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Abstract: We report on the synthesis of a novel type of squaraines (11a-f,
17¢) in which the conjugation of the chromophore is extended by stilbene
units. These pigments exhibit absorption bands which have their maxima at
the end on the Vis region and reach partly into the NIR.

Stilbenes constitute an important class of photochemically well examined compounds - not least
owing to their applications in materials science as optical brighteners, laser dyes, optical recording
media, photoresists, photoconductors, light emitting diodes, materials for nonlinear optics (NLO)
etc.' The optical characteristics of squaraines (1,3-disubstituted squaric acid derivatives) have
made these organic dyes also very attractive for technological applications like electrophoto-
graphy,? solar energy conversion,’ optical data storage,* and NLO.> A combination of these two
building blocks - stilbene and squaraine - should create very interesting new materials. The
extension of the conjugated system in comparison to the phenylsquaraines should produce a
bathochromic shift in the UV/Vis absorption spectra and this would be extremely useful for the
absorption of GaAs diode laser light with its emission in the NIR.® Squaraines are traditionally’
prepared by condensation reactions of squaric acid with arenes or hetarenes bearing electron-
donating groups (R = Alkoxy, Dialkylamino). Usually an azeotropic removal of water is performed.
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It turned out, that none of the stilbenes 2a-¢ was nucleophilic enough in position 4' to con-
dense with squaric acid. To enhance the required nucleophilicity a hydroxy group was intreduced in
position 3', but that phenol did not give a reaction with squaric acid, either. Finally the twofold con-
densation to the symmetrical squaraines 11a-f succeeded with the 3',5'-dihydroxystilbenes 10a-f.
The synthetic sequence was started with the convenient steps 4 — 5 — 6. The stilbenes 9a-f were
obtained by a Wittig-Horner olefination. The PO-activated component 7 reacted with the benzalde-
hydes 8a-f giving high yields of 9a-f. A selective cleavage of the methyl ethers was achieved by
the action of (diphenyiphosphino)lithium; nevertheless this is a critical reaction step. Byproducts of
the deprotection are mainly monodemethylated stilbenes and some trihydroxy compounds. The ex-
posure of 3,4,5-tris(hexyloxy)-3',5"-dimethoxystilbene (9f) to LiPPh2 generated hydroxy groups in
3'-,5'-, and 4-position; that means the most activated hexyloxy group was cleaved, too. Since the
electron-releasing properties between a methoxy group and a hydroxy group are very similar, it is
noteworthy that only the dihydroxystilbenes undergo the condensation reaction. H-bonding be-
tween the hydroxy groups and the CO groups of the four-membered ring is certainly the reason for
this behaviour. The low yields of the condensation with squaric acid ( 10a-ft — 11a-f ) are probably
due to the still low nucleophilicity of 10a-t.
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Table 1. Preparation of the squaraines 11 a-f

6859 9510 10511 11 1
R' R? R3 Yield (%) Yield (%) Yield (%) M.p. (°C)  Amax (nm)

a H OCgHiz H 87 50 33 303% 714

b H OCgHi7 H 81 47 23 289% 721

¢ H OCioHz21 H 95 11 9 284% 717

d H OCizHzs H 86 58 8 283 719

e OCgHiz OCgHiz H 76 48 28 2952 730

f OCeHiz OH OCgH13 73 8 21 138 735

a) decomposition

The yields of the final steps, the maximum absorption wavelengths, and the melting points of
11a-f are summarized in Table 1. The squaraines precipitated from the reaction mixture as ana-
Iytically pure, green "metallic”, almost insoluble crystals. Variation of the number and length of the
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Table 2. Preparation of the squaraines 17 a-¢
1 , 12014 14515 15517 17 17
R R R™  Yield (%) Yield (%) Yield (%) m.p.(°C) Ama(nm)
a OCHz N(CHa)z H 67 89 69 247 627
b OCeH13 N(CH3)2 H 18 91 64 243?624
¢ OCgH13 CH=CH-CgH4-OC1gHz1 OH 57 89 13 232?683

a) decomposition
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side-chains did not affect the solubility in conventional organic solvents. The structural assignment
was accomplished by elementary analysis, IR and mass spectroscopy (FD, FAB or Laser-FTMS
techniques).s Due to the bond delocalization in the 4-membered ring the CO stretching vibration is
shifted to 1620 cm™. An intense absorption typical for such 1,3-diarylsquaraines is observed at
1400 cm™. The (E)-configuration of the olefinic double bonds is provided by the vibration at
960 cm™. All squaraines 11 exhibit intense bands for the electronic absorption in the visible region.
Their maxima are located between 714 and 735 nm. The foot of the bands reaches into the NIR
region. Normal diarylsquaraines have absorption maxima around 570 nm.?

The dihydroxystilbenes were also used to synthesize non-symmetrical squaraines ( Scheme
3). Exposure of a lithiated stilbene (generated by transmetallation of 4-bromostilbene (12) with n-
butyllithium) to 3,4-dimethoxycyclobutenedione (13)° gave the semisquaric ester 14. After
hydrolysis the resulting semisquaric acid 15 was condensed either with the above mentioned
dihydroxystilbene 10¢ or with other suitable aromatic compounds such as N,N-dimethylaniline in
refluxing 2-propanol in the presence of tributylorthoformate (TBOF)." Related, Chen et al. recently
developed a squaraine with only one stilbene moiety.'" Table 2 summarizes the yields, the melting
points and the absorption maxima of the squaraines 17a-c. The good yields of the green dyes
17a,b are due to the higher nucleophilicity of dimethylaniline. These derivatives are somewhat
better soluble than the symmetrical bis(stilbenyl)-squaraines. The characterization was
accomplished analogously to the previously described pigments 11a-f by elementary analyses,
UV/Vis, IR and MS spectroscopy.
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