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it is shown experimentally that the ketene dithioacetal group is very effective as an electron-donating group in the
design and synthesis of thermally stable and efficient second-order nonlinear optical chromophores.

In the design of highly efficient second-order nonlinear optical
(NLO) chromophores for electrooptic device applications,
asymmetric conjugated molecules containing donor and
acceptor substituents have been thoroughly scrutinized.!
Molecular nonlinearity (fu) of such compounds is dependent
on the effective length of n-conjugation and the strength of
donor and acceptor substituents.2-15 while a variety of
acceptors such as carbonyl, nitro, sulfonyl,5 disulfonylvinyl,®
dicyanovinyl,” cyanonitrovinyl,8 tricyanovinyl,® thiobarbituric
acid!0 and rhodanine!! have been examined for their role in
influencing the molecular NLO properties, a few electron-
donors such as alkoxy and dialkylamino groups have received
the most attention. Lehn and coworkers,!? in their recent
studies on push—pull carotenoids, have discussed the role of

benzodithia group as an electron donor. In this communica-
tion, we demonstrate the important role of ketene dithioacetal
group as an electron donor in the design and synthesis of
efficient and thermally stable NLO chromophores.

Table 1 lists all the donor-acceptor substituted compounds
studied in this work. Ketene dithioacetal group is used as an
electron donor in all the compounds except for 1 and 2. The
latter compounds, which are studied only for comparative
purposes, possess dialkylamino and nitro substituents. While
N, N-dimethylamino-4-nitrobenzene 1 was obtained commer-
cially, 2-piperidino-5-nitrothiophene 2 was synthesized by the
nucleophilic substitution reaction between piperidine and
2-bromo-5-nitrothiophene. Different synthetic methodologies
(Schemes 1 and 2) were adopted to synthesize the nitro
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derivatives 6a—c and tricyanovinyl derivatives 7a-d. For the
nitro compounds, the ketene dithioacetal group!¢ was intro-
duced by reacting the nitro substituted conjugated aldehydes
with the Wittig ylide generated from 1,3-dithian-2-yltriphenyl
phosphonium chloride, 3 (Scheme 1). The tricyanovinyl
derivatives 7a—-d were obtained in a two-step process as shown
in Scheme 2. The first step involves the synthesis of 5a-d by
lithiation of 2-trimethylsilyl-1,3-dithiane, 4, with BuLi and
subsequent reaction with the corresponding aldehydes. Reac-
tion of 5a—d with tetracyanoethylene (TCNE) resulted in
tricyanovinyl derivatives 7a—d, respectively.1?

Molecular second-order nonlinear optical properties were
obtained in nonpolar 1,4-dioxane solvent by the electric-field-
induced second harmonic generation (EFISH) technique.!3
The quantity fu, a product of first-order hyperpolarizability
and ground-state dipole moment, obtained from EFISH
measurements is used to compare the relative efficiencies of
the donor-acceptor compounds studied here. Measurements
were done at a fundamental wavelength of 1.907 pm primarily
to minimize the resonance enhancement complications. For
comparison purposes, the zero frequency extrapolated values
(Bow)13® are also listed in Table 1.

It is clear from the Pp values obtained for compounds 1 (110
X 10-48 esu) and 6a (130 x 10-48 esu) that the ketene
dithioacetal group is more effective than the dialkylamino
group in increasing the molecular nonlinearity of push—pull
compounds. Comparison of Pu values of the corresponding
thiophene derivatives 2 (125 X 10— esu) and 6b (200 X 10-48
esu) reveals the same trend. The data obtained for compounds
6a—c indicate that heteroaromatic conjugating bridges are
superior to benzenoid rings in enhancing the molecular
nonlinearity. This observation is in clear agreement with our
earlier reported data on donor-acceptor substituted thio-
phene-stilbenes.14 This data also suggests that the nature of
heteroatom (thiophene being more effective than furan) plays
an important role in influencing the molecular NLO proper-
ties. With thiophene or furan as conjugating units, enhanced
nonlinearities can be achieved by replacing the nitro group
with a stronger electron-accepting tricyanovinyl group (fu =
850 x 10~48 esu for 7a, 940 x 10—48 esu for 7b).

By employing thiophene-stilbene as the conjugating bridge
between the donor ketene dithioacetal group and the acceptor
tricyanovinyl group, significantly enhanced nonlinearities can
be obtained (7¢, 3420 X 10-48 esu). Thermal stability studies
indicate that beyond 225 °C, the thiophene-stilbene 7¢
undergoes cis—trans isomerization followed by decomposition.
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To further increase the thermal stability, we designed 7d by
eliminating the olefinic linkage between the thiophene rings in
7c. Studies indicate that the bithiophene 7d possesses much
higher thermal stability (300 °C) and significantly lower
molecular nonlinearity (1500 X 10—48 esu) than 7¢. The higher
thermal stability of these bithiophene derivatives!S makes
them more important in the development of organic electro-
optic materials, despite their lower molecular nonlinearity in
comparison with the corresponding thiophene-stilbene deriva-
tives.

In conclusion, we have demonstrated the important role of
ketene dithioacetal group as an electron donor in the design of
efficient and thermally stable NLO chromophores. Consider-
ing the availability of synthetic methods!® to displace the
olefinic proton of the ketene dithioacetal group with hydro-
carbon chains, this class of compounds can be covalently
incorporated into polymer matrices to develop thermally
stable cross-linked polymeric materials for electrooptic device
applications.

We are grateful to Dr Robert M. Mininni for his continuing
support and encouragement. We thank Dr K. Y. Wong for
providing some of the EFISH data reported here.

Received, 12th April 1994; Com. 4/02153C

References

1 P. N. Prasad and D. J. Williams, Introduction to Nonlinear Optical
Effects in Molecules and Polymers, Wiley, NY, 1991.

2 L. T. Cheng, W. Tam, S. R. Marder, A. E. Stiegman, G. Rikken
and C. W. Sprangler, J. Phys. Chem., 1991, 95, 10631, 10643.

3 R. A. Huijts and G. L. Hesselink, Chem. Phys. Letr., 1989, 156,
209.

4 M. Barzoukas, M. Blanchard-desce, D. Josse, J. M. Lehn and J.
Zyss, Chem. Phys., 1989, 133, 323.

5 A. Ulman, C. S. Willand, Werner Kohler, D. R. Robello, D. J.
Williams and L. Handley, J. Am. Chem. Soc., 1990, 112, 7083.

6 K. Ogura, S. Takahasi, Y. Kawamoto, M. Suzuki, M. Fujita, Y.
Suzuki and Y. Sugiyama, Tetrahedron Len., 1993, 34, 2649.

7 A.K-Y. Jen, V. P. Rao, K. Y. Wong and K. J. Drost, J. Chermn.
Soc., Chem. Commun., 1993, 90.

8 C. W. Dirk, N. Caballero, A. Tan, M. G. Kuzyk, L. T. Cheng, H.
Katz, M. Shilleng and L. King, Proc. SPIE, 1992, 1775, 64.

9 V. P. Rao, A. K-Y. Jen, K. Y. Wong and K. J. Drost, J. Chem.
Soc., Chem. Commun., 1993, 1118; H. E. Katz, K. D. Singer,
J. E. Sohn, C. W. Dirk, L. A. King and H. M. Gordon,
J. Am. Chem. Soc., 1987, 109, 6561.

10 S. R. Marder, J. W. Perry, G. Bourhill, C. Gorman, B. Thiemann
and K. Mansour, Science, 1993, 261, 186.

11 V. P. Rao, A. K-Y. Jen and B. J. Caldwell, Tetrahedron Lett., in
the press.

12 M. Blanchard-Desce, I. Ledoux, J. M. Lehn. J. Malthete and J.
Zyss, J. Chem. Soc. Chem. Commun., 1988, 736; F. Meyers, J. L.
Bredas and J. Zyss, J. Am. Chem. Soc., 1992, 114, 2914.

13 {a) K. Y. Wong, A. K-Y. Jen, V. P. Rao, K. J. Drost and R. M.
Mininni, Proc. SPIE, 1992, 1775, 74; (b) K. D. Singer, J. E. Sohn,
L. A. King, H. M. Gordon, H. E. Katz and C. W. Dirk, J. Opt.
Soc. Am. B, 1989, 6, 1339.

14 V.P.Rao, A. K-Y. Jen, K. Y. Wong and K. J. Drost, Tetrahedron
Lert., 1993, 34, 1747, V. P. Rao, A.K-Y. Jen, K. Y. Wong, K. J.
Drost and R. M. Mininni, Proc. SPIE, 1992, 1775, 32; V. P. Rao,
A. K-Y. Jen, K. Y. Wong and R. M. Mininni, Proc. SPIE, 1993,
2025, 156.

15 For other reported bithiophene derivatives, see: F. Wurthner, F.
Effenberger, R. Wortmann and P. Kramer, Chem. Phys. 1993,
173, 30s.

16 For general synthetic approaches to incorporate ketene dithio-
acetal group, see: F. A. Carey and A. S. Court, J. Org. Chem.,
1972, 37, 1926; C. G. Cruse, N. L. J. M. Broekhof, A. Wijsman
and A. Van der Gen, Tetrahedron Lett., 1977, 885.

17 B. C. McKusick, R. E. Heckert. T. C. Cairns, D. D. Coffman and
H. F. Mower, J. Am. Chem. Soc., 1958, 80, 2806.

18 S. Bergeron, T. Brigaud, G. Foulard, R. Plantier-Royon and C.
Portella, Tetrahedron Lett., 1994, 35, 1985; M. Kolb, Synthesis,
1990, 171.





