CHAPTER V

{

Synthesis and thermal behaviour of
[1-(4-n-alkoxybenzyloxyphenyl)-3-(4"-alkyl-
phenyl)propane]-1,3-diones, their copper(II)

and oxovanadium(IV) complexes
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91 A brief account of the mesogenic properties
of compounds containing methyleneoxy as a
bridging group

Molecular linearity and rigidity are important requirements for a compound to ex-
hibit a mesophase. A majority of calamitic mesogens contain phenyl rings linked
by a number of different groups. Of these, groups such as ~CH=N-,1"3 _N=N-
1}1=N’1,4,6, —C=C—7°9"CH=IIJ,1°’12 C=(13-15 and ——Cl=016‘19 have been used widely.
o) 0) 0)
These linkage groups alter the linearity and polarisability of a given molecule to
different extents. Compounds with bridging groups such as —CH,—CH;— arid
—0—-CH,- restrict the conjugation and also make a moleculelessrigid. In acertain
number of cases this flexibility renders the compound to give less thermally stable
mesopliases. As a matter d fact, these linkage groups have been purposefully used
in some cases to bring down the melting as wel as clearing temperatures.

The first mesogenic derivatives containing a methyleneoxy group, viz., 4,4'-bis[4-
substitutedbenzylideneamino)-phenylbenzylethers (5.1) were reported several years

ago by Rolle.?* Hefound that the nematic phase in these compounds had a thermal
range o about 66° to 80°C and very high clearing temperatures.

R=H CH3,0CH3,0CQH5 or N02 :

This was explained on the basis o the presenced two substituted benzylideneamine
moieties in the molecule. When one o the substituted benzylideneamine unit was

replaced by an ester group,? as shown in (5.2), the melting and clearing points were
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decreased arid the nematic thermal range also decreased (7-28°C) in the system.

R—©—-CH=N—©—CH2——O-— (O)—C—0C,Hap,
, I

O

5.2 R = H,CHs,0CHs,0C;Hs or NO,

n=1or2

In the case o 4,4'-bis(4-nitrobenzyloxy)biphenyl,?® the compound showed a mono-
tropic nematic phase. In order to compare the eflect of oxyrnethylene, dimethylene
and ester bridging groups, in an aromatic system, Gray et al.?® synthesised and
studied the following compounds(5. 3) and observed that the nematic-isotropic{ N

|) temperature for oxymethylene linked compounds were lower than those for ester

an5—®-s CN

n
n=1or 2, B =—CH20,‘CH2“CH2;"’C\\_O
A = benzene or cyclohexane

5.3

linked compounds. However, the nematic-isotropic temperatures for dimethylene
and oxymethylene compounds were ssimilar and the melting points for dimethylene

compounds werelowest among all these three linkage groups used in the compounds..

Carr et al.?! dso investigated theeffect of oxymethylene linkage and dimethylene
linkage groups on the mesomorphic properties in a system containing benzene and
cyclohexane rings as shown in(5.4).  They found that the N-| transition tempera

a..l = CH;
b.Z=0

5.4
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tures for both the linkages was amost the same. But the compound with oxymethy-
lene bridging group showed comparatively a lower melting point. When the central
linking group —CH,;—0~— was reversed between phenyl and cyclohexyl rings and the
oxygen atom was separated from conjugation with the aromatic ring, the mesophase
thermal stability was further decreased.

A comparative study of oxymethylene, dimethylene and ester linkage groups
in a completely saturated system was carried out by Osman.?? He observed that
dimethylene bridging group is most favourable for mesogenic property in such sys-
tems. Oxymethylene linkage lowers the efficiency o packing and gives lower clearing
points. The ester linkage behaves similarly, but the delocalised = system leads to

greater intermolecular attraction than the compound 5.5a resulting in a higher N-I

HsC3 —Q-CHzo—O— C3Hy

C6.9 S58.0 N17.51
5.5a

H7C3OCH2CH2—OC3H7

C34.6 S731

temperature.

5.5b

H7C3—QC00—OC3H7

C 228 N36.61

5.5¢



In view o the above, it was felt that an oxymethylene linkage group between
the two phenyl rings of a biphenyl moiety might also lower the melting point as
also the thermal stability,d a mesophase. Also, there was no other report o a
B-diketone system containing this group. Ience a number of such compounds and
afew metal chelates of these have been synthesised and the results of the same have

been discussed in this chapter.

5.2 Synthesis

The synthesis of [1-(4-n-alkoxybezyloxyphenyl)-3-(4"-alkylphenyl)-propane]-1,3-
diones, their copper(Il) and oxovanadium(IV) complexes was carried out according
to the schemes shown in figures 5.1, 5.2 and 5.3 respectively. O-Alkylation of 4-
hydroxybenzy! alcohol using an appropriate n-alkylbromide in the presence of anhy-
drous potassium carbonate in dry acetone gave the corresponding 4-n-alkoxybenzyl
alcohols. Bromination o 4-n-alkoxybenzyl alcohols using phosphorus tribromide
yielded 4-n-alkoxybenzylbromides. These were condensed with ethyl-4-hydroxybenzoate

in the presenced potassium carbonate toyield ethyl(4-n-alkoxybenzyloxy)benzoates.

n-Alkylphenylketones were prepared by acylating benzene with an appropriate
acylhalide using Friedel-Crafts reaction to furnish n-alkylphenylketones. These on
Wolll-Kishner reduction afforded n-alkylbenzenes which were again acylated using
acetyl chloride to afford the desired 4-n-alkylacetophenones.

Claisen condensation of the above esters and methylketones yielded tlie respec-
tive 3-diketones in fairly good yield. These 3-diketones exist in the enolic form,

which could be clearly scen in the PMR spectrum as shown in figure 5.4.

The copper(1l) complexes were obtained by treating the potassium salt of an
appropriate (-diketone in warm ethylalcohol with an ethanolic solution o cupric
chloridedihydrate at room temperature. Similarly, the oxovanadium(IV) complexes
o these ligands were synthesised in approximately 30% yield by dow addition of an

alcohalic solution o vanadyl sulphate pentahydrate and aqueous sodiurn acetate to



HO@CHZOH

RBr
Acetone/K7CO3y

\j
RO—@CHQOH

Butan-2-one [K7CO3

v

RO —@— CHz—o—@ CO0C;Hs

R = CyHg;, CqH45,C12H25

Figureb5.1
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Figureb5.2



RO—@—CHZ—O—@—COOCZH5 + H3COC@CnH2n+1

NaH,
CH3OCH2 "‘CH20CH3

CH2_
RO CH—0 |C| (Ii CnH2n+1
0

0

i) CuCly. 2Hp0/ KOH or
i) VOSO,-5H90/ CH3COONa

R = C2H5, C7H]5 or C12H25
n=1,4,6 or 12
M= Cu or VO

Figure 5.3
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a warm alcoholic solution d the g-diketones. Repeated crystallisation from ethyl
alcohol-chloroform mixture gave pure complexes. The position of V=0 stretching
band in the infrared spectrum is very diagnostic for the presence o linear chain
structure and this band undergoes a shift to lower energy (<900 cm™!) with linear
chain formation.?®?® These complexes exhibit V=0 stretching band around 985-990

cm~!. Figure5.5 shows an infrared spectrum of compound 5.c.1.

5.3 Results and discussion

As mentioned earlier, the methyleneoxy bridging group was used in an attempt to
lower the transition temperatures of some (-diketones and their metal chelates. The
compounds investigated include [1-(4-n-alkoxybenzyloxyphenyl)-3-(4”-alkylphenyl)
propane-1,3-diones and bis[1-(4-n-alkoxybenzyloxyphenyl)-3-(4”-alkylphenyl) propane-
1,3-dionato}copper(ll) and few o their oxovanadium(IV) congeners. In this -
diketone system, presence o the metliyleneoxy group between two phenyl rings
lowers the melting and clearing points as compared to the compounds, without the
bridging group (3-diketones containing a biphenyl moiety). The melting points of
the metal clielates have also decreased considerably as expected, but no mesophase

was observed in these complexes.

The transition temperatures and the associated heats o transitionsof the synthe-
sised ligands aresummarised in table5.1. An examination of thistableindicates that
rnost o the compounds exhibit smectic C (S¢) and smectic A (S,) phases. The first
four compoundsin thistable belong toaseriesd [1-(4-n-dodecyloxybenzyloxyphenyl)-
3-(4"-alkylphenyl)propane]-1,3-diones. The lowest member of this series is non-
mesogenic, while the middle member (n=4, 5.a.2), exhibits an enantiotropic S,
phase. The hexyl derivative (n=6, 5.a.3) exhibits a monotropic S¢ phase in addi-
tion to the enantiotropic S, phase. In the dodecyl derivative (n=12, 5.a.4) both the
phases are enantiotropic in nature. On cooling the isotropic liquid this compound
shows a simple focal-conic texture and at a lower temperature this changes to a

broken focal-conic texture and these have been characterised as S4 and S phases
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Tables.1

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

| _CH

0 0
Series V(1)
Compound R n C Sc Sa I
number
5.al 012H25 1 . 108.5 - -
16.14
H.a.2 0121125 4 . 855 - ' 89.0
12.40 1.53
523 Cpll; 6 . 85 (. 8007 . 910
12.50 1.63
5.a.4 Clezs 12 . 85.0 ' 89.0* . 925
14.94 1.88
5.a.5 C7H15 1 . 1075
9.98
5a6  C/Hys 4 . 80 - (. 790)
781 0.86
5.a.7 C/Hys 12 . 815 - . 87.5
12.17 1.37
5.a8 CzH5 10 . 875 - -
942
5.a9 CHs 12 . 89.5
11.17

*The enthalpy o transition could not be accurately determined.



respectively. The mesophase range varies from 3.5 to 7.5°C in this series. Higher
homologues show mesophase thermal stability and S4-1 temperature increases as
the alkyl chain is lengthened. An examination d compounds 5.a.5 to 5.a.7 , i:e.,
aseriesd [1-(4-n-heptyloxybenzyloxyphenyl)-3-(4"-alkylphenyl)propane]-1,3-diones
shows that the lowest homologue (5:a.5) is hon-mesogenic. The butyl derivative
(5.a.6) exhibits smectic A phase and this phaseis retained in the dodecy! derivative
(5.a.7). No other mesophase except S4 isfound in this series. As the alkyl chain
is lengthened the melting point decreases and the mesophase range increases. The
magnitude of the enthalpies d various phase transitionsin all these mesogenic com-
pounds are similar to those that have been determined for such transitions in other

calamitic compounds.

A comparison o the mesogenic properties o compounds 5.a.4, 5.a.7 and 5.a.9
shows that in the case d compound 5.a.4, the thermal range of smectic phase is
7.5°C. It exhibits S4 and S¢ phases, whereas compound 5.a.7 exhibits only a smec-
tic A phasc with 6°C thermal range. lowever, compound 5.9 does riot exhibit
any mesophase. The behaviour o these three derivatives reveals that as the length
d akoxy chain on benzyloxyphenyl moiety is shortened, the mesophase thermal
stability decreases and when the chain length is very small (in compound 5.a.9)
the mesogenicity of the compound disappears. Thus short chains on the benzy-
loxyphenyl group do not enhance mesogenic properties.

A comparison o the mesogenic behaviour o 1-(4-n-dodecylbiphenyl)-3-(4"-methyl-
phenyl)propane-1,3-dione (5.6) with compound 5.a.1 showstheeffect of the methyle-

neoxy linkage group.

Ha5C12 ﬁ ﬁ CHy
' 0 0
C 1015 S4 111 1

5.6



Compound 5.6 exhibits an enantiotropic smectic A phase and has a clearing tem-
perature at 110°C. However, no mesogenic behaviour was found in compound 5.a.l;
this is perhaps due to non-linear structure d tlie latter, which is not favourable for
eflicient packing. llowever, as expected tlie melting point is lowered in compound
5.a.l. An examination d the Dreiding stereomodels for compounds 5.a.l and 5.6

shows clearly the effect o introduction of a methyleneoxy group.

Thethermal behaviour and the calorimetric datafor the bis[1-(4-n-alkoxybenzyloxy
phenyl)-3-(4"-alkylpheny!)propane-1,3-dionato)copper(Il) complexes are summarised
in table 5.2. All the compounds are non-mesogenic. The melting points of these
complexes arein the range of 171°C to 199°C.

If we compare the thermal behaviour o bis[1-(4-n-dodecyloxybenzyloxyphenyl)-
3-(4"-methylphenyl)propane-1,3-dionato]copper(I1) complexes, (5.b.1) with bis[1-(4-
n-dodecylbiphenyl)-3-(4"-methylphenyl)propane-1,3-dionato]copper(ll), (5.7) then it
is observed that the melting point of compound 5.7 is higher than 5.b.1.

H25C12(|3|/ \)(I: CHj
\
NP
| PN

OI \O

I\ /'| )

35 OO -ntizs
(N 162) 1
57

This indicates that probably the flexible methyleneoxy group lowers the melting
point in compound 5.b.I. Compound 5.7 exhibits a monotropic nematic phase,
while 5.b.l is non-mesogenic. Thus the linearity d the molecule seems to play an
important role for it to exhibit mesomorphism.

In order to study the effect of oxovanadium(IV) in place of a copper(II) atom, a

few of tlie former complexes werce synthesised. These complexes also do not exhibit



Table 5.2
M esomor phic transition temperatures (°C) and enthalpies (kcal/mol) of

Cu complex of

CH2
RO—<€_§>—~CH2--O—@~ICI \ﬁ—@CnHZn+1
0 0]
Series V (2)
Compound R n C
number
5.b.l CioHys 1 . 1710
12.71
5.b.2 Ci2Hes 4 . 1775
: 15.10
5.b.3 CipHys 6 . 177.0
14.34
5.b.4 CieHys 12 . 1715
17.18
5.b.5 CHis 1 . 199.0
14.73
5.b.6 CHyis 4 . 1940
14.73
5.b.7 C/l;s 12 . 1835
15.34
5.b.8 CHs 10 . 188.0
13.88
5.b.9 CHs 12 . 1810
12.69




any mesogenic behaviour like their copper(11) congeners, except that the melting
points of these complexes are lower. This is attributed to the square pyramidal
arrangement o the chelate ring as compared to the square planar geometry o the

copper(1l) complexes.

Thus, we can conclude from the results obtained that the introduction o a
methyleneoxy group in the above 3-diketones affords compounds with lower melt-
ing and clearing temperatures as expected. However, in the metal complexes the
mesomorphism completely disappears probably due to the geometry o the struc-
tures o the resulting complexes. Further, the oxovanadium(IV) complexes have

lower melting points as compared to their copper(I1) congeners.



5.4 EXxperimental

4-n-Dodecyloxybenzylalcohol

This was synthesised following the Williamson ether synthesis.?® Thus, a mixture
o 4-hydroxybenzylalcohol (5 g, 0.04 mol), n-dodecylbromide (12 g, 0.04 mol) and
potassium carbonate (22 g, 0.16 rnol) was stirred and refluxed in dry acetone for
24 hours. The reaction mixture was cooled and poured carefully into a mixture
o ice-cold water (400 ml) and hydrochloric acid (50 ml). This was extracted with
diethyl ether (3x100 ml). The combined ethereal extracts was washed with water
(4x100 ml) and dried (Na,SO,4). Remova d solvent afforded a product which was
purified by crystallisation from petroleum ether.

Yield (8 g, 68%); m.p. 66.5°C; IR v™%° 3300, 3200, 2900, 2850, 1620, 1580,
1520, 1460, 1380, 1250, 1170, 1040, 820 cm~'; NMR 6 0.87 (t, 3H, CHs), 1.1-1.87
(m, 20H, 10xCH,), 3.9 (t, 2H, -OCH,), 4.6 (s, 2H, ArCH;).

Elemental analysis: Found, C,78.13; H,11.29% C,gH3,0, requires
C,78.08; H,10.95%.
The physical data of the cognate preparations of other 4-n-alkoxybenzylalcohols

are given below.

4-n-Ethoxybenzylal cohol

Yield 69%; b.p.90-95°C /0.5 mm; IR v 3300, 3000, 2900, 2850, 1610, 1580, 1515,
1460, 1380, 1240, 1170, 1045, 820 cm™'; NMR 6 1.4 (t, 3H, CHa), 3.6-4.1 (q, 2H,
-OClly), 4.4 (s, 21, ArCll,), 6.5-7.3 (m, 411, Arll).

4-n-Heptyloxybenzylal cohol

Yield 60%; m.p. 47.0°C; IR vrwe! 3350, 3250, 2900, 2850, 1620, 1580, 1520, 1470,

mazxr

1260, 1170, 1050, 820 cm~!; NMR 6 0.9 (t, 3H, CHs), 1.1-2.1 (m, 10H, 5xCH,), 3.9



(t, 2H, -OCH,), 45 (s, 2H, ArCH,), 6.6-7.4 (m, 4H, ArH).

Llemental analysis: Found, C,75.95; 11,10.07%  C;411,,0, requires
C,75.67; H, 9.90%.

4-n-Decyloxybenzylbromide

This was prepared following the standard procedure.® Thus,4-n-dodecyloxybenzyl
alcohol (7.3 g, 24.96 mmol) was dissolved in dry carbon tetrachloride (50 ml) at room
temperature and stirred magneticaly. Phosphorus tribromide (3.37 g, 12.43 mmol)
was added dropwise to the mixture. When addition was complete, the reaction
mixture was warmed gently using an oil bath and the temperature of the oil bath
was raised to 100°C and maintained at this temperature for twelve hours. Then the
reaction mixture was alowed to cool, shaken with ether (500 ml) and filtered. The
filtrate was washed with water (2x250 ml) and dried (Na,SO4). Removal of solvent
afforded a pale ydlow product which was distilled under reduced pressure.

Yied (7 g, 80%); b.p. 185-190°C/1.5 mm; IR vruiel 2900, 2850, 1620, 1520,
1470, 1250, 1180, 830 cm™*.

The boiling points and IR data o the cognate preparations of other 4-

n-alkoxybenzylbromides are given below. These bromides are highly unstable, and

hence the other analytical data could not be taken.

4-Ethoxybenzylbromide

Yield 58.4%; b.p. 90-95°C/3 mm; IR v}eet 2900, 2850, 1620, 1515, 1470, 1180, 820

maxr

cm™!,

4-n-Heptyloxybenzylbromide

Yield 83.5%; b.p.135-140°C/0.7 mm; IR vt 2900, 2850, 1620, 1515, 1470, 1180,
830 cm™!.
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Ethyl (4-n-dodecyloxybenzyloxy)benzoate

A mixture o ethyl 4-hydroxybenzoate (1.41 g, 8.45 mmol), 4-n-dodecyloxybenzyl
bromide (3 g, 8.45 mmol) and potassium carbonate (4.66 g, 33.76 mmol) was stirred
and refluxed in dry butan-2-one for 12 hours. T'he reaction mixture was then cooled
and poured carefully into a mixture of ice-cold water (300 ml) and hydrochloric acid
(50 ml). This was extracted with diethyl ether (3x200 ml). The combined ethereal
solution was washed with cold 10% sodium bicarbonate solution (2x75 ml), water
(3x200 ml) and dried (Na;SO4). Remova o the solvent afforded a product which
was purified by column chromatography and crystallised from petroleum ether.
Yield (35 g, 85.7%); m.p. 65.5°C; IR v™4°! 2900, 2850, 1710, 1610, 1520, 1460,
1380, 840, 770 cm™'; NMR 6 0.8 (t, 3H, CHs), 1.1-1.6 (m, 23H, 10xCH, T CH,),
3.92 (t, 2H, -OCH,), 4.2-4.5 (q, 2H, COO-CH,), 5.05 (s, 2H, OCH,), 6.8-8.1 (m,
811, Arll).
Elemental andysis. Found, C,75.85; H,9.41% CysH400,4 requires

C,76.36; 11,9.09%.
The physical data of the cognate preparations of other ethyl (4-n-alkoxybenzyloxy)
benzoates are given below.

Ethyl (4-ethoxybenzyloxy)benzoate

Yield 45%; m.p. 120.0°C; IR v el 2900, 2850, 1710, 1605, 1520, 1460, 1385, 840,
770 cm™!; NMR 6 1.25-1.68 (m, 6H, 2xCHs), 3.87-4.18 (q, 2H, ArOCH;), 4.19-45
(q, 2H, COOCH,), 5 (s, 2H, CH,0), 6.81-8.12 (m, 8H, ArH).

Elementa 6ndyS|S Found, C,7179, 11,673% Ci18H2004 reCIUireS
C,72.00; H,6.66%.



Ethyl (4-n-heptyloxybenzyloxy)benzoate

Yield 56%; m.p. 66.5°C; IR vrwol 2900, 2850, 1710, 1610, 1520, 1460, 1380, 840,
780 cm~'; NMR 6 0.96 (t, 3H, CHs), 1.2-2 (m, 13H, 5xCH, + CHs), 3.9 (t, 2H,
ArOCll,), 4.2-45 (q, 211, COOCL,), 5 (s, 211, CH,0), 6.8-8.1 (m, 8H, ArH).
Elemental analysis Found, C,74.87; H,8.30% C33H3,04 requires

C,74.59; H,8.10%.

n-Pentylphenyl ketone

This was prepared following the well known procedure.3? Thus, by Friedel-Crafts
reaction using n-hexanoylchloride (80 g, 0.59 mol),benzene (400 ml) and anhydrous
aluminium chloride (96 g, 0.72 mol), n-pentylpheny! ketone (85.5 g, 81%); b.p. 100-
103°C/1 mm was obtained. (Reported® b.p. 95-100°C/2 mm, yield 60%).

The physical data for the other n-alkylphenyl ketones are given in table 5.3.

n-Hexylbenzene

This was prepared by Huang-Minlon modification of Wolff-Kishner reduction of n-
pentylphenyl ketone (85 g, 0.48 mol) using hydrazine hydrate 80% (48 ml, 0.78 mol),
potassium hydroxide (64 g, 1.14 rnol) and digol (480 ml). n-Hexylbenzene (54.5 g,
72.5%); b.p.86-88°C/1 mm was obtained. (Reported®® b.p. 220-225°C/760 mm).

The physical datad the cognate preparations o other n-alkylbenzenes are given
in table 5.4.

4-n-Hexylacetophenone

This was prepared from n-hexylbenzene (54 g, 0.35 mol), acetyl chloride (26 g, 0.33
niol), anhydrous aluminium chloride (54 g, 0.40 mol) and dry carbon disulphide (300



Table5.3

Physical datad R.CO.CgHs

R Observed  Yield % Reference
b.p.°C/mm
* n-CsH,  96-98°C/1 94 32
n-CoHye 140-145°C/2.5 75 33
n-CpHy  147.5°C/1 75 33
Table5.4

Physical datad R.CeHs

R Observed  Yidd % Reference
b.p.°C/mm
n-C4Hg 181-183/690 0 A4
Il-Clngl 102- 104/2 70 36

Il~C]2H25 138/1-2 80 37
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ml) by following a procedure similar to the one described above for |-pentylphenyl
ketone.
Yield (45 g, 57.8%); b.p. 120-123°C/1 mm (Reported® b.p. 120°C/1 mm. Yield
90.5%).

The physical data d the cognate preparations of other 4-n-alkylacetophenones
are given in table 55.

[1-(4-n-Dodecyloxybenzyloxyphenyl)-3-(4”-methylphenyl)propane]
-1,3-dione, (5.a.1)

A mixture o ethyl-(4-n-dodecyloxybenzyloxy )benzoate (1.5 g, 3.40 mmol) and 4-
methylacetophenone (0.45 g, 3.35 mmol) was dissolved in dry 1,2-dimethoxyethane
(100 ml) in a 250 ml. round bottom flask under nitrogen. This was stirred mag-
netically and sodium hydride (80% suspension in paraffin oil, 0.2 g, 6.66 mmol) was
added to it. The mixture was refiuxed for four hours'and left overnight at room
temperature. The reaction flask was cooled in ice and ice-cold dilute hydrochloric
acid (20 ml) was added carefully to the reaction mixture and tlie yellow stew ob-
tained was extracted with diethyl ether (4x100 ml). The combined ethereal solution
was washed with water (3x100 ml) and dried (Na;SO4). Remova o the solvent af-
forded a pale yellow material which was chromatographed on silicagel. The required
compound so obtained was crystalliscd several times from petroleum ether until the
transition temperatures were constant.

Yield (0.9 g, 50%); m.p.107.0°C; IR v™4°! 2900, 2850, 1605, 1590, 1460, 1380,
1180, 780 cm~'; NMR 8 0.9 (t, 311, CHs), 1.13-1.68 (m, 20H, 10xCH,), 2.5 (s, 3H,
ArCls), 4 (t, 2H, ArOCH,), 5.1 (s, 2H, CH;0), 6.8-8.1 (m, 13H, ArH, +-C=CH),
17 (s, 1H, enol OH).

Elemental analysis: Found, C,79.13; H,8.53% C35H,440, requires
C,79.54; 11,8.33%.



Table 5.5

Physical datad R.CeH,4.COCH;

R Observed  Yield % Reference
b.p.°C/mm
CHs 93-94/7 86 38
n-C,Hy  96-98/1 60 35
n-CjoHy;  160-165/1 60 35
n-CpoHgs  205-207/2 70 35




[1-(4-n-Dodecyloxybenzyloxyphenyl)-3-(4"-n-butylphenyl) propane]-
1,3-dione, (5.a.2)

Yield 48%; m.p. 85.5°C; IR wruie! 2900, 2850, 1610, 1585, 1460, 1370, 1255, 1180,
850, 780 cm™!; NMR § 0.9 (t, 6H, 2x CHs), 1.15-1.65 (m, 24H, 12x CH,), 2.7 (t, 2H,
ArCH,), 4 (t, 2H, ArOCH,), 5 (s, 2H, CH,0), 6.75-8.18 (m, 13H, ArH, + C=CH),

17 (s, 11, enol OI).

Elementa andlysis Found, C,79.94; H,9.00% CssHs004 requires
C,80.00; H,8.77%.

[1-(4-n-Dodecyloxybenzyloxyphenyl)-3- (4" -n-hexylphenyl)propane}-
1,3-dione, (5.a.3)

Yield 44%; m.p. 84.5°C; IR vrel 2900, 2850, 1605, 1585, 1460, 1380, 1250, 1180,
775 cm~!; NMR 6 0.95 (t, 6H, 2x CH3), 1.18-1.77 (m, 28H, 14xCH,), 2.68 (t, 2H,
ArCll,), 4 (t, 2H, ArOCH,), 5 (s, 2H, CH,0), 6.8-8.13 (m, 13H, ArH, + C=CH),

17 (s, 1H, enol OH).

Elemental anadysis. Found, C,79.94; H,9.12% C4oHs404 requires
C,80.26; H,9.03%.

[1-(4-n-Dodecyloxybenzyloxyphenyl)-3-(4"-n-dodecylphenyl) propane]-
1,3-dione, (5.a.4)

Yield 45%; m.p. 85.0°C; IR vrwiet 2900, 2850, 1605, 1590, 1460, 1370, 1255, 1180,
780 cm™!; NMR é 0.85 (t, 611, 2xCll;), 1.2-1.8 (rn, 40H, 20xCH,), 2.7 (t, 2H,
ArCH,), 4.0 (t,2H, ArOCH,), 5.1 (s, 2H, -CH,0), 6.77-8.2 (m, 13H, ArH, T sz_&),

17 (s, 11, enol OLI).

Elemental andyss. Found, C,80.72; H,9.92% C4sHesO4 requires
C,80.93; H,9.67%.



[1-(4-n-Heptyloxybenzyloxyphenyl)-3-(4"-methylphenyl) propane]-
1,3-dione, (5.a.5)

This was synthesised from 4-methylacetophenone (1.3 g, 7.38 mmol), ethyl-(4-n-
heptyloxybenzyloxy)benzoate (2.0 g, 7.40 mmol), dry 1,2-dimethoxyethane (150 ml)
and sodium hydride (0.43 g, 14.58 mmol, 80% dispersed in oil) by following asimilar
procedure described for the synthesis o compound 5.al.

Yield (1.2 g, 32.5%); m.p. 107.5°C; IR v™4el 2900, 2850, 1605, 1585, 1460, 1250,
1170, 780 cm™'; NMR 6 0.9 (t, 3H, CHs), 1.2-1.75 (m, 10H, 5xCH,), 2.4 (s, 2H,
ArCH,), 4.0 (t, 2H, ArOCH,), 5 (s, 2H, -CH,0), 6.7-8.2 (m, 13H, ArH, T C=CH),

17 (s, 1H, enol OH).
Elemental analysis: Found, C,77.23; H,9.30% C3oH44O04 requires
C,76.92; 11,9.40%.

The physical data o the cognate preparations of other [1-(4-n-heptyloxybenzyloxy
phenyl)-3-(4"-alkylphenyl) propane]-1,3-diones are given below.

[1-(4-n-Heptyloxybenzyloxyphenyl)-3-(4"-n-butylphenyl) propane]-
1,3-dione, (5.a.6)

Yield 35%; m.p. 88.0°C; IR v™*°! 2900, 2850, 1605, 1585, 1460, 1380, 1260, 1170,
780 cm~!; NMR 6 0.85 (t, 6H, 2xCHs), 1.2-1.75 (m, 14H, 7xCH,), 2.7 (t, 2H,
ArCH,), 3.9 (t, 211, ArOCH,), 5.1 (s, 2H, -CH,0), 6.8-8.1 (m, 13H, ArH, T C=CH),
17 (s, 11, enol OL).

Elemental analysis: Found, C,79.49; H,8.11% C33H404 requires

C,79.20; 1,8.00%.



[1-(4-n-Heptyloxybenzyloxyphenyl)-3-(4"-n-dodecylphenyl)propane]-
1,3-dione, (5.a.7)

Yield 35%; m.p. 81.5°C; IR v™4°l 2000, 2850, 1605, 1585, 1460, 1370, 1250, 1180,
780 cm~'; NMR 6 0.85 (t, 3H, CHs), 1.15-1.8 (m, 30H, 15x CH,), 2.7 (t, 2H, ArCH,),
4 (t, 2H, ArOCIL,), 5 (s, 2H, CH,0), 6.75-8.1 (m, 13H, ArH, T -C=CH), 17 (s, LH,

enol Oll).

Elemental analysis: Found, C,80.44; H,9.37% C4;Hsc04 requires
C,80.39; H,9.15%.

(1-(4-Ethoxybenzyloxyphenyl)-3-(4"-n-decylphenyl)propane]-
1,3-dione, (5.a.8)

This was prepared from 4-n-decylacetophenone (1 g, 3.84 mmol), ethyl (4-
ethoxybenzyloxy)benzoate (1.1 g, 3.81 mmol), dry 1,2-dimethoxyethane (100 ml)
and sodium hydride (0.22 g, 7.5 mmol, 80% dispersed in oil) by following a procedure
similar to the one described for the synthesis of cornpound 5.a.1.

Yicld (0.8 g, 80%); t.p. 87.5°C; IR w7l 2900, 2850, 1605, 1580, 1460, 1380, 1240,
1180, 780 cm™!; NMR 6 0.85 (t, 6H, 2xCHj3), 1.2-1.8 (m, 16H, 8xCHy), 2.7 (t, 2H,
ArCll,), 3.85-4.2 (q, 211, ArOCH,), 501 (s, 2H, CH,0), 6.7-8.1 (rn, 13H, ArH, T

-C=CH), 17 (s, 1H, enol OH).

Elemental analysis: Found, C,79.99; 11,8.35%  Cz4114204 requires
C,79.37; H,8.17%. '

[1-(4-Ebthoxybenzyloxyphenyl)-3- (4”-n-dodecylphenyl)propane]-
1,3-dione, (5.a.9)

Yield 40%; m.p. 89.5°C; IR vrwiel 2000, 2850, 1605, 1580, 1460, 1380, 1240, 1180,

780 cm='; NMR & 0.85 (t, 61, 2xCll,), 1.15-1.9 (m, 20H, 10xCLl,), 2.9 (t, 2H,
ArCll,), 3.9-4.2 (q, 211, ArOCLL,), 5.01 (s, 211, CH,0), 6.758.1 (m, 13H, ArH, +



C=CH), 17 (s, 1H, enol OH).

Elemental analysis: Found, C,79.20; 11,8.59% C,sHesO4 requires
C,79.70; H,8.48%.

Bis[1-(4-n-dodecyloxybenzyloxyphenyl)-3-(4”-methylphenyl)propane-
1,3-dionato] copper(Il), (5.b.1)

A solution of potassium hydroxide (0.023 g, 0.41 mmol) in ethyl acohol (10 ml)
was added to a rapidly stirred solution of 1-(4-n-dodecyloxybenzyloxyphenyl)-3-(4"-
methylphenyl) propane-1,3-dione (0.17 g, 0.33 mmol) in warm ethyl alcohol (20 ml).
To this was added a solution d cupric chloride dihydrate (0.028 g, 0.164 mmol)
in ethanol (10 ml). The mixture was stirred at room temperature for four hours.
The green precipitate so obtained was collected and dissolved in chloroform (50 ml),
washed with water (2x25 ml) and dried (Na,SO4). Removal of solvent afforded a
green residue which was crystallised scvcral times from butan-2-one.

Yield (0.08 g, 41%); m.p. 171.0°C; IR wr%el 2900, 2850, 1610, 1590, 1460, 1380,
1180, 780 cm™Y; UV-Vis ASHCH (¢) 276 (41,500), 304 (42,500), 357.5 (74,300).
Elemental analysis: Found, C,75.44; H,7.79% C;oHgsOsCu requires

C,75.16; H,7.69%.

Thephysical datad the cognate preparations o other bis|1-(4-n-alkoxybenzyloxy-
phenyl)-3-(4"-n-alkylphenyl)propane-1,3-dionato]copper(II) complexes are given be-

low.

Bis[1-(4-n-dodecyloxybenzyloxyphenyl)-3-(4"-n-butylpropane-
phenyl)1,3-dionato]copper(Il), (5.b.2)

Yield 35%; m.p. 177.5°C; IR v™uet 2900, 2850, 1610, 1584, 1460, 1380, 1180, 780

max

em™1; UV-Vis ACHCH (¢) 276 (41,000), 302 (44,000), 357.5 (74,700).

mar



Elemental analysis. Found, C,76.42; 11,8.31% Cz6HosOsCu requires
C,75.90; H,8.15%.

Bis[1-(4-n-dodecyloxybenzyloxyphenyl)-3-(4"-n-hexylphenyl) propane-
1,3-dionato]copper(II),(5. b.3)

Yield 35%; m.p.177.0°C; IR vrwiet 2900, 2850, 1610, 1590, 1460, 1380, 1180, 780

mazr

cm™!; UV-Vis ASHC (€) 276 (40,100), 303 (41,500), 357.5 (71,100).

Elemental analysis: Found, C,75.61; 11,8.59% CgoH1060sCu requires
C,76.34; H,8.42%.

Bis[1-(4-n-dodecyloxybenzyloxyphenyl)-3-(4"-n-dodecylphenyl) propane-
1,3-dionato]copper(1I), (5.b.4)

Yield 30%; m.p. 171.5°C; 111 vt 2900, 2850, 1610, 1590, 1460, 1380, 1170, 780

mar

em™Y; UV-Vis XCHCh () 276 (42,000), 304 (12,000), 357.5 (72,000).

Elemental andysis. Found, C,77.62; H,9.08% CoyH,300sCu requires
C,77.44; 11,9.11%.

Bis[1-(4-n-heptyloxybenzyloxyphenyl)-3-(4”-methylphenyl) propane-
1,3-dionato]copper(II),(5. b.5)

Tliis complex was prepared from 1-(4-n-heptyloxybenzyloxyphenyl)-3-(4”-methyl
phenyl)propane]-1,3-dione (0.22 g, 0.48 mmol), cupric chloride dihydrate (0.041 g,
0.24 mmol), potassium hydroxide (0.033 g, 0.59 mmol) and ethyl acohol (50 ml)
by following a procedure similar to the one described for the synthesis of compound
5.b.1.

Yield (0.12 g, 47%); m.p. 199.0°C; 111 v™ve°! 2908, 2850, 1610, 1585, 1460, 1380,

makr

1250, 1170, 780 cm™'; UV-Vis ASHCb (¢) 275.4 (36,600), 302 (39,000), 357 (69,700).

mar

Elemental andlysis. Found, C,73.34; 1,6.86% CgoHgsOsCn requires



C,73.65; H,6.75%.

Bis[1-(4-n-heptyloxybenzyloxyphenyl)-3-(4”-n-butylphenyl) propane-
1,3-dionato]copper(II), (5. b. 6)

Yield 35%; m.p. 194.0°C; IR vrwel 2900, 2850, 1610, 1590, 1460, 1350, 1240, 1180,

maxr

780 cm~1; UV-Vis ACHCE (¢) 276 (36,500)) 302 (39,200), 357 (70,400).

Elemental analysis. Found, C,74.16; H,7.44% CeeH7305Cu requires
C,74.60; H,7.34%.

Bis[1-(4-n-heptyloxybenzyloxyphenyl)-3-(4"-n-dodecylphenyl) propane-
1,3-dionato]copper(II),(5. b.7)

Yield 45%; m.p. 183.5°C; IR v™9° 2900, 2850, 1610, 1590, 1460, 1380, 1240, 1180,

mazrxr

780 cm™!; UV-Vis ASTCh (¢) 275 (39,500), 304.5 (41,800), 357 (74,800).

Elemental analysis: Found, C,76.41; 11,8.73% Cg;H,;,008Cu requires
C,76.54; H,8.55%.

Bis[1-(4-ethoxybenzyloxyphenyl)-3-(4"-n-decylphenyl) pr opane-
1,3-dionato]copper(1I1),(5.b. 8)

This complex was prepared from {1-(4-ethoxybenzyloxyphenyl)-3-(4"-n-decylphenyl)
propane}-1,3-dione (0.33 g, 0.64 mmol), cupric chloride dihydrate (0.054 g, 0.316
mmol), potassium hydroxide (0.045 g, 0.8 mmol) and ethyl alcohol (50 ml) by fol-
lowing a procedure similar to the one described for the synthesis of compound 5.b. 1.
Yield (0.14 g, 40%); m.p. 188.0°C; 111 v™we!l 2950, 2875, 1618, 1590, 1530, 1465,

1385, 1305, 1250, 1180, 785 cm™; UV-Vis ACHOk (¢) 2755 (39,400), 301.6 (41,600))
357 (72,000).

Elemental analysis. Found, C,74.78; 1,7.51% C,4H4,0,4 requires
C,74.89; 11,7.52%.



Bis[1-(4-ethoxybenzyloxyphenyl)-3-(4"-n-dodecylphenyl) propane-
1,3-dionato]copper(II), (5.b.9)

Yield 37%; m.p. 181.0°C; IR vmwe! 2950, 2875, 1618, 1590, 1530, 1465, 1385,
1305, 1250, 1180, 785 cm~!; UV-Vis AGEEL (c) 275 (39,500), 304.5 (41,800), 357.5
(74,800).

Elemental analysis: Found, C,75.73; H,7.85% CasH4604 requires
C,75.42; H,7.85%.

Bis[1-(4-n-dodecyloxybenzyloxyphenyl)-3-(4"-n-butylphenyl)propane-
1,3-dionato]oxovanadium(IV), (5.c.1)

To a stirred warm solution o [1-(4-n-dodecyloxybenzyloxyphenyl)-3-(4"-n-butyl-
phenyl)propane]-1,3-dione (0.15g, 0.26 mmol) in ethyl alcohol (50 ml) was added a
solution of vanadyl sulphate pentahydrate (0.034 g, 0.13 mmol) in water (5ml). To
this greenish solution was added sodium acetate (0.045 g, 0.54 mmol) in water (5
ml). The resulting mixture was stirred and refluxed for twenty minutes and allowed
to stand at room temperature for two hours. The green precipitate so obtained was
filtered off, washed with water, ethyl alcohol and ether. This was crystallised several
times from a mixture d chloroform-ethyl alcohol.
Yield (0.1g, 30%); m.p. 137.0°C; 111 v™4et 2900, 2850, 1610, 1590, 1250, 990 cm~;
UV-Vis ACHChL o) 2775 (33,000), 309.5 (28,700), 369.5 (82,000), 398.5(36,650).
Elemental analysis: Found, C,75.83; 11,8.34%  CrellgsOgV requires

C,75.68; H,8.13%.

The physical datad thecognate preparations o other bis|1-(4-n-alkoxybenzyloxy
phenyl)-3-(4”-n-alkylphenyl) propane-1,3-dionatojoxovanadium(IV) complexes are

given below.



Bis[1-(4-n-heptyloxybenzyloxyphenyl)-3-(4"-n-dodecylphenyl) propane-
1,3-dionato]oxovanadium(IV), (5.c.2)

Yield 35%; m.p. 172.0°C; IR vruiet 2900,2850, 1605, 1585, 1240, 990 cm™!; UV-Vis

AGHe (€) 277 (32,900), 309.5 (28,730), 369.5 (81,900), 398.5(36,600).
Elemental analysis. Found, C,75.99; H,8.56% Cs;H;1004V requires
C,76.34; 1,8.53%.

Bis[1-(4-n-heptyloxybenzyloxyphenyl)-3-(4"-n-butylphenyl) pr opane-
1,3-dionato]oxovanadium(IV), (5.c.3)

Yield 30%; m.p. 160.5°C; IR v™4e! 2900,2850, 1610, 1585, 1250, 985 cm™!; UV-Vis

maxr

ACHCL () 2795 (28,500), 309 (25,000), 374 (63,000), 397.5(39,000).
Llemental analysis: Found, C,74.57; 11,7.07%  Cgellzs09V requires
C,74.37; H,7.32%.
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