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Cyclopropanoles as the Versatile Intermediates in 
the Synthesis of Polyring Liquid Crystalline 

Compounds 

GENADZ SASNOUSKIa, VLADIMIR BEZBORODOVa, 
ROMAN DABROWSKIb and JERZY DZIADUSZEKb 

'Institute of Applied Physics Problems, Minsk 220064, Belarus and bMilitary 
University of Technology, Warsaw 00-908, Poland 

New synthetic schemes for the preparation of liquid crystalline compounds which provide for 
the use of substituted I-cyclopropanoles as the key intermediates are reported. Two main 
directions for the transformation of cyclopropanoles into LC compounds have been applied: 
a) the using of cyclopropanoles as the precursor of vinyl ketones in the "condensation build- 
ing" of cyclohexenone ring which can be then converted into both laterally substituted and 
unsubstituted cyclohexyl or cyclohexenyl moiety; b) the opening of cyclopropane ring which 
allow to construct the functionally substituted terminal side chain. 

Keywords: cyclopropanoles; synthesis of liquid crystals; intermediates for liquid crystals 

INTRODUCTION 

Earlier we have reported the ctcondensation  approach^ for the synthesis 
of polyring liquid crystalline compounds which provides for the 
Michael type condensation of Mannich salts with 2-substituted 

acetoacetic esters or substituted benyl methyl ketones leading to 

[ 10 I9]/63 
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64/[ 10201 GENADZ SASNOUSKI et ul. 

3,ddisubstituted cyclohex-Zen-lsnes (IJ) (R = aryl or trans4aryl- 
cyclohexyl, R' = H, alkyl or any functional group) as a key 
~ & ~ e " ' 3 1  

3,dDisubstituted cyclohex-2-en-1-ones (I,II) are shown to be 

usell interndam for the fiuther chemical transformation into liquid 

crystalline derivatives possessing cyclohexane or cyclohexene or 
phenyl ring. 

1. R'-CH(COCH~)COOCZH~; KOH; dioxane. 

2. R'-C&-CH2COCH3; KOH; dioxane. 

Recently we have proposed a new synthetic pathway for the 
preparation of liquid crystalline trans,transdicyclohexyl derivatives 
(w,VIII) which are useful in LC mixtures because of their low 

viscosity and low b%ii~~gence['~. Usually the synthesis of these 
compounds ii being realised according to schemes which provide fbr 
Catalytic cross-coupling reaction as a key stage or using of 44trans-4- 

aIkylcycIohexyl)cyclohexanone as a main intermediate""'. 

insermediates in the synthesis. It should be noted that substituted 
We ham used 1-substituted cyclopropanoles (IV) as the key 

cyclopropenoles 0 are easily available starting fkom ethyl trans-4- 
alkylcyclolmamcarboxylates (m) due to the new method for their 
preparation in reaction of Grigmrd reagents with esters @I) in the 

presence of tetraisopropxytitanim~. 
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CYCLOPROPANOLES AS VERSATILE INTERMEDIATES [ 102 11/65 

R-OQ-R' L R - O - ( + *  5, R w R *  

VI 0 VI I 0 VIII 

R,R'=alkyL 
1. 2.5 eq. C3I-r; 15 moL% Ti(Oi-CJl,),; ether, 

2. Br2; CH3OwH20; 

3. R-CH(COCH~)COOC&IJ; 3 eq. KOH; dioxam; 

4. H2; PdC; KOH ethaaol; 
5 .  N2H4; KOH; &ethylene glycol; 

RESULTS AND DISCUSSION 

Here we have proposed and realised new synthetic possibilities for the 
preparation of polyring liquid crystals including dicyclohexyl 

derivatives. The key stage was recently discovered reaction of 

ethylmagnesium bromide with the comsponding esters in the presence 
of tetrahpropoxytitanium leading to 1-substituted cyclopropanoles 

with the high yields (more than 90%). 

We have experimentally checked the new synthetic pathway to 
prepare three ring LC compounds possessing trans,trans-dicyclohexyl 

moiety. The condensation of p-bromoketones (V) with Csubstituted 

benzyl methyl ketones leads to the corresponding three ring 
cyclohexenones 0 with the yield about 60% (melting points and 
phase transition temperatures are presented in Table 1). 
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664 10221 GENADZ SASNOUSKI et al. 

Umatmtcd cyclohexenonw 0 can be easily catalytically 
hydrogenated m the prcsam of palladium on carbon and potassium 
hydroxide in THF-naethanol (1O:l) like ketones (VI)[*’. The 
corresponding saturated cyclohewnes (x) were isolated with the 

quantitative yield 89 the mixture of trans,traus- and trans,cis-isomers. 
We were not studying the cisltrans ratio for the formed products 
because of easy interconversion. 

R=Wl; R’=F;(x!&;-l. 
1. CH3COCH2-W-R’ (R’ = F; OCH3; C1; C3H7); 3 KOH; dioxane; 
2. Hz; PUC; KOH, THF-1; 

TABLE 1 Meiting points and phase transition temperatures 
for the compounds IX. 

No R R’ Pbase transition 
tempaatures, OC 

Ma C3H7 F Cr 105 I 

Som of the prepared satursted cyclohexanones (x) are liquid 
crystalline but first of all they are very usell as the excellent 
intermediates for the synthesis of other laterally substituted three ring 

LC compounds. 
Thc most promising direction for the further chemical 

transformation of ketones or) was interadon with diethylaminosulfiu 
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CYCLOPROPANOLES AS VERSATILE INTERMEDIATES [ 1023]/67 

trifluoride @As”). This reaction leads to the corresponding liquid 

crystalline gemdifluoroderivatives m. gem-Difluoroderivatives (XI)  

are liquid crystalline compounds and can be also converted to 

monofluoroderivatives (XU) which are shown to be excellent LC 
compounds with relatively low melting points and possess a wide range 

of nematic phase, see Table 2. Eatlier very complicated multistep 
method for the sylltbesis of compoumls (XU) starting h m  4-(trans-4- 

alkylcyclokxyl)cyclhexarmne has been proposed by Merck19]. 

1. DAST; benzene; 
2. KOH; ethylene glycol; 

TABLE 2 Melting points and phase transition temperatures 
for the compounds (XI,XII). 

No R R’ Phase transition 
temperatures, OC 

XIa C a 7  F Cr 98 N 110 I 
W a  C3H7 F Cr 32 N 122 I 
XIIb C3H7 OCH3 Cr 56 N 188 I 
WC CSHII F Cr 34 N 129 I 
W d  C ~ I I ~  OCH3 Cr 54 N 101 I 
XIIe C a l l  C3H7 Cr 38 Sg 120 N 144 I 

We have also made the attempt for the synthesis of polyring LC 
compounds having 1,2-ethylene bridge between cyclic moieties 
applying “cycbpropaml approach”. Starting h m  diethyl succinate the 
corresponding bis-cyclopropanol has been prepared with h s t  

quantitative yield. This compound WBS easily transformed into 
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684 10241 GENADZ SASNOUSKI er 01. 

correspondhg bis-~broxmketone which was used as the precursor of 

vinylketone in t& condensation with 2-pmpylacetoacetic ester leading 
to bis~yclohexenone (wr). Unfortunately the ketone (WI) has been 
prepared only with low yield (about loo/). The catalytic hydrogenation 
of 0 gave the satunrted trans,transd&etone (XW) which has no 
liquid crystalline properties. 

The using of 2-substituted acetoacetic esters possessing 
s u b s t i i  with ethylene bridge seems to be more promising for this 
purpose. Applying this approach liquid uystalline compounds (XV- 

Xvm) have been prepad. The carbony1 compound (XVIII) can be 
underwent to the further chemical traosformations. 

Cr 9J I 

'$5 

X V I I I  X V I I  0 
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CYCLOPROPANOLES AS VERSATILE INTERMEDIATES [ 1025]/69 

It is known tbat cyclopropyl ring can be easily opened in 
reactions both with nucleophilic and eltctrophilic reagents. We believe 

that this can be applied for construction of the functionally substituted 

terminal side chain. 
On the base of two ring esters @E,XX) the c o r n -  

cyclopropauoles (XXIJWI) have been prepared with a high yield. 

Bromination of followed dehydrobromination with a 

triethylamine gave the correspondiag vinyl ketones (XXIII,XXIV) 

which can be underwent the further chemical transformation due to 

high reactivity of vinylcarbonyl moiety. 
Now the investigations in this direction are in a progress. 

EXPERIMENTAL, 

The structures of tbe prepared compounds are consistent with analytical 
data including HI NMR and mass spectra. Phase transh temperatures 

were measured using a Linkam heating stage in conjugation with a 

polarising PZO microscope and also using a Setaram DSC 92. 

l-(trra&Propylcyclohe.yi)-l-cycloproppnol (Iva). The 

G r i d  reagent prepared in the usual way from magnesium (6.0 g; 

0.25 mole) and ahyl bromide (0.25 mole) was slowly added during 2 h 
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70/[ 10261 GENADZ SASNOUSKI er al. 

at mom temperatun to vigorously stirred solution of 0.1 mole of ethyl 
trans4propylcycbbcxam-carboxylate and 0.02 mole (20 mol.%) of 
tetraisopropoxytitanium in 100 ml of dry ether. The reaction mixture 

having brown colour was then stirred additionally at mom temperature 
during 1 h and decomposed with tk cold 10% solution of sulphuric 

acid. After washing with water and drying over magnesium sulphate the 
solvent was removed. The preperad l-(traus4propylcyckhexyl)-l- 
cyclopropnuol just after removiug of the solvent had the purity of about 
95% and can be used in the next step without purification. The yield of 
cyclopropanol was almost quantitativt. 

prepared in the same way h m t h e  corresponding ester. 
l-(trans-4-Pentylcycbhexyl)-I-cycbpro~l (rvb) was 

trm~PropyleycbbexyCg-bromoetbyl ketone (Va). 
l-(trans-4-Propylcycbbexyl)-lzycbpro~l prepared as described 
above was dissolved in 100 ml of IlLethaml and approx 5 ml of water 

was added. Then bromine (0.1 mole) was added dropwise during 15 

min at morn temperature. Tbe bromine colour was disappearing 
continuously. Slightly cobd  solution was diluted with water snd the 
product was extmtcd twice with mthylene chloride. The solvent was 

removed in vacuum and p-bromoketone was used without purification. 

The yield was more than 90%. 
p-Bromoketones or) should be prepared just before the further 

transfirmation. They take dark colour because of some decomposition 
when are stored. 

3 - ( t ~ n r d - P r o p y l e y c b b e ~ ~ ~ ~ a o r o p b e n y ~ c l o h e s - 2 -  

en-1-one (IXa). Tbe prepared ~bromoketoae was mixed with 

Cfluorobcnzyl methyl kctone (0.1 mole) and potassium hydroxide 
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CYCLOPROPANOLES AS VERSATILE INTERMEDIATES [ 10271n 1 

(0.3 mole) in 150 ml of dioxane and the mixture was then refluxed 
under stirring during 5 h. Atter cooling and treatment with 10% 
solution of sulphuric acid (evolution of carbon dioxide takes place) the 
product was twice extraded with benzene. After drying over sodium 
sulphate and removing of the solvent the ketone was crystallised twice 

from ethanol. Yield 52% (isolated product); mp. 104-105°C. 

The procedure used for the catalytic hydrogenation of 
cyclohexenones (rx) into cyclohexamaes (X) was the same as already 
described"]. 

t r r m ~ l , l - D i i l ~ o ~ 2 o - t - ( C ~ u o r o p b e n y l ) - 5 - ( t ~ n ~ p ~ p y ~ c -  

bbexyl)cycbheune (XIa). S-(trans4prOpylcyclohexyl)-2-(4-fluoro- 

pheny1)cycbhexanone (6.4 g; 20 mmol) was dissolved in 100 ml of 
benzene and then DAST (4.8 g; 30 mmol) was added. The reaction 

mixture was refluxed during 10 h and after cooling was poured in 
aqueous sohaion of KOH. The organic layer was washed with water 

and dried over sodium d p b .  Atter removing of benzene the residue 
was dissolved in hexane and filterad through aluminium oxide layer to 

remove coloured impurities. The obtained crude product contained 
about 75% of gem-difluoroderivative (XI) and 25% of mono- 
fluoroderivative: I-~uo~-2-(4-~rophenyl)-5-(trans-4-pro-  
hexyl)cycbhex-lcne, The pure analytical sample of gem- 

difluoroderivative was isolated by means of chromatography on silica 
gel using hexam as eluent. The main part of prepand product was used 
for the firrther dehydrofluorination. 

1-Fluo~2-(6~uoropbenyl)-5-(trpl lkepropy~cbhe~~ 
cyclobex-l-ene (XIIa). The product prepared as described above was 
mixed with ethylene glycol (75 ml) and KOH (1 g). The reaction 
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724 10281 GENADZ SASNOUSKI et ul. 

mixture was boiled under stirring and tbe solvent slowly distilled off 
(during 8-10 h). After removing of the part of solvent the residue was 

cooled, dduted with hexane and washed with diluted hydrochloric acid 

and then with water. 'The be- solution was filtered through column 
filled with aluminium oxide or silica gel and after evaporating of 
solvent the residue was crystalbed twice brn ethanoL The yield was 
about 25% relating to Starting saturated cyclohexanone (Xa). 

3-(tr~nc4-Propyleyclheql)-6-(2-pheny~thy9~c~hes-2- 

en-lsne (XV). The p-bromoketone (Va) was mixed with 242- 

pheny1ethyl)acetoacetic ester (0.1 mole) and potassium hydroxide (0.3 
mole) in 150 ml of dioxane and the mixture was then reflwed under 
stirring during 5 h. After cooling and trecltment with 10% solution of 
sulphuric acid (Take care! Evolution of carbon dioxide!) the product 

was extracted with benzene. After removing of solvent the ketone was 

crystallised from ethanol Yield 19 g (58% &er 3 stages); mp. 57- 
58OC. 

t r ~ n s - Y t r ~ n & P r o p y l e y c l h e ~ ~ 2 - ( 2 - p h e n y ~ t h y 9 ~ ~ 1 ~  
hexanone (XVI). A solution of 3-(trans-4-propylcyclohexyl)-6-(2- 
phenylethyl)cycbhex-2-en-l-oae (19 g) in 100 ml of ethanol containing 
potassium hydroxide (0.5 g) was hydrogenated under normal pressure 
in the presence of 0.4 g of 10 wt.% paUadium on carbon at 3O-4O0C 

with s t i r r i i  until hydrogen was no longer absorbed. The catalyst was 

removed by filtration, the solvent was distilled off and the residue was 

dissolved in benzene. This solution was washed with water and dried 

over anhydrous magaesium sulphatc. After evaporation of the solvent 
the residue was crystallised twice fiom etbanol to remove trans,cis- 
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CYCLOPROPANOLES AS VERSATILE INTERMEDIATES [ 1029]/73 

isomer. The yield of traus,trans-isomer was 13.5 g (72%); rap. 94- 

95OC. 
t~n~s(trrmn~Propylcycloberyl)-2-[2-(~a~~lpbenyl) 

etbyl]cyclobexanone 0. ttans-5-(trans-4-prOpylcyclohexyl)-2-(2- 

phenylethy1)cyclobcxaoone (13.3 g, 41 mmol) in 50 ml of dry 
methylene chloride was added slowly to complex prepared fkm the 
acetyl chloride (45 mmol) and anhydrous aluminium chloride (86 
mmol) in 100 ml of the same solvent. The temperature was not allowed 

to overcom 10-15OC. The reaction mixture was stirred during 2 h at 

15-2OoC and then was decomposed with the cold diluted hydrochloric 
acid. The organic layer was sepanrted, washed with water and then 

dried over auhydrous magnesium sulphate. After removing of solvent 
the residue was dissolved in ethanol and boiled during 30 min with 1 g 

of charcoal and after fihering was crystabed twice fiom ethanol. The 
yield of ketone was 8.1 g (54%). This compound is liquid crystalline: 

Cr 88 N 170 I. 
t n n ~ ~ t n n ~ P r o p y ~ c e y e l o b e r y l ) - 2 - [ 2 ~ ~ t h y l p b e n y ~  

etbyl]cyclobexanoae (XMI). A solution of trans-5-(trans-4- 

propylcyclohexyl>2-[2-(4-acetyl-phenyl)e (5 g) in 
50 ml of acetic acid and THF (1 : 1 v/v) mixture was hydrogenated under 
normal pressure in the presence of 0.3 g of 10 wt.% palladium on 
carbon at 3O-4O0C witb stirring until hydrogen was no longer absorbed. 

The catalyst was removed by filtration and the solvent was distilled off 

under redud pressure. The residue was crystallised fiom ethanol. 
Yield 4.3 g (88%); Cr G O  SB 162 I. 

1-[4-(t~n&Pentyleyclbexyl)pbeny~-l-cycbpropano~ 
(xxr). Cyclopropanol (YCXI) was prepared as described for IVa THF 
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744 10301 GENADZ SASNOUSKI er al. 

was used 89 the solvent iastead of etbet and cquimolar quantity of 
tetrabpropxytitani~ was used. Yield 85% mp. 41-43 OC. 

[qtrrntiePcntyleyebhe~~phenyl] vinyl ketone (XXIII). 

Cycbprojmol 0 was brominated as described above for 
compound (v) aad then treatad with quimolar quantity of 

triethylamine in ether at room temperature. A&r usual procedure the 
ketone 0 was isolated with tbe yield 65%; mp. 65456%. 

4-Pentylbiphenyl4-yl vinyl ketone QCUV) was prepared in the 
same way; yield 68%; mp. 68-69OC (hm the literature mp. 68 OC [lo?. 
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