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Figure 41. Transition dipole maps of squarylium dye (160) 
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(c) LUMO - LUMO+S transition 

, 

(d) LUMO - LUMO+6 transition 
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Figure 42. Transition dipole maps for dye (142) 
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(c) Lill10 - LUMO+S transition 

(d) UJNO - LUHO+b transition 



136 

Figure 43. Transition dipole maps for cyanine dye (16) 
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Experimentally the squarylium dye has shown the greatest degree of reverse 

saturable absorption. Inspection of the transition dipole map for the HOMO-LUMO 

transition (figure 41(a)) shows large values of CHOO,CLUMO at the extremities of the 

molecule separated by a large distance, r. Because the product functions at opposite 

ends of the molecule are of opposite sign the total transition dipole moment for the 

normal absorption band is extremely large. If we now consider transitions of the 

excited state whose E values are similar to that of the HOMO-LUMO transition i.e. 

LUMO-LUMO+6 (figure 41(d)), qualitatively a relatively large total transition dipole 

is still apparent, i.e. the larger CLUMO,CLUMO+6 product functions are still at the 

extremities of the molecule and the left and right hand sides are of apposite sign and 

r is of the same magnitude as the HOMO-LUMO, visible transition. 

Let us now consider cyanine dye (16) (HITCI). Experimentally HITCI does show 

reverse saturable absorption but to a lower extent than the squarylium dye. 

Transition dipole maps (figure 43) show that the transition LUMO-LUMO+ 1 still has 

a large total transition moment, but higher excited state transitions corresponding 

to a ~E value of the same magnitude as HOMO-LUMO show that transition LUMO­

LUMO+5 still has a moderate total transition moment, but the LUMO-LUMO+6 

transition does not Le., figure (43(d)), although CLUMO,CLUMO+6 contributions are large 

on the left and right hand sides of the molecule the signs are both positive, this 

means that the transition dipole moment will be less than for the ground state, i.e. 

approximately half the original transition moment. 

Compared to the squarylium dye (160), HITCI (16) has fewer excited state transitions 

with large total transition dipole moment. 

Donor-acceptor dyes (137b) and (142) experimentally show no reverse saturable 

absorption. It can clearly be seen from figures 40(a)-(d) and 42(a)-(d) that these dyes 

have small or even negligible total transition dipole moments in higher excited 

states. In addition, the excited states are more widely spaced than in the dyes that 

do show reverse saturable absorption. 
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To test the MO approach further, the transition dipole maps for the excited state 

transitions of 7-diethylamino-4-methyl-coumarin (13), 4-methyl-umbelliforone (14), 

cresyl violet perchlorate (19) and phthalocyanine (20) were computed. These 

chromo gens have been shown be various workers to exhibit reverse saturable 

absorption (cf introduction pg 14). 

Results 

Transition energies 

Transition f::J.E/eV 

Dye H-L L-L+l L-L+2 L-L+3 L-L+4 L-L+5 L-L+6 

(13) 5.98 1.27 2.02 3.40 4.74 

(14) 5.42 1.12 1.20 3.30 4.62 

(19) 3.87 0.83 2.87 3.08 3.39 4.14 4.51 

(20) - 4.22 0.02 1.04 1.54 1.66 1.68 1.77 

L-L+ 7 L-L+8 L-L+9 L-L+ 10 L-L+ 11 L-L+12 

(19) 

(20) 

(20) 

6.04 6.61 

2.76 3.02 

L-L+13 L-L+14 

5.35 5.74 

L = LUMO, H = HOMO 

3.04 3.57 4.74 5.30 

Excited state transitions with similar f::J.E value to the excitation laser 

Dye Amax/nm Excitation laser/nm Transitions 

(13) 367 337 L-L+4 

(14) 372 337 L-L+4 

(19) 601 514.5 L-L+5 to L-L+8 

(20) 695.5 694.3 L-L+l1 to L-L+14 

Transitions dipole maps are shown in Figures 44-47. 
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Figure 44. Transition dipole maps for 7-diethylamino-4-methylcoumarin (13) 
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Figure 45. Transition dipole maps for 4-methyl-umbelliforone (14) 
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Figure 46. Transition dipole maps for cresyl violet perchlorate (19) 
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Figure 47. Transition dipole maps for metal free phthalocyanine (20) 
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(b) LIDIO - LilllO+10 transition 

(c) Lm10 - LUMO+ll transition 

Cd) LUMO - LUMO+14 transition 
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From the transition dipole maps it is evident that (13) (Fig. 44) and (14) (Fig. 45), 

have significant transition moments in the LUMO-LUMO+2 transition. This does not 

correspond to the calculated energy of the laser, however, but due to the large error 

associated with the calculation of the excited state energies, it is not possible to 

calculate the laser wavelength with accuracy. Thus we have to make the further 

approximation that excited state transitions with apparent energy values greater 

than or lower than the HOMO-LUMO transition of that chromophore having 

significant transition moments also have to be taken into account when predicting 

the possibility of reverse saturable absorption. 

Cresyl violet perchlorate (19) (Fig. 46) shows a significant transition moment in the 

excited state transition, LUMO-LUMO+5. 

Phthalocyanine (20) (Fig. 47) shows two possible states for excited singlet to singlet 

transitions, LUMO-LUMO+ 1 0 and LUMO-LUMO+ 14, both show' significant transition 

moments. 

PPP - generated transition dipole maps can be used qualitatively to predict the 

number of higher excited states with large total transition dipole moments of a dY,e 

molecule. This figure in theory can be used as an approximate measure of the 

excited state absorption cross sectional area. A molecule with (a) many closely 

spaced excited states, and (b) large transition moments for many of these states 

(especially those that match the energy of the ground state absorption band, or the 

incident laser radiation) will show high reverse saturable absorption properties. Thus 

it seems that the PPP-MO method provides a qualitative approach to predicting 

reverse saturable behaviour. 

2.7.4.3 A theoretical examination of the effect of structural modification on the 

reverse saturable absorption properties of the sguarylium dye (I67) 

In order to examine those structural factors which might affect reverse saturable 

absorption properties, systematic (hypothetical) structural modification of the 
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squarylium chromophore (167) was undertaken, and the effect of these modifications 

on excited state transition dipoles calculated. The following structural modifications 

were made to the squarylium structure (I67); 

1. An electron withdrawing group -CI, was added to position 'X'. 

2. An electron donating group, -NH2' was added to position 'X'. 

3. The conjugation was extended from position 'X', Le. structure (168). 

0- X 

Ht- H 

>< Nx: 
N NH 

H 
(167) 

o 

(168) 

Wavelength maxima, eigenvalues and eigenvectors of the hypothetical chromophores 

were obtained from PPP-MO calculations. Transition dipole maps for the theoretical 

chromophores were produced as previously described. 
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Results 

Transition energies 

Transition Transition !::.E/eV 

X= NH, CI Cyclic ketone 

H-L 3.01 3.33 3.20 

L-L+l 1.92 1.90 2.03 

L-L+2 2.38 2.42 2.14 

L-L+3 2.65 2.50 2.29 

L-L+4 2.69 2.52 2.75 

L-L+5 3.09 2.56 3.33 

L-L+6 3.62 3.57 3.56 

L-L+7 4.07 3.98 3.61 

L-L+8 4.67 4.54 4.02 

L-L+9 4.87 4.78 4.66 

L-L+10 6.19 6.13 5.12 

L-L+11 6.63 6.56 5.94 

L-L+12 7.52 7.43 5.96 

L-L+13 6.73 

Excited state transitions with ~E values similar to, and greater than the HOMO­

LUMO transition 

X Amax/nm (calc) Transitions 

cyclic 

ketone 

865 

815 

817 

L-L+5 to L-L+9 

L-L+6 to L-L+9 

L-L+5 to L-L+I0 
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Figure 48. Transition dipole maps for sguarylium dye (167, X - NH21 

(a) HOMO - LUMO transition 
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(b) LUNO - LUMO+7 transition 



149 

Figure 49. Transition dipole maps for sguarylium dye (167, X - cn 

(a) HOMO - LUMO transition 

(b) LUMO - LUMO+6 transition 

(c) LUMO - LUM0+8 transition 
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Figure 50. Transition dipole maps for sguarylium dye (I68) 
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The modified squarylium dye, X = NH2 (Figure 48), shows excited state transition 

dipole maps with no significant transition moments. The LUMO-LUMO+ 7 transition 

(Fig. 48(b)), does have a small transition moment. We predict that RSA is effectively 

reduced when amino groups are introduced at the positions indicated in the basic 

structure (167). 

The transition dipole maps for the modified squarylium <;lye, X = CI, are similar to 

the original transition dipole maps for the unmodified squarylium dye (Figure 49). We 

predict that there would not be improved RSA with the introduction of chloro 

groups into the basic structure (167). 

The introduction of a 'cyclic ketone' type group (168) shows promise, the 

LUMO-LUMO+8 transition (Fig. 50(b)) still has a significant transition moment, the 

LUMO-LUMO+ 1 0 transition (Fig. 50(c)) also has a significant transition moment. We 

cannot quantitatively calculate the extent of the improvement to the RSA, however. 

2.7.4.4 Conclusion 

The theoretical prediction of the effect of structural modification on the excite,d 

state transition moments of a dye chromophore with the PPP-MO method appears 

to be a useful tool for optimising the RSA effect in a given chromophoric system. 

The time required to carry out a detailed investigation on purely empirical grounds 

would be excessive, and so a computer program capable of producing transition 

dipole maps for ground state and excited state transitions is a potentially useful tool 

for dye design. 
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3 EXPERIMENTAL 

3.1 GENERAL DATA 

Melting points 

These were determined on an electrothermic melting point apparatus and are 

uncorrected. In some instances melting points were measured by differential 

scanning calorimetry, using Du Pont Instruments Thermal Analy~r 2,000. 

Spectra 

Infrared spectra were recorded on a Perkin-Elmer 1720 series Infrared Fourier 

Transf orm Spectrometer. 

Visible and Ultraviolet spectra were recorded on a Perkin-Elmer Lambda 15 

uv /visible spectrophotometer. The instrument was set up according to the 

parameters cited in Table 31. 

Table 31. Spectrophotometer settings used for recording uv - visible spectra 

Ordinate mode ABS 

Slit 2nm 

Scan speed 480nm/min 

Response 0.5s 

Lamp UV/VIS 

Cycles/time 1/0.05min 

Peak threshold 0.02A 

Recorder ON 

Ordinate min/max 0.000/1.500 

Abscissa min/max 190.0/900.0nm 

Fluorescence excitation and emission spectra were recorded on a Perkin-Elmer 

LS5 spectrofluorimeter. All spectra are uncorrected. 



153 

Chromatography 

Thin layer chromatography was carried out on plastic sheets coated with Kiesel 

60 (Merck) (without fluorescent indicator). Chromatography columns were 

prepared with Kieselgel 60 (70-230 mesh ASTM). 

NMR spectra 

Proton magnetic resonance spectra were recorded at the SERC N.M.R. center, 

University of Warwick using a WH400 n.m.r. instrument. 

Mass spectra 

The low resolution spectra were recorded on a VG 12-253 quadrupole 

spectrometer. The fast atom bombardment spectra were recorded on a VG ZAB­

E spectrometer. Measurements were carried out at the SERC Mass Spectrmoetry 

Service Center, University of Swansea. 

Elemental analyses (C,H,N) 

These were carried out on a Technicon CHN Autoanalyser. Halogen analysis were 

carried out by conventional procedures. 

3.2 EXPERIMENTAL PROCEDURES 

Preparation of dye-containing cellulose acetate films 

Cellulose diacetate films were prepared by the method described by Corns [59] 

Cellulose diacetate (lg) was added to a mixture of dichloromethane/methanol 

(lOml 9:1) containing the appropriate amount of dye in a beaker covered with a 

watch glass. The mixture was stirred at room temperature with a magnetic stirrer 

until a clear solution was obtained. The film was cast onto a glass plate with a 

t.l.c. spreader at a thickness of 0.5mm. Immediately after casting a similarly 

sized glass sheet was placed over the wet film a few mm from its surface, by 

using microscope slides as spacers. After drying over a hot air drier, the film was 

peeled off the glass plate and then stored in a vacuum dessicator. The film was 

cut into pieces which were then mounted in a slide frame. Such films were then 

sent to R.D.A. for testing for reverse saturable absorption properties and also 
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subjected to photostability testing. 

Preparation of other polymeric film systems 

Suitable polymer films were those which are optically transparent, compatible 

with the dye and can be cast from methylene chloride, tetrahydrofuran or ethyl 

acetate solvents. The following squarylium-dye containing polymer films were 

prepared. The corresponding cellulose acetate film was made by the procedure 

outlined above. 

Poly( vinylchloride) 

High molecular weight polyvinylchloride was dissolved in THF, to give a solution 

of high viscosity, the dye solution was then added to give a strong green colour. 

After casting the film was slowly dried to prevent misting. 

Poly(methyl methacrylate) 

PMMA granuals were dissolved in enough ethyl acetate to give a solution of high 

viscosity. The squarylium dye solution was then added. After casting the films , 

were dried slowly to prevent misting. 

Polycarbonate [-C6H~-4-C( CH3h~H~-4-0C02=ln 

Polycarbonate resin granules were dissolved in methylene chloride to give a 

solution of high viscosity. The squarylium dye solution was then added. After 

casting the films were slowly dried. 

Polystyrene 

Polystyrene was dissolved in ethyl acetate to give a solution of high viscosity. 

The squaryUum dye solution was then added. After casting the films were slowly 

dried. 

Synthesis of 7-diethylamino-3-formyl-coumarin (91) 

4-Diethylaminosalicylaldehyde (17.92g, 0.093 mol), diethylmalonate (16.331. 

0.0102 mol) and piperidine (20ml) were stirred together at 40°C. for 12 hr. To 

this mixture hydrochloric acid (18%) (94ml) was then added. The reaction mixture 
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was stirred under reflux for 5 hours. During this time the yellow coloured solution 

decolourised. On cooling saturated sodium acetate solution (14ml) was added and 

the pH carefully adjusted to pH 4-5 with aqueous sodium hydroxide solution (45%). 

The resultant orange/brown precipitate was filtered off, washed with water 

(removing the orange colouration), and dried overnight in an oven at 50°C, to give 

crude 7 -diethy laminocoumarin (17. 2g: 77.7%). 

Dimethylformamide (dry) (7.14g, 0.098 mol) was added dropwise to phosphorous 

oxychloride (16g, 0.104 mol) at 40°C. The mixture was then stirred at 50°C for 

45 minutes with exclusion of moisture. To this was added a suspension of the 

7-diethylaminocoumarin (l5g, 0.07 mol) in dimethylformamide (l8g). The reaction 

mixture was warmed to 60°C and stirred for 2 hours. The orange coloured 

reaction mixture was then poured into ice (150g) and stirred for a further 2 hours. 

The solid was filtered off, washed thoroughly with water and dried in an oven 

at 50°C overnight, giving (91) (9.6g: 560/0) m.p. 151-I56°C. 

Synthesis of 4-methylthiazol-2-yl malononitrile 

Sodium thiocyanate dihydrate (32.2g, 0.275 mol) and water (27ml) were stirred 

at room temperature and chloroacetone (20ml, 0.243 mol) added. With protection 

from light the mixture was stirred at room temperature overnight. Ether (lOOml) 

was added to extract the mixture and the ether fraction was isolated and washed 

with 4xlOmi water, and dried over sodium sulphate. Evaporation of the ether gave 

26g of an orange coloured oil. To this was added malononitrile (14.7g, 0.223 mol) 

and methanol (44mI). With ice/water cooling, triethylamine (30.67ml, 0.303 mol) 

was slowly added, the reaction being extremely exothermic. The reaction mixture 

was stirred for 3 hours at room temperature and then diluted to 500ml with 

water. On addition of formic acid (40%) (I3.32ml) a light brown solid precipitated. 

This was filtered off, washed with water, then methanol and dried, to give the 

product as a pale yellow solid (43g, m.p. 292.4°C). 

General procedyre for the synthesis of coumarin-based extended chromophores 

~ 

Equlmolar quantities of 7-diethylamino-3-formylcoumarin and the appropriate 

active methylene was stirred together in a small volume of ethanol at reflux, 
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with piperidine/acetic acid catalyst (1:5). Isolated chromogens were purified by 

recrystallisation from ethanol or column chromatography (eluent methylene 

chloride). Synthesised dyes and their characterisation data are summarised in 

Table 32. 

Table 32. Yields and characterisation data for coumarin dyes (99) 

Structure Yield % Appearance of crystals 
and melting point/OC 

99(a) 89 

99(b)* 86 

99(c) 69 

99(d) 57 

99(e)*'* 48 

78 

82 

Metallic green needles 
224-225 

Hexagonal green 
228-229 

Metalic green platelets 
213-215 

Metallic green platelets 
205-206 

Dark blue powder 
204-206 

Purple needles 
172-173 

Purple powder 
267-270 

Characterisation data 

C23H,gN04 
calc: C,73.99; H,5.13; N,3.75% 
found: C,74.20; H,5.25; N,3.55% 

C22H,gNOSS 
calc: C,64.53; H,4.69; N,3.42% 
found: C,64.50; H,4.60; N,3.30% 

C26H,gN30 3 
calc: C,74.09; H,4.54; N,9.97% 
found: C,73.50; H,4.35; N,10.01% 

C2SH,gN30 4S 
calc: C,65.63; H,4.19; N,9.19% 
found: C,65.25; H,4.20; N,9.10% 

m/e = 470 (= m+t) 

m/e = 458 (= m+ 1) 

<:2SIi,sN3()3<:1 
calc: <:,65.63; 1i,4.55j N,9.99% 
found: <:,65.60j 1i,4.35j N,10.QCM, 
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Table 32. Yields and characterisation data for coumarin dyes (99) continued 

99(h)' 79 

99{i) 76 

99(j) 
85 

99(k) 
79 

99(1) 
82 

99(m)*" 93 

99(n)*111 89 

99(0) 87 

88 

Pale yellow powder 

Bronze powder 
169-170 

Magenta crystals 
227-228 

Bronze crystals 
249-251 

Magenta/purple powder 
253-254 

Orange crystals 
264-265 

Green powder 
259-260 

Green powder 
246-247 

~Ie ~st81s 
252-253 

C38H43N302 
Calc: C,79.40; H,7.70; N,7.30% 
found: C,79.55; H,7.55; N,7.25% 
m/e = 573 ( = m+l) 

C36H44N20 2 
m/e = 536 

C3,H2SN302 
calc: C,79.13; H,5.14; N,8.93% 
found: C,78.70; H,5.15; N,8.80% 

C26H20N402 
calc: C,74.26; H,4.80; N,13.33% 
found: C,74.25; H,4.75; N,13.45% 

C23H,gN30 2S 
calc: C,68.80; H,4.78; N, 10.47% 
found; C,68.75; H,4.80; N,10.60% 

C23H20N402 
calc: C,71.80; H,5.20; N,14.48% 
found: C,71.80; H,5.00; N,14.56% 

C2,H20N303Cl 
calc: C,63.39; H,5.03; N,10.37% 
found: C,63.00; H,5.15; N,IO.55% 

C20H,7NS02 
calc: C,66.85; H,4.73; N,19.5D% 
found: C,66.8O; H,4.65; N,19.55% 

C'SH'7N30S 
calc: C,60.8; H,4.79; N,11.83% 
found: C,60.8; H,4.79; N,II.55" 
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Table 32. Yields and characterisation data for coumarin dyes (99) continued 

99(r)** 94 Purple crystals 
278-279 

C2sH20N204 
calc: C,72.80; H,4.85; N,S.80% 
found: C,72.10; H,4.75; N,S.SO% 

* Reaction carried out in acetic anhydride at 100°C 

# Piperidine catalyst used 

## no catalyst required 

Preparation of 7-diethylamino-4-chloro-3-formyl coumarin (112) 

Malonic acid (5.2g, 0.05 mol), 2,4,6-trichlorophenol (19.8g, 0.10 mol) and 

phosphorous oxychloride (9.5ml) were stirred together for 90 minutes at 100°C, 

giving a white precipitate. Dilute sodium hydroxide solution was added and the 

resultant product bis (2,4,6-trichlorophenyI) malonate filtered off, washed with 

water and dried in an oven at 50°C, (22.9g, 99%). 

The bis (2,4,S-trichlorophenyl) ester (18.4g, 0.04 mol) and m-diethylaminophenol 

(S.5g, 0.04 mol) were dissolved in dry toluene (40mI) and heated under reflux for 

2 hours. The formation of a cream coloured solid was observed during the 2 hours 

and the reaction mixture turned dark brown in colour. The product was filtered 

off to give 7_diethylamino-4-hydroxycoumarin and washed with toluene and hot 

acetone. This was then stirred in DMF (11.7ml, O.lS mol), and cooled to 0-5°C 

and POCl
3 

(2.45g, 0.016 mol) was added drop wise with constant stirring. The 

reaction mixture was stirred at 25°C for 30 mins and then poured into ice with 

stirring. The resultant precipitate was filtered off, washed with 10% NaHC03 

solution and dried giving (112) as an orange powder, (1.09g, 2S%). 

The aldehyde was purified by column chromatography (silica; CH2C12) and then 

recrystallised from ethyl acetate. The product had m.p. 140-141°C. (Found: 

C,60.30; H,5.00; N,5.1; Cl,12.55%, C,4H,4N03Cl requires C,60.1; H,5.05; 

Cl,12.7%). 
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A similar reaction procedure but using S-hydroxyjulolidine in replace of m­
diethylaminophenol gave intermediate (I IS). 

Preoaration of ring closed dye (117) 

7-Diethylamino-4-chloro-3-formylcoumarin (0.09g, 0.3 mmoI) and 2-

cyanomethylbenzimidazole (0.06g, 0.4 mmole) were stirred together in acetic 

anhydride (3mI) at 100°C for 2 hours. On cooling the product cystallised out of 

solution as an orange solid, (0.12g, S6%). 

The product was recystallised from ethyl acetate to give orange crystals, m.p. 

27S-279°C. (Found: C,72.40; H,4.70; N,14.75%, C23H,aN402 requires C,72.23; 

H,4.75; N,14.65%). 

A similar procedure but using the juiolidine chioro-aldehyde (I IS) gave dye (119), 

(m/e = 407 (M+l). 

Synthesis of dye (121) 

Equimolar quantities of 7-Diethylamino-4-chloro-3-formylcoumarin (112) and 

malononitrile dimer (I20) were stirred together in ethanol under reflux for 2 

hours. The product separated out on cooling, and was then recrystallised from 

ethanol, giving orange crystals. (Found C,59.70; H,3.75; CI,S.SO%, C,9H,6Ns02Cl 

requires C,59.76; H,4.19; CI,S.40%). 

Synthesis of 3-dicyanomethylene-l.5.5-trimethylcyclohexene (124) 

Isophorone (123) (I4.5g, 0.105 mol) and malononitrile (6.7g, 0.1 mol) were 

dissolved in freshly distilled dimethylformamide (SOmI). Piperidine (0.5g) and 

glacial acetic acid (0.3g) were added to the solution and the reaction mixture 

was stirred overnight at room temperature. Toluene (20ml) was then added and 

the mixture refluxed for 1 hour, the water formed during the condensation 

reaction being collected in a Dean and Stark trap. Toluene and DMF were 

removed successively by vacuum distillation at 95°C. The residue was poured into 

water (250mI) containing concentrated hydrochloric acid (lm!), giving a brown 

precipitate. After isolation of the solid and recrystallisation from 
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isopropanol/water (8:3 by volume) the product was obtained as a white solid (5.8g, 

30%). 

(FTIR, strong cyano peak at 2221cm-'.) 

General procedure for the synthesis of 3-dicyanomethylene-1.5,5-

trimethylcyclohexene based dyes (128) 

Equimolar quantities of 3-dicyanomethylene-l,5,5-trimethylcyclohexene (124) and 

the appropriate aldehyde were refluxed together in methanol with a trace amount 

of piperidine/acetic acid (1:5) catalyst for a minimum time of 7 hours. Products 

were purified by column chromatography and/or recrystallisation. 

Yields of synthesised dyes and their characterisation data are summarised in 

Table 33. 

Table 33. Characterisation data for dyes containing an isophorone-bridge (128) 

Structure Yield% Appearance of crystals 
and melting points/oC 

128(a)(a) Metallic magenta 
70 223-224 

128(b)(b) Orange/brown powder 
49 146-147 

128(c)(b) Magenta crystals 
68 182-183 

128(d)(b) Dark purple powder 
65 219-220 

128(e)(a) Metallic green 
60 204-205 

Characterisation data 

C2,H23N3 
calc: C,79.50; H,7.30; N,13.24% 
found: C,79.75; H,6.95; N,12.40% 

C23H26N3 
calc: C,80.40; H,7.35; N,12.24% 
found: C,80.85; H,7.30; N,12.10% 

C20H22N4 
calc: C,75.43; H,6.98; N,17.60% 
found: C,75.75; H,7.10; N,17.4O% 

C23H27N30 
calc: C,76.41; H,7.54; N,11.63% 
found: C,76.25; H,7.85; N,11.45% 

C26H27N302 
calc: C,75.51; H,6.59; N,10.16% 
found: C,75.45; H,6.60; N,IO.2O% 
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Table 33. Characterisation data for dyes containing an isophorone-bridge (t 28) 
continued 

I 28(f)(c) 

128(g)(d) 

Dark blue powder 
217-218 

Orange/red crystals 
269-270 

(a) recrystallised from methanol 

C2sH27N3 
m/e = 369 

C29H22N2 
calc: C,87.44; H,5.53; N,7.04% 
found: C,85.80; H,5.90; N,6.45% 
mle = 398 

(b) recrystallised from n-propanol/water 7:3 
(c) column chromatographed (eluent, toluene) then recystallised from 

ligoin 60/80 
(d) column chromatographed (eluent, toluene) then recystallised from 

ethyl acetate 

Synthesis of 2-chloro-l-formyl-3-hydroxymethylene-cyclohexene (133) 

Dimethylformamide (40ml, 0.51 mol) mixed with dichloromethane (lOmI) was 

added dropwise with stirring to a solution of phosphorous oxychloride 

(37ml, 0.4 mol) in dichloromethane (35mI), maintaining the temperature below 

10°C. Cyclohexanone (lOg, 0.10 mol) was then added drop wise and the 

temperature raised until boiling occurred. The reaction mixture was stirred under 

reflux for 3 hours, and after was poured onto ice and left to stand overnight. The 

pale yellow coloured product (133) was filtered off and dried at room temperature 

in vacuum. 

Synthesis Qf dye (137a) 

2-ChlQro-l-fQrmyl-3-hydroxymethylene-cycIQhexene and one mQI equivalent o~ 

malononltrlle were stirred together in a small quantity of methanQI fQr I! 



162 

minutes at room temperature. The colourless solution rapidly became yellow. To 

this was added a mol equivalent of Fischer's base, and the mixture was stirred 

for 30 minutes at room temperature, during which time the cyan coloured product 

crystallised out of solution. This was filtered off and recrystallised from ethanol 

to give dark blue crystals of (137a) (89%), m.p. 213-214°C. (Found C,73.10; 

H,5.90; N,10.95%
, C22H22N3CI requires: C,72.59; H,6.10; N,I1.55%.) 

Synthesis of 2-chloro-3-formyl-l-[[cyclohexene-2-ylJethenyI1l.3,3-trimethyl-3H­

indolin (136) 

2-Chloro-l-formyl-3-hydroxymethylene-cyclohexene (133) (3g, 0.017 mol) and 

Fischer's base (3g, 0.017 mol) were stirred together in ethanol (lOmI) for 1 hour 

at room temperature. The pale red coloured product crystallised out of solution 

and was filtered off and recystallised from toluene, (4.7g, 82%), m.p. 211°C. 

(Found: C,73.35; H,6.8; N,4.2%, C2oH22NOCI requires C,73.3; H,6.8; N,4.3%). 

General orocedure for the syntheses of dyes (137) (142) and (143) derived from 

Fischer's base adduct (136) 

Equimolar quantities of the Fischer's base adduct (136) and the appropriate active 

methylene were stirred together in acetic anhydride, at 100°C for 2 hours. On 

cooling the product precipitated out and was filtered off. Purification procedures 

and characterisation data are summarised in Table 34. 
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Table 34. Yields and characterisation data for dyes derived from Fischer's base 
adduct (136) 

Structure Yield 

137(b) 89 

137(c) 74 

137(d) 78 

137(e) 43 

142 98 

72 
143(a) 

Appearance of crystals 
and melting point/oC 

Bronze powder 
217 decomp. 

Green crystals 
253 decomp. 

Green crystals 
210 decomp. 

Green crystals 
195 decomp. 

Magenta powder 
270 

Pale green powder 
269 decomp. 

Characterisation data 

C27H26N4SCI 
calc: C,68.43; H,5.49; N,11.83; 

CI,7.50% 
found: C;69.45; H,5.00; N,11.84; 

CI,7.10% 

C29H26N3()C12 
calc: C,69.18; H,5.10; N,8.30; 

CI,14.1% 
found: C,68.90; H,4.85; N,8.05; 

CI,13.9% 

C29H27N4CI 
calc: C,74.60; H,5.79; N,12.00; 

CI,7.6% 
found: C,74.95; H,5.85; N,I1.75; 

CI,7.5% 

C26H24NsCI 
calc: C,70.67; H,5.44; N,15.86; 

Clj 8.04% 
found: C,70.20; H,5.40; N,15.60; 

CI,8.00% 

C29H26N4 
calc: C,80.93j H,6.05j N,13.2j 

CI,O.OO% 
found: C,80.10j H,6.20j N,12.6j 

CI,0.60% 
mle = 430 

C24H23N3()3 
calc: C,71.82j H,5.74j N,10.474Ma 
found: C,71.10j H,5.70; N,IO.25cw, 
mle = 402 (m+l) 
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Table 34. Yields and characterisation data for dyes derived from Fischer's base 
adduct (136) continued 

143(b) 69 

143(c) 34 

143(d) 65 

143(e) 67 

Pale green powder 
284 decomp. 

Dark blue powder 

Pale green crystals 
269 decomp. 

Metallic green crystals 
>500 

C24H23N302S 
calc: C,69.06; H,5.52; N,10.07% 
found: C,68.70; H,5.56: N,9.25% 
mle = 417 

C26H2SN 307CI (perchlorate) 
calc: C,5S.9S; H,5.29; N,7.94% 
found: C,58.60; H,5.50; N,7.40% 

C27H26N302 
mle = 424 

C27H26N30SCI 
calc: C,63.50; H,5.17; N,S.27% 
found: C,62.70; H,5.15; N,8.00% 

Preparation of 2[2[2-chloro-3(2-( 1.3-dihydro-1 .3.-trimethyl-2H indol-2-

ylidene)ethylidene-l-cyclohexen-1-yl)ethenyll-l ,3,3-trimethyl-3H indolium 

perchlorate (149) 

Fischer's base (O.4g, 2.S mmoI) and 2-chloro-1-formyl-3-hydroxymethylene­

cyclohexene (0.2g, 1.4 mmoI) were stirred together in acetic anhydride (2ml) at 

100°C for 5 hours. On cooling the reaction mixture was poured into water and 

the product precipitated by addition of perchloric acid. The pale green solid was 

recrystallised from ethanol, (0.57g:70%), m.p. 259°C. 

Synthesis of 3.1a-diazaindan-2-one hydrochloride salt (150) 

A mixture of chloroacetic acid (30.3g, 0.32 mol) and water (20Oml) was stirred 

and sodium carbonate (11g, 0.16 mol) was slowly added. 2-Aminopyridine (30.311 

0.32 mol) was then added and the mixture heated under reflux for 7 hours. ThE 
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mixture was then kept in the fridge overnight to precipitate the product. The 

cream coloured solid was filtered off, washed with isopropanol and dried, (19g, 

28%). 

To this was then added conc. hydrochloric acid (24ml) and the mixture heated 

under reflux for 15 minutes. The mixture was evaporated to a thick oil by heating 

under vacuum, and isopropanol was added to crystallise the product. The off­

white crystals of (150) were filtered off, washed with isopropanol and dried, 

(14.3g, 93%), m.p. 256°C. 

Synthesis of dye (152) 

3,7a-Diazaindan-2-one hydrochloride salt (O.4g, 2.3 mmoI) and 2-chloro-l-formyl-

3-hydroxymethylene-cyclohexene (O.2g, 1.2 mmoI) were stirred together in N­

methylpyrrolidinone (ImI) at 100°C for 1 hour. On cooling the reaction mixture 

was diluted with distilled water and the product precipitated by the addition of 

perchloric acid. The solid was filtered off, washed with water and dried 

Recrystallisation from ethanol give (152) as a dark blue solid, (0.41g, 68%), m.p. 

249°C. (Found: C,55.95; H,3.7; N,I1.9%, C22H17N406CI requires: C,56.35; H,3.6; 

N,I1.9%). 

Preparation of cyclopentylidenel-N ,N-dimethylbarbi turic acid (155) 

Dimethylbarbituric acid (7.7g, 0.05 mo!), cyclopentanone (4.2g, 0.05 moI), 

ammonium acetate (1.2g), acetic acid (2mI), and toluene (30mI) were stirred under 

reflux for 6 hours. After cooling to room temperature, water (30mI) was added 

and the mixture stirred for 30 minutes. The toluene layer was separated, washed 

several times with water and evaporated under reduced pressure to give the crude 

product which was recrystallised from 95% ethanol as a pale yellow solid, (7.42g1 

67%), m.p. 107-109°C. [Lit. m.p. 109°C [98]]. 

Preparation of bis-anil intermediate (156) 

Cyc}opentylidenel-N,N-dimethylbarbituric acid (7.42g, 0.032 mo!), ethyl-N 

phenylformimidate (lOg, 0.068 mol) and DMF (33mI) were stirred at aooe for 

hour. The mixture was cooled to room temperature, methanol (30ml) was adde 

and the mixture cooled in ice. The precipitate was filtered off, slurried in watel 
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(I56) as a purple solid, (I1.93g, 84%), m.p. 199°C. 

Synthesis of holopolar dye (153) 

A solution of the bis-ani! i'ntermediate (I56) (2g, 5 mmol), Fischer's base (1.64g, 

0.01 mol) in DMF (20ml) containing triethylamine as catalyst was stirred at 

100°C for 15 minutes. The solid which crystallised out on cooling was filtered 

off and dried in an oven at 50°C to give dye (153) as a dark green solid, (1.11g, 

40%), m.p. 277°C, (m/e = 577 (m+ 1). 

Synthesis of holopolar dye (154) 

A solution of the bis-anil intermediate (I56) (1.25g, 3 mmol), 3,7a-diazaindan-2-

one hydrochloride salt (1g, 6 mmoI) in DMF (10ml) containing TEA (0.17g) was 

stirred at 100°C for 20 minutes. The reaction was cooled in ice and 10ml acetone 

added. The solid was filtered off, slurried in methanol, filtered off and dried in 

an oven at 50°C to give (154) as lustrous green crystals, (1.07g, 76%), m.p. 211°C, 

(m/e = 508). 

Preparation of 2,3-dihydro-2-{4-biphenylyl}-2-methylperimidine (159) 

1,8-Diaminonaphthalene was purified by dissolving in ligroin (b.p. 100-120°C) at 

a temperature not higher than 55°C, fil tering the hot solution and collecting the 

needle shaped, peach coloured crystals which formed on cooling, (50% recovery) 

m.p. 63-64°C. 

The purified 1,8-diaminonaphthalene (6.32g, 0.04 moI), 4-acetylbiphenyl (8.4g, 

0.042 moO, Q-toluenesulphonic acid (O.07g) and ethanol (40mI) were stirred at 

55°C for 4 hours. On cooling to room temperature a solid separated out. This was 

filtered off washed with water and dried in an oven at 50°C for 48 hours to give 

(I59) as a beige coloured solid, (13g), m.p. 142-150°C [Lit m.p. 156-158°C [59}). 
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Preoaration of sQuarylium dye (60) 

A mixture of the dihydroperimidine (159) (9.82g, 0.029 moI), squaric acid (I.65g, 

0.0145 mo!), n-butanol (40ml) and toluene (20mI) were stirred under reflux for 1 

hour, using a Dean and Stark trap to remove water from the reaction. The 

toluene was removed under reduced pressure and the mixture poured into ligroin. 

The resultant green precipitate of (160) was filtered off and dried, (7.9g, 68%), 

m.p. > 300°C. 

Preparation of dihydroperimidine (161) 

Purified 1,8-diaminonaphthalene (2.35g, 0.015 mo!), butyl levulinate (2.6g, 0.015 

mol), I!-toluenesulphonic acid (0.03g) and n-butanol (5m!) were stirred at 60°C for 

6 hours. Water (20mI) was added and the mixture cooled in ice. A beige/pink solid 

deposited which was filtered off and washed with water until the washings were 

clear and acid free. The product was dried in an oven at 50°C and recrystallised 

from n-butanol to give (161), (4.8g, 98%), m.p. 87-89°C. (Found: C,73.2; H,7.85; 

N,9.1 %. C'9H24N202 requires: C,73.08; H,7 .69; N,8.97%). 

Preparation of sQuarylium dye (162) 

Dihydroperimidine (161) (4.84g, 0.016 mo!), squaric acid (0.89g, 0.008 mo!), n­

butanol (lOmI), and a small quantity of molecular sieves (4A 8-12 mesh) were 

stirred together in a water bath at 100°C for 2 hours. A colour change from 

orange/brown to dark green was observed. The reaction mixture was filtered hot 

removing the molecular sieves and some beige coloured material. Extra butanol 

was added to wash out the flask and the butanol then removed by rotary 

evaporation, leaving a viscous green liquid. Ether (1 OmI) was added and the 

mixture stirred manually with ice cooling when a green solid formed on standing. 

The product was filtered off and washed with ether, removing a bright yellow 

coloured impurity and leaving the dye (l62) a dark green coloured powder, (2.98g, 

55%). 

The electronic absorption spectrum of the product in acetone showed three 

absorption peaks in the range 700-800nm. TLC (eluent 25% acetone in ethyl 

acetate) showed the product to be very impure consisting of seven major bands. 
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APPENDIX 



Polymer films containg Sguarylium dye 

Key to graphs 

PVC = Polyvinyl chloride 

PVCO = Blank film 

PVC! = 00 = 0.08 at 532nm 

PVC2 = 00 = 0.49 at 532nm 

PM = Polymethylmethacrylate 

PMO = Blank film 

PM! = 00 = 0.16 at 532nm 

PM2 = 00 = 1.1 at 532nm 

PC = Polycarbonate 

PCO = Blank film 

PC1 = 00 = 1.21 at 532nm 

PS = Polystyrene 

PSO = Blank 

PSI = 00 = 0.46 at 532nm 

PS2 = 00 = 0.77 at 532nm 
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