This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Roles of sigmatropic migration of a benzoyl group and intermolecular
hydrogen bonding between a tropone carbonyl and an NH group on the
mesomorphic properties of 2-(4-alkoxybenzoyloxy)-5-alkylaminotropones

and 5-alkoxy-2-(4-alkylaminobenzoyloxy)tropo
Akira Mori; Nobuo Kato; Hitoshi Takeshita; Ryuko Nimura; Masahiro Isobe; Chihiro Jin; Seiji Ujiie

72!
rm—
o
——
s
[
=i
@)
U 5
»

Liqu

Online publication date: 06 August 2010

To cite this Article Mori, Akira , Kato, Nobuo , Takeshita, Hitoshi , Nimura, Ryuko , Isobe, Masahiro , Jin, Chihiro and
Ujiie, Seiji(2001) Roles of sigmatropic migration of a benzoyl group and intermolecular hydrogen bonding between a
tropone carbonyl and an NH group on the mesomorphic properties of 2-(4-alkoxybenzoyloxy)-5-alkylaminotropones and
5-alkoxy-2-(4-alkylaminobenzoyloxy)tropo', Liquid Crystals, 28: 9, 1425 — 1433

To link to this Article: DOI: 10.1080/02678290110067245

URL: http://dx.doi.org/10.1080/02678290110067245

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.conlterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or dammges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678290110067245
http://www.informaworld.com/terms-and-conditions-of-access.pdf

18: 01 25 January 2011

Downl oaded At:

LiQuip CrystaLs, 2001, VoL. 28, No. 9, 1425-1433

& Fp.
3> Oy

@)

LSAYy
S0

P o
g

Roles of sigmatropic migration of a benzoyl group and
intermolecular hydrogen bonding between a tropone carbonyl and
an NH group on the mesomorphic properties of
2-(4-alkoxybenzoyloxy)-5-alkylaminotropones and
5-alkoxy-2-(4-alkylaminobenzoyloxy)tropones
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The mesomorphic properties of 2-(4-alkoxybenzoyloxy)-5-alkylaminotropones and 5-alkoxy-
2-(4-alkylaminobenzoyloxy)tropones are discussed on the basis of results obtained by X-ray
crystallographic and X-ray diffraction studies, as well as temperature-dependent FTIR spectral
measurements. The X-ray crystallographic analysis of 2-(4-dodecylaminobenzoyloxy)-5-tetra-
decyloxytropone (2f) indicated that it formed a head-to-tail dimer through an intermolecular
hydrogen bond between the NH and the tropone carbonyl group. The X-ray diffraction study
of compound 2f suggested that the molecules formed interdigitated bilayer smectic C phases
with a tilt angle of as much as ¢. 40° to a layer plane. The corresponding benzenoids, however,
were non-mesomorphic with higher melting points than the troponoids In the troponoids
sigmatropic migration of the benzoyl group weakened the intermolecular hydrogen bonding
and assisted the occurrence of mesomorphic properties.

1. Introduction

Non-covalent interactions such as hydrogen bonds,
dipole—dipole interactions, and =-7 interactions are quite
important for ordering molecules. Among them, hydrogen
bonds have been given much attention since they not
only induce mesomorphic properties, but also stabilize
mesophases as reported for aromatic acids [ 1], mono-
saccharides [2], and 2-alkylcyclohexylpropane-1,3-diol s
[3], which form stable dimers that exhibit mesophases.

* Author for correspondence; e-mail: mori-a@cm.kyushu-u.ac.jp
T Deceased on 1 October 1998.

At the same time, however, hydrogen bonds can be less
favourable for the appearance of mesophases since they
sometimes raise melting points above the mesophase—
isotropic transition temperature and hide mesophases.

We are preparing liquid crystals with a tropone ring as
a core [4]. One of the most important structural char-
acteristics of troponoids is the presence of the carbonyl
group, on which we concentrate attention since it acts
as a lateral polar substituent to induce mesomorphic
properties and plays a decisive role in inducing the
migration of an acyl group of 2-acyloxytropone s between
the oxygen atom at C-2 and the carbonyl oxygen atom
at C-1 [5].

Liquid Crystals ISSN 0267-8292 print/ISSN 1366-5855 online © 2001 Taylor & Francis Ltd
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We recently prepared troponoid liquid crystals,
2-(4-alkoxybenzoyloxy)-5-alkylaminotropones (1) [6]
and 5-alkoxy-2-(4-alkylaminobenzoyloxy)tropones (2)
[7], which show a smectic C (SmC) phase dominantly.
We observed in the temperature dependent FTIR spectra
that the intermolecular hydrogen bonds between the
NH group and both the tropone and the ester carbonyl
groups played an important role in the occurrence of
the SmC phases. On the other hand, the corresponding
benzenoids, 4-alkoxypheny! 4-alkylaminobe nzoates, were
not mesomorphic. They had higher melting points than
the corresponding troponoids, these higher melting points
being due to intermolecular hydrogen bonds. Both
troponoids 1 and 2 have an alkylamino group, which
could possibly raise the melting points through inter-
molecular hydrogen bonds to hide the mesomorphism.
However, this was not the case. In this paper, we discuss
the mesomorphic differences between troponoids and
benzenoids by considering the molecular structure in a
single crystal and the molecular packing model in the
mesomorphic state.

2. Results and discussion
2.1. Synthesis
5-Alkylaminotropolones (3) were selectively prepared
by the reaction of 5-aminotropolone (4) [8] and one
molar equivalent of alkyl bromide in the presence of
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sodium amide in hexamethylph osphoric triamide (HMPA).
Next, a pyridine solution of 3 was reacted with an
equivalent of 4-alkoxybenzoyl chloride (5) to give 1.
Similarly, benzoylation of the 5-alkoxytropolone (6) [5]
with a 4-alkylaminobenzoyl chloride (7), prepared from
ethyl 4-aminobenzoate (8) via ethyl 4-alkylamino-
benzoate (9) and 4-alkylaminobenzoic acid (10), gave 2.
The structures of 1 and 2 were identified by the spectral
data: the NMR spectra of 1 were similar to those of
2-benzoyloxytropone, which showed broad signals due
to the [1,9] sigmatropy [9, 10]. It is known that
reversible migrations of an acyl and a benzoyl group
of tropolone derivatives have been observed by NMR
spectroscopy and that the shapes of the signals are
changed depending on the structure and the temper-
ature of measurement [ 10]. For example, the 'H NMR
spectrum of 1a showed broad signals of the tropone ring
protons at ¢ 5.8 (1H), 6.7 (1H), and 7.1 (2H) and of
NH at 5.17 (1H) together with two sharp doublets at ¢
6.92 (2H) and 8.08 (2H). The >*C NMR spectrum of 1a
showed some broad carbon signals in the sp*-carbon
region and one carbon signal was missing.

2.2. Mesomorphic Properties of 1 and 2
The phase transition temperatures were measured by
differential scanning calorimetry (DSC) and the meso-
morphic phases were observed by polarizing optical

o
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microscopy using a hot stage. The transition temper-
atures of 1 are summarized in table 1 and those of 2
and the correspondin g benzene derivatives, 4-alkoxyphen yl
4-alkylaminobenzoates (11), which were prepared
similarly from hydroquinone, are summarized in table 2.
Interestingly, the compounds 1 and 2 showed only SmC
phases, which were assigned by their schlieren optical
textures with four brushes, as well as from the results of
X-ray diffraction (XRD) studies as shown later. Since the
corresponding  S-alkoxy-2- (4-alkoxybenz oyloxy)tropones
(12) [9] showed nematic (N), smectic A (SmA) and
SmC phases, the hetero-atoms changed the mesomorphic
properties.

2.3. Temperature-dependent FTIR spectra
In the heating process for the temperature-dependent
FTIR spectra of 2-(4-dodecylaminobenzoyloxy)-5-tetra -
decyloxytropo ne (2f), the absorption band of the tropone

Table 1. Transition temperatures (°C) of troponoids 1.

m n 1

6 12 Crel102e1

8 12 Cre 100 o1

11 1 Crel137e1

11 12 Cre94 ¢ (SmCe91 o)1
12 1 Cre 133 el

12 4 Cre95e]

Cre 96 e (SmCe95e)1
Cre 101 e« SmCe 102 o1
Cre99 e SmCe 104 o1
Cre95e SmCe 10201
Cre99 ¢ SmCe 106 01
Cr e 100 e SmC e 107 o 1
Cre95e SmCe 10401
Crell13e1]

Cr e 97 ¢ (SmC e 88 ® SmA ¢ 95 ¢) 1
Cre97 ¢ SmCe 10301
Cre 97 ¢ SmCe 107 01
Cre98 e SmCe 1051
Cre 96 e SmCe 10601

V”"‘.D"OODB’_‘W"_""‘":T‘O‘Q o Q0 o
—_
N
—
[oe]

() means monotropic transition.

1

carbonyl group appeared at 1578cm™ " in the liquid
crystalline state and shifted to combine with the C=C
absorption band around 1610cm™' in the isotropic
liquid state. In the cooling process, the tropone carbonyl
absorption band separated from the C=C absorption
band to appear at 1586cm™" around 105°C, which is
the transition temperature to the liquid crystalline state
[7]. This means that the hydrogen bond between the
NH and the tropone carbonyl group is more strongly
operative in the liquid crystalline state.

From the temperature-dependent FTIR spectra of
5-(dodecyl amino)-2-(4-d odecyloxyb enzoyloxy)tropone (1g),
which exhibited a monotropic SmC phase, pronounced
spectral changes were observed in the NH absorption
around 3400cm™', in the ester carbonyl absorption
around 1700-1730cm™ ", and in the tropone carbonyl
and C=C absorption bands around 1500-1600cm™"'
[6]. These observations indicated the existence of an
intermolecular hydrogen bond between the NH and the
ester and/or the tropone carbonyl groups in the liquid
crystalline state. In fact, the NH absorption appeared at
3287 cm™ ! in the liquid crystalline state and shifted to
3387 cm™ ! in the crystalline state. While the absorption
band of the ester carbonyl group of 1g shifted to higher
wavelengths from 1705 to 1734cm™' in the liquid
crystalline state, the spectral change was different from
those involving the NH and the tropone carbonyl
groups, where the intensities of the absorptions around
1500-1550 cm ™' assigned to the tropone carbonyl group
were increased with decreasing intensity of the absorption
at 1583 cm™ " in the liquid crystalline state. It is there-
fore concluded that the interaction between the NH and
the ester carbonyl groups is decreasing and the inter-
molecular hydrogen bond between the NH and the
tropone carbonyl groups is becoming more effective in
the liquid crystalline state.

2.4. X-ray crystallographic analysis
A single crystal of compound 2f was obtained by
recrystallization from dichloromethane. The result of the

Table 2. Transition temperatures (°C) of troponoids 2, benzenoids 11, and the selected troponoids 1.

m n 2 11 1
a 6 12 Cre 115 (SmCe 90 @)1 Crel102e1
b 8 12 Cr e 108 ® (SmC e 100 o) I Cre 100 eI
c 12 8 Cr e 108 o (SmC e 90 ) I Crel130e1
d 12 10 Cre 112 ¢ (SmCe 98 ¢) 1 Crell5el
e 12 12 Cr e 108 o (SmC e 108 o) I Crel119e1 Cre 96 e (SmCe95e)]
f 14 12 Cre 109 e SmCe 1151 Crell19e1 Cre99 e SmCe 104 o1
g 18 4 Crell2e] Cre97 ¢ (SmC e 88 ¢ SmA ¢ 95 ) |
h 18 12 Cre 108 ¢ SmCe 111 o1 Crell6el Cre98 ¢ SmCe 10501
i 18 18 Crelll ¢ (SmCe 111 ¢)1 Crell5el Cre96e SmCe 1061

() indicates monotropic transition.
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Figure 1. X-ray crystallographic analysis of troponoid 2f.

crystallographic analysis is shown in figure 1. Compound
2f formed a head-to-tail dimer. The distance between
the tropone carbonyl group and the hydrogen atom
of the NH group is 2.138 A, which indicates the presence
of an intermolecular hydrogen bond between them as
observed in the temperature-dependent FTIR spectra.
Figure 2 shows that the angle between the least-squares
plane of the seven-membered ring and that of the linking
ester group is 76.5°, and that the linking ester group
leans towards the tropone carbonyl group. The shape
of molecules is close to the conformation of the transition
state of the [ 1, 9] sigmatropic rearrangement.

/ =76.5°

/ =76.0°
/ =4.5°

Figure 2. Angles between least-squares planes of the aromatic
rings and the linking ester groups and the intermolecular
distance between NH and C=O groups.

2.5. X-ray diffraction analysis

XRD data for an annealed sample of compound 2f
were measured at 110°C. The scattering peak located
at 4.1° indicated the existence of a smectic layer whose
spacing (d) is calculated from this value to be 21.6A.
From the X-ray crystallographic analysis, compound 2f
forms a head-to-tail dimer through hydrogen bonding
between the NH and the carbonyl groups, a conclusion
also supported by the temperature-dependent FTIR
spectra. From these results, we estimate that the greatest
molecular length (/) of the dimer was 50.8A in the
mesophase. The packing model of 2f is shown in figure 3,
where alkyl chains are interdigitated. From this model,
the tilt angle was determined to be as much as c. 40°. A
mean intermolecular lateral separation is estimated to
be 3.9A from a broad peak at 22.9°.

2.6. Comparison of mesomorphic properties of
troponoids and benzenoids
As shown in table 2, compounds 2 showed SmC phases,
whereas the corresponding compounds 11 were non-
mesomorphic. The mesomorphic property is dependent

Hydrogen Bc@ding

40°

Figure 3. Packing model of troponoid 2f.
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on the core structure, i.e. the presence of the tropone
carbonyl group. It is expected that the tropone carbonyl
group with a permanent dipole moment (3.5D) [11]
plays a role in stabilizing the smectic phase by increasing
the attractive dispersion force [ 127] between molecules
as has been observed for 5-alkoxy-2-(4-alkoxybenzyl oxy)-
tropones (13) and the corresponding benzene derivatives
(14). The former were mesomorphic while the latter
were not [ 13].

Additionally, mesomorphic compounds 2, which have
a [1,9] sigmatropic system [5,9], have lower melt-
ing points than the corresponding non-mesomorphic
benzenoids 11, which have no such a system. This is
parallel to the results that 2-acyloxy monocyclic derivatives
have lower melting points than 2-alkoxy ones [ 14].

We have observed that the angle between the benzoyl
and the 4-cyanopheny 1 groups of 4-cyanopheny | 4-docecyl -
oxybenzoate is 47.2° by X-ray crystallographic analysis
[15]. Since the angle between the benzoyl group and
the tropone ring of 2f is 76.5°, as shown in figure 2, the
planarity of the core part of 2f should be worse than
that of the corresponding benzenoids. The crystal pack-
ing of compound 2f should therefore be more loose in
order to give rise to the lower melting points than the
benzenoids 11, since it is anticipated that 2f and 11
would crystallize retaining the conformations present in
the isotropic liquid state.

Comparing the thermal stabilities between troponoids
1 and 2, the latter 2 have a higher transition temperatures
as shown in table 2. Their FTIR spectra indicated that
both have hydrogen bonding between the NH and the
tropone carbonyl groups. Figure 4 shows the schematic
dimeric structures of troponoids 1 and 2. The core part
of troponoids 2 is more extended than that of 1, because
the rigid core length of the molecular long axis of the

H2n+1 CnO
|O%

0 :@'r}lcmHZmH

1 o~ H
H 9 o

CmH2m+1 N
O
OCnH2n+1

SnHZnH
.- H -
o) o o
CmH2m+1 0 OCmH2m+1
(o) O
0
2 N~ H
CnH2n+1

Figure 4. Schematic dimer structures of troponoids 1 (upper)
and 2 (lower).

dimer structure is longer through intermolecular hydrogen
than for troponoids 1.

Finally, figure 5 shows the '*C NMR spectra of
compounds 1h and 2i at 27°C. Some signals of com-
pound 1h are broader than those of compound 2i,
which indicates that the rate of the [ 1, 9] sigmatropy of
compound 1h is faster than that of compound 2i. The
sigmatropic rate would be accelerated by the alkylamino
group at C-5, which is a better electron donating sub-
stituent than an alkoxy group, and the rate for troponoids
2 would be reduced by the alkylamino group on the
migrating benzoyl group [10].

3. Conclusion

Two types of troponoid liquid crystals with an
alkylamino group were prepared. They have SmC
phases, whose thermal stabilities are dependent on
the rigid core length of the molecular long axis of the
dimer structures. Comparing the mesomorphic properties
between troponoids 1 and 2 and benzenoids 11, the
troponoids were mesomorphic, while the corresponding
benzenoids 11 were not. The reason why the benzenoids
are not mesomorphic is that the benzenoids have higher
melting points than the troponoids due to intermolecular
hydrogen bonding. In the troponoids, migration of the
benzoyl group in the mesophase made intermolecular
hydrogen bonding too weak to influence the meso-
morphic properties. This is a characteristic property of
the troponoids.

4. Experimental

Elemental analyses were obtained at the elemental
analysis laboratory of Kyushu University. Melting points
were obtained on a Yanagimoto Micro Melting Point
Apparatus and are uncorrected. NMR spectra were
measured on a GSX 270H Model spectrometer in
CDCl;; the chemical shifts are expressed in J units. Mass
spectra were measured with a JEOL 01SG-2 spectro-
meter. IR spectra were recorded on a JASCO IR-A102
spectrometer using KBr disks for crystalline compounds.
The stationary phase for column chromatography was
Wakogel C-300 and the eluent was a mixture of ethyl
acetate, chloroform, and hexane. Transition temperatures
were measured using a differential scanning calorimeter
(Seiko DSC 200) and the mesomorphic phase was
observed using a polarizing microscope (Olympus BHSP
BH-2) equipped with a hot stage (Linkam TH-600R MS).
The XRD measurements were carried out with a Rigaku
Rint 2100 system using Ni-filtered Cu-K, radiation at
various temperatures. The measuring temperatures were
controlled with a Linkam HFS-91 hot stage. Temperature-
dependent FTIR spectra were measured by a JASCO
FT/IR-8300 and Micro-10 equipped with Mettler FP 84
hot stage.
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4.1. Preparation of 5-hexylaminotropolone (3a)

To a stirred anhydrous suspension of HMPA (hexa-
methylphosphoric triamide) (5cm?), NaH (c. 60% dis-
persion in mineral oil, 120mg) and 5-aminotropolone
(4, 274 mg) were added at 0°C under nitrogen. The
temperature was allowed to rise slowly to room temper-
ature. 1-Bromohexane (330mg) was added slowly and
stirred at room temperature for 4 h. The mixture was
poured into an ice-cooled HCI solution (2 mol dm™?)
and shaken with CHCl;. The organic layer was washed
with water, dried with MgSO,, and evaporated under
reduced pressure. The precipitates were collected and
recrystallized from CCl, to give 84mg (19%) of 3a,
yellow needles, m.p. 140°C; 'H NMR (CD;OD) 6§ 0.92
(3H, t, J=7.0Hz), 1.2-1.55 (6H, m), 1.72 (2H, quint,
J=170Hz), 336 (2H, t, J=7.0Hz), 7.32 (2H, dm,
J =12.5Hz), and 7.76 (2H, dm, J = 12.5Hz); *C NMR
(CD;0D) 6 144, 23.6, 27.7, 29.0, 32.6, 44.8, 124.8 (2C),
136.3 (2C), 155.1, and 161.1 (2C); IR (KBr) v: 3450,
3220, 2940, 2860, 1642, 1588, 1515, 1470, 1415, 1385,
1370, 1300, 1245 and 1180cm™'; MS m/z (%) 221
(M, 66), 150 (55), and 122 (100); found 221.1417, calc
for C;3H,,NO, 221.1416.

Other 3 compounds were prepared in a similar
manner. 3b: pale yellow needles, m.p. 140°C, yield 41%;
found 249.1731, calc for C;5H,5NO, 249.1728. 3c: yellow

needles, m.p. 136°C, yield 50%; found 291.2196, calc for
CsH,0NO, 291.2198. 3d: yellow needles, m.p. 143°C,
yield 57%; found 305.2356, calc for C,,H;; NO, 305.2355.
3e: yellow needles, m.p. 143°C, yield 32%; found
333.2661, calc for C,;H;sNO, 333.2668. 3f: yellow
needles; m.p. 141°C, yield 35%; found 361.2972, calc for
C,3H3oNO, 361.2981. 3g: yellow needles, m.p. 109°C,
yield 35%; found C 77.05, H 11.08, N 3.60; calc for
C,s;H,;sNO, C 77.07, H 11.12, N 3.60%. 3h: yellow
needles, m.p. 89°C, yield 30%; found 445.3920. calc for
C,oH5; NO, 445.3920.

4.2. Preparation of ethyl 4-butylaminobenzoat e (9a)

To a stirred anhydrous suspension of HMPA (20 cm?),
NaH (c. 60% dispersion in mineral oil, 120mg) and
ethyl 4-aminobenzoate (8, 5 g) were added at 0°C under
nitrogen. The temperature was allowed to rise slowly to
room temperature. 1-Bromobutane (4.1 g) was added
slowly and stirred at room temperature for 4 h. The
mixture was poured into an ice-cooled HCI solution
(2moldm™*) and shaken with CHCI;. The organic
layer was washed with water, dried with MgSO,, and
evaporated under reduced pressure. The residue was
purified by silica gel chromatography (CHCL;) to give
2 (30%) of 9a, colourless prisms, m.p. 66°C; 'H NMR §
0.88 (3H, t, J/ = 7.3 Hz), 1.25-1.50 (5H, m), 1.60 (2H, quint,
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J=73Hz),3.14(2H,t,J=7.3Hz),4.31 (2H, q, /=7.3 Hz),
6.53 (2H, dm, J = 8.8 Hz), and 7.86 (2H, dm, J = 8.8 Hz);
“C NMR § 13.9, 14.5, 20.2, 31.4, 43.1, 60.1, 111.3 (2C),
118.3, 131.5 (2C), 152.1 and 166.9; IR (KBr) v: 3400,
2970, 2890, 1685, 1600, 1535, 1480, 1365, 1340, 1280,
1170, 1125, 1115, 1025 and 775cm™"'; MS m/z (%) 221
(M™, 34), 178 (100), and 150 (21); found C 70.62, H 8.63,
N 6.23; calc for C;3H;,NO, C 70.56, H 8.65, N 6.33%.

Other 9 compounds were prepared in a similar
manner. 9b: colourless plates, m.p. 82°C, yield 30%;
found C 75.82, H 10.46, N 3.93; calc for C,; H;5NO,
C 75.63, H 10.58, N 4.20%. 9c: colourless crystals,
m.p. 88°C, yield 98%; found C 77.55, H 11.19, N 3.15;
calc for C,,H,;NO, C 77.64, H 11.34, N 3.35%.

4.3. Preparation of 4-butylaminobenzoic acid (10a)

To an EtOH solution of ethyl 4-butylaminobenzoate
(2 g), an aqueous KOH solution (50cm®) was added
and the mixture boiled for 10 h. After the EtOH was
evaporated off under reduced pressure, the mixture was
acidified and the product extracted with CHCI; and
recrystallized from AcOEt to give 1.3 g (74%) of 10a,
colourless crystals, m.p. 150°C; '"H NMR (50.0°C)
097 (3H, t, J =7.4Hz), 1.44 (2H, sext, J =7.4 Hz), 1.63
(2H, quint, J=7.4Hz), 3.18 (2H, t, J =7.4Hz), 6.55
(2H, dm, J=8.7Hz), and 791 (2H, dm, J =8.7Hz);
*C NMR (50.0°C) 6 13.8, 20.2, 31.5, 43.2, 111.5 (2C),
117.3, 132.4 (2C), 152.9 and 171.5; IR (KBr) v: 3440,
3390, 2990, 2950, 1665, 1605, 1575, 1530, 1410, 1320,
1295 and 1175cm™"; MS m/z (%) 193 (M *, 23) and 150
(100); found C 68.28, H 7.78, N 7.11; calc for C;; H;sNO,
C 68.37, H 7.82, N 7.25%.

Other 10 compounds were prepared in a similar
manner. 10b: colourless plates, m.p. 125°C, yield 55%;
found C 74.51, H 10.11, N 4.49; calc for C,,H;;NO,
C 7471, H 10.23, N 4.59%. 10c: colourless plates,
m.p. 107°C, yield 95%; found C 77.35, H 10.80, N 3.77;
calc for C,sH,3NO, C 77.07, H 11.13, N 3.60%.

4.4. Preparation of 4-alkylaminobenzoy! chlorides (7)

4-Alkylaminobenzoy!l chlorides (7) were prepared by
the reactions between 4-alkylaminobenzoic acids and
thionyl chloride in pyridine.

4.5. Preparation of 2-(4-dodecyloxybenzoylox y)-
5-hexylaminotropone (1a)

To an anhydrous pyridine solution (3cm®) of 5-hexyl-
aminotropolone (3a, 111mg), 4-dodecyloxybenzoyl
chloride (153 mg) was added in the presence of DMAP
(4-N,N'-dimethylaminopyridine ) under nitrogen at room
temperature. After stirring for 12 h, the mixture was
poured into aqueous KHSO, solution and extracted with
CHCl;. The organic layer was washed with water, dried

with MgSO,, and evaporated under reduced pressure.
The residue was purified using silica gel chromatography
(AcOEFEt:hexane = 1) to give 248 mg (97%) of 1a yellow
powder; 'H NMR 6 0.88 (6H, m), 1.10-1.70 (26H, m),
1.83 (2H, quint, J =6.6 Hz), 2.96 (2H, br s), 4.01 (2H,
t, J=6.6Hz), 571 (1H, br s), 6.22 (2H, br s), 691
(2H, dm, J =8.8 Hz), 7.07 (1H, br s), and 8.08 (2H, dm,
J =8.8Hz); >C NMR 6 14.0, 14.1, 22.6, 22.7, 26.0, 26.8,
279, 29.1,29.4 (2C), 29.6 (3C), 29.7, 31.5, 31.9, 43.6, 68.3,
100.9 (br), 114.1 (2C), 121.6, 132 (br), 132.4 (2C), 140.8
(br), 146.4 (br), 154.1, 163.4, 165.0, and 176.6 (br); IR
(KBr) v: 3370, 2950, 2860, 1708, 1605, 1574, 1543, 1508,
1464, 1435, 1405, 1282, 1250, 1185, 1170, 1100, 845 and
760cm™"; MS m/z (%) 509 (M*, 15), 290 (21), and 289
(100); found C 75.36, H 9.25, N 2.64; calc for C5, H,,NO,
C 7540, H 9.29, N 2.75%.

Other 1 compounds were prepared in a similar
manner. 1b: yellow powder, yield 53%; found C 76.15,
H 9.51, N 2.52; calc for C;,Hs; NO, C 7594, H 9.56,
N 2.60%. 1c: yellow powder, yield 43%; found C 73.32,
H 8.22, N 3.01; calc for C,H;sNO, C 73.38, H 8.29,
N 3.29%. 1d: yellow powder, yield 72%; found C 76.39,
H 9.78, N 2.22; calc for C;;Hs,NO, C 76.64, H 9.91,
N 2.42%. 1e: yellow needles, yield 35%; found C 73.50,
H 8.27, N 2.90; calc for C,,H3,NO, C 73.77, H 8.48,
N 3.19%. 1f: yellow powder, yield 19%; found C 74.97,
H 8.85, N 2.74; calc for C;,H4;3NO, C 74.81, H 9.00,
N 2.91%. 1g: yellow powder, yield 71%; found C 76.96,
H 9.90, N 2.33; calc for C;3HsoNO, C 76.85, H 10.01,
N 2.36%. 1h: yellow powder, yield 96%; found C 76.88,
H 9.74, N 2.22; calc for C;3HsoNO, C 76.85, H 10.01,
N 2.36%. 1i: yellow powder, yield 97%; found C 77.51,
H 10.01, N 2.33; calc for C,0Hs; NO, C 77.25, H 10.21,
N 2.25%. 1j: pale yellow powder, yield 77%; found
C 78.27, H 10.45, N 2.16; calc for C,sH,sNO, C 78.25,
H 10.71, N 1.98%. 1k: yellow powder, yield 90%; found
C 77.59, H 997, N 2.16; calc for C,,H¢; NO, C 77.25,
H 10.21, N 2.25%. 1I: yellow powder, yield 84%; found
C 77.85, H 10.14, N 2.14; calc for C,,H¢; NO, C 77.61,
H 10.39, N 2.16%. 1m: yellow powder, yield 77%; found
C 78.25, H 10.55, N 2.01; calc for C,sH,9NO, C 78.53,
H 10.85, N 1.91%. 1n: yellow needles, yield 10%; found
C 7523, H 9.26, N 2.29; calc for C;3H,,NO, C 75.68,
H 9.43, N 2.67%. 1o: pale yellow powder, yield 23%;
found C 7648, H 9.66, N 2.47; calc for C;cHssNO,
C 76.42, H 9.80, N 2.48%. 1p: yellow powder, yield 45%;
found C 7691, H 9.97, N 2.43; calc for C;5HsoNO,
C 76.85, H 10.01, N 2.36%. 1q: yellow powder, yield 73%;
found C 77.84, H 10.25, N 2.27; calc for C,,Hs;NO,
C 77.61, H 10.39, N 2.15%. 1r: yellow powder, yield 36%;
found C 77.60, H 10.28, N 2.10; calc for C,,H,;NO,
C 7794, H 10.55, N 2.07%. 1s: yellow powder, yield
62%; found C 7848, H 10.63, N 1.71; calc for
Cs0Hs3NO, C 78.79, H 10.98, N 1.84%.
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4.6. Preparation of 2-(4-dodecylaminobenzoylox y)-
S-hexyloxytropone (2a)

To an anhydrous benzene solution (5cm?) of
4-dodecylaminobenzoic acid (183 mg), thionyl chloride
(2cm?) was added and the mixture heated under reflux
for 5 h. After the solvents were removed under reduced
pressure, pyridine (3cm®) was added. To the resultant
mixture, 5-hexyloxytropolone (111 mg) was added in the
presence of DM AP under nitrogen at room temperature.
After stirring for 12h at room temperature, the mixture
was poured into aqueous KHSO, solution and shaken
with CHCl;. The organic layer was washed with
water, dried with MgSO,, and evaporated under reduced
pressure. The residue was purified using silica gel
chromatography (CHCl;: AcOEt=20) to give 183 mg
(72%) of 2a, colourless plates; '"H NMR & 0.80—1.00
(6H, m), 1.15-1.50 (24H, m), 1.63 (2H, quint, J = 7.3 Hz),
1.80 (2H, quint, J = 6.6 Hz), 3.16 (2H, t, / = 7.3 Hz), 3.92
(2H, t, J=6.6Hz), 6.22 (1H, br d, J=12.1Hz), 6.58
(2H, dm, J=8.8Hz), 7.10 (1H, br d, J=12.1Hz),
7.22 (2H, d, J =12.1 Hz), and 7.98 (2H, dm, J = 8.8 Hz);
“C NMR § 14.0, 14.1, 22.5, 22.7, 25.6, 27.1, 28.7, 29.1,
29.4 (2C), 29.6 (4C), 31.4, 31.9, 43.6, 68.7, 105.8, 111.7
(20), 116.8, 128.7, 132.6 (2C), 134.0, 140.1, 152.1, 152.4,
162.8, 164.6 and 178.5; IR (KBr) v: 3330, 2930, 2850,
1705, 1605, 1575, 1520, 1245, 1160 and 1075cm™";
MS m/z (%) 509 (M ™, 5), 289 (22), and 288 (100); found
C 75.66, H 9.35, N 2.55; calc for C;,H;7NO, C 75.40,
H 9.29, N 2.75%.

Other 2 compounds were prepared in a similar
manner. 2b: pale yellow plates, yield 67%; found C 76.11,
H 9.64, N 2.59; calc for C;,Hs; NO, C 75.94, H 9.56,
N 2.60%. 2c: pale yellow plates, yield 12%; found
C 75.67, H 9.55, N 2.55; calc for C;,Hs; NO, C 75.94,
H 9.56, N 2.60%. 2d: pale yellow plates, yield 13%;
found C 76.12, H 9.83, N 2.31; calc for C;6HssNO,
C 76.42, H 9.80, N 2.48%. 2e: pale yellow plates, yield
65%; found C 76.88, H 9.89, N 2.15; calc for C53Hso NO,
C 76.85, H 10.01, N 2.36%. 2f: pale yellow plates, yield
67%; found C 77.16, H 10.12, N 2.00; calc for
C,0He: NO, C 77.25, H 10.21, N 2.25%. 2g: pale yellow
plates, yield 78%; found C 76.46, H 9.66, N 2.26; calc
for C36HssNO, C 7642, H 9.80, N 2.48%. 2h: pale
yellow needles, yield 85%; found C 78.17, H 10.42,
N 2.03; calc for C,,H,;,NO, C 77.94, H 10.55, N 2.07%.
2i: pale yellow plates, yield 66%; found C 78.74, H 10.98,
N 2.08; calc for C5oHg3sNO, C 78.79, H 10.98, N 1.84%.

4.7. X-ray crystallographic analysis of 2f
A single crystal of 2f was obtained as a pale yellow
plate having the approximate dimensions 0.50 X 0.17 X
0.07 mm® by recrystallization from dichloromethane. The
X-ray measurements were made on an Enraf-Nonius

Table 3. Crystallographic data for troponoid 2f.

Formula
Formula mass
Crystal colour
Crystal size/mm’®

C4o H63 NO4
M, =62194
Pale yellow
0.50 X 0.17 X 0.07

Crystal system Triclinic
Space group P1

afA 10.173 (1)
b/A 21.985 (2)
c/A 9.385 (1)
afdeg 93.458 (6)
pldeg 112.495 (7)
y/deg 97.322 (7)
VIA® 1909.9 (4)
Z 2
Deae/gem 1.082
u/mm™* 0.526

No. of reflections used 6465

No. of obsd refl. [1>20(I)] 3930
Refined parameters 411
Refinement F? (SHELXL93)
R[F*>20(F)] 0.0456
WR(F?) 0.1475

FRS590 diffractometer with graphite monochromated
Cu-K, radiation (1 = 1.54184 A). The data were collected
at a temperature of 23 +2°C using the w-20 scan tech-
nique to a maximum 26 value of 129.86°. The structure
was solved by a direct method (SIR92 [16]), and was
refined using full-matrix least squares (SHELXL93 [17])
based on F? of all independent measured reflections. All
H atoms except a hydrogen on the nitrogen were located
at ideal positions and were included in the refinement,
but restrained to ride on the atom to which they were
bonded. Isotropic thermal factors of these H atoms were
held fixed to 1.2 times or 1.5 times (for methyls) U., of
the riding atoms. The hydrogen attached on the amide
N atom was located from the difference Fourier map
and its positional parameters and the isotropic thermal
factor were refined. The selected crystallographic data
are listed in table 37.

4.8. X-ray diffraction study of 2f
The XRD measurements were carried out with a Rigaku
Rint 2100 system using Ni-filtered Cu-K, radiation at
various temperatures. Samples placed on a RinKam hot
stage (HFS-91) were used for the XRD measurements.

4.9. Preparation of 4-octyloxyphenyl
4-dodecylaminobenzoate (11¢)
A typical procedure was as follows. To an anhydrous
benzene solution (3cm®) of 4-octylaminobenzoic acid

T Details of the analysis have been deposited at the Editorial
Office as a Crystallographic Information File (CIF).
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(100mg), thionyl chloride (2cm?) was added and the
mixture heated at reflux for 4 h. After the solvents were
removed under reduced pressure, pyridine (1cm®) was
added. To the resultant mixture, 4-dodecyloxyphenol
(120mg) was added in the presence of DMAP under
nitrogen at room temperature. After stirring for 12h
at room temperature, the mixture was poured into
aqueous KHSO, solution and extracted with CHClI;.
The organic layer was washed with water, dried with
MgSO,, and evaporated under reduced pressure. The
residue was purified using silica gel chromatography
(CHCl;: AcOEt =20) to give 64mg (25%) of 11¢, pale
yellow plates; "H NMR § 0.86-0.90 (6H, m), 1.11-1.83
(32H, m), 3.18 (2H, t, / = 7.0 Hz), 3.94 (2H, t, / = 6.4 Hz),
418 (1H, br s), 6.58 (2H, d, J =8.8Hz), 6.90 (2H, d,
J=9.2Hz), 7.08 (2H, d, J =8.8Hz), and 7.99 (2H, d,
J =8.8Hz); >C NMR § 14.1 (2C), 22.6, 22.7, 26.1, 27.1,
29.2,29.3(2C), 29.4 (3C), 29.6 (3C), 29.7, 31.8, 43.5, 68.5,
111.6, 115.0 (2C), 115.4, 116.0, 122.6, 132.2 (2C), 144.7,
1524, 156.6 and 165.7, MS m/z (%) 509 (M™, 6) and
232 (100); found C 77.53, H 10.21, N 2.65; calc for
C;3H;5, NO; C 77.75, H 10.08, N 2.75%. 11d: pale yellow
plates, yield 6%, found C 78.10, H 10.20, N 2.87; calc
for C;5HssNO; C 78.16, H 10.31, N 2.60%. 11e: pale
yellow plates, yield 11%, found C 78.40, H 10.27, N 2.25;
calc for C;;HsoNO; C 78.53, H 10.51, N 2.54%. 11f:
pale yellow plates, yield 16%, found C 78.90, H 10.55,
N 2.40; calc for C30Hs3NO; C 78.87, H 10.69, N 2.36%.
11h: pale yellow plates, yield 9%, found C 79.41, H 11.05,
N 2.25; calc for C;3H,;NO; C 79.45, H 11.01, N 2.15%.
11i: pale yellow plates, yield 11%, found C 80.34, H 11.38,
N 1.98; calc for C,oHg3NO; C 80.16, H 11.40, N 1.91%.
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