
Chapter 4 

Synthesis and mesomorphic properties of 

(i)  1-(4"-n-Dodecylbipheny1)-3-(4-n- 
alkylpheny1)propane- 1,3-diones 

(ii) 1-(4"-n-Dodecylbipheny1)-3-(4-n- 
alkyloxypheny1)propane- 1,s- 

diones 



4.1 Survey of the nmsornorplric properties of aryl pdi-  
ketones and their metal conlplexes 

Many aryl @diketoncs wlricl~ arc: easily syn tliesised, are useful liquid crystalline 

derivativc:~. Furtllcr, tlicsc: cornl)or~~~tIs Ilavc a great ability to complex with var- 

ious nictal iotis arid IIIR.IIY ol t l l c : ~ ~  ( ' I I c I A ~ ~ ( ~ s  are m e ~ o ~ e n i c . ~ * ~  Amongst the most 

widcly stutlietl coortli~lation compo~r~~tls arc l,hc complexes of P-diketones, wliicli 

appcar loo Ilavc b e c ~ ~  it~vcsbiga.l.ctl wi l . l~  ~irt~rlally every metal and metalloid in the 

periodic tal)le. 

A brief tl~script~ior~ ol the cl~cmist~ry ol P-diketone ligands is given below: 

/3-l)ikctotics arc: (:i~l)i~l)l(! of oxllil)il,i~~g k(:t,o-c~iol tauto~~ic:ris~ii (figure 4.1) .  ' 1 ' 1 1 ~  

hytlrogcl~ aljoln of tlic* c:c~~bral ~rict,l~yl(!~~c: g1.0111) is activated by the adjacent C=O 

groll1)s i1.1ltl it colljugnbc~ syst.c-~~l c.il.11 ill.isc* I)y il. prototropic shift. 'l'hese tauto~rlers 

exist i l l  c:quilil>riuni with c:a(:I~ otllol a.11(1 s l ~ ~ ~ ~ ~ c t r ~ r a l l y  they possess a cis configuration 

ant1 w syrt (c:isoicl) co11for11)atiot). 1 Jlltl(~r. a.l)j)r.ol)riatc corlditiotls the c~lolic Iiytlrogcr~ 

aton1 of tl1(. ligantl ca.11 bc rc:l)lac:etl I)y il ~llota.l cation to produce a six-membered 

cliela.l~c: ri~lg (ligur(: 4.l),  I,l~orol)y s l ~ i l l ~ i ~ ~ g  I , I I ( *  k(!l,o-c~iol ec1uilil~riurri i l l  favour of tlie 

en01 lor111. 

I 1  I I I ~ .  liclrritl c.rysl.i~lli~lc* I ) I . o ~ ) ( ~ I . I  ios 01' c.ol~~l)ol~tltls Iiavitlg a p-tliketo~lc* group Ili~vc 

been ir~vosl,igatcd only t~cc~~~t , ly .  'I'll(. lirst, r.cbl)ort of such a compound was on 1,3-dj(p- 

t l - t l ~ ~ ~ ~ y l ~ ~ l ~ ~ ~ ~ ~ ~ l ) ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ -  I ,:I-(lio11(8, l)y (:il*or~(I i111(l l~illard.2 Later, t l~ey rcported iL few 

morc si11iili11. P-dikcto~l(!s i111(l co11(~111(1(~(1 f,l~i\t only those corlipounds havitig lliorc 

tlial~ c-igl~bc~c~~l car1)011 R ~ ~ O I I I S  i l l  ~ , I I ( *  si(l(* ( . I I ~ I ~ I I S  (~xIlil)it a rriesol>hase. 'l'hrougli optical 

ant1 ~llisci l ~ i l i  ty stutlic-s l , l ~ c ~ y  ;I lso tc111l.i1 1,ivc.l.y i(l(>lltified the mesophase exhibited by 

the aI)ovv (.o~)ipor~t~(Is ;IS s~~t(*(.tic. I(.' 

Ol~l,i\ ( 1  (11.3*4 Ilavc- i~lv(*~tigi~t,('(l il I I I I I I I ~ ) ( ' I .  of P-diketones incl~rdi~ig solrie of the 
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Figure 4.1 



r 1 c o t i ~ l > o ~ ~ ~ ~ c l s  ~.c.j)ort(~l' c*ilrlic*r. I 11c:y wc1l.c* I ,:l-tli(j~-11-alkylj~licttyl)pro~m-l,3-diotics, 

4.a . 'I'ho f,c*xture exl~il>ibetl I>y t,l~csc c.yl~ll)or~r~cls lias not been conclusively identified 

by bltc~111, tl~ougli tltoy ~I#i\t( .  ttI~itIt i l ,  is si~t~ilitl. too I,l~al, reported by Giroud and Billard.2 

A si~ilililr sc-~.ics of clil<c~t,o~~c.s w i b l ~  tll~sy~t~~ttc~l.ric;tl substituents, synthesised by the 

a u t l l o ~ . ~  I~as  already I)c>c!11 tlisc.r~ssetl i l l  c.l~al)t,c*r 2. 

In all bllc:  above n~c~itio~tc~cl casvs, b l t c -  1)-cli kctone group is linked to  plienyl rings. 

011 ~-cy)lacc*~t~cllt of t11(% p l~c-~~y l  rings I)y cit11c.r a biphenyl moiety or normal alkyl 

chains, bht. ~ ia turc  of tlte nlcsojIhasc~ c.o~l~l)lc-l.c~ly changes. For example, Sadashiva et  

al.' I~itvc* i~~vcbstigabctl ii sc1ric.s ol' I-(~~-11-;tll;yll~i~~11c~1iyl)-3-(phenyl)propane-l,3-dio1ies, 

4.b. 'I 'II(* first four I~o~~lologrlc*~ i l l  t,11(. sc%ric%s caxltibit the classical nematic phase and a 

sll~c~.l,ic. 1 ) I l i i ~ " .  Ily o~)l,ical, ~~~isc.il)ilil.y i111tI X-~. i iy  stuclics tllcy foulid t l ~ a t  tlic srl~cctic 

phase is of 1 , 1 1 ~  A tyj)c>. 'l'l~is is t.11(* lirsI, ( > ~ i \ l t l l ) l ( '  of a P-diketone exhibiting a nematic 

as well as a sttlcctic: A ~ ) l l i l ~ c g .  'l'llcy Ilitvc- itlso ~ l ~ r ~ d i c d  the effect of dilfererit terminal 

substit,ncntos on tlic. ~ i~c~so t~~or l ) l~ i ( .  l)rol)cv.t,ic*s of t.hcse P-diketones. 

0111,a ( 1 a1." have- rc-l)o~.bc~l solltc* I - (  l , - l l - i l  lliyloxybipheny1)-3-n-alkylpropane- 1,3- 

dioncs. 'Phc.y sliow a focal c o ~ ~ i c  t,c-x1.111.c- wllic,It has been characterised as smectic A 

r 1 rnesoj)liilsc. 1 liey Itavc* csl,al)lisl~otl 1.I1c. I I ~ I I . I I I . ( '  of tlie mesophase by detailed X-ray 

studies ~ I I  t l~cse c o ~ n j ) o ~ ~ l ~ t l s .  I,at,cr, I.l~c-y rc-l)o~.toc~(l" a series of 1-(4-n-alkyloxyhipl~e- 

nyl)-3-(1ric~t,l1yl)propa11c- 1 ,:I-dio~ics. 'I'l~casca c.xl~il)i!, er~antiotropic smectic E and smec- 

tic A ~ ) I I ~ W S .  111 atltliltio~~ to ~ ~ ~ c - s o ~ ~ ~ o ~ ~ l ) l ~ i s r t ~ ,  bl~c~y exhibit polymorpliism as well. 

Siltl;lslliv;l ct ul.12 Iliivc. rcbl)ortoc'cl il sc11.ic.s of /?-diketones exhibiting smectic A and 

smc*c.bic- 15 ~)l t i is~s.  S17(lil~lli~i\ rl nl.'%~lso c-xi~rtti~ictl sorrle 1-(p-11-dodecylbil)Iie~~yl)- 

3-(p-~1l>s t  i t~l tcd l > i l ~ l t c ~ ~ ~ y I ) ~ ) r o l > a l t ~ ~ - l  ,:b(lio~los. Sonle of them have 5een fourid to be 

meso~~torl)l~ic. I,atcr, 131~oy i~~~cst ig i~lc~t l" '  it Iio~ttologous series of 1-( p- n- alkylbiplie- 

n 1 ) - I - ( - l ~ l o ~ o l ~ ~ l ) ~ o a ~ ~ -  I - I i o ~ c s .  EI(-I.c, the lower hornologues exhibit an 





ena11t~iotrol)ic slnectic A yliasc, wliil(- llic liiglier ones exhibit smectic E phase in 

adclitioli to sl~leclic A I>II~I.sc!. 'I'l~olr~l)so~~ cl. (11.15116 have investigated a number of 

mesogeliic /I-dikeloric:~, par1,icularly tllc? efled, ol polar terminal substituents viz., Br, 

CF3, CN o11 the naturc ol 1,Ii(* ~nc:sopllasc.. 

'1'11cu cl(%iilod srrrvcBy ol ~llclsogcr~ic: ~~lctta.llo /j-(liketonates has already been made 

in ctia.pters 2 and :I aticl o~ily n:leval~t I.(-~(:I.(~IICCS to these will be made at appropriate 

places Ilcrc. 

4.2 Results and discussion 

Cha.l~tlr;l.sckl~ar et (1l.I7 Ilavc. i~lvesl~igiii~c~(l a li!w  onla la to genic bis(1-( y -n- decylbiphe- 

nyl) -3- (sul>stitutcd ~>l~c~iyl)l)rol)a.~~c:- I ,:I-cliorialo]copper(II) complexes, with either 

short alkyl or alkyloxy chains on the phenyl ring. Sadashiva et aL6 have examined 

the cifcc.l, ol para sul~sti ttlc~111.s o ~ i  tllc: ~iabl~rcn ol llic mesophase of many P-diketories. 

111 ortlcr to study tho olfc.c.1, of diif(~1~(~111, 1)-sr~l)stituents on the mesomorphic prop- 

erties in sue-11 systc:t~~s, bllc* Sollowi~~g two I~o~~~ologous series of P-diketones and a few 

of 1,llc:ir col)l>cr(II) co~~ll)loxc?i wcbl-c8 l ) l . c - l ) i~rc~l .  

( i )  l-(4-1i-Dodecyllilic11yl)--(4-11-alkyll1eiiyl)propane-l,3-diones, 4.c and 

( i i )  I -(lt'-11-Do(lcc:ylI)il)l~c:~iyI)-:~-(I-II-;L~ kyloxyI)llenyl)propane-l,3-diories, 4.d. 

Most, ol tlie P-dilicborlc~s in  i l l (*  ;il)ovc- 1,wo series were found to be mesogenic. 

Thoy cxl~il~ib a srtic~ctic A 1)11as(b. A I I I O I I ~  ~ , I I ( \  c'ol)l>er(II) complexes synthesised, only 

mebl~yloxy tlc~.ivativc* was (i)1111(l (so I ) ( '  111(:sog(v1ic, exhibiting a monotropic rierriatic 

phase*. Si11c.c~ i,lie ,9-cli kt-toll(-s wcrc 111c>so~cwic, tlie same were investigated in detail. 

1-(4"-1i-I~odecyll>i~~lic~11yI)-:I-(4-1i-alkyl1~l1c1iyl)propane-l,3-diones (4.c), were pre- 

pared slarliilg frorll 4-11-tlotlccyl-4'-acc~~,ylI1i1~1i~~1iyl and ethyl-4-n-alkylbenzoates. 1- 



(4~'-r1-I)oclcc.yll>ipl1c~r1yI)-:1-(4-11-alk~Io~~~)l1(:11yI)~~1~o~1ane-l,3-dio1ies (4.d), were pre- 

parctl sl,xrli~rg fro111 4-r1-clotl(~c:yI-;l'-;1.c.c*byIl)il)l1(:11yl and ethyl-4-n-alkyloxybenzoates. 

These reactions are sc~l~eniat~ically show11 in figure 4.2. The corresponding copper(I1) 

coml>lcxta of 4.c ilnd 4 . ~ 1  were 1)repa1'cd Sollowing the scheme shown in figure 4.3. 

Thus, on brctaling 4.c ar~d 4.tl will1 cuj)ric cllloride dihydrate in ethyl alcohol using 

potassium I~ydroxidc as a l)iwo, a.frortlc-tl bl l (*  rcxluired copper(I1) complexes, 4.e. 

I 1  1 I I ( *  lril.~~silioli to~l~l)c~r.;ll~rrrc*n i t l l t l  c*~ll.llirll)ios of transitions for 1-(4"-n-dodecylbi- 
4-n- 

pheny1)-:~-(alkylphenyl)l)a.~~(:-I,:~-Iios (4.c), are given in table 4.1 . All the + 
homologuc:~ except the co~r~~)ourl tl 4.c:. 12 arc rnesogenic. They exhibit focal-conic 

texture, cl~aracteristit: of srllcctic A ~ ) l l i l ~ ( a .  As ca.n be seen from the table, compounds 

4.c.1 l,o 4.c:.!) are cni1.111,iolr.oj)ic: arltl c.orlll)o~r~~tls 4.c.10 and 4.c.11 are monotropic. 

Co~r~l)ountl 4.c.12 is rror~-t~~csorllor~)l~ic:. A k w  of the copper complexes synthesised 

usi~lg t,Ilc!sc! ligalitls woro li)l~llcl to I)(* ~~or~-r~~csor~lorphic.  'I'liese results are in corriplete 

contrast to those observed,I7 for a sirllilar series of compounds. It was found that 

the 1iga.lld P-diketo~l(% (lit1 1101 exl~il~it, ally licl~~id crystalline property whereas the 

corresponcli~ig copper cliela.tes exl~iLiI.c*<l a. ~~lorlot,ropic nematic phase.17 

A plot of t,lie tra~lsil~io~l I,c-t~~l~ara.l,~~~.c:s vc*l.slls the number of carbon atoms in the 

alkyl c:lla.i~l for 4.c, is sllowll i r l  fig1119(* '1.4. I t ,  is seen that there is an alternation in 

the Sn -+ I trarisitiorl Ivor~ll)craturc:s. I ~ ' I I I - ( . ~ I ( * ~ ,  tile melting point of compound with 

n= 10 i rlcrcases suddenly ant1 I1enc.c bllis tnx 11 i l ) i  ts a monotropic mesophase. Since 

conlpol~r~d l.c.12 Iias a lligll tlic:ll,ir~g l)oi~~l., i t ,  (Io(:s 110t exhibit any liquid crystalline 

r , I Ilc* bra~lsition tcrll~)(~ritI~tir'es all(l c-~~l,l~itll)ic~s of transitions for 1-(4"-n-dodecylbi- 

pht:tiyl) -3- (I-n-alkylo~yl)l1t~1lyl)l)1~t)1)i\~(~- I,:J-tlio~ies (4.d), are given in table 4.2 . 
Most of tllc homologucs arc niesogcriic. 'I'hry exhibit a focal-conic texture, char- 



1,2 - Dimethoxyethane lNaH 
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Table 4.1 

Transition temperatures ( O C )  and enthalpies (kcal/mol) for 

1-(4"-n-Dodecylbiphenyl)-3-(4-n-alkylphenyl)propane-1,3-diones, 

4.c 

Compo~ind n C s A I 
number 

4.c.l  1 . 100.5 . 108.0 . 
4.95 0.99 

4.c.2 2 . 79.0 , 99.0 . 
7.43 1.02 

4.c.3 3 . 83.5 . 101.5 . 
5.40 1.06 

4.c.4 4 . 82.0 . 99.5 . 
5.21 1.20 

4.c.5 5 . 81.5 . 101.5 . 
4.92 1.23 

4.c.6 6 . 83.5 . 100.0 . 
5.06 1.25 

4.c.7 7 . 85.0 . 103.5 . 
5.12 1.30 

4.c.8 8 . 86.0 . 101.0 . 
4.20 1.11 

4.c.9 9 . 91.5 . 103.5 . 
7 . 1  1.40 

4.c.10 10 . 103.5 ( 102.5) . 
9.97 1.41 

4.c.11 11 . 104.0 ( 101.5) . 
8.29 1.51 

4.c.12 12 . 108.5 - 
10.28 



Number of carbon atoms in the alkyl  chain 

Figure 4.4: A plot of the transition temperatures versus the number of carbon 

atoms in the alkyl chain for series 4.c. 



Table 4.2 

Transition temperatures ( O C )  and enthalpies (kcal/mol) for 

l-(4"-n-Dodecylbiphenyl)-3-(4-n-alkyloxyphenyl)propane-l ,3-diones, 

4.d 

Compound n c1 C s A I 
number 

4.d.l 1 . 105.5 . 109.5 - 
2.70 3.24 

4.d.2 2 . 99.5 . 105.0 ( 100.0)' . 
8.58 0.95 

4.d.3 3 . 96.5 . 107.5 ( 95.0)' . 
9.73 2.24 

4.d.4 4 . 90.0 . 100.5 ( 99.5)' . 
3.10 5.98 

4.d.5 5 . 88.0 . 97.0 . 
4.43 0.86 

4.d.G G . 82.0 . 98.5 . 
6.63 0.82 

4.d.7 7 . 81.5 . 90.0 . 98.0 . 
6.30 0.51 0.52 

4.d.8 8 . 77.0 . 104.0 . 108.0 . 
6.20 1.37 1.19 

4.d.9 9 . 79.5 . 109.0 ( 108.5)' . 
8.99 3.85 

4.d.10 10 . 76.5 . 110.5 ( 109.5)' . 
8.67 3.87 

4.d.11 11 . 79.5 . 112.5 - 
1.16 3.46 

4.d.12 12 . 74.0 . 113.0 - 
7.10 4.52 

'Enthalpies could not be measured due to onset of crystallisation. 



to 4.d.4 are monotropic alid colnpo~r~~(ls 4.~1.5 to 4.d.8 are enantiotropic. Again, 

the collll)ot~l~ds 4.(1.!) and 4..c1.10 a.rc tno~lotropic while the compounds 4.d.11 and 

4.d.12 are ~~or~-meso~~ioryI~ic .  Anlong it few copper chelates synthesised using these 

,8-diketoncs, only the ~tletllyloxy derivative: is mesomorphic [C 180.0 N (168.5) I]. 

The dsc tl~orrnograrn for colnl)ouncl 4.d. 10 is sllown in figure 4.5. 

A grapllical represcntatio~~ of trallsitiolr l(:tllperatures versus the number of car- 

bon atollis i l l  the alkyloxy (:11ii11 for 4.d, is S I I O W I I  in figure 4.6. As can be seen from 

the gra,l)li, tllc:re is albc:rnatio~~ it1 S A  -+ I bc-~tll)crature upto n=7, but from n=8 on- 

wards tllere is an i~lcrease in S A  -+ I tritl~sit~ioll temperature. This kind of behaviour 

is ratllor \r~lr~sual. Tl~crc is n srtd<l(*l~ il~c:ro;wc i l l  n~elting points of cornpounds fro111 

n=7 o~~wards. Once again as irr t11c c;tsc of 4.c.12, due to their high melting points, 

C O I I I I ) ~ I I I I ~ S  4.d.11 a11d 4.d. I 2  are I I O I I - I I I ( ; S O I I I ~ ~ ~ ) ~ I ~ C .  

111 collclusion, all tllc P-tlikcbo~~c.s rc*l)ortctl so far, exhibit either a nematic or 

a s~nectic tnesophase. In sorne cases I,llc?y exhibited both the phases. The smectic 

mesopl~ase exhibited by tllese generally I>clong to either smectic A or smectic E 

modilic:~tio~l. The sltrc!cbi<: ~)ll;lse exllil)il,cwl l>y the above discussed /3-diketones (4.c 

ant1 4.d) belong to A r~~odificdion or~ly. All bI1(3 l~omologues, except the last one in 

the sc*ricbs 4.c, are nli!so~~~orl)l~i(:. 111 t11i* (.as(* of series 4.d, only middle homologues 

are ~rlc:so~~lorl>llic. ISxc:c*l)t li)r b l 1 c  ~~~c:bl~yloxy tlorivative, none of the other copper(l1) 

ci~elatcs sul)sti tutt:d I)y a.1 kyl or alkyloxy c.lla.ills in the para position of the phenyl 

ring sl~owetl any mesophasc. 
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Number of carbon atoms in the alkyl chain 

Figure 4.6: A plot of the transition temperatures versus the number of carbon 

atoms in the alkyl chain for series 4 .d .  



4.3 Experimerital 

4 -11- llodecyl -4'- acetylbipltenyl wa.s prepared as described in chapter 3. 4-n- 

Alkylbc~~zoic acids wcrc  r re pared followi~~g t . 1 1 ~  procedure of Johnson, Gutsche and 

Offenllar~er.'~ The etllyl cstcrs of t.11t~sc. acids were prepared following a standard 

procedure given below for tllc l~exyl tlcrivativc. 

Ethyl-4-n-hexyl benzoate: 

A ~ ~ ~ i x t r ~ r e  of 4-n-l1c~xyll)c1rzoic acid (19.6 g), ethyl alcohol (200 ml) and concen- 

trated sull)l~uric acid ( 2  1111) was reflu.~c:cI for sixteen hours. The excess ethyl alcohol 

preseltt, i t 1  lolte reactio~~ ~ ~ l i x l , r ~ ~ . c t  was tlisltillc~tl of[, the residue was poured onto ice (400 

g) i i l t t l  cgx tl.i~c.bcd wi t11 c ~ l ~ l t c ~ ~ .  ('Lx 100 1111 ). ' I ' l l ( -  t.o~nl)i~ted etliercal solutiori was waslted 

with water (2  x 100 I I I I ) ,  5% sodiult~ I)i(.arI)o~~iltc solution (2 x 100 ml), water (3 x 100 

ml) n~ltl dricbd ( N a 2 S 0 4 ) .  1tc~111oval of solvc~~lb alttl fractional distillation of the residue 

gave pure ethyl-4-n-IicxylI~ettxoate. Yicltl, 18.0 g, (81%); b.p. 155-158°C/1mm. 

111 a, si~tiilitr way tllo ot,Ilcl. rcclr~irotl t*t,l~yl-4-11-a.lkylbenzoates were also prepared 

and I , l ~ ( ~ i r  pltysical (:011st,a111~s ii.rCb givt>11 i l l  tii.l)l(' 4.3. 

1-(4"-1~-Dodecylbipl~e1~yl)-3-(4-11-I~exylpl~e1~yl)propa1~e-1,3-dione: 

In a 250 1111 two-~ic~kc~l 1.o111ttl I>ot,l,o~tt Ilask fitted with a reflux condenser and a ni- 

trogcu illlet tube was ~)lac.cltl a ~ttixtr~l.c- ol' 4-11-clotlecyl-4'-acetylbiplie1iyl (3.64 g, 0.01 

mol) i111cl ct,1tyl-4-11-11(~xyII)t*11~oat~~ (2.34 p,, 0.01 niol) in dry 1,2- dimethoxyetliane 

(80 1111). 'l'ltis was sl0il.~.cvl ~t~i\g~~t'I~i(';~Il.y, S ~ ~ ~ ~ I I I I I  ltydride (0.8 g, 0.02 r~lol, 60% iri 

paralli~t.oil) was add(-tl i111tI t11(> ~ t l i x l ~ ~ ~ ~ . t -  I . ( ~ I I I I x ( Y I  for four hours. Then it was cooled, 

ice colcl tlil~lt~c liyd~~oc.ltlo~.ic~ acid (30 1 1 1 1 )  Wi lS  ilclded and the mixture extracted with 

chlorofol~~ll (3x50 rnl). '1111(~ c.ontl)i~~cvl c.11lol.oforrn solution was washed with water 

( 4 ~  100 1111) and drictl (Nii2SOs). Ii(\~l~ovitl of solvent and chrornatograpliy of the 



Table 4.3 

Physical const ants for et hyl-4-n-alkylbenzoates, 
CnH2n+1 .CsH4 .COOC2H5 

n Boiling p ~ i n t ( ~ C ) / m m  

1 60-6110.5 

2 7612 

3 8812.5 

4 120-12311 

5 150-15211 

7 160-16212 

8 183-18512 

9 190-19212 

10 197-19912 

11 205-20812 

12 210-21312 



resicl~lo gavc3 i L  1)aIo yell low ~ ) l - o t l r l c : t ,  wl1ic.11 wi1.s c:i.ystallised usirig propan-2-01. 

Yicltl, 1.7 g, (31%); 1ri.p. 83.5"C; I l t  11 ,,,,,,: 2930, 2850, 1608,1590, 1470, 1380, 

1300, 1 180 ant1 775 c111-'; NM116: 0.!) (1, (ill, 2 x - C b ) ,  1.0-2.0 ( ~ n ,  28H, 14x-CU2), 

2.65 (1, IH, 2xarC!H2), G.!) (s, IH, -(:=(!H), 7.2-8.2 (m, 12H, arH), 16.95 (s, lH,  

=c-OU).  

Tllc pllysical datii of tllc: otl~cr L-(~l"-11-~lotl~~cylbiphenyl)-3-(4-n-alkylphenyl)pro- 

pan(:- I ,:l-tliol~cks arc! givcv~ I)c*low: 

Yieltl, 35%; 1n.p. 100.5"C; IR u ,,,,, ,.: 2!)2O, 2860, 1608, 1588, 1470, 1380, 1310, 

1190 al~cl 780 cm-'; NMIt h: 0.9 (b,  :)H, -(:fl.,), 1.1-2.0 (m, 20H, lox-CH2),  2.45 (s, 

3H, arc&),  2.7 (t ,  211, ad:&), 6.85 (s, l H ,  -(:=CH), 7.2-8.2 (m, 12H, arH), 16.95 

(s, 111, =c-OII). 

Anal. t:i~.I<:tl. for (;34H4202, 

C, 84.(i4 ; H, 8.71 'XI 

1 C 84.47 ; H ,  9.21 % . 

Y ic-Id, :12%1; 111.1). 7!).0"( 1; 111 I~,,,,,,.: 2!):IO, 2X(i0, 1608, 1588, 1470, 1380, 131 0, 

1190 i i ~ ~ ~ l  780 cnl-I; NMI1 b:  0.!) ( I 4 ,  (ill, 2x-C)&), 1.1-2.0 (m, 20H, lox-CU2),  

2.7 ( t* ,  IH,  2xarCH2), 6.85 (s, IH, -(!=(lM), 7.2-8.2 (ln, 1211, arII), 16.95 (s, 111, 

=C-OH). 



Anal. c:a.l<:tl. for (;(35H4,102, 

C,8,1.(i7; H,8.87'% 

o :  C ,  8 ; H, 9.02 'X) . 

l-(4"-1~-Dodecylbiphenyl)-3-(4-1~-propylpl~enyl)propane-1,3-dione: 

Yieltl, 211%; m.p. 83.5"C:; 111 v,,,,.: 21130, 2860, 1610, 1590, 1470, 1380, 1300, 1185 

ant1 775 c111-'; NMR. 6:0.!)5 (b, (iH, 2x-(:l5,), 1.1-2.0 (m, 22H, 11 x-CH2), 2.7 ( t ,  

4H, 2xa.rCH2), 6.85 (s, 1 H, -(:=(:t!), 7.2- 8.2 (111, 12H, arH), 16.95 (s, lH, =C-OH). - 

Anal. ( : i~l~tl .  for CJ(;H4,;02, 

C, 84.70 ; H, 9.02 % 

F O I I J I ~ :  0, 84.!)8 ; H,  9 .X %) . 

1-(4"-1~-Dodecylbipl~e1iyl)-3-(4-1~-butylpl~e1~yl)propa1~e-1,3-dione: 

Yiel<l, 35%; 111.p. 82.OV(_); I I <  I / ,  ,,,,,.: 2!):10, 2850, 1608, 1590, 1470, 1380, 1300, 

1180 a ~ ~ t l  775 cm-'; N M l t  6: 0.9 (t ,  O;K, 2x -Oh), 1.0-2.0 (m, 24H, 12x-CH2), 2.65 

(t, 4H, 2xarCE2), 6.9 (s, 1 H ,  -C=C!H), 7.2 8.2 (m, 12H, arfl), 16.9 (s, lH,  =C-OH). 

Anal. calctl. for C37H4H02, 

C,84.7:1; H , ! ) . I ( j %  

F O I I I I ~ :  (>, 84.55 ; H, !).)I1 %, . 

Y i c b l t l ,  :1:1%; 111.1). ti I .5"(: ;  111. I),,,,,,.: 'L!)'LO, 2850, 1608, 1590, 1470, 1380, 1300, 

1180 ancl 775 cnl-'; N M I I  6: 0.9 ( t ,  (ill, 2x  - C k ) ,  1.0-2.0 (m, 26H, 13x-CH2), 

2.7 (I,, IH, 2xar(l!U2), (i.85 (s,  IH, -(!=(jH), 7.2-8.2 (m, 12H, arH), 16.9 (s, 114, 

=c-OH). 





Anal. ca.lctl. for C:3sHr,o02, 

C, 881.75 ; H, 9.29 %) 

h t ~ r i d :  C, 84.7(i ; . H, 9.53 'X) . 

Yicltl, 28%; 1n.p. 85.0%; 111 I%,,.: 2940, 2850, 1610, 1590, 1465, 1380, 1300, 

1180 and 775 cm-'; N M R  5: 0.9 (1, GH, 2 x  -C&), 1.0-2.0 (m, 30H, 15x-CH2), 

2.65 ( t ,  411, 2xarC&), 6.85 (s, lH,  -C=C!H), 7.2-8.2 (m, 12H, arfl), 16.9 (s, lH,  

=C-OH). 

Anal. cil.I<.tI. for C40H5,1()2, 

c, 84.80 ; H, (3.54 

Ihr~nd: C, 84.64 ; H, 9.78 !% . 

1-(4''-n-Dodecylbip11e~1yl)-3-(4-n-octylpl1eyl)propane-1 ,3-dione: 

Yicltl, 34%; 111 .1 ) .  M(i.O0(!; Ill I /  ,,,,, ,.: 2!)/10, 2860, 1610, 1590, 1465, 1380, 1300, 

1190 alld 775 cnl-'; N M l t  6: 0.9 ( t ,  (iH, 2 x  -(:L), 1.0-2.0 (m, 32H, 1 6 x - C k ) ,  

2.65 ( t ,  4H, 2xarC&), 6.85 (s, IH, -(:=(!H), 7.2-8.2 (m, 12H, arLI), 16.9 (s, lH,  

=C-Off). 

Anal. (:a.lctl. for C41H5(;02, 

(:, 84.82 ; H, !).(i5 'X) 

Forlnd: C, 85.15 ; H, 9.77 'XI . 

l-(4"-n-Dodecylbipl1e11yl)-3-(4-n-nonylpl1enyl)propane-1,3-dione: 

Yicltl, 31%; rn.1). !)1.5"(7; 11i 1) ,,,,, ,.: 2!)4O, 2870, 1610, 1590, 1470, 1380, 1300, 

1190 il11(1 775 cni-'; N M I j  6: O.!) (I,, (iH, 2x -(:b), 1.0-2.0 (m, 34H, 17x-CH2), 
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2.65 (t, 4139 2xarCkL)) 6.85 (s, 1H, -C=CH), 7.2-8.2 (m, 12H, arH), 16.9 (s, 1H, 

=c-OH). 

Anal. calcd. for C42H5802, 

C, 84.84 ; H, 9.76 % 

Found: C, 85.06 ; H, 9.55 % . 

Yield, 34%; m.p. 103.5"C; IR urn,,: 2930, 2850, 1610, 1590, 1470, 1380, 1190 

and 775 cm-'; NMR 6: 0.9 (t, 6H, 2x  -C&), 1.1-2.0 (m, 36H, 18x-CH2), 2.65 (t ,  

4H, 2 x a r C k ) ,  6.85 (s, lH, -C=CH), 7.2-8.2 (m, 12H, aru) ,  16.95 (s, lH, =C-OH). 

Anal. calcd. for C43H6002, 

C, 84.86 ; H, 9.86 % 

Found: C, 84.58 ; H, 10.17 % . 

Yield, 33%; m.p. 104.0°C; IR v,,,: 2930, 2860, 1612, 1595, 1475, 1385, 1300, 

1200 and 780 cm-'; NMR 6: 0.95 (t, 6H, 2x -C&), 1.1-2.0 (m, 38H, 19x-C&), 

2.65 ( t ,  411, 2xarCU2), 6.85 (s, 111, -C=CU), 7.2-8.2 (rn, 1211, aru),  16.95 (s, 111, 

=C-OH). 

Anal. calcd. for C44H6202, 

C, 84.88 ; H, 9.96 % 

Found: C, 84.41 ; H, 10.28 % . 



Yield, 30%; m.p. 108.5"C; IR u,,,: 2930, 2850, 1610, 1590, 1480, 1380, 1300, 

1190 and 775 cm-'; NMR'6: 0.95 (t,  6H, 2x -C&), 1.1-2.0 (m, 40H, 20x-CfE), 

2.65 (t ,  4H, 2xarC&), 6.85 (s, lH, -C=CH), 7.2-8.2 (m, 12H, arH), 16.95 (s, lH, 

=C-OH). 

Anal. calcd. for C45H64027 

C, 84.90 ; H, 10.06 % 

Found: C, 84.69 ; H, 10.28 % . 

Bis[l-(4"-n-dodecylbiphenyl)-3-(4-methylphenyl)propane-l,3-dionato]- 

copper (11): 

A mixture of 1-(4"-n-dodecylbipheny1)-3- (4-met hylpheny1)propane- 1,3- dione 

(0.241 g, 0.5 mmol) in tetrahydrofuran (5 ml), cupric chloride dihydrate (0.042 g, 

0.25 mmol) in ethyl alcohol (5 ml) and potassium hydroxide (0.028 g, 0.5 mmol) in 

ethyl alcohol (20 ml) was stirred for about four hours a t  room temperature. The 

green precipitate obtained was then filtered, washed with ethyl alcohol and dissolved 

in chloroform (100 ml). The chloroform solution was washed with water (3x 100 ml) 

and dried (Na2S04). Removal of solvent and crystallisation of the residue using 

butan-2-one afforded green crystals of the complex. 

Yield, 0.11 g, 43%; m.p. 208.0°C; IR urn,,: 2920, 2850, 1585, 1460, 1375, 1180 

and 770 cm-'; UV-Vis x:!:'~ ( 6 ) :  362 (80,900), 311 (50,864). 

Anal. calcd. for C68H8204C~, 

C, 79.57 ; H, 7.99 % 

Found: C, 79.48 ; H, 8.12 % . 





Bis[l-(4"-n-Dodecylbiphenyl)-3-(4-n-decylphenyl)propane-l,3-dionato]- 

copper(II) :  

Yield, 45%; m.p. 160.0°C; IR v,,,: 2920, 2850, 1585, 1460, 1375, 1195 and 775 

cm-'; UV-Vis XCHCb m a t  ( 6 ) :  362 (79,200), 311 (49,546). 

Anal. calcd. for C86H11804C~, 

C, 80.78 ; H, 9.32 % 

Found: C, 80.70 ; H, 9.39 % . 

These were prepared as described in chapter 2. 

A rliixture of 4-n-dodccyl-4'-acetylbiphenyl (3.64 g, 0.01 mol) and ethyl-4-n- 

heptyloxybenzoate (2.64 g, 0.01 mol) in dry 1,2-dimethoxyethane (80 ml) was taken 

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

nitrogen inlet tube. The reaction mixture was stirred magnetically, sodium hydride 

(0.8 g, 0.02'mol, 60% in paraffin oil) was added and refluxed for four hours. Then 

it was cooled, ice cold dilute hydrochloric acid (30 ml) was added and the mix- 

ture extracted wi tll cliloroform (3 x 50 ml). The combined chloroform solution was 

washed with water (4x 100 ml) and dried (Na2S04). Removal of solvent and chro- 

matography of the residue gave a pale yellow product. This was crystallised from 

acetonitrile. , 

Yield, 1.1 g, 19%; m.p. 90.0°C; IR v,,,: 2930, 2860, 1608, 1590, 1470, 1380, 

1260, 1015 and 780 cm-'; NMR 6: 0.95 (t,  6H, 2x  -C&), 1.1-2.0 (m, 30H, 15x- 

Cl12), 2.65 (t ,  214, arCI12), 4.05 (t ,  211, arOCH2), 6.85-8.2 (m, 13H, arHand -C=CH), 

17.0 (s, lH, =C-OH). 
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Anal. calcd. for C40H5403, 

C, 82.47 ; H, 9.27 % 

Found: C, 82.02 ; . H, 9.46 % . 

The physical constants of the other 1-(4"-n-dodecylbipheny1)-3-(4-n-alkyloxy- 

pheny1)propane- l,3-diones are given below: 

l-(41'-n-Dodecylbiphenyl)-3-(4-methyloxyphenyl)propane-1,3-dione: 

Yield, 21%; m.p. 109.5OC; IR urn,,: 2930, 2860, 1608, 1590, 1470, 1380, 1260, 

1030 and 785 cm-'; NMR 6: 0.9 (t, 3H, -C&), 1.1-2.0 (m, 20H, l o x - C L ) ,  2.7 (t,  

2H, arCH2), 3.9 (s, 3H, arOC&), 6.8-8.2 (m, 13H, 12xarH and -C=CB), 17.0 (s, 

lH, =C-OH). 

Anal. calcd. for C34H4203, 

C, 81.92 ; H, 8.44 % 

Found: C, 81.40 ; H, 8.64 % . 

Yield, 18%; m.p. 105.0°C; IR urn,,: 2930, 2860, 1608, 1590, 1470, 1380, 1260, 

1050 and 785 cm-'; NMR 6: 0.96 (t,  6H, 2x  -C&), 1.2-1.8 (m, 20H, l o x - C b ) ,  

2.65 (t ,  2H, a i -Cb) ,  4.1 (q, 2H, arOCH2), 6.85-8.2 (m, 13H, 12xarH and -C=CH), 

17.0 (s, lH, =C-OH). 

Anal. calcd. for C35H4403, 

C, 82.03 ; H, 8.59 % 

Found: C, 82.40 ; H, 8.87 % . 
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Yield, 27%; m.p. 107.5OC; IR v,,,,,: 2920, 2850, 1608, 1588, 1470, 1375, 1260, 

980 and 780 cm-'; NMR 5: 0.96 (t,  6H, 2x -C&), 1.2-1.9 (m, 22H, 11 x - C b ) ,  2.65 

(t,  2H, arc&), 4.1 (t, 2H, a rOCb) ,  6.85-8.2 (m, 13H, arH and -C=CH), 17.0 (s, 

lH, =C-OH). 

Anal. calcd. for C36H4603, 

C, 82.13 ; H, 8.74 % 

Found: C, 81.80 ; H, 8.98 % . 

Yield, 16%; 11l.j). 100.5°C; Ilt v,,,: 2920, 2850, 1605, 1590, 1465, 1375, 1255, 

1180 and 780 cm-'; NMR 6: 0.96 (t,  6H, 2x -C&), 1.2-1.8 (m, 24H, 12x-C&), 

2.65 (t ,  2H, arCH2), 4.0 (t, 2H, arOCH2), 6.85-8.2 (m, 13H, 12xarH and -C=CH), 

17.0 (s, lH, =C-OH). 

Anal. calcd. for C37H4803, 

C, 82.22 ; 11, 8.88 % 

Found: C, 81.95 ; H, 9.13 % . 

1-(4"-n-Dodecylbiphenyl)-3-(4-n-pentyloxyphenyl)propane-1,3-dione: 

Yield, 18%; m.p. 88.0°C; IR vmaz: 2910, 2850, 1608, 1590, 1465, 1475, 1360, 

1260, 1180 and 780 cm-'; NMR 5: 0.96 (t, 6H, 2x-C&), 1.1-1.9 (m, 26H, 13x 

-C&), 2.65 ( t ,  2H, arc&), 4.0 (t ,  2H, arOCH2), 6.85-8.2 (rn, 13H, 12xarH and 

-C=CB), 17.0 (s, lH, =C-OH). 





Anal. calcd. for C38H5003, 

C, 82.31 ; H, 9.02 % 

Found: C, 82.75 ; . H, 9.36 % . 

Yield, 15%; m.p. 82.0°C; IR Urnax: 2920, 2850, 1608, 1590, 1465, 1360, 1260, 

1175 and 780 cm-'; NMR 5: 0.96 (t,  6H, 2x  -C&), 1.1-2.0 (m, 28H, 1 4 x - C L ) ,  

2.65 (t, 2H, arCH2), 4.0 (t, 2H, arOCH2), 6.85-8.2 (m, 13H, 12xarH and -C=CH), 

17.0 (s, lH, =COB).  

Anal. calcd. for C39H5203, 

C, 82.40 ; 11, 9.15 % 

Found: C, 82.80 ; H, 9.45 % . 

Yield, 23%; m.p. 104.0°C; IR urn,,: 2920, 2850, 1608, 1590, 1470, 1360, 1260, 

1180 and 780 cm-'; NMR 6: 0.96 ( t ,  6H, 2x -C&), 1.1-2.0 (m, 32H, 1 6 ~ - C L ) ,  

2.65 (t,  2H, arCH2), 4.0 (t,  2H, arOCH2), 6.85-8.2 (m, 13H, 12xarH and -C=CH), 

17.0 (s, lH, =C-OH). 

Anal. calcd. for C41H5603, 

C, 82.55 ; H, 9.39 % 

Found: C, 82.36 ; H, 9.57 % . 

l-(4"-n-Dodecylbipl~enyl)-3-(4-n-nonyloxyphenyl)propane-1,3-dione: 

Yield, 31%; m.p. 109.0°C; IR v,,,: 2920, 2850, 1608, 1590, 1470, 1365, 1260, 

1180 and 780 crn-'; NMR 6: 0.96 ( t ,  6H, 2x -GI&), 1.1-2.0 (rn, 34H, 1 7 x - C L ) ,  
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2.65 (t ,  2H, arCl12), 4.0 (t,  2H, arOCH2), 6.85-8.2 (m, 13H, 12xarH and -C=CB), 

17.0 (s, 111, =C-OU). 

Anal. calcd. for C42H5803, 

C, 82.62 ; H, 9.50 % 

Found: C, 82.70 ; H, 9.72 % . 

1-(4"-n-Dodecylbiphenyl)-3-(4-n-decyloxyphenyl)propane-l,3-dione: 

Yield, 20%; m.p. llO.O°C; IR urn,,: 2920, 2860, 1608, 1590, 1470, 1365, 1260, 

1180 and 780 cm-'; NMR 6: 0.96 (t ,  6H, 2x -C&), 1.1-2.0 (m, 36H, 18x-CH2), 

2.65 (t,  2H, arCB2), 4.0 (t,  2H, arOCH2), 6.85-8.2 (m, 13H, 12xarH and -C=CH), 

16.95 (5, 111, =C-OU). 

Anal. calcd. for C43H6003, 

C, 82.69 ; H, 9.61 % 

Found: C, 82.78 ; H, 9.81 % . 

l-(4"-n-Dodecylbiphenyl)-3-(4-n-undecyloxyphenyl)propane-l,3-dione: 

Yield, 23%; m.p. 112.5"C; IR urnas: 2920, 2860, 1608, 1595, 1470, 1365, 1260, 

1180 and 780 cm-'; NMR 6: 0.92 (t ,  6H, 2x -C&,), 1.0-2.0 (m, 38H, 1 9 x - C L ) ,  

2.5 (t ,  2H, arc&),  3.95 (t ,  2H, arOCH2), 6.80-8.0 (m, 13H, 12xarH and -C=CH), 

16.9 (s, lH, =C-OH). 

Anal. calcd. for C44H6203, 

C, 82.75 ; H, 9.71 % 

Found: C, 82.95 ; H, 9.99 % . 



chapter 4 79 

1-(41'-n-Dodecylbiphenyl)-3-(4-n-dodecyloxypheny1)propane-1,3- dione: 

Yield, 25%; m.p. 113.0°C; IR urn,,: 2920, 2860, 1608, 1595, 1470, 1365, 1260, 

1180 and 780 cm-'; NMR 6: 0.92 ( t ,  6H, 2 x  -C&), 1.0-2.0 (m, 40H, 2 0 x - C L ) ,  

2.5 ( t ,  2H, arc&),  3.95 ( t ,  2H, arOCH2), 6.80-8.0 (m, 13H, 12xarH and -C=CH), 

16.9 (s, lH,  =C-OH). 

Anal. calcd. for C45H6403, 

C, 82.82 ; H, 9.81 % 

Found: C, 83.28 ; H, 9.84 % . 

A mixture of l-(4"-n-dodecylbiphenyl)-3- (4-met hyloxypheny1)propane- 1,3-dione 

(0.249 g, 0.5 mmol) in tetrahydrofuran (5 ml), powdered potassium hydroxide (0.028 

g, 0.5 mmol) in ethyl alcohol (5 ml) and cupric chloride dihydrate (0.042 g, 0.25 

mmol) in ethyl alcohol (20 ml) was stirred for about four hours at  room temperature. 
- 

The complex formed in the form of green precipitate was then filtered, washed 

with ethyl alcohol and dissolved in chloroform (100 ml). The chloroform solution 

was washed with water (3x100 ml) and dried (Na2S04). Removal of solvent and 

crystallisation of the residue using butan-Zone gave green crystals of the complex. 

Yield, 0.08 g, 30%; m.p. 180.0°C; IR urnaz: 2930, 2860, 1590, 1485, 1380, 1260, 

1175 and 780 cm-'; UV-Vis x",!:'~ ( E ) :  365 (97,800), 315 (65,300). 

Anal. calcd. for C68H8206C~, 

C, 77.16 ; H, 7.75 % 

Found: C, 77.25 ; 11, 7.90 % . 
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Bis[l-(4"-n-dodecylbiphenyl)-3-(4-n-octyloxyphenyl)propane-1,3-dio- 

natolcopper(I1): 

Yield, 41%; m.p. 194.0°C; IR urn,,: 2920, 2850, 1585, 1480, 1380, 1270, 1000 

and 780 cm-'; UV-Vis XCHC'3 m a t  (c): 366 (98,300), 316 (67,000). 

Anal. calcd. for Cs2H11006C~,  

C, 78.50 ; H, 8.77 % 

Found: C, 79.0 ; H, 8.98 % . 
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