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Thermotropic liquid crystals are materials of great scientific
and technological importance,! Many diverse classes of molecules
exhibit thermotropic mesophases;?™ these molecules share the
properties of being highly anisotropic (and frequently rod shaped),
polar, and rigid to a greater or lesser degree. As might be ex-
pected, therefore, the majority of synthetic liquid crystals have
one or several aromatic rings and are of relatively high molecular
weight (more than 200 Daltons). We have recently discovered
that the Schiff bases of simple polyene aldehydes exhibit liquid
crystalline phases at temperatures close to ambient; these have
the lowest molecular weights of any simple monomeric organic
liquid crystals yet reported.

The new liquid crystals are condensation products of the polyene
aldehyde 2,4,6-octatrienal® and straight-chain aliphatic amines
C,Hns1y)NH,. The Schiff bases were formed by combination
of equimolar quantities of the aldehyde and amine in acetonitrile
at room temperature; they precipitated from solution within 5 min.
They were readily purified by vacuum sublimation, which if
necessary was repeated until consistent and narrow (half-width
less than 2°) phase transitions were obtained by differential
scanning calorimetry (DSC). The compounds were also char-
acterized by solution and solid-state NMR spectroscopy. In
appearance the crystalline materials are white to off-white pla-
telets, which tend to discolor on exposure to light and air but are
stable for months under nitrogen at —20 °C.

The Schiff bases formed from propylamine up to at least no-
nylamine pass through viscous fluid anisotropic phases on heating,
before clearing to isotropic liquids. Measurements of the phase
transition temperatures were made by DSC and confirmed by
optical microscopy through crossed polarizers on a microscope
hot-stage melting point apparatus. The transition to the mesophase
on raising the temperature is usually rather difficult to observe
microscopically, since the microcrystalline aggregates retain their
shape on a slide until pressure is applied to the cover slip, upon
which viscous flow is observed. However, the expected endo-
thermic crystalline-smectic transition is observed calorimetrically.
On cooling from the clearing point on the microscope hot-stage,
characteristic “palm frond”, “fan”, and occasional “Maltese-cross”
textures are obtained. The observed textures are very similar for
all of the C,4 to C,q amine Schiff bases and persist unaltered until
crystallization commences; the mesophases often supercool up to
25 °C below the true melting point. Repeated heating and cooling
result in some decomposition of the sample and was therefore
avoided.

The phase transition temperatures for compounds of alkyl chain
length C,-C,, are plotted in Figure 1. The methylamine and
ethylamine Schiff bases melt directly to an isotropic phase and
no mesomorphism is observed. The propylamine Schiff base melts
to a smectic phase with a very narrow temperature range, which
is readily observed via DSC but is almost invisible microscopically.
On cooling on a glass slide, a transition to a pseudoisotropic
(homeotropic) presumably smectic liquid-crystalline phase (Figure
1) is observed; the texture of this phase is markedly different from
those of the higher homologues of the series; the mesophase could
usually be supercooled to at least 10 °C below its nominal tran-
sition temperature. For the higher homologs, the width of the
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Figure 1. Melting and clearing points for the Schiff bases formed be-
tween 2,4,6-octatrienal and aliphatic amines and the phase transition
temperatures being plotted against number of carbons in the aliphatic
chain: (Q) crystalline-smectic transition temperature and (@) crystal-
line/smectic—isotropic transition temperature.
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liquid-crystalline phase at first increases with chain length (Figure
1) and then narrows again; the decylamine Schiff base melts
directly to an isotropic phase but shows a monotropic smectic phase
on cooling. The general dependence of the phase transition
temperatures is reminiscent of that observed in the alkylbenzoic
acids;? for example, a marked odd—even chain-length dependence
is observed for the melting points but not for the clearing points.
Both the textures and the viscosity of the materials are charac-
teristically smectic and are consistent with a simple smectic A
structure; no evidence for nematic phases or smectic—smectic phase
transitions could be observed from the textures.

As part of our efforts to understand the structure of these
materials, we have synthesized butylamine Schiff bases both
specifically deuterated on the o position of the alkyl residue and
perdeuterated on the alkyl chain. Solid-state NMR spectra have
been obtained for both of these compounds as a function of tem-
perature. Below the melting point we observe, for the 1,1-d,
derivative, a Pake doublet with a splitting of 117 kHz and a T}
of approximately 5 s, consistent with an essentially immobile
methylene residue. The perdeuterated compound shows two
splittings of 38 and 121 kHz, attributed, respectively, to the three
methyl and six methylene deuterons on the alkyl chain. Above
the clearing point we observe the expected isotropic spectrum. The
spectrum obtained for the 1,1’-d, Schiff base in the smectic phase
at 63 °C is shown in Figure 2b. A Pake doublet splitting of 38.8
kHz is observed, reduced by about a factor of 3 from the rigid
lattice value. The perdeuterated Schiff base (which was somewhat
less pure) under the same conditions shows three splittings of 38.8,
16.6, and 11.9 kHz and a strong central line; we tentatively assign
the two smaller splittings to the 8 and v deuterons, respectively,
and we believe the central peak is a combination of an unresolved
methyl group splitting, presumably due to a very low-order pa-
rameter for the methyl group C, axis and isotropic impurities. The
largest splitting (for the « position) is consistent with motional
narrowing via rotation of the C-D bond axis approximately
perpendicular to the molecule long axis, combined with some
additional segmental mobility. The C-2 and C-3 splittings are
probably further reduced by segmental mobility, presumably
trans—gauche isomerization. These preliminary deductions are
consistent with an expected molecular structure based on standard
bond lengths and angles. The line shape indicates that the liquid
crystalline domains do not spontaneously align in the magnetic
field, at least on a time scale of hours; this is typical of smectic
phases.

These compounds are among the simplest organic liquid crystals
yet discovered. While nona-2,4-dienoic acid’ and other dienoic
acids have also been reported to exhibit a smectic phase, they
actually exist as head-to-head dimers in the mesophase, and
therefore their effective molecular weights are almost twice those
of our compounds, which are almost certainly monomers. Because
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Figure 2. Deuterium NMR spectra of 200 mg of the Schiff base N-bu-
tyl-1,1%-dy-2,4,6-octatrienylideneimine (a) in the crystalline phase at 30
°C and (b) in the smectic phase at 63 °C. Spectra were obtained at a
field of 7.1 T (*H frequency 46.3 MHz) by using a quadrupole echo pulse
sequence with a 46-us echo delay and a 2.5-us 7 /2 pulse. Recycle delays
were 20 s for the crystalline sample and 0.4 s for the liquid crystal. Line
broadening of 1 kHz was applied to the former and 100 Hz to the latter
spectrum; total transients accumulated were 1440 for (a) and 4096 for

(b).

of their simple molecular structure, the polyene Schiff bases are
therefore likely to be of some importance for the understanding
of liquid crystalline phases in general. Polyenes and polyene Schiff
bases are also of considerable theoretical interest in themselves,
as oligomeric models for conjugated polymers, and are central
to the mechanism of vision® and to the operation of the proton
pump bacteriorhodopsin;® the existence of readily accessible an-
isotropic phases should facilitate the determination of the structures
and the understanding of the spectroscopy of such compounds.
Such studies are in progress.
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Thiostrepton (1),! first isolated from Streptomyces azureus,?
is the parent of a family of highly modified, sulfur-rich polypeptide
antibiotics, which also includes the micrococcins,? the siomycins,*
the thiopeptins,® and nosiheptide.® These compounds inhibit
protein synthesis in gram-positive bacteria;” however, their limited
solubility has so far prevented development for clinical use, al-
though nosiheptide is used commercially as a growth promotant
for poultry.®  As part of our interest in this family of com-
pounds,®!% we have examined the biosynthesis of 1.

Following unequivocal assignment of all the signals in the 1*C
NMR spectrum of 1'112 (Tables I and II, Supplementary Ma-
terial), feeding experiments with !3C-labeled precursors in S.
laurentii gave the results summarized in Figure 1 (see Tables I
and II, Supplementary Material). As expected, based on pre-
cedent,>'? both the butyrine and the dehydroalanine moieties arise
from the corresponding B-hydroxyamino acids, threonine and
serine, the thiostreptine moiety is formed from isoleucine, and the
thiazole rings each originate from a molecule of cysteine and the
carboxyl group of an adjacent amino acid. Two molecules of
serine, connected through their carbon atoms 3, and the carboxyl
group of an adjacent cysteine give rise to the piperidine ring.
Finally, the quinaldic acid moiety is formed from L-tryptophan.
The latter accounts for all the carbon atoms except C12, which
is contributed by methionine. The transformation of tryptophan
may involve a ring expansion similar to that leading to the for-
mation of the quinine type alkaloids.!* The methyl group, C12,
would thus be attached to the carbon originating from C2 of the
indole ring of tryptophan, and the question arises whether tryp-
tophan is first methylated at C2 and then transformed into the
quinoline system or whether methylation is a later step in the
biosynthesis.

We therefore synthesized D,L-2-methyl-[3’-13C]tryptophan (99%
13C) in analogy to the method of Weygand and Linden!® and fed
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