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The synthesis and mesomorphism of a series of new ferroelectric liquid crystals containing 
a sulfinyl group as the unique chiral center are described. This chiral center was introduced 
in the optically active form into the mesogenic molecules via the asymmetric synthesis of 
sulfinamide, sulfoxide, and sulfinate functional groups, directly connected to  the aromatic 
rigid core. The role of the sulfinyl group nature, of the aromatic rigid core structure, of the 
chiral center position and of the alkyl chain length on the liquid-crystalline behavior have 
been investigated systematically. A central rigid core limited to  two benzene rings only, 
and the presence of a pyramidal atom within the rigid core are not in favor of the occurrence 
of the mesomorphic character. On the contrary, sulfinates at the end of the core give a 
smectic C* phase, stable within a reasonable temperature range. On the other hand, the 
only change of the sulfinyl group has large effects on the thermal stability of the mesophases, 
on the transition temperatures and more deeply on the polymorphic nature. This change 
leads to  thermal instability with the sulfoxide compounds and with some sulfinamide ones, 
whereas the sulfinate mesogens are perfectly stable from both optical and thermal points of 
view. Thermal smectic C* and A phases have been systematically studied as a function of 
aliphatic chain lengths. The alkyl chain of the sulfinate group plays a predominant role. 
Smectic A phases are favored when this chain is short, whereas smectic C* phases are favored 
for long chains. The thermal stability of the smectic C* mesophase is strongly correlated to  
the tilt angle of the molecules inside the smectic layers. 

Introduction 

Since the discovery of ferroelectricity in liquid crystal- 
line Sc* phases,l considerable interest in that new class 
of materials has emerged from both fundamental and 
practical points of view. Different types of electrooptical 
devices have been proposed since the discovery of the 
"surface stabilized ferroelectric liquid crystals" (SS- 
FLC),2 in which the SC* phase can exhibit a fast 
response time to an applied electric field. Taking into 
account that the response time t is inversely propor- 
tional to the spontaneous polarization Ps (t - q P s E ,  q 
being the rotational viscosity and E the applied electric 
field), the synthesis of new liquid-crystalline ferroelec- 
tric materials suitable for applications in electrooptical 
devices3 is currently focused on obtaining a large 
spontaneous polarization. To obtain a high value of Ps, 
a rigid steric coupling between the asymmetric center 
and a strong dipole moment (such as C-0, C-Hal, 
C-CN-) is generally assumed to be advantageou~.~ In 
addition, it has been demonstrated that the synthesis 
of molecules bearing at least one chiral center close to 
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the rigid core leads to a large spontaneous polarization 
by damping the molecular rotation in the SC* phase.4 
During the past few years, the efforts of chemists have 
led to a range of Sc* molecules bearing interesting chiral 
sources such as oxi rane~,~  thiiranes,6  cyanohydrin^,^ 

and some chiral 6- and y-lactone 
 derivative^.^ Heteroatoms can represent an interesting 
chiral center for Sc* molecules because they can also 
bear a strong dipole moment. For example, the sulfur 
atom is chiral in its fourth oxidized state S") such as 
in sulfinyl groups for which the dipole moment S=O can 
reach 4-5 D.l0-l2 To date, the use of heteroatom 
chirality in Sc* compounds is rather limited. In the case 
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Table 1. Molecular Structures of Chiral Mesogenic Compounds Synthesized and Their Abbreviated Names: (BT for 
(Benzenecarbony1)oxytolane; ST for (Benzenesulfony1)oxytolane; T for Tolane; S for Sulfinyl; Me for Methyl; m and n for 

the Number of Carbon Atoms in the Alkyl Chains: Men for Menthyl; P for Pyrrolidinyl 

4 - (dodecyloxy)phenyl4 - (octy1oxy)benzenesulfinate 
11 

1 - [(S) -(-)-4- ((dodecyloxy)sulfinyI)phenyl] -2-[4-(dodecyloxy)phenyl]ethyne 
12-TS-012 

1 - [(S) 4-)-4- (alkoxysulfinyl)phenyl] -2-[4-((4-alkoxyphenyl)carbonyloxy)phenyl]ethyne 

m-BTS-On .. 

1. [( S) -(-)-4 - ((dodecyloxy)sulfinyl)phenyl] -2-[4 - (4-(octyloxy)phenylsulfonyloxy)phenyl]ethyne 

8-STS-012 

.. 0 

1 - [(S) -(-)-4- (((1 R,2S,5R)-(-)-menthyloxy)suIfinyl)phenyl]-2-[4-(4-dodecyloxy)phenyIcarbonyloxy)phenyl]ethyne 

12-BTS-OMen 

1 - [( S) -(+)-4 - (( 1 -pyrrolidinyl)sulfinyl)phenyl] -2-[4 -(4-(dodecyloxy)phenylcarbonyloxy)phenyl]ethyne 

12 -BTS-NP 

1 - [(-)-4- ((N-alkyl-~-methyl)suIfinyl)phenyl]-2-[4-(4-alkoxyphenyl)carbonyloxy)phenyl]ethyne 

m-BTS-N(Me)-n 

1 - [(R) -(+)-4 - (octylsulfinyl)phenyl] -2-[4 -((4-alkoxyphenyl)carbonyloxy)phenyl]ethyne 

m -BTS-8 

of sulfinyl groups only two reports appeared in the 
literature. One of these papers deals with the synthesis 
and properties of a number of chiral sulfoxides,ll but 
the materials did not exhibit stable Sc* phases and the 
electrooptical properties were measured only with mix- 

(asymmetric carbon);12 contrary to the case of sulfoxides, 
one of the two pure sulfinate diastereomers synthesized 
did exhibit a SC* phase, but it has not been possible to 
measure the electrooptical properties of the optically 
pure chiral material. 

The SC* mesogenicity of the materials presented 

in the search of high spontaneous polarization in 
ferroelectric liquid crystals. On the basis of these 

tures containing the optically active sulfoxides as 

ties of mesogens which contain an optically active 
sulfinate functional group and a second chiral center 

dopants* The Other the synthesis and proper- above can be considered as a promising point 

results, we decided to carry out the synthesis of me- 
sogens bearing a sulfinyl POUP as unique center- 
The compounds synthesized are listed in Table 1. For 
the large majority Of them, a diphenylethyne Doup 
(tolane) was used as the principal unit in the aromatic 

(11) Nishide, K.; Nakayama, A.; Kusumoto, T.; Hiyama, T. Take- 
hara, s.; Shoji, T.; Osawa, M.; Kuriyama, T.; Nakamura, K.; Fuiisawa, 
T .  Chem. Lett. 1990,623. 
(12) (a) Soldera, A,; Nicoud, J. F.; Galerne, Y.; Skoulios, A,; Guillon, 

D. Liq. Cryst. 1992, 12, 347. (b) Soldera, A.; Nicoud, J. F.; Galerne, 
Y.; Skoulios, A.; Guillon, D. Chem. Mater. 1994, 6 ,  625. 
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Scheme 1 
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Scheme 3 

* *  n-H17CaMgBr 

B r - @ 3 C o M e n  THF 

1 

EtMgBr R1\ 

THF, N2 R2 
R'\N-MgBr f-- ,N-H 

0 ° C  

\ 

3 
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6a-d 

7a- d 

Sa- d 

H-CEC-SiMe3 BuN4+F- * -  
PdCi2(PPh3)z/Cu(OAc)2 THFIHzO 

9 

core because of its good rigidity and of its global 
linearity. The chiral center was introduced through the 
sulfinamide, sulfinate, or sulfoxide functional groups 
directly connected to one peripheral position of the 
tolane group, while the other was substituted with an 
alkoxy, a (4-alkoxyphenyl)carbonyloxy or a (4-alkox- 
ypheny1)sulfonyloxy group (Schemes 1 and 2). In ad- 
dition, a phenyl benzenesulfinate derivative was syn- 
thesized as an example of a compound having the chiral 
center incorporated inside the rigid core (Scheme 3). The 
mesomorphic behavior of the different compounds syn- 
thesized is then analyzed in detail in relation with the 
molecular architecture. 

0 (H3C0)3P/Et3N 

10 

11 

Experimental Section 
NMR spectra were recorded on a Bruker AC 200 spectrom- 

eter. IR spectra were recorded on a Perkin-Elmer 930 
spectrometer. Optical rotatory powers were measured on a 
Perkin-Elmer 241 MC polarimeter. Enantiomeric excesses 
were determined by 'H NMR with addition of Eu(hfc)s as chiral 
shift reagent from a preoptimized spectrum of the racemic 
compound. A 20-30% molar equivalent of shift reagent 
generally gave satisfactory peak separation. DSC analyses 
were carried out with a Perkin-Elmer DSC7 calorimeter, using 
heating rates of 10 K min-I. Observations by optical micros- 
copy were carried out using a Leitz-Orthoplan microscope 
equipped with a Mettler FP 82 hot stage. X-ray diffraction 
patterns were recorded photographically using a Guinier 
focusing camera equipped with a bent quartz monochromator 
(Cu Kal radiation from Phillips PW-1009 generator) and an 
electric oven. 

Typical preparations of the new materials are described 
below. Yields, chemical data, and characterizations are col- 
lected in Tables 2-11. 

(lR,2S,5R)-(-)-Menthyl (S)-4-Bromobenzenesulfinate 
(1, Scheme 1). A solution of 4-bromobenzensulfonyl chloride 
(20 g, 78.3 mmol), (-)-menthol (10.20 g, 65.3 mmol), trimethyl 
phosphite (11.6 mL, 98 mmol), and dry CHzClz (300 mL) was 
vigorously stirred under a nitrogen atmosphere for 5-10 min 
at 40 "C. Triethylamine (7.92 g, 78.3 mmol) was added and 
the reaction mixture was heated to reflux for 4 h. The mixture 
was allowed to cool to room temperature, washed with HC1 
5% (80 mL), saturated NaHC03 (80 mL), and saturated NaCl 
(3 x 60 mL), dried over NaZS04, and concentrated to obtain a 
yellow oil (28.35 8). This oil was dissolved in acetone, and the 
mixture was allowed to cool to  -30 "C to get 21 g of white 
crystals which contain 72% of the diastereomer having the S 
configuration at  sulfur. The white solid so separated was 
recrystallized five times from acetone to give 10.83 g (yield 
38.5%) of pure (1R,2S,SR)-(-)-menthyl (S)-4-bromobenzene- 
sulfinate 1; mp 119-120 "C; [ a l ~ ~ ~  167" (c 2.9, CHZC12). 'H 
NMR (200 MHz, CDC13) 6 (ppm) 7.67 {dd; 53 8.6 Hz, J4 = 1.25 
Hz; 2H H-Ar}, 7.58 {dd; P = 8.6 Hz, J4 = 1.25 Hz; 2H, 
H-Ar}, 4.19 {td; P = 10 Hz, J4 = 4.5 Hz; lH,  CH-0}, 2.32 
{mc; lH,  H-Men}, 2.15 {mc; lH,  H-Men}, 1.75 {mc; 2H, 
H-Men}, 1.6-1.1 {m; 5H, H-Men}, 1.02 {d; 6 = 6.42 Hz; 3 
H, CHs(iPr)}, 0.93 {d; P = 7 Hz; 3H, CHs(iPr)}, 0.78 Id; 53 = 
6.9 Hz; 3H, CH3-Men)}. Analysis: Found (calcd) for CmH23- 
BrOzS ( M ,  = 356.06 g) %C 53.63 (53.62), %H 6.46 (6.471, %O 
8.93 (9.201, %S 8.93 (8.79). 

Synthesis of Optically Active N,iV"-Diakyl CBromoben- 
zenesulfinamide (2a-d, Scheme 1). General procedure: To 
a stirred suspension of magnesium (100 mmol) in dry THF 
(10 mL) was slowly added a dry solution of ethyl bromide (130 
mmol) in THF (30 mL) at  room temperature and under 
nitrogen. After complete reaction of the metal, the amine (130 
mmol) was added slowly to the reaction mixture, cooled at 0 
"C. The reaction mixture was kept a t  0 "C for 15-20 min and 
then added dropwise under nitrogen to a stirred solution of 
(lR,2S,5R)-( -)-menthyl (S)-4-bromobenzenesulfinate (1, 33.3 
mmol) in THF (60 mL) at temperatures shown in Table 2. After 
total disappearance of the starting material (checked by TLC 
on silica plates, eluant EtzO/pentane 2/11 the mixture was 
quenched with saturated aqueous ammonium chloride; the 
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Table 2. Characterization of Chiral Sulfinamides 2a-d 
product ee (%) 

time (mid  yield (%) anal. [UID 

2a 91; 92 %C 43.80 (43.60) 7.64 {dd; 53 = 8.64 Hz; 2H, H-Ar}, H-Ar}, 7.53 {dd; 75; 94 
T("C) aspect found (calcd) lH NMR (CDC13) (6 ppm) c; EtOH 

360 oil %H 5.31 (5.11) 53 = 8.64 Hz; 2H, H-Ar}, 3.13 {q; 53 = 7.2 Hz; 4H, +65'; +80" 
-30; -76 %N 5.05 (5.07) CH~CHZN}, 1.13 {t; 53 = 7.2 Hz;6H, CH~CHZN} 0.86; 0.66 

2b 96 %C 44.08 (43.81) 7.64 {dd; 53 = 8.74 Hz; 2H, H-Ar}, 7.54 {dd; 53 = 8.74 Hz; 92 
240 solid (mp 37 "C) %H 4.48 (4.41) 2H, H-Ar}, 3.34 {m; 2H, -CHz-N}, 2.97 {m; 2H, CH2-N}, +167" 
-30 %N 5.04 (5.11) 1.88 {mc; 4H, -CHz-CHz-N} 0.51 

%S 11.75 (11.61) 

%S 11.69 (11.70) 
2c 48 %C 52.02 (52.27) 7.65 {dd; 53 = 8.9 Hz; 2H, H-Ar}, 7.51 {dd; 53 = 8.9 Hz; - 
1440 oil %H 6.98 (7.15) 2H, H-Ar}, 3.12 {mc; 2H, -CHz-N}, 2.52 {s; 3H, N-CH3}, -7" 
room %N 4.29 (4.11) 1.65 {m; 2H, -CHz-CHz-N}, 1.28 {m; 10H, -CHz (octyl)}, 1.09 

2d 55 %C 54.16 (53.96) - 
1440 oil %H 8.41 (8.52) 1.28 {m; 18H, -CH2 (dodecyl)} -15" 
room %N 3.87 (3.70) 0.65 

%S 9.26 (9.02) 0.89 {t; 3H, -CH3 (octyl) 

%S 8.55 (8.47) 

Table 3. Characterization of Chiral Sulfinates 4a-e 
sulfinate anal. 
(yield, %) found (calcd) lH NMR (CDC13) (6, ppm) 

4a (94) CIOHI~B~OZS 
%C = 43.42(43.33) 
%H= 4.76(4.73) 
%O = 11.48(11.54) 
%S = 11.51(11.57) 

%C = 47.3U47.22) 
%H = 5.66(5.61) 
%O = 10.44U0.48) 
%S = 10.47(10.50) 

%C = 50.58(50.45) 
%H = 6.4U6.35) 

4b (89) C I Z H I ~ ~ ~ O Z S  

4c (89) CI~HZIBTOZS 

7.69 {d, 53 = 8.12 Hz; 2H, H-Ar}, 7.62 {d, 53 = 8.12 Hz; 2H, H-Ar}, 
4.05 {dt (ABXz), SZ = 9.62, 53 = 6.42 Hz; lH, 400-CHz}, 
3.63 {dt (ABXz), SZ = 9.62,53 = 6.42 Hz; lH, 400-CHz-}, 
1.62 {mc; 2H, -SOO-CHz-CH2-}, 1.35 {m; 2H, -CHz-CH3}, 
0.90 {t, 53 = 6.35 Hz; 3H, CH3-CH2) 

1.64 {mc; 2H, -SOO-CH2-CH2-}, 1.27 {m; 6H, aliphatic (-CHz-)}, 
0.90 {t, 53 = 6.35 Hz; 3H, CH3-CH2) 

1.62 {mc; 2H, -SOO-CHz-CHz-), 1.25 (m; 10H, aliphatic (-CHz-)}, 
0.88 {t, 53 = 6.33 Hz; 3H, CH3-CHz) 

%O = 9.55(9.60) 
%S = 9.57(9.62) 

%C = 53.3U53.18) 
%H = 7.05(6.97) 
%O = 8.73(8.86) 
%S = 8.79(8.87) 

%C = 55.66(55.52) 
%H = 7.58(7.51) 
%O = 8.08(8.22) 
%S = 8.13(8.23) 

4d (91) C I ~ ~ Z ~ B ~ O Z S  
1.60 {mc; 2H, -SOO-CH2-CHz-}, 1.24 {m; 14H, aliphatic 

0.86 {t, 53 = 6.30 Hz; 3H, CHs-CHz} 

4e (93) ClsHzgBrOzS 
1.62 {mc; 2H, -SOO-CHz-CHz-), 1.25 {m; 18H, aliphatic 

0.86 {t, 53 = 6.31 Hz; 3H, CH3-CHz) 
-CHz-)}, 

aqueous phase was then extracted with diethyl ether, and the 
combined organic extracts were washed with saturated aque- 
ous NaCl, dried over NazS04, and evaporated under reduced 
pressure. Each crude product was chromatographed on silica 
column (eluant EtzO/pentane 2/11. Details and data are listed 
in Table 2. 

(R)-(+)-4-Bromophenyl Octyl Sulfoxide (3, Scheme 1). 
Sulfoxide 3 was prepared by nucleophilic substitution on 
(1R,2S,5R)-(-)-menthyl (S)-4-bromobenzenesulfinate I (4.20 
mmol) by octylmagnesium bromide (12.6 mmol) at -76 "C as 
described above for the synthesis of sulfinamide 2a. The 
reaction time was 45 min, and the sulfoxide 3 as white solid 
was obtained optically pure ( [ U I D ~ ~  + 126"; c 1.60, ethanol); 
yield 92%; mp 44-45 "C. lH NMR (CDC13) 6 (ppm) 7.67 {d, 
53 = 8.56 Hz; 2H, H-Ar}, 7.50 {d, 53 = 8.56 Hz; 2H, H-Ar}, 
2.77 {t, P = 7.65 Hz; 2H, -CHz-SO}, 1.70 {mc; 2H, -CHz- 
CH2-SO-}, 1.25 {m; 10H, aliphatic (-CH2-)}, 0.86 {t, 53 = 
6.72 Hz; 3H, CH3-CHz). Analysis: Found (calcd) for C14H21- 
BrOS (M,  = 317.3 g): %C 52.97 (53.001, %H 6.74 (6.67), %S 
9.90 (10.10). 

Synthesis of Alkyl 4-Bromobenzenesulfinates (4a-e, 
Scheme 1). General procedure: To a solution of sulfinamide 
2a or 2b (n mmol) and primary alcohol n-CnH2,+10H (4-6n 
mmol) in toluene (1.5 mummol of 2a) was added dropwise a 
solution of the acid catalyst (1.5~2 mmol of boron trifluoride 
etherate BF3:OEk or 2n mmol of trifluoroacetic acid) in toluene 
under temperature conditions shown in Table 3 and under 
nitrogen. The mixture was stirred at the same temperature 

until the starting material was consumed (about 2 h), then 
quenched with saturated aqueous N d C 0 3 ,  and extracted with 
diethyl ether. The combined organic extracts were washed 
with saturated aqueous NaC1, dried over NazS04, and con- 
centrated under reduced pressure. The resulting crude yellow 
oil was purified by column chromatography on silica (diethyl 
ethedpentane: 1/11 to  give the (SI-(-)-sulfinates 4a-e as 
colorless oils. Details and data are given in Tables 3 and 4. 
4-(Bromophenyl)-4-alkoxybenzoates (6a-d, Scheme 

2). "hey were prepared by a classical esterification reaction 
between the selected acids 6 (n mmol) and 4-bromophenol (1.2~2 
mmol) in absolute dry CHzClz as solvent in the presence of 
dicyclohexylcarbodiimide (DCCI; 1.272 mmol) and (dimethy- 
1amino)pyridine (DMAP; 0.05n mmol) as basic catalyst. The 
reaction time was 2 h, and the esters obtained were purified 
by chromatography on a silica column (CHzClhexane 1/11 
then recrystallized from methanol. White crystalline products 
were obtained in 90-94% yields. Spectral data are listed in 
Table 5. 

Synthesis of 4-((Trimethylsilyl)ethynyl)phenyl 4'-n- 
Alkyloxybenzoate (7a-d, Scheme 2). Ester 6 (m = 10,12, 
16,18; 46.20 "01) and (trimethylsily1)acetylene (TMSA, 92.30 
mmol) were dissolved in triethylamine/toluene mixture (100 
m u 3 0  mL) under a nitrogen atmosphere. Copper(I1) acetate 
monohydrate (0.5 mmol), triphenylphosphine (4.6 mmol), and 
palladium chloride (0.90 mmol) were added to the stirred 
solution, and the mixture was heated at 60 "C for 4 h. After 
cooling, the precipitate of triethylammonium bromide was 
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Table 4. Characterization of Optically Active Sulfinates 4a-e Obtained from Chiral Sulfinamides 2a,b 

sulfinamide acid sulfinate [a];' 
(ee, %) alcohol T ("C) (yield, %) c; EtOH ee (8) stereoselectivity (%) 

2a 
75 
2a 
94 
2b 
92 
2a 
94 
2a 
94 

-30 4a 
94 

-76 4b 
89 

-30 4c 
89 

- 76 4d 
91 

- 76 4e 
93 

-84" 75 
2.12 
-99" 88 
1.34 
-98" 88 
1.84 
-95" 85 
2.27 
-90" 81 
1.85 

Table 5. Characterization of Esters 6a-d 

100 

94 

95.7 

90 

86 

ester 6 
m 

(yield, %) mp ("C) 'H NMR (200 MHz, CDC13) (6, ppm) 
6a 
10 

8.13 {d; 53 = 8.94 Hz; 2H, H-Ar}, 7.54 {d; 53 = 8.86 Hz; 2H, H-Ar}, 
83-84 7.10 {d; 53 = 8.86 Hz; 2H, H-Ar}, 6.97 {d; 53 = 8.94 Hz; 2H, H-Ar}, 

(94) 

6b 
12 81-82 1.33 {m; 14H; aliphatic(CHz)} 
(92) 

6c 
16 84-85 1.33 {m; 26H; aliphatic(CHz)} 
(90) 

6d 
18 85-86 1.32 {m; 30H; aliphatic(CH2)) 
(91) 

4.05 {t; 3 = 6.5 Hz; 2H, CHZ-0}, 1.82 {mc; 2H, CHZ-CHZ-0}, 
1.34 {m; 14H, aliphatic (CHz)}, 0.88 {t; 3 = 6.5 Hz; 3H, CHs-(CHz)} 

anal. 
calcd (found) 

Cz3HzgBr03 
%C 63.76(63.69) 
%H 6.75(6.72) 
%O 11.08(11.17) 

%C 65.08(65.12) 
%H 7.21(7.17) 
%O 10.40(10.58) 

%C 67.31(67.42) 
%H 7.99(7.91) 
%O 9.28(9.42) 

%C 68.26(68.33) 
%H 8.32(8.29) 
%O 8.80(8.93) 

Cz5H33Br03 

Cz7H77Br03 

CzgH41Br03 

Table 6. Characterization of Compounds 7a-d 
7a-d 

m anal. 
(yield, %) mp ("C) IH NMR (200 MHz, CDC13) (6, ppm) calcd (found) 

7a 
10 
(91) 

88-89 8.10 {d; 53 = 8.95 Hz; 2H, H-Ar}, 7.50 {d; 53 = 8.76 Hz; 2H, H-Ar}, 
7.16 {d; 53 = 8.76 Hz; 2H, H-Ar}, 6.98 {d; 53 = 8.95 Hz; 2H, H-Ar}, 
4.02 {t; 53 = 6.5 Hz; 2H, CHz-0}, 1.83 {mc; 2H, CHZ-CHZ-0}, 
1.34 {m; 14H, aliphatic (CHz)}, 0.90 {t; J3 = 6.5 Hz; 3H, CH~-CHZ-}, 
0.25 {s; 9H, (CH&-Si 

CzsH3803Si 
%C 74.63(74.71) 
%H 8.50(8.42) 
%O 10.65(10.82) 

7b 85-86 1.33 {m; 14H; aliphatic(CH2)) 
12 
(90) 

7c 78-79 1.33 {m; 26H; aliphatic(CHz)} 
16 
(87) 

7d 76-77 1.32 {m; 30H; aliphatic(CH2)) 
18 
(83) 

filtered off and washed with 40 mL of toluene. The combined 
filtrates were quenched with HC1 5% (60 mL) and then 
extracted with methylene chloride (300 mL). The organic 
phases were washed with water, dried over anhydrous Naz- 
so4, and concentrated under reduced pressure. The resulting 
crude solid was chromatographed on a column of silica (CH2- 
Clhexane  312) and recrystallized from pentane to give esters 
7a-d as white crystals. Details and spectral data are listed 
in Table 6. 

Synthesis of 4-Ethynylphenyl 4-n-alkyloxybenzoate 
(8a-d, Scheme 2). To a stirred solution of ester 7a-d (33.3 
mmol) in aqueous THF (THF/HzO 200 m u 1 5  mL) was added 
dropwise a 1 M solution of tetrabutylammonium fluoride (16.8 
mmol) in THF at 0 "C. The mixture was kept at 0 "C for 10- 
15 min and then treated with 150 mL of 5% HC1. The 
resulting mixture was extracted twice with 280 mL of meth- 
ylene chloride. The combined extracts were washed with 
water (2 x 180 mL), dried with anhydrous Na2S04, and 
concentrated under reduced pressure. The resulting crude 
solid was chromatographed on a column of silica (CHZCld 

C3oH4z03Si 
%C 75.28(75.36) 
%H8.84(8.78) 
%O 10.03(10.11) 
C34H5003Si 
%C 76.36(76.44) 
%H 9.42(9.35) 
%O 8.98(9.13) 
C36H~403Si 
%C 76.83(76.91) 
%H 9.67(9.62) 
%O 8.53(8.66) 

hexane 1/11 and recrystallized from pentanelethanol 70130 to 
give pure compounds 8 as white crystals. Details and spectral 
data are listed in Table 7. 

Synthesis of ((4-Dodecy1oxy)phenyl)acetylene (9, 
Scheme 2). Compound 9 was prepared by the coupling 
reaction of 1-bromo-4-(octyloxy)benzene (9) with (trimethyl- 
silyl)acetylene, followed by deprotection of the triple bond with 
tetrabutylammonium fluoride as described above for acetylenic 
compounds 8; mp 29-30 "C. 

Synthesis of 4-(Octyloxy)benzenesulfonyl Chloride 
(10, Scheme 3). To a solution of (n-octy1oxy)benzene (30 g, 
145.4 mmol) in chloroform (100 mL) cooled at -30 "C was 
added dropwise chlorosulfonic acid (33.9 g, 290.8 mmol). After 
complete addition of the acid (about 10 min), the mixture was 
continuously stirred at room temperature for 45 min, then 
poured into cold water, and extracted with 2 x 200 mL of 
chloroform. The combined extracts were washed with water, 
dried over NazS04, and then concentrated under reduced 
pressure. The resulting crude product (31 g )  was dissolved in 
hot hexane that gives upon cooling 3.5 g of a white solid 
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Table 7. Characterization of Compounds Sa-d 
Sa-d 

m anal. 
(yield, %) mp ("C) lH NMR, 200 MHz, CDC13,d (ppm) calcd (found) 

%C = 79.36(79.44) 
%H = 7.93(7.89) 
%O = 12.70(12.87) 

Sa 
10 
(91) 

73-74 8.12 {d; 53 = 8.90 Hz; 2H, H-Ar), 7.55 {d; 53 = 8.78 Hz; 2H, H-Ar}, 
7.20 {d; 53 = 8.78 Hz; 2H, H-Ar}, 6.95 {d; 53 = 8.90 Hz; 2H, H-Ar}, 
4.05 {t; 53 = 6.5 Hz; 2H, CH2-0), 3.09 {s; lH, H-ethynyl}, 
1.83 {mc; 2H, CHz-CH2-0}, 1.34 {m; 14H, aliphatic(CHz)}, 
0.90 {t; 53= 6.5 Hz; 3H, CHs-CHz-} 

8b 83-84 1.32 {m; 14H; aliphatic(CH2)) 
12 
(87) 
8c 86-87 1.35 {m; 26H; aliphatic(CHz)} 
16 
(83) 
8d 85-86 1.34 {m; 30H; aliphatic(CH2)) 

Scheme 4 
10 

pyridine 1 4-  bromophenol 

0 
13 

consisting of bis(4-(n-octyloxy)phenyl) sulfone, mp 196 "C. The 
sulfone was removed out by filtration, then the filtrate was 
concentrated under reduced pressure to give a crude oil that 
was distilled under vacuum. Pure 4-(n-octyloxy)benzenesulfo- 
nyl chloride 10 (27 g; yield 61%) was thus obtained as a yellow 
oil. lH NMR (200 MHz, CDC13) 6 (ppm) 7.85 {d; 53 = 8.95 

53 = 6.20 Hz, 2H, CH2-0}, 1.86 {mc; 2H, CHZ-CH2-0}, 
1.25-1.55 {m; 10H, aliphatic (CHz)}, 0.90 {t; 53 = 6.5 Hz; 3H, 
CH&H2-). Analysis: Found (calcd) for C14H21C103S (M = 
304.8 g): %C 54.98 (55.16); %H 6.86 (6.94); %O 15.82 (15.75); 
%S 10.48 (10.52). 

Synthesis of 4-Bromophenyl 4-(Octyloxy)benzene- 
sulfonate (12, Scheme 4). A solution of 4-(octyloxy)benze- 
nesulfonyl chloride 10 (10 g, 32.8 mmol), and of 4-bromophenol 
(8.5 g, 49.2 mmol) in pyridine (50 mL) was stirred at 0 "C for 
1 h. The white precipitate formed during the reaction, 
consisting of pyridinium chloride, was removed out by filtration 
and washed with 200 mL of diethyl ether. The filtrate was 
washed with 2 x 60 mL of HC15% and 2 x 60 mL of water. 
The organic phase was dried with anhydrous NaZS04 and 
concentrated under reduced pressure. The resulting crude oil 
was chromatographed on a column of silica (CHZC12) to give 
12 (12.4 g, 85%) as a yellow oil. lH NMR (200 MHz, CDC13) 6 
(ppm) 7.72 {d; 53 = 8.90 Hz; 2H, H-(ArS03-)}, 7.45 {d; 53 = 

{t; 53 = 6.20 Hz, 2H, CH2-0}, 1.85 {mc; 2H, CH2-CHz-O}, 
1.25-1.55 {m; 10H, aliphatic (CHz)}, 0.90 {t; 53 = 6.5 Hz; 3H, 
CH~-CHZ-}. Analysis: Found (calcd) for C Z O H Z ~ B ~ O ~ S ,  M ,  
441.4 g): %C 54.68 (54.42), %H 5.80 (5.711, %O 14.36 (14.50); 
%S 7.13 (7.26). 

Synthesis of 4-(Ethynylphenyl) 44 0ctyloxy)benzene- 
sulfonate (13, Scheme 4). 4-Bromophenyl 4-(octyloxy)- 
benzenesulfonate 12 (10 g, 22.7 mmol) and (trimethylsily1)- 
acetylene (4.46 g, 45.40 mmol) were dissolved in dry 
triethylamine (50 mL) under Nz. Copper(I1) acetate monohy- 
drate (0.04 g, 0.20 mmol), triphenylphosphine (0.52 g, 2 mmol), 

Hz; 2H, H-Ar}, 7.00 {d; 53 = 8.95 Hz; 2H, H-(A.r)}, 4.05 {t; 

8.70 Hz; 2H, H-(ArOS02)), 7.10 {d; 53 = 8.70 Hz; 2H, 
H-(ArOSOz)}, 7.00 {d; 53 = 8.90 Hz; 2H, H-(ArS03-)}, 4.05 

%C = 79.80(79.93 
%H = 8.37(8.23) 
%O = 11.80(11.92) 
%C = 80.52(80.11) 
%H = g.Og(9.19) 
%O = 10.39(10.16) 
%C = 80.81(80.63) 
%H = 9.39(9.27) 
%O = 9.79(9.92) 

and palladium chloride (0.09 g, 0.5 mmol) were added to the 
stirred solution. The mixture was heated to reflux for 2 h, 
cooled to room temperature, and filtered on a short column of 
neutral alumina. The filtrate was concentrated under reduced 
pressure to give a brown liquor. This liquor was dissolved in 
THF/HzO 40 mu10  mL stirred at room temperature followed 
by dropwise addition of a solution of 1 M tetrabutylammonium 
fluoride (2.63 g, 10 mmol) in THF. After 30 min of continuous 
stirring, the resulting mixture was filtered on a short column 
of silica (CH2ClZ), and the filtrate was concentrated under 
reduced pressure. The resulting residue was chromatographed 
on a column of silica (CHzClz/hexane 1/1) to yield 7.6 g of pure 
13 as a yellow liquor. lH NMR (200 MHz, CDC13) 6 (ppm) 
7.80 {d; 53 = 8.95 Hz; 2H, H-(kS03-)}, 7.50 {d; 53 = 8.70 
Hz; 2H, H-(ArOSOz)}, 7.02 {d; 53 = 8.70 Hz; 2H, H-(ArOSOz)}, 
6.95 {d; 53 = 8.95 Hz; 2H, H-(hS03-)}, 4.05 {t; 53 = 6.20 
Hz, 2H, CH2-0}, 3.10 {s; lH,  H-ethynyl}, 1.86 {mc; 2H, CH2- 
CHZ-0}, 1.25-1.55 {m; 10H, aliphatic (CHz)}, 0.90 {t; 53 = 
6.5 Hz; 3H, CH3-CHz). Analysis: Found (calcd) for CZZHZSO~S 
(M, = 386.5 g): %C 68.55 (68.37), %H 6.82 (6.78), %O 16.48 
(16.561, %S 8.17 (8.29). 

Synthesis of 4-(Dodecyloxy)phenyl 4-(Octyloxy)ben- 
zenesuanate (11, Scheme 3). Sulfinate 11 was prepared 
by in situ reduction of 4-(octyloxy)benzenesulfonyl chloride 10 
(0.3 g, 0.98 mmol) by trimethyl phosphite (0.15 g, 1.18 mmol) 
in CHzClz (20 mL) in the presence of C(dodecyloxy)phenol(O.32 
g, 1.1 mmol) and triethylamine (0.1 g, 1 mmol) as described 
above for 1. The reaction time was 4 h and the sulfinate 11 
was obtained as white crystals (0.3 g; yield 58%); mp 27-28 
"C. lH NMR (200 MHz, CDCl3) 6 (ppm) 7.71 {dd, 53 = 8.85 
Hz, 2H, H-Ar}, 6.94 {dd, 53 = 8.85 Hz, 2H, H-Ar}, 6.87 {dd, 
53 = 8.9 Hz, 2 H, HAr}, 6.76 {dd, 53 = 8.9 Hz, 2H, H-3}, 4.07 
{t, 53 = 5.5 Hz; 2H, -OSO-PH-O-CHz-}, 3.90 {t, 53 = 5.5 
Hz; 2H, -SOO-PH-O-CHz-}, 1.76 {mc; 2H, 0-CHZ-CHZ- 
}, 1.2-1.6 {m; 6H, aliphatic (-CH2-)) 0.93 {t, 53 = 5 Hz; 3H, 
CHX-CHZ-}. Analysis: Found (calcd) for C32H5004S (M, = 
530.8 g): %C 72.64 (72.411, %H 9.29 (9.491, %O 12.23 (12.061, 
%S 5.89 (6.04). 

Chiral Mesogenic Sulfinates m-BTS-On. General pro- 
cedure (Scheme 5): Terminal acetylenic compounds 8a-d (1.2n 
mmol) was dissolved in a mixture of triethylamine and toluene 
(312) at  50 "C. This solution was then degassed and kept at 
the same temperature under Nz. Copper(I1) acetate monohy- 
drate (0.005n mmol), triphenylphosphine ( 0 . h  mmol), and 
palladium chloride (0.02n mmol) were added to  the stirred 
solution, and the mixture was heated at 70 "C for 5 min. (5')- 
(-)-n-Alkyl4-bromobenzenesulfinate 4a-e (n mmol) was then 
added and the reaction mixture was stirred at 70 "C for 1 h. 
After cooling, the precipitate of triethylammonium bromide 
was filtered off and washed with CH2C12. The combined 
filtrates were washed with HC1 5% and water, dried over 
anhydrous NazSO4, and concentrated under reduced pressure. 
The resulting crude solid was chromatographed on a column 
of silica (CHZClflt20: 4/11 and recrystallized from acetone 
to give chiral sulfinates m-BTSO-n as white crystals. The 
other chiral sulfinates, sulfinamides and sulfoxides were 
prepared following the same procedure (Scheme 5). Details 
and spectral data are listed in Tables 8-11. 
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Scheme 5 
4a-e+ ea-&--- 

m -BTS-On 
m =  IO, 12, 16,18 n = 4, 6, 8, IO, 12 

* *  n 

12 -TS-012 

4e+  13 - 

0 
8 -STS-012 

1 + 8 b  - 

-4 
12 -BTS-OMen 

2 b +  8b - 

12 -BTS-NP 
3 + 8b, c - 

m -BTS-8 

2c, d + 8b, c - 

m -BTS-NMe-n 
m -n= 12-8; 16-8; 16-12 

Results and Discussion 

Synthesis. The preparation of the chiral mesogens 
reported in Schemes 1-5 involves an asymmetric 
synthesis of the chiral sulfinyl g r 0 ~ p . l ~  Stereospecific 
nucleophilic substitutions on the sulfinyl group is one 
of the best efficient methods which have been reported 
for asymmetric chemistry of sulfur a t o m ~ . ~ ~ J ~  In our 
case, it was the most convenient synthetic route because 
of its high stereospecificity and of its good chemical 
yields, and it offers the possibility of preparing optically 

(13) Patal, S. The Chemistry of Sulfinic Acids, Esters and their 

(14) Mikolajczyk, M.; Drabowicz, J. Top. Stereochem. 1982,13,435. 
Deriuatiues; John Wiley & Sons: Chichester, 1990. 

active sulfoxides, sulfinates, and sulfinamides from the 
same starting chiral compound13J4 (lR,2S,5R)-( -)-men- 
thyl (S)-4-bromobenzenesulfinate 1, directly obtained 
from 4-bromobenzenesulfonyl chloride (Scheme 1) ac- 
cording to the Sharpless's pr0~edure.l~ The S configu- 
ration of the sulfur atom of this pure crystalline 
diastereomer was deduced from its X-ray crystal struc- 
ture, which will be reported in a separate paper.16 
Optically active sulfoxide and sulfinamides 3, 2c, and 
2d were prepared from 1 and nucleophilic reagents 
H1&8MgBr, Hl&N(CH3)MgBr, and H25C12N(CH3)- 
MgBr, respectively (Scheme 1). To enhance the chemi- 
cal yields of these nucleophilic substitutions, it was 
necessary to use at  least 2.5 mol equiv of nucleophilic 
reagent, because only moderate yields were obtained 
when 1 mol equiv was used. To avoid racemization at 
sulfur under the conditions reported above, it was 
necessary to work at low temperature (for example, 
sulfoxide 3 is obtained optically pure by setting the 
temperature a t  - 76 "C). In the case of sulfinamides 
2c and 2d, even on increasing the reaction temperature 
to room temperature, only moderate yields were ob- 
tained (48% and 55% for 2c and 2d, respectively). 

Optically active sulfinates with a long alkyl chain at  
the sulfur atom 4a-e (n  = 4,6,8,10, 12) were prepared 
from (lR,2S,5R)-(-)-menthyl (S)-4-bromobenzenesulfi- 
nate 1 via an alcoholysis reaction of sulfinamide 2a or 
2b by primary alcohols H2n+lCnOH (n. = 4, 6, 8, 10, 12) 
using trifluoroacetic acid17 or boron trifluoride etherate 
l8 as catalysts (Scheme 1). However, it was found that 
the alcoholysis reaction of the sulfinamide 2a or 2b was 
much faster than that reported for the p-tolyl 
derivative,l7-l9 and it was also found that the stereo- 
selectivity was strongly dependent upon the reaction 
rate. Low rates, obtained by decreasing the tempera- 
ture to less than -30 "C, were found to give the highest 
enantiomeric excesses.16 

Terminal ethynyl compounds Sa-d, 9, and 13 were 
prepared by the coupling reaction of aryl bromides 6, 
9', and 12 with (trimethylsilyllacetylene (TMSA) using 
a palladium catalyst,20,21 followed by desilylation of the 
ethynyl group with tetrabutylammonium fluoride in 
aqueous tetrahydrofuran (Schemes 2 and 4).22 

To complete the synthesis of the tolane mesogens, a 
coupling reaction of chiral aryl bromide and terminal 
ethynyl compounds Sa-d using a palladium catalyst 
was used (Scheme 5). However, under the classical 
conditions previously published2OX2l for most catalytic 
reactions using a palladium catalyst and copper (I or 
11) as cocatalyst, the yield of the desired tolane was very 
poor ('10%) and the predominant compound was the 
diyne D (Table 12). To increase the yield of the catalytic 
coupling, the cases of the (S)-( -)-octyl 4-bromobenze- 
nesulfinate 4c (n  = 8) and of the terminal ethynyl 
compound Sb (m = 12) were studied under different 

(15) Klunder, J. M.; Sharpless, K. B. J .  Org. Chem. 1987,52,2598. 
(16) Cherkaoui, M. Z.; Nicoud, J. F., to be published 
(17) Mikolajczyk, M.; Drabowicz, J.; Bujnicki, B. J .  Chem. SOC., 

(18) Hiori, K.; Kitayama, R.; Shuko, S. Synthesis 1983, 1040. 
(19) Mikolajczyk, M.; Drabowicz, J.; Bujnicki, B. Tetrahedron Lett. 

1985,26, 5699. 
(20) Heck, R. F. Palladium Reagents in Organic Synthesis; Aca- 

demic Press: London, 1985. 
(21) Sonogashira, K.; Tohda, Y.; Hagihara, N. Tetrahedron Lett. 

1975, 4467. 
(22) (a) Nakamura, E.; Kuwajima,I Angew. Chem., Int. Ed. Eng. 

1976,15, 498. (b) Williams, R.; Aldous, D. J.; Aldous, S. J .  Chem. SOC., 
Perkin Trans. 1990, 1 ,  171. 

Chem. Commun. 1976, 568. 
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Table 8. Characterization of Sulfinates m-BTS-On 
m-BTS-On 

m-n lH NMR (200 MHz, CDC13) (6, ppm) 
anal. 

found (calcd) _ _  
10-4 8.15 {d; 53 = 8.90 Hz; 2H, H-(ArCOO)}, 7.70 {s, 4H, H-(ArSOO)}, 

7.61 {d; 53 = 8.70 Hz; 2H, H-(ArOCO)}, 7.24 {d; 53 = 8.70 Hz; 2H, 
H-(ArOCO)},6.98 {d;$ = 8.90 Hz;2H,H-(ArCOO)},4.05 {mc; 3H; 
(2H, CHz-0 and lH,  SOO-CH2-}, 3.62 {dt (ABXz), 52 = 9 . 6 2 , s  = 
6.42 Hz; lH, -SOO-CHZ-}, 1.83 {mc; 2H, C&-CHZ-O-Ph}, 1.65 
{mc; 2H, -SOO-CH~-CHZ-}, 1.30-1.60 {m; 16H, aliphatic (CHz)}, 
0.90 {t; 3 = 6.5 Hz; 6H, CHs-CHz-} 

1.30-1.60 {m; 20H, aliphatic (CHz)} 10-6 

10-8 

10-10 

10-12 

12-4 

12-6 

12-8 

12-10 

12-12 

16-4 

16-6 

16-8 

16-10 

16-12 

18-4 

18-6 

18-8 

18-10 

18-12 

1.30-1.60 {m; 24H, aliphatic (CH2)) 

1.30-1.60 {m; 28H, aliphatic (CHz)} 

1.30-1.60 {m; 32H, aliphatic (CHz)} 

1.30-1.60 {m; 20H, aliphatidCHz)} 

1.30-1.60 {m; 24H, aliphatic (CHz)} 

1.30-1.60 {m; 28H, aliphatic (CHz)} 

1.30-1.60 {m; 32H, aliphatic (CHz)} 

1.30-1.60 {m; 36H, aliphatic (CH2)) 

1.30-1.60 {m; 28H, aliphatic (CHz)} 

1.30-1.60 {m; 32H, aliphatic (CHz)} 

1.30-1.60 {m; 36H, aliphatic (CHz)} 

1.30-1.60 {m; 40H, aliphatic (CH2)} 

1.30-1.60 {m; 44H, aliphatic (CHz)} 

1.30-1.60 {m; 32H, aliphatic (CHz)} 

1.30-1.60 {m; 36H, aliphatic (CHz)} 

1.30-1.60 {m; 40H, aliphatic (CHz)} 

1.30-1.60 {m; 44H, aliphatic (CHz)} 

1.30-1.60 {m; 48H, aliphatic (CHz)} 

%C 73.18 (73.14) 
%H 7.40 (7.37) 
%O 13.88 (13.92) 
%S 5.66 (5.58) 

%C 73.68 (73.71) 
%H 7.79 (7.69) 
%O 13.22 (13.27) 
%S 5.36 (5.32) 
%C 74.28 (74.24) 
%H 8.00 (7.92) 
%O 12.59 (12.68) 
%S 5.14 (5.08) 
%C 74.50 (74.72) 
%H 8.39 (8.26) 
%O 11.98 (12.14) 
%S 4.63 (4.86) 
%C 75.15 (75.17) 
%H 8.57 (8.51) 
%O 11.60 (11.64) 
%S 4.57 (4.67) 
%C 73.77 (73.71) 
%H 7.83 (7.69) 
%O 13.24 (13.27) 
%S 5.16 (5.32) ' 

%C 74.28 (74.24) 
%H 8.07 (7.99) 
%O 12.59 (12.68) 
%S 5.01 (5.08) 
%C 74.74 (74.72) 
%H 8.34 (8.26) 
%O 12.14 (12.14) 
%S 4.83 (4.86) 
%C 75.22 (75.17) 
%H 8.60 (8.51) 
%O 11.55 (11.64) 
%S %C 4.51 75.38 (4.67) (75.58) 

%H 8.78 (8.74) 
%O 11.19 (11.19) 
%S 4.44 (4.48) 
%C 74.76 (74.72) 
%H 8.31 (8.26) 
%O 12.09 (12.14) 
%S 4.82 (4.86) 
%C 75.21 (75.17) 
%H 8.55 (8.51) 
%O 11.60 (11.64) 
%S 4.55 (4.67) 
%C 75.72 (75.58) 
%H 8.82 (8.74) 
%O 11.22 (11.19) 
%S 4.42 (4.48) 
%C 76.19 (75.96) 
%H 9.00 (8.95) 
%O 10.68 110.76) 
%S 4.24 (4.31) 
%C 76.37 (76.31) 
%H 9.21 (9.15) 
%O 10.29 (10.37) 
%S 4.08 (4.16) 
%C 75.11 (75.17) 
%H 8.57 (8.51) 
%O 11.65 (11.64) 
%S 4.52 (4.67) 
%C 75.69 (75.58) 
%H8.84(8.74) 
%O 11.09 (11.19) 
%S 4.48 (4.48) 
%C 76.19 (75.96) 
%H 9.07 (8.95) 
%O 10.80 (10.76) 
%S 4.28 (4.31) 
%C 76.37 (76.31) 
%H 9.18 (9.15) 
%O 10.40 (10.37) 
%S 4.09 (4:16) 
%C 76.60 (76.64) 
%H 9.41 (9.33) 
%O 10.06 (10.01) 
%S 3.98 (4.01) 
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Table 9. Optical Activity and Enantiomeric Excess of 
Sulfinates m-BTS-On (*, Deduced from Sulfinates 4a-e) 

Cherkaoui et al. 

m-BTS-On 
m-n  [aE3 C ;  CHzClz ee (8) 

10-4 
10-6 
10-8 
10-10 
10-12 
12-4 
12-6 
12-8 
12-8 
12-10 
12-12 
16-4 
16-6 
16-8 
16-10 
16-12 
18-4 
18-6 
18-8 
18-10 
18-12 

-42" 
-58" 
-56" 
-54" 
-44" 
-39" 
-59" 
-55" 
+69" 
-55" 
-46" 
-38" 
-56" 
-53" 
-54" 
-42" 
-37" 
-52" 
-49" 
-50" 
-38" 

1.31 
1.53 
1.42 
1.39 
1.24 
1.08 
1.48 
1.22 
1.77 
1.99 
1.35 
1.14 
2.32 
1.79 
1.56 
2.07 
1.28 
1.33 
0.96 
3.48 
2.18 

75* 
89 
88* 
85 
80 
75* 
90 
86 
99 
86 
80 
75* 
88* 
89 
86 
81* 
75* 
89 
88* 
85 
81* 

conditions (Table 12). The results obtained showed a 
large variation of the yield and of the reaction rate upon 
changing the temperature and the molar ratio of pal- 
ladium(I1) to  copper(I1) in the catalytic mixture. When 
this ratio was less than 1, the desired tolane could not 
be isolated, and the reaction solely gave a good yield of 
the diyne derivative. In the extremely case when no 
Cu(I1) catalyst was used, the reaction gave yields of 26% 
tolane and 5% diyne. However, when a Pd(II)/Cu(II) 
ratio between 10/1 and 4/1 was used, tolane was 
obtained with good yield (88-92%), and only a small 
amount of the diyne was observed. The other tolanes 
(sulfoxides and sulfinamides in Scheme 5) were isolated 
in lower yields (48-68%) than those obtained for the 
sulfinates. This may have been due either to their 
partial thermal degradation (it was necessary to hold 
the reaction at 80 "C because the sulfoxides and the 
sulfinamides were not isolated at 50 "C) or t o  the 
relative contamination of the palladium catalyst by the 
sulfur atom of the sulfinyl group which may inhibit the 
catalytic process. 

It must be noticed that under the conditions used for 
the coupling reaction, the enantiomeric excesses of the 
starting bromoaryl sulfinyl compounds were proved to 
be almost totally conserved. The determination of the 
enantiomeric excess (eel of most of the chiral sulfinyl 
compounds described above was performed by 'H NMR 
using 20-30% of tris[3-((heptafluoropropyl)hydroxym- 
ethylenel-(+)-camphoratoleuropium(III) [Eu(hfc)s, Ald- 
rich, 98%1 as chiral shift reagent. The best resolved 
signals were observed for the ortho aromatic protons of 
the phenylsulfinyl group. To enhance the resolution, 
they were decoupled with the meta ones. The induced 
shift as determined from this resolution (see, for ex- 
ample, Figure 1 in the case of the chiral sulfinate 4c, n 
= 8 )  allowed us a very accurate measurement. 

Mesomorphism and Thermal Behavior. Phase 
identification was carried out by means of optical 
microscopy, the corresponding optical textures being 
easily identifiable for each mesophase. The crystal-to- 
mesophase transition temperatures were determined by 
means of DSC (heating runs). 

Influence of the nature of the rigid core: To incorpo- 
rate the chiral center in the rigid core and on the basis 

9.2 9:1 (ppm) 9.2 911 (ppm) 

(a> (b) 
Figure 1. Proton NMR spectrum of the sulfinate 4c in a 
CDC13 solution with Eu(hfc)s. Signals of the ortho aromatic 
protons of the phenylsulfinyl group are decoupled with those 
of the meta ones: (a) in the case of the racemic compound; (b) 
in the case of the optically active one. 

Scheme 6 

11 

K-I 27.8 ' C 

12 -TS-012 ee = 81% 

K-I 76.8 'C 

ee = 80% 12 -BTS-012 

85.7'C * 101.9 'C 109.3OC 
SC - SA 1 K- 

8 -STSO12 ee = 81% 
69.7 'C K-I 

of the results already reported for the phenyl carboxy- 
late sme~togens,~~ the homologous phenyl benzenesulfi- 
nate 11 was preapred. However, no mesophase was 
detected, and the compound melts directly from the 
crystal to the isotropic liquid at 27.8 "C (Scheme 6). 

This may be due to the pyramidal structure of the 
sulfinyl group which causes the loss of the global 
linearity of the rigid core. To overcome this problem, 
the sulfinyl group was moved from the center to  one 
peripheral position of the rigid core which was then 
restricted to a diphenylethyne moiety. However, the 
resulting 12-TS-012 compound again did not present 
any mesophase (Scheme 6). Since the core length of the 
liquid-crystalline molecules has a strong influence on 
the thermal stability of the mesophase, the 12-TS-012 
core length was thought to be short, and we decided to 

(23) Demus, D.; Zaschke, H. Flussige Kristalle in Tabellen; VEB 
Deutscher Verlag fiir Grundstoffindustrie: Leipzig, 1974. 
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Table 10. Characterization of the Mesogenic Sulfoxide 12-BTS-8, of Mesogenic Sulfinamides 12-BTS-NP, m-BTS-N(Me)n, 
and of Nonmesogenic Sulfinates 

compound *H NMR (200 MHz, CDCl3) (6, ppm) 
12-BTS-8 8.10 {d; J = 8.75 Hz; 2H, H-(ArCOO)}, 7.71-7.58 {m; 6H, (4H-(ArSO) and 2H-(ArOCO)}. 

7.26 {d; 53 = 8.60 Hz; 2H, H-(ArOCO)}, 6.98 { d  53 = 8.75 Hz; 2H, H-(ArCOO)}, 
4.05 {t; 53 6.5 Hz, 2H; CH2-0}, 2.80 {t, 53 7.7 Hz; 2H, -CH2-S0}, 1.83 {mc; 2H, 
CH2-CH2-O-Ph}, 1.65 {mc; 2H, -CH2-CH2-SO-}, 1.20-1.57 {m; 28H, aliphatic 
(CHz)}, 0.88 {t; 53 = 6.5 Hz; 6H, CHz-CHz-} 

H-(ArOCO)}, 7.28 {d; 53 = 8.65 Hz; 2H, H-(ArOCO)}, 7.00 {d; 53 = 8.75 Hz; 2H, 
12-BTS-NI' 8.20 {d; 53 = 8.75 Hz; 2H, H-(ArCOO)}, 7.66 {4H, H-(ArSO)}, 7.60 {d; 53 = 8.65 Hz; 2H, 

H-(ArCOO)}, 4.10 {t; 53 = 6.5 Hz, 2H; CH2-0}, 3.42 {m; 2H, -CHz-N}, 3.05 {m; 2H, 
CH2-N}, 1.90 {mc; 6H, (2H; CHz-CH2-O-Ph; and 4H; CHz-CHz-N)}, 1.20-1.60 
{m; 18H, aliphatic (CHz)}, 0.90 {t; 53 = 6.5 Hz; 3H, CH~-CHZ-} 

8.20 {d; 3 = 8.70 Hz; 2H, H-(ArCOO)}, 7.70 {4H, H-(ArSO)}, 7.60 {d; 53 = 8.60 Hz; 2H, 

H-(ArCOO)}, 4.05 {t; 53 = 6.5 Hz, 2H; CH2-0) 3.12 {mc; 2H, -CHz-N}, 2.58 {s; 3H, 
N-CH3}, 1.85 {mc; 2H, CH2-CH2-O-Ph}, 1.60 {m; 2H, -CHz-CHz-N}, 1.15-1.55 
{m; 28H, aliphatic (CHz)}, 0.90 {t; 53 = 6.5 Hz; 6H, CHs-CH2-} 

12-BTS-NMe-8 
H-(ArOCO)}, 7.28 {d; 53 = 8.60 Hz; 2H, H-(ArOCO)}, 6.96 {d; 53 = 8.70 Hz; 2H, 

16-BTS-NMe-8 1.15-1.55 {m; 28H, aliphatic (CHz)} 

16-BTS-NMe-12 1.15-1.55 {m; 44H, aliphatic (CH2)) 

12-BTS-OMen 8.15 {d; 53 = 8.70 Hz; 2H, H-(ArCOO)}, 7.68 {4H, H-(ArSOO)}, 7.60 {d; 3 = 8.65 Hz; 2H, 
H-(ArOCO)}, 7.25 {d; 53 = 8.65 Hz; 2H, H-(ArOCO)}, 6.95 (d; 53 = 8.70 Hz; 2H, 
H-(ArCOO)}, 4.15 {td; 53 = 10 Hz, J4 = 4.5 Hz; lH, CH-0-(Men)}, 4.05 {t; 53 = 6.5 Hz, 
2H; CH2-0}, 2.28 {mc; lH, H-Men}, 2.15 {mc; lH, H-Men}, 1.86 {mc; 2H, CH2-CH2-O-Ph}, 
1.75 {mc; 2H, H-Men}, 1.2-1.6 {m; 23H, (CH2)aliph and H-Men}, 1.05 (d; 53 = 6.42 Hz; 3H, 
CH3 (i-Pr)}, 0.90 {m; 6H, CH3-CHz- and CHs(i-Pr)}, 0.75 {d; 53 = 6.9 Hz; 3H, CHs-Men)} 

4.35 {t; 53 = 6.6 Hz, 2H, CHz-0}, 4.06 (dt (ABXz), 53 = 9.6,53 = 6.45 Hz; lH, -SOO-CH2-}, 
3.65 {dt (ABXz), 52 = 9.6,53 = 6.45 Hz; lH, -SOO-CH2-), 1.80 {mc; 2H, CH2-CHZ-O-Ph}, 
1.65 {mc; 2H, -SOO-CH2-CH2-}, 1.30-1.55 (m; 36H, (CH2) aliph}, 0.90 {t; 53 = 6.5 Hz; 
6H, CH3-CH2-} 

H-(ArOSOz)}, 7.02 {d; 53 = 8.70 Hz; 2H, H-(ArOS02)}, 6.95 {d; 53 = 8.90 Hz; 2H, 
H-(ArS03-)}, 4.05 {mc; 3H; (2H, CH2-0 and lH, SOO-CHZ-}, 3.63 {dt (ABXZ), 
52 = 9.6 Hz, 53 = 6.4 Hz; lH, -SOO-CH2-}, 1.84 {mc; 2H, CHZ-CH2-O-Ph}, 
1.64 {mc; 2H, -SOO-CHz-CH2-), 1.20-1.55 {m; 28H, (CH2) aliph}, 0.90 {t; 53 = 6.5 Hz; 
6H, CH3-CHz) 

12-TS-012 8.05 (d; 53 = 8.7 Hz; 2H, H-(Ar)}, 7.72 {s, 4H, H-(ArSOO)}, 7.55 {d; 53 = 8.7 Hz; 2H, H-(Ar)}, 

8-STS-012 7.75 {d; 53 = 8.90 Hz; 2H, H-(hS03-)}, 7.67 {4H, H-(ArSOO)}, 746 {d; 53 = 8.70 Hz; 2H, 

Table 11. Characterization of the Optical Purity of 
Mesogenic Sulfoxides m-BTS-8, of Mesogenic 

Sulfinamides 12-BTS-NP and m-BTS-N(Me)n, and of 
Nonmesogenic Sulfinates (*, Deduced from Sulfinamides 

2b-d and Sulfoxide 3) 

compound [@I:' c ;  CHzClz ee (%)(*) 
12-BTS-8 +70" 
16-BTS-8 +68" 
12-BTS-NP +75" 
12-BTS-N(Me)-8 $9.3" 
16-BTS-N(Me)-8 +12.4" 
16-BTS-N(Me)-12 +17.3" 
12-BTS-OMen 
12-TS-012 
8-STS-012 

2.35 100 
1.24 100 
0.76 93 
0.86 
0.92 
0.58 

100 
81* 
81* 

increase it by adding a (phenylcarbony1)oxy group. The 
resulting 12-BTS-012 compound did exhibit the desired 
Sc* phase over a large temperature domain (Scheme 
6). The mesogenic character is due not only to the 
increase of the core length from two to three aromatic 
rings but also to the polar effect and to the planar 
structure of the linking carbonyloxy group -COO-. 
This is demonstrated by the fact that if the carbonyloxy 
group is replaced by a pyramidal sulfonyloxy group 
(such as 8-STS-012, for example; Scheme 61, the 
mesomorphic character is lost. 

To dampen the molecular rotation in the SC* phase, 
which is generally believed to decrease the value of the 
spontaneous polarization of ferroelectric mesogens bear- 
ing two alkyl chains, two compounds were synthesized 

anal. 
found (calcd) 

%C 76.42 (76.59) 
%H 10.06 (9.96) 
%O 9.54 (9.96) 
%S 4.82 (4.98) 

%C 74.25 (74.09) 
%H 7.63 (7.57) 
%N 2.29(2.34) 
%S 5.19 (5.32) 

%C 74.92 (75.07) 
%H 8.63 (8.56) 
%N 1.86 (2.09) 
%S 4.53 (4.76) 

%C 75.64 (75.88) 
%H 9.20 (9.01) 
%N 1.58 (1.92) 
%S 4.14 (4.40) 
%C 76.44 (76.58) 
%H 9.43 (9.39) 
%N 1.67 (1.79) 
%S 3.92 (4.08) 
%C 75.55 (75.40) 
%H8.32 (8.25) 
%O 11.76 (11.69) 
%S 4.58 (4.67) 

%C 76.67 (76.71) 
%H 9.76 (9.83) 
%O 8.16 (8.07) 
%S 5.32 (5.38) 

%C 69.22 (69.13) 
%H 7.95(7.83) 
%O 14.17 (13.82) 
%S 9.59 (9.59) 

(12-BTS-OMen and 12-BTS-NF') bearing the menthyl 
and pyrrolidinyl group respectively as bulky substitu- 
ents directly connected to the chiral center. For the 
menthylsulfinate 12-BTS-OMen, no mesophase was 
observed (Scheme 7). But for the sulfinylpyrrolidine 
derivative 12-BTS-NP, although no SC* phase was 
observed, a very interesting mesomorphic sequence 
occurred. Indeed, a blue phase was detected between 
the isotropic liquid and the cholesteric phase within a 
relatively large stability domain ( > 2  "C, Scheme 7). 

Role of the alkyl chain length: From the above 
examples, it is clear that, keeping the same aromatic 
core, the presence of two alkyl chains is necessary for 
the obtention of smectic phases. It was then interesting 
to study the influence of the number of carbon atoms 
in the alkyl chains upon the thermal stability of the Sc* 
phase for the m-BTS-On series. For that aim, a series 
of 20 m-BTS-On sulfinate derivatives were synthesized 
and analyzed systematically. They were not obtained 
with the same enantiomeric excess (Table 9); only the 
members with the same chiral center (the same alkyl 
chain on the sulfinyl group) had approximately the same 
enantiomeric excess. Thus, to avoid a possible effect of 
the enantiomeric excess, only the mesomorphic proper- 
ties as a function of the number m of carbon atoms in 
the alkyl chain (in para position relatively to the 
carbonyloxy group) were compared quantitatively. The 
20 m-BTS-On sulfinates were classified in the following 
five families: m-BTS-04, m-BTS-06, m-BTS-OS, m- 
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Table 12. Catalytic Coupling Reaction of Sulfinate 4c with Terminal Acetylenic Compound 8b by Varying the PdCu 
Ratio in the Catalytic Mixture 
iPPh3),PdCldCuiOAc), 

Ar1-r + b-C=C-H Etapq,to,uene Ar,-c=c-Ar2 + Ar2-c=c-c=c-Ar2 
4C 8b 12-BTS-OS D 

yield of reaction 
n4e (mol) n8b (mol) npph, (mol) npd" (mol) ncu" (mol) T ("c) 12-BTS-08 yield ofD duration 

1 1.2 0.1 0.01 0.01 60 < l o  50% 7 h  
1 1.2 0.1 0.01 0.00 60 26 <5% 12 h 
1 1.2 0.1 0.02 0.01 60 60 20% 4 h  
1 1.2 0.1 0.02 0.005 80 92 < 1% 45 min 
1 1.2 0.1 0.04 0.005 50 90 < 1% 
1 1.2 0.1 0.01 0.02 80 0 75% 3 h  
1 1.2 0.1 0.05 0.005 50 88 < 1% 2 h  

2 h 30 min 

Scheme 7 

12 -BTS-OMen ee = 100% 
109.8'C K-I 

12 -BTS- NP ee = 93% 
104.5 "C 120.4'C 122.5 ' C 

K - N * - B P - I  

BTS-010, and m-BTS-012. "heir respective transition 
temperatures and enthalpies are shown in Table 13, and 
the transition temperatures reported as a function of 
peripheral alkyl chain length are shown in Figures 2-6. 

The general thermotropic sequence observed for the 
compounds m-BTS-On is crystal (K), smectic C* (&*I, 
smectic A (SA), isotropic liquid (I). Mesophases were 
identified by comparison with textures reported in the 
literaturez4 (focal-conic fan texture for SA phases, and 
striated focal-conic fan texture for SC* phases) and by 
X-ray diffraction experiments. 

For the m-BTS-04 homologous series, with four 
carbon atoms on the sulfinyl group, only a SA phase is 
observed for which the largest stability domain is 
obtained when m = 12 (Figure 2). However, with six 
carbon atoms in the sulfinyl chain, a Sc* phase occurs 
besides the SA phase; it is monotropic for m = 10 and 
enantiotropic for the other members of the m-BTS-06 
homologous series (Figure 3). The stability domain of 
the SC* phase is the largest when m = 12 and decreases 
significantly in size by increasing the value of m. It has 
to be noticed that the highest thermal stability of the 
SA mesophase is obtained from m = 10. In the case of 
the m-BTS-08 homologous series, all the members 
exhibit both stable SC* and SA phases (Figure 4). As 
for the m-BTS-06 series, the highest thermal stability 
of SC* and SA phases is still obtained for m = 12 and m 
= 10, respectively. This behavior is also observed for 
the two m-BTS-010 and m-BTS-012 series (Figures 
5 and 6). However, increasing the value of m in these 
series causes a large reduction of the SA stability domain 
while the SC* stability domain is not greatly affected. 

(24) Gray, G. W.; Goodby, J. W. Smectic Liquid Crystals; Textures 
and Structures; Leonard Hill; Heyden & Son: Philadelphia, 1984. 

From the general observation of these phase diagrams 
(Figures 2-6), it is interesting to note that with a short 
alkyl chain on the sulfinyl group (n  = 4,6) the SA phase 
is well stabilized. Increasing the p-carbonyloxy chain 
leads to a large reduction of the Sc* stability domain 
(case n = 61, while the SA stability domain is not 
significantly affected. On the contrary, when n is equal 
to 10 or 12, the SA stability domain decreases with 
increasing the p-carbonyloxy chain length, and the SC* 
phase presents a good stability for all the members of 
the two series. The intermediate case is illustrated by 
the m-BTS-08 series. 

Similar effects were deduced from X-ray measure- 
ments. The lamellar spacing in the SC* phase for the 
m-BTS-06 homologous series (Figure 7) varies as a 
function of temperature from 34.9 to 38.3 A for m = 12, 
while with increasing m, the amplitude of this variation 
is smaller (from 43.2 to 44.9 A for m = 16 and from 47.1 
to 48.8 A fo rm = 18). The corresponding tilt angles 0 
(Figure 8, calculated with the relation cos 0 = dsc*/ 

are smaller for m = 16, 18 than that for m = 12. 
This unusual effect showing the tendency for the tilt 
angle to be smaller as a function of increasing the chain 
length, can be correlated to  the thermal stability domain 
of the SC* phase which is larger for m = 12 than that 
for the higher terms of the series (Figure 3). On the 
contrary, for the m-BTS-010 and m-BTS-012 homolo- 
gous series, where the SA stability domain decreases 
with increasing the alkyl chain length m, the amplitude 
of variation of the lamellar spacing d from SA t o  Sc* 
upon temperature is more important (Figures 9 and 10). 
This corresponds to a strong increase of the tilt angle 
for m > 10 (Figures 11 and 12). For the intermediate 
case of the m-BTS-08 series where the SA phase 
exhibits the same stability as in the case of the IS-BTS- 
0 8  and I6-BTS-OB members (Figure 41, the cor- 
responding tilt angles are equal at the same T - Tac 
(Tat = SC*-SA transition temperature; Figure 13). 
Within this series, it is interesting to note that the 
highest stability domain of the SA phase for IO-BTS- 
0 8  corresponds to the smallest tilt angle far from the 
&*-SA transition. 

Thus, the above study suggests that the tilt angle of 
the m-BTS-On molecules within the SC* layers is 
directly driven by the nature of the corresponding 
thermotropic sequence. In fact, as a function of increas- 
ing m, the tilt angles increase when the SA thermal 
domain becomes smaller, besides a good stability of the 
Sc* domain. 

The above variation of the stability of the SA and Sc* 
phases observed inside the m-BTS-On sulfinate series 

(25) Guillon, D.; Skoulios, A. J .  Phys. Paris 1977, 38, 79. 
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Table 13. Transition Temperatures ("C) and Transition Enthalpies (kJ mol-') of the m-BTS-On Sulfinates 
m-BTS-On m-n T(K-Sc*) ("C) AH(K-Sc*) (kJ mole1) T(SA-SC*) ("c) T(SA-I) ("C) AH(SA-I) (kJ mol-') 

10-4 
12-4 
16-4 
18-4 
10-6 
12-6 
16-6 
18-6 
10-8 
12-8 
16-8 
18-8 
10-10 
12-10 
16-10 
18-10 
10-12 
12-12 
16-12 
18-12 

89.23 (K-SA) 
80.75 (K-SA) 
94.83 (K-SA) 
98.47 (K-SA) 
88.4 
86.86 
94.72 
93.64 
77.90 
81.51 
88.99 
87.35 
81.40 
84.04 
92.32 
95.70 
81.84 
85.70 
93.42 
93.43 

40.09 
41.72 
50.75 
56.03 
40.03 
43.87 
58.65 
65.94 
42.57 
45.06 
50.31 
52.83 
40.90 
46.93 
59.83 
66.65 
44.30 
48.74 
59.13 
64.53 

1 

60 I 1 
K 

10 12 14 16 18 m 
Figure 2. Transition temperatures as a function of m for the 
m-BTS-04 series. 

I '  ' I  

K 

< 
12 14 16 18 m 6o 10 

Figure 3. Transition temperatures as a function o f m  for the 
m-BTS-06 series. 

may also be due to a conjugated effect between the two 
alkyl chains and their respective conformations. In fact, 
the values of transition enthalpies for the m-BTS-On 
sulfinate homologs given in Table 13 are different for 
two compounds having globally the same number of 
carbon atoms. For example, the 16-BTS-06 and 12- 
BTS-010 compounds, both having 22 carbon atoms in 
their alkyl chains, exhibit crystal-to-mesophase transi- 
tion enthalpies of 58.6 and 46.9 kJ  mol-l, respectively. 
This may indicate that the crystal-to-mesophase transi- 
tion enthalpies, corresponding to the melting of the two 
alkyl chains, are not additive and suggest distinct effects 
from the two alkyl chains at the transition. We cannot 

87.1 (monotropic) 
98.9 

100.7 
95.4 
88.9 

100.6 
102.7 
101.75 
93.5 

102.25 
106.5 
106.4 
91 

102.95 
107.7 

118.35 
118.6 
121.55 
116.4 
117.9 
116.5 
114.6 
113.5 
114.9 
113.1 
113.8 
115.2 
111.9 
112.9 
111 
108.1 
111.25 
108.5 
108.2 
107(Sc*-I) 

4.33 
4.34 
4.56 
4.62 
3.27 
4.88 
5.67 
5.47 
4.54 
5.11 
3.58 
3.37 
4.47 
5.50 
6.18 
7.20 
5.51 
5.66 
7.43 
7.00 

120 c I 

t 
0 loo- 
e 
h 

80 - 

60 
10 12 16 18 l4 m 

Figure 4. Transition temperatures as a function of m for the 
m-BTS-08 series. 

Figure 5. Transition temperatures as a function of m for the 
m-BTS-010 series. 

exclude also the possibility of different crystalline 
structures with different energies, according to the 
homologue considered. However, we are not able to  
demonstrate these effects a t  a molecular scale since we 
don't know at this time the crystalline structure of the 
m-BTS-On mesogens. 

Effect of the nature of the sulfinyl group: As men- 
tioned above, this work was also focused on the effect 
of the nature of the sulfinyl group, the unique source of 
chirality of the synthesized mesogens. Thus, with 
preserving the same molecular architecture as for the 
m-BTS-On smectogen sulfinates, a number of sulfox- 
ides and sulfinamides were synthesized, having two 
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1 
10 12 16 18 

l4 m 
Transition temperatures as a function of m for the Figure 6. 

m-BTS-012 series. 

48t 
1 

h A n  

-8 -4 0 4 8 

Figure 7. Smectic A layer spacing as a function of tempera- 
ture for the members of the m-BTS-06 series. 

0 I 
-8 -4 0 4 8 

T - Ts;- s, ('C) 
Figure 8. Temperature dependence of the tilt angle of the 
molecules in the SC* phase for the members of the m-BTS- 
0 6  series. 

peripheral alkyl chains linked to a (benzenecarbonyll- 
oxy tolane rigid core. 

The two synthesized sulfoxides (m-BTS-8; m = 12, 
16) exhibit the Sc* phase (Scheme 8). However, in 
comparison with the m-BTS-On sulfinates, the thermal 
stability domain of the SC* phase is smaller, the K-Sc* 
transition temperature being higher than 120 "C and 
the two compounds undergoing degradation (in isotropic 
state for m = 12 and in the SC* phase for m = 16). 

Spectacular effects on the thermotropic sequence are 
observed when the sulfoxide group is changed with 
N-methyl sulfinamide. For the 12-BTS-N(Me)-8 sul- 
finamide, the crystal-to-mesophase transition tempera- 

e 

w m = 1 0 -  
e m = 1 2  
a m = 1 6 .  
% m = 1 8  

-20 -10 0 10 

T -  Ts C * - S A m  

Figure 9. Smectic A layer spacing as a function of tempera- 
ture for the members of the m-BTS-010 series. 

. -- 
d h 42 

d m = l O  
e m = l 2  

e e  

I 
40 c i  t ! t 

-20 -10 0 10 

T - Tsc* - SA(OC) 

Figure 10. Smectic A layer spacing as a function of tempera- 
ture for the members of the m-BTS-012 series. 

I I I 

2ol 
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-20 - 10 0 10 
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Figure 11. Temperature dependence of the tilt angle of the 
molecules in the SC* phase for the members of the m-BTS- 
010 series. 

ture decreases strongly, the SC* phase is not observed, 
and a SB phase is detected and well characterized 
between the crytalline and the SA phase (Scheme 9). 
Extending the p-carbonyloxy alkyl chain from 12 to 16 
carbon atoms does not induce any Sc* phase and the 
same thermotropic sequence is obtained. However, the 
increase of the sulfinyl alkyl chain length from 8 to 12 
carbon atoms leads finally to  the occurrence of the Sc" 
phase (Scheme 9 and Table 14). 

If the large diminution of the crystalline-to-mesophase 
transition temperature obtained when going from the 
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Figure 12. Temperature dependence of the tilt angle of the 
molecules in the SC* phase for the members of the m-BTS- 
012 series. 

sulfoxide to the sulfinamide mesogens can be under- 
stood, since sulfinamides have generally lower melting 
points than sulfoxides, the occurrence of the SB phase 
inside the sulfinamide series remains still unexpected. 
Indeed, due to the lateral steric effects, a lateral group 
(as the methyl group connected to the sulfinyl's nitrogen 
atom) should generally stabilize the tilted phases pref- 
erentially to the orthogonal ones. Further studies are 
required to clarify this phenomenon. 

Conclusion 

In this paper, we have demonstrated the possibility 
of obtaining ferroelectric smectic C* phases with mol- 
ecules containing a sulfinyl group as unique chiral 

Scheme 8 

12 *BTS-8 ee = 100% 
120.3'C * 125.2'C 148.7 "C K - S ~ - S A + - - ) I  

16 -BTS- 8 
126.8 "C * 

ee = 100% 

K- Sc - degradation 

Scheme 9 

m--BTS- NMe-n 

45.1 "C 65.6 C 108.3'C n=8;m=12: K-SB-SA -1 

48.8 C 80.8 a c 108.9 'C 

75.1 'C * 103.9 " C  

n=8;m=16: K- SB- SA - 1 

111.2 "C 37.4 "C SA- 1 S B Y S C  - n =  12;m= 16: K- 

Table 14. Transition Enthalpies (kJ mol-') of the 
12-BTS-8 Sulfoxide and of the m-BTS-N(Me)n 

Sulfinamide Compounds 
A?f (kJ mol-') 

compound K-Sc* (K-SB) %-SA (SB-SC*) %*-SA SA-I 
12-BTS-8 35.03 0.058 6.40 
12-BTS-N(Me)-8 (14.36) 1.54 1.52 
16-BTS-N(Me)-8 (19.27) 4.22 4.57 
16-BTS-N(Me)-12 (6.21) (6.74) 6.04 

center. No degradation or racemization was detected 
with the chiral m-BTS-On sulfinate mesogens, even 
when these compounds were heated for a few hours in 
the isotropic phase. Thanks to such a good stability, 
the sulfinate compounds have been then investigated 
for their electrooptical properties. Large spontaneous 
polarization (up to 300 nC/cm2) and short response times 
(down to a few microseconds) were measured; the 
results of these electrooptical studies will be published 
in a forthcoming paper. 
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