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904. The Colour of Organic Compounds. Part VI* A Com-
parison of Isomeric Dyes from 3-Alkyl-2-thiothiazolid-4- and -5-ones.
By R. A. Jerrreys and E. B. KNoTT.

meroCyanines derived from 3-alkyl-2-thiothiazolid-5-ones have been
prepared. Their absorption peaks in methanol lie at longer wave-lengths
than those of the isomeric dyes from 3-alkyl-2-thiothiazolid-4-ones. It is
shown that this difference is largely a function of the lower degree of energetic
asymmetry of the former dyes but that the former nucleus has also the
higher intrinsic colour value.

Cook and Cox (J., 1949, 2338) have reported the preparation of 3-alkyl-2-thiothiazolid-
5-ones (I; R = Me, Prf) and have shown that these compounds contain a'reactive
nucleophilic Cy, in that they readily condense with benzaldehyde. The compounds are
isomeric with the 3-alkylrhodanines (3-alkyl-2-thiothiazolid-4-ones) (II) and it was of
interest to determine the effect of this isomerism on the colour of the derived merocyanines.

Preparation of (I; R = Me, Et, or cyclohexyl) was carried. out according to Cook and
Cox’s procedure (loc. cit.), but (I; R = n-heptyl) was obtained in better yield by treating
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the condensation product of N-u#-heptylglycine amide and carbon disulphide with phosphorus
trichloride instead of hydrochloric acid.

* Part V, J., 1951, 3038. 1 Some of these intermediates and dyes have been prepared independ-
ently, and patented, by Doyle (B.P. 662,776) and Doyle, Lawrence, and Kendall (B.P. 662,775).
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The 3-alkyl-2-thiothiazolid-5-ones are less stable than the corresponding 4-ketones
and decompose when kept or during attempted recrystallization. They were therefore
converted into dyes without prior purification. They form stable 4-anilinomethin
derivatives (III) with N-ethylisoformanilide (cf. Knott, U.S.P. 2,515,878). The mero-
cyanines were obtained from (I) by standard methods. Some of the related dyes from
(IT) are known, and their absorptions in certain solvents have been recorded by Brooker,
Keyes, Sprague, van Dyke, van Lare, van Zandt, White, Cressman, and Dent (J. Amer.
Chem. Soc., 1951, 73, 5332).

Table 1 gives the absorption maxima of the merocyanines (IV) and (V) derived from
(IT) and (I) respectively. It will be observed that the nature of R is without effect on
Amax. €xcept where R = Me. As noted by Brooker and White (sbid., 1935, 57, 2480) in
the cyanine series the N-methyl dyes are perceptibly lighter than the rest of the series
with Amax., in the present case, lying up to 8 my to shorter wave-lengths.

It is also evident that, in methanol, dyes (V) are always deeper than (IV). The reason
may, a priori, be twofold. It may be a result (i) of the resonance system in (V), which is
responsible for visible absorption, more closely approaching degeneracy than the analogous
system in (IV) or (ii) of the higher intrinsic colour value * of nucleus (I) compared with
that of (II). The separation of these two factors is not difficult.

(i) Brooker et al. (loc. cit.) have shown that merocyanines like many other dyes, contain
resonance- systems which may be divided into three types depending on the natures of
the end nuclei. The system may be non-degenerate owing to the energy of the classical
extreme structure being (4) lower or (b) higher than that of the dipolar extreme structure;
or (c) the system may be near or accidentally degenerate owing to the approximate
equivalence in energy of the two extreme structures. Dyes of type (4) contain a basic
heterocyclic nucleus (A in IV, V) with a low —M effect or a ketonic nucleus of low +M
effect. The transition from (@) through (c) to () can then occur by increasing the +M
or —M effect of either nucleus. The polarization of the dye molecule can also be increased
by increasing the polarity of the solvent.

It is well known that, for closely related dyes in which other factors are neglected, the
loss of non-degeneracy is always associated with a bathochromic shift (Férster, Z. Elektro-
chem., 1939, 45, 548 ; Schwarzenbach, ¢bid., 1941, 47, 40; Brooker and Sprague, J. Amer.
Chem. Soc., 1941, 63, 3703). Consequently it is found that dyes of type (a) show appre-
ciable bathochromic shifts as solvent polarity is increased, those of type (¢) being much
less susceptible to solvent polarity changes; dyes of type (b) show hypsochromic shifts
with increased solvent polarity. All the dyes of type (IV) examined by Brooker ef al.
(loc. cit.) belong to class (a), so that if (i) is correct then it follows that the + M effect of
(I) is greater than that of (II). This would be expected from the following resonance
consideration.

The relative +M effects of (I) and (II) are dependent on the change in energies of
these niclei on proceeding from (Va) to (V) and from (IVa) to (IVd) respectively. In
order that (IVb) or (Vd) can contribute it is necessary that the intranuclear resonance
denoted by the curved arrows in (IVa) and (Va) should be excluded. Such exclusion
will increase the energy of the nucleus to an extent determined by the degeneracy of this
intranuclear resonance system. Since the —M effect of nitrogen is much greater than
that of sulphur the energy associated with the amide resonance in (IV) would be higher
than that of the thiocarboxylate resonance in (V), and the —M effect of (I) would
consequently be higher than that of (II). The same conclusion is reached if it is considered
that the +M effect of the carbonyl group is more highly neutralized by intranuclear
resonance in (II) than in (I). The electronic influence of the rest of the ketonic nucleus
on its —M effect may justifiably be left out of the consideration.

The absorption figures (Table 1) of these dyes in different solvents confirm the correct-
ness of the above view. In this table the nuclei A are given in the order of increasing
—M effect (cf. Brooker, Rev. Mod. Phys., 1942, 14, 275; Knott and Williams, J., 1951,
1586). All the dyes down to those derived from 3-ethylnaphtho(l”:2’-4: 5)thiazoline

* The intrinsic colour values of two nuclei can only be compared in a degenerate resonance system.
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show a bathochromic shift of Amsx. With increasing solvent polarity, the shift being much
larger for (IV) than for (V) and thus indicating the higher energetic asymmetry of the
former. Neglecting the quinoline dyes which are anomalous and proceeding down the
table to 3-ethyl-4 :5-diphenylthiazoline show that whereas dyes (IV) have still not
achieved degeneracy the related dyes (V) have passed beyond the point of degeneracy and
all show hypsochromic shifts on increased solvent polarity.

These measurements thus clearly show that differences in the degree of degeneracy
of the dye pairs at least partly account for their difference in absorption.

(ii) That there is also a difference in the intrinsic colour value of the nuclei (I) and
(IT) can be shown in two ways. (a) Experimentally, the degenerate value of Amax, of (IV)
has not been obtained but the calculated value is found as the mean of Amax. of the related
symmetrical oxonol and carbocyanine (Table 1). This shows that the lower members of
series (IV) in Table 1 are near-degenerate in aqueous methanol and it also shows that this
theoretical degenerate value of (IV) still falls short of the maximum experimental values
of (V). Unfortunately it is not possible to determine the calculated degenerate values of
(V) because the monomethinoxonol could not be synthesized. Even if it were available,
however, its Am.x, would be of little value, as the molecule, unlike the oxonol of (II}, is
crowded and cannot be planar. If the calculated mean of Amax, of the symmetrical cyanines
and less crowded trimethinoxonols is taken as the degenerate values of (IV) and (V), then
a value is obtained which is much lower than that obtained by the other method and leads
to positive deviations instead of the usual negative values. (b) True, experimentally
determined values of Ama,. of the degenerate trimethinoxonol anions of these nuclei show
that a shift from 613 (Brooker et al., loc. cit.) to 633 mp occurs on replacement of (II) by
(I). The difference in intrinsic colour values of the nuclei in this region of the spectrum
is thus 10 my.

This difference would be predicted by the general colour rule of Part I (]., 1951, 1024).
To apply this rule it is necessary to consider those ionic excited structures in which the
carbon atoms of the chromophore at which the structural changes take place carry either
a positive or a negative charge. The more significant pairs of such structures (IVc)—
(Vc) and (IVd)—(Vd) are then considered. It can be shown that structure (IVc) is more
significant than (Vc¢) in their respective hybrids as a result of the stronger (stabilizing)
—M effect of the “NR— group in {IVc) compared with the —M effect of the —S— atom in
(Ve). It can also be shown that owing to the higher +I effect of N compared with S
the excited structure containing —C¢,~ in (IV) is also more significant than that containing
—Cy— In (V), so that, although such structures are considered to be less significant than
(IVe)—(Ve), the above replacement of an “NR— group by —S— will function bathochromically
irrespectively of the nature of the excited structures chosen.

This shift will, however, be offset by the reversed structural change at the adjacent
carbon atom. Thus (IVd) will be less significant than (Vd) because of the lower (stabilizing)
positive charge on the heteroatom vicinal to the negatively charged carbon atom. The
resultant shift on replacing —S— by —NR— will then be hypsochromic. It would be expected,
however, that the bathochromic effect would predominate since this is a result of a =-

electron (— M) stabilization whilst the hypsochromic effect is a result of s-electron (—1)
stabilization.

EXPERIMENTAL
Microanalyses are by Drs. Weiler and Strauss, Oxford. M. p.s are uncorrected.

Alkylaminoacetonitriles.—These were prepared according to the method of Cook and Cox
(J., 1949, 2334). The alkylamine (1-1 mols.) in methanol (50 c.c.) was added to hydroxy-
acetonitrile (57 g., 1 mol.) in methanol (50 c.c.), and the solution left for 1 day at room tem-
perature. The methanol was removed at the pump, and the product distilled under a vacuum.
The yields were as follows: ethylaminoacetonitrile, b. p. 41—42°/3 mm., 50% ; n-keptyl-
aminoaceionitrile, b. p. 112°/8 mm., 90% (Found: N, 18-0. C,H, N, requires N, 18-29,);
cyclohexylaminoacetonitrile, b. p. 74—76°/1 mm., m. p. 18°, 929, (Found: N, 20-0. C.H,,N,
requires N, 20-29%,) (Zelinsky and Arzibacheff, Ber., 1907, 40, 3053, obtained the hydrochloride
from cyclohexylamine hydrochloride, formaldehyde, and potassium cyanide).
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@ Pet. = light petroleum (b. p. 60—80°).

Jeffreys and Knott .

TABLE 2.
Solvent Appearance Found, Reqd,,
(recryst.) @ (reflex) M. p. Formula N,% S,% N,% S, %
4-(3-Methylbenzothiazolin-2-ylidene)-2-thiazolid-5-ones.
CgHg—pet Red prisms 240° C1,H,;,ON,S, 9-2 — 9-5 —
EtOH Red needles (green) 176 C,3H;,0N,S, 89 307 91 312
4-(3-Methylthiazolidin-2-ylidene-ethylidene)-2-thiothiazolid-5-ones.
EtOH Red needles 234 C,0H,,0N,S, 1005 — 103 —
CHCly—pet  Deep pink 230 C,;H;,ON,S; 96 — 98 —
EtOH Red needles (green) 123 C,¢H,,0ON,S, — 271 — 270
Cy;Hy—pet Maroon needles 306 C,sH,,ON,S, 81 283 8-23 28-3
4-(3-Ethylthiazolidin-2-ylidene-ethylidene)-2-thiothiazolid-5-ones.
C¢H—pet Chocolate needles 216 C,,H,,ON,S, — 335 — 336
' Deep red prisms 194 C,;,H,(ON,S;* 92 31-8 93 320
EtOH-Et,0 Turquoise-blue 230—231 C, H,,0ON,S, 76 — 79 —
prisms
2-Thio-4-(1 : 3 : 3-trimethylindolin-2-ylidene-ethylidene)thiazolid-5-ones.
CsHg—pet Yellow-green needles 260 C;,H,;5s0N,S, 82 196 85 194
EtOH Yellow-green needles 117 Cy3H3,ON,S, — 155 — 155
4(3-Ethylbenzoxazolin-2-ylidene-ethylidene)-2-thiothiazolid-5-ones.
CgHy Red needles 270—271 C,;H,,O,N,S,/ 85 198 88 20-1
CeHg—pet Maroon needles 228 C,6H160,N,S, — 191 — 193
EtOH Orange-red needles 143 C,,H,60,N,S, — 157 — 159
Ce¢Hg—pet Garnet plates 222 C, H,,0,N,S, — 166 — 166
4(3-Ethylbenzothiazolin-2-ylidene-ethylidene)-2-thiothiazolid-5-ones.
CgH N Grey needles 314 C;sH,,ON,S, 82 — 84 —
CHCl;—pet  Sepia leaflets 255 C;16H,60N,S; 78 — 80 —
EtOH Gold plates 156 C,1H,(ON,S; ¢ 69 230 67 230
CeHg—pet Green prisms 217 Cg,H,,0ON,S, — 232 — 234
4-(3-Ethylbenzoselenazolin-2-ylidene-ethylidene)-2-thiothiazolid-5-ones.
C;H,N Grey prisms 308 C,;H,,ON,S,Se 73 — 74 —
Ce¢Hg—pet Sepia needles 257 C;sH;40N,S,S¢ 7-0 — 71 —
EtOH Gold plates 136 C,;H,,ON,S,Se 62 — 6-0 —
C¢H¢—pet Green prisms 246 C,oH,,0ON,S,Se? 62 — 61 —
4-[3-Ethylnaphtho(1’ : 2’-4 : B)thiazolin-2-ylidene-ethylidenel-2-thiothiazolid-5-ones.
C;H;N Grey-green prisms 281 CyoH,3sON,S; 68 — 70 —
CgH¢—pet Green-gold 210 C,sH,sON,S; — 208 — 205
4-(1-Ethyldihydroquinolin-2-ylidene-ethylidene)-2-thiothiazolid-5-ones.
EtOH Green needles 272—274 C;H,,0N,S, 83 — 86 —
CgHg—pet Yellow-green plates 241 C,;sH,;s0N,S, 81 — 8-2
C,H,N Gold needles 264% C,,H,,ON,S, 70 160 7-1 161
4-(3-Ethylbenzoxazolin-2-ylidenebut-2’-en-1’-ylidene)-2-thiothiazolid-5-one.
C;H;N Blue prisms 268 C;,H;60.N,S, 79 — 81 —
4-(3-Ethylbenzothiazolin-2-ylidenebut-2’-en-1’-ylidene)-2-thiothiazolid-5-one.
MeOH Blue-grey 208 C,sH;50N,Sg 76 — 75 —
5-(3-Ethyl-4 : 5-diphenyloxazolin-2-ylidene-ethylidene)-2-thiothiazolid-4-one.
Ce¢Hg—pet Red needles (blue) 231 CgsH,,0,N,S, — 146 — 147
4-(3-Ethyl-4 : 5-diphenyloxazolin-2-ylidene-ethylidene)-2-thiothiazolid-5-one.
" Red-bronze leaflets 286 C,psH,50,N,S, — 129 — 131
5-(3-Ethyl-4 : 5-di-2’-naphthyloxazolin-2-ylidene-ethylidene)-2-thiothiazolid-4-one.
" Red needles 225°¢  C4,H,40,N,S, 52 — 52 —
4-(3-Ethyl-4 : 5-di-2’-naphthyloxazolin-2-ylidene-ethylidene)-2-thiothiazolid-5-one.
. Chocolate-brown 2474 C,,H,0,N,S, 53 12-1 52 12-0
4-(3-Ethyl-4 : 5-diphenylthiazolin-2-ylidene-ethylidene)-2-thiothiazolid-5-one.
Green needles 240 C,sH,3ON,S; 57 188 55 19-0

”

235°. ¢ Found: C, 47-9; H, 5:0." Reqd.: C, 48:1; H, 5:3%. / Found: C, 56-5; H, 4-4.
H, 449%. ¢ Found: C, 60-1; H, 6:0. Reqd.: C, 60-3; H, 6-2%. » Found: C, 53-1;

C, 56-7;
H, 4-9.

Reqd.: C, 52:4; H, 4-89%,.

® With decomp. ¢ Shrinks at 156°. ¢ Shrinks at

Reqd.:
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Reactions with Alkylaminoacetonitriles (cf. Cook and Cox, loc. cit.).—(a) The alkylamino-
acetonitrile (1 mol.) in methanol (150 c.c.) was cooled in ice and stirred under an atmosphere
of nitrogen. Carbon disulphide (76 g., 1 mol.) in methanol (150 c.c.) was slowly added, and
the solution left for } hour. It was then poured into 4N-hydrochloric acid (1 1.) and shaken
vigorously for 5 minutes. The 3-alkyl-2-thiothiazolid-5-one separated and was left for several
hours before being filtered off, washed with water, and dried i# vacuo. The yields were: 3-ethyl-
2-thiothiazolid-5-one, yellow solid, m. p. 63°, 60%,; 3-un-heptyl-2-thiothiazolid-5-one, pale
yellow waxy solid, indefinite m." p., 40%; 3-cyclohexyl-2-thiothiazolid-5-one, buff needles,
m. p. 114°, 509%,. (These compounds decomposed before analyses could be carried out.)

(b) n-Heptylaminoacetamide. n-Heptylaminoacetonitrile (47 g.) was dropped into ice-cold
alcoholic sulphuric acid (8:1 ml. of sulphuric acid in 70 ml. of ethanol) with stirring. The nitrile
hydrogen sulphate separated as white needles (50 g.), m. p. 134—135° (from ethanol). This
was added slowly to sulphuric acid (130 ml.) and heated for 1 hour on the steam-bath. The
liquid was cooled and dropped into ethanol (800 ml.) at 0°. n-Heptylaminoacetamide hydrogen
sulphate separated as a white solid (61-5 g.) and crystallized from ethanol as colourless needles,
m. p. 163° (Found: S, 11'9. CyH,,ON, H,SO, requires S, 11:-85%,). The amide salt was
ground and suspended in methanol, and sodium methoxide was added to neutrality to
phenolphthalein. The solution was then filtered and evaporated at the pump. n-Heptylglycine
amide solidified and crystallized from ligroin as glossy plates, m. p. 62° (30 g.) (Found: N,
16-1. C,H,,ON, requires N, 16:3%,).

Product from n-Heptylaminoacetamide and Carbon Disulphide.—n-Heptylaminoacetamide
(30 g.) in methanol (50 ml.) was cooled in ice, and carbon disulphide (13-5 g.) added. The
product slowly precipitated as a yellow amorphous powder, m. p. 115° (27 g.). This compound
decomposed on attempted recrystallization from various solvents, and was used directly to
prepare solutions of 3-n-heptyl-2-thiothiazolid-5-one.

3-n-Heptyl-2-thiothiazolid-5-one and Dimethinmerocyanine Dyes thevefrom.—Phosphorus
trichloride (1-4 g.) was added to the intermediate (2-4 g.) in benzene (12 m.) and the solution
heated on the steam-bath for 10 minutes, with good mixing. To the resulting gel was added
ethanol (24 c.c.), triethylamine (4 c.c.), and the appropriate 2-2’-acetanilidovinyl quaternary
salt of a heterocyclic base (0-01 mol.). The solution was heated for 15 minutes on the steam-
bath, and then all solvents were distilled off at reduced pressure. The dye was extracted from
the residual tar with ethanol and allowed to crystallize (see Table 2).

4-Anilinomethylene-3-ethyl-2-thiothiazolid-5-one.—3-Ethyl-2-thiothiazolid-5-one (0-8 g.) and
ethylisoformanilide (0-8 g.) were warmed for 1 minute on the steam-bath. Ethanol was boiled
off, leaving a red solid which was washed with ether and recrystallized from ethanol-ether as
bright brown needles (1 g.), m. p. 191° (Found: N, 10-5; S, 24-4. C,,H,,ON,S, requires
N, 10-6; S, 24:2%,).

Dye Symtheses (see Table 2).—meroCyanines were prepared by heating the 3-alkyl-2-thio-
thiazolid-5-one (0-01 mol.), 2-methylthiobenzothiazole ethotoluene-p-sulphonate (0-01 mol.),
triethylamine (0-01 mol.), and ethanol on the steam-bath for 15 minutes. The solution was
chilled and the dye filtered off and recrystallized. Dimethin- and ftetramethin-merocyanines
were prepared by heating the 3-alkyl-2-thiothiazolid-4(or 5)-one (0-01 mol.), 2(or 4)-2"-acetanilido-
vinyl or 2-4’-acetanilidobutadienyl derivative of a heterocyclic quaternary salt (0-01 mol.),
triethylamine (0-01 mol.), and ethanol on the steam-bath for 10—20 minutes. The solution
was chilled and the dye filtered off and recrystallized.

Bis-[3-ethyl-2-thio-4-thiazolid-5-one]trimethinoxonol.—3-Ethyl-2-thiothiazolid-5-one (3:22 g.),
B-ethoxyacraldehyde diethyl acetal (1-74 g.), and triethylamine (1-01 c.c.) in ethanol (20 c.c.)
were refluxed for 10 minutes on the steam-bath. The green solution was made slightly acid
with hydrochloric acid. The oxonol (0-8 g.) was obtained by filtering the chilled solution and
washing the dark crystals with a little ice-cold ethanol. It could not be recrystallized without
decomposition from any of the usual organic solvents.

RESEARCH LLABORATORIES, KODAK LIMITED,
Harrow, MIDDLESEX, [Received, June 18th, 1952.]




