The Preparation of the Pure Cis-isomers of Four Fluorescent
Whitening Agents of the Sulphonated Stilbene Type
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FPhotoisomerization of four purified stilbene-derived
Sluorescent whitening agents in methanol solution, followed
by removal of residual trans-isomer, has afforded the pure
cls-isomers in good yield.

Measurement of the w.v. absorption characteristics of the
pure isomers has yielded data that now permir the determing-
tion, for any single FWA studied, of both the total con-
centration of FWA in solution and of the cis: trans isomer ratio.

Background

This paper contributes to the knowledge of the photochemical
behaviour of stilbene-based fluorescent whitening agents, the prepara-
tion of pure cis-isomers of these materials, an understanding of their
photometric properties, and permits analysis of the routes of photo-
chemical reactions with a facility not previously available.

The author believes that the aspect covered by the paper is a new
contribution to the available literature and that the subject matter does
not impinge on any aspects of concern interests that are commercially
sensitive or linked with patent activities.

Introduction

An important class of fluorescent whitening agents (FWA) is
based on diaminostilbene, usually in conjunction with cyan-
uric ¢hloride (DAS/CC type). Like the parent compound

their solutions are exposed to light, trans—cis isomerism takes
place with shift of the absorption maxima and formation of an
equilibrium mixture in which the cis-isomer usually predomin-
ates. Isomerization to the cis-form results in loss of both
fluorescence and substantivity, owing to a change in configura-
tion of the long, planar conjugated system that is a feature of
the trans-isomers [l - 4].

In order that the photochemical reaction of these materials
may be followed, a method of readily determining the
proportion of cis:trans isomers at any time during the reaction
is necessary. Absorption spectrometry offers a convenient
way, but a knowledge of the properties of the reaction
products is otten needed.

Only by preparation of the pure cis-isomers could the
photometric data necessary for this analysis be obtained.

Experimental
Compounds I, I1 and Il are representative of the commonly
used DAS/CC type; Compound IV is one of the newer types of
fluorescent whitening agents for cotton. Their structures are
shown below.
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As the first step in the preparation of the pure isomers, the
FWA in solution was irradiated under suitable conditions to
give the maximum practicable conversion to the cis-form. The
irradiation was carried out in an inert atmosphere to avoid
photochemical breakdown, and the course of the isomeriza-
tion followed by spectrometry. The isomerized mixture was
then suitably treated to remove residual trans-isomer, and the
cis-isomer finally obtained in a high degree of purity.

The apparatus used comprised a double-walled Pyrex glass
vessel with a capacity of just over 1 litre. Gas could be
introduced through a sintered glass plate, sealed into the base
of the vessel and attached to a stopcock. The irradiation
source was a 24-V, 150-W quartz—halogen lamp fitted with a
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water-cooling jacket. Whilst there is little absorption at
380-nm by the cis-isomer, there is significant absorption by
the trans-isomer. Below this wavelength there is increasing
absorption by both isomers. The lamp chosen was therefore
one having little emission below about 380 nm, in order to
discourage the reverse change of cis- to trans-isomer.

The course of the conversion was followed spectroscopic-
ally, 1-ml samples being abstracted at intervals and the u.v.
absorption curve determined on a Unicam SP 800 spectro-
photometer after suitable dilution. As successive curves were
plotted on the same sheet, it was evident when the photo-
stationary state was approached (Figures 1—4). Photo-
oxidation was avoided by carrying out the conversion in a
stream of nitrogen and stopping the irradiation when the rate
of change became small.
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3 — After irradiation for 2.5 h
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Curve 1 — Trans starting material
2 — After irradiation for 0.5 h

Figure 1 — Absorption spectra of Compound I in methanol
solution
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3 — After irradiation for 1.0 h

Figure 2 -- Absorption spectra of Compound Il in methanol
solution

In daylight, the photostationary state favours the cis-
isomer, although several parameters such as solvent, concent-
ration and spectral distribution of the irradiating source affect
the final position of equilibrium. In the current series of
experiments, using about a 5-g/l concentration of FWA,
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Figure 3 — Absorption spectra of Compound 11 in methanol
solution
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Figure 4 — Absorption spectra of Compound IV in methanol
solution

conversion to the cis-form was at least 90% for Compounds 1,
IT and 11. For Compound IV, isomerization was much slower;
after irradiation for 11 h, the extent of conversion to the
cis-form was about 55%. Although the photostationary
equilibrium had probably not quite been attained, irradiation
was stopped at this stage to avoid potential side reactions. In a
later experiment on Compound IV at 1 g/l concentration,
equilibrium was reached in 3-4 h, when w.v. spectroscopic
analysis indicated a cis-isomer content of 70%.

Preparative details for the individual members are given
below. In general, it was found that, after removal of the
solvent, most of the unchanged trans-material could be
separated by fractional crystallization of the solid residue from
water or dilute sodium chloride solution, as isomerization
brought about a remarkable increase in water solubility of the
FWA. Thereafter, the composition of the product was moni-
tored by thin layer chromatography (tlc.); the cis- and
transisomers are readily separable on silica-coated plates in the



systems detailed below. Use was made of the substantivity of
the trans-compound to cellulose for the final purification. One
or two treatments of the mother-liquor with cellulose powder
(Whatman; chromatographic) afforded a product which was
either pure by tlc. or showed only a very faint trans-spot
estimated to amount to not more than 0.5% of the total. After
the initial irradiation, all the experimental work was carried
out in u.v.-free light.

THIN LAYER CHROMATOGRAPHY

Glass chromatoplates were uniformly coated with a slurry of
Merck HF 254 silica gel in 2.5% sodium carbonate solution (50
g to 100 mi) to a thickness of 0.3 mm, preferably using a
Camag motorized plate spreader. The plates were allowed to
dry for 20 min and activated at 110°C for 3 h. The precoated
tlc. plates now commercially available (e.g. Merck Kieselgel
60 F254, Article No. 5715) are equally suitable for the
purpose.

Solutions for analysis, preferably in methanol or aqueous
methanol, were spotted onto the plates from disposable
micropipettes (Drummond Microcaps). For qualitative work,
spots of between 2 and 10 i1 at about 3 mg/ml were used.

Generally, mixtures of butan-2-one, methanol and water,
e.g. in the ratio 160:30:15 by volume, are satisfactory for
distinguishing different FWA types and their photo-isomers.
For developing non-polar impurities in commercial FWAs,
mixtures of either toluene and ethyl acetate (85:15), or
cyclohexane, chloroform and diethylamine (50:40:10) may be
used.

The FWAs were visible under 366 nm u.v. light. Non-
fluorescent compounds show up as dark spots against the
green luminescent background of the silica gel HF254 when
viewed under short-wavelength u.v. light of 254 nm. Although
the cis-isomers do not fluoresce, rapid partial photo-
isomerization under 366 nm illumination affords a satisfactory
visualization at this wavelength,

PREPARATION OF CIS-ISOMERS

{a) Cis-form of Compound I

A sample of a good commercial batch was used. Triazine
impurities were first removed by Soxhlet extraction of a
sample (20 g) with toluene (250 ml) for 5 h. The extracted
solid was dried at 80°C under vacuum (wt: 18.4 g). The solid
was washed with 1% sodium chloride solution (ca 500 ml)
followed by a little water until collodial formation set in. The
damp cake was recrystallized from methanol (350 ml), water
{300 ml) and 10% sodium hydroxide (8.0 ml) with filtration.
The product was dried in vacuum at 80°C (wt: 15.3 g). T.l.c.
analysis indicated absence of triazine impurities.

For the isomerization, a solution of 1.0 g of | in Analar
methanol (1100 ml) was used (Figure 1). The irradiated
solution was evaporated to dryness in a rotary evaporator in
u.v.-free light. The residual light yellow solid was completely
soluble in methanol or water (10 ml). A solution in water (10
ml) was allowed to stand overnight. A yellow crystalline
material was formed, which was filtered off (0.045 g) and
identified by u.v. spectroscopy as the trans-somer. The
aqueous solution was diluted to about 20 ml and powdered
cellulose (Whatman’s chromatographic; 2.0 g) added. The
mixture was agitated occasionally and allowed to stand
overnight. The cellulose was filtered off, washed with a little

water and the filtrate made up to 25 ml. The u.v. curve, at 20
p.p.m. was very similar to that before cellulose treatment.
T.l.c. analysis of the solution, using 2 ug on a 7.5 x 2.5-cm
plate, showed only one component.

An attempt was made to estimate the trans-isomer content
of the product by comparing its fluorescence emission,
measured in the Aminco -Bowman fluorimeter, with that of a
trans-solution appropriately diluted. The main difficulty here
resulted from isomerization during the measurement. but it
was estimated that the cis-product probably contained not
more than 0.5% trans-isomer. After the solvent had been
removed, and the pale yellow product dried under vacuum at
80°C, the yield of cis-isomer was 0.90 g.

The preparation was repeated on a larger scale (using 5.0 g
of 1). In view of the high solubility of the cis-isomer, the same
volume (1100 ml) of methanol was used. The mixture, at first
turbid. became clear as isomerization proceeded. A similar
method of work-up afforded 4.45 g of cis-isomer, which was
found to be pure by t.l.c. analysis.

(b} Cis-form of Compound 11

A similar technique was used for this member, starting from
5.0 g of purified II. After two treatments with cellulose, only a
trace of trans-compound was shown by t.l.c. (wt: 3.25 g),

(¢) Cis-form of Compound III

A sample of purified [l (5.0 g) was isomerized as before. A
similar work-up technique was again employed, but with this
more soluble FWA there was no precipitation of trans4somer
from agueous solution. Two treatments with cellulose powder,
however, afforded a product having a cis-content estimated to
be >99% (wt: 3.6 g).

{d} Cis-form of Compound [V

Purified IV (5.5 g) in methanol (1100 ml) was isomerized as
before. The rate of photo-isomerization was slower than that
for the preceding DAS/CC types at a similar concentration,
and the irradiation was stopped after 11 h. Conversion to the
cis-isomer was estimated to be about 50%.

Crystallization from 1% sodium chloride solution (150 mi)
enabled the bulk of the unchanged trans-isomer (2.5 g) to be
separated. Treatment of the mother-liquor with cellulose
powder afforded a product that was pure by t.l.c. To obtain a
salt-frec product, the material was dissolved in dimethyl-
formamide, filtered from sodium chloride and the filtrate
evaporated to dryness under vacuum (wt: 2.35 g).

Results and Discussion

PROPERTIES OF THE PURE CIS-ISOMERS

U.v. absorption spectra were determined for the pure trans-
and cis-isomers of each FWA. In this way, values for the
extinction coefficients at the absorption maxima were
obtained. Also, the points at which the cis- and trans-curves
intersect (the iso-absorptive points) for each member were
determined. Difference curves were also obtained using a
Unicam SP 1800 spectrophotometer with cis- and trans-
isomers of known equal concentration (either 5 or 10 p.p.m.)
in the sample and reference cells, respectively. With the
baseline for the instrument and recorder set at 1.0, curves were
obtained which intersect the baseline at the iso-absorptive
points. The maxima and minima indicate the wavelengths at
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TABLE 1

U.v. Absorption Data

Compound Amax £ (1%, 1 cm) Xpax E(1%, 1 cm)
I (trans) 352 660 242 620
{cis) 327 280 277 780
1 (trans) 352 630 268 780
(cis) 327 290 275 1100
111 (trans) 355 700 255 640
(cis) 327 320 275 790
v (trans) 353 880 264 210
(cis) 325 490 300 680
TABLE 2

Difference Spectra and Iso-absorptive Points for Cis- and

Trans-isomers

Wavelength of max.

Compound difference in absorbance

(nm)
1 282, 362
11 282,362
il 282,362
v 297,361
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[so-absorptive points

257,316
256,318
256,316
266,325

which the extinction coefficients for the isomeric forms have
their maximum difference. From these data it is now possible
to determine spectroscopically both the total concentration
and the composition of unknown cis—trans mixtures of the
FWAs studied, by simply relating the absorbance of the
mixture to the absorbances that would be observed under the
same conditions with each of the species separately.

* * *

The author thanks Dr K.L. Rabone for helpful discussions,
and Mr D.R. Ward for technical assistance.
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