
CHAPTER I11 

Synthesis and mesomorphic properties 
of a homologous series of 

i)  [I- (4-n-alkylbipheny1)-3- (4"'-cyanobip henyl) 
propanel- l,3-diones, their copper (11) 
and a few palladium(I1) complexes, and 

ii) [I- (4- n-alkoxybipheny1)-3-(4"'-cyanobiphenyl) 
propanel- 1,3-diones and their copper (11) 
complexes 



3.1 Introduction 

Many examples of liquid crystalline substituted metal P-diketonates have been re- 

ported over the past few years.' Ohta et  reported the first long chain substituted 

bis(P-diketonato)copper(II) complex which was synthesised in an at tempt to inves- 

tigate mesomorphism in a compound containing a transition metal. It did not show 

any mesogenic property. m round the same time Giroud and Billard3 reported the 

first mesogenic transition metal complex (Compound 3.1), but could not identify 

the mesophase. Ohta et  al.* synthesised bis[l,3-di(p-n-alkoxypheny1)propane- 1,3- 

dionato] copper(I1) complexes (same as 3.1 but with four alkoxy chains) and con- 

cluded that these have a lamellar structure and termed them discotic lamel lar  phase: 

DL based on x-ray diffraction and miscibility studies. Since then a large number 

of similar complexes with variation in chains have been reported. Many of these 

showed discotic m e ~ o ~ h a s e s . ~  

In 1986 Chandrasekhar et syntliesised unsyrrirrietrical coniplexes of ge~ieral 

structure 3.2 which exhibited monotropic nematic phase with a typical schlieren 



texture. These represent the first examples of paramagnetic nematic liquid crystals. 

We7 have investigated complexes with a similar structure and these have already 

been discussed in Chapter 11. As mentioned in Chapter I1 the above structure can be 

considered as an elongated molecule with two lateral substituents; the alkylbiphenyl 

moieties forming the long molecular axis and the two substituted phenyl rings the 

lateral substituents. Thus, while the complexes with four phenyl rings (compound 

3.1) mostly showed discotic lamellar mesophases, the unsymmetrical complexes with 

six plienyl ririgs (i.e., two biphenyl and two phenyl rings, compound 3.2) exliibittxl 

a monotropic nematic phase. 

With a view to study the structure-property relationships in metal P-diketonates, 

we8 investigated a number of complexes having a structure similar to (3.2). The 

breadth was increased by replacing the phenyl rings with a biphenyl moiety. 'l'lle 

resulting complex (3.4) has an unusual molecular structure, in the sense that it is 

neither rod-like nor disc-like. In this chapter, the synthesis and mesogenic properties 

exhibited by a number of P-diketones (3.3) and their complexes of type (3.4) where 

R=CN have been discussed. 



3.2 Synthesis 

The synthesis of the ligands [1-(4-n-alkylbiphenyl)-3-(411t-cyanobiphenyl)propane]- 

1,3-diones was carried out according to the schemes shown in figures 3.1, 3.2, 3.3 

and 3.4 respectively. 4-Bromo-4'-acetylbiphenyl was prepared by acetylation of 4- 

bromobiphenyl using Friedel-Crafts reaction. Oxidation of 4-bromo-4t-acetylbipl~enyl 

with ice-cold sodium hypobromite in 1,4-dioxan gave the corresponding carboxylic 

acid. This acid was esterified by refluxing it with ethanol in the presence of a 

catalytic amount of concentrated sulphuric acid for six hours. The  cyanation of 

etl~yl-4-bromobiphenyl-4t-carboxylate was carried out by refluxing it  with cuprous 

cyanide in anhydrous dimethylformalnide overnight. 4-n-Alkl-4t-acetylbipheny1 was 

synthesised as already described in chapter 11. 4-Met hoxybiphenyl was obtained in 

good yield Ily ~iictliylatio~i of 4-hydroxybil)licriyl usirig di~rictliylsulyliate arid sodiurli 

hydroxide in ethanol. Acetylation of 4-methoxybiphenyl afforded 4-methoxy-4'- 

acetylliphenyl in good yield. This was demethylated with 48% hydrobromic acid 

and acetic acid to obtain 4-hydroxy-4'-acetylbiphenyl. 0-Alkylation of this pheno- 

lic compound with 11-decyl, n-undccyl or n-dodecylbrolnide by refluxirig it i l l  t11c 

presence of potassium carbonate in dry acetone gave the corresponding 4-n-alkoxy- 

4'-acetylbiphcnyls. 

'l'he P-diketones were prepared by the reaction of appropriate substituted acetyl- 

bil>liellyls arld cthyl-4-cyanobi~~~ic1iy1-4~-carboxylate wit11 sodiurri llyclricle accordi~ig 

to the method of Burr e t  a/.'. 

The copper(I1) complexes were synthesised by the reaction of a P-diketone lig- 

and with cupric chloride dihydrate in tetrahydrofuran. The crude complexes were 

purified by several recrystallisations from butan-2-one. The palladium(I1) clielates 

were obtained by refluxing a mixture of the appropriate P-diketones, anliydrous 

potassium carbonate and palladium chloride in dry acetonitrile. 



Figure 3.1 
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3.3 Results and Discussion 

The transition temperatures and the enthalpies of transitions of [1-(4-n-alkylbipheny1)- 

3-(411'-cyanobiphenyl)propane]-l,3-diones are given in table 3.1. It is seen that all 

the nine compounds exhibit mesophases. The first four lower homologues are ne- 

matogenic. Compound 3.a.1, which is the first. homologue of the series exhibits 

a monotropic nematic mesophase, while the remaining three are enantiotropic ne- 

matic. Smectic phase appears from the octyl derivative (3.a.5) with a small tem- 

perature range of nematic phase. The smectic phase of this and the other higher 

homologues show a simple fan-shaped texture. The simple fan-shaped texture of 

the smectic phase exhibited by these is shown in Plate 3.1. This smectic phase has 

been characterised as smectic A (SA). Higher homologues (3.a.8 and 3.a.9) exhibit 

a very small range of smectic C phase in addition to SA phase. The tendency to 

exhibit smectic property increases as the chain is lengthened in a homologous series. 

This is due to increase in lateral intermolecular attractions. 

A plot of the transition temperatures versus the number of carbon atoms in 

the alkyl chain for [1-(4-n-alkylbiphenyl)-3-(4"'-cyanobipl~e1iyl)propa1ie]-l,3-diorics 

is shown in figure 3.5. The SA-I transition temperature rises with increasing length of 

alkyl chain and these points fall on a smooth curve The transition temperatures and 

the associated ent halpies of [1- (4-n-alkoxy biphenyl)-3- (41"-cyanobiphenyl)propane]- 

1,3-diones are summarised in Table 3.2. On substituting an n-alkyl chain by an 

n-alkoxy chain the crystal to SA and SA to isotropic transition temperatures are 

raised by 30-34°C and 13-14°C respectively. Compound [1-(4-n-dodecylbipheny1)- 

3-(4"'-cyanobil>henyl) propanel- 1,3-diolle (3.a.9) call be compared with [l- (4-11- 

dodecylbipheny1)-3-(4" -cyanophenyl)propane]- 1,3-dione (compound 3.5) because of 



Table 3.1 

Mesomorphic transition temperatures (OC) and enthalpies (kcal/mol) of 

Series III(1) 

Compound n C sc s A N I 
number 

3.a.l 4 . 198.5 - - ( 184.0)~ . 
6.29 

3.a.2 5 . 196.5 - . 197.5@ . 
7.32 

3.a.3 6 . 190.5 - . 194.0 . 
9.01 0.03 

3.a.4 7 . 186.5 - - . 196.5 . 
6.49 0.03 

3.a.5 8 . 183.5 - , 192.0 . 195.0 . 
5.49 0.10 0.03 

3.a.6 9 . 185.5 - . 199.5 - 
5.49 0.51 

3.a.7 10 . 182.0 - . 204.0 - 
8.28 0.51 

3.a.8 11 . 180.0 . 181.5' . 207.0 - 
6.86 0.77 

3.a.9 12 . 179.5 . 182.5' . 209.5 - 
6.7 1.03 

tThe enthalpy could not be determined because of immediate onset of 

crystallisation. 

@The enthalpy could not be determined due to very small temperature range 

of the mesophase. 



Plate 3.l.Focal-conic texture of the smectic A phase of 
compound 3.a.9 at 190°C. 



Number of carbon atoms in alky l  chain (n) 

Fig.3.5. A plot of the transition temperatures versus the 

number of carbon atoms (n) in the alkyl chain for a 

series of l-(4-n-alkylbipheny1)-3-(4'"-cyanobipheny1)- 

propane-1,3-diones. 



Table 3.2 

Mesomorphic transition temperatures (OC) and ent halpies (kcal/mol) of 

Series III(3) 

Compound n C s A I 
number 

3.b.l 10 . 215.5 . 217.0 . 
11.95 0.5 

3.b.2 11 . 212.5 . 220.0 . 
8.59 0.78 

3.b.3 12 . 210.0 . 223.0 . 
12.51 1.18 



Plate 3.2. Schlieren texture of the nematic phase of 

compound 3.c.7 at 238OC. 



the similarity of their structures. Although a terminal cyano group lies high in 

the nematic group efficiency order and low in the smectic group efficiency order, it 

promotes a smectic A phase in these P-diketones. Surprisingly, as a result of exten- 

sion of the core by a phenyl ring the clearing temperature has increased by 64.5"C 

and the smectic A phase is retained in the extended molecule. We have observed 

in tlie l~revious cliapter tliat on extelisioll of tlie core of [l-(4-11-decylbiplieny1)-3- 

(methy1)propanel-1,3-dione by the addition of a phenyl ring, the mesophase thermal 

stability decreases in the resulting compound, but the cyano-substit uted ligands 

(compound 3.5 and 3.a.9) show a different behaviour for this trend. 

It is interesting to note that in compounds which are terminally substituted by 

polar groups such as cyano, antiparallel correlations are commonly encountered.1° 

Such a possibility does exist in the above mentioned cyano P-diketones, though 

none of them exhibit the reentrant phenomenon. It is also possible that antiparallel 

correlation leads to molecular pairing resulting in different smectic A modifications 

in the system. It is not clear whether such molecular pairing does occur in this 

system, as detailed x-ray diffraction studies have not yet been undertaken. 

The transition temperatures and enthalpies of transitions of bis[l-(4-n-alkyl 

biphenyl)-3-(41"-cyanobiphenyl)propane-1,3-dionato]copper(II) complexes are given 

in table 3.3. The compound with the n-hexyl chain (3.c.l) is non-rnesomoryliic, 

hence the lower homologues were not prepared. All higher homologues are nemato- 

genic. Plate 3.2 shows the schlieren texture of the nematic phase of compound 

3.c.7. As can be seen they have the temperature range of nematic phase from 15.5 

to 25.5"C. As expected the melting points are raised by about 70-78°C upon com- 

plexation, while the clearing points are raised by 56 to 89°C. The enthalpies of 

nematic to isotropic transitions are of the order of 0.03 to 0.08 kcal/mol. As was 

mentioned in the previous chapter, this low value may be due to the persistence of 

nematic-like short range order in the isotropic phase. In figure 3.6 the transition 

temperatures of thcsc co~nplcxes have been plottecl agairist the nuliiber of carbon 

atoms in the alkyl chain. It is clearly seen that the N-I transition temperatures 



Table 3.3 

Mesomorphic transition temperatures ("C) and enthalpies (kcal/mol) of 

Series III(2) 

Compound n C N I 
number 

3.c.l 6 . 286.0 - 
5.55 

3.c.2 7 , 264.5 . 291.0* . 
5.46 

3.c.3 8 . 260.5 . 284.0 . 
9.36 0.08 

3.c.4 9 . 257.5 . 277.0 . 
4.99 0.10 

3.c.5 10 . 255.5 . 271.5 . '  
11.46 0.03 

3.c.6 11 . 252.0 . 267.5 . 
13.66 0.07 

3.c.7 12 . 250.2 . 266.0 . 
5.34 0.05 

* The enthalpy could not be determinecl because of 

sample decomposition. 



NO. OF CARBON ATOMS IN ALKYL CHAIN (11) 

Fig.3.6. A plot.of the transition temperatures versus the number 

of carbon atoms (n) in the alkyl chain for a series of 

bis[l-(4-n-alkylbiphenyl)-3-(411'-cyanobiphenyl)propane- 

1,3-dionato] copper(I1). 



for this series decrease as the number of carbon atoms increase in the alkyl chain. 

Similar trend has been observed in homologous series of bis[l-(4-n-alkylbipheny1)- 

3- (pheny1)propane- l,3-dionato]copper (II) complexes, reported by Sadashiva et ~ 1 . ~  

The melting points for the entire series is quite high and is in the range of 250 

to 264OC. It is found that replacement of alkyl chains with alkoxy chains in a few 

higher homologues of the above described homologous series of copper(I1) complexes, 

the crystal to nematic temperatures decrease by 12 to 22OC, while the nematic to 

isotropic temperatures are raised by 7 to 10°C. The decrease in melting points for the 

alkoxy derivatives is contrary to what has been observed for other homologous series 

of compounds." The raise of N-I transition temperature for alkoxy substituted com- 

plexes can be attributed to an increase in polarisability. The transition temperatures 

and heats of transitions of bis[l-(4-n-alkoxybiphenyl)-3-(4/"-cyanobiphenyl)propane- 

1,3-dionato]copper(II), [series III(4)l have been given in table 3.4. As comparcd to 

the ligands [series III(2)] the melting points are raised by about 18 to 24OC upon 

complexation while the clearing points are raised by 50 to 57OC. A plot of the 

transition temperatures versus the number of carbon atoms in the alkoxy chain is 

shown in figure 3.7. The melting points for these three complexes are in the range 

of 230-239°C and clearing points are >270°C. At such high temperatures thermal 

decomposition generally occur. 

'l'he rnesoge~iic behaviour of bis[l-(4-1i-dodecylbipheriyl)-3-(4/"-cya1iobipl~e1iyl) 

propane-l,3-dionato]copper(II) complex (3.c.7) can be compared with bis[l-(4-n- 

dodecylbipheny1)-3-(4" -cyanophenyl)propane-l,3-dionato] copper(I1) complex (corn- 

pound 3.6) as the structures of the two are similar. The melting point of 



Table 3.4 

Mesomorphic transition temperatures ( O C )  and ent halpies (kcal/mol) of 

Series III(4) 

Compound n C N I 
number 

3.d.l 10 . 239.0 . 2 7 0 . 5 ~  . 
, 12.78 

3.d.2 11 . 230.0 . 277.0' . 
3.94 0.07 

3.d.3 12 . 238.0 . 273.0' . 
11.81 0.09 

@ Partial decomposition takes place before clearing. 



Number of carbon atoms 
in alkoxy chain (n) 

Fig.3.7. A plot of the transition temperatures versus the number 

the carbon atoms (n) in the alkoxy chain for series 3.b 

and 3d. Dotted and solid lines denote transitions for 

ligands (series 3b) and complexes (series 3d) respectively. 



compound 3.c.7 is 38.2"C higher than that of compound 3.6. Compound 3.6 ex- 

hibited a monotropic smectic A phase and remarkably complex 3.c.7 is purely 

nematogenic. It is interesting to compare the mesogenic properties of bis[l-(4-n- 

decylbiphenyl)-3-(4111-cyanobiphenyl)propane-l,3-dionato]copper(II) complex, (3.c.5) 

with bis [1-(4-n-decylbipheny1)-3-(biphenyl-4yl) propane-l,3-dionato] copper (11) 

co~n~>lex , '~  (compound 3.7) as this call be considered to be a parent corriyourid of 

3.c.5. A comparison of these two compounds shows that in 3.c.5 cyano substitution 

promotes mesogenicity and it exhibits an enantiotropic nematic phase, while the 

parent compound shows a monotropic nematic phase. This group also iricreases 

nematic thermal stability by 78"C, when compared with its parent compound. 

We have also investigated the properties of a few palladium chelates of the above 

discussed P-diketones. The palladium(I1) complexes of [I-(4-n-alkylbipheny1)-3-(4"'- 

cyanobiphenyl)propane]-1,3-diones do not exhibit any mesomorphism. The atomic 

radius of palladium is 137A which is more than that of copper (128 A). The polaris- 

ability of an atom increases with increase in its atomic radius.13 Thus the polarisabil- 

i ty of the complexes in this system increases the i~itermolecular at  tractions, to such 



an extent that the melting point increases and no mesophase is observed. But in the 

system incorporating two biphenyl and two phenyl moieties, for example, bis[l-(4- 

n-dodecylbiphenyl)-3-(4"-cyanophenyl)propane-1,3-dionato] palladium(I1) complex 

(co~xil~ourid 3.8)) nionotropic s~nectic A phase is observed. Thus, it is difiicult to 

predict the influence of a metal atom on the nature of the mesophase. 

To summarise, the above described P-diketones show interesting behaviour, the 

terminal cyano-substitution showed enhanced smectic character and has promoted 

mesogenicity in the compounds. The extended core of these compounds resulted 

in higher melting and clearing temperatures. On substituting the terminal n-alkyl 

chain in the compound by n-alkoxy chain, the melting and clearing points are raised 

and the smectic A phase of the alkoxy substituted compound became thermally more 

stable. Thus the introduction of alkoxy chains seems to affect only the thermal sta- 

bilities of the smectic A phase. This is reflected in tables 3.2 and 3.4. The copper(I1) 

complexes of the above described alkyl and alkoxy ligands, exliibited cnaritiotropic 

nematic phase with higher clearing temperatures as compared to the corresponding 

complexes with six phenyl rings (two biphenyl and two phenyl moieties). On moving 

from six phenyl rings system (two biphenyl and two phenyl rings) to eight phenyl 

rings system (four biphenyl moieties) monotropic mesophases become enantiotropic. 

Thus tlic nature of tlie ligand is important for the forniatiori and/or stability of a 

mesophase in these systems. 



3.4 Experimental 

4-Bromo-4'-acetylbiphenyl 

This was prepared by the Friedel-Crafts acylation on 4-bromobiphenyl. Thus,pow- 

dered aluminium chloride (32.0 g, 0.23 mol) was added to a cooled and stirred 

solutiorl of 4-brornobiphenyl (46 g, 0.19 mol) in dry carbon disulphide (300 ml). 

To this mixture acetyl chloride (15.4 g, 0.19 mol) in dry carbon disulphide (100 

ml) was added dropwise, over a period of one hour. Stirring was continued for two 

hours and the mixture was then refluxed for a further four hours. Carbon disulphide 

was removed by distillation and the residue was added slowly to ice-water and hy- 

drochloric acid (10 ml). The organic material was extracted into ether (3x200 ml). 

The combined ethereal solution was washed with water until the aqueous washings 

were neutral and dried (Na2S04). Removal of solvent afforded a pale brown prod- 

uct, which was purified by column chromatography and the required product was 

recrystallised from ethyl alcohol. 

Yield (42 g, 77.5%); m.p. 128.4OC (Reported14 98%; m.p. 127.5"C). 

4-Bromobiphenyl-4'-carboxylic acid 

This was prepared following the procedure of Johnson et  al.15 A solution of sodium 

hypobromite was prepared by the addition of bromine (66.4 g, 0.41 mol) in small 

portions to an aqueous solution of sodium hydroxide (58 g, 1.45 mol in 290 1111 

water) maintained at O°C. This was added to a vigorously stirred solution of 4- 

bromo-4'-acetylbipheriyl (23.0 g, 0.08 mol) in 1,4-dioxan (400 ml). The addition was 

carried out at room temperature, during one hour. The temperature of the reaction 

mixture was slowly raised to 55OC to ensure completion of the reaction and stirring 

was continued for a further 2 hours. Enough quantity of sodium metabisulphite 

solution was added to remove the excess of hypobromite and the mixture was di- 

luted wit11 water (1200 rnl). About 500 1n1 3f the liquid was distilled, the reaction 



mixture was cooled and acidified with hydrochloric acid. Pale yellow precipitate so 

obtained was filtered and washed with water and air dried. Recrystallisation of this 

material from 2-methoxyethyl alcohol gave colourless crystals of 4-bromobiphenyl- 

4'-carboxylic acid. 

Yield (23 g, 99.0%); m.p. >280.0°C; IR VZ~,"' 2900, 2850, 1680, 1630, 1570, 1460, 

13(;0, $20, 780 C I I I - ' .  

A mixture of 4-bromobiphenyl-4'-carboxylic acid (23 g, 0.083 mol), concentrated 

sulphuric acid (5 ml) and ethyl alcohol (300 ml) was heated under reflux for 4 

hours. The excess of ethyl alcohol was removed under reduced pressure and the 

residue poured into water. The organic rtlatcrial was extracted into cl~loroforri~ 

( 3 ~  150 ml) and the combined organic extracts was washed with saturated aqueous 

sodium bicarbonate solution (2x 100ml), water (2 x 200 ml) and dried (Na2S04).  

Removal of solvent afrorded a pale yellow solid, which was purified by crystallisation 

from ethyl alcohol. 

Yield (15.4 g, 61%); m.p.75.0°C; IR v~j:' 2950, 2850, 1720, 1610, 1590, 1460, 1280, 

1000, 820, 780 cm-'; NMR 6 1.4(t,3H, -C&), 4.2-4.6 (q, 2H, COOCE12), 7.12-8.2 

(m,lGII, ArII). 

Elemental analysis: Found, C,59.47; H,4.18% CI5Hl3O2Br requires 

C,59.01; 11,4.26%. 

A mixture of ethyl-4-bromobiphenyl-4'-carboxylate (11.9 g, 0.039 mol), cuprous 

cyaliitle (7 g, 0.078 mol) and dry dirnetllyl forrrlamide (200 rnl) was heated un- 

der reflux for twelve hours. The cooled reaction mixture was poured into a mixture 

of I~ytlratctl fcrric cllloride (12.7 g), cor~cctitratcd Iiydrocliloric acid (3.7 1111) a~ rd  wa- 

ter (158 ml) and the resultant mixture was heated at 60-70°C for 20 minutes. The 



organic material was extracted into chloroform (3x200 ml). The combined chloro- 

form solution was washed successively with 5N-hydrochloric acid (3x50 ml), water 

(5x 150 ml), 10% aqueous sodium hydroxide (3x50 ml) and water until the aqueous 

washing was neutral and dried (Na2S04). The solvent was removed by distillation 

and the solid residue was purified by column chromatography. The required product 

was crystallised from petroleum ether. 

Yield (6 g, 61.5%); m.p.l17.0°C, IR VZ,~,"' 2900, 2850, 1720, 1610, 1460, 1250, 780 

cm-'; NMR 6 1.3(t,3H7 -C&), 4.2-4.5 (q, 2H, COOCH2), 6.8-8 (m,8H, ArH). 

Elemental analysis: Found, C,76.33; I-I,5.19; N,5.75% C16H1302N requires 

C,76.40; H,5.10; N,5.50%. 

4-Met hoxybiphenyl 

in a 500 ml three-necked flask fitted with a pressure equalising separatory funnel, a 

mechanical stirrer and a reflux condenser was placed 4-hydroxybiphenyl (40 g, 0.23 

mol), a solution of sodium hydroxide (0.6 g, 0.24 mol) in water (96 ml) and ethyl 

alcohol (275 ml). The reaction flask was cooled in an ice-bath and while stirring 

dimctliyl sulpliate (28.98 g, 0.23 rnol) was added dropwise to it over a period of forty 

minutes. After the addition, the reaction mixture was refluxed for one hour when 

a clear solutioll was obtained. The reaction flask was cooled to room temperature 

which resulted in the precipitation of the product. It was filtered, washed with water 

and air drieC). This was crystallised from ethyl alcohol. 

Yield (40 g, 92.5%); m.p.89.5"C (Iteportedl6 m.p.91.0°C). 

In a 500 ml three-necked flask equipped with a mechanical stirrer, a pressure equal- 

ising funnel and a reflux condenser carrying an anhydrous calcium chloride guard 

tube, a mixture of 4-methoxybiphenyl (36 g, 0.19 mol), anhydrous aluminium chlo- 

ride (35.5 g, 0.26 rnol) a.rid dry carbon disulpliide (200 1n1) was placecl. 'I'his was 



stirred, cooled in an ice-bath and acetyl chloride (14.8 g, 0.19 mol) was added drop- 

wise during thirty minutes. After the completion of addition, the reaction mixture 

was stirred at room temperature for 5 hours and then refluxed for one hour. Carbon 

disulpllide was rernoved by distillation arid the sticky residue was added slowly to a 

mixture of ice-water (500 ml) and hydrochloric acid (10 ml). The solid formed was 

filtered and boiled with ether (50 ml) for fifteen to twenty minutes and the ethereal 

solution was decanted off. This operation was repeated thrice and then the ether 

insoluble portion was crystallised from isopropanol. 

Yield (28 g, 63%); m.p.157.0°C (Reported17 m.p.156.5"C). 

A mixture of 4-methoxy-4'-acetylbiphenyl (25 g, 0.11 mol), hydrobromic acid (48%, 

150 1111) in glacial acetic acid (250 mi) was refluxed for ten hours. 'l'he reaction 

mixture was cooled and poured slowly into ice-water. The precipitate so obtained 

was filtered off, washed with water and air dried. This was crystallised from ethyl 

alcohol using activated charcoal to give crystals of 4-hydroxy-4'-acetylbiphenyl. 

Yicld (20 g, 85%); m.p 2060~. ' ( l l ~ ~ ~ o r t c d ' ~  m.p 206O C. "C). 

This was prepared from 4-hydroxy-4'-acetylbiphenyl (4.24 g, 0.02 mol), n-dodecyl 

bromide (7.47 g, 0.03 mol) and potassium carbonate (4.24 g, 0.03 mol) by refluxing 

the mixture in dry acetone (200 ml) for 18 hours with stirring. The reaction mix- 

ture was cooled and poured very carefully into a mixture of ice-cold water (300 mi) 

and HC1 (50 ml). This was extracted with chloroform (3x100 ml). The combined 

chloroform solution was washed with water and dried (Na2S04). Removal of solve~it 

afforded a product which was purified by column chromatography and crystallised 

from isoproj)yl alcohol. 

Yield (4.5 g, 59.2%); m.p.108.4"C (Reporteil'g m.p.108.5"C). 



The physical data of the cognate preparations of other 4-n-alkoxy-4'-acetylbipheriyls 

are given below. 

Yield 80%; m.p.108.0°C (Reportedlg m.p.109.0°C). 

Yield (63.5%); m.p.103.2"C (Reportedzo m.p.103.0°C). 

The method of preparation and physical data of other 4-n-alkyl-4'-acetylbiphenyls 

have been discussed in Chapter 11. 

A mixture of 4-11-undecyl-4'-acetylbiphenyl(1.2 g, 3.4 mmol), ethyl-4-cyanobiphenyl- 

4'-ca~.boxylate (0.86 g, 3.4 ~nmol) and anhydrous 1,2-dimethoxyethane (150 rill) was 

placed in a 250 ml two-necked round bottom flask fitted with a reflux condenser, 

carrying a calcium chloride guard tube and an inlet tube for dry nitrogen. To this 

was added sodium hydride (0.2 g, 6.8 mmol, 80% dispersed in oil) and the mixture 

was refluxed under nitrogen for ten hours and left at room temperature overnight. 

The reaction mixture was then cooled in ice and while stirring, dilute hydrochloric 

acid was added until it became acidic. The solid material so obtained was filtered 

and wasllcd with water until the washings were neutral to lit~nus. This was dried 

and chromatographed over silica gel and the pale yellow product thus obtained was 

recrystalliscd frorn butan-2-one several times until the melting point was consta~it. 

Yield (1.87 g, 34%); m.p. 180.0°C; IR VT;,"' 2900,2850, 2230, 1606, 1590, 1380, 825, 

780 cm-'; UV-Vis ( 6 )  371 (49,800), 285 (22,100), 305 (19,950), 259 (17,950); 

NMIt  60 .89 ( t , 3~ ,  -C&), 1-1.85(m,18H, 9x-CUz), 2.62(t,2B,ArCM2), 6.92(s,lII, - 



C=CH), 7.85-8.65(m,16H, ArH), 16.9(s,lH, en01 OH). 

Eletnental analysis: F'ou~id, C,84.63; II,7.45; N,2.47% C39H4102N requires 

C,84.32; H,7.38; N,2.52%. 

The physical data of the cognate preparations of other [l-(4-n-alkylbipheny1)-3- 

(4"'-cyanobiphenyl) propanel-1,3-diones are given below. 

Yield 54.5%; m.p. 198.5"C; IR v:',"' 2950, 2850, 2230, 1605, 1590, 1380, 830, 790 

cm-l; UV-Vis Azr. '3 ( E )  369.5 (50,200), 284.5 (22,500), 257.5 (15,900), 305 (19,200); 

NMR 6 0.96(t,3H, -C&), 1.24-1.8(m,4fI, 2x-C&), 2.68(t,2W,ArCH2), 6.92(s,lI-I, - 

C=CH), 7.2-8.3(m,16H1 ArH), 16.9(s,lH, en01 011). 

Elemental analysis: Found, C,84.26; 11,530; N,3.12% C32H2702N requires 

C,84.02; H,5.90; N13.06%. 

Yield 53%; m.p. 196.5"C; IR v ~ j , " '  2950, 2850, 2225, 1605, 1590, 1380, 830, 790 

cm-'; UV-Vis ( 6 )  369(50,86U), 285 (23,000), 257 (15,900), 305 (19,200); 

NMR 6 0.87(t,3H, -C&), 1.2-1.66(m,6H, 3x-C&), 2.6(t,2H,ArCE2), 6.9 (s,lH, 

-C=CH), 7.2-8.2(m,16H, ArH), 16.8(s,lH, en01 OU). 

Elen~ental analysis: Found, C,79.16; H,5.60; N,2.89% C33H2902N requires 

C,78.92; H,5.50; N,2.79%. 



Yield 41%; m.p. 190.5"C;' IR UZ~,"' 2950, 2850, 2225, 1604, 1590, 1380, 830, 780 

cm-'; UV-Vis Xg!:l3 (E) 369.5 (50,930), 284.5 (22,000), 257 (16,000), 305 (19,300); 

NMR 6 0.96(t,3H, -C&), 1.2-1.64(m,8H, 4x-CB2), 2.68(t,2H,ArClfz), 6.92(s,lH, 

-C=CII), 7.2-8.2(m,16H, ArH), 16.8(s,lH, en01 OH). 

Elemental analysis: Found, C,79.17; H,5.77; N,2.50% C34H3102N requires 

C,79.10; H,5.80; N,2.59%. 

Yield 52%; m.p. 186.5"C; IR v~j,"'  2950, 2850, 2230, 1605, 1590, 1380, 830, 780 

cm-'; UV-Vis (6) 369.5 (51,000)) 286.5 (23,800), 257 (16,000), 305 (19,300); 

NMR b 0.84(1,311, -C&), 1.2-1.8(m,lOII, 5x-CU2), 2.68(t,2H,ArCk12), 6.92(s,lH, 

-C=CH), 7.16-8.32(m,16H, ArH), 16.9(s,lH, en01 OH). 

Elemental analysis: Found, C,78.98; JI  ,5.95; N,3.17% C35H3302N requires 

C,79.28; H,6.04; N,2.64%. 

Yield 50.5%; m.p. 183.5"C; IR v~j,"'  2950, 2850, 2230, 1605, 1585, 1380, 800, 780 

cm-'; UV-Vis XEt\C'3 (E) 370.5 (49,900), 285 (24,000), 257 (16,000), 305 (19,400); 

NMR b 0.84(t,3H, -C&), 1.1-1.6(m,12H, 6x-CI12), 2.6(t,2H,ArCH2), 6.92(s,lH, - 

C=CLI), 7.2-8.2(m,16H, ArB), 16.9(s,lM, en01 OH). 

Elemental analysis: Found, C,83.85; H,6.85; N,2.27% C36H3502N requires 

C,84.21; II,6.82; N,2.72%. 



Yield 47.5%; m.p. 185.5"C; IR UT~,"' 2950, 2850, 2230, 1605, 1580, 1380, 840, 790 

cm-l; UV-Vis A2::'3 (6) 370 (52,000), 285 (23,000), 258 (17,100), 305 (19,500); 

NMR 6 0.88(t,3H, -C&), 1.0-1.6(m,14H, 7x-C&), 2.68(t,2H,ArCI&), 6.9(s,lH, - 

C=CJI), 7.1-8.2(m,lGII, Aru), 16.9(s,lH, en01 OH). 

Elemental analysis: Found, CJ4.67; H,7.13; N,2.58% C37H3702N requires 

C,84.25; H,7.02; N,2.65%. 

Yield 37%; 1n.p. 182.0°C; IR ~22,"' 2900, 2850, 2230, 1605, 1590, 1380, 830, 780 

cm-'; UV-Vis A 2 t , C 1 3  ( E )  370.5 (51,000), 285.5 (22,800), 305 (20,000), 258 (18,700); 

NMll 6 0.9(t,3H, -C&), 1.1-1.9(m,16H, 8x-CH2), 2.6(t,2H.ArCH2), 6.9(s71H, - 

C=CH), 7.2-8.4(m,16H, ArLf), 16.9(s,lH, en01 OH). 

Elemental analysis: Found, C,84.20; 11,7.29; N,2.29% C38H3902N requires 

C,84.28; H,7.20; N,2.58%. 

Yield 44%; m.p. 179.5"C; IR VE~,"' 2900, 2850, 2230, 1605, 1590, 1380, 830, 780 

cm-'; UV-Vis A::LC13 (6) 370 (49,800), 285 (22,000), 305 (19,950), 259 (17,950); 

NMR 6 0.88(t,3H, -C&), 1.2-1.6(rn,20H, lox-CH2), 2.66(t,2H,ArCH2), 6.94(s,lH, 

-C=CU), 7.2-8.14(m,lGH, ArU), lG.g(s,lII, en01 OH). 

Elemental analysis: Found, C,84.41; H,7.66; N,2.13% Cd0Hd302N requires 

CJ4.30; 11,7.55; N,2.13%. 



This compound was prepared from 4-n-undecyloxy-41-n-acetylbiphenyl (2.81 g, 7.6 

mmol), ethyl-4-cyanobiphenyl-4'-carboxylate (1.93 g, 7.6 mmol), dry 1,2-dimethoxyethane 

(100 ml) and sodium hydride (0.45 g, 15 mmol, 80% dispersion in oil) using a pro- 

cedure similar to the one described for the preparation of compound 3.a.8. 

Yield (1.5 g, 34%); m.p.216.0°C; IR u",":,"' 2950, 2850, 2250, 1608, 1580, 1200, 825, 

780 cm-'; UV-Vis (c) 375 (49,800), 280 (25,950), NMR 6 0.88(t,3H, -C&), 

1.2-2.16(m,18H, 9x-CH2), 4.07 (t,2H, -OCH2), 6.85(s,lH, -C=CH), 7.0-8.25(m,16H, 

ArH), 16.9(s,lH, en01 OH). 

Elemental analysis: Found, C,81.83; H,7.26; N,2.10% C39H4103N requires 

C,81.96; H,7.26; N,2.10%. 

The physical data of tlie cognate preparations of other [l-(4-n-alkoxybipheny1)- 

3-(4"'-cyanobiphenyl)propane]- 1,3-diones are given below. 

Yield 46.5%; m.p. 215.5"C; IR v","f,j,"' 2920, 2870, 2250, 1602, 1590, 1200, 830, 780 

cm-'; UV-Vis Agy:'3 ( 6 )  375.0 (49,000), 279.5 (31,200); NMR 6 0.88(t,3H, -CfL), 

1.27-2.17(m,16H, 8x-CH2), 4.01 (t,2H, -OCH2), 6.9(s,lH, -C=CH), 7.0-8.l(m,16H, 

ArH), 16.9(s,lH, en01 OH). 

Elemental analysis: Found, C,82.33; H,7.07; N,2.28% C38H3902N requires 

C,81.86; H,7.00; N,2.51%. 



Yield 55.5%; m.p. 210.0°C; IR vrd,"' 2920, 2850, 2250, 1602, 1590, 1200, 830, 780 

cm-'; UV-Vis (c) 375 (52,000), 283 (25,200), NMR 5 0.92(t,3H, -C&), 1.1- 

1.9(m,20H, lox-CH2), 4.0 (t,2H, -OCH2), 6.8(s,lH, -C=CH), 7-8.2(m,16H, ArJj), 

16.9(s,lI-I, en01 OH). 

Elemental analysis: Found, C,81.95; H,7.43; N,2.21% C40H4303N requires 

C,82.05; H,7.35; N,2.39%. 

To a stirred solution of [1-(4-n-Undecylbiphe~iyl)-3-(4111-cyanobiphenyl) 1,3 

dione (0.2 g, 0,36 mmol) in warm THF (50 ml) was added a solution of potassium 

hydroxide (0.02 g, 0.36 rnmol) in ethyl alcohol (8 ml). To this was added a sdlution of 

cupric chloride dihydrate (0.031 g, 0.18 mmol) in ethyl alcohol (8 ml). The reaction 

mixture turned dark-green in colour. This was refluxed for four hours and cooled. 

The greenish precipitate was filtered and washed with ethanol. This precipitate 

was dissolved in chloroform (100 ml) and washed with water (3x75 ml) and dried 

(Na2S04). Removal of solvent and crystallisation of the residue repeatedly from 

butan-2-one gave green shining crystals of the complex. 

Yield (0.01 g, 40%); m.p. 252.0°C; 111 v~d,"' 2900, 2850, 2225, 1610, 1580, 1380, 

830, 780 cm-'; UV-Vis ( e )  371 (69,600), 307 (54,900), 242 (34,800). 

Elemental analysis: Found, C,84.63; H,7.45; N,2.47% C78H8004N2C~ requires 

C,84.32; H,7.38; N,2.52%. 

The physical data of the cognate preparations of other bis[l-(4-n-alkylbiphenyl)- 

3 - ( 4 ' 1 ' - ( : ~ i \ . ~ ~ ~ ) l i i ~ ) 1 1 ~ ! ~ ~ ~ I )  1)ro1)a.11~-1,3-di011c~l,o] (:01)1)cr(II) C ~ I I I ~ I C X C S  arc g iv~ t i  I>c'Iow. 



Yield 61.5%; m.p. 286.0°C; IR VP~,"' 2900, 2850, 2250, 1610, 1585, 1380, 830, 785 

cm-'; UV-Vis (6) 371 (96,450), 309 (72,500), 240 (46,200). 

Elemental analysis: Found, C,79.17; H,5.77; N,2.59% C68H6004N2C~ requires 

C,79.10; H,5.81; N,2.71%. 

Bis[l-(4-n- heptylbipheny1)-3-(4"'-cyano biphenyl) propane-l ,3-dionato] 

copper(I I ) ,  (3.c.2) 

Yield 42%; m.p. 264.5"C; IR VZ~,"' 2900, 2850, 2250, 1610, 1580, 1380, 830, 780 

cm-'; UV-Vis (6) 370.5 (96,300), 309.5 (71,500)) 245 (43,100). 

Elemental analysis: Found, C,78.98; H,5.95; N,3.17% C70H6404N2C~ requires 

C,79.28; H,6.04; N,2.64%. 

Yield 66.5%; map. 260.5"C; IR v:::' 2900, 2850, 2250, 1610, 1590, 1380, 830, 780 

cm-'; UV-Vis A$t:'3 (6) 371.5 (95,000), 308.5 (70,900), 240.5 (43,100). 

Elemental analysis: Found, C,79.72; H,6.63; N,2.45% C74H7204 N2Cu requires 

C,79.60; H,6.45; N,2.51%. 

Yield 44.5%; m.p. 257.5"C; IR VF:;~,"' 2900, 2850, 2250, 1610, 1590, 1380, 840, 790 

cm-'; UV-Vis (c) 371.5 (91,700)) 309 (71,000), 240 (43,900). 



Elemental analysis: Found, C,79.72; H,6.63, N,2.45% C74H7204N2C~  requires 

C,79.60; M,6.45; N,2.51%. 

Yield 60%; 1n.p. 255.5"C; I11 VF~,"' 2900, 2850, 2250, 1610, 1590, 1380, 850, 780 

cm-'; UV-Vis (e) 371.5 (89,600), 307.5 (66,000), 242.5 (44,800). 

Elemental analysis: Found, C,79.47; H,6.69; N,2.14% C76H7604N2Cu requires 

C,79.75; H,6.64; N,2.44%. 

Yield 50%; m.p. 250.2OC; IR u::,"' 2900, 2850, 2210, 1608, 1585, 1380, 830, 780 

cm-'; UV-Vis (e) 371.5 (92,500), 306.5 (66,500), 243.5 (43,000). 

Elemental analysis: Found, C,79.75; H,7.14; N,2.06% C80HS404N2C~ requires 

C,80.04; H,6.99; N,2.30%. 

This complex was prepared from [1-(4-n-undecyloxybiphenyl)-3-(4"'-cyanobiphenyl) 

propane-1,3-dione (0.22 g, 0.38 mmol), potassium hydroxide (0.022 g, 0.39 mmol), 

cupric chloride dihydrate (0.034 g, 0.19 mmol) and ethyl alcohol (10 ml) by following 

a procedure similar to the one described for the synthesis of compound 3.c.6. 

Yield (0.72 g, 40%); m.p. 230.0°C; IR v~d,"' 2900, 2850, 1610 1585, 1380, 825, 780 

cm-'; UV-Vis AifE'3 (6) 375 (89,800), 300 (61,000), 244 (40,200). 

Elemental analysis: Found, C,77.57; I-I,6.19; N,2.71% C78H8006N2C~ requires 

C,77.77; I1,6.64: N,2.32%. 



Yield 38.2%; m.p. 238.0°C; IR VK~,"' 2920, 2850, 2230, 1610 1590, 1380, 830, 780 

cm-'; UV-Vis X:f:I3 (c) 375.5 (90,900), 300 (61,000), 244.5 (40,200). 

Elemental analysis: Found, C,77.57; H,6.93; N,1.95% C80H8406N2C~ requires 

C,77.94; Ii,6.82; N,2.27%. 

Yield 33.5%; m.p. 239.0°C; IR VZ~,"' 2900, 2850, 2230, 1610 1590, 1380, 830, 780 

cm-'; UV-Vis XE!:l3 (c) 375.8 (90,800), 295 (62,100), 244.5 (40,100). 

Elemental analysis: Found, C,77.58; 1-1,6.46; N,2.38% C76H7606N2C~ requires 

C,77.58; H,6.46; N,2.38%. 

A mixture of [1-(4-n-undecylbiphenyl)-3-(4"'-cyanobiphenyl)-propane]-1,3-dione 

(0.194 g, 0.34 mmol), palladium chloride (0.043 g, 0.19 mmol) dry acetonitrile (50 

ml) and anhydrous potassium carbonate (0.072 g, 0.52 mmol) was stirred and heated 

at 80°C for twenty hours. The cooled reaction mixture was filtered and the solid 

material was washed with acetonitrile (50 mi). This was taken up in chloroform 

(75 ml) and washed with water (3x50 ml) and dried (Na2S04). Removal of solvent 

afforded a yellow product which was crystallised from butan-2-one several times 

until the melting point was constant. 

Yield 0.12 g, 60%; m.p. 269.5OC; IR ~2::' 2950, 2850, 2230, 1610, 1580, 1380, 

825, 770 cm-'; UV-Vis X:f213 (c) 384 (51,100), 326 (90,200), 260 (55,900); NMR b 
0.84(t,6H7 2x -C&), 1.07-1.62 [m,36H, ( ~ X - C L ) ~ ] ,  2.7 [t,4H, (ArCI-12)2], 6.8 (s,2H, 



2 x  -C=CH), 7.15-8.22 (m,32H, ArH). 

Elemental analysis: Found, C,76.80; H,6.69; N,1.88% C78H8004N2Pd requires 

. C,77.07; H,6.58; N,2.30%. 

Following the above procedure, bis[l-(4-n-dodecylbiphenyl)-3-(4~"-cyanobiphenyl) 

propane-l,3-dionato] palladium(I1) complex, (3.e.2) was prepared and the physical 

data is given below. 

Yield 38.5%; m.p.264.0°C, IR vzi,"' 2900, 2850, 2230, 1610, 1580, 1370, 825, 770 

cm-'; UV-Vis ( 6 )  384 (48,000), 325.5 (89,000), 260 (55,000); N M R ~  0.88(t,6H, 

2 x  -Cb), 1.26-1.66 [m,40H, ( ~ O X - C H ~ ) ~ ] ,  2.6 [t,4H, 6.8 (s,2H, 2 x  - 

C=CH), 7.1-8.1 (m,32H, ArH). 

Elemental analysis: Found, C,77.04; H,6.93; N,2.05% C80H8404N2Pd requires 

C,77.26; H,6.76; N,2.25%. 
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