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Novel mesogenic supramolecules have been constructed from the 2:1 molar ratio of trans-
4-alkoxy-4'-stilbazoles CnPS (1) complexed with 2,5-thiophenedicarboxylic acid THDA (4) to
form the kinked hydrogen-bonded (H-bonded) complexes (CnPS),-THDA. The analogous
H-bonded complexes (CnPP),-THDA consisting of the 2:1 molar ratio of 4-alkoxypyridines
CnPP (2) and THDA (4) are also compared. In contrast to linear complexes (CnPS),-TA
prepared from the 2:1 molar ratio of CrnPS (1) and terephthalic acid TA (5), supramolecular
liquid crystals with kinked molecular structures (CnPS),-THDA are generated by introducing
the thiophene unit into the H-bonded complexes. In addition, the chiral complex (C5*PS),-
THDA composed of an optically active proton acceptor (S)-(-)-4-(2-methylbutoxy)-4'-stilbazole
C5*PS (3) and THDA (4) (2:1 molar ratio) is reported. Significantly, the first thiophene-
based supramolecular liquid crystals have been constructed in this study, and the mesogenic
properties of the supramolecules can be easily adjusted not only by the nonlinear shape of
the thiophene unit but also by the dipole moment derived from the lone-pair electrons of the

sulphur hetero-atom.

In recent years there has been considerable interest in
heterocyclic molecules due to their diversified molecular
design and remarkable opto-electronic properties [ 1-4].
The molecular design of supramolecules has also con-
centrated on the utilization of heterocyclic molecules
[5-7]. Significantly, recent work shows that hydrogen
bonds between proton donors and acceptors can induce
or promote liquid crystallinity by the supramolecular
arrangement [8-12]. In these reports, heterocyclic
molecules containing nitrogen hetero-atoms are the
most frequently used heterocyclic fragments (hydrogen-
bonded acceptors) for the assembly of liquid crystalline
complexes through hydrogen bonding. Herein, we pre-
sent the first thiophene-based supramolecular liquid
crystals making use of non-~N-heterocyclic structures as
the H-bonding moieties.

Regarding the linearity of supramolecular liquid
crystals, their most common rigid cores are linear
structures with para-substituted aromatic rings hydrogen-
bonded through pyridyl and carboxylic acid moieties.
None the less, some supramolecular liquid crystals

* Authors for correspondence.

with nonlinear structures have been reported to reveal
interesting mesomorphic properties, but only limited
information can be obtained from the literature [ 13—17].
Among these publications, our most recent work
shows that angular supramolecules containing different
bending sites provide the ability to manipulate the
mesomorphic properties of the complexes using angular
hydrogen-bonded interactions [13]. In addition, Willis
et al. [14,15] showed that nonlinear mesogens of
kinked hydrogen-bonded complexes are formed by
mixing either 4-cyanophenol or 4-nitrophenol with trans-
4-alkoxystilbazoles. Meanwhile, more linear complex
structures using 3-cyanophenol (or 3-nitrophenol) instead
of 4-cyanophenol (or 4-nitrophenol) revealed better meso-
morphic properties. Nevertheless, the former hydrogen-
bonded complexes contain only a single hydrogen bond
in each system [13-15]. Recently, Willis et al. have
reported that, after thermal annealing [17], angular
hydrogen-bonded complexes containing double hydro-
gen bonds (formed by phthalic acid and decyloxy-
stilbazole) showed different behaviour from unannealed
complexes described in their previous publication
[16]. Thus, the effects of nonlinear structures on the

0267-8292/98 $12:00 © 1998 Taylor & Francis Ltd.
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mesomorphism of double H-bonded supramolecules
are still vague. Consequently, in our study, instead of
adjusting the relative positions of the proton donor and
acceptor moieties, the five-membered heterocyclic ring
(e.g. thiophene) providing the kinked molecular structure
is complexed into the double hydrogen-bonded liquid
crystals. Owing to the bond angles of the five-membered
rings, liquid crystalline structures containing five-
membered heterocyclic rings [ 18—-23] are generally less
conducive to liquid crystalline phase formation than
those containing six-membered rings. However, com-
pared with their analogous linear counterparts, the non-
linear thiophene-based heterocyclic compounds [24-29]
provide the benefits of lower melting temperatures and
reduced packing efficiency.

As described, the first purpose of utilizing the
five-membered heterocyclic proton donor (thiophene-
dicarboxylic acid) is to introduce kinked molecular
structure into the complexes. The other main function
is to supply an extra dipole from the lone-pair electrons
of the sulphur hetero-atom, whereas those of the nitrogen
hetero-atom in the pyridyl group (proton acceptor) serve
as the binding sites of the hydrogen bonds. The lateral
dipole moment originating from the lone-pair electrons
of the thiophene structure eliminates the need for lateral
polar substituents which may reduce the range of
mesophases. Besides, the lateral dipole within the hetero-
cyclic structure can enhance negative dielectric aniso-
tropy, which may avoid the disadvantage of molecular
broadening and viscosity increase caused by the lateral

1 (CnPS)

R=CnHzn+1
where n=4, 8, 12,and 16

group. Hence, it has been found that some five-
membered heterocyclic rings promote the stability of the
mesogenic phases as compared with 1,4-disubstituted
phenyl analogues [ 22]. To our knowledge, there are few
heterocyclic moieties containing hetero-atoms other than
nitrogen in supramolecular liquid crystals, since most
nitrogen hetero-atoms serve as the binding elements of
the hydrogen bonds.

The hydrogen-bonded complexes (CnPS),-THDA and
(CnPP)-THDA were prepared from a mixture (1:2
molar ratio) of thiophenedicarboxylic acid THDA (4)
with trans-4-alkoxy-4'-stilbazoles CnPS (1) (n=4, 8, 12,
and 16) or with 4-alkoxypyridines CnPP (2) (n =S8,
12, and 16). In addition, a chiral proton acceptor,
ie. optically active (S)-(-)-trans-4-(2-methylbutoxy)-4'-
stilbazole C5*PS (3), has been synthesized and com-
plexed with THDA (2:1 molar ratio) to form the chiral
complex (C5*PS ,-THDA. All hydrogen-bonded acceptor
and donor moieties, including the hydrogen-bonded
donor terephthalic acid TA (5) of their analogous
linear hydrogen-bonded complexes (CnPS),-TA [16],
are listed in figure 1. The schematic structures of
angular complexes (CnPS ,-THDA, (CrPP),-THDA, and
linear complexes (CnPS):-TA are shown in figure 2. In
comparison with the linear structure of (CnPS)-TA,
the hydrogen-bonded complexes (CnPS),-THDA and
(CnPP)-THDA contain 148° kinked hydrogen-bonded
cores originating from the thiophene unit. According
to the previous investigation of angular structures in
supramolecular liquid crystals, the mesogenic properties

2 (CnPP)

R=CnHzn+1
where n=8, 12, and 16

O

3 (C5'PS)

Figure 1. Hydrogen-bonded

acceptor and donor moieties. 4 (THDA)
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Figure 2. Schematic drawing of hydrogen-bonded complexes (a) (CnPS),-TA [16] prepared from a mixture (2:1 molar ratio) of
trans-4-alkoxystilbazole CnPS (1) and terephthalic acid TA (5); (b) (CnPS),-THDA prepared from a mixture (2:1 molar ratio)
of CnPS (1) and thiophenedicarboxylic acid THDA (4); (¢) (CnPP),-THDA prepared from a mixture (2:1 molar ratio) of

4-alkoxypyridine CrnPP (2) and THDA (4).

of the double hydrogen-bonded complexes may be
affected by the nonlinearity and dipole of the molecular
architecture.

The thermal properties of the hydrogen-bonded com-
plexes (CnPS)-THDA, (C5*PS),-THDA, and (CnPP)-
THDA are shown in table 1. In contrast to complexes
(CnPS),-TA, complexes (CnPS),-THDA showed lower
phase transition (including isotropization) temperatures
and distinct mesomorphic properties. For example, upon

heating, (C8PS),-TA melted to an unknown smectic
phase at 153°C and decomposed at 250°C [16]; how-
ever, (C8PS)-THDA melted to the smectic A phase at
146:4°C, the nematic phase at 151:4°C, and the isotropic
state at 196:7°C. Moreover, THDA (4) shows better
solubility in the solvent (THF) and better compatibility
with CrPS (1) than does TA (5), which has been con-
firmed by our repeated preparation of these complexes.
Overall, the mesomorphic properties of complexes
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Table 1. Phase transition temperatures (°C)* and corresponding enthalpies (J g_l), in parentheses, of hydrogen-bonded complexes
(CnPS),-THDA, (C5*PS),-THDA, and (CnPP),-THDA from 2:1 molar ratio of trans-4-alkyloxy-4'-stilbazole CnPS (l)b,
trans-4-(2-methylbutoxy)-4'-stilbazole C5*PS (3)°, or 4-alkyloxypyridine CnPP (2)d complexed with 2,5-thiophenedicarboxylic
acid THDA (4)".

(CnPS);-THDA

177-2 (69-9) 2256 (84)
(n=4) Cr N I
163-1 (67-6) 2222 (99)
84-8 (4-2) 919 (2:7) 146-4 (42-3) 151-4 (0-5) 1967 (5-8)
(n=8) Cr cr cr” SmA N I
812 (7-3) 876 (3-7) 1357 (42-3) 1469 (1-9) 194:5 (4-1)
694 (50) 140-3 (64-7) 1750 (0-5) 188-8 (10-0)
(n=12) Cr Cr" SmA N |
663 (4-6) 1287 (63-9) 171-7 (0-3) 1860 (11-1)
47-5 (39) 739 (24) 134-4 (57°5) 189-3 (8-4) 190-4 (4-5)
(n=16) Cr Cr Cr” SmC N I
40-2 (3-8) 68-5 (2:1) 117-6 (54+4) 183-5 (8:3) 1861 (4-0)
(C5*PS),-THDA
186:0 (73-4) 194-7 (0-6)
Cr SmX N*
1514 (27) m 1587 (47:2) 1842 (39)
(CnPP),-THDA
846 (63-3)
(n=38) Cr I
74-8 (63-9)
536 (6:3) 90-0 (90-1)
(n = 12) Cr e — SmX 1
49-6 (81) 811 (89-4)
59:0 (6:8) 96-7 (101-7)
(n=16) Cr ——————— SmX ——— SmX’ I
555 (7-0) 849 (35'5) m 870 (645)

*Phase transition temperatures and corresponding enthalpies were determined by the 2nd heating and cooling scans (at the
heating and cooling rate of 10°C min ') of differential scanning calorimetry using Perkin Elmer DSC-7; powder X-ray diffraction
patterns were obtained from X-ray diffractometer Siemens D-5000 equipped with temperature controller TTK450; abbreviations:
Cr, Cr/, Cr" = crystalline phases, SmX and SmX' = unidentified smectic phases, N = nematic phase, I =isotropic liquid. The nematic
phase was characterized by the schlieren texture coexisting with the homeotropic alignment; the smectic A phase was characterized
by the focal-conic fan texture coexisting with the homeotropic alignment; the smectic C phase was characterized by the broken
focal-conic fan texture coexisting with the schlieren texture; mesophases were characterized through optical microscopy and
confirmed by X-ray diffraction.

®The tlhermal behaviour of trans-4-butoxy-4"-stilbazole (C4PS) is: Cr 89-1°C (39:7Jg~") SmB 932°C (313J¢g™") 1 82:1°C
(640Jg ) Cr.

“The thermal behaviour of trans-4-(2-methylbutoxy)-4'-stilbazole C5*PS (3) is: Cr 99-3°C (877 J g_l) 174-5°C (17-3] g_l) SmX
69-1°C (5173 g™") Cr.

4The thermal properties of 4-alkyloxypyridine CnPP (2) are: C8PP liquid (at room temp.); CI2PP Cr 36-9°C (1587 ] g_l) I
(no crystallization upon cooling to room temp.); C16PP Cr 51-5°C (166:1J g_l) 130-8°C (16731 g_l) Cr.

“The melting temperature of 2,5-thiophenedicarboxylic acid THDA (4): m.p.>300°C.

nydrogen—bonded complex (C8PS),-TA prepared from 2:1 molar ratio of C8PS and terephthalic acid TA (5) has liquid
crystalline behaviour as follows (heating): Cr 153°C (69-2kJ mol ') Smectic phase 250°C Decomposition [16].

(CnPS)-THDA have the following trend as the alkoxyl
chain lengths of CrnPS (1) increase: the nematic phase is
favoured at shorter flexible chain lengths, the smectic A
phase is favoured at the middle flexible chain lengths
(n=28 and 12), and the smectic C phase is favoured at
the longest flexible chain length (n =16). Interestingly,
the nematic phase exists in all complexes (CnPS).-
THDA, though its temperature range decreases as the

alkoxyl chain lengths of CnPS increase. The nematic
phase is sustained even with very long flexible parts
on both sides of these supramolecular liquid crystals,
which must be correlated to the central thiophene
unit. Therefore, the nonlinearity and dipole of com-
plexes (CnPS),-THDA play important roles in enhancing
mesomorphic properties of the supramolecules. As
regards the chiral complex (C5*PS),-THDA, its phase
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behaviour matches that of the similar complex (C4PS),-
THDA except that the optically active proton acceptor
(S)-(-)-trans-4-(2-methylbutoxy)-4'-stilbazole C5*PS (3)
induces the twisted structure N* by contrast with the
nematic phase of (C4PS),-THDA. The chiral nematic
phase N*, i.e. the cholesteric phase, is characterized by
the polarizing optical microscope and confirmed by
its Grandjean texture coexisting with the focal-conic
texture. In addition, by comparison, (C5*¥PS),-THDA
has a lower isotropization temperature and a narrower
range of the mesogenic phase (N*) due to branching of
the chiral methyl group to both flexible sides of (C4PS ),-
THDA. Thus, the mesogenic structure of the chiral
complex may be predicted to possess the twisted form
of mesophases in similar supramolecular liquid crystals.
Concerning complexes (CnPP)-THDA with shorter
rigid cores obtained by removing two styryl groups from
complexes (CnPS)-THDA, complexes (CaPP)-THDA
do not possess any smectic A, smectic C, or nematic
phases, though complexes (CnPP)-THDA exhibit lower
isotropization temperatures than those of complexes
(CnPS),-THDA. This implies that complexes (CnPP),-
THDA containing short supramolecular rigid cores
assembled by three single rings through angular H-bonds
have poorer mesomorphic properties than complexes
(CnPS)-THDA containing long supramolecular rigid
cores.

Table 2 shows the d-spacing values of the powder
X-ray diffraction (XRD) patterns of complexes (CnPS )2-
THDA at n=28, 12, and 16. According to XRD pat-
terns, complexes (CnPS);-THDA incorporating kinks in
the supramolecules may have smectic layer spacings
which are approximately the same as the lengths of the
supramolecules in bent configurations. The d-spacing
data (table 2) match molecular lengths calculated
from molecular modelling. The lengths of each com-
ponent calculated by molecular modelling are listed as:
C8PS=20-1~21-5A, C12PS=242~264A, C16PS=
283 ~31-4A, and THDA = ~87A; where the latter
value is the fully extended molecular length and the
former are the molecular projection lengths to the rigid
core. The largest d-spacings of the SmA and the SmC
phases observed in the complexes occur at lower temper-
atures in the ranges of the smectic A or C phases (see
table 2). In summary, the smectic A phase of (C8PS ),-
THDA has a d-spacing value of 542A (at 145°C)
which is close to the sum (~54 A) of the fully extended
length of each component. However, the smectic A phase
of (C12PS),-THDA has a d-spacing 554 A (at 140°C)
which is much shorter than the sum (~64A) of the
fully extended length of each component. Therefore, it
suggests that the kinked structure of (C12PS),-THDA
is more pronounced than that of (C8PS)-THDA.
Moreover, the longest complex (C16PS),-THDA (without

Table 2. X-ray diffraction patterns of hydrogen-bonded complexes (C8PS),-THDA, (C12PS),-THDA, and (C16PS),-THDA at
different temperatures.

Complex Temperature/°C* al—spax:ing//&b
(C8PS),-THDA 50 234 (w), 16:2 (s), 14:0 (s), 3:5 (m)
90 23-5(w), 164 (s), 144 (s), 3:6 (m)
120 234 (s), 19- O (m), 16 6(s) 14 6(s), 12:8 (m), 3-7 (w), 3:6 (w), 3-3 (w)
140 53-8 (s), 190 (s), 12:9 (s), 3-8 (s), 37 (s), 3-3 (m)
145 542 (s)
150 53-7 (s)
155 53-5(s)
(C12PS),-THDA 50 273 (w), 24-1 (s), 3:6 (W)
80 276 (w), 24:3 (s), 4:0 (s), 3-7 (W), 34 (w)
120 24-5(s), 40 (w), 3-8 (w), 3-5(w)
140 554 (s)
(C16PS),-THDA 50 32-1(s), 16:0 (w)
90 32:3(s), 27-8 (w), 162 (w)
120 279 (s), 14-1 (w), 39 (w
130 502 (m)°, 281 (s), 14-1 (w), 4-0 (w)
140 460 (s)
150 453 (s)
160 451 (s)

* All temperatures reported were measured on heating scans. Small temperature deviation from DSC data may occur due to the

angealing effect in XRD measurements.
s, m, and w are strong, medium, and weak, respectively.

“The largest d-spacings of the SmA and the SmC phases were observed in these complexes.
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the smectic A phase) has a d-spacing value of 50-2 A (at
130°C when the SmC phase just starts to form) which
is even shorter than those of the former two complexes,
which indicates that both factors of the tilted SmC phase
and the kinked structure do exist in (C16PS),-THDA.
Interestingly, no large d-spacing values, i.e. no extended
supramolecular arrangements, of (CaPS)-THDA have
been observed at lower temperatures, which is distinct
from other supramolecular systems [ 13]. All the com-
plexes form extended supramolecular arrangement in
the smectic A or smectic C phases at high temperatures
in the (CnPS),-THDA series. This may be inferred by
the easy crystallization of the centre THDA (4) in
complexes (CnPS)-THDA at lower temperatures.

In conclusion, new liquid crystalline properties have
been introduced by the nonlinear effects of molecular
geometry and the dipolar effects of lone-pair electrons
in sulphur hetero-atoms. XRD patterns have confirmed
their novel molecular architectures. The thiophene-based
structures supplying dipoles and bent configurations
in the supramolecules can simultaneously reduce the
phase transition temperatures of the supramolecules and
improve the solubility of the moieties. More importantly,
this study illustrates the first thiophene-based molecular
architecture in the molecular design of supramolecular
liquid crystals. Overall, we have successfully demon-
strated novel mesomorphism by bending supramolecules
and introducing dipoles in their centres through using
the five-membered heterocyclic ring. This thiophene-
based nonlinear structure with lone-pair electrons (not
contained in the hydrogen bond) providing strong
dipoles should be useful in the design of supramolecular
liquid crystals.

We are grateful to the Institute of Chemistry,
Academia Sinica and the National Science Council of
the Republic of China for their support (Grant No.
NSC 86-2113-M-001-003).

Appendix

Hydrogen-bonded complexes were prepared by slow
evaporation from THF solution containing mixtures of
a 1:2 molar ratio of the H-bonded donor and acceptor
moieties, followed by drying in vacuo at 60°C. The
proton donor thiophenedicarboxylic acid THDA (4) was
used as received from Aldrich. The syntheses of proton
acceptors are described as follows:

Syntheses of 4-alkoxy-4’-stilbazoles CnPS (1) and
4-(2-methylbutoxy)-4'-stilbazole C5*PS (3)
Hydrogen-bonded acceptor moieties trans-4-alkoxy-
4’-stilbazoles CnPS (1) (n=4, 8, 12, and 16; where n is
the number of carbons in the alkoxy chain) and trans-
4-(2-methylbutoxy)-4'-stilbazole C5*PS (3) were identi-

fied as the required products and judged to be pure by
'H and "C NMR spectroscopy. Elementary analytical
results for C, H and N were also satisfactory. The syn-
thesis of optically active (S)-(-)-trans-(2-methylbutoxy)-
4'-stilbazole C5*PS (3) will be reported elsewhere.
Synthetic routes for trans-4-alkoxy-4'-stilbazoles CnPS
(1) were followed as described in the literature [ 30, 31].
The characterization data of recently synthesized C4PS
are shown below, other complexes were described in our
previous publication [31].

T rans-4-butox y-4'-stilbazole (C4PS)

'H NMR § (CDCl3) 099 (t, 3H, CH3), 1-47-1-54
(m, 2H, CH,), 1-76-1-81 (m, 2H, OCH, CH>), 4-00 (t, 2H,
OCH,), 685 (s, 1H, CH=), 691 (d, 2H, J=7-34Hz,
2% Phenyl-H), 727 (d, 1H, J=1621Hz, CH-=),
7-35 (d, 2H, J=552Hz, 2 x Pyridyl-H), 747 (d, 2H,
J =869 Hz, 2 X Phenyl-H), 856 (s, 2H, 2 X Pyridyl-H).
PC NMR & (CDCl3) 13-81, 1921, 3125, 67-79, 114-82,
120-59, 123-55, 128:34, 128-67, 13278, 145-02, 150-07,
159-78. Elemental analysis for Ci7Hi19NO: calculated
C 80-59, H 7-56, N 5-52; found C 80-51, H 7-67, N 5-:53%.

Syntheses of 4-alkoxypyridines CnPP (2)

Synthetic routes for 4-alkoxypyridines CnPP (2) were
followed as described in the literature [32]. 80% of
sodium hydride (48-0mmol) was weighed and stirred
with 25ml of dried hexane in a reaction flask. 10 ml of
dried dimethylsulphoxide was added after removing the
hexane. The mixture was allowed to stir for 1-5h before
the appropriate alcohol (19-2mmol) was added drop-
wise. (If the alcohol was a solid, a concentrated solution
in dimethylsulphoxide was employed.) After the alcohol
had been added, 4-chloropyridine (28-8 mmol) was
added and the solution allowed to stir overnight at
room temperature. [4-Chloropyridine was prepared by
neutralization of hydrochloride salt (30 g; 0-20 mol)
dissolved in about 200ml of water, and then cooled
in an ice bath during dropwise addition of 120ml of
10% sodium hydroxide till dark brown. The solution
was then extracted with pentane and the combined
extracts were dried over anhydrous sodium sulphate.
After filtration and evaporation of the solvent, the
product was distilled at room temperature under vacuum
to give the desired 4-chloropyridine in 50% yield.] When
the reaction had finished, 50 ml of water was added and
the solution extracted with ethyl acetate (50 X 2ml).
The combined extracts were dried over anhydrous
sodium sulphate, evaporated at reduced pressure and
purified by chromatography on silica to give the desired
4-aloxypyridines in 10-53% yield. 4-Alkoxypyridines
CnPP (2) were identified as the required products and
judged to be pure by 'H and "C NMR spectroscopy.
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Elementary analytical results for C, H, and N were also
satisfactory. Their data are given below.

4-Octyloxypyridine (C8PP)

'"H NMR & (CDCl3): 0-89 (t, 3H, /=676 Hz, CH3),
1-29-1-45 (m, 10H, 5X CH,), 1:72-1-81 (m, 2H, J=
6:49Hz, OCH2CH>), 394 (t, 2H, J=6-53 Hz, OCH>),
676 (d, 2H, J=608 Hz, 2 X Pyridyl-H), 8-:38 (d, 2H,
J=604Hz, 2 X Pyridyl-H). °C NMR & (CDCls): 13-48,
22-06, 25-34, 28-29, 28-63, 2871, 31-21, 67-19, 109-60,
150-34, 164-41. Elemental analysis for Ci;3HzNO:
calculated C 75-32, H 10-21, N 6-76; found C 75-20,
H 10-36, N 6:72%.

4-Dodecyloxypyridine (CI12PP)

'"H NMR s (CDCl3): 0-88 (t, 3H, /= 6-54 Hz, CH3),
1-27-1-42 (m, 18H, 9 X CH»), 1-71-1-80 (m, 2H, J=
6:37Hz, OCH,CH,), 392 (t, 2H, J = 6-53 Hz, OCH>),
674 (d, 2H, J=4-95Hz, 2 X Pyridyl-H), 8:37 (d, 2H,
J=523Hz, 2xPyridyl-H). "C NMR & (CDCl):
13-60, 22-20, 25-44, 28-40, 28-88, 29-12, 29:18, 3144, 67-26,
109-66, 150-43, 164-48. Elemental analysis for C17 H» NO:
calculated C 77-51, H 11-10, N 5-32; found C 7777,
H 1117, N 521%.

4-Hexadecylo xypyridine (C16PP)

'H NMR § (CDCls): 0-88 (t, 3H, /=686 Hz, CH3),
1-26-1-45 (m, 26H, 13 X CH»), 1:74-1-83 (m, 2H, J=
6:54Hz, OCH,CH»), 398 (t, 2H, J=6-50Hz, OCHa>),
678 (d, 2H, J=5-88 Hz, 2 X Pyridyl-H), 840 (d, 2H,
J=7538Hz, 2 X Pyridyl-H). °C NMR & (CDCls): 1402,
22-59, 25-82, 2878, 29-24, 29-27, 29-48, 29-59, 31-83,
67-75, 110-13, 150-88, 164-95. Elemental analysis for
C21H37NO: calculated C 7894, H 11:67, N 4-38; found
C 7878, H 1174, N 4-20%.
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