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Styryl Dyes Derived from Bis Boron Diketonates
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Bis boron diketonates are prepared from S-diketones or o-acylphenols or naphthols with boron trichloride
or boron tribromide. The bis boron diketonates that contain methyl groups reacted with some aromatic alde-
hydes, giving styryl dyes, most of which showed high extinction coefficients.

J. Heterocyclic Chem., 22, 657 (1985).

Certain boron diketonates [1] and dyes derived from
them [2] are compounds of practical interest in industry.
Little chemistry has been done on a related class of com-
pounds, the bis(1,3-diketonato)boronium salts 1 [3,4].

Since only a few examples of 1 have been reported, we
have investigated the scope of one of the synthetic meth-
ods for preparing these compounds. A property of 1 of in-
terest to us was the large extinction coefficient reported
for these compounds [4]; for example, 1 (R, = R, = C4Hy)
absorbs at 382 nm (e 1.12 X 10% and 400 nm (¢ 1.35 X
10%) in dichloroethane. We investigated some reactions of
derivatives of 1 (R, = methyl) with several aldehydes and
obtained styryl dyes with large € values.

Compound 1 has been prepared by five methods [4]. In
the method we used, cold solutions of a 3-diketone or an
o-hydroxyarylketone in methylene chloride were mixed
with a cold solution of 0.5 equivalent of boron trichloride
in methylene chloride. In most cases the chloride anion of
the resulting product was converted to the perchlorate

salt. The compounds prepared by this method are listed in
Table L. Boron tribromide also gave 1, and since boron tri-
bromide is a convenient liquid, we now use this reagent. In
one case (2-hydroxy-l-acetylnaphthalene), boron tribrom-
ide evidently caused nuclear bromination, since the bis
boronium salt contained two molecules of bromine.

Boron diketonates containing a methyl group react with
certain aldehydes to give dyes [5]. The derivatives of 1 that
we used to prepare styryl dyes contained two methyl
groups; thus a mixture of products could be obtained. We
found that both of the methyl groups reacted with the al-
dehyde, and in addition, mixed styryl dyes could be pre-
pared as shown in Scheme I.

Compound 4 was a blue dye (A max 610 nm; € 90,500 in
methylene chloride) with limited solubility. Our reason for
preparing the mixed styryl dye 5 was to take advantage of
the two chromophores to obtain a black dye, and indeed 5
shows absorption from 400 to 650 nm. We were unable to
prepare styryl dyes from the bis boron diketonate derived
from l-acetyl-2-naphthol, presumably because of the insta-
bility of the boron diketonate.

EXPERIMENTAL

Melting points were obtained with a Mel-Temp apparatus and are un-
corrected. The absorption spectra were recorded on a Cary-17 spectro-
meter. Elemental analyses were done by the Analytical Sciences Division,
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Table 1

Bis Boron Diketonates

Analyses %

Method of Yield (Calcd./Found)
Compound mp °C Preparation X % C H Other
1(R, = CH,, R, = CHy) 241242 ref. 4 Clo, 75

1R, = R; = C.Hy) 375-376 B Br 96 66.9 4.1 14.7 (Br)

66.6 4.2 14.7
1 (R, = CH;, R, = p-CH,0C,H,) 282-283 B Clo, 76 53.5 4.5 7.2(CY

53.3 4.4 7.0
245-246 A Clo, 73 60.0 3.8 7.3 (C)

59.5 3.8 7.0
241-242 A Clo, 51 59.8 3.8 7.3 (CY

dec 59.7 3.8 7.6
299-300 A Clo, 82 61.0 3.3 9.6 (S)

60.9 3.0 9.6

Table 1

Styryl Dyes
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Analyses %

Yield (Calcd./Found)
Substituents mp °C % C H Other Me x 1079 In CH,CI,
I, R = C¢Hs, R, = Ry = p-Me;NCH;s 331-332 78 65.7 5.2 4.0 (N) 610 (90.5) 378 (21.6)
65.5 5.2 4.3 565 (83.8) ~ 360 (17.6)
I, R, = CHs, R, = R; = p-CH,0C¢H; >400 62 64.6 4.5 5.3 (CD 485 (33.7) 358 (12.2)
64.6 4.8 5.0 ~475 (32.4) 273 (15.0)
I, R, = CHs, R, = p-Me;NC4H,, R; = p-CH,0C.Hs  >400 56 65.2 49 2.1 (N) 605 (25.0) 480 (11.0)
64.9 4.7 2.4 560 (16.0)
I,R, = CGHs, R, = R; = N 188-189 S50 69.1 5.5 3.5(N) 667 (129.0) 387 (18.2)
68.8 5.6 3.5 595 (117.0) 342 (16.0)

324 (17.4)



May-Jun 1985

I, R, = p-CH,0C.Hs; R, = R; = p-Me,NC¢H; 263-264 93

II, R = p-Me,NC.H; 362-363 56

Kodak Research Laboratories.

The procedures are described for a specific compound. The other ex-
amples were prepared in the same way from appropriate starting mate-
rials.

Method A for Preparation of Bis Boron Diketonates.

A cold solution of 1.65 g (14 mmoles) of boron trichloride in 70 ml of
methylene chloride was added with stirring to a cold (0-10°) solution of
5.2 g (28 mmoles) of 1-acetyl-2-naphthol in 20 ml of methylene choride.
The reaction was exothermic, and a solid separated. The mixture was
stirred at room temperature for 15 minutes, and the solid was collected.
The solid was dissolved in warm acetic acid, and 2 ml of 70% perchloric
acid was added. The solid that separated was collected and washed with
acetonitrile and then with ether.

Method B for Preparation of Bis Boron Diketonates.

A cold solution of 2.7 g (10 mmoles) of boron tribromide in 10 ml of
methylene chloride was added with stirring to a solution of 3.8 g (20
mmoles) of 1{4-methoxyphenyl}butan-1,3-dione in 10 ml of methylene
chloride at 0-10°. The reaction mixture was worked up as described for
Method A.

Preparation of Styryl Dyes.

A mixture of 1.74 g (4 mmoles) of 1 (R, = CH;, R, = C¢H;, X = Cl0,)
and 1.2 g (8 mmoles) of p-dimethylaminobenzaldehyde in 5 ml of acetic
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63.7 5.3 3.7(N) 589 (140.5) 338 (15.5)
63.3 5.6 3.5 395 (36.2) 257 (13.5)
67.8 4.8 3.8 (N) 629 (110.5)
67.5 4.9 4.1 572 (121.0)

anhydride was refluxed for 30 minutes and then cooled to room tempera-
ture. The solid was collected and purified by extracting it into 100 ml of
acetonitrile in a Soxhlet extractor (3 days). The crystalline material that
separated from the hot extract was collected.

Preparation of Mixed Styryl Dyes.

A mixture of 1.74 g (4 mmoles) of 1 (R, = CH,, R, = C,H,, X = ClO,)
and 0.6 g (2 mmoles) of p-dimethylaminobenzaldehyde in 10 m] of acetic
anhydride was refluxed for 30 minutes. The reaction mixture was evapo-
rated to dryness, and 2 ml of p-anisaldehyde and 10 ml of 1,2,3-trichloro-
propane were added to the residue. The mixture was refluxed for 1 hour
and chilled, and the solid was collected. The material was purified by ex-
traction in a Soxhlet extractor as described above.
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