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The synthesis and structure of 1,3,4-trisubstituted
2,5-dioxopyrrolidines and their behaviour in liquid crystalline
systems

A. 1. GALATINA*, L. G. DERKACH, H. D. KILIMENCHUK,
R. V. KONDRATYEVA, N. S. NOVIKOVA and JU. K. JAROVOY

A. V. Bogatsky Physical-Chemical Institute of the National Academy of Sciences
of Ukraine, 86 Lustdorfskaya doroga, 270080 Odessa, Ukraine

(Received 11 December 1998; in final form 14 March 2000; accepted 4 April 2000)

To find novel compounds for liquid crystalline mixtures with improved properties, a series of
optically active 1,3,4-trisubstituted 2,5-dioxopyrrolidines has been prepared. Their structure
was confirmed by IR spectroscopy. The twisting ability of the compounds prepared was studied.

1. Introduction

Many liquid crystal compounds are known which
have six membered heterocyclic rings containing nitrogen:
pyridines, pyrimidines, bipyridines, 1,2,4-triazines, etc.
[1,2]. With the purpose of obtaining novel effective
materials, we have prepared compounds with the
2,5-dioxopyrrolidine ring in the structures of potentially
mesogenic molecules. The series is obtained from
(R,R)-(+)-tartaric acid and we have studied the changes
in their mesogenic properties. The synthesis of these
optically active cyclic 1,3,4-trisubstituted 2,5-dioxo-
pyrrolidines extends the use of cyclic imides in the search
for novel chiral dopants for liquid crystalline compositions
for optoelectronic applications.

2. Synthesis of 1,3,4-trisubstitute d
2,5-dioxopyrrolidines
The compounds (13-21) are of general formula

and were prepared by the reaction between the appro-
priate acid chlorides (5-12) and the N-substituted imides
of (R,R)-(+)-tartaric acid (1-4) (see scheme 1).

The starting imides of (R,R)-(+)-tartaric acid were
synthesized as a rule, by reactions based on the well
known procedure of heating primary amines with

* Author for correspondence e-mail: physchem@paco.net

(R,R)-(+)-tartaric acid [3]. This reaction required both
high temperature and intensive stirring. The groups R’
were introduced through the acid chlorides R'COCI
which were often derived from 4-substituted benzoic
acids as their skeleton is mesogenic in nature [4].

The structures of all compounds prepared were care-
fully checked by elemental analysis, IR spectroscopy and
NMR spectroscopy. For the N-substituted imides, two
intense vibrational absorptions occur in the infrared
region at 1780-1705c¢cm ™! corresponding to symmetric
and antisymmetric carbonyl valence vibrations. Other
characteristic frequencies of the imides prepared corre-
sponded to data for analogous compounds described in
[5]. The results were confirmed by the elemental analyses.
These previously unreported esters (13—21) exhibited
satisfactory elemental analyses and consistent spectral
properties. In every instance intense vibrations were
present in the IR region at 1735 cm ™! (carbonyl stretching )
and at 1705 and 1606 cm ™! (phenyl ring vibration). The
esters are colourless and their optical rotations were
determined; the results are shown in the experimental
section.

3. Behaviour of the 1,2,4-trisubstitute d
2,5-dioxopyrrolidiness in the liquid crystalline systems
Investigations of the 1,34-trisubstituted 2,5-dioxo-

pyrrolidines mesogenic characteristics were carried out
by polarizing microscopy. It was shown that the com-
pounds prepared give no liquid crystal mesophases.
However, they have a high optical activity and therefore
an investigation of their ability to induce helical twisting
in achiral liquid crystal compositions (twisting power)
was undertaken. Two industrial compositions in which
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Scheme 1. Synthesis of the (R,R)-(+)-N-substituted-3,4-disubstituted-pyrrolidin-2,5-diones

the compounds investigated have a good solubility were (1)
used as achiral matrices. The first composition (matrix A)
based on cyanobiphenyls has a very high polarity. The
second matrix (matrix B) does not have a high polarity
and is composed of phenylpyrimidines and has the (2)
transition temperatures shown below in scheme 2.
The twisting powers (f) of the dopants studied were
measured in the nematic phase of matrix A at room
temperature and in both the smectic C and nematic phases (3)
of matrix B at 40 and 60°C, respectively, which corre-
spond to these phases. The results of the measurements
are listed in the table and shown in figures 1 and 2.
As can be seen from figures 1 and 2, the concentration
dependences of the inverse helical pitch have a linear
character for the range of concentrations of the chiral
dopants investigated. The twisting power of all the
dopants has an identical sign (the left helix is induced),
but their values are different.
From the table and figures 1 and 2, the following
points may be made.

Compounds 16 and 17 which have the cyclohexyl
group on the N-atom possess the highest values
of the twisting power (f;,=0.237mkm™!/%;
Bi6e=0.220 mkm™1/%).

The replacement of the cyclohexyl ring on the
N-atom by the phenyl ring leads to considerable
decrease of the twisting power (compounds 13, 14
and 15).

A relatively small change of the actyl fragment,
namely introduction of a ~CH,— group between
the cyclohexyl and phenyl rings, also decreases the
p value (fi5< B7)- The twisting power values of
the N-substituted 2,5-dioxopyrrolidines may now
be compared to those of the well known com-
mercial dopant ‘Luch-15—the (+)-2-methylheptyl
ester of terphenyldicarboxylic acid (compound 22)
[7], dimethyl (2R,3R)-(+)-2,3-di-[4-(4-propyl-
cyclohexyl)benzoyloxyltartrate (compound 23)
and dimethyl (2R,3R)-(+)-2,3-di-(4-hexadecyloxy -
benzoyloxy)tartrate (compound 24).
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Scheme 2. Transition temperatures for matrix B and composition (wt %) of matrices A and B.

Table. Helical twisting power of some derivatives of
(R,R)-(+)-tartaric acid in matrices A and B. N = nematic;
SmC = smectic C.

Optically active Twisting power f/

dopant Matrix ~ Mesophase mkm™'/%

13 A N 0.070
14 A N 0.095
15 A N 0.127
16 A N 0.220
17 A N 0.237

B N 0.167

B SmC 0.051
18 A N 0.137

B N 0.125

B SmC 0.037
22 A N 0.180
23 A N 0.067
24 A N 0.037
25 A N 0.070
26 A N 0.018

(4) As shown in the table and figure 1, the twisting
powers of all the nitrogenous derivatives of tartaric
acid are higher than the twisting power of the
non-nitrogenous derivatives.

The p-values of derivatives of cholesterol namely
cholesteryl perlargonate (25) and cholesteryl chloride
(26) are also given in the table for comparison. As can
be seen, the f-values of the derivatives of cholesterol are
considerably lower than those of the compounds under
study.

1up
Jmkm’
1,0

08
06
0,4

1

02

0,0

0 1 2 3 4 5 6 C/%

Figure 1. Dependence of the inverse helical pitch on the
concentration of chiral dopant in matrix A. The line
numbers correspond to compound numbers, whose
composition is given in scheme 1 and §3.

As also shown in figure 1, the concentration dependence
of the N-containing derivatives of (R,R)-(+)-tartaric acid
is generally higher than for the O-containing compounds
just mentioned.

Special note should be taken of the results obtained
using the smectic C phase of matrix B (figure 2). Besides
the decrease of the f-value in comparison with the
nematic phase by a factor of approximately three times
more, entirely different threshold concentration values (C,)
arise for the same matrix depending on the molecular
structure of the chiral dopant.
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Figure 2. Dependence of the inverse helical pitch on the
concentration of chiral dopant in the nematic and smectic

phases of matrix B for the compounds 17 and 18.
(N = nematic phases, SmC = smectic phases).

For the compound 17 the threshold concentration is
5.5% and for compound 18 it is 2.5%. The threshold con-
centration values correlate with the degree of diminution
of the twisting power values in the smectic phase as
shown by the values of fiy and f in the table. The
observed threshold character of formation of the helical
structure in the smectic C phase, as well as the correlation
between the threshold concentration and twisting power
values in both phases, is in agreement with results of other
work [8] and support the model of limited anisotropic
chiral interactions in the smectic phase.

4. Experimental
4.1. Analysis

The compounds obtained were purified by column
chromatography on neutral alumina or silica gel. Their
purity was proved by thin layer chromatography.

Confirmation of the structures of the intermediates
(imides of (R,R)-(+)-tartaric acid) was obtained by NMR
spectroscopy (Bruker AM-250 MHz spectrometer) with
tetramethylsilane as internal standard and by infrared
spectroscopy (Specord-75 IR).

The specific rotations [«]2° were measured using a
spectropolarimeter ‘Polamat A’ and 10 wt % solutions
of the compounds in methanol, ethanol or chloroform.

The helical pitch measurements were made by the
Cano method using a polarizing optical microscope
‘Polam-P 320 and a cell with controlled heating.

4.2. Synthesis of (3R,4R)-(+ )-1-o-tolyl-
3,4-dihydroxypyrrolidin-2,5-dione (1)
To a rapidly stirred solution of (30.0 g, 0.2 mol) of
(R,R)-(+)-tartaric acid in 10 ml of water (21.4 g, 0.2 mol)
of o-toluidine was added dropwise at approximately

90°C. After the addition, the reaction mixture was heated
for 5h at 125-130°C. The resulting solid was crushed
and crystallized from toluene. Purification by column
chromatograph y on silica gel (eluent : hexane) afforded the
desired (3R,4R)-(+)-1-0-tolyl-3,4-dihydroxypyrrolidin-
2,5-dione (1), (63% yield), as a yellow crystalline solid,
m.p. 189-190°C; [a]¥= + 130°C (c= 10 wt %, C,H;OH).
Found, C 60.02, H 5.01, N 6.09; C,;H,;;NO, requires
C 59.73, H 498, N 6.33%. IR v, (KBr): 3200 (OH);
1775, 1710 (C=0 str.); 1260, 1010 (C—N)cm ™~ !. NMR:
(CDCly): 2.27-2.38 (3H, s, CH;), 4.58 (H, d, CH), 5.45
(H, d, OH), 7.1-7.5 (4H, m, C4H,) ppm.

4.3. Synthesis of (3R,4R)-(+ )-1-m-tolyl-
3,4-dihydroxypyrrolidin-2,5-dione (2)

(R,R)-(+)-Tartaric acid (30.0 g, 0.2 mol) was treated
with m-toluidine (21.4 g, 0.2 mol) as described for the
preparation of 1—see §4.2. Crystallization from ethanol—
water (2:1) led to the desired product, (2) (47% yield),
a yellow powder, m.p. 171°C; [oJ20 = + 180° (c = 10 wt %,
C,H,OH). Found, C 59.92, H 5.03, N 6.12; C;;H,,NO,
requires C 59.73, H 4.98, N 6.33%. IR: v, (KBr): 3550,
3400 (OH); 1775, 1705 (C=0); 1230, 1080 (C—N)cm ™.
NMR: ¢, (CDClLy): 2.4 (3H, s, CH;), 4.62 (H, d, CH),
6.4 (H, d, OH), 7.2-7.3 (4H, m, C,H,) ppm.

4.4. Synthesis of (3R,4R)-(+ )-1-p-tolyl-
3,4-dihydroxypyrrolidin-2,5-dion e (3)

Compound (3) was prepared from (R,R)-(+)-tartaric
acid (45.0 g, 0.3 mol) and p-toluidine (32.1g, 0.3 mol)
by the same procedure used for the preparation of
compounds 1 and 2 in 82% yield, m.p. 269-272°C;
[a]2° = +133° (¢ = 10 wt %, C,H;OH). Found, C 60.00,
H 5.01, N 6.05; C,;H;;NO, requires C 59.73, H 4.98,
N 6.33%. IR: v,,.(KBr): 3600, 1200 (OH); 1775, 1700
(C=0); 1200, 1050 (C-N)cm ~ 1. NMR: 6, (CDCl,): 2.38
(3H, s, CH,;), 4.55 (H, d, CH), 6.4 (H, d, OH), 7.4-7.33
(4H, dd, C,H,,) ppm.

4.5. Synthesis of (3R,4R)-(+ )-1-cyclohexyl-
3,4-dihydroxypyrrolidine-2,5-dion e (4)

The solid prepared from the reaction of (R,R)-(+)-
tartaric acid and cyclohexylamine was crushed and
purified twice by crystallization from ethanol/water
(2:1). The desired imide (4) was obtained as a dark
yellow crystalline solid in 38% yield, m.p. 183—-184°C,
[o]2°= + 109.76° (c= 10 wt %, C,H;OH). Found, C 56.62,
H 7.07, N 6.26; C,,H;5NO, requires C 56.34, H 7.04,
N 6.57%. IR: v_,. (KBr): 3500 (OH), 1680 (C=0), 1240
(C-N)cm~ L.

max (

4.6. Synthesis of acid chlorides (5-12)
The acid chlorides (6,7, 11,12) were prepared by a
well-known reaction [7] from the corresponding acid
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and an excess of thionyl chloride, isolating the products
by removing the volatile excess of thionyl chloride. The
residual acid chlorides were employed for the ester-
ification reactions without additional purification. The
acid chlorides 5, 8,9, 10 were prepared by the method
of ref [4], by-passing the acid stage. Their analysis data
are as follows:
4-(4-Propylcyclohexy )benzoyl chloride (5), 70% yield,
m.p. 26°C. Found, C 72.00, H 7.58, CI 14.00; C,,H,, C1O
requires C 72.57, H 7.89, Cl 13.70%.
4-(4-Butylclohexyl)benzoyl chloride (8), 39% yield,
b.p. 163°C/2mm Hg. Found, C 73.31, H 8.31, Cl 12.89;
C,,H,;CIO requires C 73.25, H 8.26, Cl 12.75%.
4-(Butylcyclohexylmethyl)benzoyl chloride (9), 60%
yield, b.p. 158-160°C/2 mm Hg. Found, C 73.67, H 8.62,
Cl 12.20; C,3H,5CIO requires C 73.85, H 8.55, C1 12.14%.
4-(4-Pentylcyclohexylmethy 1) benzoyl chloride (10), 42%
yield, m.p. 30°C. Found, C 74.53, H 891, Cl 11.64;
C,oH,,ClO requires C 74.39, H 8.81, C1 11.58%.

4.7. Synthesis of (3R,4R)-(+ )-1-substituted-
3,4-disubstituted-pyrrolidin-2,5-dione s (13-21)

A solution of the acid chloride (5-12) (8.5mmol)
in 20cm?® dry diethyl ether was cooled to ~0°C. To
this solution, with rapid stirring, a solution of the
(3R,4R)-(+)-1-substituted-3,4- dihydroxypyrrolidin-3,5 -
dione (4.25mmol) in dry pyridine (8.5cm?) was slowly
added dropwise. The reaction mixture was then stirred
at room temperature assessing the end of reaction by
TLC (eluent: DM PA/chloroform, 3:1). The solvent was
then removed under a slight vacuum and the residue
taken up in ether. Following washes with water (three
times), the ether layer was dried over MgSO, and the
solvent evaporated. The residual product was crystallized
from ethanol/water (3:1) and then from toluene. The
resulting data are:

(3R,4R)-(+ )-1-m-tolyl-3,4- di-[ 4-hexyloxybenzo yloxy |-
pyrrolidin-2,5-dione (13), 28% yield, as a white powder,
m.p. 167-168°C, [alZ’ = +66.5° (10 wt% in CHCI,).
Found, C 70.84, H 6.89, N 2.01; C;;,H,;NOg requires
C 70.59, H 6.84, N 2.22%. IR: (KBr): 1710, 1700, 1680,
1150 cm 1,

(3R, 4R)-(+ )-o-tolyl-3,4-di-[4-(4-propylcyclohexy|)-
benzoyloxy Jpyrrolidin-2,5-dione (14), (43% yield), as a
white powder, m.p. 176°C, [«]2°= + 65.3° (10 wt % in
CHC,). Found, C 76.62, H 7.57, N 1.79; C,;Hs;NO,
requires C 76.21, H 7.53, N 2.06%. IR: v KBr) 1770,
1730, 1690cm ™ 1.

(3R,4R)-( + )-p-tolyl-3,4-dioctyloxyp yrrolidin-2,5-dione
(15), (41% yield), as a white powder, m.p.45°C,
[o]2°= + 78.70° (10 wt % in methanol). Found, C 69.44,

max(

H 8.63, N 2.79; C,,H,;NOg requires C 69.46, H 8.58,
N 2.79%. v..(KBr) 1765, 1730, 1700, 1160 cm ~ !,

(3R,4R)-(+ )-1-cyclohexyl-3,4-di-[4-(4-propylcyclo-
hexyl)benzoyloxy [pyrrolidine-2,5-dion e (16), as a white
powder, (57% yield), m.p.220°C, [«]2°= +65.34°
(10 wt % in CHCl;). Found, C 75.80, H 82.26, N 1.81;
C,,H;sNOy requires C 7534, H 822, N 2.09%.
Voax (KBr) 1790, 1720, 1700, 1155¢cm ™.

(3R,4R)-( + )-1-cyclohe xyl-3,4-di- [ 4-(4-bu tylcyclohexy )-
benzoyloxy Jpyrroli dine-2,5-dione (17), as a white powder,
4% yield, m.p.161°C, [«]2°= +113.6° (10 wt% in
CHC,). Found, C 76.15, H 8.51, N 1.69; C,,Hs,NOg
requires C 75.75, H 8.46, N 2.01%. v KBr) 1790,
1720, 1700, 1160 cm 1,

(3R,4R)-(+ )-1-cyclohexy I-3,4-di-[ 4-( 4-butylcyclohexyl-
methyl)benzoyloxy Jpyrrolidine-2,5-dion e (18), as a white
powder, 51% yield, m.p.138°C, [«]2°= +1258°
(10 wt% in CHCI;). Found, C 76.49, H 8.74, N 1.61;
C,sHesNOg requires C 76.14; H 8.69, N 1.93%.
Voax (KBr) 1795, 1745, 1695, 1200 cm ~ 1.

(3R,4R)-( + )-I-cycloh exyl-3,4-di-[ 4-(4-p entylcyclohex yl-
methyl)benzoyloxy Jpyrrolidine-2,5-dion e (19), as a white
powder, 34% yield, m.p.168°C, [a]2°= +78.25°
(10 wt % in ethanol). Found, C 76.87, H 8.22, N 1.58;
C,sHeNOy requires C 7649, H 890, N 1.86%.
V. (KBr) 1785, 1710, 1690, 1200 cm ~ .

(3R,4R)-(+ )-1-cyclohexyl-3,4-di-[ (4-pent-3-enyl)-
benzoyloxy Jpy rrolidine-2,5-dione (20), as a white powder,
44% vyield, m.p.40.8°C, [a]2°= +78° (10wt% in
CHC,). Found, C 73.62, H 7.04, N 2.23; C;,H;4NOg
requires C 73.25, H 7.00, N 2.51%. v KBr) 1785,
1720, 1690, 1200 cm ™~ 1.

(3R,4R)-(+ )-cyclohexyl-3,4-di-( 3-phe nyl-2-cyanoprop -
2-enoyloxy)pyrrolidin-2,5-dione (21), as a white powder,
67% yield, m.p. 25.0°C, [«]Z° = +88° (10 wt % in CHCI,).
Found, C 69.19, H 4.85, N 7.75; C;,H,sN;Og requires
C 68.85, H 4.78, N 8.03%.

max(

max(
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