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Abstract

Two new ferrocenyl derivatives, (Z)-[1-(benzylthio)-1-(4’,4'-dimethyl-oxazolinyl)-2-ferrocenyl]ethyl-
ene (3) and (Z)-{1-(benzylsulfino)-1-(4',4’-dimethyloxazolinyl)-2-ferrocenyllethylene (4) have been syn-
thesized. On complexation with PdCl, these yield new bimetalllic complexes 5 and 6 respectively.
Non-linear optical properties measured by the EFISH technique show an enhanced molecular hyperpo-
larizability upon complexation, leading to higher values for 8,

Introduction

There has been considerable interest in recent years in the development of new
materials with non-linear optical (NLQO) properties. This is due to the higher
polarizability of m-electronic systems under an applied electric field associated
with laser beam. Future photonic devices for communications and information
processing might be derived from such materials. Although several inorganic [1,2]
and organic materials have been shown to display substantial NLO properties,
reports on such properties for organometallic complexes are scarce [3-8].

We describe here some novel ferrocene derivatives and the corresponding
palladium complexes that exhibit promising NLO properties. We prepared (Z)-[1-
(benzylthio)-1-(4',4’-dimethyloxazolinyl)-2-ferrocenyllethylene (3) and (Z)-[1-(ben-
zylsulfino)-1-(4',4’-dimethyloxazolinyl)-2-ferrocenyllethylene (4). In these com-
plexes an electron-releasing organometallic moiety (i.e. ferrocenyl group) is at-
tached to the electron-attracting oxazoline via an ethylenic linkage. A sulfur
function adjacent to the oxazoline ring provides a bidentate ligand for further
complexation to another transition metal. Furthermore chirality could be readily
introduced in this ligand either at the sulfur center or in the oxazoline ring in
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Scheme 1.

order to give non-centrosymmetric crystals, an essential requirement for NLO
properties in the solid state.

Results and discussion

Complexes 3 and 4 were prepared by condensation of ferrocene carboxaldehyde
with the anions of 1 and 2 respectively [9a]. Complexes 5 and 6 were obtained in
almost quantitative yields by treating the ferrocene derivatives 3 and 4 with
(CH,CN),PdCl, [10] in CH,Cl, (Scheme 1).

A comparison of the 'H NMR spectra of compounds 3, 4 and 4, § reveals the
influence of the acceptor palladium group upon the chemical shift of the Cp ligand
protons (see Experimental section).

The palladium complexes 5 and 6 display solvatochromic behavior [11]. The UV
visible absorption spectra of the uncomplexed compounds 3 and 4 exhibit a band at
ca. 470 nm, and the complexes § and 6 a band at ca. 550 nm. This low energy band
shows a bathochromic shift when the solvent polarity is increased. The solva-
tochromism is larger for complexes 5 and 6 than for the uncomplexed compounds
3 and 4. Complex 8, similar to 5, was prepared for comparison; in this the
ferrocenyl group has been replaced by the organic electron releasing p-N,N-di-
methylaminophenyl group. Application of the MacRae relationship [12] gives the
excited state dipole moments (see Table 1). This solvent effect was the first
indication of probable SHG properties. Measurements of 8 at 1.34 um by the
electric-field-induced second harmonic generation (EFISH) technique [13,14] gave
values in the range 4.5-37.0 X 1073 esu (4 10%) for compounds 3 to 6. These
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Table 1

Values of measured ground state and excited state dipole moments, first hyperpolarizabilities at 1.34
um and the extrapolated B, from the wavelength absorption band involved in the Internal Charge
Transfer (ICT) process

3 4 5 6 7 8
pg® (Debye) 3.85 5.7 13.2 12.2 35 135
Ap® = p, — png (Debye) 2.0 2.1 3.0 6.0 17.2 9.0
B < 1.34 pm (10~ esu) 45 8.4 12.2 30.2 23.0 37.0
B, ¢ (1073 esu) 2.0 3.7 39 7.6 15.0 20.0
Peak wavelength ¢ 472 470 530 559 37 442

involved in ICT (wm)

“ Ground state dipole moments u, have been measured in chloroform in a dipolemeter by using the
Guggenheim equation [16]. bpe: excited state dipole moment. Au is determined by measuring the
solvatochromism shift and appplying MacRae relationship [12]. € Second order hyperpolarizability 8
was measured in chloroform solution by the EFISH technique. ¢ 8, is given by B(w)= B,F(W, )
where W is the energy of the first maximum band of the molecule, w is the fundamental wave
frequency, and F(W, ) is the dispersion function [17]. ¢ In chloroform.

values of B are comparable to those for the very few reported for organo-transition
metal complexes. For instance, the highest values of 8 reported for such com-
pounds are 52%x 1073 esu at 1.9 um for 1-ferrocenyl-4-(4-nitrophenyl)-trans-
butadiene [8] and 108 X 1073° esu at 1.06 pm for Ru-CTP complexes studied by
the Langmuir-Blodgett technique [15]. Measurements of third harmonic genera-
tion at 1.9 um revealed a negligible contribution from the third order polarizability
in the EFISH experiment [13,14]. Complexes 3 and 4 show NLO properties that
are further enhanced upon coordination with Pd" by a factor of 2 in terms of the
measured polarizabilities. The increase in the value of B; upon complexation is
related to the increased value of Au. The metal ion withdraws electrons from the
lone pairs of the heteroatoms. Thus compounds § and 6 provide the first example
of the influence of complexation on NLO properties (Table 1).

The stronger donor—-acceptor interaction in compound 7 than in compounds 3
and 4, accounts for the weak increase (ca. 30%) of B, in the Pd-complexed 8. The
effect of metal complexation will then be relatively lowered in compound 8. The
ICT contribution localized on the ligand is much stronger than in compounds §
and 6, in which the electron-donating ability of the ferrocenyl group is substantially
weaker than that of the dimethylaminophenyl group of compound 8. This is
confirmed by the values of B, for the corresponding ligands (3, 4 and 7). Finally,
the ligands which already display high B, values, as a consequence of strong ICT,
seem to be less affected by metal complexation than the organometallic com-
pounds showing only moderate B, values.

Conclusion

The presence of a metal ion in complexes 3 and 4 results in a net increase in the
measured polarizability. Complexes 5 and 6 provide the first examples of the
influence of complexation on NLO properties.
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Experimental

All manipulations were carried out under an inert atmosphere. 'H NMR
spectra were recorded on a Bruker 200 MHz spectrometer with tetramethylsilane
as internal standard IR spectra were obtained with a Perkin-Elmer 883 IR
spectrophotometer. Elemental analyses were performed by the Microanalysis Ser-
vice of CNRS at Gif-sur-Yvette. Ferrocene carboxaldehyde was purchased from
Aldrich. The oxazoline derivatives 1 and 2 as well as (CH,CN),PdCl, were
prepared by published methods [9,10]. The solvents were purified prior to use.

(Z)-[1-(Benzylthio)-1-(4',4"-dimethyloxazolinyl)-2-ferrocenyl] ethylene (3)

A solution of 1, 4.8 g (20 mmol), in 50 ml of THF was cooled to —78°C and
13.5 ml (21.6 mmol) of 1.6 M n-butyllithium in hexane was added dropwise. After
1 h of stirring a solution of ferrocene carbaldehyde, 4.5 g (21 mmol) in THF was
added. After 1.5 h of stirring at —78°C, the solution was warmed to room
temperature. Hydrolysis was carried out at 0°C and the mixture was then
extracted several times with CH,Cl,, and the extract washed with water and dried
over MgSO,. The extract phase contained the intermediate alcohol, which was not
isolated, but dehydrated as follows. 6.6 ml (2.5 equiv.) of Et;N was added to the
above CH,Cl, solution at 0°C and 3.6 ml of trifluoroacetic anhydride was added
dropwise. The solution was stirred for 1 h at 0°C and then overnight at room
temperature, washed with water and dried, and the solvent removed to leave a red
oil. This was purified by flash chromatography with pentane /ether (7 /3) as eluent.
The red band eluted gave bright red crystals of the desired compound (7.1 g, 16.5
mmol, 81%). 'H NMR (CDCl;) § 7.4 (s, 1H, vinylic), 7.1-7.2 (m, 5H, aromatic),
4.8 (m, 2H, n-C;H,), 4.35 (m, 2H, n»-CsH,), 4.1 (s, 2H, benzylic), 4.05 (s, 2H,
CH ,-oxazoline), 4.0 (s, 5SH, n-C;H;), 1.4 (s, 6H, CH,) ppm. IR (KBr) (cm™!):
2969, 1626, 1584, 1000. Anal. Found: C, 66.62; H, 5.97; N, 3.48. C,,H,;NOSFe
calc.: C, 66.81; H, 5.84; N, 3.24%.

(Z)-[1-(Benzylsulfino)-1-(4',4'-dimethyloxazolinyl)-2-ferrocenyl]ethylene (4)

Compound 4 was prepared analogously from 5.1 g (20 mmol) of compound 2
and LDA (prepared by addition of 13.2 ml of (1.6 M in hexane) butyllithium to
3.12 ml of diisopropylamine at 0 ° C in THF). Yield 7 g (15.6 mmol) 78%. 'H NMR
(C¢Dg) 8 7.25 (s, 1H, vinylic), 7.0-7.4 (m, 5H, aromatic), 4.6 (m, 1H, n-CsH,), 4.5
(m, 1H, n-C;H,), 422 (d, J 12 Hz, 1H, CH,-benzylic), 4.13 (d, J 12 Hz, 1H,
CH ,-benzylic), 4.05 (m, 2H, 1-C5H,), 3.85 (s, SH, n-CH,), 3.53 (d, J 8 Hz, 1H,
CH ,-oxazoline), 3.48 (d, J 8 Hz, 1H, CH,-oxazoline), 1.1 (3H, CH,), 1.05 (3H,
CH,) ppm. IR (KBr) (ecm™1): 2968, 1635, 1595, 992. Anal. Found: C, 64.51; H,
5.56; N, 3.26. C,,H,sNO,SFe calc.: C, 64.43; H, 5.63; N, 3.13%.

(Z)-[1-(Benzylthio)-1-(4',4’-dimethyloxazolinyl)-2-ferrocenyl]ethylene palladium di-
chloride complex (5)

To a mixture of 250 mg (0.6 mmol) of 3 and 150 mg (0.6 mmol) of
(CH;CN),PdCl, was added 20 ml of CH,Cl,. A violet color immediately ap-
peared. After 1 h stirring the volume was reduced by one-third and an excess of
ether was added. The solution was cooled and the precipitate washed with ether.
Yield 360 mg (0.59 mmol) 98%. 'H NMR (CD,Cl,) & 7.35-7.65 (m, 4H, aromatic),
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7.25 (s, 1H, vinylic), 5.2, 4.95, 4.8, 4.65 (s, 4H, n-CsH,), 4.5 (d, J 10 Hz, 1H,
CH ,-oxazoline), 4.3 (s, SH, n-CsH,), 4.1 (bs, 1H, CH,-benzylic), 3.85 (bs, 1H,
CH ,-benzylic), 3.75 (d, J 10 Hz, 1H, CH ,-oxazoline), 1.5 (s, 3H, CH,), 1.1 (s, 3H,
CH ) ppm. IR (KBr) (cm~'): 2966, 1600, 1413. Anal. Found: C, 46.85; H, 4.37; N,
2.28; Cl, 11.53. C,,H,sFePdSONCI, calc.: C, 47.35; H, 4.13; N, 2.30; Cl, 11.64%.

(Z)-[1-(Benzylsulfino)-1-(4'4’-dimethyloxazolinyl)- 2-ferrocenyl]ethylene  palladium
dichloride complex (6)

The complex 6 was prepared similarly to 5. Yield 90%. 'H NMR (CD,Cl,) &
7.24-7.7 (m, 6H, 5 aromatic + 1 vinylic), 5.2 (d, J 11 Hz, 1H, CH ,-benzylic), 5.0,
4.95, 4.75 (m, 1H, 2H, and 1H, n-CsH,), 4.42 (d, J 11 Hz, 1H, benzylic), 4.35 (s,
5H, n-C;H,), 43 (d, J 7 Hz, 1H, CH ,-oxazoline), 1.5 (s, 3H, CH;), 1.0 (s, 3H,
CH;) ppm. IR (KBr) (cm™'): 1575, 1545, 1426, 968. Anal. Found: C, 46.33; H,
4.00; N, 2.40; Cl, 11.42. C,,H ,;FeSO,NPdCl, calc.: C, 46.17; H, 4.03; N, 2.24; Cl ,
11.35%.

(Z)-[1-(Phenylthio)-1-(4',4'-dimethyl ~ oxazolinyl)-2-(p-N,N-dimethylaminophenyl)]-
ethylene (7)

Compound 7 was prepared by a procedure similar to that used for compound 3.
Yield 90%. '"H NMR (CDCl5) 6 7.85 (s, 1H, vinylic), 7.8 (d, J 9 Hz, 2H, aromatic)
7.1-7.3 (m, 5H, phenyl), 6.6 (d, J 9 Hz, 2H, aromatic), 3.95 (s, 2H, CH ,-oxazoline),
3.0 (s, 6H, (CH;),N-), 1.2 (s, 6H, (CH ;),-oxazoline) ppm.

(Z)-[1-(Phenylthio)-1-(4',4'-dimethyloxazolinyl)-2-(p-N, N-dimethylaminophenyl) ] -
ethylene palladium dichloride complex (8)

Complex 8 was prepared in the way described for 5. Orange crystals. Yield 98%.
'"H NMR (CD,Cl,) 6 6.5-7.75 (m, 10H, 9 aromatic + 1 vinylic), 4.4 (d, J 9 Hz, 1H,
CH ,-oxazoline), 4.29 (d, J 9 Hz, 1H, CH ,-oxazoline), 3.05 (s, 6H, (CH )N, 1.7 (s,
6H, (CH;),-oxazoline). Anal. Found: C, 47.64; H, 4.65; N, 5.27, Cl, 13.15.
C,,H,4N,OSPdCl, calc.: C, 47.617; H, 4.56; N, 5.29; Cl, 13.38%.
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