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ABSTRACT

Methods of synthesis of 1,3-diacyloxy benzene and 1,4-diacyloxy benzene derivatives are discussed. The compounds
of first series was synthesized by different acid chlorides (Lauric, myristic,palmitic, heptadecanoic and steric) on
treatment with resorcinol in presense of triethyl amine we can get 1,3-diacyloxy benzene derivatives and it was
characterized by I.R and NMR data. The compounds of second series was synthesized by different acid chlorides on
treatment with hydroquinone in presense of triethyl amine, resulting the formation of 1,4-diacyloxy benzene
derivatives and characterized by 1.R and NMR. The above two series of compounds was purified and crystallized
from alcohol as shining needles. Further the liquid crystalline properties were studied for the above two series of
compounds by using DSC and all the compounds posses pronounced L.C. Properties and showed the mesophase at
two transition temperature regions. The mesophases were photographed and respective thermograms were recorded
during heating rate 5°min and 10%min on cooling. The results are presented.
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INTRODUCTION

Approximately 5% of all organic compounds exhilgtihC behavior have important characteristic prapsriike
anisotropy, magnetic and electric susceptibility[lfie molecule loose mesomorphic behavior becaliseEi®ased
dipolar forces acting along the long molecular akig the electronic substituents. Habes and cowsf&Rehave
found that the presence of an ortho hydroxy graupénzylidine aniline stabilizes the resulting udite to
intramolecular hydrogen bonding. The temperatudependent variation in the color of cholesteriailigcrystals
has led to the use of these substances in the me@aesnt of temperature gradients [3-5]. Nematicitiqurystals are
useful research tools in the application of magnetsonance [6-10]. Molecules that are dissolwnegkimatic liquid
crystal solvent give a very highly resolved NMR apem exhibiting inter molecular dipole-dipole fiséructures.
Analysis of the spectra of molecules in liquid ¢ayssolvents yields information regarding the atrigpy of
chemical shifts, direct magnetic dipole-dipole ration, in direct spin-spin couplings, bond anglesnd lengths,
molecular order and relaxation process.

Now a days liquid crystals are widely used in casmedustry in manufacturing of liquid crystal makup
removers [11], lipsticks and lip glasses [12] camiteg cholesteric liquid crystal and also usedhea manufacture of
vaginal fluids. Liquid crystals are used extengiviel pharmaceutical industries. In addition to tbsvelopment,
L.C's were found to be useful laboratory tools f@LC and absorption spectroscopy. Films of
microencapsulated[13]. LC'’s can be prepared byiBpeg, draw-bar coatings or silk screening.

Novel families of cholesteric liquid crystals [1d&ve been developed by dupont (USA) for the deverabarket.

These materials, which are still in the experimestage, may be used to provide attractive decaragffects on
opaque, translucent and transparent surfaces.ntnasb to most commercial liquid crystals, thesdemials exist as
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solid glasses at ambient temperature. Asymmetriteecnées usually have a boarder mesophase rangethban
symmetric analogues mainly due to lowering of thaltimg points. According to Miczkowslet al, [15] this also
has a strong influence on the polar structure efrtiesophase; asymmetric compounds have a tenderfoynt

ferroelectric phases instead of anti-ferroeleqihiases.

RESULTS AND DISCUSSION

In this paper five new 1,3-diacyloxy benzene aneé fl,4-diacyloxy benzene derivatives were syntleesend the
structure of the ten compounds are detailed below;

Compound 1V, XII R = (Hon n=11
Compound V, Xl R = @Hon n=13
Compound VI, XIV. R = Honi1 n=15
Compound VII, XV R = Honi1 n=16
Compound VIII, XVI R = GHonet n=17

All the present compounds, viz 1V, V, VI, VII, Viland XllI, XllI, XIV, XV, XVI are found to exhibit iquid
crystalline phases as identified by polarized @btioicroscope and by DSC. The compounds commoriibéing
characteristic broken conic smectic G [16] phasmdd as an evidence to claim the mesomorphism doyi B+
diacyloxy benzene(lV,V,VLVILVIII) and 1,4-diacyly benzene(XIl, X1, XIV,XV,XVI) homologous series fo
compounds.

RCOOH + SOCI, RCOCL
DMF |, DiChi
+ —_—
FCo Fp
H oH ROCO QCOR
(]
I
II I
E = CoHonn
I n=11
Woon=13
VI n=15
VI n=16&
VIO, n=17
Scheme-|

MATERIAL AND METHODS

In continuation of our investigations, it is propdsto synthesize new banana shaped(Bent) liquistaisy and
further characterize their LC properties. 1,3-di(exy) benzene and 1,4-di(acyloxy) benzene denvestiwere
synthesized and structures were confirmed by sulegata. All the newly synthesized compounds exbdbliquid
crystalline properties, which were examined empigypolarizing microscope equipped with hot stage @so by
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differential scanning calorimeter. The mesophasesvphotographed and respective thermograms weogded
during heating at a raté &min and 18c/min on cooling.

General synthetic procedure of 1,3-diacyloxy benzenderivatives:

The reaction of resorcinol(l)(1 mole) with acid atitles (lauryl chlorides, myristoyl chloride, patoyl chloride,
heptadecanoyl chloride, stearoyl chloride)(Il)(2 l@®) in presence of tri ethyl amine {N} stirred at room
temperatures(6-10 hours); results in the formadibh,3-diacyloxy benzene(lll).. Purification of cpmund(s) Il by
column chromatography (eluent; Hexane: Ethylace®@td0) resulted the formation of pure product. pheduct
was recrystalised from methanol. THé NMR spectrum of Ill showed resonances3@i89-6.97,57.3 (aromatic
protons) confirmed the structures of 1,3-diacyldmgnzene(lll). The synthetic work is presented inesae 1. All
these compounds were confirmed by Spectral d&aafid NMR).

Preparation of acid chlorides (ll1):

Long chain fatty acids (0.1 mol, lauric, myristi@glmitic, heptadecanoic and stearic acids) weretedawith freshly
distilled SOC% (0.3 mol). The contents were refluxed for 4 hodrdding formic acid into the flask until no smell
of SOC}, is observed destroyed excess SOThe crude acid chlorides were distilled at redupeessure and used
immediately for esterfication.

Synthesis of 1,3-dilauroyloxy benzene (IV):

Resorcinol (0.01 mol) was dissolved in 5 ml of Dazh methane, dimethyl formaamide and lauroyl ddies (0.02
mol) were stirred in the presense of triethyl amsie@oom temperature under anhydrous conditions. réaction
mixture was stirred 6-10 hours at room temperafline. reaction mixture is poured into ice cold wated extracted
with ethyl acetate repeatedly. After the above Lswak up, the organic layer was then dried ovehyaiious
MgSQ, and evaporated, it yielded a crude ester. Putificaf the ester by a column chromatography elueéttt n-
hexane: ethyl acetate (90:10) collecting 50ml foact afforded 1,3-di lauroyloxy benzene(lV) andugtiormed was
crystallized twice from MeoH-CHgIPurity of the compound is checked by TLC. This Isva melting solid.

IR (Uma: 2926, 2854, 1753, 1442, 14134 NMR (CDCL /TMS): 0.9(t, 2xCH), 1.2-1.4(br.s, ChProtons),
1.7(Pentet, Ch), 2.5(t, OCOCH), 6.8-6.9(Ar.Protons), 7.3(Ar protons)

Synthesis of 1,3-dimyristoyloxy benzene (V):

Resorcinol (0.01mol) was dissolved in 5 ml of DCMMMF and myristoyl chloride (0.02mol) and 3 ml oiethyl
amine was added and stirred 6 hours at room teanyper. After usual workup, the ester obtained &ingicolumn
chromatography , was crystallized from methanak low melting solid and Purity of the compoundiecked by
TLC.

IR (Umay: 2918, 2847, 1750, 1467, 143B{ NMR (CDCL /TMS): 0.86-0.89(t,2xCH), 1.2-1.4(br.s, CkProtons),
1.7(Pentet,Ch), 2.5(t, OCOCH), 6.8-6.9(Ar.Protons), 7.3(Ar protons)

Synthesis of 1,3-dipalmitoyloxy benzene (VI):

Resorcinol (0.01mol) was dissolved in 5 ml of DCWAMF and Palmitoyl chloride (0.02mol) and 3 ml agthyl

amine was added and stirred 6 hours at room teanyper. After usual workup, the ester obtained &ipgicolumn
chromatography, was crystallized from methanois Ibw melting solid and Purity of the compouncisecked by
TLC.

IR (v ma) : 2918, 2848, 1755, 1602,1466,14084 NMR (CDCk /TMS): 0.86-89 (t,2xCh), 1.2-
1.4(br.s,CHProtons), 1.69-1.77(Pentet ,gH2.5(t, OCOCH), 6.8-6.9(Ar.Protons), 7.3(Ar protons)

Synthesis of 1,3-diheptadecanoyloxy benzene (VII):

Resorcinol (0.01mol) was dissolved in 5 ml of DCNDMF and heptadecanoyl chloride (0.02mol) and 3ol
triethyl amine was added and stirred 6 hours atnréemperature . After usual workup, the esteriobthby using
column chromatography, was crystallized from methatt is low melting solid and Purity of the compal is
checked by TLC.

IR (v ma) © 2918, 2840, 1751,1450, 1436f NMR (CDCL/TMS): 0.86-0.89(t, 2xCh), 1.2-1.4(br.s, ChProtons),
1.63-1.77(Pentet ,CH 2.5(t, OCOCH), 6.8-6.9(Ar. Protons), 7.3(Ar protons)

Synthesis of 1,3-distearoyloxy benzene (VIII):
Resorcinol (0.01mol) was dissolved in 5 ml of DCNDMFand Stearoyl chloride (0.02mol) and 3 ml oéthiyl
amine was added and stirred 6 hours at room teanyper. After usual workup, the ester obtained &ingicolumn
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chromatography , was crystallized from methanak low melting solid and Purity of the compoundiecked by
TLC.

IR (v ma) : 2926, 2854, 1753,1447,141%4 NMR (CDCk /TMS): 0.9(t, 2XCH), 1.2-1.4 (br.s, ChProtons),
1.7(Pentet,Ch), 2.5(t, OCOCH), 6.8-6.9(Ar. Protons), 7.3(Ar protons)

In order to study the liquid crystalline propertitse compound VI is repeated crystallized fromaati as flakes.
The liquid crystalline behavior of the compound XWlas evaluated by differential scanning calorimedad
polarizing microscope. The compound (VI) was stddier differential scanning calorimetric data agatieg rate
10°c/min. The phase transition temperatures and enthetiangesAH) were recorded. To check reproducibility,
the experiments were repeated for the sample. Tésphase was observed between 51.97-86(B0-> smectic),
AH=2.42 mJ and 60.41-65 %5 (smetic to isotropic) AH= 377.56 mJ respectively( Fig 1).

In order to further confirm the mesophase, compé{uhdvas studied by employing polarizing microscogtethe

rate of 2C/min. The observed textures were photographedgufie mesophase and was presented in the fig 2.The
texture was identified as broken conic smectic Gasgh The DSC thermographic data i.e phase tramsitio
temperatures, enthalpy changasi] were recorded for the above esters (1V to Vil presented in table I.

exo YBBL-1 02.11.2010 17:49:24

Integral -2.42 ml
normalized -1.08 Jg~-1
Onset 51.97 °C
Peak 54.13 °C
10 Endset 56.00 °C
A N
-377.56 ml
normalized -167.80 Jg~-1
60.41 °C
Peak 63.65 =*C
Endset 65.85 °C
30-100°C, 10°C/minAl pan pierced ]
30 35 40 as so s5 &0 3 70 7s 50 85 S0 95 °c
Lab: APL R&D CENTRE STAR= SW 9.00

Figl.DSC Thermogram of 1,3 — dipalmtioyloxy benzes(VI)

Fig 2. Polarising micrograph of 1,3-dipalmitoyloxybenzene(VI)
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Table | Phase transition temperatures (mesophase g®n) and heat transition of 1,3-diacyloxy benzenderivatives

S.No | Compound No.| Temp. ifiC crystal K-mesophase| AH mJ/mg | Temp in° C Mesophase-isotropic| AH mJ/mg
1. v 49.0-52.47 308.48
2. \ 44.46-49.05 2.24 54.32-59.85 352.84
3. VI 51.97-56.00 242 60.41-65.85 377.56
4. \ill 57.37-59.99 2.58 67.07-71.13 458.55
5. Vil 48.49-51.33 2.30 56.65-59.98 384.48
RCOOH + SOd > RCOCI
OCOR
OH
DCM, DMF
+ RcOC| —>»
Et;N
ROCO
HO
IX X Xl

R= GHazn+1

Xl ; n=11

XII ; n=13

XIV ; n=15

XV ; n=16

XVI ; n=17

Scheme Il

Synthesis of 1,4-diacyloxy benzene derivatives :

The reaction of hydroquinone (IX)(1 mole) with aaitilorides (lauroyl chloride, myristoyl chloridealmatoyl
chloride, heptadecanoyl chloride, stearoyl chieyi®) (2 moles) in presense of TriethylamingfBtstirred at room
temperatures (6-10 hours) resulted in the formatibri,4-diacyloxy benzene(XI) with 50% yield shownscheme

. Purification of compound (XI) by column chronegraphy (eluent : Hexane : Ethyl acetate 90 : #8)lted the
formation of product. The product was recrystali$®m methanol. ThéH NMR spectrum of XI showed at
§7.07 aromatic proton$1.2-1.4 showed CHprotons confirmed the structure of 1,4-diacyld»gnzene(XI). The
synthetic scheme presented in scheme II. All thevalacid chlorides is treated with hydroquinone asigrs were
purified by column chromatography with n-hexane astllyl acetate as eluent. All these compounds were
recrystalized from methanol.

Synthesis of 1,4-dilauroyloxy benzene (XII):

Hydroquinone (0.01 mol) was dissolved in 5 ml otlloro methane, dimethyl formaamide and lauroybrdtes
(0.02 mol) were stirred in the presense of triettmgine at room temperature under anhydrous conditidhe
reaction mixture was stirred 6-8 hours at room terature. The reaction mixture is poured into ickl eeater and
extracted with ethyl acetate repeatedly. After #8iove usual work up, The organic layer was theadddver
anhydrous sodium sulphate and evaporated, it ydeldlecrude ester. Purification of the ester by aurwol
chromatography eluent with n-hexane: ethyl acef@®10) collecting 50ml fractions afforded 1, 4iduroyloxy
benzene (IV) and thus formed was crystallized twiroen MeoH-CHC} Purity of the compound is checked by
TLC.This is a low melting solid.

'H NMR (CDCL /TMS): 0.86-0.89 (t, 6H, 2x C¥, 1.2-1.4(br, S, CHProtons), 1.7(pentet, GH 2.5(triplet,
OCOCH,), 7.077(aromatic protons)
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Synthesis of 1,4-dimyristoyloxy benzene (XIII):

Hydroquinone (0.01mol) was dissolved in 5 ml of DCMNDMF and myristoyl chloride (0.02mol) and 3 ml of
triethyl amine was added and stirred 6 hours atréemperature . After usual workup, the esterinbthby using
column chromatography, was crystallized from methatt is low melting solid and Purity of the compal is
checked by TLC.

'H NMR (CDCL/TMS): 0.9 (t, 6H, 2x Ch), 1.2-1.4(br.s, CKHProtons), 1.7(pentet, GH 2.5(triplet, OCOCH),
7.077(aromatic protons)

Synthesis of 1,4-dipalmitoyloxy benzene (XIV):

Hydroquinone (0.01mol) was dissolved in 5 ml of DGMDMF and Palmitoyl chloride (0.02mol) and 3 ml of
triethyl amine was added and stirred 6 hours atréemperature . After usual workup, the esterinbthby using
column chromatography, was crystallized from methah is low melting solid and Purity of the compd is
checked by TLC.

'H NMR (CDCL/TMS): 0.86-0.895 (t, 6H, 2x C) 1.2-1.4(br.s, CHProtons), 1.7-1.77(pentet, GH2.5(triplet,
OCOCH,), 7.076(aromatic protons)

Synthesis of 1,4-diheptadecanoyloxy benzene (XV):

Hydroquinone (0.01mol) was dissolved in 5 ml of DCMMMF and heptadecanoy! chloride (0.02mol) andl®im
triethyl amine was added and stirred 6 hours atnréemperature . After usual workup, the esterinbthby using
column chromatography, was crystallized from methah is low melting solid and Purity of the compd is
checked by TLC.

'H NMR (CDCL /TMS): 0.86-0.89 (t, 6H, 2x C§l, 1.2-1.4(br.s, CHProtons), 1.74(pentet, GH 2.5(triplet,
OCOCH,), 7.07(aromatic protons)

Synthesis of 1,4-diStearoyloxy benzene (XVI):

Hydroquinone (0.01mol) was dissolved in 5 ml of DCRMF and Stearoyl chloride (0.02mol) and 3 mtragthyl
amine was added and stirred 6 hours at room teatyer. After usual workup, the ester obtained &ipgicolumn
chromatography , was crystallized from methandk lbw melting solid and Purity of the compoundiecked by
TLC.

'H NMR (CDCL/TMS): 0.9 (t, 6H, 2x Ch), 1.2-1.4(br.S, CHProtons), 1.7(pentet, GH 2.5(triplet, OCOCH),
7.077(aromatic protons)

In continuation of our studies, compound X1V iseafed crystallized from ethanol as flakes. Theidiquystalline
behavior of the compound (XIV) was evaluated byedéntial scanning calorimeter and polarizing msoape. The
compound (XIV) was studied for differential scarmioalorimetric data at heating rate’@fmin. The phase
transition temperatures and enthalpy chantfds@re recorded and presented in fig 3. The dapaeisented in table
II. In order to further confirm the mesophase, comud (XIV) was studied using polarizing microscatahe rate
of 10°C/min. The observed textures were photographecgifie mesophase and were presented in the fipet. T
DSC thermographic data i.e phase transition tenpes enthalpy changedH) were recorded for the above
esters (XII to XVI) shown in table II.

Table Il Phase transition temperatures ( mesophasegion) and heat transition of 1,4-diacyloxy benzemderivatives

S.No | Compound No.| Temp. iffiC crystal K-mesophase| AH mJ/mg | Temp in® C Mesophase-isotropic| AH mJ/mg
1. Xl 66.0-70.5 98.57
2. Xl 64.0-67.5 0.74 71.6-74.5 110.84
3. XIV 82.06-84.45 0.82 93.98-96.12 136.63
4. XV 77.5-80.5 0.78 84.0-91.0 124.14
5. XVI 78.49-80.33 0.80 85.40-90.34 148.24
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~exo . . ) . 03.11.2010 09:48:06
¢
et
Integral -0.82 ml g
normalized -0.87 Jg~-1
Onset 82.06 °C
Peak 83.33 °C :
Endset 84.45°C
10
mW
Integral -136.63 mJ
normalized -145.35 1g~-1
Onset 93.98 °C
Peak 94.48 °C
Endset 96.12 °C
30-100°C,10°C/min,Al pan pierced — .
30 3 40 45 50 55 50 65 70 75 80 85 90 95 °C

Lab: APL R&D CENTRE STARe SW 9.00
Fig 3. DSC Thermogram of 1,4 — dipalmtioyloxy bereme(XIV) Polarising micrograph of 1,4-dipalmtoyloy benzene(XIV)

Fig 4. Polarising micrograph of 1,4-dipalmtoyloxy benzene(XI1V)

CONCLUSION

The liquid crystalline properties were studied fhe above two series of compounds by using DSCadinthe
compounds posses pronounced L.C. Properties andleshthe mesophase at two transition temperaturiengg
The mesophases were photographed and respectivaotiams were recorded during heating raten and
10°/min on cooling. They showed Semctic phase behavior
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