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Synthesis and Stereochemical Characterization of Isotactic
Poly(3-methyl-2-vinylpyridine)
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ABSTRACT: The oligomers prepared by initiation of 3-methyl-2-vinylpyridine by the lithium salt of
2-ethyl-3-methylpyridine and terminated with CH,I or 1*CHj,l were separated by HPLC and analyzed by 'H
and ®*C NMR and by GC. The methylation stereochemistry changes from predominantly racemic (75%) for
the dimer to predominantly meso (70-80%) for the trimer and higher oligomers. The stereochemistry of vinyl
addition is predominantly meso (87-92%) for all degrees of polymerization. The stereochemistry of the polymer
(P3M2VP) was analyzed by using the C, and Cy carbon spectra of the PSM2VP prepared by anionic and
radical (AIBN) initiation and by a comparison of the stereochemistry of the chain end and the chain of anionic
P3M2VP. The anionic PAM2VP is predominantly isotactic (~80%). The substantially larger isotactic content
of PBM2VP compared to that of poly(2-vinylpyridine) prepared under identical conditions is consistent with
the presence of a helical chain conformation resulting from an interaction of the 3-methyl with the penultimate

pyridine ring,.

Introduction

We have in recent years reported on the stereochemistry
of oligomers and polymers of 2- and 4-vinylpyridines.'™’
The studies on the oligoemrization processes have provided
a significant understanding of some of the factors con-
trolling the stereoregulation process in 2-vinylpyridine.
Furthermore, we have carried out !H and *C NMR studies
on the carbanion intermediates of the living polymer of
2-vinylpyridine.5° Studies on the Li salts of dimer, trimer,
and tetramer models of living oligo-2-vinylpyridine have
demonstrated the existence of E and Z geometric isomers
1, the E/Z ratio being about one. The studies also show
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that the E and Z geometric isomers do not interconvert
on the polymerization time scale but may be intercon-
verted upon addition of the monomer, depending on the
transition-state monomer conformation (Scheme I). The
E/Z ratio of one in the Li/THF system indicates that both
modes (s-cis and s-trans) of monomer presentation occur
with approximately equal probability. This would mean
that two distinct carbanion intermediates are simultane-
ously propagating in the polymerization process, somewhat
analogous to a two-state Coleman~Fox mechanism.!!
Examination of Scheme I raises the possibility of ma-
mpulatmg the mode of monomer presentation to the
growing polymer chain end. Quite posmbly, the placement
of a substituent at the 3-position in 2-vinylpyridine may
favor the s-cis addition over the s-trans addition to the
propagating chain end because of steric constraints. A
monomer of this type would be 3-methyl-2-vinylpyridine
(3M2VP).12 The simplest model of the corresponding
carbanion intermediate of poly(3-methyl-2-vinylpyridine)
is (2-ethyl-3-methylpyridyl)lithium (2) capable of existing
as E and Z isomers (eq 1). Proton and **C NMR studies
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of this model’® show the presence of the Z isomer only and
therefore demonstrate the dramatic effect of a substituent

Scheme 1
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in the 3-position. Unlike 2-vinylpyridine, monomer ad-
dition in this case is expected to occur in s-cis fashion to
produce a Z carbanion intermediate. This may profoundly
affect the stereochemistry of polymerization.

As a result the anionic polymerization of 3-methyl-2-
vinylpyridine and stereochemical characterization of
poly(3-methyl-2-vinylpyridine) (PSM2VP) is of interest.

Experimental Section

Monomer Synthesis. The monomer was synthesized ac-
cording to equation 2.

™
\@‘l 1. n-Buli NaOH ON
2.HCO 3. HsO 15 ‘C/20 min

To a THF solution of n-BuLi (9.8 X 1072 mol) under high
vacuum was added 8.7 X 1072 mol of 2,3-lutidine at room tem-
perature. The orange color of the carbanion was immediately
perceptible. The reaction was allowed to proceed for 1 h with
constant degassing and then cooled to —78 °C.

The formaldehyde was added by decomposing paraform-
aldehyde with a heat gun and distilling it into the carbanion
solution, until the color disappeared. After protonation (CH;OH)
and removal of the THF, the residue was dissolved in 100 mL
of deionized water of pH 9 and the solution was extracted three
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Figure 1. HPLC chromatogram of oligomers of 3-methyl-2-
vinylpyridine (3M2VP).

times with ether. After drying and removal of the ether, the
2-(3-methyl-2-pyridyl)ethanol was collected by vacuum distillation.
Yield was 40%. 'H NMR: 2.30 (s, 3 H), 2.95 (t, 2 H), 3.87 (t,
2 H); 7.06 (g, 1 H), 7.50 (d, 1 H), 8.28 ppm (d, 1 H).

The dehydration reaction was carried out by adding 0.30 g of
powdered NaOH and a trace amount of tert-butylcatechol to 1.87
g of the alcohol and refluxing the mixture for 20 min at 115 °C.12
The crude reaction product mixture was dissolved in 30 mL of
water (pH 9) and extracted three times with ether. After removal
of the ether, the product was collected by vacuum distillation.
The yield was 50%. 'H NMR: 2.22 (s, 8 H), 5.50 (q, 1 H), 6.30
(q,1 H),6.93 (q, 1 H), 7.18 (g, 1 H), 7.58 (d, 1 H), 8.40 ppm (d,
1 H).

Prior to oligomerization or polymerization the monomer was
purified by distillation once over CaH; and once over a potassium
mirror on the high vacuum line.

Oligomerization and Polymerization of 3-Methyl-2-
vinylpyridine. All oligomerization and polymerization reactions
were carried out by using high vacuum (10°-10° mmHg) breakseal
techniques.? Oligomers and polymers were prepared according
to eq 3, by slow distillation of monomer onto the rapidly stirred
initiator solution, followed by termination by '°*C-enriched
(97-99%) CH,l. The oligomers were worked up by first removing
the THF, dispersing the residue in deionized water (pH ~9), and
extracting with diethyl ether. The oligomer product mixture was
separated by preparative liquid chromatography. Poly(3-
methyl-2-vinylpyridine) was precipitated by slowly adding a
concentrated THF solution into hexanes. Poly(3-methyl-2-
vinylpyridine) was also synthesized by using AIBN as the initiator
in benzene at 60 °C.

Chromatography. An “Altex” Model 332 programmable
gradient system, fitted with a constant wavelength UV detector
(254 nm), was used for all preparative separations. The columns
used were Lobar (E Merck) with 40~63 Li Chro-prep Si60 silica
gel. Solvent gradient elution was carried out with hexane (A) and
4:1 CH,C1,-CH;0H mixture (B), starting at 10% B to 60% B over
a period of 120-300 min, depending on the sample. For best
separation a flow rate of 5 mL/min was used. For stereoisomer
separations about 100-200 mg of the sample was used.

A temperature programmable Hewlett-Packard Model 5880A
instrument equipped with a flame ionization detector was used
for all gas chromatographic analyses. The columns used were
either a 25- or a 50-m SE-54 silicone gum (Hewlett-Packard) with
a temperature limit of 350 °C. Helium was used as the carrier
gas.

NMR Characterization. 'H and 3C NMR spectra were
obtained on either a JEOL FX-100 instrument or Nicolet NT-300
NMR spectrometer. For ¥C NMR spectra a 45° flip angle was
used. Also, the effect of relaxation time was determined by
changing the pulse delay.

Results
In order to obtain information on the stereochemistry
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Figure 2. Proton NMR spectrum (100 MHz) of racemic dimer
4 in CD,0D at 25 °C (upfield methyl doublet Ef not shown).

of poly(3-methyl-2-vinylpyridine), the stereochemistry of
its oligomers is of interest (eq 3). The racemo dimer 4

ﬁ
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and isotactic trimer 5 are easily separated (Figure 1). The
products were identified by 'H and *C NMR spectroscopy
and capillary gas chromatography. The relative propor-
tions of stereoisomers in the oligomers were found to be
the same in both the crude reaction product and after
purification by extraction with diethyl ether. This is in
agreement with results obtained for oligomers of
2-vinylpyridine.®

Oligomer Stereochemistry. The 100-MHz 'H NMR
spectrum of the racemo isomer of dimer 4 obtained by
liquid chromatography of the reaction product is shown
in Figure 2. The methylene signal is a doublet of doublets.
This is interpreted as due to two equivalent protons that
exhibit two different couplings (Jag and Jup) to the
methine protons, as observed for racemo-2,4-diphenyl-
pentane (8)!3 and racemo-2,4-bis(4-pyridyl)pentane (9).1¢
The doublets in turn are split by the °C of the labeled
methyl end group. The chemical shifts and coupling
constants of the racemo dimer 4 are compared with 8, 9,
and 2,4-dimethyl-2,4-bis(4-pyridyl)pentane (10°) in Table
I. The two sets of peaks for Hy are due to one of the
methyl groups being 99% enriched (!Jyc ~ 127 Hz).
Capillary gas chromatographic analysis showed a 75/25
racemo,/meso distribution of sterecisomers in dimer 4. The
same proportion of stereoisomers was found in the anal-
ogous system of 2-(3-methyl-2-pyridyl)-4-(2-pyridyl) pen-
tanelgrepared by methylation of the corresponding lithium
salt.

The 300-MHz 'H NMR spectrum of isotactic trimer 5,
isolated by preparative liquid chromatography, is shown
in Figure 3. The methylene protons are nonequivalent
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Table I
Chemical Shifts and Coupling Constants (Hz) for Racemo
2,4-Disubstituted Pentanes®

Hy NO )

J CH3
PcHa(E)

SOlV temp, °C CH3 HA HA’ JAB JA’B ref

4 CD;OD 25 1.15 2.31 231 7.5 6.5 this work
8§ CCl, 35 1.15 1.88 1.88 10.0 5.0 13
9 CDCl, 25 1.17 189 189 78 175 14

10 CDzOD 25 1.16 2.37 2.37 5

% Parts per million downfield from TMS.

Table II
'H Chemical Shifts (ppm) and Coupling Constants (Hz) of
Methylene Groups for Isotactic 5, 11, and 12
solv temp, °C HA HB JAB JBD JBC ref

5§ CD,0D 25 197 234 132 6.0 6.6 this work
12 CDCl, 25 190 217 135 79 83 1

11 CCl, 70 169 1656 7.4 172 16
e He
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"
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300 MHz ' H NMR spectrum of isotactic trimer in CD,00 ot 25° C

Figure 3. Proton NMR spectrum (300 MHz) of isotactic trimer
5 in CD;0D at 25 °C.

(A and B protons) as observed for the isotactic isomers of
2,4,6-triphenylheptane (11)!€ and 2,4,-tris(2-pyridyl)hep-
tane (12).! The splitting pattern of the methylene protons
is consistent with that of the isotactic isomer of 5. The
results are compared in Table II.

The splitting pattern is slightly complicated by the
coupling of one of the methylene protons with the 3C-
labeled methyl group (three-bond coupling constant, Jyc
~ 4 Hz). Capillary gas chromatography of the trimer
product shows the presence of three stereoisomers. The
GC peaks integrate as mm (62.6%), mr and rm (30.5%),
and rr (6.9%). The isotactic and heterotactic isomer as-
signments are confirmed by 'H and *C NMR spectros-
copy.

Chain-End Stereochemistry. In order to determine
the stereochemistry of poly(3-methyl-2-vinylpyridine) the
chain end stereochemistry of the oligomers and the poly-
mer is important.!” Scheme II shows that the stereo-
chemistry of methylation is given by the meso (racemic)
content f,, (f) of the last dyad (eq 4). The stereochemistry
of the penultimate dyad provides information on the
distribution of the fraction X,, and X, of the active sites
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Figure 4. Carbon-13 (25 MHz) NMR spectra (CD;0D at 25 °C)
of oligomers 4-7 terminated with 3CH,I: (a) dimer; (b) trimer;
(c) tetramer; (d) pentamer.

Scheme 11

H H R

m- ‘SCHa
R R H
mr

fm = mm <+ rm (42)

foo=mr +rr=i-fy, (4b)

Xm = mm +mr (5a)

Xpzrm +rr (5b)
Table ITI

13C Methyl Chemical Shifts for Tetramers 5, 12, and 13°
chemical shifts

mm rm rr mr
6 20.42 21.13 21.78
13 20.30 20.85 21.60 22.30
14 20.40 20.85 22.60 23.00

¢Parts per million downfield from TMS.

preceded by meso or racemic chain ends (m™ and r~ re-
spectively) (eq 5).

The NMR spectra of the 3C-labeled methyl end groups
of 4, 5, 6 and 7 are shown in Figure 4. The end group
assignments of 4 and 5 were made by isolation of the pure
stereoisomers followed by 13C NMR analysis. The tetramer
6 end group assignments are made by comparison with the
isotactic and heterotactic trimer 5 and also with the aid
of a chromatographed sample of tetramer that was 80%
isotactic as determined by GC. The stereochemical as-
signments for 6 are in good agreement with the previous
assignments for 2,4,6,8-tetrakis(2-pyridyl)nonane (13)!? and
2,4,6,8-tetrakis(4-pyridyl)nonane (14)' and are compared
in Table III. The methyl end group assignments of the
pentamer 7 were made by comparison with the lower ol-
igomers.
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75 MHz '°C NMR spectra of C-I3 enriched methyl end group of poly
(3-methyl-2-vinylpyridine) in CD,OD at 25° C.
Figure 5. Carbon-13 NMR spectrum (75 MHz) of 3CHj-
terminated P3m2VP in CD;0D at 25 °C.

Table IV
13C NMR Chemical Shifts for the Methyl End Groups of 4,
5, 6, Poly(3-methyl-2-vinylpyridine) (P3M2VP), and
Poly(2-vinylpyridine) (P-2VP) Determined in CD;0D at
25 °C at 25 and 75 MHz

chemical shifts

mm rm rr mr
5 20.88 21.84
6 20.42 21.13 21.78
7 20.56 21.00 21.24 21.73
P3M2VP 20.60 21.05 21.20 21.72
P2vP 20.2 211 21.8 22.8

¢ Parts per million downfield from TMS.

Table V
Stereochemistry of Chain End, Methylation, and Last Vinyl
Addition for 4, 5, 6, 7, and Poly(3-methyl-2-vinylpyridine)

methyla- stereo-

tion chemistry

stereose-  last vinyl

lectivity addition

mm mr rr rm  fn F Xn X

4 025 0.75

5 063 024 007 006 069 031 087 013
6 069 020 .. 0.11 080 020 0.89 0.11
7 060 022 0.04 014 074 026 082 0.18
P3M2VP 0.76 0.16 0.02 0.06 0.82 0.18 0.92 0.08

The 3C NMR assignments for the end group of poly-
(3-methyl-2-vinylpyridine) were made by comparison with
the end group spectra of the oligomers and are shown in
Figure 5. In Table IV, the 3C NMR chemical shifts are
listed for the methyl end groups of 5,6,7,poly(3-methyl-
2-vinylpyridine), and poly(2-vinylpyridine). The results
are in good agreement with the corresponding spectra of
poly(2-vinylpyridine).}” The 75-MHz *C NMR spectrum
for the end group of poly(3-methyl-2-vinylpyridine) shows
a better triad stereochemical resolution. Definitive as-
signments of the higher n-ads are not clear at present.
However, the triad information provides us with the
stereochemistry of methylation (f,, and f,) and the last
vinyl addition (X,, and X,). In Table V, the chain end
stereochemistry of the methylation is given as well as that
of the last vinyl addition for 4,5,6,7, and poly(8-methyl-
2-vinylpyridine).

Polymer Stereochemistry, The C, region of poly(3-
methyl-2-vinylpyridine) prepared at —78 °C in THF in the
presence of Li ion is shown in Figure 6. The stereo-
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Figure 6. Carbon-13 NMR spectrum (75 MHz) of the C, region
of poly(3-methyl-2-vinylpyridine) in CD,0D at 25 °C.

‘ Table VI
Tacticity of PSM2VP Prepared by Anionic and Radical
Initiation

P3M2VP (anionic) P3M2VP (radical)

Cz C3 caled® Cg Cg/ Cg + Cg'
mmmm 0.72
rmmr } 0.82 } 076 8'(1); } 0.43 } 0.43
mmmr .
mmrm } 0.20 0.12 0.78
mmrr 0.01 ’ } 0.35
mrmr 0.17 0.03 0.01 0.57
rmrr 0.00 ’
mrrm 0.01
mrrr 0.01 » 0.01 0.00 } 0.22 } 0.22
rrrr 0.00

¢Calculated values by Bernoulli trial using P, = 0.92.

chemical assignments are made on the basis of a Bernoulli
trial mechanism'® using a P,, value (P,, = fraction of meso
dyads of the chain) of 0.92 obtained from Table V. The
isotactic pentads are quite close together as was also ob-
served for polystyrene!® and the polyvinylpyridines.?® The
mm-centered pentads are occurring downfield from the
mr-centered pentads as was also observed for poly(2-
vinylpyridine) and the chemical shift dispersity for these
two pentads is also similar.

These assignments can be supported by comparison with
the spectrum obtained for poly(3-methyl-2-vinylpyridine)
synthesized by using radical initiation (T'able VI). The
isotactic content of the radically (AIBN) initiated polymer
is significantly lower than P3M2VP prepared by anionic
polymerization. The mr and rr peaks overlap, however and
their individual integration is not possible. Interestingly,
the Cy’ region, shown in Figure 7, shows a peak at 19.0 ppm
for poly(3-methyl-2-vinylpyridine) obtained radically and
not for the anionically initiated polymer. This peak is
assigned to the rr triad and is easily integratable. The
resulting triad distribution of the two polymers is shown
in Table VI and is compared with the triad tacticities of
poly(3-methyl-2-vinylpyridine) and poly(2-vinylpyridine)
in Table VII. Substitution of the methyl group at the
3-position of the pyridine ring results in a significant in-
crease in the isotactic content of poly(3-methyl-2-vinyl-
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Figure 7. Carbon-13 NMR spectrum (25 MHz) of the C, region
of poly(3-methyl-2-vinylpyridine) in CD;0D at 25 °C.

Table VII
Triad Tacticity of Poly(3-methyl-2-vinylpyridine) and
Poly(2-vinylpyridine)
solv/T mm mr rr

poly(3M2VP) anionic (Li*) THF/-78°C  0.83 0.16 0.01
poly(8M2VP) radical benzene/60 °C 0.43 0.35 0.22
poly(2-VP) anionic (Li*) THF/-78 °C  0.44 0.47 0.09
poly(2-VP)®  radical toluene/60 °C 0.24 0.51 0.25

¢See ref 21.

pyridine) over poly(2-vinylpyridine) prepared under an-
ionic or radical conditions.

Discussion

Methylation. The sharp reversal in stereochemisry of
methylation in going from dimer to trimer is in sharp
contrast to that of the corresponding 2-vinylpyridine
system and is to our knowledge unprecedented. In the
latter case the stereochemistry of methylation of the Li
and Na salts of the living oligomers—polymer is predom-
inantly meso (>95%) and independent of the degree of
polymerization. This has been explained by a strong in-
tramolecular coordination of the pro-meso metal ion by
the penultimate pyridine nitrogen. Such a coordination
of metal ion in the present system is highly unlikely as a
result of steric hindrance due to the penultimate 3’-methyl
group as was demonstrated by the stereochemistry of
methylation of 1-lithio-1-(2-pyridyl)-3-(3’-methyl-2-
pyridyl)butane!® that is virtually identical with that of
dimer 4 (Table V). As a result the methylation stereo-
chemistry is actually reversed, the racemic or racemic-like
isomer being preferred (~75%). The contrasting meso-
selective methylation of the trimer anion of 3M2VP
therefore must be due to other factors. Inspection of CPK
space-filling models of the oligomeric anions indicate a
preference for a helical —tgtg—- type conformation as a result
of the interaction of the 3’-methyl with the penultimate
pyridine ring.

The models also indicate that the pro-meso prochiral
face of the carbanion is much less hindered than the
pro-racemic face. As a result the large solvated lithium
ion is expected to preferentially associate with this less
encumbered face, and the cation-side methylation there-
fore results in a meso dyad.

Vinyl Addition. A similar rationale should apply in
this case. Thus cation-side attack of the monomer on the
helical propagating chain should lead to the formation of
predominantly isotactic chains the degree of stereoselec-
tivity being somewhat higher perhaps as a result of the
somewhat more sterically demanding transition state
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compared to that for methylation. It can be seen from the
models that the preferred s-cis monomer conformation
should be readily incorporated as a Z anion whereas the
E carbanion formed as a result of s-trans addition is ex-
pected to disrupt the helical conformation.

The large difference in stereochemistry between vinyl
addition and methylation of dimer 4 remains puzzling but
is not implausible since mesolike addition of s-cis monomer
should give rise to the conformationally preferred helix.
The greater isotactic content in the case of the radical
polymerization of 3-methyl-2-vinylpyridine compared to
that of 2-vinylpyridine lends some support for the pro-
posed helical growth. However, in this case the polym-
erization was carred out at 60 °C. At 60 °C the monomer
conformation is probably shifted toward the s-trans form
contributing to the lesser stereoselectivity. Radical po-
lymerization at low temperatures should help in clarifying
this point.

Interestingly PSM2VP prepared by radical polymeri-
zation gives a persistence ratio, p, of 1.37 whereas that of
the anionic polymer is 1.02.2 Barring incorrect assign-
ments of triads the former polymer is thus non-Bernoul-
lian showing a tendency toward stereoblock characteristics.

The satisfactory correspondence of the stereochemistry
of the chain end and that of the chain itself in the case of
the anionically prepared polymer is of interest. Such a
correspondence is further evidence for the occurrence of
Bernoullian statistics.'"?? A process of this type would be
consistent with the participation of only one type of geo-
metric isomer (Z) in the polymerization process. Thus the
participation of both E and Z isomers, each propagating
according to Bernoullian statistics, has been shown to lead
in general to non-Bernoullian and non-Markoffian chains.?
However, the occurrence of non-Bernoullian statistics for
the polymer prepared by radical initiation is not well-un-
derstood. These problems are being studied further.

Conclusions

In contrast to 2-vinylpyridine the anionic polymerization
of 3-methyl-2-vinylpyridine in the presence of Li ion gives
rise to highly isotactic oligomers and polymers. The tac-
ticity of the polymer is probably due to a helical polymer
conformation caused by nonbonded interactions due to the
3’-methyl group. Whether such a helical conformation is
stable enough to allow the preparation of optically active
polymers resulting from macromolecular asymmetry as for
instance in the case of poly(trityl methacrylate)?*? is not
known.
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ABSTRACT: Alkyl 4-[(4-alkoxybenzoyl)oxy]benzoates (with C,—C,, alkyl and alkoxy groups) are monotropic
compounds which melt directly to isotropic liquids. Twin liquid crystalline compounds, TLCC’s of [(alk-
oxybenzoyl)oxy]benzoic acid have been synthesized. The TLCC with methoxy end groups and trioxyethylene
spacer is weakly mesogenic, but replacement of the methoxy with an n-butoxy end group results in a smectic
mesophase. With the decamethylene spacer, the TLCC with a methoxy end group shows a nematic mesophase,
whereas the compound with n-butoxy end groups exhibits both smectic and nematic mesophases. The latter
has much higher ordered liquid crystalline states than the former. The polymeric TLCC’s with n-butoxy
end groups and M,, = 650 poly(THF) and M,, = 725 poly(propylene oxide) spacers display weak liquid crystalline
order with only one mesophase transition. Decreasing the M,, of the poly(propylene oxide) spacer to 425 resulted
in much stronger liquid crystalline order, exhibiting both smectic and nematic phases. It is suggested the
microphase separation due to dissimilar solubility parameters can be an important contributing factor toward

mesophase formation.

Introduction

Several types of twin liquid crystalline compounds
(TLCC’s) have been synthesized and characterized re-
cently.)® Most were prepared by coupling two mesogenic
units with an aliphatic spacer, usually (CH,), (n = 2-12).
The thermodynamic data show an even—odd effect for n.
The purpose of this work is 2-fold. First, we demonstrate
that coupling of two promesogenic (PM) units with either
monodisperse (CH,), or (CH,CH,0), spacers yielded
TLCC’s. Second, we show that twin liquid crystalline
polymers (TLCP’s) can be obtained by coupling the same
PM cores with «,w-dihydroxy-terminated poly(THF) and
poly(propylene oxide) (poly(PPQ)).

Experimental Section

Materials. 4-Methoxybenzoyl chloride, 4-butoxybenzoyl
chloride, 4-hydroxybenzoic acid, ethanol, propanol, decanediol,
and triethylene glycol were all obtained from Aldrich Chemical
Company. 4-Methoxybenzoyl chloride was distilled at 117-118
°C/14 mm, 4-butoxybenzoyl chloride was distilled at 160 °C/8
mm, and 4-hydroxybenzoic acid was dried at 85 °C in vacuo for
1 h, mp 215-217 °C. Ethanol and propanol were refluxed with
magnesium and distilled. Decanediol was vacuum dried at 60 °C
for 5 h. Triethylene glycol was dried over anhydrous MgSO, and
distilled at 137 °C/0.5 mm. a,w-Dihydroxy-terminated poly(THF)
(MW 650) and poly(PPQO) (MW 425 and 725) were obtained from
Polyscience, Inc.

4-[{4-Alkoxybenzoyl)oxy]benzoic acids were prepared by re-
action of the appropriate 4-alkoxybenzyl chloride with 4-
hydroxybenzoic acid in pyridine at 0 °C for 20 h. The products
were precipitated with dilute aqueous HCIl, washed to neutrality
with distilled water, and recrystallized. The compounds have the
literature thermotropic transitions: 4-[(4-methoxybenzoyl)-
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oxy]benzoic acid (T = 210 °C, Ty_; = 270 °C);? 4-(4-butoxy-
benzoxy)benzoic acid (Tx_;, = 160 °C, Ty, ; = 260 °C).2
4-[(4-Alkoxybenzoyl)oxy]benzyl chloride was obtained by re-
fluxing the corresponding acid in an excess of purified thionyl
chloride. After vacuum removal of all volatile substances, the
products were used without further purification. Their melting
points are in agreement with literature values: {[(4-methoxy-
benzoyl)oxy]lbenzoyl chloride (T, = 140 °C); [(4-butoxy-
benzoyl)oxylbenzoyl chloride (T, = 78 °C).

Synthesis. Promesogens were prepared by reaction of 1 equiv
of the appropriate 4-[(4-alkoxybenzoyl)oxy]benzoyl chloride
dissolved in dry dioxane with 1.5 equiv of alcohol. The reaction
mixture containing excess pyridine was refluxed overnight and
then was poured into stirred distilled water. The precipitated
product was washed in succession with 3% aqueous HCI, aqueous
NaHCO;, and water and was purified by preparative thin-layer
chromatography on silica. Samples used for optical and thermal
studies were homogeneous on thin-layer chromatography. These
compounds exhibit intense infrared absorptions at 1730 and 1715
cm! for the aryl benzoate and alkyl benzoate carbonyls, re-
spectively, and at least five bands in the C-O stretch region from
1000 to 1300 cm™.. The structures of the four promesogens are
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The procedure described above for promesogens was also used
here with the a,w-diols (decane-1,10-diol and triethylene glycol),
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