond lengths.

The diimino moieties (—N"—N=CH—CH=N—) of the
ligands are planar. The dihedral angle between the planes formed
by the coordinating heteroatoms and the metal ion is approxi-
mately 90° (angle between the planes N,Co™N ;5 and N,;Co'™Nj;,
89.9°; angle between the two molecular planes, 89.7°).

Determination of the Ground-State Dipole Moments. The de-
terminations of the ground-state dipole moments of the ligands
1 and 2, and of the corresponding complexes, were performed in
chloroform and dioxane (see Experimental Section). The solutions
of the ligands contain a mixture of the cis and trans isomers. An
additivity law has been used to calculate the respective ground-
state dipole moments? of the trans and cis isomers, respectively

Ar

9T

containing the variables p,, ., ground-state dipole moments; x;,,
x., mole fractions of the corresponding isomers; P,,, molar po-
larization of the mixture; and W, Avogadro’s number.

The cis/trans ratio of the isomers does not vary significantly
with the overall concentration. The results are shown in Table
IL

The dipole moments of 2 are larger than those of 1, as expected
from the stronger electron donor ability of the dimethylamino
group. The trans isomers are, in both cases, less polar than the
corresponding cis isomers.

The ground-state dipole moments of the complexes as a function
of the solvent are given in Table III.

The dipole moments of the complexes may be determined
theoretically by assuming a vectorial contribution of the dipole
moments of the two ligands in their cis form. The calculated values
are in very good agreement with the experimental determinations,
showing that the complexation does not drastically affect the
ground-state electronic distribution of the ligands.

The errors on the values of the dipole moments are 10-20%
for the ligands and 5% for the complexes.

Nonlinear Optical Properties of the Ligands and of the Com-
plexes. The EFISH method!%!* has been used to determine the
second-order hyperpolarizability coefficients 8 of the ligands and
of the complexes in solution. By this method, the vector part of
the hyperpolarizability tensor is measured.? If the Kleinman
relationships are applied

ﬁz = ﬁzzz + ﬁzxx + ﬁzyy

where z is the direction of the permanent dipole of the molecule.
The charge transfer in each of the ligands may be considered
as uniaxial (8 = 0, By = 0) or planar (85 = 0, 8,y # 0). In

N (xp? + xul) = Py

(28) Minkin, V. L; Osipov, O. A.; Zhdanov, Y. A. Dipole Moments in
Organic Chemistry, Plenum Press: New York, 1970.
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Table IV. The EFISH Measurements at 1.9 um for Ligands 1 and 2
and for the Corresponding Cobaltous Complexes?

¥, (1077 esu) B, (107 esu)
ligands dioxane CHCl,4 trans cis
1 80 £ 30 60 % 25 30 £ 20 107
2 200 £ 40 200 + 40 50 £ 20 40 £ 15
¥o (1073 esu) B, (1073 esu)
complexes  dioxane CHCl, dioxane CHCl,
Coll(17), 150 £ 30 160 £ 30 25%7 308
Co'(2), 460%£90 700£100 70£20 100+ 25

%y, is the experimentally observed third harmonic term; £, is the
molecular second harmonic coefficient.

the complexes, these three terms are all different from zero.
The mean microscopic molecular hyperpolarizability may be
derived's from the macroscopic hyperpolarizability coefficient I':

I = Nfy,
N, number of molecules per cm’
/. product of the local fields

7., microscopic hyperpolarizability

= + —
Tu 'YC SkT

In further calculations the term v, will be neglected.'® In the
case where the solution contains a mixture of the cis and trans
forms of the ligands, an additive law has been postulated.

Table IV shows the v, and 8, values of the ligands and the
complexes. The errors on the values of +y, are 20-40% and 20%
for the ligands and the complexes, respectively. The ligand 2 leads
to B values approximately two to five times larger than those for
conventional nitroaniline derivatives and 10 to 20 times larger than
those for urea. The charge transfer state therefore probably
involves the whole molecular unit in both the cis and trans isomers.
The B values of the complexes determined in dioxane or in
chloroform are slightly different. The effect of solvent on the
magnitude of 8 has been recently described.® However significant
effects are expected only for zwitterionic molecules.

The hyperpolarizability coefficients of the complexes may be
estimated theoretically from the corresponding values of the cis
ligands by assuming that the contribution of the cobaltous metal
ion is negligible (Figure 13).

The hyperpolarizability of the ligands may arise from one- and
two-dimensional charge-transfer states. In a 'D case, only three
components must be considered, while the D case leads to eight
different components. From the structure determined by X-ray
diffraction, the angle between the molecular planes (2a) is ap-
proximately 90° for the complex Co''(2°),. By considering a
uniaxial charge transfer for the ligands, it follows that

ﬁz = 2Bus cos® a + 2,6M5 cos a sin’ o

= /2By (with 2a = 90°)

where 8, is the hyperpolarizability coefficient of the complexes
arising from a tensorial addition of the hyperpolarizability
coefficients of the cis ligands (8ys). Bz may be readily calculated
from the previously measured Sys.

In order to compare the various § values, they have been
normalized to eliminate the dispersion effect due to the absorption
band present both in the complex and in the ligand. Since an
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Figure 13. The reference frames used to theoreticaily estimate the hy-
perpolarizability coefficients of the complexes from the individual coef-
ficients of the two ligands: x,y,z, molecular axes; XYZ reference frame
for the complexes; 2a, angle between the two molecular planes of the
ligands.

Y

uniaxial charge transfer has been postulated and if this transition
involves only two levels then'’
x‘
g = g°
(A2 = 4N2) (N =A%)

with the variables 8° and 8 representing normalized and exper-
imental hyperpolarizability coefficients, respectively; A, funda-
mental wavelength; A = 1.9 um; A\, maximum wavelength of the
charge-transfer transition. The results are shown in Table V.

For both complexes Co''(1°), and Co'!(2"),, the experimental
B° values seem to be significantly higher (while within experi-
mental errors) than the additive 8% values. Overall errors are
however indicated (including NMR, g, and 8 determinations),
and they are therefore highly overestimated. As an evidence, the
values found in two different solvents are very close to each other.
Therefore it can be stated that the d-orbitals of the metallic ion
play a significant role in the magnitude of Sz.
Conclusion

A new type of metalloorganic complexes, with highly polarizable
ligands, has been synthesized and characterized. The nonlinear
optical properties of these complexes demonstrate that the d-
orbitals play a significant role in the magnitude of their hyper-
polarizability coefficients. The method used (EFISH) for
measuring the NLO properties did not permit us to determine
the importance of the crossed terms (such as Byyz) on this effect.

It is however not possible at this stage to determine which
parameters are altered by the presence of a metallic ion: (i) a
better delocalization within the ligands induced by the d-orbitals
of the metal ion, (ii) the appearance of nonnegligible crossed terms
due to a *D charge-transfer state, and (iii) a contribution from
an interligand charge-transfer process within the complexes.
Studies are under progress to elucidate this point.

Experimental Section

The following equipment was used for characterizing the compounds
synthesized: NMR spectra (Brucker AC 'H 200 MHz, '*C 50 MHz);
IR (KBr discs), (Perkin Elmer 1600 FTIR); UV-vis (Uvikon 860); and
near-IR (Beckman UV 5240). The microanalyses were performed at
ICS-Strasbourg. The error bars indicated in Tables II and III take into

Table V. The Normalized Hyperpolarizability Coefficients of the Cis Ligands and of the Corresponding Colbaltous Complexes, Determined in

Chloroform
A °Ms A g° B°z = Vs
ligands (nm) (107 esu) complexes (nm) (107 esu) (107 esu)
1 414 8+6 Co''(17), 478 216 11+£8
2 459 30+ 10 Co'(2), 518 65 + 20 40 £ 15
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Table VI

NH—N=CH—CH=N
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O
E D

’ t] A’ A
C B B C
(o4 (Jpe)® B’ NH A’ (Jaa) A B (Jac) C OMe
DMSO-d; (trans) 8.18 9.2) 7.21 11.7 7.83 (8.1) 8.37 7.33 (8.8) 6.96 3.78
CDCl; (cis) 14.7 7.05 2.1) 8.11
9Value in Hz. Chemical shift in ppm downfield from TMS.
Table VII
CHs
QN‘@—,NH—N=CH—CH=N‘©—N
D, ) aE A’ A E D \CH3
Cc B B C
(o4 (JB’C’) B’ NH A’ (JA’A) A B (JBC) C —NMe2
DMSO-d; (trans) 8.18 9.2) 7.19 11.65 7.83 (8.1) 8.38 7.29 (9.0) 6.73 2.93
CDCl; (cis) 14.8 7.01 (1.9) 8.12

account (i) the systematic error and corselation accuracy of the dielectric
measurements used for calculating u, and (ii) the error concerning the
ratio of the cis-to-trans isomer as measured by NMR. In Tables IV and
V, the errors introduced when measuring the 8 values have also been
added.

Synthesis of the Ligands. p-Nitrophenylhydrazine (3) is commercially
available (Aldrich) and was used without further purification. The
glyoxal derivative (5) of p-nitrophenylhydrazine was prepared following
a method modified from an already published procedure.!731-3

Compound 5. p-Nitrophenylhydrazine (3) (37.5 g, 0.245 mol) was
dissolved at room temperature in acetic acid (1000 cm®). A solution of
glyoxal in water (21.28 g, 0.367 mol in 1280 cm® water) was prepared,
and the acetic solution was added dropwise at room temperature. A
reddish precipitate immediately formed. On complete addition (40 mn),
the mixture was stirred for 2 h at room temperature. The precipitate was
then filtered off, washed with water (4 X 500 ¢cm?®), and dried under
vacuum (crude yield: 92%). On cooling (4 °C) the filtrate, further
orange product (0.9 g) was precipitated and collected.

5. mw 193.16; 'H NMR (200 MHz, DMSO-d%) 7.35 (d, arom, 2 H,
J =9.1 Hz), 7.47 (d, —CH=N—, 1 H, J = 7.8 Hz), 8.24 (d, arom, 2
H, J = 9.1 Hz), 9.55 (d, -CHO, 1 H, J = 7.8 Hz), 12.0 (br 5, -NH-,
1 H); mw, 193.16. Anal. Calcd for CgH;N;04: C, 49.7; H, 3.6; N, 21.7.
Found: C, 48.7; H, 3.6; N, 21.2.

A second experimental procedure was also used to synthesize §.

p-Nitrophenylhydrazine (3) (22.17g, 0.145 mol) was dissolved in
DMSO (50 cm?) at room temperature, and then added dropwise to an
aqueous solution of glyoxal (16.76 g, 0.289 mol, in 400 cm* water) at
room temperature. After completion of the addition, the mixture was
stirred for 30 mn. The precipitate which formed was filtered off at room
temperature, washed with water (5 X 250 cm®), and dried under vacuum
at 50 °C (crude yield, 95%).

1-((p-Nitrophenyl)hydrazono-2-((p-methoxyphenyl)imino)ethane (1).
The experimental procedure employed was modified from that described
in ref 17. A description of structurally related ligands can be found in
the literature,24:25:34-36

The monosubstituted glyoxal derivative § (7.24 g, 30 mmol) was
dissolved in DMSO (80 cm?) at 70 °C. To this solution, p-anisidine
(Aldrich) (3.69 g, 33 mmol) in DMSO (10 ¢m?) was added dropwise at
room temperature. The reaction mixture was stirred at room tempera-
ture for 3 h and, on completion of the reaction, was heated to 70 °C.
Water was then added (10 cm?), and, on cooling to room temperature,
the orange product precipitated. The product was then filtered off,
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washed with water, and dried under vacuum (crude product: quantitative
yield). Recrystallization of the product from absolute ethanol gave 3.58
g of pure compound (yield, 40%), mp 252 °C (lit.!” 209-210 °C).

1: mw 298.30; 'H NMR (200 MHz) (see Table VI); *C NMR (50
MHz) DMSO-d; (trans) D’, 141.9; C/, 125.9; B, 112.0; E’, 149.3; A’
143.1; A, 158.3; E, 155.3; B, 122.5; C, 114.3; D, 139.5; OMe, 55.1; IR
(KBr, in cm™) 1599.0, 1554.2, 1503.8, 1332.3, 1289.7, 1280.0, 1109.7,
841.0, 749.8, 530.8; UV (A, in nm, ém,, in mol™? dm? cm™) EtOH,
neutral form 305 s, 340 s, 404 (41 500); EtOH, basic form 342 s, 385
(10800), 552 (45200); dioxane 300 s, 340 s, 401 (49 500); CHCl; 315
s, 342 s, 414 (38 000). Anal. Calcd for C,sH,,N,Os: C, 60.40; H, 4.73;
N, 18.78. Found: C, 60.19; H, 4.64; N, 18.52.

1-((p-Nitrophenyl) hydrazono)-2-((p-dimethylamino)phenyl)imino)-
ethane (2). The same procedure as used for 1 was followed. The crude
product which was obtained in quantitative yield was recrystallized in
ethanol (yield 35%; mp 261 °C).

2: mw 311.34; '"H NMR (200 MHz) (see Table VII); 1*C NMR (50
MHz) DMSO-d; (trans) D’, 139.4; C’, 126.1; B’, 112.0; E’, 149.6; A’,
142.9; A, 151.9; E, 149.8; B, 122.7; C, 112.4; D, 138.8; -NMe,, 40.4; IR
(KBr, in cm™) 1609.3, 1596.5, 1560.5, 1502.0, 1324.4, 1300.1, 1281.9,
1109.2, 838.6, 747.9, 527.6; UV (Any, in nm, ¢, in mol™ dm® cm™)
EtOH, neutral form 338 s, 375 s, 436 (47 800); EtOH, basic form 370
s, 396 (12800), 565 (55 600); dioxane 340 s, 375 s, 434 (44 500); CHCl,
3455, 392 s, 459 (35500). Anal. Calcd for C,¢H,;NO,: C, 61.72; H,
5.50; N, 22.49. Found: C, 61.8; H, 5.5; N, 22.4,

Synthesis of the Complexes. Co'l(17) 1 (1 g, 3.35 mmol) was heated
with stirring at 70 °C in ethanol (100 cm?), and a solution of potassium
ethoxide (1 M in ethanol, 3.35 mL) was added. Immediately, the violet
color characteristic of 1~ appeared, and the solution became homoge-
neous. Co(AcO), (0.33 g, 1.84 mmol), previously dehydrated from
Co(AcO),4H,0 under vacuum at 150 °C, was then added to the reac-
tion mixture, followed immediately by the disappearance of violet col-
oration and the formation of a brown precipitate. The precipitate was
then filtered off and washed with ethanol. The product Coll(17), was
solubilized in CH,Cl, (20 cm®) and filtered to remove the salt present
in excess. The crude product was recrystallized from a mixture
AcOEt/EtOH (1:1 v/v) giving 0.82 g (75%) as green needles with a
metallic lustre: TLC, SiO,, eluent, CHCl;/EtOH (98/2); R;0.8.

Coll(17);; mw 653 52; IR (KBr, in cm™), 1605.1, 1586. 2 1505.4,
1457.8, 1322.1, 1231.8, 1150.8, 1106.4, 1016.1, 9947 848. 2 753.8,
693.1; UV NIR (A, in nm, €, in mol™! dm? cm") CH2C12 365,478
(54 200), 625 s, 690 (2450), 1020 (77); dioxane 360 s, 471 (52 100), 625
s, 687 (2410), 1020 (80); CHC}, 300s, 365 s, 478 (55900}, 613 s, 691
(2650), 1010 (81). Anal. Calcd for C;0HyNOsCo: C, 55.14; H, 4.01;
N, 17.15; Co, 9.02. Found: C, 55.31; H, 3.96; N, 17.16; Co, 8.89.

Ni''(17),. The same procedure as above was followed: salt, NiBr,-
3H,0 (dried at 200 °C under vacuum). The reaction mixture was stirred
under reflux for 3 h. At room temperature, the precipitate was collected
and extracted with acetone. The crude product was recrystallized from
a mixture acetone/ethanol giving green needles: yield 20%; TLC same
as above; R, 0.8.

Nill(1- )2 mw 653.30; IR (KBr, in ecm™!) 1605.7, 1585.9, 1505.0,
1460.8, 1330.1, 1318.3, 1226.9, 1152.3, 1102.1, 1025.6, 845.9, 751.5,
693.5; UV NIR (Ap,y in nm, ¢y, in mol™! dm? cm") CH,Cl, 362 s, 461
(46 300), 650's, 1110 (47), 1250 s. Anal. Caled for C3oH,NyOgNi: C,
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55.16; H, 4.01; N, 17.15; Ni, 8.99. Found: C, 55.33; H, 3.97; N, 17.20;
Ni, 9.87.

Cu''(1),. The same procedure was followed as above: salt,
Cu(CF,S0,), (dried at 150 °C under vacuum). The black precipitate
formed was washed with ethanol: yield 75%; TLC same as above; R, 0.7.

Cu''(17); mw 658.13; IR (KBr, in cm™') 1604.9, 1585.4, 1503.9,
1457.2, 1329.8, 1318.1, 1237.8, 1159.7, 1100.6, 1020.0, 846.2, 751.2,
692.4; UV NIR (Apy, in M, €pay in mol™! dm?® cm™') CH,Cl, 360 s, 422
s, 465 (39700), 490 s, 679 (2490), 1330 (210). Anal. Caled for
CyHxNzO,Cu: C, 54.75; H, 3.98; N, 17.02; Cu, 9.65. Found: C, 54.58;
H, 3.92; N, 16.90; Cu, 9.88.

Co'(2),. The same procedure was followed as for Co''(17),: re-
crystallization, AcOEt (yield 60%). The X-ray structure was determined
on a single crystal grown in benzene.

Co'(2),: mw 679.61; IR (KBr, in cm™) 1607.3, 1584.9, 1498.4,
1458.5, 1319.2, 1237.8, 1143.9, 1101.9, 1021.4, 998.1, 849.5, 752.9,
693.7; UV NIR (Aggy in A, €y in mol™' dm® em™") CH,Cl, 340 s, 397
s, 518 (53 800), 670 s, 1020 (74); dioxane 340 s, 385 s, 506 (52000), 655
s, 1020 (75); CHCI, 335 s, 390 s, 518 (53 300), 670 s, 1010 (76). Anal.
Caled for CyHyN,gOCo: C, 56.56; H, 4.75; N, 20.61; Co, 8.67.
Found: C, 56.51; H, 4.75; N, 20.65; Co, 8.57.

Determination of the Ground-State Dipole Moments. Ground-state
dipole moments were measured at Thomson using an in-house apparatus
following ref 37. The solutions (benzene, chloroform, dioxane) were in
the range 102-10 M. The refractive index of the solutions was mea-
sured using an Abbe’s refractometer (OPL).

The dipole moments are determined by the measurement of the ca-
pacitance C;, of a condenser, in which the dielectric is a solution of the
molecular compound to be studied. The dielectric constant of the solution
€5 (1; solvent; 2, solute) is given by

C,=Aep, + B
A,B: cell constants
G, in pF

Various relationships can be found for expressing ¢, as a function of
the molecular dipole moment of the solute.”®** In the general case where
the solute is dissolved in a polar solvent, the relationship is?*

C(P,-P)+ P/ V=

[(612 = ez + 2) /8¢y = (nfy = 1)(md, + 2) /8ni,)
with P,, P,, molar polarizations due to the solvent or the solute, respec-
tively; C,, concentration of the solute (in mol per unit volume of solution)

(C; = x3/¥); €3, ny,, dielectric constant and refractive index of the
solution, respectively; ¥, molar volume of the solution;

Mx, + Myx,
dIZ
d,,, density of the solution; M,M,, molecular weights of the solvent and

solute, respectively; x,,x,, mole fractions of the solvent (N, mol) and
solute (N, mol), respectively.

V=

N,
=
TENTN,
N,
RENFN,

In the calculations, ¥ will be considered to be constant, i.e., for dilute
solutions, the molar volume is not significantly changed when the con-
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Figure 14. Schematic representation of the cell used for determining
SHG: 1, cell cover; 2, spring; 3, upper electrode; 4, quartz window (2
mm); and 5, lower electrode.

centration of the solute is varied. P, may be easily calculated knowing
the dielectric constant ¢, and the refractive index n, of the pure solvent.
P, - P, is the slope of the curve fl¢;,, n;;) vs C;, when C, is varied. The
molecular dipole moment of the solute may be then calculated, since

4 M

P} 9 I'.Nk,r
with the following constants being N, Avogadro's number (6.02 X 10%);
4;, dipole moment in esu-cm (1D = 107'® esu-cm); k, Boltzmann constant
(k= 1.38 X 10" erg:K™"); and ¢, = 1 /4; dielectric constant of vacuum.

NLO Measurements. NLO measurements were carried out at
Strasbourg (IPCMS) with an in-house apparatus.

The laser source used had the same specifications as those described
in ref 15. The 1.9 um radiation was obtained with a Raman cell con-
taining hydrogen.

The fundamental beam was polarized vertically and focussed in the
cell with a lens (50-60 cm focal distance.) A schematic representation
of the cell made and used in Strasbourg is shown in Figure 14.

In this configuration the static field is uniform in the active part of
the cell. A pulsed electric field with the same polarization as the incident
laser beam was used (10 us, 5 kV) to orientate the solute molecules within
the solvent. The field and the laser beam were synchronized with a
Q-switch.

X-ray Determination. The X-ray diffraction was performed with an
Enraf-Nonius CAD-4 spectrometer at the Université P. et M. Curie
(Jussieu) C;,H;3N40,Co; mw 679.607; number of unique data used
3230; R = 3.7%; triclinic (PT) a = 10.819 A, b = 11.645 A, ¢ = 13.991
A, a =86.40°, 8 = 84.97°, vy = 70.56°, Z = 2, p(caled) = 1.364 g/cm’.
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